
INSTRUCTION No. 65 

MISCELLANEOUS REPAIRING: How to Solder; How to Braze; How to Case,. 
Harden and Temper Steel, etc.; How to Straighten Metal Parts; Repair­

ing and Adjusting Silent Chains; Gaskets; Radiator Repairing 

EQUIPMENT FOR SOLDERING 

The equipment required for soldering consists of 
n blow-pipe torch, soldering irons or coppers, and 
solder, acid or flux. 

Blow-Pipe Tor<,hes 1 

There are many different methods of heating a 
soldering iron, the usual method being with the 
usn of blow-pipe torches as illustr,ll.cd below. 

Fig. l Fig. 2 Fig. 3 

Fig. 1. The 11 baby" blow-pipe torch does not require air 
oo be·pumped into the gasoline tank (B). It is intended for 
very light work. 

Fig. 2. A single-jet blow-pipe torch. 
Vig. 3. A double-jet blow-pipe torch. 
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Fig. 4. A gasoline torch or "fire pot," designed for mellin11 
solder and lead; used extensively by plumbers £or wiping lead 
joints. 

Fi~. 5. A lnrgtrsize gasoline blow•pipe torch designed for 
brazing, pre-heating, and gehe:ral work. The principle of 
operation is similar to that explained in Fig. 12. With the 
torch shown in Fig. 5, a.bout 75 lbs. of air is pumped into the 
r:asoline nm.I nir tnnk by the band air pump. The tank is 
usually or a JO-gallon capacity. 

A Home-Made Gas Blow-Torch 
Small soldering jobs, especinlly in cramped qufl.rters, may 

be most readily done by means of a. blow-torch. Such 11 torch 

Fig. 6 

may be made from pipe fittings in the manner illustrated (Fig 
6). In brief, it comprises a piece or pipe, attached to the ga!! 
main by a length of rubber hose, with another piece of pipe,. 
attached to the air line and welded to the gas nozzle, as shown. 
A spacer cross-brace is welded between t.he two pipes at. thi, 
reur, ma.king a. torch a ultit. A valve on t.be gas pipe render~ 
regulation or the Harne easy. Though this torch 1s sornewhat 
small for bi·azing jobs, a heavier torch could readily be rnade 
for tho. t purpose. 

Gas Torch and Soldering Iron 
(Al copr,cr soldering iron; (BJ gas-burner tube; (C) gn.s 

burner; (D) 1,n.s tube to connect hose. 
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Fig,7 

The gas-heated soldering iron (Fig. 7) can be used with illumi­
minating or acetylene gas by attaching it to a gas burner or 
to a Prcst-O-Lite tank with a rubber tube. By removin~ the 
soldering iroo, the burner can be used as a blow-pipe for bra?.• 
ing, and also for soldering aluminum. (For sale by automobile 
supply houses.) 

Starretts Gas Heater 
The heater (Fig. 8) will be found very useful in the machine 

shop, as it is convenient for tempering small tools, heating 
soldering irons, melt-ing lead, babbitt, etc.; and as a forge £or 
light work it will be found very ,•aluable. 

l1ig. 8 

It <;onsists 0£ one. two, or three burners (B), with or without. 
a tool bolder, and is connected to the ordinary g.,. jot at (Tl. 
A ladle (C) 14" long, holding 12 oz., can be had of the same 
company, L. E. Starrett, Athol, Mass. 

Soldering Copper or Iron 

A soldering copper or iron (Fig. 10) is a wedge­
shaped block of copper, fitted in an iron fork with a 
wooden handle. Preparatory to.its use, it is placed 
in a clear fire, or gas or blow-pipe torch burner until 
it is hot enough. The usual size used is No. 1 or 
No. 2 (I lb. and I½ lb. in weight, respectively). 

~~ao u-
STONEACID POT 

Fig, 9 

SOI.DERING IRON 

-~ • Fig. 10 (above) 
Fig. 11 (below) 

, Jm_perial Brass Mfg. Co., Chicago, Ill., and Clayton & Lam- If the copper is a new one, it must be tinned. 
bert., Detroit, Mich., manufacture blow-pipe torches. When hot, file off the Sc.<lle on both sides and ends 
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for a quarter of :m inch from Lhe tip, so th:it the 
metal will be clean and bright. Dip the nose in the 
soldering fluid for a second, and then apply it to 
the stick of solder. A globule will melt off on to a 
piece of dry brick or tinplate which must be ready 
to receive it. Rub the nose of the copper in this 
solder, which will adhere to it as quicksilver does 
to zinc. The copper can then be used. Copper is 
used because copper readily absorbs heat and will 
retain it longer and give it off again rapidly. 

The soldering copper must not be allowed to get 
red hot, as the tin will be burned off and the tinnin~ 
process must then be repeated. The reader should 

. pract,ice soldering at leisure. 

How lo Solder" 

In soldering two parts together, it is necessary 
that the contact surfaces be perfectly clean. A 
clean file, scraper, emery cloth, or a little acid is 
generally used in cleaning the surfaces. Some­
t.imes, especially in old work, the emery cloth will 
not get a clean surface. A dark spot may be a 
depression; the file must then be used. 

If the work to be cleaned is greasy, clean it first 
with hot water and soda. 

After cleaning, the surface to be soldered should 
be warmed, and swabbed with prepared acid-that 
is, muriatic acid which has been prepared by dis­
solving in it as much zjnc as it will hold. 

The :flux or acid generally used may be prepared 
in the following manner: To ¼ pint of muriatic 
acid add scraps of zinc in a pot (Fig. 9) until the 
acid ceases to bubble and a few small pieces of the 
meta.I remain. Let this stand for a day; then care­
fully pour off the clear liquid, 01· filter it tlu-ough a 
piece of blotting paper. Add to this a teaspoonful 
of salarnmoniac, and when dissolved the solution is 
ready for use. 

A solution of salammoniac and borax also makes 
a good flux for soldering copper and brass. 

Wire solder, containing a flux, is generally use~ 
thus saving the necessity of a separate flux or acid 

Soldering Pointers 

The melting point of the soldering material must 
be lower than that of the article being soldered (sec 
Index for melting points of different metals). 

Hard soldering or brazing is u term used when 
the soldering mixture is composed largely of copper, 
brass, or silver. Use borax for flux. Hard solder­
ing is best where the material will stand intense heat. 

Soft soldering is the ordinary half-and-half (onc­
half lead and one-half tin). Plumbers' solder has 
2 parts of lead to 1 of tin, and is therefore still 
softer than half-and-half, in order to fit it for work­
ing on lead pipe. See pages 738, 736 for solder for 
radiator repairing, known as "50-50" solder. 

Sweating is a term used where the solder is applied 
t,o a surface to be soldered and the hot iron is then 
held on it until it "sweats" er runs in. 

For electrical work use resin or a soldering paste, 
as acid sets up a resistance in the joint. 

After an iron has been cleaned and heated and is 
then rubbed on a piece of "fluorite," the tin or solder 
will spread readily thereon. 

How to Operate a Gasoline Tol'ch-Single-Jet 
Type 

Fill about two-thirds full of gasoline; the filler 
plug on this type of torch is at the bottom of the 
tank. The torch is turned up-side-down, the gaso­
line is poured in, and the plug is screwed up tight, 
making sure that it does not leak. 
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Fig. 12 
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Air is then pumped into the tank by the hand 
air-pump plunger, after first opening the air inlet 
valve (Fig. 12), and afte!' making sure thut the 
gasoline adjusting valve is closed. 

Next hold the hand over the mixer tube, anrl 
slowly open the gasoline valve at which point 
g:umline will drip into the heater. Light this gaso­
line with both v:,lves closed. This heats the pipe (R). 

Aft.er the gasoline in the heater has burned up, 
t,lie heat should be sufficient to vaporize the g,Lsoline, 
causing air and gasoline to flow through the pipe 
(L) and (R) from the tank to the burner or mixer, 
when the gasoline valve is opened. A match is 
applied to this mii..-ture, and the 1·esulting 1inme 
should be blue in color; if it is yellow, the heating 
is not sufficient, and the operation must be repeated. 
It is advisable to protect the flame from wind while 
heating. 

All torches work on the same principle. Some, 
however, have two valves (as shown in Fig. 3, page 
719); this typ~ is termed a "double-jet." They 
are also constructed with pots over the flame in 
which to melt lead; these are termed "fire pots" 
(Fig. 4). 

For brazing, a similar principle is resorted to, 
except that a !urger tank and burner :ind a separate 
air pump are used, as shown in Fig. 5, page 719. 

Fig. 13 fig. H 

Fig. 13. A soldering-iron st1>nd which can easily be ma<le. 
and is-well worth the necessary time and labor. 

Fig. 14. The usual method of placing a s~ldering iron "·" 
n blow-pipe torch to be heated. ,vhcre an air compressor 1~ 
at hand, the torch can be filled with air by drilling a hole a:ic• 
soldering a tire valvo stem (T) into it. 

Soldering Aluminum 

There are various compounds on the market for 
soldering alw:nlnum, but this operation depends 
more on the workman than on the solder, and 
unless considerable experience has been had, it is 
probably better to purchase solder than to attempt 
makinM it. 

See pages 690, 091. 
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The chief difficulty in soldering aluminum is that 
the heat is dissipated so rapidly that it cools the 
soldering iron. Furthermore, aluminum oxidizes 
instantly upon exposure to the air. This extremely 
t.hin film effectually prevents a perfect union being 
made. If the parts are well heated and melted 
solder is kept melted by allowing the iron to stand 
on it, the surface can be scraped beneath the melted 
solder by the point of the soldering iron, thus pre­
venting oxidation to n, certain extent. In this way 
the metal can be tinned. When both parts to be 
brought togethc1· are·well tinned, the parts can be 
united with some chance of success, nitrate of silver, 
n:-Rin, or zinc chloride being used as n flux. 

The parts to be united must be thoroughly 
cleaned. lf the surfa.ce is of such a shape that it 
cannot be readily cleitned by scr;iping, it can be 
cleaned by dipping it into a solution of nitric acid 
in three times its bulk of hot water containing about 
5 per cent of commercial hydro-fluoric acid. This 
causes a slight action on the surface of the metal, 
as shown by bubbles. Rinse the metal after remov­
ing from the acid bath and dry in hot sawdust; or 
thoroughly clean and allow it to stand two or three 
hours in a strong solution of hyposulphate of soda 
before being opernted upon or cleaned in the acid 
bath described above. 

* Aluminum solder: The following forwula, in the 
hands of a competent man, can be used to unite 
aluminum or aluminoid parts: tin, 10 parts; cad­
mium, 10 parts; zinc, 10 pnrts; lead, 1 part. It 
is best ho\\'cvcr. to purchase the solder ready made. 

Soldering Cast Iron 

To solder and tin cast iron, dissolve as much zinc 
as possible in one quart or common muriatic acid. 
Take a half-pint or warm wnter and dissolve in it 2 
oz. of sal ammoniac. In a half-pint or warm water 
dissolve 2 oz. of chloride of tin. Then mix all 
thoroughly. 

Where cracked cylinders, etc., are to be repaired, 
half-and-half solder is melted with some copper 
added. If this is used with the acid just described, 
excellent results will be obtained. A mixture of 
about 5 parts f..in aud 1 part copper is also recom­
mended. 

Another method of soldering cast iron: Clean 
the part.s with a file until bright; also use muriatic 
acid. Wash the acid off with \\'at.er. Then use a 
hot solclering iron and soldering acid (muriatic acid 
cut with zinc), so as to clean the pores of the iron 
where it is to be soldered. The work must be 
brought up to the heating point required to melt, 
solder. When the work is thoroui;hly cleaned and 
heated in this manner, cool it with a solution of 
copper sulphate (copper sulphate dissolved in water). 
This will give a coppered surface. After coating, 
wash the surplus off; then use soldering acid, the 
solder and a hot soldering iron, and sweat or run the 
solder in. (Sheet Metal.) 

1 One popular brand of Bux for soldering radiators and for 
clc.ctrioal work is 0 Rubyfluid/' rnadc by tho Huby Chemical 
Co .. Columbus. Ohio. 
• See pages 690, 691. 

Flux for Soldering Different Metals' 

Iron and steel: sal ammoniac or chloride of zinc. 
Tinned iron: borax, sal ammoniac. 
Zinc: chloride of zinc. 
Copper and brass: rosin or chloride of zinc. 
Lead: ta.Jlow or rosin. 
Lead and tin: rosin and sweet oil. 

Gasoline Feed-Linc Repair 
A broken gasoline feed line (t.aken as an example 

of soldering) may be quickly repaired by scraping 
the tube near the break, and winding it for 1 in. on 
each side with clean copper wire. The wire should 
then be heated, covered with soldering flux, and 
sweated together with solder. A solid sleeve is thus 
formed that makes the pipe stronger thim originally. 

COPPER rt.18tN6 

WIRE -NPAPPING 

Fig". 1-~ 

Gasoline pipes sometimes get loose in the sockets 
of the unions. This is due to bad fitting, and shows 
that there is not sufficient elasticity in the pipe; it 
is too rigidly held. The screwing up of the union 
strains 1,he pipe, and the vibration on the road 
causes the pipe to give way at its weakest point, 
namely, the soldered joint. If the pipe gets loose 
more tl::n.n once, .it shows that there is something 
wrong. A longer pipe should be put in, having a 
U-bcnd in i1;, or a complete circle, to give elasticity. 
The U-bend, or circle, should lie horizontally, with 
a drop towards the carburetor, otherwise there 
may be what is called an air-lock in the pipe, and 
the gnsolinc will not pass through. 

If the carburetor float leaks (if of metal), it, can 
be repaired with solder. Sometimes it is difficult 
to find the leak. For one method of locating it see 
Index under "Carburetor float repair." 

Brazing 
Brazing is infinitely stronger than soldering. l t 

is. by brazing that bicycle frames are built up. 
Bicycle makers use a. gas blow-flame. This consists 
of two parallel pipes-one for gas and one for air. 
The air, which issues under pressure, causes a 
strong and very hot flame. The air pressure is pro­
duced by a small bellows worked by the foot. The 
work may be done with the torch shown in Fig. 5 
(page 719). 

The hard solder, as it is sometimes called, is a 
brass that melts at a low, red heat. lt is generally 
bought in packets, and is in grains about the size of 
a pin's head. Brass wire is also used. After being 
wound around the part to be brazed, it melts and 
runs into the joint. The flux used for brazing is 
powdered borax. 

Brazing a flange: If, for example, it is desired to 
braze a flange on ·to a pipe, the flange is placed on 
the pipe and the pipe is expanded by hammering 
till it is a tight fit. This is necessary, as it may shift 
its position in the act of brazing. 

Fig. 16 
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The flange and pipe (A) (Fig. 16) are put in a cle:u 
fire in the forge. Then as it gets hot the spelter, 
"·ith borax, is sprinkled round the joint, which melts 
and finds its way into the space between the pipe and 
the flange. If the reader has a gas or gasoline blow­
pipe, it will make the work easier, as the heat cau 
be directed where required from above. When coo], 
the superfluous brass is filed off. In many cases it is 
impossible to keep the two pieces of metal in the cor­
rect places in the forge; therefore a J?in or rivet 
must be put in, so that they cannot shift. 

Wiping a Joint 
Joining two pieces of lead pipe is termed "wiping 

a joint." The J?ipe is first cleaned and prepared, by 
spreading one pipe with an eiqmnder, as at (1) (Fig. 
17), and pointing the other ends, which are slipped 
together, shown at (2). The solder is then melted in 
a iadle, as shown in (3), and poured around the 
joint. A pad about 3" or 4" square and about ¼" 
thick, of canvas or velvet, is held in the hand under 
the pipe as shown (3\ the surface being greased with 
tallow. The bottom 1ayer may be an asbestos sheet, 
so that the molten metal will not burn through. 
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Fig. 17 . 

As the melted solder is poured on the pad, it is 
wiped around the joint until it is heaped up all 
around it. The amount of metal used depends 
uron the size of the pipe. Rub the pipe on each side 
o the joint with a tallow candle to prevent the metal 
adhering to where it is not wanted. 

Although copper or brass pipe may be joined with­
out difficulty by the ordinary methods of soldering 
or brazing, the "wiping" method is about the only 
practical way to couple lead pipe. 

MISCELLANEOUS 

How to anneal, to bend tubing, to use a mci,al 
saw, to make small springs and to repair a cmckcd 
cylinder, are explained in the pages following. 

Annealing Tubing 

The copper or brass tubing used for g:tsoline pipe~, 
carburetors, etc., can be purchased either annealed 
or not annealed. vVhen not annealed, it is stiff and 
har<l. It is difficult to bend it when hard. The 

Fig. IS. Annealing copper tubing. 

tubing can be softened by heating, as shown in Fig. 
18 (called annealing). Iron rods and other metals 
of like natme can also be softened by annealing. 

Bending Metal Tubing and Small Rods 

The problem of bending metal tubing is one thu1. 
('OJJ1es up quite often in the motor vehicle rcpnir 
and construction shqp. Frequently when you 
undcrtaJ;;e to bend some of the new kinds of metal 
tubing you are surprised to have it break, even 
though the usual precautions may have been taken 
1,o p~event a fracture of this nature. Fill the tube 
with fine sand packed tight, otherwise the walls 
arn very liable to break, or they are liable to col­
lapse. 

First of all, it is best to determine the character 
of the composition of the tubes. Mnny tubes are 
ma<le by different manufacturers and are finished 
ne,trly alike, and you cannot very ~,·ell determine 
what procedme to follow when desmng bends or 
scrolls jn them. But the file test will quickly make 
this clear; or even the point of a col<l chisel will do 
to cle1 ermine 1,hc nature of the metal. Then yo.u 
can work accordillgly. 

l>ig. 19 
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fig. 19. Bending small tubing: It is well to anneal the 
tubing first. Then procure several ,\lashers, and plM·e side. by 
side until the diameter of the tubing is obtained. Two woo<l 
blocks are placed one on each side .of the washers and are 
clamped in the vise. The blocks serve as guidM. The tubing 
is then bent by hand over this form. 

Fig. 20. Another plan to secure a uniform bend of smaller 
tubing is to employ an outside mandril on the tube. This 
consists of a closely and tightly wound spiral of iron wire of 
about 14 gauge over the tube. This distributes the stresses in 
the ope1·a.tion of bending, and it can be unwound afterwards. 
Small-bore tubing can be bent by placing a piece of copper 
wire (a fairly good fit) inside. and withdra.wing it afterwards. 
!ef~J°oif. string solder well greased ean be used and then 

~
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Fig. 21. To bend an "eye" in" small rod. 

To bend wire or a small rod and yet lra.ve it cirrula.r in forrn: 
Drill" hole in a flat piece of iron; fix this in a vise; heat, t.hc 
end of the rod, having previously marked t,hc piacc where the 
bend is to hr: insert the hot rod in the bolc:ind bend down, usinz::­
the. hammer to insure a right.-angle turn, not a curve. The hole 
must be larger than the rod or tloe bot end will not enter. 

"t.i\-~ 

Fig. 22. Flanging copper tubing: Copper tubing may 1,c 
rendily flared for tho attachment of unions by the use ol a 
pair of lineman's splicing pliers. The end of the tube to be 
ffnnged is caugbt in the jaw of the pliers and a punch is used 
to press the end out to the extent required. Ordinarily some 
one of the grooves in tho pliers will be found to fit almost any 
of the copper tubing commonly used. \Vhcm this is not ~he 
ca.so, the arooves may be l'eadily enlarged by an emery wheel. 
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How to Use tbe Metal Saw 
The fine-toothed blades should be used for iron 

and steel\... and the coarser ones for brass and soft 
metals. 1•·or cutting through a brass or steel tube 
use a fine-toothed blade, as the teeth rip off the 
coarse ones. Before sawing, make a true circum­
ferential line round the tube where the cut is desired; 
then, by turning the tube round a little between each 
cut, the latter will be true and square. The broken 
blades are useful at times for small repairs, as they 
are readily softened. • 

Another method for sawing tubing is shown in 
Fig. 23. 

Fig. 23. l\lcLhod of sawinit through Lubing. Consists of a 
wooden block witb a drilled hole to receive the Lube. 

How to Make S,uall Springs 
Spiral springs axe now so readily obtained in a 

large variety that it is not often one is at a Joss for a 
particular size of spring. The occasion may arise 
where a certain unusual size of spring is required. 
Figs. 24 and 25 illustrate two methods of winding 
small spiral springs. 

Fig. 24. 

Fii::. 24. Sprin~s of va.rious sizes mny be wound on the 
spring winding outfit illustrated. A cast-iron frame supports 
two uprig!:its that act. a.s bearings for the springMwinding 
spindle. These spindles are. tool steel rod, having a diameter 

somewhat smaller tha,n the inside diameter of the spring to he 
wound. One end is bent to form a crank and handle, the other 
being notched to receive tho spring wire. 

Fig. 25. How a spring is made by winding wire around n 
bolt. 

Repairing a Cracked Cylinde1·l 
Repairing a cracked cylinder: Welding is be.st, but if this 

is not convenient, repnir with copper ns directed below: 

Fig. 26 Fig. 27 

A small hole should be drilled at each end of the crack. <>r a 
liWe beyond it (Fii,. 26), for the crack may go farther than is 
visible Lo tho eye. A quarter-inch hole should be drilled and 
tapped, and a $crew inserted and screwed home, and the encl 
filed off flush with the metal. Then a piece of stout sheet 
copper (P) (not, less than 1/12" thick) should bo cut out, cover­
ing the crack extending about ¾11 all around. This must be 
bent to fit the cylinder and fixed down with a. number of :3(.16" 
or ¼" screws. Put a piece of canvus.smca,red with red ead, 
putty, or thick oil paint under the copper. Tho patch may 
leak a liLt.Je at first, but will probably "take up" in a few days. 

Plugging is another plan. A very small crack in "'cylinder, 
probably caused by freezing of contained water. may be mended 
as fol.lows. Drill a small hole in each end of the crack, and t.ap 
it for a small copper plug (Fig. 27). Scrape the surfaces near 
the crnok until the metal is brii;bt. Cover the crack with soft 
copper 61ingS a.nd melt them 111 wiLb the blow-torch. Use a 
ffux of rosin dissolved in alcohol. or simply drill and thread 
hole, if not. too large, and screw in a. pipe-plug tap, and saw off. 

Rusting up a small leak in a cylinder: ¼ lb. of snl ammoniac 
to 1 quart or \• ... atcr, poured into the cylinder and left to stand 
for 48 hours has caused rust enough to form to close a small hole; 
entirely. Be sure Lo wash out thoroughly. Another remedy 
h:i an "iron cement," secured a.t supply houses. 

Cider or vinegar will cut rust out of cast-iron cylinder water 
jackets, if left st.anding for two or three days. See also page 151. 

Smooth-on, it is claimed, will repair breaks in castings a.nd 
ulso radiator !enks. Writ-O for free pamphlet Smooth-On Mfg. 
Co., Jersey City, N.J. Sec also pu.ge 814. 

HEAT TREATMENT OF STEEL 

In ordinary shop practice this consists of the 
following: (1) the process of annealing; (2) the pro­
cess of hardening; and, (3) the process of tempering. 

Annealing Metal 

Annealing or softening renders a metal in such a 
condition t.ha1. it can be cnsily cut, machirlC'd, or 
hent. Flee Fig. 18, page 722, showi1ig how t,ubing 
is annealed. 

To anneal steel: Heat to a dull-red heat aud then 
remove the metal from the heat and permit it to 
cool in the air. 

Where the work is of great importance, an oven 
or crucible is used. A simple oven is shown in Fig. 
28 and in Fig. 30, page 724. 

1 There is a spelter which can 
l>e used in connection with an ordi11ary ga.soli11e blow~pipe 
torch (or any heat up to 300° F.) for filling up cracked water 
jackets, cracked cast iron. steel, brass or bronze. It is claimed 
this can be used instead of brazing and welding on cracks. 

A piece of g~s pipe is used, large enough to admit 
the tool or metal to be heated. One end is closed 
and placed in the coals until the inside of the pipe 
has been heated to a bright red. Then the part to 

Fig. 28 

be heated is placed in the pipe and brought. to the 
desired heat. Then, instead of cooling in the open 
air, the work is placed in a bed of non-heat-con­
ducting material, such as charred bone, asbestos 
fiber, ashes, lime, fire clay, or sand. The metal 
should be left for a long period of time, well covered, 
until cool. 

Brass or copper is heated to a low red heat and 
quickly dropped into cold water. 
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Hardening 

The process of hardening is accomplished by 
bringing the metal to the proper tempemture, 
slowly and evenly, the same as for annealing, a.nd 
then cooling more or less rapidly, depending on the 
grade of t!le steel being worked upon. 

The degree of ha.rdening is determined by the 
grade of steel, the temperature from which it is 
cooled, and the temperature and kind of cooling 
bath into which it is plunged for cooling. 

Stee_l to be hardened is placed in the oven and 
permitted to come to a heat of about 650° or 700°. 
Lt then is placed in a heating bath of molten lead, 
fused cyanide of potassium, heated mercury, or 
some other preparation designed for the purpose. 
The degree of heat to which a piece of steel must be 
brought depends on the percentage of carbon con­
tained within the steel. The more carbon, the 
lower the heat required to harden it. 

It is essential that the cooling bath be of the same 
temperature during each process of cooling. 

Ordinarily, steel is cooled in water, but many 
other liquids are used. If cooled in strong brine, 
the heat will be extracted very rapidly and the 
degree of hardness will be much greater. If cooled 
in mercury, a still greater degree of hardness is 
obtained. 

If toughness is wanted without extreme hardness, 
the metal may be cooled in lard oil, fish-oil, or neats 
foot oil. 

In hardening carbon steel, bring to a cherry-red 
he:1.t, plunge into cold water (brme is best), and 
hold until hissing ceases; then remove and place 
in oil for complete cooling. 

For hardenin.g high-speed tool steel, see page 726. 
When hardening brass, bronze, or copper, the 

work is accomplished by hammering or working 
while cold. 

Tempering 

Tempering differs from hardening, in that tem­
pering is the process of making steel tough so that 
it will hold a cutting edge and not crack or check. 
Tempering makes the metal stronger and t,he grain 
finer. Tempering may be considered as a continua­
tion of the hardening operation. 

To temper, the metal or tool is heated slowly, to 
a cherry-red heat, then dipped into water (Fig. 29), 
to a depth of about ½" or ¾" above the point. 
When the piece has cooled to the point where the 
portion above the water has not lost its redness, 
remove it from the water and quickly rub the end 
with fine emery cloth. 

Fig. 29 

While the heat from the uncooled portion of the 
metal gradually heats the point again, a change of 
color occurs at the polished point. When a certain 
color has been reached, the entu-e tool should be 
completely immersed in water am! permitted to 
remain there until cold. • 

Colors for different work are as follows: Wood 
saws and springs: dark blue, 600°; cold chisels 
and screwdrivers: dark blue or light purple, 600° 
or 520°; punches, drills, and wood-working tools: 
brown, 510°; taps and reamers: ordinary straw 
color, 450°; lathe tools, planers, shapers, and 
slotter tools: light straw color, 430°. Colors 
darker than the dark blue, ranging through green 
and gray, signify that the piece has reached its 
ordinary temper, which means it is partially an­
nealed. 

After a spring has been properly hardened by 
dipping in fish-oil or Jard, it may be held over the 
fire while still wet with the oil and permitted to 
catch fire. After the oil burns off the spring, it 
has been properly tempered. Self-hardening steel 
should never be placed in water. 

Drills and small tools can be tempered quite well 
in a flame. Larger parts are better tempered on an 
iron plate on which has been placed a thick layer 
of fine sand and the flame allowed to play under­
neath. This insures the part being uniformly 
tempered. 

Difficulty is often experienced in lathe work on 
nickel-steel stock through the failure of the tool to 
retain its cutting edge. To overcome this, heat the 
tool nearly to white heat and plunge it into kero­
sene oil. See also, page 725. 

Case-Hardening 
The process of hardening the surface of the steel, 

leaving the inside strong and tough, is termed 
"case-hardening." More carbon is added to tho 
surface of the steel, which offers good wear-resisting 
qualities and has the effect of forming; a very hard 
coat on the outside while leaving the inside practi­
cally unaffected. In other words, the outer surface 
only is hardened, as for instance, gear teeth or nuts 
which are hardened to only about 1/50" deep (see 
page 725). 

Example of Case-Hardening Steel 
The outer surface of any piece of soft steel may 

be made hard by case-hardening. Its purpose• 1is 
to increase the strength and wearing qualities of 
t,he steel. All machine work to be done on the steel 
should be done before the case-hardening, as grind­
ing alone can be done afterward. (If any part of 
the piece must be left soft, this may be done by 
covering that part with asbe1ttos paste or paper.) 

The hardening compound: Mix 9½ parts of fine 
charcoal with 2½ parts of table salt. Phtce 2½ 
parts of kerosene oil in a dish, and put with it ns 
much sawdust as is required to soak the kerosene up. 
Now mix the sawdust and oil with the charcoal and 
salt. This compound mrty be used many times. 

Fig. 30. Ca~t-hun.leui rtM sttcl. The pieces are packed in a 
pipe wit.h the hardening compound-but they must not touch 

The crucible: Get a piece of iron pipe long and 
large enough to hold the pieces to be hardened 
(Fig. 30). Pack the pieces in this pipe with the 
hardening compound. Do not let one piece touch 
another, or touch the pipe side, but keep them well 
apart wi1h Um compound. Now close both ends 
of the tube wit.h fire day. 
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A large forge fire is necessary for heating the pipe, 
imd the pipe should be heated to a bright-red heat. 
The length of time varies, depending on the size of 
the pieces and the depth of case desired. 

Ordinarily two hours at bright-red heat wiU givo 
1/16" case. This heat should be held as evenly as 
possible to give an even case and reduce warping 
effects. 

To produce the maximum strength, two heat 
treatments are necessary after hardening. First 
heat each piece to a bright red and plunge in oil. 
Then again heat it to a dull red, and plunge. This 
will give a fine grain, both in the co1·e and in the case. 

Quick case-hardening: If a thin c,,sc is desired, 
this may be applied quickly by heating the piet;e 
to redness and sprinkling the part to be hardened 
with potassium cyanide. Keep the temperature 
constant for 4 or 5 minutes, then plunge the piece in 
water or oil. An exceedingly thin case will result 
that will increase the wearing qualities of the steel, 
better its appearance, and prevent rust. 

To harden tools quickly: The tool should be 
heated to the correct temperature and then thrust 
into a potato, after which draw to the proper temper. 

Another Method of Case-Hardening 

It is po~si~le to case-harde!], small {>inions quite 
well by brmgmg them to a umform bright-red heat 
and plunging them into finely-powdered yellow 
prussiate of potash, repeating the operation three 
or four times, and finally plunging int,0 clean cold 
water while still at a red hea.t. The mild stc!ll 
absorbs carbon from the potash to a depth of about 
1/50", and this surface hardens perfectly on t.hc 
final cooling. Nuts so treated resist rough u~age 
\\'ith the spanner much better than an ordinary 
soft-surface nut. 

In treating parts of this class it i<i, however, 
important to remember that the threaded part 
should be filled up with clay so that it does not come 
in contact with the carbonizing material, otherwise 
it will be certain to be spoiled. Any roughness of 
the surface, such as on the teeth of pinions, can be 
smoothed off with emery cloth wrapped over a thin 
flat file. Parts made from tool or high-carbon steel 
are readily hardened by making them red-hot and 
plunging them into cold water. The correct heat 
1s impo1tant, because if the parts be heated to a 
very bright red they may be spoiled or decar­
bonized, and if heated to a white heat, they will 
certainly be deca.rbonized. On the other hand, if 
heated barely red, the parts will not harden. 

Sa:aightcning Warped Pieces 

Uneven hent und uneven cooling warps the steel. 
Case-hardened pieces cannot be straightened by 
pressure 01· by pounding, us this cracks the case. 

To straighten a warped piece of case-hardened 
steel: 
1. Find the high or "bowed" part.. Murk this with 

a chalk line. 
2. Heat the piece slightly-never near a red heat. 

(The amount of heat depends on the warp, and 
can be determined only by tria.J.) 

3. Clamp the piece in a vise between the blocks, as 
shown in F1g. 31. 

1!. Direct a stream of water at the chalk line. This 
will contract the long side and make the piece 
straight. 

Fig. ;n 

How to Make Lathe Tools 

High-speed steel should usually be heated until 
t.he tip of the tool starts to melt, and then plunged 
in oil, or buried in common salt until thoroughly 
cool. 

High-carbon steel gives the best results when 
heated to dull red and plunged iu oil. 

Only the tool point proper should be ·heated to 
the plunging temperature, the heat being applied 
slowly at first, to be followed by the blast being 
turned on and the point he:1ted to the requil'ed 
plunging temperature. 

.:;"_ ~;;; 
&"'"'~~~·~ 

-r BULL HOSE 9 SCALINGTQOL 
Fig. 32. There is a tool for domg each job most efficiently. 

~11 
Fig. 33. Steps in making a lathe tool. The work hould 

be done during one heat, 
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The tool should be plunged into the oil when the 
heat is increasing, and in the case of carbon steel 
at the instant the point reaches the plunging tem­
perat,ure-dull red, the fusing temperature 111 the 
case of high-speed steel. This is particnlal"ly neces­
sary with high-carbon steels, as heating the steel 
wlute hot, allowing it to cool to dull reel, and then 
plunging it in oil will make a poor tool. 

High-speed steels, after hardening and grinding, 
are ready for use. Carbon-steel tools, however, 
must be tempered. 

This may be done in two ways, the best being to 
plunge only the point of t,he tool in oil after heating 
to a dull red, thus leaving some heat in the heel of 
the tool. 

""hen the point is black, remove the tool nnd rub 
the cutting edge with emery paper mounted on a 
stick. Watch the point closely, and as the heat is 
driven from the heel to the poiut, the color of the sur­
face being polished will turn·light straw, dark straw, 
and blue. When the point of the tool is straw color, 
plunge the whole tool in oil and cool it entirely. 

The other method of tempering is to cool the tool 
after the first heating, polish the point, slowly heat 
it again until straw color, and then plunge it. 

Almost any grinding wheel may be used for grinding the tool 
but eare n1ust he taken not to draw the temper or burn t.he 
tool. The tool should be held lightly ago.inst the wheel and 

frequently cooled in water. Grind the tools to tho shnpe de­
sired, following ns closely as possible those illustrated. Finish 
the cutting e<lites \1.ith nn oil sl<uw. 

TOQI tilt h~C,cr with 
,,....,kiu• typ:• of 
1"!1 in•de •'"'O"'• 

IPHdl ltUI 

A A~~ Hrril (f~ 
I ~ ! f.; ~ ~~I 
~ 1:¥-vcl"'G<.o~C',,' 

Fig. :!·I. A tool bit-holder and a set of high-speed lathe 
tools. Excellent for r~pr\irshop purposes. They cover n. 
grent variety of work. Tool should be changed to suit, the 
work, rather than regrinding tool e<ich time. 

Chaunel, Augle, l-Bea1n, etc., Sections 

TI 
T•SlttlOJIII MlfAM 

0 
TUIUUft S(CflOM 

L 
AJICH Sl<:r!ON 

The,e terms are often used 
iu connection with some of t.he 
metal parts of the automobile. 
For example, many front. axles 
and engine· connecting rods are 
"I-beam section," and parts of 
the chassis frnmc nre oft-en 
11cbannel section.,, The terms 
or names are derived from the 
shapes, us shown. 

STRAIGHTENING BENT FRAMES, FENDERS, 1 ETC.2, 3 

Straightening a bent frame: A pan of charcoal is proper place. The method of attaching the cha.in 
placed under frame, and pieces of charcoal are is shown in Fig. 37, and the force is applied by 
heaped around the bend as shown; the frame is then twisting the chain with a steel pinch bar. A jack 
heated up about tho bent portion by pli~ying upon phced against wooden blocks and with a chain sling 
the pile of charcoal with the flame of t1, blow-torch. over it, as shown, may be used to straighten the 

.side members of the frame. As the frame i~ brought to a cherry-red heat the 
device (A) (Fig. 35) is applied aud used in connec­
tion with a wooden beam (B) which support~ the 
jack. 

'Fig. 35 (left l. Straightening 
a bent frame by beating. 

Fig. 30 (right). Another 
method of straightening a 
bent fra.me.! 

The torch now is set aside, the charcoal removed, 
and while one man carefully operates thE: jack and 
slowly draws the bent member back to its proper 
shape, :inot h<'r U.';sists the operntion by tapping and 
shaping the heated section with a hammer. 

This hamrncrin1:, is quite neccssa.ry a.nd an 
important factor 111 bringing about t1, successful 
result u.~ it assists the molecular action of the steel, 
an<l prevents the end of the frame from springing 
back out of line as the job cools off. 

The entire straightening process must be done 
while the injured section is red hot, and the job must 
be completed before the reel color is lost. 4 

Bent frame horns may be pulled back into place 
by a chain,2 providing the force is applied in the 

,,- .. 

~-···.- -":..-~--
Fig. 37 Fig. 38 

Frames may be straightened without heating, 
and sometimes without even dismantling the car, 
by means of the simple device shown (Fig. 38). lt. 
consists of a wooden beam 4 in. x 6 in. x 5 ft., rein­
forced with iron ¼" thick on each side. The bcnm 
forms the base of the device, to which are attached 
the steel arms which fasten to the frame. A power­
ful jack is used to apply the required pressure to 
bring the frame back to normal. A chain may I><• 
subst,ituted for either of the anus. 

Other methods of straightening bent frames are 
shown in Figs. 39 to 42. 

Straightening dents in bumpers and similar 
articles can be done in minfoillm time with the dr~ 
vice illustrated in Fig. 43. 

• Fender damage is one of the roost frequent auto casualties. 
Tho fc·nd{'r bu~iucss is mmally a. replacement bu.sines!). One 
mnnufoc•t.urer of fenders for replacement on n grc:lt number of 
cars is Tho Fo:$tOria Pre$.$ed Steel Corpn., Ii'o::iitori:i, Ohio. 

When assembling a fender, be sure the framo of the car is not 
bont und start nss<•mhly of bolts from the running board side. 
Do not tighten .n.ny bolts unLil all of thcrn have been st..nrtrd. 

• See footnote 3, page 694, where to obtain literature on a hydraulic-operated device for straightening frames, et,c. 
•Seepage 600 where to obtnin liternture on tools and other equipment for body and fender repairing, ,uso n book on body nnd 

fender repairing including reconditioning a used car. 
• Whenever it can be done without danger of cracking, cold straightening is preferred. This method does not nffect the bent 

treatment that may have originully been given to some frames. Aho applies too. front axle and other parto. 
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Fig. 39 

Fig. 41 Fig. 42 

Fig. 39. When one check and part of the face are buckled, 
only the bent parts should be heated. 

Fig. 40. When the face is buckled very little heat should 
be applied to the cheeks. 

Fig. 41. W:hen both cheeks are buckled heat should not 
be tipplicd to the fa<•e but to the shaded portion. 

Fig. 42. Small crimps may be takci, ou< with heat and a 
monkey wrench. 

J?ig. 14 

lt is not necessary to remove the bumper from 
the car. The central member, which does the pull­
ing, may be slid from one end to the other as 
required, so that a dent in any part of the bumper 
may be removed. 

A fender straightener, made of oak 3" x 4", is 
~hown in Fig. 44. 

~ 
~ --
(ORV'!.D Woor ' 

&LO ti( --..; 

Fig. 45. Easy method of removing dents from fender., 
with tbe use of a shaped wood block. 

TOOLS' AND POINTERS ON STRAIGHTENING FENDERS, ETC. 

With a small investment in tools, a little practice, 
and care in their use, a new department may be 
developed that will show a profit, and that will 
nlso feed other departments. 

There is but one secret to sheet-metal straight­
ening: to support all parts except that which is to 
be straightened, and to go slow, working the metal 
back to its original form by light blows. 

To do this requires many special tools, some of 
them taken directly from the tinsmith trade; 
others can be developed on the job. 

The Tools 
1. The blacksmith's fuller: This is used as a hand 

anvil, either in conjunction with the light mallet, 
or the light hammer, particularly to remove 
small dents. The combination of flat surfaces 
with the rounded edge will cover a wide variety 
of work. 

2. Half-round file: After all dents or indentations 
have been removed by use of the mallets, ham­
mers, and hand anvils, this file is used to 1·emove 
any small pits or hammer marks. 

3. Heavy wooden mallet; Used in the preliminary 
straightening in order roughly to form the metal 
back to shape. The flat wooden smface does 
not dent the metal on flat or crowned surfaces. 

4. Light wooden mallet; The most useful tool of 
all. After the metal has been pounded back 
to its original shape, the light mallet, in con­
junction with some one of the hand anvils, is 
used to smooth up the work. 

'"~"-..,,,~ 
Fig. 46. l\fallets, hammers, files, and special tools for. 

straightening fenders, etc. 

5. Medium cross-peen hammer: A tinsmith's 
hammer, used to smooth up the surface still 
further. Wooden mailcts will ·not remove all 
of the smaller indentations. Hence this ham­
mer must be used as it strikes the require·'.! 
concentrated blow over a limited area. 

6. Light riveting hammer: Any minor indentation, 
not smoothed by No. 5 hammer, is taken out 
by the light riveting hammer. The cross-peen 
is used to finish corners, prior to filing. 

1 See also pages 683, 690, 691. 
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7. Hand block: A st.eel block, roughly about 4° 
square, and 1" thick, with the corners rounded 
and beveled. The curves and beveled edges 
vary, so that some part of the block may be 
fitted to almost any part of the work. This 
and the light wooden mallet are the most used 
combination. 

9. ,...., , a 
·fr 

l'htCJUr 1 

~ 

10 
M,tHP A./(\111 . 

,]!.Uit _, _, 
Fig. 47. Some unusual-shaped tools u.sed in straighLening 

renders, etc. Can be secured of auto supply houses (see pg. 687). 

8. Forming chisel: Made in an infinite variety of 
widths, shapes, and sizes. The one shown is 
used to form sharp corners, or edges. One with 
a half-round edge is used to reshape a groove. 
By grinding the edge to the desired form, the 
metal may be readily driven to that form. 

9. Beading tool: The side strips on most fenders 
are held in place by rolled-in edges. When 
bent, these edges open. After straightening 
to the original form, the bead may be again 
closed by the aid of this tool, and a mallet or 
hammer. 

10. Hand anvil: An irregular-shaped steel plate ot· 
block, mounted on a steel handle. The edges are 
beveled, and will fit almost any curved surface .. 

11. Babbitt hand anvil: Made in an infinite variety 
of forms by pouring melted babbitt into an 
unbent portion of the part to be straight-ened. 
When hard, the shape is that to which it is 
desired to form the bent portion. Make the 
handle as shown. 

Reshaping Bent Metal 
It is not usually advisable to attempt to straighten 

mudguards and lamps having broken surfaces. 
The :tirst step is to work it roughly back to its 

original shape with a heavy wooden mallet. Care 
must be taken not to break the surface or to draw 
it beyond the original shape. 

A hand anvil of some sort should always be used 
in conjunction with the hammer or mallet, to sup­
port the edges of the bent surface. Many light 
blows, rather than few heavy blows, should be 
:,pplied, and the blows should be drawn, rather 
t.han applied dead on. The main thing is to go 
slow, to feel the dents with the hand anvil, and to 
direct the stra.ightening blow to the point of bend!. 

After the surface has been mallet.ed to approxi­
mately the original shape, the smaller dents should 
be removed, using first the small mallet and then 
one of the metal ha.mmers. This is slow work. 

Filing 
By passing the hand over the surface, many oi 

the smaller dents may be felt and removed. Some, 
however will still remain. These may be located 
by filing the surface down. The file will hit the 
high spots and pass over the low spots. Then the 
low spots mny be pounded up to shape. 

Finally it will be found that the file will touch all 
of the surface except the smallest indentations. 
Then file the whole surface down to a smooth sur­
face and polish with emery paper. 
~ The four steps in re• 
1-,,mrO.'f,ASUtfT,&c.rou;u,ttcrWO-!.tC moving a dent from 8 
~ sheet of metal are shown 

_.,r ~ in Fig. 48, the section 
""""'"''K•w:ra,...,.._v"'"""'"' being that of a crowned 

mudguard. But whether 
the part to be straighten­
ed be mudguard, la.mp or 
body, the principle in­
volved is absolutely the 
same. (Motor Worltl.) 

~ 
l'W. IOTSA,\ll>!JJP'tlf rua:s POUUJ>t; OUT 

~ 
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Painting Fenders After Repairing 
Before applying the paint, the surface must be 

thoroughly cleaned with turpentine. This removes 
all grease that would otherwise prevent the paint 
from sticking. lf the surface is that of a mudguard, 
the under side should also be cleaned and painted 
to prevent rusting. 

For hurry-up jobs a quick-drying enamel or a 
black japan may be used to paint the repaired sec­
tion, the latter, of coursP,, being suitable only for 
use on black guards or parts. The japan, mixed 
in turpentine, will dry in about 15 minutes, and, 
after a few washes, cannot be detected readily. 

Enameling Fenders, etc. 
Enameling of fenders (baked enamel) and other metal pnrts 

requires special equipment such as oveos, ena.m.els, etc. Son1e 
of the concerru, who supply equipment of this kind are Young 
]3ros. Co., Detroit, Mich.: Gehnrich Indirect Heat Oven Co., 
Lo11g Island City, N. Y. 

Fenders can also be finished with lacquer. See page 750. 

Painting Outfit 
The subject of painting a car is treated on pages 647 and 7f>O. 
A book covering the painting subject, A Ulomobile Pa.i,iti11n 

(Sl.50), by F. N. Vanderwalker, can bo obtained ol Ceo. E. 
Wat.son Co., 62 W. Lake St., Chicago, m. 

A free booklet,. il1'oclern. Clea,nin.o ilfethodli for Serr,ice St<ttions, 
Ga:raoes, Paint .:;hops, will be furnished by Oakley Chernieal 
Co., 22 Tho.mes St., New York, N.Y. 

Straightening Bodies 
Upholstery must be removed or the body must be 

raised to get at both sides of the surface. Anothrr 
difficulty is that two men are often required-one to 
hold the hand anvil and the other to use the mallet 
or hammer. The co-operation between the two 
must be perfect, or the anvil will not be back of the 
hammer blow and the surface will be bent still 
further. Body work is more difficult. 

To Stop Noises about the Car 
When seeking to stop rattling noises about the 

car, attend first to the fenders, then to the brakes, 
hood fasteners, and lamps, and finally to doors 
und springs. As a rule the fenders, doors, and 
springs are the most troublesome source of noises 
on the averngc present-day machine. 

Dent in Gasoline Tank 

• Fig, 40 Fig. 50 

Fig. 49. A dent can sometimes be removed by plugging the 
vent, filling with water, and applying a 20-lb. air pressure. A 
lead or wood mallet is used by tapping gently around the outer 
edge ol the dent. (Motor W orW.) 

Ji'ig. 50. An ordinary Jack n~ay be uscrl to advantage in 
straightening bent parts by bnckmg the car up t.o garage w~U. 
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FITTING EXHAUST CUT-OUT VALVES AND EXHAUST HORNS 
Fitting an exhaust cut-out valve: Mufflers some­

times are not large enough, or are clogged up, and 
offer back pressure or resistance to the full pa.<;sa~c 
of the exhaust. An exhatb~t cutr-out is helpful in 
this instance and in climbing hills and assists in 
keei;>ing the engine cool. It also provides a con­
vement method of ascertaining (by listening) 
whether all cylinders are firing regularly. 

WHI.S.TLE 

Exhaust cut-out valves are installed by cutting a 
hole in the exhaust pipe just ahead of the muffler 
(Fig. 51), then clamping vnlve over the hole. 

Note. When ordering an exhaust cut-out, measure tho out­
side diameter oC the exhaust pipe to which it is to be fitted. 
and specify this measurement. (Sec Index under '"Sizes of 
exhaust pipes.") 

The exhaust cut-out is not intended for roaring 
through towns or viJlages, but for the purpose of 
testing the firing and carburetion and is often termed 
a tuning valve. 

Cleaning Mu.filer 

Attention to the cleaning of the muffler must not 
be neglected, for this is a point having a great effect 
upon efficient opera,tion of the engine. 

Althou1,h it is necessary t.o remove the muffler for ,. thorough 
cleaning, it is quite possible to effect a satisfactory temporary 
cleaning of the badly obstructed passages by tapping its sides 
all over lightly with a. hammer or mallet. The result will be 
that much sooty accumulation ";ll be knocked off and blown 
<>ut through tlie tail pipe. 

Fitting an Exhaust Whistle or Horn 

Fitting an exhaust whistle: The exhaust whistle 
(Fig. 52) is blown by the exhaust pressure. 

When fitted to nn exhaust pipe, the exhaust is temporarily 
cut off from the muffler and thrown into the whistle by a 
special valve atta-0hed to the exhaust pipe. Multiple cylinder 
engines blow a whistle almost steadily, but single and double• 
cylinder engines b)ow in jerks or uneven blasts. 

WATSON STABILATORS 
Watson stabilators are friction brakes to hold the 

car down against the rebound or throwing action of 
the car springs. Stabilators do not in any way 
stiffen the car springs against compression, but leave 
the sprin~ perfectly free and supple to act as soft 
cu~hions Ill protecting the car and pnssengers from 
road shocks. The braking rnsi:stance produced by 
Stabilators is nlways autonia.ti<.:n.lly in proportion to 
the mildness or viciousness of the rebound force. 

Just how this proportional resistance is accomplished can 
be seen from the illustrations. Drum (5), Figs. 53, 53A, is 
elcctricnlly welded to tho Stabilator cover member which is 
bolted last to drum ((I), which is a part of the main base casting 
which in turn is bolted fast to tho car frame. The St.abilator 
spring is held on n1undrel (1), and its power is transmitted to 
the Stabilator brake shoe (4) by means of ring (3) which pa.sses 
through a nnrrow space or slot between drums (5) and (6) and 
which is hooked into the brake shoe. The spring can be 
wound t,o any desired tension by turning mandrel (1) which is 
Jocked in any desired position by means or locking pin (2). 
Tho spring is thus constantly tending to pull the shoe around 
the stationary drums (r,) and (6) and is likewise constant.ly 
tending to wind up the strap (7) which is riveted to the end 
or the brake shoe (4) . 

• ' 

Fig. 53. Showing parts disassembled. First illustration nt 
le.ft is the cover assembly; next, shoe: assembly; next, spring 
assembly; next, base assembly. 

Fig. 53A. Side . nlernal view (left) and front external view 
(riglit) witb base removed. 

While the car is standing, the spring cannot pull tho brake 
shoe around the drums and wind up the strap because the other 
end of the strap is fostened to the axle of the car and thus holds 
all .Parts stationary in spite of the pulling or the Stabilator 
sprt.ng. 

When the car hits a bump and the a.xle and frame are driven 
together and the car spring is compressed, the Stabilator spring 
is then no longer held back by the strap and instantly and like 
lightning turns the brake shoe around the drums and winds up 
the strap to whatever extent the car body and axle have been 
caused to approach each other (see Figs. 54, 5-lA, 54B). 

As the car spring recoils, 
forcing the body and the axle 
apart, the strap must pull the 
brake shoe back around the 
drums. This pullilli of the 
brake shoe in this backward 
direction. being resisted by the 
pull or the Stabilator spring u t 
the end of tho shoe, causes the 
strap to bind the shoe ~ainst 
the drums, producing a friction 
brake against the recoil of the 
car spring. It will be noted 
t,hat not all or the Stabilator 
shoe.is in active contact with 
1ho drums (5) and (6). Only 
t,hat portion is active which has 
been run under the strap and is 
thus bound by the strap against 
the drums. 

Figs. 54, 54A, MB. Action ol the St.abilator during rebound 
of the spring. 

The amount of active braking: area is therefore precisely 
regulated by the extent or spring compression and the approach 
of car body and axle. Thus, the size of the Stabilator brake is 
automatically set by each different ext<mt of spring compression 
correctly and adequately to rcs.ist each variation in rebound 
force, as shown in Figs. 54, 54A, 54.B. 

Adj·ustment: There arc two points in the adjustment of 
Stabi ators: (I) the strap should be pulled down and attached 
SIX SCREWS . • LOCICIMG PIN· to Lhe axle bracket sot.bat the 

• strup eyelet (Fig. 5&) 1s about. 
COVER l))USllNG ½" below the top edge of the 

NUT Stabilator window when the 
car is standing on a level floor 
with no passengers; (2) !rout 
Stabila.tors should be wound 

r,o, up by the mandrel ( 1) (ad-
66 justinir nut) to the 5th or 6th 

notch into which the locking 
pin (2) is held in the cover. 

Fig. 55. External view of Stabilator. There are two front 
and two rear fitted to a car. The front have stronger springs 
tha_n the r~a~ and_ are d"-\)ignated by. the letter (D) stamped on 
~pr1Qg retau.ung ring, while the rear 1s desiiinawd by letter (B). 
I'h~ eyelet m n. fr,ont strap is 6" from nearest pair of ·rivets1 

while a. rear strap 1s 4 ". 
Rear Stabilntors should be wound up to 7 or 8 notches. 

:rhere are 6 notches to one complete revolution of the adjust­
ing nut. 
. 11 these adjustments have been carefully made and ii th• 
instruments have been properly installed so that the straps 
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a.re held in practically a vertical line and are thus not rubbing 
a&rainst ejtl1er edge or the Stabilator window, the oare of 
Stabilators "mounts to practically nothing. Stabilators should 
never under any circumstances be lubricated. Any form of 
lubricant will not only dct.criorate the Sto.bilator shoe, but will 
also cause the Stahilat,0rs to cease to hold just as wheel brakes 
would cease to hold if they were lubricated. 

Adjusting wrench: A $pecin.1 adjusting wrench is supplied 
with each set of Stabilal.ors, nnd should Stabilators not be 
i:iving complete satisfaction the adjustment of mandrel (I) 
(adjusting nut) should be checked up as follows: Turn the 
arljusting nut very slighlJy in t.he direction indicated by the 
arrow stamped on the nut. This slight movement. will enable 
you to pull out the locking pin far enough to allow t.he nnt to 
turn back into the next notch into which the pin will fit. Take 

a new hold with the wrench and in the same manner o.llow ~he 
nut to go bn.ck 011e more notch and so on until the adjustment 
is off or '1<lea.d." From t.he ''dead" position wind up the front 
Stabilators to 5 or 6 notches and the rear Stabilators to 7 or 8 
notches as mentioned above. 

This adjusting of the Stabilators in no way alters the position 
of the strap eyelet, but by placing more. spring tension on the 
end of the Stabilator shoe, the strap is caused to bind the shoe 
more tightly against the drums in pulling the shoe backward 
around the drums, and this ea.uses a greater a.nd increased 
resistance to the recoil of the car springs. 

Any detailed information as to instnlling, adjusting, remov­
ing, or disassembling can be obtained by writing to the Stab­
ilator manufacturers, John Warren lVatson Company. 24th 
and Locust Streets, Philadelphia, Pa. 

HOUDAILLE (HOO-DYE) HYDRAULIC SHOCK ABSORBERS 
Houdailles are double-acting hydraulic shock absorbers for 

controlling the action of the car springs by cushioning the corn~ 
pression and checking the rebound. The resistance is not eq:ual 
both ways, being less on compression of the springs. The 
hydraulic resistance is compensating, and automatically changes 
to govern the varying spring -movements, whether slight or 
violent. The resistance is developed by a. fluid being forced 
through check valves and controlled ports. 

The absorbing unit ha.s two main chambers, the working 
chamber and the reservoir. The working chamber is divided 
by a stationary lving 112" in two compartments "AD" and "BC" 
in which works one end of t-he os"Cillat..iug piston "4." In the 
stationary wing are check valves "l" wbich permit the flow of 
fluid in olle direction. The ports "3" in the oscillating piston 
are controlled by a needle valve "5." Each pair, either front 
or rear tinits, are of opposite resistance to permit of uuiform 
installation. The internal part-s of units of opposite resistance 
are not interchangeable. In fact, each shock absorber is an 
individual aBSembly. 

The absorbing unit is bolted directly to the frame or axle and 
through lever on the oscillat.i ng pistou, and a pitman rod is 
connected to the axle or frame. On compression of the springs 
the wing shaft moves in a count.er-clockwise direction. The. 
ball check valves "l" un,..,at, allowing fluid to pass from "A" 
to "B" and froni "C" to•· D" with very little resistance on slight 
movement, but cushioning severe action. On rebound the balls 
seat, and resistance to clockwise motion is afforded to the Aow 
of fluid through the controlled ports ''3" from "B" to ''C" and 
rrom "D" to "A" in the wing shaft. The same charge of fluid 
is used continually in the working chamber. 

The reservoir contains a reserve supply of ffuid. The pump­
ing action of the piston tends at all times to dr~w in fluid from 
the reservoir through ball check valves '"6" in the flange. The 
high pressures developed in the working cban,ber nre relieved 
at "7" before reaching any packing. All fluid cseaping from the 
\\.·orking chamber is caught 10 the reservoir to be used over a.gain. 

The pitman rod consists of two buU joints on ends of link 
s.tuds locked in place with check nuts. The bnll joints are 
booted and provided witli lubricators. 

Adjustment (Fig. 55H): Resistance adjustment is obtained by 
varying the size of the valve opening within the instrument 

·eontroilcd by the movement of needle valve "5," which has right,. 
hand threads. Clockwise n1ovement-increasin.g resistance. 
Counter-clockwise movement--decreasing resistance. (Note 
the needle valve pointer," 15" actuates the needle valve stem '"5".) 

All units are filled with glycerine, obtained at any drug store, 
\\~ith which is mixed 10 per cent denatured alcohol. Never 
refill with lubricating or other oils. Additional fluid should be 
added to the reservoir every five to eight thousand mile.s; 
under continuous driving, more frequent inspections would be 
advisable. Tho absorbers require no other lubrication. 

Pitman-rod assemblies should be kept thoroughly lubricated. 
Semifluid oil or grease of good quality is recommended. The 
installation should bo periodically inspected for loose bolts and 
nuts. Chani,ing or disassembling outside t.he factory voids the 
warranty. The Houde Engineering Corporation, 177-237 
\Yinchester Avenue, Buffalo, N.Y., :\lanufact.urer~. 

Showint Co.,utruetio,i ol HoudoiU11 Shod-,..4b.s.o,N, 

Fig. 55H. Constructi.on of Houdaille shock absorber: 1, 
ball check valves; 2, stationary wing; 3, controlled ports; 4, 
oscillating piston; 5, needle•valve stem; 6, intake check valve; 
7, pressure relief; 8, air venti 9, cover pocking; 10, flange pack~ 
ing; 11, valve-stem packing; 12, filling plug; 13, fluid level; 
14, lever; 15, needle-valve pointer. 

REPAffiING AND ADJUSTING S[LENT CHAINS 
Silent chains a.re used to drive the cam shaft, gener­

ator, water pump, magneto, fan, etc., instead of gears. 
The Morse silent chain, as used on many cars, 

differs from other silent chains only in tha.t the Morse 
employs two pins in the joint, one called the "seat 
pin" and the other "rocker pin" (see Figs. 56, 63). 

R S 

To connect the ends of this silent chain: Place 
the chain over the wheels to run in the direction 
indicated by arrows. On all automobile front-end 
drives the arrow side of the chain will be the near 
side, as shown in Figs. 56 and 57. 

Bring the ends of the chain together and lap the 
link plates in regular order, as shown in Fig. 57; 
insert "seat pin" (S) (with washer riveted on one 
end) from the far side of the chain, taking care that 
the ribbed side of the pin points in the direction of 
rotation of the chain as shown in Fig. 57. 

Insert "rocker pin" (R) from the near side of the 
cha.in as shown by Fig. 57, with the segmental, or 
pointed, side of the pin against the flat side of the 
"seat pin," and toward the direction of rotation of 
the chain. The relative positions of the two pins. 
when properly inserted, will be as shown by Fig. 63, 

Place the washer on the end of the "seat pin" 
and, after backing up with a bar or wedge, rivet 
over the end with a few sharp blows of the hammer. 

To shorten the chain one pitch by removing the 
"hunting link": All chains containing an odd 
number of links must include the thin-leafed sec­
t\on (~) (Fig. 58). Th\s ro:w of leaves (collec­
t1vely) 1s called the "huntmg lmk." 
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To remove it, move the chain until the hunting 
link is on top of a wheel; then with a chisel in verti­
cal pr-sition a.nd t.he edge of the blade at right angles 

Fig. ss H L 
t ~':;~_.:· 

to the plane of the washer, strike sharply with a 
hammer until washers (A) and (B) are split suffi­
ciently to make them fall off. Th.is releases the 
pins in the two joints which can then be driven out, 
imd the leaf-plates of the hunting link will fall away 
when the chain is lifted up. 

The chain is thus reduced .in length one pitch 
(one link), and all that is necessary to put it again 
in rw1ning order is to bring the ends together, mesh 
the. link plates in regular order, and make proper 
connections as stated above. The "pitch" of a 
silent chain is the distance from center to center 
of the pins. 

To shorten the chain one pitch, by removing four 
links and inserting three, one of which is the "hunt­
ing link": Arrange the chain with the arrow side 
as the near side, either flat (as shown) on some solid 
foundation, or on top of one of the whee.ls. 

I 2 3 'I Fig. 5\J 

Select a joint at the head of an arrow, and, with 
hammer and chisel, cut washer (C) (Fig. 59) until 
it falls off. Move to the right four links and cut 
washer (D), -also at the head of an arrow, in the 
same manner. 

Be careful that each severed washer is at the head 
of an arrow, otherwise the leaf-plates of the three-link 
section will not mesh in regular order with the chain. 

Drive the pins from joints (C) ar.;:; (DJ auu re­
move the links marked 1, 2, 3, and 4 in Fig. 59. 
Insert a three-link section in place of the removed 
section, making sure that the arrow on the new sec­
tion points in the same direction as the arrows on 
the old chain. Bring the ends together, mesh the 
leaf-plates in regular order, and make connections. 

Note. It is necessary to remove only four links and to insert 
the section of three links, as described o.bove, where the chains 
are used with an even number of links and do uot contain a 
hunting link (HL) (Fig. 58). If the chain contains a hunting 
link, it should always be shortened as described in the com­
ments on Fig. 58. 

Silent Chain Adjustment 1 

Various methods are used for adjusting chain 
tension: For instance, if the chain d1·ives the genera­
tor shaft, the generator can be moved in the slot 
holes to adjust the chain tension, as shown in Fi~. 
37, (page 75), or the shaft on which the sprocket 1s 

1 Sec pages 74 and 75 for rcmeshing timing gears when using 
silent chains. Chnlns have a tendency to wear in the pi_ns, so 
much so that they will often have sufficient slack to strike the 
case covering it. '\\'hen maximum adjustment is reached, usual­
ly, a new chain is necessary, or enough links m1,1st be removed to 
ta-ke up the slack and thus obtain minimum adjustment again. 

mounted can be rotated on nn eccentric bearing 
(Fig. 36, page 74), or, if mounted in a separate case, 
shims can be installed under the cas~. 

To adjust while running, 
tighten the chain until it be• 
comes noisy; then slacken to 
the point where noise ceases. 
The chain should be as tight 
as possible without causing 
noise. 

. To adjust where the cover 
-F,g. 60 is removed, as in Fig. 60, 

take hold of the chain and pull the long strand as 
far as it will go, to test the free movement. The 
total free movement will vary with the length 
between sprockets. If the length is from 5" to 7", 
the total free movement should be ¾" to ½"; if 
the length is from 8" to 11", the free movement 
should be from ½" to %". When worn and noisy, 
remove 2, 4, or 6 links each; never an odd number. 

Chain alignment: When tightening a silent chain 
by movement of the generator, make sure that it is 
moved in perfect alignment, otherwise it will cause 
the chain and sprocket to wear rapidly. This is 
important. If too tight, it will sing and cause wear. 

The Morse adjustable sprocket (Fig. 61) is 
designed for shafts, such as generator shafts, etc., 
when the shaft cannot be removed for adjustment. 

Fig. 61. The sprock­
et (S) rotstes on n 
bearing (B) which is 
eccentric to the shaft. 
(This shalt does not 
revolve with sprocket 
(S), but can be roto.ted 
for adjustment.) By 
1·otatins the bearing 
(B), the sprocket is 
moved, thus adjusting 

B the chain tension. The 
C S drive is through the 

sprocket to a plate­
type universal joint (CJ at the lelt and thence to the generntor 
shaft. This joint also tends to relieve vibration of the cbain, 
and is called a vibration dampener. (l\fanufacturer, Morse 
Chain Co., Ithaca, N.Y.) 

Some of the engines on which Morse front end drive is used: 
Aubu.rn six, Cadillso, Case "(Y)". Chandler, Chrysler, Cleve­
land, Essex six, FUnt six, Jiudson, Hupmobilc, Jordan, Lincbln, 
Loco Jr., Moon, Oakland, Packard, Peerless, Rickenbacker, 
Stearns, Studebaker Standard six, Stnr, Continental Motors 
u.nd Lycoming i\lotors. 

American High SJ)(led Chnin Co., Indianapolis, Ind., (Jno. C. 
TToof & Co., Chicago, Distributor) supplies silent chains for 
replacement on all makes of cars usini:t silent chains for engine 
nccessory drive. Other chain manufacturers are Link Belt. Co., 
[ndianapolis. Incl.; Dalton & Blach, Chicago, Ill.; The Whitney 
Mr-,. Co., Hartford, Co11n.; Duckworth Chain & Mfg. Co .. 
Spnngfield, Mass. See also supply houses. page 087. 

Example of Silent Chain Disassembling and 
Assembling (Cadillac models 53 and 55) 

Detecting looseness: Looseness in the s.ilent 
chains grows so gradually that it is scarcely to be 
noticed until the chains have become so loose that 
they jump the teeth of the gears. This, of course, 
destroys the timing. The extent of the looseness 
may be felt by grasping the generator shaft and 
rocking it back and forth. Any great loosenes~ 

destroys the proper 
timing of the valves 
and necessitates a re­
placement of chains. 

Fig. 62. • Using special 
pullers, both gears anct 
chains together with the dis­
tributor housing are re­
moved at once. The gen­
erator universal must first 
be disconnected. 
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Disassembling: After removing all parts so that 
access is gained to the chains, then turn the engine 
until one tooth of the cam-shaft-driven sprocket 
(A) (Fi~. 64), • which is marked with an arrow, is 
diametrically opposite the tooth with an (0). A 
tooth on the crank-shaft sprocket (B) has a similar 
arrow upon it, and the two teeth opposite each have 
an (0) mark. All should line up, as shown in Fig. 64. 

Apply the special gear puller, as shown in Fig. 62, 
to the crank-shaft gear; next apply the special cam­
shaft gear puller, as also shown in Fig. 62. 

Working both pullers together, remove both cam­
shaft and crank-shaft gca.r, at the same time sliding 
the distributor housing and fan-drive chain forwa~d. 
All will come off together. (The usual method is 
first to cut the riveted head of one of the seat pins 
on the driving chain, and to remove the seat pin and 
rocker pin. The driving chain is then removed. 
In refitting the new chains by this method, it .is 
necessary to rivet the seat pins while on the gears 
and in the case. This is a difficult and tedious job. 
By the method outlined here, the chains are riveted 
on the bench easily, quickly, and with a certainty 
of the work being ri~ht.) Place the gears, chains, 
etc., on bench, removing cam-shaft driving chain. 

The repair: Cut off the riveted head of one of the 
seat pins on the fan-shaft driving chain, and remove 
the seat pin and rocker pins. Remove the fan-shaft 
driving chain. Clean all parts with gasoline, and 
examine the gears for w.ear. If worn, the faces of 
the teeth will be ridged, showing the marks of the 
chain links, and must: hn replaced. 

~ _,, =-,-,► 0...1•TtoHI 

•1ttct- 0~ ROT"Tlo• l:«-1:u ,/" ~~ Ji· ..... Sul Pi& 

Fig. 03. In replacing the chains, make certain that t.he 
arrows point in the direction of rotationJ and that the rocker 
atnd seat pins are in the position shown. Otherwise the chain 
will quickly ruin itself. 

Place a new fan-shaft chain over the fan-shaft 
gear with the arrows on the outside links pointing 
in the direction in which the chain is to run (Fig. 63). 

Rivet a small washer to one end of a seat pin in a 
vise. Bring the ends of the chain together. Insert 
a rocker pin; then drive the seat pin with its washer. 
into place. Be certain that the rocker pin and seat 
pin are in the position shown in Fig. 63. Head over 
the end of the scat pin. Rivet up the new camshaft 
driving chain in the same manner. 

Assembling: Place the cam-shaft gear on the fan 
chain with mark (0, Fig. 64) in the lowest position. 
Place the cam-shaft chain on the gear1 with the 
rirrows pointing in the direction of rotation. Place 
the crank-shaft gear int.o t.hc cam-shaft cha.in wit,h 

the marks ::is shown in Fig. 64. Now slide the 
whole assembly into place on the engine, driving 
the gears home with a brass bushing and machinist's 
hammer. Replace the nut and washer on the crank­
shaft end; and then replace the parts which are 
disassembled. 

Fig, 64, The marks on the cam­
shaftgear (A) should line up with those 
on the crank-shaft gear (B) before the 
gen.rs al'"e removed, and should be re­
placed in exactly the same position. 
Note the arrow points on chain. 

The valve timing: The valve timing was automatically cared 
for in replacing the cam~sh.aft driving cha.in as directed, p_ro-­
viding the valve tappets have the proper clearance. The 
exhaust tappet should have .003"' clearance, the int.ake .002"; 
the exhaust should close and the inlet open on dead center. 
The inlet should never open at a point more than l" past 
dead center on the flywheel. (See page 1052.) 

Ignition timing: Open the compression relief cocks, crank 
!,he engine uMil No. 1 cylinder (the one nearest the radiator, 
on the right-hand side when facing the engine from the front) 
is on the firing center. The pointer above the flywheel will 
t.l1en be exactly over the mark 1.5 on the flywheel, and both 
valves of No. 1 cylinder will be closed. 

Fig. 65 0eft). Position of the spark lever, when timing the 
ignition, The end of the lever on the quadrant should line up 
with the point of the arrow, as illustrated. 

With the timer open, as shown in Fig. 6A, page 215, loosen 
lock screw (A) slightly. Then set the spark lever as shown in 
Fig. 65. 

Connect the test lamp int.o the primary circuit, as shown in 
Fig. 65A. When the breakers are closed, the light will be lighted, 
if the ignition switch be closed, 

Fig, 65A. (ri11ht). By placing a test light in the primary cir­
cuit, the exact instant that the spark occurs can be determined, 
as the light then goes out. 

dis~:lg~~r t~~stf;r~~~;~ru~i~~•mi~:1 ~",:1~'J' J:nlo~~t! J~~ 
tributing cover. Turn on the ignition switch. The light 
should ltgbt. Turn the rotor very slowly, in the direction in 
which it is driven by the engine, until the lamp goes out. Re­
move the rotor; tighten screw (A) of Fig. 6A, page 215. 

Replace the rotor and retard the spar!<;. Then move the 
spark lever slowly back toward the point of the arrow, as shown 
in Fig, 65. When the point of the arrow is reached, the light 
E1hould go out. If it does not, re.set the rotor and cam a.a 
directed. 

GASKETS 1 

Gaskets are used on the engine, transmission, rear 
axle, and other parts of the car, the purpose being 
to provide a seal between two metal surfaces that 
are connected together. Thin gaskets are generally 
used on joints that come together fairly even. Metal­
to-metal joints would requfre an expensive "ground 
joint" to make both surfaces meet absolutely even 
so that they would not leak. It is for this reason 
that some sort of flexible material is interposed 
between the sw-faces to make up for the uneven­
ness. 

There are several kinds of gaskets: Paper, fiber, 
asbestos, asbestos wire-lined, metallic, copper, 
copper-asbestos lined, steel-asbestos lined, cork, 

and felt; and, in some instances, lead or soft iron 
can be used. 

For engine cylinder heads of the detachable type, 
a soft copper gasket, lined with asbestos ou each 
side, or copper on each side with asbestos inside 
(usually the latter), is used to prevent leaka~e of 
compression between the cylinder block and cylinder 
head and also to prevent leakage of water from the 
water jackets into the cylinders. 

1 Gaskets for cars and trucks are obtainable from dist,ribu­
tors or auto supply houses. Free booklets: "McCord Gasket 
Guide (also "McCOTd Radiator Guide'' nnd "McCord Muf/ltrr 
Catalog" giving information on radiators, cores nnd mufflers for 
replacement purposes) can be obtained by writing McCord 
Radiator & Mfg. Co., Detroit, Mich. (Mention Dyke's ,luto­
"wbilo Encyclopedia.) 
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When taking off cylinder head for any purpose, or 
if there is a water or compression leak, a new 
cylinder-head gasket should be 1:1s~d-_ In emergen­
cies, the old gasket can be used if 1t 1s not damaged 
and jg carefully applied. 

Where old gaskets are used ove.r again, the important __ point 
is to see that the surfaces are clean 1 and that the gasket 1s not 
damaged. Put shellac• on each si<1e of the gasket and apply 
before it dries, but be sure to scrape and clean the surfaces 
carefully before applying, otherwise a leak will occur. Alcohol 
is used to clean surfaces which were previously coated with 
shellac. Bear in mind that if there are any rough surfaces, 
the gasket will leak. 

When using a new cylinder-head gasket, the use of 
shellac is not recommended. It has a tendency to 
set after the engine bas run a short time, which 
interferes with the final tightening. 

One of the leading manufacturers of copper-asbes­
tos gaskets states that while grease and shellac are 
used in applying gaskets, e::qierience dictates that 
the best practice is to see that the face of the head 
and cylinder block, as well as the gasket itself, are 
thoroughly clean, and then to apply the gasket with­
out grease or shellac, as this prevents the soft 
copper from working into the unevenness in the 
metal faces. If, however, such a material is used, be 
sure that there are no lumps or foreign particles in it., 

Soaking cylindec-head • gaskets in water before 
applying them is a practice frequently employed, 
particularly where cylinder head or block ID!l,Y be 
slightly warped. 3 The moist asbestos tends to more 
closely conform to the uneven space between a 
warped head and a flat cylinder block. Sec p. 151. 

In the absence of manufacturer's instructions 
(which are always best to follow), the order in which 
cylinder-head stud-nuts can be tightened is shown 
in Fig. 66. The same genei·al principle applies to 
"fours," "sixes," "eights," and "twelves." A socket 
wrench is generally used.', 1 

s 

Fig. 66. When putting on a cylinder-head gasket tighten the 
cylinder head stud-nuts in order indicated above; that is, 
tighten l, then 2, 3, and so on to insure a~ainst lessening of 
compression nnd against leaknge of water mto the cylinders. 
In general, start at the center of the head a.nd work toward the 
ends and sides, tightening the corners last. This illustration 
also shows the ohape of a typical copper asbestos-lined open 
edge cylinder-head gasket used on cylinder5 with detachable 
beads. Example is for a •! cylinder engine. 

The stud holes are numbered l to 14. The holes in the go.s­
ket provided for water circulation from the cylinder head to the 
cylinder water jacket are the other boles (W). Sometimes, 
when gaskets do not fit properly, the water works its way into 
the cylinder, thua causing water in the crank case, as well u.s 
a loss of compression. See also pages 715, 716, 

When applying a new gasket, in order to insure 
compression in all cylinders, the cylinder head 
should be drawn down firmly on the gasket and 
block with an even pressure at all points before the 
later operations of tightening are attempted. 

After first drawing down the nuts evenly and 
snugly, but not tightly, go over them in the same 
order a second and thii-d time until they are as 
tight as it is safe to make them. Drawing nuts too 
tightly and unevenly may result in a broken stud, 
stripped threads, cracked head, or distort,ed cylinder 
block. 

The final tightening should be done after t.he 
cn$ine has been run and is thoroughly warmed up. 
It 1s advisable to again retighten after a few hundred 

miles of operation. 1 Theim.port.ant point is to have 
all stud-nuts to the same degree of tightness.• 

A type of gasket used extensively is made of pure 
copper and asbestos. 6 When _properly installed. 
they will not leak or blow out. See l<'ig. 66, showing 
a typical example of this type of gasket, and Fig. 67 
showing how it is placed between the cylinder head 
and the cylinder block of the engine. 

Other types of cylinder-head gaskets are: (1) 
Steel-asbestos gaskets are made similarly to copper­
asbestos gaskets except that cadmium-plated steel 
is used in place of copper. (2) Graphjted asbestos 
gaskets consist of asbestos with one layer of copper 
or steel. On some types, the copper or steel covers 
the bottom surface. On some types, the copper 
or steel is in the center and both top and bottom 
surfaces are asbestos. In eitlier type, the exposed 
asbestos surfaces are covered with graphit-e. 

Gaskets can be obtained extra thick for the pur­
pose of reducing compression. 

C'<IJIIDER HEAD GASl<ET Fig. 68 nAHGE "NP£ 0"5><ET 

Fig. 
71 

. \,,\Ml'C> 

. . . 

O Fig. ROUND 'N'PE GA'SKFT . 
70 

~:< 
l•'igs. 67 to 72. Different places where gaskets can be used. 

Copper (also brass) asbestos-lined gaskets, termed 
the "flange" type (Fi$. 68) are used extensively for 
placing between the mtake manifold and cylinder 
(Fig." 71), and also between the carburetor and the 
intake manifold; between the cylinder and the ex­
haust manifold; between the exhaust manifold and 
the exhaust pipe (Fig. 69). The round type of cop­
per asbestos-filled gasket (Fig. 70) is used under 
spark plugs. See footnote p. 732. 

Paper or fiber gaskets are often used on many 
parts of the car not subjected to high temperatures. 
l'aper gaskets arc often usc<l where very close clear­
ances are required, such as on oil pumps, starting­
motor mountings, engine timing cases, etc. Paper 
or fiber gaskets are used in a great many place«, 
such as between oil pan and crankcai:;e, between 
crankcase and cylinder block, on transmission, rear­
axle housing, engine-valve case covers, etc. Fiber 
gaskets are more compressible than paper and do not 
require as good a fit between the swfaces. 

• See also pages 151, 152. Always follow manufacturer's 
instructions where possible to do eo. On aluminum cylinder 
heads, flat steel washers should be placed under the nuts to 
pre,rent ~ouging of the aluminum and to fa.cilitnte easy removnl 
of head ,n the future. 'Or gasket cement. 

a If badly warped, see Resurfacing on l}ftJ,!.C 
814B. 

• A wrench which will register the pressure al/plied is made by 
the Cedar Rapids En,;ineering Co., Cedar Rapids, Iowa. A fr,,, 
circular issued by this firm states: "It is important !,hat all 
stud~nuts and cap·scre,\'8 be uniformly tightened in m.otor T('• 
<'nndit.ioning work if unequal strP~t:-PS nre 1,o be eliminated. l.;n­
cveu tightening sets up strains in the metal that, rnay cause a 
properly rebuilt engine to lack power or UflO excessive oil." 

4- See page 691 for other torque-inditiilting wrench manuract,urcrs. 5 3tcel-asbestos gaskct.s arc al:so frequently use<l. 
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Paper gaskets should be oil- and water-proof. Ir 
not obtainable and it is necessary to make a paper 
gasket, select a heavy wrapping paper. 

Many repairmen coat the gasket with grease in order t.o hold 
it in place while fitting tho parts together. Shellac is also used. 

A gasket in paste form, known as Permatex Form­
a-gasket, is applied with finger or knife blade, and 
the manufacturers claim it p1·oduces leak-proof as­
semblies on gear-case covers, cylinder heads, crank­
cases, water Jackets, etc. 

Fibrous sheet packings that resist the action of 
hot or cold water, oils, and gasoline and are suitable 
for such joints as valve and gear covers, oil pans, 
carburetor flanges, axle housing covers, wat.er con­
nections, etc.,:i where the temperature does not exceed 
about 200° 1•., are obtainable. Some of the brands 
are Seigelite, Vellumoid, Victorite. 

Cork gaskets are not suitable for cylinder heads, 
as they would burn or blow out' under the extreme 
heat and pressurn to which they are subjected in 
this particular spot. The cork gasket is used 
extensively for the same purposes mentioned in 
connection with paper gaskets, such as for oil, water, 
and gasoline connections. They are particularly 
adaptable for pressed-steel parts because of their 
flexibility, which enables them to fill up all the 
rough spots and unevenesses in such parts. Their 
main applications are between the oil pan and the 
crank case; on the oil-pan bottoms; on the valve­
plate cover,s; in the water-manifold connections; 
in the timing-gear case; on hand-hole covers on the 
transmissions, clutch and differential housing, and 
hub flanges of wheels, and for a.II similar purposes. 

Felt gaskets are used to a great extent for oil 
retainers, washers, etc. 

Gaskets of all kinds can be obtained of auto­
mobile suppiy houses. 

To remove paper on the running-boards of new cars: A new 
car usuully has brown paper over the running board and floor 
Uoards. to protect them in t-ra.nsit. A good way to remove 
this neatly is to fasten a safety-rnzor blade in a small block of 
wood a,nd trim close. No rugged edges will then be in evidence. 

Cutting Gaskels 

Perhaps one of the first things a-t bench work that 
a young repairman is taught on entering a shop is 
that of cutting gaskets. 

The gasket between the base of the cylinders and 
the crank case and t.he cover of the gear box are 
usually ;nade of paper (or of cork, which is obtained 
already cut. Paper gaskets are also , obtainable 
from the manufacturer, already cut). 

Fig. 7:! Fig. 7~ 

F'ig, 73. Cutting u gasket for the lower part of the cylinder. 
where it fits io the crank ease. 

Fig. 74. Cutting a gasket for the transmission cover. 

If care is not cxcrr;isctl in removing a cylinder 
from the crank case. or n1.l1er p,1rts, the paper ~asket 
may easily be damaged by part of it a.dhenng to 

the cylinder and another part to the crank case. 
Should the gasket be ruined by any chance, a new 
one can easily be made in a few minutes. 

Cutting gaskets: A sheet of fairly heavy wrapping 
paper should be obtained and a hole made just large 
enough to accommodate the piston. The paper is 
then rested on the crank case or cylinder (Fig. 73), 
and with the aid of a ba_11 peen hammer tapped all 
around the edges. It 1s, however, best first to 
mark the holes for the holding-down bolts, and to 
insert the latter to hold the paper in position. 

When making the corners and also the holes for 
the bolts it is best to use the peen or round end of 
the hammer. It is not necessary to strike the paper 
a hard blow, a series of slight taps only being re­
quired. With these, it will be found that the gasket 
will have a nice clean cut edge, and will conform 
exactly to the desired shape. 

The hardest pa.rt of the whole procedure is to 
keep the paper iu place on the crnnk case, but if 
the holes for the holding-down bolts are first made 
and the bolts are then inserted, as shown in the 
illustration, no difficulty should be experienced. 

Fig. 75 Fig. 76 (upper) 
Fig. 77 (lower) 

Fig. 7J. When cuttilll! gaskets from metal and!.,i,sbestos 
packing, felt, and other materials. it is sometimes difficult to 
cut bolt holes, especially those close to an edge, without damag­
ing the material. A way out of the difficulty is to use two 
round•headed hammers, ~lacing the round head of one OYer 
the hole and striking it with the other. 

Ball bearings o( various sizes are a!so useful in cutting small 
holes, such a.s fo.r studs. in gaskets. Aft.er the gasket is cut 
to shape by hammering around the edge of the gasket flange, a 
ball bcarini. is put over the hole and hammered until the hole 
is cut in the gasket. This method produces sharply defined 
edges. In cutting paper gaskets it is advisable to grease the 
paper first, so that it will stick to the surface. 

Fig. 76. A device for cut.ting circular gaskets may he made 
out of t.wo piec-cs of st.eel shaped as shown and fitted with a 
clamp which forms the center. The two cutting members are 
adjustable, so that practically any site of gasket may be cut. 

Fig, 77. It is difficult to cut holes in gaskets and not have 
ra~gcd edges. When there arc a great many holes of a given 
siZe to be made, it is advisable to con.struct a die consisting of 
two plates of metal doweled together and with a hole or 13eries 
of holes through which the dies may be pushed. The gasket 
material is slipped between tile plates, and then the die is 
for·ced through with a hammer. 

Another method is to file a chiseled edge on short sections or 
different sized iron pipes, which can be used as punch cutters. 

Cutting gaskets for gear box or transmission 
cover: The sam1.: princiJ?le applies here (see Fig. 
74). Be careful m tapping to see that the edge~ 
are not broken. Sometimes it is possible to press 
the paper by hand and to make indentation enough 
from which to cut the gasket. 

Other gaskets, such as those made from mobilene 
and asbestos service sheet packing, are made in a 
similar manner, but. are usually rnat'kcd off by pres­
sm·r. of hand or finger, when placed over the part to 
be fitted, ant! then cut out with a sharp knife. 
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Water Pump Packing 
Water pump packing can be obtained in three 

forms: (1) asbestos twine treated with graphite; 
(2) molded split rings of asbestos and graphite; 
(3) asbestos and graphite paste that is inserted into 
tbe packing nut. 

Adjustment. Tighten packing nut only when 
leaking water. On some engines a spanner wrench 
or blunt punch can be used to tighten the notched 
packing nut or gland; on others, a special wrench 
is required, and on some the packing nut is hexagon. 
Adjustment should be made, on old or new packing, 
only when the water is hot and tested with engine at 
idling speed. Do not adjust the packing too tight 
as it may score the shaft and cause unnecessary 
wear on the fan belt (if driven by belt as explained 
on page 151). One prominent manufacturer's in­
struction book reads: "Packing nut should not be 
drawn tighter than from 1 to 2 flats more than 
necessary to stop the water drips in order to avoid 
excessive friction on pump shaft." 

Repacking. When the packing nut has reached 
its limit of travel against the packing, install new 
packing by backing off nut, removing old packing 
(not on all cars) and installing new packing. Be sure 
that the pump shaft is smooth before packing it. 
When installing packing rings having joints, it is 
advisable to place the joints between 120° to 180° 
auart to prevent a possible leak. If installing 
,ttwine" or "wick" packing see page 150. 

Packless type of water pumps. Water in this type 
is prevented from entering the pump body by a seal 
which is under spring tension. This type only re­
quil'cs lubrication at regular intervals. 

Lubrication: On some types of water r,umps non­
soluble waterproof "water pump grease ' is applied 
to the packing and pump shaft where grease is sup­
posed to be used for lubrication, for reason ex­
plained on page 151. Many types of water pumps 
use oil; some have an oil reservoir; some use only 
a few drops/· some have two places to lubricate and 
some a.re sel -lubricating. Always follow .the manu­
facturer's recoimnendat·ions for adjusting, repacking 
and htbrication. 

Shellac 
Shellac is a preparation to insure a tight joint. 

Shellac dries up; but a way to keep it and handle it 
is to have a wooden stopper (Fig. 78) which can be 
used for applying the shellac as well as serving as a 
stopper. Another plan is shown in Fig. 79. 

Fig. 78 Fig. 79 

How to mix and use shellac: Secure an open-mouth bottle; 
fill nearly full of flake shellac, and pour in alcohol, and let it 
dissolve. This will make a ver{ thick solution. To make it 
thinner, put in fewer flakes o shellac. 'l'he flakes can be 
secured at any drwi store. Only the smallest possible amount 
should be used, 3nd this should be quite thin. 

Shellac is not used M much for gasket work as formerly; other 
products wh.icb possess a greater heat resistance and which can 
be more easily separated without damage to any part have 
taken its place. Shellac is often used in emergency cases, such 
a.s a filler for a damaged gasket where a new one is not obtain­
able, or where there is difficulty in stopping a water or oil leak, 
as it makes a very tight joint.· 

A new gasket should always be used if possible, but if one 
is not tLvailable, shellac can be used to help make a tight ioint. 
Clean the shellac from the surfaces and also clean the old gasket 
with nlcohol. SheUac can then be used on both sides, n., there 
will probably be ,omc rough surface• still left. Draw gasket 
up tight before the shellac dries and draw up again afte.r it 
dries. If used on a cylinder head gasket, run the engine to 
warm it up, and tighten a.gain after running car a day or so. 
If the surfaces are not clean on nn old or new gasket it stands 
a chance of leaking, therefore care must be used to tighten it. 
See also pages 151, 152, 733. 

To make leak _proof joints on gasoline, grease, oil and water 
connections, products known a..~ "Farm- A-Gasket" and "Gasket 
Goo" are recommended (can be obtained "t auto supply deal­
ers). 

RADIATOR REPAIRING 

Radiators are divided into two classes: tubular 
radiators with straight vertical tubes with crimped 
fins, as in Fig. 14, page 147, and with vertical tubes 
with horizontal fins, as in Fig. 15, page 147. The 
cellular type comprises both the tubular type, 
resembling the genuine cellular, as in Fig. 18, page 
147, and the cellular type, as in Fig. 19, page 147. 

Equipment 

The equipment necessary for repairing tubular 
radiators, as well as those of the cellular type, con­
sists of the following: 

J. A table, as shown at (1) (Fig. 81) for assembling 
or disassembling. The repair outfit (Fig. 80) 
also includes a work table, dimensions of which 
are given on the illustration, covered with tin, 
and with racks for ttU·ning radiators upside 
down or otherwise. 

2. A test tank, as shown in (2) Fig. 81, or in Fig. 80. 
Air pressure is necessary, but not over 8 or 9 lbs. 

3. A compressor (12) (Fig. 81) should be provided 
for the air pressme, and a hot-water tank qan 
be used for an air receptacle with a gauge (8) 
on the tank Lo indicat.e pressure. This air 
tank ca,n be used for testing radiators, as ex-

plained on pages 736, 737. It can also be used 
for the air supply to the torch (Fig. 80), in con­
nection with gas. 

Fig. S(l. nadiMor 
repair outfit. 
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Fig. St. Radiator repair tools and devices. 

4. A gasoline fire-pot torch (7) (Fig. 81) or a gas 
furnace (Fig. 80) must be provided for heating 
the soldering irons. 

5. Two soldering irons (6) (Fig. 81) heavy enough 
to convey sufficient heat to the work. The 
iron should taper to a flat point as in Fig. 82. 
Long-pointed irons for core work are also nec­
essary. 

fi. Acid (4) (Fig. 81) must be kept in a stone pot. 
It is made of commercial munatic acid cut with 
zinc, that is, zinc is placed in t,he acid and left 
iu it until boiling stops. It is used for cleaning 
parts before soldering, and as a fitL'i: for soldering. 
See also page 721 for soldering flux. 

7. A blow-pipe torch (5) (Fig. 81) must be used, 
but should be of a type which will give a con­
centrated or flooding :flame. It is used for sol­
dering, loosening, or removing sections. 

8. A combined gas and air-type torch (Fig. 80) is 
necessary. This torch should throw a fine 
needle-point flame (see page 751). With such a 
torch and with wire solder, inside core leaks, 
honeycomb radiators, and hard-to-get-at places 
can be reached, but a torch of this kind must be 
kept in motion, otherwise part will be burned. 

9. Wire brushes (3) for cleaning off rust. See also 
• page 740 for small scrapers. 

10. Metal snips, or shears (9). 
l 1. Weaver pliers (10) for straightening core mate­

rial, also rods for running through bent tubes. 
12. Rubber plugs (I 1), ½" to 4" dituncf.cr in ¼." 

sizes for closing openings in radiators when 
testing with air. Sec also pages 737, 740. 

Soldering Pointers 
Solder: Use ''50-50" solder. It can be secured 

in wire or bar form. See also pages 738, 720. 
The soldering iron should be well tinned. When 

iron becomes so dirty that it cannot be cleaned on 
snl-nmmoniac it should be filed and re.-tinned. 

To tin an iron, heat it, dip it into the acid, and 
rub it on a piece of sal-ammoniac, at the same time 
holding a bar of solder on the iron and thus coat its 
surface with the solder. Or, if a pot of molten solder 
is at hand, dip the iron into it. Never permit the 
iron to become red hot. 

To clean old fittings hard to solder, heat the part 
light red and plunge it into raw muriatic acid. 

Fig. 82. Sweating a seam. 

Sweating: When extra strength is desired, seams 
ure "sweated." Sweating is accomplished by first 
putting the soldering iron (F'ig. 82) on the seam to 
be sweated so as thoroughly to heat the metal. The 
solder is then flowed on to and between the pieces 
of metal to be united. The iron is again laid on 
t.he seam, in order to make sure that the solder 
flows in as deeply as possible. The iron must be 
very hot. 

Torch for radiator work: Although the ,;oldering 
iron, which is drawn to a very fine point., is used 
extensively for soldering radiators in close places, 
the torch can also be used, especially for reaching 
the inner part of cells of a cellular racliator. The 
torch must throw a very fine needle-point flame. In 
the book mentioned m footnote, page 740, it is 
stated that the best needle-point flame is obtained 
from gasoline. 

A very desirable radiator torch is one manufactured by F. r.. 
Curfman .Mfg. Co., .Maryville, Mo., which will burn gasoline 
gas, the c;ns being produced by forcing air through ga:-;oJine. 
Air from a.ny source ca-n be used just so the flow is steady. A 
reducing valve in air line from his:h~pressure tank or a small 
rotary compressor meets this requirement. This torch has a 
larger range of flame adjustment thnn from other gases, produc­
ing a. heavy brush flame to a long needle flame. 

A small air compressor t-hat can be operated from a { to ½ 
h.p. motor and which will compress from 7 to 10 lbs. pressure 
is al.so made by the same concern. With this compressor no 
supply tank is necessary; simply turn on the motor l\nd there is 
:1 continuous supply of air which can be used for testing radiators 
as well as for torches. 

The compressor has two openings, one for compressing~ t.he 
oi..her cre.r,t.in,g n. vacuum whi<:h is sometimes used to suck the 
anU-leak compound from tbe holes in a radiator. 

Testing Radiator for Leaks 

After the removal of the radiator from the car, 
the first thing to do is to test it. The inlet, outlet, 
and filler cap must be plugged, so that air pressure 
may be applied to the overflow pipe. Then if the 
radiator be put under water, the bubbles will show 
where the leaks are. 

When removing a radiator, the hose and flange 
are left orl, as shown in Fig. 83. If the radiator is 
to be repaired, then the lower hose is removed. 

The openings in the radiator are then stopped 
up hy means of expanding rubber plugs, or by an 
arrangement as shown in Fig. 84. Can he secured 
of :mto supply houses (~cc p:w:.c 687). O11c plug is in-
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serted in the intake, another in the water r('turn, 
and another in the filler opening. 

F 

Fig. Ba Fig. 81 

The air pressure is applied to the radiator 
through the overflow pipe, by slipping the rubber 
hose from the air line over the overflow tube. The 
r~tdiator iti then immersed in a tank full of water 
(Fig. 85), and the leaks determined by the bubbles. 
The leaky parts are then marked. 

I
I•\ 

• I 

Fig. 85. Testing a radiator submerged in water with air 
pressure. 

Another method for closing up a radiator for test­
ing is to solder a piece of tin in the filler opening and 
to put a rubber plufi; in the bottom outlet and bolt a 
rubber gasket at (F) (Fig. 83). Then place the air­
pressure hose on the overflow pipe. 

Another plan is to remove the radiator from the 
car and plug up all but one opening; then run the 
tube of a tiro pump through a cork and place the 
cork in this last opening. 

Note. A radiator should never be subjected to a pressure 
greater than 2 to 4 lbs. New units will withstand from 6 to 
15 lbs., but that is seldom ncc~sary. 

The next procedure is to determine if the radiator 
is a tubular or cellular type, by studying page 147. 

Removiug Core of Radiator for Repairs 
The core of a radiator consists of all the tubes or 

cells through which the water flows from the upper 
1.ank to the lower tank (see Fig. 83). The core is 
<:onnected to the upper tank and the lower tank by 
projecting it into the tanks and then soldering it. 

The core can be a tubular or cellular type, as 
shown in Figs. 86 and 87. 

In the cellular type (Fig. • 86), the water flows 
around the cells and air circulates through the cells, 
whereas in the tubular type of core, the water flows 
through the tubes (Fig. 89), and air circulates around 
the tubes. 

When a radiator core is damaged badly, the core 
must be removed. Place the radiator on the repair 
bench, face down, and unsolder the lugs which hold 
the shell to the body. Then with a torch and a 
pry bar (Fig. 87), un.solder the core from the bottom 
tank; next unsolder the core from the top tai1k, 

st.art,ing at the lower flange or header. The core 
can then be removed. Do not hold the fbm!' in 
one place too long. 

HOIY.2 

,. -!-,;,~ 

Fig. 86 Fig. S7 

Fig. 86. Cellular type of radiator core. 
Fig. 87. Tubular t.ype of radiator core. 

Rcpaidug Radiator Tubes 

, 

To straighten damaged radiator tubes when the 
core is removed, use a long steel bar (Fig. 88). This 
will also clean the tubes and :.ill tubes should he 
subjected to this process. 

1::1~11 
Fig. 88 

When only one or two tubes are damaged, 1 the 
tube can be cut out of service altogether; for in­
stance, see (A) (Fig. 89). Make boles at the ex­
treme top and bottom of the tube and as close to 
the header as possible, using a prick punch. Flow 
solder into the holes liberally, and let it set until 
hard. See (A) (Fig. 89). 

A - .. ,..,~11<tn01.t.Art0 
t'U IMTn :,OLO(Q 
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Fig. 90 (upper) 
Fig. 91 (below) 

Sometimes tubes are cut out of service by cutting 
the tube and pinching it, and soldering as shown at 
(B). This, however, is not good practice, as the 
water will collect and freeze in winter. 

To splice a tube (see Fig. • 90): Cut out the 
damaged part of the tube. Select another piece of 
the same diameter as the piece removed, but slightly 
longer. Spread one end by reaming with a punch or 
uny tapered tool, and make the other end smaller 
by making a few cuts in it lengthwise, and then com­
press the end. Fit the large end (D) over the end 
of the tube being repaired, and the other end over 
the other part of the tube, and solder. 

I It is not necessary to remove the core or to tear down the 
radiator for slight repairs. Simply force the fins to one side 
and straighten them after the repair. Before making a repair, it 
is, of course, necessary to test1 in order to find out where the 
leak is. This should then be soldered without removing th<, 
core, if it is only a slight leak. • 
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Another method (see Fig. 91) is to wrap a piece of 
light brass or copper around the injured part of the 
tube, so that the edges of the patch just meet, or 
fail to do so by a slight margin, and then to solder it. 

There are many methods of repairing radiators: 
A method for repairing a leaky tube is shown in 
Fig. 92. 

The radiator is placed on a bench, and the leaky 
pa.rt of the tubes is heated with a blow-torch. 
When quite hot-a little hotter than boiling-muri­
atic acid soldering solution is poured through the 
fins, all over the leaky tubes, to clean their surfaces. 
The cleaning process is very important. 

Fig. 92 Fig. 03 

Fig. 92. Jllustrating how solder is poured over the leaky 
radialor tubes. 

Fig. 93. lllustrating dipping a radiator in a solder bath. 

A ladleful of solder is then melted. The radiator 
is bolstered up from the bench or\ blocks, and the 
melted solder is poured through the fins, over the 
leaky tubes. Note the method of catching the 
excess solder. 

Then the radiator is turned over and the solder 
is poured in from the other side in exactly the same 
manner. 

A little more acid is then added and a torch is 
applied to melt the solder and sweat it into all the 
leaks, closing them permanently. 

What is known commercially as "50-50" solder is adapted 
to this work. 

Though leaks and splits of quite a large size may 
be fixed in this way, it is occasionally necessary to 
tear the radiator down and to put in new tubes. 
The hardest part of the job is tearing the radiator 
down to the core and building it up again. New 
cores can be purchased with the top of the bottom 
tank soldered on. 

There are many other methods of cleaning and 
soldering leaks. The leaky parts are often scraped 
bright with small scrapers made from three-cornered 
files with tbe teeth ground off, and then acid is 
applied and the parts are soldered with a soldering 
iron made esJ?ecially for this work by taking a 1 ½ 
lb. soldering iron, heating it red hot, and drawing 
out long and slim. Then tin the iron carefully. 

Soldering by dipping: In large shops the tubular 
radiator is dipped into a solder bath (Fig. 93). The 
parts to be soldered are thorou~hly clean·ed and 
treated with muriatic acid solution, then dipped. 
The solder naturallv will adhere only to the parts 
that are clean. The solder is made of 50 per cent 
lead and 50 per cent bar tin melted together. 

Radiator Fin Repair 

Where the lateral fins of a tubular radiator (Ford 
type) have been removed for a repair, a false fin 
(D) may be made as shown in Fig. 94, by foldinµ: a 
¾" stnp of light brass, copper, or even sheet iron 
longitudinally upon itself to make a double strip 
½" wide. Bridge it across the gap in the fin or 
fins, and then paint the patched place the same color 
as the rest of the core. 

Fig. 94 

5lCflON 
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Fig. 95 

Repairing Cellular C-0res 

The cellular core is removed from the tank by 
melting the solder with a blow-pipe torch. As inch 
by inch is melted away, insert a piece of sheet iron 
between the core and the tank, so that when the 
flame is removed the solder hardens and the core 
and tank are not reunited. 

Inside leaks in cellular cores 1 can· be soldered 
with a torch throwing a fine needle flame. Be 
very ca.reful, however, to not burn the light metal 
up. Squirt acid or soldering flux on the spot with 
un ordinary oil squirt can. Deposit solder on the 
spot, using wire solder and the blow-torch. Smooth 
the solder over afterward with a small thin iron. 
A suitable iron for this work may be made from 
ordinary ¾." iron. 

To remove a leaky cellular section from a core, 
the leaky section is cut out (Fig. 95) with a scroll or 
hacksaw blade or with a special chisel or torch. 
A new section of tlie same dimensions is built up, 
inserted in the core, and properly soldered. 

It is advisable to secure an old radiator core and 
to practice soldering it before attempting a repair 

Remember, when soldering parts of the radiator, 
that the metal must be scrupulously clean before 
the flux is applied, or else the solder will not hold. 

Fig. 96 

1 It is not necessary to remove the core from the radiator sbell 
unless there are .several leaks or the core is damaged. 



RADIATOR REPAIRING 739 

After complctin~ the soldering, file smoo~hly and 
~hen place the radiator in the water and again test 
it with air pressure, in order to see if the Jea.k is 
properly repaired. Small leaks I are dealt with on 
pages 151, 152. 

Painting a Radiator 
It is very difficult to paint a radiator quickly and 

thoroughly with a paint brush, Hild t,he usual plan, 
where a great deal of the work is done. is to dip the 
radiator in a paint solution. A very satisfactory 
job can, however, be quickly done with a spraying 
outfit.' A simple home-made device is illustrated. 

Fig. 97. A home-made sprayer for painting radiators. Two 
siies and designs are shown, both of which comprises a c.a.n (D) 
for tbe p1\int, consisting or a mixture of lampblack and turpen-­
iine, n hollow cylindrical tin handle (B) aUschcd to the cnn, 
and air pipe (A) passing through the handle and through the 
can, as indicated by the doUed lines; and another similnr pipe 
or tube extending downward at right angles from t,be one end 
of the horizontal tube into a.nd near to the-bottom of the cun, 
as is ulso indicated by dotted lines. This is an adnptnlion of 
the principle employed in most ntomizers. 

Fig, 98. Showing how the paint is sprayed on the radiator. 
When a stream of air is forced through the air tube (HJ and 
(A), passing through the handle, and directed across t.he opening 
(C) at the top of the vertical tube, the.fluid from the inside of 
the can is drawn up and sprayed on to the radiator. It is best 
to tilt the radiator when spraying, so that the solution will 
drain off. 

A home-made spraying outfit similar to the one shown above 
consists of a 1/2-gal. oil can (Fig. 99) made into an atomizer 
by attaching a tire pump to the end of the air pipe (B). 1\ 
piece of small brass pipe (A) is mounted in one side of the can, 
the upper end of it ex1.ending a short distance outside of tbe 
top. A second piece of pipe is mounted in a horizontal position 
in the top of the can, as shown at (B). II a handle is attached 
to the can, as at (C), the piece of pipe (B) mny pass through it 
lengthwise and extend a short distance beyond the end of the 
handle. lloth pipes are soldered to the top of the can, and 
the screw top is provided with a Cf!Sket to make it tight. 

When the air is forced 
through the horizontal 
tube (Bl and caused to 

Fig. 90 pass across the opening in 
the upper end of the verti­
co.l tuoe (A), the liquid in 
the can is drawn up and 
forced out in a fine spmy. 
A mixture forsprnying the 
radiator may be made or 
lampblack and turpentine. 
A sheet of paper should 
he placed back of the radi­
a, or to protect the engine, 
and around the outer 
edge, to prevent tbe liquid 
frorn bespattering the fin. 
isb. Wipe bo£ore it drics.3 

Paint for radiator: Sec 1?· 647, I;'aint for fins: Drop-black 
ground in japan and gold size, thinned with turpentine. 

Cleaning the Cooling System and Radiato,· 

Flushing the cooling system. Run the engine to 
loosen up sediment, then stop engine and drain the 
cooling system by opening the drains in the cylinder 
block as well as on the radiator. The car should 
stand on a level surface so that it will drain com­
pletely. After the system is empty and with all 
drains still open, run water into the radia.tor. Run 
engine and occasionally accelerate. If the water 
nms clear, stop engine, close drains ancl refill. 
Tighten connections and add rust preventive as cx­
pbined on p[lge 151. 

If the water does not run clear and there is rust 
and scale, then use a goo<l cleaning compound, 
particularly if engine has tendency to overheat. If 
car has aluminum cylinder head, follow manu­
fact,urcr's recommendation. See page 151. 

If a cleaning compound is not available 1 a soda solution can 
be used as follows: Run the engine io get it warm and loosen 
up aediment. Stop engine n,nd drain the cooling system. 
i\iake a solution of about I /2 lb. of aal soda (washing soda) 
thoroughly dissolved, to each gallon of hot, water.• l'ill the 
cooling system almost full of this solution and close the radiator 
cap tight, and run engine at moderate speed until thoroughly 
hot (about 1800) but not so hot that the water will steam. 
Engine can be heated up more quickly by covering the radiator. 
Stop engine and allow to stand for a few minutes (in order to 
dissolve the sediment), then open all drain cocks and clrain 
thoroughly. Re careful to avoid scaldinu hands. After temper­
ature hn.s been reduced, fill cooling system with clean water aud 
run engine until the wa.t.er is hot and drain again. Hepeat this 
operation until the water is clear and free from rust and a.11 
t.races of the cleaning solution are removed. Nole. Caustic 
soda a.nd alkaline solutions are not recommended on engines 
equipped with aluminum cylinder bends; see puge lf>I. 

Reverse Method of Flushing 

First, use a good cleaning solution to loosen the 
rust scale, and grease. Then use the reverse 
method of flushing the radiator a.nd engine block 
separately, to remove same. The water thermostat 
should temporarily be removed while flushing. 

Before replacing the water thermostat, test it b, immersing 
it in water. Follow ma:nufacturer's instructions if avaHable. 
The average thermostat valve starts lo open at about 140" to 
160° F. and should be wide 07,en at about 175° F., more or less. 
When heatino the ·wat01' to lest thermostat. do not allow thermostat 
or thermometer to rest on bottom of the container, as this will 
cause the thermostat or thermometer to be at higher temperaw 
lure than tho water. 

High-temperature thermostats operatiug at temperatures 
about 200 higher are u::iually used with hot-water heaters. Only 
11011-vol<iti/e.anh:/reeze solutions ore snt.isfnctory for use with these 
thermostat.s. 

To flush radiator: Remove upper and lower radiator hose 
nn.d replace the radiator cap. Attach a lead•away hose at the 
top of the radil\tor. Attaoh a pieee of new hose to the lower 
opening of radiator. Insert the flushing-gun• in this hose and 
connect the water hose of the flushi,ng-gun to a water outlet and 
the air hose to an ::1.ir line. Turn on the water, slowly at first: Bush 
upward, being sure drain cock is open so that the water will 
flow freely, as a radiator will only stand a limited pressure und, 
if clogged, pre,;sure would build up. When the radiator is full, 
turn on ·air in short blasts, producing a pulsating action, allow­
ing r"diator to fill with water between each blast. (The air­
valve handle controls the amount of air pressure applied.) 
Continue this flushing until t.be water from the lead-away hose 
rw1s clear. 

To flush engine cylinder block and head. Attach a lead­
away hose to the water pump inlet and tL piece of new hose to 
the water outlet at the. top of the engine. Insert flushin~ ~un 
in this water-outlet hose. Turn the water 011 and fill.the cylin­
der block;_ when full, turn on the air intermittently, or in short 
bla,sts. \,;ontinue until t1he water from the leud-a-wny hose runs 
clear. 

The hot water heater can be flushed in a similar manner as 
the radiator. 

Alter flushing drain thoroughly, tighten all connections and 
put in 11 rust preventive -(see page 151). Blow dirt and bugs 
out of ra.diutor air passages frorn the rear. with air pressure. 

Where radiators cannot be cleared of obstructions, or leaks 
cannot be stopped, they should be taken to a radiator specialist 
who will determine if tl1e ra.dialor should be boiled out, rr,paire.d 
or if a new core is requ.ired. • 

t A common radiator teak is where the hose connection fitting 
is llttached to radiator tonks, top and bottorn. Clean thor­
oughly and tap holes for small screws, and sweat over and 
around the screws after screwing them in tight. 

• E<:lipse Air Brush Co., Newark, N.J., manufacture sprayers. 
Literature free. 

, From Popular Mechanics. 
• Kerosene is sometimes used in connection with the soda in 

the proportion of l qt. per gallon _of water. I_t is put in the. 
radiator first, then the soda solution, then fimsh fillmg WJtb 
water. 

• Flushing•guns are available of service station equipment 
dealers. The following manufacturers will supply descriptive 
literature on flushing-guns: .il'liller 'l'ool and Mfg. Co., Detroit, 
Mich. ("Miller"); National Carbon Co., 30 E. 42nd St., New 
York ("Eveready"). See also page 690 for lit01'ature on rariou, 
•ubjecl8, such as Tlie Automoli•• Ckaning Ha·nd Book. 
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Cleaning a radiator in order to solder it: lt is 
necessary to remove all grease, dirt and corrosion 
in order to solder so it will hold. Scraping bright 
by means of metal brushes and special tools which 
will reach the leaks is necessary, and these cau be 
made from time to time. After the part to be 
soldered is thoroughly cleaned, the spot is swabbed 
with flux and then soldered, and right here is where 
the skill of a good radiator repairman is tested. 

Boiling of the radiator in a solution of some com­
mercial cleaner, 1 caustic soda or lye in a specially 
made boiler (similar to Fig. 101) is often done by 
rapairmen where the entire radiator is to be cleaned 
of grease, paint, etc. For the solution, lye is prob­
ably the easiest to obtain and use: about a one 
pound can to each seven gallons of water, or a 
strength that will produce best results. Before 
boiling, the radiator should be flushed out with the 
hose, and thoroughly flushed afterwards. 

Where radiators have lime or hard deposits, ·a 
muriatic acid bath in a lead-lined wood vat is some­
times given, after which the radiator is washed 
thoroughly inside and out, and again put into the 
boiling solution to neutralize the acid. The radiator 
is then washed again and unless worked on at once, 
should be placed in a vat of clear water, to seal from 
exposure to the air. If this is not done, exposure 
to the air after this cleaning process, will soon 
oxidize the radiator and require a repetition of the 
cleaning process. 

The subject of cleaning a radiator is thoroughly treated in the 
book mentioned in footnote.• In addition to giving the method 
of removing such matter as dope, che,.,,·ing gum, cement.skete., 
which were placed in radiator temporarily to stop lea ·s. it 
also explains how to make the boiler, scraping tools, etc., and 
gives many other valuable pointers. 

When it is necessary to clean the radiator spaces 
of accumulated mud, the radiator should be flushed 
from the rear, not from the front. In that way you 
avoid getting water into the magneto or ignition 
system, which is often short-circuited when the 
moisture enters it. 

Radiator Repair Tools and Supplies• 
Following paragraphs will give an idea as to where 

to obtain some of the parts, such as cores, tools, etc. 
The core of a radiator is the principal part, and can be pur­

chased separately from the upper and lower tanks. It is usually 
the pa.rt to be reJ.>laced. A new core in n.n old radiator saves the 
necessity of buyJng a new radiator. 

The core can often bo purchased cheaper than it can be 
•cpaircd. For inst.aoce, ii any great number of tubes. say 
more tho.n ten, need repairing, then a new core is advisable. 

Cores are usually sold by the square inch. The height of 
the core is multiplied by the width, to find the number of square 
inches in a core. Standard thicknesses are 2', 2¾•, 3''i 3½", 
4", 4 ½". Se'\-~enty per ce.nt of cars and trucks use tubular-type 
radiator cores. Always replace the core with the same type 
and design ns the original, a tubular !or a tubular and a cellular 
for a celluhr. 

Some of the firms who manufacture or supply radiator cores 
for replacement purl)Oses are: Fedders Mfg. Co., Black Rock, 
Buffalo, N.Y.; . McCord 
Radiator <SI Mfg. Co., Detroit, .Mich.; 

Rome-Turney Radiator Co., Rome. N.Y.: 
United Motors Service, Inc., The G. & 0. 

~Ilg. Co .. New Haven, Conn. Can also be obtained of· auto 
supply houses listed on page 687. 

Core material and other repair material is often obtained by 
the repairman from disassembled radiators he has worked on. 
The repairman should be careful to select only the best grade, 
and new material is advised, which can be obtained from supply 
houses.' Some of the miscellaneous material and tools that 
will be required are: 
Side walls, bottom and lower tanks, filler necks, brass rivet.,. 

etc. False fins made of tin or brass. Brass pipes 5/16" 
tinned, for overflow pipes, 29" long. Copper tubing tinned. 

In addition to the tools listed 011 page 736, the following are 
further sui:gestions: Tools of this kind can be obtained of 
auto supply houses or firms mentioned in footnote•. 

Electric flash light for examining close places, and also a special 
magnifying mirror. Brushes for cleaning, aeids swabs, et.c. 

Soldering irons made specially for small places. Scrapers for 
elose pla-0es. 

Rubber stoppers: " gnsoline torch ol special de,sip;n with a 
needle-point flame. Torch with larger flame. Flux and a 
Hux squirter. Soft sheet brass, hose clamps, drain cocks. etc. 

Air compressor ol the type mentioned on page 739. 
Gasoline g:-s generator for use with a gasoline torch. 
Coil spring for placing in copper overflow tubing, so that it 

can be bent, etc. 

Radiator Solder and Flux 
Cleaning parts to be soldered is most important. This can 

be done by scraping antl also, if in a close place, by using muri­
atic acid applied to a cloth attached to a wire. 

Soldering flux, which is applied alter clea,ning in order that 
t-be solder ~ay stick, is made of cut muriatic acid, as described 
on pages 736, 720, 721. See also, footnote page 721. 

Wire solder with acid or flux in the core of the solder is used 
for radiator work. 

Thawing Radiators 
The common practice is to block off the air and rnn the engine 

with a retarded spark depending upon the beat generated to 
do the work. This method is permissible if the freezing is slight, 
but not always effective. llest plan is to get into a warm 
garage as quickly as possible, or to pour hot water on bott-om 
of radiator (see also pa,:c 154). 

However, if the unit is froze_n solid, damage to the radiator 
and engine may result long before the solid rnnss liquifies, for 
the reason that the water in the jackets very quickly boils 
away. leaving the engine dry. 

If frozen solid remove the radiator and 
immerse it in hot water in the boiling tank. as 
shown in Fig. 101. Sec also pages 153, 150, 154. 

Fig. 101 Fig. 102 

Fig. 101. To thaw out a solidly frozen radiator and test for 
leaks, place it iu hot water in the testiug tank. Do not have 
the water so hot that it will damage the finish. 

Fig. 102. A device wbich is quickly anJ. easily ma.de for 
elevating a radiator while soldering. ( M olor A qe.) 

NICKEL PLATING 
The replatin.g of nickeled parts of automobiles has been found 

to be quite a profitable business, particularly when conducted 
in connection with an automobile paint shop. 

A plant for the plating of lamps. lamp reflectors, and other 
small parts, can be installed for approximately 8425. A plant 
to handle small !'arts, and in addition, such large pieces as 
bumpers and radiator shells, would cost approximately $850. 

Pract;cal experience is of cow:se a big aid in Rlating as in 
any other trade, and it would be of great assistance t_o anyone 
contemplating embarking in the plating business to obt.ain some 
plating-room experience, particularly to become familiar with 
the methods of cleaning, dipping, and the manipulation of the 
plating solutions. 

An excellent book on the subject is Principles of Electro­
p/alino and Electroformi1'0, by Dr. Wm. Blum and Geo. B. 
Hogaboom, who are authorities on this subject, and will be 
found to be a big help to the experie.11ced plater, and almost 

indispensable to the novice. The price of this book is $4.00 net, 
plus postage. This book, also full information on plating equip· 
ment and supplies can be obtained from A. P. Munning & Co. 
of Matawan, N .J. manufacturera of electroplating and buffing 
apparatus and. supplies. (Please mention Dyke's A utomo/nle 
Encyclopedia, when writing.) 

1 A free booklet Modern Cleani110 Methods dealinv with 
cleaning radiators and metal part., is issued by Oakley Chemical 
Co., 22 Thames St., New York, N.Y. 

, A free illustrated catalogue, listing tools and supplies for 
repairing radiatora is issued by F. L. Curfman Mfg. Co., :Vfary­
ville, .Mo. 

• A book, A Manual of Automoli•• Radiator Conslruclion and 
Repair. by F. L. Curfman and T. H. Leet, containing 185 pages 
and 120 illustrations ru,d of a practical nature, 11rice 82.50 pre­
paid. can be obtained of Goodheart-Willcox Co., Inc., 2009 
South Michigan Ave., Chicago, Ill. 
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OXY-ACETYLENE WELDING 

A successful welding process for joining metals 
depends upon a source of heat which can be ac­
curately controlled and locally applied. Shortly 
before 1900 it was discovered that acetylene when 
b-urned wuh oxygen produced a flame temperature 
higher than any known to science before that time 
or since. In the early years of the twentieth cen­
tury, efforts were made to apply this discovery com­
mercially for the welding of metals. The success of 
these efforts is evidenced by the fact that the oxy­
acetylene welding process has grown to tremendous 
commercial and industrial importance. Continu­
ous research and e::qierimentation with 0]..-y-acety­
lene welding has progressed so rapidly that today 
procedw·es, equipment, and materials are available 
for the welding of practically all commercial metals. 

The temperature of the oxy-acetylene flame, esti­
mated to be in the neighborhood of 6,000° F., is so 
far above the melting point of all commercial metals·• 
that it provides a means for localized melting of 
metals rapidly and under complete control. 

Out of the oxy-acetylene welding process nnd the 
fact that iron or steel will burn in a rem:1rkable 
way in the presence of pure oxygen bas grown the 
oxy-acetylene cutting process. It seems cw-ious 
at first thought to realize that by the proper com­
bination and handling of two gases, oxygen and 
acetylene, metals can be joined togethfJ/' or cut apart 
with equal ease. 

General Principles of Welding 
In principle, oxy-acetylene welding is simplicity 

itself. Two pieces of metal are brought to~ether 
!md the edges in contact are melted, with or without 
the addition of filler metal in the form of welding 
rod, and the molten metal flows together uutil each 
edge is completely fused with the other. After the 
metal has cooled, there is, in effect, but a single piece 
of metal with no joint at all. The rules for practical 
application, of course, cannot be smtcd quite so 
easily, but the art of O]..-y-acetylene welding never­
theless retains this essential simplicity. 

Welds made in the manner just described are 
known as fusion-welds because the base metal is 
actually melted and fused together with the metal 
added from the welding rod. In fusion-welding 
the base metal and welding rod generally have es­
sentially the same composition, that is, in fusion­
welding cast iron, for example, a cast-iron welding 
rod is used. 

It is also possible to produce sound, strong joints 
in metal without actually melting the base metal. 
In bronze-welding, as this process is generally 
known, the edges of the joints are simply heated to a 
dull red by the oxy-acetylene blow-pipe flame. 
With the base metal at the proper temperature anti 
with the aid of a suitable flux t-0 clean the base­
metal surfaces, molten bronze from a bronze-welding 
rod will unite with the base metal to form a strong 
bond. A properly made bronze-weld is quite com­
parable in strength to a true fusion-weld. 

The oxy-acetylene welding flame lends itself to a 
number of other operations in addition to fusion­
welding and bronze-welding; for example, hard-fac­
ing materials which may be welded onto metal sw·­
faees to give increase.cl.wear resistance. In addition, 
there are innumerable applications in which the 
oxy-acetylene welding flame is used: for heating 

purposes, for bending, straightening, or forming 
operations, or for preheating or postheating for 
welding. 

Welding Equipment 

In its simplest form, an oxy-acetylene welding 
outfit consists of: 

A cylinder of oxygen 
A cylinder of acetylene 
An oxygen regulator 
An acetylene regulat-0r 
Oi..-ygen hose and connections 
Acetylene hose and connections 
Necessary wrenches 
Welding blow-pipe 
Goggles and gloves 
Friction lighter 
To equip such an outfit for cutting operations as 

well, it 1s only necessary to add a cutting attachment 
which may be attached to the welding blow-pipe in 
the place of a welding head, or a full-shm cutting 
blow-pipe. If such an outfit is mounted on a hand­
truck as shown in Fig. 1, it becomes readily portable 
and can be tnken to the work with ease. 

l~i&. 1. (left). Welding and cuttin,g unit. This portable 
outfit is fully equipped to do oxy-acctylene weldin&, cutting, 
or local beatll\g operations. 

Fig. 2 (center). Oxygen cylinder. ,\.'hen made in accord­
nnce ,\;th various official regulations is a. seamless drawn steel 
shell, which, when full, contains 220 cu. ft. of oxygen com­
pressed to a pressure of 2,000 lb. per sq. in. at 711' F. 

Fig. 3 (rioht). Acetylene cylinder. This is also m<tde in ,u;­
cordancc with offieial re&ulatioos. Coot,tios a porous flller in 
which acetone is used to dissolve many times its own volume 
of acetylene. This cylinder is operated by a T-handle valve 
which should not be opened more than l½ turns. 

1 The subjects on pages 741-752 have been revised and con­
sequently there may be some discrepancies between the Index 
and te.t. See Supplementary Index. 

'A book entitled "We!dinu En~yclo1>edia," containing 638 
pages and 645 illustrations, price S5.00, can be obtained of 
'the Goodheart-Willcox Co., lnc., 2009 South l"vlichigan Ave., 
Chicago, Ill. This book tells how to weld every weldable metal 
by ea~h of the welding processes. See page 690 under "Weld­
in!! Encyclopedia;' also, under "Weldi,~o and CuUino b-y Oxy­
Acetylene" and"' Weldi11o·Electric 11rc Welders." 

'Attention is called to "Dyk-O's Self-Starter" which bas ques­
t-ions and answers pertn1ning to oxy-n.cetylenc welding and 
cutting, also electric arc welding. See also pages 752, 600. 

' For melting Points of some of the various metals seep. 1048. 

741 
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With the addition of the necessary welding rod 
and fluxes, t~is outfit can be used to weld practically 
nil com~ermal .m1;tals or to cut steel, wrought iron, 
and castll'on within the range of thicknesses that can 
be _handled, by the cutting blow-pipe used. Hnrd­
facmg operations or local heating can also be per­
formed. 

For large-scale operations or for permanent setups 
in shops or plants, manifolded oxygen supply and 
an _acetylene generator or a manif,olded supply of 
cylinder acetylene can be used. I•rom such main 
SUPP!Y point th~ acctyl9ne and o:,.-ygen arc piped to 
weldlllg or cuttmg stat.ions located throughout the 
shop wherever they are needed. 

Gases Used for Welding 

Oxyge_n, supplied in.portable steel cylinders, can 
be obt:i.med from reliable ma.nufactlll'e1'S having 
convemently located warel1ouses and distribution 
points throughout the country. The standard 
oxygen cylindc1'S usually contain either 220 cu. ft. 
or 110 cu. ft. of o:,.-ygen (depending 011 the sir.e) and 
are char·ged at a pressure of 2,000 lb. per sq. in. at 
70° F. when full. Each cylinder is equipped with 
a valve especially designed to operate at high pressure. 
\\'hen the o:,.-ygcn is being drawn off, after a suitable 
reducing ·regulator has been attached., the valve 
should always be opened as far as it will go. 

Acetylene is available also in portable steel con­
tainers or cylinders and have rated capacities of 
either 300 cu. ft. or 100 cu. ft., depending on size. 
These cylinders are quite different in construction 
from o:,.·ygen cylinders, for free acetylene should 
never be stored at pressure above 15 lb. per sq. in. 
After much study, the problem of combining s~1fet)' 
with capacity was solved by packing the cylinde,:s 
with a porous material, the fine pores being then filled 
with acetone, a liquid chemical having the p1:operty 
of dissolving or absorbing many times its own vol­
ur:ne of acetylene. In such cylinders, acetylene can 
be bandied and shipped with perfect safety. The 
acetylene is produced in large stationary generators 
purified carefully, and then dissolved into th~ 
cylinder. The acetylene dissolved in acetone will not 
change its nature. Acetylene is drawn off through 
a valve, which in Prcst-O-Lite• cylinders is located 
in a recessed top, where it is protected from break­
age. The valve is much simpler than an oxvgen 
valve, not having to \\'ithstund as high pressul'e~ It 
should be opened only one and one-half turns. 
Safety fuse plugs are provided to meet ru1y fire 
emergencies, and the entire construction, as 1s the 
ca~e also with oxygen cylinders, must satisfy the re­
quirements of various governmental and regulatory 
bodies. 

Stationary or portable acetylene generators of 
Yarious capacities are available for the manu­
faeture of acetylene directly from carbide, the 
preferable style and size of generator being de­
pendent upon the amount of acetylene necessary 
and the conditions under which it is to be used. 
All acetylene used commercially is made from c«lci111,1. 
cw·bu.ie, or ''cm·bicle," as it is known in the track. 

In the carb'ide-to-water type generator, which is used 
almost exclusively in tl1is count.ry, small lumps of 
carbide are feel from the hopper in to a compn.rati vely 
large volume of water. The heat given off during 
t,he react.ion is reacWy absorbed by the SWTotmding 
water. When the acetylene forms, it bubbles up 
th.rough the \Yater, being cooled and purified in this 
way. While all carbide-to-water generators operate 
according to the gcnernl method outlined, there is o[ 
cotu·se considerable variation in mechanical details. 
l\.fodei:lJ. .~cetyleue generato1'S for use in welding am! 

Fig. 4. Acetylene generators 
are manufactured so as to 
be as nearly foolproof in 
operation as possible. Before 
using an acetylene generator, 
the rna.nufocturer's inr::;t.ruc­
tions sbould be carefully stud• 
ied and followed exactly. 

cutting are designed to be automatic in operation 
und as nearly foolproof as possible. When in­
stalling or operating acetylene generato,·s t.hc 
manufacturer's instructions should be foliowed 
exactly. 

Blow-Pipe Constl·uction 

Blow-pipes perform the essential function of mix- • 
ing oxygen and acetylene to produce an oxy-acety­
lene flame under conditions of complete control us 
to size characteristics, and ease of application. 
\\'hile blow-pipes vary rather widely in design, all 
types have certain fundamenta.l and common 
characteristics. 

Welding blow-pipes have a handle with two inlet 
conneclions for gases at one end. Each inlet has a 
valve that controls the volume of oxygen or acetylene 
passing through. By means of these valves, the 
desired proportions of o:,.-yg_en and acetylene are al­
lowed to flow through the blow-pipe, where they ar·(• 
thoroughly mixed before issuing from the blow­
pipe at the tip or nozzle. The oxy-acetylene flame 
is produced by igniting the mixtul'e at the blow-pipe 
tip. 

Types of oxy-acetylene blow-pipes. Considered 
from the :(>Oints of view of construction and operat­
ing principles, there are two general types, low 
pressure and medi'U'ln pressure. The distinction 
refe1'S to the acetylene pressw·e range required for 
operation. Acetylene at pressures Jess thnu 1 lb. 
per sq. in. is cles.ignated as low pressure; from 1 to 
15 lb. per sq. in. as medium pressure. Low-pressure 
blow-pipes can use acetylene from low-presslll'e gen­
erators, medium-pressure generators, or cylinders. 
.For pressure blow-pipes the acetylene pressure must 
be more than 1 lb. per sq. in. and can be supplied 
from cylinders Ol' medium-pressure generat-0rs, but 
not from low-presslll'e generators. 

A low-pressure blow-pipe which makes use of 
what is known as the injector principle is shown in 
Fig. 5. Oxygen passes thrnugh a small opening in 
the injector nozzle, producing a suction effect which 
draws acetylene into the oxygen stream. One ad­
vantage of this type of constn1ction is that small 
changes in the amount of o:,.-ygcn will produce a cor­
responding change in the umow1t of acetylene drawn 
into the gas mixtur·e, so that the proportion of tho 
two remains substantially constant while the blow­
pipe is in operation. The blow-pipe shown in Fig. 5 

Ii The words "PreslrO-Litc/' 11Oxwdd,H "Prest•O-Weld," 
..Puro;r;/' and "Haynes Stdlite,'' ate trade-mark."i Qf Unit~ q( 
t.: oion Carbide and Carbon Corporation. 
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is known as the type W-17 Oxweld blow-pi7Jc and is 
supplied with a series of welding heads, either one 
piece or two piece, for practically the complete range 
of welding work. There are thirteen of each type 
head in this series. 

I 
Seating 

Head Nut Surface, Oxygen Passage 

Expansion Chamber \ 

Welding Head 
Acetylene Pa,sage 

Fig. ,5. Low-pressure blow-pipes operate on what, is known 
:,s lite iDfoctor princ>iple. in which oxygen pas.sing through the 
center orifice of the injector draws the proper amount of 
acetylene into the strenni. 

In medium-pressure type blow-pipes, oxygen and 
acetylene are fed at independent pressures to a 
mixing chamber, the construction of which varies 
considerably according to the ideas of different 
manufacturers. Medium-pressure blow-pipes which 
operate with equal pressures of oxygen and acetylene 
are also designated as the balanced pressure type. 
Fig. 6 shows a medium-pressure welding blow-pipe 
known as the type W-105 Pn,st-0-Weld blew-pipe, 
while Fig. 7 shows ti typical balanced pressurn welding 
torch, known as the No. 35 Purox we/.ding blow7pi])e. 

Fig. 6. Medium-pressure blow-pipes require more than 
I-lb. pre.-isure of acetylene. These may be operated on cylin­
ders of dissolved ncclylcne or medium-pressure acetylene gen­
erators. 

I JI '----

""'¥<-"c N\1:-Nh v~""" 
A«:tyknc Ho-le Conn«tio" 

FiJ!. 7. Balanced-pressure blow-pipes opc.l'at.e 011 c-qual 
pl'e&"-l1ucs or oxygen and acetylene. Th<"..se 1nay be operated on 
<"Ylindcrs of dis~olvcd acetylene or tnedium•pressure acetylene 
l(CIICra.t.ors. 

Practically all welding blow-pipes are provided 
with a series of interchangeable heads or tips of 
different sizes so that the same handle can be used 
on a "·ide variety of operations. 

Cutting blow-pipes are so designed that the flame 
is divid<'d into several small jets surrounding a ccn­
t.ral opening in the tip or no~zle. The central opt>n­
ing, connecting to the oxygen i)_1lct through an in­
dependent tuhe and valve, supplies the jet of o:t·ygen 
that actually does the cutting. 

In cutting blow-pipes the same differences in prin­
ciple regarcling the method fOI' mixin~ the preheat 
gases applies as in the welding blow-pipe. Cutting 
blow-pipes using the injector or low-pressure, 

medium-preSSUJ'e, and balance-pressure principles 
are available. :Fig. 8 shows a cutt,ing blow-pipe in 
which the preheating gases arn mi..,ed by means of 
the injector or low-pressure principle. This blow-pipe 
is known as the tyve C-31 Oxweul cutting blow-7npe. 

..... 
''""~--... , ... , ...... ,o.-r1.,. ..,.,.,,i. ... 

Fig. 8. Oxy-acetylene cutting blow-pipes supply mixed 
gases nt the nozzle for preheating and o. stream of pure oxygen 
which does the cuttini. The blow-pipe shown here operates 
on the low-pressure inJcctor principle, but blow-pipes are alfio 
manufactured wbich opera.to on the medium-prC88ure and 
balanced-pressure principles. 

Cutting attachments. 1n addition to the full­
size cutting blo11·-pipes, cutting attachments are 
manufacttll'ed which attach to the handle of the 
welding blow-pipe in the same manner as a welding 
head. In principle these cutting attachments oper­
ate in the same way as the cutting blow-pipe, but 
the design is considerably altered so that, when 
mounted on a welding blow-pipe handle, the unit 
becomes an easily manipulated hand equipment. 

neg ula tot·s 

Regulators are necessary to reduce the high pres­
sure in the oxygen and acetylene cylinders to a 
working pressure at the blow-pipe, also to provide a 
steady and unfluctuating working presslll'e. 

For example: Let us assume that we have a 
cylinder containing o:,,.-ygen at 2,000 lb. per sq. in. 
and that we wish to do some welding that 1·equfres 
only 10 lb. oxygen pressure at the blow-pipe. "·e 
must have a regulator that can be set so as to deliver 
o:-.-ygen at JO lb. p1·cssure. That is, the ·regulator 
must fw1ction as a .reducing valve, reducing 2,000-lb. 
pressw·e to JO lb. But it must be more than a simple 
rcduci11g valve, for the cylinder pressure does uot re­
main constant while the blow-pipe is in operation. 
After welding several hours with that one cylinder, 
for example, half of the o:-.-ygen may be used, and 
the pressure in the cylinder will then be 1,000 lb. 
instea i of the original 2,000 lb.; but we still need 10 
lb. at the blow-pipe. Consequently, in order to 
maintain working pressure constant, regimlless of 

Working 
Pienurn Gou<io - _ 

f { o;oph,09m 
g Volvc Spting 
~ Volvo Soot 
.g Valve Siem 
0 

{Vol•• Soot 
'1 VoJ.,,e Stem 
~ Volvo Spting 
"' • ~ Diaphragm 

Fig. 9. Cross-section of a two-stage regulator. Two-stage 
regulators are used for general oxy-acetylene welding and 
cutting work. Regulators perform the double function of re­
ducing the cylinder p1·essuro to the desired working pressure 
and maintaining the workin,:?; pre~sure constant until the 
cylinder contents are exhausted. There are two gauges on 
the body of the regulator, one showing pressure in the cylinder. 
the other the working pressure being supplied to the blow-pipe. 
Cylinder pressure gauge, safety release, and hose councction 
do not, show in this view. • 
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what the cylinder pressure may be, regulators must 
have a sensitive regulating mechanism in addition to 
:1 red1tcing valve. 

Two-stage regulators. A number of different 
types of regulators h:we been developed to ac­
complish these funct.ions. The regulator shown in 
the cross-sectional view in Fig. 9 operates on what is 
known as the two-stage principle. The gas enters 
dh-ectly from the cylinder into t.he first-stage or high­
pressure chamber. By means of a diaphragm and 
valve coupled with a sprii1~ of pi·cviously determined 
tension, the gas pressure 1s reduced in this chamber 
to a lower pressure, say, 125 lb. per sq. in., the 
amount depending upon whether the regulutor is to 
be used for welding or for cutting. Notice that the 
valve in the high-pressure valve closes with the 
pressure, thus eliminating leakage and making it 
possible to drain the cylinder completely even after 
the gas pressure has dropped below that set for the 
high-pressure stage. 

In the 1Jcconcl stage ::ii\ a<ljustii1g screw adjusts the 
tension on the spring operati.ng the valve and tbus 
makes it possible to make the final reduction of pres­
sure to the desired working pressw·e. The use of a 
spring in this stage to control the valve makes it 
possible for the regula.tor to maintain this working 
pressul'e at a constant value. 

Oxygen regulators must be so designed thttt the high-pres­
sure side of the regulating mechanism will take care of the full 
cylinder pressure, 2,000 lb. per sq. in. It is customary to pro­
vide a 3,000-lb. cylinder pressure gauge on oxy~cn regulators 
so there i.!$ an ample mnrgin to prevent straining the gauge 
mechanism. The cylinder pressure gauge usually has a second 
scale which shows the content,; of the cylinder in cubic feet at 
70° F. 

!1'or 1,;cldino, the reguJu.tor is designed to deliver a muximum 
of about 50 lb. and usually has a 100-lb. working pressure gauge. 

For cuJtino, which requires higher pressure than for ,voiding, 
the working pressure gauges are usually 400 lb. The maxi­
mum delivery capacity of the regulator may vary from 125 to 
200 lb. per sq. in., according to type. 

Note.: Oxygen and acetylene crlinders are loaned by distribu­
tors, usually for a free period o thirty days, to purchasers of 
the contents. Users are billed for the oxygen or acetylene eon• 
tained in the cylinders at time of delivery or shipment. 

Ilcgulators a.re not loaned, however, and must be used in a.JJ 
cases except when small-capacity acet,ylene-tanks nre used for 
air-acetylene work. Special regulators ,vith gauge reading!'! up 
to 400 lb. and 1,000 lb. are used with manifolds :ind occasionally 
for hea.vy oxygen lance operat.ions. 

Acetylene regulators for welding and cutting with dissolved 
acetylene have cylinder pressure gauges registering up to 350 
lb. per sq. in. :ind usu:illy 30-lb. working pressure gauges 
(graduated only to 15 lb., because acetylene should never be 
used at pr.,..ures «bo,·e 15 lb. per sq. in.). Acetylene gauges 
all have: vent holes in the side of the case to reJievc a.ny abnormal 
pressure. 

Gauge dials are colored-green for oxygen and red for acety­
lene. 

C-0nnecting the Equipment 
The steps in connecting an oxygen regulator to 

the oxygen cylinder are shown in Fig. 10. Oil or 
grease should never be allowed to come in contact 
with o:-,.-ygen under any circumstances. Cylinders 
should be fastened so that they cannot be tipped 

ll) K«p h,nd, ,nd glov<S r .. , /<om o;) 
c1nd gr~~~ 

2) St.ind to one side when "l'uckin_g"' 
the ,,,u,.., 

3) Uie the ri&hl wrCT1ch when cormccl• 
ing an oxygen regubro, 

4) Loos~n the pre¥ure .adjusting racw· 
o{ the ,eguluor before optn,ng cyl­
inder v.'llve 

5) Open the cylinder vJ.lve ooly .ilight~ 
ly at lint 

Fiq;. IO 

over un<l damaged and so that the regulator will not 
I.Jc damaged. 

Before attaching the oxygen regulator the cylinder 
valve should be "cracked" to blo\\' out any dust or 
dirt in the cylinder vaJve openi11g. To do this, 
stand at the side 01· rem· of the oxvgen cylinder out­
let, open the o:-,.-ygen cylinder vafve slightly for an 
instant, and then close it. 

Connect the oxygen regulator which regulates the 
oxygen cylinder by means of the union nut, \\'hich 
should be tightened with the proper wrench. If 
the threads do not match exactly, it suitable adaptor 
should be used. 

The pressure-adjusting screw of the regulator 
should be loosened until it is free and then the 
cylinder valve should be opened very slowly, while 
the operator stnnds at one side away from the face 
of the regulator. The Oll.-ygen cylinder valve should 
be opened all the way. The cylinder valve should 
never be opened suddenly, as the rush of high­
pressure Oll.-ygen might strarn the cylinder pressure 
gauge mechanism. 

The acetylene regulator should be attached in a 
similar manner, although on Prest-O-Lite acetylene 
cylinders the valve is operated \\'ith a T-handlc. 
This valve should not be opened more th:,n one 
,1J1d one-half tw·ns. 

Connecting hose. Oxygen mid acetylene hose 
should not be interchanged. The oxygen hose is 
green, while the acetylene hose is red. In Fig. 11 
the standard forms of Oxweld hose a.ud hose connec­
tions are shown. Notice that the acetylene hose 
connection has a left-hand tlu·ead, while that for 
o:-,.-ygen is right-hand. All the equipment supplied 
by most oxy-acct.ylcne equipment manufactul'ers 
have these distinguishing marks: a red color and 
left-hand thread for acetylene connections and a green 
color and right-hand thread for oxyge:n connect.wn1J. 

Hoses are e◊1rnected to the regltlator and to the 
blo\,·-pipe as sho\\'n, and all connections are 
tightened with the proper \\'rench. 

RIGHT· HAND THR!AO GREEN OXYGtN HOS! 

. 0 ii!;;~ 

--= 

Fij!. II. Conventions for distinguishing between and pre­
ventmg the interchanging of oxygen and acetylene hoses nre 
pointed out in thls illust.ration. 

Adjusting Pressures and the Welding Flame 
The methods for adjust.ing pressures and blow­

pipe flame vary somewhat depending up~n the Ill:ake 
of apparatus. The manufacturer's rnstrucl1ons 
should be followed exactly. 

For information on the size head, tip, or nozzle, 
and for the oxygen and acetylene pressures to use 
for the particular job and blow-pipe, refer to the in­
structions leaflet furnished with the blow-pipe by the 
manufacturer. After the proper head, t.ip, or 
nozzle has been attached to the blow-pipe, ,and '1ith 
the oxygen cylinder valve opened as directed above, 
open the blow-pipe o:-..-ygen valve and then turn in 
the pressure-adjusting screw on the o:-,.-ygcn regula­
tor until the desired pressure is registered on the low­
pressure gauge. Then close the blow-pipe o:-,.-ygen 
valve. 

With the blow-pipe acetylene valve closed and the 
acet11lcne cylinder valve open, tw·o in the pressw·e-
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adjusting S('rew on the at:ctylene regulator to the 
desired pressw-e. Open the blow-pipe acetylene 
valve, light the flame and readjust the regulator tu 
the correct pressw-e. Then close the blow-pipe 
acetylene valve. 

Instructions accompanying the blow-pipe should 
be followed carefully in lighting and adjusting the 
flame. This is necessru·y for best results, since the 
procedure for operaHng one blow-pipe is not, nc<ics­
sarily satisfactory for another. Defore using anv 
oxy-acetylcne equipment make sure tha.t the general 
safe practices for handling this blow-pipe are 
thoroughly understood.' 

Adjusting the Flame 
There are three types of oxy-acetylene flames 

which are used for welding work, known as the 
neutral .flarne, the carbiirizing or e.-ccess ace/.ylene 
flame, and the oxidizing flame. 

The neutral flame is probably the most widely 
used for \\'elding work and is secured when equal 
quantities of oxygen and acetylene are being burned. 
The neutral flame is made up of two clearly defined 
zones or cones-a brilliant inner cone and an outer 
envelope. 'Wben the flame is adjusted with an 
excess of acetylene, a third cone appears sunound­
ing the inner cone. If the acetylene is then shut 
down slowly by means of the blow-pipe acetylene 
valve, the flame becomes first a neutral flame and 
then an oxidizing flame. The oxidizing flame has 
two cones, but the inner cone has a purplish tint and 
is "necked in" when compared with the neutral 
flame. As a first part of his work in oxy-acetylenc 
welding, an operator should practice adjusting to 
the three types of flame unt,il he readily rccogni7,es 
each one. 

Fig. 12. The oxy-acetylene flame. Top illustration shows 
the 11e,ural flame properly adjusted. Cent.er illustration shows 
a carburiring flame; excess of acetylene. Lower illustration 
shows an ozidizino flame; excess of oxygen. All are required 
in m~y-acetylene welding work. 

Identifying Metals' 
Ability to recognize co=ercial metals and alloys 

is obviously an essential part of a welding operator's 
fund of practical information, for welding procedure 
varies with the different metals. 

There are·a number of simple tests that will aid 
the operator in identifying metals. These are: 

Appearance. Observe the color, surface char­
acteristics, and appearance of a fract.ul'ed sw·face. 

Chip w;t. Chip a narrow gtoove with a cold 
chisel and hammer. Observe the facility of chipping 
and the characteristics of the chips formed. 

Spark test. Hold a piece of the metal against a 
power grinding wheel, preferably in a dark place. 
Observe the color, shape, length, and activity of the 
sparks produced. 

Bl,ow-pipe test. r.Ielt the metal with the welding 
blow-pipe flame and observe its behavior. 

Joint Designs 

The fundamental joint designs for welding sheet 
metal 11rc relatively few in number. These general 
types are sholl'n in Fig. 13. By trade custom, metal 
up to 1/8" in thickness is considered sheet metal; 
material t,hicker than 1 /8" i::; considt'red plate. 

t ZZZZZVJ&SSSSSS't 
Bun weld for shett metal. 

7 7 
Comer-wc-ld. 

VJ22ZP~~ Vlt7722?J8&&'»58 
Flange weld. 

Fig. 13. Standard joint designs for sheet-metal welding. 
The black u.1·ca jndicatcs the weld. 

The types of joints recommended for welding 
plate depend upon how the plates to be joined are 
disposed with relation to each other. The simplest 
case is, of course, the joining of plates in line with 
each other. The fundamental joint designs for 
plate is shown in Fig. 14. If the plate is more than 
3/16" in thickness, it should be beveled so that the 
included angle is between 50° and 90°, depending 
upon the welding method to be employed. 

WM~~ 0W;;lit,~w~ 
Open square butt weld. 

~~~~ ~ 
Open 6'ingle vet: butt weld . 

••• fWMDffe 
Open double vcc butt wtld. 

Fig. 14. For material more than 3/16" thick the edges are 
beveled before welding to an ineluded angle of between 50° nnd 
D(J<\ depending upon the welding: proCe.'$$ used. For material 
more than 5]S'' in thickness n double-vee bevcl is recom­
mended. 

Expansion und Contraction 

Before getting into a discussion of the various 
techniques employed for welding the different types 
of metal, it would be well to discuss the subject of 
expansion and contraction briefly. 

The theory of the eiqxrnsion and contr:iction of 
metals with clmnges in temperature is based on 
facts \\'hich are easily undei·stood. I! 1X1t causes 
met.al to expand and the subsequent cooling neces­
sarily means that tbe heated section "·ill endeavor 
to contract into its original size and shape. Uneven 
heatiitg will, therefore, cause uneven expansion, or 
uneven cooling \\'ill cause uneven contraction. 
l-nder such conditions, stresses are set up within the 
metal. These fon·cs must be alleviated, and, unless 
precautions arn taken, Wl!rping or buckling or even 
fru1;lurc of t-he metal takes place. Like\1·1se, on 
cooling, if nothing is done to take up the stress set 

a A book.1et outl'ininu the precautions and safe practices iri weld­
i11(J t.md cu,ttino with oxu--aceJ.ylene equipment is available from 
the nearest office of The Linde Air Products Company, or fron1 
General Publicity Department, 30 East 42d St., New York 
City. Ask for booklet F-20S6. 

7 A chart (livino a number of sfo,plc tests for the idcnti/icatirm 
of metals is ,ivailable from the nearest office of Tl,c Linde Air 
Products Company. See also footnotes 8, 9, 10. Ask for 
cl,art F-220!/, 
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up by the contraction forces, fw-ther warping may 
result; or iI the sw-rounding cool sections of the 
metal are too heavy to permit this change in shape, 
the stresses remain within the metal itself. Such 
stresses may cause cracking while cooling or may 
remain within the metal until further force is ap­
plied, such as when the metal is put into use. 

Sheet metal bas such a large sw·face area per 
unit of weight that heat stresses tend to produce 
warping or buckling of the sheet. This and the 
contraction effect which tends to draw together long 
seams are the principal points to be considPrPd in 
sheet-metal welding. If the edges of a long sc•:1m 
are placed in contact throughout their entire kngth 
before welding starts, the far ends of the sc-am will 
actually overlap before the weld is completed. One 
way to overcome this effect is to set up the pieces 
to be welded so the edges are nearly in contact to 
one encl of the seam and separated at the other end, 
a distance that varies accor-ding to the met.nl and 
the thickness. Ta.ck-welding at various int<-rvals 
along the seam also assists in holding pieces in 
nlignmcnt for welding. A properly made tack-weld 
need not be melted out but can be made a part or 
the finished weld. 

Means of removing heat. The means most com­
monly employed to prevent buckling or warping of 
sheet metal dw-ing welding is to apply the pJ·inriple 
of removing the heat from the base metal ad11.u:cn t to 
the weld. In the case of flat seams, a heavy piece of 
metal such as a section of steel rail or heavy bare 
sto<'k pi:lced on either side of the seam will effec­
tively prevent the heat from spreading too far and 
"·ill also tend to prevent movement of the parts by 
resisting the forces of e:-qiansion and contraction. 
Heat may also be removed from metal adjacent to 
the weld zone by the use of wet asbestos cement 
along either side of each seam. 

Because of the frequently irregular shape and gen­
cr:illy greater bulk of castings, a more careful con­
sideration of expansion and contraction during 
welding is required than is the case with sheet metal 
or plate. If the cast-iron ca.sting is to be fusio11-
1velded, using cast-iron rod, the safest method to 
employ is to preheat the entire cast.ing to a good reel 
heat followed by slow cooling after welding. If the 
casting is to be bronzc-'Welded, preheating to a black 
heat, or me.rely local preheating is aU that is neces­
sary. In a.ny caM, careful consideration of the 
casting should be made before welding to determine 
just how much and what parts of the casting should 
be preheated. 

General preheating is best performed in a. tempo­
rary brick furnace such as that shown in Fig. 15. 

temporary furnace should be covered with a sheet 
of asbestos cloth, and the welding should be per­
formed while the easting is still in the furnace. 
Holes in the asbestos covering provide ventilation 
for the fire, while sections of the covering may be 
turned ba,ck to permit welding to proceed. After 
the casting has been welded, the cover should be put 
hack over the fwmi.ce and the entire casting al­
lowed to cool to room temperatw·e very slowly. 

Nonferrous metals, 8 whether in the form of sheet, 
plate, pipe, or castings, require much the same con­
sideration as outlined in the previous discussion, with 
surh modificat.ions as are made necessary by the 
specific characteristics of each meta.I. 

The welding technique for joining various 
metalsg, 10 differs from one to another to a certain 
extent, a factor which depends upon the different 
properties of the various metals. Furthermore, in 
certain cases the same metal is frequently joined by 
different processes or the process may differ depend­
ing upon the physical form of the part, for instance, 
\\'hether it is sheet metal or a complicated casting. 

Iron and Steel 
Iron and steel being the most important industrial metals, 

u. few lines will be devoted to them.a, 9 , 10 Quoting from "The 
Oxwelder's Handb°"k": 

Cast iron is by no means pure iron; it is a 1·ather complex inix­
ture containing 91 to 94 per cent metallic. iron a.nd varying pro­
portions of other elements, the more important. of whicb are 
carbon, silicon, mnnganese, sulphur, nnd phosphorus. The 
differm1cc in tbe properties of steel aud cast fron. is due mainly to 
the difference in carbon content. l;teel contains less carbon 
t,han cu$t iron. 

Wrought iron, the purest of commercinJ irons1 contains very 
little carbon, less t-hau 0.05 per cent. It is comparatively soft 
and ductile, having a tensile strenp:th of about 45,000 lb. per 
sq. in., and H melt.s at. a tcmperu.ture of a.bout 2,700° F. As 
the carbon content increases, the product becomes harder, but 
more brittle, the tensile strength inl'J'ease.s up to a. certain 
limit, nnd the melting temperature decreases. The products 
known as steel come-·withjn this range, begioning with "dead 
soft"' steel (!l.b<>ut 0.10 per cent carbon), passing through '"mild," 
"med.iurn," and "rail" steel up to the tool steels. Commercial 
steels stllp in the very high-carbon tool steels, 00!1tain..ing about 
LnO pc,- cont carbon. Steel melt., at from 2,400" to 2,700° F., 
approximately, depending upon its chemical composition. 

Nature of cast iron. At about 2.50 per cent carbon, the prod­
ueLs be<:ome so brittle th11t they cannot be rolled or worked 
like steel but must be cast to shape in molds. The range from 
about 2.50 to 3.50 per cent carbon includes the commercial 
cast irons, the characteristic properties of which o.re discussed in 
chapter 20 of "The Oxuiclder 8 IJan<l.book." 

Alloy steels. In addition to the carbon steels mentioned 
above, there are special steels or alloy ste~s which qontain 
vnrying amounts o one or more other metallic elements, such 
as chromium, manganese, silicon, nickel, tungsten, vanadium, 
and molybdenum a.nd whose spccin.J proper\1e!i are produced 
only aft.er a heat-treatment of more or less precision and com­
plexity. These are considered in chapters 21 and 22. 

Malleable iron. When white cast iron is heated under cer­
tnin ~1iit.able conditions to about 1.4.UOQ F. for several days, the 
cvmbined carbon separates no~ as flukes of graphite but as very 
tine rounded particles of carbon in the iron. 'fhis procc.')S 
tends to give castings more of the properties or pure iron; 
uarnc.ly, high strength, ductility, tougbncs.'3, and ability Lo rr~"ist 
sh<><:k,;. i\lalleable iron must be bronze-welded. It cannot be 

s Ferrous metals, quoting from "Dy/.:$'s Sclf-S/.aTle,," "arc 
rueials which contain iron such as cast iron, wrought iron and 
steel. Non-ferrous metals contnin no iron (except in very 
smnll percentages) and include all metals except the ferrous 
metals." This book also includes information on the Bri nell 
and Rockwell hardness test, meaning of tensile st.rength. etc. 
(See inside of back cover of this book explaining where t.he 
reader can ,:,btnin '"Dyke's Self-Sim~.") 

t A complete instruction handbook oivino ~he 1)TOC('(/~trr1S ,11.al 
tn·hui,,,,t-8 for 'ttdrl-inu 1n·m:t-icall11 a.ll co,,miercwl metals l~ nvatl­

_, :11Jle from the nearest office of '"l'he Linde Air l:i,roduets Com-
Fi,;. Jfi. The recommended method for constructing a puny. or from General Publicity Department, :io East 42:1 

temporary preheating furnace is shown in these four views. Ht-., New Yol'k City. This book, know_n ns "'fh8 Oxtff~der :,;. 
Such a. furnuce would preferably be fired wit-h charcun.l. Jl,1,11dl10ok," contains over 300 pages of instructions and 1Uus­

trntions (price Sl.00). 
In this temporary furnace t.he fuel would be ch,,r- "A booklet ,cinch lists essential automotive parts a»d yfres 1/re 
coal, oil, or gas. Care should be taken to see that kind of meiol il1r11 «re composed of, and ihc recommended ,c,-ldi>io 

method of repairino, is available from the nearest olti"ce of The 
the ]1eating proceeds smoof'.hly and regularly, so Linde Air Products Company. Ask for booklet Pow,·2336-D, 
that uneven expansion stresses are not set up. Th~ _':,."RcpairinlJ for Profit." also for chart Ponn P-4464. 
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fusion-wcldcd, as the malleable prop«;;rtics arc cornpleLely de­
stroyed whe11 lhe rnetal is mclt..cd. 

Cast steel i~ frequently U.'it!d Lo nuake parts of jntricate 8hupc 
when cast iron does not bave the desired physical propenies. 

Welding Steel 

In many ways the welding of steel by the oxy­
acetylene process is similar to (,he steel-mill practice 
by which a great deal of our stc<'l is made, a method 
kno,,·n as the open-hearth process. In the oxy­
acetylene welding of steel, the blow-pipe flame is . 
used to melt a puddle of base metal and into this 
puddle is melted metal from a welding rod. The 
puddle is then moved progr<.'ssivcly along the part 
by means of ma11ipulation of the welding rod and 
welding fl.arne. When this action is made to take 
place tit the edges of two pieces of base material of 
the same composition, the continuously solidifying 
puddle made up from the base material itself and 
the welding rod results in what is, in effect, a single 
piece of metal. 

In the practical application of fusion-welding of 
steel, t.he edges of the two pieces of metal to he 
joined are thoroughly cleaned of any oxide or dirt. 
This may be done by grinding, filing, chipping, or 
wire-brnshing, depending u11on the type of foreign 
matter present. li the edges are more than 3/16" 
in thickness, they are beveled as shown under Joint 
Designs, which beveling may be done by the oxy­
acetylene cutting blow-pipe. 

After t,hc joint has been studied and it has been 
determined in "·hat direction the welding will pro­
ceed and how the effects of expansion and contrac­
tion are to be cared for, the metal parts arc spaced 
the distam:e of about 1/16" at the start of the weld 
and are then fu·mly held in this position either by 
means of jigs and fixtures or by m~ms of tack­
welding, short welds spaced at intervals along the 
~ge to be welded. \Vith ~he proper_ size head or 
tip attached to the blow-pipe and with the flame 
adjusted to neutral, an area about 2" in diamet.er 
at the start of the weld is theit heated to a bright 
reel temperature. The flame is then concentrated 
at the point at which the weld is to staz-t and a 
puddle of molten metal formed. If the metal is not 
,,!lowed to become too fluid, it will easily bridge the 
space between the edges of the base metal, aided 
by metal melted from the welding rod. 

The puddle is then caused to progress the entire 
Jcn~th of the weld, ma.king sure that complete 
fusion takes place at all points between the puddle 
and the base metal. Some practice will be required 
before good-appearing welds which will develop· full 
strength are secw-ed. 11 

To a large extent, the strength of. the wel_d de­
pends upon the thorough uiiion_of all parts of the 
weld metal to itself and to the edges of the pieces 
being joined. A true fusion-weld is uot produced 
in.steel until it actually melts. In welding, care 
must be taken to work all oxides to the surf1;1ce • 
otherwise it will be found that they weaken the weld 
met.al considerably. The oxide or scale remaining 
on the smface of. the completed weld can be easily 
removed by wire-brushing or hammering just before 
the weld gets cold. 

W eldilig rod. '1 In fusion-welding it is most im­
poi·tant to select only a high quality welding rod. 
Several good rods are on the market today, and weld­
ing supply manufacturers will he glad to advise 
which rod to use for a pru-ticular job. 

Blou·-pipc manipulatwn. In gl'neral, the welding 
blow-pipe \Yill be held in the right hand and the 
\\'elcling 1·ocl in the left. These t,rn should be in-

clined to ea.ch other at an angle of about 90° 01· 
slightly more and each should make an angle of 
about 4:i0 with the weld. Dependin~. upon the 
position of welding and the speed at which the weld 
is progressing, it may be necessary to vary tlwse 
angles depending upon how fluid the pudclle has be­
come and certnin other factors which will appenr to 
the operator as he progresses. The tip of the inner 
cone of the welding flame should be held about I /8" 
away from the top of the welding puddle and the 
welding rod should be held so that the metal as it 
melts will flow into the puddle, not so that it will di·ip. 

As the rod melts, it should be moved from side t,o 
side in the puddle, the motion being just opposite 
to that of the blow-pipe. In this way the blow­
pipe flame is nlloll'cd to play first upon one side of· 
the vee and then upon the other, insuring complete 
fusion. Cate must be taken not to flow the molten 
metal ahead undet· the relatively cold sides of the 
vee\ since under tlwse cil'cumstances it will merely 
stic ,, but will not fuse. 

l ~ ~ ~TQPY/Eh 

MQTldN Of RQ;;s ~IJLQWPIPE 

Fig. 16. The motion of blow-pipe and welding rod are iUu.,­
t,rut,ed. The upper views illustrate the method for building 111, 
tho v.·eld in layers when welding heavy walled pipe. A third 
layer is required which is oot shown. 

Jt'ig. 17. The swinginJ moti~n of the blow-pipe i~ illustrated. 
The ruotion of the rod 1s opposite to but much less than the 
blow•\>ipe motion. ·This motion, employed in forehand weld• 
ing, a lows the blow-pipe flame to ph\y firs!; on oue side of the 
vcc and then on the other. 

1V el.di._ng wn be carried on in practically a..ny vosi­
tion, horizontal, vertical, overhead, or in a, hori­
zontal position with the work vertical. Consider­
able practice will be required before welding can be 
carried on successfully in the various positions, and 
it.would be well to have more eomplete instrnctiouti 
than it is possible to give here.u 

Bronze-Welding 
As was mentioned earlier, bronze-welding differs 

considerably from fusion-welding in that fully com­
parable weld · strengths can be secured without 
actually melting the base metal. This is because 
molten brass or bronze will flow evenly over a 
properly heated and chemically clean metal surface 
and form a bond or molecular union which has 

11 More complete instruclions for the tceldino of sreel i11 /he 
ro.rious forms in which it i,:; couw1.ercU.illy a'Dailable today will be 
found in" 'l'he Oxwelder:,i Jfcwdbook,'' available from the ne11r­
est office of The Linde Air Products Comp11ny (price $1.00). 

1..a A booklet dealino 11.:ith ti•eldfo(f 'T'Oda am/ fl,nxcs is available 
from the nearest office of The Linde Air Product~ Company, 
Ask for booklet Form, '1263.·l. 

Sec page 726 for angle, channel, I-beam sections former!)' on this page. 
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ndmirable strength. In fact, bronze-welds having 
tensile strengths of 55,000 lb. per sq. in. or more are 
consistently mnde in steel. 

Bronze-welding is used both in production and in 
repair for the joining of steel, cast iron, galvanized 
iron, copper, nickel, and alloys of copper and nickel. 
Practically any commercial metal can be bronze­
welded successfully, but this is not done if it is 
necessary that the weld metal and ba,se metal have 
the same appearance or the same corrosion-resistant 
properties. It is also not done in those few cases 
where the temperature of the part is to be at any 
time higher than 500° F., since bronze rapidly loses 
st-rength at temperatw·es above that point. Bronze­
surfacing is the term used to describe the application 

, of the bronze-welding process to the building-up of 
11·orn surfaces, such as pistons, shafts, etc. It is 
also used for building up worn or broken gear 
teeth, lugs, or bolt holes. 

The fundamental technique of bronze-welding, 
or of bronze-surfacing (wluch are the same with 
few exceptions), is as follows: 

First consideration is the preparation of the ed~es 
to be bronze-welded or the surfaces to be rebuilt. 
C'tean metal, with complete absence of oxides, dirt, 
oil, or grease, is essential. If the edges to be joined 
are 1/4" in thickness or less, swfa.ce chipping or 
grinding to bright metal will suffice. If over 1/4" in 
thickness, the edges should be beveled to give about 
a 90° included vee, The beveling operation in itself 
will expose clean metal. Further than this, the 
metal for about 1/2" back from the top edges of the 
bevel should be thoroughly cleaned off. For parts 
that are to be bronze-surfaced a clean surface is 
equally essential. Machining, grinding, chipping, 
or sand-blasting is preferred for this work. 

Second, it is important to determine before start­
ing whether or not the part should be preheated, 
Then with the parts properly aligned and held in 
alignment either by tack-welds or by ClalJlpS, and 
with any nccess:i;ry preheating done, the operator is 
ready to start the actual bronze-welding. 

A blow-pipe head or tip one s;ze larger than would 
be used for welding steel of tl. similar thickness should 
be selected. This recommendation applies general­
ly to the various steels, cast iron, wrought iron, and 
malleable iron, For copper and certain other metals, 
and for certain special conditions, a different size 
head or tip may be required. Experience is the best 
dictator of this. 

The flame is adjusted so as to be slightly oxidizing. 
The proper flame is obtained by first adjusting the 
flame t-0 neutral and then closing the blow-pipe 
acetylene valve slowly until the inner cone has been 
reduced in length by about l". 

During welding it is necessary that a liberal 
amount of flux be supplied continuously to insw-e a 
chemically clean surface. If the rate of welding 
is to be rapid, this can be done best by coating the 
entire rod with the flux. Where welding takes place 
more slowly, as it will for heavier castings and 
heavier material, it is sufficient to dip the hot end 
of the rod in the can of flux and add to the puddle in 
this way as it is requfred, 

Start the we'lding by heating the metal over a 2" 
diameter spot where the weld is to begin by means 
of a cfrcular motion of the blow-pipe. As the metal 
gets hot, test its heat by applying a drop or two of 
rod. 'Wnen at just the right temperatw-e, the metal 
from the sufficiently flux bronze-rod will spread out 
evenly to produce a "tinning" coating on the base 
metal The inner cone of the slightly oxidizing 
flame should be kept from 1 /8" to 1 /!" a way from 
the sw-face of the meta,], 13 

Welding Cast Iron 

Cast iron may be either fusion-welded or bronze­
welded, with the latter process offering the greater , 
advantages and ease of operation. Although cast 
iron has relatively high resistance to compression, 
its tensile strength and resistance to shock are rela­
tively low. The probems of expansion and con· 
traction, therefore, assume greater importance in the 
welding of cast iron. 

BronzMcelding assumes considerable importance 
in the welding of cast iron aside from the fact that 
it is considerably more rapid than the fusion-welding 
process. The lo\\'cr heat required for bronze-weld­
mg minimizes the c/Tects of expansion and contrac­
tion and often makes it possible to bronze-weld the 
cast-iron parts without dismantling and without 
anything but local preheating. 

Malleable cast iron, which depends for its proper­
ties upon a lengthy and complicated heat treatment 
can be joined satisfactorily only by bronze-welding. 
The heat of fusion would destroy the malleability. 

Fusion-welding cast iron. As mentioned above, 
the first factor to be considered when cast iron is to 
be welded is the effect of expansion from heating and 
contraction upon cooling upon the casting. If the 
casting is at all intricate with light sections joining 
heavy, or if the factw-e or part to be welded is in 
such a location that there is any restriction to free 
movement of the casting upon heating or cooling, 
it is probably better to preheat the entire casting to 
a bright red heat, making sure that the heating is 
even and that cooling after welding is slow and 
uniform. 

In preparing the casting fM welding, it is absolutely 
necessary that all foreign matter in the form of oil, 
grease, dirt, sand 1 or sc.ale be completely removed. 
Usually this will oe accomplished m the weld area 
itself by the chipping or grinding required for the 
prepart1.tion of the vee, A 90° included vee is 
recommended for fusion-welding, and care.should be 
taken that this vee extends nearly through the part 
to be welded. 

The welding of cast ii·o;,, requires the use of cast­
iron welding rocl, a neutral flame, and a suitable flux. 
During the welding operation, which is conducted 
similar to that of steel, more manipulation of the 
welding rod is required to work any particles of sand 
or slag out of the weld." 

Bronze-welding cast iron. As was mentioned 
earlier under the subject of bronze-welding, this 
operation is performed without melting the base 
metal. The preparation of a castin~ for bronze­
welding requires the same consideration as to the 
effects of expansion and contraction, but these are 
usually not nearly so great 111 their effect because of 
the lower temperature. If the casting does require 
preheating, this can be accomplished in a temporary 
or permanent fw·nace, with the preheating allowed 
to progress until the entfre casting has been brought 
up to a good black heat. A convenient method to 
judge this temperatw·e is to tlu·ow a few drops of 
water on the casting. If this water sizzles-, the cast­
ing is at about the right temperature. This is simi­
lar to the housewife's test of a hot iron. 

The preparalion of the vee and the cleaning of 
the base metal should be done as described under 

1a More complete information on bronze-weldinu may be 
secured in a number of publications :wailnble from the nearest 
office of The Linde Air Products Company, or from General 
Publicity Department, 30 East 42d St,, New York City. 

u "The 0:r.we1.der's Handbook" cont,ains complete instruc~ 
tions for welding cast iron. See footnote 0, page 746. 
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fusion-welding cast iron, making certain that t~e 
entire surface is properly cleaned. If the vee 1s 
prepared by grinding, it is advisable to rub the sur­
face briefly with a fil~ afterw1;rd to remove the small 
grinding-wheel particles which adhere to the sw·­
face. 

There are one O! two precaut~ons_re_garding the re­
pair of fra(Jtures in castings which 1t 1s well to men­
tion. In preparing a crack for weldmg1 t~e prepa­
ration of the vee must extend to the limits of the 
crack. If a little oil is rubbed on the surface of the 
casting first and then wiped clean, chalk 01· other 
fine white power rubbed on the surface will pick up 
oil which has accumulated in the crack and will 
indicate its extent better than can be seen with the 
unaided eye. A small hole drilled at the extremity 
of the crack will aid in preventing it from "rnnning" 
when heat is applied during welding. 

To apply the bronze-welding technique, the point 
at which the weld is to start should be heated to a 
temperature at whic~ it just ~egins to glow. Ex­
perience is necessary m determmmg the proper tem­
perature for bronze-welding, and an operator will 
soon recognize the characteristic appe_arance_ of the 
casting when it is ready after pract1cmg a little to 
determine how the bronze rod flows upon the sur­
face. If the casting is wo hot, the bronze will 
bubble and boil upon meetin~ the surface, whereas 
if it is wo cold, the bronze will not adhere but will 
roll off. \.Vhen the right temperature is reached, 
the bronze rod, previously heated and dipped in 
flux, when melted upon the surface will spread out 
evenly and properly tin the base-metal swface. 

The tinning action is the most important part of 
the bronze-welding procedw-e, and care should be 
taken to see that it is done properly. After the 
surface has been tinned, the vee is filled up by melt­
ing in more bronze, making sure that the. added 
metal is completely fused with the bronze which has 
been previously deposited. 

Welding Galvanized hon 
Galvanized iron has a surface coating of zinc 

which volatilizes or tw-ns into a vapor at a relatively 
low temperature. Bronze-welding is of particular 
advantage in welding galvanized iron, since the 
higher speed of welding and the lo_wer teml?eratw·e 
to which the base metal must be raised considerably 
reduces the amount of zinc which is burned off. 

The technique for welding galvanized iron is the 
same as that outlined all·eady, with a neutral fiame 
being used for fusion-weldii:ig and a slightly _oxidiz­
ing flame for bronze-weldmg. The corrosion re­
sistance of the bronze-weld deposit compares very 
favorably with that of the zinc coating on the galva­
nized iron and usually requires no special care after 
welding. If the joint is fusion-welded, on the otber 
hand, it is usually advisable to paint the swface of 
the weld and adjacent to the weld with aluminum 
paint or some other preparation which will increase 
its corrosion resistance. 

Welding High-Carbon Steel and Alloy Steel 
It is not possible to -describe in the space that is 

available here the various techniques required to 
weld the large number of low and high alloy steels 
now commerciaUy available any more than it has 
been possible to point out all the precautions or to 
describe the complete operat-ions for other types of 
welding. For th.is additional information it is neces­
sary that the operator consult the various publica­
tions which are available today giving complete in-

structions for the type of work in which he is 'inter­
ested. Sec footnotes 2 and 9, pages 741, 746. 

Welding Aluminum 
As the behavior of aluminum under the welding 

flame is quite different from that of steel, a distinc­
tive welding method is required. Once the differ­
ences in behavior and technique are thoroughly 
understood, it will be found that aluminum is one 
of the easiest metals to weld." 

Characteristics. Aluminum has a relatively low 
meUing point, 1,215° F. for the commercially pw·e 
metal. It conducts heat more than fow· times as 
fast as steel, which means that, when heat is applied 
to the metal at any point, it is carried away and 
dispersed rapidly throughout the body of the metal. 

Because of its light color and low melting point, 
aluminum does not give any indication by changing 
color that the metal is approaching the welding 
heat. When the melting point is reached, the metal 
collapses suddenly. By observing the behavior of 
aluminum as it melts under the action of the blo,,·­
pipe flame, the operator will quickly learn how t.o 
control the rate of fusion. 

The surface of the molten puddle of aluminum 
oxidizes rapidly, "forming aluminum oxide which 
has a higher melting point than aluminum. In 
order to make a sound weld, this oxide must be re­
moved. It is cust,omary to use for this purpose a 
suitable flux which combines chemically with the 
aluminum oxide to form a fusible slag that rises to 
the surface of the puddle where it is readily removed. 
Another property that must be considered is the 
fact that aluminum and many of its alloys are weak 
when hot; in other words, they are "hot-short." 
This means that due care must be taken to see that 
aluminum parts are adequately support~d when hot. 

Joint design. The only difference in the joint 
design for welding aluminum from that for welding 
steel is that it is often desirable to notch the edges 
to be welded with a cold chisel. These notches aid 
in obtaining full penetration and also make it less 
likely that holes will be melted through the sheet. 
The notches also act as small expansion joints to 
prevent local distortion. 

/Vo"rcHL:$ MR~£ MTN 
CC.t.D CHt'.SL.t.)i•.ZJEEP « 11,·,-,,..,,,,r 

0 
Notched butt type joint. 

Fig. IS. In welding aluminum it is often found desirable to 
notch the edges to be welded to assist in eecuring thorough 
fusion. 

Welding technique. There are so many weldable 
aluminum alloys on the market today that it is not 
possible to give a very complete description of the 
technique here. The welding rod should compare 
closely with the base metal and a good aluminum 
flux should be used. 

The blow-pipe jlanie should be adjusted t.o have a 
very slight excess qj acetylene. This is not because 
an excess of acetylene is needed, but because even 
the slightest oxidizing flame would make a very poor 
weld. 

"See also page 690 under ••irclding Aluminum." 

See page 752 for oxy-hydrogen formerly on this page. 
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In 1'•elding aluminum it is advisable to use a blow-
7iipe head or tip one size larger than ordinarily used for 
welding steel of the same thickness. The gases 
should be adjusted so as to produce a soft flame. In 
welding, the blow-pipe should be held at an angle of 
about 30° to the plane of the weld with the umer 
cone of the flame about 1/8" away from the metal. 
Metal from the welding rod should be fused thorough­
ly with the base metal as it is added. It is gener­
ally better to complete the weld in one operation. 
Should a section prove to be faulty and have to be 
replaced, chip out the old weld metal and re-weld 
""ith new metal. Care should be tal(en during the 
"·(')ding operation to make ce1·tain that any little 
p,,rticlrs of oxide or other foreign matter are worked 
out of the weld metal to the surface of the puddle. 

Certain aluminum ·alloys depend for their proper­
ties upon hea.t treat11wnl. These will require special 
precautions in welding, and more study and e:qleri­
cnt·e will be required of the operator in order to weld 
t.hesc materials. 

Welding Copper 
For many applications copper and its alloys can be 

joined 'by bronze-welding using the regular bronze­
welding technique. Commercially pW'e <,opper con­
tains a very small percentage of oxygen in the form 
of cuprous oxide which does not harm its properties 
in any way, except for the fact that it is not fusion-
1\'eldecl successfully. Completely deoxidized cop­
per is now available from leading producers in a 
Yariety of forms.., and in this form it can be success­
fully welded. .u;vcn if the copper does contain 
some cuprous oxide, it can be successfully bronze­
welded as can also deoxiclized copper. 

For fusion-welding copper, both the base metal 
and welding rod should be completely deoxiclized. 
Joi11t designs for welds in copper are in general the 
same as for steel of similar thickness. A nmlra.l 
flame is used and no flux is required. The welding 
head or tip should be one or two sizes larger than 
for similar thickness of steel because of the high beat 
conductivity of copper. Covering as much as pos­
sible of the work with asbestos paper dW"ing welding 
assists in reducing the heat losses. Large sections 
sshould always be preheated to a dull red before 
welding, and this practice is also advisable for small 
parts wherever practicable. After a few trials the 
welding 0)?erator will automatically make such 
minor modifications in technique as are made neces­
sary by the rclat.ively low melting point of copper 
and by the fact that the molten puddle is more fluid 
than is the case with steel. 

Bronze-welding copper. For the large majority 
of copper-welding work the bronze-welding process 
offers distinct advantage3. Where it is necessary 
that the color of the weld metal exactly match that 
of the base metal and in those cases in which the 
chemical composition of the two must be identical, 
however, bronze-welding should be replaced by 
fusion-welding. 

Welding Brass and Bronze 
In many cases a distinction between fusion-weld­

ing and bronze-welding brasses or bronzes is not 
possible because the melting points of these metals 
and the bronze-welding rod arc so nearly alike. 

When fusion-welding the bronzes which contain 
relatively high amounts of tin or lead, or botbbit ll'iU 
be observed that these constituents start oiling 
out before the base metal is even at a red heat. By 

using a strongly excess oxygen .flame, however, for 
both the preheating and the welding, the tendency 
for tin and lead to boil out is eliminated. After the 
base metal has melted and there is a noticea.ble film 
on the SW'face of the molten puddle, the amount of 
excess oxygen in the flame should be varied over a 
fairly wide range, during which it will be found tha.t 
for oneJlarticular flame adjustment the film or coat­
in~ ten s to disappear and a bright surface is main­
tamed on the metal. This is the correct flame ad­
justment necessary for good welding of the high-tin, 
high-lead, copper alloys. l:sually a few preliminary 
trials will determine this adjustment, and, once 
found, welds free from holes or gus inclnsions and 
with well-distributed tin and lead cont,ent.s can he 
made. The same fluxes as for fusion-welding of 
brass are. found to be satisfactory for welding 
alloys containing relatively large amounts of lead. 
The commercial fluxes which a.re used for bronzP­
welding or for welding the corrosion-rnsistant s!ePls 
:ire usually found satisfactory for Lhis work. 

Slnzlc vei:- butt l:)'9t. j,oint. 

Fig. 19. For joining brass or copper pipe of less than l /S" 
w"ll thickness, use is often made of what i& known as the bell­
and-spigot joint. 

As is the case with other metals there are so many 
alloys of copper and also of nickei that considerable 
study is necessary, a.s well as practice, before the 
operator can be successful in welding these alloys. 

Welding Nickel and Nickel Alloys 

In general, the welding of nickel and the high­
nickel alloys, including those containing copper, 
can be classed as a group. One of the problems 
associated with the high-nickel alloys is that they 
contain small amounts of certain deoxidizing ele­
ments which must not be allowed to boil out during 
the welding, as otherwise the hot metal will absorb 
gases and the result will be a porous weld. They 
also have a bot-short range, a condition of low 
stren2th, between the temperatures of 1,450° to 
1,650 F. Care must be taken to see that the metal 
is adequately supported and that no stresses are 
present while the metal is passing through this 
range, both while being heated and while cooling. 

For fusion-welding these alloys, it is advisable to 
use a we/,ding rod of the same composition as the base 
metal. The co=ercial jlttx for bronze-welding is 
generally found satisfactory for use with these 
metals. Welding heads or tips for 11ickel and high­
nickel alloys should be about one size larger than for 
the corresponding thickness of steel. The flame 
should be adjusted so as to have a. slight excess of 
acetylene. The outer envelope of the flame •should 
cover the weld during the whole operation so 
as to keep the mo! ten metal from being exposed to 
the air and consequent oxidation. It is also ad­
visable to keep the end of the welding rod well 
within the flame during welding. There should be 
little puddling of the weld metal and the tip of the 
inner cone should just about touch its surface. 
Nickel and high-nickel alloys can be easily bronze­
welded, using the standard bronze-welding technique. 

N oi·E: Repairing white-metal grilles (and cbromiun1-plated auton1obile die castings) is explained in pamphlet, Portn4468. Write 
The Linde :\ir Products Co .. Ocneml l>ublicit.y Dept., :JOE. 42d St., :-lew York City, ~nd mention Dykl!'s Auto E11c11clope,liti. 
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Welding Lead 

The welding of lead, called "lead burning" by 
the trade, 1• is considerably different from other 
welding processes. Because of its low melting 
point, only a very small flame is required, and it is 
consequently possible to use a special blow-pipe. 
Because lead has very little mechanical strength, 
care must he taken to support all large pieces or !,hey 
will collapse under their own weight. 

A very small flame should be used. It should be 
held so as to be almost perpendicular to the stu-face 
of the work with the iimer cone almost touching the 
sw·face of the metal. Just as the lead begins to 
melt, the blow-pipe should be quicldy lifted in order 
lo prevent excess melting. The welding rod, or 
'·burning sticki" made by cutting sheet lend into 
strips or by me ting it into suitable molds, should be 
added by playing t1rn blow-pipe flame simultaneously 
011 the rod and tho base metal so t.hat they will come 
to the fusion point at the same time. 

In storage-battery work where the lead has been 
subjected to tho action of a strong acid, tho area to 
be welded should be scraped down to pw-e metal and 
then the welding may proceed as usual. 

Hard-Facing 

For parts which are subjected to excess wear, it is 
sometimes advisable to hard-face them with a ma­
terial such as Haynes stellite alloy, a nonferrous alloy 
of cobalt, chromium, mid tungsten. This alloy is 
applied to the base-metal surface without actually 
melting the base metal. "Csing an excess a,cetylene 
jlmne the base metal is brought to a sweating tem­
perature, a point at which the metal just begins to 
glisten. 17 

Heating 
Quite apart from its use in welding and cutting, 

the oxy-acetylene flame provides the most con­
venient source of intense localized heat for a wide 
variety of other applications. Although oxygen 
and acetylene would seem, on first thought, to con­
stitute a more expensive fuel than coke, coal, city 
gas, or gasoline, the intensity of the ox-y-acetylene 
flame and the ease with which it may be concen­
trated directly upon the parts to be worked make it 
possible to do the work with so much less fuel that 
tbe fuel cost with the Oll.')'-acetylene process is, in 
most cases, actually less. In addition, there is a 
marked saving of time and labor. The oxy-acety­
lene blow-pipe saves time by making it unnecessary 
to dismantle a large structural machine in order to 
heat the particular part to be bent or straightened. 

Heating applications involving forming and bending range all 
the \\'t~y from tbe most delicate detail of ornamental ironwork 
to the stniightening of the stern post, on a giant ocean liner. 
The removal of dents is a most important heaLing application 
for such sheet-metal products as automobile bodies and fenders, 
streetcar and bus bodies, buckets, ladles, kettles, tanks, pots, 
and stills. Structural shapes such as angle iron, channels, tees, 
and other sections are frequently formed and shaped through 
the aid of local beating by the blow-pipe flame. 

Other applications for the oxy-acetylene flame may be 
grouped under the headings of prdu,">((.tinQ, welding, metal­
lurgical, and u:ood-treatino. 

Silver Soldedng 18 

Silv~r soldering by the oxy-acetylene process is 
an operation quite similar to bronze-welding that 
has gained considerable industrial impor¼nce. 

The two principal reasons for sliver soldering instead of 
bronze-welding in certain cases are that silver solder bas a 
lower melting point than bronze and a range of lighter colors 
can be obtained with this type of joint. Silver solders are now 
nvailable having melting points as low n.s 1,200° to 1,300° F. 

SiJvc.r solder will stan<l 1,p 1,nder cond-ition,.s of constant 1nbra.l'i.on. 
a fact which is demonstrnted by its use on delicate yjbratin~ 
parts or radio loud-speakers and in many other ways where 
excessive vibration is a factor. .Joints silver-soldered by the 
oxy-n..cetylcne proces5 have a tensile strength ranging from 
40,000 to 60,000 lb. per sq. in. The Mqh. re.~·islrwcc Jo co11m;ion 
of silver solder is nnother important property recommenc:Hng its 
use for certain. chemical equipment. 

Technique. The parts to be soldered should first be cleanecl 
thoroughly either mechanically or chemically. Por general 
soldering, a. saturated solution o( borax mnkes n good flux and 
may be effectively applied wicb a brush. The edge., t.o be 
joined should fi~ tightly, since only a film of silver solder is 
needed. 

A small oxy-ncet11lene flame should be used to preheat the 
joint and surrounding metal aft.er flu.x.ing, taking care that the 
base metal does not reach the melting point. When sufficient 
preheat has been applied, the flame should be moved uway and 
the silver sol<ler brought to the joint where it will melt and flow 
qu,ckly if the parts have been properly fluxed and preheated. 
'l'he knack of heatiog to the proper temperature is: quickly de· 
,•eloped with a Jiule practice. The silver solder should be 
melt.ed Rimply by the heat of the base nietol; the name sholll<I 
never touch the solder or a pOl'OUS joint rnir;ht. result. 

The Air-Acetylene Flame 
The air-acetylene flame, produced by burning a 

properly proportioned mixture of acetylene and air 
to produce a temperature considerably below that of 
the oxy-acetylene flame, provides a source of heat­
ing which has literally hundreds of applications. 

Equipment is available to utilize this llame in torches, solder­
in~ irons, for paint burning and a maze of other special ap· 
phc.ations.19 Complete informittion regarding the forms of 
torch available nnd suggestions regarding lohe npplication or 
tMs flame may be secured from the manufacturers. 

Oxy-Acetylcue Cutting 

Oxy-acetylene cutting is based upon the fact that 
ferrous metals•• when heated to a bright red tem­
perature will actually burn rapidly in the presence of 
pure oxygen. As described earlier the cutting blow­
pif>e consists of a device for providing a mixture of 
oxygen and acetylene which can be bw·nod as a 
preheating medium and also supplies a stream of 
pw·c oxygen which does the actual cutting. 

The operation of the cutting blow-pipe is in itself 
rather simple, although mechanical dexterity in 
making smooth cuts depends upon the amount of 
practice the operator has had. 

In cutting steel or wrought iron the preheating 
flames are held on one edge of the piece of metal to 
be cut until it reaches a bright red temperature 
when the cutting lever is depressed to t\U"n on the 
oxygen stream. If the metal has been properly pre­
heated, cutting will immediately start with sparks 
and slag being given off. 

Cutting Cast Ii-on 
Cast iron can be easily cut with the oxy-acetylene 

cutting blow-pipe, although the resulting edges will 
be less· smooth than they are when steel is cut. 
The method for cutting cast iron diffm·s sligbt.Jy from 
that for steel in that the cutting blow-pipe is moved 

" See page i 52 and page 581. 
" Complete instructions for applying a number of hard-facing 

1mrJ.m·1~,i8 as well as tHtfl(Jestior,s as to parts which are effectively 
hard-frmxl, consult "f/ard-Facino with Haimes Ste/lite P,·od­
uctsi'' a. booklet available from Haynes Stellite Compu.ny, 
l,okomo, Indiana. 

"See page 690 under '"Silver Solder;no" where to obt.ain 
literature. 

1• A booklet entitle<! "101 Uses for the Prest-O-L-ite Ai>-­
Ac,tylenc Flame," Form P-2708-,1, also pamphlet ""Pre«t-O-Lite 
5 in 1 Outfit," Form 2709-b are available from nearest office 
of 'the Linde .Air Products Company, or from General Pub­
licity Department, 30 East 42d St .. New York City. See also 

. page 690 wider .. Soldering, Brazing, Lead Burnin{I." See also 
pages 581, 5S2, 585 and 751. 

"'See footnote 8, page 746, giving a definition. 
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slightly from side to side as t.he cutting progresses. 
As in the open)tion o~ other oxy-acctylcne processes, 
some practice 1s l'cquu·ed on the part of the operato1· 
before cast-iron cutting can be done most efficiently. 
The operator will soon learn the speed at which the 
cutting operation may progress and the amount of 
sidewise motion that is required in order not to 
lose the cut. 

Culling nozzle iS osc.,1\atcd 

Fig. 20. A successful cast-iron cutting technique requires 
a slight side-to-side motion of the blow-pipe. 

There are a number of special cutting techniques, 
such as rivet reuwval, oxygen lance cutting, fhtx 
cuUing, and grooving. Since there is not sufficient 
space here to describe these operations adequately, 
it is felt more desirable to refer the operator to the 
supply manufacturing compa.nies or to the organiza­
tions distributing literature on these subjects. 

Flame Hardening 
Although the method of heating and quenching 

for hardening relatively low-carbon ferrous ma­
terial is a comparntively old process, developments 
and equipment for eo11trolling the oxy-acetylene 
flame have made this process of tremendous com­
mercial importance. The application of the oxy­
acetylene flame hardening process to commercia.l 
jobs requires a rather careful consideration of the 
metallurgical factors involved. The carbon con­
tent is of considerable importance as is the rather 
close control of the temperatw·e range through which 
the sw-face of the part is carried. 21 

Flame hardening may be defined '1$ n process whereby the 
su.rface of a quench-hardening ferrous mnterial is loe.o.lly heated 
by means of an oxy-acetylene flame foUowed by a suitable 
quench. In other words. the surface of the part to be hardened 
i• rapidly raised to the required temperature with the intense 
heat of the oxy-acetylene flame and then just as rapidly cooled, 
usually by n stream of water. 

Welding Precautions"" 

1. Always shut off the gas at the cylinder valves when the 
work is finished. 

2. Never leave pressure in the regulators· when not in use. 
The pressure gauges will indicate. 

3. Never clean out a blow-pipe tip with a sharp, hard tool. 
4. Before attaching rubber hose to a blow-pipe or regulator, 

mnke sure that the inside of the hose is free from dust or 
powder (used ns a preservative), which is apt to choke the 
blow-pipe. 

5. Never let oil or grease come in contact with oxygen or :iny 
of the equipment through which oxygen passes. 

6. Always see that the hose is cbmped securely to the blow­
pipe and regulators before using. 

7. Always turn on the cylinder valves slowly. 
8. Never open the acetylene cylinder valve more thnn one 

:ind one-half turns of the spindle. 
9. In case the flame goes out nt t.he t.ip or burns bnck of lhc 

t.ip, shut off first the oxygen, then the iicetylene, <tt the 
blow-pipe. 

10. If the flame is not blue and the part being welded is smoked 
black, then the oxygen line is likely to be stopped up or 
the tank is empty. 

11. ln disconnecting an empty ncetylene cylinder from the 
welding outfit, remember to close the cylinder valve tightly. 
Remember that the acetone in an empty cylinder is in­
fla.mrn<Lble, and that, should the temperature in the room 
increase, an open valve would permit vapor to escape. as 
well ns nny slight quantit.y of gas which might yet remain 
ill the cylinder. For these same reasons, the railroads re­
quire that valves be closed before shipping. 

11 A booklett u Flame Hardeninu," descrtbino the flame harden­
ino proce,,s is available from the nearest office of The Linde 
Air Products Company, or from General Publicity Department, 
30 East 42d St., New York City, N.Y. Ask for booklet F-$81 s. 

"See footnote 6, page 745. 

MISCELLANEOUS J~FOll;\JATION 

Welding Literature 
In addition to the literature and booklets mentioned at the 

bottom of some of the preceding pages, the reader·s attention 
is called tot.he paragraphs on page 690 under "Weldi?io." 

Lead Burning 
Lead burning of connectors and other parts on storage bat­

teries, etc., "•·itb. acet.ylene Ulone is not altogether sati$£actory 
.:ind is generally u.sed in conjunction with oxygen. Illuminating 
gas with oxygen is sometimes used. See pages 581, 582, 585. 
See nlso puge 090 under•• Leatl Burnina.'' 

Light Brazing and Soldering Outfit 
An outfit which can be used t,o nd,·1111tage for light brazing, 

soldering, sweating together metnl pa·rts, annenling, drawing, 
temperi.ng, melting meta.ls, thawing pipes, sealing batteries, 
bt1rning cable lugs, light i;>rehenting work, radi11tor repairing, 
etc"' is the Prest-O-Lite u..>-in-1" outfit mentioned in footnote 
J9, page 751. This outfit is used with Prest--O-Lite acetylene 
gas tanks, style Band MC, containing 40 and 10 cu. ft. of g<1s, 
respectively. They are the same tanks that are used for truck 
lighting. No oxygen is required. Another popular outfit is 
the Imperial No. 32 brazing ,111d soldering outfit made by 'J'he 
Imperial Brass Mfg. Co., Chicago, Ill. 'l'be torch burns 
!\Cetylene and the tip draws in the necessury oxygen from the 
atmosphere, making it economical to use. The .t:rnk connec­
tion fits the small automobile acetylene light.ing (Prest-O-Lite) 
tank, but the outfit can be used on ln.rge-size acetylene cylinders 
fitted with regulators. See also page 690 Uitder "B,·azing" :,ud 
'"Soldering." 

For general brazing work, oxy-acetylene with the size torch 
suitable for the work to be aone is considered best. 

Oxygen Decal'honizing or Carbon Burning 
Carbon can be removed from the cylinder head and pistons 

0£ an nutomobHe engine by burning it out with oxygen. This 

process w~s forn'lerly used to a. grent extent on engines of the 
nondetachable cylinder head type ns explained on page 764. 

Electric Arc Welding 
Electric arc welding is another form of welding. The prin­

ciple, quoting from "Dyke's Self-Starter," is as follows: "When 
an arc is formed across a gap in an electric circuit, an intense 
heat is generated. The emRloyment of this bent is the gencrnl 
principle of arc welding. 1 he metal parts to be welded form 
one of the electrodes of the circuit. 1'be other electrode is 
movable and is placed in n. special holder which is held and con­
trolled by the operator. The movable elect.rode can be made 
of cnrbou, in which case the porcess is known as carbon arc 
weldinu. 'l'he movable electrode can consist of the welding rod 
it$elr, in ,\·hicl.1 case the process i.s known ns 1netaUic arc u·el<l­
ino." Seep. 090 under 0 Weltli110" where to obtain literature. 

Spot Welding 
Spot welding is the fusing of two metals together by the 

electric contact resistance method without "the use of filler 
material and is widely used in sheet-metal shop, on light gauge 
material. The process is electric and usually employs pre.<;suro 
between the electrodes but requires a different type of machine 
from the rcgulnr electric arc equipmel\t. . See page 690 unde1· 
"IVel,linu-Svot JV elders" where to obtmn literature. 

Oxy-Hycl.r-ogen 
Hydrogen gas in connection with oxygen gas is sometimes 

used for cutting 11nd lend blJ!"ning,. but is very seldom used for 
general welding. Hydrogen 1s not Ill as general or universal use 
as is the oxy-acetylene process. 

When it is desired t-0 equip for oxy-byd_rogen, a bydrog~n 
regulator and a.set of hydrogen tips for weldmg and cuttmg will 
be necessary. The Imperial Bruss Mfg. Co., Chicago, Ill., 
supply such equipment. nlso oxy-acetylene equipment. Seo 
!ll~o page 600 under "lJ'elclinq." 

Sec page I 15 for oil-vac gasoline fuel-feed system formerly on this page. 
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TOP REPAIRING. 1 LACQUER FINISHING: Equipment and Application 

Any repair shop, by the investment of a small 
amount of money in equipment, and the exertion 
of reasonable care, can develop a profitable top 
repair department. It is as essential a part of the 
tn\de as is the machine shop or the vulcanizing shop. 

Only a small amount of equipment is necessary 
in a top repair shop, and this, with the exception 
of the sewing machines, may be made by the repair­
man himself. 

Fis. I. When the cnr cannot bo left in the shop, this 
adjustable frame enables the mechanic t-0 duplicate the method 

. or holding used on the car. 

The top building frame is shown in Fig. 1, and 
it is used only when the car for which the top is 
being repaired cannot be left during the work. It 
is simply an adjustable framework upon which the 
top may be placed in exactly the position it occupies 
when up, and on the car. For each car the frame is 
set to duplicate the measurements of the top-sup­
porting irons and the car body. Then the work­
man can repair or rebuild the top with assurance 
that it will fit when returned to the car. When 
possible, the top should be left on the car during 
the repair. 

Fig. 2. Most 
tops are re .. 
paired right on 
the car, tu1d a 
framework on 
three sides of 
the car renders 
all partsacccssi .. 
ble. 

In order to render all parts of the top accessible, 
when left on the car, a framework shown in Fig. 2 
is set up around three sides of the car. This frame­
work is about 18" high, and comprises three planks 
resting on four small wooden horses. 

Another method of accomplishing the same result, yet one 
which the author has never seen, would be to construct a pit 
below the floor level. This would permit the workman to work 
directly frorn the floor and save the time Jost in stepping to and 
from the platform. 

All work is laid out and cut on the laying•out 
table shown in Fig. 3. This table is about 6 ft. 
wide, 12 ft. Jong, and 28 in. high. A notched rack 
at one end supports the rolls of top material and 
enables the workman to obtain or replace the top 
material readily when desired. Rolls may be easily 
removed from the frame, or as many as three rolls_ 
of material may be carried at one time. 

'Fron, Motor World (pages 71\:J. 7iH}. • Trimmers' tools can 
Uc obtained of concerns mentioned on page 755. 

Fig. 3. The rolls scmtt 
of top materinl nrc SJb'UfT 
carriedonrodshung root 
in a notched upright,, 
and the material is 
marked out and cut­
to form on tho lay­
ing-out table. 

The tools2 of the workman ru·e few, comprising a 
light cross-peen hammer, with a tack puller fitted 
to the end of the handle; a heavy pair of shears, a 
small cold chisel, and a nail set or punch. These arc 

carried in a speciru apron, made 
of top material, as shown in 
Fig. 4. In addition, a carpen­
ter's square, a 10-ft,. straight 
edge, a yardstick, and a plumb 
bob are required. The plumb 
bob is used to plumb up the 
edges of the back curtain, when 
fitting, to make certain that they 
are hung straight. 

Fig. 5. The other end of the hammer (nt top or illustra­
tion) is fitted with a tack puller, thus combining the two to"ls. 
Special dies are required to cut openiogs for fasteners. The 
most c-ommon type is shown in lower part of the illustra1ion. 

In addition, several special punches and dies 
will be necessary for cutting the openings for the 
curtain fasteners. One of these-styled the Mur­
phy die-is shown in Fig. 5, and corresponding dies 
are used for each type of fastener. 

The sewing machine used in this work is of extra 
heavy construction, and is similar to those used by 
harness makers. These machines should be motor­
driven, and may be purchased from almost any 
reliable sewing-machine manufacturer. See p. 755. 

A portable drill of the type shown on page 700 is a very 
serviceable tool for top work. 

So much for the equipment. Now for the method 
of doing the work. Briefly this consists of removing 
t.he top material, part by part, using t.he parts as 
pat.t.erns to cut the new parts by; fitting the paris 
to the top fr:tme; removing the p:trts; sewing them 
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together 1 and then placing them again on the frame. 
Careful work is essential, and after carefulness has 
become a habit, speed may be developed. Careful­
ness, then speed, are the only two requirements 
for a successful top repairman. 

,...-::1-

c ~~ 

~ 

: Ill ta/ TOP l'lom:.R\Al 

STEP 1. 

Fig. 6. The side pads tu·e a single strip of cambric 9" wide 
nnd sewed as shown. 

The following is a typical example of the method 
used in re-covering an automobile top. Though it 
~pecifically applies to a Ford top, it may, in general, 
be applied to any car. 

1. Remove the top covering from the frame, part 
by part, using the hammer and cold chisel as tools. 
Note how each part is fastened, as the rebuilding 
must be exactly the reverse of the tearing down. 

2. Using each part as a pattern, one by one, mark 
out the new parts on the top material. Care must 
be taken to allow extra material at the edges for 
fastening the material to the frame. The method 
of constructing the rear quarter is shown in Fig. 7 
(lower half), and this method applies in general to 
each of the top parts. 

All metal fastener holes should be punched, using the holes 
in the old parts as guides, and all squn.re corners should be 
checked up by means of the square. The parts are then sent 
to the machine, and the necessary sewing is done. The celluloid 
wiudo,vs are also placed in the rear curtain a.t this tiJ.ne. 

In the me'antime, the top frame should be placed in good 
condition. II an)' bows are broken, new bows should bo 6ttcd. 
Ordinarily, new wrapping should bo tacked around the bows, 
but if (,his wrapping is only faded, it may bo dyed to conform 
to the inside of the top material. 

3. The side-pad covers should now be made, 
according to the pattern shown in Fig. 6. On the 
Ford, black cambric is used, but in every case the 
material should conform in color and quality to 
that used in the top material. 

4. Line up the top bows. The method of doing 
this is shown in Fig. 1. Heavy canvas straps a.re 
passed over each side of the bows, drawn tight~ and 
tacked in place. The front bow should fit aown 
over the windshield; the two middle bows should 
be vertical, and the position of the rear bow can be 
gauged by the length of the straps holding it down 
to the body back. 

5. The side-pad liners are next tacked in place, 
and the burlap strips are tacked tightly in place. 
Aft;cr this the curled hair, or cotton packing, is 
replaced, and the side-pad flaps are pasted into 
place. If desired, the edges of the pad m!ly lw 
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Fig. 7. In the upper half of the illustration is shown th• 
method of building up the side pads. 

The lower half of the illustration shows the various steps in 
layin~ out and cutting a rear quarter. His then taken to the 
machme and sewed. 

sewed together. These operations are shown in 
detail in Fig. 7 (upper part). 

6. The rear quarters and back curtain are now 
fitted and tacked in place, after the metal fasteners 
have been applied, as shown in Fig. 5. All vertical 
edges are plumbed up with a plumb bob, as any 
edge out of the vertical here is particularly notice­
able. 

7. The two side quarters are now temporarily 
tacked in place, beginning at the front and working 
to the back. These quarters should be drawn tight, 
without wrinkling. The ed1:,es of the deck are then 
turned under, and the deck 1s temporarily tacked in 
place. 

8. By carefully fitting and changing, the top may 
be fitted to the bows in exactly the position it is to 
occupy. When everything appears to fit correctly, 
the side curtains should be placed in position, and 
if necessary, the tacks should be removed and the 
t.op pieces shifted until the side curtains fit. (In 
most cases new side curtains do not have to be made; 
but if so, the new curtains should be fitted at this 
point.) 

TENPOR•~ acres ~H•()< "'}P TO 
~~~N T~:~E ... ~~CH ~~~ES :?no 
BCING FITTED :::: TOP DCCK 

~~=n~ 
Cl"IALI( nA~K'S SH0~ Pft0PtR L0C..Lfl0~ or roP 

~S£WHERI~ 

C'NLAAG,ED VIEW :SKOU/1"'1'-HC)\l/ ll;)P t.t'O·. 
PIECE IS Ftll.1)1:1) AND SCWCP TO SIDE Pl tCLS 

Fig. $. After all part,s of tbe top are made, they are tern­
porarily tacked to the bows and fitted. Wilen a perfect fit i• 
secured, tile edges are marked, and the parts removed and 
sewed. They may then be replaced on the ira.mc, and per-

• manently fastened in place. 

9. When everything is right, the mating edges 
of the top pieces should be marked with chalk, and 
these marks should be crossmarked, as shown in 
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Fig. 8. Then, by joining the corresponding marks 
together, the sewing-machine operator can sew the 
par.ts together correctly. Chalk marks should also 
be placed .at the points where the edge of the top 
crosses the bows. This permits the top to be 
correctly replaced after a sewing. 

10. The parts of the top are then removed, and 
the flaps on the edges that are to be sewed are 
trimmed down to a width of about 2 in. The parts 
are then sent to the machine and sewed together. 

11. To complete the work it is only necessary 
to replace the top covering and tack it securely in 
place. All extending edges are removed and the 
joints covered by a narrow strip of cloth material 
fastened by black upholstering tacks. 

The foregoing covers the method of completely 
replacing the top covering, with the exception of the 
side curtains. As stated, this is rarely necessary, 
as the side curtains are little used. lf desired, any 
one part of the top may be replaced with new mate­
rial, providin~ the other parts are in good condition. 
However, if either the deck or side-quarters must be 
!'eplaced, it is necessary to tear the top completely 
down in order to sew it together again. 

In cases where it is necessary to replace some parts of the 
top covering, it will usuallv be found advisable to renovate tho 
interior 3:nd exterior of tl1e rest of the covering to make it 
conform to the appear3n(:c of the new part. Or this renovating 
may be done at any time to improve the appearance of the top. 

After applying any patches that_ are necessary, replacing 
broken \Vindows, and tacking on new binding n.t tbe edge.'i where. 
required, the top should be thoroughly brushed and cleaned. 
Gasoline should never be used for this purpose if rubber is used 
in the top material construct.ion, a.sits action tends to destroy 
the rubber. Soap, warm wntcr, nnd a brush arc all that are 
usually reQuired. 

When the top is thoroughly cleaned and dried, top dressing 
may be applied to the outer surfaces, and the faded inner 
surfaces may be dyed black. There are many brands of top 
dressing on the market ror this purpose. and any well-known 
brand should prove entirely satisfactory. By exercising a little 
care, the appearance or a shabby top may be greatly improved 
by this si.mple <'leaning, patching up of loose ends, and applica­
tion of top dressing. 

Top roof patching strips adapted for mending tops can be 
cut to fit any repair needed in roof, side or back curtains a.nd 
are permanent and waterproof; they are convenient for all 
repair shops, and are made of different material to meet dif­
ferent requirements. They can be secured of supply houses. 

Fig. 9. Top roof pat,...,.~ri~ material. 

Fig. 10. Celluloid windows. bound with suitable material to 
match different. curtains. 

Vi,:. J 1. Glass curtain lights. The gla.s., is beveled and 
comrs with a frame ready to place in the curtain. Class and 
celluloid curtain lights cnu be sccur('d of auto supply houses. 

1-'ig. 12. ''Lift-the-dot fastener": a popular curt.ain fastener. 
To unlock and remove, lift the dotted end of the socket which is 
placed nearest tbc edge of the curtain. Manufactured by Carr 
Fastener Co., 31 Ames St., Cambridge, Mass. 

Wbere to Obtain Top Eqttip,nent 
and Material 

Trimmers' tools: C. S. Osborne & Co., Newark, N.J. (trim­
mers' and upholsters' tools); H, D. Shields, Grand Rapids, 
Mich.; J. M. Waterson, Detroit, Mich.; Sligo Iron· Stor~ Co., 
St. Louis, Mo. 

Top material, such as top dressing, top patches, celluloid for 
curtains, gla.ss curt-a.in lic-htst visors for windshields, seat 
covers. tire covers, etc., can be obtained of Sligo Iron Store 
Co., St. Louis, Mo.; The Faeth Co., Kansas City, Mo.; Beck & 
Corbitt Iron Co., St. Louis, Mo.; Campbell Iron Co., St. Louis, 
i\Jo.; Tho Cincinnati Auto Specialty Co., Cincinnati. Ohio; 
"rho Ero ~Jfg. Co., Chicago, Ill.; Nathan Novelt.y Mfg. Co., 
New York, N.Y.; Cray Auto Supply Co., Cleveland, Ohio; 

The Landera Bros. Co., Toledo, Ohio; The Toledo Auto Fabrics 
Co., Toledo, Ohio .. I. C. Ha.artz Co .. New Haven Conn. 1>n<l 
many of the auto supply houses listed on page 086. 

Sewing machines: The Singer Sewing Machine Co., Singer 
Dldg., New York, N.Y., mnnufoctures a sewing mllchinc 
especially designed for top and curtain work and also seat 
covers, etc. It is known as Class "10-188." Other classes are 
"10-Hl" and "42-5." 

1\llisceUaueous 

'"'_:J..iiii Fig. 13. H is often de­
Y.¾ sired to paint or repair a top 

without . leaving the c:ar in 
t.be repair shop. A simple 

. support tba.t perrni ls this 
~ is a rectangular wooden 

framework notched to bold 
the top irons. The top is placed on this framework, 

Fig. 14. Rain vision windshields (visors) are a simple matter 
to add. The upper section of a windshield is mounted on tho 
front of the top, two specially made bracketa being used to hold 
it in plnc,o. It. catches the rain and the regular windshield 
protects !,ho driver from the ,-;ad. Windshield cleaners (page 
64!)) arc very necessary. 

_ Fig. 15. Removing n body. Showing how the body of a car 
can bc lilted c.1sily from or on to the chassis, and conveniently 
transported about the garage or shop. 

Fig. 16. Closed bodies rn"y be removed without strain by 
the aid of the hoisting cradle illustrated. Two cross-pieces are 
attached to separate chain hoists and are so spaced that they 
hang 2 ft. from the ends of the body to be removed. First one 
end of the body is pried up, and a lowc\· cross•member slipped 
beneath it. Then the othe,· end is rai, .d, nnd the other lower 
member put in place. The steel stirn,ps are then used to 
attach the lower and upper cross-piec.es, after which the body 
may be raised and the chassis rolled from under. 

Vulcanizing Small Holes in Tops 

Dr. S. A. Peake's method of vulcanizing small holes as large as 
½" in tops is as follo".·s: First clean both sides of the surface 
with gasoline; then use "Mast-ic" or PTire-Doh" a.ntl work it 
to a point, and· insert in the hole, so as to fill it completely, 
Cut off on each side. Then place a hot sad-iron 11nderneath 
and on top. This will vulcanize the Mastic in the hole. (The 
Boyer Chemical Co., Chic:igo, lll.,supplies top-mending outfits,) 

Depru:tment for Renewing the Body of a Car 

Thls department is usually conducted with the painting 
foilo,~cnt, a.nd equipment is divided int..o department~ as 

' Painting: truck for moving bodies; paint removing machine 
(alkali type); electric drill: room for finishing with forced 
ventilation and air filter. (Seo also "Nitro-Cellulose Lacquer 
Enamel Finish/' page 756.) 

Enameling: n room should be provided for this aocl the 
equipment as follows: enameling ovens; drain board; flowing 
machines; drop tanks; tanks for cleaning fenders in: air 
compressor. (For concerns supplying enameling equipment see 
po.ge 728.) 

Trimming: This dep11rtment is 1wed for upholstery and top 
work. Top work ie described on page 753 and should consist 
of: sewing machine (see page 7155) with table; cutting table; 
rack for material and shelves; hammers, shears, tools, etc. 

Electroplating: This department is for replating pa.rts sncb 
as nickel, etc., and equipment should consist of: motor­
generator designed for plating; to.Ilks for copper and nickel 
plating; acid stripping tank; tank for cleaning parts (see 
pages 474,761); lathe with motor for buffing; book of instruc­
tions on plating (see page 740). 

Cleaning Car, Tops, Upholstcriug, Etc. 

On this subject ser, pages 643-6'10 under "Care of a car." 
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LACQUER FINISHING NITRO-CELLULOSE: EQUIPMENT AND APPLICATION 
The reader is requested to tum lo page 648 and first read 

how nitro-cellulose lacquer finish differs from paint and varnish 
and its advantages. 

The major equipment' necessary for this work 
consists of an air compressor, together with a motor 
to drive it, an air-regulating device which takes all 
oil, water, and dirt out of the compressed air, and 
about 25 ft. of hose for the spray gun. 

Spray outfits for small shop use, suitable for operating one 
spray gun would cost approximately S275.00. 

If a. person going into this business "]ready bas an air com­
pressor which would supply about 6 cubic feet of air per minute, 
the cost of the small equipment could be cut to about Sl00.00. 

It is not absolutely necessary to have an exl,aust fan to draw 
off the sp,ay dust, but it is a mighty good thin1;t tohnve,since 
it makes better work and better working_ conditions; this costs 
approximately, from $50 t.o 8135, according to the size. 

Method of Finishing over Cleaned Surfaces; 
Paint Removed' 

This subject is dealt with briefly here. To those 
interested, we suggest writing the different manu­
facturers per footnote page 648, and below.' 

If old paint is to be removed, clean all parts thoroughly. 
Then remove the old varnish and paint with a paint and varnish 
remover, such as .. Taxite," made by Shcrwin-WiUiam.s Co. 
This can be applied with a brush and nllow to stand for ten or 
fifteen minutes, then scrape off with a putty knife and clean 
surface either with benzine or denatured "lcohol. 

The booklet' explains five methods for finishing from the base 
metal to the polished surface when all paint and varnish is 
removed. The undercoatings a-re, first a primer, then a putty 
glaze, then a surfacer. 

Briefly, the first method consists of spraying on the primer 
coat which is left to dry for 12 hours, or if forced drying is used 
it can be dried in 4 to 5 hours at 150° l?. 

The primer is then sanded lightly with No. 7-0 grade of fine 
sandpaper, then glazing putty thinned with turpentine is 
sprayed on, usually two or three con.ts. 

When this is dry (8 hours. or 6 forced), it is then water sanded 
(sandpaper wet with wi,tcr and all rough spots rubbed smooth­
use plenty of water), then another coat of primer is applied 
and left to dry (12 hours, or 4 forced), which seals in the porosity 
of t-he surfacing material from the action of the lacquer. 

After drying, this is sanded with fine sandpaper (No. 280). 
Then a thin coat of lacquer enamel is sprayed on and after 
drying (1 hour), a second, and a third coat is applied. 

Some operators put on as many as five coats of enamel, 
although three coats of 11 0pex" enamel gives satisfactory results. 
Tho Inst coat is left to dry overnight. A light coat of thinner 
will tend to Bow out the finish if applied niter the Inst coat of 
enamel. 

The finish of these applications will be a satin 
finish, not a high luster or gloss. There are several 
methods of obtaining gloss, such as to sand out just 
prior to the last coat, or by using grade 3 F pumice 
st.one, and some operators sand with hildi-test 
gasoline, as this evaporates fast. Opex polishing 
compound is then used to polish with. 

Finishing ovc.r Old Paint 
The booklet• explains three methods under this 

heading. Tli.e success of the application of the 
lacquer enamel over the old paint and varnish de­
pends entirely on the method of application, the 
condition of the old paint and varnish, and the care 
of the operator. Iv!any cars have been successfully 
finished, but of course if the lacquer enamel is ap­
plied to paint which is almost ready to fall off, it 
cannot be expected to hold on. 

First clean and sand off car thoroughly. All loose paint, 
grease, oil and dirt must be eliminated. Many refirtishers use 
nmmonia to clean off the varnish and then sand off the remain• 
ing color varnish. 

Next, apply one coat of primer and when dry, sand lightly 
to knock off the nibs. Thon aJ?ply a lil!ht coat of binder surfacer 
gray, light or dark. This drtcs withrn one hour. Successive 
coats are then apf.lied, depending upon the condition of the 
original finish. Usually two or three coats arc sufficient to 

give a foundation, which, when sanded out, leaves a smooth 
finish for the lacquer enamel. The enamel is then applied 
and the gloss obtained as mentioned in the foregoing method. 

Like anything else worth while, the work must be done right. 
For example, if the wrong pressure is used on the spray gun

1 
or unsatisfactory ventilation, "spray dust," M it is termed will 
form over the finish. There is another, termed •·orange peel" 
effect, caused by not keeping the spray gun ht proper distance-­
all of this can be remedied as explained in booklet.' 

Miscellaneous 
On fenders, if finished in a hard baked-on high-quality 

enamel, the old finish will not have to be removed but cleaned 
and sanded well, followed with a rubbing of alcohol; then apply 
a coat of metal primer and spray on the lacquer enamel 

lf it is desirable to remove the baked enamel from fenders, 
bumpers, etc., so that lacquer enamel can be applied, dip them 
into a. tank of hot lye, then wash in clean hot water and blow 
out scams. Th.en apply lacquer with a spray as for body 
(never subject aluminum to lye baths). 

When fenders, bumpers, etc. 1 are painted and varnished 
instead of baked enamel, tbe paint and varnish ca.n be removed 
with a paint remover. On chassis frame, axles, springs, etc., 
a.pply oil enamel chassis bl""k with brush spray reduced 45 
per cent with turpentine. It would be better if a. coat of 
primer wns appJied first. Wbeelsl bumpers, lamps, etc., can 
also be treated with lacquer enamc with spra.y. 

Special polishes can be obtained which will clean and polish 
a lacquer finish. Opex polishing compound and Duco polish 
No. 7 are two popular brands. 

Refinishing a Lacquered Car 
After a long time the surface of lacquer finish will 

wear thin. This condition can be improved by 
rubbing off all spots with No. 0 steel wool or No. 
7-0 sandpaper, then clean thoroughly and spray on 
a surfacer thinned with good thinner, then when this 
is dry and has been thoroughly sanded, spray on lac­
quer enamel and finish as mentioned before. The only 
condition that would necessitate removal of old lac­
quer would be if old finish were flaking off or cracking. 

. .... u□C7 
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Fig. 17. Example of equipment necessary for lacquer spray 
work. The spray booth should be constructed of sheet metal. 
In some cases beaver board or canvas curtains arc acceptable. 
(l?rom entaloguc of U.S. Air Compressor Co., Cleveland, Ohio.) 

Brushing Lacquer 
The foregoing applies to lacquer to be applied 

with a spray gun and which cannot be used with a 
brush due to the rapid evaporation of the solvents 
used. Lacquer which can be applied with a brush 
can be obtained of most lacquer manufacturers (see 
list, pa!lie 648). Usually two coats are given and can 
be applied with about one hour's time between coatl:!. 

'Some of the concerns who supply complete equipment for 
spray painting for use in 6nishill!I, refinishing and touchme up 
work n.nd also issue instructive :1terature on this subject a.re: 
Bi'!ks Spray Equip

1
me~t Co., Chicago, Ill.; Bru.nncr J\f_fg. Co_., 

Utica, N.Y.; De\ 1lb1ss Mfg. Co., Toledo, Ohio; Echpse Air 
Brush Co., Newark, N.J.; . Egyptian Lacq~er Mf_g. Co., 90 
West St., N.Y.; Paascbe Air Brush Co., Chicago, HI.; Spray 
Painting and Finishing Equipment Sales Co., Boston, Mass.; 
U.S. Air Compressor Co., Cleveland, Ohio. 

'Credit is extended for most of the information under this 
subject to a very iI!structive booklet, Modern Automobile 
Pinishino Metluxls, published by The Sherwin-Williams Co., 
Cleveland. Ohio, mnrrnfacturers of "Opex11 lacquer enamel 
This booklet will be mailed free to rcaclcrs of this book. 



INSTRUCTION No. 68 
REPAIRING AND ADJUSTING A CAR: Overhauling a Car; Cleaning Engine 

and Chassis; Greasing a Car; Lubricating; Removing Carbon; Causes of 
Loss of Power; Compression Tests; Testing for Engine Knocks; Grinding 
Valves; Refacing and Reseating Valves 

WHAT CONSTITUTES A CAR OVERHAUL 
Automobile overhauling is essentially a process of 

general cleaning, inspection, tightenin~-up and re­
adjusting, involving, perhaps, some nunor replace­
ments, all of which will be taken up in their respec­
tive order. 

Tuning up car is essentially a proce..ss of adjusting 
and checking the various parts of entire car to sec 
if they function properly. 

Tuning up engine is likewise a process of adjusting 
and checking the various parts of the engine, such 
as ignition, carburetion, and valves. 

A complete overhaul would consist of first inspect­
i ng and checking all units. All such parts as are 
shown by the inspection to be at fault should be 
adjusted, repaired or replaced, providing car is worth 
completely overhauling. 

Before doing any work at all on a car, place covers 
over seats, upholstery, doors, fenders, etc., to protect 
the parts from grease, dents and scratches. See 
page 662 for "car overalls." 

Engine 1 

Test compression: Test for knocks; clean carbon; 
grind valves; adjust valve clearance; fit new rings 
if necessary; re-bore cylinders if necessary; take 
up on bearings; check the valve timing; examine 
valve springs; examine gaskets. 

Ignition and wiring: Check the ignition timing; 
test battery and electrical apparatus; clean spark 
plugs and adjust gaps, clean and adjust ignition 
breaker points, also clean, oil, adjust and tighten 
the generator and starter, nuts, etc., clean and adjust 
cut-out point, and see that all ground connections 
are tight. Clean generator commutator and com­
mutator segments, adjust generator charging rate. 

Clean engine: Flush out old oil as explained on 
page 167, and clean oil strainer. Refill oil pan with 
a good grade of oil. If of long standing, remove and 
clean oil pan and refill and replace. 

Miscellaneous engine parts: Examine water 
pump; see if water hose requires replacement; 
examine intake and exhaust manifolds and see that 
gaskets and joints are tight; tighten all cylinder 
and cylinder head bolts and nuts. 

Front end chain. Adjust but not too tight. 

Radiator 
The radiator should be disconnected and a stream 

of water forced through it. If scale exists, cleaning 
can be done with a solution of soda and wat~r, as 
explained on pages 739, 740. 

Carburction 
The carburetor should be removed and thoroughly 

cleaned and tested for float or needle valve leak. 
Examine the gasoline line and see that all joints are 
tight. Drain and clean vacuum tank. 

Clutch and Transmission 
The clutch is one part that should receive atten­

tion, and here the repairman should resort to the 
malrnr's instruction book, if it is still at hand. 

' See pages 663-664 on inspection of engine and car, and 
page 766 on testing compression. Sec also page 641. 

The cone clutches are usually faced with leather or fabric. 
The leather can be cleaned "ith a dry cloth and can then be 
painted very lightly and evenly with neatsfoot oil. The fabrio 
facing can be given a squirt-gunful of kerosene. Be free with 
oil on all the clutch connections, and take especial care that the 
clutch thrust bearing is properly fed. Oil all connections from 
tho clutch pedal lever to the clutch proper. Do not take up 
on the clutch spring unless you are certain that it is needed. 

With wet-plate clutches the housing should be flushed with 
kerosene and the engine turned over a number of times. At 
the same time thnt the engine is turned over someone should 
push t-he clutch pedal in and out. This works the kerosene 
around the plates and tends to remove any gummy deposits. 
'!'hen clrain the housing, and repeat the operation. That 

• finished, fill to the require<! level with oil. Usually 1 pint is used 
\\~th ½ pint of kerosene (follow manufacturer's instructions on 
this). 

With a dry-plate clutch the only thing that may be needed 
is a cleaning with kerosene, to remove gum. However, use a 
squirt gun in this case. No matter what the type of clutch, be 
free with oil at all the various connections. 

Look for small oil holes which are clogged with dirt. Oil the 
clutch cross-shaft, the clutch collar, and all the parts which 
move. 

Clutch pedal: see that it has free play; see Figs. 
7, 7A, page 841. 

Universal joint: Back of the clutch or transmis­
sion there may be a universal. Clean it thoroughly 
with kerosene, whether it is exposed or housed. 
Allow this to dry, and then pack with graphite or 
grease. 

Next, proceed to the transmission. Drain the 
old lubricant, replace the drain plug, and remove the 
cover if there is one and clean it out. 

Fill the case half-full of kerosene, and with a clean cloth mop 
it. This is a dirty iob, but it will be worth your while, because 
the i;;ear-set usually is neglected throughout the year and is 
reqwred to give efficient service with oil that is perhaps a year 
old. With the case clean. add a grade of oil as recommended 
by the manufacturers. See also pages 171, 762. Do not put 
too much oil in the case. There usually i's a level-plug, but if 
there is none. allow the level to be about up to the shalt of the 
highest or upper gears. 

After draining and cleaning clutch, transmission, 
and rear axle, fill with fresh lubricants of proper 
consistency for summer or winter. See pages 644, 
762. 

Running-Gear Parts 
Wheels: First in order come the wheels. The 

car has been jacked up, and the next step is to see 
that the wheels run true on their bearings. 

There are many ways of doing this. A good way is to sight 
with one eye closed, while the wheel is revolving. Any irregu­
larity in wheel movement is easily detected. However, some­
times the rim is bent a little and one will imagine the wheel i• 
running untrue. Grip the wheel firmly with both bands and 
test for side play nnd up-and-down play by pushing and pulling 
on the wheel in all clireetions. A loose bearing usually causes 
this trouble, and in mal'\y cases the looseness can be overcome 
by tightening the nut slightly. 

Sometimes new bearings are needed, because they are worn 
excessively. This subject is more fully treated farther on, 
under discussion of the cause of hwobbly wheels," etc. Remove, 
e:mmine, clean bearings a.nd reinstall wheels. Align the wheels, 
as explained farther on. 

Brakes: clean, equalize and adjust. 

The steering assembly, brakes, and other part& 
require the same sort of attention and will be taken 
up in their separate order farther on. Adjust steer­
ing gear and front axle steering linkage. 

Springs: Tighten spring clips and shackle bolt. 
757 
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The rear axle should be cleaned and lubricated, 
and the drive pinion tested as to its relation with 
the drive gear on the differential. If noisy, it is 
probably loose and requires adjustment, as will be 
exp~ained under "Adjustment of rear-axle gears." 

Inspection after Repairing (see also page 663) 
See that the following arc in proper condition: 

1. Cylinder head tight. 
2. All spark plugs firing, and tight. 
3. Fan belt tight. 
4. Fan bracket bolt nnd cotter pins tight. 
5. Adjust carburetor properly. 
6. Water connect.ions tight and no leaks. 
7. Hood fits properly. 
8. l-fead lamps burn, proJ)<!rly focused; connections tight. 

9. Front wheels adjusted, lubricated, and linc-d up. 
10. Fenders and running board bolts and nuts tight. 
11. Doors work properly. 
12. Brakes adjusted. 
13. Transm,ssion hands adjusted (on Ford car). 
14. Floor boards fit properly. 
15. Grease in rear axle. 
16. Grease in all cups. 
17. Oil in engine. 

• 18. Water in radiator. 
19. Tires properly inflated. 
20. Examine tool kit. 
21. Curtains fit. 
22. Horn in working condition. 
23. Starting motor and generator is in working condition. 
24. Battery fully charged. 

A SUGGESTED METHOD OF OPERATING A REPAIR SHOP ON A FLAT-RATE PRICE 
BASIS FOR LABOR; ALSO A GUIDE FOR OVERHAULING A CAR 

Note the flat-rate system of charging for the work, 
as shown in column A, and the flat-rate to pay the 
mechanic, as listed in column B. This metho<l of 
"selling service," as it is termed, is meeting with 
success. The list below refers to the Ford, but can 
be worked out for other popular cars. 

The idea involves dividing the shop into divisions 
for doing a certain class of work; to charge for the 
work done, as enumerate<l, and to pay the mechanics 
accordingly. Note each job of work is numbered. 

These prices1 are not given as a fixed standard. 
This would depend to some extent upon the locality 
and other conditions; for instance, for a shop to 
make money at these prices would necessitate a 
shop equipment of a number of labor-saving devices 
and tools. See page 700 explaining the importance 
of proper shop equipment, and pa!j:es 714, 789-794, 
803, 823, 1095, 1137, showing various labor-saving 
devices. 

The following data give information covering the 
overhauling of the entire Ford car, so far as labor 
cost is concerned, and the average schedule of prices 
charged for doing the work as shown under column 
A. This is worked out on the piece-work basis, as 
shown in column B. Therefore, as you will note, 
the 1·epair shops get pi-acti<'ally 60 cents out of 
every dollar taken in, and the mechanic gets ap­
proximately 40 cents. 

IA. 
IB. 

lC. 
2. 
3. 

4. 

5. 

6. 

8. 

9. 

9A. 

15. 
20. 
21. 

22. 
23. 

Engine Division 

Remove motor from car ............ . 
Overhaul motoi;-o.nd transmission out 

of car ........................ . 
Replace mot.or in car .............. . 
Overhaul Juotor only-out of ear ... . 
Overhaul transmission only, or repair, 

r~pJace magneto out of ear ........ . 
Braze crank-ease ti.rms; support. or 

repair lcnk in case by taking out the 
mo~r ......................... . 

Install or rcfi t one piston or one con-
necting rod ..................... . 

Inst.all or 1·cfi t two or more pistons or 
connecting rods ................ . 

Tighten two or more connecting-rod 
bearings ....................... . 

Replace transmission bands without 
start.er ........................ . 

Replace transmission bands on cars 
equipped with starter ............ . 

Grind valves and clean ca1·bon ...... . 
Replace cylinder-head gasket ....... . 
Replace radiator or all three hose con-

nections ........................ . 
Replace one hose connection onJy .... , 
Replace crank-shaft start.ing pin, or • 

pulley ......................... . 

A 
S3.00 

20.00 
7.00 

15.00 

5.00 

12.00 

3.00 

5.00 

4.00 

2.50 

3.50 
3.00 
1.00 

.75 
.40 

1.50 

B 
81.10 

8.00 
3.00 
6.00 

2.00 

5.00 

1.20 

2.00 

1.50 

1.00 

1.40 
1.10 
.40 

.30 

.15 

.50 

'Th 0 se prices bnvt~ not been revised la.tc?y. nefers to model 
• T'' Ford. 

'l'ighten motor to frame ............. S 
A n 

24. 1.25 S.'15 
25. Clean crank cnse or install gasket under 

lo,ver cover ...................... .50 .]5 
26. Replace carburetor or manifold; repair 

leak in manifold ................. .75 25 
27. Install new butterfly spring .......... .75 25 
28. Overhaul carburetor ................ 1.50 .50 
32. Replace commutator pull-rod joint .... .60 .20 
33. Replace or rebush fan-pulley assembly. .60 .20 
34. Adjust clutch fingers and transmission 

bands .......................... .60 .20 
35. Adiustt.ransnussion bands only ...... .40 .15 
40. Tune and adjust motor, regular, only. 1.25 .10 
41. Tune and adjust motor, special, only . 1.75 .60 
42. Tune and adjust motor, rci.:ular, with 

operation No. 15 ................. 1.00 .40 

Parts Brought in or Shipped in for Repairs 
57B. Overba.ul transmission, only .......... 4.00 1.60 
5813. Rebore cylinder only ............... 3.50 .80 
59B. Rebo1·e cylinder only, including fitting 

of pistons ....................... 4.50 .90 
OOJ3. Rebore and re-babbitt cylinder, includ-

ing fitting pistons ................. 6.50 1.30 
6113. Re-babbitt cylinder only ............ 2.75 .40 
62l3. Re-ba~bit.t cylinder, fit crankshaft, and 

run ,n .......................... 4.50 1.50 
63B. Rebore and re-babbitt cylinder, fitting 

of pistons, crankshaft, connecting 
rods, and running in .............. 8.00 3.00 

64B. Rebore and «>-babbitt cylinder, fit 
pistons, valves, push-rods, cam shaft,' 
~rankshaft, connecting rods, and run 

11.00 4.00 Jn ..........................•... 
66B. Rebore and fit pistons, valves, and push-

rods, and straighten and fit cam sba!t 6.50 2.40 
68. Re bush three transmission drums ..... 1.50 .50 
698. Rebush transmission dru ma, each ..... .60 .20 
70J3. Rebush and re-rivet tltree triple gear 

assemblies ....................... 1.50 .50 
77B. Straighten cam shaft and fit bearings .. 1.25 .50 

Rear System Division 
Model "T" Passenger Car Chassis 

96. Overhaul rear axle and re-bush springs 
nnd perches ,,;hen neccssarh ....... 7.00 2.75 

96A. Overhaul rear axle when car as shook 
absorbers, truss rods, or special hub 
brakes .......................... 8.00 3.25 

98. Repair or replace one rcnr radius rod .. •. 1.50 .60 
09. Replace rear spring; tie bolt or new leaf, 

including polishing and graphiting or 
leaves and lining upof body ........ 3.00 1.2:l 

102. Pnd rear spring to line up body or 
replace rear spring tie bolt only ..... 2.00 .Sn 

107A. Install felt and steel wasbe1-s-both 
sides ............................ 1.25 .5() 

108. Install brake shoes and equalize emer-
gency brakes-one shoe ........... .75 .30 

108A. Install brake shoes and equalize emer-
gency brake-both shoes ......... , 1.00 .40 

116. Adjust pull rods or replace one ........ .75 .30 

Model "TT" Truck Chassis 
96T, Overhaul rear o.xle and re-bush springs 

and perches where necessary ....... 15.00 6.00 
97T. Repair or replace drive-shaft tube ..... 7.00 2.80 
98T. Repair or repla.ce one rear radius rod ... 3.00 1.20 
99T. Replace rear spring ~ne) ............ 3.00 1.20 
99TA. Replace rear spring otb) ........... 5.00 2.00 
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IO(;T. Remove front and rear springs, polish 
and graphite only . ............... . 

l0lT. :Replace spring perches-one ........ . 
101 TA. Replace spring perches-both ....... . 
104T. Install universal joint .............. . 
106T. Tighten rear radius rod ............ . 
107T. Install felt and steel washers (one side) . 
107TA. Install felt and atcel washers (botb 

sides) ............. , ..... ,.,., .. . 
108T. Install brake shoes and equ•li>.e en,er-

gency brakes-one .. , ........... . 
JOST A. h1S!All brake shoes and equalize emer-

,a:ency brakes-both ............. . 
lOllT. Tight.en universal ball-cap bolts, .... . 
110T. Install or tighten rear-sprmg clips .... . 
lllT. Tighten rear bub lock nut-one side .. . 
111 TA. Tighten rear hub lock nut-both sides . 
112T. Fitnewhubkeys-oneside ..... , ... . 
112TA. Fit new hub keys-both sides ....... . 
113T. Replace pull-rod supports-one .. . 
113TA. Replace pull-rod supports-both ..... . 
1 HT. Replace or re-bush hub-brake cam-

each side ....................... . 
1151'. Replace rear axle assembly .......... . 
117T. Straie:ht.en radius rod in car ... , .. _ .. 
11ST. Install outer roller beariug-each ..... 

Front System Division 
lf>7. Overhaul front axle, including re-bush-

ing of springs and perches when 
necessary, s_trni~htening and li oing 
up and readjusting of wheel.s .... , .. 

167 A. Overhaul front axle when car ha.. shock 
absorbers, special front radius rod, 
etc ......... .................. . 

168. RebllSh spindle bodies and arms-each 
side ...... , .. ••.••••••·•······· 

169. Replace or straighten front axle (no 
other repair) .................. , . 

l7 I. ltebush sf,i ndle arm-<lach . . . . ..... . 
173. Replace ront spring tie bolt or new 

leaf, including polishing and graphitr 
ing oflea ves .................... . 

174. Replace front spring or tie bolt only .. 
177. Replace radius rod . . . . . ........... . 
179. Replace spindle arm or body, and line 

181. Ti~rt:•:tfi6;~~k~i,; .. ~d loi~~-oi°f~o;,t 
end ................ , .......... . 

182. Replace or straighten spindle or steer-
ing-gear connecting rod .......... . 

228. 
230. 

232. 
242. 

243. 

Chassis Division 
Front End and Frame 

Replace front cross-member ........ . 
Straighten front cross-member without 

removing from car . ............. . 
Replace side member of frame ...... . 
Repair hand-brake lever assembly, 

including replacing of pawl. ....... . 
Replace hand-brake lever quadrant 

without removing running-board 
shield ............................ . 

Fenders and Running Boards 
258. Replace onefender or running board ... 
259. Replace one fender or running board 

and strnighten iron or bracket ..... . 
260. Remove lender or running board and 

straighten . ............... , ..... . 
26 I. Replace running board ehield-one .. . 
264. Replace rear fender iron ........... . 
265. Replace tru.s.s rod-one rod ......... . 

Dash 

A 

S7.00 
1.50 
2.50 
5.50 
1.7i) 
1.2.; 

2.2') 

1.25 

2.2!i 
,7.~ 

1./i0 
.50 

1.00 
1.00 
1.75 
.50 
.75 

2.50 
5.00 
1.50 
2.00 

5.00 

6.00 

1.50 

2.50 
.75 

2.50 
1.50 
.75 

.75 

1.25 

.60 

6.50 

2.50 
20.00 

1.00 

1.25 

1.00 

1.25 

1.00 
1.25 
.75 
.40 

276. 
279. 

Replace dash. . . . . . . . . . . . . . . . . . . . . . 4.50 
Replace coil box, install new swit..ch1 or 

repair the box . . . . . . . . . . . . . . . . . . . .60 

291. 

292. 

298. 

810 
31.J. 
3li 
313. 

Steering Gear 
Overhaul steering gear, including re­

placing of quadrant or gear case, and 
re-bushing of bracket. .... , ....... . 

Overhaul steering gear when motor is 
out ......................... ,••• 

Re-bush steering-gear bracket only .... 

Muffler 
Change Joni( exhaust pipe ........... . 
Replace muffler .. , ..... , . , , ....... . 
Repair muffler .................... . 
Repnck exhaust pipe pnck nut . , .... , . 

Gas Tank and Line 

3.50 

2.ii0 
2.00 

.75 

.60 
1.00 
.40 

Clean sediment bulb and gasoline feed 
line, and clean carburetor . . . . . . . . . , 7 5 

B 

$ 2.80 
.60 

1.00 
2.20 

.70 

.50 

. 90 

. 50 

. 90 

.:io 

.60 
.20 
.40 
.40 
.70 
. 20 
.30 

1.00 
2.00 
. 60 
.80 

2.00 

2.40 

.60 

1.00 
.30 

1.00 
.60 
.30 

. 30 

.50 

.25 

2.50 

1.00 
8.00 

.40 

.50 

.40 

.50 

.40 

.50 

.30 

.15 

I.SO 

.25 

1.40 

1.00 
.80 

,30 
.25 
.40 
.15 

.30 

350. 

352. 

36.5. 
366 . 
367. 
368 . 

369 . 
370. 

112 . 

413. 
415 . 
418, 

419. 

420 . 
421. 

455. 

456. 

458. 
464, 
465 

469 . 

470. 
471. 

530. 

531. 

536. 

537. 
538. 

539. 

540. 
541. 

545. 
533. 

Radiator A B 
Repair radiator, solder one or two 

tubes, and replace one or both sides 83.00 S .90 
Solder casting to lower or top tank 

when necessary to remove radiator 1.50 .50 
Wheels 

Change hub, rear or front. . . . . . . . . . . . I .00 .40 
Replace wheel and t,ire-e.arh . . . . . . . . .75 .30 
Adiust and dope front wheels . . . . . . . . . .60 25 
Remove front wheels a-nd replace bear-

ing parts-one wheel.............. .75 .ao 
Lino up front wheels. . . . . . . . . . . .. . . . .40 .15 
Oil and dope car (includin~ rnnterial).. .75 25 

Body Division 
Install new lock-Touring or Runabout 

-<lach ............... , . . . . . . . . . . 1.00 .40 
Replace Town Car or Sedan door lock 1.50 .60 
Install new leather on door panel-one .60 .25 
Re-upholster Touring body-using new 

mr.tcrials . . . . . . . . . . . . . . . . . . . . . . . . 10.00 4.00 
Re-uphol.ster Runabout body-using 

new material• . . . . . . . . . . . . . . . . . . . 6.00 2.40 
Change closed body . . . . . . . . . . . . . . . . 10.00 4.00 
Change Touring or Runabout body. . . 6.00 2.40 

For romoving dents and other general repairs to 
bodies make contract price, according to amount of 
work necessary, using operation No. 2000. 

Paint Division 
Make contract price according to quality of job 

desired and condition of car when brought in. 
Consult paint foreman. Use operation No. "P." 

Top and Windshield Division 
Overhaul Touring car on Torpedo Top, 

including re-covering, lining up. and 
fitting of curtains ....... , . . . . . . . . 7.50 3.00 

Replace top deck or side quarters-
each or both ........ , . . . . . . . . . . . . . 3.00 1.20 

Install and fit top. . . . . . . . . . . . . . . . . . . 2.00 .80 
lteplace back curtain. . . . . . . . . . . . . . . . 1.50 .60 
Install celluloid lights in side curtains, 

per light. . . . . . . . . . . . . . . . . . . . . . . . . .60 .25 
Replace windshield and line up wind-

shield frame ......... , . . . . . . . . . . . . 1.00 ,40 
Replace upper windshield glass... . . . . . 1.00 .40 
Replace lower windshield glass. . . . . . . . 1.00 .40 

Special 
Trouble calls (from any point within 

city limits) ........... , .......... . 
Tow-in (from any point within city 

limits), ........................ . 
Inspect and prepare new cars for 

delivery, including stautping identi-
fication number, PMtin.g sticker on 
windshield, and inst.alling or adjust-
ing any minor parts when neccssa.ry, 
each ......... , .................. . 

Deliver car to purchaser's address ... . 
Wash and polish Touring car or Run-

about .......................... . 
Wash and polish Touring Ca, or Run-

about-wire wheels . ............ , . 
Wash and polish Coupe or Sedan .... . 

W~ee ~'teef.oli~h. -~~~~e. _o_r __ s_"'.1,~~~ 
Clean car for placinsconshowOoor,ea.ch 
Teach car purchaser to drive, each 

lesson .............. ............ . 

Commercial Bodies 

1.50 

3.00 

3.00 
1.50 

1.50 

2.00 
2.00 

250 
1.00 

2.00 

.co 
1.20 

l.20 
.60 

.60 

.80 

.80 

1.00 
.40 

80 

605. Install slip-on body ............ , . . . 2.00 .80 
B. Install any new commercinl body.. . . . CON'rRACT 

650. 
654. 

655. 

656. 
660. 

661. 
662. 
663. 
664. 
667. 

702. 
703. 

Electrical Accessories 
Install Ford alnrm ................. . 
Remove battery from car for recharg• 

ing and instnll rental battery, includ-
ing recharging of battery ......... . 

Remove rental battery from car nod 
instaJl customer's recharged battery. 

Install electric horn ................ . 
Install electric tail light on dry cells 

and magneto. , , ................. . 
Install electric dash light ........... . 
Install electric dome light ...... , .... . 
Iostall electric spot light ............ . 
Install headlight lens ............... . 
Inst.all standard Ford electric starter, 

complete ........................ . 

Wheeli; and Ti-:es 

.75 

.25 
.50 

2.00 
1.00 
2.00 
1.00 
.40 · 

7.50 

Change tires, each . . . . . . . . . . . . . . . . . . .30 
Iostsll side-tire carrier . .. , , . . . . . . . . .. .75 

.20 

.25 

.10 
.20 

.80 

.40 

.80 
.40 
.15 

3.00 

.i3 

.ao 
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70i. 
705. 
706. 

707. 

708. 

751. 
752. 
753. 
754. 

755. 

756. 
757. 
758. 

J nstall rear~tirc carrier .............. . 
Install rear bolder for wire wheels ... . 
Install 30" x 3 ½" Ford wheels or de-

mountables in front only ......... . 

In;f~l w~~f.l~te_ ~~:. ~r. ~-e_n'.'.'~~t~~l~ 
Install complete set of wire wheels, not 

including holder ................ . 

Miscellaneous Accessories 
Install Ford fan belt ................ . 
Install leather starter belt .......... . 
Install rool box .................... . 
Inst.a.II front and rear license plates 

when brackets are in place. . ..... 
Inst.all front license brackets and license 

plat.es .......................... . 
Install bumper (front) ............. . 
Install rear bumper ............... . 
Install set of three pedal po.ds .. 

,\ 
$1.50 

1.50 

3.00 

4.00 

5.00 

.25 
.75 
.50 

.25 

.40 
1.00 
l.~0 
.25 

B 
S .00 

.60 

1.10 

1.60 

2.00 

. 10 

.30 

.20 

.10 

. 15 

.40 
.60 
.10 

761. 
762. 
76a. 

764. 

766. 
767. 
768. 
769. 

770 . 

771. 
772. 
773. 
778. 
777. 

1500. 

2000. 

lnstall cut-out ........ , ............ . 
Install exhaust deflector ............ . 
Install set of C. & M. oil ret.ainers 

(model "T") .................... . 
Install set of C. &: M. oil retainers 

(model "TT") .................. _ 
Install Buffalo oil gauge ........... . 
Install foot accelerator ............. . 
Install steering-gear lock ........... . 
Install Yale lock on one door, catch on 

other door, Sedan or Coupe ...... . 
Install Yale lock on both doors, Sedan 

or Coupe ....................... . 
Install mirror .................... . 
Install rubber step mats (two) ...... . 
Install odometer .................. . 
Install carburetor control .......... . 
Install speedometer ............... . 
Charge for work according to actual 

time spent on job. 
Special cont,ract-pricc jobs. 

A 
SJ.SO 

.25 

1.50 

1.50 
1.00 

.75 
1.00 

2.00 

2.50 
.25 
.50 
.50 
.75 

2.50 

ll 
S .O(J 

10 

.6C 

.60 

.40 
,30 
.40 

.80 

1.00 
.10 
.20 
.20 
.30 

1.00 

CLEANING ENGINE AND CHASSIS 

We will now take up the usual and common work 
required on all engines. We will first sturt wit.h 
cleaning and lubricati:ng the engine and greasing; a 
car. About every nme cars out of ten reqmre 
cleaning and greasing. 

Cleaning Inside of Engine 

Clean old oil from the engine as explained in the 
illustrations, Figs. l, 2, and 3. 

The best time to drain oil is-after engine has been 
run and is heated up and oil th.inned. 

Fig. 1 (left). Remove the drain plug at bott.om of oil pnn and 
drain out the oil. 

Fig. 2 (center). Remove oil pan and clean it thoroughly \\'itb 
gasoline; also clei\n oil strainer screen. 

Fig. 3. Replace oil pan, nnd pour fresh cylinder oil into 
engine. Note: On some engines the oil pan should not be 
removed and instead, an oil-pan drain flange can be removed 
and oil strainer drawn out. 

Flushing, If oil pan is not removed and oil is drnined through 
the drain plug, or drain flange i.s removed, the engine should be 
!lushed out with a very light grade of engine oil. 

Procedure: After draining replace the drain plug. It is not 
screwed tightly borne, as it is soon to be removed ag!).in. Now 
pour some light engine oil into the breather pipe (l'ig. 3) an,I 
run engine for about 15 seconds; then. drnin this out. It. is 
better to flush out the parts with light cylinder oil in this mlln­
ner, than oo use kerosene for reasons stated on page 167.Replace 
drain plug and draw it tight. or if oil pan drain flange is removed 
see that the gasket is replaced properly and does not leak. 
Refill with good cylinder oil. A gauge alongside of the engine 
is usually provided to show how much oil to place in the cni:ine. 

If the engine is not in running condition, after replacing the 
drain plug as directed above, open the com_P,res.sion cocks on 
the cylinder and spin it rapidly by hand. l'he longer this is 
done the better, but it is an arduous task and if kept up for a 
minute or so it will be all that is necessary. 

If the drain cock does not permit the oil to flow freely, when 
draining, run a wire through it to open it up. 

Cleaning Outside of Engine 

The outside ot the engine can be cleaned with 
kerosene or gasoline. A stiff brush dipped in 
gasoline to reach ina(!cessible places, and also an oil 
gun t-0 shoot ~asoline in inaccessibie places, will 
suffice. The lighting of a match while cieani.nv 
should be prohibited. 

Another method of cleaning engine is with kerosene applied 
with a water tool brush (un oval shaped brush) about !½' 
diameter, after which it should be washed with water in which 
linseed oil soap has been dia$olved, then rinsed off with clear. 

water, flushing at low pressure from a hose without a. noz:zlei 
use a sponge to facilitate the operation. Any excess water 
should be taken up with a sponge, and engine allowed to dry. 

The spray method is used extensively for cleaning engine and 
chassis of grease where compressed air is available. A kerosene 
spray 1 under nir pressure j$ sprayed on engine, ,1i:beels, spindles, 
springs, steering knuckles, under fenders, etc. After the kero­
sene has had time to loosen up tbe grease anddirtitisthen hosed 
off at low pressure, then sponged off with soap suds (linseed oil 
soap); then the soap is rinsed off with clear water, then sponged 
off dry. 

If any parts are rusty, sand off and touch up with black. 

Suggestions for making home-made sprayer for cleaning 
engine nre given below. 

Fig. 4. Horne-made 
SJ,>ray gun: A copper 
p,pe passes through the 
center of tank, one end 
being connected to ni r 
line and the other being 
drawn down into n. noz• 
zle. A small copper tube 
connects this pipe, so 
that the solution is 
drawn from the tank 
and forced into a spray 
by the passing air. A 

foot pump can be used to inject air if pressure is not available. 

Fig. 5. This spray' comprises 
copper tubing, about ¼" in di­

. amcter, having a piece of l; 16'' 
brass tubing soldered to its side. 
Air line is connected to larger 
tube, and smaller tube is con­
nected t.o gasoline supply. When 

air is turned on, S,uction is created in smaller tube, dra,"·ing gas­
oline from the cnn, and forcing it onto the part to bi cleaned. 
(Motor World.) 

Cleaning Engine Exhaust System 

This cleaning should include the exhaust mani­
fold, pipe, and muffler. 

The latter should be taken a.part and the parts soaked in 
kerosene over night. The pipe nnd manifold may be cleaned 
by drawing through a pack of kerosenc;-soakc<l waste attached 
to a Ions; wire. 

Keeping Oil off the Radiator Hose 
To prevent oil from rotting the inlet hose from the rsdiato 

to the engine, give the hose a coat of shellac and then a couple 
of layers of tape and shellac over that. This will assist in 
preventing leaks. The shellac keeps tho oil away from the 
rubber and makes a good joint. 

, Ait brushes 01 s;oray guns for spraying liquids, such as 
kerosene for cleaning engine and under parts of car of grease, etc., 
can be obtained of conccrna 1:sted on nn.f!e 645 and footnote 
I, page 756, and of auto supply house-... 
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Cleaning Parts of a Car 

A few home-made devices which can easily be 
constructed for cleaning other parts of car are shown. 

In large shops vats are provided in which engines 
are dipped in to a potash cleaning solution, by means 
of a chain l1oist. For cleaning brass and other meto.l 
parts see pages 474, 1039. 

Fig. 6. A washing table for 
parts. Thia ia large enough to 
permit any part or the car tn be 
cleaned. Dut, more important, 
it may bo moved to the job. 
A wooden basin, or sink, 5 ft. 
long, 2 It. wide. and 6 in. deep 
is mounted on legs, and lined 
,vith tin. A drain plug is 

placed in tho center, permiWng the dirty cleaning solution to 
he drawn off Into a po.ii hnnging beneath the stand. Gas­
oline may bo used for cleaning parts, but kerosene is cbeapcr 
1111d safer. 

Fig. 7. Kerosene tub: A large tube of kerosene will be 
found con\'cnient for washing parts. The tub should have a 
metal gratinx: 4" or 5" from the bottom, so that. whatever sedi• 
ment settles is not stirred up e11ch time a part is washed. The 
presence ol the grating insures clean liqmd for a consid~.rablo 
length or time, for just as soon as a part i~ washed the grit 
and dirt settles below the grating, leaving the liquid clean. 

Fig. 8. Combination cleaning tub and d.rainboard for 
removing the dirt from part&. H is usual to make the tub 
and drainboard separate, but by installing a screen in lhe tank 

Fig. 8 Fig. 9 

whose height may be readily raised or lowered, all the ndvan­
tages of a drainboard are obtained, together with considerahle 
economy of 5pace and oomc added conveniences. A wire basket 
is handy for dipping small parts. 

Fig. 9. Gasoline or kerosene, forced by air pressure on to 
the parts to be cleaned, quickly removes all dirt and grea,e. 
A system for doing this ie illustrated. The cleaning liquid i• 
held in a metal tank placed beneath tile inclined c!can'ng 
troughs in the manner shown. An injector type nozzle, c,111-
nected to the air line and to the liquid, permits the liquid to 
be drawn from the tank and forced on to the part to be rle11ned 
11fter which it drains bank to the tank, to be used over ond 
over again. When the cleaning outfit is not in use thedirtsettl,s 
to the bottom and may be scraped out. 

GREASING A CAR1 

The lubrication of a car can be divided into five 
parts: (1) engine lubrication j (2) chassis lubrication; 
(3) rear axle and differentiat; (4) transmission; (5) 
universal joint. 

Lubrication of the chassis (those pnrts other than 
the engine and its component parts and accessories) 
includes parts such as springs, spring bolts, steering 
connections, brake shafts, toggle joints wheel bear­
ings, steering spindles, transmission, differential, rear 
axle, wheels, universal joints, etc. 

Lubrication systems can be classilled as low­
pressure grease cups which are screwed down by 
hand to force the grease into bearings and high­
pressure systems, by which a hand or power com­
pressor is used to force tho lubricant into the bearing 
under high pressure, such as the Alemite, Alemite­
Zerk grease compressors 

Another method is known as the centralized 
system. With this system oil can be injected into 
all of the various bearings on the chassis by means 
of a plunger pump operated by hand or foot. Some 
of the s;,stems of this type are made by Bijur 
Lubricatmg Corp., Bowen 
Products Corp., 

Fig. 9A. The Bowen centralized lubrication system consists 
of an oil reservoir installed under the floor board containing a 
foot-operated pump. A pressure applied to pump forces oil 
under preaaure 1 in measured quantities thr~ugh copper pipes to 
nll chassis bcarmgs. Under normal operat1n1 cond1t1ons heavy 
cylinder oil, such ns Mobile B, is recommended. 

Fig. 9B. The Bijur centralized lubrication system as used 
on the Pa,,kard utilizes a hand pump (A) which forces meas~ 

quantities of oil from a reservoir (B) on the dash lo chassis 
bearings through control outlets. The kind ol oil used is new 
filtered medium oil that in cold weather atays fluid, about the 
quality of Mobile A. 

The Alemite centralized lubrication system (not illustrated) is 
automatic. Vjbration of car actuates a do!icn.tely balanced 
weight whfoh works a pump developing pressure up to 150 lbs. 
per sq.in. 

With the centralized lubrication method it is a 
simple matter to lubricate a car. The supply lines 
can be cleaned by flushing with kerosene if clogged. 
The centralized systems are so constructed that the 
tank cannot be emptied or the feed tlu·ough any 
other supply line be disturbed by the breakage or 
one or more lines. 

To grease a car by means of high-pressure gJ"ease 
compressors, such as the Alemite 

is an improvement ovm· the old method 
-of screwwg down individual gre_asc cups.' 

One of the fundamentals of this system ~ that 
because of the high pressure developed, all old 
lubricant as well as any grit or other foreign matter 
is entirely removed and the bearing is completely 
packed with fresh lubricant. 

.In most cases it is advisable to force lubricant into 
bearing until the old lubricant is forced out and new 

• printed matter on this subject ean ba obtained 
by writing Alemito 
products , Chicago, Ill. 

• manufacturers of Alemite product.s 
Chicago, 111., suppli,s IL booklet on 

grease lubrice.uon business. 
the 

• For cleaning radiators, see pngo 740. Oakley Chemical Co., 
22 Thames St., New York, N.Y., supplies a free nnd inatructive 
booklet, M od,rn ClMnina M e!hod,. 
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lubricant appears. There are exceptions to this, 
however. For example, too much lubricant on the 
fan bearing would cause fan belt to slip. Too much 
on ignition distributor shaft may cause trouble. 
Care should also be used as to not to over-lubricate 
the wheel hubs and universal joints which tend t.o 
"throw" grease. 

There are two very important essentials in greas­
ing a car. 

One is to not overlook any of the parts to be lubri­
cated. There are 17 to 60 vital bearings on the 
chassis of every car. If one or more bearings are 
overlooked it may cost the owner a repair bill. 

Second, use good lubricants. A good lubricant 
functions in hot we:i.ther or below zero weather. 
Inferior lubricants get too thin in summer or freeze 
in winter. For example, many greases and com­
pounds that are put into the transmission, rem· axle 
and steering device contain a kind of son.p fibre 
"fillers" that congeal above zero (some of the fillers 
of good grade lubricants are tallow aud fish oil). 
Those of poor grade lubricants are gal'ba.ge render­
ings, resin, talc, etc. which at low temperature frec:re 
and cause difficult steering and .gear shifting. To 
function satisfactorily they must also be made of 
low cold test mineral oil. One leading concern rec­
ommends a lubricant with a cold test under 25° F. 

The kind of lubricants to use varies with different 
mukes of cars. It is best to follow the car manu­
facturer's chart from the instruction book in deter­
mining the part~ to luhric,'lte and the kind of lubri­
cant to use. 

*The rear axle, differentjal and transmission 
usually require a ~em.i-flowing lubricant graded 
according to seasons, thick or thin, made of low cold 
test oils of high viscosity and containing only the 
best oil and filler. 

The universal joints require a good sticky com­
pound slightly heavier than No. 2. 

Note: If t;:rcase cups are usr:d. screw down on tho grease cups, 
which forces out. all grease therein. The cnp is then uuscrewe<l, 
the grease cup refilled, and ihe cap placed back, but do -not 
cross-thread the caps or they will work loose a.nd be lost. 

Lubrication of Spdngs 1 

The oiling of those parts of the springs upon which 
the leaves move gives easy riding qualities by pe1·­
mitting the leaves to slide one upon another and 
prevents rust forming, which not only prevents the 
proper movement of springs, but causes mysterious 
squeaks as well. The spring shackles should also be 
lubricated. 

noJl 
ll Fig. 12 """l 

Fig. 10. Lubricat.ing the surface of the separated spring 
blades. Fig. 11. The same tool used ns a temporary clamp 
to secure a broken spring. Fig. 12. The spring tool. 

spring bolt at the extreme front end of the frame for 
the front springs, or i-ear of frame for rear spring:~ 
and rnise sufficiently to relieve spring of its load, 
then spread the leaves with a spring tool as shown 
in Fig. 12 (a putty knife could be used), and lubrica.te 
with a penetrating graphite oil.1 

If a car is overloaded much beyond its normal 
capacity, extra work will be thrown on the springs 
which may give rise to breakage when the car is 
being driven over bad roads. An extra leaf added 
to the springs is advisable for overloads. Consider­
able advantage to the life of the springs is obtained 
by having shock absorbers. See also Index under 
''Spritig repairs." 

Other parts of a car to lubricate and grease are 
shown on pages 172 to 174. 

A Spring Lubricant 
A spring lubricant i~ :1.pplied to the sides of the 

springs with a brush and chem.ically accomplishe~ 
that which by merhanical OJ' other means is either an 
arduous or impossible task, in that it penetrat';ls be­
tween the lea.ve~ without the necessity of spreading; 
it di~iutegrates und eliminates rust; it deposits a 
lubrirant, and causes the springs to perform their 
fu.1wtion properly, without squeaking about it. In 
the ;;;1me m,1nner its application makes the removal 
of "rust-frozen" nut.~. bolts, screws, spark plugs, 
valve cnp~, etc., a ~implc, mattct·. 

Spring Covers 
Fig. 13. A spring cover and lubri­

cator which laces over the spl'ing, pre­
venting any da.nger of moisture or dirt 
getting bet ween the lca.ves. The cover 
is lined with a felt wicking which i9 
saturated with oil before the cover is 

. put on, nnd wi11 bold enougl, oil to lu-
bricate the sprinl;S for 10,000 mile,. The smooth gliding effect is 
obtained which is so noUccablc in a new cnr with perfectly 'tu• 
bricated springs. 

Tightening Springs 
Wl1en lubricating the springs, it is a tim,i.!y 

opportunity for observing defects of loose nuts or 
broken leaves in the springs. 

The nuts belonging to the clips which hold the 
spring on to the axle often display a tendency to 
work loose, and if this is not remedied the axle will 
be tlll'own out of line, with more or less serious con­
sequences to tires and driving gear generally; or, 
if the front axle is in question, the steering may be 
affected, thus causing "wobbly wheel~." 

The springs, like the engine bearings, have to 
take a sort of set before they are permanently tight. 
Hence it is desirable to tighten up the spring bolt 
nuts at the end of the first one hundred miles of 

1 The-incth 1<1 of lubrica.ting springs is done by using graphite 
penetrating: oil and n rompr("..sscd tl.ir brush, or stiff hand brush. 
The penotratio" oil should ba,·e 11 buse of graphite aod tur­
pentine n.nd not kcros<'nc, nnd cn\nk-drainings should not be 
useil. 

To lubricate: The best plan is to have spriog;s 
lub~icated at a service station where compressed arr 
is used to force a spray of penetrating oil between 
the spring leaves, o.r place a jack u.ndemeath the 

*See page 1062B for viscosity of lubricants now generally used in transmission and rear axles. See also page 867. Seo pages 
1104-1106 for wheel bearing lubrication, and pages 900-909 !or steering gear lubrication. Sec also footnote 3 page I062B. 
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running and then to inspect them ocrnsionally until 
they remain tight. 

The breakage of a spring is usually caused, not 
by the downward movement, but by the rebound. 
Spring breakage mostly occurs with loose spring 
clips. 

Spring Shackles 

Many of the makers now are putting on adjust­
able spring shackles, so that wear can easily be 
taken up. This is especially desirable in cars using 
a Hotchkiss drive, where a great deal of stress and 
wear is put on the shackles of the rear spring at its 
re,w end and on the spring bolt atk'lching the front 
of the rear spring to the bracke~ on the frame. 

With the Hotchkiss drive the rear spring supports 
have to take not only much of the weight of the car, 
but also the driving and braking strains. Hence, 
the better the design of the shackles and bolts at 
t.his point, the longer the life of the parts. 

~
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Fig. 16. Automatic shackle bolts in which end ploy is t~kou 
up by coil springs. Fig. 17. Adjustable shackle bolts; wear !h~~~-up by turning nuts. Fig. 18. Taking- up side p)ay with 

Rubber cored shackles, requiring 110 lubricatiuu, ure fr, ... 
quently used. The rubber core can be replaced. 

Threaded shackle bushings are used on seYeral <'rus to wil h• 
stand side thru.st. 'l'hey m·e adjustable. • 

REMOVING CARBON FROM CYLINDER, COMBUSTION CHAMBER AND PISTONS 
Before taking up this subject, refer to pages 169, 3 (i i) 2 

170, and read the explanation of the cause of carbon 1,,/" 1 
and the relation of carbon to lubricating oils. 

This is a job usually attended to before valves are 
re-ground. The frequency 
with which the job should 
be done depends upon the 
service, aud quality and quan­
tity of lubricating oil used. 

Fig. 19. Carbon usually a-ccumu­
lates at the points showu and ill : ~f O effectsofsamearcgivenonpagcl70. 

~ When r.arbon collects on valve head, 
•• x ~ i the head is unable to dissipate heat 

i-=--~1.;.1 and in time it burns and warps. 
Carbon also gets between vnlve a.nd 

seat and impact of valve causes pits in sent. Result is loss of 
compression, reduced power and greater gasoline consumption. 

Methods of Removing Carbon 
There are three general methods employed in re­

moving carbon. 
1. To scrape by hand as shown in Figs. 20, 21, 22 

or use special wire brushes in a portable drili 
(Fig. 21A.) (See also, pages 776D and 700.) 

2. To use the oxygen decarbonizing process. 
3. To use chemicals. 

Scraping .Methods' 

~ 

·o 
' 

CAf\001'1 t-Yl:, 81.0C.rt 

!'la. 20 Fig, 21 I . 
. 

Fig. 20. To scrape carbon from a pjston in the manner shown 
it is necessary to remove the piston from the cylinder which is 
sometimes an expensive job. 

Fig. 21. Remove the cylinder head, if it is a detachable type. 
Access can then be had to the tops of the fist-0ns o.nd t<> the 
walls of the combustion chamber in t,he hea, . 

Fig. 21A. Carbon removing brushes in the chuck of an 
electric portable drill remove carbon quickly. Special wire 
brushes can also be obtained for cleaning valve guides, vt1Jv-e 
stems, etc. (see also pages 700 and 776D). 

1 Avoid scratching or nicking the surfaces of aluminum 
cylinder head or pistons in any wny at all when removing 
carb~n. After removing: carbon and cleaning, feel for burrs, 
and 1£ any, rub dO\vn with fine san.d pnper. A smooth surface 
is also advised on cast iron, as it will gather carbon if rough. 

' Nearly all engines are now equipped with detachable 
cylinder heads. Most of the concerns listed on pogo 833 
supply carbon removing tools. 

. 

t-ig. 22. Scraping tools of 
special design are ueccssary (or 
scrnping the inside of combus­
tion chamber and the head of a 
piston when the cylinder head 
is not detachable anci where the 
pistons are not removed. The 
work can be done through the 
valve cap or plug holes., 

Tool No. I is for scrapin,:: the piston head; No. 2, for the 
cylinder head, as shown by dotted lines. and No. 3 is for the 
cavities over nnd around the vnlves and such other surfaces ns 
have considerable curvature. 

Scraper No. I should be used first, nod worked bnck and 
forth with considerable pressure across the piston head until 
the scratching sensation disnppea.rs and the tool seems to glide 
over the surface. Care should be taken not to gouge grooves 
in the metal. 

After scraping, blow out the free carbon, using a 
hand bellows as shown in Fig. 23,3 if compressed air 

Fig.23 
is uotavailnble. Continue scrap­
ing until the blast of air does nol. 
blow out aoy more carbon dust. 
Be sure to scrape the en tire sur­
face, for if jagged patches arc 
left, they will become incandes­
cent from the heat of explosion 
and cause pre-ignition. 

It is important that none of 
the carbon gets into the cylin­
ders, valves, or other parts of 

the engine. Therefore be sure that 1:he valve is well 
seated in the cylinder you a.re cleaning, and be care­
ful to blow out all carbon deposit thoroughly with 
an air blast. • 

After as much carbon as possible has been taken 
from the cylinders, a half-tumblerful of kerosene 
poured into each cylinder with the ail' t-last applied, 
will often give good results. Another half-tumblerful 
of kerosene should be poured into the cylinders, and 
the engine should be turned over a few times. 

The oil reservoir should then be drained and 
cleaned thoroughly with a clean cloth previously 
soaked in gasoline, and fresh oil should be put into 
the oil pan (after cleaning and using kerosene), as 

1 Illustration from Popular Jftchanic8. 
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kerosene will thin the oil and cause it to lose its 
lubricating qualities and is liable to cause the bear­
mgs to score or cut. If any of the kerosene is left 
in the engine combustion chamber, it will eventually 
work into the crank case. 

It is customary to grind the valves after having 
scraped carbon, and after grinding, to adjust valve 
clearance. 

Oxygen-Decarbonizing Method 1 

The oxygen-decarbonizing method is a process of 
l'Cmoving carbon from inside the cylinder and head 
of piston, without removing the cylinder head, by 
means of an oxygen flame, as shown in Fig. 24. This 
process is particularly favored on engines of the 
non-detachable cylinder-head type, where the re­
moval of carbon by scraping (commonly recognized 
as best practice) would necessitate the removal of 
the cylinder block and taking out of the pistons. 

Fig. 24. Oxygen-dccal'bonizing outfit. 

The outfit (see also p. 751) consists of an oxrgen tank, at an 
irutial pressure of about 1,800 lb. per square rncb, fitt,ed with 
an adjustable reducing valve that brings tbe pressure down to 
10-20 pounds. 

The oxygen is applied through a torch or copper tube about 
18" long, with !I rather fine, flexible delivery jet, connected to 
the reducing valve by a flexible tube and fitted with a trigger 
valve (FV). The delivery jet of the torch, when inserted 
through a valve-plug orifice or spark-plug hole, can be manipu­
lated to reach nll parts of the combustion apace if it is slightly 
bent and cleverly turned nnd twisted by the operator. The 
carbon is completely burned away by the oxygen. 

To Operate Oxygen Decarbonizcr 
Note. In using oxygen for carbon removal, the piston 

should be placed at the extreme top of the cylinder, as the 
intense heat tends to roughen the cyJinder walls. Bot.h inlet 
and exhaust valves should be closed to prevent pitting of valve 
seats. The flames should not be directed so as to strike the 
threads of th< spark-plug hole. See that the water system is 
kept full of water. The torch should be moved constantly, to 
cover as large an area as possible. 
I. Tum off the gasoline at the tank, and let the engine run until 

it uses up all the gasoline in t,he carburetor. If the pan is 
greasy, remove it, to avoid the possibility of a fire. 

2. Remove the hood and cover the air intake of the carburetor 
with sheet asbestos, so thnt, no spark can drop into it. 

3. Remove the large plugs into which the spark plugs are 
screwed. and clean the cylinders, one at a time, being sure 
that the piston is at its extreme height in each cylinder and 
that both intake and exhaust valves arc c.losed before start­
ing to clean it. 

4. Start on the valve chamber, first putting a few drops of 
kerosene oil or alcohol into it; ignite with a match or wn.x 
taper; insert tip of torch and direct- a jet of oxygen against 
the carbonized surface. The iet of oxygen almost instant,Jy 
consumes the carbon where it strikes, so move t-he tip urotmd 
until the incandescence dies out, when it will be necessary 
toinjectmorekeroseneoralcohol,and to repeal the operation 
until the chamber is thoroughly cleaned. When tbe bum• 
ing starts the carbon will burn with a whitish flame and a 
shower of sparks will come out of the spark-plug hole. 

5. Clean the piston head. Wben it is impossible to see portions 
beiug cleaned, continue the operation until tbe series of 
sparks st-Op blowing out, as sparks will cease as soon as tbe 
carbon is entirely consumed. 

To clean the top and sides of the cylinder combustion 
chamber it is necessary to bend the flexible copper tip of the 
torch so as to direct the jet of oxygen upwards. To inject the 
kerosene or alcohol, use an oil gun or ordinary oil can with n 
curved nozzle. 

Alcohol leaves the surfaces much lighter than kerosene, but 
when the oxygen strikes it there i~,quite a sharp report. Kero­
sene is rather more quiet than alcohol. 

Some operators simply drop in a lighted match and then turn 
the jet upon it. but, this method requires much more frequent 
igniting t,han when kerosene or alcohol is used. 

It is important that kerosene should not be mixed with the 
lubricating oil as it will lose its lubricating qualities. The 
crank case should be wiped out before puttin~ in fresh oil. 
When using the method described above, the flame must be 
handled cnutiously, otherwise the parts inside of the cylinder 
combustion chamber will be overheated. 

Q. Where can oxy-decarbonizing outfits be obtained? 
A. Linde Air Products Co., 205 E. 42nd St., New York: 

Bastian-Blessing Co., Chicngo, Ill., Imperial Bra88 Mfg. Co., 
Chicago. Can also be obtained of auto supply dealers. 

Chemical Method for Removing Carbon 
There are several preparations on the market for this purpose. 

It comes in powder\ also tablet form, which, the markers claim, 
if placed in the cy inder (some are mixed with the gasoline), 
will loosen the carbon formation. There are other preparations 
to prevent carbon formntion. 

Another a.gent is known as a liquid decarbon.izer. This 
chemical, the manufacturers claim, will dissolve the carbon 
accumulation in the combustion chamber and on the piston, 
1>nd will also loosen the rings ir they are gummed and stuck 
to one side of the piston. 

Liquid carbon removers can be obtained of auto supply 
houses: some are poured into the c_ylinders, others fed to _the 
air opening of carburetor or to the intake manifold from tune 
to time and others mixed with the gasoline. 

The printed matter of one concern rends: "It does not dis­
solve carbon-it loosens it by attacking the charred oil that 
holds it to the metal. The loose flakes of carbon nre then blown 
out through the exhaust." To minimize carbon formation, see 
pa,ge 171. 

WHY AN ENGINE LOSES POWER 
There are four main causes for this. When an 

engine fails to develop its usual power the cause is 
frequently one of the following: 
(l) Loss of compression. 
(2) Improper valve action. 
(3) Faulty ignition. 
(4) Improper carburetion mixture. 

1. Loss of compression means more than simply 
failure to compress the charge to a specific extent; 
it is a common name for a condition which not only 
means low initial compression and consequent weak 
explosion, but also that a smaller charge is taken into 
the cylinder, that a portion of the diminished charge 
escapes during the compression stroke without doing 
even a small amount of work, and that a part of 
the explosive force (the only source of power that an 
engine h:is) escapes through unauthorized channels 

-altogether a threefold loss. The power of an 
engine is in direct proportion to its compression.2 

Faulty compression comes from a variety of 
causes; Cylinders may be worn, scored or cracked; 
pistons may sometimes crack, or rings beco~c 
gummed, worn or broken;. valves need gnn?mg 
when pitted or warped; therr stems are sometimes 
bent so that the valves cannot seat perfectly, or 
the stems and guides considerably worn. Valve 
stems become gummed and the springs sometimes 
weaken, so that a portion of the charge escapes 
before the valve shuts it in. 

, Caution is advised, especially with aluminum pistons and 
cylinder heads, to allow the combustion ~ proceed slowly, 
keep the torch moving constantly and adm1ruster at regu_lar 
i ntervuls short, quick shots of oxygen to sust.am the comb.ustion 
without overheating_ the metal. Also applies to any kind of 
pistons and head. See also footnote, page 763. 

, See also page 44 Addenda. 
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Leaks occur around spark plugs, spark plug 
porcelains, and valve cap~1 but are readily found by 
applyrng a little oil, white engine is running and 
noting if it bubbles. 

2. Valve action is disturbed by wear. Usually 
this results from the valve tappets not having been 
given sufficient opening, or having been set to give 
too muuh opening, or from the valves not being 
pr0perly timed. Valves that do not seat come of 
course under the subject of loss of compression. 

If the clearance or gap between valve stern and tappet is not 
enough, the heat, especially during a. long continuous run, may 
be sufficient to cause the valve stem to expand enough to hold 
the valve open and prevent it from properly seating. This will 
bum and warp tbc valve, causing a. loss of compression, which 
of course results in a loss of power, slug~ish pick up, missing 
of explosion, and inability of engine to idle properly. See also 
pages 57, 58. When touring, give valves maximum and not 
rninimum clearance. 

If the clearance between valve stem and tappet is too great, 
it not Only produces noise but lessens the power of the engine, 
due to the valve lift being lessened to such an extent that the 
inlet valve does not open wide enough to tnkc in o. full charge 
of g_as, and that the exhaust valve does not fully discharge all 
of the burned gas. See also pages 59, 61, 1105. 

3. Faulty ignition is occaidoned by numerous 
cam:es (see page 462B), or by incorrect timing 
(page 301), or by a weak ba~tery, or by demagnetiza­
tion or some other trouble 1f a magneto. 

The ignition intenupter should be examined for 
proper gap clearance, clean points and worn parts, 
such as a worn and wobbly arm, shaft, etc. (see 
pages 462B-462G). Incorrect timing means loss of 
power, and it is plain that missed explosions are 
fatal to efficiency. It is not always easy to detect 
missing or weak explosions, and no doubt they pass 
unnoticed many times. If vibrator coils are used 
they J)robably need adjusting, or their contacts 
need ressing. 

4. See pages 117 and 462A for suggestions regard­
ing the carburetion mixture. 

Other Causes of Loss of Power 
Air leaks around the inlet valve stems make it 

impossible for even the best carburetor and the 
most careful regulation to supply a right mixture, as 
the leakage fluctuates :i.nd 1s greatest at the very 
time when the volume of gas used is the smallest, 
because there is stronger suction when the throttle 
is nearly closed. This completely upsets the right 
proportions at all throttle openings except the one 
adjusted. This is true also of air leaks around the 
carburetor or intake connections. 

Weak valve springs will also cause loss of power, as explained 
farther on. 

The muffler may have become clogged by soot and charred 
oil, thus preventing a free exhaust and consequently a full 
charge, besides causing back pressure and undue beating. 

Gasoline passages may have become clogged. 
The oiling system may fail to supply the needed amount ot 

oil, or the oil used may not be of the former good quality. 
Carbon may have accumulated in the cylinders; the air valve 

in tho carburetor ma.y be working badly because of dirt or wear. 

Dragging brakes will consume a lot of power. 
In conclusion, it is suggested that if an engine does 

not run with its former power, the major cause is 
lack of compression and factors in engine up-keep 
which have considerable to do with maintenance of 
compression are: 1, proper fit and condition of 
piston and cylinder walls; 2, proper fit of piston 
rings; 3, use of correct oil to establish and maintain 
proper piston ring seal; 4, JJroper seating of valves; 
6, absence of leaks and further, the cause is probably 
not the result of any one thing, but of a number, 
each contributing in proportion to its importance. 

MEANING OF COMPRESSION, EXPANSION, AND MEAN EFFECTIVE PRESSURE 
Compression pressure is the pressure of the gas 

after being drawn into the cylinder and compressed 
in the combustion chamber by the up compression 
stroke of the piston. This varies with the quantity 
of gas drawn into the cylinder, the speed of the 
piston, the size of the combustion chamber, and 
the condition of the valves and rings, and the tight­
ness of the parts. See also, page 116. 

The expansion pressure (often termed explosion 
pressure) would be the maximum or the greatest 
pressure immediately following the combustion or 
burning of the gases. This pressure is many times 
greater than compression pressure. This expan­
sion pressure (gas expands when ignited and heated) 
contrnues, but diminishes throughout the entire 
power stroke. 

The explosion pressure runs from three to five times that of 
compression pressure. If the compression drops one-half, then 
t,he explosion pressure drops, but the Joss is in more than direct 
proportion. It would seem that if the explosion pressure was 
one-half, the power developed would be one-half. Dul one 
must realize that it take$ a certain amount of power merely 
to keep the engine moving, that is,_to overcome the inertia 
and friction of the moving parts. This amount is constant. 
All power dev~loped beyond this amount is available to run the 
car. If the c-l>mpression and power drop to one-half, iust ns 
much power is required to run the engine, so that the available 
power drops in much greater degree. 

Mean effective pressure (M.E.P.): During the 
entire cycle of a gas engine, the cylinder is sub­
jected to many variations of pressure. We have 
seen that during the power stroke, the pressure 
decreases as the piston proceeds along its stroke. 
All of this pressure causes the engine to deliver 
power. In the same way, during compression 
stroke the pressure gradually increases as the piston 
travels upward. All of this pressure hinders the 
engine from delivering power, and should therefore 
be considered as a. negative power. 

Now, if we average up all the pressures durin~ a 
cycle and subtract those which hinder the engme 
from those which help it (the power stroke is the 
only stroke which helps), we shall arrive at the M.E. 
P., that is, the average or mean pressure which is 
effective in producing power. 

The advantages of high compression are: greater 
engine efficiency at high speeds and greater economy 
in fuel. 

The disadvantages nre lack of flexibility at low 
speeds, greater strain on bearings., and greater 
tendency to burn valves and plugs, as well as a 
tendency to over-heat. 

A greater compression can be carried in an over­
head-valve engine, regardless of stroke or bore; 
therefore larger valve openings are perm.,ssib le. 

Naturally this increases the heat, but as the valves 
are in the head, the dischar~e is rapid. The explo­
sion pressure is generated directly above the piston 
center, which receives no side thrusts. 

The spark plugs in an "L"-head type are usually 
over the inlet valves where the inrushing gas keeps 
them cool and where the fire is most certain-since 
they are in the most perfectly scavenged part of 
the cylinder, i.e., the direct path of the fresh charge. 

In the overhead type, on the contrary, they are 
exposed to the full heat of the explosion. In a high­
compression engine, therefore, only well-made plugs 
should be used. One method of protection is to sur­
round plug with a water jacket as much as possible. 

Abnormal compression is prone to cause over­
heating. Results however can be obtained with 
high-compression ratio which cannot be approached 
with average compression. 
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If a high compression is desired in an"L" or "T"­

head engine, in order to t.ake advantage of the high 
compression, the cylinders must be designed with a 
sufficiently long stroke, to enable the desired ratio to 
be obtained without raising piston appreciably above 
the floor of valve pockets, as at (L) (Fig. 26). 

Fig. 26. This illustration shows 
the t.yp~ of piston rcferrnd to. It will 
be obvious that the explosion will de­
velop in the valve pocket (L), and 
that, part or it.s expansion or pressure 
value is lost when the piston project.a 
above the top of the cylinder to any 
great extent. 

See page 806 for the principle of 
tho Ricardo cylinder bend. 

Average Compression of Engines 

The usual compression pressure for passenger-car 
engines is about 60 to 75 lbs. per square inch. The 
maximum compression is obtained with wide-open 
throttle and engine warm. The compression on a 
Marmon si..,-cylinder engine, for an example, which 
has been in service should average approximately 65 
to 70 lbs. when measured with a compressometer. 

A si.x, eight, or twelve-cylinder engine, having a much more 
continuous torque than a single-cylinder engine, will obviously 
3-tand a higher ratio or compression. The tendency is to dec1·ease 
compression M: tho din.meter of bore increases. 

Compression in all cylinders should be equal and 
up to standard. If the compression varies greatly 
between the various cylinders, the cause should be 
determined and remedied. 

Compression at the time of the explosion, at the 
instant when the piston is at top of stroke, is very 
bard to determine. Factors which would have to be 
taken into consideration are: character of fuel, 
degree of mixture, and speed of engine. An example 
follows. 

In the average engine with a compression pressure of 60 
lbs. per sq. in., in a cylinder with a piston 3 ¾" d.ia., whose area. 
is 10 sq. inches, the total force on compression would be IQ x 
60•600 lbs., am! the total force of the explosion pressure 
would be about five times as much, or 3,000 lbs. TbJ.S means 
that the piston is being forced down as if a weight of 3,000 
pounds were resting on it, and this force is turning the crank­
shart. 

Therefore with a loss of 10 lbs. compression pressure {50 
instead of 60) the total force on compression would be 500 lbs. 
and total force of the explosion pressure would be 2,500 lbs., 

or a loss of 500 lbs. in turning the crankshaft. The engine 
would therefore suffer a loss of 3000 +500, or one sixth of its pu 11· 
ing ability, showing the importance of maintaining compression. 

As a rule the explosion pressure is three to five 
times the absolute compression pressure based on 
the assumption tha.t the cylinder is filled with the 
charge to atmospheric pressure at the beginning of 
the compression stroke. 

The compression on a motorcycle-engine, as a general rule, 
is often rather high where si1eed is desired, but on the U.S.A. 
motorcycle engine, used dunog the ,,•arJ the compression wns 
slightly lower than the avera.ge. This somewhat depresses the 
power curve, but tho engine will run better on a wide-open 
throttle at lower speed, enabling the machine to "hang-on" "1th 
great tenacity and to pull w'ith power throug'h sand, mud, ~tc. 
The compression of airplane engines is somewhat great6r than 
on automobile engines. 

An open throttle fills the cylinder with gas, which 
of course increases the compression pressure. 
Therefore some engines may knock at low speeds 
with a wide-open throttle, as when climbing a hill 
slowly (see also bottom of pages 115, 806). 

At higher speeds of the engine a slight compres­
sion leak is not so noticeable as at low-engine speed. 
If it is desirable to have the engine throttle do,vn to 
a very slow speed, then be sure that there are no com­
pression leaks in any part of engine, including valves 
or rings. 

Increasing Compression in an Engine 
This means that by reducing the space in the 

combustion chamber from the head of the piston to 
the inside top of the compression chamber of the 
cylinder-when the piston is in its Up).)ermost posi­
tion-the gas would be compressed t11?hter, there­
fore there is more explosive or expansion force on 
the piston when combustion takes place. 

High compression gives more power, but it is 
harder on bearings and makes engine more liable to 
knock (termed pinging or detonation: see pages 806, 
1136 for a relief) and woduce heating, and is less 
flexible at low speeds. See page 1075 for detonation. 

It is true that different compressions affect the 
power of explosions, and that an uneven compres­
sion ratio in different cylinders will consequently 
cause an engine to jerk. If the compression is 
excessively high, it can keep the spark from jumping 
ga.p in spa.rk plug, unless gap is closed up slightly. 

Decreasing compression; see page 780, and page 
1044 for expansion and compression pressure. 

TESTING THE ENGINE COMPRESSION 
The compression is much easier to test than the 

1.:arbu.retor or ii;;nition apparatus. Test should be 
made while engme is wanned up as the parts are 
then expanded to normal working conditions. 

There are two kinds of test: by hand, called the 
feel-test, and by means or a compression gauge. 

To test th~ compression of the engine by hand, 
lest by cranking slowly (with ignition switch off, and 
throttle open) and note the comparative resistance 
of each cylinder. 

If the resistance of the compression of one or more 
cylinders is less than in the others 
(when on compression stroke) then this 
particular cylinder is leaking compres­
sion through one of the many causes 
previously enumerated. 

If the resistance of all of the cylin­
ders is below the regular standard, 
then, perhaps, all are leaking. 

A cylinder with good compression cranks with a 
rocking, bouncing, or springy resistance. 

If it cranks very freely, it may be considered an 
evidence of poor compression and this is usually dufl 
to leaky valves. 

If the pressure is slight or fairly good as the 
piston goes up on compression stroke, but begins to 
leak as the piston nears the top of stroke, the 
probabilities are the compression is leaking past the 
piston and rings, and by testing as shown in Fig. 30, 
page 769, the hissing may be heard (test with engine 
warm). 

How to distinguish between piston-ring leakage 
and valve leakage, and to determine the rate of 
leakage is explained on next page. See also pag<· 
779. 

To test the compression of the engine with a 
compression gauge, proceed as follows: With engine 
warm remove spark plug from cylinder to be tested 
and leave others in place; screw compressomet-er 
p:auge into the spark plug hole of cylinder to be tested; 
open throttle wide; place ignition switch in "off" 
po~ilio11. 
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Fig. 27A. A 
special gauge 
designed for 
testing the com­
parative pressure 
of each cylinder, 
called a com­
P,ressomete r.l 
fells whether 
compr~sion is 
uniform in all 
c ylinder·s -
whether piston 

rings are leakjng-whct.her valves are leaking-whether valves 
are correctly set, et,c. 

The comprc$Someler is mounted in place of the spark plug, 
nnd may be had with spark plug threadings, as follows: ½-inch 
tap, Z-inch straight. und metric. 

Note the two hands: the short red one (maximum) remains 
fixed at the highest point reached during the test of each cylin­
der. The black long one is an indicating hand. 

The test can then be made by using the starting 
motor to crank the engine, but only for a few turns. 
This is preferable, because it will give a uniform 
number of revolutions which should be the same on 
each cylinder tested, in order to make the relative 
comparison. 

As each cylinder is tested separately, enter the 
reading on a slip of paper, and then compare the 
results. If one cylinder tests higher than others, a 
variance of 2 to 3 lbs. less in the others is satisfactory; 
a variance of 4 to 6 lbs. less is permi5Sible; a variance 
of 10 lbs. less indicates a cylinder with low compres­
sion, and the cause should be fourrd and remedied. 

Example: On a certain eight,.cyunder car, all cylinders tested 
65 to 70 lbs. except No. 1 which tested 25 lbs.; No. 4, 35 lbs. 
and No. 8, 45 lbs. It wns found thnt No. 1 and No. 4 exhaust 
valves were badly burned, due to the valve clearance having 
been set too close, and during a long run the heat expanded the 
Yalve stems and valves remained open. No. s-·s low compres­
sion was· found to be due to leaky piston rings. 

With the gauge just described one should be able 
to obtain the following information: 
I. Whether the compression is uniform i)l all 

cylinders. 
2. Vi1hether piston rings are leaking. 
3. Whether valves are leaking. 
4. Whether valves are correctly set. 
5. The rate of leakage in each cylinder. 

To distinguish between piston-ring leakage and 
valve leakage, after taking the reading, remove the 
gauge and pour a spoonful of heavy oil on top of the 
piston and replace the gauge. The oil will tempo­
rarily seal leakage past the piston rings. 

Turn over the engine again, and note whether the 
compression is approximately the same as before, or 
whether it is higher. 

If the same, it shows that the rings are tight and 
the valves are leaking. 

If the compression has gone up, it indicates that 
there is leakage at the piston rings. 

To determine the rate of leakage in a cylinder, 
turn the engine to dead center (compression), and 
watch the black hand (long one). 

The black hand indicates the pressure at any 
instant. If there is leakage, you will see the black 
hand gradually return to zero (although the red 
hand-short one-which indicates the maximum 
pressure attained, will remain at maximum com­
pression). Note the time required for the black hand 
to return to zero. 

ltepertt thi~ for cu-ch· cylinder and you have a 
comparison of the rate of leakage in each cylin<lcr. 

Poor Compression: Effect and Cause 

The subject of compression is one of the most 
important _subjects connected_ wit~ a gasoline engine. 
If an engme lacks power, nme times out of ten it 
will be traced to poor compression. 

The compression space in an engine is the space 
between the end of the piston and the top of the 
inside of the cylinder as at (A), Fig. 28. In drawing 
in a charge of gas into the cylinder, the piston (P) 
travels downward, but after drawing in the gas 
throu~h the inta,ke valve (V), the valve c.loses and 
the piston on its up-stroke pushes the gas up into 
the head of the cylindet' and compresses it (see pa"e 
32). When the Jfas is compressed to the highest 
point, the spark (S) igID;tes the compressed gas and 
forces the piston down with great force. If the com­
pres.sion pressure is low the force will be less. If com­
pression pressure is high the force will be greater. 

If there is a leak then the gas will not be com­
pressed to as high a pressure as if there was no leak. 
Therefore power of an engine depends on good com­
pression, wl1ich must be maintained. 

Fig. 29. The purpose of tM• 
illustration is to point out what 
is meant by the gas being com­
l?ressed in the top of cylinder 
(combustion chamber) and bow 
a leak can occur at valve seat 
if valve is not t.ight i1, its seat 

Fig. 28. Trll.lL-t;ver$e section or an engine cylinder. Figures 
show where compression leaks may exist in -an engine: 1, 
cylinder head gasket; 2, valve sent,; 3, piston rings: 4, spark 
plug threads; 5, spark plug bushing or porcelain; 6, spark plug 
gasket; 7, relief cocks; 8, cylinder wall scored, tapered or out 
of round; (A) compression space; (C) connecting rod; (I) insert 
shows how the ~nse:3 e.<Jca.pe past the piston u.nd rings. 'When 
the ri ogs are worn the gases have an unobsttucted path back of 
the ring as indicated by the arrow· (P) piston; (S) spark plug 
gap; (f/) valve head shown seated in its seat (2). (Illustration 
from ,1 utomobile Digest). 

A frequent cause of leakage is through the valves 
(see also page 769), which, by not closing tightly, 
leak at the seat (2) and permit the pressure to escape. 

This may be caused by the valve being held open by a piece 
of carbon between valve face and seat, or valve clearance set 
so close that valve was belJ open and burned, and warped. due to 
eice.ssi ve heat, or valve may stick in guide, due to gummy cou­
dition and warpage o[ valve stem in gu:de, or weak or broken 
valve spring, or a ''Barne lick" a.gaill3t valve stem at top near 
val vc head.* 

A leak through one or more valve seats is generally 
accompanied by misfiring, loss of power and poor 
idling. A slight leak through all valves is accom­
panied by loss of power, but often without misfiring. 

Grinding the . valves in the seats will usually 
remedy leaky valves, but sometimes they will havr 
to be refa.ced first, especially if burned or warped. 

Leaky piston rings are often the cause of com­
pression leaks and may be due to the rings being 
gummed in the grooves and not expanding properly. 

Note that the arrow in (I), Fig. 28, shows how the gases 
escape past the piston and rings. When rings are worn the gases 
have an unobstructed path back of the ring as indicated by 
arrow and leak occurs between ring and piston at the groove. 

, Se11also p:igcs 4D-14 of ADDENDA for engine checkin~ and 
testing devices. •One test for a sticking valve: Missing will be 
mnrc 11oti~enhlc• wheu running a.t low speed and bard pull after 
c11gi11c h!ls been raced. 
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Compression leaks in valve caps, spark plugs, and 
priming cups (relief or pet cocks) are usually due to 
a failure to draw them down tight in the threads. 

These parts may be made tight by the use of copper washers, 
that metal being soft enough to be forced into the rough pla•e.. 
If the small gasket in tbe spark plug, or the spark plug itself, 
is not tight, gas will leak out and cause loss of compressic;n and 
lack of power. 

In addition to compression being lost through 
leaky valve seats, piston rings, valve caps, spark 
plugs, relief cocks, cylinder-head gaskets, etc., there 
are other causes, such as incorrect valve clearance 
adjustment (set too close) and incorrect valve timing 
(which opens or closes the valve at the wrong time). 
Leaks have also been known to occur through a small 
sand hole in the end of the piston. 

To test for a leak at the valve cap, spark plug, or 
relief cock: Pour oil over the cap on top of the 
cylinder block, and if bubbles occur when the piston 
is moving upward, it is an indication that there is 
a lea.k. It can be corrected by simply tightening, or 
it may be necessary to renew the gaskets. Pour 
water into the valve cap to detect an air leak, if t,he 
spark plug or relief cock is screwed into a valve cap 
"ith a depression in it. If there is a leak, it will 
bubble through the water when the engine is being 
cranked. This can be remedied by merely tightening 
up or by fitting new gaskets. 

A leak in the gasket connecting the intake pipe 
i;; a very common cause for missing at low speeds. 
It can be detected by allowin~ the engine to run at 
the missing speed. Take a squirt-can full of gasoline 
and squirt around all the intake pipe joints. If you 
rfotect any difference whatsoever in the running of 
the engine, there is a leak. The remedy is obvious. 

Cylinder-head gaskets, if not properly tightened 
and fitted, will permit a compression leak, and will 
also admit water to the cylinder on those cylinders 
fitted with detachable heads. Tighten cylinder head 
nuts. 

Asbestos i:nskets, when replaced. are first coated with shellac 
or soaked ,n linseed oil (not used on automobile engines). 
Copper gaskets are soft and {PVC; therefore they do not require 
this treatment. See Index under "Gaskets." 

Where cylinder-head gaskets are replaced without thoroughly 
cleaning them, ns well as the surfa<les on which they are fitted, 
or if they are not drawn down tight after the engine is warmed 
up (second tightening), a compression leak is likely to occur. 
See page 733. 

When cylinders are not cast en-bloc, care must 
be taken that gaskets are of exactly the same thick­
ness, otherwise the cylinder with the thickest gasket 
will be raised higher than the others and will con­
sequently have larger combustion space. As a 
result it will have lower compression. This in turn 
disturbs the running balance. 

In two-cycle engines conditions would be even worse, for 
here we not only increase the combustion space and enlarge the 
lower space (which in two-eycle engines is an important 
feature), but wo also change the port timing, ns a little thought 
will prove. 

If the cylinder wall, the cylinder head, or the 
piston head is cracked, compression will be affected. 

A crack in the cylinder wall will admit water to 
the cylinder from the water jacket. If a hole is sus­
pected, a test can be made on the cylinder to see if 
there is a leak by putting a foot-pum_p. connection 
to the water jacket of the cylinder. Fill the water 
jacket with water and apply the air pressure, and 
see if bubbles of water ooze through, inside of the 
cylinder. If this is the case, then these holes must 
be made tight. 

If water is found in the crank case, it results from 
one of three general causes: (I) water in the gasoline 
or lubricating oil; (2) loose cylinder-head gasket; 
(3) a cracked cylinder, or a sand hole in the cylinder 

from the water jacket. It is possible, somet-imes, 
to stop a cylinder sand hole leak with salammoniac. 
See Index for this subject. 

To detect a crack in the piston head, the latter 
must first be scraped clean of the carbon deposit 
and examined carefully. 

Sometimes there will be a discharge back into 
the carburetor; this indicates a leaky intake valve, 
providing it is not first found to be the result of 
faulty carburetor adjustment, due to lack of suffi­
cient gasoline, 01· to too much air, termed a "lean 
mixture." 

Sometimes a discharge in the muffler indicates 
a leaky exhaust valve, but not alwavs. It ,Yill 
require an el(perienced ear to detect the difference 
between an unfired charge being exploded in the 
muffler, due to carburetor adjustment and that of 
a leaky exhaust valve. 

A compression leak between the piston and 
cylinder walls is rather difficult to test. Probably 
the best way is first to correct compression leaks as 
described above; then, if the compression is still 
poor, the leak must be between the piston and the 
cylinder wall. See Fig. 30 for one method of testing. 

The remedy for leaks past the piston rings is to put in new 
rings, if they are not merely gum.med and cannot be loosened 
"''ith a little kerosene, Usually they are worn or out of round. 
See also t-be subject "Piston rings." 

Piston a~d Rings Cause of Leaks 
When the piston rings or cylinders have been cut 

and scratched by long use, or running without oil, 
the compression leak will be into the crank case, and 
when the crank case heats so that it is uncomfort­
able to touch, it is an indication that the leak exis~s. 
The only remedy is reboring of cylinders, and fit­
ting of oversize pistons and rings, or, if pistons are 
not too badly scratched, new piston rings may suffice. 

When piston rings work around in their grooves 
so that their split ends are in line (or if the gap is 
too great: see pages 169, 827, 828), this will often 
give the compression an opportunity to escape. 

A worn ring either permits ring to expand and enlarge the 
gap, or if it has lost its expansion, the oil will pass between ring 
and cylinder wall, in addition to a compression leak. See also. 
Fig. 28, page 767, and note the insert (I) where the leak i.s be­
tween the piston ring and the piston at the groove. 

If the piston rings are in good condition, they will 
be smooth and shiny, as will also be the cylinder 
walls. If the rings are dull and dirty in spots and 
streaks, it will indicate that the flame passes between 
them and the walls, leaving a sooty deposit. 

Badly fitting piston rings may be caused oy the 
rings sticking in their grooves, because of gummy 
deposit from the lubricating oil; rings that are 
stuck in their grooves will not press against the 
cylinder walls and will cause loss of compression. 
If this is suspected, just a little kerosene poured into 
cylinder and distributed by cranking may free rings. 

To test for piston-ring leaks: Place the hose at 
the breather pipe; with throttle wide open, have 
someone crank t1e engine with switch off; if a hiss­
ing sound is heard as the piston moves up on com­
pression, the pressure is escaping past the piston 
ring, down the wall of the cylinder into the crank 
case. In this case new rings are required, or maybe 
a Ii ttle kerosene to loosen up the ring will suffice. 
Often this is also due to a scored cylinder, and if so, 
replacement of rings will not effect a complete 
remedy. See also pages 8~9 and 779. 

If no hissing sound is heard, and you are still losing 
compression, the trouble is probably a leaky valve. 
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Fig. 30. One method of testing for piston-ring and valve leaks. 

A test can be made to determine if the leak is in 
the rings or valves by removing spark plug and 
injectin~ a small quantity of heavy cylinder oil on 
top of pistons. This oil should seal the piston rings 
and temporarily stop the hissing; if not, then the 
leak is probably in the valves. (It is best to test with 
engine warm in order that parts will be expanded 
to normal working conditions.) 

If you are able to hold against the compression of 
a cylinder for half a minute without perceptible loss 
of compression, the compression is probably good in 
this cylinder. Testeachcylinder. See pp. 767,779. 

To test for inlet-valve leak: Knowing that the 
minor leaks above referred to are corrected and 
that all the parts are tight, the next step is to test for 
leaks of the inlet valves, if any. Place a piece of 
garden hose over the carburetor air intake, as in Fig. 
30. With throttle wide open, have someone crank 
the engine with switch off. Place the hose to the 
ear; if a hissing sound is heard when the piston is on 
compression stroke, the inlet valve may be leaking 
,md needs reseating. See also page 779 on testing 
with an air pump. 

Prussian Blue for a Valve Leak Test 
To test a valve-head seat: Buy a small·tube of 

Prussian blue at any paint store. Remove the 
valve spring, and blue the face of the valve. Then 
turn it one-quarter around in the valve seat. If 
the sea.t shows a clear clean line of blue, you have a 
perfectly fitting valve. If there are points where 
the blue ,does not touch, you have a worn or warped 
valve or a faulty seat. (See also tester, p. 776D.) 

H, after these tests and ·repairs, compression is not 
restored, the trouble is a serious one1 requirini; re­
moval of the cylinders or cylinder heact. The piston 
rings may be broken, scored, or badly worn, or the cyl­
inders may be scored also. To remedy such troubles 
as scored cylinders requires special machinery, and 
this sort of repair is done by those who specialize in 
this class of work: Such work as fittin~ rings and 
grinding valves, etc., can easily be done many shop. 

Keep in touch, so to speak, with the compression 
in your engine if you wish to obtain best results. 

Compression leaks may be caused by small holes in piston 
head or ring groove, resulting from a sand hole or caused by tool 
cutting through when machining. Sec page 829 for a test. 

Compression leaks are sometimes in gaskets caused by 
warped cylinder block or head. This leak may !,.; from one 
cylinder to another and can be heard through spark-plug hole 
or adjoining cylinder. If gasket leaks into water jacket, water 
will bubble in radiator. 

Spark Plugs Indicate Condition of Valves and 
Piston Rings 

When spark plugs are constantly oily, this is an 
indication that oil is passing from crank case to 
combustion chamber and is usually due to carrying 
too high an oil pressure, or an excessive amount of 
oil, worn piston rings, or too wide a ring gap, 

scored cylinder, or too great a piston clearance. 
These causes will also frequently permit excessive 
quantity of lubricating·oil to pass out of the exhaust 
in the form of blue smoke. 

If spark plugs are coated with black soft soot, 
like that which accumulates in a lamp chimney, this 
indicates too much gasoline, or too rich a mixture 
being fed to cylinder from carburetor, due either to 
adjustment, or to excessive use of choker valve, or 
to an air leak in the intake manifold. 

Sooty spark plugs could also be caused by leaky 
valves, as this permits burned gases to be drawn 
into the mixture, with the result of poor combustion. 

Causes of Leaky Valves (Po1>pet Type) 

A valve and its parts, as used on engines with 
valves on the side, is shown in Fig. 31. 

If engine does not idle well, does not pick up speed 
as formerly, and there is sluggishness and loss of 
power, then test the compression (see page 767). 

If the test indicates leaky valves, then remove 
cylinder head and look for the causes, some of which 
are mentioned below: 

Carbon or some other substance may get between 
valve-head face 1 and valve-seat,1 thus holding valve 
open. Wide seats are more apt to retain carbon 

flakes. Valve-seat may be 
~~:!;:'?7 covered with carbon and pit­

ted. Carbon may also have 
,.,vunw collected on valve-stem under 

YALVI. TAPPCT 
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head, preven~ing valve from 
properly seatmg. 

Valve-seat in cylinder block 
may be worn down too deep, 
due to . constant ha=ering 
or tappmg. 

Valve-seat, also valve-face 
may be burned and scale may 
have formed (more common 
with the exhaust valve). 

The scale flakes off and gets be­
tween valve-face and valve-seat and 
holds valve open at this point, which 
of course causes a compre.ssio11 leak 
and continued burning or valve, 
forming grooves and holes. 

The cause may have been due to carbon or some other fo,­
eign substance getting between. valve-face and seat, or to 
valve-stem clearance being set so close that the heat-expanded 
stem caused valve to be held open, which permitted red-bot 
gases continuously to pass between face and seat; sometirnes the 
gas shoots through like a flame from a blow torch and cuts hcles. 

Ordinarily carbon particles will pass out through the exhaust 
valve 1 being carried out with the exhaust gases, but sometimes 
red-hot particles or carbon instead of passing out, will weld to 
the valve-head faoo or valve-seat, and thus cause pitting. 

It is said that exhaust gases raise valve temperatures to as 
high as 1600' F. or more at times. Improper carburetion mix­
tures cause carbon troubles. On some valves the material is 
such that the high temperatures to which it is subjected ... ,_:: 
harden the valve-head to a point where it becomes brittle, 
causing cracking, which permits leaks. 

Valve burning is also due to bouncing at high •~eds, that is, 
the valve practically remains open and the flame-Itek constantly 
playini: on the upper part or stem and head causes burning. 
Bouncmg is ca.used by insufficient spring tension n.nd gummeci. 
or sticky valves. 

Valve-head may be warped, due to being held open 
and permitting the hot gases to pass continually 
under head, thereby burning the head where at­
tached to stem (more co=on with the exhaust). 
Extreme temperature on a poor grade of valve will 

1 "Valve-head face" refers to the face of the valve-head, and 
"valve-seat" refers to the surface with which the valve-face 
comes in contact when closed, as shown in Fig. 32. 
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often distort and warp the head. Excessive heat is 
somet.imes due to low water or lack of oil or running 
on a retarded.spark. 

Valve may be held open due to clearance (4) 
between valve stem and tappet being set too close 
( see page 57 under "valve-stem clearance" for ill 
<'ffects of this). 

Valve-spring (3) may have lost its temper due to 
<•xcessive heat and thus be weak, which results in 
valve holding open at seat (more common with ex­
haust), or spring may be broken. Valve-springs, 
when too stiff, will cause excessive wear and noise. 

Valve-stem may be stuck in its guide (2) despite 
the pull of the spring (3), due to lack of lubrication, 
or caJ·bon deposit on stemj· or because of warped or 
bent stems; all cause a agging action. See also 
page 767. 

Valve-timing may be incorrect, or contour on cam 
(.'i) may be worn and thus not close 01· open valve at 
the proper time. 

Valve-guide or valve-stem may be wom, permit­
ting air to be drawn through inlet-valve-guide when 
the inlet valve is open, thus admitting more air to 
rnix with the carburetion mixtme, which causes miss­
ing aud poor idling. 

Examine the various parts mentioned above until 
the cause is located. The most common valve 
troubles are burned valves, sticking valves, and 
noisy valves. 

In most instances the valves may be ground or 
lapped to their seats in the cylinder head or block. 

If the valve-head is badly pitted, burned, warped, 
or out of line with its seat, or if shoulders or grooves 
appear on the valve-head face or ridges around the 
valve-seat, due to constant hammering, it is ad­
visable to reface the valve-head (or install a new 
one) and recut the valve-seat, then lap or grind to a 
smooth seat by hand or with one of the valve­
grinding tools that has an oscillating motion. 

Valves that are warped or burned badly are often 
replaced with new ones which also must be ground 
to a tight seat. 

If the valve-.seat in the cylinder block is excessive­
ly wide, which in many cases is wider than valve­
face, or if pitted and crystallized with scale, it should 
be reseated and valve-head refaced and then ground 
to seat. If a new valve-head is installed, the valve­
seat in cylinder block should be reseated before the 
new valve-head is ground to a seat. 

Valve-stem should fit the guides. This subject 
is discussed on page 776A. 

Valve-stem clearance is very important. This 
subject is treated on pages 776B and 57. 

Fig. 32. A pitted valve-head and 
valve-seat. Note the black spots on 
the valve-face and valve-seat. This 
permits escape of gas. If the seat is 
pitted it may or may not !Mk. If the 
vn.lves are ground or reseated, the spots 
will be removed and the valve ";II seat 
tightly provided the pitting is not too 
deep and the valve spring is not too 
weak. 

Where a valve is deeply pitted, it is a mistake to attempt to 
grind out all of the pits, and it is not necessary, so long ns good 

line co~lta~t is ~btaine<l between th~ pits ns shown in_ Fig. 47. 
Of_ course, .•fa p,t cuts througb ~he hne of co11tact

1 
there will be 

a leak. P1ts1 also carbon clepos1t, may be rem·ovea ,vith a ,·ah·e 
refacer, va.lve-sea.t reru:ner, or cutter. 

Fig. 33 (left). Exhaust-valve-stems often become carbon­
coated, :i,nd whe~ the engine is drive!' at high speeds for 
long periods of time the temperature increases, causing ex• 

pansion, with the result 
that the valve will be 
given a taper or ,v:uped 
effect which will not 
permit it to seat proper• 
ly. Often this is the 
ca.use of a leaky valve, 
and the stem should be 
cleaned thoroughly and 
sufficient clearance al­
lowed between thevalve­

stem and ti•~ valv?-guide. Clean by placing the valve betweeu 
wood blocks in a vise (Fig. 33A), and use n strip of emery cloth. 

The exhaust valve has a tendency to leak more 
than an inlet valve because it is more exposed to 
heat, due to the outlet of bot gases. 

The exhaust valve-stem expands more than the inlet valve, 
as 1.t is exposed to a greater t,empemture. It is usually giYen 
n slightly greater clearance between valve-stem nncl tappet thnn 
is given to inlet valve. 

The exhaust valve-seats in the cylinder block do 
not suffer as much from heat as the exhaust valve­
head because the seats are usually water-jacketed. 
The valve-seats, both exhaust and inlet, wear down 
in time from constant hammering or tapping and 
thus make too broad or too wide a seat. 

The valve-face on exhaust or inlet valve also \1·ears 
in time from the same cause, and shoulders and 
grooves will appear. 

T~e inlet valves usually require only grinding or 
lapping, as the cool gases from carburetor tend to 
keep them cooler tha.n t.he exhaust valve. 

• Fig. 33B. A valve-seat should ~= never be wider than the face of 
valve, but should be narrower. 
A nnrrow radial seat (R) is theorcLi• 
cally preferable to a staight sent (S) 
hecause it will not. wear to a. wiclc 

cor1tnct •as quickly as t-he conventional straight seat. A 111 
instruction book says "a tight valve should show n 

smooth bright bearing about •i/' ,vide in the valve and sen.I.." 
Too narrow a seat will not wear, and too widen one tends to 

catch carbon. Valve-seats that are too wide may be reduced 
with re.seating cutters or reamers. Heavy-duty engines require 
wider seats, owing to heavier spring- tension and continual 
hammering. 

Valve Reconditioning Methods 
1. Grinding or lapping engine valves to a tight seat 
• with valve-grinding comp0tmd and tool. 
2. Refacing a valve-head on a valve-face g.rinding 

or cutting machine. It is essential that the valve­
head be faced true or centered with relation to 
the valve-stem and valve-seat. 

3. Reseating the valve-seat with a reamer or cutter, 
using with it a pilot, in order that the valve-seat 
in the cylinder block be true or centered in rela­
tion to the valve-stem guide and that seat has the 
correct ~-idth. 

4. Trueing up, and beveling valve-stem ends by 
grinding. 

5. Reaming valve-stem-guides for oversize valve­
stems and reaming valve-tappet-guides for over­
size valve-ta.ppet.s when excessively worn. 

6. Testing valve-spring tension. 

GRINDING OR LAPPING ENGINE VALVES (POPPET TYPE) 
The purpose of valve grinding is to make a tight 

seat which will prevent the escape of the compressed 
gas through_ the valve-face and valve-seat of f.hc 
inlet or exhaust valve. See also page 56. 

Before grinding valves be sure the valves leak. 
Make the compression test. lf there is a loss of 

1 On modern high speed, high compression engines (beat in­
f'reases with compression), tendency is to,vard wider scats. 
Wide seat,, dissipate heat from valve heads better but narrow 
~cats gjve better scaling; if too wide, carbon particles mny be 

caught between the valve and vtllve seat causing blow-by thn.t. will soon burn vnlve n.nd seat. Sent width depcnd5 upon rhar~ 
a<:tcristics of engine rather than there being a standard for all cn.c-incs. Follow manufacturers 1 recommendations. See Suppleme,,tm·y 
Indez under "Valves." 



REPAIRING AND ADJUSTING A CAR 771 

<>omprcssion, bear in mind that it, may be elsewhere 
than ;fl the valves. Weak compression can also 
re~ult from leaky piston rings; therefore be sure 
that the leak is in the valve and not in the rings or 
elsewhere. The blue test for a valve lea.k (page 769) 
(or with tester, page 776D) can be tried if in doubt. 

On some engines the valves are on the side and cylinder head 
is cast integral ";th cylinder block making it necessary to re­
move the valve-cap to get to the valve as in Fig. 108, page 56. 

On others, the valves are on the side and in cylinder block and 
cylinder head is detachable as in Fig. 111, page 56. 

On others, the valves are in the detachable cylinder bead as in 
Figs. ll2-115, page 57. 

On others, the valves are in cages ns in Fig. 93, page 53. 
But no matter where or how the valves are arranged, they 

serve the same purpose and are ~rouna in very murh the same 
manner. 

Valve-Grinding Procedure 

As an example, we will use an engine with valves­
on-the-side and in a cylinder block which has a 
detachable cylinder head. 

First drain the water from radiator, disconnect 
upper hose from cylinder block (loosen flange), dis­
connect spark plugs, and remove the cylinder-head 
bolts and lift off cylinder head, then the gasket. 
Haug the gasket on a nail. 

Removing carbon is an operation that should be done at this 
time: temporarily replacin; bolts in boles will prevent carbon 
falling in. Turn crank until the pistons I and 1 are up; then 
scrape ca.rbon from the heads of these pistons. valves, et,c.; be 
sure and put cloth into No. 2 and 3 cylinders. Then blow off all 
carbon with air and repeat the operation with No. 2 and 3 
pistons. Be sure to remove any carbon collected under bead 
on stem, as this is what usually causes valve to stick in guide. 

Also loosen any dirt or carbon in bolt holes, otherwise cylinder 
bead could not be drawn clown tight and water would leak out 
around gasket when head and parts are replaced. Trying to 
force bolts may break them off. 

Be •sure carbon does not get into cylinders. Also remove 
carbon from the inside of cylinder head and clean well, so that 
there are no loose particles. See also, pages 776D, 763. 

Next remove valve-cover and gasket, as shown 
below. 

Fig. 34. Valve cover 
nnd detachable cylinder 
head removed on an 
engine ,yith valves on 
the side exposing the 
va.lve•springs and valve­
stems. Note: It is not 
usually necessa.ry to re­
move manifolds in order 
to grind valves. 

Next, remove the valve-springs. There are vari­
ous methods and devices for doing this. Methods 
are shown in Figs. 36 to 39B. The idea is to com­
press the valve spring (when valve is fully seated), 
so that the spring-seat-pin, or vah-e-seat-pin can be 
withdrawn from the stem. 

Pig. 38. A device sometimes used on V-type cylinder-block 
engines for compressing va.lve,.springs. 

Fig. 39. After the spring-seat key is removed, the valve is 
lifted out of its seat, which is not a}wa,ys as easy as it would 
appear. Valves ma1, be lifted from their seats by means of a 
tool made from at•' x 14"-long spring steel rod (temperer!). 

Figs. 39A, 39B. Two or several types of valve-spring lifter.,: 
the Vlecbek (39A) and the ~Iossberg (39B). 

If more than one valve is removed, be sure to 
arrange or mark them so that the same valve will 
be replaced into the same valve-guide from which it 
was removed. Light punch marks can be made on 
the head. 

Place cloth into the opening of the cylinder to 
prevent the grinding powder and dirt from getting 
in; and be sw·e and take it out when through. 

Bear in mind that a valve-stem can be easily bent; 
therefore be careful to not allow tool or spring to 
bear sideways against valve-stem. 

Examine valve. If burned, warped or deeply 
pitted or badly worn on the stem it should be dis­
carded and a new valve installed. 

If you are equipped with a valve refacing mach10e 
it may be possible to recondition it. 

If valve-guide and stem are worn (.00811 clearnnce 
or over), it is best to ream valve-guide with an over­
size reamer and put in a new valve with oversize 
valve-stem. (See page 776A, "to check valve-stem­
guide wear.") 

If valve-seats in cylinder block are pitted or 
burned (scale on it) or if valve has a very wide seat, 
it should ·be reseated with a reseating reamer (see 
pages 775-776). If the valve-stem guides have 
been reamed oversize, the reseating tool should be 
used with an oversize pilot. The valve is then 
ground to a seat. 

Another point to observe is the lower part of valve­
stem. If badly worn, the clea.rance will be too 
great. If there is no provision for adjustment of 
valve clearance, as on the Ford, a new valve will be 
necessary. 

If the valves and seats are in good or fairly good 
condition, likewise the valve stem and guide, the 
valves can be ground, but before doing so clean the 
stem (Fig. 33A) and all pa.rts thoroughly. 

Before grinding an old valve, it should be tested 
by rPvolving between centers to see if it runs true 
and is not bent. The valve can then be removed, but before doing 

so it i<, a good idea to remove with a fine file any bwT 
which may have formed on the end of the valve- t Fig.•~ ~ l 
ste1:1, so that it will pass through the valve-guide • • , • Fl• i 
easily. n Fi .. < ..,__ :",.. ~- • • 

•o • a 
f'ia. 4$ 

Figs. 40-1~. Valve-grinding tools. There are many differeut 
kinds of valve-grinding tools which can be obtained at auso 
supply houses. 

If a slot is out in the head of the valve an ordinary screwdrive1 
Fil,S. 36 and 37 show two makeshift methocln of compressini; or brace and screwdriver bit (Fig. 42) will serve the purpose. 

valve-springs to remove the spring-seat key (applies to different If there are holes in the bead of the valve, 
kinds or en,gines). a soecial tool such as shown in Fig. 40 and Fig. 41 is 

NOTE: Text wns changed from page 769 to and including piLgc 780 (since the General Index wns ptepared), consequently there 
may be some discrepancies between the index and the text. See p. GOO under "Valves" for literature nnd booklets on vnh·es. 
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required. (The one in Fig. 41 can be made of a broom handle 
3nd two nails.) 

The one in Fig. 40 has a double handle, one of large diameter 
for speed and the other for slow speed. Fig. 43 is a valve­
grinding tool made by some of the wrench manufacturers, such 
~Walden. 

Fig. 44 is a hand-oscillating type. It has an extension which 
is handy for reaching some of the rear valves. (Made by 
Albertson & Co., Sioux City, Ia.). l1ig. 45 i.s an electric 
oscillating tyPe, Then there is another tyoe not shown, 
operated by air, 

After removing valve and cleaning 
it, apply some valve-grinding com­
pound' on the face of the valve (Fig. 
46). The usual procedure is to dip 
the finger int-0 the compound (coarse 
grade first) and apply this to the face. 
Put on an even coat and do not 
plaster it all around the surrounding 

metal parts, a thin coating is sufficient: 
There are specially prepared grinding compounds• which can 

be secured at supply houses. They usually come in two grades: 
coarse and fine. The first cuts heavily; the second does not 
cut so much, and is for finishing. 

Place the valve back into its seati then take a 
valve-grinding tool (see Figs. 4D-45J placing the 
point in the recess, and bear down on the valve with 
slight pressure, and oscillate the valve back and forth 
in its seat for a few seconds. (Make sure end of valve 
stem is clear of tappet.) 

Then, with your free hand, reach under the valve­
stem, push the valve up and off its seat, revolve it 
a quarter turn and let it fall back in its seat once 
more. Then begin oscillating the val~ back and 
forth again for another few seconds, and again raise 
the valve, turn it in the same direction another 
quarter turn, drop it back on its seat, and proceed 
again the same way. 

A pressure of about 3½ lbs. is sufficient. More pressure than 
this wiU cause grincling compound to cut rings in the valve-seat. 

The reason why a valve should not be turned round and 
round, or continuously in one direction when grinding, is that 
it is liable to result in an annular cut in the seat which would be 
bard to grind out. 

A spring should be placed under the valve head as shown in 
Fig. 42. This will nllow the valve to be raised from its seat 
occasionally for inspection. 

After you have gone completely around twice with 
the valve in the above manner, remove valve, wipe 
off compound, and pass the finger over face to make 
sure it 1s clean. Then carefully wipe the compound 

1 This method of valve grinding is taken from Cinnpresswn 
Leaks. 

, Valve-grinding compounds are of two kinds, carborundum 
compound and water-mix-compound. The carborundum com­
pound cuts under the action of oil, and water-mix compound 
cuts only with water. 

"Clover valve-grinding compound," a mixture of abrasive 
and bard petroleum-cutting oil containing no emery or grit for 
grinding valves, lapping cylinders, fitting piston rings, etc., is 
manufactured by the Clover Mfg. Co., Norwalk, Con.n. For 
valve grinding, this company recommends its valve-grinding 
compound which comes in a duplex can and conta.ios a coarse 
grade CE) for roughing e,nd a line grade (A) for finishing. They 
also supply a water-mix valve-grinding compound known as 
"Just Rite." They state that it will cut very fast, but recom­
mend the slower process of using their compound which has an 
oil base. 

Some mechanics prefer the oil-base compound, while others 
prefer the water-mix compound. 

There are a numbs? of other good valve-grinding compounds 
on the market, such as "Zip" (The Zil' Abrasive Co., Cleveland 
Ohio), "Pep" (Pep Mf,:. Co., 33 W. 42 St .. New York), 

and 
many others-all of which can be obtainea a& automobile 
supply houses. 

off the valve-seat, and pass the finger over this 
surface also. 

Examine the two seats carefully, and see if tbey 
seem to be ground evenly all over. If not, repeat op­
eration, using again the "coarse" grade of compou11d. 

When you believe that you have a uniform looking 
seat, clean both seats carefully and apply a small 
quantity of "fine" grade grinding compound and 
once again go through the same operations, using 
the fine instead of the coarse grade. 

Caution: The usual mistake which is made, is to carry the 
grinding operation too far. The average valve requires but 
little grinding to make it tight, but it should have this little 
grinding often, say every 5,000 tniles; also ream carbon from 
valve-seats and reface valve-bead when necessary. 

The idea is more to clean and resurface to a clean tight seat 
than to remove very much metal, unless worn, \\'1th ridges or 
grooves, and then often a new valve should be installed. The 
carbon should always be removed at the same time, not only 
from valve-head, seat, and stem, but surrouncling it, to prevent 
particles getting under valve. Always blow out all loose 
particles with air. 

After you are through with your two grinding 
operations-the "roughing and finishing," as it is 
called-clean all surfaces with the greatest care, and 
then apply a th.in film of clean oil to the seat of the 
valve and drop it back into place once more. 

This time apply all pressure you can to your valve 
tool and oscillate valve a number of times in its sev­
eral positions, just as if you were grinding it, only with 
oil instead of compound, and using more pressure. 

Now take the valve out, wipe off the oil carefully 
and get a reflected li'ght on the surface of the seat 
of the valve, by holding it at the proper angle be­
tween your eye and the light. 

A test to see if valves are tight: Turn the valve 
slowly, keeping your eye fixed at the same point of 
reflected light and you will see some fine, very bright 
or polished lines, which run around the seat. These 
lines represent the points of contact. 

Refer now to Fig. 47 
A A ~B and you will note that 

8
. 0 these bright lines (A) arc 

not necessarily continuous 
A O O • all around the seat. 

One line will run part 
A A way around and then 

p· 47 Fi 48 stop, and another will 
ig. g. then start, go farther 

along and run out, and so on; usually not so short 
as these shown, but rarely a continuous line. 

If all these lines overlap, as shown in Fig. 47, the 
valve is tight on its seat, but if they fail to overlap 
as shown at (B), Fig. 48, then there will be a leak 
at (B), and itis necessary to commence all over again 
and grind the valve some more, beginning with the 
coarse compound and finishing with the fine, then 
testing its tightness by rubbing in with oil as before. 

An ideal valve seat is a very fine, narrow edge, as 
it will last longer than a wide one, and, furthermore, 
a wide seat tends to permit carbon to collect in the 
seat, and thus heat the valve, while a narrow valve 
seat cuts the carbon, thus a~sisting in keeping the 
seat clean. 

Fig. 49. Another method to test the 
finish of a valve-face after grinding: Mark 
it with a lead pencil as shown about ½" 
npart or less. If, after_putting the valve 
in place and after oscillating it about a 
qun.rter turn, nil marks are erased, the job 
is satisfactory. The marks (M) on valve 
are the pencil marks to be erased. 
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After grinding valves and they are found to be 
tight, they should be cleaned with gasoline or kero­
sene. Also clean valve-seat, and be sure that no 
abrasive substance get.a into cylinder or valve-guides, 
and don't overlook cleaning the valve-stem. 

When replacing valve, place a little oil on the stem 
and place it in the valve-guide and in it.a seat. Be 
sure that the valve-stem is free in its guide. Before 
replacing valve-stem, be sure the end of the stem is 
ground true. 

A valve that is properly seated will bounce back 
when dropped into its seat. If it stops with a dull 
thud, either the grinding is not perfect or the valve­
stem is bent. 

The valve-spring is then compressed and placed 
back, and other parts assembled. 

I 
Fig. 50. One method of replacing a valve­

spring: Tie the valve-spring before trying to re­
place it. A simple method i$ to compress spring 
between the jaws of a. vise. While compressed, 
it is tied up with a loop of ,,;,ire or string in two 
or three places. When the spring is thus tied up 
under tension, its repla.cement is easy. This is 
not necessary 1 _however!, if a valve-spring lifter 
of the proper Kind is at and. 

After grinding valves, always check the valve-stem 
clearance between the end of the valve-stem and 
tappet, because the relations between the two were 
changed during the grinding operation. 

It is also advisable to check the valve timing after 
checking the valve clearance, particularly on an 
engine that has been in service for some time with 
worn parts. 

The compression of the cylinders can now be 
tested. If valve-seats are properly seating and 
t.here are no other leaks, such as piston rings, scored 
cylinders, loose pistons, or out-of-round cylinders, 
Lhey should test approximately equal in all cylinders 
(see page 767). 

Grinding Overhead Engine Valves 
The foregoing instructions are for grinding valves 

in an "L" or "T"-head type of cylinder. 
Valves placed overhead, are either in cages, as 

shown on pages 53, 71, or in cylinder heads which 
are detachable, as in Fi~- 112 to 115, page 57, and 
the process of grinding 1s similar to the method of 
grinding valves explained on pages 772 and 57. 

Where valves are in cages, the cages are usually 
removed, as shown in Fig. 52 below, and the valves 
are ground in the cage. 

The valve-cage itself is sometimes ground to its 
seat in cylinder block (see Fig. 53) on some makes 
of engines, and on others a copper g,asket is used. 

l!lg. 52. The ca.ge is placed in a counter-sunk hole in tbc 
bench, with a spring under tho valve to raise it. In fact, it is a . 
i:ood idea to place springS under all types of valves when grind­
mg. The valve-hesd is t.hen ground to a seat in the valve-cage. 

Fig. 53. A simple way of grinding a Buick valve-cage 1 to a 
gas tight joint in sest in the cylinder block is shown here. 
Through the center of t,hc cage insert a round iron rod which has 
been threaded for a nut nt the two places shown, Then tighten 
the nuts. With the rod as a handle, the cage can be rot-ated 
easily. Sec also page 71. 

When replacing cage, be sure to line up the gas port boles in 
cngc with holes in cylinder block. 

To tell when a valve is ground to a perfect seat, see blue test 
(page 769, nnd Figs. 47, 48, page 772). (Sec also page 776D.) 

TYPES OF POPPET VALVES0 • 3 

Valves may be clas.sified as one-piece type or 
two-piece type. By one-piece is meant that the 
valve-head and the valve-stem are made of the same 
material and are integral. In the two-piece type 
the valve-head may be made of the same or a differ­
ent metal from that of the valve-stem, and the two 
are welded, riveted, or otherwise fastened togethei:. 

The two-piece valve consist.a of a cast-iron head 
or of a steel head which is fused, welded, riveted, or 
otherwise fastened to a steel or alloy steel stem, 

One of the advantages claimed is that inasmuch as 
both valve-head and motor-block seat are of the 
same material, they will wear to the same extent. 

The one-piece valve consists of an integral head 
and stem made of special alloys of steel. The alloys 
used contain such elements as chromium, silicon, 
tungsten, nickel, cobalt, etc. 

Stainless steel resists rust, which is an important factor in the 
valves of marine engines, owing to the presence of salt-water 
vapor. Stainless steel is an alloy of certain definite percent.ages 
of chromium and nickel. 

Tungsten steel is very hard and tough, and con$0quently 
valves made of this material will ofl'er great resistance to 

1 Buick valves are now ground in a detachable cylinder hesd. 
'Some of the manufacturer~ of valves are: Boyle Valve 

Co .. Chicago, Ill.; James Motor Valve Co., Detroit, Mich.; 
Michigan Eni.ine Valve Co., Detroit, Mioh.; Rich Tool Co., 
Detroit, Mich.; Thompson Products Inc., Cleveland, Ohio; 
Toledo Steel Products Co., Toledo, Ohio. 

•Seepage 775 for valve refacing and reseating tools formerly 
on this page. 

abrasion (wear) and to breakage, particularly when red bot. 
For this reason, they are often used in racing cars in which 
resistance to abrasion (caused by road dust, etc., in the intake 
gases), and breakage are more important features than resist· 
ance to burning. 

A steel nlloy of low percentages o( chromiWll and nickel is 
often used for inlet valves. 

One of the most popular steel alloys used for valves on avia­
tion engines, heavy-duty trucks, tract<>rs, busses and passenger 
cars contains both chromium and silicon, The advantages or 
valves of this alloy is that even though they may become red 
hot, they will retain their hardness and will not warp. "Red­
hardness" is the term used to describe such o characteristic. 
For these reasons a. steel alloy of chromium and silicon is par­
ticularly suitable for exhaust valves, and is also used in inlet 
valves where expense is not an important fact-or. There are a 
number of such valves, one being the Thompson silcrome valve; 
another, the Rich silcrome steel valve; another is tbe Toledo 
one-piece all-steel, special alloy valves for heavy duty work.' 

The "James self-cooling" valve is the name of a valve formed 
of a special alloy metal known as Ni-chro-loy. The metal 
consists of nickel, chromium, and carbon, melted in an electric 
furnace and poured at a temperat.w-e of 3,800° F. 'l'his valve 
bas a hollow chamber U11der the head with three vent-holes, a 
patented feature known as the Grant hollow-head construction. 
When engine is running and exhaust valves are open, the rush 
of the gases by the valve tend to create a auction below the 
head, and this action draws tbe excessive heat in the hollow 
chamber away from the head, thereby cooling the valve-head. 

Another make of valve is the Boyle fiat-seat type of valve. 
It is claimed that with the same lift as the ordinary taper valve, 
this valve will have a greater valve opening and that this gives 
an increase in effective valve area which produces more power, 
quicker accelerat,ion, etc. 

U difficulty is met with in grinding some of the valves, owing 
to the fact that the abrasive cuts the surface very slowly, it is 
because that particular engine has a very hard alloy steel vain. 

The valves should then be refaced on a refacing machine 
(page 775) grinding type preferred; this will eliminate a good 
deal of work. 
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Where bard alloy steel or Tungsten valves are used, they can 
be ground if a good vnh-e grinding compound is used for the 
pW1)05e: but if they are badly pitted. they should be relaced. 
The usual practice is to grind them on a valv""J:finding machine 
or to place them in n latl1e and ernery t.hen1 down with special 
devices for the purpose, or to u•o fine emery cloth on a block, 
while n valve is rotnt.cd at a high speed. 

Valves for replacement, in standard sizes and oversize (see 
page 776A) of various makes can be obt.ained of automotive 
supply or equipment jobbers. 

Valve-Stem Ends or Tips 
There are five types of valve-stem ends (Fig. 54), 

namely, slot (S), drilled (D), grooved (G), threaded 
(T), and taper grooved (TG). The ends or tips of 
valve-stems are usually hardened and beveled to a 
30° or 4.5° angle to a distance of 1V' for valves less 
than 2~" dia., and n" for larger valves. On some 
of the steel valves the heads also are hardened. 

CDCD 
Fig. 5-1. Ynlvc-,itcm ends or lips; Fig. 55. Valve-bead slots 

or holes. 

Valve-head slots or holes. To fncilitnte tbe regrinding of 
vah·es and valve-seats, either n slot is milled or holes drilled 
in the valve-head (Fig. 55). The holes range from ½" to I¼" 
apart, depending on t.he size of tho valve. 

Valve-head faces are beveled at either 45°, 30", or 60"-usu­
. ally 45°. 

Fig. 55A. The S.A.E. recom• 
mended practice specifics a 45• 
bevel on valve-face and seat.. 

The illustrnlion shows how the 
depth and diameter of valve-fnce 
compnres with v£tlvc-.scat. 

~ .. ~j The small dh,meter of valve­
facc (B) is always n little less than 
the small diameter or valve-seat 

-·- A ••••••• (A); also depth of valve-seat (D) 
is alwo.ys less than dtpth of valve-face (E). 

Valve Di.Jnensions 
When ordering a valve which cannot be identified 

by stock number, model of car or engine, the most 
important dimensions, which are given below, should 
be specified. A sketch avoids mistakes. Also men­
tion the angle of valve. Most valves have faces·of 
45° angle. 

.Fig. 50. B, small di-
• a1ueter of valve-face: C, 

c K ~::::~;~::::::::::;;::::~ overall diameter of valve-
: I' J headi L dista.nco from 
' Ir" top of valve-face to tip of 

., ____ ___, valve...stom: M, distance 
bet ween holes for v a Ive 

grinder tool; N, distance from center of hole for spring retainer 
pin to th> of valve-stem; 0, drill site of hole for spring retainer 
pin. (Note: H a slot or groove is used, give complete dimen­
sions on a. sketch.) S, valve-stem diameter. .Also mention 
port dia. of valve-sent (see A, Fii:. 55A). 

The valve dimensions of a finished standard Ford model 
T-valve for the intake and exhaust are as follows: B, IH" to 
1,1',"; C, U!" to IU": L, 5" (approximately); M, I"; N, !i to 
H"· 0, No. 31 drill (.120"); S, .3100" to .3115" (about ,'.''). 
\Vidth of valve-face is f,". 

When installlng a finished valve, it should be 
lapped or ground to a tight seat. 

Reconditioning Ol' Replacing a Valve 

Some of the valve manufacturers advocate the 
replacement of a new valve instead of reconditioning 
the old one. The reason given by one manufacturer 
is that after a valve has been used for several thou­
sand miles service, if subjected to an acid etch,' suite 
often fatigue cracks are 1·evealed around the dmm­
ctcr of the head, penetrating toward the center of 
the head and through the face of the valve. 

In a great many instances this can be removed by 
refacing, but if the refacing operation does not 
penetmte to the bottom of the cracks and the valve 
is put back into the engine, the cracks will start to 
lengthen further. 

The manufacturers of valve refacing machines 
claim that a valve can be reconditioned and will be 
as good as new. 

It is better practice to replace valves with warped or bent 
stems, n.s it is difficult to straighten a bent atem so that it \\;II 
not bind if n really good fit in the guide is dC11ired. 

Any valve-stem that is worn so that it has a clearance in the 
valve-guide of .008" or over should be replaced. A new vnh·c­
guido bushing does not correct the worn stem (see page 770A). 
A properly fitted valve has but .0025" to .003" clearance. 

The repairman should carefully examine the valve. In most 
instances the probabilities are the valve can be refaced and 
made as good as new H it is not too far gone. 

Methods for refacing valves and reseating valve-seats "ill 
be taken up in the next subject. 

RECONDJTJONING VALVES AND SEATS BY REFACING VALVE-HEAD FACES AND 
RESEATING VALVE-SEATS (POPPET TYPE) 

Rcfoc:ing Vahe-llead Faces 

If valve-faces are warped, burned, pitted, or worn 
until shoulders or grooves appear (as greatly oxag­
l!erated, in Fig. 57) seating on the sw·facc (A), with 
ridges (B) and (C) on either side of the seat (A), iL 
is manifest that we must remove these ridges before 
we can commence to grind the valve in place. 

It might be well to say right here that the valve seat (D), 
ffig. 67), is usually narrower than the seat or the ,,aJve-hcad, 
so thnt if there is any grooving to be fouod 1 it is almost certain 
to be exclusively confined to the valve-heaa ns llhown. 

D ~•-.51! Fig. 57. Aoexog-
C •• .. gerated illustration 

/ : •. sbowing how ridges 
• 1-t ,~ ~, may form on valve 

,• from wear. 

Fig. 58. R;dgC1! cau be reuioved with a file. The modern 
method is by means or a volvo-hcnd refacing machine. 

Ridges can be removed with a file by holding the 
valve-head in the fingers, as shown in Fig. 58, and 
with very short strokes work round and round the 
valve, but the quicker and more accurate method 
would be to reface the valve on a refacing machine 

which will also remove any other defects and al:;o 
true the valve-head seat with stem. 

Very likely too, if valve-head is in b1td shape, the 
valve-seat is also and it, should also be reseated, as 
will he explained farther on. 

The illustrations (Figs. 57, 58) are taken from tho Clover 
hooklet ,end arc intended for tboso not equipped with machines 
suitable for valve mincing; but iil ciLher case the valve sliould 
be·ground or lapped to a seat afterwords. 

Many shops have adopted the practice of refacing 
valves on a refacing machine and then grind or lap 
them to a fit afterwards. 

Valve-heads can be refaced on a lathe, or hand 
refacing t.ool, or by an electric-motor-driven grind­
ing machine. 

1 See page 776A for valve-stem guides, oversize valves, etc .. 
formerly on this pngo. 

• By boiling in a compound consisting largely of >1ulphuric 
:rnd hydrochloric acid, the acid eats away segregations and 
other impurities in the steel which 611 forging or fatigue cracb 
that arc not visible othern;sc. It i• usuallr not possible £or the 
repnirman to detect crnoks in n valve unti they open up. 
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The hand-type refacing tools are shown in Figs. 
.'iO and 60, which cuts the face of the valve as on a 
lathe. The hand type grinder shown in Fig. 61, and 
the electric-motor-driven valve refacing machine:., 
Figs. 62, 63 grind the valve face. 

Always clean valve thoroughly before refacing 
and never grind off so much of the met.al that a sharp 
edge is formed. After refacing valve lap or grind 
to a perfect fit. 

Fig. 60. The Sioux valve-bend refacing tool No. 804. to be 
held in n vise. Tt i.s mnde with cutlers for va),·e-facc., with 45°, 
oo•, and 30' angles. Removes carbon pits, <:tc. 

Fig. 60. The Sioux valve-lathe No. 600. Refaces vah•es of 
either 45', 00' or 30" nogles. Will cut Tungsten vnlves also. 

II 

Fig. 61. A hand-driven 
type valve-face grinding ma­
chine. Grinds valves to any 
be,·el desired. Grinds hard 
Tun~ten ,·aJ,·es also. When 
nor. oeing used as a valve 
grinder, this machine can be 
quickly converted into a tool 
nod drill grinder. 

Pig. GZ. An eleotri,-motor-driven valve-face grinding ma­
cl1ine.~ . M, electric motor; 3, switch; E, emery "'heel: V, 
\'nlvc to be i:round; J, 2 and 4 are for positioning the ,·alve (V) 
with wheel (E). 

Mg. 03. An electric-motor­
driven valve-face finding ma .. 

~~\:iu;t:o mJ;c~~i~ ~o~~"'~: 
One of them drives the grindin~ 
wheel at 3,,150 r.p.m., and tho 
other operates the work spindle 
through a. "car reduction, mak­
ing a final apeed of 430 r.p.m. 

Valve-face grinding machines will ref~cc .valves 11~ uny angle 
and true up tho face of the vnlve \\ith the st.cm which insures n 
perfect joint between vnlve and seat.. A tungsten valve can 
also be refaced in 20 seconds. 

Tho ends of valve-stems and valve-tappets can also be ground 
on machines of this kind. i\Iaey of these mo.chines will also 
grind the vnl\'e reseating cutters and are equipped with attncli­
ments to clean carbon from the valve-stems before refacing. 

1 See pnge 770B for valve-stem clearance, formerly on this page. 
, Some of the manufacturers of valve-face grinders, valve­

reseating cutters and reamers are: Albertson & Co., Sioux City. 
fo. (Sioux); Black & Decker Mfg. Co., Towwn, l\ld,; Cedar 
Hnpid.s F:nu. Co., Ccd,u· Rapids, la.· F06ter-Johnson Reamer 
Co., Elkhart, Ind.; Storm Mfg. Co., Minneapolis, Minn.; 
!-implicity :Sllg. Co., Port WashiOJ:tton, Wis.; Stevens-Walden• 
Worrester Co., 3i5 Broadway, N.Y.; Sawyer-Weber Tool :Slfg. 
Co., Los Angel ... Cal.; Speaker .Products Co., Indianapolis, 
Ind.: \"an Dorn Electric Tool Co .. Cleveland, Ohio;. and auto 
suop!y houses (page0S7). S.ce pa11es 71'!, 790B where to obtain 
reamers for aligning bearings .. ' i\lade by Black & Decker. 

Fig. 64. The McCullough valve 
reseating tool consists of a carbo­
rundum cloth cono held to the face 
of tho valve as shown. Tho vnlve 
is used just the same as a. reamer, 
the cloth cutti!lJ: the sent in the 
valve scut of cylinder at. the same 
bevel na that of the vnlvo-fnce. 

. Emery cloth or sandpaper will do 
t -- .. -::-:,:,_:-.. -. -,_ct-l'il·~ quite as well, but will not last as 
'¥." • .· ~ long. 
~~;::... ,!;I fJ J Many mechanics clean carbon 
:"f· • -~ • ~~l from_v~ve-seats before lapping in 
. .--.nrui11 or gnndmg the valves, by cuttin1< a 
:-· ', . ·, .• ~_....,., piece of carborundum cloth (nbout 
,, ") ~ Xo. 60), then cutting a holo in it, 
t:,1 .. ~-•M~•,: .• .. ,.~ and pln~iug tho pilot Rto,m of a 
• ,·(llve--settt reamer through 1t. The 
edgo or the rea111er will turn the cloth (rough side down) and 
clean tho valve-scat. The ,·ake:head Ince can be clenncd in 
the same way with the rou~h side of cloth up. holding the edge 
to keep it from turning. Turn valve in one direction. 

Tools for Reseating Valve-Seat.s• 

To obtain a satisfactory job of valve fitting, it is 
essential that the valve-head be faced true with rela­
tion to the valve-stem, and it is equally important 
that the valve-seat in the cylinder block or head be 
true in relation to the valve-stem guide and that a 
narrow seat of even width, square and central with 
the guide be obtained. 

If valve-seats are pitted, burned or crystallized 
with scale and hardened, or if they have worn ex­
cessively deep or wide, which in many cases is wider 
than the valve-head face, by constant hammering, 
then it is o.dvisable to reseat the valve-seats with a 
cutter or reamer which performs a milling opcro.tion. 

If valve-stem guides have previously been reamed oversize, 
a re.seating tool \\;th an oversize pilot should be used. The 
valvc.s are then ground or lapped to " tight seat. 

There are a number of different kinds of valve 
reseating devices. Usually they arc in the form of 
reamers or cutters (R) shown in Figs. 65-65E. 

Fi_g,. 65 Fig. 05A Fig. 65B 

Pilotstem (P) i• plated throu11h the hole in cutter or reamer 
as in Fig. 6-5. Tho pilot. stern is thcu placed into the Yu Ive-stem 
guide hole (H). and reamer (R) on to the valve-seat.. The pilot 
stem should fit snugly in order to insure a vulve-,sent that is 
t,1·uo in relation to vn.hrc-stem guide. 

Pilot stems to fit valve-seat cutters or reamers come standard 
size, over-size, and under-size. Vu.Ive-stem guides vary even 
in new engines os much as .001" to .003"; hence the need for 
under-size pilot.a. Volvo-guides weur aud thus over-sizes aro 
nece"81uy. Pilots sboulcl fit just tight enougl, to "drng" lightly 
wb.en ins,,rted or turned. The reamer shown in Fig. 65B is ,.. 
type wilh two cutting faces: thecoonie one (R) for "roughing-in" 
and removing the bard glaze, and the other (F) for "finishing." 

Before rese{lting, the valve-stem guide hole shou1d be 
cleaned. The best method for doing tliis is to first run a steel 
brush through, or a valve-stem guide reamer of standard size 
which will not enlarge the hole (do not confuse this with an 
oversize valve-stem guide reamer). See also paae 770A. Steel 
brushoB c:111 be had for use with portable. cfectric drills. See 
Fig. 76A, pa.go 776D. 

Cutters and pilots are operated by band. 'l'o opernte, pl,we 
pilot in ,·al\'C-&tem guide hole and press cutter to \'Rive-sent 
:1nd rotnte as shown in Fi,;. 65A. 

Valve teseating- cutters or reamers are usc..~I lo re$cu.t, the 
vnh-e-seat by a millil!g process. 

• .. C\ltterS" or :reamers have different kinds or cutting faces. 
Uau,11

1
:r, a· coarse-faced 0110 is used first to remove the scale or 

hard i: a.zed surface from the valve•sent, termed "roughln& in." 
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Then a 15• and 7J• reamer is used to brin_g tho seat down to 
the proper width. 

Then a finer faced one, usually n 45° rcnmer, is uB-Od to remove 
pits and irregularities and for fioishin, the valvo-seat to a ~l~~t: ~:!~;.af~:'v;t~~~~ valve is apped or ground to a 

This last-mentioned reamer usually has a 45' angle of 
cutting face, because most of the valve-faces and valve-seats 
are origioally cut to a 45• angle. There are. however. some cut 
for 30", nod 60", nod cutters or reamers can also be hnd accord• 
ingly. 

How Valve-Seats Are Reseated 
As an example, the Sioux method will be used. Quoti11g 

!tom their instructions, we re<td as follows. 

In reaming valve-scats mechanics often find difficulty in 
centering the reamer over an uneven valve-stem guide bole, 
\\1hen this happens use oversize pilot stems, as it is neeessary 
to recut the vnlve-seo.t t,o get it into alignment with the guide 
hole. 

After using the finishing reamer, it is usually found that the 
sent is wider on one side than on the other. 

To bring the seat back to its original condition, use the I,';' 
or 75° reamer, or both. The 10° reamer will recess or narrow 
the top of tho seat on the outside, and tho 75° reamer will narrow 
the bottom of the valve-seat inside. 

To get a more accurate job on the seat, follow the method 
us shown in l'igs. G0-66D. 

nous:hin; Reamer • 

Fig. 60 Fig. 60A Fig. 66B 

Fig. 66C. Fig. 66D 

Fig. 66. First operation: 1,;so the eoarse or roughing reamer 
lo remove the crystallited hard gla,e.d surface. (This comes in 
ao•, 45°, 50° and 60° angles, usually 45°. 

Figs. 66A, 66B. Second operation: Uso either the 15° valve­
.eat renmer (Fig. 66A) or the 75° valve-seat reamer (Fig. 66B) 
,r both, to bring the valve-seat to center of valve-lo.cc. 

The 15° reamer narrows tbe valve-seat from the tQJ>. The u,• 
reamer narrows the valve-seat at. tbe bottom. (The 15° and 
71',0 reamers are nicked-toothed. The teeth are so arranged that 
one cut overlaps the other, thus leaving no ridges.) 

Fig. 66C, Third op_eration: Use tbo valve-teat finishing 
reamer very lightly. To get a mirror finish on valve-seats use 
kerosene or psolioe mixed witb oil, on ••finishin_g reamer" only. 
(This linisbini: reamer comes in 30", 45°, 50" or 60° angles 
usually 45°, as most valve-sea.ts are cut at this angle.) 

Fig. 66D. Fourth operation: Lap the valve lifhtly ,.;th fine 
\'alve-grioding compound to get an impression o valve-sent on 
valve-face and to check your work, 

The valve-seat when finished should have a sent a little less 
than ¼", or not. over it" ,.;deb, and on engines with small 
valves, the seat should not be over ?.'' in width. 

As stated in the fourth operation, the valve-head 
should be lapped or ground lightly into valve-seat 
after having reamed the seat and refaced the valve­
head. This is necessary in order to check the 'IVork 
before assembling parts that were removed and to 

see that the valve seats properly, and also to see that 
valve-stem guide hole is in proper alignment. 

Before reaming, it is necessary to B-Oe that the pilot. stem fits 
snugly in the guide hole to assure a perfect job and to eliminate 
tho possibility of the reamer wobbling or tro.veling. 

If the guide hole is larger tbnn the standard pilot stems, over• 
size or undersite stems can be obtained to .001", .002", .003''. 
and .004" on any size at $8.tne prices. 

When ordering 15° o.nd 75° valve-scat reamers the 15° should 
bo approximately ¼" larger th"n the valve-head, and the 
75° in most cases should be approximately one-eighth inch 
smaller. 

A perfect seat is assured whc11 a white line extend• clear 
around both the valve and the seat, when giving the Prussian 
blue test. The width of the line i• immaterial, but. the narrower 
the line, the better the compre,ision ";11 be, because the,e i• 
1..,. area for the pressure of the valve-spring lo act on. How• 
c-vcr, it i.s not well to have the ring too narrow, especially on 
lnrgc valves with heavy springs. 

When reseating valve-seats, the novice must be 
careful not to cut too deep into the seat and thereby 
lower the valve-seat and stem. Always adjust the 
valve-clearance after either grinding or reseating 
valves (also check valve timing). 

It will sometimes be noted that valve-stems 
seem to wear very much on one side. This may be 
ca.used by one or more things, viz.: (1) the hole is 
not concentric with the valve seat; (2) tho I.op of 
the valve lifter is not at right angles with tho valve­
stcm, wedging it off to one sidej or (3) the same may 
be true of the valve-head on tile stem of the valve; 
(4) sometimes the guides are not reamed square with 
seats. These troubles can bo remedied by grinding 
the valve-face and reseating the valve-seats and on 
(4), by replacing valve-guide. 

Check and adjust valve-clearance after lapping, 
grinding or reseating valves as this clearance is very 
important as ell.-plained under the subject of valvc­
clearance. Also check valve timing; page 773. 

Valve-Seat Grinders 
Valve-seat grinders' were introduced originally to 

grind hardened valve-seat insert.s which could nol 
be cut with the renmer. Inasmuch as the grinder 
will also recondition cast-iron valve-seats it 1s now 
used extensively for reconditioning all kinds of valve­
seats and produces a fast cutting, mirror finish. 

Pilot 

steel valve-seats or for etellite 
sorts. 

Fig. 67. The valve-seat 
grinder is an abrassive grinder 
stone driven by a portable 
electric drill and universal 
joint, (not shown). A pilot is 
provided for placing m the 
valve-,;tem guide while gr:nd­
ing to insure the seat being 
1.rue with relation to valve­
stem guid.c. Stones are ob· 
tainablc io angles, sites, and 
grades to suit cast ironorsoft­
nnd hard steel valve-seat in, 

Valve-Seat Inserts 

Valve-seat inserts. Since the advent of the high 
compression engine, hardened valve-seat inserts have 
come more into use and are now standard on a. num­
ber of engines, especially for the exhaust valve-seat. 
In some rare instances engine manufacturers are 
using cylinder blocks of special alloy. 

1 Concerns manufacturing valve-seat grinders: Albertson &: 
Co., Inc., Sioux Ci_ty, Iowa_: Black & Decker Mfg. ~. 1 Towson, 
).Id.: Cedar Ra01ds Engmeenn1 Co., Cedar Rap1<1S, Iowa; 
Hall ).lfg. Co., Toledo Ohio· Kcyst.one Reamer & Tool Co., 
i\lillcrsbµrg, Pa.; Van Dorn Eleotrlo Tool Co.{ Towson, ).'ld.: 
\"on Norman Machine Tool Co., Springfield,)., ass. 

See page 776C for valve-springs, formerly on Uris paa:e. 
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The advantage of inserted valve-seats, it is claimed, is longer 
life of the valve-seat and less frequent valve tappet clearance 
adjustment, especially in modern high-speed, high-compression 
engines where run for long periods at full throttle opening. A 
good seat retains compression, therefore s_aves gas. 

Valve-seat inserts are made of hardened steel of various 
sorts, such as stellite, molybdenum chromium material 1 etc. 
They maintain hardness at red heat, consequently resist ourn­
ing and pitting action. They are also made of steel not 
hardened which do not necessnrilr l'equire a valve-seat grinder 
tQ reseat them; also cast iron o n. special close grain,. tough 
material. These are recommended for intake valve-seats which 
do not beat down and wear as rapidly as the exhaust seat and 
also £or economical reasons. 

Replacement valve-seats. When cast iron valve-seats have 
become worn or damaged beyond reconditioning a recess can be 
cut in the cylinder block by means of a t-001• made for the pur-

pose and inserting a replacement valve-seat into the recess: one 
popular method is to drh•eitin place and peen the metal around 
it. This restores the valve-seat to its former elevation and re­
tains the standaxd size valve-head. 

Hardened valve-seats can be refaced by meaiis of valve-seat 
grinders which will also true-up the seat concontric with the 
valve guide. When necessary to replace a valve-seat insert 
au oversize insert of h" or ,\" is 1Jsually installed. 

Valve-seats shonld be checked when a valve job is being 
done, with n valve-seat gauge. 

1 Concerns manufacturing tools for installing valve-seat in­
serts are: Albert.son & Co., Inc., Sioux City, Ia.; Cedar Rapids 
Eng. Co., Cedar Rapids, Ia.: Hall Mfg. Co., Toledo, O.; K. 0. 
Lee & Son Co., Aberdeen, S.D.; Weber Tool Mfg. Co., Los 
Angeles, Calif. 

RECONDITIONING VALVE-STEM GUIDES, OVERSIZE-VALVES, AND 
VALVE-TAPPET-GUIDES 1 

When valve-stems become badly worn, it is almost 
a. certainty that the valve-stem guide, or hole 
through which the valve-stem passes, is worn out of 
round. This permits air to be drawn through the 
inlet valves when they are open, which causes an 
imperfect mixture, resulting in bad starting, poor 
idling, and noise. 

Fig. 69 (left). Exag-
, Mi:ctu.ro geru.ted view of a worn • 
~' • valve-stemgulde (SG) and 
~-=.;_ valve-tappet suido (TG) 
- . ,vear in an L-head valve­

orntUJd~ engine. "fhe same applies 
to an overhead v.alve~ 
engine. 

Dim .Fig. 60A _(right) ~bows bow air is drawn into 
~ lion ~r m.1:xture dunng suction stroke. 
~ ~talion 

of cam 

A properly fitted valve-stem in the valve-stem 
guide should have .0025" to .003" clearance. 
Wa.rped or bent valve-stems will cause valve-guides 
to wear rapidly. 

It is also better practice to replace valves having 
bent or warped stems with new valves, as it is 
difficult to straighten a bent stern so that it will 
not bind in the valve-guide. 

If valves are warped or badly pitted or if the valve­
stems are worn to more than .008" clearance be­
tween valve-stem and valve-stem guide, install new 
valves. 

To check valve-stem guides for wear, insert a 
new valve-stem in valve-stem guide and check the 
clearance. If there is more than .008" clearance 
between stem and guide, the valve-guide should be 
reamed with an oversize reamer, and valves with i:r" 
oversize stems fitted. See next column for explana­
tion. 

On many engines there are valve-stem guide­
bushings which can be renewed when worn or "out 
of round," and reamed out for a new valve, which is 
fitted at the same time, and then the valve is ground 
to a seat. 

If new valve-stem-guides are installed, use stand­
ard size valve-stems. However, it is usually more 
economical to ream out old guides than to replace 
them. If new valve-guides are installed, it is neces­
sary to use a valve reseating tool, as the new guides 
may not come in absolute ali~ment with the valve­
seat, causing the valve to bmd. By the use of a 
reseating tool with a pilot, the valve seat will be 
brought concentric with the new valve-guides and 
proper valve functioning will result. 

Some valve-stem-guides are not bushed, but are 
simply drilled passages in the metal of the engine, 

and in this construction, if valve-stem or valve-stem 
guide is worn, the guide is reamed larger, and a 
valve with an oversize stem is put in. 

For example: In the case of a valve-stem whose diameter is 
il" (reading decimally .375) use a U'" .reamer. Oversize stem~ 
are generally made approximately .003" under ibe standard 
re.1mer size to allow for clearance. 

Extreme care should be exercised, in fitting over­
size stems, to be sure that they work freely in the 
guides. If they are fitted too close, they are liable 
to "seize" or stick. 
. Valve-guides on some engines are a part of the cylinder cast­
mg. Reaming nnd fitf.iug oversize valve-stems is the first re­
course. Af~erward~, if already_ o'(l'ersized, valve-g1;1ide bushio~s 
~~fe~e obtamed which can be rnstalled by enlargn1g the guic e 

The valve-stem guides should come in absolute 
alignment with the valve-seat, and vtilve-stems 
should move freely. 

CU\iit..;..; ; 
Fig. 69C. Oversize valve-stem guide reamer (Sinuxl ior 

reaming~\" oversize on au sizes of valve•stem guides, especially 
designed for reaming outworn valve-guide holes. Its pilot 
guides the reamer a.nd prevents it from following the worn part 
of hole. Made in the following sites: 

i¼-For reaming h over -t, in 
U-For reaming hover Hin 
ii-For reaming hover B in 
H-For reaming h over Hin 
it-For reaming.;, over i',; in 
U-For reaming h over !l in 
U-For reaming h over t io 

Standard size valve-stem guide reamer (Sioux) is especially 
designed for cleaning out valve-stem guide holes without in­
creasing th'e size of the boles. Do not confuse this standard 
size reamer with the oversize valve-stem guide reamer. \~hth 
this standard size reamer t.here is no chance of i ncrensing the 
size of the valve-stem guide hole. This reamer o( course, is 
for use where r.he boles are n.ot so badly worn as to require re• 
fitting with oversize valve-sf.ems. 

Conceutricity of Valve-Stem Guide and 
Valve-Seat Important 

When reaming valve-stem guides, it requires very careful 
operation \Vith a-\ralve~ste1n guide reamer to obtain concentricity 
between the bore of valve-guide aod the valve-seat in the block. 

A simple test to tell if valve-guide bore is concentric with 
valve-seat in block or head is to drop valve into guide hole and 
let it seat; then tap sharply with finger; if there is a dull, solid 
sound when valve bead is tapped, it indicates that valve-guide 
bore is concentric with valve-seat in block. If r, rattling or 
clicking kind of sound is heard, it indicates that valve.•guide 
bore is not concentric with valve-seat. 

Oversize Valve-Stems and Heads 

Oversize valve-stems are necessary when worn 
valve-stem-guides are reamed oversize. The stand­
ard oversize valve-stem is //' (or, in other word•. 
U1e valve-stem-guide is reamed o':/' overi,ize). 

1 S.A.E. nomenclature terrns this "valve-lifter guide." 
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Valve~ can be obtained with -1,,." and -A.'' oversize stems; 
they can also be obtained with standard si.ze stems and •ll' 
oversize heads; also oversize stems of~"'-" and~", with heads 
-},/' over~izc. When valve-sen.ts a-re worn so thO.t valve .. hcad 
is too small, an oversize valve-head sho\lld be used. 

Where valves are of the overhead type with rocker arms, the 
bushings in the rocker arms must sometimes be reni;wed to 
relieve nnise or to avoid too much side thrust on valve-stem 
ca.using excessiv0 wear on stem and guide. 

*l
. 
F;g. ~t1c. 70~/\ Fig.70B 

Grind 
. 

' 

Fig. 70. A valve-guide reamer. When reaming the valve 
guides it is necessary to ream true; therefore a guide is neces­
sary. The guide is shown clamped to the cylinder block. The 
reamer is then passed through the guide and turned by a hand 
tap-wrench. 

Fig. 70A. An oversize valve-stem which must be ntted when 
a va.lve-c:uide is. :reamed. 

Fig. 70B. One method of truing valve-tappets, when worn 
i$ shown in this illustra.tion. If valve-tappet adjusting screws 

. have hollows pounded into their ends, tbey can be ground flnt 
by placing in a chuck of:,, drill press and running them ngainst 
an oil stone, or grinding them in a grinding. inaclline. 

Fii;. 70C. Valve-tappet guide puller can be made of a short 
section of 2" iron pipe, or any size larger in diameter than the 
guide. A washer is then placed over the top of the pipe, A 
bolt which will go through the guide hole, and two nuts, will 
complete the puller. 

Worn Valve-Tappets and Guides 2 

Valve-tappet guides usually wear out of round as 
a result of tho cam striking lower end of valve-tappet 

in one direction (see Fig. 69). Thus in time wear 
will be such that at each time the cam strikes tbe 
tappet to raise it, the tappet is thrust to one side 
of its guide, and a clicking noise will result. 

The remedy i.s either to put in new valve-tappet 
guides and tappets, or to ream out the old tappet­
guides (which are usually removable) and fit over­
size tappets. 

(On the tbe valve-tappet guide is not removable but 
guide bushings can be obt.ained and installed by enlarging guide 
hole.) 

To check valve-push-rod or tappet clearance in tappet-guide 
on the insert a new tappet. Ir there is more than .006'' 
clearnn(',e between tappet and guide, the guide should be reamed 
with a. ir' reamer and oversize tappets installed. 

Fig. 70D. Illustration showing a detach­
able valve-lifter (or tappet) guide (16), valve­
lifter (or tappet) (15), valve-lifter (or tappet) 
roller (14), valve-lifter (or tappet) guide 
clamp (18), valve-stem guide bushings (Ii), 
valve stem (V). 

Noisy Valve-Action 

There are three points in connection 
with valve operation where a clicking 
noise may occur, as follows: 
1. Too great a clearance between valve-stern 

and valve-tappet. 1 

2. Worn. valve-tappet--guides.2 
3. Valve-springs t:oo strong. 
4. Flat rollers and worn pins. 

The best way, perhaps, is to go about it in a 
systematic manner, starting with the most likely 
sources, as, for instance, in the valve-stem-clearance. 

VALVE-STEM CLEARANCE 

The adjusbnent of valves for the proper clearance 
between the end of the valve-stem and the top of 
the valve-tappet 1 is very important. The average 
clearance to give is shown on pages 58, 59 (see also 
pages 1052-1054). To get the best results, the 
engine should be warm when making the adjust­
ments. After adjusting valve clearance it is also 
advisable to check the valve timing if engine has 
been in service for some time and riarts are worn. 

This subject is fully dealt with on pages 57-59 
and 73; therefore only some of the effects produced 
by improper valve-clearance will be dealt with here. 
An example of what is meant by proper valve clear­
ance is shown in Fig. 71. 

Proper adjusbnent of the valve-tappets will help 
in reducing the noise which invariably occurs when 
there is any wear, a.s a result of the increased space 
between the valve-stem and the valve-tappet. 

The proper space between the ends of the· push­
rod (also called valve-tappet and valve-lifter') and 
end of valve-stem is as explained on pages 57-,59 
and 73. The smaller the space, the less the noise; 
but sufficient space must be allowed to provide for 
expansion when the engine is Wl',rm and for irregu­
larities in the shape of the cam or roller. See page 
57 which explains the ill effect of setting the valve­
stem clearance too close, which results in burned and 
warped valves. 

When the ends of the valve-stem and tappet wear, 
Lhe clearance between them becomes greater and 

t The S.A.E. auton,objlo 11omenclature approves lhc use oft.he 
term "valve-lifter," which is correct. Inasmuch, however, as 
some manufacturers use the term ntappet," others "push-rod,11 

we bave used all these terms in this book. 
2. S.A.E. automobfle nomenclature terms this a. 11 vo.lve-lifter 

guide.'' 

valve-lift gradually becomes less. If the wear on 
valve head and its seat in cylinder block is more 
rapid than wear on stem end, gradual closing up 
of valve clearance is obtained which sometimes re­
sults in the valve riding open and leakage and 
frequently bw·ning of valve. 

A 8 

~ 
l'ig. 71. At (A) the correct clearance is shown which perr11il, 

the valve to seat properly. 
At. (B) is shown how excessive valve-clearance reduces the 

valve lift as tho push rocl must travel the distance indicated by 
the arrows before the valve starts to open. 

(C) shows the full opening of the vnlve with proper clearance. 

(D) shows the reduced lift due to excessive clearance. 

(E) shows the proper closing of the valve with proper clear­
ance. 

(F) shows the effect ol excessive clearante on the closing or 
the valve. The excessive clearance shown nt (B) causes th• 
valve to open late and also causes it tfJ close early as. shown at 
(F) (,1,itomobi/e Digc,t). 

Sometimes only one or two valves may need 
adjustment, while others may be in good shape; in 
such cases there will be a clicking sound at regular 
intervals. 
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The repairman can generally find a tappet that is 
badly out of adjustment in n. very short time by 
simply working the tappets of each cylinder up 
r,gainst the valve-stems and down again, with his 
fingers, while the pistons of the respective cylinders 
are on their compression strokes. 

Another plan is to place the blade of a thickness 
gauge under a suspected valve-stem, as shown in 
Fig. 72, and when the noisy one is found, the inser­
tion of the tool will cause the clicking to cease 
abruptly and the. valve will remain quiet until the 
t-001 is removed. (See also Fig. 3, page 58.) 

Adjusting Valve-Clearance 
Minimum clearance can be given engines which 

run cool and where short runs are made and where 
quietness is desired. 

Maximum clearance should be given to engines 
which have a tendency to run hot and where long­
continuous runs are made. See also page 57. 

Adjustable valve-clearance means that a valve 
tappet adjusting screw (S) (Fig. 72) is provided 
which can be raised or lowered, and thus will adjust 
the clearance or gap space between the encl of valve­
stem and tappet. The nut (N) locks the screw 
after adjusting. 

The valve should be fully seated and the valve 
tappet should be on the heel of cam when adjusting 
valve-clearance. (See also Figs. 1 and 2, page 58.) 

To test or adjust valve-clearance, the best plan 
is to use a thickness gauge' and follow instructions 
above and also as given on pages 57-59. 

in the absence of a thickness gauge, 11 piece of paper of proper 
thickness, as at (C) (Y.'ig. 72A) can be used. It is slipped be­
t\\'een the ends of the stem and tappet; the lock nut is loo,ened. 
and the sere"' i.s screwed up or out,'"·a.rd unt.il it. just begins to 
pinch the paper and prevents it from sliding about ns readily 
as at first. Paper is then removed and the nut tightened. 

Such a method is little more tbun guesswork, however, be­
cause paper varies in thfokness. The average thickness of 
newspaper is approximately .00275" and the approximate thick­
ness of this sheet of paper is .002" to .0025" (the thickness of a 
postal card is approximately .009"). The best method is to 
use a thickness gauge. 

I ~ 
Fig.720eft). Ad. 

• justing valve-stem 
-,.. clearance between 

c end of valve~stetn 
S , , and tappet with a 

• thickness gauge. 
- • ..,~ • • ' Fig. 72A (right). 

A piece of paper (C) c:iu he used if nothing else is available but 
is not rcconuuended. ' 

When both the inlet and exhaust valves have been 
adjusted, each one should be individually tested or 
checked (see page 73, and see also page 1052 for the 
adjustment or gap necessary for different engines), 
to see if the valves remain tightly closed throughout 
their requi.red period. 

This is done by sliding a thickness gauge or a single thickness 
or paper back aud forth as the engine is being turned slo\\']y from 
the closing to the opening points of each valve. (The marks on 
the Oywheel may be used to advantage in this operation if 
accessible.) 

Slide the gauge or paper under a stem and turn tho engine 
crank until the paper 1s seized, which indicates the valve open­
ing. Then turn it a little farther until it is free again, which 
marks the closing of the valve. If the engine is turned still 
farther, and the paper is continually slid about., and not seized 
before the regular time for the valve to open (according to either 
the position or the piston or the crank handle), the adjustment is 
about right, but if the paper is prematurely seized, the space is 
insufficient or timing incorrect. Check eaeh valve in the same 
manner. 

When adjusting valve-clearance, remember that 
if no space at all is left between the valve-stem and 
the ta.ppet, the valve will not seat properly; and a 
burned and warped valve will result as explained on 
pages 57, 58, which causes missing, sluggish pick-up, 
loss of power, inability to idle and waste of gasoline, 
therefore, it is important to get the distance exact. 

Non-adjustable valve-clearance means that no 
adjustment nuts are provided, as on the Ford. 
Therefore when the clearance is too great, new 
valve-stems and often tappets also must be installed, 
or valve-adjusters can be used as explained below. 
(See also pages 1103-1105.) 

l Fig. 73 (left). Valve­
t1~ f:,lf~ clearan~e adjusters for _, •- non-adJustable tappets: 

W

O~ o GP it::,. 'n.wd- When the spal"'e bet.ween 
~ ..,~, ,,.,, the end of tho push rod 
fl and the end of the valve-

¼ stem is more than •}l'. 

I ,~1)tt :~: a 4~u~t~
0
io~ai5;a~?; 

I ha.s no means of :idjust• 
ment it is remedied either by installing new valves or by usinsc 
adjusters, as shown in this illustration, which are made of steel 
lined with fiber. These can he secured of supply houses. The 
clearance on a Ford valve should be not less than '6\" or over 
:I,". See also pages 1105, 1103. 

Fig. 74. If the end of a valve-tappet (non-adjustable type) 
becomes worn with a depression in the end of the tappet, this 
would throw the vnlvo out of time if clearance was mens111·etl 
with thickness on the top or side.~ of the depression. Install a 
new tappet, and also a new valve-stem. (See also page UO:J.) 

If the end of a valve tappet (adjustable type) becomes wnrn, 
which is in the form or an acljusting screw (see S, Pig. 72) it can 
be ground fl<it as explained in Fig. 70B. 

VALVE SPRINGS 

Valve-springs are usually made of chrome­
vanadium steel, also of good carbon steel of the 
proper arl'nlysis and physical properties. 

Weak or broken valve-springs will cause Lroubk, 
such as miiasing, overheating, and burned valves. 

Valve-springs may become "permanent set," that, 
i~, the shortening of the spring after long service 
which results in a reduction in a pressure on valves. 
Test length with a new valve-spring. 

Note. On some engines the int,ake spring may be lighter and 
have less tension thnn exhaust valve .. springs. 

If the springs of the exhaust valves become weak 
from use or heat, the pistons will draw burned gases 
into the cylinders, past the valves with the incoming 
gasoline charge, giving an improper mixture. 

The reason why an eX))losion from a weak elthaust spring 
misses is, that whcu the throttle is clo.sed, the piston cannot get 
much of n charge. nod consequently it su~ks the exhaust valve 
open and dmws back some of the burned gases, \\'hich spoils 
the small charge in the cylinder, causing misfire. 

ll1 1-'it;. , .;. To test for a weak exhaust spring, 
insert a screwdriver between the coils, thereby 
increasing the ten.~ion. If missing stops, t,hen 
remove the spring and stretch it a.bout an 
j ncb, or put in 0, new one. 

A stronger spring will sometimes close valves 1,hat, 
have a tcnde!lCY to leak. 

Valve springs that are too stiff, however, are to be 
avoided, because they may close the valves with 
so much force as to break the stems at the key, or 
the heads from the stems, and it is a. certainty that 
the seats will be pounded out of shape, even if the 
valves. do manage to stand the constant hammering 
action.' An excessively stiff spring consumes power 
which might be used to a better advantage, and 
thel'e is also considerable noise. 

1 If valve tappet or rocker arm has a depression worn in it, 
as in Fig. 74, first grind or face off. otherwise clearance "ill not 
be correct; that is, it will be more than the gauge thickness. 
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A weak inlet valve-spring usually makes itself 
evident by the mixture back-firing into the carbu­
retor. Springs too weak to hold the valves on the 
cams will also produce clattering noises, owing to 
belated seating of the valves. 

To increase the tension of a weak valve-spring, stretch the 
spring slightly, by opening up the coils with a screwdriver (Fig. 
75), or by securing one end coil of the spring in a vise and tying 
• cord oo the other end, so as to get a grip. Then stretch it a 
little in the ordinary way. 

The best plan is to install new valve-springs. 

One of the most important features necessary to 
obtain increased power is good valve action. Valve­
springs are cheap, and it pays to install a new set of 
valve-springs occasionally, even if the old ones do 
not seem to be worn .. ~ively springs close th_e 
valves promptly, and this IS e.spec1ally necessary 1f 
the engine is to be run at high speeds. If it is to be 
used for racing and the last ounce of power is desired, 
it may be advisable to use special valve-springs 
that are stronger than the regular type, but such 
springs are more prone to break valves and more 
noisy. 

Double or auxiliary valve springs consist of a light spring 
within a. heavy one, which increases spring pr-es.sure at the high 
peak valve opening, causing the valve closely to follow the ~"Ive 

actuating mechanism when closing, reducing the Jag. It is used 
on several makes of. cars. 

On some engines the spring on intake valve may be lighter and 
have less tension than exhaust valve spring. 

Replacement springs should be obtained only from the manu­
facturer of the car or engine 1 to assure their r.onforming to the 
quality o.nd tension streng1,11 originally intended. Springs of 
improper design often ca.use serious troubles. 

• Fig. 76. -When the engine is over-
hauled, the old valve-springs can be 
tested to see that they have not weakened, 
and whenever a. new spring iS put in, it 
can al.so be tested. The ill ustro.ti on shows 
n simple means of determining whether a 
spring is in good condition or not. 

The nppar,.tus consists of a bracket in 
which is mounted a valve-guide, valve, 
spring seat, o.nd ret.aining key. Two 
marks are placed on the valve-stern, 
one indicating when the compression of 
the spring is zero, 8.nd the other when it 
has been compressed a certain amount, 
say !". The number of pounds re­
quired to compress the spring ½" may 
be ascertained by testing a new spring 
known to be of the proper tension: then 
compare the test of the good spring with 

H>l c the old one. The pedal is depressed and 
the vo.lve is raised until the lower mark on the valve-stem is on 
a level with the oop of the valve-guide, at which time the pull 
a.s registered by the spring scales should be that of a good spring 
tested previously in the same manner. 

VALVE RECONDITIONING AND CARBON REMOVING EQUIPMENT AND OPERATION 
Carbon removing and valve-grinding are service jobs that 

are probably done more than any other service operation. In 
order to do the work efficiently, proper equipment and" system 
lo follow is necessary. 

Seven Steps of Reconditioning Valves 

The seven major steps in reconditioniog valves, assuming 
, hat the compression test indicates leaky valves, are ns follows: 

I. Test compression. 
2. Remove carbon. 
3. Clean valve-guides. 
4. Reface valve'"'Seats. 

. 5. Reface valve-faces. 
6. Test valve in seat·. 
i. Test compression again. 

Equipment For Reconditioning Valves 

I. Compression gauge (Fig. 27A, p. 767) is necessary to first 
test for leaks. See a.Tso air pum.p, p. 779; valve-tester, Fig. 
76B. 

2. Carbon-removing outfit which will do the work in minimum 
time is a good investment, such as an electric drill with wire 
brushes as shown in Fig. 76A. See also page 763. 

3. Portable work bench, such as Fig. 5, page 693 with vise, 
which can be moved to the job and on which tools are assort­
ed and parts to be worked on separated. 

•l. Hand tools nod miscellaneous material: Pliers; t.appet 
wrenches (two long thin ones ~enerally used); valve-lifter 
tool; valve grinder tool (see Fig. 44, page 771); thickness 
gauge; vaJ.ve grinding compound (see page 772). 

5. Other tools and appliances would include val"e refacing 
machine, either a hand or electric motor type (see page 775); 
valve reseating set (see pages 77 5, 776); valve stem guide and 
valve tappet guide reamers (page 776A). 

Fig. 76A. A typical carbon-remov­
ing set. The parts, from top down, 
are as follows: port.able electric drill, 
wire brush for general carbon removal, 
wire brush for removing carbon and 
burnishio~ cylinder head, wire brush 
for removmg from sides and bottom 
of port hole, wire brush for cleaning 
valve stem guides. (The outfit shown 

----- is made by Temco Electric Motor Co., 
Leipsic, Ohio.) See page 700 for list of other drill manufacturers. 

1 Black & Decker Mfg. Co., Towson. Md., aresmanufacturers: 
they also manufacture attachments for their niake of electric 
drill for cleaning ca-rbon from "nlve-stem an'd for cleanine 
valve-guide. etc. 

l~ig. 76B. A valve-tester.• To 
t,est, drop valve in seat without. 
valve spring; place cup (C) over 
valve; pump air pressure with bulb 
(B). If valve leaks, hand on gauge 
(G) will fall back; if valve is tight 
hand will hold steady. 

Procedure Fol' Reconditioning Vah·es 

It is assumed that tests have determined that valves leak 
compression and that they need reconditioning. 

1. Place portable bench with tools at the car . 
2. Put car overalls on car (page 662); protect upholstering. 

3. Drain cooling system and take off hood. 
4. Remove parts that interfere with the work. 
5. Remove cylinder head and valves. 
6. Remove carbon (see Fig. 76A, al.so page 763). 
7. Inspect valve-head to see if it should be ground or refuceJ. 
8. Inspect valve-stem in guide to see if it should be reameJ 

oversize and a new oversize valve fitted, otherwise clean. 
9. Inspect valve stem to determine if it is bent. 

10. Inspect valve-seat. 
11. Reface valve-head (a.ssuming this is decided upon). 
12. Reseat valve-seat in cylinder block. 
13. Place valve in seat and grind or lap, 
14. After grinding, clean valve and seats thoroughly and replace 

valves und test per Fig 76B. 
15. Replace spring on valves. 
16. Carefully adjust valve-clearance (after engine is assembled 

run engine and readjust valve clearance when warm., then 
check valve timing. See page 1052 for clearances). 

17. Examine cylinder-head gasket: best to put on a new one. 
18. Replace cylinder head, drawing down the nuts in the order 

explained on page 733 (after engine has been assembled and 
run until warmed up tighten a second and a third time). 

19. Put water in cooling system (new water hose if necessary). 
20. Remove spark plugs; clean and adjust points from .025" 

to .031"; Replace spark plugs. 
21. Inspect ignition interrupter points; clean and adjust; (see 

page 1052 for clearances). 
22. Put fresh high-grade oil in engine. 
23. Start engine, and adjust carburetor if necessary. 
24-. Test compression as outlined on page 766 to see if all cylin­

ders are equal in pressure or nearly so. 
25. Remove car overalls and remove all grease or stain. 
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LOCATING ENGINE KNOCKS1 

Parts of an engine that are not functioning proper­
ly generally give warning by a peculiar_ sound or 
knock which usually comes at regular periods accord­
ing to the speed of engine. 

There are two causes of knocks: the mechanical 
condition of the engine and the operating conditions. 

Knocks due to mechanical condition may originate 
from any of the following engine parts: 
1. Pistons (piston rings, piston-pins) 
2. Valve mechanism (valves, stems, valve-stem 

guides, valve springs, valve-lifters [push rods or 
tappets], valve-lifter guides, cams, camshaft bear­
ings, timing gears or chains) 

3. Connecting-rod 
4. Crankshaft (main bearings, lower connecting-rod 

bearings, flywheel) 
Knocks due to operating conditions are: 

l . Overload knock 
2. Carbon knock 
3. Spark knock 
4. Fuel knock 
S. Detonation or pinging 

Devices for Testing for Knocks 

To test for knocks due to mechanical condition, 
testing devices can be used, such as: 
1. Sounding rods, sonoscope or st-ethoscope 
2. Spark plug short-circuiting device 
3. Pressure-vacuum air pump 
4. Manual feel test 

Fig. 77. A sounding rod (of iron or steel) can be mado 
useful to locate the source of knocks. Place the thumb over 
the end or the bar and then place the ear close to the thumb. 
The closer you get to the noise, the louder it will be. 

Fig. 78. Detecting noises in the engine by sound with a 
sonoscope, on the same principle as that or the sounding rod. 
Made by American Elect. Co., Chicago, Ill.) 

Fig. 78A (right). A spark plug short-circuiting device. On 
the moderns.ix and eigbt .. cylindcr engine it ia necessary to short­
out more than one cylinder sometimes when testing. This 
home-made shorting device may be attached wbJle engine is 
running. Testing equ.ipment should a]so include a compres­
someter (page 767). An air pump (page 779) is also a good 
investment. 

Remarks on Locating Engine Knocks 
First determine that knock is in engine and not 

elsewhere by disengaging clutch when testing. 

It is particularly important to learn at just what 
point in the engine the trouble exists, and what the 
cause is likely to be. With this information to 
start ·with, no unnecessary parts need be removed, 
and much time will be saved. An engine is always 
more or less marred by tearing down and this un­
necessary expense should be avoided. 

We have often seen good automobile mechanics 
stand around a knocking engine, and have heard 
each one name a different cause for the trouble. 
Taking an engine apart is a costly piece of work, and 
often much labor and expense could be saved if the 
cause could be accurately located before the parts 

are disturbed; in fact, the knock is not always in 
the engine itself, although it may sound as if this is 
tlle case. It may be found in t!-te rear axle or else­
where, and could perhaps be easily remedied if th.e 
repairman would do a little reasoning and some test­
ing beforehand. 

For example, a new car had a front-end knock that fooled 
many. Some recommended tigbtonjng bearings, others said it 
was a piston-pin knock, etc. A repairman wbo used his brain 
tried dilferent tests, one being that of tightening the timing 
chain. This removed the knock, but the chain was too tight 
and made noise. If it was loosened the slightest amount, the 
knock would return. He used his brain a Ii ttle more and figured 
out that if tightening the chain removed the noise and yet the 
chain did not need tightening, something in connection with it 
was causing the trouble. He found a loose camshaft sprocket, 
and on prnct.ically a new car. There are many such example.-, 
occurring daily, and the owner is paying the bi'll. 

Another case that fooled several mechanics was found to be 
loose cylinder-head nuts. This will cause a knock and vibra­
tion, and m some cases a knock has been caused by the engine 
being loose on the frame or chassis. 

Test for Minor Causes First 

One should always try to reason out the cause of a 
trouble first and avoid the sad experience of doing 
the wrong repair job. • 

The first step in determining the cause of abnormal 
noises is to tune the engine so that it fires properly 
on all cylinders. The engine should be warm when 
testing. 

Minor causes: Before making tests, first deter­
mine if the cause of the knock is not one of several 
minor causes, which are easy to locate: 
1. See if the cylinder is free from carbon. 
2. Find out if the knock is due to running with the 

spark lever too far advanced; check ignition 
tuning, also valve-stem clearance and valve 
timing. 

3. See if fuel knock, due to a lean mixture is caused 
by carburetor not being properly adjusted, or 
fitted with conect size jets. 

4. Ascertain whether the valve tappets are badly 
worn. 

After determining that the minor causes enumer­
ated above are not producing the knocks, then it will 
be necessary to test from the outside of the engine 
with a sounding bar, also by short-circuiting the 
spark plugs so that the location of the knock will be 
determined or its approximate position learned. 

How Short-Circuiting Spark Plugs Determine 
Location of Knocks 

Testing for knocks by short-circuiting the spark 
plugs: With the exception of a carbon knock the 
particular cylinder in which engine knocks o~cw· 
such as loose pistons, connecting-rod bearings mai.J~ 
b_eari?~s and piston pins, can _be located b/sho1·t­
c1rcwtmg each spark plug with a screwdriver as 
described on page 238 (see also Fig. 78A above). 

For eiample, on the Ford three-bearing engine: If, when No. 
I •)?ark (!lug 1s shorted, _the lrn~ck is no longer heard, the knock 
1s either m the front main bearing or in the piston and connect­
ing-rod assembly of No. 1 cylinder, the sound of the knock de­
terminin11; whether it is in the bearing or in the assembly. This 
a!5<> applies to N~. 4 cylinder, the knock being either in the 
piston and_ connecting-rod assembly of No. 4 cylinder or in No. 3 
mnm beanng . 

. I~ shortin_g No. 2 spark plui; eliminates the knock, the trouble 
hes ID the piston and connectrng-rod assembly of No. 2 cylinder. 
If, howe_ver, the knock can still be heard but not as plainly, the 
trouble 1s _probably due ~o a worn center main bearing. The 
sllmo applies to No. 3 cylinder. 

. ~ See also Index for locating discussion of knocks elsewhere 
in th,s boo le. 
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1"1isccllancous Poinlcrs on Tcsling fo1· 
Engine Knocks 

First examine the 'Valves: Noises from worn valve 
stems, push rods, Ol' guides I/are usually caused by 

r:lm ! too much space between the end of the 
lillJ valves and the push rods or tappets 

s (as at, S, ill. at left), or worn guides 

~ (ill. at right). These conditions, too, 
. .,, are usually the cause of most clicking 
(.,t, noises. They can easily be detected 

as explained on pages 776B and 776C. 
In some instances, slight knocks, or clicking noises have been 

<lue. to strong spring tension in the oil pump check valve and in 
some carburetor auxiliary air-valve .springs, there is a clicking 
uoise. 

Piston-pin knocks can be tested as follows: While 
t'.:ie engine is running slow or idling and with ad­
vanced spark, short-circuit the spark plugs, one 
cylinder at a time, to cause it to miss. While this is 
being done, if the piston pin is loose there will be a 
sharp, metallic double knock each time piston re­
verses its movement. May be very sharp- when 
engine is laboring If all are loose the noise would 
be a kind of rattling metallic sound. The surest 
method is to remove the piston and connecting rod, 
and to test on the bench by "feeling" for the looseness. 

To test for loose pistons: Remove the spark plugs 
and put 1/s pint of heavy oil in each cylinder; crank 
by hand slowly until the oil works to the piston rings. 
Replace the spark plugs and start the engine; see if 
the same noise occurs. If it does not, the heavy 
oil has cu~hioned the piston from the cylinder and 
has stopped the knock temporarily. The oil will 
soon get hot and run from the rings and piston, and 
the knock will occur again. See also page 779. 

To test for loose fly wheel: Allow the engine to 
run idle at about 500 r.p.m.; then throw off the 
switch and wait till it slows down to about 75 or 100 
r.p.m., after which throw the switch on with spark 
slightly advanced. Repeat this a•few times, and if 
the fly wheel is loose there will be one distinct knock 
each time the switch is thrown on. 

Another method of testing for a fly-wheel knock is to rock it 
(remember that !,he flywheel may be entirely all right, but some 
other po.rt attached to it, may be loose). The nuts on cap­
screws holding flywheel to flange may be loose. When replac­
ing n. flywheel alwt\.yS repla<·e it. in s11me position it was before 
retuovh1g; ace that 1lywheel flnngc is nut burred or nicked u.nr.l 
bolt, securely. 

Noises from the camshaft and timing gears or 
timing chains can easily be detected with the sound­
ing rod. 

A connecting-rod lower bearing knock can be 
determined by removing the bottom of the crank 
case, placing the finger on one edge of the bearing 
while someone rocks the flywheel or starting crank 
gradually back and forth (switch off). Looseness 
can be felt. 

Main bearings can be tested in the same manner. 
A main-bearing knock can also be determined when 
running the car, by suddenly opening the throttle 
or when pulling a stiff grade. If the main bearings 
are loose, a distinct knock can be heard, usually a 
dull heavy knock or thud, having the sound of a. 
block of wood stril{ing the ground, which will occur 
once to every explosion, but may be heavier at the 
explosion of any one cylinder. The knocks may 
occur very close to~ether, so close that when first 
heard it will sound like one pound. Excessive end­
play of bearings will cause a sharp noise or rap 
occurring at irregular intervals. In very bad cases 
this pound can be felt by the driver when touching 
clutch pedal. (See page 777 for an example 0£ 
t,esting engine-bearing knocks by short-circuiting.) 

How to Locate a Knock by the Sound 

To ·1ocate the cause, first see that engine is firing 
properly o~ all cylinders, then drive the car until thP, 
engine becomes warm or reaches its average temper­
ature; second, select a. run of about half a 1riilc, run­
ning into a grade of about 8 f,o 12 pP,r cent., of whntr 
ever length may be had. 

Drive the car at from 10 to 15 miles per hour on 
the level road, and maintain t.his speed up the grade 
if possible. At this speed engine should run quietly. 

Fig. 79: Sound indications of some of the common engine 
knocks are as follows: 

l. Carbon (also 2): l\-1 etnllic sound when laboring, accelcratin" 
or overheatedi will not diminish noticenbly \,•hen spark i's 
retarded. 

3. Piston rings: May be due to int-0rf~rence with cylinder bend 
gasket, variations in cylinder bore diameter, ridge or shoul~ 
der in cylinder bore. pounding in worn grooves; broken 
rings producing a. light ta.pping sound, a click or n sharp 
rattle a.t idling and a.ccelerationj cannot be entirely climi• 
nated by short-circuiting. Rings fittecl too tight in groovell 
1nake a snapping noise, sometimes noticeable when new 
pistons and rings a.re fitted. 

4. Loose piston pin: Sharp metallic double knock at idling and 
with advanced spark; when shorted out may change tone 
nnd become more intense; less audible with retarded epnrk: 
loudest, usually, when idling. Connecting-rod upper end 
striking piston-pin boss may be mistaken for loud tappet 
noi.sc; determine by removing oil pan and checking clearance 
on each side; distances betwoon rod and bosses should be 
e<1ual on cu.ch side. 

5. Loose piston: Usually co.uses n pjgton slap, ns explained on 
page 779, and is a hollow tinkling bell-like sound. If 
driven 10 to 15 m.p.h .. then accelerated, may give a clicking 
sound; more pronounced on acceleration and increasing in 
intensit,y as load is applied and the throttle opened. Piston 
slap may nlso occur o.t idling speed when en.([ine is not 
under load, but will always show up under load. When 
closing throt,tle for slowing down or coasting noise will 
,·ense (see also page 770). 
Ir an nluminum•alloy piston wit.h spHt skirL is installed 
with split facing the explosion thrust side (Fig. l!C, page 
814), it would probably slap (see page Sil on how to install). 

6. Connecting-rod bent or twisted: Light knock at, idling 
increasing when accelc.ra.tingj ca,nnot be entirely eliminate<I, 
but will be climiuished by short-circuiting spark plugs. 

7. Loose cylinder nut: Intermittent knock aud vibration. 
8. Loose connecting-rod lower bearing: Light, pound, some­

times u. clatter or series of short raps becoming louder with 
increasing speed; best located by shorting out, which will 
reduce the intensity of noise; may also occur when coasting, 

9. Loose crankshaft main bearing: Dull pound or thud; usual­
ly noticeable when quickly accelerated at intervals; may be 
slightly diminished by retarcling spark; loudest, under a load 
or pull (see short.-circuiting spark plug example for bearing 
test, page 777). 

10. Loose timing gears: Sharp clatter or knock; varies with 
different engines; loudest at idling part.icularly when engine 
does not iclle smoothly; may disappear at low speeds, then 
appear at about 25 to 30 m.p.h. us a growl similar to noise 
of gears that are too tight; test by causing engine to lope 
by partly closing carburetor choker. Loose timing chain is 
usually a rumble at idling and accelerating (when striking 
case may be a dull scraping noise); nojses from either gears or 
chain can be located by souncling rod; cannot, be shorted out. 

I I. Woni cam, valve-lifter roller or pin: Light tapping at 
idling; flat spot-on cam of camshaft or tappet, rollers ca.uses 
an intermittent noise at low speeds. 

12. Worn valve-lifter guide: Light tapping at idlini. 
13. Worn valve-stem end and valve-lifter (also called tappet or 

push-rod): Causes too great a clearance; clicking noise; test 
with feeler gD.11ge and readjust. 

14. Valve-spring cocked: Light knock at idling if face of tappet 
is cupped 
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Knocks J)ue Lo Ope1·aL;ng Conditions. 
An overload knock: When placing engine under extreme loads 

a pounding "ill be heard. Shift transm'ission to lower gears and 
noise should cease. • 

A carbon knock: \';'hen nn excessive carbon deposit accumu­
lates in the cQmbustion chamber and on the piston heads, valve, 
etc. this usually causes a knock. Carbon is a non-conductor of 
heat; therefore the piston head (hot;test part of engine) is un­
able effectively to conduct the heat to the cylinder walls and 
into the water, ,-.·ith the result, t,ha.t the increased temperature 
causes the carbon to become very bot and the gas is ignited, at; 
times causing pre-ignition. Considerable carbon al.so increases 
the compression. 

A carbon knock develops after engine becomes very warm and 
usually occurs when laboring or accelerating. It becomes 
louder as the throttle is opened or more gas is admitted into 
cylinder. 'rhe noise is a metallic ringing sound, and if due 
entirely to carbon will not diminish noticeably when spark is 
rctnrded. 

A visual inspection of the combust.ion cl.Jambers is the surest 
met.hod or determining the presence of carbon. 

Cnrbon deposit is a residue left by incomplete hurtling of the 
fuel u.nd lubricat.ing oil. The deposit tends to accumulate when­
ever more oil passes the piston rings than c:w be burned up by 
the fuel chn.rge. lf piston rings are worn, or loose in grooves 
(see bottom of p11ge 832), oil will pass to combustion chamber. 
If ·nn excess of oil is supplied to the cylinder walls the rings 
cannot prevent oil passing even though they fit; properly. . 

A spark knock is caused by the time of spark being too 
fu.r advanced O\\-'ing to iih'!Orrect position or spark lever, incor­
rect ignition timing or trouble in ignition governor. It is a 
,harp mct.!11lic sound usually e"~ident when engine is laboring. 

A gas or fuel knock mny be due to too lean a mixture or to 
unsuitable fuel. It may be confused with a spark knock. 
Defore deciding be sure that spark is not; advanced too far. 
'!'he knock is increased by rapid acceleration and usually can be 
lliminishcd by using a richer nlixture. 

Detonation, nlso termed pinging, is usuru.ly encount.ered on 
high t'ompression engines and is a metallic sottnd which be­
tomes loudest when the engine is under load, overheated, or 
:1ccele1·n1cd rapidly. Seo definition on page 1075. See al.so 
page.i 8•1n, I07!l.-\, 77H, Addenda -!4-45. 

A brand of gasoline known as ethyl gas, it is claimed, will 
elir~1in~le _J?in_gin~ an~I sometimes. re,;,etting spark-pluA' gnp wiJI 
as.')1St m elin11nat1ng n. 

A compression knock may result from any cause wnich de­
creuscs the space between the head of the pistoh aud combustion 
chamber. This knock, also a sPark, detonation, ca,rbon and 
fuel knock are sintilar in sound, and it-is best to check ignition, 
spark-plug gap and carbon deposit before deciding. 

Detecting Location of Engine Knocks with a 
Pressu1·e-Vacuum Air Pu:rnp 

A device known as "The Hammett i\>Iotor Tester," illustrated 
below "ill locate mechanical knocks and leaks when intelligently 
used. 

OOSE COOl/f.CIING OOD 
005( MAIN B[AAUtG 

Principle and operation: A vacu­
un.1 and compress.ion pump with 
compression gauge attached. is used 
by hand to alternately lower and 
raise tho air pressure in engine cylin­
der. 

Tests are ma<le when engine is 
idle but warm. The tester is at­
tached at spark plug op<ming and 
one cylinder tested at a time. The 
crank is turned so the piston of 
cylinder tested is at top dead center 
of compress.ion stroke with nil 
valves closed. A normal engine in 
this position will show strong com­
pression and vacuum and no noise 
when tester is operated. If defects 
exist they u.re evident as follows. 

P1·ocedm·e of Tests 
Compression: To determine compression of cylinders push 

handle down and turn to right thus locking plunger. Turn 
crank two complete revolutions, The gauge will indicate the 
pounds compression. 

Piston rings: With piston at top of compression stroke, re­
move breather cap; push handle down slowly. If piston rings 
lcaic, compression can be beard blowing by wben listening 
t.ltrough the breather (tube or hose inserted in breather will 
magnify sound). 

If rings do not fit cylinder walls, compression will be poor, 
regardless of position of the piston. 

If rings leak in grooves (assuming ringS do not lc:1k at, cylirulel' 
walls), compression will be good because rings nrc seated on 
bottom of ring groove. Cra.nk slowly until piston starts down, 
which moves rings to top of groove. II, on pushing tester 
handle down, compression forces ring a.way from top of groove 
and air escapes behind ring and past piston into crankcase, then 
compression is poor and very little resistance will be offered 
plunger. 

Valves: With piston at top of compressio11 stroke, push 
plunger handle down. If inlet valve leaks, compression ,;ill be 
heard escaping through intake manifold into carburetor (or 
through intake manifold to cylinder that is on suction stroke, 
then out through spark plug opeuint;). If exhaust valve leaks, 
compression will escape through exhaust manifold and mufiler 
(01· through spark plug bole in cylinder that is on exhaust 
stroke). 

Pistons: Crank engine 30° past top dead center of compres­
sion stroke so that connecting rod will be at an angle; work 
tester handle up and down with n short stroke. If piston is! 
loose, a clattering noise will be heard as piston slaps rrmn one 
side of cylinder wall to t.he othe1·, 

Piston pins: \Vit.h piston at. top of compression stroke, work 
tester handle up aud down ";th a short quick stroke. If you 
hear a knock and c.'\nnot feel a pound on crankshaft, by plncin~ 
hancl on $tarting crank when engaged; piston pin is loose (a.s 
piston slap never occurs when piston is at top d. c.) 

Connecting-rods: Ose same test as for piston pin; if connect• 
ing-rod is loose, pounding can be felt on shllft a~ if tapped with 
abammer. 

Main bearings: •Vith piston in same position ns in testing 
piston pin and connecting-rods, push. tester handle to botto10 
of stroke, Ulen lift with a quick jerk; crankshaft loose in bear­
ings will be felt to rise and drop (assistant under car \\ith oil 
pan removed can feel the rise and fall and see oil film working in 
and out of beari og) . 

Piston Slap 

This knock is caused by loose-fitting pistons or by 
connecting-rods being bent or out of alignment, re­
stt!ting in a tendency for the piston to strike the 
cylinder walls at an angle, as explained in the illus­
trations (Fig. 81, page 780). 

The looser the piston, the greater will be the slap. 
If the piston fits properly, the slap is negligible. The 
slap may be due to worn cylinders, to the connect,. 
ing-rod being out of alignment, or to worn pistons. 
Aluminum alloy pistons (or slightly loose cast iron 
pistons) may knock only when the engine is cold, 
as the pistons are contracted and are looser than 
when hot. 

Piston sla11 is a very common trouble with aluminum pistons 
with solid skirts, which,· when cold, contract and lea-ve a space 
between the cylinder wall and t.he piston. After the engine is 
warmed up, the pistons expand and the noise ceases. Aluminum 
expands approximately twice as much as cast iron. The 
constant-clearance type of aluminum piston with split skirts 
(see pages 807-809) are not so susceptible to piston slap. 

Pistons with correct clearance and proper align­
ment of the piston and connecting-rod is the remedy 
for piston slap. Alignment of the piston and the 
connecting-rod is an important factor (see page 803). 
It will thus be apparent that this kind of knock can 
occur even though the piston rings fit tightly. 

Bear irt mind that a piston may slap when the 
engine is first started, but after it has warmed up 
and expanded1 the knock may cease, if due to a. clear­
ance only sligntly e.'Ccessive. 

Knocks that sound like piston slaps are frequently caused by 
connecting-rods being slightly bent or out of alignment, which 
sometimes happens when fitting the pistons to cylinders. 

To detennine which piston is causing the slap, 
there are several methods. One is to open the 
compression cock to release the compression and then 
short out the spark plug of the cylinder being tested. 
If the knock is due to a loose piston it will diminish 
and in some instances will be entirely eliminated. 
Another method is to test with heavy oil (see page 
778; see also "5 loose piston" under sound indica­
tions on page 778). 

Always test for piston slap when engine is thoroughly warm, 
as a cold e~ne may show noises that disappear when warm. 
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Compression and Explosion Thrust of Piston 
There may be two or more distinctive piston slaps during 

the cycle, due to what is termed compression thrust and explo­
sion thrust of piston (see below; nlso page 814). 

J/\NhlYN _&~ JI .d! ii ;J 
Fig. 81. When the pistor. is on the compression stroke (A), 

assuming we n.rc in front of engine, the piston thrust and the con­
t.act of itis with the rigl>tside of the cylinder (see arrow points), 
due to the angle of connecting-rod and the compression pressure 
on the piston. 

As the crank pin swings by dead center, the inclination of the 
connecting-rod 1s cha.n~ed to the 9pposite side, thus forcing the 
piston thrust to the other side. Under the full explosion pres­
sure (B) the piston will strike a very heavy blow when it makes 
the change. 

The piston remains in contact with this cylinder wall through­
out the stroke, and when lower dead center (C) is reached, the 
pressure ~nit is entirely relieved\ so that it is quite likely that 
the piston is then more or less ab e to float between both walls. 

On the exhaust stroke· (D) the piston is thrown gently to the 
right side of the cylinder owing to the downward pressure of 
the inertia, as well as to the slight exhaust pressure. It is very 
doubtful that this ever causes an audible slap. 

The piston remains in contact with this wall throughout the 
suction stroke (E); then the downward pulling force of the con• 
necting-rod is resisted by the suction on the piston as well as 
the inertia. • 

At very high speeds inertia may change some of the details 
of this explanation, but these can hardly be of interest or impor· 
tance. (See also page 814 on this subject.) 

One manufacturer states that piston slap is not always due 
to loose fitting pistons, providing the cylinder walls are straight 
and true and piston pins are parallel with tho crankshaft. They 
further state that by careful examination the trouble can 
usually be located in any one, or a combination of the following: 
bent connccting•rod, wrist•pin hole not true} cylinders out of 
line or not true with crankshaft. The theory is that piston slaps 
are sometimes cnused by the connecting-rod upper ends striking 
the piston boss. 

To observe if such a condition exists, as mentioned above, 
remove lower pa.-t of engine crankcase and while someone 
cranks engine slowly with a light at the other end of cylinder, 
observe if the connecting-rod shifts sidewise or twists as it 
travels from top to bottom of its stroke. If so, remove piston 
and rod and inspect for bushing clearance, straight piston pin 
bore, bent or twisted connecting-rod. 

Pre-Ignition: Cause of Knocks 
Sometimes it happens that the mixture i, ignited before the 

ignition spark occurs. This is termed pre-ignition and may 
result-from some of tho causes following: 

A dep0sit of carbon on the piston head and combustion cham­
ber will, owing to int,ense beat after long runs, become red hot 
and will ignite the mixture before the proper time. This causes 
a "carbon knock," as discussed on page 779. 

If the points of the spark plug are too thin and of p0or 
material, they will get hot enough to glow in the same manner, 
and in such a caso spark plugs with heavier points should be used. 

Small points of metal, the result of rough castings or other 
causes, should be filed down, as they assist in collecting carbon. 

If the water circulation stops, or if the air cooling is not effec­
tive, carbon, or even tho overheated piston head wiJl ~ct hot. 
enough to ignite the charge, in which case the engine will con­
tinue to ru11 after the ignition has been cut off. The remedy for 
this. of course, is to make sure that the engine is properly 
cooled, otherwise a "seized piston" will result. See Index. 

Eliminating Compression Knock by Adding a 
Gasket 

Compression may be reduced by placing a gasket (Fig. 82) 
between the cylinders and the crank ca$<>. 

This is sometimes desirable when tho car is equipped wit.h a 
heavy closed body. In such cases a better job may be done 
by making the thick gasket of cast iron. It is made in a 
similar manner, but must be planed or milled to a uniform 
thickness and with a smooth finish. Otherwise the cylinders 
will be thrown out of alignment or the joints will not be tight. 
Another method would be to use special pistons to decrease 
compression. 

Fig. 82: Procedure of fitting a gas­
ket: (l) Remove cylinders. (2) Place 
cylinders on a bench, and clean both 
cylinder flange and engine base thor­
oughly. (3) From a sheet of tin, 
make a. template which is an exact 
reproduction of the base of cylinders, 
except that all openings, such as pis­
to11 and bolt holes, are about Ys" 

BO'-O G~~K!-t la.rger than those in cylinders. The 
template is used as a pattern for mark­

ing out and forming tbO cylinder~raisin&' gasket. (4) Procure a. 
sheet of red composition board desired thiekness. (5) Using 
template as a pattern, seribe out cylinder and the bolt holes and 
the outside form to the red composition board. (6) Using a 
gasket-cutting tool and a drill press, carefully cut out piston 
boles. Make these ¾" larger than cylinder bore. (7) Drill bolt 
holes slightly la.rger than the diameter of bolts. (8) With a 
band saw, or key-hole saw, cut composition board to outside 
shape of pattern. (9) Remove all burred edges with a file. 
(10) Place composition board on engine base, and bolt cylin­
ders in place. Shellao should be used sparingly to prevent 
leaks. 

As a result of this the cylinders have been raised, giving a 
larger compression space and less C0'l'Pression, This may re• 
sult in that the compression knock wifi disappear and the engine 
pull better on low speeds and it may not; in other words it is 
an experiment. To increase compression pressure: See page 76G. 

Note: It will be necessary to readjust valve clearance and 
retime after the cylinders have been bolted down securely. 

lfoless the compression is the same in all cylinders, the 
engine will not be in good balance and loss of power will result. 
The power lost when one cylinder does not fire is greater than 
the mere elimination of one power stroke, and this is largely the 
result of a Joss of balance. 

LANCHESTER VIBRATION BALANCER AND DAMPER. HARMONIC BALANCER 
The-Lanchester vib~ation balancer (Fig. 85), is designed to 

overcome vertical vibration in a four-cylinder engine. (See also 
page 805.) It 
co11sists of two 
small balancing 

F\1-es. flywheels (W) 
turnjng in op­
posite diTec-

= lJ/1.laW...--. tions, with their 
j axes (A) cross-
~ "'·ise or engine 
"o and below the 

renter crank­
shalt bearing 
(B). They are 
driven by a 
helical gear (G) 
from crankshaft 
(C). The two 
flywheels (W) 
are out of b:il­
ance, and by 
properly unbal­
ancing aud tim­

ing them, they produce a vertical vibration opposed to and 
neutralizing tbe vertical vibration in a four-cylinder engine. 
' The Lanchcster vibration damper (Fig. 86) is a device de­

veloped to overcome torsional vibration (see page 805). This 

consists of a small flywheel CW) at tho front or the engine, 
which runs loosely on the crankshaft (C). A friction clutch 
(D), ha,;ng a slipping torque in the neighborhood of 150 inch• 
pounds, tends to make this flywheel rotate with the crank­
sbf\ft. 

When high pressure is exerted on the piston, n rapid accelera­
tion is appHed to the crankshaft which would cause torsional 
vibration; to prevent this the flywheel (W) slips, thus prevent­
ing a winding-up or torsional vibration of the crankshaft. 

When the speed of rotation of the crankshaft and main fly­
wheel is steady, the clutch (D) grips the flywheel (W), and both 
flywheel and crankshaft revolve together. 

When the speed of rotation of the crankshaft is reduced, such 
as by the suction stroke, there will be a tendency for the orank­
shaf t to Jag behind the main flywheel and thus cause torsional 
vibration. In this instance the flywheel (W) again slips, and 
the friction disks in clutch (D) will exert a force on the crank­
shaft and assist in bringing it up to speed. (See also pages 
805, 806, for torsional vibration.) ( Automobile Digeat.) 

The harmonic balancer neutralizes torsional vibration of 
crankshaft. Located between number one and two crank pins; 
a light steel bar, pivoted to shaft at its center and tensioned by 
stiff springs at both ends. Has a frequency of vibration same 
as shaft itself. When there is movement of shaft, the balancer 
picks it up and vibrates in an opposite direction, applying the 
force th,ough its springs, thus holding the shaft steady. 



iNSTRUCTION No. 69 
ENGINE BEARINGS: Main Bearing Adjustments; Fitting Bearings; Scraping, 

Burning-In, Boring, Reaming, Lapping, Etc.; Crankshaft Alignment; 
Cam shaft Adjustments; Connecting Rod and Piston-Pin Bearings and 
Alignment; Relation of Vibration to Balance; Oil Test for Engine Bear­
ings: Ricardo Cylinder Head. 

ENGINE BEARINGS 1 

There are three different kinds of bearings: ball 
bearings, roller bearings and plain bearings. The 
last-mentioned is the type in general use. The ball 
bearings have been used to a limited extent on the 
racing type of engines, and some truck engines. 
The roller bearing is seldom used except on V-type 
motorcycle engines. 

Ball bearings are sometimes used for main crankshaft bear­
ings, but very seldom. To insure success, they should be large. 
It must bo remembered that the surface contact of a ball with 
its race is practically a mathematical point. For this rea.son 
they are not found to be successful for connecting-rod lower­
end bearings, 3.5 the Uupact is too great for su_ch a small surface. 

'\Vhere there is a whip, even of small degree, ordinary ball 
bearings ,hould never be used unless they are of very great siie. 
In a short, stiff shaft with a center bearing, ordinary siz~ n.nd 
types are satisfactory, but otherwise double-row bearings of the 
self-aligning order arc used. 

'\\-7,cre a crankshaft is fitted with ball bearings, the crank­
shaft must either be a two-bearing crankshaft, as. for inst.ance, 
the White ¾-ton truck engine, which is fitt-ed with a crankshaft 
of very large diameter, so that the bearings can be fitted at each 
end of the shaft, or, if more than two henrings are use<l, then 
i-he crankshaft must be of the built-up-type, or the center 
bearing-pin or journal must be large enough to carry a bearing 
rbat can be passed over the cranks when assembling bearings 
to shaft. 

Ro!ler bearings are seldom used. These have, of course. a 
very much greater contact area than ball bearings, and havo 
been used in the connecting-rod lower end, but not as a general 
practice. 

Plain Bearings and Bushings Defined 
A plain bearing refers to the split type of bearing 

in two parts such as is used on the crankshaft main 
bearings and the connecting-rod bearing lower end. 
See Figs. 2 and 2A. 

A bushing is usually a tube made of high-grade 
bronze that is not split, such as ill used in the upper 
end of connecting rods around the piJlton pins, cam­
shafts, water pumps, etc. See Fig. 3. They may 
be plain bronze or babbitt lined. Bushings are also 
of die cast babbitt. 

Classification and Location of Engine 
Bearings 

The most important bearings in an engine may 
be classed in four divisions: 
I. Crankshaft'main bearings. 
2. Lower connecting-rod bearings. 
3. Upper connecting-rod b~arings (piston-pin bear­

ings). 
4. Camshaft bearings (generally bushings). 

The bearings that require the most attention on 
an engine are the crankshAft main bearings. (Figs. 
1 and IA), the lower connecting-rod bearings, and 
the piston-pin bushings (Fig. lB). 

The bearing which usually first shows sign of 
wear is the crankpin bearing in connecting-rod (G, 
1''ig. lB), the rod-half showing considerably more 
wear t.han the cap-half. 

The bushing in the upper end of connecting-rod 
(B, Fig. lB) is next in showing sign of wear. . 

1 See footnote page 78;3 for list of bearing manufacturers. 
See also pages 802. 044, for arlditionnl bearing information 
pertaining to trucks und tractor;;. 

The crankshaft main bearing (Fig. 1) is next, with 
the cap-half (see lower illustrations 1 to 7 in Fig lA) 
showing more wear than the upper-half (see upper 
illustrations 1 to 7 in Fig. lA) in the engine block or 
crankcase. 

The main thrust bearing (F, Fig. IA), usually re­
quires replacement before the other main bearings 
owing to additional wear on the end faces. 

Fig. 1. Crankshaft main bearing. The cap screws, usually 
termed crankshaft bearing ca.p screw, stud or bolt, o.rc always 
locked with cotter pins, looking wires or star wasber.:i. 'fhe 
illustration sho,.,,"S cap sr..rcws. but studs with nuts e.rc often used. 

The upper part of the bearing seat or saddle, is a semi-circular 
depression cast in the crank case, into wWch is fitted an upper 
bearing half. 

The lower part of the bearing, which bears the weight of the 
crankshaft nod the th•ust of the impact of explosions, is in the 
form of a cap, termed a lower main bearing cap, which is fitted 
with a lower half rnain bearing. This ca.p is held securely 
around the crankshaft bearing by being bolted to the upper half 
of the bearing by eap screws, studs or bolls. It is made of 
steel, b~. or bronze and where aluminum case is used 1 the 
cap is usually aluminum, and is often supported with a steel 
plate. 

Fig. tA. Crankshaft main bearings showing upper halves in 
crankcase which is turned upside down (crank$haft removed). 
Lower bearing halves are shown in the bearing caps below. 

RB is rear main bearing; FB is front mn.in bearing. Some 
bearings are :flanged and some are not. If a bearing is to with­
stand thrust, it must be Hanged and the faces of Oanges are 
sometimes babbitted; for example, the end thrust of crankshaft 
in this particular engine is earned a,Erainst flanges (F) on center 
main bearing. This thrust is from flywheel end of e11gine and 
is due principally to pressure from clutch spring. The bearing 
at llywheel end is usually longer and in some instances greater 
in d.iamoter. 

Fig. lB. The connecting-rod upper bearing (piston pin 
bushing) is shown at (B). ·rhe connecting-rod lower bearing 
which is made in halves is shown at (G). 

Names of other parts are: B, bushini,;s; C, piston pin; D. 
piston pin lock ci.crew; E, piston ringsi F, oil rc.gulating ring; 
S, shims. 

Kinds of Plain Bearings 
The upper bearing seat and lower bearing cap are 

lined with soft metal, such as babbitt or white metal. 
781 
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There are two kinds of bearings: the solid or 
integral bearing which is not removable, and the 
removable bearing. Both are generally in two halves, 
termed split bearings. 

The solid integral or cast-in babbitt bearings are 
those where babbitt metal in a molten state, is 
poured, or run, into the upper bearing and the Jo,;vcr 
bearing cap, and thus they are lined with a stationary 
babbitt lining which cannot be readily removed. 

When bearings which are lined with babbitt metal 
become wom, the bearing cap can be drawn up by 
dressing down, or if shims are used, they can be re­
moved and the cap can be draw11 up as the wear 
continues. If bearings are too badly worn, new 
babbitt linings are installed or poured into the upper 
bearing and lower cap. 

The babbitt metal bearings used on U1e Ford engine. for 
example, are of the integral or cast-in solid type. In this case, 
Lhe old babbitt is removed and the surface on which the babbitt 
is to be poured is tinned. The molten babbitt metal is run in 
around a mandrel smaller than the shaft. A true bore slightly 
less than the shaft is then made with a boring tool and the 
bearing is then reamed with a. c1ea-ra.nce for an oil .6.lm, after 
which the necessary oil channels are cut in the surface of the 
bcarjng. 

Removable bearings are either die-cast bearings 
made of babbitt, or bronze-backed babbitt-lined 
bearings. 

The babbitt may be inserted by one of the follow­
ing methods: (1) poured in by gravity, (2) poured in 
under pressure, (3) the bearing may be rapidly re­
volved while the babbitt is poured in, and the 
centrifugal force causes adhesion to the bearings 
termed a "spun bearing." The last method is a 
manufacturer's process. 

All bearings and bushings are made from either 
bronze or babbitt, or a combination of the two metals. 

Formerly, phosphor-bronze was Tegarded as the 
best, but in modern practice, where large bearing 
SlU-fa,ces can be used, babbitt is usually preferred. 

In the case of small bearings which must sustain a heavy 
shock, Bllch as a small bearing at the big, or lower ends of the 
connecting rods, babbitt is soarcely hard enough to resist the 
:r:;preacling act.ion of the impact. Ph<'>sphor•bronie, or a com­
position metnl1 is therefore necessary if small bearings are used 
here; but where sufficient surface can be obtained to insure 
against this tendency, babbitt-owing to its antifrictional 
properties-is generally considered preferable. Since it i~ com­
posed largely of tin, the result. of n failu1·0 in lubrication from 
any cause is merely to melt it out without harming the shaft. 
"'hich would probably occur if a tough metal like pbosphor-­
bronz.e were used. 

The secret of a successful babbitt bearing, or 
indeed of a bearing of any kind, is a true and highly 
polished surface on the journal. The babbitt bear-
111g can then be fitted comparatively tightly, and will 
n1pidly acco=oclate its surface to that of the steel, 
and long life will be insured if the lubrication is 
('Ol'l'Cl'lt. 

The essential requirements to be considered in a 
bearing are that it should have anti-friction proper­
ties, and should withstand the heavy impact or 
pressure :,.,gainst it during the hard pulls and high­
Gompression impulses and at high speeds, without 
heating; it should be hard enough not to give, 
crack, or break under severe shocks and blows, and 
must be of such a construction as to be easily re­
newed when worn. 

There are two kinds of hearing metals, (1) those 
which contain a greater percentage of copper and 
a small amount of softer metals, which are known 
as hard metals, such as brass or bronze: (2) those 
which contain a large proportion of tin and a small 
percentage of copper, known as soft met:11s, as 
babbitt metal, anti-friction roctal, and white metal. 

Popular metal specifications are 83 per ~ent copper, 3 per cent 
tin. 7 per cent lead, and 7 per cent zinc for the bronze; and 85 
per cent tin, 7 ½percent copper, 7 ½percent antimony 1 witJl 
n maximum of l per cent lead for the babbitt. 

The soft metal (babbitt) is generally used in the 
replaceable bearing, so that the soft-metal lining will 
wear rather than the crankshaft. The soft-metal 
bearing does not have sufficient strength, alone, to 
sustain the weight and impact of the rota.ting parts; 
consequently it is used as a liner in a bronze-back 
bearing. This forms tt support to the babbitt, or it 
is cast in the bearing seats that have been tinned. 

m 
Fig, 2 (left). A die-cast bearing consisting entirely of babbitt 

metal cast in a die under pressure. Not machined. 
This illusti-ation shows a lower ma.in bearing half. Note that 

the oil groove docs not extend to sides of bearing: there£ore it 
would likely be installed on an engine having pressure lubrication. 

Fig. 2A (right). A bronze-back babbitt-lined bearing con­
sisting of n bronze bn:ck.ing lined with babbitt. It is machined. 
The bearing shown here is n full-hnlf bearing used "it,houtshims 
for pressure feed lubrication and the chamfered slots show11 
serve as oil pockets, distributing tbe oil over tbe entire length of 
bearing, nnd in mnny cases oil grooves or le.."l.ds extend to th~c 
pockets at the split edge. 

The fact that these slots or oil reservoirs retain the oil within 
t-he bearing would indicate that it was designed for pressure 
lubrication. If tbesese.rrat.ions were connected with oil grooves 
which extended to side of bearing, then it would likely be for 
splash-feed lubrication. 

Oil grooves for pressure-feed lubricated bearings arc usually 
confined to the bearing and should not run out to the side of 
beai-ing, Purpose being to retain oil in bearing. The oil is 
fed lly pressure through one oil tube or duct from oil pump and 
thus a film of oil i$ maintained in benring around sha£t when 
operating so that the shaft nctually rides on a film of oil. 
~rhcre are a. numbei· or diff P.rent designs of oil grooves, and in 
pressure-feed bearings the oil grooving has been cut down to a 
minimum-the less the better-sitnply a slight lead from the oil 
hole being nll that is necessary to start the distribution of oil. 
Some pressure-feed connecting-rods have no oil grooves. 

The oil rroove shown in Fig. 2 is not of as good form as tha, 
shown in Pig-. 2A, as too much benring surface is cut u.wn.y at 
parting line where it is needed IUost. 

Oil grooves for splash-feed lubricated bearings usually run 
out to and arc opetl ut sides of beal'iug, and the leads should be 
such tJw.t oil will be spread over the entire sut-foce of bearing. 
the purpose being to allow oil to cil'cuinte an.cl cover the entire 
hearing surface. The oil is fed by splash to holes in bearings. 

Die-cast bearings are split removable bearings and 
ru·e often referred to as slip-in bearings. They were 
used before the bronze-back babbitt-lined bearings 
\\'ere introduced. They consist entirely of babbitt 
metal which is cast in a die urider pressure. Some 
a.re slipped into place and others anchored with 
screws or down! pins. Bearings may have flange.~, 
usually to take thrust, but they may also have 
flanges for assisting in anchoring. 

Bronze-back babbit-lined bearings* consist of a 
cast aud machined bronze backing lined with babbi t,t, 
metal. This is a machine product and naturally 
is more expensive than a die-cast bea,ring. The 
bronze backing is made in the usual way in the form 
of a bronze cylinder. This is machined on the out­
side and also in the bore. Then the babbitt metal 
il:> inserted as a lining into the bronze after the inside 
surface is thoroughly cleaned and tinned, by some 
process. 

A patented process of spinning or centrifugal action, is ex­
plained as follows: 'l'he bronze shell is clamped to a revolving 
plate and babbitt is poured into the center of the bronze shell 
and is thrown out against the inner walls by centrifugal force. 
This gives a dense grain and the babbitt is stuck at all points. 
The babbitt is then machined on the inside surface, the oil 
groove, chamfers, et.c., put in and the bearing split int-0 the two 
halves. 

The bronze-back babbitt-lined bearing it is said, 
gives longer life than a die-cast bearing, on account 

* Steel-back babbit-li.ned bearings :1rc qui le pupulur, parUcul:trJy I.hose or the inLcrclt~HJgcablc Lypc~ See al~o p. 786. 
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of the rigidity obtained by the bronze ba,cking and 
also the fact that the bronze back is a heat conductor, 
carrying heat away from the babbitt metal bearing 
surface which is an important factor, because ex­
<'essive heat causes the crankshaft to expand and 
when excessive expansion occurs this produces wear. 

Methods of fastening or anchoring bearings are 
eitJ1cr with dowel pins, lips or tongues, or screws. 
In some cases where shims are used, the shims them­
selves hold the bearing halves in place. -~ 

Fig. ~ (left). A bronze bushing machined and ready for 
installation. Bushings arc used in sucb places as the upper-end 

pf the connecting-rod, piston-pins. camshafts, the water pump
1 

etc. 

Fig. 3A (right). A bronze cored bar' which is carried in nil 
sizes fro_m which the repairman cnn machine any size bushing 
for which he may have a demand, not only !or engine work, but 
nlso !or chassis work, for such places as steering assembly, 
springs, etc. 

Fig. 3B. Bearing accessorieS a.re illustrated as follows: 
Main bearing capscrew with boles for looking wires. Stud,, and 
bolts are also used for supporting the main bearing cap. Fig. 
3C. Connecting-rod bolt. Fig. 3D. Nut for connecting-rod 
bolt or main benring stud. Fig. 3E. Bearing-anchor screws. 

REMARKS ON BEARING CLEARANCES 

The clearance space between the bearing and 
crankshaft journal when the bearing cap is drawn 
tight is known as diametrical clearance (see p. 827 
explaining). This space is divided on both sides of 
the jow·nal, making a radial clearance all around the 
0ircumference of the journal, which space is occupied 
b}' a film of oil. ·while this condition exists, and if 
t-he metal of the bearing remains hard without giving 
under the constant pounding of the power impulse 
and vibration, this oil film remajns unbroken and the 
hearing remains in perfect condition. But the 
tiofter metal will, in time, give way to the pounding 
an<! vibration, wit.h the result that the bearing will 
wear oval-shaped, because the weight of the crank­
shaft and the thrust of the power impulses will all 
concentrate on the supporting half of the bearing, 
the• lower hail in main bearing and the upper half 
in connecting-rod bearing. Most of the wear and 
weight is on the lower part of the main bearing, 
called the lower hearing cap. 

• Special assortment of bearing bronze consist.ing of sizes 
chosen to replace and service most all straight bushings jn any 
make of automobile or truck can be obtuined of Federal-Mogul 
Corp., Detroit, l\Iich.; Bunting Brass and Bronze Co., Toledo, 
Ohio.; Phosphor Bronze Smelting Co .. Philadelphia, Pa., and 
others, and also from auto supply houses listed on page 686. 
11ie•c-a:i:;t a.nd bronze~hack bearings for \'Urious makes of engines, 
l'llso babbitt meta.I and bearing accessories, such as bearing 
b1)lts. anchor screws, etr .. can be obtained of Federa1-).1ogul 
Corp .. and sorne of the other bearing concerns listed below, 
~s well a.s nutornotive supply jobbers. -

It is false economy for a repairman to use inferior bra.nds of 
bearings, bushings or bearing metal just because they rnight be 
a few cents Jess in cost. If he guarnntees his work, which be 
should. he must use quality guaranteed parts which conform 
to the manufacturer's specificntions. 

'Some of the engine bearing manufacturers are: Bohn 
.\l111ninum &: Brass Corp., Detroit, ~1icb. (engine bearings); 
llunling Brass & Bronze Co., Toledo, Ohio (bushing.,); Fcdernl­
:'\logul Corp., Detroit, ?i.Iieh. (engine bearings a.nd bushings, 
hrnnze¥rnl'ecl and solid bars, babbitt metal, bearing bolts, nuts, 
:.:hims, sncws, connect.ing-ro<l bolts and nuts); Johnson Bronze 
C:o .. New Castle, Pa. (bushings); Milwnukee Die-Cast Co .. 
,\lilwaukee, Wis. (en~,;ne bearings); McQuay Norris Mfg. Co., 
Sl. J.ouis, l\lo. (engine bearings, piston pins, pistons, piston 
rings). Bearings, accessories, etc., can also be obtained or 
nuLomotive supply jobbers. 

3 )Jention of the journal or pin relative to crankshaft, work 
is intended to apply to that part of the crankshaft where the 
bearing halves fit., generally known as n crank.pin, where the 
co1'lnecting-rods fit (ncting us n crank), nnd main bearing journal 
where .main bearings fit. 

• Obtain manufacturer's instructions for exact clearance. 
This discussion of the subject is only approximate and to gi"e 
the general idea. 

• See page 782 under Figs. 2 and 2A for explanation of differ­
en<.'e between "pressure" and "splash" lubrication. 

• See next page for recommendations. See footnote 6, 
page 786. 

1 Applies to main bearings. Conne<·ting rod bcnrings knock 
tnu:"-tl;v when running downhill and cngin'c is neil,hor pulling car 
nor huh.tin~ it, l,;u:.k (clutch and trunfSmis.sion engaged). 

Whenever the crankshaft main bearing or con­
necting-rod bearing has become worn until the inner 
surface is no longer absolutely round, or when the 
clearance between bearing and sbaft exceeds the 
natural thickness of the oil film, it makes it-self 
known by a knock noticeable when engine is sudden­
ly accelerat\'d, or when engine is pulling hard.' 

If the worn bearing continues to pound against 
the shaft, the shaft itself will wear flat on the prli'ssurc 
side, and in the case of the main bearings, the loose­
ness will permit the shaft "to whip" or spring out of 
alignment. 

Bearings should not be allowed to run loose for 
any length of time; when the knocking or pounding 
is first noticed, time should be taken to make a proper 
job of bearing fitting and replacement or ndjus1-
ment, as the case may be. If the bearing is allowed 
to pound, it will wear the crankshaft oval, making it 
impossible to fit a new bearing perfectly without 
having crankshaft ground undersize. 

Crankshaft !\<Iain Bearing and Lower Connect­
jng-Rod Bearing Clearances', 4 

Bearing clearances cannot be stated accurately' 
since they vary with the type of bearing construction, 
material used, design of engine, and its lubrication 
system, also climatic conditions. About .001" for 
ea.ch inch of cra.nkpin or journa.13 diameter is con­
sidered approximately correct.6 Applies to pressure­
feed lubricated bearings.• This space is occupied 
by an oil film. 

Main bearings on engines with pressure-feed 
lubrication, on the average engine, are usually given 
a clearance just sufficient to permit enough oil to 
pa..,"5 around it to form an oil film. There should not, 
however, be enough clearance to allow oil to pass 
quickly out of the bearing and thereby lower the 
oil pressure to such an extent that the other bearings 
are deprived of the proper oil film and circulation. 
Therefore it is important that all bearings be adjust­
ed alike. Bearings too tight will block off the oil 
holes and prevent free circulation, resulting in a 
burned bearing. 

A practical way to gauge the clearance on a pres­
sure-lubricated engine is to adjust the bearing until 
the shaft is turned with considerable resistance. 
This determines that the bearing is fitted to the shaft 
and ready to be set for clearance. Now remove the 
bearing cap and install enough .0015" or .002" shims 
on each opposite side of bearing cap to secure the 
desired (•learn.nee. The shaft should (,hen revolve 
with a degree of freeness so that there will he 110 
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binding. Be sure to bolt caps in place by drawing 
up all nuts or capscrew evenly, avoiding pinching or 
binding bearing on one side. 

In case bearings are of the shimless type, it will 
be necessary to allow for clearance in scraping and 
fitting. This is simplified by align-reaming or a.lign­
boring, by setting up the cutters for the required 
amount of clearance. Some mechanics install shims 
for clearance. 

Main-bearing diametrical clearances for the aver­
age-size crankshaft (2 3/4" diam. or less) using 
splash or gravity lubrication systems should be ap­
proximately: .0005" minimum, .0025" maximum 
and .001"-.0015" desirable. For pressure lubrica­
t,ion systems they should be: .001" minimum, .0035" 
maximum, .002" desirable. 

Connecting-rod diametrical clearances for the 
average-size crankpin (2 3/4" diam. or less) using 
splash or gravity lubrication systems should be ap­
proximately: .0005" minimum .002" maximum, 
.001" desirable. For pressure lubrication systems 
they should be: .00075" minimum, .0025" maxi­
mum, .0015" desirable. 

For larger crankshafts (2 3/4" or more in diam.) 
the maximum clearances mentioned should be 
favored, and in many cases should be exceeded by as 
much as 50 per cent. See footnote 6, page 786. 

Whenever engine manufacturers' instructions can 
be obtained they should be followed rather than 
using any average clearances. 

Bearings that are scraped or spotted in should be fitted to 
permit the shaft to be turned with a slight drag by mesns of a 
bar (about 24" long; see Fig. 12, page 787) when bearings are 
set up tight. If bearings are aligned reamed or bored, there 
should be less drag. 

Connecting-rod upper-end and piston-pin clear­
ances are discussed ou pages 795-797. 

Crankshaft and Connecting Rod Bearing 
Side-Clearances 

When installing new bearings, see that proper 
end-clearance or play is allowed on thrust bearing, 
also side-clearance on other bearings. 

End-play of crankshaft is necessary to allow for 
expansion of thrust bearing. The one bearing de­
signed to take the crankshaft end-thrust is termed 

an end-thrust bearing. It is flanged, and sometimes 
the flange face is babbitted. The size of the flange 
surface is determined by the clutch-spring pressure 
and other factors. The thrust bearing on some 
engines is the rear main bearing; on some it is the 
front main bearing; on some it is the center main 
bearing; and on some, bronze thrust plates are used. 

The clearance between the end of thrust bearing 
and crankshaft, also the end-play or side clearance 
for connecting rod bearings for the average crank­
shaft using splash or gravity lubrication systems. 
should be approximately: .004" minimum, .OJ l" 
maximum, and .006"-.008" desirable. For pressure 
lubrication systems it should be approximately: 
.003" minimum, .011" maximum, and .005"-.006" 
desirable. 

Fig. 3F. A flanged type bearing, 
designed to take thrust. 

Too much end-clearance causea a slight knock at idling 
speeds; too little will cause bearing to beat and burn out. 

To determine end-clearance, move cra.nk.sba. t backward and 
forward with a screwdriver or bar and use a thickness gauge. 

A preliminary test can be mnde by applying light pressure~" 
clutch pedal when knock occurs; ii knock ceases, test as nbovc 

The only practical means for the removal of excessive end­
play in a crankshaft (where thrust washers or shims, or S(~rew 
type adjustments are not provided--see page 794) is to replace 
the bearings. 

Most bearings are provided with a slight extra amount ol 
stock on the bearing flanges to allow lor fitting. When remov­
ing stock from the flange face for fitting, care should be taken 
to keep the faces square ";th the bearing surfaces. 

A temporary repair ;,,.n be ma<le on old bearings by buil<;lini: 
up babbitt at ends with soldering iron and special solder made 
in proportions of pure block tin, l lb., to half-and-half solder, 
¾lb. 'rhese are melted together and poured into sticks. 
Muriatio acid with zinc is used to clean the surface, and solder• 
ing is done with a well-tinned iron. Alter end of bearing bas 
been built up, it is then scraped to 61. 

Other main bearings (not thrust) showd have at 
least 1/32" and preferably 1/16" or more clearance 
at each end. The clearance is governed by elonga­
tion of bearing when heated. 

Undersize main and connecting-rod bearings 
should be used with reground crankshafts. 

REMARKS ON BE.ARING WORK PROCEDURE, INSPECTION, ETC. 
To test the condition of bearings: Usually wheFe 

bearings are loose they make a knock. One method 
of testing for knocks is an air test, by testing with 
a vacuum pump (page 779) to ascertain where the 
knock is. Another test for U1e condition of pressure­
lubricated bearings is the oil test, as explained on 
page 806. A simple test is with a jack which can 
be placed as shown in Fig. 24B, page 790B, to ascer­
tain the condition, or if engine is on the bench loose­
ness can be detected by the feel and examination. 
A visual inspection can be made by removing and 
examining the bearing caps. 

Where main bearing work is done, it is best to 
remove engine to the bench; however, bearings can 
be taken up or adjusted by removing the oil pan 
and without removing engine from chassis. For 
instance one bearing cap at a time can be removed 
and examined and adjusted, but there is no mea.ns 
of knowing if the crankshaft is in proper alignment. 
The connecting-rod bearings can be adjusted and 
fitted while engine is on chassis; however, it is neces­
sary to remove piston and rods in order to check their 
alignment on an aligning jig, as explained on page 803. 

If the bearing caps are examined to find out the 
condition of bearing, the bearing should be examined 
for looseness in seats, cracks, burns, scores, if worn 
thin, and also if it is making correct circular contact. 
with shaft. Also the crankpin should be examined 
to see if scored; if so, the score will damage beari 11 g 
again after adJusting or fitting, and should be re­
moved as explained on pa.ge 791. 

When upper bearing half is not worn enough to 
spring shaft out of alignment when adjusting the 
lower bearin~ cap, it can be used; when the upper 
bearing half 1s worn enough to require cons.iderable 
scraping, it is best to replace with !i. new bearing. 
Also, when the babbitt surface becomes glassy hard 
or crystallized, it is well to replace them, as they 
develop flaws and do not cushion the shock. 

If the bearing is only slightly worn and there is 
sufficient babbitt metal, then the next procedure 
would be to see if the bearing is making good contact 
with shaft-at least an 80 or 90 per cent contact­
and if so, to adjust by removing shims, or dressing 
cap. If not making good contact, which can usually 
be determined by observing that the contact is most-
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ly at the bottom and not so much on the sides, then 
t.est by blueing and spotting, and then scrape to 
proper fit. There should be sufficient babbitt present 
when scraping old bearings, otherwise the thin layer 
left will cause heating and probably cracking. 

A scored bearing is one whose surface has been slightly 
roughened but where the babbitt met.al has not bee)) burned 
and run. A bearing of this kind can be refitted. It ia best to 
i nstal a new bearing, however, 

If a bearing is badly worn, cracked, burned and 
run, scored, or worn thin, then the old bearing should 
be discarded and a new one fitted, if of the removable 
or interchangeable type, or by rebabbitting, if of the 
solid or cast-integral babbitted type. 

On the cast-integral type the bearings are replaced 
by removing the old babbitt and casting in new. 

On the die-cast and bronze-back-babbitt-lined 
hearings they are removed and new ones fitted. 

Alignment, Circularity and Contact; hnpor­
tant When Fitting Bearings 

Alignment: The bores of main bearings must be in 
perfect alignment; the connecting-rod crankpins 
must be parallel to the main bearing journals, and 
the piston pin and crankpin bearing must be parallel. 

Circularity: Crankshaft crankpins and journals 
must be circular, smooth, and straight. 

Contact: Bearing halves must be properly fitted 
to their caps and seats or saddles, and have correct 
contact area with them as well as with the crankshaft 
journals and crankpins. 

Installing Bearing Halves in Their 
Seats (Contact) 

The first operation, in renewing bearings, is to fit 
the backs snugly in the saddles or seats which retain 
them. Clean caps and crankcase bores; remove all 
burrs. 

Bearings fitting tightly should be inserted in seats 
carefully with the aid of a ha.rd-wood block tapped 
lightly with a hammer. Caution however must be 
in.ken that sides of seats or sharp corners do not dig 
into the backs or flanges of a bearing, causing it to 
!>e distorted (see also Fig. 69, page 802). 

o o c D Fig. 3G. End view of bearing-seat with 
A bearing-half (A) not making full contact 

at (C). Note the spare at (C), and that 
(B) projects slightly above (D). When 
inserting bearing-half (A), it will w,ually 
project slightly and should be faced off, 

allowing approximately .001" to .002" projection above the 
edge of (D). When the other bearing-half is bolted rigidly in 

place, sufficient pressure will be e~ert"4 at (B) to force bearing 
to make full contact with seat, at (C) and Bush at (D). Wbe~ 
shims are used, they will intervene between points (BB) of both 
bearing-halves. 

When old bearings of the removable type are worn and are 
loose in seat and do not fit properly, the back of bearing-half 
can sometimes be tinned with solder and filed to the desired 
seat. 

Fitting Seated Bearing to the Crankshaft 
After installing bearing halves in their seats they 

are fitted to crankshaft journals. This can be done 
by spotting-in and scraping, by burning-in by align­
reaming or align-boring, etc., as discussed farther on. 

Remarks on Alignment of Crankshaft Main 
Bearings 

Main bearings are often align-reamed, or align­
bored to bring their bore into perfect alignment with 
each other, as explained on page 786. 

When doing this work, the important point to bear 
in mind is that the crankshaft main bearings must 
be in perfect alignment with the crankshaft journals. 
If one bearing surface is lower or higher than the 
others, this will cause great vibration as well as 
wear. The purpose of this process is to align the 
bearing surfaces to the crankshaft main bearing 
journals. Bearings usually come undersize, and are 
then line-bored or reamed to size and finish. The 
amount of cleara.nce to give is predetermined 1 then 
the bearings are align-reamed accordingly, amt then 
tried for fit, then run-in to limber up. 

Usually, only new bearings, or bearings with 
sufficient metal stock, are line-reamed or bored. If 
bearings a.re old and wom, it is best to replace them 
with new ones and line-ream or bore, or they can be 
scraped and spotted. 

The align-reamer' or align-boring machine for 
align-reaming or boring crankshaft main bearings is 
much quicker than scraping, and with the proper 
equipment allows the shop to turn out a job in the 
least possible time. 

Always inspect the crankshaft bearing crankpins 
and journals before fitting the main bearings or con­
necting-rod bearings to a crankshaft. Test the 
crankshaft to find out if it is out of alignment itself, 
by being bent or sprung, or if the bearing pins or 
journals are worn flat or oval, or if they are scored, 
cut, or rough, as explained on pages 791-793. 

Always inspect and test the connecting-rod, pis­
ton-pin, and piston assembly for alignment before 
installing. See page 803. 

MAIN BEARING ADJUST1'-IENT METHODS 
Wher.e crankshaft main bearings are only slightly 

out of round, or worn, the bearing can be drawn 
tighter by adjusting the lower bearing cap. 

There are two methods for adjust~g or ~aking up 
on a lower bearing cap so that 1t will be tighter on 
the shaft: (1) by removing shims; (2) by dressing 
down the sides of the bearing cap. 

Usually, the rear main bearing, owing to the increased 
weight of the flywheel and thrust is the one which wears first, 
and usually the bearing in the lower bearing cap wears most. 

The bearing cap is either fitted without shims or 
with shims. 

If bearings are without shims, adjustment for wear 
is made by dressing down the bearing cap by placing 

1 See page 790B for addresses of some of the concerns who 
manufacture or supply main bearing align-reamers or align­
boring machines. 

, Shims of all types can be obtained of automotjve supply 
houses. 

it on a sheet of emery paper on a surface plate, or by 
filing it down. 

If bearings are provided with shims, adjustment 
for wear is made by removing an equal amount of 
shim stock from each side of the cap. 

Adjusting a Bearing by Removing Shims 

Taking up main bearings: First, take down the 
oil pan. To do this remove all the bolts under­
neath, and all bolts at each end of pan. Then 
remove the lower oil pan. 

The bearings on many engines are fitted with 
brass or other forms of separators of a standard 
thickness, made up of a number of thin shims in 
various gauges, .001" to .005" thick and one or more 
shims of n" to rrr" in thickness. 

Shims. 2 There are three types of brass or steel 
shims used in automotive en~ine bearings. 
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(1) The solid shim corn,ists of one piece of brass 
or steel (Figs. 4 and 4A). 

~ -~ 

Fig. 4. A solid mni.11 bcari11g shim (single). 
Fig. 4A (rip:ht). A solid eonnecling-rod ahim (single). 

(2) The loose-leaf shim consists of several brass 
sheets. A typical combination of a loose-leaf shim 
having a total thickness of ¼ inch would consist of 
one shim -?tr" thick, one i•" thick, one i¼:" thick, 
t.hree .004" thick and two .002'1 thick. 

(3) The laminated shim (Fig. 4B) consists of a 
number of thin brass sheets sweated together by 
means of a special binder metal. Standard thick­
nesses for automotive engines are as follows: 
,l,." consisting of five .003'' laminations 

,:l./' consisting of ten .003" la.mjnations 
,'." consisting of one ,Y' solid piece sweated to ten .003" 

laminations 
¼" consisting of one «;/' solid piece sweated to twenty-one 

.003" laminations 

The standard thickness is as stated, .003" but .002" can be 
obtained. Wberesbims arc made up of more than one thickness, 
the thicker ones are usually placed in the center and the thin ones 
outside. 

The laminated type of shim is often used. It is 
made of thin layers of Jaminum, which can be peeled 
off as desired (Fig. 4B). This type of shim can be 
used in the main crankshaft bearings a.nd also in 
the connecting-rod lower bearings. 

To make proper adjustment, simply remove one 
or more thin shims from each side of the bearings. 

The beal'ing cap must be drawn up tight, not 
against the shaft, but against the shim or spacing 
sleeve. If drawn tight against the shaft, it will 
burn out, and if left loose, it will pound and perhaps 
strip nuts off the cap screws. 

If more than one bearing is loose, each bearing 
should be tightened separately, and when the proper 
adjustment has been secured,,loosen thehnuts suffi­
cient to take the pressure of the bearing from the 
crankshaft. Then proceed to the next bearing in 
the same manner. After each bearing has been 
adjusted separately, tighten all nuts. 

After adjusting, the engine should be run idle 
under its own power for some time to work-in the 
bearings, using plenty of oil. Bearings which are 
set up too snug will heat readily at first, therefore 
ob~erve carefully until they are worked in. 

Fig. 4B. The laminum shim: Note the laminated layers of 
thin brass .003" or .002" thick. In the illustration, the top 
layer is being started with a knife blade, enough to get a bold, 
then it, con he peeled off. (Laminated Shim Co., Inc., Long 
Island, N.Y.) 

Fig. 4C. Plain or regular laminated shim. 

Fig. 4D. B"bbitt-faced laminated shim used on engines 
ha.-ing pressure oil feed to bearings when the shim thickness is 
fi' or greater, t.he t" boin11 stancl..ird thickness for connecting-­
rods, nncl I,," and i" for -main bearings. The babbitt face 
or tip is shown at (B). 

Shims used in engine bearings lubricated by pressure feed 
should be babbitt faced when the shim thickness is n''. or great­
er. Tbe babbitt face is necessary to effectually sesl m the 01I. 

Otherwise, the oil woulcl be forced out through the recess be­
tween the shim and the shaft, and oil pressure could not be 
maintained in the bearing. The clearance between the babbit.t. 

. face of the shim, and the shaft should be exactly equal to tho 
bearing clearance. It is, therefore, important that babbitt• 
faced shims should be machined with the bearing. 

Adjustment with the laminated babbitted shim is accom­
P,lished in the same way as with the regular laminated shim. 
rhe necessary number of laminations are peeled from tho shim 

as usual, and then the babbitt is easily filed or scraped down to 
the approximate thickueM of the shim. Under pressure the 
babbitt is flattened slightly to fit closely ancl a,ccurately. The 
babbitt faced shim is covered by patents. 

Laminum is also made in standard sheets 6" wide and 36" 
long in various thicknesses from .010" up to t", v.'lth lamina­
tions either .002" or .003" thick. 

When installjng shims in bearings, place an equal amount of 
shims on each Side of bearing; adjust cap, n.n<l if bearing is too 
t.ightj add shims; if too loose, remove shims, adding or removiug 
eq ua amounts on euch side. • 

Don'ts for Shims in Service 
l. Don't use shims unless they are flat and free from burrs. 
2. Don't use shims which are not free fr1Jm dirt and grit. 
3. Don't use shims over conneding-rod 01· main bearing studs 

and bolts, unless holes lit like dowel holes. 
4. Don't use tube~ or other tools to hammer shims over studs. 

Shims must be placed by hand so ns not to injure them. 
5. Don't have stud holes in shims so large as to permit the 

shims to shift over edge and touch shafts. 
6. Don't neglect to replace shims on same side of bearing as 

taken off. 
7. Don't lose sight of the fact in adjusting bea,·ings that when 

bearings are scraped in, there are high spots thnt \\;u wear 
dOYl'"ll in running-in; this means, adjust scraped-in bearingg 
a JitUe tighter. When bearings arc align-reamed or borer!, 
little or no high spots ore to be reckoned with; therefore 
adjust bearing to a working clearance. 

S. Don't leave sharp corners on oil holes in shafts which might 
score bearings. 

9. Don't remove a .003" thick shim from one side and a .002" 
one from the other. Nor should you remove a shim of any 
thickness from one side a.nd none from the other. 

10. Be sure babbitt iu bearing is properly grooved to clistribute 
oil in bearing before placing shims, because a badly grooved 
bearing can do as much damage as a badly p!acecl sbim .. 

11. All main bearing shims should be recessecl at all times, so 
as to n,aintnin plenty of oil in bearing. 

12. If no reamers of proper size can be obtained, babbitt faces 
of shims should be scrnpecl or filed to lit. 

Adjusting Main Bearings by Removing 
Shhns; Reo "T6" as an Example 

The main bearings are adjusted as follows: 
Remove plug and drain oil from crankcase; take out 
cap screws; disconnect oil line at rear of case, and 
drop oil pan (applies to model "T6" where oil is 
forced to the four main bearin~s and connecting­
rods lower end, splash lubricated). 

COHN!CTINO ROD 

NUTS 1.0~ 8:E.AAHG 

4.0CKINC. WlfU. \.OW'ER;J)_'lJf&~ 
(f\ENOVABU) 

Fig. 5 (left). Main bearings lubricated by force feed. Fig. 
5A (right). Connecting-rod lower oonring lubricated by splash. 
Both fitted ,\-itb shims. See page 799 for adjus1;ment of Reo 
"T6" connecting-.rod. 

Now remove the locking wires which anchor the 
nuts arid back off locking nuts one full turn on all 
main bearings. Remove nuts and cap from No. 1 
bearing. 

Remove one lamination from each of the metal 
spacing shims provided; replace the cap and nuts; 
tighten the nuts, and if the crankshaft still turns 
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easily, repeat the operation until a slight drag can be 
detected. 

Again remove cap and nuts; replace one .002" 
shim on each side to give proper running clearance. 

Replace cap and nuts, but do not tighten nuts 
h(lcause the other bearings must be adjusted. 

For example, let us suppose that "~th the spark plugs re-
1110,·ed (thereby eliminating compression) the crankshaft can 
1,c tu.rne<l over very easily. Commence ·with the firet main 
bearing and adjust it properly, following the directions as given 
above. Were we to allow this bearing to remain properly 
adjusted, some difficulty would undoubtedly be experienced in 
detecting the exact tightness of the seeoad bearing. Therefore, 
in order to ascertain this point, slack off on the first bearing 
just n trifle. 

Instructions given for No. J bearing, apply to the balanoo of 
t,he main bearings. 

When the second bearing has been correctly adjusted, slack 
off on the nuts a trifle, and adjust the third bearing, and so on. 

After all of the bearings have been adjusted, tighten tl1e lock 
nuts and replace the locking wires. 

Testing after adjusting: If the main bearings 
have been properly adjusted, no difficulty should be 
experienced in turning the engine over with the 
hand sta1ting crank. 

When testing the bearing, keep in mind that while 
it should have no appreciable amount of looseness, 
this does not mean that the drag on the shaft should 
prevent its free rotation. 

When all main bearings are properly adjusted and 
the caps are bolted in place, the crankshaft should 
be just loose enough in the bearing to pennit revolv­
ing it by hand or turning it readily with the fly 
wheel, and without the assistance of a bar or pry. 

Remember, there is a possibility of getting the 
bearings too tight, a,nd under such conditions the 
babbitt alloy in the bearing is likely to cut out 
quickly unless precaution is ta.ken to run the engine 
slowly for the first few days, with plenty of oil. 

When bearings have been taken up, replace the 
oil pan, being careful not to damage the gasket (if 
this happens replace with new one), and do not forget 
to see that all nuts 11re securely tightened and that 
the cotter pins are inserted. 

Note the Reo method of replacing the oil pan: Caro must be 
taken in replacing the oil pan, as there is danger of damaging 
the gasket for the cam-gear housing cover and causing oil to 
leak from the front end of the en!l'.ine. A thin strip of tin placed 
over the gasket ";11 serve as a guide for the oil pan, and prevent 
damage to the gasket. Before fastening the pan in placc,with­
draw the tin strip. Best results cn1l be obtained by fastening 
up the pan o1l the left side of the engine first. In this manner 
it is possible for one person to guide the pump plunger into its 
barrel while raising the right siiie of the pan in pla.ce. Before 
replacing tbe underpan, be sure that all cap screws a.re tightened 
securely. 

Adjusting a Bearing by Dressing Bearing Cap 

Where there are no shims between a bearing cap 
and the upper bearing by which adjustment can be 
made, as previously explained, the-bearing cap (con­
taining bearing-half) can be dressed down so that it 
can be drawn tighter around the shaft-bearing­
journal.1 

Main bearings and also connecting-rod caps can 
be reduced either by dressing .off on the sides by 
filing (termed "draw filing") or by lapping the sides 
down on a sheet of emery cloth stretched over a 
>smooth board or preferably over the face of a 
<mrface plate. This work requires careful and pains­
taking effort, and frequent inspection or checking 
while dressing down. 

1 Bearings on V-type engines, not fitted with shims, on fork 
and blade type rods, are best renlaced. >¼e o.lsn nage 804. 

Lapping is recommended for all pressure lubri­
cated rod or main bearing caps simply because it is 
the most accurate method in the hands of the average 
mechanic. Few men engaged in engine repairin1s 
can file a cap to the degree of smoothne.."S and 
trueness required on a pre.."Sure lubricated beating. 

Factors other than looseness that produce oil 
leakage out of pressure-lubricated bearings arc 
largely poor filing of the cap and rod forgings in the 
case of rod bearings and of the cap in case of main 
bearings. 

When removing a main bearing cap, always 
inspect the bearing to see if the babbitt is damaged 
to such an extent as to need scraping, or if the bear­
ing is burned out or worn so thin that the bearings 
should be replaced. Usually the lower main bearing 
wears most. If it is an integral babbitted bearing

1 
a 

new ca,p with bearing in it can be used to replace tne 
damaged one, or if it is a removable bearing, the 
bearing can be replaced. Usually, however, when 
this is the case, it will be found that all bearings 
must be replaced and properly lined up by scraping, 
or burning-in, or reaming, as will be explained 
farther on. 

It is also advisable to inspect the crankshaft pins 
and see if they are smooth and are not scored or cut, 
or worn oval or flat, or out of round, for if they are, 
then the attempt at adjustment will be time lost. 

In this case, the crn.nkshaft should be removed 
and tested (see pages 791-793), and bearings 
properly fitted. 

If the crankshaft pins are in good condition, and 
the babbitt bearings have not been damaged, tlw 
cap can be dressed down by draw-filing with a lnrg(' 
mill file, as shown in Fig. 6 (or lapping, as explained 
farther on). The repairman must exercise great 
care to hold the file squaTely on the cap (see page 718 
for "Draw filing"). 

When the cap has been dressed down sufficiently, 
try the surface of the cap for hi&h spots, by holding 
a scale across it at several pomts and angles, as 
shown in Fig. 7, or try it on a surface plate (a smooth 

~~\ 
Fig. 6 Fig. 7 

steel slab) by tapping the cap lightly with the fingers 
at several points to note any slight variation in the 
surface. II the cap is rubhedlightly over tbesurface 
plate and_ dark spots appear on the swface, these 
are the high spots and they should be dressed oft 
with the file until they are distributed evenly over 
the surface of the cap. 

The best method for dressing a bearing cap down 
on the sides, especially where one is not an expert 
with a. file, is to lap the edges or sides of the cap 
down on a sheet of emery cloth glued to a perfectly 
flat hardwood block, a sheet of glass, or a steel 
surface pla.te. 

Unless filing is carefully done, the edges of the 
work are _practically certain to be filed out of line, 
resulting m twisting when the cap is pulled down. 

To test after adjusting: The bearings should not 
be fitted too tight or too loose. Follow the plan for 
testing the resistance of the crankshaft in the bear­
ings after adjust,ing, and rllD-in engine, as e~-plained 
on page 7 87. • 
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Interchangeable Type Main Bearings 
Some manufacturers state that their bearings are 

interchangeable, and should a crankshaft bearing 
bum out from Jack of oil, the bearing can be removed 
quickly and a new one installed without the neces­
sity of removing engine from frame, or crankshaft 
from engine. New bearings are installed by 
simply loosening caps, dropping shaft just enough 

to slide out upper half bearings and inserting new 
ones. 

This bearing is a removable type bronze-backed babbitt­
lined or die-cast bearing of the close-limit interchangeable type. 
Being pressure lubricated 1 a definite set clearance is allowed; 
and so lon.e: as tho crnnksnaft is not dama~ed and the bearing 
half is accurate in the fitting, this is possible,• 

If crankshaft is reground or touched up in any way, undersize 
bearings muat be used, as these bearings are right to size for 
original crankshaft, having the proper oil cle•ranceallfigured out. 

VARIO US METHODS OF FITTING AND ALIGNING BEARINGS TO THE CRANKSHAFT e 

·rhere are several methods of fitting and aligning 
oearings to the crankshaft main bearing pins as 
follows: 
1. By "spotting-in" and scraping and running-in in 

Oil.1 

2. By borin~, then reamin~, then "spotting-in" 
and scrapmg, then "runmng-iu" in oil. 2 

3. By boring, reaming, and burning-in,3 which might 
be termed "melting-in"; then "running-in" in oiL 

4. By boring, then reaming.4 

5- By align-reaming or boring with adjustable cut-
ters; then running-in to burnish.• 

Either of these processes can be used, and all are 
intended to accomplish the same purpose, that is, 
to give a good bearing smface and to align the bear­
ings with each other and to the crankshaft main 
bearing pins. Each process will be discussed in 
pages following: 

Spotting-in and Scraping a Main Bearing (I) 
Usually, for all ordinary wear, the adjustment of 

bearings is all that is necessary (for removing shims 
or dressing the sides of the bearing caps as the weur 
increases; more often by removing shims), and the 
removal of the oil pan is usually all that will be 
required. 

Where bearings are spotted-in and scraped, it is 
best to remove engine from frame of car (see also 
page 784 dealing with this subject). 

To scrape and spot-in bearings: Remove the 
engine from the frame by means of a hoist or other­
wise; remove the pistons; remove the oil pan and cyl­
inders, or the cylinder head, if of a detachable type. 

Mark each part when removed: Before disas­
sembling the bearing caps to remove the crankshaft, 
the timing gears should first be carefully marked, as 
also the pistons, etc., that were removed, so that 
they can be assembled later on in their proper place. 

1 Spotting-in and scraping are done when fitting new bearings 
where align-re-aimjng or align-boring tools are not available, or 
for reconditioning a used bearing wbere there is not sufficient 
mete.I. to allow for align-reaming or boring. 1'his process does 
not of course align bearings as accurately as align-reaming or 
boring, o.nd alignment of bearings depends Ja1·gely on the opera­
tor's skill in finishing the bearings to the same level or position 
or main healing journals or tho crankshaft (now seldom used). 

''.!'his is a duplication of work not now deemed nece.ssnry. 
• Some of the bearing manufacturera claim that burning de­

preciatea the babbitt texture. It io used most on cast-in or 
solid types of babbitt bearings. 

• '.!'his is the Ford Model "T" service method, as e~1>lained 
en pagea 790 and 790A. 

• With modern type align-reamers or align-boring fixtures 
with adjustable cutters, bearings c.-.n be finished by eit-her align­
reaming or align-boring and then run-in t.o limber up 

Usually, the connecti11g rods and caps are marked 
as shown on page 799. 

Turn the crank case on its side, preparatory to 
removing the crankshaft. The crank case will then 
look sOJnething like that shown in the illustrution 
(Fig. 8). 

Fi~. 8. Crankcase with crankshaft in place (a six-cylinder 
engine as an example). (l) front support; (2) oil ducts to carry 
oil back in crank case; (3) crankshaft front bearing cap; 
(4) connecting-rod lock nut; (5) connecting-rod bolt; (6) con­
necting-rod cap; (7) cam; (8) ignition distributor (Delco); 
(9) and (10) set screws for distributor; (11) oil pipe from pump 
t.o distributing tube; (12) oil-pump screen; (13) center beuring 
oap; (14) center-bearing Jock screw; (15) crankshaft; (16) 
connecting-rod shims: (17) rear-bearing cap; (18) rear-bearing 
lock screw; (19) crankshaft fly-wheel flange. 

The oil-pump screen (12) is removed, as well as 
the fly wheel, by disconnecting it at the crankshaft 
fly-wheel flange (19). Mark the fly-wheel bolt holes. 

The connecting-rod caps are then marked and 
removed, as are also the connecting-rods themselves. 

The crank case is then turned up-side-down, and 
the main bearing caps (3, 13, and 17) are removed. 
Be sure to mark each one carefully. 

The crankshaft is then removed and the work of 
spotting-in and scraping will be done on all of the 
upper halves of the crankshaft bearings first, in order 
to have the crankshaft align with them. 

Before proceeding further, the crankshaft should 
be inspected for alignment, etc., as outlined on page 
792, and as will be ei,.-plained farther on. 

After determining that the crankshaft is in perfect 
condition, the next procedure is to "spot-in" and 
scrape the upper bca.rings. 

Do not remove the bearing-halves from their seats or caps 
(if of the removable type), unless it is neceasary to replace them. 
Be sure the bearings are firmly seated and rest snugly again.st 
bott.om in seats and caps. 

Spotting-In and Sc.-aping the C..ankshaft 
Upper J\'lain Bearing Halves 

Clean the crankshaft main bearing pins and upper 
bearings with ,i soft cloth and wipe perfectly dry. 

Then give the crankshaft main bearing pins a 
very light coating of blue, or mal'king compound. 

• • Federal-Mogul "Enoine Bearing Sen,ice Manual" is a very 
instructive booklet. Ex1tlains different types of crankshaft 
main bearing!:>, <'Dnncctrng ro<l, and cnnishnft. bearings in 
common uac tocla.v; bow t9 diagnose und service engine troubles The n:arking compound is Prussian blue which can be secured 
caused by worn or cr.tckccl bearings; how to check clearances; at any supply house, and comes rctu.ly mixed (lamp black i$ also 
how to check bearing~ with an oil pressure tank, etc. Federal- sometimes used), A little dab on the fingers is sufficient to 
Mogul Bearinq Oil Leak Deuctor is also c.,plained. Write: wipe on the shaft, as a very light coai is required. If too much 
Fecleml-Mogul Service, Div. Federal-Mogul Corp., 4809 John is given, it will run all over the bearing, and spota will show 
R. St., Detroit, Mich. which abo'11d not be scraped. 

•Interchangeable bearings of the steel-back type are quite popular. On many engines the bearings can be removed without 
drooping the crankshaft, a pin inserted into the crankshaft oil hole, being used to rot.ate the bearing out of place, They are also 
often used in conneciing rods. See footnote, p, 36, "Benrino•." Seep. 690, "Engine Bearings." 
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Fig. 8A. Spotting-in the upper halves of the crankshaft main 
bearings by giving the crankshaft bearing surface a. thin coat 
<>f blue and rocking it back and forth. 

Put the crankshaft in place, and rock it back and 
forth with the ha.nds (Fig. 8A). Do not use pres­
sure. 

Remove the crankshaft and note in what manner 
the blue has spotted the upper main bearings. The 
"high spots" inside the bearlng will be found marked 
in blueJ showing that at these points the crank 
touchect; but the part which is white was not 
touched by the crank. Therefore the problem is 
to get the high spots dow_n until the bearing will 
mark, or have a blue surface, all over. 

This is accomplished by scraplng the high spots 
down, as in Fig. 9, with the scraping tools shown in 
Fig. lOl which can be secured at any supply house 
or can oe made of old files. This is a slow job, for 
if too much metal is removed it cannot be replaced. 

e;, 
ft~<i' ... -=> 

:.~u..a"'~ 

Fig. 9. Scraping upper halves 0£ 
the crankshaft main bearings in 
their seat. Bearings should be firmly 

seated when scraping. Lower illustration 1 shows how busb.iogs 
(B) made of sawed-off pieces of steel tubing can be used to 
hold bearing down. 

Fig. 10 (right) Bearing scrapers. 

This marking, or "spotting-In" and scraping pro­
cess is repeated from time to time till the whole sur~ 
face is marked, as shown in (D) (Fig. 11). In 
practice, it is not possible to get every white mark 
off the bearing; therefore continue the scraping and 
spotting-in until at least three-fourths of the total 
surface is blue, and the rest will wear in. 

-* 0 Q 0 _ . 0 

B C 

Fig. 11. Showing appearance of markings as the scraping 
proceeds. 

After the scraping is done, the burnisher shown in 
Fig. 10 may be run over the entire surface of the 
bearing to shine it up and smooth the surface .. 

If, when first placing the crankshaft in the upper 
bearings, it is noticed that the end bearings are 
colored and the center one is not, it is an indication 
that the center bea.ring has received more wear than 
the end ones, and that the end bearings must be 
reduced in height to bring them down to a perfect 
line with the center one. 

If the center bearing and only one of the end 
bearings is colored, it indicates that one of the end 
bearings has worn more than the other two, or that 
the center bearing has not received as much wear as 
both end bearin~s. 

Whichever may be the case, the remedy is to 
scrape the babbitt bearing metal at the required 
points until the three (or whatever number of bear-

1 Illustration and suggestion from Repairman's Guide as in 
footnote 6, page 786. 

ings there may be) are in perfect alignment with 
the crankshaft. 

While marking or "spotting-in" these bearings, 
the weight of the crankshaft is sufficient. Do not 
put on the caps at all, as they would force or spring 
the shaft down and mark the low part of bearings. 

Spotting-In and Scraping the Crankshaft 
Lower Main Bearin,_ Halves 

After the upper maln bearings are completed, the 
lower main bearing caps are treated in a similar 
manner, being scraped down to a perfect marking. 

A very important point is to "spot-in" and fit the 
rear cap first and to test it for stiffness; then loosen 

it, then "spot-in" and test the 
next, and loosen it, and the 

• other likewise. After doing 
this, tighten down on all. 
Otherwise, if each bearing is 

g tightened as you proceed, the 
bearing being fitted could not be properly testecl 
for clearance. 

Fig. 12. Sp0tting-in the lower halves of the crankshaft 
main bearings (Chevrolet as an example) by giving crankshaft 
bearing surface a. th.in coat of blue and placing it in the upper 
bearing halves; then place thin metal shims in place between 
upper and lower bearing caps and tight.en all bearing caps. 
Then place a. bar (R) between the flywheel bolts as shown and 
turn crankshaft several times, then remove bearing caps and 
examine for blue spots. If the bearings do not touch or fit snugly 
on the shaft it may be necessary to remove equal number of 
shims from each side. Scrape out the blue spots. 

Clearance: After spotting-in and scraping the 
main bearing caps1 the caps are tightened down and 
engine is "run-in' on a running-in machine, using 
plenty of oil. The caps are then removed and bear­
mg surfaces examined. If bearing heats-up con­
siderably, add a shimJ if too loose, remove a shim. 
If shims are not usect dress off bearing cap if too 
loose, or scrape bearing if bearing is too tight. See 
also page 783 on bearing clearances. 

Adjusting and testing: When the lower caps are 
fitted and the nuts are drawn up tight, the shaft 
should turn with some resistance. Some repairmen 
judge the amount of resistance by being able to move 
the crankshaft with the hands as shown in Fig. 8A. 
The bearings must not be so tight that they will 
overheat and seize. See also page 783. 

When testing with all bearing caps drawn down, do not mis­
jndge tight bearings for bearings out of alignment, as bearings 
out of alignment also cause drag or locked shaft. 

After fitting the bearings, run the engine idle un­
der its own power with plenty of oil to limber up 
bearings. Use plenty of lubrication during this 
process, as bearings which are set -up too snug will 
heat rapidly at first. Therefore the danger of scor­
ing or burnin~ is very great until the bearings have 
time to work m. 

Care must be exercised in driving car for approximately one 
hundred miles after bearings have been tightened. See page 
833A about adding oil to the gasoline when running-in aft.er 
fitting pistons and rings. 

Bearing Fitting Pointers 
When removing bearing caps, be sure to mark 

them so that they can be replaced in the same posi­
tion on bearing from which they were removed, and 
always put oil on the bearings when replacing a cap. 
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Before marking and after scraping, dust all the 
metal chips out with a small paint brush. Wash all 
parts off with gasoline or kerosene. 

Have the scrapers sharp, and never try to scrape 
wit,h nicked scrapers. 

Do not forget, when taking-up on bearings, to 
examine the oil grooves. They may be worn 
shallow or filled with metal, and should he opened up. 
Examine oil li11e and pump. 

Oil holes in main bearings on pressure-lubricated 
type should 1.ine up with oil holes in crankshaft main 
bearing journals. This is important, as the oil hole 
in the main bearing of the drilled crankshaft supplies 
oil to the connecting-rod bearings. See that pas­
~ages in a drilled crankshaft and also holes in bear­
ings are clear. Reversing a bearing cap will limit 
the oil supply; if removed for adjustment, replace 
in original position. 

Care should be taken in setting up a used bearing 
not to have it as tight as a new bearing, as the metal 
• in the old bearing has been compressed and will not 
seat itself and .wear down, as in the case of a new 
one. The bearings should not be set up so tight that 
the crankshaft cannot be readily turned by the 
hand. On pressure-feed bearings it should turn 
more freely than on splash feed. 

If the shaft turns too hard, do not think that loose­
ening up the nuts is the remedy. In such a case an 
extra thickness of shim brass will have to be put in, 
so that the nut can set down tight and still allow 
the shaft to turn. 

If the bearing or metal babbitt lining in one-half 
of a bearing is worn badly or is very thin, then re­
place the full bearing, as it is better than replacing 
only one-half. The fitting process will be necessary 
just the same, however. 

Locking nuts or bolts on bearings securely after assembling 
is very important. When studs are used, casoollated nuts which 
are locked with cotter_pins are usually provided; when bolts 
are used, there is usually a hole in bolt head for locking "~res. 

In renewing bearings, care must be taken· to see 
that they are of about the same thickness of metal 
as the original ones. If too thick, the J?istons will 
be pushed higher into the cylinder and will alter the 
compression and cause vibration. On two-cycle 
engines it would change the port timing. 

When scraping in the upper halves of new main 
bearings where timing gears are used, the camshaft 
with the gear attached should be placed in the cylin­
der block and the crankshaft gear fitted to the crank­
shaft to determine whether the gears are meshing 
properly. If the crankshaft and timing gears mesh 
too deep or do not mesh deep enough, after scraping 
the bearings, they will be noisy. 

II the timing gears are too tight, owing to the top of the teeth 
coming in conu,ct with the bottom of the spaces in which they 
mesh, it m11y be possible to effect a remedy by turning off metal 
from the outside diameter of the gear. If the teeth bind on 
the pitch line (near center of tooth; see Fig. 11, page 869), the 
gears may be lapped in, but caution must be used to keep abra­
sive from bearings. One method is to cut cardboard or thin 
metal to fit. behind gears. 

If too loose, in.st,nl two new standard-size gears, and if this 
does not take up play theo install over-size replacement gears. 
(\Vbere align reaming jigs are used extreme ca.re in setting up 
will remedy the trouble.) There should be only a slight amount 
of bnckls.sh in timing gears after the bearing cn.ps are drawn 
down tight. • 

Timing gears should lit fa.irly snug when new, with little· 
bncklaah, so that after they are run-in they will mesh properly. 

Sometimes when main bearings as well as crank­
shaft journals are so badly worn that refitting bear­
ings ,vould throw shaft out. of its original center, 

then it becomes necessary to regrind shaft and apply 
new undersize bearings, and then to align-bore beat·­
ings back to the original centers. 

After fitting bearings, never turn the car over to 
the owner with the bearings so tight that it is diffi­
cult to start the engine with the starting motor, 
otherwise he will run the battery down in cranking 
the engine. It is best to have them moderately tight, 
and then 1 a.fter the car is driven for about 1,000 
miles witn plenty of oil, to examine the bearings 
and see if the cap should be adjusted. 

Boring, Reaming, Spotting-in, and Scraping 
Main Bearings (2) 

This is another process for aligning the- bearings 
with each other and with the crankshaft main 
bearing pins, which is sil;nilar to the scraping process, 
except that two other operations are added. (This 
is a duplication of work not now deemed necessary.) 

The main bearing caps are fitted in place (the 
crankshaft removed), and then the bearings are 
rough bored, then align-reamed to about .001" 
larger than the crankshaft. 

The crankshaft is then put into place, and Prus­
sian blue is used for spotting-in the high spots, 
which are scraped down as previously explained. 

After these processes are completed, the crank­
shaft is run-in by belt power, using plenty of oil, 
until the crankshaft can easily be turned by hand. 

Boring or Reaming, Burning-in, and Running­
in Main Bearings (3) 

The burning-in process is supposed to take th~ 
place of scraping. By this process, the bearings are 
aligned with each other and to the crankshaft pins. 

The theory underlying the process of burning-in 
bearings is that if a very thin skin of the bearing 
metal next to the shaft is heated almost to the melt­
ing point while the shaft is revolving, it will form 
itself to a 90 or 100 per cent running fit. Such per­
fection is, of course, impossible of attainment. 
However, the process approaches it closely enough 
for all practical purposes. 

There is some difference in the procedure, depend­
ing upon whether the bearing is a removable bronze­
backed or die cast bearing which can be replaced, or 
plain babbitt cast into the cylinder block main 'oellr­
ing seat and cap, which of course is solid. 

Care must be taken in the preparation of bearings for burn­
ing-in, when boring or reaming, to see that crankshaft is prop­
erly located to insure correct gear mesh. 

Considerable care is necessary when burning-in die-cast 
babbitt bearings which are removable, BS they are not anchored 
as tight BS cast-in babbitt bearings and may crack; likewise, 
considerable care is necessnry in burning-in the babbitt lining 
on bronze-backed bearings, as the lining is only about ·,i'/' to 
r1/' thick on an average bearing. 

If the bearings are badlf worn or thin or loose, 
then new bearings must first be fitted, either by 
installing removable bearings or casting in the plain 
babbitt bearings. 

Main bearings are usually burned-in when new 
ones are installed, or cast-in; however in some cases 
slightly used bearings can be burned-in where the 
texture and thickness of metal permits. The process 
is used most with cast-in babbitt bearings. 

If only the lower bearing is worn and it is a babbitt bearing, 
ns on the Ford, n new cap with a. babbitt Jining cttn be secure.d. 
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As an example, the process of fitting bearings to 
a Ford engine wi.11 be explained. 

Babbitting: The fir~t process is to rcbahbitt the 
bearings if nece~snry. 

Boring or reaming: The main bearings in cylinder 
block are then align-bored or align-reamed (or rough 
bored and then align-reamed) with special fixtures 
to approximat,ily .001" Je.55 than crankshaft journal 
dinmcter. 

Testing and installing crankshaft: After the main 
bearings have been properly reamed or bored, or 
roughly hand scraped, as the case may be, the crank­
shaft is installed nnd a slight amount of oil is applied 
t.o the journals to prnvcn t scorching; if too much oil 
i,; npplied, it will prevent burnino--in. Before instal­
ling the cmnkshaft, test it, as explained on pages 791, 
792,793. 

Fitting bearing caps: There arc two methods, with 
or without shims. The shim process will be ex­
plained. 

Fit No. 1 bearing very tightly by shimming, lea,;ng n "rock" 
of from .004" to .000", that is, in such a manner that, with the 
shims in place, it will be impossible to push the bearing cap 
down to them by band. 

The proper distance can be measured with a feeler gauge. 
For insta.nce, o. distance of .00511 on oue side with t.be cap pulled 
down to the shims on tho opposite side is equal to .0025" on 
each side when the bearing is exactly centered on the shaft. 

Should it be impossible to fit closely enough by shimming, 
the bearings may be dressed off on the sides. 

After fitting No. l bearing, loosen it, and proceed with the 
remaining ones, looseniug each as it is finished. Particular 
attention must be given to chamfering or removing a smuU 
extra amount of babbitt nt the split edge of bearing caps and 
clear across from side to side. This will take care of slight 
offsets at cap and main bearing along split edge of bearings. 

Errors had best be made on the side of looseness until experi­
euce is gained, ns ";th all bearings pulled down too tight, the 
shaft is subjected to a tremendous strain, which may spring it. 

The bearing caps are then drawn down tight on the 
crankshaft, one at a time, and are then tested out 
with the turning-bar or lever which has two pins in 
it and fits into the flange of the crankshaft; each 
bearing should show considerable resistance to turn­
ing. 

Burning-in the main bearings: Each bearing 
should be shimmed up to the same amount of tight­
ness, and should then be put in the burning-in 
machine (Fig. 13), connected with coupling (D), 
then clamped tight with clamp rods (CC). 

. Burning-in Crank Shaft(F) 

li'ig. 13. A burning-in machine. Burning-in the main 
crankshaft bearings on n Ford engine. A belt drives the fly 
wheel. The power is then transmitted U1rougb a clutch to the 
gearing, thence to coupling (D), which drives the crankshaft 
(F) nt 188 r.p.m. The same operation is used for burning­
in the lower connecting rod bearings. The base (I) permits 
the pistons to pass the cylinder block sligbtJy when burning-in 
the connecting-rod bearings. (See footnote, 1;>age 803, as to 
where shop equipment of this kind ci-n be obtamed.) 

The machine is then started by means of the 
hand lever (C) which operates the clutch, and the 
cr-<}nkshaft is revolved at 188 r.p.m., by belt power, 

for about 30 to 40 seconds, until the bearings begin 
to burn and showing a dark straw color and smoke, 
then oil is poured on the bearings, and after about 30 
seconds ·more, oil is again poured on the bearings. 
After about 2 to 5 minutes the clutch lever (C) is 
thrown out, and the bearings are then tested by 
means of the hand wheel (B). If the crankshaft can­
not be turned by one hand, then the operation of 
burning-in is repeated for a few seconds. 

If one bearing should not get as hot as the others, tho·opern­
tion should be stopped and either shims should be removed or 
the cap should be draw-filed to tighten on the bearing, thus 
insuring its being burned-in the same as the others. This 
attention mu.st be given at the start o{ the burning-in process. 

When the burning-in operation is completed, the final clear­
ance between the bearings and crankshaft pins will be about 
.002" to .003". or approximately the amount which was melted 
down in the burning-in process. Thus a clearance i$ g:ained for 
the film of oil wh.ieh is necessary to lubricate the bearings. 

After the burning-in of the main bearings, the 
engine is removed from the machine, al1 surplus 
metal is scraped out of the oil grooves of the bearings, 
and the caps are repla,ced and lubricated.• 

Burning-in 1 Connecting-Rod Lower Bearings 

The main and connecting-rod bearings had best 
be burned-in separately, the former first. 

After the main-bearings have been burned-in and 
lubricated, the pistons and connecting-rods are 
assembled to the engine, after the pistons and 
connecting rods have been tested on the alignment 
device, a.swill be explained farther on. The engine 
is then returned to the machine; mounted on ihe 
same base (I) (Fig. 13), which permits the pistons 
to pass cylinder head block slightly. The operation 
is then the same as the burning-in operation on the 
:.,.min bearmgs just explained. 

It is well to relieve the tension on the main bearing caps 
slightly while burning-in the connecting-rod bearings. 1Vhen 
burning-in the connecting rods, it is important that, though 
the pistons and cylinders and main bearings are flooded with 
oil, the connecting-rod be.-irings shoulcl be kept dry until the 
running-in oil process is reached. Should they get, even n few 
drops of oil, they ";II remain tight ancl will not 6urn. 

The connecting-rods should be assembled to the shaft tight 
enough to require a hammer blow sidewise to move it along the 
shalt. 

After burning-in, test with the hand wheel (B) to 
see if the work is completed, and when the hand 
wheel (B) can be turned over freely by hand, the 
connecting-rod cap is removed, the oil groove is 
scraped out, and the job is reassembled. 

The engine is now ready for running-in in oil, or 
burnishing. The main bearing eaps are tightened 
and cotter-keyed. 

Running-in in Oil or Burnishing/ Main and 
Connecting-Rod Bearings 

The engine is returned to the machine in an up­
right position, and instead of base (I) being used, 
the upper half of the crankcase is bolted to the oil 
sump on the machine at (M). The oil sump is filled 
with oil to the oil level (Fig. 14). The engine is run 
at 550 r.p.m. until it is limbered up to the extent 
that it is possible to turn over the crankshaft by 
the hand wheel. 

t Burning-in involves tightening the bearings around their 
journals and the11 rotating the crankshaft by means of a device 
called a burning-in machine, until sufficient heat is created to flow 
the babbittslig_htly into conformity with tbesurfnee nf the crank­
shaft main and connectin,;: rocl journals. The burning-in process 
is carried on without lubrication between bearing and journal. 

'The burnishing-in process is accomplished with a burning-in 
machine or other outside source of power to rotate the crank­
shaft. The caP.s are drawn do, ... ·n until there is a drag at ea<'h 
bearing and oil is introduced and the crankshaft rotated to 
produce the final smooth finish and to limber up t.he beari ns, 
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After all, the final fit of a bearing is controlled hr the "break­
ing-in'' and as soon as the bearing stops overheating, it is then 
a bearing. In other words, it may be put up as t;;gbt as possible, 
and after running 300 to 400 miles it will sufficiently loosen up 
the bearing as it should be, so that it can be hand-ctanked. 

After this operation is completed, the engine is 
ready to complete assembly and for adjusting, test­
ing, and inspection, before installing it in the car. 

J-Orive Coupling 
Speed 550 r. p. m. 

Fig. 1•1. A burning-in mnchine being used for running-in the 
engine bearings in oil, or burnishing-in. The ma.in and con• 
uecting rod bearings, and the piston and piston rings are also 
run-in. Note that the lower coupling (J), which turns tho 
crankshaft at 550 r.p.m. is used in this insto.nce.1 

Testing, Adjusting, and Inspecting Eugine 
The next operation is to test the engine under its 

own power on the machine, as illustrated in Fig. 15. 

Fig. 15. A machine being used for testing, adjusting and 
inspectjng engine under its own power, before installing in car. 
Note that the stand (SS) has been attached to the machine for 
this purvose. (See footnote, pogo 803, as to where material of 
this kind can be obtained.) 

After the engine has been completely assembled, 
it is then connected to the machine with the fixture 
(SS), as shown in Fig. 15; it is then connected with 
the gasoline tank, which is furnished with the stand. 
The ignition system is then connected with the bat­
tery, and hose connections may be made for running 
water through the cylinder blocks for cooling. Pipe 
exhaust oulrof-doors to eliminate fumes. 

After the engine is ready for this operation on the 
machine, the clutch (C) is thrown in and the engine 
is run until it starts under its own power. The 
machine is then shut off and the transmission of the 
engine is set at neutral point and the engine is run 
until freed up to the point of being able to crank 
easily by hand. 

After all adjustments for oil leaks, ignition, valves, 
etc., are made, the engine is ready to be placed in the 
car. It is far better to exercise the several tests 
described, rather than to have to tear it out again 
for some trivial reason which could not be detected 
until the engine had been replaced. 

1 See !)age 790B for home-made running-in machines, former­
ly on this pn.<ro. • From Fo~d Service Bulletin; see footnot.e, 
page 790A. Applies to Model "T" Ford. 

Boring and Align Reaming Main Bearings; 
Ford Service Method 2 (4) 

This process consists of rebabbitting mah,. bear­
ings in cylinder block, then rough-boring the rebab­
bitted bearings, to which are fitted rough-babbitted 
main bearing caps, then- align-reaming them .002'' 
larger than diamet-er of the crankshaft jow-oa.ls. 

To insure a satisfactory job when overhauling an 
engine, it is always advisable to rebabbitt the main 
bearings in the cylinder blocks. Attempting to re­
condition old bearings by hand scraping is an ex­
tremely slow process and is not as satisfactory as 
when new bearings are installed and properly fitted. 
The procedure (condensed) is as follows: 

Rebabbitting Main Bearings' 
Remove old babbitt (B) from seats (Fig. 16). The bearings 

o.re of the east-in, or solid integral type. 

Transfer cylinder block to wash tank and wash block ,vith 
hot water and metal cleaner; clean seats and fill oil holes in 
bottom of seats with nsbestos wicking (flush with seat surface). 

One of the most important items in rebabbitting a cylinder 
block is having a clean, dry surface for the babbitt. If water 
or oil are present, even in the smallest quantit,y, there will be 
blow boles in the babbitt. 

Place several pounds of genuine Ford babbitt into melting­
pot and heat until it just commences to show a dull red. '!:lie 
temperature is then about 800° F. (See also page 801 on melt­
ing babbitt.) 

Place rebabbitting fixture (F, Fig. 17) in the bearing guides 
in cylinder block; slide adjustable collars up against ends or 
guides; tighten screws in collars; place pouring blocks a,;ainst 
each side of No. 3 (rear) bearing. 

Fig. 16 Oeft). Removing old babbitt. Fig. 17 (rigb t). 
Pouring the babbitt into upper main bearing seats. 

When babbitt reaches a dull red, turn flame down slightly so 
that the babbitt does not get too h~t and stir thorou~hly before 
pouring, also skim off the dross; th,sshould not be skimmed off, 
however. until just before the babbitt i.s poured, as the dross 
is composed of tin oxide and ~vill form nearly as fast.as.skimmed. 
Remember each time you skim, the percentage of tin 1s reduced 
and babbitt becomes harder. 

With pourin.g blocks placed against each side of No. 3 bear­
ing, take one ladle (L) in eaoh hand and fill with sufficient bab­
bitt and pour rapidly. 

After pouring No. 3 bearing, transfer po~ring blocks to center 
bearing and pour it, then repeat the operat10n on No. 1 beanng. 

After pouring, examine bearings. If one is loose., or is not 
pr-operly poured, remove and pour again without disturbing the 
others. 

Cut off lugs or sprues (S) from each side <,f bearing (Fig. 18). 
Level off top of bearings with file. Drill oil holes and r~ove 
the asbestos wicking which was put m them bef01'e pourrng to 
prevent clogging the oil holes. 

Peen the babbitt with tool (P, Fig. 19) to make a tight fit of 
babbitt shell to seat, and thus avoid a loose bearing. After 
peening. drive out. camshaft rear bushing. 

Fig. 18 (left). Cutting lugs or sprues (S) from sides of bear· 
ings. Fig. 19 (right). Peening the babbitted bearing,,, 
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Installing Boring Fixture 
Transfer cylinder block to combination machine and secure 

in position. A false camshaft is inserted into camshaft bearing 
~uides for the purpose of correctly IQeating the babbitt boring 
fixture on cylinder block so as to insure correot gear centers of 
crank and camshaft gears. 

Checking Crankshaft 
Examine crankshaft journals for scores, cracks, wear, and 

alignment. If badly scored or cracked, instal a new shaft. 
Light scores can be removed as described on page 791. If out­
of-round more than .0015", install a new shaft; if sprung .015" 
or less, straighten i if flange cbec.ks out more than .0015", 
instal new shaft. 

Installing Shims 
After inspecting shaft, measure the three main bearing 

journals with a micrometer to determine the exact amount of 
wear on each journal. If journals all measure up to standard 
size, that is, 1.248", place three stn-ndard Ford shims on each 
side of the three main bearing journals preparatory to installing 
~he beating caps. 

If, however, crankshaft mai.n bearing journals are worn 
undersize, the wear must be taken up by building up the bearing 
caps with additional shims to an amount equivalent to that 
which shaft bearing journals have worn undersize in addition 
t.o the usual three shims which are carried between each side 
of the bearing halves during the rough boring and line reaming 
operations. 

For example: Suppose the front main bearing journal on 
Shnft is worn .001" unders:ize, the center journal .002°, and 
re..'\r journal .0015". 

Then w;th the bearing fixture bolt<id to the block, and the 
usual three shims p]accd on each side of the bearings. we 
should, in the case of No. 1 bearing, place an additional Ford 
shim on one side of the bearing. (A standard Ford shim ;s 
. 0025" thick.) By phtcing the shim on only one side, it would 
raise the bearing cap half of the thickuess of the ohim, which 
would be .00125" at the center ol ~he bearing, which amount 
practically corresponds to the nmount of undersize of thM 
bearing. 

The center bearing would require two extra ahims, one on 
each side; this would raise the cap .0025" or .0005" too high. 
This difference, while not important, can, however, be taken 
oare of by only tightening the bearing bolts sufficiently during 
~he boring and rcu.ming operations ~o prevent the cap from 
,hilting. 

The same process is then used on the No. 3 bearing. In using 
this method, it is an easy matter to a.rra.nge any combination of 
shims to obt.ain the correct adjustment on a bearing which haa 
worn slightly undersize. 

These additional shims which are installed for adjustment 
purposes are used only during the line-boring and line-reaming 
operations; they are tb~n remove_d when fitting the crankshaft, 
thus insuring each bearrng: ea-p bemg drawn down to cxa-0tly the 
same amount that the individual crankshaft bearings are worn 
undersize, which insures a. uniform clearance in all three bear­
ings, with only a slight amount of hand scraping. 

Rough Boring the Main Bearings 
With the boring fixture positioned on the cylinder block and 

the correct amount of shims placed on each side of the bearings, 
install the bearing caps, using rough babbitted m.ain bearing 
ea.ps, instead of finished C-all$ to insure bearings being bored 
round. Be su.re1 when removing caps to replace them in the 
-;;a.me position. 

Neitt, install and tighten bearing bolts. After proper align­
ment of table and block and tipping to a horizontal position, 

Fig. 20 (left). The combination n,achine boring out the 
babbitted main beari:Jgs, \\ith caps in position and boring 
fixture attached to cylinder block. J'ig. 21 (right). Align­
reaming the main bearings with caps in position after having 
bored them. 

the boring bar is connected to the head of the combination 
machine by means of II universal joint (B). The boring opera­
tion reqwres about 3 ½ minutes (Fig. 20). (Bearings are roui,h 
bored to 1.245.") 

When the boring operation is completed, the cylinder block 
and table are tipped to a vertical position. Bearing caps and 
shims are removed, and with a dry cloth remove nny metal 
chips, oil, etc. from each bearing. • 

Align-Reaming the Main Bearings 
Place line reamer in bearings ,vith the pilots of reamer resting 

in the bearings. Place the shims on each side of the bearings, 
repla.cing the exact number of shims which were removed when 
the boring operation was completed. 

Install bearing caps on each bearing, placing in original posi­
tion and bolt caps in place. 1'ip cylinder block and table 
forward in a horizontal position (Fig. 21); connect reamer (R) 
to head of machine by means of the universal joint. Start 
machine and flow a little oil on to reamer. About 3 ½ minutes 
is required to ream the bearings. (Bearings are align-reamed 
to 1.250.") 

After bearings ha~e been reamed, stop machine; then remove 
pins and turn cylinder block and table in a vertical position. 

Bearing caps and reamer are then removed and a shim is 
withdrawn from each side of the three main bearings. Also 
remove any shims used for adjustment purposes. This will 
leave two shims in place on each side of the three ma.in bcn.riu..gs 
for making future adjustments between the bearing halves. 
(Ford standard shlms are .0025" thick.) 

Facing and Filleting the Main Beal"ings 
With two shims on each side of the three bearings, replace 

bearing caps bo•ting them down. The rear bearing cap is then 
faced off, and a i'o" radius or fillet is formed on both ends of 
rear and center bearings and on th, rear end of the front bearing. 

The rear main bearing which is the thrust bearing is faced off 
to .003 ' to .004" clearance or end-play between end of bearing 
cap and flange of crankshaft . 

To determine amount to face off, measure crankshaft rear 
main bearing: journal as sho,-.•n in Fig. 22, then deduct .003'' 
for clearance. An equal amount of metal is then faced off each 
end of the bearing cap (see Fig. 23) until its length is .003'' less 
than the reading on the micrometer. For example, suppose the 
inside micrometer showed the length of the crankshaft rear 
bearing to be 3.125", by deducting .003" from this measurement 
we get 3.122", which refnresents the length to which t,be bearing 
should be faced off. (fhe center and front main bearings are 
fitted with a clearance of ,'.'' to i.'' .) 

Fig. 22. Measuring rear crankshaft main bearing journal (J) 
with an inside micrometer (M) to determine amount to face off 
each side of rear main bearing. Fig. 22A (center). Crankshaft. 
The fillet is the rounded corner on crankshaft journals next to 
shoulders. The ends of. bearings must be rounded off or filleted 
otherwise the ends of bearings would bind. Fig. 23. Facing of 
main bearings with facing tool (F). Time is saved in removin.sc 
and installing the bearing caps throughout the different opera­
tions, ii quick detachable bolts (U) are used (prov;ded "1th 
equipment). 

Fitting Crankshaft 
After the filleting operation remove bearing caps and shims 

and wipe out any oil, chips, etc., from each bearing and clean 
crankshaft, and then spot up cranl<Shaft as follows: 

Place a light coat of Prussian blue on each of the crankshaft 
main bearings and position crank.shaft in cylinder block; the 
shaft is turned back and forth several times (as in Fig. 8A, page 
787), alter which it is removed and the bearings are carefully 
examined. The points which show blue on the babbitt surface 
are the high spots: these will usually be found at the fillets, and 
can be removed by lightly scraping them with a bearing scraper. 

After fitting the bearings in the cylinder block, the shaft is 
again positioned in the bloc,k and the bearing caps are fitted. 
The caps are fitted one at a time. This is done by placing two 
shims on each side of the bearing and bolting the cap down with 
the qwck detachable bolts; the shaft is then turned back and 

1 These instructions (condensed) are from Purd Senne• 
Bulletin describing how _the Ford mnin bearings are babbitted, 
bored, and ttHgn•rcnmed with 11 combination ma.chine Appl:& 
to Model "T" Fore!. 
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forth several times, oJter which, the cap is removed and the 
high spots are scraped down with a bearing scraper. The re­
mainjng two bearing caps are then fitted in the same manner. 
C'lcxt place a little oil on the caps and bolt them all down in 
place on the cylinder block. If the caps are properly fitted, it 
should be possible to turn the shaft back and forth with the 
hands. 

If the shaft is tight, loosen the bearings one at a time until 
the tight one is found, then remove the cap and lightly scrape 
down the high points as previously described. 

Align-Reaming Ol" Align-Boring Main Beat"ings 
and Running-in to Burnish (5) 

Align-reaming or align-boring are bearing recon­
ditioning methods using either adjustable pilots 
fitted to the bearings, ol' special fixtures fitted to the 
crankcase to guide the work. Adjustable cutting 
tools are used. These methods insure perfect par­
allel alignment from the original crankcase bore, 
assuring proper timing gear mesh and clutch shaft 
alignment. They are qmck and accurate methods of 
fitting the main bearin1:,,s. 

During either process, the main bearing caps are bolted 
down tightly as they would be in service, and the work is com­
pleted, usually in one operation, unless considerable metal is to 
lJe temuve<l. The cra.nkshaft is then instaJled and then run.in 
to burnish and limber up the bearings. Spotting, scraping, 
and burning-in is eliminate·d. 

I!' addition to being able to machine the bearings to align 
th~1r centers, the adjustable nligning ~en.!11ers or b0riog ma• 
chines also have the advant.age of fimshmg the be1>rings t.o 
various diameters for each individual bearing. For example: 
suppose the front crankshaft main bearing journal is ground 
.005" undersize, the center .010", and the rear .005". The 
cutters can be adjusted independently of one another to accom­
modate the undersizes above mentioned with proper oil clear­
ances. 

Either process is su.ffi.cient in finishing bearings to size and if:; 
suitable fer universal use on a majority of automotive engines. 
Some _mecha1?ics prefer the align-reaming method, and others, 
t.he ahgn-bormg method, and each has its adherents: The two 
methods are similar in finishing bearing surfaces and differ 
principally in design of cutters used, method of applying them 
to the work, and the method of adjusting. 

Fig. 24. Example of a main bearing reamer (Martell system) 
prepared to ream the main bearings. Names of parts: (B) 

reamer bar; (R) reamers; 
(C) adjustable threaded 
cones to be screwed into 
bearings-contain (D); (D) 
conical adjusting bushings 
for piloting and centering 
reamer bar in desired posi­
tion. 

. Example o! a main bearini: boring fixture an_d toolt is not 
1llustrated. rhey employ adiustable fixtures which are bolted 
to bearing side of crankcase. Fly-cutters are used to bore the 
bearings. 

MISCELLANEOUS 

CtH~• Fig. 24A. Home-
made running-in 
machine. An 
old transmission 
serves as a clutch 
and speed ratios. 
Lincabu.ft han~ers 

, ,._.-m:i_ - serve as bearmgs 
for driven pulley, 

.. which is driven 
from shop line 
shaft a.t about 
400 r.p.m. Engine 

can be te.ste<i on same stand. See also page 1036. 
Fig. 24B. The subject of testing for the condition-of bearings 

is discussed on page 784. This method is not exactly according 

to en,i.neering practice, but with a sensitive jack and a sense of 
"feel, 1 looseness can be determined to a certain extent. 

Raise the car by rnear,s or a 
jack to suit the conditions for 
testing. If the rod bearings are 
to be tried, run a jack head 
against the lower lialf of the 
connecting•rod bearing and 
work the jack handle up and 
down. The smallest amount of 
play can be detected in this 
way,especially on the main bear­
ings, where the pressure o[ the 
jrwk is applied on the crankshaft 

against the weight of the car and "play." 

LAPPING COMPOUND FOR BEARINGS 

Lapping the main and connecting-rod bearings instead of 
scraping or burning-in bas not been the general practice, owing 
to the tendency of the hard abrasive to stick to the bearing 
rnateriul and thu~ to continue to cut the bea.rin~ or shaft after 
(.he lapping process has been completed. 

A compound, known as 11Timesn.ver," can, it is claimed by its 
manufacturer, be used ,..,·ith perfect snfoty as it breaks down 
after it has been in use for a short time. It is comp0sed of 
large and small crystals, the cutting surface being the large 
crystal and the small crystal being a neutralizing substance. 
When the large crystal bas been worn down so that tbe short 
crystals are in contact with tho rubbing surfaces, these arc 
broken up and, owing to their neutralizing action, destroy tho 
e.11tting qualities of the entire compound. This action generally 
requires about 10 minutes. It elimina.tesscrapingand '"'Orks with 
bronzebbabbitt, or brass. It is claimed to be soluble in oil, or 
it. can c removed with gasoline or distillate after the lapping 
operation is completed. It cannot be used for grinding valves, 
or lapping in pistons and rings, as it does not work on iron or 
steel. 

The method of using this compound is to bore or cast the 
solid bearings or bushings to a light driving fit on the shaft and 
grind in. A number of other methods can be utilized. Fig. 24C 
shows the car with the engine in plaeeand the bottom ha!£ of the 
crank case removed. The connecting rods being fitted to t.be 
crankshaft are in the reverse position, that is, hanging clown. 

One shim is removed and the connecting rod is bolted up, 
just snug, with bearing compound and oil in the bearing, and 
is rocked back and .forth a few minutes, tightening the nuts as 
,he babbitt grinds out. 

Fig. 24C. Showing how the 
, ._ connectin~-rod bearings of 
' • an engine can be lapped 

with compound. ll:Iain 
. ,';,;===~--~ bea.rings, it. is claimed, can 

0 ~ be trea.ted in asimilar man-.~: $ • ner;crnnkcasecanbcplaced 
... ~ on a sta!ld or block. 

It is claimed that bearings treated in this manner do not 
have t-o be assembled as tightly as a scraped bearing, as there 
are no high spots to wear off and the bearing, if properly done, 
is B. finished job 

Some of the compounds for lapping bearings are: Zip friction 
paste; it is claimed that it works only with wat,er and dissolves 
,n oil therefore cannot imbed in soft babbitt and thereafter cut 
the shaft. Manufactured by the Zip Abrasive Co., Cleveland, 
Ohio. Pep "Safeti Fi.rst" babbitt bearing grinding compound, 
manufactured by Pep Mfg. Co., 33 W. 42nd St., New York, 
N.Y. The Clover Mfg. Co., Norwalk, Conn., supplies lapping 
compound for this purpose. 

Calttion: It is advisable to thoroughly wipe out any com­
pound used for lapping, since, ii for any •~on it should fail 
to dissolve, it would probably ruin the bearing surface. 

1 Some of the concerns who manufacture or supply main and 
connecting-rod bearing reamers, boring machines, bearing 
babbitting fixtures, connecting-rod bearing aligning and boring 
fixtures, etc., are: Automotive Maintenan~e fylchy. Co., 
Chicago, Ill. (Ammco products. reamers eqwp. m general); 

Eagle Machine Co., 
Inc., lndianapolis, Ind. (Norbom main bearine: boring n1achine, 
<-nnnPcting-rod boring 6x-ture); 

Shoerui<ker Autowotive Equip. Co., 
J?reeport, 111. (bearing line boring machines, connecting-rod re­
babbitting fixtures. etc.): Sheoherd-Tboma.son Co .. Los Angeles, 

Cal. Taft-Pierce Mfg. Co., Woonsocket. 
R.I. (Mart.ell main bearing reamer• and connecting-rod fixtures); 

and others 
also automotive supply houses Hste<l on 

page 086 . 
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CRANKSHAFT INSPECTION AND REPAIR 
Before the main bearings, or the connecting-rod 

bearings are fitted, or a crankshaft is installed, the 
crankshaft sh0uld be inspected. Some of t.he dis­
alignments of crankshafts can be enumerated as 
follows: 
1. Crankpin or journal scored, cut or cracked. 
2. Cranlqiin or journal worn flat, or out-of-round. 
3. Crankshaft bent. 
4. Crankshaft throws out-of-line with each other; 

that is, those throws which are supposed to be 
in line but twist.ed out of line. 

5. Flywheel flange out of true. 

Scored Crankshaft Bearing-Pin 
If the crankshaft bearing surfaces are scored or cut 

having ridges or rings (Fig. 25), it will cut the bear- • 
ing, causing it to run hot and be damaged. Fitting 
of bearings under such conditions will be a wast.e of 
time, as bearings will soon wear loose. 

wtt 
Fig. 25 (left). Scored crankshaft bearing pin. Note the 

ridges. This is only a slight score. 
Fig. 26 (right). Cleaning roughened surfaces of crankshaft 

bearing pins with emery strips. 

Where the crankshaft is only slightly scored, the 
rid!J:es or high spots can be removed with a fine 
Swiss file, and the rough surfaces can be polished 
off by encircling the shaft wit,h fine emery cloth 
saturated in oil and making a steady, even motion 
up and down, as shown in Fig. 26, before lapping. 

The strips of emery cloth should be about 1½" 
wide and well oiled. Emery tape is better, if ob­
tainable. Unless the method shown in Fig. 26 is used, 
there would be a tendency to make the shaft oval. 

Lapping a Crankshaft Pin 
Another method is to lap th,; crankshaft bearing 

pin, using a lapping compound and specially made 
clamps. 

~~ 
-~•~POU5i'Cll 

Figs. 27, 28. Form of 
hand-lapping device for 
cranhhaft pins. 

Lapping: Figs. 27, 28 show a form of hand lapper. 
Th.is consists of a pair of hinged members with a 
central hole large enough to admit various-sized 
bushings to conform to the various sizes of shafts. 
A bolt is provided to hold the two halves together, 
and the flanges on the bushing prevent the bushing 
from slipping out the side of the frame. 

J'h~ lapping is done b_y applyiJ?g a fine emery 
grmdmg compound' and oil to the pm, and clamping 
t.he lapping tool to the work. The long handles 
serve as a lever for the work. 

The pins are polished in practically the same way 
by a pair of long wooden clamps (Fig. 28) con­
structed on somewhat the same principle as the 
lapping tool, using a piece of emery cloth well oiled. 

The connecting-rod throws on a crankshaft can be lapped and 
polished, the same as t.he muin bearing journals. 

One method employs offset or throw-out blocks nttuohed to 
lathe face plate and tail stock. This method is swtable if done 
hy an experienced machinist. Another method is to mount t.he 
ernnksbaft in a lathe the same as for the main bearing journals, 
:1.11d to use slew speed and follow the crankpins with a lnppin" 
tool, as illust-rated in Figs. 27, 28, but witb extra Ion~ hu.ucll'c'S~ 

If a crankshaft is badly scored, it will be necessary 
to put it in a lathe and true it up, or send it to a con­
cern that has special crankshaft grinding machines. 

When crankshafts are ground, they are first straightened, 
then the flywheel flange is tumed true, and then the crankshaft 
•pins are ground into perfect alignment (see also pages 819, 820). 

Some of the manufacturers of crankshafts hone the crank­
shaft pins, and claim this is equivale11t to 3.000 miles of.actual 
wearing: in. Both connecting-rods and main bearings get a tight 
fit;, and thus they remain tight. 

Cranl,pin Wol'n Oval Ol' Flat 
If a crankpin is found out-of-round, that is, 

is not circular, by testinp with micrometer calipers, 
and is more than .002' or .003" out-of-round, it 
should either be ground true on a grinding machine 
by a concern that specializes on this work, or a 
crankpin returning tool should be used, before at­
tempting to readjust, or fit new bearings. 

If a crankshaft (of light and medium type construction) is 
worn more than .0l.211 to .020" (depending upon its siz-e and 
construction), it is usually discarded. On large truck and t-ractor 
crankshafts, as high as .020" to .025" can be removed, but bear 
in mind that the more metal removed the weaker the shaft. 
Undersize bearings can be obtained for crankshaft journals tbat 
are reduced in size by grinding. 

Where a crankpin is roughened slightly and not worn out­
of-round more than .001" and a. returning tool is not available, 
file up the untrue part with a fine S"~ss file to as accurately a 
circular shape as possible, testing frequently wit,b tbe micro­
meter cn.lipers. The crnnkpin is then lapped, as previously ex-
plained. • 

A ctankpin returning-tool is especialJy adapted for 
truing up worn, scored1 tapered or out-of-row1d 
crankpins without removmg crankshaft. Such tools 
are made by several manufacturers, one being shown 
in Fig. 28A. 

:!f 
A 

A .... ' 

,., .. 

Fig. 28A (left). Crankpin returning-tool•: It is claimed that 
it ,vill true up worn, scored, or egg-shaped crankpios 1,ithout 
removing crankshaft. An undersize reamer is then used and 
scraping is not necessary. 

The process is explained as follows: Determine the undersize 
n.t which crunkpin will clean up, Then select a. connecting-rod 
bearing reamer of the closest undcrsizc; turn crankpin clown 
to diameter of body of reamer which serves as a gauge. Bea.ring 
is then reamed to tile size of the returned crank_pin with •.he 
same ben.ring reamer (see Fig. 65C, page 800). The blade of 
t.!1e reamer projects just enough to provide the necessary oil 
clearnnco between bearing ancl craukpin. The operation is 
completed without any band scraping whutevcr. (Care must 
be taken to avoid removing too much metal, thus weakening 
shaft.) 

Fig. 28B (right). Ames crankshaft gauge.' Will show if 
crankshaft or crankpin is out of round, and will measure exact 
diameters. This precision tool shows at a ,:lance the wear of 
crankshaft, crankpins and wrist pins. So aligned that its two 
contact points a.re exactly opposite and in line with the din.meter 
of the shalt being 1neasured, giving its exact diameter. An 
accurately ground, l-inch standard is furnished and used to 
t1djust gauge properly before measurements are taken. 

Fig. 28C (center). Checking crankpin with a micrometer: 
'rbe micrometer and an outside dial gauge (Fig. 28B) are the 

'Tool shown in Fig. 28A is marketed by Automotive Mainte­
uance Machinery Co., Chicago, lll. Some of the other concerns 
making cran.k,pin returning tools are Simplicity :tvif,g:. Co., Port 
Washington, Wis.; J<riege1· 'l'ool & Mf'g Co., Wisconsin Rapids, 
\Vis.; General Equipment Corp.1 Kalamazoo, l\rlich.; Sawyer­
Weher Tool & Mfg. Co., Los ,\J1geles, Cal. 

:j\Jade by n. C. Ames Co .. Walth,.m, Mass. Diul gauges 
can also be obtained of L. S. Starrett Co., Athol, :lfoss. 
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only instruments that will accurately toot connecting-rod 
cranlqiin for circularity or concentricity. To test for roundness, 
place at points (A) and compare the readings; to test for taper, 
place at points (BJ and compare the readings. 

The cause of a crankpin being out-of-round (where 
the lower part of the connecting-rod fits) is often 
attributable to a fiat spot, due to explosion pressure 
occurring constantly at one point. The result of 
this is that the connecting-rod bearing will not fit 
true and will bind.. (Main bearing journals do not 
wear in proportion to crankpin journals). The only 
remedy is to have the crankshaft ground on a grinding 
machine or use a returning tool. 

If a crankshaft (or a camshaft) is out of round, it 
will cause the bearinf!;S to loosen and wear out of 
round in a very short time and create a knock; there­
fore, before assembling the crankshaft (or camshaft) 
in an engine, they should be tested for concentricity. 
A crankshaft gauge especially adapted for this pur­
pose is shown in Fig. 28B, also the micrometer, Fig. 
2SC. 

A dial gauge1 or indicator (Fig. '29) can also be 
used for testin~ a crankshaft (or any other shaft) for 
concentricity, its operation being explained as fol­
lows: The shaft is placed in the adJustal:le center 
posts (CP). The needle of the dial indicator is per­
mitted to touch the crankshaft lightly (as at B) at 
various points, while the crankshaft is slowly turned 
by hand. 

The concentricity of the crankshaft main bearin~ pins 
could be tested as shown in (B) on the machine shown m Fig. 
29, but the test of the connecting-rod beari.o,g pins on the crank­
shaft, which are offset to the main bearing pins, would necessi­
tate special dogs or jigs for boldini; it. (The crankshaft gauge, 
Fig. 28B, is best suited for this.) 

One method of determinin, whether main or connecting-rod 
bearings are out-of-round: Tighten each bea1wg cnp separately 
and give the crankshaft a complete turn. If the bearing is out­
of-round, the shaft will invariably turn free at one point and 
bind at another, or measurements can be taken of the shaft 
bearings with a pair of outside micrometers. 

Crankshaft Bent; Aligmnent 

Where a crankshaft is bent or sprung less than 
.015", it can be straightened on a straightening 
press; if sprung more, either take it to a modern 
equipped shop where proper equipment is provided 
and where it can be ground afterwards, or install a 
new shaft. Don't attempt to fit bearings on a bent 
crankshaft. 

To straighten, it may be placed in the blocks (V} 
(Fig. 29) and the press used on it. Another shaft­
straightening press is shown in Fig. 30. 

A-Dial Test ndi 
c-0tor\Vith Right and 
Left Center Posts (CP) 
and Shaft (S) attachea 
IO Base of l'rcss 

Axl~ 
Shaft 

.Fig. 29. Universal shaft-testing and straightening device> 
and arbor press in one unit. (A) shows the dial indicator on 
shaft (S); (B) gives a.n idea how the needle point of the dial 
indicator is used to test the ooncentricity of a shaft when placed 
between the center posts (CP). 

The rual indicator mil measure from zero to one quarter of 
an inch, and will indicate variations in half-thousandths. 

The centers (CP), may also be used for testing the concen, 
tricity of armature shafts on starting motors, generators, etc. 

The arbor press is also used for pressing bushings and shafts 
out of gears, for straightening a,;les and propeller shafts 1 etc. 
The arbor press is shown removing a gear from an axle shaft. 

Fig. 30. A shaft-straightening press•: In straightening a 
bent shaft it is advisable to warm it slightly 6rs,. Then bend 
it far enough in opposite direction to which it is bent, so that 
it will be distorted the other way. The shaft is then brought 
to normal from this side. This prevents any tendency for 
shaft to spring out of line. Care must be exercised not to 
apply too much pressure in the first attempt and gradually to 
bend, and test n.fter each attempt of straightening. Shafts nre 
sometimes broken when straightening. BacUy bent shafts, 
especially large ones (that are not hardened) are sometimes 
heated in order to bend them and then ground afterwards. 

After straightening shafts, they are usually ground on a 
crankshaft grinding machine and should be te.sted for straight,­
ness, ooncentricity, and aHgnment of throws, all of which should 
be perfect before installing crankshaft. 

To test for a bent crankshaft• with a dial gauge or 
indicator, place shaft in center blocks (Figs. 30A, or 
29). Gauge or indicator is used to locate the direc­
tion of the bend, if there is any, that is in relation 
to the main bea.ring journals (MP) (Fig. 30A}. 1 hi~ 
test would be made on the center main bearing jour­
nal of a 3, 5is7' or 9-bearing shaft, or on the two 
center journa in the case of a 4-bearing shaft. The 
pointer of gauge is placed on shaft journal as shown 
in (B) (Figs. 29, or 30A). The bearings should be 
tested to determine out-of-roundness before the 
shaft is tested for bends. To avoid confusion, an 
out-of-round journal should be marked at its greatest 
and least diameters and the difference in measure­
ments noted. 

If the shaft is bent, as it is revolved, the gauge 
would show a variation in its readin~. The amount 
of deflection of the dial gauge divided by two, 
indicates the amount the shaft is bent, providing the 
bearings are circular. 

For example, if gauge $hows .010'' variation, this wots.ld mean 
that the shaft was bent off its center .005". If bent .005" or 
morc1 straighten on a straightening press. 

To test crankshaft journals for worn or out-of­
round condition, use micrometer as in Fig. 28C. If 
in "miking" the journals they are found to be, say, 
.005" out-of-round, and the indicator also shows 
.0025" when test was made for bent shaft, this would 
indicate a worn journal instead of a bent shaft. Bent 
or sprung shafts will cause bearing journals to wear 
more on one side and will loosen bea.rings quickly. 

• Dial gauges can be obtained of L. S. Starrett Co., Athol, 
i\lass. (see also page 704). 

' See also footnote, page 803 as to where eqwpment of thi, 
kind can be obtained. See also page 686 for list of automobile 
supply jobbers. 

, A bent shaft is a shaft not straight with its centers; a 
twisted shaft is a shaft with crankpio throws twisted out of line. 
usually caused by extreme shock due to grabbing clutch under 
severe pulling strain and by suddenly enga«ing clutch while 
rapidly coasting with engine running at idling speed. 
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Fig, 30A. Method of testing a crankshaft for a bent place. 
(MP) arc crankshaft main bearing pins; (CP) are crank•haft 
connecting-rod pins. 

In testing for a bent crankshaft, one should not be misled by 
n benri Ilg surface of the shaft, tha.t is probably worn out-of­
round; t-he test should be made first for out-of-round or worn 
condition with micrometers, as shown in Fig. 28C. 

Crankshaft Throws Out of Line or Twisted 
The crankshaft "throws" are the parts (CP) to 

(MP) (Fig. 30A). On a four-cylinder engine, the 
four throws (CP) should be in exactly the same plane 
or line. When out of line the crankshaft is twisted. 

A twisted crankshaft will cause the bearings to 
loosen quickly and will cause vibration, and may 
also throw the timing and the firing impulses out of 
line. In such a case, the valve events and spark 
would not oc<;ur in the correct relation to the piston 
positions. 

One method of checking a twisted shaft would be 
to learn the position in inches in which the piston is 
supposed to be from the top of the cylinder at the 
time of the opening and closing points of the valves 
and to see if it checks properly. On the Ford, these 
posit.ions are shown on an illustration referring to 
valve timing. 

To test for a flywheel flange being out-of-true, 
check by placing shaft in V-blocks, and positioning 
any heavy object against the end of shaft to prevent 
its sliding forward while the flange is being checked. 
An indicator is then placed against the flange and 
shaft slowly revolved. If out-of-true, this will cause 
flywheel to run out-of-true and result in vibration 
and wear on bearings and shaft. 

Miscellaneous Crankshaft Pointers 

Fig. 31. When storing crankshafts it 
is advisable either IQ suspend them as 
shown, or to set the fln.nge on the Boor 
so that the crank will be straight. It 
is not generally known that a crank­
shart will sag out of line when allowed to 
Jean against the wall, but such is the 
case. Crankshafts have sagged as much 
as .00211 or more in this way. 

Fig. 32 (next column). When testing devices are not avail­
able the crank case may be used as a fixture for testing the align-

ment of the main bearings of the crankshaft. The case is placed 
on the bench in tbe position shown; a strip of pasteboard about 
I in. wide and .;.. in. thick is placed beneath the front and rear 
bearing journals of crankshaft. By these the shaft is raised 
from the center bearing and side play is prevented. 

A pointer is then 
clamped on to the 
side of the case at 
the center bearing, 
and by turning the 
shaft the amount it 
is out of true is 
detP.rmined. This 
method is not only 
better but quicker 
than testing in a 
lathe. 

Figs. 33, 34. Strai,htening slightly bent crankshafts where 
an arbor or straighterung press is not available: There are few 
repair men who will undertake to straighten a bent crankshaft, 
and by many it is claimed to he impossible to make a lasting 
repair to a shaft which is out of true. However, as the repair 
man is occnsionally called upon to "fix it up." and a straighten~ 
ing press is not at ha.nd, one means employed is sho\\•·"ll. 

It is best to send work like this to concerns equipped for such 
work, us sometim.es it is necessary to heat crankshaft and grind 
afterwards. Only one experienced knows just how much heat­
ing should be done. 

The shaft is bent as indicated by the dotted line (A) (Fig. ;H), 
only to a very much less extent, the bend not being ,·isible to the 
naked eye except when the shaft is revolving in a lathe ,1,-·ith a. 
tool or other object held stationary, close to the center bearing 
surface or crank pin. 

Fig. 33 

The shaft (K) (Fig. 33) is fixed between the centers (C) or the 
lathe; blocks (B) are placed upon the lathe-bed for o. lulcrum, 
and a. bar of iron (R) or preferably of wood, i.s usc<l as a lever. 
If an iron bar is employed, a piece of brMs, wood, or lead should 
be placed between it and the hearing surface of the shait for 
protection. 

Fig. 34. Bent crankshaft. 

Assuming that the shaft is bent rn, indicated by the dotted 
line (A) (l<i~. 34), it is pried up with the bar till it assumes the 
position indicated by the dotted line (B), and while held in this 
position, 11n assistant holding a piece of brass (M) on the bearing 
surface with one hand, and with a hammer in the other, strikes 
Urn shaft a sharp light blow. 

The bar and blocks are then removed, the lathe started, and 
the shaft teste:l again for result-s. This treatment is repeated 
again and again until the shaft is straight as indicated by the 
line (C). It is generally a long and tedious job, depending 
greatly upon chance and the ability of the operator of the bar 
to guess the proper amount of pressure to apply and the proper 
place at which to apply it. 

CAMSHAFT ADJUSTMENTS 

The camshaft on some engines is a case-hardened 
drop forging of low carbon steel. It is usually 
mounted in bronze or die-cast bearing bushings and 
in some engines on the plain cast iron bearing surface. 

The usual troubles are worn bushin~ which pro­
duce knocks and end play, and it sometimes becomes 
necessary to replace the bushings; or if plain iron 
bearings, an oversize camshaft is fitted, or holes en­
larged and fitted with bronze bushings and reamed 
to size. 

If the front camshaft bearing has worked loose in its 
bushing, or is worn, the timing gears would be noisy. 

If the wear is not too great, the bearing can be 
ti11:htened by means of an adjustment screw which 

is provided on some engines, or by replacing the 
bearing bushings. 

On some of the Continental engines the end thrust, or end 
play is t11ken up by regulating an adjusting screw in the timing­
gear case cover (see question 2, page 795). 

Miscellaneous Camshaft Pointers 
Before installing a camshaft (or crankshaft), in­

spect it carefully for cracks and scores. If free of 
cracks and scores, then check its bearing journals 
for roundness with a micrometer. All journals 
should be round within .002", and if out-of-round 
more than this, then regrind or replace shaft. 

After this inspection, test for a bent or sprung 
condition by placing on the V-blocks (Fig. 29, page 
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7!)2); if more than .002" out on center journal it 
should be straightened (explained on page 792). 

A sprung camshaft (or cro.nl~~haft) will caUBe bearings to 
loosen qaickly. 

If a camshaft (or crankshaft) has drilled-passages for pressure 
lubrication, eee that the passages are clear before replacing. 

Clearance: No set clearance can be given. Ap­
proximately .001" is usually allowed. When cam­
shaft bearings have more than .002" clearance and 
camshaft has more than .002" to .003" end play, 
then new bearings should be fitted and align-reamed 
or bored to proper clearance. It is difficult to give 
nn exact clearance that applies to all camshafts. 
Usually, a knock, experience and judgment dictates 
as to renewal. Some camshafts have adjustment for 
end play. Examples will be given farther on. 

To replace camshaft bushings it is usually neces­
sary to remove the radiator, fan, gear case cover, etc. 
lf timing gears are used be sure to note the marks on 
the gears, and if they are not marked, be sure to 
mark them. Remove the springs and valves; re­
move the cam gears and camshaft. • Put in new 
bushings a.nd ream them to a fit. 

When reaming camshaft bushings, to prevent 
knocking, the rear camshaft bearings should be 
reamed in perfect alignment with the front and 
center bearings. An ordinary reamer is useless 
because the bushing is driven in and usually bat­
tered. Two forms of camshaft reamers are shown 
below. After the camshaft is in place and t.he gears 
in position, check the valve timing. 

~ 
• . a;;;. 

Fig. 37. 0 ,~--Camshaft aligning 

Fig. 37A. Camshaft alii:ning reamer.' 

If a camshaft is sprung, it is necessary to remove 
and straighten it or to replace it with a new shaft 1 otherwise it will cause rapid wear of bearings anct 
produce a knock. 

A loose camshaft gear or sprocket will cause a 
knock (see page 777) explaining further. 

Wben replacing a camshaft, inspect it first for 
cracks, then roundness, then if sprung or bent as 
explained for crankshafts on page 793. 

• Removing a CaIUshaft; Dodge as an Example 
To remove the camshaft, the radial-or must be taken off and 

then the front gear-case cover. The camshaft may then be 
pulled out after the valve push-rods are tied up, so ns not to 
catch the cams as they slide by, and after the camshaft retaining 
pin (which will be found on the right side of the engine directly 
back of ignition unit on cars ,vith 12-volt electric system, and 
back of generator on cars witb 6-volt system) has been removed. 
This pin fit.sin a deep groove in the center journal. In the first 
40,000 or 50,000 cars the pin was held in place by a setscrew, 
but the later cars have a spring. 

2 
Ford Camshaft Bearings and Camshaft 

as an Example 

The front a.nd cenLcr ben.rings are removed with ea111sh::dt 
and are of the split-bearing type. They are held to the shaft 
by means of circulal' springs. These springs are removed by 
inserting a screwdriver under them, and forcing them off. The 
camshaft may then be tried on the centers as sbo,'"·n in Fig. 20 
at (B), page 792. 

Check alignment by placing in centers (CP). 1Fig. 29). 
The camshaft should not be out more than .0015' at front 
bearing; .003" at center and .002" at. encl bearing. If camshnJs 
is bent, straighten it on a straightening press. 

Test camshaft for wear with micrometer. Diameter of bear­
ing on camshaft is .748". If worn more than .0025" install a 
new shalt. The site of aligning reamer generally used for tbe 
cnmshaft bushings is .750" diameter. 

Replacing: Position hearing,, on camshaft. The center bear­
ing is assembled with notch on bearing pointing towards rear 
eud of camshaft; front bearing ";th the ro.dius on encl of bearing 
set.s toward front of shaft. The old-style front bearing which 
had a 30° chamfer and notch is assembled with notch toward., 
l,he rear in order to allow clearnnoe• for push-rod head. 

II old bearings are installed, check tho fit on shaft by position­
; ng bearings on camshaft and place in a vise (but not too tight 
in viae). Front bearin(': should fit on shaft \\;th not more than 
.004" end play and .003"sideplay. Center bearing is checked for 
side play only and should fit with not more than .003" side play. 

When replacing, oil bearings and place on shaft, being sure 
the two halves are fitted according to break in cast-iron shell. 
Place ring ov~r center of bearing and tn.p into p1acE:. Posi~.ion 
the t·wo ben.nngs on shaft so the setscrew holes 1n bearings 
line up with the set.screw holes in cylinder block. Insert shaft 
into engine and replace parts. 

Old,smohile 6 (Series E) Camshaft Bearings 
and Camshaft as an Example 

Camshaft bearings: The center and rear camshaft bearing on 
the "E" series engines are machined in the block. The front 
camshaft hen.ring is furnished through service sufficiently ma.­
chined and ready for installa.t.ion. 

Camshaft bearing adjustment: It will bo in very rnre in­
stances that the front carnsbaft bearing will require atoontion, 
because the bearings are except.ionaUy large and well lubricated 
by posit.ive force feed to eliminate bearmg wenr. The front 
bearing takes care- of camshaft thrust nncl should be replaced 
when the thrust becomes excessive. 

To replace the front camshaft bearing, it is necessary to 
remove the camshaft assembly which can be done by proceeding 
as follows: 

Remove the radiator, the fan belt, and the fan and pulley 
assembly. Disengage oil pan to pump pipe from the oil pump 
housing. 

Remove the two front engine support bolts and the timing­
gear cover. 

Remove the generator and gear assembly alter which the 
timing chain can be removed. 

Remove the two valve-lifter bracket asscmbliesbcarryiog the 
push rods that rest on the camshaft. The assem ly is held in 
place by means of screws into the cylinder block. 

Remove the front camshaft bearing locking scre\',·"B, then re­
move the camsha.n from the engine. 

Rtmove the lock nut and washer which holds the earn gear 
on to the camshaft. Press the gear off and remove the bearing. 

Care should be taken in assembling to see that the marks 
on the crankshaft and camshaft gears are in line with the crank 
and camshaft. This can best be determined by means of an 
off-set gauge. 

In timing series "E" engines, the No. 1 piston should be 
brought up on the compression stroke and the spark set to occur 
at exactly upper dead center (spark lever in retard position). 

Questions and Answers on Crankshafts and 
Camshafts 

The following questions pertain to some -of the 
Continental engines, but are applicable to many 
other engines: 

Question 1: How can the end thrust or end play 
be taken up on the crankshaft? 

Answer: The end thrust of the crankshaft is 
taken against the front bearing. To adjust this 
end thrust, shims are provided between the crank­
shaft gear and the thrust surface of the crankshaft 
front bearing. End play is taken up by adding one 
or more of these shims. 

To remove camshaft, it is necessary to remove radiator, fan, 
commutator, cylinder front cover, large time gear, carburetor 
rods, hot~nir pipe, valve cover, gasket, generator, and bracket. 
The front and center camshaft bearings are held in place by 
set.screws located in the right-hand side of the cylinder-block 
in line with the camshaft. These set screws should be removed. 
Lift vnlves so that push rod ean be raised with fingers until hole 
in push rod is exposed. A pin is then inserted into the hole in 
each push rod, in order to insure clearance for the camshaft. 
Tho camshaft is then withdrawn by means of a camshaft I See footnote, pages 714, 790B, as to where reamers can be 
puller obtained. • 

2 Applies to early model cars. The Ford mentioned, is model "T.lt The engine bearing service manual mentioned in footnote 0 
p!lge 786, will give later information on bearings. 
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Question 2: How can the end thrust or end play 
be taken up on the camshaft and timing gears? 

Answer: End thrust is taken up by regulating 
the adjusting screws in the timing-gear case cover. 
These adjustments should not be disturbed unless 
it i2 plainly evident that they demand attention. 
To check the end thrust, release the lock nut and 
turn the screw in until it touches against the end 
of the shaft. When this contact is felt, the screw 
should be backed off one turn and the lock nut 
re-tightened (see also page 784). 

Question 3: Can the piston and connecting-rod be 
taken out from below without removing the crank 
shaft, and is that the best plan? 

Answer: Piston and connecting-rod asse1 ablies 
can be removed from below without disturbing the 
crankshaft. This is decidedly the best arrange­
ment. Not ')nly can the pistons be pulled, but 
every bearing of a Continental engine can be got 
at readily by removing the oil pan. Engines are 
assembled and inspected in this manner during the 
process of manufacture in the Continental factories. 

CONNECTING-ROD, PISTON-PIN, BUSHINGS AND BEARINGS 
Connecting-rods are usually made of I-section 

drop forgings of nickel steel or of forged aluminum­
alloY. used with aluminum-alloy pistons.' 

Parts of a connecting-rod and piston assembly arc 
shown in Fig. 38. 

Fig. 38. Piston and connect­
ing-rod assembly. Names of 

~==m •8 parts are as follows: 
1. Piston ring 
2. Piston ring 
3. Piston ring 
4. Oil-regulating ring (oil 

grooYe.s below) 
5. Piston pin' 
6. Piston-pin lock-screw 
7. Piston-pin bushing 
S. Con.-rod bearing oil holes' 
9. Con.-rod adjusting shirns 

10. Con.-rod boll, nut and cotter 
pin. 

11. Con.-rod bearing; upper half, 
in saddle of rod 

12. C~n.·rod bearing; lower half 
in connecting-rod cap. 

Connecting-Rod Lower End 
The lower ends of connecting-rod bearing halves 

are provided; one in the connecting-rod saddle or 
seat and one in the connecting-rod cap. 

The bearing halves can be babbitt cast integral, or 
removable die-cast babbitt or bronze-backed-bab­
bitt-lined bearings. 

In the forged aluminum-alloy connecting-rods, the 
lower end bearings are either babbitt ca.st directly 
into the rod or bronze-backed babbitt-lined bear­
ings. Usually, they are babbitted cast integral, as 
this gives closer metallic bond and thus greater heat 
conductivity. 

It is more difficult to cast the babbitt into an aluminum"alloy 
rod than a steel rod, as it is harder to get the bond between the 
metal. The method is to tin the inside of the crnnkpin end of 
rod 1 and then babbitt is <in.st direct in place in a casting ma.chine. 
Otner kinds ol rods are also tinned when babbitt is cast in.) 

Adjustment for wear: The bearing cap is fitted 
either without shims or with shims. 

If without shims then the bearing cap can be 
dressed down by filing or surfacing down on emery 
paper on a surface block or reamed as explained on 
page 785. 

1 Aluminum-alloy connecting-rods now seldom used. Alumi­
num-alloy pistons are used considerably, See page 808 giving 

a discussion of the three forces, namely, 
centrifugal, inertia. and compres.,;ion nnd explosion which cause 
wear on crank pin bead ng. 

' Piston pin shown here is of the stationary type. 
'At.tention is called to this feature. The hole.s inside of 

bearing register with metering or supply hole in drilled crank­
shaft crankpin, at which time oil shoots up to lubricate piston 
and cylinder wall. This identifies the force-feed lubrication 
syst,:m. Some rocb hn,ve oil ducts drilled in rods, or tubes fas­
tened on side ol rod to lubricate pin; the lubrication system 
would then be a full-[orce-fecd system. 

• Ilabbitted rods are usually exchanged at car dealer's or at n 
rebabbitting service stat.ion. See footnote, page 801. 

If provided with shims then an equal amount of 
r;hims can be removed from each side. 

Renewal of bearings: lf cast integral type the 
old babbitt is removed and recast again.• If die­
cast or bronze-backed babbitt lined bearings t.hcn 
they are removed and new ones fitted. 

The first bearing on an engine to show the effect 
of wear, in normal service, is the crankpin bearing in 
the connecting-rod, the rod half showing consider­
ably more wear than the cap half (see also page 781). 

c-;,·nnecting-Rod Upper End 
The piston pin or wrist pin (5) (Fig. 38) is the pin 

on wbich upper part of the connecting-rod swings. 
It is sometimes made of solid steel, but usually of 
hollow case-hardened steel. lt is also called a, 
"gudgeon" pin. It is non-adjustable, and therefore, 
when worn, t-be piston pin must be rer~wed. 

0 
G 

Fig. 39 (left). Piston pin showing hole (HJ where tho lock 
screw (Fig. JS) holds the pin stationary. 

Fig. 40 (right). Piston pin showing groove (G) where clamp­
ing bolt (C) (Fig. 41) is clamped tight to the piston pin. 

There are three general types of piston pins as 
follows: 

(1) The stationary, or "setscrew" or "anchored" 
type piston pin. 

(2) The oscillating, or "semi-floating" pist-0n pin. 
(3) The full-floating piston pin, or "plain pin." 

The stationary piston pin2 (Figs. 38 and 39) is 
used where there is one bronze' bushing in the encl 
of the connecting-rod, which oscillates on the piston 
pin. The pin is held tight by a lock screw at hole 
(H) (Fig. 39). They are usually fitted directly in 
the piston bosses. _ 

The oscillating piston pin (Fig. 40) is used where 
the piston pin is clamped to the upper end of the 
connecting-rod, as shown in (C) (Fig. 41). The 
bronze bushings in this instance are pressed in to 
bosses in the piston, and the piston pin oscillates 
in the bronze bushings. (See page 796, Fig. 46, 
showing where piston bosses are located in pistons.) 

Piston pins are not titted to bronze bushings in aluminum­
alloy pistons as a general rule, due lo the degree of difference in 
expansion of the two met,als; therefore piston pins are usually 
fitted with a direct nlum.inum contact. Some cast-iron pistons, 
also, do not have bushings. 

F'ig. 41. Connecting-rod with an oscil­
lating piston pin, showing ·clamping screw 
which clamps the connecting-rod to the pis­
ton pin. Sometimes oil hoJes are provided 
in the pins to lubricate tbe pin and bush.ing. 

~OTE: Two types 0£ connecting rod bearings nre in general u.se on ln.tc engines. In one, be.arino metal is applied direc-tly to 
the ~tee.I forging. The other is the precision insert type, steel-back. in which it is not nceC'ssary to disma.ntle the engine and r4:niovc 
the complete piston uud rod assemblies (from Peclcral•J\for,u.l E11r,inc Bearinr1 Se,Dice 1llm>u11l--sec footnote 6, p. 786). 
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The full-floating piston pin (not illustrated) works 
freely in the connecting-rod upper end and in the 
piston bosses, and is not anchored to either. End 
motion is prevented by means of a retaining expan­
sion lock ring in the piston boss. This type of pin 
is a popular design in aluminum-alloy pistons. It is 
usually fitted without bronze bushings. 

Connecting-Rod Bearing Knocks 

One method for detennining a loose connecting­
rod is explained in the Automobile Digest as follows: 

"After continued use they become worn, produ­
cing a dull thud or pound, especially noticeable when 
t,he engine is suddenly accelerated or speeded up. 
This is due to the fact tbiit the bea1-ing becomes 
elongated, as shown in Fig. 431 since the pressw·e is 
in one direction only. For tnis 1·eason the knock 
is dull, and is usually worse when the engine is idling. 

a 

Fig. 43. This illustrate;, how the 
crank-pin bearing wears. At (X) 
is shown natural wear, while at (Z) 
is shown the wear caused by a bent 
or twisted rod. 

"One method of locating a worn connecting­
rod-bearing which has started to knock is by short,. 
c-ircuiting the spark plug, when two knocks will be 
noticeable, since the explosion pressure is eliminated. 
ln addit,ion to being caused by a worn bearing, the 
knock can also be caused by a twisted connecting 
rod, scored bearing, blll'ned out bearing, or too much 
end play. In the case of a sefaed bearing or one 
that has been burned out, due to a lack of oil, tbe 
engine will also groan when starting cold. 

"A worn piston-pin bearing can easily be distin­
guished by a sharp metallic knock occuring twice. 
when the spark plug is short circuited. The knock 
will appear regularly, and is very sharp when the 
engine is pulling hard or accelerated." (See also 
pages 777-779 for testing for knocks.) 

Removing Pistons and Connecting Rods 

It is necessary to remove the pistons when working 
on the piston, or wrist pin. 

Pistons and connecting rods can be removed on 
some engines from the top if it bas a detachable 
cylinder ht-ad. It is necessary to remove cylinder 
head and oil pan (or lower half of crank case). 

An example of removing pistons and connecting­
rods from the top is shown in Fig. 44. 

Fig. 44. Methodofremovingpistons 
and collJl.ecting-rods from the top_ on the 
Chevrolet engine (series V and X) is as 
follows: Remove the cylinder head. 
Drain the oil from the lower crank case 
by remov;ing the drain plug from the 
bottom of the case. 

Disconnect the oil pipes from the 
lower crank case. Remove the lower 
crank case. 

Turn the cra.nkshaft with the starting 
crank until the connecting-rod cap bas 
reached the lowest point of travel. 

Remove the cotter pins from I.he castel­
lated nuts on the connectjng-rod ca.p bolts. Mark each cap so 
thi,t it may be insl,alled in its original place a.nd position. 

Take off connectillj:-rod cap and remove the connecting-rod 
from the crankshaft (see Fig. 44). 

Place the metal shims and connecting-rod caps in their 
respective positions and screw the nut on the connecting-rod 
bolts far enough to bold them in place. 

With a hammer handle_ long screwdriver or rod, plared 
inside the piston from below (see Fig. 44) push up, forcing the 
piston and connecting-rod out until the bottom piston ring is 
above the top of the cylinder block, and has sprung out suffi­
ciently to hold the piston and rod suspended in the cylinder wall. 
Grasp the piston as shown, and lift out the assembly. 

Pistons and connecting-rods can also be removed 
from the bottom on some engines by removing the 
oil pan or bottom half of the crankcase and then re­
move the connecting-rod bearing car from the rod 
attached to the piston which it is desued to remove. 

The bearing cap is usually held by two bolts fastened by 
castellated nuts. When these are removed the coruiecting-rod 
can he swung to one side out of the way of the crankshaft and 
the entire assembly ean be withdrawn from the cylinder .. 

Be sure to mark all parts when removing them, 
so that they can be assembled in their respective 
locations, as before disassembling. 

Removing Piston-Pins and Bushings 

Removing piston-pins and bushings is best done 
with a piston vise and press as shown in Fig. 51, or 
an arbor press. Care should be exercised to prevent 
distorting piston. A distorted piston can be tapped 
at its largest diameter with rawhide hammer until 
nearly round. 

If a piston vise or press is not available, methods 
shown in Figs. 46-50 below can be used. 

Where a piston pin is a shrunk fit, as in some 
aluminum-alloy piston bosses, the pin should never 
be driven out, but should be removed by immersing 

Fig. 46. One method of 
removing the two bush­
ings from the piston 
bosses where tha piston 
pm oscillates. 

Fig. 4 7 Fig. 48 (upper) 

Fig. 49 (lower) 

Fig. 47. One common way to remove an 
upper connecting-rod (R), bushing (B), in jaws 
of vise (J), with a drift or steel bar (D). Fig. 
48. A better way is to press bushing out of 
connecting-rod (R), intoyipe (P), "~th (N). 
Fii;,;. 49. Another plan: (.11) bolt, (W) washers, 
(P) pipe, (N) nut. 

Fig. 50 

Fig. 50. A piston-pin re­
mover, (A) is Oat iron 
tapped to take screw (C). 
Flat-iron bands are attached 
so that they can be placed 
around the piston: then the 
screw is forced against the 
piston pin. 
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the piston and pin in boiling water or heated oil for 
approximately one minute. This will usually pro­
vide sufficient expansion so that _pin can be removed 
by pushing it out instead of drivmg out. In replac­
ing piston pin the same heating process is necessary 
to e>..-pand piston-pin hole so that pin can be fitted. 
Pins must be removed or replaced quickly after parts 
have been heated. 

Remarks on Fitting ~iston Pins 
To check piston-pins for wear, see page 798. 
When bushing or piston pin in upper end of con­

necting-rod become worn, the usual practice is to 
ream the bushings oversize and fit oversize pins. 

New piston pins of standard size (same size as pin 
removed) can be used if pin fits piston and rod prop­
erly. Oversize piston pins are usually fitted in used 
pistons. 

When new pistons are installed it is best to use 
new standard-size pins and bushings. Bushings 
sometimes contract after pressing in, and are reamed 
to fit pin. 

Reaming 
Piston Pin 
Bushing (Bl 

J?ig. 51. Universal piston vise and press, with babbitt lined 
jaws designed especially for removing piston pins and bushings. 

If reaming is necessary for bushings, the same device can be 
used to hold the piston for the operation. This device will also 
hold the piston while fitting rings to the piston, or for scraping 
carbon from the piston, or while the top, or upper part of the 
connecting-rod is being clamped to the piston pin. 

This vertical vi,se can be used for many other jobs, as the 
"V" jaws have a babbitted lined surface which will not injure 
the fin.ish of tho piston. (See footnote, page 803, as to where 
mat,erial of this kind ca:n be obtained.) 

Fitting piston pins is a very important operation, 
and care should be taken to see that the holes 
thrnugh each boss are exactly in line with each other 
and smooth, and if reamed, they should be reamed at 
a 90° auglc to piston skirt, otherwise the piston will 
cock in the cylinder, as shown in Fig. 76, page 803. 

Reaming should be done very slowly, with a sharp reamer and 
very light cuts, and care should be taken not to remove too much 
metal and to avoid chattering. 

A 

Fili[. 52. An adjustable piston-pin hole reamer. This ad• 
just.able, piloted reamer is shown just finishing one side and 
entering the other. Two tapper plug pilots hold the reamer 
bar firmly and in proper line. 

Fig. 53. Bushings to go in the piston bosses on oscillating­
type pis.ton pins in cas_t.-iron piston,. or in the upper end of the 
connecting-rod on stationary type p1Ston pins. 

II: Fig. 54. A self-aligning piston-
,S /4½ bushing reamer with pilots on ea.eh 

end to insure perfect alignment and 
· a _perfect fit the first time tbroui;h. 

The spiral is fluted with steel blades. 

When reaming a split-end rod oversize for an 
oscillating piston pin, shim the split, draw the clamp 
bolt up tight and ream until the pin just slips in. 

Wben reaming bushed rods, allow some clearance 
for oil film. A piston pin should be so fitted that 
it will just hold the weight of the connecting-rod and 
no more. 

A loose-fitting piston pin with too much clearance 
will cause a piston-pin knock which will eventually 
mean that the pistons will have to be reamed and 
new oversize pins installed. 

On the other hand, if it is too tight a fit, it will 
cause trouble, because there must be room for a. 
film of oil on the pin. Piston pins fitted too tightly 
are likely to "seize" and score the piston. A well-

• fitted pin will last for some time. 
Piston-pin locking: Exercise care in fasteuiug the 

pin securely in the connecting-rod or piston, accord­
mg to the type used. Securely lock the set and 
clamp screws. When cotter pins are used, be sure 
they are of ample size, and that they are spread 
apart a.fter being inserted. 

Piston and connecting-rod alignment: Assemble 
piston, piston pin, and connecting-rod and square 
them so that the piston is not cocked in the cylinder. 
Alignment instructions of the connecting-rod and 
piston assembly and connecting-rod and piston pin 
is shown in Figs. 72, 73, page 803. 

Fitting Piston Pins 
Piston-pin clearances given are approximate. No 

defiuite clearance can be given, as it varies with 
construction, design and lubrication systems and 
manufacturers differ. Therefore follow manufac­
turer's instructions. See page 795 for explanation of 
types of piston pins. 

Fitting a stationary type piston pin to cast-iron 
piston: Fit in the plain cast-iron bosses with a light 
drive fit. 

Fitting an oscillating type piston pin to cast-iron 
piston where bosses are bushed with bronze bush­
ings: Fit in bronze bushings with a slight drag. 

In the for example, the fit is such that rod will drop 
gradua.lly when piston is held in both hands and given a, quick 
shake, as shown in Fig. 57. 

Fitting a stationary or full-floating type piston pin 
to aluminum-alloy piston: Aluminum eiq>ands more 
than cast iron and piston pins are accordingly fitted 
somewhat tighter where steel to aluminum contact 
is made1 and care must be taken to secure a smooth 
reamed nole. Manufacturers differ as to fitting meth­
ods, as will be observed below, and it is advisable to 
obtain manufacturer's instructions. The following 
method is recommended by one manufacturer: 

"While piston is cold, ream bosses as near piston­
pin-size as possible, but not quite large enough for 
the pin to enter hole. Then heat the _piston in boil­
ing water (to e>..1)and piston-pin hole) and tap pin 
lightly into place with a small wooden mallet. If 
pm does not tap easily into place while piston is hot, 
mcrease the size of the boss hole (when cold) until 
it does." 

Allother manufacturer suggests this for set screw type piston 
pins: 11 Fit set screw type pins with .0005" less clearance on side 
where pin is anchored. This can be done by entering reamer 
on side opposite where pin is anchored; on semi-floating and 
full-floating pins use a hand push fit." 

Fitting an oscillating piston pin to aluminum-alloy 
piston. This method is followed by some repairmen: 
A hole should be reamed so that the pins can be hand­
pressed in by holding piston in one hand and pressing 
m the pin with heel of palm of other hand when 
piston is cool. The bosses are not bushed bvt plain. 
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Bronze bushings are not usually fitted to aluminum-alloy 
pistons. Due principally to the great difference of expansion 
between the two metals, the alurnim,un when hot, would \\'Ork 
free from. the bronze bushings, so that they would become loose. 

Fitting Connecting-Rod Upper End 
Fitting connecting-rod upper end to piston pins in 

cast-iron or aluminum-alloy pistons where connect­
ing-rod is free to work on piston pin and a bronze 
bushing is provided in upper end of rod (bronze to 
steel contact): Fit with a slight drag. This fit can 
be the hand-pressed fit with palm of hand, as ex­
plained. If piston pin is found to be slightly too 
tight, it can be loosened by driving pin in and out of 
bushing with a mallet or tapping the rod around the 
bushing with a hammer. 

Sideplay of upper end of connecting-rod between the rod and 
piston bosses va.ries; usually about ½" is allowed. '!'bis end-· 
play at upper end of rod is necesssry on account of the endplay 
in the crankshaft and also on account of elongation of the crank­
shaft when heated. 

Fitting • Piston-Pins; , 
piston pin oscillating type. The 

connecting-rod clamps to the pin and the pin oscil­
lates in the bushings in the piston bosses. 

Before installing the old piston pins and rods in 
a new piston, check for wear and alignment. 

Piston pins are checked for wear by measuring the diameter 
:,f the pin with n. micrometer. 

if the old pin is worn down .001" or more 
below the low limit, a new pin should be installed .. 

To check the play between the -piston pin and the piston 
bushings: Hold the piston with the piston-pin perpendicular 
to the bench with the left hnnd (F'ig. 55), while with the right 
hand, the connect.ing-rod (lower end only) is moved up and 
dowu, causing tho pin to be rocked against one side of the 
hushing and then tlie other. If there is .002" or more play, a 
new pin should be fitted and, if necessnry, the piston bushings 
should be replaced. 

Note: Wash oil out of pin and bushing surfaces, ns oil will 
cushion and the full amount of wea.r will not be disc.ernible. 

The pin is removed by running out the conncctin1s-rod clamp 
screw, after which the pin may be pushed out. Every repair 
shop should be equipped with a piston clamp, or vise. 

Fig. 56 

If no clamp is available, the piston may be held by means of 
a ru<l (Fig. 56) thl'ough the piston pin while loosening or tighten­
ing the rod. The pmct.ice or holding the rod in a vise iovarinbly 
results in a twisted rod. 

The piston pin, when properly fitted, will wear ve1·y slowly, 
bttt when carelessly fitted, it will wear the bushing in 11 very 
ijhort, time. causing a 110isy engine and excessive wear on crank­
shaft bearing. 

The piston pins are usually fitted in the bushings by selective 
fit. A pin is tried in the bushing. If it turns freely, another 
pin is selected unt.il one is fou.nd which requires a fair amount 
of effort to force it in u.nd turn it. Since the pisfon pin is harder 
than the bushings, it is usually necessary to renew the bushings 
to insure a properly fitted pin. 

The bushing can be removed on an arbor press by pressing 
bushing out from inside of piston. The piston is then turned 
over, and the other bushing is forced out in the same manner. 
When pressing in the new bushings, it is important to have 
them line up properly with the hole in the piston, rut a cocked 

• 1 Piston pins, bushings, etc .. oversize .o.nd standard, can be 
secured of automotive supply houses as listed on page 686. 

• Some of the manufacturers of piston-pin hole and connect­
in'g-rod hearing reame_rs nnd. boring tools, who. issue i~t.ructive 
printed mntter on tb1s subJ11ct arc Automotive l\'laintenance 
Mchy. Co., Chicago, IU.; Foster-Johnson Reamer Co., Elkhart, 
Ind.· Sbephard-Thomn:v.,n Co., Los An11eles, Calii., Taft-Pierce 
i,ug'. Co., Woonsocket, R.l. See also list of manufact,~rers on 
pages 700B, 803, 714, and automot.ive $upply houses page 686. 

bW3hing requires considerably more pressure to force it ln, 
throwing the piston out of round. 

The bushing should be pressed in until about ,'.'' of the 
bushing shows on the inside of tho piston, or until it is ,}·,/' 
inside the outside diameter o[ the piston. When the bu•hin~• 
are in place, they should be line-reamed to size with a 

pilot-type reamer. 
Reaming the piston-pin bushings: If n reamer' is used which 

has no pilot, only one o[ the bushings should be removed at a 
time, and the reamer should be inserted throup:h the old hushing 
to aot as n guide in reaming the new one. 'rhc old bushing is 
then J'eplaced and the reamer is inserted through the reamed 
bushing .ns a guide in reaming th.is one. 

If no piston clamp (Fig. 51) is available the reamer should be 
held in a vise and the piston turned by hand. 

When the new pin has been fitted, as described, it is removed 
and oiled. It is well to rub a little oil in the bushings as well. 
Hold the rod in the piston and force the pin into place. Turn 
the pin until the groove (G) (Fig. 40, page 795) lines up with the 
connectiug:-rod clamp~screw hole, and insert the clamp screw. 

Run the clamp screw down with a socket wrench; remove tho 
piston from the clamp, and pl'ess the rod from one side of the 
piston to the other to see that the pin does not extend outside 
the diamet-0r of the pist.on. If it does, remove the rod and pin 
nnd press the bushing on that s.ide in ll little farther. H it 
does not, set the piston in the clamp and tighten down the cap 
screw with a special wrench, and insert the cotter pin. 

Fie. sr 

Fig. 57. The assembly may now be tried 
ns shown. The rod should drop gradually 
when the piston is held in both hands and is 
given a quick shake. 

Piston Pins 

While the standard pins can usually be secured 
from stock in .003", .005", .010" or .015" oversize, it 
sometimes is necessary to order special ones. That 
there may be no confusion in ordering special sizes, be 
sure to give the oversize above standard, the make of 
car, model, engine, diameter and length, slot or set­
screw hole, width and depth of slot, diameter of 
set-screw hole, distance from center of set-screw 
hole to end of pin; and also state if the pin has oil 
holes or oil grooves.1 

MD'nfO, D'C.,10, • 

_Jsun I--""°" Fig. 58. A handy 
7 diagram to copy and 

-;-----=!;::t:;;_:;;_~-~-~-----------~~~ fill in what is needed 
when orderin~ special 
piston pms. ("Y cour­
tesy of Heald Machine 
Co.. manufacturer of 
cylinder grinding ma­
chi njes, Worcester, 
rvrass.) 

Oversize identifications: The practice of painting the ends 
different colors has been generally adopted by oversize piston­
pin manufacturers, in order to identi(y them, so that they can 
be readily distinguished front one another. 

Rema1·ks on. Co'unecting-Rod Lower End 
As in the case. of the main bearings, there are 

caps fitted to the lower part of the connecting:-rot! 
(see Fig. 38, page 795), which in this instance have 
removable split bearing halves (11, 12) in• both the 
connecting-rod bearing above the crankshaft anti 
in the cap below the cra.nkshaft. 

On some connecting rods, the lower part of the 
connecting-rod and the beaI·ing cap are babbitted, 
or cast integral (or cast-in) and when the lower part 
of the rod is worn or burned, a complete new con­
necting-rod with lower cap is necessary. Rods of 
this kind can be exchanged for new ones which is 
cheaper than refitting. 

When a bearing is scored or burned, refitting of 
the bearing is the ouly remedy. 

A scored bearing is one having the surface slightly roughened, 
but where the babbitt metal has not been burned or run. 

• A burned bearing is one having the surface badly roughen~(( 
or where the bnbb.itt has melted or started to run, • 
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Adjusting Connecting-Rod Lower Bearings 
Loose connecting-rod bearings are detected by a 

kind of metallic sound or knock when the engine is 
running at idling speed or accelerated. 

To test, in order to determine which rod is loose; 
a good method is to run the engine at idling speed 
and to disconnect one spark plug after another. 
The knock will either cease or will sound as if there 
are two knocks, when the cylinder is found in which 
the rod is loose (see also page 778 testing for knocks). 

After determining that a connecting-rod is loose 
remove the oil pan. Turn the crankshaft (first re­
move the spark plugs to relieve the compression) 
so a.s to place the rod bearing in a convenient posi­
tion for inspection. Take hold of the rod and, by 
a vigorous push up and down, ascertain whether 
there is play. If so, the looseness can be felt. 

Do not, however, mistake the side play for loose­
ness, as there should be an appreciable a.mount of 
side play. At the same time, too much, or an excess 
of side play indicates wear on the sides. 

If the bearings are found to be loose, pull the 
cotter pins out and remove the nuts. The cap can 
then be removed. 

Next, examine the bearing and see if it is cracked, 
worn thin, scored, or burned. If so, it will require 
new bearings and refitting e.,-plained farther on. 

At the same time that the bearing is being 
examined, examine also the crankshaft bearing pin 
to see if it is scored or cut. If so it will cut the 
bearings, and the crankshaft should have the pin 
dressed down as explained on pa.ges 791-793. 

If the bearings are only worn, and have a clean 
polished surface otherwise, then they can be adjusted. 

Adjusting: What has been said concerning the 
main engine bearings also holds good for the con-

• necting-rod bearings. The two bearing halves may 
be brought closer together by the removal of some 
of the shims between them, or dressed down if 
shims are not provided. (See pa.ges 784A, 785.) 

In the majority of engines removal of lower half of 
crank case gives access to the connecting-rods .. 

"1ote. When removing caps and connecting-rods, mark 
them. Also be sure that the connecting-rod bearing caps l\re 
placed "ith the oil holes facing the dJrcction in which the rod 
dips in oil troughs with an engine using splash lubrication, 
because oil is forced into these holes when the ent;ine is running. 

R 

1,\11'1}~ 

•. Fig. 59. Connecting-rod lower bearing end with cap re­
moved to show shims placed between the upper bearing and 
oap. By removing a shun the cap is drawn closer to the upper 
bearing, arid hence it would be tighter on· the crank pin. The 
shims shown above are £he loose-leaf type. The laminated type 
of shims is often used. 

Fig. 60. Connecting-rod lower bearing end of the shimless 
type with cap drawn up. By dressing bearing cap and connect­
ing rod, they cnn bo drawn tighter to compensate for wear. 

Fig. 61 (right). When removing rod (R) or cap (Cl examine 
for file marks; if none, mark U1ern. See also Fig. 68, page 802. 

Adjusting Connecting-Rod Beari!)gs Where 
Shim.s Are Used' 

1. Drain oil and remove under hoo·d. 
2. Remove spark plugs (to relieve the compression 

when testing by-cranking). • 

3. Disconnect oil line at rear of case, remove cap 
screws, and drop oil pan. 

4. (If cotter pins are used) remove, back off all 
locking nuts one complete turn (using special 
wrench T269). 

5. Turn engin1;1 to position for adjusting connecting 
rod, or lower dead center. 

6. Remove locking nuts and cap from con.-rod. 
7. Remove equal amounts of shims from each side 

of rod if loose shims are provided, but if not 
sufficient, remove strips from laminated shims. 
Replace cap and tighten nut. 

8. Tum engine to see if there is a slight drag on 
the crankshaft. If there is no drag remove 
additional shims until a slight drag is det-ecied. 

9. Replace one .002" shim on each side to give 
bearing proper running clearance. 

10. Replace cap and locking nuts; tighten the nuts. 
11. Turn engine over to check running clearance 

(.002"). Bearing should run free of drag, but 
with no appreciable looseness. See page 785, 
"testing after adjusting." 

12. Before proceeding to adjust the next rod again 
loosen locking nuts one complete turn on rod 
previously adjusted. 

13. Adjust the remaining five rods using the same 
method explained above. 

14. Tighten all locking nuts; test for running clear­
ance (.002") and if cotter pins are used, replace 
them and spread the ends. 

15. Wash oil pan thoroughly and be sure sumps are 
filled. Replace oil pan and oil line at rear of case. 

16. Refill with 7 quarts of oil. • 
Caution: Loosen cap screws in cam gcar·ca.se cover and in­

sert screwdriver between case and cover on each side to prevent 
injuring the i;a.sket before letting pan clown. If any gaskets 
are injured during above operations, replace with new to pre~ 
vent oil leaks. Use a sheet of thin meta.I over face of gasket 
to prevent lea.ring it when putting on oil pan. 

"Adjusting Connecting-Rod Bearings Whe1·e 
Shims Are Not Used 

If the connecting-rod bearings are not fitted with 
shims, then the bearing cap must be dressed down, 
as explained on pages 784A, 785. 

Fitting Connecting-Rod Lower Bearings 

When the bearings in the lower end of the con­
necting-rod and cap are badly worn, cracked, 
burned or scored, it will be uecessa1-y to install ne"' 
bearings if they are of the removable type. 

If of the plain solid cast-integral, or cast-in 
babbitted type, a new connecting-rod and cap will 
be necessary, or they will have to be re-babbitted. 
Usually they are exchanged at the service station for 
a i1~\\'. ro_cj.. _ 

In either case, it is necessary to fit the bearinb'S 
to the.·chink&haft connecting-rod bearing pins·. 

In many instances, this work can be d6n~ UI1der 
the car, by removing the oil pan, disconnecting the 
connecting-rod caps, and removing the rod and 
pist-011s from the engine. See also Fig. 44, page 796. 

fisi: fl-I 

1 R.eo T6 engine used as an example. ·see illustration of 
this connecting-rod on page 784B (splash lubricat.ed).. • 
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It is best, however, to do this work with the crank­
shaft removed, because at that time the crankshaft 
can be tested for alignment and crankpins can be 
examined more freely and the work will be better. 

Two home-made methods are shown (Figs. 64, 
6,5), for supporting crankshaft while fitting the con­
necting rods. The crankcase can also be turned 
upside down and the work can be done while working 
on the main bearings and while the engine is on the 
bench and after the main bearings have been fitted.1 

Various l\lfothods of Refitting Connecting• 
Rod-Lower Bearings 

There are various methods for fitting the con­
necting-rod to the crankpin, which is similar to the 
main bearings: 
1. By spotting-in and scraping. 
2. By reaming. 
S. By boring. 
4. By broaching. 
5. By burning-in and burnishing-in. 
6. By lapping with a grinding compound. 

Spotting-in and scraping: This work can be done 
with the crankpin to be fitted used as a gauge, and 
additional shims added for clearance after bearing 
has been fitted. 

\Vhen :fitting shimless rods, a good practice to 
follow is to fit to a mandrel or arbor the size of the 
crankpin diameter (Fig. 65A) and enough oversize 
to give the proper clearance to the bearing, approxi­
mately .001" per inch diameter. Measure crankpin 
with a micrometer and add the amount of clearance 
to crankpin diameter; this will give the proper 
diameter for mandrel. Care should be given to the 
finishing of mandrel to secure a smooth surface. 

Spotting-in and scraping is usually done when rod 
bearing boring, or reaming fixtures are not available, 
and when very little metal is to be removed for 
fitting. 

To spot-in and scrape/roceed as follows: After sufficient 
shims liave been remove from between the cap and rod, so 
that the bearing fits tight on the shaft (providing shims are 
used; if no shims, cap must be dressed down) the rod nuts are 
taken off and the shaft bearing, or arbor surface is given a very 
thin coating of "marking" compound (Prussian blue or la.mp 
black) 

Put the connecting-rod on crankshaft or arbor with the piston 
end i,anging downward, and with all shims in place, and put 
on the cap and draw it up tight. Be sure that caps are fitted 
on nccordillj{ to the punch marks on the cap. Then swing it 
around the shaft twice in one direction. 

Next remove the cap and examine bearing for blue spots. 
The "high spots" inside the bearing will be found marked in 
blue, showing that at these points the crank or arbor touched; 

• Another advantage in fitting connecting-rods int-his manner, 
lies in the fact that the bearings are "spotted" to the shaft. 
The connecting-rod can be turned a complete circle, thus insur• 
ing a. more perfect marking, or1 in other words, the entire 
circumference can be "spotted. ' Crankshaft supports and 
other boating fixtures can be obtained of firms mentioned in 
footnote, page 803. 

the pa.rt which is white the crank or arbor did not touch. The 
problem is, therefore, to get the high spots down by scraping, 
until the bearing will mark for about three-fourths over its 
surface. Remove high spots with scraper as shown in Fig. 9, 
page 787. 

This marking or "spotting-in" process is repeated from time 
to time till the whole surface is marked as shown at (D) (Fig. 
11, page 787), and until all "high-spots" are removed and the 
bearing surface is smooth and touches the crank.shaft at all 
points evenly. The upper part of the rod is scraped first, then 
the lower bearing cap. 

After scraping is done, the burnisher shown in Fig. 10, page 
7F:7, may be run over the entire surface of the bearing to shine 
it up and smooth the surface. 

When fitting is completed, test. With all nul,s down, the 
connecting-rod should be. just snug enough so that when the 
piston and rod nre placed in a horizontal position they should, 
of their own weight, move to n vertical position with • slight 
drag. If fitted too tight, seizure will result. 

When testing the bearing, keep in mind that while it should 
have no nppreciable amount of looseness, this does not mean that 
the drag on the shaft should prevent its free rotation. 

Reaming:2 This is a process generally used when 
fitting new bearings to crankpins that are true or 
have been ground true. 

Connecting-rod bearing reamers, shown in Fig. 
65B (adjustable flute type) and Fig. 65C (a fixed size 
non-adjustable reamer), eliminate the slow method 
of hand scraping. This gives a very smooth glas-s­
like bearing surface. There are a number of other 
designs. 

Some manufacturers claim proper alignment can be obtained 
by reaming without a fixture, whereas others claim that an 
aligning fixture is necessary when reaming. A connecting-rod 
bearing (Fig. 65B) is shown being reamed without a fixture by 
use of one centering bushing and a short reamer bar. 

In Fig. 65C the Ammco reamer is shown; the body of reamer 
is ground to the diameter of size of crankpin, nod cutting bl:ide 
(A) is set to project .001" to allow for a diametrical oil clear­
ance of .002". Reamers can be bad for all makes of cars in 
standard sizes, undersizes and oversizes. Undersite reamer$ 
are used when crankpin has been machined undersize. 

Boring:3 This is a process similar to reaming, but 
differs in that only one cutting edge is used and 
the work is done with a special sharp boring tool 
mounted in an aligning jig or fixture. 

Broaching: A broach for broaching connecting­
rod bearings and piston-pin bushings is used con­
siderably by some manufacturers. A type of broach 
(Fig. 65D) has been developed to meet the demand 
of ga.rages and service stations that do not have 
sufficient work to warrant the purchase of a broach­
ing machine. 

Operation: Select the broach of the required size, insert 
starting end in the hole to be broached; place under arbor press, 
and press Uu-ough as you would an arnor. Broaches a.re made in 
standard, oversizes and undersizes. Stroke of arbor press re­
quired is 11 inches. One type of press suitable for this purpose 
is shown on page 693, Fig. 9A. (The J. N. Lapointe Co., New 
London, Conn. is one of the manufacturers of broaches.) 

Burning-in and burnishing-in: This subject is 
dealt with on page 789. In burning-in bearings, the 
operations are the same up to the point where actual 
scraping begins under the spotting-in and scraping 
method, the ·scraping being avoided by placing the 
crankshaft assembly in a bwning-in machine. 

Where a running-in machine is not available, connecting-rod 
bearings can be spotted and scraped (using tltin layer Prussian 
blue on crankpin) \Ult-ii a,r.proximately 80 per cent of bearing 
shows contact with pin. I'hen adjust bearingi, with slight drag 
(testing each bearing separately); flood crankcase with oil and 
run in under own pon·er. 

Note: In some cases (after reconditioning bearings) it is ad­
visable to remove oil pan and inspect and adjust bearings after 
approximately 1,000 miles of running. 

2 See footnote, pages 790B, 798, and 714, as to where to 
obtain reamers. 

• Many of the concerns listed on page 790B supply boring 
tools and fixtures for boring connecting-rod lower bearings and 
.alJlo rebabhitting equipment. 
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.l.Vliscellancous Pointers 

When the bearing is being fitted to the shaft, 
clean. and lubricate it thoroughly, so that there will 
be a film of oil on the bearing when engine is started. 
After fitting bearings, "run-in" engine bearings as 
explained on page 833A. 

Oil grooves: Do not overlook the oil grooves 
when fitting the connecting-rod bearings. Remem­
ber that oil grooves wear thin in a worn bearing. 
Also see that all burrs and other obstructions are 
removed from oil holes. 

When new connecting-rods are installed, the con­
necting-rod should be tested for alignment before 
and after it is fitted to the piston; see page 803. 

When fitting a new connecting-rod to an old shaft, 
the crank pin is sometimes undersize and it is not 
only necessary to remove the shims, but also to dJ:ess 
off the sides (face) of the cap. li a crankpin bearing 
is badly undersize, it is necessary to dress the face 
of both the cap and the rod. 

If, as already suggested, the shaft is badly under­
size, and all connecting-rods require replacmg, it is 
usually less expensive to install a new crankshaft. 

Lapping with grinding compound: See page 790B. 
Connecting-rod lower bearing clearance: This de­

pends upon size of crankshaft crankpin, design of 
engine and lubrication system. About .001" for 
each inch of crankpin or journal diameter is con­
sidered approximately correct, which space is occu­
pied by an oil film on pressure lubricated bearings. 
See also page 783, testing resistance, etc. 

Splash-lubricated bearings usually require a slightly closer 
fit ihan those with pressure feed; the fit might be termed a 
snui;: fit "ith some drag, whereas on pressure-lubricated bear­
ings the fit must be free of drag. See page 783, and refer to 
testing resistance, et.c. 

Side play or clearance of lower coDDecting-rod bearings is 
usually about .002" to .003". . 

The fitting of aluminum-alloy connecting-rods to 
the crankpin bearings should be given careful atten­
tion. The clearance on this bearing fit, as stated 
by one manufacturer, should be about .0015" on 
the diameter. See also page 808. 

How Connecting-Rods are Babbitted 
Connecting-rod bearings are, in many cases bab­

bitted or cast directly into the rod and cap, termed 
"cast-in type." The cast-in type may be described 
as a non-removable type of cast bearing. As the 
name implies it is built by filling the bearing seats 
with molten babbitt metal by any one of several 
processes as mentioned on pages 781, 782. 

It is always best to have the rods re-babbitted at 
the factory or service station. Some makers even 
exchange1 the rods in order to facilitate service. 

~'or example, the following wording is taken from 
the Oakland six instruction book: 

"The connecting-rod bearings arr. a high grade of babbitt cast 
directly into the rod, and are use~ without shims. The high 
quslity of babbitt and large bearini. surface insure a very long 
life for this bearing and when it has become worn to aJ'oint 
where there is looseness producin11: a pound, we recommen that 
it be exchanged for a new rod at our service stat.ion. The upper 
end of the connecting-rod carries a bronze piston pin bushing." 

At the present time the most widely used method 
of inserting or bonding the babbitt metal to lower 
end of rod and cap is by the centrifugal process 
wherein the rod is held stationary with the big end 
surrounding a rapidly revolving hollow mandrel pro­
vided with suitable outlet holes throu~h which the 
molten babbitt is .,jected on to the previously tinned 

surface of the big rod end. By regulating the tem­
perature the babbitt metal cools just enough to 
adhere to the rod and allow building up to the de­
sired thickness. Due to the hi~h centrifugal pres­
sure on the babbitt, there is little chance for air 
pockets and a dense, close-grained layer of babbitt 
of desired thickness is secured. This is termed a 
"spun-bearing." 

Another method consists in pouring the molten 
babbitt under air pressure between a sfationary 
mandrel and big end of rod. With the exception of 
the metal being forced into place by pressure the 
process is similar to gravity pouring with a ladle and 
stationary mandrel. The above two methods are 
usually factory methods. 

Babbitting a Connecting R·od; Gravity Pouring 

As an example of gravity pouring with a ladle and 
stationary mandrel the following is given:2 

SMOCfTH SURFACE MA.OUN£ TABLE 

Fig. 66 (left). A simple 
method of holding the con­
necting-rod for re-babbitting 
the large end.• 

Fig. 67. Method of groov­
ing re-babbitted bearings. 

To pour and bore these bearin~s requires some skill, and it 
is a difficult job to set up. A simple method is depicted in 
Fig. 66, in which a machine table, such as that of a shaper or 
milling machine, is used, as these have T-slots to fastei, the 
work to. 

To get the new lower bearing in line with the piston-pin bear­
ing is not easy, but if the ends of the piston-pin hub are in good 
shape, one of these can be blocked up and bolt,-d down on the 
machine table. Then with the babbitting mandrel held 
vertically and located from the center of the piston pin, the 
bearing will line up ,,rithin scraping distance, the setting being 
obtained by measurements. 

The babbitting mandrel can be made of wood, which will 
leave a fairly smooth babbitt surface. It must be bolted down 
to prevent shifting when pouring the babbitt. U a metal 
mandrel is used, it should be heated before using. 

To form the two halves, a liner is inserted on each side that 
touches the mandrel, both halves being run at the same pouring. 

The babbitt can be heated in a ladle, using a slow beat and 
stirring frequently. For best results the babbitt should be 
poured at the proper temperature, which is that at whfoh it 
will char a, pine chip, but will not ignite it (or a dull red, see 
also page 790). 

tw~es~e,.::t~o~t.)~•t~.!'~~i~~tul:i~ltt:n"!~•~~ur;ea<t'e"ci• 
somewhat. This prevents sponginess and blisters in the bab­
bitt. Stir and skim off dross just before pouring, and pour 
rapidly. 

Note: A popular babbitt formula contains 85 per cent tin, 
7½ per cent copper 7½ per cent antimony with a maximum of 
l per cent lead. The metal is usually heated to soo• F. while 
the tin melts at 450". It will start to oxidize and form a dross 

1 See p. 690 under "Connecting Rods." 

'Fi-om .{uto1nobile Digest. See also p. 790 on babbitting. 

' Machines for rebabbitting main and connecting rod 
bearingS can be obtained of: Automotive Maintenance 
Machinery Co., 2100 N. Commonwealth Ave., Chicago, Ill.; 
Freeport Machine Works, Inc., Freeport, Ill. 

• Tinning compound should be put on hot rods before 
babbitting. The Metal Bond Mfg. Co., St. Louis, Mo., make 
such a com-pound, a.Jso brazing and welding flux. 
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on top which looks like dirt but is tin. Each time you skim 
it you are reducing the percentage of tin, and the babbitt 
becomes harder and harder. 

After the bearing has cooled, the oil holes can be drilled, and 
then the final operaLlon or fitting (see page 790A) can proceed. 
It will be necessary to cut new oil grooves, which can be accom• 
plished with a hammer and cape chisel, as shown in Fig. 67. 

Pointers on Connecting-Rod Bearings as 
Usually Found on Tractor Engines 

Rods and caps should be marked: Before remov­
ing any of tbe collllerting-rods they should be 
examined for ideutificat.ion marks (Fig. 68). The 
marks referred to are placed on the connecting-rod 
and cap, so that they may be reassembled in their 
original positions. 

Fig. 68. The marks are 'put on the rod and cap when the 
engine is assembled. Note that there are three marks on the 
cap and three on the rod; thus they are for cylinder No. 3. 
II there are no marks, they should be put on rod and cap. The 
rod and cap should be marked with the snme mark, but a. 
different mark should be used for each rod, ·so that they will be 
put back on the same cmnks. A common way of doing this is 
to mark them, 1, 11, 111, 1111-starting at the front end of the 
engine. The best practice is to put marks on side facing cam­
shaft as a guide to prevent mist.akes in asse,nbling.' 

Fig. 68A. Dressing-down a crankshaft connecting-rod bear­
ing pin which is slightly scored, without removing crankshaft. 

Bearings must be fitted to a perfectly round bear­
ing pin: When the connecting-rods have been re­
moved, the shaft should be tried for roundness. 
This is easily done with a pair of calipers carefully 
handled. If the shaft is found to be out of round or 
scored, there is no use fitting new bearings without 
first dressing down the shaft. 

This work may be done at the time, without 
removing the shaft if the shaft is not in very bad 
shape. Wrapping around the journal a riece of 
emery cloth which will cover it for the ful length; 
around the emery cloth a stra.p is wrapped once, and 
the operator pulls back and forth on the ends of• the 
strap (Fig. 68A), changing position of emery cloth 
frequently. 

OILOJPPER 

CAP 

J'ig. 69. When bear­
ing flanges are too thick 
dress with a file and use 
a bnlf-row1d block. 

Fig. 70. Connectin~­
rod bearing cap, with 
bearing half.' 

Fig. 71. A type of connecting-rod of heavy co1Lstructiu11, 
usua(ly found on tract.or eniines. 

Fit backs of bearings to seats: luspecL bearings 
for oil and set screw holes to locate bearings to match 

1 See aLso Index: "Adjusting truck-engine bcaringa." 

holes in bearing seats. When flanges are too close 
to permit bearing to seat properly, dress off sides of 
seats, however bearing must fit very snug. Tap 
bearing in place with hammer and a block of wood. 
Avoid distorting bearing (Fig. 69). 

Bearing anchored to prevent turning: With bear­
ing properly seated, insert anchor screws or rivets 
and tighten in place; screws should be peened with 
a ha=er or punch, on the end of threads to avoid 
coming loose. 

Bearings that do not have ancho• "'-rews or rivets should be 
carefully fitted so that the edges of bearing have a full and rigid 
contact against the shims when cap is bo.lted in place. 

Bearings that are full halves and that do not use anchor 
screws, rivets, or shims should also be fitted with a lull and rigid 
contact at the edges when cap is bolted t.ight. To secure this 
rigid contact, allow bearing ha!Yes to _proiect slightly, about 
.002" above the edge of seats (see also l"ig. 3G, page 781A). 

Fitting bearing to shaft: Face off sides of bearing 
flanges, allowing enough clearance for side play 
(about .003"). Scrape bearing fillet (rounded edge 
of babbitt lining) to fit fillet on shaft (rounded 
corner of crankpin). In order to do this enough 
babbitt metal is removed by scraping fully to install 
bearing to secure full contact with crankpin. 
Operator is now ready to "spot" bearing for a final 
fit. • 

To spot and scrape: Cont the crankpin with a thin layer of 
Prussian blue (a very thin coat applied with tip cif linger and 
rubbed nil around journals is sufficionti too much gives poor 
and uncertain spotting). 

Insert the same thickness of shims in each side of bearing, 
allowing the bearing to have a tight fit when cap is bolt,od tight 
in plncei turn rod two or three times around shaft in one 
direction only; remove cap and "spot" with bearing scraper; 
remove 'l\ith a slight cut only the "high spots" marked by the 
Prussian blue; deer. cuts exaggerate the rough surface and will 
result in indefinite 1spott,ing-in." 

Assemble and bolt cap in place and repeat "spotting-in" 
opemtion until approximately 80 per cent of bearing shows full 
contact with journal. 

Assembling bearing: Clean off journal and bear­
ing faces and inspect oil holes and grooves. Remove 
cuttings to prevent clogging of oil boles and groove~; 
cut grooves deeper if too shallow; apply oil to bear­
ings; install or remove the same thickness of shims 
on opposite sides of bearings to adjust them; bolt 
cap in place, allowing oil clearance (see page 784A). 

Always adjust bearings with shims when shims 
are used. When shims are not used, file or dress off 
faces of caps when too loose, or scrape bearing for 
clea.rance if too tight, but never tighten or loosen a 
nut-or capscrew to adjust a bearing, as caps should 
always be drawn or bolted tight. Now install new 
cotter pins. 

Bearings should never be adjusted so tight that 
shaft cannot be turned with starter or with startinp; 
crank. The only exception to this is when the 
bearings are to be burned-in or run-in on a running­
in machine; refer to page 789. _ 

Main bearings: The main crank-shaft· bearings 
are fitted in much the same way, except that all the 
upper bearing halves must be fittef:1 at the same 
time. Fitting one bearing at a time would be 
pretty sure to result in getting one lower than the 
other, which would cause the shaft to bind when 
the caps were put on. The caps may be fitted one 
at a time. 

'rhe job of fitting bearings calls for care, precision, 
und a certain amount of mechanical ability. The 
~\'OTk outlin~d above may easily be adapted to almost 
any kind of engine bearing. 
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ALIGNMENT OF PISTON AND CONNECTING-ROD 

When new connecting-rods are installed, the con­
necting-rod should be tested for alignment before 
and after it is fitted to the piston. The rod may be 
slightly twisted or bent and good results will be 
obtained only by having the piston pin parallel with 
the crankshaft bearing (Fig. 73) with the proper 
clearimce between the piston pin bosses on the piston 
and the end of the connect,ing-rod. 

After fitting the piston to the connecting-rod, a 
further check can he made by the use of connecting­
rod fixture shown in Fig. 72, or if the fixture is not 
at hand by clamping the connecting-rod to an arbor 
as illustrated in Pig. 75 and testing for alignment 
with a combination or carpenter's square. 

After having fitted the bearings, as previously 
explained, the rod bearings should now be tested for 
parallelism. -The piston pi.n and the crank-throw 
must be parallel, and the bearings thp,t they move in 
must also be parallel, or binding and rapid wear will 
take place. This should be done before and after 
sci-aping the bearings (Fig. 72). 

If the connecting-rod is distorted or bent, to even 
ihe slightest extent, it will cause a knock or "piston 
slap" and wear on one side of the cylinder wall, and 
will also cause the rings to stick and leak; therefore, 
before assembling, some means must be found of 
determining if the piston is in perfect ali~nment with 
the connecting-rod, crankshaft, and cylinder. 

Very often, knocks that develop i.n engines (after 
they ha.ve apparently been thoroughly overhauled), 
will be found to be due to the fact that the connect­
ing-rods are slightly bent sidewise, or got out of 
true when fitting the cylinders clown over the piston, 
or when removing and replacing them. One 
cylinder will get a slight lead, or one ring does not 
properly enter, the cylinders are twisted, and in an 
effort to align them, the rods are bent. When the 
engine is finally assembled, it is very noisy, due 
entirely to the fact that one or more of the rods 
have been bent sidewise, and when the force of the 
explosion is exerted on the piston head, the wrist­
pin end of the connecting-rod is driven sidewise 
against the piston boss. 

There are three disalignments possible in the 
piston and connecting-rod: piston pin not paraHel 
with crankpin; rod bent, or improper offset in 
"offset'' rods; twist in rods. Before replacing these 
parts they should be tested on a. device as shown in 
Figs. 72 and 73. 

Fig. 72. A connecting-rod 
and piston aligning jig or fixture. 
Note that the test is for the 
purpose of ascertaining if the 
connecting-rod is bent sidewise 
or if cross bore of piston is 
accurate (meanillJ;l that !,he pis­
ton-pin when inserted' ";n be 
parallel to the crankshaft). 

If all of the skirt (C to D) of 
piston comes flush with the face 
plate and if they touch at points 
(C and D). then tbe·piston and 
connecting-rod are in align­
ment. If, however, the piston 
touches at·the bottom at (D) 
but not at the top (C), then the 
connecting-rod is bent to the 
left. II it touches at the top 
(C) and not at the bottom ID), 
it is bent to the right, Note 

. that the test is made on an 
• ,,rbol' and btishing the size of 

crankpin. After testing one 
side, remove connecting-rod and 

reverse and le.st. the other side. lf bent, straighten with bi;u· 
(Fig. Hl 

Note: Tapered pistons are smaller at top than at skirt. For 
exemple, a 1''ord piston is .010" smaller et top; therefore thero 
should be n clearance of .005" at (B) between top of piston and 
face plate. The bottom, or skirt of piston (C to D) should fit 
snugly against face plate without any clearance. 

Fig. 73 (left). Same 
device as shown iu 
l'ig. 72 being used 
to test the connectini­
rod to see if it 1s 

twisted. It is clear that if the piston-pin (PP) should not touch 
the s~rface blocks at both points (X), the conuecting-ro<I is 
twisted and should be bent back with tool (Fig. 74). 

Fig, 74 (right). Straightening bar• for a bent or t"istcd rod. 

Fig. 75 (left). A ground arbor and a square can be used to 
check up the alignment of the connecting-rod and piston as• 
sembly if a special fixture is not available. This should be done 
both before and after scraping the bearings. A spirit level 
should be used to level top of piston. Blade of square should 
touch piston skirt at exact center. 

Fig. 76 (center). The illustration is exaggerated in order to 
show how a piston that is cocked as a result either of the con­
necting-rod being out of alignment with the piston, ,vill scrape 
oil up on one side and down on the other side of the eylindr,r 
walls. Bearing at lower end of rod will also be cocked or cramped 
to one side. 

Fig. 77 (risht). The spade type or flared-end connecting­
rod. In order to get a better distribution of the load on the 
connecting-rod bearings1 some of t,.be engine makers flare the 
ends of the connecting-rods as shown. This naturally results 
in such a bearing wearing less, because the load imposed upon it 
by the explosion stroke is taken over a greater spread, tban 
where the I-Beam part of the rod is brought to the cap end in 
approximately n risht angle, or a small fillet. 

The connecting-rod has come in for a good deal of 
attention during the last year or so. In nearly every 
case makers are now finishing their rods much better. 
Some.go so far as. to machine the rods all over, and 
take great care in balancing them. Heretofore some 
makers have weighed their rods, and if they were 
within ½ oz. of each other, they passed inspection. 
These same makers now carefully balance the rotat­
ing ends of the rods and the reciprocating ends, be­
cause it is of prime importance to get the rotating 
weights alike as well as the reciproca.ting weights. 

1 Service station tools and equipment can be secured ot 
such concerns as: Automotive Maintenance Macbi,iery Co., 
Chicago, Ill., • 

Shepard-Thomason Co., Los Angele.~. 
Calif.; Stol'lo Mf'g Co., Minneapolis, Minn.: 

Bench 
or surface plates lor testing bearing caps o.nd Qther such parts 
cili:J be obtained of such fi,ms as those mentioned above. See 
nlso list of auto supply houses. page 687, and ads in trade 
magazines. See page£ 714 and 790B for n list of concerns who 
supply reamers. 
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IMPORTANCE OF OIL PRESSURE IN RELATION TO CRANKSHAFI' BEARINGS 

As an example, we will use the Oldsmobile eight­
cylinder V-type engine, model "45-B." 

Oil-\)ressure regulation: ·fhe oil regulator is 
shown in Fig. 80. Note the position of the oil-pres-
8ttre adjui,'tb.g screw and the ball-check valve. Dirt 
beneath this valve wi!l cause a drop in pressure, and 
may be removed by snapping the ball up and down 
a few times with a piece of wire inserted through the 
oil passage. 

F'ig. 80 Fig. 81 

Fig. 80. Oldsmobile (eight-cylinder, V-typc enginej oil­
pressure regulator. 

Fig. 81. The main bearings arc bolted to t.he left cylinder 
block. Note the return oil groove. This should be free to 
permit the oil return. 

The oil-pressure regulator is on the front left-hand 
side of the engine, as shown in Fig. 80. If the oil­
pressure gau(!;e on the dash registers below 5 lbs. at 
10 m.p.h., it 1s necessary to regulate the oil pressure. 
Thn following is the method: 

1. Screwing the oil-pressure adjustment screw 
in wards should raise the pressure, and remedy the 
conditions. When the engine is steadily raced, a 
maximum pressure of 25 lbs. should be shown on 
the gauge. 

2. If this is not the case, remove the oil line from 
tbe pump to the regulator, and also the elbow at­
tached to the regulator. Then with a 3/16" wire 
or rod, bent at right angles for¾", reach into the oil 
passage and depress the ball valve a few times. This 
will release any dirt beneath the seat wb..ich has 
cansed low pressure. 

After replacing the parts, it will be necessary to 
,1djust the oil-pressure screw as directed. It is also 
advisable to drain the crank case and flush it out 
with kerosene, when conditions are as described. 

A medium-weight oil should be used, and, as is 
common with the present-day low-grade gasoline, it 
will be best to drain the oil, flush out the base, and 
replace new oil every 500 m.iles. Five quarts of oil 
are needed to completely replenish the oil supply. 

Should a crankshaft bearing ever burn out, it 
will be necessary to see that all oil passages are 
tested for clearness before replacement is made. 

If any of the oil passages in the crankshaft are 
stoppedba ¼" twist drill may be used to remove 
the bab iti. 

Testing shrnld not be done with an air hose. The 
best method is to clean the end of the oil passage 
and blow by means of the mouth; the mechanic can 
thereby feel exactly the condi~ion of the oil passage. 

Cleaning oil lines: Usually a short-length twist drill is used 
for clearing babbitt out of the crankshaft after a bearing i• 
burned out. Most tool stores carry long-shank twist drills, 
with which this work can be carried out beher. 

This precaution applies equally well if a connect­
ing-rod bearing burns out. Before the new bearing 
is installed, all oil passages should be cleaned with 
compressed air. Very probably one will find a 
thick, black, pasty substance in the oil pipes con­
necting the crank cheeks, and also in the drilled 
passages in the crankshaft. This is carbon, road­
dirt, and oil emulsion formed by the mh.1,ure of oil 
and water-the water being one of the products of 
combustion or having entered the crank case through 
a leaky head gasket. 

Fig. 82 Fig. 83 

11"ig. 82. A piston clamp. as sho,vn, facilitates pisto11 and 
ring replacement through the crank case. 

Fig. 83. These a.re t,he running clearances that should b<l 
observed when refittin" tho connecting•rod bcaring:s. 

If air is not available, use a tire pump by removing 
the connection and applying the end of the hose to 
the mouth of oil holes. 

Connecting-rod bearing clearances: In fitting 
the colJ.llecting-rod bearmgs, it is essential that the 
correct clearance be observed in order to give proper 
action. If the mechanic uses those methods com­
mon in fitting the connecting-rod bearings on four­
cylinder engines, the bearings will be drawn too tight 
and will cause future trouble. 

The plain, or blade rod shown in Fig. 83 bears on 
a bronze bushing, which in turn runs on the crank­
shaft. If this bearing does not have from .002-
.003" clearance, the bushing will expand faster 
t,han the plain rod and cause binding. This condi­
tion will be indicated by a burning out of the babbitt 
around the center of the bearing proper. 

The following is the proper method of fitting the 
plain or blade-rod bearing to obtain the proper 
clearance. 

1. Fit the babbitted bushing to the crankshaft 
bearing, and bolt the fork rod tightly in place. 

2. Procure a strip of shim brass ¾"wide and .001" 
to .0015" thick, just long enough to lap around 
the plain rod bearing on the bronze· bushing (see 
Fig. 84). 

3. Bolt the plain rod in position and adjust until, 
when tb.E; bolts are tight, the flain rod may be 
turned, B'ut not loosely. Then i the brass shim be 
removed, the plain rod will have the proper clear­
ance. 
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The side clearances may be checked up by means 
of a thickness gauge. It is essential that the clear­
ance shown be followed. An absolute check on the 
bearing fits may be determined by using an inside 
and outside micrometer, and the careful mechanic 
will use this method instead of guessing. 

Fii;. 84. A strip of shim bra.ss 
applied in the manner shown 
enables the mechanic to obtain 
the proper clearance bct\veen 
the blnde rod and the bearing 
proper. 

Adjustment of main bearings on the Oldsmobile 
model "45B" is described below and serves as an 
example of how bearings are adjusted on the average -
eight-cylinder V-type engine: 

1. Remove the oil pan, place a jack under the 
flywheel "take the strain"-noting carefully if the 
crankshaft has any motion in the bearing. If such 
motion exists, remove the main bearing cap and take 
an equal number of shims from each side of the bolts, 
usually about two. 

2. Examine the cap carefully to see that the crank­
shaft has a good bearing. In some cases the lining 
of the bronze bearing has been partially ruined, from 
Jack of oil, which later causes leakage from the rear 
end of the engine. 

3. Use air hose or a tire pump to blow through 
the drain hole which brings back the oil from the 
rear of the rear main bearing into the oil pan· this 
is a "cored" passage beneath the bearing, and con­
nects \v-ith a groove in which a collar formed on the 
crankshaft revolves, throwing; off the oil. There 
may be dirt or a stoppage at th!S point, preventing a 
proper return of the oil to oil pan. 

4. When all of these points have been taken care 
of, replace the bearing cap and tighten up firmly. 
Crank the engine by hand. lf it is not stiff, but hus 
more "feel" to it than existed before you made the 
adjustment, this will indicate that the bearing is u 
close and proper fit. If it is still quite free, it would 
be advisable to check the bearing again, and see 
that it is not loose. 

Note. In removing shims, be sure to take the same thickness 
from each side. 

Fig. 85. illethod of 
oiling the main bearings 
on the ;\-litcbcll. The 
space back of the bear­
ing forms n reservoir, the 
oil being forced through 
hole.s (DJ and (E) und<!r 
pre;saure. 

RELATION OF VIBRATION TO BALANCE 
Centrifugal force and the force of inertia are the 

two main forces causing engine vibration. Both 
affect those parts having rotary motion, and inertia 
affects those parts having a reciprocating motion. 

Vertical vibration is a "vertical or up-and-down 
vibration" of the reciprocating parts at certain angu­
lar positions of pistons and connecting-rods, and 
is more common in a 4-cylinder engine. A vibra­
tion balancer reduces this vibration. (See page 
780.) 

Torsional vibration is a twisting vibration. It is 
sometimes noticeable in 6- and 8-cylinder auto­
mobile engines with long crankshafts. Assume that 
the crankshaft is made of rubber. When the front 
cylinder fired, it would tend to turn the front of the 
crankshaft very rapidly, but the inertia of the fly­
wheel would tend to prevent this rapid increase in 
speed at the rear of crankshaft. 

Therefore the result would be a "winding-up" of 
the mbber crankshaft. As the force exerted by the 
front cylinder decreased, the rubber crankshaft 
would "unwind" again. This repeated "1vinding" 
and "unwinding" sets up a twisting or torsional 
vibration. 

,:vbile, of course, the steel crankshaft is not as 
elastic as rubber, it is sufficiently elastic to permit 
torsional vibration. 

It is obvious that the shorter the distance between 
the flywheel and the farthest removed cylinder, the 
less will be the winding effect. Hence a flywheel 
mounted at both ends of the crankshaft, as on the 
Rickenbacker (termed tandem flywheels), accom­
plishes the same result as making the crankshaft 
only half as long, as far as torsional vibration is con­
cerned and would decrease the torsional vibration. 
A stiff crankshaft decreases twisting or forsional 
vibration, but has the disadvantage of '.1'-!ding weight 
to the engine. A slipping flywheel or vibration 
damper is another method of reducing torsional 
vibration. (See page 780.) 

Crankshaft whip, or a-tendency to "whip" around 
at high speeds, is a term used to express what some­
times occurs to long crankshafts, especiallv tho~e 
with bearings out of line. Some methods" to de­
crease whip are: (1) using a stiffer crankshaft; (2) 
placing the main bearings closer together; (3) plac­
mg counterweights on the crank throws. 

Periodic vibration. A vibration is said to be 
periodic when it recurs at equal intervals. Thus, 
during two revolutions of the crankshaft, cert,ain 
vibrations occur; if, during the next two revolutions, 
these same vibrations are repeated, they are said to 
be periodic. 

Balancing is the effort to reduce the effects of 
·vibration. There are two main classifications: (1) 
balance of rotating parts; (2) balance ofreciprocating 
(up-and-clown motion) parts. 

A part. or combination of parts may be perfectly 
balancec.. when at rest, but not when the engine is 
running at a high rate of speed. This leads to a 
further classification: (1) static balance, which means 
balance when at rest; (2) dynamic balance, which 
means balance when in motion. An engine may 
have perfect static balance and yet not have dynamic 
balance. 

To obtain static balance of rotating parts (crank­
shaft and flywheel) it is necessary to machine them 
so that the weights are equal in all directions from 
the center when at rest. 

To obtain static balance of the reciprocating parts, 
it is necessary to have the parts equal in weight, 
that is, all pistons with rings and wrist pins equal in 
weight, and all connecting rods Pqual in weight. 

Dynamic balance of the rotating parts (crankshaft 
and flywheel) is perfect when the centrifugal forces 
are equal in all du-ections at any point. 

One method of aiding dynamic balance is by plac­
ing counterweight.~ on the crank throws. Another 
method is the divided flywheel (one in front and one 
in the rear) 
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OIL TEST FOR ENGU'l!E BEARINGS 1 

A bearing test successfully used in the air service and also 
in the maintenance stations of some of the ~rominent auto­
mobile manufacturers for several years is-an otl test for deter­
mirung the condition of the bearings on a pressure-lubricated 
engine with a drilled crankshaft. 

The test is made by disconnecting the regular oil pump and 
possing oil through the system by means of pressure. 

If the bearin~ clearance or seal between crankshaft bearing 
pin and bearing 1s as it should be, very Httle oil will leak through. 

If the clearance is too great 1 a greater qu8Jltity of oil will pass 
from between the beo.rinr: anct jou.roal. 

Ii. an oil passa. ge was clogged the indication will be that there 
will be a great difference in the number of strokes on test pump, 
and no oil would leak from bearing. 

If one bearing did not get any ·oil it would be necessary to 
trace the oil pBSSage from the oil pump through the,o\l manifold, 
waking sure that all these passages are clear. 'l his could be 
most easily done with an air hose and a small tube that coul<l 
be fitt.ed tightly into the oil holes in the crankshaft. 

As an example, the Packard oil test method will be used. 

Packard Oil Test for Eugine Pressure- Lubri­
cating System 

Purpose: The test tank should be used in inaking a.n engine 
inspection, ns it is po.~'5ible to determine very accurately the 
condition of the bearings. 

Oil Ml!-nifold 

Fig. 86 Oi.l 1'e~,. 
Tonk 

It is very valuable in correcting over-oiling, because it tell, 
the mechanic whether the difficulty lies in the fit of the bearin~• 
or in the pist-Ons and rings. 

It should also be used for checking bearing work after nr: 
engine overhaul and if properlr applied will indicate if the bear­
ing bas too much diametrica clearance or if the oil pn.ssage• 
are clogged or partially clogged. 

In making a test with this tank (Fig. 86), the following 
procedure should be observed: 
1. Drop bottom half of crankcase. 
2. Disconnect oil manifold from oil pump. 
3. Fill test tank two-thirds full of oil out of engine, unless it is 

•SO thin as to be of little value in making the test. Engine 
should he warm just prior to being pulled down to make th,; 
test. 

•I. Connect test-tank hose to engine oil manifold. 
5. Keep tank pumped up to 30 pounds minimum pressure (u~e 

a hnnd pump). 
6. Gauge on instrument board should register approximately 

same as gauge on test tank, except when cylinders l and 1; 
are on upper dead center, ns in this position there is a direc~ 
flow of oil through camshnft t-0 lubricate the front end <·lmiu 
and sprockets. 

7. Crank engine over by hand crank. 
8. Flow of oil from connecting-rods and main bearings should be 

in drops before reaching floor. With the full metered bear­
ings as now used the oil should leak from the bearings in a 
fine stream, but will form drops before it hits the pan on the 
Boor. In other words, the oil stream would not be continuous 
to the pan.• 

A stream of oil from the bearing to the oil pan would 
incHcate too much clearance and it would be necessary to 
take up on the bearingi,. There are no shims on the Packard 
six or eight, therefore this dressing is done by rubbing the 
cap over a piece of emery cloth laid on a surface plate. 

In refitting the main and connecting-rod bearings, they should 
be set up witb a minimum clearance of .001", and if this is 
done, the crankshaft may be turned over freely with the hand 
crank a£ter all main and connecting-rod caps a.re drawn \1p nnd 
the cotter pins in place. 

It will thus be seen that by the use of the hand crank and the 
oil test tank, a positive check can be obtained on the condition 
of all bearings, the band crank checking for Light bearings, nncl 
the test tank indicating when the bearings a,·e too loose. 

THE RICARDO CYLINDER HEAD' 
Purpose: To produce complete 

combustion or all the gases enter­
ing combustio11 chamber. In an 
engine with an ordinary head the 
fuel charge separates arter it enters 
the combustion chamber, which per­
mits the outer layer of this charge 
to cling to the walls to cool o.nd 
become stagnant, or slow to iD:nitc. 
while t.he otbcr pa,rt is burned. These 
dead, stagnant gases fail to burn 
during the explosion period-they 
burn aHcrwards or during the ex­
haust stroke (known as after-burn­
ing); therefore this heat and energy 
is wasted. After-burning causes high 

power losses, excessive engine temperatures, which in turo cause 
detonation,' more commonly c.n.lled 0 pinging" or "knocking." 

'!'he illustration above shows a sectional view of Ricardo 
cylinder head, indicating by arrows the swirl of the gas mixture 
just prior to the passage of the ignition spark. 

Turbulence is produced by the piston forcing the gas up into 
the combustion chamber and causing a rapid swirling of the 
main body of the charge, thus distributing the flame rapidly 
t·hroughout the mixture. 

Principle of Ricardo' head: The fuel charge (owing to the 
shape and design; see illustrn.tion) enters the combustion cham­
ber, during the compression stroke, n.s a swirling, inten!ively 
turbulent, wholly combust,ible uniform mn.ss. This turbulence• 
or the switHng motfon of the fuel charge is of the utmost im­
portance. Because of it, the outer layers of the fuel charge are 
dug off the combustion chamber walls and hurled into the 
energy-producing explosive mass, and thus. the great bulk of 

1 See pages 1052-1054 for piston clearance, compression­
ratio, and other subjects formerly on this page. 

' Invented by Harry Ricardo, Shoreham, England. 

in~i~•,~;,\'ii~f!_• 115, relative t-0 producing turbulence in the 

• The definition of detonation is given on page 1075. 

the gns is reached mor., quickly by tbe sp&rk and 8 to 12 per 
cent or otherwise wasted fuel is made to burn in tirue to 
contribute power to the piston rathe1· than to heat the exhaust. 

Fig. 88. (A) Indicates a dark stagnant layer in a lazy mov­
ing mixture approximately r, inch thick, constituting in a 
co1nbustion chamber between 8 and 12 per cent or the total 
volume of useful fuel. This layer burns too slowly to contribute 
its power to the piston before the exhaust valve is open. 

Fig. 89. (13) Indicates the practical elimination of this dark, 
stag11ant layer, due t-0 turbulence in a Ricardo head by driving 
this gas layer out into the body of the flame. Thas the 8 to 12 
per cent of othernise wasted fuel is made to burn in time to 
contribute power to the pist-On rather than heat to the exhaust. 

When operating an engine equipped with a Ricardo head, the 
,w_ark should not be advanced too far. 'J'.he fuel mixture_ i u n 
Ricardo head burns much faster than rn the convcnt,onal 
head, and because of this increased combustion speed, the ex­
plosion does not need to occur so soon. 

The advantages ·claimed by the manufacturers (Waukesha 
Motor Co., 'Waukesha, Wis.) is that more power with much Iese 
fuel, more speed, Quicker acceleration, easier and quicker 
starting, fast getaway and elimination of engine pinging and 
detonation 4 (even with less expensive grades of gasoline) arr 
the result of the use of this head. 

• When the oil line is coupled up and the oil is turned on tc 
the bearings, it is possible t-0 obtain an extreme leak from indi­
vidual bearings when stopped in certain positions in addition 
to t.he main po.sition of one and six up; in other words. the 
check should be made by slowly turning the crank and not 
when the crank is standing still in any one particular position. 
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PISTON~ 1 

The piston and piston rings act as a seal when 
compressing the gases. . The piston transmits the 
energy of the ei...1)anding gases through the connect­
ing-rod to the crankshaft; it fmictions also as a 
guide for the piston pin. The piston and rings 
should, therefore, fit the cylinder walls as closely as 
certain limits permit. 

Owing to heat generated in the engine the pistons 
expand: therefore it is necessary to fit the pistons 
in the cylinder with a clearance that allows expan­
sion and provides space for the oil film. 

The head or top part of a piston (being next to 
the combustion chamber) is subjected to greater 
heat tha.n the skirt, therefore greater clearance is 
given by the manufacturer a.t the top. 

Piston heads are made flat, crown or dome-shaped, 
bevel or chamfered, and concave or hollow head. 
The majority are flat head. 

Piston rings are fitted to grooves in the piston. 
The usual practice now is to fit 3 or 4 rings above the 
piston pin. The purpose of the ring is to fill up or 
seal the gap clearance between the cylinder wall and 
the piston, preventing the gases escaping into the 
crnnkcase and an excess of oil working into the 
combustion chamber. As these gases are under 
pressm·e, it is necessary that the rings fit snugly not 
only around the cylinder wall, but in the grooves of 
the pistons as well; otherwise the gas and oil work 
through, behind the ri111,,s. 

Piston material: Pistons are made of cast iron or 
aluminum alloy, semi-steel, and duo-metal. 

Pistons are usually made of cast iron, and this type 
is the one in general use. \Vhen heated, cast-iron 
pjstons expand, but not as much as aluminum-alloy 
plStons. 

Aluminum-Alloy Pistons 

Aluminum-alloy pistons are used in a great number 
of engines. They expand more than cast-iron pis­
tons, but since they cool more rapidly than cast 
iron, they permit a higher compression pressure. 
(Higher compression increases heat.) 

By reducing the weight of reciprocating parts, 
quicker acceleration is also made possible. 

They give longer life to the bearings by reducing 
t,he bearing pressure, especiaJly at high speeds. 

The-inertia of the reciprocating piston is reduced 
considerably. This cuts down side pressure, or 
thrust, on the walls of the cylinders and reduces fric­
tion and the consumption of lubricating oil. 

The great heat conductivity of aluminum alloy 
lessens the ca.rbon deposit on the piston head, and 
the deposit is more easily removed. 

It is claimed that in cases of extreme heat the 
lynite piston will not "score" or cut the cylinder walls. 

It is a proven fact that the lighter the piston, the 
quicker 1t will operate. Therefore greater speed 
md flexibility are the result. 

The main disadvantage, with the aluminum-alloy 
piston of the solid skirt or trunk type, where .no 
provision is n:iade for maintaining constant clearance, 
is the "slap" which often occurs, as explained on 
page 779. 

As the aluminum-alloy piston expands two or 
three times as much as a cast-il'On piston when 
heated, it would be necessary to give two or three 
times the clearance, therefore the clearance of an 
aluminum piston when cold is considerably more 
than that of a cast-iron piston; consequently, until 
the engine is warmed up, there is more or less slap­
ping noise. As the heat increases, the piston ex­
pands and the noise disiippears. 

During this expansion period, raw gasoline is 
drawn from the cylinder, past the pistons, into the 
crank case, thinning or diluting the oil. lVIethods 
have been devised to overcome this objection as will 
be explained. 

A long step in advance is the constant-clearance 
type of aluminum piston. Briefly, this is a piston 
which does not expand in the same way as an iron 
piston. Usually the skirt of piston is cut or split, so 
that when the piston does expand it simply closes 
this cut and does not, therefore, change its diameter. 
Hence the clearance substantially remains the same 
at all temperatmes. 

Where the constant-clearance type of piston is 
used, it is generally made with an opening on each 
of the two thrust sides of the piston extending 
circumferentially around the piston excepting for a 
small portion where the piston pin bosses are lo­
cated. 

The object of this head slot is to separate the upper 
portion of piston, or heat portion, from the skirt and 
the load resulting from the gas pressure is transferred 
directly from the piston head to the piston bosses. 

When split-skirt type of pistons are installed in 
cylinder blocks, the split side of the piston must be 
placed on the side of engine having lesser thrust (see 
pa.ges 809, 811, 814, 780, explaining). 

An example of the constant-clearance type of pis­
ton is that shown in Fig. 1. In order to use small clear­
ances and still avoid any trouble due to ei...1n1,nsion 
of the metal, the piston skirt is split along one side 
and slotted near the top and joined to the head only 
above the piston pin bosses. The pistons are ~ven 
a closer fit in the cylinder, even when cold. 'I here 
is, therefore, no undue noise in the engine when first 
starting up. When heated, the sides ei-1)and cir­
cumferentially and along the diagonal split without 
increasing the outside diameter. 

Interior ribbing provides exceptional strength and 
eliminates binding of the piston pin. Besides 
eliminating the effects of expansion of the piston, 
the slots act as oil drains. 

1 Note: Pages SOi-824: There mny be n slight discrepancy 
between the index and the text. See footnote, pnge 809. 
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The layout for making this piston (Fig. 1) has 
been arranged in the belief that piston wear, oil 
pumping, and failure of the piston rings to make 
proper contact with the cylinder walls are due largely 
to misalignment. This misalignment causes the 
piston to cock in the cylinder, so that one side of it 
becomes a scraper, givin,£unequal lubrication around 
the walls, as shown in Fig. 76, page 803. 

Fig. 1. Aluminum-alloy pistons of the constant clearance 
type with a split skirt. Pistons of this type can be given less 
dcar-ance. With the use of aluminum pistons which cool reacli­
ly 1 the use of larger valves and higher compression is per-
m1ssible. ~ 

The piston, Fig. 1, is the McQuay-Norris (see also Fii,:. 6A, 
page ~11, f~r descriptio~ and ,dearan~es). The piston, Fig. 
lA (ngbt), ,s the Perirutc. 1 hose p1stons can be supplied 
finished or semi-finished o,nd are exact factory duplicates for 
replacement in standard sizes and oversizes from .003 11 to .060". 

. The skirt of the piston is split at an angle, so that 
1t does not work vertically in the cylinder, but with 
a sliding motion. 

The piston and rod assembly should always be 
given a final check on the alignment of the piston 
to make certain that the latter will operate on a 
true axis, as explained on page 803. 

Alumi.nUD1-Alloy Pistons and Connec­
ting Rods 1 

The numerous advantages obtained by using 
forged aluminum alloy connecting-rods in place of 
steel rods are due mainly to the saving in the weight 
of the reciprocating parts, and to the higher heat 
conductivity of the aluminum alloy as compared 
with steel (see also paie 795). 

The wear on the crankpin bearing is caused by 
three forces, centrifugal, inertia, and explosion 
pressure. 

Centrifugal force results from the weight of the 
large end of the connecting-rod and is acting 
throughout the entire revolution of the crankshaft. 

Inertia forces act mostly at the top and bottom of 
each stroke due to the weight of the complete rod 
and piston which have their direction of motion 
changed from going up to going down and vice versa. 

At the end of the compression stroke, once every 
four strokes, the compression and explosion exert 
great forces in opposite directions. • 

Therefore, any saving in the weight of the large 
end of the connecting rod decreases the wear due 
to the centrifugal force, and any saving in the total 
weight of the rod and piston decreases the wear due 
to the inertia: forces at the top and bottom of each 
stroke. Reduction in wear means that you can 
drive thousands of miles more before it will be 
necessary to adjust the connecting rod lower bearing 
when using aluminum-alloy rods. 

• From Jiter11ture of the Piston and l\Hg. Co., 
Most connecting rods, at preaent, are ligbt-we1gbt forged steel. 

The lighter weight of the aluminum-alloy rod also 
decreases the whipping effect of the crankshaft at 
higher speeds, and together with the lighter piston 
lessens the vibration. 

Another great advantage ~iving longer life to the 
engine and more comfort m driving is that the 
vibration occurring at common speeds of about 20 
to 25 miles per hour in light cars with steel rods and 
iron pistons does not occur until a speed of abo,1t 
35 to 40 miles per hour when aluminum-alloy rods 
and pistons are used. 

The fitting of aluminum-alloy connecting-rods to the crank 
pin bearings should be given careful o,ttention. The clearance 
on this bearing fit shoukl be about .0015" on the diameter. 
This should be accomplished by adjusting the shims .l!O that 
when the nut.son the connecting rod bolts are tightened the rod 
fits firmly and can just be turned; then loosen the nuts about 
1/6 turn before locking with cotter pins. 

Examples of Aluminum-Alloy Pistons 
A few examples of the aluminum and alloy type 

of piston will follow. 

Fig. 2. 
Note the spiral slot which, the manufactur­
ers claim, controls expansion and contrac­
tion due to changes in engine temperature 
thereby maintaining a constant c1earance. 
The spiral slot also assures constant lubri• 
cation between piston o,nd cylinder wall 
therefore dec1·e.asing wear. 

The base metal of this piston is aluminum 
which dissipates beat faster than cast iron, 
preventing carbon collection and detona­
tion. 

A lighter and cooler running piston makes higher compression 
permissible. This piston, it.s makers state, due to the spiral 
slot, can be fitted to a close clearance. With a close clearance, 
compression leaks and piston slap on starting are greatly 
elimrnated, and the other advanta{:CS of the aluminum alloy 
piston are likewise obtained. 

Above pistons n-re furnished 11semi-finishedn ,vhich can be 
iinished to any size from standU,I'd t-0 .065" oversize. 

When ordering finished pistons, size of cylinder bore should 
.be given, correct clearance will be allowed when pistons a.re 
ground. If you order n 3 ¼" piston .010" oversize, the finished 
ove1'$ize piston allows the specified clearance. Also mention 
name and model of car, or tngine and number of cylinders. 

Aluminum-alloy pistons are of the constant clearance. type, 
having o, split skirt. Being made of an alloy of alummum, 
copper, and several other elements in very a-nall quantities; it 
ia one-third the weight of cast iron and three times a better 
heat conductor. 

Printed matt.er. states: 

11 When the cylinders of an automobile engine become worn 
out of round enough so that refinishing is necessary, it should 
be done by a shop w,th the proper equipment. Grinding the 
hole to a smoot..h finish will give a satis£a.ctory surface for thi3 
metal. If the hole is bored or reamed it should be honeJ to o. 
mirror-like surface to insure proper results. If the piston is 
being installed in the original. bore, which probably i• well 
gla•ed up, it will give wonderful results if the cylinder is not 
too badly out of shape. 

"We do not recommend that these pistons be lapped in by 
using an abrasive m,xture. When this is done the cylinder and 
the piston are charged with the abrasive and the lapping action 
continues after you have apparently washed all the abrasive 
from the surfaces. This alao holds good for cast-iron pistons. 
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"Clearance allowance on round split-skirt Lynite pistons 
ehould be .001" per inch of diameter of piston.• 

"When installed, the following clearance for the split-skirt 
Lynite pistons should be allowed:' 

Cyl. Dia. Skirt Clearance First 2nd and 3rd 
.010" 
.012" 
.014" 
.016" 
.018" 

Fourth' 
.0625" 
.0625" 
.0625" 
.0625" 
.0625" 

3 .O" .0030" .015" 
3 .5" .0035'' .017" 
4 .O" .0040" .020" 
4. .5" .0045" .023" 
5 .011 .0050" .025" 

"Installing: It is important that. the spHt side of piston be 
installed on tho drivers side of the car, as t.his is tho side 0£ 
minimum thrust. 

"Lyuite pistons are carried in_ stock in standard, .003", .005", 
.010''. .015", .02011

, .03111 and semi•finished. Semi•fin1shect 
pistons may be finished af{ large as .060" oversize. Piston pins, 
wlicrc desired can be fitted at 25c. each plus cost of pin, and on 
request step cut piston rings can be furnished for pistons using 
same. 

"Width and depth of ring grooves are very closely machined, 
wrist pin holes guaranteed square with side walls of tJ:ie pistons 
and are bored to required diameter nllov,riog 0.003" to 0.005" 
for reaming." 

"Clearance allowance on alluminum-alloy pistons of the solid 
skirt or trunk type (No. L54) should be .006" from the bottom 
of the lowest ring groove t.o the skirt and should be ground 
.012" taper from the bottom of the lowest ring groove to head. 

Fig. 2A. Nelson-Bohnalite piston of 
an improved light alloy design of the 
narrow-steel strut type (do not confuse 
with the '"wide-steel strut type"). This 
piston differs from the split-skirt type, as 
it is made with spccinl alloy steel struts 
so placed in the piston that they control 
expansion and maiotain satisfactory clear­
ance under various engine opera.ting con­
ditions. With well-finished cylinder bores, 
these light alloy pistons are fitted with 
less clearance tb:,.n is used in fit.Ung cast­
iron pistons. 1 

On the bearing side of the piston two horizontal saw slots are 
used and t.he skirts n.re partially cut to enable the control mcm .. 
ber:, (the struts) ~ogive the proper expansion to the skirt. 

The struts are placed in the direction of the resultant thrust 
on the piston skirt and comprise an important portion of the 
piston in this direction. They are located to allow for finishing 
the piston skirt, piston-pin holes and drilling necessary oil holes. 

The section in the head portion of theJ>iston is comparatively 
heavy which promotes coolin~ because Doh_nalitc «?<>nduct.s beat 
tbree times as fast as cast iron. The piston-pm bosses are 
joined to the head and skirt portions by heavy rihs1 ,vhich 
envelop t.he central sections of the struts. 

Fig. 3. The Marmon two­
piece piston (1920-1926) is a 
combination piston: the head 
and body are aluntinum, and 
the skirt is cast iron. A .0025" 

• to .003" clearance was given. 
-~c4/J'E-,..)J The one-piece piston was later 

used by Marmon. 

Light Iron or Semi-Steel Pistons 

Where iron or semi-steel pistons are used, there 
has been a tendency to get them very light. In 
fact, some of the semi-steel pistons weigh little more 
than aluminum-alloy pistons. Flexible pistons of 
this type have the advantage that they will shape 
themselves into the cylinder bores in which they 
are working. In other words, the pistons will con­
form much better to the shape of the cylinder, should 
the latter wear oval. 

One of the things in favor of the semi-steel piston 
is that owing to the nature of the metal it can be 

• Note. This instruction has not been revised for some 
time. Follow manufacturer's latest instructions for fitting and 
clearances. See paragraph at bottom of JeJt column next page. 
For liter,,/ure on pist<ms see page 690. See also page 58, Ad­
denda1 for the "Lo-E:t/ 1 

.. f .. .sfot." "cam-around" pistons and 
pistons ,\/ith the "alumilite" finish; also, "tin-plated cast-iron 
1>istons."' See also page 828. 

• By "first." "2nd" and "3rd," and "fourth" is meant ring 
lands, that is, the material between each ring groove. 

'The skirt and land clearances of this piston are the same us 
in tublc, p. 81 l (taken from the instruction sheet of McQuay­
)iurris 1\Jfg. Co" St.. I.ouis, 1\-10.1 sole replacement distributors). 

machined to much closer limits than can cast iron. 
There is, therefore; a reduction in weight which is a 
desirable feature in any of the reciprocating parts. 

Light-Weight Gl'ay-lron Pistons 

One example of design or construction of a light,.. 
weight gray-iron piston is shown in l<'ig. 4. 1 he 
system of ribs or webbing extends across the head 
and down the skirt of the piston. These ribs or 
braces give the piston strength and permit of the 
walls between the ribs being made very light. 

Fig. 4. The De Luxe light-weight gray­
iron piston. A clearance of .001" to each 
inch of bore- i.s recommended. 

Cast-hon Pistons 

We shall now confine our attention to the cast­
iron (or gray iron) piston. Some manufacturers add 
just enough steel to the cast iron to give it certain 
physical properties. Pistons should be heatrtreated 
and seasoned before machining in order to prevent 
warping when heated in the engine. 

The cast-iron piston expands under heat, as do 
all other types-some more or less than others-and 
the e::d;ent of this is, of course, governed by the 
amount of heat generated in the engine. 

-The diameter of the top of the piston is usually 
smaller than the bottom, or skirt, because the piston 
is subjected to greater heat at the top; consequently 
there is greater expansion at this point. 

Fig. 5. Example of a gray cast-iron 
piston. The safe ave>"age diametrical 
clearances with the cylinder are as fol­
lows for the bores shown: 2 1 /2 to 8", 
top land .Oil", 2nd land .008", 3rdJand 

0 
.006", skirt .ooa"; 8" to 8 1/2", top 
land .012", 2nd land .009", 3rd land 
.006", skirt .00325"; 8 1 /2 to 4", top 
land .014", 2nd land .010", 3rd land 
.007", skirt .0035"; 4" to 4 J /2", top 
land .016", 2nd land .012", 3rd land 
.008", skirt .00-i", 4 1 /2 to 5 11, top land 
.019", 2nd land .014", 3rd land .009", 

skirt .00475"; 6" lo 6 1 /2", top land .022", 2nd land .016", 3rd 
land .011", skirt .00575"; 5 1 /2 to 6", top land .02fl", 2nd land 
.019", ard land .013", skirt .037". Slightly closer clearances 
can be used if the pistons are carefully run-in. 

Most makers of pistons are now polishing the 
heads of the pistons. It is well known that carbon 
or soot will not so readily adhere to a polished sur­
face, and while it is somewhat more expensive to 
finish pistons in this manner, it is worth it. 

Questions and Answers on Pistons 
Q. 1: What troubles result from too loose a piston? 
Ans.: In addition to a "slap" and the wear of the 

cylinder wall, there is a third trouble resulting 
from the gasoline passing into the crank case 
and diluting or thinnin~ the oil, thus injuring 
the bearings. Piston will also pump oil, c·aus­
ing carbon, smoke and fouling of spark plugs. 

Q. 2: What is meant by "squaring" the piston? 
Ans.: When fitting the piston and connecting-rod 

assembly into the cylinder, if not done care­
fully, the connecting rods may become slightly 
bent. If one side of the connectinii;-rod 
bearing is higher than the other, the piston 
will be at an angle. It is very important that 
pistons be in perfect alignment and nearly equal 
weight. See Index "Alignment of piston." 

Q. 3: What are pistons usually made of, and what 
is meant by "seasoning" and "heat-treating"? 
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Ans.: Pistons made of cast iron usually are not 
machined for a long time, to allow them to set 
so that they will not change their shape after 
being machined. The result of this is t,hat 
they do not warp out of shape when heated, 
thus permitting minimum clearance, and re­
ducing "slapping" when cold. Heat-treating 
is SUPJ?OSed to have the same effect as long 
seasorung. 

Q. 4: How are pistons machined? 
Ans.: They are turned down to within .005" of size, 

then ground to exact size on a special grinding 
machine. On high-grade engines the pistons 
are seasoned or heat-treated, then turned and 
ground to fit each cylinder individually in 
order to :rirevent warping out of round when 
heated. Piston rings are sometimes also heat• 
treated as well as cylinders. On some engines 
they are not always heat-treated or seasoned; 
are made in quantities, and the assembler fits 
the pistons to the cylinders, termed a selective 
fit. 

Remarks on Piston Cleai-ance 1 

The clearance of pistons or the running allowance 
is the difference between the· inside diameter, of a 
cylinder bore and the outside diameter of piston, 
termed diametrical clearance (explained on page 
827). 

A piston does not fit the cylinder wall tightly. If 
it did, it would seize and stick when it was heated, as 
it expands with heat. For this reason clearance 
must be allowed between cylinder wall and piston. 

The piston rings fit tight, however, but, being 
split and flexible, they :fit the cylinder at all points--· 
or at lea.st they should. 

More clearance is required at the top of a piston, 
because here the heat is greatest, and there is there­
fore greater expansion at the top. 

If pistons are fitted very close to the cylinder they 
will mn quietly but may heat and stick and cause 
engine to slow down or stop if driven at a high speed, 
and this may result in a scored cylinder wall. Pis­
tons fitted too tight will wear cylinder wall rapidly. 

New or reconditioned en~ines should be driven al moderate 
speed for the first 1,000 nules in order to work or run-in the 
llistons, bca..l'ings, etc. See pages 833A a.n<l 824B £or reD.Son. 

If pistons are fitted moderately loose, they may 
"slap" l!ntil heated up. 

If pistons fit too loose, a "piston slap," oil leakage 
and dilution of oil with gasoline will result. 

The amount of clearance depends upon the speed 
of the engine, the efficiency of the cooling system, 
the type of water circulation, and the length of the 
water jacket. If the engine is ''hot-running" or 
heats quickly, clearance is increased proportionately. 
If it is "cool-running," give less clearance. The 
clearance needed will vary, depending on the con­
ditions mentioned. 

Air-cooled cylinders usually expand outwards, which equalizes 
with the expansion or tbe pjston. Therefore the same clearance 
ean generally be used as in water cooled engines. 

Cast-iron pistons require a bout one-half the clear­
ance that those made of aluminum-alloy with solid 
skirt require, because they do not expand so much 
under the same degree of heat. 

No hard-and-fast rule can be given as to the 
amount of clearance which should be allowed 
between the pistons and cylinder walls.• There 
are many conditions t,o be taken into consideration, 
including the construction and speed of the engine, 
the style aud material of the pistons, 1.he service 
given the cugioc, after grinding, an<l even the char-

acteristics of the driver himself. For example, a 
smaller clearance might be given, providing the 
driver gave the engine time to run in properly. 

Even the manufacturers themselves are divided 
on this point, each having his own pet theory as to 
what the clearance should be. A manufacturer 
states that they give more clearance on truck engines 
than on passenger car engines, and still more on 
tractor and :fire-apparatus engines. 

Where engines run for long periods under full power they 
require more clearance than others. and, of course, the henting 
of l-he engine, the cooling surface. etc., ns previously stated, are 
factors governing the clearance to a certain extent. 

For example, in fire-apparatus engines, where they a.re run at 
times for long periods, pumping vv·ater at full power, it is clea-r 
that greater heat will be generated; there will consequently be 
greater expansion. Th\1$ in such oases it is necessary to allow 
more clearance. 

It is clear that a close-fitting piston is desirable 
and the idea is to not give any more clearance than 
necessary. But bear in mind t-hat the piston clear­
ance is measured when piston is cold, and as the 
piston gets hotter than any working part of engine 
(except exhaust valves) and expands considerably 
faster than the cylinder bores, it is very necessary 
to provide sufficient clearance to allow for expansion 
at maximum running temperatures without excessive 
friction, and to retain an oil film between piston and 
cylinder wall. The best method of determining 
what piston clearance to allow is to obtain the manu­
facturer's instructions. 

As a general rule, it is safe to allow .001" to each 
inch diameter of the bore on cast-iron pistons. (The 
regrinding concerns--and tho manufacturers them­
selves, shade this a little sometimes).2 

For example: Tf n. piston is to be fitted to a cylinder of 3" 
bore. the skirt of the piston should be measured as .003" less 
in diameter than the bore. Tbus, in the case supposed, when 
the cyli11der bore is 3" in diameter the piston should be .003" 
less, or 3" -.003" = 2.907" (two inches and nioe hundred and 
ninety-seven one-thousandths), measured at the skirt. 

How a Piston Tapers 
The clearance of a piston, or running allowance, as 

previously stated, is the difference between the 
inside diameter of a cylinder bore and the outside 
diameter of the piston. 

The clearance of a piston is measured at the skirt 
for all general purposes, but there are clearances 
ca.Heel land clearances which the maker gives a 
piston, explained in text on next page. 

"tD 
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I 
J'ig. G. This illustra­

tion shows how a piston 
t.apers and also gives the 
measurements to be 
given when ordering. 

When ordering finished pistons, first give the make and model 
of car and then the exact micrometer readin~ of t_he cylinder 
bore, and in turn the manufacturer ,_,n furnish p1ston to fit, 
allowing the proper clearance. Fuctory duplicate pisto11s nre 
~sunlly carried in st~ndard sizes n.nd oversizes of .005" to .040". 

1 The S. A. E. has never adopted any standards for piston 
clearance because the difference in materials, in cooling, aod 
in design both of pistons and cylinders, affects the amount ol 
clearance nece.ssa.ry. Obtain manufacturer's instrucUons. 

•A clearance of .0007~" (three.quarters of one-thousandth) 
of an inch for each inch diameter of piston can be used, provided 
that fitting of the piston rings and pill$ is an ,\-l job, nnd provid­
ed that, when assembling the engine, every precaution is t.aken 
in rc~ard to squaring up or aligning the pistons nnd ro<ls. Tu 
addition, the driver should operate the car at mode{ate speed 
the first few hundred miles with plenty of oil, 
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If necessary to order by measurement, then give the exact 
skir• diameter (E), length (F), distance between piston bosses 
(H) Rnd the distance from center of piston• pin hole to outer edge 
of head, which is called tho compression distance. This is 
important ns it may affect the ·compression i£ it varies. See 
also page 813 on how to order pistons. 

The smallest diameter of a piston is at the top 
and the largest diameter at the bottom. 

Theoretically, the piston should be ground tapered 
from the bottom to the top, but commercially the 
pist,on is ground straight on the part from point (D) 
to point (A) (Fig. 6). 

Tbis portion of the piston from the lower ring 
groove to the bottom of the skirt has the tightest 
clearance and the biggest diameter and it is usually 
ground to one diameter. 

Fi·om point (A) to point (B) each land• between 
the rings is cut under the skirt dimension which, in 
general, might be considered a gradual taper to the 
top or point (B), or simply made smaller in diameter 
successively to the top, (See also Addenda, page ,58.) 

Piston Clearances; Iron 
Skirt-clearance for iron pistons: The piston skirt 

is usually made smaller than the cylinder by an 
amount equal to approximately .001" per each inch 
of diameter of the piston.' 

Land clearance (approximate) for iron pistons: 
The third land from the top is usually made .002" 
smaller per cliameter inch, L the second land from 
the top, .003" per diameter inch; and the top land 
.003" or .00-1" per diameter inch.• (See also Fig. 5, 
page 809.) 

PisLon Clearances; Aluminu1n 
Skirt and land clearances for split-skirt aluminum 

pistons (safe average clearances) are shown in tho 
table2 below. 4 

Diam. Cyl. 

2½ 11 to 3" 
J" to 3 h" 
3 ½" to 4" 
4" to4½" 
11½" to 5" 

Top 
Land 
.019" 
.023" 
.028" 
.OJ4" 
.Q:11" 

2nd, 3rd, 
4th Lands 
.014" 
.016" 
.019" 
.023" 
.028" 

Oil Skirt 
Land Cl'nc.' 

.002" 

.002¼"' 

.002½" 

.003" 

.003¾" 

TO'P LA~D th!i~;.~t t~r:.!~~ 
2!! ,, t;he piston-ring 
3!! grooves. This illus-
4!!! " tr·ation is a lvlc-
01 L " Quay-Norris all-alu-

minum split-skirt 
type piston. A vertical slot in 
a finished piston is opened from 
top to bottom with a hacksaw 

blade after finishing. See 
SKIRT Pig. 1, page 808, for fin-

ished piston. When fin­
ishing these pist.ons to size, grind 
the skirt st,rnight as usual, always 
using the diameter at 90° to the 
pin hole to determine the meas­
uremeni of the skirt. 

All clearances shown refor to the difference between the 
cylinder bore and tho piston diameter. 

The aluminum piston should be installed in the cylinder block 
with the vertic:al slot bearing on the left-band side of the cylin­
ders when viewed from the driver's seat, as this is side of lesser 
thrust (explained on page 814). 

1 "Lands" refers to the material bebveen e-ach ring groove 
(Min Fig. OA>. On pistons having four rings, the fourth ring 
land i~ wmallv J.tiven the sn.me c-learnnce as the Becond and 
1hir<l land. • 

:r From instruction book for f.ini~hi11g ttnd in~talling :°'.1JcQuuy­
.':'t1rri!i :1lurninum pistons (split-skirt type). 

'Oil land clearance (Fig. 6A) is I /32" less than standard 
1·ylinde1·-bore d.iameter. This extra clearance is used to allow 
the oil to be freely ser~ped from ~be cylinder by the lower ring. 

"Always obtain manufacturer's latest instnJctions on fitting 
clearances and for :s:nachining semifinished pistons. When 
fitting to dose clearances, it i~ very essential to c.uution t,he 
drh·er a,zuin~t driving the car at high ~meeds; for the first 500 
ndlr::!, and to u~c plenty of o'il during that brcakin~-in period. 
See paragraph lower left, column page SIU. See also "Noten 
Uouoru uf page oo<J. 

Skirt-clearances given aluminum-alloy pistons 
with solid skirt (now seldom used) are about twice 
(or more) the clearances given cast-iron pistons 
(varies with different manufacturers and class of 
service). It is advisable to fit pistons with clear­
ances recommended by the manufacturer. 

Piston Clearance; How :Measured 

Method of measuring piston clearance: Place 
the inside micrometer caliper (IM) in the cylinder, 
as indicated in Fig. 7, and determine the inside 
diameter of the cylinder (see also page 703). 

Fig. 7 Fig. 8 Fig. 0 

Then place an outside micrometer (OM) over 
the piston, as shown in Fig. 8, to determine the 
outside diameter of the piston, 

Then wit.h the out~ide micrometer (OM), measure the inside 
micrometer (IM) as shown in Fig. 9. The reading in Pig. 8 
subtracted from the reading in Fig. 9 is the clearance. A 
quicker, but less accurate, method wou.ld be to subtract the 
mea.1ure.mont found in Ji'ig. S from the measurerucnt noted in 
Fig. 7. See ulso Fig. l L 

In the absence of suitable micrometers, u.nd if the pistous 
are to be ordered, cut a 1!\i" bar of steel, filing both ends smooth 
so us to fit the cylinder nt its smallest point, and number each 
bar for each cylinder. Send these bars to the piston manu­
facturer, and give make of engine, etc. (Sec also under Fig. G.) 

Fig. 10 Fig. IOA 

Another method of testing piston clearance be­
tween a piston and cylinder wall with a thickness 
gauge is shown in Fig. 10. The piston on the 
Chevrolet series (1936), as an example, should have 
.002" clearance. 

For a properly ti ~tetl piston, some resistance 
sh<?ul1 be felt, that 1s., you should f~el the gauge 
"bmdmg" ou the piston and cylmder. When 
measuring the clearance between piston and cylinder 
walls, always do so at right angles·to the piston pin 
and on a line with it as shown in Fig. 10. 

Free-fit and tight-fit piston clearance: Frequon ti v 
instructions advise fi ttiog a piston, say .003" free 
or loose-fit, and .00-4" tight-fit. • 

This means that the piston is placed in t.he cylinder 
and a thickness gauge (also called a "feeler") is 
placed alongside the piston, bet.ween it and the 
cylinder wall (Fig. 10). 

'I'hc piston should fit free, or loose, or fairly snug 
with a .003" gauge, and tight, wiLh a .00-1" gauge. 
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How to Determine if Cylinders Arc Tapered 
or Out-of-Round 

To determine the condition of the cylinder, as to 
size and taper, use a piston and feeler stock of 
sufficient thickness to fill up the space between the 
cylinder wall and the piston (Fig. lOA). 

Insert the piston and gauge at the top of the 
cylinder, as shown. If the piston binds at the bot­
tom of the cylinder, and is free at the top, you will 
know t.hat the cylinder is tapered. 

To determine if the cylinder walls are out of round, 
insert piston with gauge into cylinder bore, noting 
the clearance (Fig. lOA). 

Remove piston and turn one-quarter turn with 
the gauge in same position of the piston and again 
insert in the cylinder. If the clearance is not the 
same, the cylinder is out-of-round. 

Fig. !OB. Thickness gauge or 
"feeler" with 9" long and ½" wide 
leaves, suited for determining 
proper cle11Iances when fitting pis­
tons. Starrett No. 172D with eight 
leaves .002-", .003", .004'', .005", 
.006", .008", .010". and .015". 

If a thickness gauge is not at hand. a 111 strip of heavy tough 
wrapping paper can be "miked,» that is, its thickness can be 
1neasured with o. micrometer nnd then the paper l'an be used 
to test the clearance when fit,ing pistons. by laying it in the 
cylinder between the piston and cylinder wnll. 

As ao example of the thickness of papers: Newspaper thick­
ness is a,pproximatcly .00275"; n. sheet of this paper, .002" to 
.0025"; a postal card, .009". 

Another test to determine cylinder taper is to 
insert a piston ring and slide it up and down the 
full length of cylinder. Measure ring gap at various 
points with thickness gauge. Subtract smallest gap 
from largest gap. This difference, divided by 
3 .1416, is the taper in thousand tbs of an inch. 

More accurate methods to determine if cylinde1 
bores are out-of-round or tapered are by the use 
of an inside micrometer, Fig. 7, or a cylinder dial 
gauge,1 Fig. 11. 

Fig. 11 (le.ft). Cylinder~· gauge. -

Fig. llA (right). Trans- J. · . 
ferring cylinder measure- , ~t 
men t from eyJi nder gauge 
to an outside micrometer. 

To measure taper, tum knurled rim of dial (l<'ig. 11), so that 
lu.tnd registers at 0 and move the gu.uge up and do,"·n the 
r.ylinder bore its full length; rot,at.e the gauge in the cylinder 
bore about 9J0 and again move it up and do, 1.:n. The. ma.ximuu1 
reading on the minus (-) side should be "ddcd to the maximum 
rending on the plus (-'-) side to determine the number of 
thousandths of an inch of taper. 

To measure out-of-round, proceed as ahove; but instead of 
1noviog gauge up and down, bold it at some pnrticulnr height 
,ind rotate it around the cylinder bore. The total movement of 
hand represents the number of thousandths of an inch out-of• 
round. This mcas1trcment should be made at several places in 
the cylinder, particularly near the top of ring travel. 

After all the foregoing ren.dings have been noted, the largest 
diameter of cylinder i~ found by transferring t .. e gauge to an 
outside micrometer (Fig. I IA) and opening or closing outside 
micrometer until cylinder gauge shows the highest plus reading 
found durini: both foregoing test.s. See also pages 70a, 704. 

The remedy for tapered or out-of-round cylinders 
is to regrind, bore and finish hone, or hone, as 
explained on pages 814-814B. 

Piston Replacement 
The three following conditions make it necessary 

to replace a piston: (1) scored pistons; (2) leaky 

1 The glluge (Fig. 11) is the Starrett No. 452 cylinder gauge 
(L. S. Starrett Co., Athol, lVlass.). Another is manufactured 
by B. C. Ames Co., 'IYrtltho.m. ~luss. 

pistons; (3) worn pistons. (See also discussion of 
this subject on pages 814-815.) 

The scored piston, if it is not too badly &cored, 
may be dressed off with a mill file. However, this 
practice is not reco=ended unless the mechanic is 
skilled in the use of a file. Again, a scored piston 
usually means a scored cylinder, which requires 
enlarging the cylinder, and fitting an oversize piston. 

Leaky pistons are found by setting the piston 
bottom side up in a pan of gasoline, or by pouring 
about I" of gasoline into the interior of the piston. 
The gasoline will seep through any leak. 

Worn pistons cause excessive wear on the walls 
of the cylinder and cause a knock or slap. A cylin­
der may be made to hold compression by fitting 
tight rings on a badly worn piston, but bee,'iuse of 
the wear on the block, such practice is false (!Conomy. 

On the Ford Model "T" the cast-iron piston is fitt.ed to 
cy1inder bore with .003"-.004" clearance. Instructions arc to 
renew the piston if clearance is over .006". (See fd~o p. 823.) 

Point.ers on Fitting Pistons 
Fitting new pistons is often resorted to when there 

are compression leaks, or so-called piston slaps, 
whereas, in reality, the difficulty is due to improperly 
fitted or worn piston rings, carbonized pistons, or 
improperly seated valves. Generally speaking, the 
pistons should not be replaced until the engine bas 
been in service a long time, and the cylinder walls 
have worn so that the pistons slap badly when ascend­
ing grades, or on hard pulls, and then oversize pis­
tons should be fitted, after having reconditioned the 
cylinder bore, if necessary. 

Do not confuse carbon knocks or valve clicks with piston 
slaps, a.nd remember that a. cold engine ,,,.ill usually have n 
slight metalli~ clicking which will disappen.r as soon as the engine 
_hca.ts up. 

With a clean engine, tluit is, <:arbon removed from 
piston heads, and vttlves properly seated, and proper­
ly fitted piston 1·ings in cylinders and grooves of 
piston, and cylinder core round, smooth, straight, 
and in proper alignment there is little need to con­
sider replacement of pistons, unless, as stated 
previously, there is a bad piston slap or t.he ring 
grooves arc badly worn. 

If it is necessary to replace the pistons on account 
of piston slaps due to excess clearance, and it is 
found that by fitting a new piston to a proper clear­
ance at the upper part of the cylinder where the 
piston l'inh-s bear on the wall and the wear is the 
greatest, that the piston bimls or does not have 
sufficient clearance at the lower part of the cylinder, 
then the cylinder should be reground or honed, and 
oversize pistons should be installed. 

If a piston is fitted to a worn cylinder, it will be 
found that the wear is where the rings travel (Fig. 
32, p. 833). (Seep. 814 why cylinder wears taper.) 

Thus, if the piston is fitted with proper clearance 
at these points, it may have considerably more clear­
ance when up into the cylinder, and this is one 
reason why worn cylinders should be properly en­
larged and oversize pistons fitted, 1f worn excessively. 

When worn, cylinders are usually out of round, 
and in the majority of cases tapered, thus leaving a 
space between the rings and the cylinder walls at 
certain points in the stroke. 

There is usually a slight shoulder or ridge above 
the piston-ring travel in a worn cylinder bore and 
a lesser one below. See also page 833. 
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These shoulders should be removed before a 11ew 
pi'.lton ca.n be properly fitted. In many instances 
this can be removed with a hone. • 

Installing new piston rings or pistons will not al­
ways overcome leaking by of gases if the cylinder 
walls are worn out of round or are tapered. An 
examination should be made to determine whether 
this condition exists, as the new piston rings will 
only touch the high spots in the cylinder, leaving a 
space between the rings and cylinder. 

When removing a piston, always replace it in the 
same cylinder from which it was removed, as each 
cylinder usually varies in bore to a slight extent. 

Installing Piston 

When installing new pistons, select pistons which 
will all be equal in weight in ounces. 

Inasmuch as there is sometimes· a slight variation 
in the diameter of the pistons, they should be care­
fully measured. 

Pistons of the same length as the old'ones should 
be selected. If the distance from piston pin to top 
of piston is any greater, the compression pressure 
will be raised and likely ca.use a knock; if distance 
is less, the compression pressure will be lowered. 

The pistons should next be checked for roundness 
as they occasionally become out of round due to 
rough handling in shipping. The pistons are checked 
with 3" to 4" micrometers (shown in Fig. llA), 
the measurements being taken at different points 
around the skirt of the pistou (see Fig. 6). 

If the piston is out of round, it can be trued up by 
lightly tapping it with a rawhide mallet on the side 
of the skirt which shows the greatest diameter: 

After piston is assembled to connecting-rod by 
fitting it to the piston pin, then .fit rings to cylinder 
bore, then fit the rings to piston grooves. 

For piston-pin discussion, see pages 796-798. 
Piston-pin locking: Exercise care in fastening the 

pin securely in t.he connecting rod or piston, accord­
ing to the type used. Securely lock the set and 
clamp screws. When cotter pins are used, be sure 
they are of ample size, otherwise the cylinder walls 
may be scored, as explained on page 814. 

Piston and connecting-rod alignment: When as­
sembfu1g piston, pin and connecting rod, square them 
so that the piston is not cocked in the cylinder. 
Alignment corrections are made by carefully bending 
the connecting rod. See pages 802, 803. 

Always lubricate pistons and pins and work-in 
engine lightly for several hours before puttiug it 
under load. 

After new pistons are installed, caution driver to 
run car slowly-under 25 m.p.h. for at least 500 
miles. See pages 833A and 824B-why. 

When installing aluminum pistons with split skirts 
in the cylinder block, the vertical slots should be 
installed on the side of lesser thrust as explained on 
pages 807, 814 and 780. 

How Pistons Are Marked; Standard and 
Oversi7,e Pistons 

Pistons are usually stamped on the head, and 
this stamp indicates the diameter at the skirt. For 
example, a standard size piston for, say, a 4½" bore 
cylinder with a .003" clearance may be stamped 
4.497", meaning that 4½" in decimals is expressed 
as 4.500" and 4.500"- .003" = 4.497". This method 

of marking, however, does not hold true in all 
insta.nces1 as manufacturers have different methods. 

When an oversize piston is ordered from the 
manufacturer of a car, the probabilities are that it 
will be stamped for·the oversize only. For example, 
suppose the cylinder diameter was 4", and the 
standard clearance was .00311

1 the standard piston 
would then measure 4"-.003 '=3.997". 

Suppose the cylinder was worn and the piston was 
loose, and you ordered a piston .005" oversize. 
This would mean that the piston would measure at 
the skirt .005" more than the standard si7.e. It 
may be marked simply .005" OS ("OS" stands for 
oversize), or it may be marked the actual measure­
ment, as 4.002". The 4.002" is arrived at by add­
ing .005" to the standard size of 3.997". 

Another example: Suppose it is necessary to remove .027" 
in order to p_roperly clean up a Ford cylinder (3.750" bore). 
Referring to Ford parts list, we 6nd that the piston which would 
more nearly correspond to .027" would be .03125" oversize. It 
would then be necessary to enlarge cylinder to 3.78125" (3.750+ 
.03125) and install .03125" oversize pistons (3.77825" diameter) 
(see also page 823). On most other cars the nearest st-undo.rd 
oversizei~ .080". (Applies to )lode! "'!"" Ford). 

Standard and Oversize Pistons 
Pistons can. be purchased in "standard" and 

"oversize" diameters. 

A standard size piston is the original diameter of 
the engine cylinder, less the standard clearance. 

An oversize piston is a piston larger than the 
original or standard size of piston. 

The oversize piston is fitted to a cylinder when 
the cylinder is worn, or is enlarged, by re-boring, 
re-grinding, or reaming, as explained farther on. 

In many iost.ances, when a cylinder is worn and the piston is 
loose, an oversize piston of .0025" or .003" is ordered, and it is 
then '"lapped" in, as explained on page 815. 

S.A.E. standard oversizes for piston and piston­
rings shall be 0.005", 0.010", 0.015", 0.020", 0.030", 
and 0.040". Larger oversizes, when necessary, shall 
be held to multiples of 0.010".l 

Finished pistons are usually furnished complete, 
minus rings and pins, unless otherwise specified. 

When a finished standard-size piston is ordered, 
clearance is usually allowed for. See also Fig. 6, 
p. 810, for information to give when ordering. 

When ordering finished standard oversize pistons, 
select nearest size as above. Shops where pistons 
are finished usually order semi-finished pistons and 
grind them to lit the job (see also page 819). 

When ordering a piston finished to standard, a. 
size equal to the diameter of cylinder bore, less 
proper clearance, is supplied. 

When ordering oversize pistons, you will receive 
that oversize above the standard piston, and clear• 
ance will be allowed for. 

Miscellaneous Ove1·size Engine Parts 
Some of the other oversize parts are such as mentioned below: 
Oversize piston pins a.re cheaper to use than it is to re--bush 

a piston. Simply ream the bush in~ when a piston pin is loose. 
and fit an oversize piu. See page 797. • 

Oversize valve stems are necessary when st~m and guide arn 
worn The guide is reamed oversize, nnd a. -h," oversize valvo­
stem is fitted. See page 776A. 

Oversize piston rings ean be obta.ined of any supply house 
or piston-ring manufacturer. See pages 833A, 833B. 

Oversize valve tappets, oversize cylinder head bolts and other 
oversize parts can be secured of auto supply houses. 

' Other sizes, alU,ougb not recommended by S.A. E. can be 
obtained, as .0025", .003", .031", .033", .045", .06.25". 
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Questions and Answe1·s 011 the Standard Bore 
of Cylinder, Standard Size of Piston, 
Standard Clearance of Piston, Oversize 
Pistons, and }low a Piston Is Measured 

The Ford*Piston as an Example 
Q. 1: What is meant by a "standard bore" of a 

cylinder? 
Ar.s.: The bore or diameter of the inside of a cylin­

der as it comes from the factory. On the 
Ford it is 3¾" or 3.750", expressed in 
decimals (three inches and seven hundred 
and fifty one-thousandths of an inch). 1 

Q. 2: What is meant by a "standard size" piston? 
Ans.: The diameter of a piston to fit this standard 

size bore, less the clearance. The actual di­
ameter of a Ford "standard" piston is sup­
posed to be approximately 3.747" at the skirt. 

Q. 3: What is meant by a "standard clearance" of 
a piston? 

Ans.: The clearance adopted by the manufacturers. 
On the Ford, the standard clearance between 
the cylinder wall and piston should be .003" 
to .004". 

Q. 4: 
Ans.: 

Q. 6: 

Ans.: 

Q.6: 
·Ans.: 
Q. 7: 

Ans.: 

Q. 8: 

Therefore if the cylinder is 3. 750" in diameter 
and the clearance is to be .003", the piston 
should measure at skirt, '3.750" - .003" = 
3.747". 
How is clearance measured ? 
By measuring the clearance between piston 
and cylinder wall. A thickness gauge, shown 
in Fig. lOB, page 812, can be used. 
If in Gheckiug pistons for wear, there is more 
than .006" clearance, the old pistons should 
be discarded after removing the piston-pin 
and connectin$-rod, and new oversize pistons 
installed, as will be explained farther on. 
When checking, the thickness gauge should 
be tried at several points between piston and 
cylinder bore, esp(lcially around sides of the 
two oil pockets on the piston. 
Suppose piston is out-of-round, would clear­
ance be the same at all points between piston 
and cylinder bore ? 
No. Check by inserting thickness gauge be­
t.ween piston and cylinder wall. While hold-
ing thickness gauge stationary, turn piston 
and check a quarter of a turn at a ti.me. If 
ptston shows out-of-round I remove piston and 
lightly tap it with a rawnide mallet on the 
greatest diameter of the skirt, to trne it up. 
Where is a piston measured ? 
At the skirt. 
How much smaller is a piston at the top than 
at the skirt, and why ? 
On a Ford, the piston is .010" smaller across 
the head. The reason for the piston being 
smaller at the top is the fact t.hat cast iron 
expands when heated, and the heat is greater 
at the top where the combustion takes place. 
There is also more metal surface at the top. 
What is meant by an "oversize piston," and 
when is it used ? 

1 On all engines the bore may va.ry eveo as much as .002". 

Ans.: A piston which is larger than the "standard 
size" is called an oversize piston. It is used 
when the cylinder is woru or rebored. 

Q. 9: Do some of the manufacturers adopt a 
"standard oversize piston" ? 

Ans.: Yes. The Ford hai; adopted five: a .0025" 
(two and one-half one-thousandths)(· a .005" 
(five one-thousandths); a .010" ten one­
thousandths); a .03125" (thirty-one and one­
guarter one-thousandths), and a .033" 
(thirty-three one-thousandths of an inch). 

Q. 10: When are the ".0026" and .006" oversize 
pistons" used? 

Ans.: When the cylinder bore.~ become ~lighLly 
worn, the .0025" or .005" (according to the 
:1mount of wear) can be fitted hy slightly 
enlarging2 cylinder. 

Q. 11: What is the diameter of a ".0026" oversize 
piston"? 

Ans.: The standard size plus .0025"; or 3.747"+ 
.0025" =3.7495". 

Q. 12: How much would the cylinder be enlarged to 
take this .0026" oversize piston ? 

Ans.: The s'..andard bore of 3.750" +oversize .0025" 
=3.7525". 

Q. 13: Would this leave .003" clearance? 
Ans.: Yes. If the cylinder was enlarged to 3.7525" 

and the diameter of an .0025" oversize piston 
was 3.7495", the difference would leave .003" 
clearance. 

Q. 14: What .is the diameter of a .006" oversize 
piston? 

Ans.: The standard size plus .005"; or 3.747"+ 
.005" =3.752". 

Q .. 16: How much would the cylinder be enlarged 
to take this .006" oversize piston ? 

Ans.: The standard bore 3.7.50" +oversize .005" = 
3.755". 

Q. 16: Would this leave .003" clearance? 
Ans.: Yes. 3.755"-3.752"=.003". 
Q. 17: When is the .010" oversize piston used? 
Ans.: \Vhen cylinder bore is worn or scored more 

than .005" it will be necessary to enlarge 
cylinder. 

Q. 18: When is the" .03126" oversize piston" used? 
Ans.: "l¾nen cylinder is scored or cut or worn con­

siderably over .010", the cylinder bore must 
be enlarged. 

Q. 19: What is the diameter of a ".03126" oversize 
piston"? 

Ans.: The standru·d size plus .03125"; or 3.747"+ 
.03125" = 3.77825". 

Q. 20: How much would the cylinder be enlarged to 
take this ".03126" oversize piston ?" 

Ans.: The standard bore of 3.750" +.03125" = 
3.78125". 

Q. 21: Would this leave ".003" clearance"? 
Ans.: Yes. If the cylinder was enlarged to 

3.78125" and diameter of an .03125" oversize 
piston was 3.77825", the difference would 
leave .003" clearance. We shall assume that it varies one one--thollllandths on the Fo1·d; 

thus the cylinder bore may be 3.750" or 3.751" or 3.749". 
Therefore in working out tbe answer$ to these questions, we th " 033" • • ,, d " 
shallassumethattheboreis3.750'',a.lthougb,asstated,almost Q. 22: When is e • oversize piston use I' 
a.II cylinders vary at least .002''. Ans.: When the cylinder becomes worn after it has 

' , • . , been enlarged for the .03125" oversize pist.on. 
~ebonng is recommended o._s shown on pages 823, 824, when stock The _03311 oversize piston is fitted. Some 
1s to be removed from cylinder bore. *Applies to Model "T" Ford. 
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times cylinders arc hadly scored an<l require 
enlarging by reboring to this size. 

Q. Z3: What is the diameter of an ".033" oversize 
• piston" ? 

Ans.: The standard ~iz;e 3.747"+oversize .033"= 
3.780". 

Q. 24: How much would the cylinder be enlarged to 
take this .033" oversize piston ? 

Ans.: The standard bore of 3.750"+.033"=3.783". 

Q. 26: Would this leave .003" clearance? 
Ans.: Yes. If the cylinder wns enlarged to 3.783" 

and the diameter of an .033" oversize piston 
was 3.780", the difference would leave .003" 
den.ranee. 

Q. 26: How are oversize pistons marked? 
Ans.: They are marked with the oversize mark, as 

.0025", .005", .010", .03125", or .033". OS 
is often used as au abbreviation for oversize. 

Q. 27: Is it advisable to fit pistons of the same size to 
all cylinders? 

Ans.: Pistons vary slightly in size; therefore the fit 
of piston to cylinder should be a selective fit. 
The main points to consider are fitting the pis­
tons so that they will have .003" clearance, and 
selecting pistons which will insure aJl four of 

. them being approximately the same weight. 
This can be ascertained by weighing them 
on a scale. 'This will insure propeJ· clearance 
and better balance. The proper procedure 
is to bore the cylinders to fit the pistons, as 
explained on page 823. 

Q. 28: What is meant by a "balanced engine"? 
Ans.: This is a broad subject, but if all pistons are 

the same size, and all cylinder bores are uni­
form, then the cylinders will come nearer get­
ting a uniform charge of gas. Balance is 
aided if all connecting-rods weigh the same, 
and the crankshaft and flywheel are perfectly 
balanced, and all corresponding parts of each 
cylinder are of the same weight and size. Re­
ciprocating parts should be light as possible. 

Q. Z9: How can pistons be fitted to worn cylinders 
where no enlarging devices are available ? 

Ans.: By lapping cylinders with an old piston and 
lapping compound to a diameter that will 
give .003" clearance for the new pistons (see 
page 815, explaining the lapping process); 
then thoroughly clean all compound from 
cylinders and fit the new pistons and rings, 
and then run-in in oil.', 2 

If cylinder walls are out of round, or tapered 
more than .005" (as explained on page 816), 
it will then be necessary to enlarge them. 

Q. 30: How are piston pins checked for wear? 
Ans.: By measuring the diamet~r of pin with mi­

crometers. The diameter of the pin is .740" 
to .7'11"; if the old pin is worn down .00111 or 
more below I.he low limit, install a new pin. 

Q. 31: How is the play between piston pin and bush­
ing checked ? 

Ans.: By holding the piston with piston pin perpen­
dicular to the bench ancl moving the lower 
end of connecting-rod up and down in such 

1 See footnote 2, paac 813A. 
~ If lapping (or honin&:) is done it is very in1portnnt that cure 

oe tn.ken to prevent grit lodging in crankcase and working parts. 
It would be best to remove cylinder block to the bench. 

a man.:icr as to <·ause the piu to IJe forced 
first against 011e side of tho bushing and then 
against the other side. (Do not confuse with 
~ide clearance between connecting-rod and 
pin bu~hingwhich must have -h." to -r/' play.) 
If there is .002" or more play a new pin should 
he fitted. If this does not overcome the 
trouble it will be necessary t-o install new 
bushings (see pages 797,798). 

Q. 32: What about "oversize piston rings" when 
fitting oversize pistons ? 

Ans.: Oversize piston rings should also be fitted. 
For instanre, if a .0025" oversir.e piston is 
fitted, fit .0025" oversize piston rings; in like 
manner the fitting of rings should be corre­
spondingly the same for the .005", .010'', 
.03125"", and .033" oversize pistons. 

Q. 33: How much "clearance" should be allowed at 
the "gap of the ring" ? 

Ans.: .010" to .015" on all rings; or see page 827. 

Q. 34: How is the clearance measured a_t the gap of 
a ring? 

Ans.: Place the ring in the cylinder and measure the 
gap !vith a thickness gauge. If the gap is too 
small, file. 

Q. 36: How are the rings installed? 
Ans.: In piston-ring grooves that have hnd all 

carbon removed fron1 them. (See p. 833.) 
Q. 36: Should a ring have equal pressure or tension 

at all points of its circumference ? 
Ans.: By all means. See the discussion on the sub­

ject of "Piston R.ings," pages 825-832. 
Q. 37: What test should be made on a crankshaft? 
A.ns.: Examine for cracks and scores; H badly cracked or 

scored, install a !lew shafL; if slightly scored, see page 
791. Check journals for wear and out-of-round with " 
micl'ometer, as shown on page 791. If mnin bearing 
journal$ show more than .0015", or co11net"ti11g-rod 
crankpins more than .002" out--of-round, iu:stall a new 
shaft. If shaft is sprung more tbun .015". install 
new shaft; if leis, straighten in straightening pre:-:s 
(po.ge 792). Flywheel flange must run true wit,h bcarin~ 
journals (see page 790A). If not true it will <·a11sc 
vibration, and wear out bearing.$. 

Q. 38: What test should be made of piston and connecting-rod 
assembly before installing into cylinder? 

Ans.: Test for alignment, as explained on page 803, to sec if 
the nssembly is slightly sprung or t\\.'isted; if so, it can 
be corrected by straightening the connecting-rod with u 
struightening iron. Also check for worn or cracket.l 
babbitt in both cap and ·rod; if babbitt is badly worn or 
cracked, a new cap and rod should beinstnlled. 

Q. 39: Should engine be run-in after installing new pistons and 
rings? 

Ans.: Yes. See pages 833A, 833B. 

See pages 833A, 833B 824B and 633 on the subject of "run­
ning-in a new engine" and "glazing the cylinder walls," whi<-h 
also applies to rccond.itioned en~iuc.,. See page 833A, B on "pro­
cedure of installing piston and rings and precaution to take 
afterwards." See also pages 828, 814B. 

Some of the piston manufacturers are: Aluminum Company 
of America Gulf Bldg., Pittsburgh, Pa. (Lynite); Alum mum 
Industries, fnc., Cincinnati, Ohio (Per mite); Arrow Head Steel 
Products Co., Minneapolis, Minn. (Arrow Lite, Arrow Head); 
Bohn Aluminum and llruss Corp., Detroit, Mich. (Nelson 
Bohnnlite, Bohnalite. Sole dish·ibutors to replacement trnde. 
mng Quality Products Co., St. Louis, Mo.); DeLuxe Products 
Corp., LaPorte, Ind.; Detroit Auto Piston Co., Detroit, l'vlich.; 
Ring Quality Products Co., St. Louis, Mo.; McQuay-Norris 
Mfg. Co., St. Louis, Mo.; Ohio Piston Co., Cleveland, Ohio: 
Ray Day Pist<,n Corp., Detroit, :Mich. (Ray Day, Pe{)pcr, Oil 
Master); Sall Diego Machine Co., San Diego, Calif. (Renlite); 
Sealed Power Corp., Muskegoll, Mich.; United Engine & 
Machine Co. (San Leandro) Oakland, Calif. (Dual-Flex, 
Silv-O-Lite). 

See page 833B for an assortment of pistons, piston pins, piston 
rings, and bearings which the average service shop should carry 
in stock. See page 690 for piston an{l. piston ring l-itera.t.-urt. 
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RECONDITIONING CYLINDERS 
What constitutes a perfect cylinder? A cylinder 

block, before it is machined ready for use, has holes 
in it which i-epresent the cylinders, but are consider­
ably smaller than the size required. For instan~e, if 
the cvlinder is to be 4" in diameter, when machined 
and ready for use, the original hole will be about ¼" 
smaller. This is because it is impossible to cast a 
perfectly smooth and true surface, and the holes, or 
cylinders, must later be bored out by machinery. 

A cylinder-boring machine is used for this, and 
generally two cuts are made in the cylinder, a cut 
which removes all the material except just enough 
to be taken off in the finishing cut, which is a very 
fine cut. Sometimes a third cut is necessary to 
obtain the exact size, and when this is completed 
the cylinder walls are perfectly straight from top to 
bottom. 

The cylinder is then reamed or ground and then 
honed to a polish finish. The cylinder is then per­
fectly round and the surface of the wall is nearly as 
smo~th a~/olishe~ glass. A cylifi?er in this condi­
tion is sa1 to be m perfect condition. 

For a finish of a cylinder there are five operations 
that can be performed on the cylinder bores, namely: 
(1) rough boret (2) semi-finish bore, (3) reamed, (~) 
_growid, (5) noned. Some manufacturers om.it 
grinding. 

The Lycoming cylinder blocks arc first rough bored, then 
fiycut rough reamed, finished reamed, and then rough and 
finish~d honed. Continental engines arc also bored, reamed 
and honed. 

Reconditioning a cylinder bore me_ans makin~ the 
cylinder bore perfectly true and havmg the cylmder 
bores parallel and perpendicular to the base (ex­
plained on page_ 822, Fig. 25). 

Conditions which necessitate reconditioning of 
cylinder bore arise when the bore is worn, out,.of­
round, tapered or scored, 

Why Cylinders Wear Tapered, Out-of-Round 
or Oval 

Why cylinders wear tapered: A depression ~ill, 
in time wear in cylinder wall where :fue p1st?n nng:s 
travel (from A to B, Fig. UC) .. Th1_s wear 1s a. um­
form kind of wear; however, 1t will _probably be 
found, in most ca.~es, that the wear will be greater 
toward the top and less at the bottom, one r~ason 
being that more oil is splashed on lower. cylmder 
walls. The wear being greater at the top, it results 
in a taper. 

Fig. llB (left). Compression thrust, as shown at (C), is near 
the top when on compression str?ke, !loing up, due t? the angular 
position of connectmg•rod. (View ,s rear of engrne as when 
seated in car.) 

Fig. llC (right). Explosion thrust, as shown at (E) is near 
the top when on power or explosion stroke, starting down. ~he 
re,istance of connecting .. rod opposes the force of explos.1on 
thrusting the piston against cylinder wall with great force. 
(View is rear of engine.) (See also pages 779, 780.) 

If, on observing the piston rings, a black SPot is found on the 
ring and it ,snot smooth, either the ring bas lost its pressure or 
distorted at tuis point, or the cylinder is out of round. The 
result is that the cylinder leaks compression, pumps oil, fouls 
the spark plugs with oil, and consumes oil and gasoline all out 
of proportion to the power delivered. 

The lower part of cylinder (B to Bl Fig. 11C) 
may be true, but it will be observed that this leaves 
a shoulder below (B) and at (A), and it would be 
difficult to fit-a proper oversize ring. Where wear 
does not exceed .002" to .005" and walls are not 
greatly out of round or tapered, the shoulder can be 
honed to a size correspondmg with the wear to obtain 
a uniform size throughout the cylinder from top to 
bottom. If greatly out of round or tapered, it will 
be necessary to bore, ream, or grind. (On some 
engines where the ring slightly overlaps the top of 
cylinder wall, as in Fig. 33, page 833, there would 
be no shoulder at A.) 

Why cylinders wear oval or out-of-round: The 
wear is greater on the two sides-at right angles with 
the crankshaft. 

This wear is the result of the thrust of the pistou 
against one side of the cylinder wall on the compres­
sion stroke as at (C), Fig. llB (due to connecting­
rod being at an angular position as·it pushes the 
piston against compression resistance. 

As the piston and crank pass .over dead center on 
power stroke and explosion takes place (Fi15-UC), 
the piston is forced against the opposite wall of the 
cylinder (E, Fig. UC) with greater thrust force. 

Inasmuch as the explosion pressure is about three 
to five times as great as the compression pressure 
the thnist at (E) is much greater than at (C). For 
this reason pistons with split skirts are always in­
stalled with the split at the left side as at (C), as 
this is the side of lesser thrust. 

This alternate thrust action of the piston from side 
to side may in time cause oval or. out-of-round spots 
toward the top. This wear is always greater near 
the top where the closest fit is needed most. Cylin­
ders are often found worn .005" to .010" or more at 
the top, whereas the wear may be only .001" or less 
at the bottom. 

Connecting-rods that are bent or twisted will cock 
the piston (see Fig. 76, page 803) in such a shape that 
the cylinder walls will be worn out of line with the 
crankshaft and hollow places iu cylinder may be 
found that are sometimes as much as .010" deep. 
Thus the importance of properly aligning the con­
necting-rod (see page 803). A cocked piston usually 
leaves a shoulder about half-way around cylinder 
bore where piston stops on down stroke and a depres­
sion at top on opposite side. 

If cylinder bore is not square with the crankcase, 
or if piston-pin hole is not bored square with the 
side of the piston, or if the holes_ in the ends of th_e 
connecting-rod are not parallel with each othe_r, thJS 
will cause piston to become cocked, resultmg 1!1 
excessive wear on cylinder walls, or the same condi­
tions as mentioned in paragraph above. 

Cylinder Scores 
There are two general kinds of cylinder scores, 

namely: (1) a piston-pin score; (~) a s~ized piston or 
piston ring score. Scores or cu~ m cylinde~wall J?er­
mit a leak between the wall of cylinder and p!Ston rmg. 

The piston-pin score is usually a long score on 
cylinder wall, the length of piston-pin travel. This 
kind of a score is nearly always caused by a loose 
piston pin, and the reason is as stated below. 
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All pistons are fastened to the connecti.ng-ro~s by 
m_eans of a piston pin securely anchored to the pIB~n 
or to the connecting-rod. A set screw or lock l'lng 
is used to keep the piston pin from moving. If the 
mechanic should fail to tighten set screw or lock 
ring properly, or if they sho!-Ild wor_k loose, the 
piston-pin would move from side to side and thus 
cut or score the cylinder walls where the end of the 
piston pin would touch it. 

Some pistons are fitted with bronze bushings into 
which the piston pin work~. O_ccasionally these 
bushings work loose, due to v1br:1t10n, and scor~ the 
cyli.nder walls in the same manner as a loose piston 
pin, but generally not as rlecp. 

The seized piston score is where the piston is 
"seized'' or stuck to the cylinder wall. This kind 
of a score may be a general scoFe at differ_ent P?ints 
on the cylinder wall, and very likely the piston itself 
will also be scored. Seized pistons do not a.Jwa)'.S 
score the cylinder. In many instances the deposit 
from the piston will be left on the . walls of _the 
cylinder, which can be removed by lapplllg or honmg. 

The cause of a seized piston is usually excessive 
heat or overheating, and the overheating can be 
caused by Jack of lubricating oil in engine, wrong 
~ade of oil, dirt in the oil, highly diluted oil (gasoline 
m it), lack of wate1· in cooling sys_tcm, Ol' pist'?ns 
having insufficient clearance, orru~nm!li a_new env;111e 
at too high a sp_eed fo!· a long peno1 ot tune. ( The 
remedy for a seized ptston will be given farther on.) 

A leaky piston ring will sometimes cause scores. 
Cases have been known where the cylinder was get­
ting plenty of oil, yet, if the rings were loose the 
flame from the combustion would work past the loose 
ring and prevent it frmn receiving :proper lub1·ication, 
c·ausing it to heat and cut the cylinder. 

Another point worth mentioning here is that on a new engine, 
especiall~ wherE: there_ i~ a lo~er oil-eontrol piston ring P!aced 
in the skirt of piston, ,t 1s advisable to put a small quantity of 
high-grade cylinder oil in the top part of cylinder (also in the 
"nsoli1te-see pa.ges 833A, 833B), because tbe upper rings may 
;ot i:tet sufficient. lubric:ition and plenty of lubrication n.ud 
modera.te speed are necessary when working in a new engine. 

A slightly scored cylinder can be re?on?itione~ by 
honing if not over .005" deep, or by grmdmg, bormg, 
or reaming if over .005" deep. 

The practice of. enlarging .030" to .0-10" is quite_ univers?,I 
and it is practical to enlarge to .060", and many cyhnders will 
even stand ½" (.125") with safety. 

A point to bear in mind is that if a cylinder is enlarged ½" 
or .125", this would mean thatouly 1/16" or .0625" is taken from 
each side of cylinder. 

Another point to bear in mind is that the larger the bore, the 
heavier the piston will be, and this tends to increase vibration 
(see page 808 about inertia forces). 

The thickness of cylinder walls usually runs from ,,~,, (.1875) 
to 5/16" (.3125") thick. Once in a great while, duetonshifting 
core when moulding, some cylinder walJs may be very thin. 
possibly not over ½" at this point. Tbis is mentioned so that 
t.he repairman can use caution when figuring on enlarging 
cylinders. 

A deep piston pin score in the cylinder can some­
times best be repaired by one of the filling processes: 
for example, if the cylinder bore was enlarged all 
around to remove a very deep score, it might leave 
too thin a wall and the strength of the cylinder would 
be impaired. 

Repairing scored cylinders by filling: One method is by fusing 
silver nickel alloy into the scores electrically and refinishing_ to 
the original size .. This is called the Lawrence process, 

Another method of filling scores is the Eagle patent.ed process, 
whereby the scores are dovetailed and a •~rip !)f COJ?Per ~llo_Y 
is inlaid and rolled into same as shown in Fig. l!D. fh1s 
met.hod is entirely mechanical, and the manufa.ctw·era claim it 
can be applied without enlargi~ .the diamet.er of ~he bore or 
beating the cylinders, and the or1g1nal pistons and rings can be 
refitted if not damaged. 

In case where scores are unusually wide which 
would prevent the filling from being properly an­
chored, or where it was so deep that it was almost 
cut through, or is cut through, a sleeve can some­
times be fitted and thus a cylinder that would be 
thrown away could be reclaimed. 

Fig. llD. 0eft). Repairing scored cylinder by filling with 
the Eagle process. The score is dovetailed or grooved with a 
specinl tool to take the copper. The soft copper alloy is shaped 
to fit the groove, also with a special tool. The copper is then 
inlaid into the dovetailed groove. The copper which then sets 
above the cylinder bore is rolled down with a steel roller which 
swedges the copper tightly into groove, th.en a cutting tool 
planes the copper to a finish. 

Fig. llE. (right). Cylinder sleeve (S) as applied to a cracked 
or broken cylinder (C). To fit, proceed as follows: Bore out 
the cylinder larger in diameter, then turn and bore a semi­
finished cast-iron cylinder sleeve to proper size

1 
allowing grind­

ing stock inside and .005" for press fit on outsiae. Press sleeve 
into cylinder, u_sjng a. mixture of litharge and glycerine as n. seal 
against water leaks. Grind to proper size. This method is 
ca.lied the replacement sleeve method. Sleeves, etc., can be 
obtained of Eagle Machine Co., Indianapolis, Ind. Another 
concern supplying sleeves and equipment for repairing piston· 
pin scores is the Storm Mf'g. Co., Minneapolis, Minn. 

Remedy for a seized piston: Occasionally the repairman 
receives a call to start an engine that has the symptoms of a 
seized piston, and that has resisted the best efforts of owner of 
the car to start it. At such times the repairman must exercise 
the utmost ingenuity, for the owner has generally tried all the 
easy methods before he arrived. 

In such cases, the first thing to do is to make sure that it is 
the engine and not some other part as the transmission or the 
rear axle, that is at fault. The rear wheels should be jacked up, 
tho emergency brake released, and the gear-shift lever placed 
in neutral. The wheels should turn freely, aod there should 
be no binding in the rear axle system. 

The spark plugs should be removed, or the compression cocks 
opened, to relieve the compression. Then if the crank cannot 
be turned over by band or by means of the starter, or by the 
two working together, the car may be towed with the gears in 
high and the clutch disengaged. As soon as the car bns at­
tained some momentum, tbe clutch may be allowed to engage 
gently, care being taken not to allow a sudden motion which 
might strip the gears in the rear axle, or e,,en break a shaft. 

Ir this does not free the engine, kerosene can be poured into 
the cylinders and allowed to remain for a couple of hours. 
This will have a tendency to d.issolve any old oil which may 
have gummed the pistons to the cylinder walls. Then the car 
may be towed again, and an attempt made to turn over the 
engine by engaginr; high 11;ear. The engine can be turned over 
more easily in high than m low gear because it does not have 
to revolve so rapidly. 

After succeeding in turning over the engine, open the drain 
cock in the bottom of the crank case and drain out the mixture 
of kerosene and qld oil thoroughly. Then the new oil should be 
added, the radiator should be filled with hot water in order to 
expand the cylinders, and the spark plugs should be replaced. 
After starting, the engine should be run slowly under its own 
power for some little time, in order that the new oil may work 
to all parts. 

U piston is seized badly, it is best to tow car in and remove 
pistons and examine and recoodit.ion cylinder walls. Usually, 
tbe pistons do not always cut the cylinder, ·but a deposit fro1>\ 
piston is left on the cylinder walls which can be removed by 
lapping, or, better, by the use of a hone. 

Another process of repairing scored cylinders by fusing 
electrically is tbe McQuay-Norris process. Tbe equipment used 
is called a. $core-filling machine and consists or a table, con-
denser, and electrode. . The electrode is a special alloy metal The first troubles usually caused by worn or scored 
which is fused into tho score by an electric arc. The cylinder cylinders are fouled spark plugs and excessive carbon 
is then refinished. This process can also be used for repairing d ·ts It' f il 1 ki t th · t 
cracked cylinder water jackets (McQuay-Norria Mfg. Co., St. eposi resu 1ng rm~ o ea ng pas e pis on 
Louis, Mo.). and rmgs. Compression also escapes by the worn 

Cylinder sleeves or liners. Some engines are originally manufactured with repla.ceable sleeves or liners. They may be either 
'i>[ t,he•"dry" or "wet" type. See Supplementary index wider "Cylinder sltei,es or lincra." To rel)air a scored or cracked eyl-
10.a.er block that wns not originally equipped with sleeves require:3 the use of a properly fitted ··dry" sleeve. For literature \',,·rite: 
Aluminum Industries, Inc· .• Cincinnati, Ohio; ~.!_:d Power Corp., Muskegon, i\1i_ch._ ~~o s~ld by J~bbcrs_ ~-~d motor-truck dealers. 
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parts, causing loss of power an<l wasting gas and oil. 
..\. very annoying knock or clatter, known as piston 
slap, soon develops. The longer the engine runs, 
the worse this condition becomes. 

A piston slap not only causes a. knock, as explained 
on pages 779, 780, and 812, but iu all probability 
the cylinder will be worn at the upper point, on one 
side, owing to the explosion pressure forcing the 
piston, at an angle, constantly against the wall of 
the cylinder, 'thus causing cylinder to become out-of­
round. This pPrmits ga~oline to pass between the 
rings and cylinder wall into the crankcase, which 
washes the oil from the cylinder walls, a major cause 
of rapid piston ring wear. 

Cylinders wear taper where the piston rings travel, 
:1nd the greatest wear is near the top of the ring 
travel. (See also p. 814.) 

When To Enlarge Cylinders 

The amount of out-of-round or taper requiring en­
largement of cylinders varies according to the 
design of engine. A practical method of determin­
ing when cylinders are sufficiently worn to require 
enlargement is to note whether oil consumption is 
excessive, and whether 7>iston slap is noticeably 
violent. 

Excessive oil consumption is determined by too frequent 
filling, pistons pumping oil, oil-soaked spark plugs (indicated by 
excessive oil in the combustion chamber), 11nd by "blow-by." 
A blow-by test can be made by listening for a hissing sound, 
as explained under "testing for piston-ring leaks," pages 768 
a-nd 829. Excessive oil consumption can nlao be ca.used by 
worn connecting-rod bearings. See footnote, page 826. A 
compression test will indicate if the rings or valves leak. See 
Addenda, page 41. 

A 7rro-minent piston-ring manufacturer recom­
mends: If cylinder is tapered under .005", instal 
new rings; if tapered .005"-.010", enlarge if possible, 
otherwise use spring-expander rings and perhaps 
piston expanders; if tapered over .010", complete­
ly recondition by enlargement and installing new 
pistons, rings, piston pins, etc. See also page 828 
and footnote 2, page 825. Recommendations differ. 
Write for viston-ring literature as given on page 690. 

Cylinders out-of-round .003" or more usually 
require enlargement. 

The reason that more taper than out-of-round is permissible 
is that the pist;on-ring gap nid.s the ring in conforming to a 
tapered cylinder. For e-ra,nple, if n cylinder is tapered .003" 

~u!ti
9
to~

0 ~r°~t;:~t!"0th~!• !fi:ngff i:~t i-,::nb;i~e~ b'!1:~,,jfl~\ill 
make cont.act with the round cylinder. The extra wide gap 
does not usually cause serious trouble. Wben, however, the 
c.vlinder is .003" out-of-round, as illustrnted in Fig. 23, page 
83 I, the gap will not permit a round ring to fit the out-of-round 
cylinder, and therefore "blow-b.v" or oil pumping may occur. 

The mileage at which it is necessary to instal new 
piston rings and to enlarge cylinders will vary 
materially with the type of engine, the care it has 
had, and the type of service in which it is operating. 
Unless oil and gasoline consumption become exces­
sive or the engine loses power, an inspection of the 
rings and cylinder bores is not necessary until after 
o.bout 30,000 miles of service. The conditions 
found during this inspection, together with the value 
of the car and the amount of money that the owner 
is willing to spend, will de.termine whether to com­
pletely enlarge cylinders or whether to use spring­
expander rings and piston skirt expanders. (See 
page 828.) 

If the cylinder is badly worn out-of-round (and it 
is usually out-of-round and tapered when worn), 
then it will be necessary to enlarge the cylinder 
bore and to fit oversize pistons and oversize piston 
rings. 

When a cylinder is cut or scored, but not worn, 
and is not out-of-round, then the score or cut can 
be "sleeved," as stated on page 814A. In this 

instance the original or standard-size piston can 
usually be refitted, as the sleeve is usually bored, 
honed, or ground to standard size. 

How Much To Enlarge a Cylinder 
To determine how much to enlarge a cylinder, 

depends upon how much it is tapered, out-of-round, 
how badly worn, or how deep the cut is. Usually, 
one of the dimensions of the S.A.E. standard over­
size pistons will meet the requirements. One 1nust 
be careful, in enlarging a cylinder, to see that the 
wall of the cylinder is thick enough to stand it. 

Oversize Cylinders 
With a view to eliminating all unnecessary ex­

pense and delay, the following standards have been 
adopted for oversize pistons by the Society of Auto­
motive Engineers, and pistons to correspond can be 
obtained from most engine and piston manufactur­
ers. See page 813. 

5 one-thousandths of an inch (.005") large for !st 
10 one-thousandths of an inch (.010") large for 2d 
15 " " " " " (.015") large for 3d 
20 " " " " (.020")largefor4th 
30 " " " " (.030") large for 5th 
40 " '' 11 

.. (.040") large for 6th 

The meaning of 1st, 2d, 3d, and 4th is this: If the 
cylinder is scored or cut, say, .009" deep, then bore it 
to fit a .010" oversize piston. (Or enlarge the bore 
to the original diameter, + .010".) If cut .011", 
then bore it for a piston .015" oversize-but not 
between the two. 

For example: Suppose tho.t it is found necessary to rnmove 
.023" in order to eliminate scores, taper or out-of-round condi~ 
tion. On referring to the table above, we find the nearest stand­
ard oversize to be .030". It would then be necessar.l' to enlarge 
the cylinder by .030". If the original bore was 3" (3.000"), it 
would have to be enlarged to a diameter or 3.000 11 +.030" or 
3.030" (see page 813 for S.A.E. standard ovcrsi,e pistons). 

Remarks on Enlarging Cylinders 
First, examine the condition of the cylinders and 

see if the cylinder walls are perfectly smooth and 
free from scores or scratches. Second, measure or 
test cylinders for taper and out-of-round, as ex­
plained on page 812. 

Having done this, determine whether the cylinders 
need repairing. If the scores or scratches are very 
slight, they may be remedied by honing but if they 
are too prominent they must be enlarged and over­
size pistons fitted. 

When a cylinder requires enlarging it is under­
stood immediately that the old pistons are useless, 
so far as this particular job is concerned. Honing, 
reboring, and finish honing, reaming or grinding; 
whatever the method may be increases the size 
of the cylinder and new oversize pistons and rings 
are necessary. 

The cylinder with the greatest amount of wear is 
enlarged first, as it determines the size to which the 
other cylinders are to be enlarged. 

Before starting to enlarge cylinders, the cylinder 
bore should be tested to see if it is at right angles 
with the base of the block. 

When reconditioning a cylinder while on chassis 
by boring, honing, etc., protect the bearings and 
cranksha.ft with a cloth wrapped around them. 

Resurfacing Cylinder Blocks and 1-Ieacls 
Cylinder blocks and cylinder heads sometimes warp, even on 

new engines. After severe heating this hns been known to 
occur (usually due to cylinder castings not being properly heat­
treat-ed and seasoned, see Question 16, page 817). The result 
is that the cylinder-head gasket will constantly blow out and in 
some instances leak water on to hot piston head nnd cro.ck it. 
In cases like this the c.vlinder bead can be resurfaced or cylinder 
block machined on the top. If very much metal is machined 
off, an extra thick gasket will be necessa.ry in order to prevent 
increasing compression. 
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Remarks on Fitting Piston and Rings 
Next in order are the pistons and rings. Very 

much the same can be said of the :pistons as has been 
said of the cylinders. Their wearmg surfaces should 
be perfectly smooth, the same as the cylinder wall, 
but if their surface is badly scored or scratched there 
is no repair f.or them. See page 812 for fitting pis­
tons and pages 829-833 for fitting piston rings. 

There is one of two methods to be followed for fit­
ting pistons when enlarging cylinders: (1) by enlarg­
ing cylinder to fit certain oversizes of pistons; (2) by 
grinding and fitting pistons to fit enlarged cylinders. 

The best plan is to fake the cylinder with the 
greatest amount of wear and enlarge it to the nearest 
standard oversize, and then enlarge the others to the 
same diameter; tnen procure oversize pistons ground 
to proper clearance to fit. In this way all cylinder 
bores and piston clearances will be equal. 

Piston rings lose their pressure after long use, and 
cease to have enough strength to press or expand 
against the cylinder wall all around. As a result oil 
is permitted t-o pass by them and to enter the com­
bustion chamber. Besides, compression sometimes 
is lost because the gas is permitted to escape past 
the rings; in many instances due to a loose fit of ring 
in piston groove. Excessive oil coming up into the 
combustion chamber is one of the first indications of 
poorly fitting rings. The gap bet.ween the ends 
should be the correct gap, as explained on page 828. 

In the case of fitting patented rings, some manufacturers have 
a specially machined ring for each !)'P<' of engine, and it would 
be well to specify the make and model of engine when orderin1:. 

If the cylinder has been enlarged, the amount of oversize 
should be stated or give the exact micrometer reading of cylinder 
bore. See also pages 828 and 826 on oil control rings. 

For the care of a new or reconditioned engine and glazing of 
the cylinder walls sec pages 824B, 833A. 

Lapping Cylinders 

Cylinders which are out of round or tapered to an 
extent not exceeding .003" may be improved by 
lapping. This process is one of the oldest methods em­
ployed in re-conditioning cylinders and is very 
tedious. Only a very small quantity of material can 
be removed from cylinder. 

The lapping tool consists of an old piston that has 
been split with a hacksaw amt mounted on a handle 
as shown in Fig. 18. The old piston is kept coated 
with a fine lapping compound. The tool is moved 
up and down and given a spiral motion thereby cut­
ting away the material of the cylinder. At each 
stroke, the handle is sli~htly rotated so that the split 
will not continually be 10 contact with the same part 
of the cylinder thereby assuring uniform grinding at 
all points and hindering the formation of spiral cuts. 

The lapping process is continued until the cvlinder 
!1~ been_ ground to pr~per shape as indicated by an 
rns1de micrometer 01.· dial gauge. The compound is 
then thoroughly washed from the cylinder with 
kerosene. New oversize pistons and rings are fitted. 

Where cylinders are lapped while in the chassis, 
caution should be used to protect bearings and 
thoroughly clean afterwards. Oil pan should always 
be removed. Tt is best to remove cylinders to the 
bench. 

Many mi::!lufa1:turers strongly advise against the 
use of powdered emery, carborundum, ground glass, 
or other hard abrasives on cylinders or pistons. 
They claim that it will lodge in the pores of the 
cylinders and will continue grinding. For this 
rea~on, some manufacturers of lapping compounds1 

claim to produce abrasives that are only slightly 
harder than .iron and that are soluble. 

There are cases when the scoring of a cylinder is 
so bad that lapping or honing would be useless, and 
the cylinder must be reamed and honed, reground or 
rebored. Wherever there is any metal to be re­
moved from cylinder bores the most satisfactory re­
sults are obtained by removing the cylinder block 
and turning it over to a shop that is specially 
equipped for this class of work. 

Lapping Piston and Rings to a Cylinder 

Lapping piston and rings: When new pistons and 
rings are installed in a cylinder which has been worn 
slightly out of round, the practice is to "wenr in" 
or "lap in" each piston assembly for a few moments 
by moving the piston assembly slowly up and down 
in its proper cylinder after carefully coating the 
cylinder wall with a fine "lapping compow1d." 

vVhen this practice is employed, care must be 
used to remove all particles of grit from the cylinder 
wall or the piston assembly by a liberal washing in 
kerosene of all parts to which the "lapping com­
pound" has been applied. 

Thorough workmanship also demands that the 
rings be removed from the pistons before washing, 
in order that no piirticles may find lodging behind 
the piston rings. These particles of grit might 1:iter 
find their way out and perlmps severely score tho 
cylinder wall or ruin the bearings in the engine. Re­
place each ring in the groove from which it wns 
removed. Same applies to piston pins. 

Lapping Slightly Scored Cylinders 

If the cylinders are slightly scored, they c:tn be 
lapped with an old piston. It is not desirable to 
use a new piston, because it will be wom away. For 
t.he same 1·eason new rings should not be used in 
t.he piston during the lapping process. 

Aluminum pistons caunot be treated in the same 
way as cast-iron pistons, because they are too soft. 
High spots on the pistons may be removed by means 
of a semi-cylindrical brass lap into which the 
piston fits, or carefully filed. 

Lapping Only Rings Lo Cylinder 

If the cylinder surfaces· are in good condition, 
o~y the r_ings_need be lapped. The_purposc in lap­
pmg the nngs 1s to make them fit agamst the cylinder 
surfaces at all points. 

The lapping process consists in moving the rings 
back and forth in the cylinders in connection with 
a lapping compound. The abrasives should be the 
finest obtainable. 

When the rings bear all around, the work is 
finished. This can be seen with the naked eye. See 
also above, under "Lapping Piston and Rings." 

Note: It is advisable not to use ,my compound in which there 
is emery, as it tends to imbed itself in the parts and is difficult 
to clean out. A mixture of rotten stone ground to a paste with 
oil and applied to the rings serves very well for lapping o,nd cnn 
be cleaned off more readily. See also pages 772, 790B on com­
pounds. 

The practice of lo,pping piston rings is not as popular nt the 
present time as in the past, rings are now lathe.or velvet finished 
and sea.t quicker. 

1 Some of the manufacture1s of lapping compounds are: 
Clover Mfg. Co .. Norwalk. Conn. 

mention Dyko's Auwmobile Encyclopedia); 
Pep Mfg. Co .. 33 W. 42 St. New York, N.Y .;, 

Zip, Abrasive ~-• Cleveland. 
Ohio: 
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Lapping Methods and Dc'l'ices 

Lapping new pistons into cylinder for clearance 
is done when the new piston will go into the cylinder 
but with not quite enough clearance. 

Lapping the cylinder for a new piston is done 
when the piston is slightly too large to go into t,he 
cylinder. An old piston is split so that it will 
expand and the cylinder walls are lapped down with 
it so the new piston will fit with proper clearance. 

Lapping the cylinder for a slight score is done 
with an old piston split, and oversize piston must 
then be used. 

Lapping rings into the cylinder can be done with 
new or old piston. 

The following illustrations give an idea as to the 
different· devices used for lapping a cylinder. 

Fig. 12 Oeft). A simple design or an expanding lapper. Such 
a tool as this may be used in the drill press, an up-and-down and 
rotary motion being applied at the same time. 

Fig. 13 (center). An expanding piston lapper which may be 
used for lapping rings or cylinders. The two operations should 
not be simultaneous, however. When the cylinders are slightly 
,cored. the rnarks snould be removed first, and then tho new 
ring.s should be lapped in. Note the screw for expanding the 
shank against sides of piston. 

Fig. 14 (1-ight). Piston lapping handle. It is rnade of 
ordinary ½" pipe, a T at the lower end slipping over the 
wristpin or the p1Ston. The wristpin used in lapping should be 
made of fiber, as a metal one is likely to score the cylinders. 

Fig. 15. rungs may be 
placed in an old pistou. A 
new piston should not be 
used because it '"ill wear 
a.way to some extent, and 
this is objectionable. 

Fig. 16. When no piston 
is available the r.ings may 

•• ,,.. be lapped between two 
blocks of wood as shown. 

Fig. 17. Another method is to cut off the head of the piston 
and to use the wristpin for a handle. 

Fig. 18. An expanding cylinder lap, made from a worn­
out piston. The head of the piston is removed. One wristpin 
bearing is tapped; the piston is then split, as shown in the right­
hand cut, so that a tapped plug screwed into the tap hole will 
cause the piston to expand. An old connecting-rod and handle 
ore then provided as shown in the left-hand cut. 

Honing Cylinderst 

The process of honing was originally created to 
replace lapping by providing a less laborious and 
more dependable method. At the present time, 
hones have been improved to such an extent that 
they are considered &atisfactory for correcting taper, 
out-of-round, burned and slightly scored cylinders 
to an oversize not exceeding .010" in diameter.• 
For larger oversizes, honing is neither practical or 
efficient. Another use of honing is to remove the 
shoulder caused by ring wear which ca.uses "ring 
knocks." 

A hone consists of a steel frame supporting grind­
ing stones which are pressed against the cylinder 
wall by springs (see Fig. 33, page 824A). 

A lubricant (usually kerosene) is used and hone is 
revolved and moved up and down within cylinder 
until desired amount of material has been re­
moved. The time of a run is 30 to 60 seconds, after 
which hone should be removed for measuring. The 
hardness of metal is what determines the cutting. 
speed of a hone, in addition to the pressure applied. 
A manufacturer states that a cutting speed of .002" 
per minute is the average. 

Two o· more grades of stones are provided, the 
coarser bemg used first for removing quantities of 
material such as removing large tapers (.005" to 
.010"); a medium grade for small tapers (.003" to 
.005") and the fine stone which is 211

• longer tha 11 

coarse stone is used for finishing or polishing. 
Stones for polishing are seldom used to remove over 
.001" to .001½". 

The hone is often revolved by an electric drill as 
illustrated in Fig. 19. A ½" heavy duty drill is 
generally used but a%", or even a ½", is preferable. 

To support drill and hone while honing and thus 
saving operator's back a Ford inner tube or a 
flexible coil spring can be used to suspend the drill 
and hone above cylinder. 

Hones for service shop use are also operated by special drill 
stands and also by automatic honing machines with nn auto­
matic reverse which gives a uniform feed up and down the 
cylinder. One device of this type is made by the Storm Mfg. 
Co., lVIinnen.polis. 1"1inn. • 

Fig. 19. Honing a. cylinder 
in chassis by means of a bone 
and an electric drill. Great 
care muat be exercised when 
honing or lapping, especially 
where engine is in chassis, thnt 
grit does not get into crankcase 
and bearings resulting in dnm­
age to them. Parts should be 
carefully protected and cyllnder 
and all parts cleaned thorough­
ly. Oil pan should a]wnys bo 
removed. It is best to remove 
cylinder block if possible. 

Hones are used in service work to remove tapers 
and oval conditions. One of the most common uses 
of a hone is to finish or polish a cylinder after it has 
been enlarged by boring or reaming. Many 
automobile engine manufacturers :finish or polish 
cylinders by honing, as the surface produced is very 
smooth. The hones are placed in multiple drills. 
No correction of taper or out-of-roundness is re­
quired of the hone in factory production as the 
cylinder holes are true. See page 824-A, explaining 
the operation of a hone. 

1 Sec footnote pages 694, 824B for list of concerns specialit­
ing on cylinder reconditioning tools. 

, By enlarging .010" in diameter, it is necessary to remove 
.005" or metal nil around the cylinder. See difference between 
radial and diametrical clearance, page 827. 
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Questions and Answers on Enlar-ging 
Cylinders 

Q. 1: When should a cylinder be enlarged? 
Ans.: When it is badly scored, or worn out-of-round 

more than .003" or tapered more than .010". 
See pages 814B, 814-814A, 812. 

Q. 2: How can you tell if it is out of round? 
Ans.: By measuring as described on pages 811, 812, 

814-B. 
Q. 3: 

Ans.: 

Q. 4: 

Ans.: 

Q. 6: 
Ans.: 

Q. 6: 
Ans.: 

Q. 7: 
Ans.: 

Q. 8: 
Ans.: 

Q. 9: 
Ans.: 

Suppose it is not out ·of round but deeply cut, 
should it then be enlarged? 

If cut too deep for safe enlargement, rcslccvc 
(sec p. 814A). 
How much should it be enlarged if out of 
round? 
Enough to have it perfectly true. See page 
814-B. 
How is a cylinder enlarged? 
By grinding, boring, reaming, honing or 
lapping. 
Which is most commonly used? 
Grinding. Boring, with a special boring 
machine, then finish by honing: 
How is a grinding machine operated? 
Grinding is done on a special grinding ma­
chine, employing a wheel made of abrasive 
material revolving at a high rate of speed on 
the end of a rigid spindle. The spmdle at 
the same time moves in a circular path, so 
that the revolving wheel travels around the 
hole. The path of the spindle is adjustable 
to the diameter of the hole. The cylinder is 
held stationary, and a multiple cylindc1· block 
can be ground without removing it from 
machine, thus insuring all _cylinders being 
perfectly round, smooth, straight, and square 
with the base of the cylinder casting. Grind­
ing gives a true, smooth surface and no matter 
how hard or soft the material, the grinding 
wheel will grind it just the same. A lathe tool 
cannot leave a cylinder as smooth as a grinding 
wheel. Some grinding machines are portable. 
How are cylinders bored? 
By placing them in a lathe; by placing them in 
a drill press; by placing them in a special boring 
machine, or attaching a portable boring tool. 
When placing a cylinder on the face plate of a 
lathe, a long boring bar is used. The cylin­
der, unless clamped securely, will move and 
ruin the job. Other disadvantages are that 
the boring bar is likely to vibrate or slide over 
a hard spot without cutting. The cylinder 
must be reset on the face plate, if a multiple 
cylinder block, thus requiring skill to bore 
each cylinder square with its base. A lathe 
tool cannot leave a cylinder as smooth as a 
grinding wheel. When placed in a drill press, 
the cylinder does not revolve, and can be held 
more securely, but otherwise there are the 
same disadvantages. When placed in a 
Rpccial boring machine, the work can be 
done better than on a lathe or drill press, 
us the cylinder is held securely in place and 
the boring-bar spindle is heavy and riiid. 
Cylinders are then usually finished by homng. 
How are cylinders reamed? 
Cylinders can be reamed on a drill press (see 
page 694), or by a reaming outfit which can 
he att.ached to cylinder block (pages 824-A, 
714). The possible disadvantage of reaming 

(with some types of reamers) to enlarge a 
cylinder

1 
is the tendency of some reamers to 

follow tne course of the old hole, thus pre­
venting it from making a new and perfect 
hole. It is also necessary to take a deeper 
cut than would be necessary if grinding. 
Reaming worn or scored cylinders can be done 
without removing engine from chassis, and 
thus costs less. In factory production some 
manufacturers bore, then ream, then hone, 
but have special rigid machines. 

Q. 10: Is it necessary to fit larger pistons when a 
cylinder is enlarged? 

Ans.: Yes; oversize pistons must be fitted as 
directed on pages 813, 814-B, and oversize 
rings must be fitted to pistons (pp. 828,813). 

Q. 11: Would you advise sending a cylinder block to 
a specialist to regrind and have the pistons 
fitted to the cylinders, or fit the cylinders to 
the pistons? 

Ans.: Grinding is considered the best, especially if 
cylinders are badly worn. Grind the cylin­
ders to equal bore and grind oversize pistons 
tofiteach individual cylinder. See answer 2, 
p. 824. 

Some machinists claim that cylindel's can 
be ground more accw-arely than pistons can 
be ground, a.nd for this reason, the final or 
finish grinding on the cylinders is done after 
pistons are finished, so that each individual 
cylinder bore is finish ground to fit each indi­
vidual piston. See also p. 824B. 

Q. 12: What are the symptoms of a worn or cut 
cylinder? 

Ans.: Lack of power, heavy fuel and oil consump­
tion, smoke, fouled spark plugs, and a piston 
slap. See answer to question 1, page 809. 

Q. 13: Where do cylinders usually wear? 
Ans.: In the space where the rings travel. If the 

piston is loose, then the const-ant pressure 
from explosion force will wear the cylinder 
on one side, near the top, owing to piston 
striking the cylinder wall at an angle. Sec 
pages 814-814B, 833, 780. 

Q. 14: Isn't it possible to fit oversize rings to a worn 
cylinder? 

Ans.: Yes, but it is not altogether satisfactory. 
If the cylinder is oval, then no round ring can 
fit it. (Also applies to pistons.) Seep. 828. 

Q. 15: Is it advisable to lap oversize pistons to a 
worn cylinder? 

Ans.: The piston or lapping tool is sure to follow the 
old hole. While lapping may improve condi­
tions temporarily, it is not recommended if 
other methods of enlargement are available. 
The cylinders become charged with abrasive 
that cannot be entirely removed by washinJl;, 
and lappin& continues as the engine lS 
operated. New pistons, with proper clear­
:tnce, should be installed after lapping. 

Q. 16: Are all high-grade engine cylinders heat­
treated or seasoned? 

Ans.: Yes. Heat-treated, or seasoned castings are 
used a.nd ground pistons are fitted to each 
individual cylinder. This prevents warping 
out-of-round when heated. Almost all cylin­
ders, in factory product,ion are first bored to 
within about .005" of size, and then ground, 
or reamed and honed. Sec answer 4, p. 810. 
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CYLINDER, PISTON, AND CRANKSHAFT GRINDING AS A BUSINESS 
The following material is taken by permission 

from the copyrighted booklet issued by the Heald 
Machine Co., Worcester, Mass., manufacturer of 
cylinder-grinding machines. This book discusses 
the following subjects: 

Cylinder Rt{!rinding as a B1<siness: A treatise on the Field nnd 
AdvaMages; Equipment and Component Parls; Reasons, Ad­
vantages and Methods of Refinishing Cylinder Bores; Facts 
W ortb Considering. 

Reground cylinders fitted with new pistons and 
rings will give the engine as much power and pep 
as when it was new. It cuts the oil and gas con­
sumption, and stops excessive smoking. 

It has been shown that quite a virgin field.pre­
sents itself in the smaller shops, because on a small 
investment they can often place themselves in the 
class with the larger shops. Many of the small 
shops are fully equipped with the exception of a 
grinder. 

There is no business today that has the possibili­
ties and which fits so nicely into a small machine 
shop, automobile repair shop, or a concern doing 
welding as the regrinding of worn, out-of-round or 
scored cylinders. 

The field for regrinding: There are over 17,500,000 
com1nercial and pleasure cars registered in the 
United States. Truck and tractor cylinders on an 
average will require attention once a year. Passenger 
cars should be overhauled at least once every two 
or three years. Figure out for yourself what your 
chances are when properly equipped for such work. 
Consider the fact that 3 four-cylinder blocks a day 
will bring profitable returns. 

The car manufacturers and engine manufacturers 
have long since recognized this as the be~t method 
of .finishing cylinders. Many of the reparrmen ad­
vocate it; but to the owner it still means an un­
necessary operntion-only another way to add a few 
more tlollars to his already overtopped garage bill. 

It is, however, so vitally important in helping the 
engine to function properly that careful thought and 
study should be given it by every driver. 

Pl'iccs Charged for Regrinding 
As for prices that are charged for regrinding, they 

vary in different sections of the country, as well as 
in the localities in the same sections. It is best to 
get severµ,! price lists from the ne~rest concerns 
doing business, and to charge accordmg to the c_on­
ditions in your particular city. Never cut prices 
under a competitor, as regrinding is a quality 
proposition and it will cheapen your work and 
eventually be a losing proposition. 

On the other hand, remember you cannot make a 
fort11ne overnight. Excessive prices will simply be 
an incentive for your customers to buy new blocks 
or to refinish by the boring method. 

This i:chedule of these job prices was prepared 
some time ago, but are approximately a correct 
average. 

On F4rds, Che".1'olets, an~ other rnass-p~oduc_tion 
cars sometimes prices are a little off these list prices, 
about 3C) per cent off. 

Appnximately $19.00 pe1: hole includes the. P:ice 
of the pistons and pms, or m other words thIB is a 
fair average of what it would cost to do the complete 
job, yrind the hole, fit the pistons, pins and rings. 

See po.ge 683 for list of concerns who do crlinder !!"rinding, 
engine rebuildine:1 carry engine parts, such as pistons, nngs, etc., 
1>n~ 1,Iao conduct rebabbitting service. 

Average Prices in Different Parts of the 
Country for Regrinding Cylinders 

Size Cy!. 

r,:1_d:: ..... · l i 
12 
2 

From 4 
3" to 3½" 6 
dia ......... 8 

12 
2 

From 3%" 4 
to 4" dia. . . . 6 

8 
From { 2 
4)/4" to 4 
4½" dia ..... 6 
From { 2 
4¾" to 4 
5" dia....... 6 
From { 2 
5~" to 4 
6' dia ....... 6 

East 
$22.50 
43.00 
58.00 
74.00 

109.00 
22.50 
46.00 
59.00 
75.00 

114.00 
24.50 
44.00 
66.00 
82.00 
25.00 
50.00 
68.50 
28.00 
53.00 
72.50 
28.00 
55.00 
72.50 

South 
$24.00 
41.50 
60.00 
77.00 

100.00 
27.00 

• 45.00 
64.00 
79.00 

High Lo,v 
Middl0 Middle 

West West 
S23.00 $17 .00 
45.00 34.00 
64.00 51.00 
83.00 6G.OO 

120.00 101.00 
24.00 18.00 
48.00 36.00 
68.00 53.00 
87.00 68.00 

131.00 106.00 
29.00 28.00 23.00 
49.00 54.00 42.00 
70.00 76.00 63.00 

35.00 
55.00 
77.00 
37.00 
62.00 
82.00 
40.00 
66.00 

104.00 85.00 
82.00 24.00 
60.00 46.00 
81.00 68.00 
35.00 26.00 
67.00 50.00 
93.00 73.00 
42.00 26.00 
78.00 50.00 

130.00 73.00 ~-----~-----

Far 
West 

$28.00 
42.00 
60.00 

• 76.00 
107.00 
32.00 
50.00 
71.00 
90.00 

128.00 
36.00 
58.00 
81.00 

10,1.00 
43.00 
69.00 
97.00 
49.00 
79.00 

111.00 
60.00 
93.00 

136.00 

Prices without pins Prices 
with Pins 

Parts to Can-y in Stock 
For small concerns starting in the re-grinding 

business, it is more desirable at first to buy pistons, 
rings and wrist pins in various sizes from the manu­
facturers of these parts, confining a.II the efforts to 
re-grinding and fitting up the component parts. 
In th.is way a large volume of business can be d<;me 
with a very small organization, and thus a very t1dy 
profit.can be made. 

A certain amount or" stock of all these parts should 
be carried, depending on the class of trade, the dis­
tance from the source of supply, and the size of the 
shop. 

Pistons; Rough, Semi-Finished, 
and Finished 

Pistons can be carried in three different stages of 
completion: rough, seini-finished, and finished, 
depending on whether the equipl"!1e~t of the ~hop 
will take care of the rest of the fimshmg operat10ns. 

Fig. 20 

Finished piston~ are furnished _finished complet_e, 
mi.nus rings and pms; but these m many cases Mil 
be included if so ordered. They usually come m 
oversizes of standard, .005", .010", .015", .020", 
.025", .030", and .04011

, and s?
1
me manufactur_ers 

supply sizes from .003" to :060 . When_ ordermg 
finished pistons, the exact_nncrornet.er readmg of the 
cylinder bore should be _given a.nd proper clearance 
will be allowed by the p1Ston manufacturer. 

Semi-finished pistons are finished with the excep­
tion of the outside diameter, which is left large to be 
ground do;.vn to the required diameter, and the 
wrist pin holes which are rough-i:ea~ed nnd. must 
be finished-reamed. When senu-finished pistons 
are ordered, instructions as how to finish arc usually 
supplied by the piston manufacturer. 
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Finishing Semi-F,inished Pistons 
There is one operation on pistons that can be 

nicely taken care of by practically all re-grinding 
concerns, and that is the finishing of the outside 
diameter. Orphan cars afford a big field for grind­
ing pistons and rush jobs can always be ta.ken care 
of and furthermore, when the piston is ground to 
fit the bore a good job is assured. The best plan, 
however, would be to bore the cylinders to one size 
and then grind the pistons to fit the cylinder bore. 
All cylinders and pistons would then be equal in bore 
and would have the same weight. 

Most piston manufacturers will furnish them 
finished or semi-finished. By using a semi-finished 
piston, which usually comes 1/16" oversize, and 
grinding it down to fit the bore, not only will it 
increase production, but it will allow the carrying of 
a larger supply on the same investment. 

Finished pistons will change, even when bought 
from the best of manufacturers, and will frequently 
be found out of round. (A slight tap with a wooden 
hammer when fitting out-of-round pistons to holes 
will usually bring them back.) 

In finishing the outside of the pistons a suitable 
external grindiug machine must be obtained, as the 
cylinder grinder is of no value for such work. In 
securing such a machine, it is well to keep in mind 
two facts: that the length of a piston seldom exceeds 
6" or 8", and the di:imeter, even on the larger sizes, 
does not ordinarily run over 5". Therefore a small­
size external grinder that will swing 6" or 8" with 
sufficient length between the centers is very satis­
factory. 

The pin holes in semi-finished pistons come rough-reamed 
with .002'' or .003" left for finish-reaming. Any good adjust­
able hand-reamer will take care of this. 

Remember. that in fin.ishing the outside diameter, the lands 
should be relieved and rnade smaller than the skirt by at least 
.008" or .010". The excess heat and solid meta.I cause greater 
expansion at this point. See also, pages 809, 611. 

Always measure a piston below the wristpin hole at the skirt, 
and not above it. on the head. 

For fitting piston, sec pae;es 812, 815. 
For fittings piston rings, see pages 829-833. 

Fig. 20A. Lalldis 4-A special grinding machine grinds semi­
finished pistons to exact,Jy fit the bore, Grinds pistons, piston 
pins, crankshafts, etc., but not cylinders and cams on camshafts. 
This machine has a capacity of 16" swine; and 66" between 
centers. 

Crankshaft Grinding 1 

An allied line which fits in very nicely with cylin­
der grinding is that of crankshaft grinding. Too 
much cannot be said about the importance of keep­
ing a crankshaft in perfect condition. The crank-

1 Some of the concerns making machines for grinding pistons, 
etc., are Landis Tool Co., Waynesboro, Pa.; Van Norman 
Machine Tool Co., Sprin1;1:ficld, Mass.; Simplicity Mfg, Co., 
Port Waslrington, Wisconsin (for lathe attachment). 

shaft, virtually the backbone of the engine, when 
sprung out of alignment or when its journals are 
worn out of round, will soon wear the main bearings 
and connecting-rod bearings which bear directly 
on the shaft; consequently it will cause the engine 
to knock. 

It is impossible properly to fit a set of bearings to 
a shaft which is out of round or out of alignment, and 
the extra time consumed in obtainin; even a fair 
job would more than pay for re-grindmg the shaft. 

There has, however, been a great deal of misunder­
standing regarding actual crankshaft grinding. 

By the old method of filing, lapping, and polishing• 
a shaft-a slow and expensive operation, which is 
often misconstrued as grinding-it is impossible to 
obtain accurate results. This work should be done 
on machines built especially for crankshaft grinding. 

Equipment Required 3 

To do re-grinding, or to fit pistons, rings, and pins 
successfully, one must have the proper equipment. 
We have listed below the machines and accessories 
that make up such a shop. Prices for these will 
vary, especially if second-hand tools are used. 
Therefore it is hard to state any given value. All 
local machine-tool dealers will be glad to fill these in, 
and the amount of capital required can be deter­
mined at that time. 

Fig. 21. A Heald cylinder grinder. 

Machines Needed for the Average Shop 

One style No. 55 or 50 Heald cylinder grinder. 
One small external grinder. 
One 14" lathe. 
One sensitive drill press; one back-geared drill press. 
One 10 h.p. motor .. 
One emery stand. 
Expanding reamers, sizes %" to I½". 
Shafting hangers and belts. 
Benches and tools. 
Supply of pistons, rings, and pins. 
Office equipment. 

This comprises a fully equipped shop planning to 
use semi-finished pistons. For anyone just starting 
in, it is JlOSsible to do away with part of this equip­
ment. By using finished pistons, it will not be 

2 Crankshaft journals can be honed and the manufacturers 
state that doing so is an equivalent to 3,000 miles of actual 
wearing-in, and that both connecting-rods and main bearings 
get a tight fit and remain Light without tak·ng up for a longer 
period of time. 

3 .From copyrighted booklet or Heald Machine Co., Worc .. -
ter, Ma.s'I. 
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necessary to have an external grinder; and while 
two lathes are much more convenient, a 14" one 
will handle the work very nicely, and for the work 
which you would ordinarily use the back-geared 
cb-:ill press for, such as drilling wristpin holes, a lathe 
will answer the purpose. 

When to Grind 

Passenger cars: Cars that do not run tight, that 
use an excessive amount of gas or oil, lack power or 
pep, or smoke, need overhauling. A disagreeable 
piston slap is a sure sign of worn cylinders. This 
is usually heard on bills, or when the engine is labor­
ing hard. 

After it is taken down, it can best be determined 
whether it needs to be re-ground or not. If found 
scored, out of round, or with excessive clearance 
between the piston rings and cylinders, the cylinders 
certainly need re-grinding. 

All cars that have been run two or three years 
should be pulled down, re-ground, and fitted with 
new pistons and rings. 

If the cylinders have been welded for any purpose, 
such as a score or a crack, they must be re-ground. 
Welding distorts and changes the shape, in addition 
to leaving excess metal. Regrinding 1s the quickest 
and most practical method to finish welded cylin­
ders. 

With commercial cars or tractors. the same 
reasons for re-grinding hold true as with passenger 
cars. They are usually worked constantly to their 
full capaci~, and are required to perform tasks 
which require every ounce of power. 

Tractors, in particular, are subject to excessive 
wear, owing to the conditions under which they 
must work, and to the dust and dirt working into 
t,he engine. Re-grinding should be done at least 
once a year. 

Why Engine Cylindel's Should Be Re-Grpund 

It is essential, in order to have an engine rui1 
properly, that the cylinders be re-ground so that 
they do not vary more than a .001" as to roundness. 
The hole must be straight and absolutely square 
with the base of the cylinders, otherwise there will 
be a noticeable loss of power and pep, excessive use 
of gas and oil, piston slap, continual fouling of the 
spark plugs, and general troubles of all kinds. 

Compression 

It is necessary that a cylinder bore be straight 
and round to obtain the prnper·compression. You 
cannot fit a ring and have it tightly seal a cylinder 
with an out-of-round hole or one which has been en­
larged at the top, either by error or inaccurate 
machining. Compression means a live engine, and 
rings must fit the hole. See also page 764. 

Waste of Oil and Gas 

When :m engine has lost its compression, and 
knocks on the hills, etc., the owner usually makes 
the mistake of trying to cure the trouble by enrich­
ing bis mixture. While this will temporarily cure 
the trouble, an excess of raw gasoline in the cylinder, 
on the compression stroke, is forced past the rings, 
thinning the oil and destroying its lubricating quali­
ties, and possibly resulting in scored cylinders. 

This gasoline eventually reaches the· crank case, 
where it thins the oil to such a degree that it is use-

less as a lubricant. Old and worn cylinders are not 
the only places where this happens, as it also occurs 
in many engines where the holes were inaccuratelv 
finished. • 

. Thus not only is excess gas being used in propor­
tion to the power secured, but a large share of oil is 
goin~ ~ff in smoke, or is being rendered useless, thus 
requmng constant renewal. 

Missing 

Ill-fitting; rings not only allow leaking of gas, but 
on the suction stroke air is sucked up from the crank­
case, thinning the mb.."ture and causing the engine 
to skip. This is particularly noticeable when travel­
ing at idling speeds or starting on cold mornings. 

Ca1·bou 

When the oil gets by the piston rin!!is into the 
combustion chamber and is burned by ignition, it, 
gives off a bluish smoke, leaving carbon formed 011 
the head of the piston and in compression chamber. 

Carbon holds heat, and if the compression is high. 
it will often e::q,lode the mixtme prematurely. This 
is called pre-ignition, which opposes the drivinµ; 
forces of engine and causes undue wea1· on pistons 
and bearings, and it very often results in a broken 
piston _pin, bent connecting rods, or a scored cylin­
der. Of course, burned oil soots the spark plugs and 
requires constant cleaning to keep a hot spark. 

Engine Knocks 

Engines that have thick carbon deposit will result 
in knocking on the slightest pull. This condition is 
all caused by oil leaking past the rings into the 
combustion chamber, where it is carbonized. 

Are Re-Ground Cyliude1·s, with Pistons Ground 
to Fit, Better than New? 

When the statement is made that a re-grow1d 
engine which has been fitted with new pistons and 
rings is better than it was originally, few people can 
understand why. It is a well-known fact among 
those connected with the metal industry that cast­
ings change shape after they are cast. This is 
caused by strains and stresses resulting from the 
heavier walls of metal cooling last and sh.rinking 
from the already cooled lighter walls. 

These strains can be relieved if the castings arc 
seasoned for a long time, or by heat-treating pro­
cesses. 

Castings that are immediately machined and put 
to work in a car change more or less1 owing to the 
heating and cooling of the engine, wnich acts as a 
heat-treating operation. Therefore, an engine 
which has been run several hundred miles is thor­
oughly seasoned and is in ideal condition ·to be 
re-ground and fitted up. 

Once having been relieved of all the strains and 
stresses the castings will retain their shape con­
tinuously after grinding, if properly machined and 
fitted up. 

Actually, of course, an engine does not have any 
more power after re-grinding than that for which it 
was originally designed. 

The fact, however, that the casting is seasoned, 
and that each hole has had individual attention, 
often gives better results than a general-assembly 
proposition. 
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DIFFERENT METHODS OF FINISHING BORES OF CYLINDERS• 

Methods of Finishing Bores 

There are five methods of enlarging cylinders: 
(1) by boring; (2) hy grinding; (3) hy reaming; (4) 
hy honing; (5) by lapping. 

Remember first and last that cylinder recondition­
ing by any method is a precision proposition, and 
that too much care cannot be applied to the task. 

The prime object of either operation is to finish 
lhe cylinder, so that it is absolutely round and 
straight, and then to ·fit the cylinders ~·ith new over­
size pistons and rings. 

Rebo1·ing Cylinder• 
Boring is done by a steel-1:mtting tool in the same 

manner as that in which a lathe cuts. It produces a 
porous-like surface which is subject to rapid wear. 

When a cylinder is re-bored, the tool must get 
under the hard surface skin of the worn and polished 
cylinder wall, and as a result a heavy cu!i as com­
pared with grinding, must be taken. Therefore, 
the cylinder bore is enlarged more than is necessary 
and the walls are often reduced in thickness to a 
greater degree. 

Fig. 22. Cross-section of a gas-engine cylinder. 

With the re-boring method, a considerable amount 
of pressure will be exerted on the walls of the cylin­
der. Since these walls are not very thick and 
are reinforced only by the water jacket in certain 
places, it will be found that the walls where they 
are not reinforced will spring away from the cutting 
tool, when it springs back after the tool passes on, 
leaving an elevation, sho"l'\'Il at (a). Where the 
walls are reinforced, the tool will take a slightly 
heavier cut, as at (b) (Fig. 22). 

There are also bard and soft spots in the iron, ll.nd 
t.he cutting tool will bite into the soft spots and 
spring away from the hard ones. 

This condition makes it difficult to produce a true 
round hole within exceedingly close limits of ac­
curacy by the boring tool method. If the cylinder 
bore is out of square with the base, reboring will 
not always correct this error as the tool has a tend­
ency to follow the worn hole. 

Reaming Cylinder~ 

Reaming is similar to boring, except that a num­
ber of tools set in one head are used instead of a 

• The following discussion (pages 821, 822) of the advantages 
and disadvantages of each method is taken from the instruction 
book of the Heald Machine Co. 

• In factory. production, some of the lending engine manufac­
t•irers use the reamer considerably; the cylinde1-a are first bored. 
then reamed, and 'then honed, or ground to a finish. ln service 
work, where cylinders nre reconditioned, they are us\:ally 
ground to their required oversize, or a reamer is used for this 
puroose and they are thou honed to a finish (Author). 

single tool. What has been sai<l about the disad­
vantages of boring applies equally well to reaming.• 

When the pistons and rings arc assembled in cylinder, after 
boring or reaming, Fig. 23, they will rest on minute hills of 
met-al. About hnlf the bearing surface is thus lost, owing to the 
depression of metal bet ween each hill. A full bearing surface 
is not realized until from .002" to .005" of metal bas been re· 
moved by the pistons and rings. This ca.uses a very rapid 
wearing of the cylinder walls until they are worn to full contact.' 

-e,uo,t 
Q.l"UIMl«O!l..,5'X 

~~[~~~r 
lS~OTOA.~10 

Fig. 23. Showin.t? unc.v<-n .sur­
fai,cs left. on walls of cylinder after 
boring or reaming (exaggerated) 
(Iron, Heold booklet). 

Lappiug Cylinder 

Lapping the holes of "·orn cylinders will not make 
them round or straight, because the lapping process 
is good only for polishing surfaces, and even after 
hours of work, but little material is cut away, leaving 
rnuch of the lapping compound imbedded in the 
walls. It is au ex-pensive operation, and the degree 
of accuracy and success to be achieved depends 
entirely on the skill and experience of the workmnn. 

A worn cylinder is ahvay5 larger at the top than 
at the crank end, owing to the friction of the ring,; 
and also to greater heat and poorer lubrication. 
Therefore, the grinding machine can be used to 
cut away the material necessary to get a round and 
straight hole for the entire length. 

When lapping is clone, two metallic surfaces are 
rubbed together with oil and abrasive material 
between them. This will charge the surfaces with 
grit. 

Grinding in a machine with a hard, vitrified 
grinding wheel rw10ing at a high speed to cut the 
metal away is an entirely different proposition, and 
is the only way to secure the best results. 

Finishing by Grinding 

In finishing a cylinder by grinding, an abrasive 
wheel held by a very rigid arm moving at high speed 
cuts away the metal freely witho11t putting undue 
pressure on the cylinder walls. The feed of the 
wheel into the work can be adjusted so that it will 
remove the metal rapidly if a large amount is to be 
taken off, or so lightly that it is practically immeas­
urable. 

The grinding wheel revolves in a perfectly ·true 
circle and cuts away-the iron until a round and 
straight hole is produced, without either high or low 
spots, and having a beautiful, smooth, and mirror­
like surface throughout. 

The work is held on an angle-plate attached to 
the cross-slide of the machine; the main table, 
traveling lengthwise, moves automatically. When 
a hole is finisned, movement of the cross-slide gives 
the proper position for the next hole. 

The block remains set during the entire operation, 
insuring the bores being absolutely parallel to each 
other and at right angles to the base, this being 
assured by the angle-,Plate mounted on machine a.t 
90° to the grinding spmdle. 



822 DYKE'S INSTRUCTION No. 70 

By this method all the disadvantages of boring or 
reaming are absolutely overcome. The high-grade 
cylinder-grinding machine produces a true, straight, 
accurate bore, the usual limits of accuracy being no 
more than one one-thousandth of an incli. The bore 
is absolutely square with the flange, the surface 
produced is hard and glass-like, and the amount of 
stock taken out is only a fraction of what would be 
necessary in re-boring. 

New Rings No Help 

A large share of repair shops are still advising new 
rings when an owner is confronted with engine 
troubles. He believes it is a cure, but it is only 
temporary, since in most cases the carbon has been 
cleaned out, valves have been ground, and the 
engine has been generally tuned up. It therefore 
seems to have ov.ercome the ailment. It is not 
Jastin~, however, for no matter how expensive or 
complicated the rings may be that are used, with or 
without compression guaranteed, a round ring will 
not fit an egg-shaped hole; and if the engine has been 
run considerably, that is the shape it will probably 
have. 

Thousands of strokes of the l'ings up and down 
the cylinder, while aided by road dust and other 
abrasives which are sucked into the cylinders with 
the mixture, will gradually wear down the cylinder 
wall. 

Fig. 24. Showing the points where 
rings usually wear cylinder walls. 

This wear is greater on the two sides at right 
angles with the crankshaft. It is the result of the 
pressure of the piston against one side of the cylinder 
wall on the compression stroke, and on the opposite 
side of the cylinder wall on the power stroke. 

No ring will fit such a shaped hole, so there is 
bound to be a chance for gas to escape and a long 
time needed for the rings to wear in, if they ever 
do so. 

Therefore, as the cylinders are worn only the 
length of the ring travel, it leaves the lower and 
upper ends smaller. To put a ring of the proper 
oversize in the worn pa.rt through the smaller hole is 
impossible. 

The only cure for a worn cylinder-and it takes 
but a few thousandths of an inch to show apprecia­
tive loss of power-is to have the cylinders re­
conditioned and fitted with new pistons and rings. 

Fig. 24, which has been somewhat exaggerated, 
shows the wear in a cylinder which may have been 
made by various causes. Note how the gaps in the 
rings are spread, allowing gas to pass up through or 
around the rings. 

New rings in such a worn cylinder would do no 
good, unless they were of the correct size to fill this 
hole. This is impossible, since rings of the proper 
size would not pass through the space either at the 
top or bottom of the cylinder. It will 1·equire grind­
ing to take out sufficient stock to allow proper over­
size pistons and rings to be inserted. 

At Rjght Angl@s to the Flange 

What is meant by "square with the flange," is 
indicated in Fig. 25. 

It does not matter so much if the holes lean to thn 
right or left side of the en~ine, but they must not 
lean to the front or rear with respect t.o the crank­
shaft. 

Fig. 25. Cylinder bore thal is 
at right angles with the base, and 
one that is not. The right cylinder 
~s at rear of engine. The cylinder 
bore is leaning to the ret1r. 

The right-hand side of the cut shows how the 
piston is often cramped in the cylinder by being out 
of square. 

This may be caused in several ways. First, the 
bore in the cylinder may not be square with the 
crank case. Second, the piston-pin hole may not 
be drilled square with the sides of the piston. Third, 
the holes in the ends of the connecting rod may not 
be parallel with each other. Any one or more of 
these may result in excessive wear on the cylinder 
walls, or in pistons "seizing." 

Thin Cylinder Walls 

Occasionally the shifting of the cores, when mold­
ing the cylinders, leaves a thin wall. In re-grinding 
such cases, if the wheel should break through, of 
course the man doing the work cannot be l1eld for 
this misfortune. Furthermore, should there be a 
deep score and the owner wished it ground out and 
not filled, he must assume all the responsibility of 
weak walls. 

It would be better business for all re-grinding 
concerns to refuse to touch such jobs, if, in their 
opinion, there is a doubt as to the strength of the 
wall after grinding. See Fig. HE page 81,!A describ­
ing installation of cylinder sleeves. 

New Pistons and Rings Necessary 

If the cylinders are re-ground, new pistons and 
rings must be installed. The amount of stock to 
be removed in order to bring a bore back to a true 
round hole is usually at least .010" and, if the 
cylinder is scored or badly worn, will go from .030" 
to even .040". Such clearance would never allow 
the use of the old pistons. 

Many a perfect re-grinding job has been spoiled 
when the engine is being assembled. 

Great care should be taken first to wash the 
cylinders and pistons, rings, etc., carefully with 
gasoline. Be sure that every particle of abrasive 
material and foreign matter is removed. 

Make certain that the wristpin fits both the rod 
and the piston, and see that it is securely fastened 
on. Better go over this an extra time and make 
sure, for a loose pin or screw will ruin the entire job 
the first tiine the engine is run. 

Measure the pistons for roundness after assem­
bling with the connecting rods, to see that they 
have not been distorted. A, slight tap with a 
wooden hammer will help to make piston round. 
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After reassembling the pistons on the crankshaft, 
test them to see if they are absolutely square. Do 
not take it for granted, because the connecting-rods. 
were straight before it was pulled down, that they 
will be so when you reassemble them. There are 
many chances and reasons for their having ·become 
twisted or out of square. This could happen in 
taking off the block with the pistons still connected 
to the crankshaft, when it is an easy matter to bend 
or t'l'l-ist the rods. Again, in scraping in the con­
necting-rod bearing or in tightening the caps, a 
slight variation at this end will increase many times 
at the piston end. 

That the pistons should be square (see Fig. 25) is 
highly important; if they are not, the cylinders 

might just as well not have been ground, for the 
pistons hitting on the sides will give all the troubles 
of an out-of-round hole. 

Put plenty of oil on all the pistons before assem­
bling in the cylinder. 

The rest of the assembling is-purely a repairshop 
job, but every detail should be thoroughly gone into 
as if itwere a brand new car. In fact, the vital 
parts a.re new and with very close limits; therefore, 
they should receive carefol attention. 

Be sure that the crankcase is well filled with a 
good light or medium oil, and that the lubricating 
system is working perfectly. Run the engine slowly 
for one half-da.y, giving it time to cool naturally. 

RE-BORING OF CYLINDERS TO FIT THE PISTONS; FORD SERVICE METHOD 
The preceding pages are devoted to cylinder grind­

ing taken from the booklet of a prominent cylinder 
grinding machine ml!,nufa.cturer. 

The following describes the method of re-boring 
the cylinders to fit the pistons as performed on a 

. combination machine 1 recommended by the Ford 
Motor Co. for dealers and service mechanics. 

The method of boring the cylinders "all one si1,e" 
and hoping to find stock finished pistons to fit them 
(selective fit), is not always considered practical, be­
cause pistons may vary from the size with which they 
arc marked. 

Note: Stock finished pistons arc subject lo seasoning and are 
often distorted by handling. 

Pistons should be carefully measured and if the 
variation exceeds .00111

, the cylinders should be 
bored to fit their respective pistons. 

Procedure 

The cylinders are measured with a cylinder gauge 
(see Fig. 11, page 812) to determine what size they 
should be rebored and the oversize piston to use. 
The amount cylinder is out of round, tapered, or 
worn is ind'icated by the hand on tbe dial. Scores 
can be noted by visual inspection. 

For example, suppose that we find it necessary to 
remove .02711 in order to properly clean up the cylin­
der. On referring to the Ford parts price list, we 
find that the piston which would more nearly cor­
respond to this measurement would be .031" over­
size, which would in this case be the size to install.' 

Fig. 26. l\.fiking and chalk marking pistons. 

The pistons should next be checked for roundness 
as they occasionally become out-of-round due to 
rough handling in shipping. The pistons are 
checked with a 4" micrometer (E, Fig. 26) ("miking" 
1s the term used for measuring with a micrometer), 
first for roundness, by measuring them across the 
skirt in the direction of the wrist-pin; then at right 
angles to it. 

1 These instructions (condensed) are from Ford Seroi<e 
Bulletin describing how re-boring of cylinders is performed with 
a combinatio'! machine. Api;,lies to Mo~el "T'' Jford. (See page 
790 for babbitting and bormg and ahgn reaming Ford main 
bearin.gs.) 2.03125" is act;ual size, as explained on page 813A 
but will be referred to as .031". 

If the piston is out-of-round, it can be trued up by 
lightly tapping it with a rawhide mallet on the side 
of the skirt which shows the greatest diameter. 

The pistons are then chalk marked for their re• 
spective cylinders, 1, 2, 3, 4 and then measured 
for actual diameter, and also to check the size as 
stamped on it, because pistons do not always meas­
ure exactly as marked. The measurement is made 
across the skirt with a. 4" micrometer as shown in 
Fig. 26. 

For example, the Ford cylinder bore diameter iti 
3¾" or 3.750". The diameter of a standard piston 
mth .003" allowed for clearance should be 3.750-
.003" =3.747". The diameter of a .03111 oversize 
piston should then be 3:747"+.031" =3.778". (See 
also page 813A discussing this subject.) 

Therefore, if all of the .031" J?istons were exactly 
equal in diameter, that is, 3.778 ', then each cylinder 
would be bored .003" larger than the actual diameter 
of pistons, or 3.778+.003" =3.781", the additional 
.003" being allowed for clearance. All .031" pistons 
however do not always measure as marked. 

A .031" would actually measure from 3.77711 to 
3.779". Therefore do not make a mistake and bore 
the cylinders .003" larger than the oversize marked 
on the pistons. 

As previously stated, the pistons should be care­
fully measured and if the variations exceed .001", 
the cylinders should be bored to fit their respective 
pistons. 

Marking pistons: Suppose tl1e measurement of 
piston marked No. 1 actually showed a measw·cmeut 
of 3.779". It would be chalk marked 3.779". Sup­
pose piston Ko. 2 actually measured 3.777". It 
would be chalk marked 3.777" and likewise, measure 
and maTk No. 3 and No. 4 pistons. 

A clearance of .003" (or .004") must be allowed 
between piston and cylinder. Take the piston No. 
1 which was chalk marked 3.779". By adding the 
specified amount for clearance, we obtain 3.779"+ 
.003" = 3.78211

• Therefore the cutter (C, Fig. 27) 
inust be set to bore the No. 1 cylinder 3. 782". Take 
No. 2 piston, chalk: marked 3.777". Allowing .003" 
for clearance, we obtain 3.777" + .003" = 3.780". 
Therefore the cutter when boring this cylinder, must 
be set to bore the No. 2 cylinder to 3.780" for this 
piston, and follow the same procedure for No. 3 and 
4 cylinders. 

The single fly cutter in the boring bar is adjusted 
and set so that it will bore the correct size as follows: 
In the example of No. 1 piston we found that the 
dfameter of the .031" oversize piston was 3.779", to 
this we added .003" for clearance which gave us 
3.782", or .032" oversize. The special micrometer 
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furnished with the equipment is then adjusted to 
show a reading of only half of this amount or .016" 
and the boring cutter set to correspond with this 
reading. The reason for adjusting the cutter to cut 
only half of the amount that the cylinder is to be 
bored oversize, is due to the fiwt that as only one 
cutter is used, it is measured from an imaginary 
center of the shaft to its point, but as it cuts all the 
way around the circle it actually doubles this meas­
urement, so that by setting the cutter to .016" it 
actually cuts .032". Cutter for No. 2 piston, which 
measures 3.777", or .030" oversize, would be set to 
.015". 

The cutter (C, Fig. 27) can be adjusted by slightly loosening 
the two set screws on the cutter head with a special set screw 
wrench ahd turning the adjusting screw with a screw driver 
until the setting o{ the cutter corresponds witb the reading on. 
the special micrometer. The set screws nro then tightened and 
the cutte,· again checked to make sure the adjustment was not 
n.ltered when the set screws were tightened. 

Doring Operation 
After correctly adjusting cutter the boring bar is 

placed in the cylinder, and is located by means of 
two (two-piece) tapered locating plugs (L), as shown 
in Fig. 27. One of the plugs at each end of the 
cylinder on the boring bar insures perfect centers. 

Fig. Zl. Combination machine being used to rebore cylin­
ders. 

to 1~! l1~~a~;i~fh'•i:Jn~~~-f.:J~";d':::!t-~ea;fd!~•tcneJ 

The tapered locating plugs (L) are then removed through the 
openi llgS provided, lea.vmg the boring bill' all set up. 

We now place an 8"-wrench on the square end of the boring 
bar, and with another "speed-type" wrench, we tighten the 
adjusting screws of the split hearings on each of the permanent 
1-n,ides until it requires considcrnble pull on the 8"-"1'ench to 
turn it. 

Now place the universal joint in position, a.nd throw in the 
feed lever. In 9 minutes the. cylindel' will be rebored, during 
which time no other attention except setting up is required. 

Cutters are interchangeable (at slight cost), and it is not, 
uecCS$8.ry to t.ie up the cylinder re-boring machine while tbe 
tuUers are returned to the fa.etory to be re-sharpened and fixed 
up. 

The cutter is adjustable to take up any wear, and on accoun't, 
of Lhe narrow cutting edge will not dub over when it hits a 
hard spot or a scored cylinder. A narrow cutting edge could 
not be used with any equipment other than a cylinder boring 
bar, having a fixed guide on each end that will prevent chatter 
and keep cutter from digging in or follo";ng the old hole. 

Because the "cylinders are bored to fit the 
pistons," nearly all hand operations, such as filing, 
turning, lapping~in, etc., are eliminated. Occasion­
ally a sli~ht amount of hand tiling is necessary to 
remove high spots and niches from pistons. Pistons 
fitted by this process to .003" to .004" clearance arc 
absolutely free in the cylinder and, without rings 01· 
oil on them, will "fall through" without friction. 

While lapping-in will cut off some of the high spots 
in the cylinders and pistons, it will not fill up the low 

• spots. 

Filing pistons in a lathe will make them smaller, 
but will throw them out of round more than ever, 
for the reason that when the file bits the relieved 
portion of the Riston near the piston pin boss, it 
will jump and 'dig-in" again about one inch from 
the edge of this relieved portion. 

Lathe turning is unsatisfactory because the aver­
age service station is not equipped with proper tools 
for this work. Even if it were, it is a difficult prop­
osition to "chuck up" a piston accurately 
to remove only a few thousandths of an inch. These 
facts show why it is necessary to bore the cylinder 
accurately in the first place, if you want a first-class 
job at a minimum cost. 

Stormizing Method 
j\fo,chinct·y for another well-k110wn boring method 

is called the Stormizing 
equipment {Slorm Nlfg. Co., iHinneapolis, ~1inn.). 

Questions and Answers on Enlarging Cylinders; 
Continental Engines 

The following questions and answers pertain to 
the Continentitl engine (see Index), but are appli­
cable to many other engines: 

Q. 1: Are cylinders ground, reamed, or bored? 
Ans.: All Continental cylinders are bored and 

reamed with special fixtures and tools which 
insure perfect alignment. After these opera­
tions they are honed accurately to a glassy 
smooth finish. • 

Q. 2: Are pistons fitted to each individual cylinder, 
and what is the standard clearance? 

Ans.: Not only the piston, but the piston rings as 
well, are individually hand-fitted to each 
cylinder bore. (See also ans. to question 11, 
page 817.) The clearances allowed in each case 
depend upon the size of the engine and the 
service for which it was designed. (See pages 
810, 811.) 

Q. 3: 

Ans.: 

How are engines marked to show the orig­
inal diameter of the cylinder bores? 
The diameter of each cylinder is stamped on 
the lower machined face of the cylinder block 
where the valve-chamber cover is attached. 
These marks are in decimnls. 

Q. 4: What factor determines'the amount of clear-
ance to be allowed when fitting pistons in 
the cylinders? 

Ans.: 

Q. 6: 

Ans.: 

The amount of .eiq>ansion. This depends 
upon the materials used in the pistons and 
cylinders, the general design, and the operat­
ing temperature of the engine. The temper­
ature of an engine in operation is affected by 
the amount of fuel consumed, the resistance 
offered the power impulses, and the timing of 
the ignition. 

What is meant by .003" loose-fit and .004" 
tight-fit of piston clearance? 
The pL~ton would be free in the cylinder with 
a .003" thickness gauge (also called "feeler") 
between it and the cylinder walls, and the 
same piston would be tight in the cylinder 
wi~h a .004" feeler. 
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MISCELLANEOUS CYLINDER RECONDITIONING TOOLS AND DEVICES1 

Portable cylinder reborer and regrinding machines 
driven by an electric motor, and portable grinders 
of the stone type, also reamers .and hones, which are 
capable of doing accurate cylinder work are shown 
in examples following. 

On engines where cylinder-heads are removable, 
and where the cylinder does not come underneath 
the dash board they can be reconditioned in the 
chassis, thus saving the e>.'-pense of tearing down the 
engine. Great care however must be taken to 
protect the bearings from chips 11.ud emery dust. 

Fig. 28 Fig. 29 

Fi,::. 28 (left). The Simplicity' portable cylinder reborer and 
grinder. We quote from booklet issued by 'this concern: 
"Wheu a large amount of metal needs to be taken out., due to a 
score. or for any other reason, such as to straighten out hole and 
remove the hard scale on cylinder walls, it is a distinct advant.age 
to re-bore first and then true up a.nd finish the hole by grinding. 

11 The Simplicity ,·acuum cleaner and blower is a separate unit 
operat.ed with a ball be.~ring motor. The dust nozzle is placed 
at the bottom of cylinder and collects boring chips and emery 
dust which prevents these materi:ils from getting into the bear­
ings, especially when t.he job is done in the chassis. u 

Fig. 29 (right). The Jiffy Jordan' portable cylinder regrind­
ing mach.i.oe. We quote from booklet issued by this concern: 
"This machine bores and grinds at the same setting, both going 
down and coming up. It is portable and clamps to the face 
of the engine block. Will regrind ninety per cent of all engines 
without removing from chassis. Adjusta.ble to an co.rs, trucks 
tract.or sizes. Cuts as little as .0025" or as much us necessary.': 

A portable cylinder grinder of the vertical stone 
type is shown in Fig. 30. This grinder is used by a 
number of automobile manufacturers on production. 
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Fig. 30. The Hutto' portable cylinder grinder (vertical stone 
type). This device is known as the positive Get, meaning that 
when the grinder is set it is locked so that it cannot deviate from 
the diameter it is set for. If th.ere is a bard spot of metal in 

the cylinder wall it must be ground off; there is no means, the 
manufacturers state, by which the grinding st.ones will spring 
back and depend upon the grinder to finally wear off the high 
spots by longer grinding. 

A cylinder reamer, hand-operated type for recon­
ditioning worn or scored cylinders for service shop 
use is shown in Fig. 31. Reamers-power driven are 
used quite extensively in factory production. 

Fig. 31. Foster- Johnson• cylinder reamer is hand operated 
for reconditioning worn or scored cylinders. \Vith this tool 
"·hen used with the F-J ratchet wrench the great majority of 
blocks haviu~ detachable head can be reconditioned "itbout 
removal frotn tbe chassis. 

The above-mentioned firm states: "The blades of this tool 
cxj>and parallel and are expanded after being inserted into the 
ry inder to a depth of three or four inches thus making the tool 
self centering, self piloting and self aligning, and reamed hole 
will be true to the natural path of the piston travel. The 
finish and accuracy that can be obtained will equal that of any 
fa.ctory reamed cylinder. Honing is not necessary for final 
sizing. Roughing blades can be obt.ained, mak.ii\g it possible 
to remove .010" of metal iu less than two and one-half minutes." 

As an example of a typical type of hone, the Hall 
hone will be used. This hone 1s shown in Fig. 33. 

ft i!I made of a nickel base alloy die-casting. The stones arc 
cemented into steel channels which the makers claim eliminates 
trouble with stone breakage. See also page 816 relative to 
honing cylinders. 

The internal construction consists of precision ground cones 
(H) (Fig. '<13), a part of the niainshaft, actuating the stone car­
rier arms equally. 

Fig. 33. The Hall bone' used as an 
. example. Names of parts: A, ball 
~ jointdrivingsocket; B,rnain~sho.ft; C, 

tension adjusting plate; D, upper 
flange nut and extending slee,·e with 
left-hand thread for solid pressure; E, 
lower llange nut \\itb right-hand 
t.hresd for spring pressure; F, main 
spring; G, pressure flange; H, upper 
and lower cones, part of main-shaft, 
supporting stone carriers; I, body; 

t J, stone retaining screws; K, boning: 
stones in stone carriers; L, ta.per bear ... 
ing pads on stone carrier arms that 
swing in and bear on taper cones H; 

K M, lock nut and protection Bange. 

It embodies the two necessary fe.~tutes; spring pressure for 
fast cutting, and solid setting or pressure.for sizing. Pressure 
,nay be changed from spring to solid or solid to spring pressure 
without removing the hone from the cylinder or the drill froiu 
the hone. • 

1 Ricardo cylinder head subj-.!ct, formerly on this page, is now 
on page 806. 'Circulars can be had by v.Titing the manu­
facturers (please mention Dyke's ;luto Encyr,/opedia). See page 
824B for address. 
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Lubricant: One-half cylinder oil and one-half kerosene mixed 
is proper for lubricating. Do not run hone dry. 

Rubbing stones are necessary to sharpen honing stones nnd 
remove the iron which fills the pores of the stones, causing them 
to stop cuttiu_g. Fast cutting requires frequent use of the rub­
bing stone. Rubbing stones are made of a harder texture than 
cutting stones and therefore will remove this metal thereby 
renewing the cutting surface of the honing stones. 

Instructions for Operating Hone 

l. To prepare block for honing, remove head, oil pan (or inspec­
tion plate), pull pistons, and clean block with kerosene. 

2. Measure cylinder carefully with dial indicator gauge to 
determine how much taper or out-of-roundness exists and 
to what oversize to hone. 

3. Protect the bearings and crankshaft and other parts from 
grindings, if work is done in chassis, by placing a wet rag 
nround them. or covering them with heavy grease. 

4. Insert short coarse stones in lower part of stone carrier and 
t-igh t-0n screws (Fig. 33). 

5. Wash and lubricate stones and cylinder wall with one-half 
kerosene al)d one-half cylinder oil. After this, insert hone 
in cylinder and drive with electric drill which usually is 
suspended overhead on a flexible sprinkl (or a Ford inner 
tube). Work hone up and down the cylinder. 

6. A thirty or sixty-second run is sufficient. Remove hone and 
measure, cspccio.lly when using sprjng pressure. To app)y 
spring pressure, screw upper flange nut (D) down in a left-

banded direction until hone is expanded within 1/16" of cylin­
der diameter; then hold upper flange nut (D) and screw 
lower flange nut (E) down in a rigM-handed direction until 
stone carriers are expanded against the cylinder wall with 
sufficient pressure to slow down drill sufficiently to speed up 
cuttjng. Fast cutting demnnds plenty of pressure, and at 
the same time speed is essential when using spring pressure. 

7. After having roughened out cylinder with spring pres.sure, 
removing most of the taper, then free tho spring pressure and 
with a hone set in upper part of eylinder apply solid pressure 
sufficient so that drill will just drive bonent an average speed. 
Apply power and work bone up and down until you feel it 
freeing up. If a tight spot in any given part of cylinder is 
felt, this shows,,_ slil,lhtly smaller diameter and hone should 
be run a.t that, point, increasing pressureif necessary, until you 
do not notice any change in drill speed at any poin~ When 
drill speed is even all the way down, cylinder should be 
parallel. Use :i dial indicator gauge to determine variations. 
Be careful to not allow stones to pass out of top or bottom of 
cylinder more than an inch at any time. 

8. A finer stone is installed to finish and polish cylinder and size 
.001" to .0015" should he all that finishing stones are requirt><I 
to remove. 

9. On closed cylinder heads where it is desired to remove a ring 
ridge and not cnt any of the other part of cylinder wall, wooden 
blocks can be made or purchased to fit upper part of stone 
carriers, theroby allowing opei-ator·to use :.i stone about l'' 
long, that has anywhere from ¾'' to ¾" of surface corning 
in contact with the cylinder wall or ring ridge, 

10. Clean cylinders and parts with kerosene. 

ENGINE RECONDITIONING PROCEDURE 
A general engine rebuild usually consists of first 

checking the various parts and then properly doing 
the work of reconditioning the paxt if worn as 
follows: 
1. Check cylinder for wem·, ta)?er and out-of-round. 

condition. (See page 814-BJ. • 
Recondition by grinding or other process; this 
should insure proper alignment of cylinder bores 
with cylinder base. Vlheu enlarging cylinder new 
oversize pistons and rings are necessary and 
should be properly fitted as explained on pages 
814B and 833B. • 

2. Check crankshaft for wear, out-of-round journals, 
for cracks or flaws and straightness. (See pages 
791, 784A.) 
Recondition by grinding; this insures it being 
round and straight and having journals in line. 

3. Check main bearings as ei,..-plained on pages 784, 
784A. 
Recondition by align rea.mi~g or boring with 
adjustable pilots or fill.-tw·es that will insure perfect 
parallel alignment from the original crankcase 
bore.* 

4. Check connecting-rod bearings as explained on 
page 803. 
Recondition by align reaming, or boring with 
reamers or align boring fLxtures that will give 
lmiform distances between piston-pin center and 
bearing center and also align the rod and piston 
assembly as per page 803.* 

5. Check valves as explained on pages 767-770. 
Recondition as ell.'Plained on page 776D. 
After reconditioning an engine it should be 
thoroughly cleaned inside and outside, then rµn-in 
as explained below and on pages 833A, 833B. 

Care of a New or Reconditioned Engine; 
Glazing the Cylinder Walls 

When an engine is new or has been reconditioned 
by enlarging cylinders and fitting new pistons and 
rings the cylinder walls and rings are soft and care 

should be exercised, particularly at first, to use lots 
of oil and a light blue smoke should come from the 
exhaust for the first few hundred miles and by no 
means sho1,1ld the engine be overheated by running 
cm· at a high speed. 

Many manufacturers, who hone cylinders and 
crankshaft journals, state that this process is equiva­
lent to running-in. While this may be true, it is 
advisable to use plenty of oil and to run at slow 
speeds for the first few hundreds of miles. 

As previously stated on page 812 and as discussed 
on page 814, the wear on cylinder walls is usually 
where the rings travel and this wear in most in­
stances is found to be near the top and the reason is 
traced principally to insufficient lubrication and also 
to a thrust action. 

Cylinders usually are made of soft cast iron, like. 
wise the piston rings are made of soft material and 
it would seem that friction of the rings on the cylin­
der walls would result in excessive wear. While 
there is some wear, it should not be excessive provid­
ing the cylinder walls are properly lubricated and 
means for proper lubrication of the cylinder walls 
are now taken care of with oil control rings (see 
page 826), that is, lubrication is provided but not to 
excess. 

Cast iron will become glazed or case hardened 
w!,!)n rubbed with other metal while properly 
lubricated and it is this glaze that is desired. 

1 Some of the concerns specializing on cylinder reconditioning 
tools and machines and who issue instructive literature on the 
subject are: Automotive Maintenance Mchy. Co., Chicago, Ill.; 
Simplicity Mfg. Co., Port Washington, Wis.; Storm Mfg. Co., 
Miw,eapQlis, Minn.; The Hall Mfg. Co., Toledo Ohio; The 
Heald Machine Co., Worcester, Mass.; The Hutto Engineering 
Co., Detroit. Mich. 

• Many engines now use interchangeable type bearings, 
as explained on p. 786 for hoth crankshaft and connecting 
rods. 
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PISTON RINGS: Types, Construction, and Fitting; Piston-Ring Gap Clearance; 

Piston-Ring Groove Clearance; Measurements of Piston Rings; Standard 
and Oversize Piston Rings; Testing and Fitting Piston Rings 

PISTON RINGS ' ' 

A piston must be fitted with piston rings. The 
piston is slightly smaller than the bore of the 
cylinder, in order that it will not stick to the cylinder 
wall (termed "seizing"), when it becomes hot and 
expands. See page 807 explaining purpose of piston. 

The purpose of the piston ring is to fill up or seal 
the gap clearance between the piston and cylinder 
walls, preventing the high-pressure burned gases 
escaping into the crank case during the power 
stroke* and an excess of oil working into the com­
bustion chamber. 

As these gases are under pressure, it is necessary 
that the rings not only fit snugly around the cylinder 
wall, but in the grooves of the pistons as well; other­
wise the gas and oil work through behind the rings. 

Since the rings present small wParing surfaces, 
they become undersize in time. See pages 824B, 
833A about care of a new engine until cylinders and 
piston rings get their glaze. 

Piston rings also lose their pressure after long use 
and cease to press against the cylind_er wall a.JI 
around, and the compressed gases escape between 
cylinder wall and ring. If worn in groove, or if 
there is a loose fit in groove, a leak wiJJ occur around 
the ring. 

Some piston rings are heat-treated after they are roughened 
out of the castings and before they are finished. \This also 
applies to pistons; see Questions 3, 4 pages 809, S10 anc Quest,ion 
16, page S17.) 

To insure maximum power, together with mini­
mum oil and gas consumption and the best all-round 
satisfaction, the rings should be renewed wherever 
oil or gasoline consumption becomes excessive or 
tests show leaky piston rings (excessive ''blow-by") 
or loss of compression (see pages 829 and 766-769). 
Definite mileage figures for satisfactory piston-ring 
life cannot be given. (See also p. 814B.) 

Ring grooves are cut in the wall of the pistons for 
the rings. The grooves are slightly wider than the 
ring. See Fig. 17. They should fit freely but with­
out side play. 

If the groove is too large, there will be a compres­
sion leak between the groove and the ring. If too 
narrow, the ring will stick in the groove and will not 
exert its pressure against the cylinder wall. 

The fit of the piston ring in the ring groove is very 
important. If the ring has considerable up-and­
down motion in the ring groove, it will shift up as 
the piston goes down, drawing oil under and behind 
the ring. It shifts down as the piston goes up, and 
forces the oil collected out over the top of '.he ring, 
and in this way acts as a small oil pw:np. ~uite a 
lot of oil can be pumped into the combustion cham­
ber iµ time. When the rings are worn the gas has 
an unobstructed path behind the ring. See I, Fig. 
28, page 767. 

1 This instruction has not been revised for some time. 
' Follow manufacturer's latest instructions for fitting and 

clearances. See page 690 for literature on p-iston rinas. See 
also page 814B; also page 828 (piston ring and skirt expanders). 
There may be a slight discrepancy between index and text on 
pages 825-837. 

It is important that a piston ring exert equal pres­
sure against the cylinder wall at all points of its 
circ~erence. Right here is one of the most im­
portant duties of a piston ring. If it fails to do this, 
then the part of the ring which does not press against 
the cylinder wall is bound to permit the compressed 
gas to pass into the crank case and oil into the com­
bustion chamber, causing a loss of compression, re­
sulting in a loss of power, fouled·spark plugs causing 
misfiring and carbon deposit. 

Requirements of a piston ring: (1) permaucat pres­
sure; (2) uniform wall pressure; (3) not too much 
pressure to cause undue wear and friction, but 
enough to seal the clearance; (4) maximum flexi­
bility; (5) oil control; (6) gas-tight at all times. 

The ring gap is provided on all rin~s for three 
purposes: (1) to permit assembling rmgs on the 
piston; (2) to permit the ring to expand, owing to 
its elasticity, and to exert pressure against the cylin­
der walls; (3) to permit expansion of the ring when 
heated, without causing it to seize cylinder wall. 
As the ring expands, because of heat, the gap de­
creases. 

Cylinders are bored and honed or ground as the 
case may be, for the purpose of making the bore 
round, smooth, and straight, so that an accurately 
machined piston ring will fit perfectly and conform 
to the cylinder without setting up any severe forces 
while in operation and thus sealing the clearance 
between the cylinder wall and piston and.holding a 
maximum compression. 

For many years, various manufacturers have tried 
to make a piston ring to fit properl:v. an out-of-round 
and tapered cylinder, and consequently the "flexible 
type" of piston ring was originated. 

Many repairmen are of the opinion that if a 
cylinder bore is round, smooth, and square with the 
base, the coru1ecting-rods aligned and perfect ring 
grooves in pistons, a.n accurately and properly made 
"one-piece-ring," often termed a plain ring, will give 
perfect service with proper lubrication. 

This does not mean that only the plain one-piece 
ring should be used. Flexible rings of proper con­
struction could probably be used with greater effi­
ciency than the one-piece ring u~der soma conditions. 

Material: Piston rings are usually made of cast 
iron, and manufacturers have different formulae and 
treatment. 

There are usually three or four piston rings, some­
times more. 

Practically all pistons are equipped with one 01· 
more oil-control rings placed in the lower ring 
grooves. Oil drain holes are usually drilled in these 
grooves. SometimPs one oil-control ring is plact>d 
below the piston pin. 

* Termed "blow-by" which increases ternperat.u1·e of engrnc 
oil, decreases compression and causes loss of pc,wcr. There is al­
ways some "blow-by." AL high speeds ''blow-by" increases. 
Defective rings, pistons and gylinder bores increase- the amount. 
of "blow-by" at all apeeds. See also pages 168,833. 

825 
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Radng engines often use one or two piston rings. This 
,,,rmits better Iubricafion <1t high pistqn speeds because of the 
n1m11nurn amount or ring contnct,. 

Piston rings are known as "compression rings," 
and "oil-control rings." 

. To avoid ?ii pumping' and oil-soaked spark plugs, 
01!-control rmgs, such as per Fig. 4, are fitted· or oil 
holes may be drilled in the ring groove, as sb~wu in 
1'1gs. 4B, 4C, and 5A, and fitted with oil-contrnl 
rings, as shown in Figs. 4A and 5. 

The ring land between the fu-st and second ring 
p;rooves should never be drilled, as this relr,ase:;; the 
compression !Uld only the top ring will be holding 
the compression. 

The three type:;; of piston-ring joints generally 
used are shown in Fi~s. 1, 2, and 3, and are known 
us a bevel or miter jomt, the step-cut joint, and the 
butt-joint (see Fig. 3). 

F'ig. 1. A plain one-piece piston flng 
with a beveled joint (M) cut slantwise. 
Termed a "miter cut" or "diagonal'• 
joint or "bevel joint." 

·, Fig. 2. A plain one-piece piston ting 
with stepped or lapped Joint (S). 

Term~ a "step-cut" or 0 lap-joint" ting. 

Classification of Piston Rings 

Piston rings are of two types: compression rings 
and oil-control rings. 

Compression rings serve the purpose of sealing 
the clearance between cylinder wall and piston to 
prevent gas leakage, and where placed in the lower 
part of skirt they also help to prevent piston slap 
to a certain extent. 

Oil-control rings are employed to control the 
amount of oil reaching the combustion chamber and 
as a measure of oil economy. 

The piston rings in most general use are of the 
plain one-piece type which may have either step-cut, 
miter, or butt-joints. 

In order to obtain more satisfactory results from 
cylinder walls that are "slightly scored, tapered, or 
out of round, several patented flexible rings have 
been devised. 

The primary purpose of these rings is to create 
equal pressure against the cylinder wa11 at all points 
of circwnJereuce or to prevent leakage at joints by 
various methods. Patented rings are of one, two, or 
three-piece type. 

Cowpressiou Rings 

There am a great many different makes of piston 
rings. A few as examples will be shown here. The 
one-piece and two-piece types are shown. There 
are a number of rings of the three-piece type. 

1 Oil pumping is sometimes due to misaligned connecting 
rods, late valve tinting, or loose bearings in pressure lubricated 
engines permitting more oil to be sprayed into cylinders than 
piston rings can return to ·crahkca...o:i.e. See also "How piston 
rings pump oil" and "piston ring pound.ins'' a.t bottom of page 
832. 

~ Follow manufacturer's latest instructions. See also foot­
note, page 825. 

Fig. 3 (loft). A plain butt-joint, one-piece type of ring. 

Fig. 3A (ri$ht). A plain step-cut joint, one-piece type of ring 
t.~1·med a qui~k-se~tin~ ring-purpose, t.o seat within a short 
tnne-25 to <>0 miles instead of 500. Note the serrations or 
groovt;s nround the circumference or the ring. The depr,h of the 
serrations det,ermines the quickness of seating; if too deep, the 
wear of ring is rapid and of shorter life. 

. Fig. 3B (left). A hammered step-cut joint one-piece type of 
rmg. Illustration is that of the "Arnerican" hammered ring. 
Note that the inside has been hammered or peened with hammer 
marks. The makers claim that this operation causes the ring 
to exert equal pressure at all points of its circumference. There 
are several other makes of hammered rings· for example the 
11 Richmond," etc. ' ' 

Fig. 3C (center). A double-step interlocking-joint concentric 
patented one-piece type of ring, the "Gill." 

Fig. 3D (right). A two-piece patented ring, the ""Leak­
Proof." The manufacturers claim it creates even outward ex• 
pansion all around the ring, thus maintaining equal pressure 
against the cylinder walls. 

Oil-Control Rings 

Examples of oil-control rings to overcome oil 
pumping or an excess of oil reaching the combustion 
chamber are shown below. • 

Fig~ 4 (left). The "Superoyl"' patented piston ring to control 
oil. For use where there are no oil boles drilled in piston. ,\ 
small oil groove (G) or reservoir is out around the lower edge of 
this concentric ring. providing u scraping edge (end view is 
shown in center illustration). 

The principle of this ring is that its special reservoir (G) cul­
l ects excess oil from the cylinder wall on e>1ch down-stroke ruirl 
empties itself on each up-stroke. It is a concentric type of ring 
with bevel-cut joint. 

Fig. 4A (right). Tbe "Ventilated Superoyl" patented pist-on 
ring. A combination of the oil scraper principle by menns of 
1:roovc (G), and with vent.ilating slots (S) through the face of 
the rinc: to reduce further the oil pumpingj a concentric-type 
step-cut joint one•piece rin.g. These rings a.re used only where 
pistons have holes drilled in the grooves so that the excess oil 
can drain through the drilled holes in the piston. 

Figs. 4B, 4C. Instructions for 
installing Ventilated Superoyl rings: 
On pistons wit-h three or more ring 
grooves above piston pin install in 
first grooYe above pill (Fig. 4B, 
left); on pistons with two grooves 
abo,~c pin, install in groove below 
pin (Fig. 4C). 

Always drill vent holes through back of groove i.n which this 
ring is installed. Drill at least _¼-inch b?les spaced ¾ to l inch 
apart. The boles may be drilled at nght angles to wall of 
piston (straight through), or they may be at an angle sloping 
down at the inner end.' 

Always install witb oil-scraping groove (G) lacing downward 
town.rd bottom of ring groove. (Manufactured by McQuay­
Norris Mfg. Co.). 

Fig. S (left). The "Tcetor Perfect Circle" oil-regulating 
patented piston ring. Groove (A) is turned on the face midway 
between the edges which is a trap for the surplus oil that tends 
to pass the face of the ring. At equal intervals in this annular 
groove, slots (B) are milled through the body of the ring con­
necting the groove "ith the cavity. behind the ring. The oil 
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,.-hich fills groove (A) is distributed over the cylinder walls as 
required and the surplus drains through the slots (B) and tb_en 
back to the crankcase through oil-draining boles which are 
diilled in the lower ring groove or grooves of the pistons. 

Fig, SA (right). Insuuctions for installing Teetor rings are 
as follows: (1) Oil-draining holes must be drilled in the ring 
groove of pist<?n which carries the oil-regul_ating rin_g. The 
location of dram holes on four different designs of pistons 1s 
indicated by the arrows on the piston diagrams above. Drill 
these holes H" apart at lower edge of groov~, being careful not 
to damage the groove. The boles should be drilled at right 
angles to side of piston. For Vs" groove use 3/32" drill No. 32; 
for3/16" groove use 5/:12" drill No. 22; for¼" groove use3/16" 
drill No. 12. (2) Joint or ring-gap clearance: .003" for every 
inch of cylinder diameter (3 11 bore .. 009'' clearance: 4" bore, 
. 012" clearance). (1\'lanufactured by The Perfect Circle Co.) 

Fig. 5B. The "No-Leak-O" oil-control patented 
ring: The square edge of piston ring groove :it (BJ, 
{C) scrapes oil from cylinder wall on thedown-st,roke, 
and the sloping face of groo,·e distributes oil again 
on the up,-stroke. This groove of oil conforms to 
any low spots in the cylinder, sealing t..-hem against 
e.scape of compression or surplus oit. 

Top ring (A) is invert<1d. This is done to prevent 
refuse or unburned gas £rom getting down mto the 

• ~ oranke11se. The ring reversed in this manner func-
tions just the same as the bolt.om rings do in con­

trolling the oil; thnt is, this top ring traps the refuse and con­
stantly pushes it back into the combustion chambers where it 
is eventually burned or blown out through the exhaust, but 
prevents this refuse from gett.ing down into the- crankcase, 
tbinning out the oil. (Manufactured by The Piston lUng Co.) 

There are a number of other good oil-control rings on the 
market. Space prevents giving more examples. See list of 
some of the piston-ring manufacturers, page 833B, and write for 
circulars. a 

An inner ring is another device jntended t.o stop oil pumping 
and also piston slap. H is shown in Fig. 5C. 

0 Fig. 5C. The Ramco cushion inner ring_ 
l Made of beat-proof tempered S" ed,sb steel. 

The inner ring (I) fits behind the regular piston 
riug (R), and is intended to ma1nta1n uniform 
ring pressure on cylinder walls. ()•Ia.de by 

Ramsey Accessoriea :Mfg. Co.) Another make of inner ring 
is the "Apex," made by Thompson ~If~. Co. The .. Simplexn 
and "Panyard" (not shown) are expanding type of piston rings 
designed to till the ring groove as well as to conform to cylinder 
walls. 

Fig. 6. Ford' piston rings. These are two 
compress.ion rings above the piston pin and ono 
oil ring below the piston pin, and they are 
tapered, that is, they are machined .003" taper 
on the face of the ring. This insures the ring 
wearing so as to conform to the cylinder walls 
in the shortest possible time, and, when as­
sembled ";th the word "Ford" up (stamped on 
upper side), the ring presents a sharp edge to 
the cylinder wall on the down-stroke and an 
incline on the up-stroke. The incline rides over 
the oil, while the sharp edge pushes the oil 
before it, thus preventing the oil from workin~ 

into the combustion chamber. Ford rings are mitre-cut. 

While all ringa control oil due to taper, the taper in t.in1c 
wears off. To control oil, the bottom ring groove is chamfered 
at its lower edge; on up-stroke riug moves to bottom of 
groove and oil passes above and behind ring; on down~stroke 
ring moves to the top of groove and oil passes out at bott.om 
o,·er and around ch:imfere.t edge lubricating cylinder walls. 

Ford ring-gap clearance: Before new rings are installed, the 
gap between the ends of the ring should be checked. To do this 
place the ring in cylinder as shown in Fig. 16 and check with a 
thickness gauge. The top rings are checked at the top of the 
cylinders. In a car which has been in service for some time, 
tbe bottom ring should be checked at the bottom of the cylinder 
(cylinders sometimes wear sligbUy taper). 

The rillg-ga.p clearance for the top ring should be .012" to 
.015"; the center ring .010" to .012", and the bottom ring 
.008" to .010". If the gap is too small, the ends of rings can 
be filed, as explained farther on. 

Concentric and Eccenti·ic Piston Rings 

The concentric ring (Fig. 7, left) is one of equal 
thickness throughout its entire circumference. 

The eccentric ring (Ji'ig. 8, right) is made eccentric 
(thicker) at one point, as shown at (e). 

e tha_t th~ concentric ring will 0 0 
Somemanufacturersclaim 

mamtam equal pressure un­
der bea.t, if made of the right 
material, and others claim 
that the eccentric ring is the 

best. See Question 6 and answer, page 833B. 

:Measurements of Piston Rings 
Manufacturers differ as to the measurements of a 

piston ring. A gauge is generally used for this pur­
pose . 

One type is a cylindrical gauge' in which the pist.on 
ring is fitted. For instance, this gauge would rep­
resent, say, a 3½" cylinder bore, and when the 
ring fits into this gauge with a certain opening of the 
ring gap it would be a 3½" ring. Thus it will be 
observed that a ring is not measured by closing it 
tight-ly and measuring its outside diameter, but, in 
other words, the gap opening of the ring must be 
considered. 

For example, suppose the manufacturer recom­
mended a .002" diametrical cleari_mce of piston ring 
so as to allow for expansion when heated. 

Fig. i2 
(left.) 

Fig.13 
(right) 

The term "diametrical clearance" means the dif­
ference between the diameter of the cylinder wall 
(the bore) and the outside diameter of the piston 
ring (gap closed). In Fig. 12 the diametrical 
clearance is the distance (B) minus the distance (A). 

The term "radial clearance" means the radius of 
the cylinder minus the radius of the piston ring. In 
Fig. 13 it is represented by (B-A). It would be 
.001" in this example, 

RING 0.05£D 

Fig. H 

RING O0C:N 
.fJ06" 

Therefore a ring that was rated as of a 3 ½" diam­
eter would, when closed (Fig. 14) measure 3½" 
less about .002" in diameter, or, in other words, if 
~be ring were allowed to ~pen about .006" in its gap, 
1t would measure 3 ½" (Fig. 15), because a difference 
of .002" in diameter equals a difference of .006" in 
circumference (.002" x 3.1416" = .0062832"). 

Piston-Ring-Gap Clearance 

If the ring is out of the cylinder, it would a_1?proxi­
mately measure on its outside diameter, if com­
pressed to about a .006" open gap, 3 ½", as shown in 
Fig. 15. If in a cylinder of 3 ½" bore, the gap would 
be approximately .006" (when stationary and not 
running). 

1 Other makes of pist.on-ring Jlauge.,: Universal Circular 
Gauge Co., San Francisco, Cal.; D. F. Dunham, Los Angeles 
Cal.; Wilke.ning Mfg. Co., Philadelpbi0,, Pa. • Refers to Ford' 
t\fode] "T''. 3 See also, p. 690 for Uleratu,re on piston rings. 
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When engine is in operation, the piston-ring gap 
would almost close, due to expansion of metal when 
heated. This expansion is really an elongation. 

This gap must not close entirely otherwise ring 
ends will butt together and cause ring to buckle 
resulting in scol·ing of piston ring and cylinder wall. 

Hence the importance of the exact gap clearance 
which should be ascertained from the piston-ring 
manufacturer when ordering or fitting piston-rings. 

Method of finding the ring-gap clearance in the 
opening of the ring is shown in rig. lE-

l!JJ>g 

piston ring 
Fig. 16. To measure ring-gap clearance, place the piston 

without rin11s into the cylinder. Then slip the ring into the 
cylinder bc,md the pistou. It may be necessary to slightly file 
tbe edges of t 1e rin.g to do this 1 as some rin~s nre oversize when 
new. Pull the piston ,up a.gainst the ring in order to square the 
ring up in the cylinder. If the cylinder is worn, it is usually 
where tbe rings travel; therefore fit it to the smallest part. A 
thickness gauge is then applied, as shown. 

Fig. 17. Measuring ring-groove clearance. Tho measure­
ment is made above or below the ring when in the groove. See 
page 829, "The width of the ring groove." 

It is recommended that the ring manufacturer's 
specifications be followed. Clearance depends upon 
the type of rin~, character of material and conditions 
under which 1t operates For example, a quick­
seating ring may be given less gap clearance than a 
ground ring and engines operating at a high tempera­
ture for long periods of time, such as engines on fire 
apparatus would probably be given mote clearance. 

In the absence of explicit instructions from the 
piston-ring manufacturer, a minimum gap clearance 
of .003' for each inch of cylinder diameter should be 
allowed: .004' per inch for top rings. (The top ring 
is usually given slightly greater clearance at ~ap 
to allow for increased expansion, owing to its bemg 
exposed to greater heat.) 

If the space between the ends of the ring is less 
than the clearance desired, the edge can be dressed 
with a fine file, as exp1ained farther on. 

The usual method of ordering piston rings is to 
measure the diameter of the piston and the width of 
the groove, and to ~tate the make of engine. The 
manufacturer bas a list to which he refers, and can 
then give the proper ring. The best plan is to 
measure the cylinder bore with an inside micrometer 
at the smallest diameter. 

Standard and Ove1·size Piston Rings 
New cylinders are perfectly round, and of the 

standard bore; therefore the standard-size piston 
rings should be used. 

When cylinders have been reconditioned by one 
of the methods of enlargement, oversize rings cor­
responding to the enlargement should be used. 
Piston rings are available in oversizes corresponding 
to the standard oversizes for cvlinders and pistons: 
0.005", 0.010", 0.015" 0.020'1, 0.030" and 0.040" 
oversize. If the cylinder has beei;i. enlarged 0.010", 
the piston rings should be 0.010" oversize, etc. 

When cylinders have not been reconditioned, it 
is frequently possible to improve engine perform­
ance by installing new piston rings of the same size 
as that to which the cylinder was last enlarged. 
If the cylinder has never been enlarged, standard 

rings should be used. If the cylinder has been en­
larged to 0.015" oversize, use 0.015" oversize rings, 
et.c. To determine the size of the cylinder, the 
micrometer should be placed at that part of the 
cylinder in which the rings do not travel. Replace­
ment of piston rings alone is only justified when rings 
have been worn considerably but the cylinder is not 
badly worn. Experience and judgment are necessary 
to determine when this method is advisable. 

Oversized rings in worn cylinders: It is not good 
practice to instal oversize rings in cylinders that 
have not been enlarged to a corresponding oversize. 
In other words, cylinder wear cannot be rectified by 
installing piston rings which were made to a larger 
oversize. Oversized piston rings in a worn cylinder 
may lock and cause damage. 

Installing piston rings in worn cylinders: Many 
patented piston rings are available which will 
render reasonably satisfactory service in worn 
cylinders without the necessity of enlargement, pro­
viding the cylinder tapet· or out-of-round is not 
excessive. (See also, p. 814B). The best results 
frorri badly worn cylinders are obtained by proper 
cylinder enlargement and fitting of new oversize 
pistons and rings. 

Piston Ring and Ski.J:t Expanders 
Patented spring-expander type piston rings are 

available which, according to the claims of their 
manufacturers, will render satisfactory service in 
worn cylinders (up to certain limits, as spec~ecl in 
their literature) when properly fitted to old pistons, 
without the necessity of cylinder enlargement and 
replacement of pistons. Their use is justified when 
the expense of a complete enlargement job cannot 
be considered. 

Piston skirt expanders are frequently used in 
split-skirt aluminum-alloy pistons to offset piston 
wear or collapse (closing up o the split in the skirt). 
They are frequently used together with spring­
expander piston rings. (See also page 833B for 
another method of resizing aluminum-alloy pistons.) 

The ridge at the top of the ring travel in the 
cylinder should always be removed when iustalling 
new piston rings. (Seep. 833.) 

Partial honing of the cylinders to decrease taper 
will improve the performance of jobs in which 
piston-skirt expanders are used. This is not a sub­
stitute for complete cylinder enlargement. 

Installation of spring-expander piston rings and piston-skirt 
expanders, together with grinding valves, fitting new piston 
pins, check up of connecting-rod bearings, and the usual engine 
tune-up of checking the igrution an carburetion, constitutes 
this type of engine <n:erhaul job. For literature on this subject, 
see page 690 under Piston S1,,-irt and Piston Ring E:,;pandcrs. 

Piston Ring Groove Clearance 
The ring should be rolled around the ring groove 

in the piston, as shown in Fig. 26 pa~e 832. The 
proper fit of a piston ring in a groove 1s that which 
permits the ring to fit snugly without binding or 
sticking at any point. The fit should be just foll, 
so that the ring can be turned around the piston 
with the fingers. When it is loose or sloppy in 
its ring groove, there is danger of lubricating oil 
getting behind the ring and traveling to the combus­
tion chamber, resulting in the formation of carbon 
and in gumming the ring. 

Extreme care should be ta.ken to see that the groove is clean, 
and that the wall thickness oi the ring is not greater tl>an the 
depth of the ring groove. Therefore tbe outer edge of the ring 
should not extend above the edge of the piston at any point 
when placed in the groove. See also p. 833. 

To measure ring-groove clearance (see Fig. 17). 
Remove all grit and see if the groove walls are 
straight and not worn. 
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If a ring groove is not straight and becomes worn V-shaped, 
the piston can be put in the lathe and trued up and tbeo groove 
widened to tal,'.e a wider ring. See page 833. 

The reason ring grooves wear V-shaped is that when the 
piston tra.vels up the ring has n. tendency to move down, u.nd 
when the pistcn travels down the ring moves up; nnd if not 
properly lubricated this rapid up-and-down motion wears both 
the groove and ring. Soo bottom of page 832 on this subjoot. 

If the ring is slightly tight or wide for the groove for which it 
is intended, this difficulty can be overcome by the use of a piece 
of line emery cloth tacked to a flat surface (Fig. 30, page 833). 
Sec that ouicr edge of ring groove is not "burred," if so, round 
oil edge of groove slightly with a fine file. 

Piston ring width: Rooommended standard widths of co,n­
press-ion rinos are J/8" for cylihder diamet,ers of 2'' to 4 7/16" 
aud 6/32" for cylinder diameters of 4 I/2" to 5 7 /HY'. Tho 
actual ";dth is slightly smaller than the size by which it is 
known: the 1/8" ring: is riot actually 0.1250" wide but is 
0.1235" to 0.1240" wide and the actual width of the 5/32" rini; 
is 0.154511 to 0.1550". Some manufacturers usc3/32'' rings hav­
ing nn nctual width of 0.092.'i" to 0.0035" (see page 1054B). 
The recommended widths for oil rings for cylinder diameters of 
2" to 4 7 /16" is 1/8", 5/32" or 3/16" (0.1855" to 0.1865"); for 

cylinder wameters or 4 1/2" to 5 7 /16" is 5/32", 3/16" or 1/4" 
(0.2480" to 0.2490"). 

The width of the ring groove in the piston should be a, mini­
mum of 0.001" to 0.0015" more than the widt.h of the rin~ except 
for the top compres.~ion ring which should have a mmimum 
clearance of 0.0015" to 0.002". 

The thickness of piston rings increases as the cylinder 
diameter increases. Some typicn.l standards are: for 2 1/2" 
bo£'e, the piston ring thickness is 0.115"; for 8" is 0.135"; for 
3 1/4" is 0.145"; for 3 1/2" is 0.150"; for 3 3/4-'' is 0.160"; for 
4" is 0.165"; for 4 1/2" is 0.180"; for 5" is 0.195". 

The depth of the piston-ring groove is determined by specify­
ing the maximum diameter measured nt the bottom of the ring 
groove. The din meter for oil ring groove is 0.040" less than for 
compression ring grooves (the groove is therefore 0.020" 
deeper). The groove diameter for aluminum pistons is less 
than for ca.st iron pist,ons, thnt is, a1uminum pistons hav~ deeper 
grooves. The groove diameter £or 2 1/2" aluminum pistons is 
0.005" less tban for cast iron nnd for 5" pistons is 0.010" less. 
Some t,ypical dia1neters for compression ring grooves in cast 
iron pistons are 2.240" for 2 1/2" cylinders; 2.698" for 3" 
cylinders; 3.166" for 3 1/2" cylinders; 8.634" for 4" cylinders; 
1.102" for 4 l/2" cylinders; a,nd 1.570" for 5" cylinders. 

PISTON-RING TROUBLES, TESTS AND REPAffiS 

If the rings do not fit the cylinder wall with equal 
pressure at all points, there will be a loss of compres­
sion and a smoky exhaust. 

If the rings are exerting equal pressure, they will 
be smooth and shiny, as will also the cylinder walls. 

If the rings are dull, and there are spots or streaks 
on them, it will indicate that the flame from the 
combustion passes between the piston rings and the 
cylinder wall, leaving a sooty deposit and perhaps 
burning them. The compression will pass the ring 
thereby reducing power of engine. 

Causes of Leal,y Piston IUngs 

1. Rings sticking in their grooves because of gummy 
deposit from lubricating oil; rings that are stuck 
in their grooves will usually not press against the 
cylinder walls. 

2. Rings may have become broken. 
3. The joints of the rings may allow the compression 

to escape. 
4. Ring gap too wide: see pages 768, 769, 828. 
5. Rings may be worn or cut from lack of oil. 
6. Rings may not be wide enough for. the grooves, 

or grooves may be worn (~ee bottom of page 832). 
7. Too light a grade of oil. Too great an oil pres­

sure may cause oil pumping. 
8. The rings may have lost their pressure, due to 

heat. 
9. Rings may be warped and do not seat all around 

on lands. 

Testing Rings and Cylinder for Leaks 

First test compression, as explained on page 767, 
and if compression is weak be sure it is not due to 
some other cause, such as leaky valves (see pages 
769 and 779 fo1· testing piston rings and v-alves). 

In order to find out if the rings leak, try the piston 
and see if the gas is escaping through the rings into 
the crank case. This can best be accomplished by 
removing the lower part of the crank case, after 
which turn the crank so that the piston makes its 
compression stroke, and listen for a bubbling sort of 
hiss in the crank case. L Test each cylinder separate­
ly. First determine which cylinder is leaking. 
There is no mistaking this sound, since the crank 
chamber acts as a resonator, and even the slightest 

• There is a small amount of leak that is audible after oil has 
drained from the piston rings. Do not confuse this with serious 
leaks, as rings depend on an oil seal to be perfootly gas tight. 

leakage is distinctly audible. (See also pages 768, 
769, 779.) 

If the sound of gas escaping past the piston rings 
continues for an appreciable tirne (upw:ircl of a 
minute or so), 1 the chances are that the oil is diluted, 
or not the proper grade for engine. 

However, if the escape is of short duration, the 
matter is more serious, involving as it may a cracked 
piston, scored cylinder walls, or broken, warped, or 
gummed rings. 

If any of these troubles arn suspected crank the 
engine, stopping when piston start,s upward on com­
pression stroke, flush then the cylinder combustion 
chamber with an oil-gun full of gasoline, then crank 
the engine on the compression stroke, and with the 
aid of an electric lamp and a small mirror, observe 
the bubbles caused by the escape of the gas about the 
lower edge of the piston. There will naturally be 
no bubbles at this point if the piston head is frac­
tured, but it may be possible to see the crack through 
which the leakage occurs. At any rate, if enough 
gasoline has been left in the cylinder, one will be 
able to see it trickling down the connecting rod 
or inner piston walls, should such a crack exist. 

If the cylinder walls are scored, one will see the 
liquid at but few points about the lower edge of the 
piston, and, as the gasoline washes the oil away, 
possibly the score marks will also be seen. 

In case the trouble is '.IVith the rings, the bubbles 
will be more evenly distributed about the periphery 
of the piston, and will be all of about the same size. 
Should this latter be the condition, use the kerosene 
treatment for gu=ed rings; this ma.y eliminate 
the leak if the rings are only gummecl. If this lat­
ter is not effective, the job is one of replacing 
rings. 

If the gas is escaping through the rings, it will 
be necessary to take out the pistons and to look at 
the rings. If there are black spots on the rings, it 
is evident the gas has been escaping at this point. 

To te'st a piston for a leak in casting: Set the pis­
ton bottom side up in a pan and pour gasoline 
into the interior of the piston. If there is a hole in 
the piston, the gasoline will seep through it. 

Remedying Piston-Ring Troubles 

Gummed rings: After long periods of running, a 
deposit of charred, or partially charred, lubricating 
oil is liable to form behind the ring and to interfere 
with its free movement; it is a good plan, therefore, 
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when overhauling the engine, to slip the rings from 
the piston and thoroughly to clean out the grooves.• 

A kerosene oil treatment to loosen rings: Engines 
have been known to lack power merely from the 
rings becoming gummed up. This trouble can be 
remedied by first running the eugi.ne until it is warm; 
then stop it, take out the spark plugs, and pour some 
kerosene into each cylinder, by pouring the kerosene 
through the spark-plug holes. Plug up the holes 
with old spark plugs, and then crank the engine 
several time& by hand, so that t,he oil will work its 
way down around the rings; leave this oil in over 
night, and next morning crank the engine a number 
of times until you think the oil has passed into the 
crank case. Drain the crank case. After thor­
oughly dr:uu.ing, and putting in fresh lubricating 
oil, start the engine. The engine will smoke con­
siderably to begin with, but this will soon pass away. 
This will not only loosen up the rings, but will also 
clean any soft carbon that may have become deposit­
ed in the combustion chamber. This treatment 
often saves the trouble of fitting new rings, and in 
some cases will make a marked difference in the run­
ning of the engine. Be sure, however, to clean out 
all kerosene, otherwise the lubricating oil will be 
thinned. 

If the ring is broken or if it is dull and dirty in 
spots and streaks, a new ring or rings must be 
fitted. 

If a ring is cut or scratched, a new ring is neces­
sary. 

If the walls of the cylinder are cut or scratched, 
then rebore, grind, ream, hone, or lap, as directed on 
pages 814-815, and fit oversize rings. 

If the ring.has lost its pressure and docs not spring 
freely against the walls of the cylinder, it can be 
peened, as shown in Fig. 18, or a new one installed. 

Remedying Excessive Smoke 

As previously state<l, if the rings are leaking, an 
excess of smoke will pass out of the exhaust, as a 
result of the oil passing the rings and entering the 
combustion chamber. 

Peening Piston Rings 

This operation is for a ring which has lost its 
pressure. A peening hammer should be used 
instead of the various flat-headed types that are 
used at times for peening a piston ring. The metal 
may be more readily distributed by the blows from a 
peening hammer, which can be directed better, 
since the head is so designed that a large part of 
the surface is not covered at one time ·nor struck 
by any single blow. 

Fig. 18. Peening :i. piston ring. It 
is very important in any peening opera­
t.ion that the surface upon which the 
hammering is done be as flat and hard 
as possible, for any irregularities in the 
shape of the surface plate will be just 
as effective in causing distortions as a. 
blow from a badly shaped hammer. 
One method of providing such a surface 
plate is shown. 

Note: This work should be avoided if possible, by 
installing a new ring. 

l Too!s for cleaning ring groove-sand applying rings to piston 
can be obtained of auto supply houses. 

. Rcmornl of Rings 
When working on pistons or rings, it is best to 

clamp the piston in a piston vise which has babbitt­
lined jaws, so as not to distort or mar the piston. 

Be careful of handling pistons with light walls, as 
they may be easily sprung, causing piston to be out 
of round. (Fig. 18A.) 

If no piston vise is available the piston and con­
necting-rod m,~y be held in a vise as in Fig. 18B. It 
is best to provide copper jaws or wood blocks in vise. 

Fig. 18A (left). Piston vise with babbitt-lined jaws can be 
obtained of ~uto supply houses. 

Fig. 18B (1ight). If an ordinary vise is used, be sure to use 
copper jaws or wood blocks. 

The removal of rings from piston grooves is not 
difficult if a little forethought is taken. To open 
them, it is best to use a pair of very thin-jawed pliers, 
the jaws opening outward (see Fig. 20). A sub­
stitute for pliers can be made from iron wire. 

When the ring is slightly expanded by the use of 
pliers, similar to those shown in Figs. 19, 20, a 
narrow strip of very thin metal (tin or brass will do) 
should be pushed through the opening and worked to 
the opposite side of the slot; then if the ring is 
opened a trifle more, an additional strip of metal can 
be placed near the ends of the ring, when it can be 
worked off quite easily and without any risk of 
breaking it, such as would result from an attempt 
to expand it too much. 

Fig. 20 

i 
PlJ,l~~~~ 

Fig. 19. One method of 
removing piston rings from 
piston grooves. The ring 
is expanded slightly by spe­
cial pliers. Strips of metal 
nre then inserted uncler the 
rings at; equidist.ant points, 
when the ring can be safely 
slid off. In replacing the 
rings, the lower one is first 
fitted on over the strips. and 
then the other two. 

Fig. 20. Piston-ring pliers. 

Fig. 20A. Another method of re­
moving a rip.g: Insert the handle end 
of a file, table knife, hacl<: saw blade 
or some siruilnr object under the 
ring near the gap. and raise the 
end of the ring out of the groove. 
While pressing the ring out of the 
groove, t u.n end of file atound pis• 

p;~ ton until the ring has been com-
• plctcly lifted out. It may then be 

slipped off the top end of the piston. Before replacing a ring 
the groove should be cleaned of the carbon. Care should bt­
ta.ken in sliding a. r-i11g over the skirt-, especially o.n aluminutl"!. 
piston, to not score the surface. 

Marking Piston Rings When Removing 
The amateur or junior repairman who remove,: 

the piston rings from a piston for the first ti.me, either 
for examining the piston-ring grooves for sandholes 
or wear, or for cleaning the rings and grooves general­
ly neglects to see that the rings are marked so that 
they may be replaced in their_proper grooves. Th(I 
resl!lt is that considerable difficulty often is experi­
enced' in getting the rings back into the piston in 
good order. To avoid this, mark the piston ring,; 
asfadicated. 
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Fig. 21 llfark piston 
and rings when rcmovini:t 
the rings. 

The ring in the top groove of a piston has one 
notch (N) in the upper, inner edge, opposite the 
diagonal opening or ring gap (D). This notch is 
made with a file and is very small, so as to be just 
visible, but at the same time not deep enough 
to weaken the ring. In a similar manner, the next 
ring below it is marked with two notches. and the 
1 hird ring, with three notches. If more rings are 
used, a corresponding number of notrhes are em­
ployed to mark them. With rings thus marked 
1 here should be no difficulty in getting them replaced 
in their proper grooves. Care should be taken, 
however, when the rings from more than one piston 
are removed at the same time. In fact, it is advis­
able to remove, clean, and replace the rings of one 
piston before removing them from others. • 

Fitting and Testing a Ring to Cylinder 
After having selected a set of rings, the first opera­

tion is to fit them into the cylinder to see if they 
have the proper ring-gap clearance. Taking one of 
the ringsJ try very carefully to shove it straight in, 
concentric with the cylinder walls; if the ring is of 
the diagonal slot or miter-cut type (Fig. I, page 
826) and its diameter is a little large, the ends will 
run upon each other, throwing the edges out of 
line; while if a ring with step-cut overlapping ends 
(Fig. 2, page 826) is used, it will not go in at all. 
In such case, the ring ends must be filed (see also 
page 828, for testing piston-ring gap clearance). 

When trying a ring into cylinder, a simple test 
can also be made at this time to see if cylinder is 
out of round or tapered, by inserting ring into the 
cylinder bore and sliding it up and down the full 
length of the bore of cylinder and watch the opening 
of the ring gap and see how much it opens and closes 
at different points in the cylinder. 

If the gap varies considerably, it is advisable to 
test cylinder with a gaug. e as shown in Fig. 11, page 
812, and if out of round or ta_pered up to about 
. 005", cylinders m:~y be reconditioned by honing as 
shown on page 816. If over .005" out of round or ta" 
pered, cylinders should be bored orreamed and honed. 

If new piston rings are fitted to an out-of-round 
or tapered cylinder, the new rings will touch only 
the high spots in the cylinder, leaving a space be­
t'i\·een the rings and the cylinder walls. 

Fig. 21A. To test the fit of new 
Riston rings, proceed as follows: 
Slide the piston (P) into the cylinder 
bore (top up). Insert the ring (R) 
into the bore and press it down until 
it rests snugly against the piston at 
all points. It may be necessary to 
file the ends of the ring to do this, 
as all rings when new nre oversize; 
however, use ca1 c not to remove 
more metal than nec~sary to make 
ring rest squarely on piston head. 

Slip a thickness gauge (G) between the two edges of the split 
in the ring. If the space between the split Is too close, remove 
the ring and with a very 6ne file dress the end until the proper 
clearance is obtained. 

Note: This gap on Star car (4 cyl.) is .003" on beveled-ediie 
cut ring; on Chevrolet (l{, V) the gap between the ends of the 
step cut rin~ should be appro,irnately .006"; on the l'ord, see 
page 827, Fig. 6. 

Filing Ring Gap for More Clearance 
A very simple and effective means of holding a 

ring for filing is shown in Fig. 22. The ring is 

placed on a block of wood and a few small nails are 
driven into the block both inside and outside of the 
ring in such a manner that the ring is held securely 
in place for filing. 

Fig. 22. Filing 
a ring joint: The 

grgikfs us~ w~~~ 
reducing thediam­
eter of diagonal­
ly slott.ed rings. 

Fig. 22A. A piston ring filing gauge. By inserting the 
recessed groove the bevel edges can be filed ";thout danger of 
rounding the edges. 

The heads of the nails are then cut off, the ring is 
removed, and the nails are filed down so that they 
will eli.1.end just below the top surface of the ring 
when it is replaced on the block. With the nails 
well placed, there will be no danger whatever of 
breaking the rin~ when filing. A thin, smooth, flat 
file is best for this. The ring can also be placed in 
a vise, between vise clamps, and filed. 

The ends must be trimmed off so that when the 
ring is well up into the cylinder there will be the 
proper clearance space between ends (Fig. 16, fage 
828), to allow for expansion caused by heat o the 
explosions. 

Try each ring in the cylinder to which it is to be 
fitted, being sure to have it placed fully up into the 
cylinder where the ring travels. Then measure the 
opening in the ring as described on page 828 (Fig. 
16). H too great an opening is allowed to exist, 
compression can easily escape. See page 828 for 
"Gap clearances." 

The ring should be repeatedly tried in the cylinder 
in order that the space may not be filed to exceed 
the dimensions stated. The inside portions of the 
rings near the ends should rest against the nails 
(Fig. 22), in order that they may not be broken 
off when filing the slot. 

Having attained the proper space between the 
ends of the ring, now place a light in the cylinder 
behind it and see how its face conforms to the wall 
of the cylinder, and also see if the ring makes full 
contact with walls of cylinder-if not get another one. 

Fit each ring separately and do not forget to 
clean all filings from ring . 

If the ends of the rings are hard butted against 
one another when in place in the cylinder, they may 
be buckled by expansion when hot, and make start­
ing the engine a two-man job. 

If there is a contact all around, when testing rings 
in the cylinder, the ring is then ready to be fitted to 
the piston; but if the contact is poor, either the ring 
or the cylinder is out of round, leaving space between 
cylinder wall and the ring, as at (C) and (P) in Figs. 
23 and 24. 

If the fault lies in the ring, it can be lapped to a fit, 
or another can be selected; but if the cylinder is 
badly out of round, it will have to be rebored, l'e­
ground, reamed 01· honed. 

00 
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erting equal p_ressure at 
all points. Note ope!\ 
space at (P). 

Fig. 24. Not.e space at 
(C). The same conditions 
may bave existed, or ring 

was sprung when it was removed or o,:ginally placed on piston. 

A ring which does not fit or seat the cylinder wall 
all around permits oil to pass to the combustion 
chamber and gasoline to pass to the crank ca.se, thus 
thinning the lubricating oil. 
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Lapping a Ring to the Cylinder 
To work or lap a ring to fit the cylinder: Make a 

plug of yellow pine (Fig. 25) to fit easily into the 
cylinder and square one end. Lay the ring on this 
end with a small batten across, secured by a screw 
through the center, but not holding the ring tightly. 

""'"'" Fig. 25. A handy device for 
. testing and fitting the piston 

i 
rings in a cylinder. This device 

;;,
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fitting cylinder snuitly. The 
piston ring is placed on th. e 
other end and is held by a block 

and screw. It is placed in the cylinder and worked back and forth. 

Smear the bore as evenly as possible with a little 
vermilion and lubricating oil mixed to a paste, and 
move the ring to and fro in the cylinder while it is 
held square by the plug. Generally, it will be found 
to bear hardest at each side of the slot. File such 
places carefully with a smooth file. See also page 
815, for directions for lappin~ Fings, pistons, etc. 
An old piston can be used for tnis purpose, but it is 
best not to use the regular piston. Rotten stone 
mixed with oil to form a paste can be used, and is 
preferable to emery (see page 815 for manufacturers 
of lapping compounds). 

Testing Rings to Fit Piston Grooves 
When the rings have be.en :fitted to the cylinder, 

the next operation is to test them for a fit in their 
respective grooves on the piston. The fit of the 
rings in the grooves should be free, neither tight 
enough to jam, nor slack enough to rock. 

Fitting Rings to Piston 
Pist-0n rings should be laid on a surface plate and 

aligned to see if sprung. Edges should be flat. If 
not, the ring should be discarded. 

If the piston ring is loose due to a sloppy groove, 
do one of two things: (1) turn the grooves out 1/32" 
larger on the lathe and get rings to fit, or (2) buy 
and install new pistons. Remember no piston 
ring will function properly if loose or sioppy in the 
ring groove. 

If the pistons have too much play in the cylinders, 
replace them with new pistons. Don't expect the 
impossible of any piston rings. 

If the bore of the cylinder is found to be worn 
extremely out of round, see if ring is sprung. Throw 
away if so. The cylinder block should be sent to some 
reliable concern for regrinding or reboring. Such a 
degree of efficiency in that ru-t has been reached that 
a worn cylinder can often be made as good as, if not 
better than, new, and particularly- when the repair­
man or mechanic specifies and insists on the installa­
tion of ~ood piston rings. Have the same concern 
fit oversize pistons or rings individually to each cylin­
der at the time the cylinders are ground, as this is 
necessary if the cylinders are enlarged. Where this 
is not possible, secure oversize piston rings and lap 
to fit the cylinder, as explained on pages 815, 816. 

Try each ring in its groove by slipping into the 
groove, and by rolling it all the way around groove 
in the piston, as shown in Fig. 26, and make certain 
the ring fits properly in its groove. This is of vital 
importance in controlling oil pumping and leakage. 

If the ring is too loose, try another ring. If too 
tight dress down as shown in Fig. 30. 

The repairman should also use caution to fit piston 
ring in the groove so that it will lie flat on the ring 
land, making full contact all around. If it does not, 
try another ring, or lap ring to the ring land with very 

fine lapping compound by placins: ring in groove and 
working it around. Clean thoroughJy afterw!l,rds. 

R.in3 

Piston 

Fig. 26. Testing e. piston nng m the pis­
ton groove. The ring should flt in groove 
with about .001" to .002"_play, and should 
move freely all around. lf tfie ring is the 
proper thickness, you should feel it drn~ 
slightly in the GfOOVC. If it is l,co loose. t'ry 
another ring. 

Some repairmen lap the ring in the groove 
by placing grinding compound on the rioi: 
and rolUng the ring in its groove round and 
round until it will roll in the groove by its 
own weight, but without any side shake or 
looseness. 

It is very important that the groove be thoroughly 
cleaned of carbon and gum, which can be done with 
a. small screwdriver, some kerosene, or gasoline, and 
a cloth. 

Also be sure that the piston is perfectly round. 
If the piston is slightly oval, squeeze it in a vise, the 
jaws of which are covered with copper or lean, or 
tap the piston gently with a rawhide or wooden 
mallet, at it's greatest diameter. 

The piston ring shouldfitsnul?;ly, as at (A) (Fig. 27), 
but should still be free to slide m and out easily; if it 

binds in any place, dress the 
sides down as in Fig. 30. 

Fig. Z7 Fig. 28 
(left) (right) 

An example of an ill-fitting 
piston ring is shown at (B) 
(Fig. 28) and also in Fig. 24, 
page 831, where (C) (Fig. 24) 
shows the space left open be­
tween the ring and cylinder 
wall by the ring being sprung 
when it was put on the piston. 

Occasionally small ridges or shoulders are found 
at the back or bottom of the ring groove, which may 
prevent the ring fitting into the groove. These 
can be removed with a lathe, but where no lathe is 
available, this trouble can be overcome by making a 
slight change in the piston ring as follows: Take a 
file and rub it slowly around tho inner edges of the 
ring-the edges which come in contact with the 
ridges at the back of the groove--and remove 
enough material in this manner to permit the ring 
to fit mto the groove without binding on these ridges. 

It sometimes happens that a ring does not seat 
all the way round. Such a ring allows the oil and 
gas to pass, and should be replaced. 

Most mauufacturers now cut the grooves in the 
piston, and grind the face and edges of the rings to a 
gauge, making very little hand-fitting necessary. 
But there are cases (and these are the ones that 
generally come into the repair shop), where the cut 
was just a trifle larger, or the ring a little smaller, 
than the gauge, making it essential that each ring 
be individually :fitted to the groove in which it shall 
subsequently rest. 

How the piston ring pumps oil when loose or a sloppy flt in the 
ring groove: When the pist.on moves down, the ting i,,oves to 
the top of the groove. The oil on the cy1inder wall thell collects 
in the space under and back of ring. When piston starts up~ 
the ring moves to· the bottom of groove and oil below and in 
back of the ring is forced around to the upper side. As piston 
reaches top of stroke and starts down, the ting again moyes to 
top of groove and oil is deposited on cylinder wall ut a point 
above the top ring, and thel'cfore, cannot be carried back with 
the piston on its down stroke. Thus it will be seen that quite 
a large amount of oil can be pumped into the combustion cham­
ber in this manner. 

Piston ring pounding: When wear has progressed to such nn 
extent that the piston rings possess perceptible up-and-down 
movement, the pounding act.ion of the rings on the sides of their 
,zrooves tends to increase the enlargement at a very rapid rate. 
This is the p0int at which trouble from oil pumping usually 
commences. 
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Lapping Sides of Ring to Fit Groove of Piston 
Tight rings in grooves may be eased by grinding 

or lapping the sides on a sheet of fine emery or crocus 
cloth (E) placed on a surface plate (S) or on a piece 
of' board planed quite flat and true. The ring (R) 
mounted on a fiat board (B) is gently rubbed back 
and forth 1 or with a circular motion, with an even 
downwara pressure, as shown in Fig. 30. 

Remove the ring from the board and try the fit, 
repeating the grinding operation if necessary. Use 
care to not remove more metal than is necessary. 

~- '..f_•_-__ Fig. 30. Method of dressing 
or lapping the sides of a piston 

u ring on a surface plate (or a 
board planed true) to fit the 
groove in tbe piston. Lapf.ing 
should not continue for a ong 
period on one side. The ring 
should be turned over occasion• 
ally. After lapping, tbe ring 
should be immersed in clean 

gasoline to thor01.l{Jhly remove the abrasive and then fitted to the 
groove-not to any groove, but to the groove which it nearly 
fitted before. H every purt of the circumference of the ring fits 
every part of the groove, the lapping is complete and the ring 
may be tagged or marked to designate its location. 

To dress down a ring properly requires some ski!!1 and a good mechanic will select a ring which will 
demand the least amount of trimming, for it is a 
delicate operation. Burrs at edge of ring grooves 
caused by machining must be removed with file 
before fitting a ring to new piston. 

Installing Rings in Grooves of Pistons 
First be sure that the piston-ring grooves are 

perfectly clean and free of carbon. This is im­
portant. l\fost of the manufacturers listed at the 
bottom of this page make ring-groove cleaning tools. 
An old piston ring, same width of groove, broken in 
ha.If and one end filed or ground to an adge, will serve 
the purpose. Be careful to not scratch the sides of 
the grooves. A narrow strip of fine sandpaper can 
be used to polish the bottom of groove. The rings 
_are supposed to seat on the ring lands\ and this seat 
is important in Ol'der to prevent "bow-by." On 
some pistons the piston-ring grooves are burnished 
top and bottom to secure a good seat for the ring. 

.-\lso be sure that ring groove walls are straight­
not worn V-shaped. 

Tf Broove walls arc worn, they could be trued up in a]atbe and 
ovcrwidth rings fitted; 1/32" would be sufficient. 

When fitting'rings in the grooves, begin with the 
ring selected for the bottom groove, so that that 
ring will be the first to be slipped on to the piston. 

Select the best fitting ring for the top, so that oil 
below it cannot be consumed by the high tempera­
ture of the burned gases. If hot, high pressure 
gases from the combustion chamber blow past the 
rings (termed "blow-by"), oil will be burned off the 
piston and the cylinder wall! causing it to become 
scored, even though the oi ing system might be 
working perfectly with the best grade of oil. 

A ring should never be sprung over a piston to the 
second or third groove. Use strips (8) (Fie;. 31), 
which will permit easy replacement without distort­
ing the ring. 

'"'J ~ Fig. 31. One method of slipping a ring 
\l /. 1 on a piston and into the groove. Take three 
, strips of sheet metal, brass or tin (S), for 
, instance, about l/32" thick, 1/2 wide, anc;l 

5" long: bend these at right angles and 
• hang them on the edge of the piston at equal 

distances apart. The ring (R) may then 
be shpped over these skids till it is oppo­
site ita groov.e, when the strips may be re-

moved and the ring allowed to slide into place. Instal the ring 
in the lower groove first and work to the top groove last. The 
same strip• may also be sucC<?ssfully used in removing the rings. 

Replace the same piston rings in the same cylin­
ders if removed and replaced again. The use of 
boards with numbered pegs is recommended, to 
avoid mixing the rings. 

When placing the rings on the piston teady to 
replace in the cylinders, they should be set with the 
joints (if it is a piston with three rings) about one­
third way from each other, so that the openings will 
not come in a straight line or be close together. 

Pinning Piston Rings 
When the ring is in the cylinder, the gap clearance 

is very slight. If it were too little
1 

it would close up 
entirely when h('ated and buckle \seep. 828); if too 
great, there would likely be a leakage of compression 
throu&h the gap, or if all of the gaps were in line 
when 1n the cylinder, it is likely that there would be 
a leakage of compression from the combustion 
chamber to the crank case through the g:,ps. 

Inasmuch as the rings are free to work in their grooves, it is 
pos.sible that the rings may work around in the grooves., ,mtil 
they nre all in lino at one time. For if the rings thus work 
around, they are likely to continue working, and if originally 
plo.ced on the piston an equal distance apart, there is not 
much chance for all of them to get in line at the same time. 

Fig. 31A. A pinned piston ring. 
Defore the advent of tbe patented 
ring, the ringa were usually pinned, 
that is, the gaps were first placed 
120" apart on the piston, and then 

PIN the ends of the rings w,,re notched 
with a fine round file, so that tbe semicircular notches just 
closed over the pins. 'I'he pina were a. source of trouble in 
high-speed e.nginesi and unless great care waa exercised in 
screwing or fitting the pins tight into the_piston, they would 
loosen and project and cut the cylinder wall. 

This practice was abandoned to a certain extent. Pius are 
still used on many large, slow-speed engines and on two-cycle 
engines. There is no doubt that the pins bad the advantage 
of insuring against their getting in line. Dut they also had dis• 
advantages. The growth of the popularity of all kinds of 
patented rings with gas-type joints has thrived on this claim 
as well as on the claim that the patented ring exerts equal 
pressure at all points of its circumference. 

Piston-Ring Travel Wear in Cylinder 
Cylinder wear occurs in that part in w!uch the 

rings travel (li'ig. 32). Greatest wear is at the top 
of the ring travel, gradually tapering down to the 
smallest wear at the bottom. A pronounced 
shoulder or rid~e is often formed at the top, and a 
lesser shoulder 1s sometimes formed at the bottom . 
(Se~ also p. 814.) 

When installing new piston rings without enlarg­
ing the cylinders, always remove the top ridge with 
a hone or a ridge removing tool to prevent the square 
edge of the new ring from striking the shoulder, 
thereby ruining the ring and many times causing a 
ring click. 

Fig. 32 (left). Showing the 
ring travel on cylinder walls of 
most engines. The top ring 
will wear most, nnd it will 
also wear the cylinder most; 
thus, the greatest wear is near 
the top of the ring travel. 

Fig. 33 (right). Showing 
how the ring slightly overlaps 
the cylinder wall on some types 
of engines. 

Sometimes it is advisable to remove the bottom ridge to avoid 
piston knock or the collapsing of aluminum-alioy pietons. 

If the top ring groove of the piston is widened, it is important 
to remove the shoulder to avoid damage to the ring or piston. 

Some of the concerns who supply cylinder ridge-removing 
tools (also mechanics hand tools) are: Cornwell Quality Tools 
Co., l\fogadore, Ohio; Hall Mfg. Co., Toledo, 0hlo; Hastings 
Mfg. Co.,....Hastings, Mich.t· Herbrand Corp.,_Frem_ont, Ohio; 
Geo. L. Hunt Mfg. Co., nc., Boscobel, Wis.; L,sle Corp., 
Clarinda, Iowa; National Machine & Tool Co., Jackson, Mich.; 
Snap-On Tools, Inc., l<enosha, Wis.; Truth Tool Co., Mnnknto, 
Minn.; Wilkening Mfg. Co., Philadelphia, Pa. See also foot­
note l, page 698. 
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Replacing a Piston in the Cylinder 
Before putting pistons into cylinders, place cylin­

der oil on sides of pistons and wipe out cylinder 
bores with a cloth free of lint, as oil will not have a 
chance to reach the upper portion when first starting. 

Also see that the piston pin is properly set, and 
that the piston-pin set screw or lockillg ring is tight, 
and that the piston and connecting rod are in align­
ment. See page 803. 

On pistons, such as aluminum alloy split-skirt 
type, the split side of piston must be installed on 
the side of lesser thrust. See also pages 809, 811, 
S12, on installing. 

When replacing the piston in cylinder, some device 
must be provided for holding each ring in its groove, 
so that it will easily enter the cylinder. By no 
means force or drive the piston and rings into the 
cylinder. A string may be used as shown in Fig. 35. 
A better method is shown in Fig. 36. 

Fif: 35. Method of replacing a piston in the cylinder with 
a string holding the ring in its 1troove. 

Fig. 36. A serviceable device for compressing rings when 
fitting piston to the cylinder. To use th.is device draw compres­
sor over end of piston, then place skirt of piston in cylinder nn<l, 
wit-b slight pressure on top of piston, the spring at the bottom 
of the compressor automatically ctoses rings as they enter 
cylinder. Instantly adjusts itself to all rings from 2 ¾" to 
4½". 

Replacing cylinders over pistons (non-detachable 
cylinder heads): It is not difficult to put a single 
cylinder back on its piston after it has been necessary 

to take it out, but it is not so easy when the cylinders 
are cast in pairs, as it is difficult to guide the rings 
into the cylinder barrels simultaneously. 

The job is greatly simplified by taking the precau­
tion to place the cranks up and down, so that one 
piston is at its highest point and the other is at its 
lowest. This means that the pair of cylinders can 
be dropped straight over the pistons, the rings of the 
upper piston being guided into the cylinder before 
those of the lower piston are replaced. 

When it comes to dropping one of the mono-block 
castings of four cylinders on to four pistons, it is 
still best to work this way, so that only one other pair 
of hands is required, and that the two upper pistons 
may be guided into their cylinders first. 

When reinstalling a piston, be careful not to push 
it up into the cylinder as far as it will go. The upper 
ring may jump over the counter-bore in firing cham­
ber, holding the piston until the ring is released, 
which is ~ difficult situation to remedy. 

On some engines the piston and rings are placed 
in cylinder from the under side, and the lower ends 
of the cylinde1· bores are beveled to facilitate the 
insertion of the piston with the rings attached. 

When fitting new rings to only one piston, be sure 
that all the other cylinders have good compression, 
otherwise the cylinders with good compression will 
have a rich mixture and those with poor compression 
a lean mixture; result, engine will not idle properly. 

Piston Rings-O~ersfae 1 

Oversize piston rings must be fitted to pistons 
when oversize pistons are fitted to cylinders. 

S.A.E. standard oversizes for piston rings are: 
.005"1 .010", .015", .020", .030", .040". Larger 
oversizes, when necessary, shall be held to multiples 
of .010" (same as pistons page 813) .3 

RUNNING-IN ENGINE AFTER RECONDITIONING 

After having reconditioned cylinders and fitted 
pistons and piston rings, or after having fitted piston 
rings or bearings, the engine should be "run-in" 
carefully with plenty of oil in the crankcase. See 
page 787 explaming the precaution to take after fit­
ting bearings, also, see page 824B explaining the 
importance of carefully running-in engine until the 
cylinder walls are glazed. 

A running-in machine is usually provided in most 
shops on which the engine is placed to be nm-in, 
tested and adjusted. (See page 789 showing a ma­
chine of this type. Home made running-in machines 
are shown on page 790-B.) 

Where a running-in machine is not available, after 
fitting the above mentioned parts, the engine should 
be run under its own power slowly and at intervals 
at first, allowing it to cool between times, then ullow 
to idle for about an hour or so or until the heating is 
reduced and until fairly free. Additional friction 
and heat will be produced at first and until parts are 
worked in, therefore, use plenty of oil, in fact, suffi­
cient oil should be used to cause smoke to come from 
the exhaust which indicates that cylinder walls and 
pist-ons are getting oil. About one gallon more than 
normal should be provided. Run with spark ad­
vanced as far as possible a.nd do not race engine. 

For example. a bearing set too snug will heat readily :it first. 
therefore the danger of scorin_g or burning is very great until 
t.he bearings have time to work in. This a.lso applies to other 
pnrts-and don't forget to use plenty of oil during this process. 

Care must also be exercised in driving car after 
running-in for the first two hundred miles, that is, 
to use plenty of oil and not run car over 15 miles 
per hour. A speed of 20 m.p.h. should not be exceeded 
during the fil'st five l1undred miles. Thus the parts 
will burnish and gla7,e to a nice fit. 

Use plenty of good oil when working-in a recondi­
tioned or new engine. Repairmen often place 
about one pint, or even slightly more of light; high 
grade engine oil mixed with about 5 gallons of 
gasoline in the tank to assist in lubricating upper 
parts,2 such as the cylindet· walls, rings, valve stems. 
guides and upper parts and prevent sticking of 
pistons and valves. In fact, after fitting new pistons 
and rings it is advisable to also inject oil in the air 
intake of carburetor afte1· starting. 

1 See page 833-B for list of piston ring manufacturers and 
assorted sizes of pistons, rings and bearings and where to obtain .. 

~ On new cars it is common oractice to use oil in t.his way to 
,,.,ork in the engine. 

One 
brand of special oil prepared for this purpose, ls Known ;us Upper­
Cylinder-Oil. About three ounces to tcu gallons of gasoline is 

Connect the radiator with the water hose so that water will used: it passes into engine witb the fuel. The claim is that it 
run tt!ough the circulation system to keep it cool as the friction lubricates upper mo,~ng parts and also tends to sofLen carbOI\ 
of new parts will cause more beating than usual. Closely d 
observe that undue heating: is not taking place, that is, if any eposit. 
part gets so hot it will not bear the touch of the band. then it 'Other sizes, "!though not recommended by S.A.E. can be 
may seize and score. obtained, as .0025", .003", .031", .033", .045'', .062.~". 

See also page 166, "8rt>.akin.u-i11 a new or reconditioned engine." 



PISTON RINGS 833-B 

PROCEDURE OF INSTALLING PISTONS AND IUNGS AND PRECAUTION TO 
TAKE AFTERWARDS' 

l. Clean all ~arts thoroughly by removing emery 
dust and dl!'t; wash in gasoline. The mechanic's 
hands should be free from grit or di.rt. 

2. Clean piston-ring grooves thoroughly and fit rings 
to them. (See pp. 832-833.) 

3. Align connecting rod and piston. 
4. Thoroughly oil piston pin. 
5. Install piston in cylinder bore, having first ap­

plied oil to it. 
li. Connect connecting-rod bearing, being careful 

not to twist or bend connecting rod. 
, . Inject oil on piston head before starting engin<'. 
S. Fill crankcase up to high level with S . .-\.E. IO 

oil or add "break-in oil" to S.A.E. 20. 
\l. See that radiator and circulation svstem is tilled 

with water. • 
10. See that fan belt is properly adjusted. 
11. Check ignition, valves, ignition timing, valve 

timing. 

12. Check carburetion for rich mixture, as excess 
gasoline washes oil off of the cylinder walls and 
is a major cause of rapid piston-ring wear. 

13. Add one pint of light break-in oil to every 5 gal. 
of gasoline for first 500 miles, or ns rewnmen.ded 
by oil concerns. 

14. It is sometimes advisable to also inject "upper 
cylinder oil" in intake manifold or in air intake on 
rarburetor and proceed at intervals for ½ hr. 
after starting. 
This oil will mix with the gasoline and lubricate cylinder 
walls, ring_s, and upper parts until the oil is properly circu· 
I ated from crankcase. 

The engine should be run idle with full advanced spark for 
nbout two or three hours. If at any time one or more 
cylinders miss, the trouble should be traced immediately 
and rectified, as a missing cylinder will allow gas to escape 
to the crankcase, causing dilution of oil, which will result 
in poor lubrication. • 

15. Do not exceed 25 m.p.h. for first 500 miles. 
16. Change oil to regular grade at about half the 

normal period. 

QUESTIONS AND ,\l'\SWEUS ON PISTONS AND lUNGS 
Q. I: How many piston rings are generally used on each 

piston? 
Ans.: 3 or 4. 
Q. 2: How are piston rings generally placed on pistons? 
Ans.: Usually alt above piston pin. Sornetiroes one oil-control 

ring below pin. 

Q. 3: What clearance should cast-iron pistons have on an 
average? 

Ans.: .001" per inch of piston diameter. See pages 8ll, 809. 

Q. 4: What clearance should aluminum-alloy pistons have on 
an average? 

Ans.: See pages 8ll, 800. 

Q. S: What is the difference between concentric and eccentric 
piston rings? 

Ans.: .\ concentric ring is one.of equal thickness throughout its 
entire circumference. An eccentric ring is not. At a. 
point (e) (Fig. 8, page 827) opposite the split in the ring, 
it is made thicker. 

Q. 6: What is the advantage of each? 
Ans.: Unless a. piston ring bears with equal pres.sure on the 

cylinder wall at all points of it.s circwnference, the com­
pressed gas would pass at t.he point where it did not beur, 
nnd thus leak compre...,ion. A ring is subjected to con­
siderable heat, at which time it may lose its pressu.re at 
some point of its circumference. Some claim that by 
making a ring eccentric, it will ret,ain its pressure under 
heat more than a concentric ring. Ot-hers claim that if a 

concentric ring is made properly it will retain its pres.sure. 
MoH of the patented rings are concent.ric; in fact the 
majority of plain ringa (page 826) are concentric. One 
advantage claimed for concentric rings over eccentric 
rings; for instance, the carbon that accumulates back of 
the ring will tend to lock an eccentric ring sooner than a 
concentric ring, thereby preventing the natural shifting 
of the rin1, around the piston groove. Many large rings 
used on air compressors, locomotives, etc. arc eccentric. 

Q. 7: What causes piston rings to pump oil? 
Ans.: See bottom of pages 832, 826 (see nlso page 168). 

Q. 8: How should rings be fitted to the ring grooves and is this 
fit important, and should ring groove be cleaned when 
fitting? 

Ans.: Yes. See pages 832, 833. 

Q. 9: What are spring-expander type piston rings and piston 
skirt expanders used for? 

Ans.: See pages 828 and 814B. 
Q. 10: What is the Koetherizing process of resizing of alumi­

nwn-alloy pistons? 
Ans.: A patented process consisting of the application of a 

blast of steel shot against the two inner thrust sides of n 
piston skirt wall. Write American Hammered Piston 
Ring Co., Baltimore, Md. 

See page 813A on Questions and Answers on fitting standard 
and oversize pistons; page 809 on pistons; i;,ages 82-! and 817 
on enlarging cylinders. 

PISTONS, PISTON PINS, PISTON RINGS, AI~D BEARINGS OF ASSORTED SIZES'·'·' 

Regrinding and reboring shops, also service and 
repair shops, have found that there is greater de­
rnand for their services when they carry a full stock 
of pistons, piston pins, piston rings, and bearings. 

Most auto-supply jobbers or distributors Iw-nish 
information as to the stock that should be carried. 

An assortment that the repairman should carry 
will of course depend upon what cars are most 
popular in his vicinity. Repairmen who specialize 
in overhauling particular makes of cars, trucks, or 
tractors can make up a stock assortment accordingly. 
The amount of work done will of course determine 
the quantity to carry. 

For the kind of pistons (iron or aluminum) used 
on different cars, and also for the size of piston rings, 
see nae-cs 1060 :rncl 105,IB. 

1 See page GOO for 1Ji8lon, piston, -ri11q, bear1:no, and oilier 
s,r,icc literruure. See also page 828. 

'Some of the piston-ring manufacturers are: Aluminum 
lMdustrie•~!nc., 2416 Beekman St., Cincinnati, Ohio (Permite); 
An,erica.n .nammered Piston Ring Co., Bush & Hamburg Sts., 
Bal!.imore, Md.; Aviation Piston Ring Co., Paterson, N.J.; 

A. B. Chance Co., 
Centralia, Mo.; Cords Piat-0n Ring Mf_g. Co., San Diego, Calif.; 
Hastings Mfg. Co., Hastings! Mich.; Jambor Tool & Stam1>ing 
Co., 3057 N. 30th St., Mi waukee, Wis. (Dull Dog); King 
Quality Products Co., 2320 Cooper St., St. Louis, Mo.; Mc­
Quay-Norris MJg. Co., Cooper & Southwest Aves., St. Louis, 
Mo. (Super-C, Hi-Unit Superoyl, Super-X); Muskegon Pioton 
Ring Co., Muokegon, 1\-lich.; Panfard Piston Ring Co;.o_Muake­
gon, Mich.; Perfect Circle Co., Hagerstown, Ind. (11.-90 85, 
70); Ramsey Accessories Mfg. Corp., 3693 Fore•t Park Blvd., 
St. Louis, Mo. (Ramco); Sealed Power Corp. Muskegon, 
Mich. (formerly the Piston Ring Co.) (Sta-Tite, Super-Drain­
oil); Simplex Products Corp., 1966 E. 66th St., Cleveland, Ohio, 
U.S. Hammered Piston Ring Co., Paterson, N.J.; Valv-Tite 
Piston Ring Co., Toledo, Ohio; Wilkening Mfg. Co., 2000 S. 71st 
St., Philadelphia, Pa. (Pedrick). 

3 See page813B for a list of aome of the piston manufacturer,. 
4 Sec p~sc 783 for a list of some oft.he bearing mnnufac:f.urcr$. 



INSTRUCTION No. '71-At 

ECLIPSE BENDIX DRIVE: Maintenance; How to Order Parts; Types; Service 
Hints; Recommendations for Flywheel Steel Ring Gears 

and Their Mounting 

ECLIPSE BENDIX MAINTENANCE 

Refer to pages 319 and 320 and study the con­
struction, names of the parts and the principlll of 
operation. 

How to Order Parts 
In ordering parts 1 give the name of the part de­

sired as shown in Fig. 5B, page 320; state whether 
right-hand or left-hand drive (see below); give with­
out fail the make, year and model of the ca1~and the 
number of teeth on the pinion gear you are replacing. 

Figs. l and 2: How to distinguish between a left-hand and 
right-hand spring. Hold the spring in front of you with the 
eyelets toward you. 

Crook your index finger as shown in the accompanying illus­
trations, to conform with c.he upper eyelet. tr it takes tho Index 
finger of your left hand to conform with the eyelet, as shoM> in 
(1), it ie a left-hand sprin11,. 

If It talccs the index finger of your right band, as shown In (2), 
it is a right-hand spring. 

Figi,. 3 and 4: How to distinguish between left-hsnd and 
right-hand S.A. assembly. Grasp the S.A. assembly whcro the 
spring au.aches, and revolve pinion i,ar forward. If it revolves 
over to the left as shown in 3, it 1s a left-hand drive. If it 
revolves over to the right, ns shown in 4, it Is a right-band drive. 

Note Oil the left,-hand S.A. assembly shown in 3, that the 
thrads wind forward to the left, and that tho pinion gear teeth 
are chamfered off on the left-hand corner. On the right-hand 
S.A. assembly, shown in 4, just the opposite is true. 

These same t,,,sts can be applied to distJ111uish between right-­
hand and left,-hand complete Bendix drives. 

Designation of Eclipse Bendix Drive Types 

In designating, or numbering, the standard models 
of the Eclipse Bendix drive, either the letter "R" or 
"L" is used as a prefix before the figure or number. 
The prefix "R" is used when the screw threads and 

1 Sec page 1055 for piston ring sizes for different cars which 
were formerly on these p11&es, See 833B for "Questions and 
Answers" formerly on tbi.s page. 

spring coils are right hand, likewise, the prefix "L" 
is used when the screw threads and spring coils are 
left hand. 

The standard types of the Eclipse Bendix drive 
are furnished in various sizes as follows: 

The R-13 or L-13 is mounted on an armature shaft 
.802" in diameter and is used where a large starting 
motor is required. 

The R-11 or L-11 is mounted on a shaft %" in 
diameter and is the size of drive for general purpose 
work, most commonly used. 

The R-10 or L-10 is mounted on a shaft ½" in 
diameter and is used where special conditions war­
rant this size drive. 

The numbers 13, 11, and 10 also signify the stand­
ard number of teeth in the pinion gear on these types; 
but if a special pinion is used, it is denoted by an 
addition; for instance, L-11-12 which means an L-11 
drive with a 12T--h pitch pinion. 

An "X" added to the designation of a drive, such 
as "R-llX," means that a spring and bolts heavier 
than standard are used on account of special heavy 
service on particular installations. 

In connection with the use of an "X" spring on 
Eclipse Bendix drives of the l0X or llX types as 
mounted on either ½" or %" diameter shafts, two 
additional /arts are used under the spring, these 
being calle spring support clips. 

The purpose of these clips is to form a support for 
the first one-quarter coil on each end of the driving 
spring and thereby prevent application of a bending 
load to the spring screws. 'l'wo of these are neces­
sary for each drive, one being snapped over the bead 
and one over the screw shaft. 

Whei:i in place, the hole of the clip should line up 
with the screw hole in the bead or shaft, and the 
ben~under portion should set down over the shoulder 
caused by the reduction of diameter of the head and 
shaft, this bent under portion preventing sideways 
cocking of the clip. When assembled in this posi­
tion the first one-quarter coil of the spring will set 
firmly on the reinforced lamination-this is abso­
lutely essential. 

These support clips are furnished in both right 
and left-hand design for the conesponding type.; of 
springs, and are desi~nated by the stamped letters 
"L" and "R" respectively. 

834 
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Tiffi S.A. ASSEMBLY-WHAT IT IS 1 

The S.A. assembly of the Eclipse Bendix drive 
consists of screw shaft and all parts which are as­
sembled integrally with it-pinion gear and counter­
weight, anti-drift pin and spring, stop nut and com­
pression sleeve. 

Fig. 5. The 
S .. \. assembly. 

It is strongly recommended that it be sold, 
serviced or replaced as a unit, with the single excep­
tion of the compression slee\·e. 

A few reaso'1.s why this recommendation is made 
are given by the manufacturer as follows: 

l. SpccirLI care is necessnrr in the correcl p!!.rts for a given 
type of S.A. a~sembly. An incorrect grouping or assembly of 
parts in the field means dri ,·e difficulties. 

2. The pinion gear may be assembled on any one of the three 
tbrc:>ds on lhe screw shalt. only one of which is correct. This 
means a. t.lJrcc-to-onc chance of mistake iu field assembly. 

3. With the oorrect positio11ing of (he screw shaft and pinion 
gear, each inuividual set uf p:irts is at the factory lapped together 
by a special process and nre therenfter never separated. 

4. After IU!Scmbly of the stop nut, accomplished with proper 
holding tools, it is locked or staked tighllf tn plare. ~loot field 
service work on the S.A. assembly necessitates removal of thi• 
stop nut. a difficult operation without proper tools and vel'Y 
often disasti·ous to tbe thret1ds of both screw shaft and stop n11t, 
if dono ht the ordinary mnuner. This bringS about added 
dillicultie$ in reassembly, or possibly inadequate assembly. 
The subsequent relocking of the stop nut requires other toola 
and for tl111t reason is often improperly done, resulting in other 
difficulties with the drh·e :iftcr assembly. 

5. On tho Ford typo of drive, the outsido diameter ol tho 
stop nut muH be ground altcl' a complete nssembly of the _gear 
and shaft ports, due to tho bearing taken by 1he stop nut. Such 
an operation is 11bsolutel)' impossible in the field and if auempt• 
ed by tho nssembly of a ground stop nut, u.sunlly rC$ulte in 
bearing difficulty due to eccentricity. 

6. Of spe~inl importance is the .Proper assembly of the small 
anti-drift pin and spring and 1>art1cul:irly its adjustment which 
is described in further detail hucr. 

Always send the S.A. assembly to the factory for any such 
rebuildrng work which will idvc the assuru.ne:o ur receiving en.Lis­
foctory performance or tli<- drive. A spccinl department i.s 
maintained nt. the factory for ,·ompJetcly rebuilding and care-­
fully inspecting and adjusting nil S.A. assemblies ref.urned and 
the charge for such rebuilding work is exreption:illy reasonablP. 

Eclipse Bendix Service Sleeves 

The one exception to the foregoing is the compres­
sion sleeve. This <'!l.rt be replaced hy the service 
sleeve, which is made for this purpose anti <'an he 
installed without special tools of any kind. 

l-1/2"-.! ,-¾"-i 

UlJ 
Fig. 6 (left). R-10-112; Wied witl, 11II drives on ½" uru,aturc 

shaft. 

Fig. 6 (center). R-11·112; usc<l with all driYes on ¾" 
armature shaft. 

Fig. 6 (right). R-13K-ll2: used with KX, SX, and XXX 
types of 13/16" shaft size drums. 

The function of the slotted sleeve in conjunction 
with the lugs of the driving head is to act as a circular 
filler under the spring, trnding to equn.li1,e the wind­
ing of the coils of the spring, and prevent one spring 
coil winding down so as to restrict the movement or 
the tongue and groove portions of sleeve and head, 
and thereby the longitudinal compression of spring. 

1 See pngc 1055 for piston ring sizes formerly on this page. 

It is obvious that none but genuine sleeves •tamped "Bendix," 
wrucl, arc of the proper structure and lcncth, should be uocd 
for replacements. 

The sleeves of the ½" and %" armature shaft 
sizes and certain ones of the 13/16" shaft si:rn, 
namely 1<X1 X.,'CX.1 MX types arc o.ttached to the 
screw shaft oy a crimping process. 

The sizes are determined by the width of the slot, 
approximately ½", ¼" and 13/16". These fit the 
corresponding Bendix screw shafts, the diameter of 
the hole in the shaft being the same as the width of 
the slot of the sleeves. It is necessary that the 
correct size sleeve be used. 

This service sleeve can easily be attached by 
simply pla<'ing it over the shaft until it strikes the 
shoulder, and using a blunt chisel and hammer, 
lightly hit the divided portions, above and below 
the corresponding groove of the screw shaft, until 
they nicely fit into this groove. 

For example, note the illustrations, Figs. 7 to 11: 

't ~ ~ ~· 
Ft -J ~\\~ 

Fig. 7 shows one ol the earlier model shnfts, with tho recc.,s 
for crimping cut ,·ery 11c11r the shoulder of the shaft. 

Fig. 8 ahowa the later model shaft. ";th the recess for crimp­
ing eut further away from the shoulder. 

Fig. 9 shows the ncndix replacement sleeve, which cnn easily 
!'"'I qui,•kly be nttachccl to either of the two models by doprcs•• 
mg the po,nt (A) or (DJ as the case muy be. 

To atta~h the sleeve to the earlier shaft shown in Fig. 7. 
tlepress point (A) above nnd below, a.s has been done in Fig. 10. 

To attach the sleeve to the later shaft shown in Fig. 8 depress 
the point (B) nbo\'e and below, ns shown in Fig. 11. ' 

Great care should be exercised in o.ssembling tho repair 
sleeve on one of the later model shafts (Fig. 8) not to doprc•s 
the poi11L (A) into the crim1ling rceess on the shart. 'l'his would 
hnvo a serious effect on the operating of the drive, due to the 
increa,;c of length of the llllSCmbly. 

Care should be taken to see that the sleeve is securely 
fastened, yet is free to turn easily on the screw shaft. This is 
nccomp1ishcd by simply 1>laci11g a. screw driver or other sumlar 
tool in the slot ol the sleeve, und holclin~ tho screw shaft secure 
rotate tho sleeve until it turns cnsily. This is very important: 

Beware of replacing a sleeve with any form of structure hav­
ing an outside diameter greater than the sleeve that was 
originally on the drive, as its use wiJI interfere "~th the proper 
windi111' of the spnn1,t. 

Fig. 12 (left) shows 
how the service sleeve 
look.s from the end, be-

. fore point (A) or (B) bas 
been depressed. 

Fig. 13 (right) shows 
how the service sleeve 

-=- _ ~ would look from the end. 
- I I I lifter point (B) ba.s been 

___ depressed to fit into tho 
, ~ ~ l!(roovc of the late model 

ehafiahown in Fis. 8. 
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A FEW SERVICE HINTS FOR THE CARE OF THE ECLIPSE BENDIX DRIVE 

Lock Washers 

Whenever a spring or fastening screw is replaced 
in the Eclipse Bendix drive, particular care should 
be taken to see that the two Jock washers are proper­
ly bent to keep the fastening screws in place. 

The iock washers are put in place with the bent 
lip in the corresponding gap in the spring eye. 
After the fastening screws are tightened, the second 
lip of the lock washer must be bent upward until it 
presses tightly against a flat side of the screw head. 
It is absolutely necessary that this operation be 
completed, as a partially turned up washer will not 
keep the screws in place. 

Lubrication of the Screw Shaft 
Lubrication of the screw shaft is not essential. 

However, if oiling is done, a very light grade must 
be used. Gummy oil and grit cause failure to mesh. 
To remedy this, clean screw threads with kerosene. 

Care in Uc-Sta1·ting 
It does no harm to step on the starting button with 

the engine running, but it is recommended that 
special care be taken in making a restart of the 
engine after the first one has failed. Wait and 
make certain that the engine and starting motor 
have both come to rest, thus preventing the meshing 
of the pinion gear when the engine is back-rocking 
or back-firing just prior to its stopping. 

Most distorted springs can be traced to this 
stepping on the starter button for a restart without 
allowing a moment for the engine to come to rest 
after the first attempt. 

Anti-Drift Spl'ing Tension 
The most common difficulties encountered with 

the anti-drift device are when the tension of the 
small spring is too light and therefore the anti­
drift effect is not enough, or else the spring tension 
is excessive and the pinion gear therefore fails to 
mesh under starting conditions, this latter being 
more often the case in reduction gear starting motors, 
or where the threaded shaft is covered with heavy 
oil which congeals in cold weather. 

It is obvious then that the tension of this anti­
drift must be accurately controlled, and this is oue 
of the reasons why it is recommended not to pu1·­
chase any of the various parts of the sub-assembly 
separately. • 

One other possible difficulty with the anti-drift 
comes with improper longitudinal location; for 
instance, if the longitudina.l demeshcd cleam11cc is 
only Ys", the pinion gear contacts the flywheel at 
the same time as the anti-drift comes into action 
and therefore the purpose of the anti-drift is lost. 

Sticking or Jamming of Gca.-s 
Should an end-to-end abutment of pinion and 

flywheel teeth be such as to cause a sticking or jam 
of the gears, it can be released by placing the engine 
in high gear, with the clutch engaged and rocking 
the car forward with a "to" and "fro" motion. 

To remedy, investigate as followlj: Make sure 
that the starter is bolted firmly in place and that the 
armature shaft is not bent; that there is at least 
1/64" backlash between pinion gear and flywheel 
when meshed; that the forw:-ml (>ll(I of the drive 
is free to compress longitudin,tlly anti that the fly- . 
wheel teeth arc not battered 01· l.rnrrc,I. 

Loosened Counterweight on Pinion Gear 

Do not attempt to repair a loosened counter­
weight-it necessitates a new pinion and counter­
weight which must be correctly assembled. Let 
the factory rebuild the S.A.. assembly at nominal 
cost and much less trouble to you. This difficulty 
is caused by improper longitudinal installation and 
a replacement without correction only means an­
other counterweight. 

Failure of Pinion Gea1· to Mesh 
If the pressing of the starter button merely results 

in a spinning of the starting motor, this can usually 
be traced to a failure of the pinion gear to mesh, 
raused by a gummy or oily condition of the Bendix 
shaft threads-clean with kerosene and do not reoil. 

A broken spring or bolt will cause a somewhat 
siniilar failure to crank the engine. 

In reassembling an Eclipse Bendix drive on ar­
mature shaft of starting motor, it is always advis­
able to clean armature shaft and then place e little oil 
or graphite grease on it before a,;sembling the drive. 

In assembling the starting motor make certain the 
holding screws are down tight. If pos!:'ibl~ it is a 
good plan to mesh the pinion gear of the drive by 
hand and holding it tight against the stop nut, move 
the drive and armature shaft as a unit and make 
certa-in there is a 1/64" backlash, between the gears. 
lf not, the alignment of the starting motor should 
be corrected or it should be shimmed out from the 
crank case a slight amount. 

In replacing either the shaft spring screw or head 
spring bolt, it is very important to use the proper 
length of bolt or screw. It is also equally important. 
in replacing these parts on the "X" type of drive, 
to use only those screws and bolts stamped with the 
letter "A" on the head. This signifies that special 
material and heat-treating has been used in the parts 
comprising the "X" type drive, due to the heavy 
duty imposed upon these installations. 

The use of either a screw or bolt that is too long 
or else too short will certainly cause a faulty instal­
lation. Consult Eclipse Bendix parts Ii.st. 

Free Longitudinal lVIoveinent Necessary 
The free longitudinal movement of the Eclipse 

Bendix Drive and how it affects proper meshing of 
the pinion gear is explained below. 

The teeth of the Bendix pinion are· chamfered on 
only one side and specially rounded and polished to 
make the automatic meshing with the flywheel gear 
teeth natural and easy. However, should the ends of 
the pinion teeth meet end to end with the flywheel 
teeth, the threaded screw shaft being freely mounted 
on the armature shaft is pushed backwardsagainstthc 
compression of the driving spring-the longitudinal 
movement of the screw shaft permitting the pinion 
gear to turn slightly further and enter flywheel gear. 

This action is known as free longitudinal move­
ment and inasmuch as it is natural that the teeth 
often meet end to end in this manner, it is of supreme 
importance that the drive be free to compress in 
Lhis way, also that it be free to easily l'csume it~ 
original position or length. 

Any restriction of this longitudinal freedom will 
of course prevent the slight turning of the piniou 
gear under surh abutment und will cause the pinion 
teeth to "jam" in the ends of the flywheel teeth and 
u ltim:1 tcly bring abou L ucstruction of the flywheel 
and many other starting difficulties. 
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The following conditions will cause such restric­
tion of longitudinal movement: 
1. Drive rusted to armature shaft-to remedy clean 

armature shaft and place graphite grease or oil 
on it before reassembling of the cfrive. 

2. Rough or burred armature shaft under Bendix 
shaft-to remedy file burrs off shaft and smooth 
it with emery cloth-lubricate as above before 
reassembling. 

3. Bent armature shaft. 
~- Use of too long a spring bolt at the shaft end, 

c·ausing bolt to protrude through Ilenrlix shnft 
and bind on armature sh::ift. 

!i. Cocked condition of coils of the spring causing 
Bendix shaft to drag 011 the armature shaft­
t.his more often prevents the ready springing back 
of the Bendix shaft into its orig:inal po~ition after 
once compressed. 

6. Spread sleeve, misplaced spring support clip, or 
misplaced Woodruff key, preventing compres.sion 
of the spring. 

7. Use of non-genuine spring which has no possible 
compression feature due to faulty winding of 
spring. 

S. Unhooked or improper assembly of the tongue­
and-groove portions of the Bendix head and 
Bendix shaft sleeve-these parts should always 
fit into each other as shown in Fig. 16. It is 
sometimes the case that the space (AB) in Fiii;. 
14 is enough over 1_1.16" to permit the drive to 
lengthen enough for the sleeve and head c-nds t.o 
abut. Correct by adding washers ahcacl of the 
stop nut and thus reduce space (AB). 

Fig. 1-1 shows the E('lipse Rcndix dri\·e with the spring in its 
normal position. Xote that the distance (AB) between the stop 
nut fnce and the face of the restraining ~mrfate is very Smull, 
i:encrally 1/16" or under. 

Fig. 15 shows the E~lip~o 13endix D_rive. with the spring com­
pressed by hand, that is with the long1tudma.l freedom nil taken 
up. In this posit.ion tho distance (AB) bctwl)en the stop nut 
face and the face of the restraininv; surface is materially in~ 
oreascd to u.bout ¾", as shown. 

In making any repairs to an Eclipse Bendix drive;-first 
lubrico.to tho o.nnature shaft before reasscmbhng the drive on 
it and o.fter assembly teat for the free longitudinal movement 
of the drive as shown above. making certain that the drive of 
itself is likewise free to return to its original length or position. 

Fig. 16. Proper assembly of tongue-and-groove portions. 

Recommendations for Flywheel Steel Ring 
Gears and Their Mounting 

In the replacement of the original cast-iron fly­
wheel teeth on an engine flywheel with a steel ring 
gear to be shrunk in place; or in the replacement of 
one steel ring gear with a new one, special attention 
should be given; explained as follows: 

The ring gear as purchased should be as follows: 
1. Exact number teeth as originally in flywheel gear. 
•) Machined so as to have the same pitch diameter 

as the original gear, after it has been shrunk in 
place-check this by inspecting the back lash 
between Bendix pinion and flywheel gear when 
in full meshed position and with the Bendix 
pinion gear held against the stop nut-this back 
lash should be a minimum of 1/64". 
The S.A.E. standards are as follows: the mounting must be 
such that there is .015" nitch line clearance of the pinion on 
the Bendix drive and the flywheel gear, where center distance 
is definitely controlled. Where this center distance may vary. 
due to assembly, t.hc .015" is minimum nnd mounting should 
be designed between this minimum and a maximum of .02a•. 

:3. Chamfered on the non-pressure side at an angle 
of 45° so as to leave a section 1/16" wide on the 
ends of the teeth. 

4. The radius on the meshing edge of the ring gear 
should not be over 1/16" as shown in Fig. 17. 

G. Heat-treated or hardened to have a hardness of 
at least 55 scleroscope after mounting-be sure 
to specify this recommendation in ordering the 
ring gear from your source of supply. 

In the mounting of the ring gear the following pre­
cautions should be taken: 
1. The flywheel should be machined down to the 

diameter dimension specified by the ring gear 
manufacturer and at a depth into the face of the 
flywheel equal to the width of the ring gear. This 
nlaces the meshing face of the new ring gear teeth 
in the same position as the meshing face of the 
original cast iron teeth-this is a most important 
point in order to have the Bendix pinion mesh 
to the proper depth in the flywheel teeth and also 
in order that the Bendix pinion may be the proper 
distance from the meshing edge of the flywheel 
gear, when not in use. 

2. Do not overheat the ring gear in shrinking it in 
place-400° F. is plenty and does not materially 
affect the hardness of the ring gear teeth. 

3. Be sure the chamfered face of the ring gear is 
on the side where the Bendix pinion meshes and 
that the chamfer comes on the non-pressure side 
of the teeth that· is on the side opposite that 
against which the pinion gear presses in cranking 
over the engine. If the chamfer is located on the 
wrong side, it results in continual jamming of the 
pinion gear and destruction of the ring gear teeth. 

Service bulletins with reference to the Eclipse Bendix drive 
can be obtained by writing Eclipse Machine Co., Elmira, N.Y., 
and mentioning Dyke's Automobile and Gasoline Engine 
Encyclopedia. 



INSTRUCTION No. 72 
ADJUSTING AND REPAIRING CLUTCHE·S, TRANSMISSIONS AND 

UNIVERSAL JOINTS 

The fundamental principle and purpose of each of 
these parts, as well as their construction, are 
explained in the first section of this book. For 
instance, clutches 1 are explained on pa.ge 20, and 
transmissions on page 25. 

We will now deal with adjustment and repairs, 
using as examples the parts of different makes of 
cars. Some of the older types of cars will be used, 
rather than taking all of our examples from the 
very latest types, owing to the fact that repairs and 
adjustments are more commonly required on the 
older types. 

Types of Clutches 
There are three types of clutches in general use: 

the cone, the plate, and the·multiple-disk types. 
The cone types of clutch are those using a straight 

cone or an inverted cone. The angle of the cone is 
usually 17°. 

The facing of a cone clutch can be leather or 
fabric. The latter is being used now, more than 
formerly. 

The plate clutch seems to be gaining steadily in 
favor. 

Of the many different desi~s in pxesent-day cars, 
the following are typical: (1) steel against asbestos 
fabric; {2) steel against molded asbestos; (3) steel 
against bronze; (4) steel against cork. 

There is a strong tendency to1vard the dry-plate 
type of clutch, and this tendency Beems to be largely 
due to the fact that the parts, frictional area, etc., 
of a dry-plate clutch can be made very much smaller 
than the parts and frictional area of a clutch running 
in oil. The oil film serves as a lubricant 1 which 
reduces the amount of friction and necessitates a 
very much stronger spring, or an elaborate system of 
multiple levers. 

The introduction of the .molded asbestos ring, 
which has now come into co=ercial prominence, 
has resulted iu a great refinement in clutch design. 
These molded rings or disks can be made to closer 
limits and do not require any stapling at the joint. 
In some cases the ring is made flat, nnd in such 
cases no replacements need be made until these disks 
have worn practically all the way through. There 
are no rivet beads to consider. 

The multiple-disk clutch, which has a greater 
number of disks than the plate clutch, each disk 
requiring multiplying levers to keep an engagement, 
is found operating both dry and in oil. lts greatly 
increased frictional surfaces over the plate clutch 
necessitate a strong spring, but the disk clutch run­
ning in oil is larger and has to have more frictional 
area than the dry disk type, for the same reasons as 

have been given in what is said of plate clutche~ 
above. 

How to Use the Clutch Properly 
The clutch on au automobile should be either in 

or out absolutely. 
Many good drivers make it a plan to keep their 

foot off the clutch pedal while they are drivi11g. 
The weight of the foot on the pedal and a littfe 
nervous tension in the driver's leg is sometimes just 
sufficient to hold the clutch out just far enough to 
"slip it" on a hard or sudden pull. 

Another good way to spoil a clutch is to thxow it 
out in traffic until the car comes almost to a stand­
still, and then to speed up the engine and to slip 
the clut,ch in with the gear-shift lever still in high 
speed. 

When the car slows down with the clutch out, the 
gear lever should be slipped to second speed, and if 
the car comes to a full stop, it should be shifted to 
low speed. 

Another important point in dxiving is to learn to 
engage_the clutch gradually, and not to "bang" it in 
with the engine racing. 

It is always better to run on the engine as much 
as possible, throttling it down instead of constantly 
throwing "out" the clutch, and when running slowly 
with throttle closed, the speed of car can be still 
further reduced for brief periods by gradually 
applying the brake. 

A well-adjusted clutch takes hold gradually, does 
not slip after it has come to a seat, and releases 
instantly when the pedal is depressed. 

Testing for a Slipping Clutch 
A slipping clutch is a constant waste of power and 

fuel aud a strain on the engine. Sometimes this 
trouble is so noticeable that the dxiver bas no 
difficulty in diagnosing it. But in many cases it is 
necessary to test the clutch in order to be sure that 
it is not slipping. 

A simple test is as follows: With the engine run­
ning, pull on the emergency brak~ put the gears in 
low, anti then let in the clutch. The engine should 
st-all immediately. If, however, the engine con­
tinues to turn over in spite of the fact that the car 
is braked and stationary, then this is evidence that 
the clutch is slipping. If at any time when using 
the car the engine appears to overheat for some 
unaccountable reason, or if the engine Jacks power 
and the gasoline mileage is lower than usual, it is 
well to make this test. 

CONE CLUTCHES; TROUBLES, ADJUSTMENT, AND REPAffiS 

The parts of a· cone clutch can be enumerated as 
follows: 
1. Leather or fabric facing over the cone. 
2. Main clutch spring, which holds the tension of 

the cone to the fly wheel. 
3. Pressure or plw1ger studs, also called "clutch 

leather expn.nc.ers," which are mounted under 

1 See Index under "Specifications of passenger cars" for types 
and make of clutch used on different makes of cars. 

the clutch leather at various i;>oints and allow 
gradual eng;agement of the frictional surfaces. 
The "grabbrng" feature is eliminated by the use 
of these plungers, of ·which there are usually 
six, inserted under the leather, as shown in 
Fig. 1. 

4. Clutch rollers on the shifter yoke. 
5. Ball-thrust bearings on tbe clutch sh~t. 
6. Clutch brake, which prevents spinning of the 

clutch when released. 

838 
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Qlutch Lealher 

Clutcf\ Reto~~o Collar-

Fig. I. Typical example of a cone clutch, the Chevrolet 
"490." Note that expanders are placed under the clutch 
leather so as to present slightly raised points of contact to 
eliminate "grabbing." 

If the clutch tnkes hold too quickly and causes the car to 
start with a jerk, it is an indication that tbe clutch leather 
expanders need adjusting. To do this, turn ea.ch of the 
expander nuts to the right, until they lightly touch the clips, anti· 
then give them a half-turn to the left. This unscrewing allows 
the expander to act properly under the clutch leather. 

The clut-ch leather will in time "dry" out, re.suiting in "grab­
bing," or slipping. Once a month z·ub a little neat.sfoot or 
castor oil on the leather to solten it. Should the clutch leather 
become greasy, apply a little fuller's eart.b to it. Do not use 
.sand or other gritty substances to make a slipping clutch hold. 

Cone-Clutch Troubles 

Cone-clutch troubles are either fierce engagement 
•or grabbing, slippillg, or spinning. The latter makes 
it difficult to shift the gears of the transmission. 

We-c.T•-11!!­
T'MJttJST 8EAAJJ>JG. 

Fii:. 2. Various cone-cluroh troubles illustrat-ed. (Motor.) 

Cause of Clutch Grabbing 
Clutch leather dry or hard: This can be remedied 

by applying neatsfoot or castor oil after first clean­
ing the leather with kerosene, using an oil gun to 

• remove any mineral oil. 

A prominent clutch manufacturer states: "We recommend 
keeping all oil off the clutch lcathel', and we do not use tho 
common remedy, ncatsfoot oil. Bett.er results are ac.eom­
plisbed by keeping the clutch farm clean, and when an occasion 
arises where the clutch grabs, clean it with kerosene, but not 
gasoline. The kerosene leaves just eno>1gh oil to keep the 
leather in good condition. 

Clutch rivets projecting, as a result of wear of the 
leather: Remedy by placing a center punch against 
the rivets and hammering until they are below the 
surface of the leather. A grating or grinding sound 
will indicate this trouble. 

Clutch lever linkages out of adjustment: The 
amount of movement between the surfaces of the 
clutch is small, and it is important that no looseness 
exists in the pedal connections. 

Excessive tension on clutch spring: If this is 
found to exist\ weaken the spring tension. Exces­
sive tension a so causes w1due strain on the ball­
thrust bearmgs. 

Plunger studs improperly adjusted: The six 
plunger studs, also· termed the clutch leather 
expander studs (Fig. 1), should be properly adjusted. 

Clutch reiease ring bearings may be worn, as a 
result of lack of lubrication. If run while dry, they 
are liable to seize and to prevent clutch releasin& 
entirely, m which case new bearings must be fittect 
(see Fig. 9, page 841). 

Cause of Clutch Slipping 
Burned or worn clutch lining: Usually results 

from allowing the clutch to slip when starting, or 
speed changing, and from using the clutch too much, 
instead of the throttle, while running. Even though 
it be worn to a certain extent neatsfoot or castor oil 
will sometimes improve its operation. Otherwise a 
new clutch leather must be fitted. 

Clutch leather oily and greasy: The cure for· this is 
either to wash the oil off by spraying a pint or so of 
kerosene, with an oil gun, over the clutch leather, 
while holding the clutch out, or by wiping off with a 
cloth moistened with kerosene, and to dress the 
leather afterwards with neatsfoot oil, if necessary . 
The oil can also be absorbed by sprinkling powdered 
fuller's earth or talc over the surface and Je,wing it 
standing for a while. Don't use dirt or sand-it will 
cut the leather. 

Leather worn down: If it cannot be raised enough 
by adjustment of the plungers (clutch len,ther 
expanders), a new leather must be fitted. 

When the surface of the clutch o.ncl sent are new, the latter 
touch all over, but when worn, they touch on only the high 
places. If tho surfaces touch in only a few places, they natur­
ally cannot transmit the power that is possible with n good 
contact; they ean be forced to transmit it by pressing them 
more firmly together, but it is better to reface the surfaces. 

Clutch-spring tension weak: Tighten the adjust­
ment (see page 841). If no adjustment nut is on 
spring, place a washer between the spring ~nd its 
seat. Also examine the pressure or plunger studs. 

Clutch shaft out of line: Sometimes caused by too 
great a spring tension, caus.ing the balls to b'reak in 
the thrust bearing and cutting the ball ra_ce, lower~ 
ing the clutch shaft out of line. It may also be due 
to a bent clutch shaft or the clutch shaft being out 
of alignment. Sometimes shims are placed under 
transmission support, and if not carefully replaced, 
will throw clutch out of line with transmission. 

Ridge or shoulder worn on the clutch leather (see 
page 843 for remedy). 

Clutch Spinning 

Wnen a clutch spins, when thrown out of engage­
ment, it is difficult to shift gears. 
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The shift of gears by the ge.ar-shifting lever ought to be made 
without a particle of noise if the clutch is thrown out when 
shifting. If there is a noise, then it is usually due to the clutch 
not being fully thrown out, or to dragging or spinning, or to 
the transmission shaft being out of line, owing to worn bearings. 

Clutch spinning is often due to excessive friction 
in the spring-thrust bearing (see Fig. 2), though 
sometimes fault,y alignment of the flywheel and 
clutch cone prevents the engaging surfaces from 
entirely clearmg each other. A bent ciutch shaft 
might be the cause of this. 

Sometimes the fault lies in the clutch. A heavy 
rim or cone will store up energy and continue to 
revolve when disengaged. 

When a clutch spins from lack of alignment or 
adjustment, the remedy is obvious, but if the fault 
is in the design, a clutch brake (see Fig. 2) should 
either be fitted, or the clutch rim lightened by drill­
ing or machining away metal at or near the outer 
circumference. 

Clutch Brake 
Unless the clutch-shaft speed is reduced approxi­

mately to the speed at which the main shaft of the 
gear shafting is revolving at the time, there will be 
u clash of ~ears at the time of engagement, with 
consequent damage to the face of the gears and 
annoyance to the driver. The clutch brake will 
overcome this to a considerable extent if it is 
properly fastened and proportioned. 

The purpose of the clutch brake is therefore to 
keep the clutch from spinning when thrown out. 
See Figs. 2, 10 and 11. It cousists of n. small spring­
mounted fiber pad attached to the left of the frame, 
against which the clutch cone strikes when dis­
engaged. It should be so adjusted that when the 
pedal is pressed half-way down, the cone should just 
begin to come in contact with it, so that by the 
time the pedal is all the way down, the spring on 
the clutch brake will be fully compressed. For an 
example of a clutch-brake adjustment, see page 842 

If the car is not equipped with a clutch brake and 
it is desired to attach a clutch brake or dampener, 
to check the revolving of the cone when released, 
either cork or rubber c:iu be fitted into a metal 
bracket which can be attached to the car frame. 

The position of the brake should be ju~t to the 
rear of the clutch rim, against which the clut,ch will 
clmw when the disengaging pedal withdraws the cone. 

Cone-CluLch Lubrication 
Lubrication of a cone clutch is usually at the 

rollers or clutch yoke and ball-thrust bearings; 
otherwise oil should be kept from the clutch leather 
as much as possible, as a leather-faced cone is sup­
posed to run dry, but yet be kept flexible. This 
can be done by the use of neatsfoot or castor oil. 
as explained. 

If the Clutch Fails to Release 
When a cone clutch fails to release, it is usually 

termed a "frozen clutch." This may be duo to 
rusty or tight pedal connections or to loose pedal 
linkage connections; clutch yoke rollers nm dry 
sometimes, from too tight a spring adjustment. 

The amount of movement between the surfaces of a clutch 
is srnall. and it is important that; no looseness in the pedal 
connect.ions or bending of the levers should exist to prevent 
gradual engagement. 

When cleaning or treating a clutch with neatsfoot 
oil, it can be held out of engagement by using a prop 
placed against the clutch pedal, as shown in Fig. 3. 

The cone part of the clutch with the leather facing 
on it can then be turned bv hand and neatsfoot oil 
,1.oplied, or the oil gun filled with gasoline can be 
,sed for cleaning, as shown in· Fig. 4. 

Fig. 3 J'ig, 4 Fig. 5 

Au insect-powtler gun, ftlled with talc or powdered 
fuller's earth can be used ::s a temporary remecll· 
for oily Hlipping rfotrh or brake, if necessary (Pig. 5). 

Cone-Clutch AdjusLmenls 
The adjustments on a cone clutch are: 

l.. Clutch pedal adjustment. 
2. Main clutch-spring adjustmimt 
3. Clutch-leather exp:1ntling spring adjustment. 
4. Throw-out adjustment. 
5. Clutd1-brake adjustment. 

Clutch-Pedal Adjustment 
There are various methods used to adjust the foot~ 

dutch pedal. The illustration (Fig. 6) is that of th<' 
Oakland model 34B (cone type clutch). 

There are two possible causes or reasons for the 
necessity of adjusting the clutch pedal: 
l. The pedal, when in driving position, with tl,c 

clutch in, mn.y vibrate back and forth, owing to 
t.here being too much clearance between the pedal 
and toe board. 

2. The <:lutch n:i,ay be slippillg, because of t.he pedal 
pressmg agamst the toe board before the clutch 
1~ fully engaged. (See importance of free play 
of clutch pedal, next· page.) 

:::une:H PEDAL 
SHOU\..O NOT 
TOUCH HERE 
,F SO, C.lUTCH MAY 
NOT FULL.Y SEA"T 
AHOTM.IJS SUP 

i,.lQoG~EAT A 
CLEAf<ANCE C LtJTCH 
,-,,.v ~iosf~ft.~ 
Vl6R.0.TE 

Fig. 6. 

Cll/TCH PEDAL 

To remedy either condition, remove cotter pin an<l 
push adjusting screw out of the hole in pedal. Hol<l 
the wedge nut and turn the adjusting screw to the 
right or left until the proper a<ljustrnent is obtained; 
replace and put in cotter pin. Clearance between 
pedal and toe board should be approximately 1-16". 

One of the :first places to look whether the clutch 
is slil)ping is the clutch pedal (either the cone or disk 
type). As the clutch facing wears, the clutch pedal 
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travels toward the toe-board, a.nd when wear is 
~ufficient (or pedal is out of adjustment) to permit 
rlutch pedal to rest tight against the toe-board (sec 
E, Pig. 7), without any free play, then the full action 
of the clutch spring is not obtained, thus causing 
slipping and rapid wear to frictional surfaces. 

The main point to observe is that when the clutch 
is in the fully engaged position, the clutch pedal 
should have free play, or should depress from ¾" 
to 1¼" (see G, Fig. 7), under light spring pressure 
before the resistance of the heavier clutch spring is 
encountered. • 

On some clutches (see paragr:lph under Fig. 25, 
page 847), the adjustment of the clutch will restore 
the proper clearance between toe-board and clutch 
pedal. 

On other types of clutches, where there is no clutch 
adjustment provided, it is necessary to adjust the 
clutch pedal to restore the free play, as shown at G, 
Fig. 7. 

Note: It is also imp01·tnnt to sec that the pedal pad (A. 
Fig. 7) is clenr of upper side of t.oe-board (DJ when fully de­
prcs..t;cd, othen ... ·ise the clutch will not fully release. ~ Sometimes 
the toe-board gets out of place. 

11 .'\ 

Fig. 7. 

- 1"91':: BOAAD 

;,,. 
..... . 

..:. -. 

Fig. 7. Illustrating what is rncant by frl'e play of clutch 
pedal. For a distance of ¾" to I¼" t.-a,·cl of clutch pedal 
pad (sec G), there should be free play. If <:lutch pedal is tight 
against the toe-board and there is no free pl:i.y, then the clutch 
plates nre worn, or the pedal is out of adjustment. 

Fig. 7 A. Clutch pedal arrangement of the Cadillac type "57 ." 

Adjustment of clutch pedal clearance of the Cad­
illac (type "67," multiple disk dry type of clutch, 
see page 22): After the ear has been nm for some 
time it may be found that the .facings on the clutch 
disks have become compressed or worn to some ex­
tent, and that consequently the clutch pedal strikes 
the stop screw before the clutch is fully engaged. 
When this condition exists, a readjustment of clutch 
pedal may be made as follows: 

Remove the pin (n) ( Fig. 7 A), und unscrew the yoke (p) which 
is thrcnded on the rod (o), so that whe1i the pin (n) is replaced, 
the clutch pedal has a movement back and forth of I¼" without 
starting to release the clutch. Secure the pin (n) with a cotter 
pin, and tighten tbe lock nut (v). 

Do not slip the clutch when starting off from a slow 
speed in high gear ~nstead of shifting to a lower gear. 

Do not ride the clutch pedal: that is, do not hold 
the foot against it while driving, as the1·e is a possi­
bility of keeping it partially disengaged. This 
causes excessive wear in the plates. 

Main Clutch-Spring Adjustment 
There are two or three methods of arranging the 

main clutch springs so that they will hold the clutch 
cone firmly to the inner surface of the flywheel. 

One method is as shown in Fig. 8. Note that the 
main clutch spring (S) is placed ovet the clutch 
shaft between the clutch spider and a collar provided 
with an adjusting nut. 

To adjust: 1\'iU1 a scrc\\'drivcr remove the cover 
plate, loosen the clamp screw on th_e clutc~-ac).justi.ng 
nut, and turn up the clutch-spring adJustmg nut: 
(just below the clutch '·throw-out" fork (F), until 
there is sufficient compression. Then tighten the 
screw. Also note the clutch leather engaging the 
spring, for the purpose of expanding the clutch 
leather (explained farther on). 

Care: l{eep the clutch-yoke grease tube filled, 
and be sure it does not clog. Keep the drain hole 
in the bottom of the clutch housing free. so that oil 
cannot accumulaLe on the clutch leather. Turn 
the grease cup down often, on the "clutch throw­
out." The first 50 000 Dodge cars used the clutch 
as shown above. Later cars use disk clutches of 
the dry t.ype, de~cribed farther on. 

The first 50,000 Dodge cars used the "cone "clutch as de­
scribed nbovc. Later cars use the disk clutch. dry type, con­
sisting of 4-driving and 3 driven members. 

Fig. S. Cone clutch nud transmission used on the enriy 
model Dodge cars. ~ote the position 0£ the 111:tin clutch 
spring (S). 

Fig. 0. Note the position of the. clutch sprin~. 

Another arrangement of the main clutch springs 
is shown in Fig. 9. Note the main clutch spring is 
within the clutch spider. 

Here again, the regular remedies for a slipping 
clutch caused by a worn, oily, or burned leather, 
apply. 

Adjustment: A worn leather may be made to. 
hold by increasing the tension on the four large 
clutch springs within the clutch spider. In doing 
this, be careful to turn each nut to exactly the same 
extent. 
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Clutch brake: When the lining of the clutch brake 
becomes worn, thus allowing the clutch to spin after 
disengagement and make the shifting of gears diffi­
cult, adjust by loosening the clamp bolt and turning 
the adjusting nut to the left, or counter-clockwise. 
This will compress the brake spring sooner, and 
consequently stop the clutch more quickly. 

To grease the clutch. loosen the wing nuts and 
remove the cover of the clutch housing. Give the 
grease cup on the clutch release ring a turn or two. 
Press the clutch pedal, and turn the clutch cone 
around until that grease cup appears, and give it a 
turn or two. Turn the engine over until the grease 
cup on the clutch spider appears and turn that down 
the same amount. Apply a few drops of flowing oil 
to the clutch release-yoke trunnion bearings. 

Note that the leather expander and spring for 
expanding the clutch leather are in this clutch also. 

Outch-Lcather Expanding Adjustment 

The clutch-leather expanding adjustment, called 
the "clutch-leather enga.ging spring" in Fig. 8, and 
the "expander spring" in Fig. 9, is for the purpose 
of preventing "grabbing." The expanders are so 
placed as to present a slightly raised point of con­
tact of the clutch leather to the fly-wheel inner 
surface. 

If the clutch takes hold too quickly and causes 
the car to start with a jerk, it is an indication that 
the clutch-leather expanders need adjustment. 

The clutch:leather expanders usually consist of 
six small spring-mounted clutch plungers placed 
under the clutch leather, which raise it at various 
points and allow gradual engagement of the friction 
surfaces. Should these plungers become fast in 
their guides, or should anything prevent the leather 
over these plungers from first coming into contact 
with the seat in the flywheel before the entire surface 
engages, "grabbing" will result. 

They should be adjusted so that with the clutch 
in complete engagement, approximately 1/16" 
remains between the adjustmeut nut of the plunger 
stud and the guide to the cone, when the clutch is 
fully engaged. 

The clutch leather will in time "dry" out, result_­
ing in either "grabbing," or slipping. It is a good 
idea occasionally to rub a little neatsfoot or castor oil 
on the leather to soften it. Should the clutch leather 
become greasy, apply a litt.le fuller's earth to it. 
Do not use sand or other gritty substances to make a 
slipping clutch hold. If you do, you are simply 
inviting a large repair bill. 

Cone clutch with cork inserts: On the early 
models (1914, 1915, 1916) Moline-Knight cars, a 
cone clutch was used where the leather on the face 
of the cone had cork inserts regularly placed around 
the leather. They are backed up by an adjusting 
screw. 

Clutch Throw-Out Adjustment 

. The throw-out adjustment, or the amount of lever­
age for the distance to which the clutch is thrown 

• out, is adjusted on the clutch pedal, or, on some 
clutches, at the shifter yoke collar, also termed 
the releasing ring. See Figs. 9 and 11. 

Clutch release ring bearings (Fig. 9), which, by 
pressure upon the clutch rnlease ring, disengage the 
clutch from the flywheel, should be kept well greased 
Dr oiled, as the case may be. 

Ball thrust bearings should be supplied with oil 
(see Fig. 2, page 839). 

Clutch-Brake Adjustment 

The clutch brake, as used on the Studebaker series 
"20" cars, is shown in Fig. l 0. There are two arms. 
one on each side of the clutch, so arranged as to 
make the adjusting screws accessible after removing 
the floor board. The double construction equalizes 
the pressure on the clutch cone, and prevents any 
tendency for it to bind on the shaft. 

'The object of a clutch brake is to facilitate gear 
shifting and eliminate clashing of gears. Its action 
is to slow down the transmission counter-shaft gears 
so that the gears while being shifted, will have the 
same speed. 

Fig. 10. Clutch brake as used on the Studebaker seriea 
"20" cars. 

Cars when shipped are so adjusted as to give the 
best results. When a car has been driven 500 miles, 
the clutch-cone facing will become slightly com­
pressed, allowing the cone to enter the flywheel 
farther, which, together with a slight wear of the 
clutch-brake facing, will increase the gap at (A) 
(Fig. 10). It will then be necessary to screw out on 
the adjusting screw, decreasing the gap (A) to 5/16", 
taking care to adjust both sides alike. 

Removing and Replacing a Cone Clutch 

As an example, the Willys "six" is used, as shown 
in Fig. 11. 

To remove the clutch, first remove the two cap 
screws which hold the spacer shaft (Fig. 11) to 
the clutch cone. Remove the three nuts on the 
motor side of the first member of the universal joint, 
and drive the studs back so that the spacer shaft, 
with the first member of the universal joint, can be 
removed. 

CLUTCH CON.E BUSHl l'IG 
GREASE CAP CLUTCH· SPACER 

UN\VcRSA\. 
JOll<T Sll.JO 

PEDAL SliAfT SRAO<ETS 

Fig. 11. Cone clutch and parts Willys "six." 
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Remove the clutch brake and the bolts holding 

the foot pedals and clutch shifter yoke, so that the 
shifter yoke and its shaft can be raised slightly. 
Next remove the nuts holding the three main clutch 
springs in place and take off the springs (Fig. 11), 
after which the clutch cone itself can be withdrawn. 

In replacing the clutch, the springs (S) can be 
compressed sufficiently to start the retaining nuts 
(N), if a pry bar (P) is held b,ick of the clutch spider 
(R) pre,;sing the studs out (Fig. 12). Be careful to 
get an even tension on the main clutch springs, 
which ,vill be reasonably as~ured if the retaining nuts 
are screwed on to their re~pective studs (T) approxi­
mately the same distance. Do not fail to fasten the 
cap screws holding the spacer and universal joint 
nuts with cotter pins. 

Fig. 12. Replncing clutch springs. 

In replacing the clutch brake, it should be set so 
that when the clutch is thrown out to its limit the 
edge of the cone bears firmly on the clutch brake, 
but does not compress the spring solidly. 

Fitting New Leather to Clutch ·cone 
First, be sure that replacement is necessary. See 

pages 839, 840, and note the causes of trouble. 
If the leather is worn or the rivets project, then 

it will be necessary ,o remove the clutch in order 
either to replace the leather or to drive the rivets 
down below the surface of the leather. 

If a shoulder of about 1/16" or 1/32" has worn on 
the leather, a careful trimming of it off with a file or 
rasp will permit the cone to ;i;o farther into the fly­
wheel and may be all that 15 necessary-together 
with cleaning the whole surface of the leather and 
removing oil or gla.ze, and then applying neatsfoot 
or castor-oil dressing. 

If however a new leather is necessary, then pro­
cure it of the dea.!er of the car if possible. It comes 
cemented ready to apply1 and can be slipped over 
the cone and can be driven into position with a 
mallet or a piece of wood. 

When the clutch must be relined in an emergency, 
and the old lining is not available to serve as a pat­
tern, ':lecure a piece of first-class, unstretchable belt­
iJ1g, 3/16" thick, 10" wide, and 44" long (Fig. 13). 

If you must make the leather facing, then first 
remove the old leather by cutting the rivets with a 
chisel and hammer. Then procure first-class 
unstretchable leather belting (or chrome-tanned 
leather) 3/16" thick for the new leather. The 
leather should first be cut as shown in Fig. 13. 

Then place the leather over the clutch cone in 
the correct position, and draw it a5 tight as possible. 
The leather, if cut as shown, will lap from 3" to 4''. 

Mark on the inrn~r side of the lapped leather the 
2nd of the first tum which lies against the cone. 

Next remove the leather and measure back or toward 
the long end of the leather %". Measure back 
from the unmarked end of the clutch leather 3", and 
bevel the leather off. as shown in the illustration. 
Add 3" to the corrected length of the leather, and 
bevel this end as shown. 

The leather may now be cemented, and after it is 
thoroughly dried it may be i.n,.~talled. Alwf!,ys put 
the rough or flesh side on the outside. For the 
kind of cement to use, ask a harness maker. 

Before a new clutch leather is installed, it should 
be thoroughly soaked in neatsfoot oil and stretched 
tightly over the clutch face. Before the leather is 
fastened to the clutch drum, the "clutch plungers" 
(or pre~sure studs) should be forced in below the 
surface of the clutch cone and held in this position 
by the clutch-plunger adjusting nuts, which may be 
screwed up on the stem of the plunger. 

In riveting the leather on to the cone, extreme care 
should be exercised to see that the rivets are properly 
clinched or turned over on the inside of the clutch 
cone, and thd.t the heads are driven into the leath1:;r 
of the clutch face until they are well below the 
surface. Unless this is carefully done, the clutch 
will "grab" or engage suddenly. 

\ 
\ 

,si~1cius 

// 
. ... ~~· 

...... / 

_.l• 

Fig. 13. Pattern for cutting clutch facing for a Wiilys "si:t" 
cone clutch. When the old linini. is not available to serve as a 
pattern. secure a piece of firSt-class, unstretchable beltinit, 
3/16" thick, IO" wide, and 44" long. 

To Jay out the correct patt.ern of the facing, dr<iw on a J.>ieco 
of heavy paper the arc of a circle. hnving a radius of 35 9/32", 
and below it the arc of a circle with a radiu., of 33 9/32", as 
sho,vn. Tbe exact leni::th oi ibe bell will be •14 3/10", but it is 
woll to make it somewhat longer, because it will be safer to be 
able to trim the ends later on. Put the rough or 6esh side of 
the new clutch leather on the outside. • 

Fig. 14. A suggested method of forcing a new clutch facing 
, on a cone by drawing the cone into it by a bolt ns shown. A 
smnll amount of shellac is npplied to tho clutch and is allowed 

. to set· before the stud nut is loosened. Alter this, leather pegs 
are used to complete tbe bond between leather and clutch. 
(1\fotor.) 

Fig. 15. Another method to force a one-piece clutch lining 
on a cone clutch. Insert a, rat-tail file in a bit brace. Force 
the lining on as lnr as i.t will go with the file, which sllould be a 
coarse one, and by turning, tbe file will roll the lining into place 
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An alternative sometimes used on older makes 
of cars is strips of asbestos brake lining. It is made 
in parallel lengths and riveted to the cone in six or 
right sections, the edges being cut at a slight angle, 
according to the diameter of the cone. 

Note. A very important point to observe in fitting 
a new clutch leather or fabric is to have the surfaces 
absolutely clean, otherwise the clutch facing will 
be raised if there i8 any substance under it, and will 
thus cause the clutch to grab. 

If, after relining a cone clutch, the clutch grabs, 
or if it grabs even though not relined, this is usually 

due to high places on the facing, or the leather 
is dry. 

If, after t,reating it with neatsfoot oil, it still grabs 
and the high spots cannot be determined by the 
general appearance of the leather, then try this 
method: Depress the clutch pedal and then 
insert a. piece of white paper between the flywheel 
and the leather-faced portion of the clutch. 
Engage the clutch, and then depress the pedal 
again. When the paper is removed, the high, spots 
will be plainly indicated on it. The leather should 
then be trimmed to the surface uniform in height. 

THE MARMON CONE CLUTCH1 

The Marmon "34" cone clutch is simply an alu­
minum wheel having a conical rim engageable with 
the corresponding surface within the flywheel. 
Depressing tbe clutch pedal moves this cone ba.ck 
and disconnects the engine, while a spring action 
holds the clutch in contact when the clutch is let i11. 

Smooth application of power is assured by the 
five steel disks set within the flywheel, which give a 
slipping contact with gradually increasing force 
until the whole surface of the cone comes into full 
contact as the clutch is entirely engaged. 

five steel"discs set within.the fiywheel. 

Flywheel 

Fig. 10. The Marmon "34" c-0ne clutch. 

No adjustment for easy engagement i, necessary. 
The metal and asbestos fabric with which the cone 
is lined usually require replacement after 10,000 
to 20,000 miles of running, the life being largely 
dependent upou the class of service. 

To disassemble the clutch, remove the circles of 
bolts at the universal joint and at the clutch flanges, 
and take out the drive shaft, thus released. Then 
remove the cotter and back off the main clutch nut. 

The spring retainer can then be pulled off its key 
after inserting ¾" cap screws in its threaded holes. 
Then the cone will slide off the pilot shaft. In 
replacing, care must be taken in fitting the spring 
retainer on its key. 

Relining clutch: The standard facing for these 
clutches is superior to leathe1·, and to get best service, 
renewals should be made with same material. 

To install, clean off all remains of the old facing, 
lubricate the cone with graphite, and slip the new 
facing in place. It may be necessary to force it 
gently, but do not hammer the edge. Soaking the 
facing in water will aid the facing to slide on easily. 
Then put rivets firmly in place, making sure the 
heads are below the surface. This is best done by 
placing the rivet head against a punch or small 
steel bar held vertically in a vise, and riveting with 
the round head of a machinist's hammer. 

Replacing: See that the felt washer and hub 
bushing at the front of the cone are in good condi­
tion; then fill the hub with oil and replace, making 
sure to get all parts back just as they came out. 

Clutch release: The shaft back of the clutch has 
two flanges about which is fitted a split collar, giving 
a marine type of bearing, which should be filled 
with oil. The backward thrust to release the clutch 
is applied to this collar by a yoke linked to the 
clutch-pedal shaft. The bushings of these shafts 
and links are self-lubricating. The clutch pedal 
stop is again5t the floor-board. Inspection should 
be made, from time to time, of the shifting collar, to 
be sure that, from lack of lubrication, this pa.rt does 
not revolve with shaft when clutch is released. 

Noto play "llowed in splined shaft (S) for the movement of 
clutch shaft when clutch is thrown out. 

CONE-CLUTCH REPAIR-THE CHEVROLET "490" AS AN EXAMPLE1 

Evidence of Trouble 3. Remove the three bolts holding the V-brace to 
I. A heavy grinding noise when the clutch is the engine base and the gearbox support, and 

released. This is usually caused by worn or remove the V-brace. 
broken balls in the clutch-thrust bearing. 4. Disconnect the brake rods from the pedals. 

2. Actual failure of the pedal to release or move 5. Remove the bolts holding the clutch-release 
the clutch or to come back into position when shaft to the gearbox support, and remove the 
pushed out. This indicates that the clutch- clutch release cross-shaft, together with pedals. 
spring retaining plug has become unsoldered and 
has unscrewed from the clutch hub. 

3. Excessive slipping of the clutch, that cannot be 
cured either by application of neatsfoot oil, if 
dry, or fuller's earth, if slippery. 

The first necessitates a complete removal of the clutch, 
together with the flywheel and clutch-spring tension rod; 
the second, a removal of the clutch hub, and the third, the 
removal of the hub and clutch. 

Disassembling the Clutch 
1. Remove the floorboards. 
2. Remove wiring running from battery to starter. 

1 Single diso dry-plate typo now used on models 68, 78 
Marmon. A single-plate clutch is also used on the Chevrolet 
International AC. 

6. Remove the bolts on the.rear clutch-hub drive 
ring. 

7. Remove the four bolts holding the gearbox to 
the gearbox side-arms. (Care should be taken 
in removing the shims under the gearbox, so 
that they may be replaced in the same posi­
tion.) 

8. Remove one bolt holding the left gearbox side­
arm (on the pedal side) to the engine. (This 
perinits the gearbox side-arm to spring to one 
side when removing the gearbox). 

9. Lift the gearbox up and slide it forward. It 
may then be removed from the chassis. (A jacl!-
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should be placed bene·ath the propeller shaft to 
hold it in place when the gearbox has been 
removed. In some cars it is necessary to 
spring the gearbox arms apart or to force the 
gearbox out with a jack.) 

JO. Turn the flywheel until the pinhole (Fig. 17) 
passing through the clutch hub is at the top, and 
clutch-spring retaining pin is in line with hole. 

11. Using either the compressor shown in Figs. 17, 18, 
compress the clutch spring. The clutch-spring 
retaining pin will usually drop out when over 
the hole in the housing; but, if not, it may be 
driven out with a drift and hammer. 

12. Draw out the clutch spring. 
13. Remove the bolt.<; holding the clutch hub to the 

clutch spider, and remove the clutch hub. (This 
is necessary, as the hub would otherwise inter­
fere when removing the clutch.) 

14. Pull out the clutch. (This will take some little 
effort, as the gearbox arms squeeze on to the 
clutch and must be sprung.) 

15. Remove the nuts holding the flywheel to the 
crankshaft flange and with a bar loosen the fly­
wheel and remove it. (It is advisable to mark 
the position of the flywheel on the flange so 
that it may be replaced in the same position.) 

16. Remove the flywheel together with the clutch­
spring tension rod, and place it on two boards 
nailed to the bench. 

17. Separate all parts and clean with gasoline and 
waste. 

Ct.VTCH 'SPAINO 
TENS!ON ROD 

sPRLNG 
WASHER 

P'IN HOl.E 

Fig. JS. Showing the 
method of compressing the 
clutch spring, permitting 
the lock pin to be removed. 

Fig. 17. Showing the method of compressing the clutch 
spring. The steel bar is 5/16" x l" x 4". The bolt boles are 
¼" n.~d 3" between centers. The pipe coupling is ¾"' inside 
diameter; tbe slots are about ¾" deep. 

Clutch Troubles 

Clutches of this type give but little trouble if 
properly used, and the necessity for relining is onlv 
occasional. If slipping has been experienced and 
the leather is damp, it is usually because it has 
been soaktd with mineral oil. This may be re­
moved by cleaning, the leather with gasoline, after 
which neatsfoot 011 should be applied to keep the 
leather flexible. 

Grabbing: On model "490" there are six clutch 
leather expanders. These expanders are placed 
under the clutch leather and present a slightly 
raised point of contact. Their function is to pre­
vent the clutch from grabbing. If the clutch grabs, 
the expander should be adjusted. To adjust the 
expanders, turn each of the expanding nuts in the 

same direction as the.hands of a clock, or from ri~ht 
to left, until they lightly touch the clip, then g1 ve 
them a half-turn in the opposite direction. If this 
method fails, the chances are that the clutch is dry. 

Though a dry clutch will occasionally cause slip­
ping, it more often causes "grabbing." Unless the 
leather is burned, or worn out, it may be restored 
by roughing the surface slightly with emery paper, 
and then dressing it with neatsfoot oil. 

Another cause of a sticking clutch is protruding 
rivets, and these should again be set beneath the 
surface of the leather. A small shoulder will also 
cause trouble, and this should be scraped or filed. 

A new leather should never be fitted unless it is 
certain that the old leather cannot be reclaimed. 

If relining the clutch is imperative, it is best to 
obtain the new lining from the makers. If this is 
not expedient, the old lining should be carefully 
removed and used as a pattern for cutting the new 
lining. The new leather should be much thicker 
than the old lining, and of uniform thickness. The 
most essential point in fitting the new leather is to 
have it fit tight and true to the cone. 

If the clutch has been relined it will not work 
perfectly until it has been worked in. This usually 
takes some time and during that period should 
receive frequent applications of neatsfoot oil. 

To Fit a New Leather 

1. Soak the leather in water. 
2. Secure one end of the leather to the cone by one 

copper rivet (rough side out). (Never use any­
thing but copper rivets; other metals will score 
the metal clutch facing.) 

3. With only about three-quarters of the leather 
on the cone, pin the other end to the cone by a 
rivet. (See Fig. 21.) 

4. Force the leather up into the cone. lt should 
fit evenly and with uni.form tension. 

5. Drill and countersink the rivet holes. 
6. Rivet the leather in place. Be certain that the 

rivet heads are 3/32' below the leather and well 
headed on the inner side. 

7. Allow the leather to dry slowly. It will other-
wise shrink t-00 much and expose the rivets. A 
coarse file may be used to remove the high spots. 

Fig. 20. The thrust­
bearing assembly is 
held together by three 
old valve springs. 

Fig. 21. The new 
leather should be fas­
tened at the ends, and 
then forced over the 
face of the clutch. 

Fig. 22. When loose, 
the plug in the end of 
the clutch hub should be 
:sweated ba.ck in place 

Clutch-Hub Repair 
Jf the solder holding clutch-spring retaiuillg plug 

has become loosened; permitting plug to unscrew-
!. Clean and scrape both plug and hub end. 
2. Screw the plug into the hub until the upper sur­

face is slightly below the hub. 
3. Heat the end with a torch, as shown in Fig. 22, 

and run solder into the joint. 

Thrust-Bearing Repair; Assembling 

1. Examine the balls and races of this bearing, i.uu 
if they are pitted or show the slightest indication 
of wear, the entire assembly mu~t \Jc l'C'pl:tccd. 
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2. Place flywheel on bench, with gear side up. 
3. Force a ball race into the flywheel casting. This 

must go in evenly and come to a seat evenly, 
otherwise the bearing will quickly destroy itself. 

4. Assemble the balls and clutch-spring tension 
rod, packing the balls in grease. 

5. Slip the clamp shown in Fig. 20 over the end of 
the stud. This holds it firmly in place and' per­
mits one man to put on the retaining springs. 

S. Slip three old valve springc; over the end of the 
stud and pin in place, as shown. The clamp 
may now be removed, and the stud, with the 
thrust bearing, cannot fall a.part in reassembling 
the clutch. 

11. Put the clutch spring back in place and pack 
with grease. 

12. Using the compressor shown in Fi~. 18, 17, m 
19, replace the clutch-spring retaining pin. 

13. Lift the gearbox back into the frame. It will 
have to be sprung past the gearbox side-arm. 

14. Replace the bolt holding the gearbox side-arm 
to the engine. 

15. Replace the bolts on the rear clutch-hub drive 
ring. Bring all up snug together. 

16. Replace the bolts holding the gearbox to th~ 
side-arms. (Make certain that the shims are 
replaced exactly in the same position f.rom which 
they were removed.) 

17. Replace the clutch release shaft with the clutch 
yoke and pedals. 

18. Connect the brake rods. 

An alternative method, and one commonly used 
in assembling the tension rod and bearings is 
to place the ball race, balls and tension rod to­
gether before placing them in the flywheel. 
They may be held together by the three valve 
springs. 19. Replace the V-brake, connecting gearbox sup-

7. Lift the flywheel back into place on the engine. port with engine. 
Bolt it back in the same position as before it was 20. Refill the oil reservoir on the clutch yoke and the 
removed. Do not tighten any one bolt until all grease cups on the clutch cros~-shaft. Oil all 
are drawn snug. This removes the possibility working parts. 
of having the flywheel out of true, which would 21. Replace the wiring. Start the engine and note 
ruin the thr ust bearings. whether everything seems to be working 

8. Remove the pin and three old valve spl'ings from properly. If there is a rattle in the clutch drive 
the clutch-spring anchor stud. ring it will indicate that the gearbox is out of line. 

g_ Force the clutch back into position. The shims will have to be shifted, or possibly 
t:O. Bolt the clutch hub to the clutch spider. Draw removed. When peifect alignment is reached, 

all bolts up snug, before any one is tightened. the rattle will cease. (Motor World.) 

PARTS OF BORG & BECK SINGLE-PLATE CLUTCH; ASSEMBLY AND ADJUSTMENT 
GcJ?,Cl·al Description 

This clutch is termed a "single-plate clutch" 
because a single dry disk or plate (2) (Fig. 23) is 
locked to rotate with the flywheel by gradual 
pressure between two asbestos facings, or rings (1) 
and (3), thus driving the clutch shaft (S) (Fig. 26) 
that carries power to the transmission. 

In two-bearing clutches1 (Figs. 26, 27), all of the 
clutch except the driven plate (2), facings (1, 3), 
sleeve (8), and shaft (S), rotate at all times with the 
flywheeJ.z The sleeve (8) is keyed to shaft (S). 

F 2 3 4 

In single-bearing clutches 1 (Figs. 28, 29, 30) the 
sleeve (8) is not keyed to the shaft (S), and rotate.'3 
with the flywheel. 

The holding action is obtainec:1 by gripping the 
driven plate (2) between the friction rings ( 1 ancl.3) 
and the flywheel (F) and thrust ring (4) of the clutch. 
A spring (7), operating against three bell-crank 
levers (L), applies pressure to the thrust ring. 

The friction or driven !'late (2) is mounted on the 
clutch shaft (S) by a splined fitting. It rotates be. 
tween two wire-corded asbestos facings (1, 3) which 
are free to floatin the flywheel. The facings absorb the 

ltlll()N 
5 6 7 8 

Fig. 23. Parts of the Borg & Beck dry-plate clutch. (F) represents the Oywheel ready for the clutch _p.,rt;,, which are 
shown disassembled in the order in which they are to be assembled. Note that inside or the flywheel the dowel l>lllS that carry the 
thrust ring (4) are shown projecting (see also (PJ Fig. 26.) The Borg & Beck Co., Chicago, are the manufacturers. 

(1) Friction ring, a duplicate ol No. 3. These rings take all the 
clut.ch wear. 

(2) Friction disk, or dry plate, keyed to the shalt by 10 spline.~. 

(3) hiction ,ing; copper reinforced woven asbestos. 

(4) Thrust ring; nole the inclined fiwc toward the center, anu 
adjustment inclines. 

• See footnote p.•ge 847. •Parts I, 2, 3, nnd 8 come to 
,est when th~ elute!, is disengaged, 

(5) Mounting ring; fastens to the cover with a.diustment bolts; 
it carries the bell-crank levers. 

(6) Retractor collar; the ends of the bell cranks engage in slots. 

(7) Spring is compressed between cover (9) a.nd the retractor 
collar; it operates the bell-crank levers. 

(S) Sleeve carries retractor collar; note the thrust bea,,ings. 

(9) Clutch cover bolts to the Oywheel; note the adiustmenf 
bolts in the slots which are shown as (A) in Fig. 25. 
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wear caused by slippage during enga~ement. When 
engaged, all parts are friction-locked mto a solid unit 
and revolve with the flywheel. The driven plate (2) 
and shaft (S) come to rest when the clutch is released. 

Fig. 23A Oeftl. Assembled clutch in 
ftywoeel. Fig. 24 (right). Thrust rini; 
(4) a.nd mounting ring (5) with the three 
bell-er&nk levers. 

The frictio~ surface of the thrust ring (4) is a 
flat polished surface. The opposite face is a tripple 
~am surface against which pressure is applied (see 
Fig. 24). It is inclined radially to take the wedge 
action of the thrust shoes, and the three cam sw·faces 
on the rear face provide adjustment. Three equally 
5paced dowel pins (P) (Fig. 26) drive the thrust ring 
(4) with the flywheel. It is mounted freely, how­
ever, to permit a slight forward and back movement 
as the pressme is applied or released. 

The adjustment or mounting ring (5) carries three 
bell-crank levers (L) (Fig. 26) which transmit the 
spring pressme. Two slots are provided in the 
clutch cover (Fig. 25) that allow adjustment of this 
ring. It is bolted to inside of cover by the two 
adjusting screws (f.). It should be readily under­
stood that the pressme shoes come iu contact with 
a thicker section of the thrust ring (4), or higher on 
the cams, when they are moved to the right, or 
clockwise, into a new position. This compensates 
for wear on the asbestos facings (1 and 3). 

Fig. 25. View showing adjusting bolts (A) and slots. 

Clutch troubles are not frequent. Ninety per 
cent of those which do occur are caused by failure 
to adjust when necessary. The pedal moves toward 
the floor-board as the clutch wears. Clearance 
must always be maintained between pedal and 
floor-board. Adjusting the clutch restores this 
clearance. Do not change pedal adjustment instead 
of adjusting clutch (see footnote, page 848). 

Adjust the clutch (not the clutch pedal) at once., 
should it start slipping, The better J?lan is to inspect 
at intervals and adjust before slippmg starts. 

General Remarks on Adjusting 
Refer to all illustrations (Figs. 26 to 30); (A), 

adjustment bolts; (B)1 correct engaged position; 
(C) correct released position. 

As the clutch facings (1 and 3) wear, the engageo. 
position of the sleeve assembly (8) changes, allow­
mg increased travel toward the flywheel. The 
clutch adjustment is provided to compensate for 
this wear, and by moving adjustment bolts (A) to 
the right, the sleeve (8) travel is decreased as much 
as desired to retmn sleeve assembly to normal. 

The distance from the correct engaged Eosition 
(B) to the correct released position (C) is ½ inch; 
in other words, when the clutch pedal is pressed 
down, the sleeve assembly should be pulled away 
from the flywheel ½ inch. 

The released position of the forward end of the 
sleeve assembly is not affected by wear or clutch 
adjustment, and, when correctly set, is always the 
same distance from face of flywheel. There are 
several ways of measuring this position, but the 
easiest way is to remove hand-hole plate (by remov­
ing screws H, Fig. 27) and observe position of 
retractor collar (6), as shown in Fig. 27. 

A gauge made of wire with a bend at one end may be used. 

Clutch pedal 
adjustment 

rr-
' 
I 

Fig. 26 

1 The type of clutch ca11 be found on name plate located at 
front or 1lutch (see Fig. 2.5). 

The "two-bearing clutch" refers to the two ball beming,s, one 
at each end of clutcn sleeve (Figs. 26, 27). The "single-be,uing 
clntch" refers to the one bearing shown at right end of clutch 
sleeve only, in Figs. 28, 29, 30. 
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mentshould be cl1anged, raising the pedai enough to 
bring retractor collar to that position.2 

4. Let in clutch and note the distance that the 
sleeve travels. If more than ½ inch,. throw out 
clutch and move bolt (A) to right. If less than ½ 
inch, move bolt (A) to left. After ½ inch travel has 
been obtained, tighten both bolts (A). This com­
pletes clutch adjustment. When bolts (A) reach 
the right ends of the cover clots (Fig. 25), due to 
repeated adjustment, remove them and screw into 
the repeat holes which have been e>..1)osed at oppo­
site ends of slots, thus doubling adjustment range'. 

This shows clutch-released. 
No brake. 
Note pos1tton or retractor 
collar and clutcn pedal 
/lush with clutch cover. 

g. 27 
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The foregoing describes the manner of adjust­
ing the clutch ·pedal where no clutch brake is used, 
allowing the pedal to be pressed down until it 
touches the floor-board (see Fig. 27). 

Where a clutch brake is used, it is located at (C) 
position, and pedal adjustment should be set so 
that sleeve makes contact with brake before pedal 
touches the f1001·-board (see Fig. 28). 

To adjust clutch of the two-bearing type DXY, 
follow instructions given above, except that when 
the pedal is down, the rear face of retractor collar 
(6) should extend about ¾ inch out of clutch 
c:over (9). If it does not extend out that far, the 
pedal adjustment should be changed, raising pedal 
enough to bring 1·ctractor collar to that position. 

To adjust two-bearing type FGX: All have clutch 
brakes. Adjust pedal as shown in Fig. 28, and 
adjust clutch to allow ½ inch travel of sleeve from 
engaged position (B) to brake (C). . 

To adjust two-bearing heavy duty types 13FX, F JX 
and single-bearing heavy duty type F JS: These have 
three adjustment bolts instead of two, and all have 
clutch brakes. Adjust pedal as shown in F)~. 28, 
and adjust clutch to allow a little more than ½ inch 
but not more than % inch travel of sleeve from 
engaged position (B) to brake (C). 

•If the clutch redal is adjusted alone without adjusting the 
clutch, the left end of sleeve (8) will come in contact with hub 
of driven disk (2) and will prevent spring from operating levers 
and thus cause clutch to slip. To corrcc~, adjust dutch first and 
ra.ieo pednl adjustn1cnt afterward:$, 
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Fig. 28 
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I;:·~ ~o,;~e•hearing clutch 
F with clutch brake. (Released.) Note 

, pedal docs nol go down to floor• 
l::=l board. 

To Adjust Single-Bearing Types 
To adjust single-bearing types, M, D, DN, DA, DU, GA, 

GA•l follow instructions given above, except that when pedal 
is down the rear fa.cc of retractor collar (0) should bo ½ inch 111 

from face of clutch cover (9), as shown in Fig. 20. If more than 
½ inch from face of cover, the pedal adjustment should be 
dianged, raising the pedal enough to bring it to that posit.ion . 

n correct released position, re­
ctor collar is about ½ inch 

·lulch cover. 

Fig. 29 
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To adjust single-bearing types DS, G, G·1, GS, 
SGS, RGS, J, JS: These types all have clutch 
brakes. Adjust pedal as shown in Fig. 28, and 
adjust clutch to allow ½ inch travel of sleeve from 
engaged position (B) to brake (C) (see Fig. 30). 

n If the foregoing instructions are correctly fol• l lowed, there will be proper clearance between 
__ fioor•board and clutch pedal 

I 1 . _ ,......,, .J when clutch is engaged, as r 1 "' A shown in Fig. 26. 
I 

. Fig. 30. Open flywheel type of clutch, 
- _f.L&:.i..__ -- :. where transmis~ion is placed separate 

U 
fron1 clutch housing, or "ainidship,, in­

stead of a "single unit power plant.." Note hub in 
the clutch cover to support clutch shaft. 

Meaning of Type Letters 
1."he first clutches manufactured were of the single-bearing 

type, and the letter used referred to it>'! diamet,er as follows: 
M-8 inch; G-12 inch; D-10 inch; J-14 inch. Latter 
types arc indicated by adding letters a., follows: 
S means open flywheel type, as in Fig. 30. 
A indicates a bearing cup required in crowded housings, as in 

Fig, 29. 
X signifies a two-bearing clutch with the sleeve keyed to shaft, 

ns in Fig. 26. 
U indicates the use of self-contained T.O. bearing without a 

bearing cup and no ret.Jactor collar bearing. 
Y indicat,es new sleeve de.3ign. 1 indicates special clutch cover. 

When letters are prefixed: S indicates wide friction-surface 
parts; R indicates wido frietio1.1-surfaae parts, but slightly 
narrower than t.hose with prefix S; F indicates heavy-duty 
truck clutches. 

On latest clutches the size or diameter is prefixed in 6gures, 
and Jetter code for size is dl'opped, as in 13FX. 

Care and Lubrication 
If clutch seems to drag and gear shifting is diffi• 

cult after adjustment instructions have been carried 
out, there is probably surplus oil in the clutch. 

To correct, wash out or clean clutch by pouring 
about one-half pint of kerosene through a funnel 
or chute into the large opening in the clutch cover 
while engine is ruuuing, and engage and disengage 
the clutch as it mns. The surplus kerosene can be 
drained from the clutch by letting the car stand 
overnight with the front wheels higher than the 
rear. 'fhis permits the liquid to work its way 
between the friction surfaces readily if the clutch 
is released and gear in mesh. If the first applicn­
tion is not sufficient, repeat the operation. 

Care should be taken to see that the oil level in 
transmission is not too high-approximately up 
to the center of the lower shaft. 

Lubrication: Oil for sleeve (Sj and bearings is provided from 
t11e transmission through the 1ollow clutch snaft a.nd holes 
bored in the sleeve itself. Care should be taken to see t.hat the 
oil level in the transmission is not too high; it shou.ld come 
approximately up to the center of the lower, or secondary, 
transmission shaft. An oil of a liquid nature should be used 
in the transmission of about the consistency of 600 W. 

Over-lubricati~n ,.,;u cause clutch plates to slip and also 
drag, Under-lubrication will cause clutch sleeve and bearings 

to become noisy. The surplus of oil may be removed by 
washing it out with kerosene, as explained in teltt above. 

After about every thousand miles, remove the adjusting bolt 
and squirt a little cylinder oil into the dutch-just enough to 
moisten the asbestos rings. Too mucb oil will cause tbe clutch 
to slip until the oil is burned out. 

If trouble is encountered after these instructions 
have been carried out, it is an indication that facings 
require replacement or that some part of the clutch 
is out of position or incorrectly assembled. 

Pointers on Operating Clutch 
Do not slip the clutch excessively instead of 

shifting gears. Slipping it makes the clutch do all 
the work that the transmission was designed to do. 

Do not drive with the foot on the clutch pedal. 
It puts n. constant pressure on the throw-out bearing 
and shortens its life, and tends to wear clutch 
facings. Keep the clutch properly adjusted. 

Clutch Troubles: Cause; Remedy(Borg&Beck) 
Slipping is a bad condition that may ruin facrngs, 

drive disk, bearings, sleeve, in fact the whole clutch, 
if allowed to continue. 

It is usually caused by a continual pedal pressure 
on the under side of the floor-board which holds 
the clutch partially "out", thus wearing the facings, 
or it may result from an excess of oil in the clutch, 
or driving with foot on the clutch pedal. 

Remedy: Adjust the clutch by moving the two 
adjustment bolts, as described on the preceding 
pages. If slipping comes from too loose an adjust­
ment of the clutch, the same remedy will correct it. 
If there is too much oil, drain the clutch housing 
and wash it out with kerosene. If this does not 
relieve the trouble, the clutch facings (1 and 3) may 
be worn, or the spring (7) damaged. 

Slipping of the clutch, followed by chattering and 
grabbing: This indicates that the asbestos ,facings 
(1 and 3) are glazed and should be replaced, and 
this necessitiites the removal of the clut.ch. 

Dragging, which makes gear-shifting difficult. 
Cause: Failure of the clutch to release properly, 

and so to allow the driven disk (2) and the clutch 
shaft (S) to come to rest. It may come from: too 
tight an adjustment of the clutch; failure of the 
clutch-brake action; accumulation of oil and dirt in 
the clutch; bent, worn, or incorrectly assembled 
parts; worn out pilot bearing (10) in flywheel. 

Remedy: Adjust correctly; wash off brake facing 
with gasoline, or renew brake facing; wash out with 
kerosene; remove clutch and make any necessary 
repairs; put in new pilot bearing. 

Grabbing or stuttering: This condition causes 
the car to jump and shake as the clutch is let in, 
and shows uneven gripping of the frict.ion or drive 
disk by the asbestos friction rings. 

Cause: It has been found that this is nearly 
:1lways caused by imperfect alignment of the clutch 
in installing. 

Remedy: Take the clutch down and securr 
proper alignment of the clutch shaft. If the 
grabbing comes from a warped drive disk, caused 
by overheatin~ from slipping, it will be necessary to 
repla-0e the dnve disk and friction rings. 

At times, grabbing may be caused by the accumu­
lation of dirt or foreign matter on the asbestos 
facings and drive disk. 

Remedy: Wash_ out the cl~tch by cleamng 1t with 
kerosene, as descnbed ou this page. Do not fail t-0 
oil the clutch after using kerosene, as explained uncle~ 
"Lubrication." 
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If clutch facings (1 and 3) are worn, trouble will 
he experienced when shifting gears into first speed 
when car is standing. 

Remedy: Remove clutch and put in new facings. 
Noise may develop at the three points on the 

thrust ring where it is driven by the dowel pins (P) 
(Fig. 26) in the flywheel. 

Cause: The fact that the pins were vot properly 
fitted at the time of installation, and the fact that 
the backlash causes wear in the slots of thrust ring. 

Remedy: Take down the clutch and replace the 
dowel pins with pins of proper fit for thmst-ring slots. 

Improper lubrication will cause the retractor 
collar bearing or throw-out"bearing to become noisy. 

Remedy: Open up the oil holes in the clutch 
shaft, replacing the bearings, if worn. 

These hearings may also become noisy if the 
bearing seat on the clutch sleeve is allowed to get 
out of line, or if the clutch shaft is out of line. 

Cause: This sometimes results from hastv instal­
lation or from bad alignment of the th.row-out yoke. 

Remedy: Straighten the bearings on the sleeve 
and set the clutch-pedal yoke to bear evenly on 
the throw-out bearing. 

If clutch will not pull when engaged, or drags when 
disengaged after having correctly made adjustment. 

Cause: Clutch shaft, flywheel, or other bearings 
may be out of line, or drive disk may be in wrong 
(the clutch shaft may have been sprung when 
assembling and replacing transmission). 

Actual failure of the clutch to operate, or excessive 
noise when the clutch pedal is pushed out, indicating 
that the clutch spring or some of the operating 
members are worn or broken, and necessitating a 
removal of the clutch. 

Ordinarily a washing and adjustment of the clutch 
will place all )?arts in good condition. Unless it is 
positively indicated that a removal is necessary, 
cleaning and adjustment should always take place 
hefore tearing the clutch down. 

To Remove Clutch and Disassemble 
This is necessitated by worn clutch rings, by 

actual failure of the clutch to operate, or by con­
tinued presence of oil after repeated cleanings. 

In order to remove clutch1 it is necessary first to 
remove transmission and chsconnect clutch pedal. 
1. Punch the remounting "line-up" marks on the 

cover and flywheel, so that the cover may be 
replaced exa.ctly as removed. If the cover should 
be replaced wrong, or shifted in remounting, the 
clutch will not operate properly. 

2. Throw the clutch "out" and lock out the spring, 
by placing two blocks of wood (space block), 
as shown in Fig. 25 (see also Fig. 30B) between 
the cover and the throw-out yoke. 

Note: It is best to use two wood blocks as shown in Fig. 25 
beca11se one block is liable to slip out when used in (X) type 
clutches and allow bearing to go through hole in cover. 

3. Remove clutch-cover bolts and draw out clutch. 
Note: If aU working members are in good condition and are 

not worn excessively, new friction rings should be slipped in 
place and the clutch should be reassembled. 

It may,however, be necessary to completely dismantle clutch, 
in or<lcr to replace the spring or some other worn member. 
The average tolerance in wear of parts is .Ol6". 

4. To remove spring, the assembly can be placed 
in au arbor press or drill press, and the pre..sure 
of tbe spring removed from the levers, after which 
the adjustment screws (A) may be removed 
allowing complete disassembling. 

Fig. 30A. Details of 1 t 
a simple clutch com- (l 
pressor which can be 
easily constructed on ~ ~ 
tne bench and nsed ~ 
for disassembling and 
assembling a clutch. 

Fig. 30B. The clutch compres­
sor in use. An arbor or drill press 
may be used in a.similar mn.nner, to 
hold the clutch in the "out" position. 

To Reassemble Clutch 
1. Reassemble clutch, using the compre.iss.or shown in FigS. 

30A, 30B, or use an arbor, or drill press. 
2. Place tho space block in position, and remove the clutch 

from the compressor. 
3. Place the friction ring (1), then the clutch-driven plate (2) 

in the flywheel, followed by the other friction ring (3) and 
as shown in assembly (Fig. 23, page 846). Tbon in,ert 
the three dowel pins in their holes in the fiywbeeL Next 
put in the thrust ring (4) (see not<1). 

4. Then put the clutch assembly in place. 
5. I!,,placc the clutch cover bolts, making sure that the cover 

ia in the same position as when removed. 
6. Replace the transmission, drive shaf~ etc. 
7. Check up adjustment of pedals and clutch as outlined, and 

see that clutch brake is working all right. 
8. Grease all parts, a.nd replace all fittings. 

Note: The thrust ring-, or pressure plate (4) must slide freely 
on the three dowel pins (P) in the flywheel. Do not file slots 
if ring sticks. See that pins arc turned so that Bat sides are 
parallel with slots in rin1,t. 

Line up flywheel bearing and driven plate with clutch shaft 
before tightening cJ.,tch cover cap screws. 

Tighten cap screws before pulling out shaft. 
Place a small amount of hard oil on sleeve before assembling 

transmission to engine. Do not let transmission. hang in 
clutch assembly. 

Inspection and Repair of Clutch _Brake 
The purpose of the clutch brake is to stop the 

spinning of the clutch and to prevent gears clashing 
when shifting. To examine see below: 

.Fig. 30D 

~ 
¼, .. ,,r. ~ .. ~ ....... 

. - . 
,• 

Fig. 30C Fig. 30E 

1. Press the clutch pedal down fully. The clutch brake with 
the "X" typo clutches is fastened onto the forward _side of 
transmission and if the clutch has beon assembled with tho 
correct length sleeve for the housing on which it is used, the 
end of the sleeve will come in contact with the brake, if the 
clutch pedal is set so that it does not strike the floor board 
when fully depressed. 

2. Examine the brake (see Fig. 30C showing the clutch-brake 
ring), and see whether it actually touches the end of sleeve 
or not. If it does not touch, it is due to incorrect adJust­
ment of clutch pedal. Adjust clutch pedal as di.r,ected above. 

3. If the clutch-brake facing is worn very thin or is glazed, it 
should be removed and a new one should be riveted oo in its 
place. Brass tubular rivets should be used, and should be 
countersunk well beneMh the surface of the lacing (see 
Fig. 30E) (on some transmissions the clut_ch-brake facing is 
not riveted, but floats in a flanged ring). 

The transmission must be removed in order to remove or 
replace clutch-brake lacing, 

One common cause of wear of clutch-brake facing is coasting, 
as the clutch brake then not only stops clutch parts from spin• 
rung, but also acts as a brake through the transmissio11. 
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Adjusting Borg & Beck Type "9KP" and 
"lOKP" Clutch 

This clutch differs from those shown in Figs. 23 
to 30E, in that this clutch is termed a "{lush type," 
that is to say, the throw-out bearing (8) is pushed 
against the tension of spring (7) in order to release 
clutch, instead of "pulling." Also note that the 
two friction rings are riveted to the friction disk. 

To adjust types 9KP proceed as follows: 

1. Loosen both adjustment bolts (A). As both 
bolts are screwed into the same ring (5), moving 
o.ne also moves the other. 

2. Throw out clutch by pushing pedal down until 
pad rests on toe board. (As shown in Fig. 30F, 
the spring should then be compressed nearly flo.t 
against the cover.) Move bolt (A) to the right, 
or clockwise, which tightens the clutch. 

3. Let in clutch and measure distance from rear face 
of release collar (8) to clutch cover (9). This 
should be l", and a gauge made of wire with a 
1" bend at one end may be used to advantage. 

4. If this space is more than l", throw out clutch and 
move bolt (A) a little more to the right. If less 
than 1" move bolt (A) to the left. After conect 
setting has been obtained, tighten both bolts (A). 
This completes clutch adjustment. 

5. The clearance (E) between the clutch pedal (when 
clutch is "in"· now shown "out") and under side 
of toe-board (El) should now be 1" or more. If 
less than l", the clutch pedal adjustment (G) 
sh..iuld be changed, shifting the pedal down until 
that clearance is obtained. Now let clutch "in" 
by pressing tbe pedal down (position shown in 
illustration) and note distance the release collar 
(8) travels.. It should be pushed toward the 
flywheel about H", which is necessary for a clean 
release. li it docs not travel that distance, shift 
pedal up a notch so as to allow little more travel. 

6. The clutch pedal adjustment has now been set in 
its correct position and should not be touched 
again, because adjusting the clutch automati­
cally returns pedal to its correct position and 
restorP.s clearanco under the toe-board. 

Be1;if' fOF~ ¥,~ifp~ 
a.nd u1~u sinide­
plate clutch. 1'he 
"9KPu is used on 
the (1924) Olds­
mobile and Rollin. 
The "10KP" is used 
on the (1924) V clie, 
Moon, and other 
cars. 
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If the clutch is to be removed from the flywheel, 
first punch remounting line-up marks on cover and 
flywheel, as clutch will not operate if cover is shifted 
in mounting. 

Before the holding screws are removed, be sure that the 
two adjustment screws (A) arc in place a11d securely tightened. 
Then, after all the holding screws have been relieved about 
½", the levers will strike the cover (9) and retain collar (8) 
and spring (7) in place. To remove spring, the assembly can 
be placed fa an arbor or drill press and the pressure of the 
spring removed from the levers, after whi(:h the adjustment 
screws (A) may be removed, allowing complete disassembling. 

When placing driven plate in flywheel, be sure that the flange 
end of hub is toward the outside. 

To adjust type 10KP clutch,follow the foregoing instructions, 
except that the dimensions differ as follows: Distance in item, 
3 and 4 should be 1 3/16". instead of 1". 

ADJUSTMENT OF A MULTIPLE-DISK CORK-INSERT LUBRICATED TYPE OF CLUTCH 
This cl11tch, as an example, is made with seven 

driving and seven driven members. They are pro­
vided with ,,ork inserts and run in oil. 

New corks may be inserted in the disks by the 
use of a special tool after the corks have been soaked 
in warm water to make them pliable. They are 
trimmed off so as to leave a projection of about 
l/32'' on each side, and then they are ground to an 
even surface on the disk grinder. 

A more convenient method for the average repairman is to 
use fine sandpaper. The disks should be trued by rubbing 
them on aflatsurface which has a very thick coating of prussian 
blue or lamp black. The cork inserts should not proiect too 
far over the disk or the clutch will dra.g; 1/32" is the maximum. 

The clutch spring (S) (Fig. 31) is not adjustable; 
a new and stronger spring is installed if greatex ten­
sion is required. The position of pedal will shift 
toward floorboard after clutch has been in service 
a short time, because inserts, when brought under 
pressure of clutch spring, will compress slightly. 

If the pedal is not adjusted, it will cause a con­
tinuous pressure against the clutch and eventually 
produce slipping. '!'here should be ¾" clearance 
between the clutch pedal and the upper side of the 
floorboard. This is adjusted by loosening the lock 
nut at th;; end of the turnbuckle. 

Fig. 31. Scctioual 
view of a multiple­
disk c.ork-insert lu­
bricated type of 
clutch. No t e ad­
justable foot-pedal. 
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To remove the clutch it is first necessary to take 
off the gearbox; then the cap screws which attach 
the clutch-plate cover to the drum of the flywheel 
are removea, and the entire clutch assembly'may be 
taken out. 

To reassemble the clutch it is necessary to com­
press the clutch spring, which can be accomplished 
by usmg two 5/16" studs about 3½" long, threaded 
full length. They should be inserted in two opposite 
holes in the clutch drum. Then take the driven 
clutch member and install the disks on it-a plain 
disk first and then a cork disk, and so on. 

Plaee the clutch plate over the hub of the driven 
clutch member and insert the spring ove,. the front 
end of the hub of this part. !'he lugs on the outer 
edge of the driving disk should then be run in line. 
Next coat the gasket on the clutch plate thoro..:ghly 

with shellac and allow it to dry until it becomes 
sticky. 

The clutch assembly may be entered into tl:.e 
clutch drum of the flywheel and the two studs, men­
tioned above, can then be inserted in the drum and 
used to draw the clutch into position. Finally 
install the cap screws which hold the clutch-plate 
cover to the flywheel, and after removing the two 
studs tighten all of the screws firmly. 

It is sometimes necessary to remove the main 
drive gear from the front end of the transmission 
and to use it as a guide, in order to be sure that 
the clutch is in proper alignment with the 1·ear 
bearing in the rear end of the crankshaft which sup­
ports the front end of this main drive gear, other­
wise there may be difficulty in getting the transmis­
sion into place. 

HUDSON LUBRICATED l\IUL'llPLE-DISK CORK-INSERT CLlITCH 

The Hudson clutch is of the multiple-disk type 
with cork inserts. It is fully enclosed in theflywneel 
and runs in what is suitably termed clutch oil. The 
cork inserts become saturated with this oil, and 
maintain the velvety action so desirable, while the 
friction between the corks and steel disks is suffi­
ciently great to prevent any tendency to slip. 

Renewing the oil and lubricating the clutch throw­
out collar are the only attentions necessary. The 
fact that the cork inserts become saturated with oil 
makes it comparatively difficult to abuse this 
clutch, as compared with other types. However 
its action will be affected if instructions in regard 
to the quality and quantity of lubricant are not 
strictly adhered to. 

Never put more than a half-pint of mixture in at 
one time. Always drain the clutch to remove the 
used oil before filling in any fresh oil (half kerosene 
and half good engine oil). 

Clutch oil consists of one half-pint of kerosene and 
lubricating oil mixed in equal proportions. 

Clutchadjustmentshould be inspected occasionally. 
The adjustments are shown in the wording for Fig. 32. 

Wear on the clutch parts is indicated by the 
pedal stoppin_i; farther away from the toe-board 
than usual. If the clutch is burned or abused, so 
that the corks swell up, the pedal will come back 
farther--nearer to the toe-board. 

Do not slip the clutch when driving, except when 
r.bsolutely necessary, and then only when you know 
it has sufficient lubrication to stand it. If you feel 
that you must do so, owing to lack of confidence in 
your ability to handle the car through congested 
traffic, remember that the lubrication of the throw­
out collar will need more frequent attention. 

The clutch throw-out sleeve is lubricated by the 
large grease cup. Clashing of ~ears and hard shift­
ing is usually due to faulty lubrication at this point. 

Note. The usual cause of slipping of the lubri­
cated disk type clutch is a weak clutch spring or 
clutch pedal-linkage adjustment, which prevents 
the clutch plates from engaging. If this type of 
clutch drags, it is probably due to oil being too 
thick. If it grabs it is probably the result of lack 
of oil or improper clutch-spring adjustment. 
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Fig. 32. The Hudson lubricated multiple-disk cork-insert oh,1.,l: 

THE REO MULTIPLE-DISK DRY-PLATE TYPE OF CLlITCH 

This clutch is of the multiple dry-disk type, con­
sisting of thirteen steel plates, seven of which are 
lined on both sides with asbestos. The remaining 
six plates a.rP. of plain steel and are placed alternately 

between the lined disks. These disks are designed 
to run dry, and the application of oil, regardless of 
the kind, will tend to ruin them. Details of troubles 
and adjustments are given on next page. 
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Evidence of Trouble 
1. Slipping clutch: This is often caused by lack of 

proper clearance between the clutch opening 
fingers and the release plate. This clearance 
should never be less than 1/16" or more than 
½" when the clutch is in. This necessitates 
an adjustment of the clutch opening fingers (see 
clutch adjustment below). 

Another cause of slipping clutch is too little 
tension on the clutch springs, contained in 
recesses in the flywheel, as shown in Fig. 35. 
The nuts on the engine end should be ti~htened 
enough to prevent the clutch from slippmg, but 
not enough to make the pedal difficult to oper­
ate. Never tighten the clutch-spring nuts until 
the release fingers have been adjusted to the 
proper clearance. Neither of the adjustments 
mentioned will have any effect if the lining on 
the disks is worn so thin that the clutch casing 
seats on the flywheel, as shown in Fig. 35, at (A) 
and (B). When worn thus, the clutch must be 
removed. 

Continual slipping causes the disks to get 
very hot, warping the steel disks, as shown in 
Fig. 33, and raising the rivets on the lined disks 
so that they cause the clutch to chatter, with 
the possibility of grooving the disk and giving 
them a permane11t warp. 

2. Noisy clutch-particularly when released: This 
is due to a worn clutch-thrust bearing (see Fig. 
35). A removal of the clutch and replacement 
of the bearing is necessary. 

Fii:;. 33 Fig. 34 

Fig. 33. If worn, the facing should be renewed, and the 
rivets countersunk below the surface to prevent grooving tbe 
steel disks. The steel disks should be renewed if grooved or 
warped. 

F'ig. 34. Tbc assembly is facilitated by the use of a simple 
compressor, SP.plied in the manner illustrated. It is ca.st iron, 
though a sirmlar one could be forged from bar stock. The 
main thing is to use a. compressor of some sort. 

To Remove Reo Clutch 
1. Remove the floorboards. • 
2. Remove the starter driving chain. 
3. Remove the two battery wires running to the 

starting motor. 
4. After removing the two bolts holding the right 

end of the starter, and the single bolt at the left 
end, remove the starting motor. 

5. Remove the short drive shaft, with its univer- '· 
sals, that connect the clutch and gearbox. 

6. Remove the brake rods. 
7. Remove the bolts on the clutch cross-shaft and 

spring it up. 
8. Remove the clutch cross-shaft. 
9. Remove the nuts that hold the clutch-spring 

bolts at the rear of the flywheel. Remove bolts. 
10. Pull the clutch out and remove it from the 

frame. 
11. Place the clutch ring assembly on the bench 

with the clutch rings up. 

12. Remove the snap ring, and then remove all fric­
tion rings. (Note how the rings are removed, so 
that they may again be built up in the proper 
sequence.) 

13. Clean all parts with gasoline and scrape out the 
clutch-ring recesses both on the flywheei and 
the clutch hub. 

Fig. 35 Fig. 36 

Fig. 35. Clutch nssembly. When the disks are worn out, 
surface (A) touches surface (B). 

Fig. 36. To adjust cluteh-opening fin~ers, turn the adjust­
ing screw on the clutch pedal until the clearance between the 
fingers and the release plate is about 1/16" when the clutch is in. 
The release plate should then spin freely. 

To Repair Reo Cluteh 
If the asbestos faces of the disks are worn, they 

must be replaced. The split rivets holding them 
should be opened down below the surface, if the 
facing does not have to be renewed. 
1. To replace facing: Cut off the heads of the old 

rivets, taking care that the disks are not sprung 
out ofshape. 

2. Examine each disk to see that it is not sprung or 
warped out of shape, and note whether the steel 
disks are grooved. If either is the case, the 
disks must be replaced. 

3. Using each disk as a template, drill the rivet holes 
in its new facings. Countersink the facings 
slightly for the rivet heads. (The new facings 
can best be obtained from the car makers, and 
this should be done if possible.) 

4. Using solid copper rivets, rivet the new facing to 
the disk. 

5. Examine the ball and roller bearings of the 
clutch for wear and the clutch bushing for loose­
ness. ReJ?lace with new ones, if any amount of 
wear is evident. 

6. Use little grease in assembling the bearings, aa 
the clutch must be run dry. 

1. When assembling the clutch: Make certain that 
the rings are inserted in proper relation to each 
other. (An asbestos-faced disk goes in first.) 

2. Slide the clutch back into place. 
3. Using a clutch-spring compressor, as shown in 

Fig. 34, replace the nuts on the clutch-spring 
bolts. Do not tighten these nuts yet. 

4. Replace the clutch cross-shaft. 
5. Reconnect the brake rods. 
6. Replace the drive shaft and universais. 
7. Replace starting motor, wires, and drivingchan.. 
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To Adjust Reo Clutch 

1. Adjust, the opening fingers on the clutch throw-
1,u·t collar, so that they strike the collar together. 
This is done by loosening the clamp bolts, hold­
ing them to the cross-shaft, and tapping them 
into alignment. If this is not done the gears 
will not shift readily. 

turned out until the clutch release collar spins 
easily on the drive shaft when the clutch is in. 

3. Tighten the nuts on the clutch springs at the 
rear of the flywheel evenly, and until the clutch 
does not slip. These nuts should not be so 
tightened that the clutch pedal works with di.ffi. 
culty. • 

Maintenance 
2. Adjust the clearance of the opening fingers. 1. If the clutch starts to slip, adjust it at once. 

This is done by loosening the lock nut on the 2. Use no oil on the interior of the clutch, except as 
adjusting set screw, as shown in Fig. 36, and placed in the two oil openings in the drive shaft. 
turning the screw in to decrease the clearance, 3. Do not drive with the foot on the clutch pedal, 
and l:Ut to increase it. This screw should be (MoU!'r World.) 

ADJUSTMENT OF BUICK "SIX" CLUTCH (1921) 
The Buick "six" clutch is of the multiple-disk dry­

plate type, consisting of steel plates operating 
between steel plates lined with asbestos and which 
are connected alternately to the :flywheel and the 
clutch shaft. 

Adjustment: When the facing on the clutch disks 
wears, adjustment can be made by moving the lock 
nut and the adjusting on the clutch-release rod to 
allow more clearance between the clutch-release 
bearing and the plates. When adjustment is 
properly made a clearance of 1/32" should be 
between the ball-thrust bearing and the rear plate 
against which it operates. 

Lubrication: Neither oil nor grease should be 
put on the clutch disks. The clutch is lubricated by 
two grease cups, one located on the clutch-release 
yoke pin and one on the clutch-release beal'ing 
retainer, both of which should receive attention at 
least once every 500 miles. A few drops of oil 
applied to the pins on which the disks slide will 
prevent squeaking. 

Clutch and brake pedals require soft cup grease. 
Remove the floor board and give grease cups one or 
two turns. Keep filled with grease. There is one 
cup on each pedal hub. 

The clutch release fork pin requires soft cup 
grease. Remove clutch cover an-d give grease cup 
one or two turns. 

The clutch release bearing retainer requires soft 
cup grease. Give grease cup (outside of transmis­
sion housing) one or two turns. 

The clutch pedal position can be adjusted by 
means of the set screw at the rear end of the clutch 
housing. 

The proper handling of the clntch pedal and accelerator so 
as to make the motor "pick up" its load quickly, and at the 
same time prevent it from 'jraciog'1 when the clutch is released, 
requires practice. ' 

In changing gears and especially when starting the car from 
a standstill, always let the clutch pedal come back gently. If 
the foot is suddenly removed from the pedal, it will let the olutch 
take hold with a violent jerk. 

20 19 18 )7 16 15 14 13 

Fig. 37. The Buick "six" clutch. 

(1) Fly wheel. 
(2) Crankcase. 
(3) Flywheel driving stud. 
(4) Clutch-driven plate. 
(5) Clutch driving plate. 
(6) Clutch-plate facing. 
(7) Clutch pedal. 
(8) Clutch spring. 
(9) Clutch-release bearing. 

(10) Clutch-release bearing 
retainer. 

(11) Clutch-release fork. 
(12) Clutch adjusting stud. 
(13) Clutch-release adjust• 

ing nut. 
(14) Grease cup. 
(15) Clutch-release rod. 
(16) Tra.ruimission case. 
(17) !)lutch gear. 
(18) Clutch-driven hub. 
(19) Graphited bushings. 
(20) Crank shaft of engine. 

THE STUDEBAKER "LIGHT SIX" CLUTCH 
The Studebaker "Light six" clutch is of the single­

disk dry-plate type. 
Operation of clutch: The driven member is a 

single malleable-iron disk Dhced between two fric­
tion plates. Six coil springs are used to exert pres­
sure on the clutch toggle platei acting upon friction 
plates and a malleable disk ocated between the 
toggle plate and flywheel (Fig. 38). 

The clutch is released by the toggle-lever collar 
being pulled back against the three toggle levers 
which operate the toggle plate, thereby relieving the 
pressure on the friction surfaces. 

The toggle lever should be adjusted so that, with 
the clutch pedal released, there is a slight play 
between the ends of the levers a.lld the toggle-lever 

collar. This play must be the same for each lever, 
so that the clutch is released equally at all points. 

To make adjustment, first loosen the lock nuts on 
the toggle-arm adjusting screws. Then turn the 
screws to the left to increase the pby between 
the toggle levers and ·the collar, or to the right to 
decrease it. 

Under no circumstances should the levers be tight 
against the collar when the clutch pedal is released, 
as the clutch will be partially disengaged, and slip­
ping will result. 

In the case of a new car, or after new friction disks 
have been installed, it may be necessary, after 500 to 
1,000 miles of running, to readjust the three levers 
which may bind on the collar as a result of the fric-
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tion diska running into a smooth surface and 
becoming thinner. After the disks have worn 
smooth, no further adjustment will be necessary 
for some time. 

When disks become badly wom it will be neces­
sary to replace them with new ones, which can be 
obtained from a Studebaker dealer or branch. 
These disks require no treatment before or after 
being installed. 

OEAR SHIFl' ROD 

COUNTERSHA.FT 
LOW G 

.()()UNTERSHAFT 
INTERMEDIATE GEAR 

FLEJCIBLE DlSC COUPLING 

Clutch brake: The braking action on the clutch 
occurs when the grease retainer nut of the clutch 
throw-out bearing is brought in contact with the 
leather-faced flange, which is a part of the flexible 
coupling spider, keyed to the clutch drive shaft 
(Fig. 38). 

There is no adjustment to the clutch brake, and 
it requires no care except that of replacing the 
leather facing when worn. 

CLUTCH THROWOUT BEARINO 

Fig. 88. SectiQnal vfow of tho clutch ant! transmission of the S~udebakcr "Light six." 

TRANSMISSION TROUBLES 

Transmissions used on most cars are of the selec­
tive sliding-gear type, with three forward and one 
rnverse speed, as explained on page 28. 

Most of the transmission manufacturers now 
mount the counter-shaft on ball or roller bearings 
instead of on bronze bushings. Several are mount­
ing the gear set separately from the engine and 
clutch which, however, are continued as one unit. 

The usual troubles are: 
1. Stripped gears. 
2. Bearings worn, permitting shaft to drop out of 

line. 
3. Dogs or gear teeth worn. 
4. Dripping oil from the gearbox. 
5. Cracked gears, worn teeth, sprung shafts. 
6. Gear-shift rod out of adjustment. 

7. Gears will not stay in mesh. 
8. Usually the teeth of the "intermediate gear" and 

external and internal "high aod intermediate 
sliding gear" (Fig. 38) wear first. 
The cause of dripping oil is either a loose gasket, 

or too much oil running out at. the bearing, or a 
worn felt gasket that may be sometimes used. The 
amount of oil usually carried in a transmission is a 
quantity sufficient to reach to a center line of the 
secondary shaft (Fig. 39). The lower gears will 
splash oil to all parts. • 

Other troubles: Wben dogs become worn (see 
part No. 139, page 26) so that they slip out of 
engagement, they may be dressed up or squared by 
grinding. Most transmissions now use internal 
gears, as shown in Fig. 38 ("drive pinion" and "high 
and intermediate sliding gear"). 
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Noise: In gearboxes where the shaft enCIB are 
supported by single-row ball bearings, with no pro­
vision for end-thrust adjustment, and are noisy, 
replace the bearings. 

Considerable wear in the bearings will change 
the distance between centers of the transmission 
,shaft. In such a case replace the bearings. 

Difficulty in shifting gears: There are three 
reasons for this: (1) a sticking or dragging clutch, 
caused by heavy oil; (2) the teeth of the shifting 
gears being burred; (3) considerable wear in the 
bearings, throwing the shaft out of line, which also 
causes noise. Gears should be shifted without a 
't,1article of noise. 

Gears do not stay in mesh: This trouble is usually 
the result of weak or broken springs in gear-shifting 
shaft, plunger or lock (see 31, page 858). Gear­
shifting forks (26, page 858) fit into collars on the 
sliding gears, and it is through them that the geru·s 
are moved to the different positions. 

Th.ere are two types of gear-shifting shalt plungers or locks: 
(1) those placed on the top (31, page 858); (2) thoso placed on 
the side (Fig. 40, pg. 857). A notch is cut in the gear-shift rod 
or shaft (23, page 858) and a plunger and spring engages in the 
notch. On some transmissions a steel ball is forced into the 
notch by a spring, the J!Urpose being to hold the gear-•hift 
rod rigid so that gears will not move out of mesh after being 
shifted. The spring can be replaced if the gCllrs fail to stay 
in me.sh. ' 

Worn gears and loose bearings will also cause the 
gears to fail to stay in mesh. 

End play may be discovered by grasping the 
universal joint behind the gearset and attempting 
to move it forward or backward. If looseness is 
found, adjustment is needed. If end play is allowed 
to develop, the gears are likely to be stripped_ 

To determine the cause of clashing gears: Remove 
the cover plate over the clutch and, with the rear 
wheel jacked and the car in gear, let the clutch in 
and out. If the clutch continues to spin after it has 
been thrown out, look to the clutch brake, or see if 
there is too close an adjustment, or whether heavy 
oil causes the gears to drag. 

Note. Do not allow a nut or any chips of metal 
to lodge in the transmission case. It will strip 
the gea.rs if caught between the teeth. This also 
applies to the engine and the differential. 

Do not use waste to wipe out the interior of a 
transmission. It leaves lint. 

Remo,·al and Replacement of a Transmission 
Dowel pins and shims: Dowel pins are usually 

provided on either side of the transmission to insure 
its alignment. Sometimes, however, it is necessary 
in squaring up the tra.nsmission with the engine to 

insert a thick shin1 on one side; consequently it is 
important, when removing the gearbox, to notice 
whether there are any shims, and if there are, they 
must be replaced when the unit is put back. 

li'ig. 30. Sectional view of a transrnissiou. Note the oil· 
lc,·cl line. 

Bearings: The secondary-shaft in this example 
(Fig. 39) is carried on two Hyatt roller bearings. 
The beal'ing linings are a pressed fit in the case, and 
when they show wear they may be replaced at slight 
expense. 'l'he end thrust of this shaft is carried by 
two hardened steel washers, and a slight amount of 
end play is of no consequence. 

Lubrication: The gearbox will usually hold about 
2 qts. of oil, and should not be filled above the center 
line <?f the secondary-shaft. _T~ere are two oil rings 
provided on the main transrruss1on shaft, and drains 
carry _the oil ba_cl~ to the secondary-~haft bearings. 
Additional prov1s1on to prevent the oil from washing 
out through the bearings of the main shaft is made 
by thin steel washers which cover the inside of these 
bearings. See also pages 171, 847. 

When replacing hall bearings in a gear-set case or on the 
shafts, care must be taken to soe t.hat the balls or races are not 
damaged from improper handling. Where tho bearing is to bo 
put on a shaft, the force should be applied to the inner race, 
using a piece of pipe and a hammer., If the bearing is to be 
forced into tho 11.earset case, the driving effort should be applied 
to tho outer or larger race in such a manner tbat no strain is 
imposed on the steel balls themsolves. 

Ti-ansmission-Gear Ratios 
Tb.is subject is fully treated on pages 8, 9. See page 9 for 

esnmples of four-speed transmission. 

STUDEBAKER LIGHT "SIX" TRANSMISSION 

Type of transmission: The transmission is of the 
selective sliding-!liear type, located at an inter­
rnediate position Just behind the engine (Fig. 38). 
It consists of three shafts and a series of gears. Two 
of these shafts-the main transmission spline shaft 
and the pinion shaft-are in direct line with each 
other, the end of the main transmission spline shaft 
turning in the end of the pinion shaft. The third 
shaft, operated parallel with the pinion shaft and 
the main transmission spline shaft, is called the 
counter-shaft. 

Neutral lock: The transmission is equipped with 
a neutral lock mounted in a hand-control base plate 
and, when locked, it hold!! tlie ~li<;ling gears in neutrJ 
position (Fig. 40). 

Transmission gears: The main transmission 
spline shaft carries two sliding gears of unequal 
sizes_ These gears can be slid into mesh with gears 
of uneqal sizes on the counter-shaft. One of the 
sliding &ears can also be moved into engagement 
with an idler gear supported bra transmission case 
thus obtaining the changes o gear from "low" t~ 
"reverse." 

Gear shift: See Fig. 3, page 630. 
Lubrication of transmission: A heavy transmission oil should 

h: used in the transmission. In addition, it is advisable to see 
that ihe transmission case is thoroughly cleaned out several 
times a season, as particles of steel from the gears, cuttings 
from tbe bearings, etc,, all have a tendency to accumulate and 
H not thorougbJy cleaned out, will in time cause extra wear o~ 
the bearings. This can be done by taking out the cap screwa 
on top of the transmission case cover and removing it altoaelh~r 
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Fig. 40. Studebaker Light ·"si."'11 t.ransndssiou; rml.r view. 

with the gear-shift assembly. Unscrew the plug at the bottom 
of the transmission. After t-be oil has been drained out, kero­
sene or gasoline should be flushed over the geo.rs, and the entire 
,·ase should be washed out with kerosene or gasoline Yery thor­
oughly. The plu11 should then be replaced; new oil should be 
put in the transmission, and tho cover and gear-shift assembly 
replaced, care being exercised to see that an oil-tight joint i:s 
made bet-ween t.he transmission case and the tra.nsmission•caw 
rover. 

Amount of oil carried in transmission: When the proper 
nrnount of oil bas been added, it will stand just at the top of 
the oil-filler plug, which is located on the lcft,-hand side of tho 
transmission. 

To adjust the pinion shaft (1) (Fig. 38) for wear, 
remove the retainer clamp bolt, and turn the retainer 
nut in the front end of the transmission case in a 
counter-clockwise direction until all end play is just 
removed. 

Adjustment of the main drive shaft (2) (Fig. 38) 
is made by removing the bolts which hold the speed­
ometer drive-gear housing to the transmission case, 
sliding the cover back far enough to give room for a 
spanner wrench. Then turn the bearing retainer 
in a clockwise direction until all end play is just 
remov(;d. 

DODGE DRIVE SYSTEM' 

To Adjust Dodge Clutch 

The Dodge clutch is of the multiple-disk, dry­
plate type. There are 7 disks held together by a 
heavy spring (6) (Fig. A, page 858). The 4 driving 
disks (9) (covered with wire-woven asbestos) are 
supported on 6 pins (3), pressed and riveted into the 
flywheel. The 3 driven disks (8) (plain) are carried 
on 3 pins (7) riveted to the clutch spider (4), which is 
keyed on the clutch shaft (32). Flywheel pins (3) 
are located outside, or above the clutch-spider pins 
(7), so that they can tum independently of the 
clutch-spider pins when the clutch is disengaged. 

All disks are free to slide upon their supporting 
pins, and are held together by the clutch spring (6) 
ll'hcn the clutch is "in." 

To tighten the clutch spring: Compress it enough 
to allow the split washer (Fig. 41), which fits into 
one of three grooves cut on the clutch shaft, to be 
moved forward to the next groove. The two halves 
of this washer must fit securely into the groove so 
that the clutch-spring rear retainer fits snugly 
around it. 

Care: Keep the foot off the clutch pedal except 
when using it, otherwise the disk facings and ball­
bearing throw-out will wear excessively. Do not 
slip the clutch unnecessarily, as this causes the 
fabric to become glazed and to slip. Keep the drain 
in the bottom of the clutch housmg open. 

Lubricate the ball-bearing clutch release (12) by 
keeping the grease cup located on the toe-board to 
the right of the accelerator pedal well filled, and give 
it one complete turn every 100 miles. Make sure 
that the clutch-release grease tube (34) (Fig. A) is 
tight.ly connected and unobstructed. 

Removal of Clutch and Gearbox 

(1) Break the universal joint; (2) drop the emer­
gency brake rod; (a) remove the exhaust pipe com­
pletely; (4) block up the engine at the rear, just in 
front of the bell flywheel housing; (5) remove the 
bolts in the rear engine arms (47); (6) remove the 
bolts holding the bell housing flange (10) to the 
crank case; (7) drop the foot-brake rod; (8) discon-

1 Applies to •I-cylinder car, early model. 

nect the flexible grease-cup tube running from the 
floor board to the clutch throw-out; (9) slide the 
unit to the rear and lift it out. 

Disassembly of Dodge Clutch 

(1) Remove the two lockscrews in the clutch 
throw-out yoke (visible from the clutch hand-ho\e); 
(2) remove the two nuts on t-he dutch throw-out 
yoke; (3) remove the clutch pedal (38) from its shaft 
and loosen the brake pedal (39); (4) drive out tht 
clutch shaft (32) to the left; (5) lift out the clutch 
unit; (6) apply the clutch puller (Fig. 4-1) to the 
complete clutch disassembly; the puller consists C'f a 
cross-member with a bolt tehllinating in a hook 
perpendicularly placed at each extremity; the hooks 
engage pins on the clutch; (7) draw down on the 
puller nuts until the clutch spring is sufficiently 
compressed so that the split locking ring may be 
withdrawn; (8) remove the split locking ring; (9) 
case up on the puller nuts, and then remove the 
clutch spring; (10) clutch plates may now be taken 
apart. 

Fig. 41 Fi~. 42 

To Replace Dodge Clutch 

The fa-0ings come already cut. and drilled, so it is 
merely a matter of riveting a new facing in place on 
the driving disks (9) (Fig. A). A tool especially 
designed for this purpose is shown in Fig. 42. The 
punch is made of a valve stem, hardened. In put­
ting in the hollow rivets half of them should face one 
way and alternate ones in the opposite direction. 
This tool may also be used to rivet brake linings. 
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l. Clutch release fork. 
2. Clutch pressure plate. 
3. Clutch-driving disk pin. 
4. Clutcli spider. 
5. Clutch-shaft front bear• 

ing. 
6. Clutch spring. 
7. Clutch-driven disk pin. 
8. Clutch-driven disk. 
9. Clutch-driving disk. 

10. Housing, bolts to ·crank 
case. 

11. F1ywheel. 
12. Ball-bearing clutch re-

lease. 
13. Counter-shaft drive gear. 
14. High-speed internal gear. 
15. Counter-shaft low and 

reverse pinions. 
16. Counter-shaft interme­

diate gear. 
17. Counter-shaft. 
18. Sliding-gear shaft, or 

transmission main shaft. 
19. Universal-joint housing. 
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20. Universal hollow shaft; 
square drive shaft (49) 
fits inside. 

21. Universal joint. 
22. Sliding-gear shalt rear 

bearing. 
23. Shifting shaft. 
24. Intermediate sliding gear. 
25. Shifting-shaft yoke. 
26. Gear-shifting fork. 
27. Gear-shift lever. 
28. Hand-brake lever. 
29. Low and reverse slidiug 

gear. 
30. High-speed sliding gear. 
31. Shifting-shaft plunger. 
32. Clutch shaft. 
33. Clutch-shaft rear bearing. 
34. Clutch-release grease 

tube. 
35. End of engine crank 

shaft. 
38. Clutch pedal. 
39. Foot-brake pedal. 
40. Speedometer drive shaft. 
n. Hand-brake lever shaft. 

·//;, 
55 57- 56 69 

42 

19 

FIG.·E 
55 

57 

,12. Speedometer drive gear. 
43. Transmission drain plug. 
44. Clutch drain plate. 
-!5. Reverse idler pinioD, 
•16. Reverse idler-pinion 

bracket. 
4 7. Support arm. 
•l9. Square end of drive shaft, 

fits into (20). 
50. Torque tube; fits to (19). 
51. Rear-axle housing. 
52. Drive or propeller shaft. 
53. Drive-shaft roller bear­

ings. 
54. Drive pinion. 
55. Foot-brake operaUng 

shaft. 
56. Adjusting-ring lock 

screws. 
67. Hand-brake operating 

shaft. 
58. Rea-r-axle drive shafts. 
59. Differential roller bear­

ing. 
60. Differentia'. bevel ge,ar, 
61. Differential cross. 

62. Lubricant level plug. 
63. Bevel-driven gear. 
64. Differential bevel pinion. 
66. Bearing adjusting rings. 
67. Drive-shaft bearing ad-

justing rings. 
69. Differential carrier. 
71. Adjusting ring look. 
72. Foot brake operating 

shaft lever. 
73. Hand brake operating 

• shaft lever. 
74. Differential bearing ad-

justing ring lock. 
76. Grease retainer. 
77. "Wheel roller bearings. 
78. Tire. 
79. Brake toggle joint-see 

page 884. 
80. Rear wheel hub bolt. 
81. Wheel-bearing adjusting 

nut. 
82. Rear-wheel flange. 
83. Spring. 
84. Brake mechanism-see 

also page 884, 
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Dodge Rear Axle 1 

This will now be considered with special reference 
to Figs. A, B, C. D, and E, on page 858. 

Noisy Rear Axle 
When there is a constant singing or humming 

noise in the rear axle, with the humming increasing 
with speed, and the rear axle mesh seems stiff when 
the clutch is thrown out, it is usually due to the 
adjustment of the drive pinion (54) to the driven 
bevel gear (63) being meshed too tight. 

When there is noise and back-lash, which is more 
noticeable when the clutch is "thrown out," .and 
there seems to be a loose, jerky motion in the rear 
when the clutch is "thrown out," it is probably due 
to gears (54) and (63) not meshing tight enough. 

Remedy: First see if there is oil on the teeth of the 
gears, by taking out the filler plug and placing your 
finger on the gear. Often heavy grease will not 
throw all the way·round. 

Adjustment: Ordinarily the adjustment of the 
drive pinion (54) is sufficient. If not, the driven 
bevel gear (63) must also be adjusted. 

Note: On other makes of cars having ''helical" gears the 
same rules apply. 

In the later Dodge axle, only one adjusting ring is used at 
(67) Fig. C, the adjustment of propeller shalt hearings being 
made by hexagonal nuts n.t forward end of bearing retainer, 
it being necessary to remove the propeller shaft to make this 
adjustment. 

To Adjust Drive Pinion 
The whole drive shaft (52) (Fig. C) can be 

adjusted endwise to obtain the exact position of the 
driving pinion (54) which is rigidly attached to it, 
in relation to the driven bevel gear (63) bolted to 
the differential. Two adju.stin~ rings (67), fitted 
against the two Timken beanngs (53), can be 
screwed forward or backward to obtain the proper 
position of the bevel driving pinion (54). These 
rings can be reac.hed by removing the ring lock (71) 
(Fig. D). All that need be done is to back off one 
adjusting ring (67) (Fig. C), and screw the other one 
ahead, in whichever direction it is desired to move 
the bevel driving pinion (54). Be sure that each 
is holding its bearing rigidly before replacing lock 
(71). 

Adjustment of Bevel-Driven Gear 
To test if the bevel gear (63) is running quiet, 

jack up the rear axle and run the engine, with the 
gears in direct drive, about 20 m.p.h., as indicated 
by the speedometer. 

After adjusting the bevel driving pinion (54) as 
explained above, and if it is still noisy, remove the 
rear-axle cover plate and the two adjusting ring-lock 
screws (56), and readjust the bevel driven gear (63) 
to the new position of the pinion. 

The large bevel driven gear (63) can be moved 
either to the right or to the left in order to insure 
its quiet engagement with the driving pinion (54), 
by operating the two bearing adjusting rings (66) 
(Fig. C) in a manner similar tp those used in adjust­
ing the drive pinion. After adjusting, they are 
locked in place by the adjusting-ring lock screws 
(56) (Figs. C and D). 

Removal of Rear-Axle Shafts 
The rear axle is of the seven-eighths floating 

type,t permitting the removal of the drive shaft (58) 
(Figs. C and E) without jacking up the car. 

To remove rear axle shafts 1 (58) and flanges (82), 
simply tmscrew the nuts on bolts (80), which hold 
the flanges to the hub of the wheel o.nd remove them 
together with the axle shafts. If one axle shaft 
should stick, remove one on the opposite side, and 
drive or push the other one out with a long rod. 

Lubrication of the rear axle: Use 5 pints,2 if 
empty, of gear lubricant, or enough to fill th~ rea.r 
axle up to the level of the lower plug (62} (Figs. C 
and D). If grease leaks out from the rear wheels, 
the housing is too full. 

To Disassemble Differential 
(1) Remove axle shafts (58); (2) remove the 

inspection plate; (3) take the caps off the bearmgs 
and lift them out.i (4) remove the cotter pins and 
nuts on the 4 stucts which hold the differential unit 
together, and disassemble. 

Fig. 43 (upper) 
Fig. 44 (lower) 
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Fig. 45 (upper) 
Fig. 46 (lower) 

Fig. 43. Puller for front of universal joint. 
Fig. 44. To remove the drive pinion (54), a plnte is bolted 

to the 4 studs and pressure is applied t-0 the shaft by the screw. 
Fig. 45. To remove the front bearing, adjust collnr (C) and 

turn to the left with a screwdriver. A special wrench for this 
purpose can be made of a piece or pipe (P). 

Fig. 46. The drag link cap is filed to give adjustment. 

Dodge Transmission 
The Dodge transmission (page 858) main sliding­

gear shaft is mounted on ball bearings at either encl, 
and looseness means replacement of the bearings. 
The counter-shaft is mounted on bronze bearings. 
If the gearset is kept properly lubricated with clean 
oil, none of th.ese bearings should need replacement 
in a good many thousand miles of driving. Not 
more than 2 quarts of gearset lubricant should be 
used in the case. The level should be inspeeted 
every 1,000 miles and, if it has fallen so low that the 
gears on the main shaft do not dip well into the 
lubricant, the supply should be replenished so that 
they do. The le~el should be kept ½" below the 
main sliding-gear shaft. 

REMOVING, DISASSEMBLING, AND ASSEMBLING TRANSMISSION (MITCHELL "F") 
Removing the transmission from the car: Remove 

the two bottom floor boards and lift out the front­
seat cushion as well as the stool on which it rests. 
This will completely expose the transmission. 

Disconnect the rear universal-joint member and, 
placing a jack under the transmission, raise it just 
enough to take the load off the transmission hanger 
links. Remove the two large hanger link nuts on 
top of the frame cross-member. 

The transmission, still connected to the torsion 
tube, can be lowered to the ground by lowering and 
then removing the jack. Tal{e out the 8 cap screws 
holding the transmission to the torsion tube; the 

' Applies to 4-oylinder car, early model. Sernl-Jloating type 
used on later 4-eylinder car. To remove rea.r axle shafts, first 
remove wneels. 

2 4 pints in semi-floating type of ,ear axle in tbe later 4-cylin­
der cars. 
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transmfasion can then be taken out from under 
the car. 

Disassembling the transmission: With the trans­
mission out of the car, remove the cover and clean 
out the lubricant. Removing the drain plug at the 
bottom of the transmission case will aid in this 
operation. 

Fig. 47. Mitchell model "F" transmission used as an 
example. 

Drive out the rear main-shaft ball bearing when 
the splined main shaft can be removed through 
the rear opening. In doing this the sliding gears 
will come off the main shaft and can be lifted out 
through the cover opening. 

Care should be taken not to let the sliding gears 
drop as they come off the main shaft, since they 
may fall on the counter-shaft gears and get chipped. 
The small roller bearing supporting the front end 
)f the splined shaft in the gear and spindle and the 
grease retainer may come out with the shaft, or may 
stay in the gear and spindle. Watch for them to 
see that they do not fall into the bottom of the 
transmission case and become misplaced. 

Remove the pins holding the gear-shifter forks 
on their rods, and the rods can then be pulled out 
through the front of the case and the forks removed 
through the cover. In removing the rods it will be 
necessary to pull them out against the action of 
the spring locks-which prevent the gears from com­
ing out of mesh. 

Remove the nut holding the universal-joint coup­
ling to the front end of the gear and spindle and 

remove the coupling. Remove the lock holding 
the front-bearing packing nut and unscrew this nut. 

Loosen the lock screws holding the large main 
gear and spindle double-row ball-bearing in place, 
and the gear and spindle complete with its bearings 
can then be removed by forcing it into the case 
and lifting it out through the cover opening. 

Remove the front and rear counter-shaft bearing 
caps by taking out the cap screws which hold them 
in place. The counter-shaft roller bearings should 
be removed with the caps. The counter-shaft can 
then be moved back, tilted, and taken out of the 
case .through the cover opening. 

The gears can be removed from the counter-shaft 
only by the use of an arbor press. They should not 
be removed w1less it is necessary to replace them. 

The reverse idler gear can be removed by taking 
out the cotter pin in the end of the spindle and 
forcing the spindle into the case which removes the 
gear from it, when the gear and spindle may both 
be lifted out through the cover opening. 

Assembling: When replacing the gear and spindle 
in the transmission case, do not set up the main­
bearing lock screws tight enough to bind the bearing. 
They should be set up just tight enough to keep the 
bearing from turning in the case. 

When reassembling the transmission and torsion 
tube, be sure that the speedometer drive gear on 
the transmission main shaft meshes with the small 
pinion in the front end of the torsion tube. 

Adjusting the transmission: The only adjust­
ment on the ti-ansmission consists of the two screws 
(1 and 2) (Fig. 47) located in the centers of the 
counter-shaft bearing caps. In reassembling the 
transmission, the counter-shaft should be so located 
in the case that the main counter-shaft drive gear is 
in full mesh with the large external gear on the gear 
and spindle. The a.djusting screw should then ·be 
set up so that there is no end play on the counter­
shaft, but allowing the counter-shaft to rotate freely 
without cramping or jamming. 

The tension on the gear-shifting lever can be 
varied, and any tendency to rattle can be lessened 
by adjusting the splined nut found where the lever 
enters the floor boards. Remove the lock and uu­
screw this nut to decrease tension, or screw it down 
to increase tension and remove rattle. The ideal 
adjustment is such that there is little or no rattle 
and the lever does not bind or cramp in shifting gears. 

Lubricating the transmission: The transmission is 
lubricated by filling it to a little above the center 
line of the counter-shaft with a high-grade semi-fluid 
lubricant of about the consistency of 600-W steam­
engine oil. It will take about 2 quarts of oil to fill 
the transmission case t-0 this point. 

UNIVERSAL JOINTS 

There are two types of universal joints in general 
use: the mechanical angular type, shown in Figs. 48 
and 49 and the flexible-coupling or fabric type 
shown in Fig. 50. 

The Spicer Universal Joint 

A very popular type of universal joint is the 
Spicer, shown in Figs. 48 and 49. This universal 
joint can be used with an angular-drive or straight­
line drive system, as explained on page 24. 

The forward universal joint is provided with a 
dust cap (D) and a felt washer (W) on the rear end 
of the sleeve into which the end of the drive or pro-

-~ TRIIN!;MISSIQNOR\VE ~ SHII.FTFITSINHERE 

sJ~~od%~l6"1Pl.t~ts SQARe F•T 

Fig. 48. Spicer universal joint showing the forward, or 
splined end of the drive shaft in place. The right end of this 
forward joint is connected to tbe transmi!llion abaft. 



ADJUSTING AND REPAIRING UNIVERSAL JOINTS 861 

peller-shaft slides. This cap should be turned to 
the right occasionaUy in order to keep the felt w_a~her 
tight and prevent the leakage of grease. Both Jomts 
have flax packing (P) between the two parts of the 
pressed-steel casings. 

This packing can be tightened by loosening the • 
casing-adjusting scr,iw (S) and turning the casing­
adjusting nut or ring in a right-handed direction. 

If the packing in the front universal joint is 
allowed to leak grease, the joint will not only suffer 
from lack of lubrication, but the grease will be 
thrown up on to the emergency brnke, rendering 
the brake inoperative. • 

TVBE LDEO 
~~5iNf.i /IZIS, "fO ~~Qf 

corr;,, 
.PLUG. PIN 

• Fig. 49. This is the rear universal joint which is conn~c.ted 
to the rear end of the drive shaft at the right end of the iomt, 
and to the bevel-pinion drive shaft at the left end. Note that 
the splines are not used in this rear joint. 

Lubrication: Every 1,000 miles remove the grease­
hole plugs and fill with heavy gear oil or light cup 
grease. Too much grease will work out; about 
one-third full is the correct quantity. 

Note. An "0" will be found on upper end of the 
propeller shaft tube (Fig. 48); a corresponding "0" 
will be found on the shank or rear end of the for­
ward universal joint. When the propeller shaft and 
the universal joint are assembled, these two "O's" 
must be in line (as shown in Fig. 48), that is, the 
yoke (Y) and journal (X) of the forward universal 
joint must be paralle\ to cor!e.spond~ng yoke and 
journal of the rear uruversal JOtnt (Fig. 49), other­
wise the rear transmission bearing will be subjected 
to undue strain and excessive wear, and a jerky 
motion will be given to rear wheels. 

Assembling: When the universal joints have been 
disassembled and are assembled again, care should 
be taken to see that the holes in the flange and the 
inside casings are matched up in such a way as to 
bring the oil hole (which is closed by a threaded plug) 
opposite an open space in the joint, and not oppo­
site one of the lugs, which would prevent the intro­
duction of grease through the hole. By. rem_o".ing 
t.his plug the user of the car can at any time 1_nJect 
additional oil or grease by the use of an ordinary 
grease gun, if the holes are matched. 

Many of the joints are now fitted with a spring of 
suitable strength to give just the right pressure on 
the packing between the inner and outer casings. 
These require no attention from the operator. (Ad­
dress of mnf'r.: Spicer Mfg. Co., South Plainfield, 
N.J.) 

The Fabric Flexible Uw.versal Joint 
A type of flexible joint, connection, or coupling, 

as it could be termed, is shown in Fig. 50. This 
joint is generaUy used with drive shaft.s of. the 
straight line drive, or what is nearly so, as explamed 
on page 24. What angular movement there may 
be is the result of the flexibility of the flexible disks. 
These joints can be used with angular-drive systems 

(see page 24) where there is not too great an 
angular movement. 

On each end of the driving, or propeller shaft, 
spiders (S) and (S1) are securely attached. An­
other spider (S2) is attached' to the transmission 
shaft at the forward or driving end, and still 
another (S3) at the rear end which is attached to 
the drive pinion shaft. 

"~~~,. 
11;,:,...;u._ __ _.,,, • 

CORRUOATJW WASHE.RS 

Fig. 50. The Thermoid-Hardy flexible connection, or joints 
that are used at ea-ch end of the propeller or drive abaft, instead 
of universal joints. 

Three flexible disks, made of thermoid composi­
tion, are placed between the spiders aud held 
securely by means of bolt.s and corrugated washers. 

Note that with the use of these joints a splined 
shaft, as shown in Fig. 48 is not necessary. 

By removing a few bolts the shaft may be re­
moved. 

Make sure that all bolts are kept tight, otherwise 
the holes in the fabric may tear out. New disks 
can be obtained at supply houses. Lubrication is 
not necessary. 

The popularity of the fabric universal joint (Fig. 
50) is t.o a large extent attributable to the poor 
lubrication methods used on many of the form-metal 
universal joints. 

The lubrication systems in some cases, were 
designed correctly enough, but, when assembled in 
the car, they were not within observation of. the 
owner or driver and consequently received but 
scant attention. This could result in only one 
thing, and that was rapid wear with its accompany­
ing; knocks and lost motion. Some of the molded 
umversal joints have been very much improved 
in this respect, and the Lincoln, for instance, makes 
provision for lubricating the front universal from the 
front gear case. 

Disconnectin~ :!'-Universal Joint and Clutch 
Mitchell lVIodel "F" as an Example 

Purpose of universal joint: Owing to the fact that 
the transmission is rigidly fastened to the front end 
of the torque tube and swings with it, there e:dsts a 
certain amount of disalignment between the trans­
mission and the clutch. For that reason a rigid 
drive or connection cannot be used, and a universa.t 
joint is employed. By means of hardened steel 
blocks sliding in hardened steel jaws the universal 
joint is given a flexible action which takes care of 
disalignment. See Fig. 51. 

Removing the clutch and universal joint from the 
car: Disconnect the front universal joint member 
by compressing the grease retaining collar spring, 
taking out the half-shells and sliding back the cuff 
or housing. Slide the spring, rear grease-retaining 
collar, and cuff forward on the universal-joint shaft,· 
and remove the whole universal-joint assembly. 

Disconnect the clutch pull-rods by removing the 
clevis pins. Place two wood blocks 11/s" thick 
between the clutch cover and the ends of the clutch 
pull-rods, thus relieving the cover of spring, pres­
sure when the 12 capscrews holding the drive in 
the three anchor pins, and the rings can then be 
readily removed. 
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Remove the nut holding the clutch hub on the 
crank shaft, when the whole clutch assembly can 
be slipped off the end of the crank shaft, the friction 
rings and disk remaining in the flywheel. To re­
move the friction disks, as when renewing them, 
drive in the three anchor pins, and the rings can 
then be 1·eadily removed. 

FLYWHEEL 
FRJCT<ON RfNGS 

FRICTION DISC 
THRUST RING 

. ANCHOR 'PIN 

R_ETRACTOR COLtAR 

MOUNTl)"G RJNjl 

ADJUS~ING SCREW 
CLUTCH HUB 

UNiVERSAL JOlNT SHAFT 

I \ CLUTCH PULL ROD HALF COLLARS 

GREASE CUP 

Fig. 51. Mitohell universal joint and clutch. 

Disassembling the clutch: With the clutch 
removed from the car, exert pressure on the retrac­
tor collar and, 1·emoving the locking wire and blocks 
from the flange nut, unscrew this nut (left,.hand 
thread), and the whole clutch can be disassembled 
as the pressure on the collar is 1·eleased. 

Adjusting the clutch: To adjust the clutch, loosen 
'the two adjusting screws in the slotted holes in the 
clutch cover. Depress the clutch pedal1. and push 
these screws ½" to ¼" in a clockwise o.irection to 
overcome slipping, and counter-clockwise to over­
come dragging. Release the clutch pedal and 
tighten the adjusting screws. 

When the screws have reached the end of their 
slots, a new pair of threaded holes will have entered 
the beginning of the slots. Transfer the screws to 

the new holes, and continue to adjust as occasion 
requires. When these holes, too, have reached 
the end of the slots, all possible adjustment will 
have been taken up and new friction rings should be 
put in the clutch. 

After the clutch has been properly adjusted, it 
would be well to see that the clutch pedal does not 
strike the under side of the floor board, as this will 
cause the clutch to slip. If such is the case, it can 
be corrected by adjusting the clutch pull-rods until 
the clutch pedal operates freely through the floor 
board. (See also Index for Borg & Beck clutch.) 

Lubricating the clutch and universal joint: The 
grease cup on the clutch pull-out yoke should be 
filled and turned down completely once a week, or 
every 500 miles. 

Cup grease should be packed into the front and 
rear universal-joint housings through the plugs in 
the half-shells. This can be conveniently done 
with a grease gun, and should be done every 1,000 
miles. 

Reinoving Universal Joint Chevrolet "490" 
as an Example 

For another example of removing a universal joint 
the Chevrolet 490 is shown as illustrated below. 
Note the procedure as explained under the illust~a­
tion. 

Sall Joint Ball Retainer CoTia11 
Universal Joint Rings 

U)'llversal Joint Pins 
Propeller· Shaft 

Propeller Shaft 
Hou11na 

Fig. 52. The Chevrolet "490" metal universal joint. To 
remove, first remove the axle from under the car, take out the 
five cal) screws holding the joint ba11-rew.iner collnr, and pull 
the ball joint from the socket. Remove the four clamp screws 
holding the two universal-joint rings together, and separate the 
riJ.lgs. The nut holding the universal-joint yoke to the .trans­
=ion shaft can then be removed and the yoke pulled off tbe 
shaft. 

PARTS OF A REAR AXLE (See Page 863 fm.-Explanation) 

RtA~ AXlE ~HAFT (LEFT) 

Figs. 53, 54. Names of parts of a rear axle (one-piece type 
Dousing, also termed "banjo" type). See also page 875. 

REAR AXLE 
SHALFTSPLINED 
TO OIF"L. 
DIFFERENTIAL CASE 

Fig. 55. One-piece rear axlo housing sbo\'/ing differential 
carrier integral with housing. 

a,a,1n, 

6lftrf'•u.11q.•••o,1~.-o..,,H. 11 

Fi~. 66. A two-piece, or divided rear axle 
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LATER EXAMPLES OF CLUTCHES AND TRANSMISSIONS 
Note: These pages, 862A to D, have been added since the preceding pages were prepared. Illustrations following exemplify later 

construction. Altboui;h it will be noticed that improvements and refinements have been made, the fundamental principles of 
operation arc sim.ilar in many respects. 

19-Clutch housing 
20-Flywhecl 
21-Clutch driving dise facings 
22-Clutch driving disc facing rivet 2( 23-Clutch driving disc and hub assembly 
24-Clutch driving disc facing 
25-Clutch driving disc stop pin 
26-Clutch release lever spring 
Z7-Transmissio11 main diive gear pilot bushin~ 
28-Transmission main drive gear or clutch s'.1f1:t. 
29-Cranksbaft 

Pi~. 5S l 

5 30-Flywheel bolt 
31-Bra.ke master cylinder reservoir cover tube 
32-Brake master cylinder and reservoir 
33-Signal lamp s,v;t,:b 
3'1-Clutch and brake pedal stop set ~crew 
35-Brake master cylinder outlet nipple 
36-Clutch pedal ndjusting coUar 
37-Clutch and brake pedal stop set screw lock nut, 
38-Clutch release fork 

I. 
Jlc-

39-Clutch release level'R 
40-Clutcb driving disc torsion spring 
41-Clutch release lever pin 
42-Clutch pressure plat-e pad screw 
43-Brake pedal 
44-Clat.<:h pedal 
45-Clutch pedal adjusting collar set screw . 
46-Clutch pedal adjusting collar set screw lock nut 
47-Clutch pedal adjusting coUar set screw 
48-Clutch pedal adjusting collar clamp screw 
49-Clutch and brake pedal pull back spring 
50--Clutch and brake pedal stop bracket 

Fig. 59. Clutch pedal 4'1, and brake pedal 43. The hy­
draulic four-wheel type of brake system is used. Bro.ke 37 
pedal 43 is connected with a piston which operates in 1· 

the master cylinder 32, actuating the brakes. 

Lubrication of clutch is through nipple 7, with high• JS 
grade medium fibre grease every 15,000 miles. 

Dodge Bros. Eight (1930) Clutch and 
Transmission 

The clutch and transmission are built in a 
unit with the engine, termed a unit-power-plant. 

Figs. 57, 58. The clutch is a single plate, dry type, 
comprising a pressure plate assembly 2, having six clutch 
~prings 15, three clutch release levers 5, Fig. 57, and 39, 
Fig. 58, and a drop forged hardened steel splined hub. 
A spring-cushioned driving disc 23, having composition 
facing 21, riveted to each side. drives the splined·steel 
hub and clutcli shaft 28, Fig. 57, and lG, Fig. 60. The 
transmission driving gear 16, Fig. 60, is an integral part 
of the clutch shaft. 

There is no clutch adjustment, except I /8" should 
be maintained between release levers 5, and clutch re­
lease bearing 10; adjusted Uirough setscrews45 and 4 7. 
The clutch pednl should have 1 ¼" to 1 3/Sn free move­
ment before any resistance is felt; adjusted through stop 
screw 34. 

!-Clutch hand hole cover 
2-Clutch pressure plate 
3-Clutch pressure pbte pad 
4-Clutch pressure plat.e pad screw 
5-Cluteh release lever 
6-Clutch release bearing sleeve pull bnck spring 
i-Clutch release bearing lubricant nipple 
S-Clutch release bearing sleeve guide 
0-Clutch release bearing sleeve 

IJ-Clutch release bearing 
11-Transmission main drive &ear bearing retainer 
12-Clutch release fork 
13-Clutch housing dust pan screw 
11-Clut-ch spring cup 
15-Clutch spring 
rn-Clutch back plate 
17-Clutch back plate screw 
IS-Clutch housing dust pan 

39 

40 

43 

44 

45 

46 

47 

48 

50 
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Fig. 60 

3 

19 

20 

21 / 

2e 23 24 2s 2 

Fig. 60. The transmission is a selective, sliding_ gear type built in a unit with the engine. There are three forward speeds 
and one reverse. The gear shift is the $.A.E. standard. The transmission drive gear 16 is nn integral part of the cluteh 
shaft. The high-speed gear 18 is of the internal tooth type, and the countershaft o.ssembly is in constant mesh. The main 
shaft 39 operates on a ball bearing 21 in the rear, and a roller bearing 15 in the front (mounted in the main drive gear) and 
the countersha.ft gears are fitted with bronze bearings 23, and revolve on a stationary countershaft '27. ' 

Lubrication or transmission: Fill to level of filler plug on left side with fluid gear lubricant. In winter, in very cold cUmales 
this should be thinned by diluting with one-half pint of colorless kerosene. Once a season the case should be drained w.;.hed 
with flushing oil, and refilled with fresh lubricant. For the proper grade or lubricant consult a Dodge dealer. ' 

The names of the parts of the transmission >re given below. 

I-Gearshift lever 
2--Gearshift lever dust cover snap rin,g 
3,------Gearshift lever dU$t cover spring washer 
-I-Gearshift lever dust cover 
5-Cearahift housing 
o-----Gearshift lever spring 
7-Gearshift rail-direct and second 
$-Transmission main drive gear bearing ret:liner gasket 
0-Transm.ission main drive gear benriug retainer rin~ 

10-Transm.ission main drive gear bearing 
11-Transmission mainshaft pilot bearing i;;pact>r 
12-Clutch release bearing sleeve guide 
13-Tranamission main drive gear bearing rei..ainer 
14.-Trausm.ission main drive gear bettring snap ring shim 
15-Tranami$sion mainsbaft pilot bea.ring 
16-Trnnsmission main drive gea.r and clutch shaft (integr!ll) 
17-Transm.ission main drive gear bearing snap ring 
IS-Transmission mainsbaft sliding gear-direct and second 
19-Transmission mainshaft sliding g~6r;,t and reverse 
20-Transmission mainsba.ft rear bearing washer 
21-Transmission mainshaft rear bearing 
22-Transmission mainshnft rear bearing retainer ring 
23-Transmission countershaft gear bushings 
24'-Transmission case 
25-Transmission main-shaft rear bearing retainer 

2f>-Transmi~sion mainshaft rear be1tring oil wtlshcr 
27-Tra.nsmission cow1tersha.ft 
28-Transmission counter.shaft gcHr 
W-Transmission case drain plug 
30-Transmission countershaft :ond idler shaft lock plate 
:~I-Transmission reverse idler gea1· 
32-Transmission reverse idler gear :,,.ha.rt 
3:3-Transmission reverse idler gear hu~hinA: 
3-l-Cearshift forks 
~&-Gearshift rail selector ball 
36-Ccursbift rail selector ball spring 
37 -C earshift rail-first and reverse 
38-Gearsbift interlock rail 
30-Transmission mainshaft 
4o-Gearshift rail lock plate 
-1 l-Gearshift housing gasket 
42-Traru1mission mainshaft re.sr bearing retainer gasket 
43---Speedometer drive gear key 
H-Speedometer drive gear 
45-Transmission brake drum 
46-Speedometer drive pinion 
47-Transmission main.<;baft companion flange 
48-Transmission mninshaft companion flange washer 
49-Transmission mainsbaft companion flange nut 
50-Propeller shaft bolt (transmission end) 
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Studebaker Clutch and Transmission (Sc,·ics 
61, 70, 80 and 90) 

Clutch: double plate dry type iu 80 aud 90 aud 
single plate in series 61 and 70 (not illustrated), and 
transmission (Fig. 61) are built in a unit with the 
engine, termed a unit-power-plant. 

The transmission is of the sliding gear type with 
three forward speeds and one reverse. The S.A.E. 
standard gear shift is used on all Studebaker cars 
with additional shifting lever positions for cars 
equipped with the free-wheeling transmLssion, briefly 
discussed on page 6'l2B. The free-wheeliug trans­
mission is used on the President,, Commander and 
Dictator. Themaufacturersclaim that thereisasav­
ing on gasoline and oil aud longer life of the engine. 

The free-wheeling type of transmission is so-called 
because it permits the car to glide freely and quietly, 
with low engine speeds, although the transmission is 
in gear and the clutch engaged. 

When the ~ears are in the free-wheeling position 
the engine dnves the car in the usual manner, but 
aft.er the engine has pulled the car up to the desired 
,;peed it may be permitted to idle and rest while the 
l'ar "free wheels" on, unrestricted by having to 
drive the engine at an equivalent speed. The effect 
is much the same as that obtained by disengaging 
the clutch. The transmission accomplishes this 
automatically, quietly and instantly whenever the 
c·ar speed exceeds the speed of the engine. When 
the thrott.le is closed, the car continues to glide 
freely until its forward speed finally comes down to 
the engine idling speed. 

Fig. 61. Principle of operation: ~ 
l''ree-wbeeling is accomplished by ., 
means of an over-running clutch 
or ooupliog, called the free wheel 
unit. It is located as shown by )~~ arrow point. It ls an integral part , 
()f the tru.nsrnission, which in all ~ 
ot,her respects conforms to stand- , 
ard transmission design. 

Bnsically, the free-wheel unit 
is made up of two main sections: 

:;cb"i~d~n~~gc!~d :l ti~~e~~h~~•) \ 
Between tfiis outer casing and i: . • \ 

• lri~ 
--,,-.., 

ner core are three series of 
four rollers each, which run in 
tapered grooves or rac-eways. 

The outer casing is driven 
---- by the engine; the inner core 

drives the propeller shaft, 
~ w.,r which transmits power to the 

rear wheels. When the engine 
is "pulling," the three sets of hardened steel rollers are forced 
into the narrowed ends of their respective raceways, exerting 
!l positive driving force on the inner ,core, which transmits tbe 
power to the wheels. 

When the throttle is closed, the engine, of course, immediately 
slows down, and with it the outer casing. The natural forward 
motion or momentum of the car keeps the inner core spinning, 
,·arrying the rollers to tbe \\icle ends of Uieir tapered raceways. 
This instant.ly releases the grip which provides the drive. The 
c·aris free,! from the engine and continues to glide forward. Y ct 
the dutch i.s cnc::igcd nnd t,be Gears arc in mesh. 

Free-wheeling is entirely automatic, and begins the instant 
car speed e.-ceeds the speed of the engine. Step on the accel­
erator agnin, and as soon as the engine speed equals the speed 
of the car, the out.er casing again wedges the rollers into the 
narrow ends of the raceways nnd instantly the engine is pulling 
the car. In other words, the engine can drive the car hut the 
wheels cannot drive the engine, except when the transmission 
is in positive or conventional dri,:re positions. 

The free-wheeling feature is included in both the 
second-gear and third-gear positions. If, however, 
the operator does not desire to make use of the free­
wheeling feature, pressing a small button in the top 
of the shifting lever ball permits the shifting lever to 
be moved sli~htly farther back than normal for 
second-gear CF ig. 66), or slightly farther ahead for 
third-gear (Fig. 67). These are the positive or con­
ventional drive positions, as in the usual type of 
t.ransmission, and the transmission operates to drive 
the engine as a brake. Th.is is a particularly im­
portant featt'.rre when it is desired to use the engine 
to bl'ake the speed of the car, as in descending ,t 
steep hill or mountain. 

The shifting lever positions for the positive or conventional 
positions, nod the free•whccUng positions follow. 
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Fig. 02. First-gear. This is n, posi&ive or conventional drive 
position. 

Fig. 63. First to second-gear, free-wheeling. Disengage 
clutch and sbjft as in the usual manner. 

Fig. 64. Second-gear to third-gear, free-wheeling, It is not 
necessary to disengage the clutch when changing from one 
£rce•wheeling position to another, as from second-gear to high 
gear or high gear to.second-gear, it is only necessary to reduce 
the engine speed by fully releasing the pressure on the accel­
erator: however, if the operator so desires, the shifts may he 
made with equal ease, using the clutch. The buUon located 
at the top of the shirtin, lever should not be pressed down when 
making the shifts described above. 

Note: If the operator wishes to shift from free-wheeling 
second-gear t~ free-wheeling_ third-gear h~fore the car speed 
equals the engtne speed (possible when gettmg under way very 
slowly from a stop), the clutch may preferably be disengaged, 
:ind the shift made in· the usual manner. 

'Fig. 65. Reverse. Stop car. Disengage clutch. This is a 
po~itive or conventional drive position. 
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Fig. 66. Second-gear free-wheeling to second-gear con­
ventional (positive) drive. Clutch is not disengaged. To shift 
to the conventional drive second-gear, the transmission should 
first be in the second-gear free-wheeling position. Increase 
speed of engine until it is pulling car. Then press down on the 
button on topof gear-shift lever. Apply a forward pressure to 
the lever. While continuing to apply the forward pressure on 
the gear-shift lever, release the foot accelerator slightly. The 
lever will then continue forward into conventional secondRgear 
location. 

Fig. 67. Third-gear free-wheeling to third-gear conven­
tional (positive) drive, Tcis gear selection is made in the same 
manner as in Fig. 66, except that the gear-shift lever is pulled 
back to the third-gear conventional drive posit.ion rather than 
pushed forward. 

Conventional third to free-wheeling third, or from conven­
tional second to free-wheeling second: Disengage clutch for 
either of these operations, then pull the lever back. if in second. 
or push it forward, if in third-gear, to the desired position. A 
click will be heard when the free-wheeling position is reached. 



862D DYKE'S INSTRUCTION No. 72 

The movement of the shifting lever in making these shifts is a 
very short one. 

The button on the gear-shift lever should not be pressed down 
to make the shift from a conventional drive position to a free­
wheeling position. 

The shift from free-wheel third-gear to conventional second­
gear may be required in mountainous territories where the 
operator desires t-0 use the engine as a brake to reduce speed 
of car on down grades. Shift can best be made without dis­
engaging clutch. Shift to second-gear free-wheel position and 
then increase speed of engine until it is pulling car. Press down 
on button on top of gear-shift lever and, applying a forward pres­
sure to lever, release foot accelerator and lever will move into 
the conventional seoond•gesr position. 

Cadillac Clutch and Transmission, 
Series "452" V-16 

Clutch: Dry plate type; 10" diameter with two 
driven discs. 

Transmission: Known as the syncro-mesh trans­
mission, purpose being to secure noiseless shifting 
of the gears by automatically synchronizing (or 
equalizing) the speeds of the two members which are 
to be coupled together before the shift is made. 
After the shift is made, the syncro-mesh mechanism 
automatically releases. 

This synchronizing effect, Fig. 68, is brought about by a pair 
of friction clutches of simple cone-type, which are actuated by 
the control lever through a cam mechanism. As the control 
lever Jen vcs the neutral position, it engages one or the other of 
theseclutchesjustlong enough to synchronize the two members, 
so that when the final movement of the control lever is made, 
the teeth which interlock to take the drive nre traveling at 
e~actly the same rate of speed. 

The synchronizing principle applies to all shifts into inter­
mediate or high; in other words, to the following shifts: low 
to intermediate, intermediate to high, and high to intermediate. 
There is no synchronizing mechanism for low or reverse gears 
because shifts into these gen.rs are usually made when car is 
standing still. (See also page 0420.) 

Fig. 69 

Fig. 68. Cadillac clutch 
nnd transmission. 

Packard ~lutch and T•·ansmission, 
"Eighth" Series 

Clutch: Dry plate type. Models 826, 833 are 
equipped with single-plate clutch; models 840, 845 
have a double-plate clutch. (See Fig. 69 below.) 

Transmission contains a selective gear set giving 
four speeds fonvard and one reverse. 

The four-speed gear shift (Fig. 70). Low or first speed is 
geared lower than first or low speed on former cars using the 
three-speed transmission. It is used for-unusual heavy work; 
second speed is geared higher than former first. It is used for 
starting; third speed is geared higher than former second. It is 
used for accelera.tingi fourt.h--speed drive is direct from engine 
to rear axle, the same as the former third speed. It is used for 
high speed and moderate speed driving. For specifications of 
Packard and other cars see pages 1055-1062. For driving 
compartment see page 642C. 

O,l<,.CF"''Yl~•-1:,,1~ 18.,..,,. 
~l.,.CMtarA'I ~0<,1,.•11 I 

Fig. 69. Packard clutch and transmissi@. Fig. 70 (top right-hand cornerl. Packard gear shift 
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REAR WHEELS, DIFFERENTIALS AND REAR AXLES FOR PASSEN­

GER CARS: Types; Adjustments, and Repairs 1 

TYPES OF REAR AXLES 
This subject is also treated on pages 15 and 16. 

Types are the "plain live" (used on the model "T" 
Ford); the "semi-floating," which is used most; the 
"three-quarter floating," and the "full-floating. ' 

To find the make and type used on different cars see Index, 
'"Specifications of Pas.scnger Cars.'' 

The S. A. E. distinctions between the types of 
rear axles are as follows: 

Dead axle: An axle canying road wheels with no 
provision in the axle itself for driving them. 

Live axle: General name for type of axle with con­
centric driving shaft. See also pages 15, 16. 

Plain live axle: Has shafts supported directly in 
bearings at center and at ends, carrying differential 
and road wheels. (The plain live axle is further 
dcscdbed on page 15.) 

Semi-floating axle: Has differential carried on 
separate bearings, the inner ends of the shafts being 
carried by the differential side gears, and the outer 
ends supported in bearings. 

The semi-floating axle sba.ft tarries torsion, bending moment, 
and shear. It also carries tension and compression if the wheel 
bearings do not take thrust, and compression if they take 
thrust in only one direction. 

Three-quarter floating axle: Inner ends of shafts 
carried as in semi-floating axle. Outer ends sup­
ported by wheels, which depend on shafts for align­
ment. Only one bearing is used in each wheel hub. 

The three-quarter floating axle shaft carries torsion and the 
bending moment imposed by the wheel on corners and uneven 
road surfaces. It also carries tension nod compression if the 
wheel bearings arc not arranged to take thrust. 

Full-floating axle: Same as three-quarter float-ing 
axle except that each wheel has two bearings and 
does not depend on the shn.ft for alignment. The 
wheel may be driven by a flange or jaw clutch. 

The full-floating axle sh1ift is relieved from all strains except 
torsion, and in ono possible eonstruct.ion1 of tension and com­
pression. 

Advantages of the semi-floating axle (by Packard Motor Car 
Co.): In the semi-floating axle, the wheel bubs can be made 
slightly smaller and, because of the location of tho bearings, 
the stresses in the rear axle can bo kept lower than in the full­
floating type. 

There is a slight advantage also in the bearings, o.s tho full­
floating type have to use a. bearing with a smaller ball, since it 
must fit around the rear-axle tube. In the scmi~floating type, 
the bearing has a smaller bore, and therefore larger balls can 
be used, as the bearing has only to go over the axle shaft. 

Another advantawe is that the rear wheels can be more 
readily • removed when replacements are necessary, wheels 
being replaced oftener than shafts. Still another advantage 
claimed is that of lubrication, o.s the outer bearings can be 
lubricated from the inside, and an oil retainer can be placed on 
the outside, while the full-floating type must have a separate 
supply of lubricant for t.be rear-wheel bearings. 

Rear-axle ratios (see pages 8 and 9). Types of 
drive (see page 6). 

Rear-axle housing is made in "one-piece" or 
"two-piece" type. Fig. 53, page 862, shows a one­
piece type, and Fig. 56, a two-piece type. The 
halves (H) are termed right and left halves. 

The bevel-gear housing (Fig. 54) is that part 
where the bevel gears are enclosed. The differential 
carrier is that part which carries the differential. 
On some it. is bolted to the axle housing, as in 
Fig. 19, page 871, and on others it is integral with 
the axle housing, as in Figs. 54, 55. The rear-axle 
tube is shown in Fig. 54, one right, the other left. 
Rear-axle shafts (semi-floating in this example) are 
right and left. The rear-axle housing cover is the 
plate over the one-piece hou~ing. The rear-axle 
spring seat may be under or on top of the housing. 
Other parts are shown in Figs. 53, 54. 

Removing Reai·-Axle Shafts 
On "full-floating" and "three-quarter-floating" 

type of rear axles, the axle shafts can be withdrawn 
without removing wheels. 

On most of the "semi-floating type" of rear axles, 
the axle shafts can be withdrawn without removing 
rear-axle assembly, but wheels must first be removed 
and then t.he outer wheel bea,ring nuts and bearings 
(see pages 15, 16, 864, and 883). 

On a "plain live axle" having a two-piece or 
divided rear-axle housing, the complete rear-axle 
assembly must be removed in order to remove the 
rear-axle shafts. See pages 880 and 1096. 

Remo~ing Differential 
On those types of floating rear axles having a 

"one-piece" housing and a cover plate and where the 
"differential carrier" is integral with the rear-axle 
housing, the differential can be removed by removing 
the axle shaft, then removing the differential bearing 
caps from the carrier integral with the axle housing 
(Fig. 55), after which the differential can be with­
drawn at the rear of the housing. 

On those types of rear axles having a one-piece 
housing with "differential carrier" bolted to rear­
axle housing (Figs. 18, 19, pa.ge 871), the differential 
with drive pinion can be removed by withdrawing 
axle shafts, loosening differential carrier, and re­
moving complete assembly (Fig. 19, page 871), 
through the front part of the axle. Then the 
differential can be disassembled and adjusted on 
the removed carrier. 

On those types of rear axles having a "two-piece" 
or divided rear-axle housing which is bolted together 
in the center, the complete rear-axle assembly must 
be removed from t.he car in order to remove the 
differential..i. as shown in Figs. 56, page 862 and 41, 
page 880, 1•ig. 28, page 921. 

TIMKEN REAR-WHEEL BEARINGS; ADJUSTMENT AND LUBRICATION2 

As an example of the semi and full-floating types 
of rear axles, and the method of attaching the axle 
shafts to the rear wheels, and of how the bearings are 
placed, we will use the Timken rear axles and wheels. 

1 See Index under "Truck axles." See pages 1103-1106 for 
Wheel bearings; ndjustmene and lubrication. 

Semi-Floating or Fixed Hub Types 

Timken fixed-hub or semi-floating rear axles are 
used on light and medium-weight passenger cars. 
In this type of construction the wheel is k()yed to the 

'Anplies to ea.rly models. 
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axle drive shaft the shaft revolving in a bearing 
mounted in the housing just inside the wheel. See 
Fig. 1, page 864. This bearing should be cleaned, 
greased, and adjusted at least once a year; more 
often if the service is severe. 

Fii,. 1 Fig. 2 

Fig. I. Timken rear-wheel huh as used with the semi­
Boating rear axle (see also page 883). 

Fig, 2. Timken rear-wheel hub a.s used with the full-float~ 
ing type of axle. 

To clean the bearing, remove the wheel from the 
axle shaft, using a wheel puller if necessary.1 Now 
release the locking finger (A) which prevents the 
bearing adjusting ring (B) turning, and unscrew this 
ring from the housing, carrying with it the bearing 
cup (C). The ring having been removed, pull out 
the axle shaft (E) on which is pressed the bearing 
cone (D), and the rollers. With a stiff brush and 
gasoline or kerosene clean off all old grease from the 
bearing cup, cone, and rollers, and from the end of 
the housing into which the adjusting ring is screwed. 
In order thoroughly to remove all old grease, the 
bearings should occasionally be placed in a solu­
tion of washing soda and water and brought to a 
boil. 

Lubrication of bearings: After carefully cleaning 
and drying the bearing, cover well with good, clean 
cup grease free from acid and dirt, grit, and other 
solid matter. Also pack the end of the housing 
with grease. 

Adjustment: Now replace the shaft with the 
bearing cone and rollers and screw on the adjusting 
ring carrying the bearing cup. The adjustment of 
the bearing is made by turning up this ring. 

In adjusting wheel bearing, remember that the 
two drive shafts, right and left, come in contact in 
the center of the differential spider (see Fig. 3, page 
865). If the bearing on one side is adjusted in too 
far, while the bearing on the other side is too far out, 
the spline end of the shaft will project through into 
the other side of the differential. This will either 
lock the differentJal or cause the end of the shaft to 
be twisted off. Care must be used, therefore1 to 
take up the same amount on both right and reft­
hand bearings. 

Screw up the bearing adjusting ring (B) (Fig. 1) 
until all end play is taken out of the shaft and until 
the shaft turns stiffly when revolved with a wrench 
placed on the nut on the shaft end. Then back 
off the ring one notch and lock in this position by 
means of the locking finger. The wheel may now be 
replaced, care being taken to tighten up well on 

1 Seo lndeo; under "Wheel pullers." 
AppJica to early modele. 

the nut on the end of the shaft and to lock it with a 
cotter pin. 

Full-Floating Type 

Timken full-floating rear axles are used on heav,, 
passenger cars. In this axle the entire weight of 
the car is oo.rried on the axle housing; each rear 
wheel has two bearings mounted in the hub similat 
to the front wheel (Fig. 2). These bearings should 
be cleaned, re-greased, and adjusted at least once a 
year-more often if the service is severe. 

To remove the bearings, take off the hub cap (not 
shown) jack up the wheel, and pull out the axle 
drive shaft (A). Wipe the grease from the end of 
the housing tube and the lock nuts. Now take off 
the outerlock nut (B), the thin lock washer (C), and 
the inner lock nut (D). The wheel may now be 
removed. Kneel directly in front of it and, grasp­
ing the rim with both hands, pull toward you. Be 
careful not to allow the outer bearing (E) to fall to 
the floor, which may bend or otherwise damage the 
cage. 

To clean parts: With a stiff brush anct gasoline or 
kerosene, clean all the old grease from both outer 
and inner bearings and from the inside of the wheel 
hub. Occasionally both bearings should be placed 
in a solution of water and washing soda and brought 
to a boil. This cleans off any grease behind the 
rollers which may not have been removed by the 
brush. 

Lubrication of wheel bearings: When the bearings 
have been thoroulfhly cleaned and dried, replace 
the inner bearing (F) on the axle tube, covering it 
well with good clean grease free from all acid, grit, 
or solid matter. Care should be taken t-0 see that 
there is no dirt on the paddle. Repack the space in 
the hub between the two bearings and cover the 
outer bearing with grease. 

Replacing wheel: Now replace the wheel, and, 
holding it firmly in position, slide the outer bearing 
on the tube end, pressing it firmly into the hub. 
Screw up the inner lock nut, turning it up tight 
against the bearing so that the wheel binds, at 
the same time 1·evolving the wheel to be sure all 
working surfaces on the bearing come into con­
tact. 

Now back off the nut enough t-0 allow the wheel 
to turn freely, but not enough to give any notice­
able looseness or end play. Replace the lock 
washer and screw up the outer lock nut tightly 
against it. 

Bearing adjustment: Before replacing the axle 
shaft, be sure that your bearing adiustment is right. 
The wheel should be loose enough to oscillate, that 
is, when spun, it should come to a stop and then 
start to turn back in the opposite direction, but not 
loose enough to have any amount of shake. Check 
this adjustment after tightening up the outer lock 
nut, as it is sometimes possible, when using a large 
wrench, to turn the nut so tightly against the inner 
nut as to destroy the adjustment. 

Lubrication of wheel hubs, etc.: Having obtained 
a good bearing adjustment, cover the end of the 
tube and the lock nut with grease, and slide in 
the drive shaft. Fill the hub cap with grease 
and screw it on the hub, being careful to get it 
tight. 
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Caulions 
1. Don't jam lock nuts so tight that the wheel binds. A 

wheel should oscilln.t,c when given a a!ight spin (in other words, 
come to a stop and turn slowly back in the opposite direction). 

2. Don't allow the lock nuts to be so loose that you can 
shake the wheel and feel the play in the bearings. Too loose 
an adjustment will damage a bearing just as rapidly ns too 
tight an adjustment. 

3. Don't take rollers, cone, cage, or cup from one bearing 
and substitute these parts in another bearing even though it 
bears the same number. After a bearing bas once been used, 
the parts differ from an unused bearing one to two one-thou­
anndtbs of an inch-not enough to see, but. enough to cause 
trouble and expense if parts are substituted. If a bearing 
must be replaced, because of damage, replace the entire bearings. 

4. Don't hit the cage with a hammer to drive a bearing on a 
spindle; you will bend the cage nnd damage the bearings. 

5. Don't use a screwdriver or other sharp tool back of the 
cage to pry a bearing off a spindle-rou will bend the cage. If 
a bearing cone sticks, be sure the too i• placed behind the edges 
of the cone. A sligU pressure is sufficient to release the con• 
from the spindle. 

6. Don't let bearings fall on the floor; you may bend the 
cage which keeps the roller. in line. 

7. Don't use grease or other lubricant that contains acid 
or has acid-forming qualities. Use only a good grade of lubri­
cant; see pngcs 1104-1106, 1'Wheel Btarinua!' 

8. Don't drive cups in hubs or other retainers. nor cones on 
spindles, with a hammer where a pressed fit is required. 

ADJUSTMENT OF TIMKEN BEVEL-GEAR REAR AXLES1, 2, 3 

There are three conditions which make adjust­
ment of drive pinion, differential gears, and bear­
ings necessary: (1) noise; (2) excessive backlash in 
gears; (3) loose pinion or differential bearings. 
Noise is the most common condition. Be sw·e the 
drive-pinion shaft bearings and differential bearings 
are properly adjusted. 

Timken-Detroit fixed-hub or semi-floating rear 
axles are built in two sizes-series 5151 and 5152 
for light cars, and 5301 and 5302 (Fig. 4) for cars of 
medium weight. Full-floating axles for heavy cars 
are built in one size only-series 5762 (Fig. 5). The 
construction of these axles is shown in detail in Figs. 
4 and 5. The principles of adjustment are the same 
in any case; the figures show the slight differences 
in the details of design. 

Fie. 4. Timken 
fh:ed-hub· or semi­
floating rea.r axle, 
types 5301, 5302 for 
rars of medium 
we,ight. 

1 Timken axles (Figa. •I, 5) could represent either a semi­
floa!ing or a full floating axle because the_different~l supparts 

• the tnner ends of axle shafts. The next prmcip•I feat>1re which 
determines whether it is a semi~floating or f ull•fioating axle is 
foUJ1d in the type of hub used. See also pages 15 and 863. 

If the semi-floating wheel hub (Fig. 1, page 864) is used 
it is termed n. semi-floating axle. ' 

If the full-floating wheel hub (Fig. 2, page 864) is used, it is 
lermed" full-floating axle. 

'Applies to early models. 
'Rear-axle lubrication (seep. 86i). 

To adjust for elimination of noise, remove the 
clamp bolt and lock at (A), and turn the sleeve (B) 
containing both the pinion_ bearing a-nd the pinion 
shaft one notch to the left. Replace the clamp bolt 
and lock, a.rid run to see if the noise is lessened or 
increased. If the noise is less, turn the sleeve to 
the left until the quietest point is found; if it is 
increased, turn the sleeve to the right until the best 
point is found. Do not forget to replace the clamp 
bolt and lock each ti.me before running to test your 
adjustment. 

To take up excessive ?acklas_h! remove the cover 
(F). Now loosen the different1a -bearing cap bolt­
lock wire (G), and disengage the lock (H) from the 
adjusting rings (J) and (K). When this has been 
done, loosen the right-band adjusting ring (J) anr! 
tighten the left-hand ring (K), thus forcing the ring 
gear against the pinion. Turn both rings the same 
number of notches until the proper amount of back­
lash, approximately five one-thousandths of an 
inch, l1as been obtained. After adjusting, be sw-e 
that the lock is replaced and is held by the wires 
1,cfore repladng the cover. 

r 

Fig. 5. Timken 
iull-floating rear 
axle, type 5762 for 
hl'.:.1.v-y ears. 

To adjust the pinion-shaft" bearing, loosen lock 
nut (C) and then tighten up on adjusting nut (D) 
until the shaft will tw·n freely but with only very 
slight end play. The end play should be about 
five one-thousandths of an inch after tightening the 
lock nut. Tighten up the lock nut (C) and peen 
over the washer (E), so as to lock both nuts. 
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If noisy gears result from this adjustment of the 
be~ings, eliminate the noise by the adjustment de­
senbed. 

Adjustment of the differential bearing is mo.de 
by tightening up on the adjusting rings (J) and 
(K) after releo.srng the lock (H). Tighten up on 
these rings until the differential turns freely, but 
without end play. If excessive backlash results from 
this adjustment, take up as previously outlined. 

Gears are properly adjusted (1) when the axle is 
quiet; (2) when the gear teeth engage for their entire 
length; (3) when there is but little backlash be­
t~~en the gears; (4) when the~e is no end-play in the 
plillon shaft; (5) when all adJustments are securely 
locked. 

After making adjustments, make sw·e that all 
locking keys, cotters, wires, etc., are replaced and 
that all bolts and cap screws are properly drawn 
up. If a. car is run to try the effect oi any adjust­
ments, all bolts and cap screws must be properly 
tight~ned. 

Lubrication:_ The pinion and ring gear and tho differential 
gears and !hell' bcarwgs_ are lubricated by tho oil in tho axle 
housmg. Keep tho housing filled to the level of tho oil hole in 
the bowl with a ;ood quality of rear-axle lubricant. See nloo 
p. 867. 

To lubricate the drive-pinion bearings, keep the sleeve (B) 
well filled with ti good quality of rear-axle lubricant. Lubri­
cant can be introduced into thi• aleove through tho otrcet ell nt 
the side of the carrier casting, and thi• point should receive 
•pecial attention when the axle is first put into service. Be enre 
that the oleeve is filled to the height of the lip, and put in addi­
tional lubricant from time to time to make up for any leakage. 

Adjustments of Later Models of Tiniken 
Devel-Gear Rear Axles 

The rear axle drive pinion utd bearing adjustments (Figs. 6, 
7, 7 A) nre on lnter types of •rimken bevel-gear rear axles thnn 
those shown in Figs. 4 and 5; however, they also aro early 
models. 

Adjustment of Timken drive-pinion shaft bearing (Fig. 6): 
Remove cap screws (0) and (X) which bold the bearing on~• 
(L). Aller removing cage, add or remove shims (M) unti I 
properly adjusted, which is nbout .003" loose, or the thickncu 
of thinnest shim. 

Adjustment of drive pinion gear (Fig, 6) to eliminate noise 
and backlash, is made by loosening cap screws (0) and turning 
(B). 

Adjustment of diiferential bearings io made by l.ightening 
up on adj114tiog rin&9 (J) nnd (K) ao explained above. 

Adjustment of Timken drive pinion for backlash utd elimina­
tion of noise (Fig. 7): Loosen cap screws (A) and turn adjust• 
ing ring (BJ about 2" to the lefe. Tighten (A) and run axle 
to determine whether noise hns increased or lessened. If 
lessened, continue adjustment by turning (B) to left until 
quietest point is found. If noise is increased, then adjust (B) 
to right to obtain Quiete$t running position. Tighten (A). 

Adjustment of drive pinion shaft bearing (Fig. 7): Remove 
lock bolt (E) and lock (D), and turn adj114ting cap (M). 

Adjustme~t of. differential bearings io '!'•de by tightening 
up on ndJuot,ng rings (J) and (K), as explamcd. • 

Oil Seal: In Figs. 6 and 7 there is a hydraulic cup leather 
(Q) oil seal u.sed on drive-pinion shnft. The oeals need no 
attention, as a specinl tension opring (Y) keeps the leather cup 
tight. After long uso it may bo necessnry to replace (Q). Tf 
so. remove lock wire (P) and outer tension spring (YJ. This 
releases the tension on the cup leather (Q) which c11n be re­
moved. To remove axle-shaft oil seal, it is first necessary to 
pull out axle shaft fr1>m howring. Thia oil seal io also used on 
fixed bub types of a,de shaf!s, ao on page 883. 

Fig. 7 (loft). Timken Models 5114, 6140, rear-axle drive 
J)inion. Note oil seal (QJ. Bearing adjuatment, by turning 
(MJ; mesh ol drive pillion and ring gear, by turning (B). 

Fi~. 7A (ri&ht). Timken Model 0500, rear-axle drive pinion. 
Bearing adj114tment1 by turning (E); meoh of drive pinion and 
ring gear, by removrng or adding shims (F). 

Adjustment of Timken drive pinion shaft bearings (Fig. 7 A): 
Fint straiJlhten lock washer (D). Loo!!<lll lock nut (CJ. 
Tighten a(IJustment nut (EJ until shaft turns freely ";thout 
noticeable end-play. Tighten (C) and peen ove.r (DJ. 

Adjustment of drive pinion for backlash to eliminate noise 
(Fig. 7AJ: Move drive pi.nion in toward ring gear by adding 
shims (F). To move drive pinion in opposite direction, remove 
ahima (F) as required. 

Adjustment of differential bearings ie made by tightening 
up on adj114ting ring (J) and (K), similar to explanation on 
thio page. 

The Tim.ken Axle Shafts 
From the differential the power is carried to the 

wheels by the axle shafts. Ther. must be strong 
enough to resist the great.est possible torque under 
any conditions of travel. Yet they should be as 
light as is consistent with perfect safety. 

Where the ohaft entcro the differontial, it ia enlarged, the end 
i• splined, and el.eel io left back of the splineo. 

ffi 

a:;;,;:;::;::;:;;;;;;;:;;;;:~~~a) Fsig. 
Fl~ED ~us OR 5EMI-FUW1NG Al(I.£ SllA,/-'T 

At its wheel end the shaft of tho full-floating axle is enlarged 
to form an intqirnl (no~ welded) disk or "driving doc" (Fig. 8JI 

Fig. 6. Timken l\Iodel 5014, rear-axle drive pinion adj114t- which fits into the driving plate of the bub and turna the wnce 
ment. N'ote oil acal (Q). Adjustment of bearings, by re- (Fig. 2, p. 864). In tne fixed hub or semi-floating typ_e of axle 
moving shims (M); adjustment of mesh of drive pinion and •hate, the wheel end is keyed (Fig. 8) to the wheel (Fig. 1, p. 
ring gear, by turnln; (B). 864). 

ADJUSTl\IENTS OF REAR-AXLE DEVEL GEARS AND BEARINGS (GENERAL) 
The general principles of adjusting differential 

assemblies remain essentially the same as has been 
described in the foregoing, that is: pinion bearings 
are adjusted by shims or by a nut; differential bear­
ings are adjusted by threaded adjusting caps or 
sometimes by shims; the pinion is moved rearward or 
forward by shims to decrease or increo.se lash and 
obtain the proper tooth contact; the ring gear is 
moved to the right (to dect·ease lash) or to the left 
(to increo.se lash) to obtain the proper tooth contact, 
by threaded adjusting caps or sometimes by trans-

fcrring shims from one side to the other. The major 
differences are the details in the instrnctions for 
adjusting, the cleo.ra.nces allowed, and the tools re­
quired. The information regarding proper and im­
proper bevel gear-tooth contact, as described on 
pages 869 and 870, applies to present (1936) bevel 
gears. 

Types of pinion-shaft bea.rings: Thero nre several bearing 
arrangements used in mounting pinion ehnfts. Thorc are two 
type., of mountings, n.mely, (I) stub shafts, in whioh nil of the 
bearings are to tbe front of the pinion, as shown in Fig. 7A: (2) 
straddle-mounted shafts, in which there are bearinp on both 
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•ides of (strnddlin~) the pinion, as shown in Figs, 6 nnd 7. 
There are several kmds of bearing combinations used, the most 
common of which are: (1) two tapered roller bearings on a stub 
shaft to withstand both radial and thrust loads, as shown in 
Fig. 7A; (2) straddle mounting with two tapered roller b_earings 
in front of the pinion to take thrust and some of the radial load 
and a straight rcller bearing to rear of pinion to take most of 
the radial load; (S) stub mounting with a double-row ball bear­
ing to take thrust loads and a •traight roller bearing to take 
radial loads, as abown in Fig. 8A: (4) stub mounting with a. 
double row, \\;de spaced. bnll bearing; (5) stub mounting with 
two singlo-row angular contact ball bearings. 

Types of differential bearings: Practically all differential 
assemblies are mounted with a bearing on each side oft.he ring 
gear, as shown in Figs. 4 and 5,and other illustrations of rear 
axles in this book. There are two kinds of bearings in mo•t 
common Ufle for thisJ'urpose, namely, (1) tapered roller ~ear­
ings, as in Figs. 4 an 5, itnd (2) angular-contact ball bearings, 
as in Fig. SA. 

Pig. SA. Differential mounted on angular contact ball bear­
ings; pinion mounted on ball bearings and a. straight roller bear­
ing. Type of gearing is spiral bevel. At the left, is shown the 
front part of the torque tube and the radius rods. (Buick 
Series" 40" 1936.) 

Adjustments 
The detailed instructions vary to some extent on 

different cars, particularly for different types of 
bearings. Therefore, manufacturer's instructions 
should be followed. Pinion-setting micrometer 
gauges are often used for determining "depth" of 
pinion contact as described in some manufacturer's 
instructions; but when not available, adjustment by 
observing the tooth contact is satisfactory. 

Tooth contact can be determined by painting the gears with 
white lead or red lead and rotating the gears, which will scrape 
off the paint at the point. of contact. Before attempting 
adjustment, thoroughly analyie the contact, as explained on 
pages 869 and 870, so as to determine what adjustment,i are 
necessary. See also "Ring gear backlash adj ust,men t, using a 
dial indicator." 

Adjustment procedure: The followini: instructiono are not 
applicable in all case• but represent a typ1ca.J example of 11djust­
i og nn angular contact ball-bearing differential assembly, as 
shown in Fig. SA. 

Pinion-bearing adjustment: No adjustment is required of 
the pinion bearings shown in Fig. 8A. 

Dilferential side bearing adjustment: (a) Remove adjusting 
nut locks (4, 5) Fig. SA. (b) Back off right bearing-cap screws 
(not shown) 1 1/2 turns and tap cap lightly with hammer to 
freo bearin$ races (2) and adjusting nut (S). (cJ Mark position 
of both adjusting nuts (S, 6). (d) Watch outer race of right 
bearing turn with adjusting nut, as nut is slowly backed off, 
and stop when race stops turning. Mark this new position of 
the adjusting nut and return to original position. Repeat, 
ba.cldng off adjustment nut, and again stop when bearing race 
stops turning with nut. Thia should be ea.me as before, and 
the number of notche• between ori/linal position and "free" 
position of nut are the "notches tight' of the bearing. Correct 

adjustment is not less than one nor more than two -notches tight. 
(e) If the bearing rllCe did not turn when bncldng off the adjust-

hna';, !!f;~:~; .. b~~~~n~~v;~'lh~b
0
u'b°ir~Tir~~e~1~fJ~!.~ bTc}~~: 

investigating further, determine how loose t,he bearing was by 
drawing up the adjusting nut until outer race just starts to 
turn with the nut. (/) Equalize the adju,tment bet-ween right 
and left bearings, that is, if race started to turn with first move­
ment of nut ''in'' but did not turn when backing 11out" tho 
nut, tighten right nut one notch and tighten left nnt one notch­
total two notches tight, (q) Draw down cap screws lightly and 
tap both caps with hammer to permit seating of bearings, then 
tighten down cap screws. Non:: When differential aide bear• 
ing adiustment is found to be less tban one notch tight, i nvcsti­
gate tbe cause. Look fer side bearing loose on hub of differ• 
ential case or baU bearing failure. (B-uickS!u,p Manual, 1986,) 

Pinion adjnstment: To move the pinion toward the ring 
gear, instal shims at (1). To move the pinion away from ring 
gear, remove shims from (1). 

Ring-gear backlash adjustment (using a dinl indicator): (a) 
Thoroughly w11,sh all oil from gear teeth of gear and pinion with 
clean gasoline. (bl Inspect adJustment of differential side bear­
ing, na instructed above. (e) Clamp dial indicator, which is 
graduated in .001 '', to a~le-housing rim so tha.t indicator button 
bears against the working surface or a ring gear tooth near tbe 
outer edge of the gear and to indicate movement in the direc­
tion that the gear rotates. (d) Lightly rock the gear hack and 
forth to take up nil clearance between teeth of gear and pinion, 
usin~ care that the indicator is so adjusted to give accurate 
readmg. This is the direct reading of backlash and shouW. 1101 
be le~s than .006" or m-0re than .010" for new oeu.r~, with sJight­
io.crease over .010" for gears which are worn. 

To decrease backlash, the ring g~a-r should be moved to the 
tight by backing off the tight adjusting nut (S) a.nd tightening 
the adjusting nut (6) the same number of notches. 'l'o i11croose 
backlash, back off (6) and tighten (SJ the same number of 
notches. 

Diagnosis of Re:ll'-Axlc Noise 
When diagnosing rear-axle noise, be certain that 

the noise is not caused by the tires, engine, fan, o. 
transmission. The next three paragraphs are taken 
from the 1936 Buick Shop Manual: 

Tire noise changes with cUfferent road surface 
conditions, but rear-axle noise does not. Rear­
a;i;le noise usually ceases when coasting with gears 
in neutral at speeds under 30 miles per hour. Tire 
noise continues, but with lower tone, as car speed is 
reduced. Axle noise always changes when com­
paring "pull and "coast." 11I'es which have the sur­
faces of the non-skid divisions worn with one end 
higher than the other are usually noisy. This is 
particularly true with low tire pressure. Pressures 
up to 60 lb. may be used for comparable test pur­
poses. Front tires are as likely to sound like rear­
axle noise as are rear tires. 

Transmission and eagine noises occasionally arc confused 
with rear-axle noise. To beat iaolat,e these noises, first observe 
approximate car speed and condition where supposed rear-axJe 
noise is most pronounced; then wit-h the car in a guiet place 
to avoid interferini; noises, and car stationary, hold out the 
clutch with transmission in h.igh gear and run engine up and 
down slowly through engine speeds correspon<ling to car ,;peedo 
at which axle noise was most pronounced and observe for sound 
similar to axle noise. Next shift gears to neutral and again 
run engine at similar speed, while slowly letting clutch engage 
to observe for idling noises of transmjssion. 

Noises which cannot be isolated as above are likely to be found 
in rear axle. (See also p. 873.) 

Rear-axle lubrication: Use onlv l,,bri,;ants recommended by 
tM oar manufacturer. The S.A.E. viecosity numbers generally 
used, under normal operating conditions, for transmission n.nd 
differential gears, pinions, worm drives, and roller and ball 
bearing$ used in connection therewith, aie S.A.E. 140 for 
summer and S.A.E. 90 for wint,>r. See page 1062B. Where 
manufacturers specify e:,;treme pressure ( J!J P) lubricants, such a• 
for hypoid and other ge.us with a high tooth pressure a..'ld 
temperatures, it is important that only such lubr1cant.s should 
be used in order to prevent scoring the tooth surfaces. When 
adding EP lubricants,• it should be the same /,,-ind; otherwise 
Bush it out thoroughly. See also pages 1104-1106 for lubrica­
tion of front and rear wheel bearings. 

It is important to drain and fl11sh the axle at certain mileage 
intervals, as given by the manufacturer. Some manufacturers 
specify that, alter draining, Bush with Bushing oil (not kero­
sene). Remove plug in back of housing aad drain with suc­
tion gun, or remove capscrews at lowest point in differential 
housing and blow out with low-pressure air. 

1 There are two types of EP lubricants: "powcrfu.l extreme presmre lul,ricants," having very high load-carrying capacities; and 
"mild eitreme pressure lui>ricants," which have a higher load-carrying capacity than straight mineral oils but less capacity than 
that of powerful EP lubricants. Consult car manufacturers' recommendations, as there is a definite use for each type. 
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TIMKEN ROLLER BEARINGS 
The subject of bearings is treated on page 19. 

An explanation of the Timken roller bearing which 
takes a thrust or radial load is given below. 

The different places on a car where roller or ball 
bearings are generally used are the front wheels, 
the transmission, the pinion drive shaft, the dif­
ferential, and the rear wheels. 

The parts of a Tim.ken roller bearing are shown 
in illustration below (Fig. 9), and are as follows: 
(1) the cup or outer race; (2) the roller bearings; 
(3) the cone or inner race. (Note: On the later 
designs of Timken bearings, the nibs are omitted from 
the ends of the rollers and a winglesssteel cage is used.) 

Fig. 9. Timken tapered-cone type of roller bearing. Used 
for wheel bearings, axle bearings, and different parts of the car. 
The part to the left is coiled tlie cup or outer race in which 
the rollers revolve. Note that the cone, or inner race, is the 
part underneiith the rollers. This part fits onto the shaft and 
the cup fits into the bearing space. 

The cone should have a floating-fit on all non­
rotating shafts, such as front-wheel spindles and 
full-floating rear-axle sleeves. 

The cones should have a press fit on all rotating 
shafts, such as semi-floating rear-axle drive shafts, 
pinion shafts, worm shafts, belt-pulley shafts, and 

transmission shafts; except where it is necessary to 
move the cone on the shaft to make adjustment, in 
which case the cone should have a light-press fit. 
(Be sure that all cones are seated firmly against the 
shoulders on the shafts.) 

Cups: The ideal mounting for all Timken cups 
is a press fit in such mountings as wheel hubs, pinion 
housings, differential housings, belt pulleys, worm­
shaft housings~ and transmissions. Where the cup 
must be inovea to make·adjustment, it should have 
a light press fit. (Be sure that all cups are seated 
solidly against the shoulders in their mountings.) 

On mountings where shim adjustment is used, 
the cups are usually pressed into a retainer or cup­
holder which, when installed, is bolted to the hous­
ing with shims between the flange of the retainer 
and the housing. Adjustment on such mountings 
i.;; made by moving the retainer farther into the 
housing until all end play is taken out of the bear­
ings. 

This can be done by removing the retainer and 
taking out one or more shims. If adjustment is 
made too tight, causing a bind in the bearings, one 
or more shims should be added. 

The subject of direct mounting and indirect 
mounting of bearings on a worm shaft is explained 
under the discussion of truck rear axles (Timken), 
as is also the subject of how to compute the worm­
gear ratio. 

The adjustment and lubrication of the front and 
rear wheel bearings, transmission, and differential 
are given in the explanations of the different Timken 
axles and wheels in this instruction, and also in the 
instruction dealing with front wheels and under 
the truck 1·ear-axle subject. 

ADJUSTMENT OF COLUi\ffiIA. TlffiEE-QUARTER FLOATING REAR AXLE 

The Columbia rear axle, illustrated below, is the 
model 50,000 Columbia three-quarter f\oatin~ type 
of rear axle, as used on passenger cars weighing 
3,200 to 4,000 lbs., eqmpped for road service. 
Some of the cars using this axle are the Cole, King, 
Premier, National, Du Pont, Kenworthy, and Ogren. 

To remove axle shafts: Unscrew the six acorn 
nuts on the axle flange and pull out the shafts 
(Fig. 10). 

To remove the differential assembly: Having 
first taken out the a.xfo shafts, remove the ten cap 
screws on the face of the carrier, as indicated on 2., 
Fig. 10, remove the cam brackets which ext.end over 
the face of the carrier and which come off freely after 
the cap screws are out, and the carrier will then fall 
out of the housing. All brake connections may 
remain intact during thjs operat-ion. 

To adjust drive pinion bearings: This is required 
only when the drive pinion shaft is loose, that is, 
when you can move the drive pinion shaft forward or 
backward. This can be determined by prying 
between lock nuts and carrier (Fig. 10). This 
adjustment is made with the two nuts (Fig. 10) 
where it reads: "Never loosen these two nuts unless 
end-play has developed." 

To adjust drive pinion: Remove the locking plate 
(2, Fig. 10) on the neck of the carrier, held in posi• 
tion by two screws and lock washers, loosening·the 
locking bolt next to this plate which clamps the pin­
ion adiuster in the neck of the carrier. Insert a 

flat tool, usually a blunt screwdriver, into the 
notches on the pinion adjustment and turn either to 
right or left as you wish the pinion closer to or farther 
away from the ring or master gear. 

Turn the pinion adjustment to the right, if you 
desire to move the drive pinion forward (toward 
front of vehicle), or to the left, if you desire to move 
the drive pinion backwards and thus bring the 
back faces of the drive pinion and ring gear to proper 
position. Move the adjustment only one or two 
notches (not complete turns) in one direction or the 
other until the quietest running position has been 
securad. Replace the locking plate and tighten 
the locking bolt. 

Adjustment for noise: Put the pinion closer for 
"drive noise," and farther' away for "coasting 
noise," see "Gear Contact." 

To ad just ring gear: Do not make this adjustmeu t 
unless absolutely necessary and after having tried 
the other adjustments. The thrust of the drive 
pinion always forces the ring gear toward the left 
rear wheel (left as when seated in car); consequeutly 
the adjustment is usually towards the right-hand 
rear wheel in practically every case, owing to excess 
wear on the left-hand differential bearing. This 
adjustment is made by turning the left-hand dif. 
ferential bearing adjustment (A) (Fig. 10). Some­
times the adjustment may have to be made on the 
right-rand adjustment (A) (Fig. 10); this should 
uot be done however, unless you can pry against 
the ring gear and it shows a slight end play toward 
the right. 
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NEVER LOOSEN 
THESE JWO NUTS 
UNLESS EKO·P1.J\Y" 

_ HAS DEVELOPED 7 
~ 

19'CENTERS 
14"CENTER 

2 

CAM8RACKET 

ONE OF THE 10 
STUD BOLTS 

___ .;_ _______ "'. It Cl( 

A-TWO SIDE ADJUSTORS FOR MAKING RING GEAR AOJUSTM.ENTS-
110VING TO RIGHT OR LEFT • 

Fig. 10. General spedfications of the Columbia rear axle: For passenger cars: capMity 3,200-4,000 pounds, equipped for 
road without passengers; thrce~quo.rter floating type; one-piece rear-axle housin_g, with fuJ1-lengtb reinforcing tu.bes; heavy-duty· 
tapered roller bearings; alloy steel spiral bevel gears, case hardened and heat treated; adjustment provided for pinion and differ­
ential; alloy steel pinion $halt and drive shafts scientifically heat treated; sixteen-inch adjustable internal and extern<>\ brakes. 
See page89l for description of the brake.s. Lubrication: Use Whitmore's No. 9 in summer, and W.hitmore's No. 33 in winter, or 
~1obiloi1 "C," or Polarine "A," or Enarco medium. 

Note. To reach the differential bearing adjusters 
(A) (Fig. 10), it is first necessary to remove the lock­
ing wii-es and to loosen two ..:ap screws a11d remove 
the caps (not shown in the illustration). 

If it has been finally determined that the ring gear 
must be moved to secure proper gear contact, the 
whole assembly must be moved, by releasing the 
adjuster locks on each side and then backing off one 
of the adjusters (A) a notch or two in the direction 
you wish to move the ring gear, following this by 
screwing in (toward the ring gear) on the adjuster 

(A) on the op-posite bearing. Thus you are moving 
the whole assembly and maintaining the bearing 
adjustment. 

The differential ring gear is always placed on the 
left side of the differential (left side as when seated in 
the car), because the crank shaft and propeller shaft 
revolve clockwise, and thus drive the rear wheels 
forward. See Fig. 10, and also Fig. 3, page 6. 
Owing to this fact, the thrust is always to the left 
side of the differential, and thus there is more wear 
on the left bearing. 

BEVEL GEAR CONTACT 
Proper gear contact and properly lubricated gears 

will assure the efficient transmission of the engine's 
power to the rear driving wheels, providing that the 
differential and pinion bearings are performing their 
functions properly. 

In order to understand more clearly the meaning 
of "gear contact," the following terms are illustrated 
and described. 

Terms Used in Describing Gear Contact 

Pitch line: A line drawn near the middle of tl1c 
tooth (see Fig. 11). 

Fig. 11. Descriptive terms as used in connection with gear 
teeth. 

Working depth: That part of a tooth which is 
opposite the end of the tooth with which it meshes, 
see (W) (Figs. 12 and 11). 

Clearance: The distan-;:e from the working depth 
to the bottom of the tooth (see Figs. 12 and 11). 

Face: That part of a tooth which lies between 
the pitch line and the end of the tooth (see Fig. 11). 

Flank: That part of a tooth which lies between 
the pitch line and the working depth (see Fig. 11). 

Toe: The. inside or smaller half of a tooth (see 
Fig. 11). 

Heel: The outside or larger half of a tooth (see 
Fig. 11). 

Backlash: The difference between the thickness 
of a tooth and the space into which it meshes (the 
play) (Fig. 12). 

~'"'" 
W CLEARAKCE: 

Fig. 12 Fig. 13 

Fig. 12. Expl~nntion of backlash, clearance, a'ld workin~ 
depth (WJ. 

Fig. 13. Full-face contact (shown m black). 
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Fig. 14 Fig. 15 

Fig, 14. Flank contact (shown in black). 
Fig. 15. Partial face contact (shown in black). 

Fig. 16 Fig. 17 

Fig. 16. Toe contact (shown in black). 
Fig. 17. Heel contact (shown in black). 

Gea1· Contact as Applied to Colwnhia 
Rear-Axle Gears• 

The complete driving assembly is adjusted, locked 
and tested at the Columbia. plant, then tested and 
readjusted if necessary by the manufacturer, under 
the vehicle; consequently it is not often nece.."Sary 
for the user to adjust any of these parts, except pos­
sibly the bearings. 

The pinion shaft and gear revolve in a. fixed carrier 
and may only be moved directly forward or back­
ward. The ring gear also revolves in the same 
fixed carrier and may only be moved directly toward 
one rear wheel or the other. The bearings hold 
these parts from moving in other directions, con­
sequently, proper gear contact may be secured by 
moving the pinion or ring gear in the J;lroper direc-

• tions, as the axis of each should ·remam fixed. 
Familiarize yourself with the names of the gear­

tooth faces (Fig. 11), so that you may understand 
the other illustrations (Figs. 12 to 17). 

Backlash: All contacting gears must ·have a cer­
tain amount of play or space between the teeth, that 
is, the tooth of one g,ear must never entirely fill the 
space between two teeth of the ma.ting gears (see 
Fig. 12). This avoids excess wear, breakage, noise, 
or decreased efficiency. Too much "backlash" is 

just as destructive as too little. The practical 
limits of "backlash" to which gear manufacturers 
work are .005" minimum to .015" maximum (five to 
fifteen one-thousandths of an inch). There may be 
slight variations from these figures. 

The desired gear contact under load is a full-face 
contact along the entire length of each contacting 
tooth (see Fig. 13). If the gear cutting, heat-treat­
ing, and mounting has been perfect, the proper 
"backlash" is shown when gear teeth show good 
contact-running from 75 per cent to full-face 
contact of tooth. 

Flank contact (Fig. 14) is caused by tji.e pinion 
gear being adjusted too far back (toward the rear of 
the vehicle). This cvndition often decreases the 
''backlash" and usually causes a grinding noise. 

Partial face contact (Fig. 15) is caused by the 
pi.a.ion gear being adjusted too far forward (toward 
the front of the vehicle). This condition increases 
the "backlash" and may ca.use tooth chipping. 

Toe contact (Fig. 16) is caused by moving the ring 
gear too far toward the right rear wheel. This also 
decreases the "bacldash," and may cause tooth 
chipping or breakage. 

Heel contact (Fig. 17) is caused by moving the 
ring gear too far toward the left rear wheel and 
increasing the "backlash" to undesirable limits. 

Never adjust gears until you know the existing 
tooth contact. To determine this, remove the rear 
cover plate and thoroughly clean the pinion and ring 
gear of oil. Mix powdered red lead with light oil to 
the consistency of paste and paint a number of the 
teeth on the ring gear. 

Jack up the cru: (both wheels) and ~un i'n high gear 
for a few minutes, then throw into reverse and rw1 
for a. minute or so, applying the brakes at intervals 
to make close tooth contact 1 then examine the teeth 
on the ring gear and the· pa.mt will clearly show the 
tooth contact existing. 

Then remove the inspection plug (oil-filler plug) 
and actually view the contact when possible, by 
throwing light on the pinion gear while the cover 
plate is removed. If not correct, cautiously proceed 
to adjust the pinion gear or ring gear, as previously 
explained. 

ADJUSTMENT OF SALISBURY REAR AXLE; THREE-QUARTER FLOATING TYPE 

The trade name or term applied to this construc­
tion would be "Pressed Steel Type," and is three­
quarter floating in design. 

To remove the axle shafts: This can be accom­
plished without the use of the jack as the full 
weight of the car can still be left on the wheels, or 
with the axle shafts removed, since there is no 
possibility for the wheels to come off. Remove 
the w!ieel-drive flange (F) (Fig. 18) by unscrewing 
nuts (N). The flange with the axle shaft can then 
be pulled out. 

To remove the wheel for any purpose, such as 
for replacing the wheel bearing, th.is can be done 
after the flange and axle shaft are removed. The 
wheel, with the hub and bearing, is held in place on 
the axle tube by lock nuts and washers. With 
these removed, the wheel with hub and bearing can 
be pulled off. 

1 From Columbia Azle Co.'e Service Ma.nual, by permission. 
Qopyrichted, 1922. 

To remove the bearing from the hub, first remove 
the spring wire, and the bearing lock nut can then 
be unscrewed and the bearing removed. 

The differential gear carrier (Fig. 19) as a unit 
can be removed from the axle proper after first 
disconnecting the propeller shaft and universal 
joint, by removing the carrier screws which bolt it 
to the housing. First, however, the axle shafts 
must be pulled out. 

In order that the spiral bevel ring gear (G) 
(Fig. 18) and drive pinion (P) may operate correctly, 
they must be in perfect alignment, that is, the differ­
ential a.xis must be in the same plane as the pinion 
axis; at the same time there must be a correct 
amount of back lash between the pinion and the 
gear. To that end two means of adjustment are 
provided. 

The differential on which the ring gear (G) (Fig. 
18) is mounted may be moved to'}'ard either side, 
as required, by turning one of the.adjusting nuts (A) 
to the left, and turning the other to the- right, au 
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Fig. 18. Salisbury rear axle; three-quarter floating type. 

equal amount, after the locking fingers (B) have 
been removed, and the screws (C) in the bearing 
caps have been loosened. 

The drive pinion (P) may be moved forward or 
backward by turning the adjusting sleeve (D) in 
which the pinion shaft is mounted. Moving the 
pinion-shaft adjusting sleeve or the differential 
adjusting rings one notch is equivalent to approxi­
mately four one-thousandths (.004") inch at the 
point of contact between the pimon and ring 
gear. 

The amount of back lash necessary to insure 
quietness of action is ordinarily between ten one­
thousand-ths (.010") and twenty one-thousandths 
(.020") of an inch1 depending upon the cut of the 
gears and the variation which takes place in their 
manufacture. The proper amount of back lash or 
clearance should be arrived at, however, only after 
it is known that the ends of the teeth on the pinion 
are flush with either the inner or outer ends of the 
teeth on the ring gear. 

To arrive at the proper running position of these 
gears, in order that their teeth may have a full line 
contact and at the same time operate with quietness, 
see explanation given on pages 870, 874. 

Brakes on Salisbury Rear Axle 

There are four points of adjustment on each set of brakes 
'Fig. 20). The adjusting sorowe (E) and (H) arc the menns of 
providing the proper clearance at the rear of the internal and 
(,xtemal bands when relo.ascdkand should be adjusted to allow 
P.n opening between the bra e drum and the linings on the 
brake bancla of not more than 1/32". 

The adjusting nuts (K) which control the 11etting of the lower 
halves of the external bands are next to receive attention in 
the proJ)er order of adjustment. The jam nuts must be 
loosened and the adjusting nuts regulated to give a maximum 
olearance of 1/32" around tbe lower halves of the bands. 
Should the lininllS touch the drums at any point, "" a result of 
•heir not being a true circle, a ocrewdriver abould be inserted 

nnd the band forced t\wny. When the adjusting nuts are 
properly regulated, they sh<Jnld be relocked by the jam nuts. 

Fig. 10. Differential gear carrier unit. The words "dif­
ferentio.l gear oa..rrier,11 or "iear carrier," refer to the uni't-iu 
which the gears ore carried. On this axle, note tbat the eniiro 
unit is removable. 
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fig. 20 
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The clearance between the top halves of the external bands 
should be regulated to a maximurn of 1/16" by means of the 
nuts (J). This difference in clearance of 1/32" between the 
upper and lower halves is rendered necessary by the action of 
the bell cranks, which tend to tighten the upper half to the 
drum sooner than the lower half is tightened. 

When the brakes are released, the pedal should be close tc 
the floor board and the centers of the eyes of all levers on the 
cross-shafts in the frame should be from l" to 1 ¼" to the rear 
of the shafts. The levers carried on the brake spiders should 
be as far back as allowable with the rods furnished, and these 
rods sh.,uld not be shortened when the brake linings wear. 
This would disturb the proper setting of the brake levers and 
would prevent proper brake action. All adjustments should 
be made at the bands where the wear occurs. 

ADJUSTMENTS OF THE OLDSMOBILE MODEL "47" REAR AXLE 
The rear axle used on the Oldsmobile model "47" 21). At the pinion end is a large radial bearing, in 

car is a three-quarter floating type, in which the dif- which the shoulder of the pinion rides. This is the 
ferential is carried on separate bearings, and the pinion bearing and serves to give the alignment to 
inner ends of the axle shafts are supported by the the shaft and p.i,nion. A little farther up the shaft 
differential side gears. The outer ends of the axle is mounted a double radial bearing which takes all 
shafts aresupportedbythewheelswhichare mounted thrust imposed upon the propeller shaft by the ae­
on large roller bearings and revolve on a race or tion of the pinion in the ring gear. All of these 
bearing fastened to the axle housing. With this bearings and the adjusting mechanism are incased 
t;vpe of construction it will readily be seen that the in a strong housing to which is attached a long tube 
dnve shafts are subjected only to the driving tor- entirely enclosing the propeller shaft. The tube 
sion, and the bending moment imposed by the assumes the torque imposed on the axle. 
wheel on corners ;and uneven roads. The axle The differential assembly is mounted on two lar~e 
housing supports all the load of the rear end of Hyatt roller bearings, designated in Fig. 21, as (MJ. 
the car. The side thrust on this bearing that is naturally set 

Torsion tube and third member: The drive pinion up by the wheels on uneven roads is taken up by 
shaft is mounted in a set of two bearings (see Fig. the differential thrust bearings (F) and (I). 

Fig. 21A. Oldsmobile (Model 30) 
rear axle not referred to in text. This 
axle is of the semi-floati,>_g type, 
eqwpped throughout with New De­
parture ball bearings. The housing 
1s of the one-piece or "banjo" type. 

To remove axle shaft, pull the wheel 
from the tapered end of the shaft; re­
move four screws holding the brake 
support disk; the axle shaft can then 
be removed from the housing. 

To adjust drive pinion (see Fig.~. 21B 
and 21A), remove adjustment lock (M) 
and turn pinion adjusting sleeve (D). 

To adjust ring gear, turn ndjustin,_, 
oups (H) and (K). • 

COVER Pl.ATE•<,: 

LH. DIFFERENTIAi.. 
THRUST 6EARfNG "F" 

I 
II 
I. 

DIFFEREriTIAL HOUSING"L," 

Fig. 21. Oldsmobile (model 47) rear axle as referred to in text. 



ADJUSTING REAR AXLES, DIFFERENTIALS, GEAR CONTACT 873 

The axle shafts are driven directly by the two 
differential gears, through which the splined ends 
of the shafts pass, being securely fastened by large 
-:ast,le nuts and special washers. The outer ends 
of the shafts are tapered and keyed into the hubs 
of the wheels, the hubs being held from slipping off 
the shaft by a nut, which is held in place by a star 
washer, one lip of which is bent up against the nut. 
This star washer has a spline which fits the keyway 
and keeps it from turning. 

Adjustment Instructions 

Adjustment of axle or differential gears: First 
find out under what conditions the noise appears, 
and investigate to see whether the axle is properly 
filled with heavy or semi-fluid oil. The capacity is 
one quart up to the level of the filling or inspection 
plug. 

1. Noise occurs on straight pull ahead: The diffi­
culty generally results from the teeth of the pinion 
gear (A) bottoming in the ring gear (B). This may 
be relieved by loosening the lock bolt at (E) and 
then opening the cover plate at (C), in the third 
member housing, and turning th.: pinion adjusting 
sleeve (D) outward two notches, or more if neces­
sary, a notch at a time. Do not touch the adjust,. 
ment of the differential-bearing cup. 

2. Noise occurs on straight coast ahead: The 
difficulty is generally the result of the teeth of the 
pinion gear (A) not meshing deep enough in the ring 
gear (B). This may be overcome by loosening the 
lock bolt at (E), and then opening cover plate at (C) 
in the third member housing and tuining the pinion 
adjusting sleeve (D) inward two notches or more, if 
necessary, a notch at a time. Do not touch the 
adjustment of the differential-bearing cup. 

3. Noise occurs on turning corner to right or left: 
This is generally the result of end play at the dif­
ferential thrust bearing (F) or (I). Open the cover 
plates (G) and (J), and then loosen or back off the 
adjusting cup (K), four or five notch<>.s toward the 
outer end of axle. Then tighten or turn the adjust­
ing cup (H) a{!;ainst the differential housing (L) 
until all back lash has been take up between the 
pinion (A) and the rin~ gear (B). Now back off or 
loosen cup (H) by turnmg out three notches toward 
the end of the axle. Now tighten the adjusting cup 
(K) by turning toward the center until it is snug, 
with the wheels revolving. 

4. Adjusting after installing new ring gear: With 
the two halves of the axle disassembled from each 
other, screw both the adjusting_ cups (H) and (K) 
toward thP. outer end of the axle housing, or until 
the distance from the inner edges of the cups (H) 
and (K) to the 1/16" metal stop rings (M) for the 
Hyatt bearing is ¾". With the adjusting cups in 
this position, no difficulty will be experienced in 
assembling the two halves of the case with the dif­
ferential and axle shafts assembled. Firmly bolt 
both halves together and then assemble the third 
member in position and tighten. The axle is now 
ready for adjustments as in paragraphs 1, 2, or 3. 
above. 

5. Installing new pinions: In installing a new 
pinion gear (A) where it has not bE:en necessary to re­
move the pinion shaft, leave the adjustment of the 
ring gear as it is., and adjust as explained above in 
paragraphs 1 ana 2, as may be necessary, depending 
on whether the noise occurs on coasting or on 
straight pull ahead .. 

6. Installing new pinion when necessary and to 
remove pinion shaft from third member: Reas• 

semble so that the rear side of the radial bearing (N) 
in which the pinion (A) revolves is set approximately 
7/32" from the extreme end of the shoulder on 
the flange of the third member. The backs or ends 
(see Fig. 28, page 874) of the teeth on the ring and 
pinion should be flush when assembled. To iet 
this, measure from the face of the pinion-housmg 
flange on the gear case at (P) to the bottom of the 
teeth at the outside diameter of ring gear (Q) (Fig. 
28). Adjust the pinion so that a like dimension is 
obtained from the face of the pinion housing to the 
flange to the point of the tooth at the outside diam­
eter (R) (F~. 28)._ 

Following are a number of suggestions relative 
to adjustm.-ints and inspection. Read carefully. 

When axle is torn down: Inspect all beaJ·ings and 
parts very carefully when removed, and when reas­
sembling use only the parts which are in good condi­
tion. 

Single-row ball bearings may have a slight ar,gu­
lar movement, or a rock as the action of a ball joint, 
but must not have any radial looseness or movement 
up and down. 

Clean bearings thoroughly with gasoline, and 
make sure that the races and balls are in good condi­
tion and free from all foreign matter. The bearing 
should spin freely and quietly. 

Roller bea.rings should be washed in gasoline, and 
races and rollers should be inspected for defects or 
foreign matt-er. These beariugs should not have 
more than .003" movement radially. 

The thrust bearings at the end of the differential 
should also be cleaned and inspected. 

The life of the gears in a way depends on the 
bearings, and a worn or defective part replaced is 
money well spent. 

The gear housing must be free from all c1'Jps, dirt, 
etc., for a little foreign matter here will ruin the 
entire unit in a very short time. 

When assembling, make sure that every part is 
in its place and securely locked. 

Preliminary adjustment of gears: The backs or 
ends of the teeth on the ring and pinion should be 
flush when assembled (see Fig. 28). To get this, 
measure from the face of the pinion-housing flange 
on the gear ease to the bottom of the teeth at the 
outside diameter of the J·in~ geaJ·. Adjust the pin­
ion so that alike dimension is obtained from the face 
of the pinion-housing flange to the point of the 
tooth at the outside diameter. 

Adjust the differential to the left, so that the 
pini.on can enter freely, and then assemble the third 
member to the axle. 

Shellac the point between the two halves of the 
gear housing and make sure that the faces at the 
pinion-flange connection are flush. If they are not, 
there will be a leakage of oil. 

Adjustment of gears: Move the differential to 
the right or left, as required, to get from .005"to 
.008" back lash (Fig. 31, page 874). 

Through the oil-filler hole in the gear housing, 
paint both sides of the four teeth in the three equally 
spaced locations on the ring gear. Use thin white 
lead. 

By turning the bevel gear around several tu:nes 
the lead will be wiped off of the gear tooth, showi:::g 
where the contact or load is taken on the tooth. 
The contact to work for is a,,c; shown in Fig. 23 or a 
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contact showing slightly heavier on the toe than on 
the heel, but over the full length on the tooth. 

Fig. 24 shows a heavier contact at the heel of the 
tooth. This denotes too much back lash between 
ring and pinion, and will eventually break off the 
heel. To overcome this, move the differential 
toward the pinion, but be sure to have some back 
lash. 

If the contact still shows heavy at the heel, 
change gears, as some part of the axle is out of align­
ment. 

Fig. 25 shows a heavy contact at the toe or small 
end of the tooth. This is not bad, but the load 
should not be centered here as it will eventually 
break off the toe. To correct, move the differential 
away from the pinion, but under no circumstances 
should a gear be run with heavy contact at the heel 
resulting from too much back lash. 

Fig. 27 shows contact at the top of the tooth, and 
Fig. 26 shows it on the flank. Either of these will 
cause noisy gears. To overcome, adjust the pinion 
toward the center lin<:: of the axle for Fig. 27, to ~et 
full-depth contact, as shown in Fig. 23. Noise 
almost always can be eliminated by the adjustment 
of the pinion. 

Testing after Adjusting the Mesh of Gears 
After this has been accomplished, install the 

axle under the car, connect to power plant, and, 
with wheels off the floor, start the engine. Apply 
the brakes slightly, adjusting these so that there 
is an equal amount of friction at both wheels. 
Watch the tooth contact through the filler hole in 
the gear housing. If correct results have not been 
obtained, paint the gears again and readjust the 
gears as mentioned previously. The car may be run 
not to exceed one mile without oil as a check on 
the adjustment. 

If further adjustment is necessary, it should be 
made, as the gears must have contact over the full 
length of the tooth to carry the load. Oil will not 
deaden the noise, but is a lubricant. 

Geal' Contact as Explained in the Oldsmobifo 
lnst1·uction Book 

The following illustrations and· legends will make 
clear the meaning of terms used in connection with 
these explanations. 

."TOE OF TOO'll< 

HEEL OF1"QOTH 

Fig. 22. Section of spiral-tooth ring gear. 

Fig. 23 Fig, 25 

Fig. 23. Shows correct contact. Gears set up tlais wny 
give best results for noise and wear. 

Fig. 24. Shows heavy contact on heel of tooth. Gears set 
up tliia way will eventually break off at the heel. To correct, 
move the ring gear toward the pillion, but make sure thnt there 
is back lash, 11s gears c-.mnot run tight. 

Fig. 25. Shows heavy contact on toe of tooth. Gears set 
up this war w1K eventually break off at the too. To correct, 
move the nng gear away from the pillion. 

Fig. 26 Fig. 27 

Fig. 26. Shows heavy contact on I-he flank of the gear 
tooth. Gears set up in this way are noisy. To correct, pull 
the pinion out until contact comes to the full working depth of 
the gear tooth without leaving the lowest point of contact. 
See Fig, 23. 

Fig. 27, Shows heavy contact on face of gear tooth. Gears 
set up in this way are also noisy. To correct, move the pinion in 
until the contact reaches the lowest point on the gear tooth. 
See Fig. 23. 

'PULL PINION OUT 
IN THIS DIRECTION 

MOVE GEAR AWA'/ 
FROM PHilON IN 
THIS DIRECTION 

MOVE GEAR TOWARD 
PINION IN THIS 
DIRECTION 

t 
Q 

Fig. 28 

Fig. 29 

Fig. 28. See text for cxplaoatioo. 
Fig. 29. The heel of the gear tooth is the large end, aod 

the toe is the small end. 

J'ic. au. Showing the workin~ 
clearance. 

Fig. 31. Racklnsh . 

JV:\_ 
BACKLASH 

Fig. 31 

depth, fa.co, flank, and 

Puttin 9 the Rear Axle Together 
\Oldsmobile "47") 

When putting the axle together make an inspec, 
tion of the following points: 

1. Before the ring gear is mounted on the differen­
tial, inspect the ring-gear seat of the differential 
case to determine whether it runs true with the 
bearing hubs. If it runs out more than .002", 
face it off in a·lathe to make it run true. 

2. When riveting ring gear on the case, make cer­
tain that it is riveted tight. Ring gear should 
not run out more than .008", using the bearing 
hubs of the differentials as centers. 

3. When driving the pinion on the shaft, see to it 
that it does not ride the key; also that it is 
driven on tight. The pinion must not run out 
more than .004" on the shaft. 

4. Inspect all bearings for wear: Bearings which 
are pitted or chipped should be replaced by new 
ones. Ball bearings aud straight roller bearings 
should not have more than .003" play between 
the inner and outer races. 
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5. Outer races of bearings must be a snug tit in 
bearing holes, and the inner races must also be 
a tight fit on the shafts or differential hubs. 

6. Make sure that all parts which go on the inside 
of the gear housing are thoroughly cleaned. 
Any chips, grit, or other hard substances grind 
out the bearings and gears very quickly. 

7. All studs and nuts must be a good tit in the 
threads so as to hold the gears and bearings 
in place. If these are loose, they will let the 
gears vibrate. 

8. When all the parts mentioned above are looked 
after, assemble the parts in the axle. 

Paint four teeth on the ring gear in three dif­
ferent places, with a thin coat of white lead, and 
start to adjust the gears until all paint is wiped 
off of the portions shown shaded in Fig. 23. 
Wherever the paint is wiped off is where the 
contact occurs. 

9. After the axle is adjusted: Put it under the car. 
and jack up the rear wheels; paint the teeth 
of the ring gear again, which can be done 
through the oil-level hole; apply the brake load 

while running the car jacked up in this manner, 
and note where conta.ct occurs. If it changes 
much from what it was when assembled, it 
shows that there is looseness in the axle, and it 
must be corrected. 

.tO. After all this is done, the car may be taken out 
for a one-mile test without grease in the axle 
hc..using, except on the bearings1 which should 
be packed when assembled. This will tell what 
can be expected as far as noise is concerned. 
Grease will not deaden the noise very much, 
it only acts as a lubricant. If you find it advis­
able to make further adjustments to make the 
axle quieter, before filling up the case with oil 
and turning the car over to a customer, paint 
the gears up again and make certain that you 
have contact as illustrated in Fig. 23. 

Full tooth contact is required to carry the load. 
Unless there is something radically wrong with 

the rear axle, it need not be taken apart. However, 
if the gears are worn or dama.ged they should be 
replaced. In the majority of cases the only work 
necessary on tb'3 rear axle consists of replacing the 
lubricant and adjusting the gears. 

ADJUSTMENTS OF STUDEBAKER "LIGHT SIX" REAR AXLE 

The rear axle consists of a bevel-drive pinion, and 
ring gear, differential ~ears, and rear-axle shafts, all 
of which are enclosed in an oil-tight case. The rest 
of the rear axle is ma.de up of rear wheels, bearings, 
brakes, and tires. 

The rear axle is of the semi-floating type. Axle 
shafts are provided with end-thrust adjustments 
(in case of wear on the bearings) located at each 
end of the axle housing (Fig. 32). Note that at 
the inner end of each axle shaft is a hardened steel 

thrust-button. This serves to prevent wear on the 
axle shaft at this point, and also minimizes adjust­
ment of the bearings. • 

To remove end play: Any excessive end play in 
the shafts may be taken. care of by removing the 
rear wheel (in the tool kit is a puller provided for 
this purpose); then take out the clamp bolt (Fig. 
32), and turn the adjusting nut to the right until 
proper adjustment is reached. 

_/ BRAKE BELL C:RANK 

~ / SR.AKE BRACKET 
BRAKE ORUM 

EMERGENCY BRAKE CAM 

. REAR AXLE HOUSI1':G 

Fi4:. 32. Longitudinal section of Studebaker .. Lii::ht Six" rear a.:tle. 

FERENTIAL 
NG 

RENTIAL 
L GEAR 
E SliAFT 

ST BUXTON 
LER.PLUO 
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Care should be exercised to see that the same dis­
tance is maintained between the outer face of each 
adjusting nut and the end of the rear-axle housing. 
If this is not done, the rear wheels may be shifted 
out of line with the front wheels. 

Adjusting bevel-drive pinion and ring gear: Ir 
wear develops between the bevel-drive pinion and 
ring gear, it will necessitate adjusting the bevel­
drive gear and pinion closer together (Fig. 32). 
This adjustment may be made by removing the 
differential case cover, cleaning out all old grea-se, 
and loosening the two differential clamp nuts. The 
clifferential adjustment nuts can now be moved 
either out or in1 whichever way the bevel gear is to 
be moved. Wnen one adjusting nut is turned out, 
the other is turned inward the same amount. This 
does not affect the tightness of the Timken bearings, 
but simply moves the whole differential sidewise. 

In reassembling parts, be sure that the bearing 
retainer lock is properly put in place. 

The end-play adjustment of the drive pinion may 
be taken care of by removing the clamping bolt and'. 
retainer lock, and turning the bearing cage in a 
counter-clockwise direction, until proper adjust­
ment is reached (Figs. 33 and 32). 

The differential consists, essentially, of a case, 
made in two halves, bolted together, and a spider or 
cross with four arms which are clamped between the 
two halves of the case. A small bevel pinion runs 
on each of the arms of the spider and meshes with a 
side bevel gear carried in each half of the differential 

case. The case is mounted on Timken bearings 
and carries a bevel driving gear on its outer circum­
ference. Axle shafts, which drive the wheels, extend 
through the case and fit into the side bevel gears 
which are bored out and splined to receive them. 

Bl!ARINO c;:;::;:,c;:I.::;::::::, 
CLAMPING 

scuw··- ...-;llllr--,lllll DBAIUNO UTAUIU 

DIPFERENTIA~ 
S!ARlN"G 

CLAMP t,,u·rs 

!!£AR i\Xl.E HOO'SlN~ 
COVSII 

Fig. 33. Section of rear axle th.rough pinion. 

Care of differential: It is advisable, at least once 
a season, to clean the differential thoroughly. This 
can best be done by removing the cover at the rear 
of the housing and washing it out with gasoline. 
Repack with fresh lubricant (light grease or heavy 
oil) being careful to replace the cover with the 
gasket in perfect condition. It should be lubricated 
regularly through the plug in the cover with a good 
light transmission grease or a ve1y heavy oil. 
Grease can be inserted through the plug hole only 
with a grease ~11- This tool is in the regular tool 
kit accompanymg the oar. 

ADJUSTMENTS OF MITCHELL MODEL "F" REAR AXLE 

The Mitchell "F" rear axle is of the full-floating 
type and carries roller bearings inside and 
outside. 

Note: This could be termed a seven-eighths floating axle; 
see pages 15, 16. 

Removing the rear axle from the car: Run a rope 
under the rear end of the frame, and with a block 
and tackle raise the rear end of the car clear of the 
ground. 

'rhe rear axle will be held up by the rear springs, 
so that the caps of the spring saddles on the axles 
~an be readily removed. While the car is raised 
and there is plenty of room to work, disconnect 
the brakes by removing the clevis pins where the 
brake rods join the levers on the axle. 

Lower the transmission as in removin~ it from 
1,he car, disconnecting the front universal Joint (see 
page 862). The complete universal joint will drop 
with the transmissio'n. 

Lower the car until the wheels rest on the ground 
and the rear springs have dropped far enough so 
that the spring seats clear the axle. Roll the axle 
back cin the wheels until it is in back of the spring 
seats, when the car should again be raised until the 
fenders clear the wheels and the axle can be rolled. 
out free of the oar. It is well to block the car in 
that position to avoid the danger of it dropping. 

Disassembling the rear axle: The following 
instructions are for the complete disassembly of the 
various units which make up the rear a.xle. In 
making any specific adjustment or repair, only as 
much of the work il.S may be neces.sary for the job in 
band should be done. 

With the rear axle clear of the car, remove the 
transmission from the forward end of the torsion 
tube by taking out the eight cap screws which hold 
it in place. Remove the torsion tube from·the rear­
axle housing by taking out the eight cap screws 
which hold it m place. The grease retainer will 
remain in the torsion tube and the propeller shaft 
can be drawn out at the rear of the tube. It will be 
found convenient to mount the rear axle assembly on 
horses at this point. 

Removing wheels: Take off the nuts holding 
the driving flanges -to the rear wheels and pull out 
the flanges together with the drive shafts. Care 
should be taken not to tear the paper gaskets 
between the flanges and the wheels, as these gaskets 
are necessary to prevent the escape of lubricant 
from the wheel hubs. 

If it is desired to remove the flanges from the 
drive shafts, the hub cap should be removed and 
the large nut under it taken off, together with the 
washer under the nut. The flanges may then be 
pressed off the drive shafts in an arbor press. 

Removing wheel bearings: With the shafts and 
flanges out, the nuts on the ends of the rear-axle 
tubes controlling the adjustment of the wheel bear­
ings will be exposed. Remove the nuts and tongue 
washers after taking out the lock springs, when 
the wheels complete with roller bearings, grease 
retainers, and brake drums can be pulled off the ends 
of the rear-axle tubes. 

The grease retainers and bearings can then be 
taken out of the wheels. Unless they art,> worn or 
damaged, the bearing outer cups should not be 
removed from the hubs, as they are pressed in at 
the factory. 



ADJUSTING REAR AXLES, DIFFERENTIALS, REAR WHEEL BEARINGS 877 

Removing differential: Remove the cover from 
the back of the differential and clean out the grease 
by scooping it out of the bottom of the rear-axle 
housing and draining the remainder off through 
the drain plug. Remove the lock wire holding 
the differential-bearing cap nuts from turning, and 
remove these caps together with the differential 
adjustment locks. 

LOCKING NUT 

PINION ADJUSTING SLEEVE 

DRIVE PINION 

OIFFERENTIAL 
ADJUSTING NUT 

DIFFERENTIAL 
ADJUSTMENT LOCI< 

DIFFERENTIAL CASE 
OIFF'ERENTIAL RING GEAR 

HOUSING COVER 

Fig. 34. l\litchell model "F" rear a.dr. 

Back off both adjustments to give the differential 
end play and, cramping the differential assembly 
slightly to the right, so that the rivet heads will 
clear, lift the assembly out of the axle through the 
rear opening. The differential can be completely 
disassembled by taking out the eight cap screws 
holding the two parts of the split case together. 

The ring gear being riveted to the differential 
case, it should not be removed unless it is necessary 
to replace the gear due to wear or breakage. In 
cutting off the old gear, great care must be taken 
not to spring the flange on the differential case to 
which the gear is riveted. Before mounting the 
new gear swing the case between centers on a. lathe 
and check the face of the flange to see that it runs 
true. If it does not, a light truing cut should be 
ta.ken off the face of the flange. In riveting the 
new gear in place, care should again be taken not 
to spring the flange. To make sure, the case with 
the gears mounted should be again swung in a lathe 
and tested to see that the face of the gear runs true. 

Removing drive pinion: Remove the locking 
plate holding tbe pinion adjusting sleeve in place, 
and screw this sleeve out through the front of the 
rear-axle housing. The pinion with its shaft and 
bearings will come out with it. 

Remove the locking ring from the pinion-bearing 
lock nut and take off the nut and the grease retaining 
washer. The pinion which is integral with the 
pinion shaft can then be removed from the adjusting 
sleeve, together with the large rear bearini, and the 
bearing can be removed from the pinton shaft. 
The small roller bearing a.t the rear of the pinion can 
be removed by taking ofi the locking ring and sliding 
the bearing off the end of the shaft. Take the small 

front bearing out of the adjusting sleeve. The set 
screw holding the bearing-sleeve lock nut in place 
can be removed and the nut taken out of the sleeve. 

Removing the rear-axle gears alone: With the 
axle in place under the car, the ring gear together 
with the differential can be removed from the rear­
axle housing, as described in the foregoing instru~ 
tions, after the drive shafts have been taken out. 

To remove the pinion it will be necessary to drop 
the transmission, disconnect the torsion tube where 
it joins the rear-a.xle housing, and unscrew the 
pinion adjusting sleeve, together with the pinion anc} 
hea.rings, through tho front of the torsion tube. 

Fig. :15. :\litchell rro.r wheel hub showing be:irings, fl!inge. 
:tnd brnkr drum. 

Adjusting the rear-wheel bearings: Exnmine the 
two bearing cups in the bub to sec that they are in 
good condition, and free from dirt or grit. Cover 
them with a thick coat of cup grease, and put the 
inner bearing in place. 

Place the grease retainer iu the hub and tap it 
lightly until it is driven in flush with the hub. 

Place the wheel on the end of the a..xle tube and 
slide it in position, being careful t-o see that the 
brake drum is centered in the brake bands. Place 
the outer bearing in position, put on the lock washer, 
and then the nut, and draw 1t up until it is flush with 
the end of the tube. If the wheels revolve freely 
and there is no end play, the adjustment is correct 
and the nut on the end of the tube can be locked 
with the locking ring. 

With both wheels thus mounted, put in the drive 
shafts and flanges, and fasten them with the nuts 
and lock washers to the wheel-flange bolts. 

Adjusting the pinion bearings: In reassembling 
the drive pinion with its bearings and adjusting 
sleeve, put the small front bearing in the adjusting 
sleeve so that the projecting side of the inner race 
is about flush with the end of the sleeve havin~ a 
thread on the outside. This far.e of the bearmg 
is usually marked "Thrust Here." Screw the 
adjusting-sleeve lock nut in the adjusting sleeve so 
that it clears the small bearing by at least ¼". 

Mount the lar~e bearing on the pinion shaft with 
the projecting side of the inner race toward the 
pinion. This surface of the bearing is usually 
marked "Thrust Here." Slide the tubular inner 
spacer on the pinion shaft following the large bear• 
ing. 
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Mount the pinion adjustin~ sleeve with the small 
bearing in place on the piruon shaft, followed by 
the grease-retaining washer and the pinion-bearing 
lock nut, which should be drawn down tight and 
locked in place with the locking rin~, making sure 
that the adjusting-sleeve lock nut 1s not bearing 
against the small ball bearing when the pinion-shaft 
lock nut is tightened. 

By prying through the openings in the pinion 
adjusting sleeve, screw the adjusting-sleeve lock nut 
back against the small bearing until there is no end 
play between the bearings, but·they rotate without 
cramping. Lock the lock nut in place with the 
small set screw. This is the adjustment for taking 
up wear in the pinion bearings. 

The small bearing on the end of the _pinion shaft 
can then be mounted in place and locked with its 
locking ring. 1 

Adjusting the driving gears: With the difforentiaI 
bearing caps mounted in place, the ring gear can 
be moved to the right or left by screwing and un­
screwing the serrated adjusting nuts. The pinion 
is moved into mesh by turning the pinion adjusting 
sleeve to the left (as the operator faces the front of 
the car) and vice versa. The ideal adjustment is 
attained when the two gears mesh along the full 
length of the pitch line of their teeth and the back 
faces of the teeth are flush with just a few thou­
sandths back lash. Before locking the adjustment 
it should be checked by revolving the ring gear a 
few times to be sure that none of the washers have 
moved out of place and give a false adjustment. 

In general, movement of the pinion in and out of 
mesh causes small chan~e in the back lash, but a large 
difference in the pitch-line bearing. If the pinion is 
out of mesh too far, the bearing of the teeth will 
be out toward the point of the ring-gear teeth, above 
the pitch line. If the pinion is too far in mesh, the 
teeth mesh at the root of the ring-gear teeth below 
the pitch line. 

Movement of the ring gear in and out of mesh 
causes comparatively small difference in the pitch-

line bearing, but causes a large change in the 
amount of back lash. With the ring gear too far 
out of mesh, the ring-gear tooth will bear at its 
outer side, showing there is too much back lash. 
\Vith the ring gear in mesh too far, the ring-gear 
tooth will mesh at its inner side, shmving that there 
is not enough back lash. 

When the gears are properly adjusted and the 
adjustment is checked by rotating them, the adjust­
ment of the pinion should be locked by mounting 
the locking plate, being .Sure that the finger on the 
look goes down through one of the openings in 
the pinion adjusting sleeve. The ring-gear adjust­
ment should be locked by locking the serrated 
adjusting nuts with the locking fingers fastened to 
the bearing caps with set screws. 

Lubricating the Mitchell rear axle: Once every 
season, or every 5,000 miles of. running, the lubn­
cant in the differential should be removed and the 
differential should be cleaned out. Fill the differ­
ential with about three pints of semi-fluid lubricant 
of about the consistency of 600-W steam-engine oil. 
The old lubricant can be removed through the rear­
axle housing cover and drained through the drain 
plug in the bottom, while the new lubricant can be 
poured in through the opening in the cover after 
the cover has been mounted on the rear-axle housing. 
At that time some lubricant should be poured in 
through the pinion-adjustment lock plate to lubri­
cate the pinion bearings. 

Lubrication of the Mitchell rear wheels: Once 
every season, or every 5,000 miles, the rear wheels 
should be removed from the ax!~ cleaned out, and 
packed with fresh cup grease. 1f grease leaks out 
around the brakes, it is a sign that the level of the 
lubricant in the differential is too high, or that the 
cup grease in the wheels is thinned out. In the for­
mer case some of the lubricant should be drained 
off, while in the latter case, fresh lubricant can be 
added through the plug in the driving flange. 

DIFFERENTIALS: DISASSEMBLY AND ASSEMBLY 

The principle of operation of a differential is 
explained on pages 17 and 18. 

The type of differential gear in general use is 
the bevel-gear type with helical or spiral teeth. 
The differential or compensating gear assembly is • 
shown in Fig. 36. 

The differential ring gear (see Fig. 13, page 18, 
and Fig. 3 page 6) is always placed on the left side 
(when seated in the car). 

DIFFERENTIAL CAS£---
~~n,,._ INTERMEDIATE GEAR 

r-51DE PINION 

Fig. 86. Showing the internal parts of a differential and 
bow the axle shafts fit into each of the intermedia;e _gears and 
bow part (A) is bolted to part (B). Note the p101on shafts 
(Dl) to which the differential bevel gears (DJ are fitted, and 
which rotate on these pinion shafts. 

The bevel r,inions (D) are then me.shed with th.e two inter­
mediate and arger bevel gears (E), the latter being connected 
to the axle shafts. 

The drive pinion (P) is connected with the drive $haft, and 
the driving power is thus applied to the large ring gear through 
the differential housing, to the intermediate bevel gears (E), 
to the axle shaft~. and thence to the rear wheels. 

The action of the differentiaf, or compensating gears (D) is 
ex1>lained on pages 17 and 18. 

Note in this example and in the case of most all other dif­
ferentials, that the large bevel-ring gea.r (R) and the drive 
pinion (P) are of the bevel type of gears with helical or spiral 
cut teeth instead of straight teeth. 

When replacing a driving pinion (P) with one of a 
different diameter or a different number of teeth, it 
is always necessary to replace the driven ring gear 
(R) also, because the teeth will mesh too tight at 
either the big end of the tooth or the little end of 
the tooth, owing to the fact that the teeth are cut 
at a di!Tere.nt angle when not mated. 

When replacing drive pinion (P), it is of course 
necessary to remove the ddve shaft on which the 
drive pinion is mounted. 

Replacing driven-ring gear (R): Ring gears are 
usually riveted to the differential housing. Thus 
it is necessary to remove the ass·embly for this 
operation. 
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Either the cold or hot rivet can be used. At the factories 
\\'i1ere they ha,re special po,ver riveting machines. the work is 
done with oold rivets and in one-tenth of the time. The 
average blacksmith or repajrman, however, will probably find 
it. better to heat the rivets, which is often done where there is 
only a hammer to work with. 

In placing a ring gear on a differential, one of 
t.he greatest causes of noisy gears is the fact that 
the differential flange to which the ring gear is 
attached is often out of true and should be carefully 
trued up before fastening the ring gear to it. See 
page 873 for adjusting after installing. 

Removing differential. There are two types of 
rear-axle housings, the one-piece type (Figs. 53, 54, 
55, page 862) and the two-piece type (Fig. 56, page 
862). The differential can be removed from axles 
of the one-piece type by removing axle shafts and 
then removing the rear-axle housing cover plat<> 
(Figs. 53, 55, page 862). On the two-piece type, as 
shown in Fig. 41, page 880, Fig. 39, page 1096, and 
Fig. 28, page 921, the rea.r-axle assembly must fir~t 
be removed. See also page 863. 

REMOVING THE DIFFERENTIAL (CHEVROLET "FB" AS AN EXAMPLE) 

The Chevrolet model "FB" rear axle. Note that 
the axle shaft is keyed to the hub (Fig. 37) and the 
bearing runs between the housing and wheel hub, and 
not on the a..xle shaft. The inner erids of axle shafts 
are supported by heavy-duty roller bearings(Fig.38). 

lh.1:ll• Oonnecth,c 
Cle-,ls.Ovlde 

tnternal Brake 8l6r> Pin 

Fig. 37. On the "FB" and 11490" the outer bearing is on 
the wheel hub extension. On the Inter Superior model a heavy­
duty ball-bearing runs directly on the axle shaft nnd supports 
outer ends of axle shafts (see pages 15, 863, for classifica­
tion of types of rear axles). 

To remove the differential it is first necessa.ry to 
remove the various parts as explained below. 

To remove the rear axle assembly: Place two 
jacks under the rear spring brackets and raise rear 
of ca.r enough to take the weight off the springs. 

Remove the clips and bolts holding the springs to 
the axle and disconnect the brake pull rods, which 
operate between the foot pedals, hand-brake lever, 
and rocker shaft on the propeller-shaft housing. 

Disconnect the brake pull rods from the operating 
levers on the rear-axle housing by removing the yoke 
pins. Slide the axle assembly from under the car. 

Remove the four propeller-shaft housing bolts, 
clamping the housing to the axle housings, and lift 
the assembly off (see Fig. 38). 

Remove hand bole plate shown in Figs. 38, 39. 
Clamp housing in a vise with band bole on top. 
Remove the thrust-bearing adjusting ca.ge lock bolt. 

Turn the propeller shaft so that the hole in the 
pinion-shaft adjusting nut is in line with the milled 
slots in the end of the thrust-bearing cage. 

Secure a small steel pin %" square and 1" long, 
and place it through the slots into the hole in the 
shaft. With a large adjustable wrench gripping 
the splined end of the propeller shaft, turn counter­
clockwise or from left to right. This will cause the 
thrust-bearing adjusting cage to turn with the pro­
peller shaft. Continue to turn until the cage is 
free, permittini the entire assembly to be removed 
through the drive-gear end of the housing. Should 

there be any difficulty in unscrewing the cage, insert 
a large screwdriver into the split clamp at the point 
where the thrust-bearing adjusting-cage lock bolt 
was removed, and open the jaws of the clamp. 

To remove the propeller shaft, remove the small 
wire passing through the head of the adjusting-nut 
lock screw. Remove the lock screw. Unscrew the 
pinion-shaft adjusting nut as far as it will go. Pull 
out the cotter pin holding the drive-gear nut and 
remove the nut. Slip a flat piece of steel between 
the back of the drive pinion and the lower end of 
the propeller-shaft housing. With a lead hammer 
or a piece of wood held against the end of the pro­
peller shaft, drive the pinion shaft. 

The bearings and spacing washers can then be taken off the 
shaft. The rear wheels are keyed on th.e tapered end$ of the 
axle shafts and held in place by a castle nut and cotter pin. 

• l'ln1o" Shoft 8earln 

Fig. 38. Sectional view or Chevrolet model "FB" rear axle, 
anti differential and drive pinion. 'l'o lubricate, use 600\V 011. 

Thtust 8.earlns AdJutUna C•a~o .~c,k eo,t 
ThNfst.tlearlnc 8_pacl.9'lLW:tttMr_ 

• 8Paclna Washt.r K•~ 

Hand'Hofe PJ11t\ __Jl 

8maUPJtt • ~ 
Plnfon Shaft AdJu•lln& Nut 

P~ope11er8h.aft 
C::s;~~~;:;,,AAcdJu•tlna Nut,Lo•k 8•••w 

Thru-s.t BearinsAdJuttfn8' Oaga 
Pinion Sha.ft Th-rust Bearing 

Thrucc 8e.ar1ns Lock N'ut 
Thrust BeatJng Loc:k 8cr,w 

,p1 .. 1on Shaft BearlnS 8pactn1 Wa;ber 

Fig. 39. Sectional view of Chevrolet "FB" propeller shaft. 
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To remove the rear 
wheels, remove the hub 
caps. On model "VB" also 
remove the·hub extension 
by using the hub cap 
wrench and turning 
counter-clockwise. Re­
move the cotter pin hold-

• , . ing the nut on the shaft. 
Loosen the castle nut, but 
do not remove it entirely. 

With a bar held against 
Fig. 40. Method in remov- the castle nut, as shown in 

ing the Chevrolet rear wheel. Fig. 40, deliver several 
sharp blows on the bar. 

When the wheel is free on its key remove the castle 
nut and the wheel can be pulled off. 

The axle housings (H) (Fig. 41) are in two halves, 
right and left, held together by a number of clamp­
ing bolts (CB) (Fig. 38). Remove these bolts and 
slide the axle housing off the shafts. 

In order then to remove the differential, note 
that the differential gear case is in two halves (A) 

and (B) (Fig. 41), held together by clamping bolts 
or screws, which when removed permit the cases to 
be separated. 

The two parts (A) and (B) can then be separated, 
after which the axle shafts with the two halves can 
be withdrawn. 

The differential gears (E) are keyed and pinned to 
the axle shafts. After removing the pins, the gears 
(E) can be pressed off the axle shafts. 

Fig. 41. Illustrating how the differential case is divided 
into two parts (A) and (B), and which parts must be separated 
in order to remove the differential. The axle shafts are then 
removed from the gears (E). (A two-piece, or dh~ded rear axle 
housing.) 

DISASSEMBLY AND ASSEMBLY OF A MAXWELL "25" REAR AXLE AND DIFFERENTIAL 

The Maxwell "26" rear axle is a three-/:luarter 
floating type of rear axle, yet the axle houslng is a 
divided, or two-piece type of rear axle (see Fig. 50). 

Note: On later models (ca.rs 417204 up) a one-piece housing 
rear axle is used. 

Evidence of Trouble 
1. Any excessive grinding or humming indicates 

that the gears are either worn, broken, or poorly 
adjusted. 

2. An intermittent catch, occurring perhaps only 
every 100 miles, indicates that parts of one or 
several teeth are broken, and are catching in 
the gears. 

3. Actual failure of the mtle to operate. (Any of 
these necessitates a removal of the axle from 
the car, tearing down and replacement of defec­
tive parts, with readjustment.) 

Fig. 42 Fig. 43 

Fig. 42. The car is readily lilted by a chain block and sling. 
One man can do the work, and the car is held without danger 
of foiling. 

Fig. 43. Three horses form a serviceable axle stand, though 
a special stand could readily be made. Never attempt to dis­
mantle or assemble a part on the floor, but get the w6rk up 
where it is acceasible and clean. 

To Remove Axle 
1. Block the front wheels. 
2. Raise the rear of the car as shown in Fig. 42. 
3. Disconnect the brake rods at the point of con­

nection to the brakes. 
4, Remove the clips holding the axle to the springs. 

5. Draw the axle and housing out to the rear. The 
drive shaft slips out from the universal, and 
must be caught to prevent possibility of injury 
to the splined end. 

6. Place the axle on three horses arranged as shown 
in Fig. 43. 

7. Remove the hub caps. 
8. Remove the axle nuts. 
9. Using puller shown in Fig. 44, remove wheels. 

u 

Fig. 44 (upper) Fig. 45 0ower) Fig. 46 

Fig. 44. The feature of this rear-wheel puller is that the 
screw is ha.rdened tool steel, loosely threaded into the cap. 
The end play permits a sharp blow on the screw to loosen the 
sticking wheel. 

Fig. 45. Do not attempt to remove the side bevel gear 
from the axle drive shaft until the split washers have been 
removed in the manner shown. 

Fig. 46. The differential may be most readily assembled 
and adjusted, if caught in the vise in this manner. Two socket 
"Tenches are used to do the work. 
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10. Remove the torque tube and drive shaft. Save 
the gasket. • 

11. Catch the grease in a pail. 
12. Remove the nut from one end of the rude truss 

rod. 
13. Remove the differential-housing bolts. 
14. Pull off the differential-housing halves. 
15. Place the differential in a vise as shown in Fig. 

46; pull the cotter pins from the bolt ends and 
remove the differential casing nuts, allowing 
the two halves to come apart. 

J 6 Remove the split washers from the end by driv­
ing the gear down, as shown in Fig. 45. 

17. Remove bearings and all parts; wash and clean 
with gasoline. 

General Repairs 

1. After cleaning, examine all parts for wear. Go 
over the gear teeth, to see if any are broken or 
worn. Also note whether the drive-shaft bevel 
gear has been wearing evenly along the t-eeth. 
The face of the teeth should be bright all over. 
Any breakage or perceptible wear necessitates a 
replacement of the gear. 

2. Draw the drive shaft from the torque tube. 
Clean and examine the bearings. 

3. If the axle has been disabled by a collision, the 
shaft should be caught between lathe centers, 
tested, and trued up, if bent. 

4. If any serious bend is found in either of the 
shafts, the two halves of the rear-axle housing 
should be bolted together, tested for alignment 
in the lathe, and straightened. 

5. When the large ring gear on the differential 
must be replaced, its bearing on the-differential 
casing should be ·trued up in the lathe, as shown 
in Fig 47. 

The Reassembly 

1. Replace the shaft bearings: ~ifferential housing 
halves, and shaft gears, making certain that the 
split washers are in place. 

2. Replace the differential cross-gears on the dif­
ferent.ial cross and holding shaft in a vise, as 
shown in Fig. 46, and bolt the halves together. 
(Be certain that the thrust washer is in place 
between the ends of the shafts.) 

3. When the halves are bolted together, there 
should be about 1/64" end play between the two 
halves of the shaft. If they are tight, take the 
differential apart and file a little from the end of 
each shaft. 

4. Rebolt the halves, and holding as shown in Fig. 
48, turn the two shafts in opposite directions. 
The axles should turn easily all the way around. 

Note. If st.icking is noted in any place, 
catch the assembly in a vise,1. as shown in Fig. 46, 
and with the tan~ of a file, nnd by feeling which 
cross-gear is ca~ the sticking. If new cross­
gears have been II1Stalled, try changing the 
sticking gear for a new one from stock. (Or if 
new side gears have been installed, try changing 
the side gear.) 

5. Replace the cotter pins in the differential casing. 
Clip the ends over, away from the cross-gears. 

6. Using horses as shown in Fig. 43, slip the halves 
of the rear-rude casing in place, after packing all 
bearing and gears with non-fluid oil. 

Fig. 47 Fig. 48 

Fig. 47. Breakage of the ring gear usually springs the dif­
ferential housing flange. By catching the entire housing in the 
lathe and trueing it up by the surface (A), the ring gear seat 
(B) may be refaced with a light cut. 

Fig. 48. In testing the adjustment of the differential gears, 
grasp the assembly in this manner, and turn the axles in oppo­
site directions. They should turn freely all around. 

7. Bolt the halves together. (Do not pull one nut 
up tight until the others are snug.) 

8. Now get the torque tube and drive shaft ready 
for assembly. The shaft should turn freely in 
the housing. All bearings should be packed in 
grease. 

Not-e. If a new drive-shaft pinion has been 
fitted, make certain that the bent ends of the 
cotter pin in the end of the drive shaft do not 
interfere with the thrust bushing (see Fig. 49). 

Fig. 49. 'l'he cotter pin in the drive-shaft pinion luck nul 
should not interfere with tbe thrust bushing, and t.be bushing 
collars should be inserted in the manner shown. 

9. Fill the axle housing with a good grade of non­
fluid oil until the ring gear dips well into the oil. 

10. Place first the bronze washer on to the drive­
pinion thrust bushing, then the steel washer, 
and insert the bushing into the rear-axle housing. 

11. Replace the torque-tube gasket and slip the 
torque tube and drive shaft into the axle. Bolt 
in place. 

12. When all bolts are tight, the drive shaft should 
turn freely under the action of a pipe wrench. 
If any sticking is noticed, additional gaskets 
should be placed between the torque tube and 
the axle. If any slack exists in the gears, the 
gasket should be replaced by one made of thin­
ner paper. 

13. Make certain that the brake levers work freely. 
Oil well. Note whether the brake bands are 
wearing evenly and are in good condition. 
Reline, if necessary. 
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14. Replace the wheels. Fill the hub caps with 
medium cup grease. 

(Note. It is always advisable to grease the 
rear springs with graphite and grease at this 
point.) 

15. Roll the axle beneath the car and, with one man 
guiding the drive shaft

1 
slip it into the universal. 

The splines may not line up at first, and hence 
it may be necessary to crank the engine slowly 
by hand until the two slide together. 

16. Let the car down on to the axle; bolt the spring 
shackles to the axle; reconnect the brake levers. 

(Note. For the first 200 miles, at least fill 
and screw down the grease cups two or three 
times, to make certain that all bearings have an 
abundance of grease.) 

The points on the differential assembly that should 
be particularly watched are indicated on the illustra­
tion to the right (Fig. 50). 

IS,1:C'l!ll'!t W$1tlJIG. COUA,12: 
6, t:U ?i\liH°"- CQl.!A 

Fig. 50. A floating type of rear iule (see page 15 why a 
two-piece or divided rear axle housing). 

THE POWRLOK OR "M AND S" DIFFERENTIAL 

With an ordinary differential as shown on page 
18, when one rear wheel gets into a soft spot it will 
turn or spin. With this differential, nothing of 
the kind happens because the angle of the worms 
(D) and (M) is such that, while the side gears on 
axle shafts (A) and (B) can drive the worms, the 
worms cannot drive the gears on axle shafts (A) 
and (B). As a consequence the differential is 
locked, or the axle is like a solid axle, so far as the 
movement of the wheel in relation to the differential 
is concerned. 

When both wheels are firm on the ground and can 
travel freely, the differential is enabled· to act in 
the usual manner when turning corners, etc., by 
reason of the fact that the gears on the axle shaft 
(A) and (B) can drive the worms. 

This device (Fig. 51) prevents skidding to a great 
extent and insures positive traction at all times. 

A.xi• 
Bou,log_ 

Side G,ar Of :. 
Dilfenntlal 
Jn .. gral Witb 
,ble,han (A) 

Fig. 51 

A.ilC. 
Boooi~ 

OIL LEAKAGE FROM REAR AXLE; ADJUSTING FRANKLIN REAR AXLE 

Preventing the grease or oil in the differential 
housing from making its way to the brake bands and 
thus causing inefficient braking was a big problem 
to manufacturers some yea.rs ago, but the difficulty 
has been overcome largely in all the present types. 
In all the axle housings on the market, some pre­
caution is taken to prevent·this leaking, usually! by 
means of a felt washer1 termed an "oil retainer ' or 
"grease retainer," and m nine cases out of ten when 
a leak occurs despit-e this, the condition is caused by 
placing too much oil or grease in the housing, or by 
using too light a grade of oil. Some axles use a 
heavy oil and others a light grease. ,. 

Methods of preventing oil leakage can be observed 
by referring to the various illustrations of rear axles. 
Note felt washers in rear axles on pages 883, 877, 
875, 871, 869, 864, 858. 

As an example of a method of preventing oil 
leakage, the Franklin rear-axle system will be used. 

The Franklin series "9-B" has a semi-floating 
axle. Adjustment.s are pos.sible on the wheel bear; 
in~, bevel gear and pinion, and the differential car­
rying bearings. The felt washers on the axle are 
also taken up from time to time (Fig. 52, next page). 

To take up the pinion-shaft packing, loosen the 
lock for the washer retainer and screw in the retainer 
until the packin~ fits snugly around the shaft. To 
replace the packing it is necessary to disconnect the 
drive line and remove the universal-joint flange. 

The axle-shaft felt washer is taken up by remov­
ing the wheel with the special wheel puller. The felt 
washer on the inside of the wheel hub is replaced. 
The retainer that holds the other felt washer into 
the end of the axle housing can be removed by taking 
out the three small screws. If this felt washer shows 
wear, it should be replaced. 

If oil comes out of the axle at the drive-pinion 
shaft or at the wheels, examine the level of oil in the 
gear case. This· should be within 2" of the filler 
hole. Examine also the packing on the pinion shaft 
and the felt washers on the axle shafts. 

Bearing ·and Pinion Adj~stment 
The bearings for the rear-axle drive shaft·should 

be adjusted so that there is very little rock or play. 
Th~;fact tqat the rock .is. perceptible is not necessar­
ily an indication that the wheels are too loose. To 
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adiust the bearings, screw their retainers up tight 
and then loosen them two notches each. See that 
each axle shaft extends the same distance from the 
housing. Take the measurements for this from 
the faces of the bearings to the ends of the axle 
housing. When the adjustment is comJ?leted, see 
that the bearing-retainer locking device 1s securely 
i,crewed into position. 

Fig. 5:!. Sectional view of the Franklin model "9B" rear 
wheel, showing the location of the felt washers. 

The bevel gears on the Franklin are positively 
adjusted by shims. There are no screw adjust­
ments except the one tha.t takes up bearing wear on 
the pinion shaft (Fig. 53). 

To mesh the pinion deeper into the bevel-drive 
gear. withdraw the pinion unit and remove one of 
the thin shims between the pinion housing and the 
rear-axle housin~. The meshing of the gear and 
pinion may be inspected through the large plug 
hole in the left front side of the gear case. The 
edges of the gea.r teeth should be approx:imately 
flush. 

To move the bevel gear sideways, take out the 
drive shafts and the bevel-gear unit, after which the 
unit.can be shi=ed in the necessary direction. 

Pinion-Shaft End Play 
If the bearings of the drive-pinion unit permit 

the pinion shaft to have end play, the a.-<le is prone 
to become noisy, particularly when the brake is 
applied and when the car is coasting. To take up 
this end play, disconnect the rear universal joint 
and take off its flange. Then remove the housing, 
and after loosening the lock nut, make the adjust­
ment with the nut. These bearings are very sen­
sitive to adjustment and must not be made too tight. 
This adjustment is sometimes more easily made if 
the pinion unit is taken out and put in a vise. 

WASMER RETAlllt11i 

ADJUSTtNG Nur ,,. 
PlklON .5t-4A~T 

EPiO Pl,.AV 

Fig. 53. Sectional view of the Franklin model "9B" rear 
axle, showing the points of adjustment. 

Truss-Rod Adjustment 
The truss rod under the gear case should be 

examined every 1,000 miles, and should be adjusted 
so that it sounds taut when struck. Keep it 
adjusted this way, but avoid pulling it up too tight, 
as the strain is likely to cause the gear case to leak oil. 

The wheel-hub bolts should be tightened after 
the first 1,000 miles of running, and after that can be 
tightened every 5,000 miles. (Motor World.) 

TIMKEN-DETROIT REAR WHEELS WITH OIL SEALS 
Later types of semi-floating or "f.ixed hub" types of rear 

wheels thall those shown on page 864hare Fig. 54 which has a 
single bearing, and Fig. 55 which as two bearings, The 
numbers are 5014, 5140, 5142, ru,d 5143. 

A feature of these types is the hydraulic compression cup 
leather (Q) which, whe.n properly assembled, is absolutely 
oil-tight. The oil seal is al.so used on the Timken rear-ax.le 
drive pinion shaft (see page 910). See also the shim adjust­
ments of bearings; 

To clean and lubricate (Fig. 54): Remove wheel from axle 
shaft. Remove ca.p screws H) which hold the bearing cage 
(IJ in place. Now remove t e cage, carr;Ying with it the cup 
(J). Pull out axle shaft (L) on which is pressed the roller 
bearing. Clean, as on page SM. Cover bearing with cup 
grease. Pa.ck end of housing with grease. Replace shaft (I,J 
with bearing cone and rollers and cage (I) carrying bearing cup. 

Adjustment of bearings: Add or remove shims (K). Screw 
up (HJ-until shims (K) are tight and shaft turns freely when 
revolved with a ,\Tench placed on nut (N). When thia condi­
tion is attained, add one of the thinnest shims t.o one of the 
bearing cages;. :this will give a~proximately .005" endCplay. 
Replace wheel.and tighten nut (N), and lock with cotter pin. 

When making adjustment it is advisable to remove the oil 
seal by removing locking washer (P), cup leather (Q), and 
spring CR), 

Applies to early modele. 

To dean (Fig. 55): Remove wheel from a.xle shaft. Now 
remove cap screws (H) which hold the outer wheel-bearing 
cage (Al and the inner wheel-bearing cage (B) in place. Pull 
out axle &haft (L), carrying with it the bearing cages, cones, 
and cups. This assembly i~ removed in one unit- Now place 
the axle shaft in a vise and remove the two short cap screws (C). 
Tbe outer cage (A) and the inner cage (B) can now be taken 
apart. 

Adjustment of bearings: Add or subtract shims as the case 
may be, being 01\!'eful not to get the bearings too t,igbt. Proper 
adjustment is .005" loose, or the thickness of the thinnest 
shim. Clean as on page 864. 
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Note: Pngcs 883A 
ond 883B have been 
added since the pre­
ceding pa~es were pre­
pared. 'Ihe illustra,­
tions shown, with each 
part lettered, exemplify 
later construction. Al­
though it will be no­
ticed that improve­
menta and refinements 
ha.ve been made, the 
fundamental principles 
of operation a.re similar 
in nutny respects. 
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l~ 
CIFFERE"NTIAL CASE 

Dlff"EREN'rlAL GEAR 

Fig. 56. Rear a.le showing differentcal and brake section 
of the Packard eight, modeb 1126, 833, 840 and 845. The rear 
&Xie is a semi-Coa.ting type. The housing is made of prosaed 
•teel. Driving forces and tho torque of tbo renr axle are trans• 
mitted through the renr axle springs. 

The differential is mounted on tapered roller bearings sup­
ported in the differential carrier, which is bolted to the front 
race of the rear axle case. On tho models 840 and 845 the ax.le 
shafts are mounted on ball hen.rings at tho outer ends of tho 

case, while the axle shaft& of the mode18 826 and 833 are sup­
ported by taper roller bearings. All a.xle shafts are fitted to 
the differential gears at tho i oner ends by means of splines. The 
rear wheele nro keyed directly to the axle ahaft.s. 

The differential driving pinion is straddle-mounted on boll 
bearings and meshes with the differenlial driving gear which is 
bolted directly to the differential. Theso gears are ndiu.sted 
at the factory and should require no further attention other thnn 
to receive proper lubrication. 

BRAKE SHOE 

WHE°EL RETAINING SCRE\V 

•AXLE SHAFT 9EARIN<'.i 

AXLE $HAFT NUT 

The hypoid geardeoi11n used for the driving piniona.nddiffer­
ential gear ha.s produced ailcnco of running superior to tho spiral 
bevel gear. 

The standard rear axle gear-ratio for the 826, 833, 840 and 
845 models io 4.69 to 1: special ratio,, of 4.38 and 6.08 to 1 are 
furnished as special equipment. 

~ specifications of diffc,rent c""'· pages 1055-1062. 
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BRAKE SHOE ANCHOR PIN DIFFERENTIAL CARRIER 

I 
t 
l r 

CAMSHAFT LEVER 

BRAKE ADJUSTING eAM 

Fig. 57. Rear ax.le, showin.g brake construction of the 
.l>acknrd eight, models 826,833, 840 and 845. Th~ meohanical, 
th.rec-shoe type of:brake is used. 

Cleaning: It is a good pln.n to drnin tho oil from tho rear 
axle case every 10,000 miles and to flush out the onso with 
kerosene. Tb.is can be done by removing the ronr cover plate. 
After replacing the cover plate, refill to the level indicated by 
the filler plug in the rear cover. 

Axieshnftouter hearings: Whenever the wheels nro removed, 
the iuil'e shafts should also be removed and the bearings on the 
shaft outer ends repacked with grease. It will be noted that 

DIFF£RENTJAL. CASE 

PINION BEARING SLEEVE 

PRIMARY SR/liKE SHOE 

BE~RIN.G ADJUSTING NUT 

UNIVERSAL JOINT FLANGE 

the construction traps the grease around these hearings, so that 
it is not required to pull the wheels specifically for the purpose of 
I ubricating the bearings more often thnn once every 10,000 
miles. 

Oil level: Too high nn oil level in tho rear axle case is tbe 
most common en use of I eakage, so the level should ul ways bo 
checked (to sec if up to plug Jovel in rear but not above it) und 
the consistency of the oil inspected before other st,eps arc taken 
to remedy a leaking axle. 

Oil leakage at the outer end of the driving pinion ehaft, aside 
from being due to high oil level in the case, is caused by improper 

AUXILIARY BRAKE SHOE 

SECONDARY BRAKE·SHOE 

, AXLESHAFT 

AXLE SHAFT NUT 

functioning of the oil throw-off and return meohnnism, which 
takes the oil working aloni; the pinion shaft and returns it to 
the axle case. An inspection of this mechanism should deal 
principally with the fit of the parts in the axle case forward 
extension and on t.he pinions haft. Light drive fits n.rerequired. 
Oil return holes should be cle,med if clogged by thick oil or dirt. 

Oil leakage at the axle shaft outer end, with tho proper oil 
level in tho case, indicates impro1:>er stuffin~ box action, and 
the shaft should be removed and tho stuffing box, which comes 
out with it, repacked or tightened u..s required. 
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INSTRUCTION No. 74 
BRAKES: Types; Care and Adjustments 

TYPES OF BRAKES 
There are two kinds of brakes generally used on 

automobiles: (1) the external .brake; (2) the 
internal brake. See also pages 12, 13. 

The external brake is usually a contracting band 
brake consisting of a steel band,· lined with an 
asbestos fabric that is placed around the circum­
ference of the brake drum which is mounted on the 
rear wheel hubs, as shown in Fig. 1. 

Fig. 1. An external 
contracting brake where 
a brake bandleverdraws 
or contracts a brake 
band around the brake 
drum. 

The operation of the external brake band is usually 
by means of the brake-band lever connected with the 
foot-brake pedal. There are different methods 
employed for connecting this lever, and although 
the construction may vary, the principle or purpose 
-of contracting the band around the brake drum­
is the same. The purpose of the spring is to return 
the brake band to a free position when the brake­
band lever is in normal position. 

The internal brake is of two general types: (I) 
those using expanding brake shoes (Fig. 2); (2) 
those using an expanding brake band (Fig. 3). 

Fig. 2. (1:eft) An internaJ expanding brake where brake 
shoes are expanded wit.bin the brake drum by a cam. 

Fig. 3. (Right) An internal expanding brake where a brake 
band is expanded within the brake drum by a cam. Note the 
external contracting brake (similar to Fig. 1) on the outside of 
the brake drum. 

The internal brake using expanding metal brake 
shoes is shown in Fig. 2. ·Note the shoes are hinged. 
Brake shoes are generally lined with brake lining. 

Metal-to-metal brakes are seldom used on pleasure cars. 
Some motoJcoaches:and large busses use metal-to-meta.I brakes. 

Operation ·of this internal shoe type of brake (Fig. 
2) is by means of a cam which is usually connected 

with the hand-brake lever (on two-wheel brakes). 
When this lever is operated, the cam separates the 
two ends of the brake shoes, causing the shoes to 
expand inside of the brake drum. The spring returns 
the shoes to a free position when the lever and cam 
are in normal position. 

The internal brake using an expanding brake band 
is shown in Fig. 3. The internal brake band is made 
of steel, lined with an asbestos-fabric brake lining. 

Operation of this internal brake band (Fi~. 3) is 
by means of a cam similar in action, as explamed in 
Fig. 2. 

Another method of operating the internal brake 
band is by means of a toggle joint action (Fig. 4). 

Fig. 4. An internal ex­
panding brake where " 
brake band is exp,.nded 
within Wie brake drum by a 
toggle joint. Note the ex­
ternal contrµcting brake 
(similar to Fig. I) on the 
outside of the brake drum. 

It will thus be observed that the external brake 
is of the contracting band type and is operated by a 
lever or fulcrum action. 

The internal brake is either a shoe or a band of 
the expanding type, and can be operated by a cam 
action or a toggle-joint action. 

With this in mind, the classification of almost 
any type of brake can be determined instantly. 

Brake Drums 
Brake drums can be divided into two classifica­

tions: (I) the single; (2) the double brake drum. 

On most makes of cars the brake drums are 
mounted on the inner part of the hubs of the wheels, 
and are single brake drums. 

Fig. 5. The Loco­
mobile, model "48," 
as ao example. uses 
double brake drums 
for the rear brakes. 
Air space (12) be­
t ween the drums 
keeps them com• 
paratively cool. An 
external contracting 
brake band operates 
on the outside of 
drum (1); internal 
expanding brake 
shoes (4) opemt-e in­
side of drum (2). 

LOCATION AND OPERATION OF BRAKES 

Brakes can be located in three places: (I) on the 
rear wheels, ter,!lled two-wheel, or rear-wheel 
brakes; (2) on 'the transmission shaft, termed 
transmission or propeller-shaft brake; (3) on all four 
wheels, termed-four-wheel brakes (see also page 13). 

(1) Two-wheel brakes us?ally have a single-brake 
drum on each rear wheel with an external brake on 
outside of drum and internal brake on the inside. 

The external brak1d£ ~ually operated by a foot 
pedal, and is called the foot brake, 

The internal brake is usually operated by a hand 
lever, and is called the hand brake-formerly 
known as the emergency brake. See pages 12 and 
13. 

(2) Sometimes a brake pulley with a contracting 
type of band brake is mounted on the external part 
of the transmission shaft and operated by the hand 
lever. It is sometimes called the transmission or 
propeller-shaft brake, but the correct name is the 
hand brake. 
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push rod so that they are against the pedal push tube when the 
pedal shank is against the rubber bumper on the under side of 
the toe board bracket. Adjust the sleeve on the end of the 
hand-brake cable so that it is just against the rear face of the 
rotary equalizer. Be sure the rotary equalizer is still against 
the frame bracket stop afwr the above adjustments are made. 

Lubrication: The foot-brake pedal and rotary equalizer hear­
ings, clevis connections, and other frfctional parts of the brak­
ing system should be 1 ubricated every 1,000 miles of car service 
to insure their free return t-0 the stops provided. 

Lubrication of the cable and conduit control assemblies is as 
follows: Disconnect cable at rotary equalizer at brake operating 
lever, clean exposed portion of cable, and then pull cables 
through conduits from the brake end to expose that portion of 
cable which is sheathed by conduit. Clean this portion of 
cable, I ubricate freely with Bendix' cablo I ubricant. Return 
cable into conduit and connect to brake operating lever, leaving 
rotary equalizer clevises disconnected until brake ndjustment 
has been made. Conduit ends must always be firmly bottomed 
in abutment brackets. 

Hydraulic Method of Control 
By the term "hydraulic" is meant liquid pressure. 

It is best expressed in Pascal's law: "The pressure 
exerted upon any portion of a fluid inclosed in a 
vessel is transmitted undiminished equally to all 
surfaces." Since air can be compressed and liquid 
cannot, liquid is used for the transmission of pres­
sure.z 

C 

Fig. 8. Showing the fundamental operating principle of the 
Lockheed four-wheel hydraulic brake system by use of a 
mn.ster cylinder to originate pressure and the use of four wheel­
rylinders to deliver the pressure to t-he brake shoes against the 
l,mke drums. 

Principle of operation: The foot-brake pedal (X, Fig. 8) is 
connected to piston (P) in the master cylinder (A). When 
foot-brake pedal (XJ is depressed, it forces piston (P) downward, 
thereby exerting pressure on the fluid in cylinder (A). Conse­
quently, fluid is forced through copper pipes (BJ and non­
cxp;,nsivellexible hose connections (Bl) into the wheel-cylinders 
(C) on each of the four whee.ls. 

Each wheel-cylinder contains two opposed pistons. The 
fluid enters the wheel-cylinders between t.he opposed pistons, 
forcing them outward. The pist-Ons are in contact with the 
brake shoes; consequently the brake shoes are forced outward 
against the brake drums. 

In accordance with Pascal's law, the pressure is equal in each 
of the wheel-cylinders and is equal to the pressure in the master 
cylinder. Increasing the force on the brake pedal (X) builds 
up greater hydraulic pressure within master cylinder (A) and 
therefore also builds up greater pressure within wheel-cylinders 

(C), thus causing a greater force to be exerted between brake 
shoes and drums. 

Since the pressure is equal in each of the wheel cylinders, the 
forces are also equal, providini: all wheel-cylinders are of the 
same size. The normal operatrng pressures a.re npproximately 
250 pounds per square inch. 

When the foot pednl is released, the return springs on each 
of the brake shoes force the wheel-cylinder pistons inward, so 
thnt they return to their original "off" positions, 

The wheel-cylinder pistons thereby force the liquid through 
the copper tubing, returning it to master cylinder (A). The 
fluid entering cylinder (A) forces piston ~P) upward and thereby 
returns pedal (X) to its original or "off' poSJtion. The brakes 
nre then ready for another applicittion. 

The entire system is filled with i> special non-freezing fluid 
(known ns "Lockheed hydraulic brake fluid"), and all air is 
e,-pclled. 

In systems using hydraulic foot brakes, the hand-brake lever 
is mechanically connected to either a brake on the propeUer 
shaft or direcMy to the rear wheel brake shoes. 

Air Pressure Method of Control 
Air-pressure brakes: The air principle of operat­

ing four-wheel brakes is not as yet applied in general 
to pleasure cars. They are used on commercial 
trucks and trailer equipment, motorcoaches, and 
fire apparatus of large size. See also page 1081, 978. 

Vacuum Method of Conti·ol 

Vacuum power brake: 1 In this type, Power is sup­
plied by vacuum from the engine to a vacuum 
cylinder and piston. The piston actuates cables, 
master hydraulic cylinder, or brake rods as shown in 
Fig. SA. 

e e 
Fig. SA. B-K vacuum power brake system applied to brake 

rods. 

Vacuum power supplements the foot-pedal power 
on vehicles equipped with {oot brakes. It increases 
the power applied to the brake system, thereby de­
creasing the pedal pressw-e required. On vehicles 
(such as trailers) that are not equipped with foot 
brake, the vacuum power brake can be installed as 
the sole rnethod of brake control. 

CARE AND ADJUSTMENT OF BRAKES3 

As the safety of a car depends on its brakes, they 
must pe kept in the bes.t possible condition. They 
should bind tightly when pressure is applied to them, 
and be free and clear when the pedal or lever is 
released. A brake band or shoe that binds when 
the pressure is released produces friction, and makes 
the car hard-running. 

A common brake trouble is slipping, generally 
the result of oil or grease working out of the rear axle. 
It is also caused by poor adjustment, or worn linings. 
Therefore the first and most important precaution 
is to stop any leak by putting in a washer. Poor 
adjustment may be cured by readjustment. 

In the case of oil or grease working between the•· 
surface, clean the brake drum and lining by washing,• 
out the oil with gasoline, and then stop the leakiige-, 
of grease out of the rear axle. This is usua.lly done 

by the replacement. of a felt washer or "grease re­
tainer'' washer (see Fig. 32, page 875, and Fig. 52! 
page 883) on the inside of the hub. The excess oi 
is ~enerally due to too much oil in the differential 
casmg, which works out into the brake drums. 

Slipping caused by worn linings may be remedied 
to some extent by taking up the adjustment, but 
if too much worn for this, they must be replaced. 

1 See page 1088 for Bendix Duo-Servo brake operation and 
adjustments, 

, See page 1083 for Hydraulic brake o·peration and adjust­
ments; also, footnote. giving information concerning Sen,~·ino 
and Part. CatalOIJUC. 

• This section deals with two-wheel brakes. The informa'. 
tion in general is also app\icable to four-wheel brakes (except 
Bendix. Lockheed bydrauhc. and St,eeldrauhc). 
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.Repla-eing the worn I ining is not difficult, as the 
brake lining is held to the steel band or shoe by 
brass tubular rivets. 

Because the application of the brake generates 
heat, leather linings would be burned if kept in con­
tact too long. For this reason, the brakes are 
usually lined with an asbestos friction lining. 

If, when applying the brakes, the car has a tend­
ency to skid to one side, this indicates that one 
wheel is free and the other dragging. In such a case 
t.he brakes are not equalized in adjustment. There­
fore the brake resistance should be equalized. 

The operator can save considerably by applying 
his brakes gradually. For instance, if a stop is to be 
made, instead of dashing up to the stop and applying 
the brakes with full force suddenly, simply coast 
to the stop and apply the brakes gradually, or even 
not at all. This, of course, requires practice. 

If a brake squeaks, the lining may be dirty and 
clry, and needs cleaning with a stiff wire brush and 
gasoline. The dirt clogs the pores in the surface of 
the lining and glazes it over, which causes the squeak. 
Brake squeaks are !Llso caused by improper clear­
ance, exposed rivets, or high points between the 
brake drum and the brake band due to a rough, 
scored, or out-of-round drum. Where a one-piece 
application of brake lining is used, noise and squeak 
can often be eliminated by cutting out approximately 
2" of the lining opposite the rear adjusting screw 
or anchor bolt. In some cases noise can be elimi­
nated by grinding or filing the corners of the lining at 
the ends. Oil anchor pins and all brake mechanism. 

Chatter is usually caused by the brake grabbing 
and releasing. Can usually be corrected by adjust­
ment. Look also for improper band or shoe sup­
port., loose parts, loose lining, worn linkage, eccentric 
drum, sticky lining, loose springs, loose wheel bear­
ings, improper angle of bell crank lever which presses 
ends of lining into drum instead of pulling tangen­
tially. Shoe brakes will. occ"asionally chatter if the 
shoes are loose on supporting pins or if the springs 
supporting them are broken. 

Brake drag is usually due to insufficient strength 
of the releasing mechanism, such as the springs; or 
the connections may be adjusted too tight; or there 
may be insufficient clearance at the bands, or rusty 
linkage, or out-of-round drum. 

Lublication of brakes: Asbestos lining requires no 
lubrication because the oils tend to carbonize, owing 
to the high frictional heat, and eventually cause the 
linings to glaze. See that the hin~es cams toggles, 
anchor pins, and lever bearings-Ill fact, all moving 
parts-are kept supplied with oil and free from rust. 

Inspection of Brakes Before Adjusnnent 
Points to consider when starting to make adjust­

ments of the brake mechanisms are: Do the brakes 
merely need adjustment, orclo they need an overhaul­
ing? If a car has been run for a long time, it is 
advisable to make an inspection as follows. 
1. Inspect the bearings in the rear wheel hubs, to 

see if they are in good condition. If the bearings 
are loose or worn, this will make a difference in 
the adjustment of the brakes, especially when 
adjustment is made with the car jacked up and 
when it is made with the car on the ground under 
its weight. The adjustment can be tested by 
grasping the wheel on each side of the car, when 
jacked up, and "feeling" for looseness. 

2. Inspect the rear wheels to see if they are out of 
line. If they are, it is probably the result of 
having skidded against the curb and having 
slightly bent the ax!"' '<haft or having thrown the 

wheel out of line. This will affect the brake 
adjustment. Test by spinning the wheel when 
the car is jacked up. 

3. "Inspect the parts of the brake mechanism to see 
if they are loose; if so, tighten. Anchor bracket.s 
should be firmly riveted as well as any other loose 
parts. . 

4. Inspect the joints and parts to see whether they 
are rusted or caked with dirt and grease; if so, 
clean and lubricate. 

5. Inspect anchor pins and lever pins on the 
brakes for wear; also clevis pins (see Fig. 7, 
page 885). Replace pins if worn. Clean and 
lubricate if rusted or dirty. These parts are 
often overlooked. • 

6. Inspect springs (see S, Fig. 9, page 889) on the 
brakes. They should release properly and be 
kept free from rust and cleaned and lubricated, 
otherwise the brakes may drag and cause heat. 
and wear and noise. When replacing srrings, be 
sure they are of the same size and tens10n, espe­
cially on external brakes which separate the bands. 

7. Inspect the brake linings to see if they are coated 
with oil or grease; if so, clean with gasoline after 
removing the wheels with the drums. Find the 
cause of the grease or oil being on the brakes, and 
remedy it. 

8. Inspect the brake linings to see if they are worn. 
If slightly worn, "clearance adjustment" will 
take care of the difficulty. If badly worn1 a new 
lining will be needed. Also see if the linmg has 
worn down to such an extent that the rivets have 
cut the brake drum; if so, the wheel must be 
removed and the brake drum smoothed down 
with emery cloth, or, in bad cases, the brake 
drum must be turned or ground true.' If the 
band is not entirely worn down, the brake band 
can be adjusted for clearance. 

Testing the Brake Action 2 

After the conditions enumerated above are 
attended to, and parts are cleaned, replace wheels 
and proceed to test the brake action as follows: 
1. Jack up the rear axle, with the brakes in a com­

plete "off" position. Note the clearance of the 
internal bands around the drum, which should 
be uniform and about 1/64". On the external 
band1 this will extend to within only about 3" 
or 4' of the end of the band, where the clearance 
will be greater. 

2. To test the internal brake band for clearance, 
~se a_ thin _piece of metal or thickness gauge, 
rnsertmg this between the drum and the band 
from the inner side of the brake support. 
For a more elaborate and sure test, both for hold­

ing_power and1 what i~ ~qually_ imoortant, the equal 
action (termea "equahzillg action,..,) of the right and 
left brake bands, proceed as follows: 
1. Block the front wheels securelv to prevent the car 

moving forward or back. • 
2. Jack up the rear wheels until they are entirely 

clear from floor. 
3. Pu~ ~ brakes on both sides in complete "off" 

pos1t1on. 
4. Start engine, run it slowly, and transmit power 

to the rear wheels, as when driving in low gear. 
5. Engage the brakes carefully and lightly, and note 

the ~tion o_f the wheels, whi_ch will show clearly 
any mequahty between the right an~ left adjust-

• Special drum trueiog machines are available for this work. 
' The modern method is to test by means of brake-testers 

(see.page 896). 
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ment. Both brakes should stop at the same time 
when the brakes are applied. 

On some ca:rs without equalizers the adjustment 
is made by lengthening or shortening the brake rods, 
by screwing off or on the yoke ends which connect 
to the brake cams or by varying the J?Osition of the 
brake-operating lever and slotted clevlS on the brake 
cnm shaft. Usually there is a hand adjustment 01' 
the contracting brake. 

Sometimes all the overhauling the brakes need 
is a cleaning of the drums and brake lining with 
gasoline. If gre11se or oil works its way to the 
brakes, either too much is being carried in the differ­
ential or the felt washers in the axle need replacing. 
Stopping Distances of Cars at Various Speeds 

Minimum and maximum stopping distances from various 
speeds of a car with 4-whccl br)lkes in good adjustment and 
under the most favorable condition•. that may be regarded as 
rc'1Sonablc distances allowed under motor vehicle regulations: 
15 mph .. 22'·28'; 20 mph., 35'-45'; 25 mph., 50'-G5'; 30 mph., 
fi7'-89'; 40 mph., 109-149'; 45 mph., 134'-185'; 50 mph,, 
162'-224'; 60 mph., 224'-314'; 70 mph., :W6'-419'; 80 mph .• 
:i79'-539'; 90 mph,, 47l'-674'; 100 mph., 573'-823' 1• 

Average Brake Adjustments• 
There are three adjustments to be considered 

when adjusting brakes: (1) brake-rod adjustment; 
(2) bral{e-pedal and lever adjustment; (3) brake­
band clearance adjustment. 

Brake-Rod Adjustment 
The first adjustment of brakes should always be 

made in the brake rods rather than in the brake it­
self. Tighten up on these rods so as to get the 
proper travel in the brake pedal or hand lever. 
The adjustment of the brake pedal and hand lever 
is thus made through the rods, by seeing that the 
foot,.brake pedal and hand-brake lever are in "off" 
position and the rods adjusted so that there is no 
binding. This can be tested by jacking up the 
wheels and observing if there is a drag. Adjust­
ment can be made by a threaded adjustment at the 
front end of the rod, by screwing in one direction to 
lengthen and in the opposite direction to shorten 
the pull. The lever (see 15, Fig. 7) on the external 
brake should be in toward the band, in order to 
allow for full leverage. 

Dragging of the brakes may be caused by too 
short an adjustment of the rods. 

Before adjusting the brake bands, see that the 
pull-back springs are operating properly and 
lengthen the rods. 

If the brakes will not hold, be certain that the 
brake lining bas not become saturated with oil or 
grease; if so, wash with gasoline. 

When the proper brake action cannot be obtained 
by further adjustment of the brake rods, then ad­
just the brakes themselves. 

Brake-pedal adjustment should be made so that 
when the brakes are fully applied the distance from 
floor board is from about l½" to 2''. 

Adjustments of External Brakes 3 

Clearance adjustment of the external brakes is 
very important. If the band touches the brnkes at 
different points of its circumference, the .brake will 
drag at that poiut, which of course consumes extrn 
powe·r and causes wear on the lining. The purpose 
of adjusting this clearance is to relieve the drag, or 
to take up on an excess of clearance due to wear of 
the lining. 

The proper clearance on most brakes is about 
1/64" to 1/16" all round, more or less according to 
t,be kind and make of lining. Follow brake-lining 
manufacturer's instructions. Usually this clearance 
can be taken up as follows: 
1. By adjusting the lever, as at (A) (Fig. 10). 
2. By adjusting the rear clearance of the band, as at 

(D) (Fig. 10). 
3. By adjusting the lower half of the band for clear­

ance, as at (E) and (F) (Fig. 10). 
4. By adjusting the upper half of the band for 

clearance, as at (G) (Fig. 10). 
This is ordinarily sufficient. The drum, revolving 

in a forward direction, has a tendency to draw the 
top half of the band -to the drum, therefore don't give 
it less clearance than the bottom, if anything, slight~ 
ly more. 

A thickness gauge is handy to place between the 
brake lining and the drum when adjusting clearance. 

After adjusting the brakes, notice if the wheels 
turn freely when the foot,.brake pedal and hand­
brake lever are in the "off" position. If the wheels 
do not turn freely, or if they drag, the brakes are 
adjusted too tightly. 

Many repairmen, with the wheels on the ground, 
and after making adjustment, move the car back­
ward and forward to see if the band drags. If this 
is done, be sure that both brakes are adjusted 
equally, as sometimes the weight of the car on the 
wheels will alter the adjustment. (The modern 
method of testing is with brake-testing machi11es.) 

In adjusting the brake bands, be sure to take up 
the same amount on both right and left-hand brakes. 
If care is not exercised in making the adjustment, 
one brake may set before the other, thus destroying 
the bra.king effect and causing one wheel to lock 
and slide over the ground,. wearing off the tread of 
the tire very rapidly. Also be careful not to set 
the bands up so tightly that they drag and will not 
release when the foot is removed from the pedal. 

Brake equalization test: Select a dry smooth road. Drive 
at 20 miles an hour. Throw out cluooh and apply brakes so as 
to lock wheels. After the car has stopped, note where each 
wheel began to grip the surface of the road. 

If the marks of each wheel begin at the same place, your 
brakes are equalized. If one mark is longer than the other, 
your brakes are not equal in action and an adjustment should 
immediately be made (Raybestos "Silver Edge"). 

If the brakes seem to be too tight after the car 
has just been washed, it is due to the fact that the 
brake lining, which is composed of a combination of 
closely woven wire and asbestos, has _ swelled 
slightly from the water. In a very short time th,s 
condition will disappear. 

An example of an external brake band improperly 
adjusted and the points of adjustment are shown in 
Figs. SD and SE. 

The foot brake usually connects with the external 
brakes and requires more adjustment, because it is 
used most. They are also exposed to dirt and water 
and require more frequent deaning. The hand 
brake is mostly used for Jocking the wheels when 
standing a.nd at intervals in conjunction with the 
foot brake on steep hills; therefore it requires less , See footnote, p, 886, relative to adjustments of the Bendix 
attention. and the Lockheed hydraulic brakes. 

Usually, ordinary external brake adJ·ustment for • The transmission brake is very similar to rear-wheel ex-
ternal brakes and are adjusted in somewhat. similar manner. 

clearance is all that is required, and this can be On the shoe type of external transmission brake, the adjustment 
done without removing the wheel. is w,ually made at the top. 

1 Excerpts from NBS (National B'!-reau of St:,ndards) 0)Ucr Ofrci~lar LC517. The stoppit\S'. distane-!'s shown, i'!cludc the reae~ion 
time or distance traveled from the t,mc that emergency 1s seen until brakes are lull_y appucd. Appheablc to prwate automob,lcs, 
buses and trucks. 
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l<'ig. 8D. External brake band improperly adjusted. 

Fig. SE. Points of a.cljustment on external brake band. A 
lever; should be close to band when in off posit.ion and should 
be in same relative position on each brake when adjustment is 
completed; B adjusts lower band; this adjustment should be 
made before making final adjustment of C (about 1/64" 
clearance); C adjusts upper band (about 1/64" clearance); D, 
anchor screw for adjusting clearance between lining and brake 
drum (about 1/64"); E, spring. 

The hand should now have equal clearance all around drum 
ucept for a short space near ends of the bands, which are bent 
slightly away from the drum as shown (Fig. SE). The bands 
should grip drum evenly all around and at the same iru,tant, 
or progressively from the anchorage on the upper band. 

If brakes fail to hold in stopping car in forward motion of 
car, try brake in the reverse and if it is excellent. tbe trouble is 
that the pressure is too high on lower band. Bring upper one 

down by adiustini; nuts B and C and try again. Spring E 
might be compressed fully and this would prevent the brake 
holding in forward direction. (Excerpts and illustrations from 
Johns-Manville Br(J,ke Reli»er's 1\fot<u(J,l.) 

Adjustments of Internal Brakes 

The internal brakes are of the "toggle"-acting 
type or of the "cam"-actuated type, as previously 
explained. 

As an example of adjusting clearance in the 
"toggle"-acting type of internal band brake, see 
Fi~. 11 and 12, page 890. In order to make this 
adiustment, it is necessary to remove the rear 
wheels. Refer to page 890, and note the adjust­
ments as there explained. See also, Fig. 18, p. 892. 

As an example of adjusting clearance in the 
"cam"-acting type of internal brake, see Fig. 14, 
page 891, also Figs. 19 and 9, pages 892,889. 

Ordinarily, the only aqjustment required for the 
internal brake is to adjust the pull rods or clevis, 
otherwise remove wheels and make adjustment on 
the brake itself. 

AN EXAMPLE OF REAR WHEEL (TWO-WHEEL) BRAKE ADJUSTMENT 

The foot brake, also termed the service brake, 
contracts on the brake drum. The hand brake, 
also termed the emergency brake, expands against 
inside of the brake drum. By studying Fig. 9, the 
functions of these brakes will be understood. Both 
brake bands are faced with brake linings. 

The adjustment for clearance of the external 
brake band (B) is made at the nut (C) below the 
spring for clearance of the lower half of the brake 
band, and by nut (D) for the clearance of the upper 
half of the brake band. 

The adjusting screws (E) and (F) are additional 
adjustments for procuring an even spacing or clear­
ance all around the circumference of the drum. This 
clea.rance should be about 1/32", or not over 1/1611

• 

The internal brake is operated by a cam (H) 
which expands a steel band lined with brake lining. 
The usual adjustment is made by shortening the 
brake rod at the turnbuckle. 

The spring (S) serves two purposes: The adjust­
ment nuts are locked by the spring and at the same 
time, it helps release the band when the pressure is 
taken off the brake lever. 

,iu, SRAJ'T IIJAAUfO LOCS 

Fig. 9. The brake as used or:( the Studebaker "Ligbt.-Six" 
car. Note that a lever (L) termed a "brake-bell crank," 
connects with the external contracting band (BJ. This lever 
(L) is connected with the foot-brake pedal through the clevises 
and brake rods. 

ADJUSTMENT OF BRAKES OF TIMKEN REAR AXLE 

The adjustments described in what follows are 
of the brakes as used on the Timken semi-floating 
or fixed hub type of rear axles, and on the full-1'\oating 
rear a.xle as shown on pages 865, 866. 

The external brake (Fig. IO) is the ·type used on 
bot,h, but the intem;d brake is of two types, shown 
in Figs. 11 and 12. The one shown in Fig. 11 is the 
t,ype used on the semi-floating; or fixed-hub axles, 
and the one shown in Fig. 12 is the "toggle"-operatecl 
expanding band type of internal brake used on 
the full-floating axles. 

The internal brake shown in Fig. 14 is the "cam"­
operated expanding band type of internal brake 
formerly used. A later type of Timken brake is 
shown in Fig. 16. 

External Brake Adjustments (Timken) 
To adjust the external brakes, jack up both rear 

wheels, and put the brakes in the complete "off" 
position. Fig. 10. External band brake (Timken). 



890 DYKE'S INSTRUCTION No. 74 

Adjust the stop screw (B) (Fig. 10) so as to 
allow the lever (A) to come down as far as possible 
and still have a clearance of about 1/16" with the 
operating mechanism. 

Now remove the cotter pin (C) and turn the ad­
justing screw (D) until the clearance between the 
brake lining and the drum at this point (rear) is not 
more than 1/32". Be sure that the brake drum 
clears at all points; if necessary turn the adjusting 
screw out slightly. Replace the cotter pin. 

Now adjust the lower half of the band by turning 
nuts (E) and (F) until about 1/32" clearance is 
obtained at this point also. 

After locking these nuts firmly, make a similar 
adjustment of the upper half by turning nut (G). 
Be sure that this nut is properly seated in the 
groove into which it fits, thus locking adjustment. 

When these adjustments are compiete, there 
should be a maximum clearance between the brake 
lining and the drum of about 1/32" at all points, but 
they should not be in contact at any place. Read­
just until this condition is obtained. 

Internal Brake Adjustments: Timken 
Toggle Type 

In order to adjust the internal brake, it is neces­
sary to remove the rear wheel, carrying with it "the 
brake drum. Jack up both rear wheels, put the 
brakes in complete "off" position; remove wheels. 

To adjust the fixed-hub type of axle brake (see 
Fig. 11): First remove the cotter pin (A) and 
tighten up adjusting screw (B) until a maximum 
clearance of l,'32" is obtained between the brake 
lining and the drum at this point. This clearance 
should be the least possible amount-only enough 
so drum will not rub at any point when revolved. 

Having obtained the proper clearance, replMe the 
cotter pin (A). Next remove the head pin (D) and 
disengage screw (E), freeing both ends of brake band. 

Adjust the four set screws (F) to give the least 
possible clearance between the brake lining and 
the drum-1/32" should be the maximum. 

Fig. 11 

When this adjustment has been made, be certain 
that each set screw is firmly locked with lock nut. 

Now adjust the screw (E) to give not over 1/32" 
clearance between the lining and the drum at the 
two ends of the band and replace the pin (D). 

After making all these adjustments, there should 
be a maximum clearance all around the dnim of 
1/32"-if not, readjust until this result is obtained. 

To adjust the internal brake on the full-floating 
type of axle, see Fig. 12. 

Adjustment is made in a similar manner. Some 
of these axles are provided with a triangular plate 
in the brake drum which can be removed for adjust­
ing the brake. In this case it is not nec!',ssary to 
take off the wheel. • 

Adjust the screw (B) to give the proper clearance 
at this point; obtain the correct clearance over the 
rest of the brake band by adjustment of screws (D) 
after loosening the clamp bolt (C). 

After making these adjustments, be sure that 
the cotter pin (A) has been replaced and that t,lrn 
clamp bolt (C) has been tightened up firmly. 

Now loosen the clamp bolts (E) and adjust screws 
(F) until the forward edge of head-pin (G) is in line 
with the rear edges of pins (HH). Tighten up bolts 
(E) and replace the wheel. 

In replacing the wheel on the full-floating type of 
axle, be sure that you get a correct 
bearing adjustment described on 
page 864 under "Wheel bearings." 

Fig. 1:3 

Dummy Drum for Adjusting·the 
Internal Brnkc 

In garages or service stations 
when internal brake adjustments 
are frequently made, a dummy drum 
(Fig. 13) can. be used to advantage. 
The same result can be obtained by 
a "cut-and-try" method, removing 
and replacing the wheel several 
times, but the use of a dummy will 
prove a great time saver. 

Fig. 12 

Fig. l t. Interoal toggle type of brake (Timken), as used on the fixed bub or semi-floating axle, as discussed on page 865. 
Fig. J2. Internal toggle type of brake (Timknnl. as userl on the full-floating type of s.JC!e, as discussed on page 865. 
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Internal Brake Adjustments: Timken 
Cam Type 

Adjustment of the Timken-cam type of internal 
brake; A cam type of internal brake has been used 
on several axles formerly produced (see Fig. 14). 

Fig. H. Timken cam actuated internal brake. 

To adjust this brake for slight wear of the brake­
band lining, this can ordinarily be taken up satis­
factorily without getting into the brake proper. 

Fig. 
15 

This is done by loosening nut 
(Q) (Fig. 15) and moving lever 
(J) forward one notch in mtchet 
(K), and then tightening nut ( Q). 
Perhaps two notches forward 
may be required. 

Formore band-liningwearthan 
can be taken up by this method, 
put jacks under the rear axles, be­
ing careful to have them press up 
against the housing proper (or, 
on some Timken axles, against 

P the pads made for thi~ purpose), 
but never against the truss rods. 

Raise both rear wheels off the ground. 
Next, put all the brakes on both sides of the axle 

in a complete "off" position. 
Now, if the adjustment is merely to take up for 

wear of the brake lining in service, it is necessary 

only to (1) remove the wheel which also removes the 
brake drum; (2) remove the cotter pin (B), give 
screw (A) two turns to the right (i.e., m a clockwise 
direction), and replace pin (B); (3) loosen screws 
(C,C) give cam plates (D,D) one half-turn outward 
(i.e., to the left or counter-clockwise), and tighten 
screws (C,C). 

Put the wheel back on and try the brake in the 
"off" position for a bare yet sure clearance, so that 
it will not drag. Try it in the "on" position for 
holding power. 

If greater clearance is required, remove the wheel 
and partially reverse the adjustments detailed just 
above. 

If still more holding power is desired and there is 
some clearance yet to spare in the "off" position, 
remove the wheel and repeat the adjustments to a 
partial extent. 

Timken Types "5510" and "5710" of Brake 
Both the external and internal brakes on the 1922 

series axles are the same as those made on the cor­
responding axles of the former series, except on the 
new series "5510" and "5710" for heavy cars. 

On these axles the internal brake is of a new type, 
as shown in Fig. 16, and requires no adjustment 
beyond that which can be obtamed in the brake-pull 
rods. The adjustment of the external brake is simi­
lar to that explained on page 889,890. 

Fig.16. Timken types "55l0"and "5710" of brake. 

ADJUSTMENT OF BRAKES OF COLUMBIA REAR AXLE. 
External Brake Adjustment on Models "10000," 

"30000," "50000" and "51000" Columbia 
Rear-Axle B.-akes 

To adjust the external brakes on these models, 
jack up both rear wheels, and put the brakes in the 
complete "off" position with lever (A) back against 
stop (B). 

Lever adjustment; Lever (A) must set back 
against stop (B)-lengthen pull rods if necessary 
to get this condition. 

Rear clearance adjustment: Remove cotter pin 
(C) and lock (E), and turn adjusting screw (D) until 
the clearance between the brake linin?i and the drum 
at this point does not exceed 1/32 '. Make sure 
that the drum clears at all points. 

Lower half of band clearance adjustment: 
Replace lock (E) and cotter pin (C); next, adjust 
the lower half of the band by turning nuts (F) and 
(G) until the lining clears the drum evenly all around, 
not to exceed 1/32"; then Jock nuts (F) and (G). 

Adjust the upper half of the band by turning nut 

(H) until the lining clears the drum evenly all 
around, not to exceed 1/32". 

Fig. 17. External brake as used on the Colu111bi;1 r~ar "xl es. 
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Be sure that nut (H) is properly seated in the 
groove into which it fits, as this locks the adjustment. 

.When these adjustments are made, there should 
be a maximum clearance of 1/32" between the brake 
lining and the drum at all points. The lining must 
not touch the drum at any place. Readjust until this 
condition is obtained, and test with a thickness gauge. 

Internal Ilrake Adjustments on Models 
"50000," and "51000" Columbia Rear­

Axle Brakes 

To adiust the internal brakes on these models 
which are of the "toggle-acting type," and are pro­
vided with adjustment at four points proceed as 
follows: 

As a time saver, and to get the best results in 
adjusting this type of brake, a dummy drum should 
be used. The openings in the drum permit a view 
of the parts to be adjusted, insuring a much closer 
and more accw·ate adjustment than could be 
obtained without its. use. 

Fig. 18. Internal "toggle joint actuated" type of brake•• 
used on the Columbia rear axles. 

First, remove the rear wheels; then adjust the 
pull rods until the brake-shaft lever on the axle to 
which these rods connect is set back at same angle 
as external brake-tube levers when contracting lever 
(A) is back against stop (B) (see Fig. 17 and instruc­
tions for external brake adjustment above). 

Next, remove cotter pin (A) and lock (B) (Fig. 
18). Put on the dummy drum, bringing the open­
ing in the drum directly over adjusting screw (C); 
turn adjusting screw (C) until the clearance between 
the brake lining and the drum at this point does not 
exceed 1/32", or the least possible amount obtain­
able, so that the drum will not rub at any point when 
revolved. Having obtained the proper clearance, 
replace lock (B) and cotter pin (A). 

Next, bring the openings in the drum directly over 
the internal brake supports (D). These supports 
have a small projection that fits into slots m the 
brake band. Be sure these are in place. Loosen 
the nuts on bolts (E) just enough to allow supports 
(D) to move freely. Adjust suppor1;.s (D) so that 
the clearance between the brake lining and the 
drum does not exceed 1/32", or the least possible 
amount that can be obtained, so that the drum \vill 
not rub the band at any point when the drum is 
revolved. In adjusting supports (D), use a bar 

as a lever for prying, working through the opening 
in the drum; with the bar resting on the drum-catch 
support, with the end of the bar at (F), move sup­
ports (D) up or down. This action moves the brake 
band until the proper clearance is obtained. Then 
hold the supports in place until the nuts on the 
outside of bolts (E) are drawn up tight, and remove 
the drum to see that it tw·ns freely and that the clear­
ance between the brake lining and the drum is the 
same all around. Clearance must not exceed 1)32". 

To get the proper clearance at the points, remove 
pin (G) and adjust screw (H) until a maximum 
clearance of 1/32" is obtained; then replace pin (G). 

After adjusting point (H), always check supports 
(D), making sure that this adjustment has not 
moved the band away from supports (D). If these 
supports do not set ·up ti&ht to the band, readjust 
supports (D). After making all these adjustments 
there should be a maximum clearance all the way 
around the drum of 1/32"; if not, adjust until this 
result is obtained. 

Important: Never adjust the pull rods without 
afterwards adjusting supports (D), as the adjusting 
of the pull rods pulls the band away from supports 
(D) causing rattles and also wear of the supports. 
To eliminate rattles, adjust supports (D) up tight 
to the band in release position. 

In adjusting the brakes a thickness gauge should 
be used to measure the proper clearance between 
the brake lining and the drum. Dummy drums can 
be secured for models "10000," "30000," "50000," 
and "51000" from The Columbia Axle Co., Cleve­
land, Ohio. Asbestos brake lining 2½" in width is 
used. 

Internal Brake Adjustment on Mode]s "10000" 
and "30000" Columbia Rear-Axle Ilrakes 

The int~mal brakes on these models are the "cam­
operated type," and only one adjustment for "clear­
ance" is provided. See Fig. 19. 

Fig. 19. Internal ·•earn-actuated" type brake, as used on 
Columbia rear axles. 

To adjust, remove cotter pin (A) and lock (B), 
and turn the adjusting screw (C) until the clearance 
between the brake lining and the drum at this point 
does not exceed 1/32". 

Adjustment for wear, which is the only adjust­
ment usually required, is made by shortening the 
pull rods from the cam lever forward to the chassis. 



REPAIRING BRAKES 893 

OVERHAULING BRAKES 
There are three 1i.tings which must be particularly 

noticed in taking care of brakes and putting them 
in condition: 
1. There must be no grease on the shoes. 
2. The fabric must be in the best of condition. 
3. The brake linkage must apply the brakes when 

the pedal is depressed. 
The grease which penetrates to the brake lining 

usually works its way from the differential, and can 
be stopped by renewing the washer in the wheel hub. 

To remove grease, first remove the wheel, then 
inspect the brake lining and see if it comes under 
the condition mentioned in No. 1 or No. 2 in the list 
above. 

If a coating of grease is over the surface of the 
fabric, there will be two methods of procedure. 
The first method for removing grl;!ase is by the appli­
cation of gasoline. This removes the grease from 
the outer surface very well, but not from below the 
surface of the fabric. A blow-pipe torch can be 
used in this instance, which can be gently applied as 
shown in Fig. 20, this page, care being taken not to 
char the fabric. 1 

Fig. 20. Removing grease 
from under fabric brake lining 
on n. two-p1ece internal expand. 
ing brake shoe. 

After the heat has been direct• 
c<l nsainst the surface of the 
brake for a short lengt11 of time, 
it will be noted that the grease 
will literally fry out of the fab­
ric, leav-ing it ·upon the surface 
in the form of a black carbo­
nnceous deposit. In this state it 
is readily removed by a. cloth 

steeped in gasoline. The s\lrfacc of the brake will now be in 
good condition if the lining h·as not been worn out. 

Where oil or grease causes a glaze on the lining, 
wrap coarse emery /'aper around a half-round file 
and roughen the sur ace. 

If the brake lining is badly worn down, so far that 
the fabric liriin~ is too t-hin to be of service, or if the 
lining is excessively oi! soaked, a new brake lining 
must be applied. 

If the brake lining has worn down to the rivet 
heads, it should be renewed, unless the rivets can 
be sunk lower by a round-nosed punch, the other 
end of the rivet being placed over a small hole in a 
piece of metal on an anvil or vise. Then the rivets 
can be set up tighter. 

Relining Ex'ternal Contracting Brake Bands 
To reline the external brake: First, jack up the 

rear wheels. Disconnect the levers, etc., from the 
brake bands and remove the wheels and bands, being 
careful to keep all parts separate, so that they can 
be replaced with ease. 

Second, wash all parts in gasoline or kerosene to 
remove the grease and dirt. 

Third, remove the old brake lining,2 by placing, the 
band in a vise and cut the rivets with a chisel (Fig. 
21); then open up the bench vise about ½", setting 
the bands so that the old rivets come over the open­
ing one at a time. Drive them out with a nail set 
(Fig. 22). As the heads will most likely be worn 
off it is easier to drive them from the lining side 
th;ough to the band side. The old lining can then 
be easily removed from the band. 

Fourth, measuring brake lining:3 It is best to 
secure the lining; from the automobile dealer or 
manufart111·('r n•iHi.,· to apply, I,ut if this is not 

possible, then proceed as follows: Place it inside 
the band (Fig. 23), holding it firmly against the 
band and c1,1t. the lining from ¼" to ¾" longer than 
the band, depending upon the diameter of the band. 

Fig. 21 Fig. 22 Fig. 23 

Fig. 21. .Method of cutting rivets on worn band. 

Fig. 22. Punch the c\lt rivet~ out. 
Fig. 23. Method of determining length of lining for an 

external contracting band type of brake. 

Fifth, rivet one end flush with band (Fig. 24-1), 
after having countersunk holes in the lining for the 
rivets. The position of rivet holes are located from 
holes in the brake band. 

Sixth, place lining firmly in band all around, then 
draw out center portion of lining from band (which 
will make a loop as shown in Fig. 24), allowing the 
unriveted end of lining to slide along band toward 
the loop until it is just possible to force the lining 
back against the band with the loose end held from 
sliding. 

Seventh, having founci this position ei..1)erimental­
ly, locate other end rivet holes from holes in band. 
Insert rivets and head over on outside of band. 

Figs. 24, 25. Lining external contracting brake band; one· 
piece application. This same method applies to attachment of 
external ba.nd lining where more than one strip of lining is used. 

• The practice of cleaning grease-soaked brake lining with 
gasoline or burning it out is not approved by brake-lining xna.nu­
facturers because they state it is rarely a permanent remedy 
and should be resorted to only in case of emergency. One 
manufacturer states: "Grease increases the effectiveness of 
braking action when drum is cold, and greatly reduces braking 
power with warm drum. If presence of grease is discov·ered, 
almost immediatel_y it may be washed off with gasoline, but 
ot-herwi$e it is advisable to reline. inasmuch as burning out the 
grease with a torch is rarely a permanent remedy and usually 
harms the lining." .. i\..11other manufacturer states: 11 Once a 
lining_ of the woven or folded type becomes covered with grease 
it is diffic\llt to obtain equalization of the brakes; however, if 
the leakage is noticed in time it can be washed from the lining 
with gasoline, after which a.strong water solution of washing soda. 
or lye should be used to remove the remaining oil from t.he 
gasoline. Some apply a heating torch and burn the grease out, 
but this gcnerallf carbonizes the oil and eventually causes a 
glaze. l\1loulded inings are more readily clcnncd of grease." 

'Brake-relining machines are now used extensively for thia 
work. 

, Most accessory dealers or jobbers possess data books of 
brake-lining measurements (also clutch facings) from early to 
late model cnrs. Brake-lining data books are supplied by al­
most nil brake-lining manufacturers nnd will be forwarded 
upon request to the Brake Li.ning l\fanufacturers' Association, 
Inc., New York City, N.Y. When writing, be sure to state 
the name or brand of brakclining in which you are interested. 
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Eighth, force lining straight against band with 
hammer (Fig. 25). Ninth, place band over a block 
of wood or vise and use holes in band as a template. 
Drill holes for the rivets. It is important that the 
holes be in the correct position. Tenth, countersink.1 

holes so that the riVf't heads will be below surface of 
lining. Use a. countersinking tool (Fig. 26). 

·JI • 7 

Fig. 26. A brake lining counter-sink. 

Eleventh, place remainder of rivets throu&h lining 
so head of rivet will rest in countersunk hole m lining 
and head over rivets on outside of band. 

Twelfth, ta.per ends of lining by grinding on emery 
wheel, or file; round up with brake drum and re­
assemble. (NOTE: Fabric lining need not be tapered 
but all moulded lining should be.) 

The foregoing procedure illustrates a one-piece 
brake-band-lining application. The same met.hod 
applies to attachment of external brake-band lining 
where more than one strip of lining is used. 

Fi~. 26A. External brake band showing a one-piece applica­
tion of brake lining. 

Fig. 26B. External brake band sh'owing a two-piece applica­
tion of brake lining. 

Relining Internal Expanding Brake Bands 
or Shoes 

This method of procedure is applicable to internal 
brakes where one continuous strip of lining is used, 
termed, one-piece application. 

Follow "First, Second, and Third" ,1;1rocedures 
under "Relining External Brake Bands. Fourth, 
place lining around band holding it firmly in place. 
Fifth, mark lining and cut it from ¼" to ¾" shorter 
than band (depending on the diameter of brake). 
Sixth, rivet ends of lining in place (endsflush 2). To 
do this it is necessary to pull lining off the band at 
bottom, sideways (Fig. 27). Seventh, now force 

Fig. 27X. Replacing lining 
around band after riveting 
ends, insuring tight fit. 

Fig. 27. Showing how lining is riveted (flush) at ends when 
raised from band at bottom; one•piece application. 

lining over band (Fig. 27X),· thus insu1ing a tight 
fit. Eighth, now put in remainder of the rivets. 
Ninth, round band up with dl'Um and reassemble. 

A procedure applicable to internal brake shoes 
where one-piece lining is used is as follows: 

Procedure: Use brake lining longer than necessary 
for complete job. Rivet one end flush with one 
end of brake shoe. Insert free end of lining in vise. 
Rest other end of brake shoe against vise and press 
down, thus stretching brake lining tight over shoe 
band. Drill boles, countersink, and rivet a.round th<:' 
shoe, and cut off surplus brake lining. 

Fig. 27 A. Internal brake shoe. Two-piece application of 
brake lining. 

Fig. 27B. Internal brake band showing a two-piece applica­
tion of brake lining.• 

Another method, applicable to internal brake 
shoes or bands where two-piece or one-piece lining 
is used, is to locate, drill, and countersink the rivet 
holes in the center of the lining first and rivet the 
lining to the shoe at this point. Afrer this, the 
lining is pulled tightly around shoe, and the remain­
ing holes located and the rivets inserted, working 
from the center of the lining toward the end in each 
case. 

Where moulded lining is attached to an internal 
brake shoe, it should be clamped or held firmly to tho 
shoe and the cent.er holes prepared first, spotting the 
holes from the holes in the shoe. Place rivets at center; 
then the remainder of holes and rivets can t-ben be 
placed. Be careful to have the material fit closely 
to shoe. This can be done by working toward each 
end from the center rivets. 

If the brake is of the metal-to-metal type, it is a 
matter of adjustment, no lining being used. This 
t.ype is not used very much on pleasure cars but is 
found on some motorcoaches and some trucks of 
large size. 

Burning-in is a method employed by some me­
chanics to seat a brake-band lining quickly, and 
consists of dragging brakes until they are very bot. 
This practice should be condemned. If the brake 
is properly adjusted or applied, the lining will 
quickly wear in with very few applications. 

Riveting Brake-Band Lining 1 

Do not clinch the rivets against the brake drum. 
Drill and countersink the rivet head into the lining. 

To place the rivets, see Fig. 27C. This shows a 
way of using a bolt held in a vise with the head of 
bolt resting on arm of vise to give a solid foundation. 

Insert a rivet through the lining and band, as 
shown, the bead of the rivet resting on the bolt. 

1 Brake-drillini;, countersinking, and riveting machines arc 
now used extensively for this work. • On internal brakes, edges 
oi lining should not project; over ends of band or shoe. • Illus­
trations from Johns-Manville Brake Re-Liner's Manual. 
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Fig, 27C. One method of 
riveting. Note that the 
illustration shows tbc internal 
brake curved up and the ex­
ternal brake curved down. 
The rivet head goes next to the 
fabric, and the riveting is 
always done on the band side. 

Draw rivet snug with a rivet set, or a short piece of 
small gas pipe. Two or three blows with a hammer 
will be enough to draw the rivet head and the lining 
tight and in place. Too much pounding will tend to 
draw the rivet deeper in the lining and perhaps 
weaken it to the point of breaking through. 

To rivet: Holding the band in the same position, 
the projecting end of the rivet is peened down with 
the ball peen of ha=er till a good head is formed 
::mrl the rivet draws tight. 

Brake Lining' 

Most of the brakes 110w in use are fitted externally 
and internally with steel bands or shoes faced with 
an asbestos friction brake lining. 

There are four general kinds of brake lining, i.e., 
woven (from asbestos and brass wire yarn), folded 
and compressed, moulded, and heavy duty. 

The advantages, features, and the use of each 
different kind of brake lining according t.o the claims 
made by the manufacturer, will not be generally 
discussed here. It is suggested that the repairman 
obtain literature from the brake-lining manufac­
tu1·ers which will explain the construction as well as 
the service their different kinds of brake linings are 
suitable for. 

It might be well to point out that heavy-duty 
brake lining, which is generally woven but may be of 
any of the foregoing types, is suitable for high 
temperatures and heavy service. Should heavy­
duty linings cut the brake drums, a standard lining 
must be used or the drums replaced with more suit­
able types. Drums for severe service are supplied 
by several manufacturers for many popular trucks 
:md busses. 

A later development is the moulded brake lining. 
It is suitable for internal brakes and severe service 
imd its advantage is that the friction is very uniform, 
giving a smooth, quiet operation to the brake. It is 
usually made in segments to fit the particular brake 
for which it is designed, and must be correct in its 
width, thickness, and radius. It cannot be applied 
t.o all cars, as the brake may be unsuited to its use. 

The sizes are usually measured in f,hickness and 
width, and are sold so much per foot. 

The thicknesses run 1/8", 5/32", 3/16", 1/4", 
5/16", and 3/8". The widths run from 1", 11/8", 
I 1/4", 11/2", 1 3/4", on up to 6" wide. 

The Ford model T used l 1/8"X5/32". The late model T 
used 1 3/4"X3/16" on brake only and l 3/16"X3/16" on other 
two bands. The model A. 1 I/2"X3/16". 

iTTf 
Fig. 27C. Fabric brake lining. Fig. 28 Fig. 29 Fig.SO' 

llrakc Lining Rivets 
Rivets most in use are flat head made of solid 

aluminum (Fig. 28), without burrs, or are made of 
tubular brass (Fig. 29), the tubular brass rivet­
having the preference. • 

The Ford Model T used split or clinch rivets 
(Fig. 30). 

Rivets-How Used 
When solid or tubular rivets are used, the head 

of the rivet is placed next to the brake-lining fabric 
and is countersunk into it, and the rivet is bradded 
on the steel lining of the brake, as shown in Fig. 31. 
Countersinking t.he rivet head beneath the brake­
lining surface reduces the tendency to cut or score 
the drum. 

\v~,v¥}%Q 
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Fig. 31. Showing how the flalrbead solid or tubular rivet 
is used with the bead countersunk into the lining. 

When split rivets are used, the head of the rivet 
is placed next to the steel band and the projecting 
ends of the rivets are turned into the brake lining 
or fabric as in Fig. 31A. 

Many mechanics do not punch holes in the lining, 
but drive the split rivets through the lining. Place 
the lining and the band over a wooden block clamped 
in a vise, and drive the rivets through a hole in band 
a.nd through the lining into the wood. Then put 
the rivet head on the bolt clamped in a vise, and 
turn over the projecting ends of the rivet into the 
lining, as shown in Fig. 31A. 

PROJECTtNG 

-,., :NG» . ~v:_:$. 
I j£ IT·:® \ 

MtAO BAAO 
Fig. 31A. Showing how the split rivet is used with the bead 

next to the steel band. 

The Raybestos Co., in its publication, Silver 
Edge, advises not to use split rivets, the proper 
method being that of drilling, countersinking, and 
riveting, with the flat head of the rivet about 1/32" 
below the surface of the lining (Fig. 31), using a 
flat-head tubular or solid rivet tbat will not split 
the lining and will hold until the lining is worn to 
half its original thickness. 

There is only one efficient way to reline a brake and 
that is to remove the band so that you may be sure 
of what you are doing. The questionable practice 
of attempting to reline the brakes with split rivets 
without removing them from the drum is a rather 
poor gamble, because about every third rivet does not 
split. Both pron!.?s turn the same way, enlarge the 
hole through the !ming, and have no binding effect. 

The general condemnation of split rivets arises 
from the fact that 1 as usually applied to a band that 
has been removea from the drum, the prongs are 
turned lengthwise of the lining, so that they parallel 
the warp threads. When the prongs are jammed 
into the lining they cut the c_ross-threads, or filling, 
which hold the warp threads together. 

Experience has proved that split rivets, except for 
Ford Model T cars, can never be substituted for 
tubular or solid rivets properly applied. 

The Johns-Manville Brake Re-Liner's ManW1l 
gives the following information concerning rivets: 
"The most satisfactory rivet for attaching friction 
lining is a flat head, brass, tubular rivet. 

1 See Indei under 0 Brake-lining sizes." as used on various 
cars. See also footnote 3, page 893. 
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"Tubular rivets are divided into two types, i.e., 
full tubular or semitubular. "Full tubular" means 
t-hat the entire shank is drilled to the head. Generally 
speaking, full-tubular rivets are used for clutch fac­
ings. Semi tubular rivets are better for brake-relining 
work as they are considerably stronger than the full­
tubular rivets. With semitubular rivets, however, it 
is necessary that the rivets be reasonably correct 
as to length. 

"To arrive at the correct length of rivet, take the 
combined thickness of the brake lining and brake 
band or shoe .and to this add the diameter of the 
rivet body. (Only the net thickness of the lining 
after counterboring is considered.) This is the 
minimum length to be used and it is also possible 
to use the next longer length. 

"All rivets up to 7 /16" long the 3/8" heads arc 
satisfactory; and on rivets 8/16" or longer, we 
recommend that the 7 /16" or 1/2"' heads be speci­
fied. 

"Depths of countersinking. On lining up to and 
including 3/16" in thickness! the lining shouid be 
countersunk 1/2 of the tota thickness; on lining 
thicker than 3/16" and moulded lining, the lining can 
be countersunk two-thirds of the lining thickness, 
leaving one-third for the holding. 

"Not all aluminum rivets are satisfactory, as some 
are quite hard and will tend to cut the brake drums 
if permitted to come in contact with them. 

"Where end lining rivet-s are used to bold band 
clips or fittings, use solid rivets at these points 
instead of tubular." 

BRAKE SERVICE SHOP EQUIPMENT AND INFORMATION 

The essential equipment for a modem brake­
service shop would consist of the items following. 
The more equipment a shop bas, the better t-he 
service to the customer. 

Brake-tester 
Brake-drum trueing machine 
Brake relining machine 
Special tools 
Stock of rivet-s and brake lining 
Brake-testers: The old method of testing the 

adjustment and equalization of brakes was by sliding 
tbe wheels on the pavement. The modern and 
scientific met.hod is by means of brake-testers with 
which brakes can readily be checked for defects, then 
adjusted and equalized, and again rechecked while 
the car is on the testing machine. Other more 
simple types of brake-testers test each individual 
brake. 

There are several brake-testers on the market, all 
of which have some means of indicating the resist­
ance to rotation of the wheels when the brake is 
applied, all of which are more dependable and speedy 
than the old method. A ~oad test, however, is 
usually made as a final check. 

Brake-drum refacing and trueing machines: 
Brake drums which are scored1 concave and out-of­
round cause grabbing, squeakmg, and undue wear 
of the brake lining. Machines are made in the form 
of lathes for tw-ning the drums true without remov­
ing the drums from the wheels. In addition to turn­
ing, some of the machines have attachments for 
honing to a polish after turning, and others grind. 

Quoting from Thermoid Reference Boole on 
Brakes: "It is not advisable to true up drnms if an 
excessive amount of material must be taken off. 
Drums are generally made t-0 a minimum of thick­
ness and any excessive lightening of the wall of the 
drum will be followed by trouble with the drum 
going out of round again after very short service. 

"After trueing up brake drums it is necessary to 
use over-size lining on t-he brake bands or shoes to 
take up the space formerly occupied by the removed 
metal. In practice it is found that lining 1/32" 
heavier than original equipment lining may be used. 
Using the fullest size linmg possible on a job will 
give the car owner maximum service from the brake, 
and allow the maximum number of readjustments 
before relining." 

Some types of brake testers ·will· detect out-of­
round drums. A dial tester reading in thousandths 
and equipped with a magnet to hold it in any con-

venient position can be used. Ring gauges and 
feelers or thickness gauges can also be used. A 
device known as the Wadell true-vision brake and 
drum gauge is especially designed for this work; 
made by 'Wadell Engineering Co., Newark, N.J. 

Brake relining machines: Machines which will 
locate and punch out the old rivets from the lining 
and band, ch-ill and countersink the new lining, and 
head over or clinch the new rivets are available, 
either as individual machines operated by foot power 
for these different operations or in the form of a 
combination motor-driven machine. 

Special tools for handling the minor brake service 
work consist of rear and front axle jacks, or a 
combination roller jack, wlieel-pullers with adapters, 
dummy brake drums, ring gau~es, brake and drnm 
gauge, brake-shoe bench anvils, vise (about 4" 
swivel base), brake-lining cutter, brake-lining 
stretcher, bolt-cutter, wire cleaning brushes, hand 
drill, pliers, putty knives, paint (black), paint brush1 sledge hammer (10 or 12 lbs.), files, and a gooa 
assortment of wrenches, including socket wrenches, 
Stillson wrenches, large monkey wrench, and open 
end wrenches. An air line is handy for blowing out 
and cleaning. Special tools are also required for 
servicing Bendix brakes and the Lockheed hydraulic 
brake (see footnote, page 886, relative to these). 

Stock of brake lining: The various sizes of brake 
lining in popular demand to be carried in stock as 
suggested by Multibestos Company are as follows: 
1 1/2" X 5/32"; 1 1/2" X3/16"; 1 3/4" X3/16"; 
211 X3/16"; 2 1/4" X3/16"; 2 1/2" X3/16". These 
sizes are for passenger cars mostly, although the 2", 
2 1/4" and.2 1/2" sizes can be used on some of the 
smaller ·trucks. 

Popular sizes for motoroonches, trucks and taiticabs as sug­
gested by theMultibestos Comnany are 2 l/4"X 1/4", 2 1/2" 
X 1/4", 3"X 1/4", 3 1/2,,Xl(4.r; 4"X 1/4". It is not always ad­
visable to carcy Hning for this service as most of these are con• 
trolled by fleet owners who operate their own repair shops. If, 
however, a service station can secure this type of busine!Ss, then 
a sufficient assortment of sizes should be carried to take care 
of the particular needs. 

The kind of brake lining to carry in stock deprnjs upon the 
kind of cars in the community which will need brake servicing 
and also conditions of service to which they aresubiectetl. The 
bra.ke lining manufacturer's recommendation should be followed. 

Rivet cabinet provides a single receptacle sub­
divided for each rivet J;:1umber, and is a necessity. 
Such a cabinet with a complete assortment of 
val'ious sizes of rivets can be obtained from the 
brake lining manufacturers. 

Genel'al Information 

Repairmen who contemplate entering the brake­
servicing business, or those already in business who 
wish information concerning complete equipment 
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nnd modern serv1cu1g mE>thods for brake-service 
stations, should get in touch with concerns who 
supply brake-lining and brake testing equipment 
(see SupplementanJ Index for latter). Some of the 
brake-lining manufacturers supply instructive brake­
service bulletins or manuals to those who use their 
product. 

For brake-lining and clutch-facing sizes for vari­
ous makes and models of cars such as data books, 
see footnote 3, page 893. 

For service information on Bendix brakes and 
Lockheed hydraulic brakes, see pages 1083-1090. 

Literature which will give brake-lining (also clutch-facing) 
information can be obtained by writing to the following brake­
lining companies: American Brakcblok Corp., Detroit, l\1ich.; 
Asbestos Mfg. Co., Huntington, lnd.; Firestone Tire and '.Rub­
ber Co., Brake Lining Divieion, Akron, Ohio; Gatke Corp., 
Chicago, Ill.; Johns-Mansville, New York, N.Y.; Kea.sbey & 
Mattison Co., Ambler, Pa.; Marshall Asbestos Corp., Sub­
sidiary of Bendix Aviation Corp., Troy, N.Y. (no clutch facing); 
Thermoid, Trenton, N.J. (send 50 cents in stamps for large 
Thorm<>i4 Recomm;,ndatwn Chart); United St.-.tes Asbestos 
Division of Raybestos-Manhattan, Inc., Manheim, Pa.; Wag­
ner Elecb-ic Corp., Automotive Parts Division, St. Louis, .Mo.; 
World Bestos Corp., Patterson, N.J. 

In giving the few names of manufacturers above, it is not the 
writer's intention to imply that these are the only manufac­
turers, or tbat they are selected in preference to others, as there 
are many other concerns who a.re making high-grade products; 
see automobile trade mn.gazines or inquire of your jobber. 

Wheel Alignment 
Wheel alignment is necessary and is a profitable 

line of work, especially when added to the brake 
service shop. 

Correct wheel alighment not only insures safe and 
easy steering but prevents undue tire wear. 

Misalignment of any one factor, or any factors 
collectively, namely, camber (wheel slant), kingpin 
inclination (inward tilt of kingpin), caster (back­
ward tilt of kingpin), turning radius (proper relation 
of wheels on a curve), tee-in (wheel gather), tracking 
(relation between front and rear wheels and frame), 
causes the wheels to roll improperly, so that either 
difficult steering, erratic steering, excessive tire 
wear, or a combination of these results will be pro­
duced. 

None of these problems are new; yet they have 
assumed a new importance and a different method 
for correction with the advent of the present-day 
balloon tires, four-wheel brakes, high speeds, and 
knee-action units. The car manufacturers design 
their front-axle assembly to meet the conditions and 
deliver new cars in perfect alignment; but accidents, 
bumping curbs too hard, improperly mated tires, 
etc., may cause misalignment. 

The importance of these factors and methods of 
correcting .1nisalignment is explained under the sub­
jects of Wheel Alignment Principles and Correcting 
Misalignment of Wheels (see Supplementary Index). 

PRINCIPLES OF THE EARLY ELECTRIC AND VACUUM BRAKES 
Although tbe construction of electric and vacuum brnkes 

has undergone considerable impr<,>vement, the following infor­
mation describes the early principles. 

The electric brake is B!!ldom used at present. The vacuum 
brake is used to a considerable extent on large passenger cars, 
motorconches, trucks, and traile.rs. See also .pages 1081 and 
886. 

The Electric Brake 
Construction: The Hartford braking motor (Fig. 32) is 

shown with reduction gearing. The armature shaft carries a 
worm gear which drives at a reduction of 100 to 1. 

This worm gear in turn operates a drum through an internal 
gear nt a reduction of 4 to 1, giving a total reduction of 400 to 1. 

A ,tee! brake pulling cable, which i, wound on the drum, 
trnnsrnits the pul of the motor to the brake mechanism. 

CO..lROL\J:1111 w1s1"'0 ~-----¾ .,.,..,.,. 

Fig. 32. The Hartford electric brake, consisting of n brak­
ing motor operated from a storage battery and controlled by 
a. lever controller on the steering column. 

The controller is moved by degrees, which appliee the brake 
gradually; or suddenly, if moved to the extreme limit. 

The point of decreased speed before coming to a full stop is 
illustrated by the fact that a car. moving at the rate of 50 miles 
an hour, or 73 1/3 feet a second, can within 35 feet, or in one 
half-,econd's time, be slowed down to 15 miles an hour or 22 
feet a second, and can be brought to n dead stop within the 
next 10 feet. The current required is 40 amperes for two-fifths 
of a second, at a pressure of 6 volts. 

The Vacuum Brake 
This brake is known as the Prest-O-Vaeuum brake, and is 

shown connected with the rear brakes in Fig. 33. 

Principle: By utilizing the suction in the intake manifold to 
exhaust the air from a cylinder (B) carrying a piston, the 
piston is forced to move, and in its motion applies the bra.kcs 
through the usual braking system. Tbe extent to which the 
brakes are applied depends, of course, upon the suction of the 
cylinder, and this is controlled by the driver through a throttle 
valve operated either by a pedal or a hand lever. 

The general layout of the system when installed on a car ie 
shown in Fig. 33. It will be noted that the forward end of the 

Fig. 33. The vacuum brake. 

suction tube is au.ached to the i11t.ake manifold at its junction 
(I) with tho carburetor pipe, this being the point of most con­
stant suction. From here it leads to the throttle valve (CJ, 
located convenient to the driver's foot. 

The construction and principle involved is similar to the air 0 

brake cylinder used on railway trains, having a pressed-steel 
shell, a cast-steel head, and carrying a pressed-steel piston 
with leather packing.. This piston has a diamet.er of 7", an 
area of 38 ½ sq. in., and a stroke of 4", the entire braking cylin­
der asscmbfy weighing about 10 lbs. 

The suction in the manifold (I) varies from 8 to 12 lbs. per 
sq. in. Wben the throttle valve (C) is opened wide, at least 
10 lbs. per sq. in. suction is applied to the piston in the braking 
cylinderc Hence the area of the piston beint; 38 ½ sq. in., a 
suction, or, to be more exact, a pressure, of 10 times 38 ½ or 
385 lbs., is applied to the piston. 

The piston, therefore, is moved under a direct pull of 885 lbs., 
and this in turn is compounded through the toggle-joint con­
nectioru, to give a pull of 4,000 lbs. on the brnke rods. This is 
an extreme example of what the system can do as a pull of 
4,000 lbs. is seldom required, unless on large trucl<s. l t is evi­
dent that the pull applied to the brakes may be 11raded from 
0 to 4,000 lbs. at the option of the driver, the pufl depending 
only upon the openinp: of the throttle valve. 




