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PHEFACE TO TIIE l\E\ETEE~TH EDITION 

This book has been compiled with three general classes of readers in mind, i.e., the 
student, the repairman, and the car owner. 

To make the book as practical as possible, the underlying principles involved in each 
subject are first discussed. When once the student ha.s mastered the fundamental principles 
of the main parts of an automobile he will understand all makes of cars. Although the con­
struction may vary, the principle of operation remains practically the same. 

If the book is used by the repairman as it should be used, he will have it always available 
for immediate reference, at the bench as well as at home. If he will use the book intelligently, 
he will find practical suggestion and advice covering many questions that he will encounter 
in the shop, in ~he garage, or on the road. 

The average car owner is in much the same situation as the student, in his need of the 
necessary knowledge to enable him to meet emergencies with intelligence, and to maintain 
his car without relying on advice from others. 

The scientific principles embodied in the highly developed cars of today are merely 
improvements on the early designs, now discarded. Hence many of the old designs are il­
lustrated and discussed, in order that the modern type may be thoroughly understood. 
Moreover, the thousands of illustrations have been assembled with a view to showing 
graphically every point discussed. Many of these are not drawn to scale; the exaggerations 
that they show are intentional, in order to bring out clearly the point discussed and the 
principle involved. 

The truck and tractor are each related to the automobile, and hence they are given full 
space in the general scheme of the book. 

The plan of the book is to present this information in the form of Instructions, in place 
of the conventional chapters. If the student will proceed systematically through the book, 
digesting each Instruction before passing to the next, and if, in addition, he can have a car 
available for practical demonstration and experiment, he should emerge at the end with a 
mind stoted with all the necessary facts and principles. 

The Table of Contents and the Index, used intelligently, will quickly lead the reader 
to any subject on which information is sought. The book embodies si."teen principal sec­
tions. If the reader will now turn to pages v and vi, the sixteen sections with the eighty-six 
instructions will be noted. Also, tw'n to page 1153 and notice the arrangement of the Index. 

The thirteenth edition was completely re-written; the fourteenth, fifteenth, sixteenth, 
seventeenth, and eight0enth editions were partly revised; and in this nineteenth edition, 
further revisions and additions have been made. 

The author is under obligations to many of the engineers and the several trade journals 
of the automotive industry. While credit is given in the following pages wl)erever it is due, 
it is a pleasure to the writer to express his gratitude in a comprehensive manner. The writer 
is also indebted to Mr. "'\\'arren A. Taussig (assistant editor) for valuable services rendered. 

8T. Lou,s, Mo., 1940 
KL. Dnrn 
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THE WORKING PRINCIPLES OF THE GASOLINE AUTOMOBILE: The principle of the gasoline engine, illustrntiag 
tho/our~stroki11 cucle. n.rc shown in the four upper illustrations The essential -~11st.em., which cause the engine t,o opernte are rncludcd. 
ouniely, thP /~1.el-Jettl and curburelion system ancl the elcctriwl system. Transmission of power from engine to road wheels is shown 
in the lower illustration. The pa.rts shov .. ·n in red constitute the drive sysJ.e,n. 

Although appearance and construction may vary in different makes of cars, the principle of operation is fundamentally the same. 
The purpose of this book is to explain the principle of all parts, to point out the differences in canstruction and desiqn, nnd to 
instruct in testino, adjusting and repairi110 each unit of the automobile. 

See ''Note/' page -Hi2-l-l ptrtuming to fuel pumps. 
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.-\ "fruck 

The principle of the truck is siwilur Lo the principle 
oi a. passenger car type of automobile. 

The engine is usually a four-cylinder type of 
<'nginc, for reasons exphtined under the Truck 
Instruction. (Sec Index.) The truck engine is n 
slower-speed engine· than the automobile engine. 
The average maximum speed of a truck engine is 
900 to 1,000 r.p.m .. The engine speed is controlled 
by a hand throttle and foot accelerator, as in tho 
case of the automobile engine, but a governor is 
employed, for reasons stated under the Truck 
Instruction, which is to prevent undue "racin.g" of the 
engine when changing gears or releasing the clutch. 

By governing the engine speed, the car speed is 
also limited. !?or instance, the governor can be set 
to govern the engine speed nt 950 r.p.m., which gives 
a maximum car speed of 14 m.p.h., which is the nve1·­
age speed or a hcnvy-duty truck. 

The speed of a passenger type of automobile 
rnries from l½ m.p.h. to 50 or 60 m.p.h., and a 
governor is not employed. The engine speed of n 
passenger typo of automobile rnrics from 150 r.p.m. 
to as high its 2,500 to 3,000 r.p.m. The truck, how­
ever, being de.~igncd for comrnerci,11 use, must neces­
sarily be more efficient; hence tho employment of 
a governor. 

All complicated devices are eliminated on a truck, 
for the sake of efficiency. For instance, tho electric 
starting motor is seldom used. lnstea.d, tho engine 
is cranked by hand in connection with an "impulse 
starter." {Sec Index.) Inste.'ld of a coil, battery, 

generator, cul-out, timer, aud dist.ributor being 
used for ignition, a high-tension magneto is usually 
employed. The gravity fuel-feed system is used 
instead of a vacuum or pressure feed. The tubular 
type of radiator for cooling is used instead of the 
cellular type. The cellular ty_pe1 as generally used 
on automobiles, is rr.ore artistic m appearance, but 
the tubular typo has larger openings, is le~s liable 
to clog, and is easier to repait. 

The drive method usually depends on a propeller 
shaft connected with {D) to a worm gear (W) to a 
worm-driven gear (WG) on the differential. The 
worm gear gives n greater reduction and is silent 
and possesses enormous strength. Tho double-reduc­
tion mtcrnal gear drive is also used. The four-wheel 
,!rive is another type. (Sec Index.) 

The rear axle is usually o. full-floating "live" axle. 
Axle shafts (A) arc split and the inner ends are con­
nected lo differential genrs and the outer ends to 
the hub fl:tnge (F). 

The transmission is usually a three-speed forward 
.rnd reverse, and is similar to an automobile trans­
mission, but of heavier construction. G<?ar ratios: 
Ou the truck shown above: on first speed, rear 
wheels mokc 1 revolution to·every 24 of tho crank 

• shaft of the engine; on second speed, l to 13.6; on 
high speed, 1 to 8. 

vii 

The clutch used on the truck shown above is a 
dry-plate multiple-disk type. Tho disk type of 
clutch is extensively used, aiso tho cone clutch. 

The tires on the truck illustrated a.re solid 34" x 
-!" sinjl:lc, in front; 36" x 7" in rear. The "dual" 
solid tire, also the "p11eumntie cord" truck tire is also 
1':s.-tensively used. 

The steering gear used on the tmck shown above 
i~ of the conventional type. 

From the foregoing specifications of a truck and 
,Lfter a study of this book, it will be noted that a 
1ruck differs only in a few details from the princ:iplc 
of the passenger-car type of automohile. 



.\ Traclot• 

The purpose of a tractor is cxplaincJ in lhc Trn<'lot· 
instruction. Note that in addition to doing tractor 
work, such as pulling plows or other drawbar work, 
it will do belt work, such as operating a thresher, 
etc., and will also do power take-off work, such a~ 
dri,·ing power hinders and corn pickers. 

The illustration above is that of a four-cylinder 
engine tractor. :MosL all tractor engines arc four­
cylinder, for rea~ons explained under the Tractor 
Instruction. 

The construction of a tractor differs considerably 
from that of an automobile or truck, but the same 
underlying principles of the engine uncl drive system 
arc employed. 

The engine used nn a tractor is u. slow-spt.'l!ll 
engine, and has usually a long stroke. This par• 
ticular tractor engine has a bore of 4 5/8" and a OH 
stroke. A governor is employed for the pm·potic 
explained w1der the subject of "Governors." The 
speed of the engine is governed to 1,100 r.p.111. 

The ignition is usually a high-tension magneto, 
"ith an "impulse starter." (Sec Index for explana­
tion of an impulse starter.) :Most tractor engines 
use magneto ignition for masons stated in t,hn 
Tractor Instrnction. 

The tractor engine operates for long periods of 
time at full power. Therefore it mu.st be buill 
heavier and more substantial than the automohilc 
engine, as, for instance, in the bearings, etc. 

The fuel is usuully either gasoline or kern~1)a1•. 
When using kerosene or low-grade fuels, the tractor 
must be started and warmed up on gasoline. Then 
turn on to the low-grade fuel. A combination 111:rni­
fold with adjush,ble heat-controlled damper cnablc>s 
the tractor to operate effici!'ntly on :rny one of thu • 
different grades of fuel. 

Drive system: Tho engine on the t~actor shown 
nbovc is a four-cylinder, vertical type, with valvcs­
in-the-head. The power from the crankshaft is 
transmitted to the spw·-gear transmission by means 
of a clutch. The power drive is from crankshaft to 
bevel pinion P, to bevel gear B1 to spur-gear C, to 
spur-~ear D, to drive pinfon, to differential spur-gear. 
to dnve chains, to rear axle shafts and to drive 
wheelB. From the transmission, power is trans­
mitted to both rear wheels by means of two steel 
roller chains driven by sprockets on differcntial 
shaft. Rear wheels ai-e 48" in diameter anrl have a 
12H face. 

The speed of the average tractor is 2½ miles per 
hour on low gear, 3 to 3½ miles on intermediate 
gear, and 4 to 4½ miles per hour on high gear. (See 
also Index under "Tractors.") 

The transmission on the tractor shown above has ,hree 
speeds forward and one reverse. The road speeds at normal 
engine speed of 1,100 r.p.m. and with tho standard gour• nre. 
low ge:ir 2½ m.p.h.; intermediate 3¼ m.p.h.: high gear •l 
m.p.h.: rever,e 2¾ m p.b. A higher road speed on higb-gea; 
for induetrial tractors or other speciol uses is obtained by the 
use of special gears. 

The belt power is obtained from a 13" pulley 
111ounted on tho first reduction shaft which runs at 
:.1. speed of 780 r.p.m. Belt speed is 2,600 r.p.m. 

The tractor illustrated (the Case model "L') has a wheel 
base of 79• and ita overall dimensioll8 are: length 128½•; 
"idth 67•; beight (to top of hood), r,1•. This tractor pulls 
three H" \'lows in tough sod, or four plows under u,ua condi­
tions. It 1s also adapted for other drnwbar work, requiring a 
similn1· amount of power, nnd it will operate a 28 x 46• thresher 
(belt work) fully equipped 

l twill be observed thtit the tractor, while it differs 
widely in construction, from that of the truck or 
passenger car automobile, is, in many respects, 
8imilnr in principle, the main difference being 10 the 
cli-ivr s.v~tern :.ind l'uel use<l hy tho engine. 

The .i\loLo,·couch and Taxicab 

The purpose of a motorcoach is to transport public 
passengers. Motorcoaches are m:,cle with sinp;lc 
deck or double deck. 

The engine is similar t.o the types used in pusscnl,'CI' 
l':ll'S and trucks. The drive systems used are similar 
to those employed by trucks, namely, l\·orm, doubll! 
reduction, spiral-bevel, or internal gear. 

The principle of construction is similar to that 
of a modern truck and passenger car type of au­
tomobile. See specifications, page 
998. 

The purpose of a taxicab is to provide tho public 
with a motor vehicle for hire by the trip or hour. 
The engine and drive system nro similar to those 
used iu passenger cars. 

The principle of construction is similar to that of a 
. modern passenger car type of 

automobile. 
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he engine, clutch and transm

ission aT
e usually housed in one 

unit, called a "unit-pow
er-pbnt. 

·• 

D
etachable 

C
ylinder 

H
ead 

I 

I 

C
ylinder 

B
lock 

R
adiator 

R
ear Spring 

D
ifferential 

Sliding G
ear T

ransm
ission 

T
hree 

B
earing 

Inclined 
C

rankshaft 
Front 

Spring 
Front 

A
xle-

A
 F

our-C
ylinde1· 

A
utom

obile 
C

hassis: 
Side Scctioual 

V
iew

; 
C

yliudcl's 
F

our-In-L
il.le 

T
he illustration 

above show
s a side sectional view

 of an nutom
obile pow

ered 
w

ith a four-cylinder in-line engine. 

T
he 

drive system
 

on the car show
n above is a propeller shaft w

ith a helical 
(spiral) bevel gear drive-pinion 

w
hich m

eshes w
ith 

a helical bevel gear on the 
differential of the rem

· axle. 
O

ther 
types of drive gears are straight 

tooth 
bevel 

gears and the hypo.id gear design. 
O

ther types of propeller shaft drive system
s 

are the front-w
heel drive and the w

orm
 and w

orm
-gear drive. 

T
he engine is started 

by an electric m
otor, w

hich derives its electric cunent 
supply from

 a storage battery. 
T

he storage battery is kept char~ed by a generator 
(dynam

o) driven from
 the engine. 

T
he gasoline feed is from

 the gasoline tank in the rear of the ca.r t.-0 a vacuum
 tank, 

thence to carburetor. 
M

any cars use a gasoline pum
p instead of a vacuum

 tank. 
T

he speed of the engine is controlled by a foot accelerator 
and hand throttle. 

O
,ving to the great variations of speed, the gov<

'rnor is not em
ployed on passenger­

car autom
obiles. 

T
he speed of autom

obile engines varies from
 150 to 3,600 r.p.m

., 
and is som

etim
es as high as 4,200 r.p.m

., or m
ore. 

T
he ignition, in m

ost instances, and in car show
u, is of the coil, battery, 

and 
tim

er-distributor 
type. 

C
ooling system

 
on car show

n is a 
"therm

o-syphon" 
circulation 

i-.ystem
, ex­

plained 
in the 

discussion 
on the 

subject 
of 

"C
ooling." 

T
he 

cellular type 
of 

radiat.or is used. 
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l!ear axle brake tubc­
le£t 

2-ltear 
axle 

brake 
tube 

tea 

:~ 
B

rake flexible hose 
•l-llear 

brake 
flexible 

hose fram
e bracket 

,, -B
rake 

tube, 
fram

e 
tre 

to-rear flexible hose 

Ii-B
rake 

pedal 

7 -O
rake 

m
aster 

cylinder 
und reservoir 

~
 -nrake 

tube, 
m

aster 
rylinder 

to fram
e tee 

!J-H
rake 

tube fram
e 

tee 

10-B
rake 

tube, 
fram

e 
t<

-c 
to front flexible hose-­
left 

l 1-In-ont 
brake 

flexihlc 
hose fram

e bracket 

J 2-D
rnke 

flexible hose 

J:s-R
ear 

axle brake tube-­
right, 

H
-B

rakc 
tube, 

fratue 
tee 

to front flexible hose­
right 

l;';-H
rake 

tube 
to 

flexible 
hose union 

rn-nrake 
flexible hose 

A
 Six-C

ylinder 
A

ulom
obilc 

C
hassis: 

C
ylinder,; 

Six-In-L
inc 

and 
H

ydraulic 
F

om
·-W

hcd 
U

m
kc1< 

T
he illustration above 8ho"·s tho C

hrysler "70" (1.930) chassis w
ith a unit,-pow

<
'r­

plant. 
T

he engine has six rylindcr~ in-line. 
Four-w

heel 
brake 

system
: 

T
he 

internal 
cxpum

ling brakes in all foL
tr w

heel~ 
are operated 

by hydraulic 
action by 

m
ovem

ent 
of the foot-brake 

pedal. 
T

he 
external contracting 

brake on the drum
 m

o1m
tcd at t,he rear of the t.m

usm
ission is 

operated by the band-brake 
lever. 

O
peration: 

C
onnected 

to the foot-brake pedal (6) is a piston w
hich opcm

l.t•s in 
a m

aster cylinder 
(7), bnH

ed to ti1e left-hand side of the flyw
heel housing. 

L
ead­

ing from
 this m

aster cylinder to cylinders at each of the four brake support.~ are 
m

etal 
tubes 

and 
heavy 

non-expanding 
hose. 

In 
each w

heel cylinder 
arc 

tw
o 

pistoM
, N

1rh or w
hi<

'h pr<
>

R
~!'s 

ngninst f·lw
 upper c>

1l<
ls 
of the hrnh 

shoc-s. 
T

he 

w
hole system

 
(t.hat is, a.L

I cylinucrs and lines) is full or Jigui<
l1 uH

 air having beeu 
expelled in the process of filling. 

T
hem

 
is no pre~sm

c m
 tnc system

 w
hen the 

brakes arc not in operation and thn hrnkc shoe f:lf'ings arc held clear of the drum
s 

by the brake return 
springs. 

1\'l1en the foot-brake pedal is <
le12rcssecl, 

the pislon in m
aster cylinder m

oves for­
w

ard, expelling into the lines sufficient !iquid to force out the pistons in each of the 
brake w

heel cylinders tm
til the brake shoe facings com

e in contact w
ith the drum

s. 
W

hen the foot-brake 
pedal i.s rt•k:tscd, t-hc pistons 

iu (,he w
heel cylinders a.t·c 

l'eturned to their stops by t.bc brake shoo rctum
 

:-1prinl()l, 
forc·ing the liquid, used 

in displacing the pistons, 1;hrough L
hc lines back into the m

aH
ter cylinder. 

For specifications of the C
hr?slf'r and otlw

r c:nis S<
'<

' p:ip:ris l()!';f,-1062. 
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V
iew

 
show

ing 
front 

w
heel 

brake 
operating 

cam
 

shaft 
(45) 

on 
front­

w
heel brake 

w
ith 

universal 
joint 

('16) 
at 

outer 
end 

and 
ball 

joint 
(-17) on 

inner 
end. 

N
ote 

supvort 
to 

fram
e. 

N
ote that 

the shaft 
(48) is free to slido 

in (45) and to turn in socket 
(47) w

hich 
takes care of m

ovem
ents 

of front w
heels 

w
hen 

steering, 
,vhen 

pressure 
is 

applied 
to 

cables 
connected 

w
ith 

(49) 
the cam

 [,50) c~l)unds the internal 
brake 

shoe,. 

~;.. 
-

__ ..,...,,,,· 
. _. 

__ 
_,..,_1.j 

A
n 

E
ight-C

ylinder 
A

utom
obile 

C
hassis: 

C
ylinders 

:E
ight-In-L

ine; 
Fo1u·-W

hccl 
}lcdianicaH

y 
O

perated 
B

1·akes 

T
he illustration 

above show
s the Parkard 

m
odel "136" chassis 

Four-w
heel 

brake 
system

: 
T

he inh•rnal cxpandiurr shoe type 
"'ith 

a unjt pow
er-plant. 

T
he engine has eight c:ylinders in-line. 

brakes in all four w
.het'ls arc m

echanically operated. 
W

hen foot­

C
ooling of engine is term

ed 
"forced circulation," 

by m
eans of 

a w
ater pum

p. 
T

he cellular typo of radiator 
is used. 

T
herm

ostatically 
controlled 

shutters 
arc 

built 
into 

the 
radiator 

"ssem
blr, 

w
h

ich
 

au
to

rn
 .. "l.ticn

.lly co
n

tro
l 

th
e 

w
ater 

tem
nera~ure o

n
 

th
e Jn

tt•r 
''ei,:!h

th
' 

series cars. 

T
he driving torque is transm

itted 
to th() spiral bevel driving 

gears in the rear axle tln·ough a propeller shaft w
ith a W

Jiversal 
joint at each end .. 

T
he final drive i~ through the differentinl and 

axle shafts to w
hich the rear w

heels arc keyed. 
O

n 
the 

latcer "eighth' 
series 

cars 
the 

Jiypoid 
gem

· design 
is 

used 
lor 

the 
dr!v:ng pinion nnd differential genr w

hich produce, silence of running $uperior 
10 the spiral, bevel gear. 

D
riving 

forces a11d
 the 

L
o

rq
u

e o
r the ren

r ::1xle nre 
tra11S

m
itted

 through the rear axle sp
rin

g
s. 

. 

C
hassis lubrication: 

B
y pulling h:m

dle of a lubricator 
htm

cl 
pum

p one st.roke oil is distributed 
to 43 points. 

on·rhe 
iuter "eighth" series 

C
R

rs 
the $y~tem

 w
orks autom

atic-ally through 
en

cin
,i 

nlr1m
m

. 

brake pedal (F) is dl'prrs.~ed, bot,h front 
(E

l) 
and rear equalizer 

shafh~ (E
2) ai-e rol":.t(Pd, 

equalizing t.he pull 
011 all four brakes. 

O
ne encl of the front brnkc <

:ahle (H
) is attached 

to the left front 
w

heel brnkc canu;haft lever (-H
l), and the other end (B

l) 
to the 

right front-w
hPPl brnkc <

'tllnslrnft lrver. 
W

hen foot-bm
ke 

pedal 
is depressed, ow

ing to pl:111<
-tary 

gear,; in base of foot pedal at (P), 
a 26° m

ovcm
rnt 

of t,he pedal tl':lJ1~111i1·,5 
a 90° m

ovem
ent 

to the 
crank (C

) com
u'<

•liJ1g 11·i1 
h (C

l). 
T

he hand-brake 
lever (L

) can 
operate the tw

o hrakcs on thr rear w
heels independently 

of the 
foot-brake pedal 

R
(l 

:t$ 
to J>

rovidc n, pa.rking brake. 

T
h

e rear b
rak<'.s reP

ci v<-ab
o

u
t, 00 p

er <'en
t o

f th
e b

rakin
g

 
cffo

r;, an
d

 the fro
n

t 
•JO

 per 
cen

t. 
T

his 
preveob, lor.kinJ! of fro

H
t-

w
heel.i n·hlch w

ould 
otherw

ise 
rtlfect the steering 

of the cnr. 

N
ote: 

Siuec ttbO
Y

C
. illnslnlli\111 

w
a~ uiadr, P

arkard has disconlinuecl the use 
o

f p
lan

etary 
g

ears in
 b

ase o
( fo

o
t J)c:d

al :u
1d

 h
n

s m
n

d
e m

n
n

y 
o

th
er 

ch
!m

J!:P
S

 an1 
i m

provem
cnts throughout the rha~i$. 

F
'lr specifications 

o
r 

P
:1c-knrc1 and ot.Ji<'r c:us ~ec pa~es 

L
O

S
i'i--1062. 
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A
 Sixlcc11-C

ylindc1· 
.\ulom

obilc 
C

hassis: 
C

ylin<lc1·s 
Sixteen 

V
-T

ypc 
T

he illu;;tration above show
;; the top view

 of the C
adilfac "V

-16" chassis,' series 
F

uel system
: 

E
xcept for 

the fuel t:u1k ut the rear of the car, 
there are tw

o 
452, w

ith a V
-tipe 

of engine. 
E

ngine, clutch and transm
ission arc housed in one 

separate gasoline system
s. 

E
ach 

of these system
s has its ow

n fuel line, vacuum
 

unit, called a 'unit.-pow
er-plant" 

lnstalfation. 
T

he pow
er-plaJ1t m

ounting 
is of 

tank, 
strainers 

and 
carbui-etor. 

T
he 

vacuum
 

fuel feed is takeit 
care of by n 

th'-l five-point type. 
vacuum

 piston type pum
p operated by an eccentric on the cam

shaft at the rear 
D

rive: 
Pow

er is transm
itted 

from
 the engine cranks.lrnft through 

a tw
o-plate 

of the engine. 
T

here 
is no connection from

 the 
inlet m

anifolds to the vacuum
 

dutch 
and 

three-speed 
transm

ission 
thence 

to 
the 

three-quarter 
floating rear 

tank_s. 
. 

m
de by a s~eel.propeller s~aftenclo~ed in a torque tube .. 

(?nl_y one universal joint 
C

ooling: Forced 
circulation 

accom
i)lishetl by u. single ,n,tcr 

J>
L

L
m

p with 
a 

is·uscd w
hich 1s autom

atically 
lubricated 

from
 the trnnsm

1SS1on case. 
double-outlet. or dual delivery driven from

. the generator by an extension shaft 
T

ransm
ission: 

K
now

n 
as 

the Syncro-M
esh 

transm
ission. 

Its 
pm

·posc is to 
w

_ith flcxi~le couplings. 
W

ater reaches the left cylinder block through 
a copper 

~ecure noiseless shifting of the control m
echanism

 by autom
atically synchronizing 

PIP':l castm
 

the rem
· of the crankcase. 

It retm
ns, from

 bot_h bl~ck~, to the <
'ellular 

(or equalizing) the speeds of the tw
o m

em
bers w

hich are to be coupled together, 
radw

,tor._ A
 condenser tank 

reduces the 
am

ount 
of coolm

g hqu1d lo~t through 
before this shift is m

ade; brought 
about 

by a pair 
of sim

ple cone-type friction 
cvapora.t1on. 

clutch.es, w
hich arc actu~ted 

by the 
control lever through 

~ cam
 m

echanism
. 

C
hassis lubrication: 

A
 chassis lubricant 

is used for t,hc high vressm
-<

i Alew
iw

 
(A

pf?hes to ~cone! and high, but not to low
 :m

d reverse, w
hich are of the co

11• 
system

 for chassis points 
such as spl"ing bolts, shock absorbers, steering connec­

ventional type.) 
tions, front and rear brnl,e shafts, spring shackles, clutch pedal. 

E
ngine oil for 

B
rakes: 

Four-w
heel m

echanically operated type w
ith the addition of a vacuum

 
generator oil cups, tim

er cam
, distributor, 

st,w
ter pedal shaft, door hinges, starter 

assister or booster. 
T

he assister is connected to the tw
o intake m

anifolds w
hich 

m
otor. 

C
up grease 

on w
ater 

pum
p and in w

heel bearings. 
G

ear lubricant 
itt 

C
ttrnish the necessary vacuum

. 
lt is connected at the rear end to the center cross 

steering gear box, transm
ission and rear axle. 

m
em

ber ofthef1:am
e, a!"d atthe 

front end, to a lever on the pe?al shaft. 
T

he force 
:For specifications of C

adillac :1ud otll('r <
·:1rs sec' pagci<

 H
)5.5-l0ti2. 

thus developed 1s applied to a lever on the pedal sbaft aod 1s added to the forrc 
_____ 

-
applied by t~e driv,er to the pedal. 

T
he bral~e assister docs 1. 1ot _interfere w

ith 
1 'l'he C

adillac 
V

-12, series ""370." chassis is very sim
ilar 

in general 
,ippcarnncc 

to the V
-IU

 cbM
sis, 

the prdal art1on. 
1 he foQ

t hrnkes m
ay be applied w

hen the m
1gm

u 1s not l'\llllllllg. 
but, has 

n tw
eh·e-,,,,linder 

en~ine nnd 
shorter 

w
hedhnsc-1~0•-1H

• instead ,.r 14~" as nn tho V
-10. 



::::. 

T
ho dead tubular front axle i,; cut ,L

w
ay to show

 the <
lillercntial, w

1iversal 
joints and brakes. 

T
he differential is of the conventional construction and 

the reduction is obtained w
ith hypoid bevel gears. 

N
am

es of parts: 
1, outer 

universal joint; 
2, inner universal 

joint; 
3, ring gear; 4, drive pinion; 5, 

brake drw
n; 

6, differential bearings. 
E

ngine, clutch, transm
ission 

differential and driveshafts all together form
 

,1. unit pow
er and drive plant; sl1ow

n in illustration 
to the left. 

T
he quarter 

elliptic front 
springs are attached 

to the 
tubular 

front·axle 
w

ith 
rubber 

shaddes. 
T

he 
drum

-shaped 
housings enclose the 

brakes and 
the differ­

ential is at the center. 
N

ote the construction of the fram
e, the tubular dead 

axle nnd the drive to the w
h<

.>
t'I 
spin<

ll<
'~-

F
ront 

D
l'ivc A

utom
obile 

C
hassis 

(C
ord M

odel 
"L

-29") 

!-Front 
axle 

2-A
ut.om

atic 
?adiator 

shutters 
3-0iffcrential 
,J-Four-blade 

fan 
5-T

ransm
ission 

6-ilattery 
i-Single 

plate clutch 
8-G

ear-shift 
lever 

1] 
' 

P
hantom

 
viev;r sho~ring location 

of princip:Jl units. 
F

or specifications 
of 

C
ord and other 

cars see pages 105a--1062. 

D
 



T'a.'P.ES OF ENGINES 

The following pages exemplify types of automobile gasoline engines in general uee. The moil.em en1,,-ine 
employs either four, six, eight, twelve 01· s.ixtccn cylinders. AH engines <liscusserl operate Oll the four-
stroke !'ycle principle. ; 

The cylinders may be arrange<l "in-line," or two block,; iu "V" formation. 

The valves may be arranged vertically, or nt an angle, and all on one side of cylin<ler, which would designate 
t-he cylinders ns the L-head type. They may be arranged vertically, or at an angle and on opposite sides 
of cylinder, ·which would designate tbe cyli11ders as the T-head type. They may afao be arrangiid vertically, 
or at an angle and in cylinder-head (overhead), which would designate the cylinders as the I-bead type. 
Another a.rr:lJlgement of the valves is to place thNn horizont.ally. 

Willys eight "8-80" engine with eight in-line, L-head type of cylinders and 
valves on the side of cylinders, operated by one camshalt on the side. End sec­
tional view. 

Cylinder arrangement: vel'ticul, eight-in-line,_ L-hcad,. ca$t in_ one block, watqr cooled; detachable h~ad. 
Valve arrangement: poppet type valves on one side of cyhnderw,th valves set ,)tan angle. Valve operation: 
by one camshaft on the side of engine. Camshaft drive: from cn,nksha.ft by mea,ns of sprocket and silent 
timing ch,1in. Names of pa_rts follow. 

!-Manifold heat control lever 
2-Manifold heat control ,·nlvc 
3-Exhaust manifold 
-!-Intake manifold 
5--Oil pump driven gear 
6-0il paSE":.tge to main nn<l ca111:;h:lft, benrinns. 
7-Oil pump shaft o,;sembl)· 
:!-Oil pump p:nion 
!.1-Ventilato1· 

10-~'lain oil dist.t·ibuting µu.s:::ug,•. 

11-0il pump suction passage 
I-Oil pan tray 
i 3-Oil pump suction pipe 

H-Oil suction bell 
15-Oil suction pipe 
16-Oil strainer 
17-0il drain plug 
18-Oil measuring rod 
19-0U filler pipe 
20-Oil relief valve spring 
:!I-Oil relief valve spring retaiut:r l1)ck 1111t, 

22-Timing hole cover 
23-Oil reHef valve spring 1·e.t:1.im·r 
~4-Oil relief valve-plunger 
25-Passage to oil relief ,•alv-, 
26-lgnition distributor 

·For specifications of the \\"illy& and 01..her engine;~ see 1,agcs ·1055-1062. 

xiv 
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27 

.28 

-26 

24 

23 

-22 

21 

-20 

W
illys 

eight "S-S0" engine. 
Side sectional 

view
 show

ing 
how

 the 
0110 cam

shaft 
on the 

side operates 
\'alves 

on the 
s'de. 

N
am

es 
of parts 

follow
. 

I-Flyw
heel 

2-C
rankshaft 

m
ain benring-renr 

:J,-Q
il 

passag_~ to connecting 
rod be~1riap: . .;; 

4-M
ain 

oil distributing 
passage 

5-O
il 

pan 
tray 

6-C
rankshaft 

m
ain 

bearing-:rear 
interm

Pdi-
ate 

7-C
ranksbnlt 

m
ain benring-cenlrr 

S-O
il 

suction 
bell 

9-O
il 

pum
p suction 

piJ)c 
10-Q

i 
pw

np 
"8Sem

bly 

l 1-C
ra.nkshaft 

m
ain hcnring-frc)nf 

internH
?di-

ate 
12-C

am
sliaft 

U
=

~~;t:i~ft•' 
15-C

rankshnrt 
m

ain 
bc.:irln~C

rout. 
16-C

ranksbaft 
sprocket 

17-T
im

ing 
chain 

IS-C
hain 

cover oi I seal 
19-C

rankshaft 
dam

per 
assem

bly 
20-C

am
shaft 

thrust 
plunger 

21-C
n 

m
shaft 

hushing-Iron 
L

 

22-0il 
Jm

.snge to pis L
on pin 

23-l•'un 
n.nd ~eneratm

· 
dri"e. hPlt 

24-qnm
shaft 

.sprockf•t 
25-r'an 
26-G

eoerator 
27-C

onnecting 
rod 

28-Fnn 
bearing 

oilc1· 
20-W

ater 
pum

p 
paekiug-

gland 
30--W

ater 
pum

p 
lw

r.rin~
 

grear,e cup 
31-W

ater 
pum

p 
32-Piston 
J~-Piston 

pin 

34-Piston 
pin lock :-:rrcw

 
35-W

ater 
outlet 

36-T
herm

ostat 
37-V

ahres 
38-V

nhrc 
spring 

39-V
alve 

tapJJct ud;w
stiug 

1-i<
'rew

 
40-

Int!\ ke m
anifolct 

-11-E
xhnust 

m
anifold 

12-C
ylinder 

head 
43-V

entilntor 
4-1-C

am
sho.ft 

bushing-rear 
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_, 
Chrysler "70" (1930) engine with six in-line, L-head type of cylinders tmtl valves on the side of 

<'ylinders, operated by one camshaft on the side. Front sectional view. 

Cylinder arrangement: vertical, six-in-line, L-head, cast in one block, wat.er cooled, detachable hca<l. 
Valve arrangement: poppet type valves on one side of cylinder wit.h valves set vertical. Valve operation: 
by one camshaft on the side of engine. Camshaft drive: from cr:mksb~ft hy means of sprocket and s.ilcnt 
timing chain. Names of parts follow. 
1-Distributor; 2-Exbaust valve 
a-Valve guide 

t=~1':n~f:U'li:Ir~l.'!J~•ket 
ij-lntake manifold. (The down-draft carburt>t.or i:,;. pla~ed on 

top of m~nifold in.stead of underneath.) 
i-Intake to exhaust manifold ~••ket 
1>-GMoline fuemer 
!J-GMoline fuemer gMkeL 

10-Exbaust manifold 
1 l-lntoke manifold cover plau, 
12--Valve spring; 13-Valve chamLt:<r cu\•c:r plule 
14-Valve a·pring reta.ineri 1,j.-\'nl\Te !'pring retainer ••~·l 
16----Valve chnmber cover plate gasket 
17-Valvo tappet adjusting screw 
18-Vnlve tappet adjusting •crew nut 
19-Vnlve tappet guide 
'10-Vo.Jve tnppet; 21-0il J)uo:;ugc 

22-Crn.nkcnse ventHat.or out-let pipe 
23-lgnition cable tube and bracket 
24-Oiatributor grease cup 
25-Water pai,sages 
26----Combustion chamber; 27-Piston 
28-Cylindor head gnsket 
29-P,ston ring Nos. 1, 2, 3, 4 
:JO-Piston ring No. 5 
:Ji-Cylinder water jacket cover gru,k~I 
:l2-Cylinder water incket cover 
:13-Piston pin bushing; 34-Piston pi11 
:!5--0rankca~e oil filler or breather plpo cov., 
:l&-Crankcase oil filler or breather pipe 
a7-0il passage 
:IS-Connecting rod cnp bolt 
:J9-Oil pan gasket 
'10-Crankshaft 
II-Oil pnn; '12-0il pn11 draiu plug 

For specifications of the Chry~ler :u1d othtr N1~incs see p::.geJ 105~J002. 
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Pierce-Arrow series u36" engine, ·with six cylindorS in-line, 
represents an example of an engine with T-head type of cylin­
ers and valves on both sides of cylinders, opcmted by n cam­
shaft on each side. F.nd sectional view. 

Cylinder arrangement: verticul, six-in-line, T-hea<l, cast in one block, water-cooled, detachable head. 
Valve arrangement: poppet type valves on opposite sides of cylinders. Valves arc set at 3n angle. Twc 
inlet and two exhaust valves per cylinder, termed "dual valves." Valve operation: by two camshafts. 
One camshaft operates the inlet valves on one side of the engine and the other camshaft operates the 
exhaust valves on the other side of engine. Camshaft drive: from crankshaft by means of helical timii1g 
gears. 

Note: The Pierce-Arrow 'r-bead engine is no longei• in production. The L-head, eight-in-line engine i~ nm\· 11$ied r,n all Pierce-
Arrow cnrs. .For specifications of tho Pier<'e~Arrow nnd other en,rines see pn~(>...S 105:'>-1062. , 

Pierce-Arrow :;cries "36" engine. Side sectional view. 
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Buick series "8 ... ~0" and 
11S.90" engine with eight 
in-line, I-head type of cyl­
inders ru1d valves overhead 
in cylindcr-bC<1d, or,emte;I 
br. one camshaft on the 
side~ Front scctiontLl view. 

Cylinder arrangement: vertical, eight-in-line! I-hea<l, cast in one block, water-cooled, detachable head. 
Valve arrangement: poppet type valves in cyhnder-head (overhead). Valve operation: operated off the 
cams on tho one camshaft on tho side of engine, by means of valve-lifters, push-rods and vulvc-ro.,kers. 
Camshaft drive: from eranksh:ift by means of hclic:tl timing gcnrs. 

VAI.VE------iiii-15=' 

CYLlt<O 

VALVELWl'E 
SPRINO 

VI\J..VF. 1,1 
ROLL 

ROCKl;:sl<Ji,f;,'c~HM·r 011, 1 Et,11'ERATURI:: 1<1-:ClULATOR 
I ~-.,...~ 

PUSH ROt) 
COVER 

---------------------------------------------~----- .. 

Buick series "8-80" and "8-90" engine. Side sectional view shov,fog how the one camshaft-on-the-side operates the valves-in­
the-head by m.ans of VAive push-rods and rocker-arms. For specifications of Buick and other engines see pages 1055--1002. 
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., Fig. 3. Pressure feed oihug 
system with oil filter and tempera­
ture regulator of tbe .lluick seric,, 
"(iQ, 60, 80 a,nd 90" engines. Oil 
is supplied under pressure from the 

-on pump to all main, c-om1ectingrod 
and camshaft bearings. A secondtt 
aryliuefrom the oilJlurnp delivera 
oil to the oil filter an thence to tho 
hollow rocker-arm shaft. Timing 
gears nnd i:enerator shaft front 
bearings arel ubricated by Lhe over­
flow of oil from the rocker-arm 
shaft. Cylinder walls, pistons and 
piston pins nre 1 ubricated by oil 
forced through a small hole drilled 
through the lower end of each con­
nerting rod ,vhieh meters with tho 
hole in crankshaft once each revol u­
tio11. This is termed n force-feed 
euginelubricntiou s~tem. 

The oil .filter i-emove$ from the 
crankca$C oil, all paz·ticles of dirt 
and carbon not already eliminut-ecl 
from circulation by the oil pump 
screen. 

Fig. 4 (lower lefo illu.st.), Oil 
temperature regulator: Acts as :i 
cooler fo,· the oil by preventing " 
rise in temperat.ure1 under con-
tinued high-speed ctriving. to a, 

-- ···-- -- ···-· ·--- point where the lubricating quality 
of the oil would be reduced. It also acts as ar, oil beater when engine is started cold, since the temperature of the water in the 
cooling system, under control of the radiator shutter, is raised more quickly than the temperature of the oil in the sump would be 
rnised wit-bout the uid of the temperature regulator. 

This Tegul"tor, in its dual capacity, tends to equalize temperatures of the engine oil and cooling water, thereby J>roviding " 
more uniform temperature of engine parts with n consequent uruformity of beat expansion throughout the engine. 

It consists of "radiating core through wh°"e passages the oil is circulated and which is water jacketed by a shell flanged to the 
,•ylinder block and co1111ected to c.hc wntc1· pump by " hose. All water from the pump is forced through this shell nnd contacts 
with the surfaces of the radiating core. 

The operation of the temperature regulator is as follows: 'Vhen the engine is started cold, the high viscosity of the oil builds 
up a resista.nce in the core paS:9nges of the regulator suHicient to co.use u, by-pass valve in the oil pwnp to open aud permit direct 
passage of the oil to the bearings without circulation through the regulator. To shorten the period necessary to warm the oil 
!iUfficient to allow circulation through the temperature re~ulator, the pressure relief vuhre discharges the excess oil bu.ck into the 
pump body inste!',d of tl,c oil sump. 

,vhen the tempel'tdru.re of the engine oil i$ raised sufficiently to reduco its viscosity lo:.\ point where the resistance to flow in lht" 
core passages of tho regulator is less than that required to bold the by-pass valve open, this valve will close nnd nil t-he oil supplied 
by the pump passes through the core of the temperature regulator, where it is still further warmed by the water surrounding the 
core. 

Jf the car is tl1en driven at high speed for any considernblo length or time, the temperature regulator then MSumes it,s function 
as a.n oil cooler. 

Fig. 5 (lo"er right). Crankcase ventilator: Prevents harmful dilution of the engine oil by water nnd fuel. This system utilizes 
the crankshaft with its counterweights and torsion balancer llS a blower to force the vapors consisting of fuel and water, from the 
crankcase into the valve-lifter compartment. A vent at the rear of the rocker-arm cover permits air to be forced into the cover and 
lhis air 1s forced also into the valve-lifter compartment, currying ";th it v:tpor from wjthin the rocker~a.rm cover. An opening from 
valve-li[ter compartment is connected to an outlet pipe between Nos. -1 and 5 cylinders for expelling vapors below the engine side 
ML • 

This SyStcm does not remove all fuel dilution, but a small amount is not httrmful and is reully necessary in cold weather.' It does, 
however, remove all of the water dilution under average driving conditions. 'l'he car owner may assist in prevent-ing ha1·mrul dilu .. 
tion by avoiding the use of .. cbokeJI longer than necessary, by not idling engine nt extremely slow speeds for long periods, by not 
flushing engine v•i'it.b kerosene, by seeing thnt compr~ion is s:tood, i~nilion sy~tcro functions properly and tho.t carburetor i~ cor­
rect.ly ndi usted. 

----' 
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Stult series ")IA' ,ngine ";th eighL in-line, I-head type of cylinders and valves 
overhead in cylinder-head, opernte<l hy one overhead camshaft. Three-quarter nnd 
part. $Cctional view 

Cylinde1· arrangement: vertical eight-in-line, I-head, cast in one block, water-cooled, detachable head 
Valve arrangement: poppet type valves in cylinder-bead (overhead). Valve operation: operated off of one 
overhcnd camshaft. The cams wipe directly on the valve caps screwccl on the ends of the valve stems. 
Camshaft drive: from crankshaft by two silent chains and sprockets. 'l'hc lower chain drives the accessory 
shaft, at 1.2 times the cmnkshaft speed and the transfer sprocket at 5/6 times the crankshaft speed. Lubri­
cation is full-force-feed with oil circulated through engine under ·pressure by a gear oil pump located at the 
right front of engine somewhat above the oil base to prevent any possibility of freezing. The oil pressure 
regulator is locatccl at tho right side of crank-case. 

WATERO\JTt.!T 
MANIFOLO 

AUfOMATIO 
ADJLJST1NG 
lOL£R SPROCt'.ET­
UPPER 

ltt'l.AKI M,,\WJ"Ol.O 
HeATf..k ~PE 

Of:STRIBVTOR --'"".li""'·1/ 

BOOSTER BRAK( 
VACUUM CONN(C1K)N 

Stutz series "~1A." engine . .Fl-ont view with chain covers re­
moved showing the names of parts. For specifications of Stu~ 
..,a other engines see pages 1055-1062. 

Cross-section through valve 
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J.gg;.­
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J•5Ci4 

J.471 
J-127 
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-:.-i._;, 

J•!:iSo 
J 1r:7 

~-/i,~-J.~jBF.,. 

_J,5:.08 
J•t~.:. 
JS~S 
J·!l5.3 
J•lOO 

J-561 
J-863 
0113 

J-8SO 
J.JS9 
J-.C?07 

..,.,, ___ Jl69 

J•857 omvEG£AR 

Duesenberg model "J" engine ";th eight in-line, I-head type of cylinders nnu 
valves overhead in cylinder-head mountea at nn nn11:le, operated by two overhead 
ca.msbafts. Cross sectional front view. 

Cylinder arrangement: vertical, eight-in-line, I-head; the eight cylinders are cast in one bioc·k, water­
cooled, detachable cylinder-head. Valve arrangement: dual, poppet-type valves in cylinder-head (over­
head), mounted at35° angle to vertical center line of cylinder-head. Valve operation: the iniet valves on the 
left side are operated by one camshaft and the exhaust valves on the right side are operated by another cam­
shaft. Camshaft drive: two endless silent timing chains with automntic adjustment drive ca.mshafl:s and 
accessory shafts. The lower chain (J-558) drives the generator shaft., water pump shaft and transfer 
sprocket for upper chain. The automatic idler sprocket (J-552) automatically adjusts the chain for wear. 
The upper chain (J-559) drives the two camshafts from driven transfer sprocket of lower chain. An automati,: 
idler (J-556) maintains the correct tension which automatically compensates for wear. Lubrication: full­
force-feed system. Names of some of the parts follow . 

. J-100-Cylinder block 

.T-158-Oil gauge float 

.J-159-Oil gauge float bracket 
J-174-Oil gaugeJloat assembly 
J-200-0il pan 
J-201-Oil pan R.H. l):BSket; J-202---J, .. H. gHsk~t 
J-205-0il pan baffle plat<; J-206-Screen 
J-330--cranksha.ft $mall counterweight 
J-400--Cylinder head 
J-406-Valve; J-408-Valve guide 
J-409-Inner valve spring; J-410-Outcr spring 
J -H 1-Val ve spring retainer 
J-412-Reta.iner wedge 
.1-413-Valve tappet; J-416-Tappet guide 
J-418-Valve tappet guide clamp stud 
J-420-Valve t.appet adjusting nut 

.J-121-Valve tappet ndjusting sleeve 
J-422-Valve tappet adjusting shim 
J-459---Camsbaft bearing stud 
.T-!71-Exhau.st camshaft 
.J ~185-Camshaf t plug 
J-551-Cra.nkshaf t sprocket 
J-552---Lower adjusting sprocket assembly 
J-553-Accessory shaft sprocket 
J-555-Transfor sprocket assembly 
.J-556-Upper adjusting sprocket n.ssembly 
J-557-Camshaft sprocket 
J-558-Lower chain; J-559-Upper chain 
.J-752-Water pump drive shaft 
J-850-Oil pump body; J-857-Oil pump gear 
J-858-Oil pump idler l)'.ear 
J-863-Oil pump drive shaft 

For specifications of the Duesenberg and othru- en«ines see pages lOn:;-1062. 
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Cadillac V-lti, •erics "•152," sixteen-cylinder V-typo eugine with I-bead type of cylindere 
mounted at a •15' angle and valves overhead in cylinder-heads, operated by one camshaft. 
Sectional end view. Names of parts: 1, inlet header; 2, exhaust head; 3, carburetor (except for 
the gasoline tank at rear of car, there are two separate gasoline syst~ms; each bas i13 own feed 
line, vacuum tank, strainers 11nd carburetor. See fuel pump, piston type, page 116A); 4, water 
11ump; 5, oil suction pipe; 6, oil feed line; 7, orankcnso ventilator thermostat; 8, crankcase 
ventilntor; 9, nir filter; 10, camshaft; 11, push rod; 12, vnlvc rocker-arm; t:l. valve; H, oil filler; 
1.). valve silencer 1,lungc.r in dnsh•pot. 

Cylinder arrangement: V-type. Two banks of eight I-head cylinders at an aui;le of 45°, thus giving :i. 
power impulse every 1/8 tui-n of crankshaft. Cylinders are staggered, permitting stdc-by-sidc straight con­
necting rods. Water cooled. Compactness is secured by following aircraft practice in projecting t,hc nick!'I 
iron cylinder barrels into tho crankcase. Detachttble cylinder head on each block. Valve arrangement: 
poppet type valves in cylinder-head (overhead). Valve operation: operated off the cams on one camshaft 
by mea11s of valv&-lifters, push rods and valve rockers. Double valv&-springs are used to prevent clntte1· 
even at the highest speeds. Camshaft drive: from crankshaft by means of one timing chain, as the use or 
n,utomatic adjuster makes it possible to drive the generator and water pump as well as the camshaft with 
the same chain. 

The lubrication system is a full-force-feed system and supplies oil under pressure to all engine bearings, 
including the camshaft bearings, and piston pins and hollow rocker-shafts, through which oil is distributc<l 
t·o the !'Ocker-arms, valve stems and push rods. The overflow from the rocker-arms keeps the dash-pots of 
the auto1uatic valve silencers full. Baffles in tho sump are provided to prevent oil surge. Luhricatfon to 
1 he lower connecting rod bearings is provided through metered holes in the crankshaft throws for oil supplv 
from the main bearings. Each connecting rod is rifle-bored from lower to upper bearing so that oil can reach 
the piston pin which is locked in piston. There are t11·0 oil filler holes 14, one in the center of each valve 
<·over. The oil thus added flows down through tho tubes around the valve push rods 11, and into the crank­
r.,1sc. 

The air inlet passa~e of the crankcase ventilating system is fitted with tt thermostatic valve 7, which is 
set to open below 170 and closes above 180°, permitting the entry of air only during warming-up period. 
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l:'ig. 2 (lefo). Timing-chain: One timing chain r 
drives from crankshaft timing-sprocket to the cam­
shaft timing-sprocket :ind generator. All idler gen,· 
with an !\.utoma.tic adju$ter takes up chnin weal'. 

Fig. 3 (right). Crankshaft has eight throws and 
five main bearings. Beal'ings are !:>teel-backed. 
The end thrust is taken by the center main bearing. 
Cylinders are staggered, permitting side-by-side 
~tr:\iJJ:~t connecting rods. 

l-'i,:r, 4. Valve silencer: The 
nverbead valve mechanism is pro­
vided with hydraulic auLomatir: 
valve si1e1wers that rrntomaticnlly 
maintain practicnllv zero vnlvo 
clearance and effectively prevent 
t3ppet noi.':!c. 'l"hc valve rocker· 
a.l'm is operated in the usual way 
from the camshaft by a pu.sh-rod. 

Each rocker-arm, however, opcr-­
:1 tes on a. flanged eccentric bu$hin~. 
.\ dash-pot and plunger are located 
directly below the flange of this 
cecentric bushing, the plunger bear­
ing aga.inst a cam on the flange. 
Upwnrd pressure of a spring under 
the plunger, which operates in oil, 
keeps the eccentric always in such 
a position that the rocker-arm 
touches both the valve stem nnd 

the push rod. This pressure i:-. not 
great enough, however, to hold the 
valve open, 

The dn.sh-pot cylinder below the 
plunger is kept full of constantly 
filtered oil and this oil prevents the 
plunger from being forced down ns 
the valve opeDs nnd closes. The 
clearance between the plun~er and 
the cylinder isiustenough to let the 
plunger move downward slowly to 
compensate for wear and expansion 
as the engine heats up, 

Valve adjustment: At, the clear­
anceisnutomatio.ally held at zero, no 
valve adjustment in the usual sen.so 
or t,he word is necessary. The a.utu­
n1ntic silencers take c.are of aU vari­
ations due to weur or to v9lve ltl"ind­
ins,; operations. 

There is, however, provision for an initial adjustment to secure Uie proper position of the eccentric c.atn, and if this ntl.iustmcnt 
is disturbed, it must be correoted to the proper sta-11dard. To make this adjustment, the silencer plunger must be held down as far 
ns it will go. Tbis can be done by using a special tool in the upper hole of the plunger to relense the poppet valve inside the plunger. 
The eocentric must then be turned so that the cam rests on the phmger while it fu t-lnis held down. With the cam and plunger in 
this position, the adjusting screw in th~ rocker-nrm should be set to allow .030" clenranco between the rocker-arm and tLe.Y:ih·c 
stem. Important: The plunger must be held all the way down \\1th the cam resting on it when making this acljustmcllt. 

This adjustment can be made either with the engine running or "ith the oogine stationary. If the engine is not ru11ning, the 
piston must be at the firing point for each cylinder, while the adjustment for that cylinder is made. If the engine is running, it 
is simply nece...,,ary to hold the plunger down nnd check the clearunce with the feeler, making adjustments as necessary. 

Cadillac V-12, series "370," twelve-cylinder "V" ty_pe engine is of the same design and principle as the 
larger V-16, but has twelve cylinders. The cross sectional view of the V-16 engine would in fact pass for 
the V-12 engine with minor differences fol· example, the type of carburetor intake muffier attached to each 
!'arburetor (see illustration below). This device is used to neutralize the sound waves which silence air roar 
noises in the carburetor intake. The piston displacement of the V-16 is 452 cubic inches and the V-12, 368 
cubic inches. 

The V-12 engine cylinder blocks arc mounted at 45° angle, allowing the use of the same type of overhead 
valve mechanism as on the V-16. This 45° angle permits mounting the carbUl'etors and manifolds on the 
outside of each block as on the V-16 without making the hood as bulky as it would be if the cylinders were 
at 60°, which is the theoretically correct angle. With the greater number of cylinders on this engine over­
lapping far more than on any 8-cylincler engine, the difference in the intervals between the power impulses is 
not noticeable. For firing impulse or intervals, see page 424C. 

For the electrical system, firing ordc-r, i,u:nitifJn timing, etc., see, pnges 424C-424B. For specifications of Cadillnc ngines ttnd 
others. see pa~es 10!;:5-10(~2. • 

Cadillac V-12, aeries "370," twelve-cylinder V-type engioe. 
Right--oide view. Similnr to the V-16, snd manv of the psrt, aw 
interchangeable. • 
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Carbut'<tor~ 

Distributor----- • 

Ignition Wire Conduit 

Water Pump Sprocket 
• Shart Oil Pipe 

Timing Chain ___ _, 

Cr;nk Shaft Sprocket ~ / 

Oil Pan Drain Plug_/ 

Water Outlet rn 
Radiator Lert Block 

Oil Filler and Breather Pipe. 

Oil Level Jndica.tor 

Water Pipe; Crankcase 
. to Cy1indcr Leh Side 

Fuel Pump 

Oil Pressure 
. Regulator 

Plug for Oil 
Header 

Cam Shaft 
Sprocket 

Oil Pump 

Lincoln eight-cylinderV-type engine (ln:n). Sedionfll front end ,riPw. Names·of pnrts are shown 
on illustr~tion. 

Cylinder arrangement: V-type. Two banks of four L-head cylinder blocks, each cast in one block with 
detachable cylinder-heads. Cylinder blocks are mounted at an included angle of 60°. Cylinders are no1 
><taggered, therefore connecting rods are of the forked and plain type. Valve arrangement: poppet typn 
valves on the side of each cylinder block. Valve operation: operated off cams ou one camshaft by means or 
valve-lifters. Camshaft drive: the camshaft n.ncl water pump are rlriven from crankshaft by means of 
sprockets and one silent timing chain. 

Carburetor: Stromberg type "DD." Plain tube down-draft type with fixed orifices. A hydraulic tluottlc 
return check acts in conjunction with the free-wheeling feature of the car t<> prevent engine from stallin{.( 
immediately after the foot accelerator is released and the car coasts along ,vi.thout any drag on the enginr. 

Cooling is by a forced water circulation system consisting of the centrifu!!;al wrtter pump, radiator, 6-hlrtdn 
fan, condenser tank and thermostatically controlled radiator shutte.rs. 

Clutch is a double disc, dry plate type. Transmission is of the free-wheeling t~'pe inro1·porat.ing t.h<' over­
running clutch principle with the standard thrci>-spced gear shift. 

Engine lubrication is of the force-feed type. 
For specifications of the Lincoln and other engine~ ~ee pa~es 1055-1062. 
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Marmuo (HIJl} sixteen-cylinder, V-type. engine with I-head type of cylinders nt an :111~le l1r ,t5°' a!id valves overhead· 
in cylinder heads, operated by one camshaft. Hight-.side vie\\'. Names of parts: 1, uir cleaner; 2, breathing tubes; 3, 
carburetor; 4, duplex down-drn£tintnke mnnifold; r,, timer-di.-;tribulor; 6, modulator to relieve torsional vibrt\t1011 on t,hc 
crankshaft: 7 1 generator: S, wat.er pump; 0, oil purifier inlet; IO, cmnkcasc bren.t11er; 11, flywheel; 12, oil purifier; 13, 
ijlarter. No crank is provided. it being irnpractical t.o crank engine by hand. l\lcans for rotatiu_g the cn~ine to make 
timing adjustments nre provided on the flywheel of enginCi 111, hand-brnke lever; 15, ge:1r-,d1ift lcv·er; IG, exhaust mani­
fold; 17, C:.l.rburetor control arm; 18, rocker-arm tcn$ion sprin,J!; 19, push rod; 2') 1 ro('krr-:um; 2·11 ~park plug; 221 wiring 
manifold. 

Cylinder arrangement: V-type. Two banks of eight 1-heatl cylirn.lcr~ :Lt an angle of 45°, or iudincd 22;,/ 
off the vertical, thus giving a power impulse every 1/8 turn of crankshaft. The firing order is lL, 3R, 6L. 
7R, 2L, 4R, 5L, IR, 8L, <m., 3L, 2R, 7L, 5R, 4L, SR. Cylinders are not staggered as connecting rods arl' 
forked. Cylinder block is aluminum alloy with steel cylinders pressed into pbce. Cylinder walls are case 
hardened. Crankcase and cylinder block one piece. Water-cooled. Valve-scats, spark plugs and com­
bustion space completely surrounded by water. Cylinder-head is detachable and made of aluminum silicon 
copper a.!Joy and valve scats are aluminum bronr.e. Combustion ,•hfimber is 1na<'l1ined. Valve arrange­
ment: poppet type valves in cylinder-head (overhead). Valve 
operation: operated off the cams on one camshaft by means or 
valve-lifters, push-rods and valve-ro<'kers. Valve springs arc double 
variable pitch. Camshaft drive: from rr:rnkshaft by m('ans of 
tripple roller nhain. 

Lubrication: Force-feed lubrication .is provided by n gear 1.,ype oil pu111p for 
every rotating bearing in the engine-the rocker-arms by mean$ of a hollow 
rocker-arm shaft and the valve mechanism by means of drilled hole• in the 
rocker-urms. The main bearings nre lubricated by menus or oil lines to e..'tch 
mu.in bea.ring., which, in turn, lubricate adjacent connectinp rod bearings by 
means of drilled oil leads in the crankshaft. Cam•haft benrmgs are lubricated 
by .pressure from the corre•ponding main bearings. Cylinder walls I ubricat.ed 
by oil strenm sprny from. hole in connecting ro<ls. 

Miscellaneous specifications: Uyliutlti-s: lti; Uu1·e "uJ ~1..rokc: J 1/8"x4,,; vi.s .. 
1 on displacement: 490.8 cu. in.: horsepower: S.A.E. 62.5i bra.ke horsepower: 
:!OO @ 3,400 r.p.m.: displacement horsepower rn.tio: 2.454 cu. in. per horse~ 
power; compression ro.lio: 6 to 1; horsepoweJ' engine weight ratio: one horse-
1iower for each 4.65 pounds weight; engine weight: 030 pounds, including 
c•quipment; engine equipment: oil·filtcr, s,ir cleaner, g9.s filter, heat indicator, 
down-draft carburetor, modulator, Delco Remy electrical system, clutch, clutch 
and brake pedals; spark plugs: metric, one per cylinder; intake manifold: 
duplex down-draft type cast 1 n a single pieee for hoth cylinder blocks; carbure­
tor: duplex t.ype; exhau,t manifold: for each cylinder block with separate muf­
flPr and tail pipe; pi:stons: trunk type, slotted skirt, aluminum ulloy, hcnt 
trcntcd with two compression rings nnd one oil ring nbove piston pin. 
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Co,rer removed showing the accessible over­
head valve mechanism of the Marmon sixteen• 
cylinder engine. 



Viking \"-30, eight-cylinder V-type enµ;iue wii-!1 cylinders ~tun 
ungle of 90° and horizontal valves opcr:11.cd by one camshaft. 
End scctionnl ,·iew. 

Cylinoer arrangement: \'-1yp\'. Tll'o lia.nk:s or four slaggcrcd c;ylinders ,·ast integral with crankca~c an• 
pl,tced at an :mgle of 90°. Cylmders ll'tttcr-cooled. Cylinder-beads detachable. Connecting rods ~ide-by­
:sidf'. Valve arrangement: poppPt, type valv.es placed horizontally. Valve operation: opernted off the cams 
on one camshaft IO, by mc:ms of valve-rockers 9. Camshaft drive: by one silent chain J 1, from cmnkshaft 
timing; sprocket to camshaft timing sprocket. The t·amshaft 10 i:s rhain driven, while the fan, wat.er pump 
and the gcncrutor arc driven by separate V belts. 

Crankcase ventilation: Approximately one-third or the carburetor :tir supply is 1lrnwn from Lill' <·rankca:;c•, 
entering at the breather port 1, a.ncl sweeping through t.he crankcase to a duct. 2, intn carhnmtor -1. The air 
intake of carburetor is provided with air cleaner 3. 

Manifolds: The exhaust manifold (3 carries the boL ga.ses outside and abow the iut,akc :system ii. Hot 
gases from the left block rise and arch over the engine and pass to the front, where tliey join those from the 
right-hand bank to pass downward and backward to tl:e mufflm·. A manually controlled valve is pr~vided 
to divert exhaust gases from the arch to pass about the mtake passage a.nd hasten the w:irmmg up penocl. 

Carburetor: The carburetor 4 is mounted above the engine acljncent to and surrounded by the inlet ports. 
l~rom it the fuel tmvels with a clown-drnft anrl divides into the two blocks, all of who~c inlet valves are equi­
distant from the carburetor, and thence into the combustion chambers. Gravity assists the flow of gases to 
the combustion chambers. Diaphrngm t-)1JC fuel-pump frcrl t.n carburetor is employer!. The throttle lever 
is shown at 8 and <'hoke lever at, 7. 

XXVI 

Viking engine lubrication is a full-force-feed 
system. Oil from the oil pump 1, submergccl in 
the cmn kcasc, is carried through leads in the en• 
gine walls and the crankshaft 12, to all cmnk­
:shaft and connecting rod bearings. From the 
main bearings it iscn.rrk'<l on to the camshaft IO, 
which is drilled fori ts entire length as an oil lead. 
The connecting rods 13 are rifle drilled to carry 
oil under pressme to the piston pins. From tl1<­
camshaft bearings l4, the oil trayels upward, 
still under pressure, to the rocker-arm support 
ing shaft 15, and to the rocker-arm bearings. 
The lead to the oil gauge 16 is taken from the 
rear camshaft bearing 1-L 

For specifications of the \"(king, and uLhcr cuginc,'\ sec 
))a~C!i 1055-1062. 
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Willys-Knight. model "S7," six-cylinder. in-line, sleeve-valve engine. 
End scr.tion::il Yiew. 

Cylinder arrangement: vertical, ;,ix-in-line, I-head, water-cooled. 

Valves: sleeve type. Two sleeves, one within the other, travel up and down betweeu the pistou and the 
cylinder "::1!1 in such a manner that when the opening;s in the upper ends of sleeves, anrl also in the cylindP,r 
wall, come into register with each other, a.n opening u:ito the cylinder is created. 

The intake opcnin~ for fresh gas are on one side of the cylinder; on the opposite side arc the exhaust 
openings through which btmicd gases are c~-pclled. 

These sleeves :no moved up and clown by short rod~ conucctetl to au eccentric shaft, taking the place of 
t-.he camshaft in the poppet type engine. This movement of t-he sll"evcs iA ve1·:v siniilar to the operation of 
the valves on a steam engine. 

Eccentric shaft drive. The eccentric shaft takes the place of the tonvcntional camshaft, (.see next page). 
lt is driven from crankshaft ~y means of sprockets and one timing chain. 

Lubrication is of the force-feed tyl?e with oil circulated through en/tine h~-an intcrnnl g;Mr p11111p located 
011 the right ~irle forward f'nrl of enp:iue below ignition rlistrihutor. 

!-Exhaust ma11ifold 
2-Ignit.ion distributor 
3-Timcr shaft driving CQllur 
-1-Pump and timer driven gear 
,;-Oil pump shaft MSembly 
6--0il pump pinion 
7 -Oil pump discharge pi pc 
S-Oil pump suction pipe 
0-0il distributor pipe 

10-0il lead to center main he:1ri1~ 
I I-Oil suction bell 
12--0il st.rainer 
l 3-0il strainer cover 

H-Oil strainer eover nut 
15-0il strainer suction pipe 
16-0il measuring rod 
17-Lead to oil relief valve 
!S-Oil pan tray 
JO-Oil relief valve case 
20-Oil relief valve sprin/:!: retainer luck 

nut 
:!1-0il relief valve $princ retnincr 
22-Rectifier to crankcase oil ret.urn tuhe 
23-0il relief valve spring 
24-0il relief valve plunger 
2.'>-Lead to oil pressure gauge 

:U.-VIJ 

:?ti-Uil passage to eccenu.·jc shaft, beariug 
t7-0il rectifier cylinder suction passni,:e 
t$-()il rectifier 
:19-In take headc,· 
::30-Rectifier to intake header suctio.,; 

pipe 
JI-Intake header tube 
;~2-Cylinder to rectifier suction pi;;t 
3:,-~faoifold heat control lever 
3J-Manifold heat control valve 
35-Intake manifold 
:16--Intake heater pipe 
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Willys-Koigbt "87" sleeve-valve engine. :-;ido sectional viow showing how the eccentric shaft 29 operates tho inner sleeve con­
nect:ng rod 20, outer sleevo conne:tin1t rod :lO, and the inner and outer sleevos. The eeccntric Hhart 29 iij driven from crn.nkshu.ft. 
:,,iµrockct 20 hy a ~ilf.':nt. timinix <·h:1i11 12 ro M"rrntrie shaft sprocket 16. Names of parts fottow. 

l-J1111er ,dccvc 
:.!-Outer sleeve 
a-Pi~wn 
L-\Vatrr J>u111p beuriug g1·cai:,.e cuJl 
.)-Fan hearing oiler 
1;.-F1111 1>ulley adjusting scrc11· 
7-\\'uter p11111p packing gln1Hi. 

s-Pi~wn pin lock S("rrw 
V-\\·otcr pu111p 

10-Pi:-ton J>in 
11-Ph,ton ccumectiug rod 
12-Timiog chnin 
13-}'nn 
l¼----Eccentl'iO shalt. l>ushini;-frout 
u,-Ecccntrio shaft thrust plunger 
16-&cenlrio shaft sprockr.t 
17-Fnn <iriving pulley 
IS-Fan belt 
I 9-Cbnin ro\'er oil seal 
~O-Crnnksh11ft sprocket, 
:!L-Oil leads to eccentrjc elmH. I.JushiuJ:.~ 
~2--Crankshnft main beariog-fron1 
~'3--0il passages in eranksh•ft 
~4-0il distributor pipe 
:!-~Inner sleeve ('OnneetiuK roJ 

:.?0-0uler ~lccve com1ootiug rod 
~7-0il 2Jtruincr cover 
28-Oil suction bell 
29-Ecccntric shaft 
:!0--Crnnluiba IL 
:-11-crru,kshnft mai1l beuriug-ce.111.er 
:i2-E.ccontric ~haft btt.'lliin~-rcar 
:{;J-Crunk:d1nft mai11 benring-rcn.r 
:H-Oil ))11<1 tmy 
:i5-Flywheel 
:ro-C'ylinder-hca<l 
:H-Cylinder cover balHc thimble 
:l8-Cylindcr cover 
a9-lnlako port in sleeve 
40-Exhnust port in slccvo 
H-Wntcr outlet 
-12-Thermostnt 
-l3-Cylindc,r-bead sealing ring 
44-0il ring 
15-lnt!lke heater pi1w 
16-lntnke mnnHolcl • 
17-Intake header 
18-Oi I rectifier 
-l9-Cylindcr to rectiller sucuon P•ve 
;,O-Oil rectifier cylinder suction pass.a~.-

For spccificntions of "'illy8-l{night :u1d 01 hn e.ugiue,ij bt'l' pui.ces 1055-1002. 
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IGNIHON 

FRANKLIN - BOWEN VALVE 

TRANSM15SION DRAIN PLUG 

OIL GAIJGE. 

fXHAUST MANIFOLD' 

'"'" I '"''M"'" 
~~--=5PEC 

HOLE 

GENERATOR IN PLUG 

IL P•LIEf VALVE 
TIMING CHAIN 

INSPECTION PLUG 

Franklin series "15" rur-cooled engine with six in-line I-head type of cylinders nnd valves overhead in rylinder-hencl• np,rated 
hy one camshaft on the sidr. Hight•ftidc view of the unit-power-plnn1. 

Cylinder arrangement: vertical, six-in-line, I-hcu<l, air-cooled. Crlin<lcr:s arc ca:st iu<lividuully of nickl'l 
iron. Valve arrangement: poppet type valves overhead, in individual detachable alwninum alloy cylinder­
heads with bron1,e insert valve-scats. Rocker-arms arc mounted in a cast-iron case mounted on top of 
cylinder-head. Valve operation: operated off the cums on one camshaft on the side or engine by means of 
valve-lifters, valve push-rods and valve-rockers. Camshaft drive: from cm.nkshaft by means of one silent 
timing chain. Cooling: individual aluminum alloy detachable cylinder-heads are provided with large hor­
izontal cooling fins. The cylinders have similar hori~ontal cooling fins of cast metal. The cooling blast of 
air from the front-mounted blower (15" turbine fan) is passed over the cylinders and head horizontally as 
shown in illustration below. Flow of air is regulated by thermostatically controlled shutter mounted in the 
hood front. Lubrication: pressure or force-feed from gear pump to header supplying main and connecting 
rod bearings, valve oiler and timing chain. Cylinders and pistons receive a. stream of oil from a metered out­
let in the connecting rods. Oil pwnp relief valve set to read 40 to 45 pounds at 32 m.p.h. with oil at room 
temperature. Pressure taken at end of valve oiler intake pipe. Valves are lubricated by an automati,· 
valve oiler. Engine oil is fed to the valve oiler from the oil pump. The oiler filters the oil and distributes it 
to the valves and mechanism. Capacity of oil rescrvoi1· is 6 quarts. 

For speci6c.ations or the l"ranklin nnd othf'r enp:ines see pages 10:;.,;...1002. 

View mlowina: ho\,~ the cooling blast or air i~ p:ls."'f'1t tn•f'r 
the r~,Hndent enrl h~:ul hori~nnr:\11~-. 
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Pierce-Arrow, ruodels 41 and 42, unit-power plant• consisting of an eight-cylinder in-line engine, clutch and lran,­
rnission, ,du,wing the right•side view. Horsepower of engine is 132 with a bore of 3!--2", $troke 5" a.nd piston displac~ 
inent o_f :isr, cu. in._ Transmission is the free-wheeling,_ constant me~l1, helical ge~r type with stnndttrd thrcc-s1wcd 
11ear shift. Clutch ,s double plate ",th sprrng louded torf!lonal damper mcorpornted III t!10 hub of clutch. 

Cylinder arrangement: vertical, eight-in-line, L-h©d, cu:,t in one block and integral with crankca.'l<', 
water-rooted, detachable head. Valve arrangement: poppet type v,,lves on right side of ,:ylindcrs with 
valves set 1,L an angle. Valve operation: by one camshaft on right side of engine. Camshaft drive: fro111 
,·rankshaft by means of sprockets and one non-adjustable short silent timing chain. Names of parts follow. 

1-Timer--djstributor; semi ... automa.tic. 'fwo individual coillt, 
~ondensers nod dunl cootact-brenkers are used; one se1 
ror each four cylinders. 1'he dist-ributor rotor bas two 
higb-t.ension electrode!, one is a brush in contact with a 
ring or race in distributor cap, tho source ol supply, the 
other is the gap lead to spark plug segments. One contact­
hreaker fires four cylinders nnd the other contact-breaker 
fires four cyliuders. 'l'he firing intervals are •It,• apart. 

2-lligb-ten,ion wiring conduit or manifold 
:1~'lpark plugs, one per cylinder; 7 IR" 

4-0etachable cylinder-head 
5-Exhaust manifold 
G-Ouplex exhaust healed intake manifold 
i-ThermoslaL unit which a.ulomaticnUy govern:J LLe beating 

of intake manifold. 
8-Vncuum connection to intake munifold for windshield 

'"'ipcr; 9-Valve horn~ing covers 
lli--Carburetor. duplex type with two mixing chnmbers. et.\ch 

serving four cylinders independently. Outside mixing 
chamber feeds 1, 2, 7 and 8 and the iu.ide 3, -1., 6 and 6. 

l I-Crankcase ventilating tube to carburetor nir intake horn; 
draws moisture and wnter vapor from crankense; prevents 
crankcase dilution and back pressure in crankcase 

1!?-carburetor connection for cl0$ing choke and lif(ing •uxil­
iary needle for starting when eni:ine is cold. The choke 
butterfty valve it•elf is fitted with a small spring-looded 
poppet valve to prevent overchoking, 
'l'he carburetor throttle valve (Jen side or engine) is inter• 
,•ou.nect.ed with start.er pedal to open throttle vn.lves in 
,·arburetor to lacilitatc starting. 

1;c-Co.rbu.retor idle adjusting screwSi approximately t Jt to 
I 3/4 turns after screws are seated provides adju.tment. 

I 1-CnrbUl'el,or nccelern.ting pump needle ndiustmcut; a1,­
pro~imately l turn to ·left after screw is seatt'CI provide, 
ud.iust,menl. 

I .·,-Curburetor ftont level inspection plug; adjust so 1msolinc 
level is 1/16" below boUom ol inspection bolo. 

Hi-(;nrburetor high-•pecd jcta; non-adjustable 
I 7-C',u.rburetor choke tube support connection 
IS-Inspection cover to read Rywbeel mlll"kings for ignition and 

vo.hrc timing 
JH-Pipe plug which can be removed to listen to explosions 

when adjusting carburetor. Adjustment should be made 
with lour cylinders running. Four cylinders can be cut 
out by disconnecting high-tension wire at coil, or at prima1·,· 
connection P on distributor. • 

20-Cnrburetor combimltion air intake ,ilencer and eleancr. 
During cold "'eather 11 is down, closing louvers D, and air 

• lllodel 43 power plant is similar, exoeptitdevelops 125h.p. 
with &4 3/4" strukeand ha.s a pist-0n displacement of 366 cu. in.; 
helical timing gears are employed for camshaft drive instead ol 
a silent timing chain, thus reversing the direction ol the cam­
shaft; n sini:le iKnition coil ~nd other minor differ~o-

is drawn thro".'lh C, taking hot air off e.-<ltaust JJipe. In 
warm w~ther l1 is up nnd louvers nre open and nir ii, dmwu 
iu ut D. Tbcselouvers are arranged iu such n mnuner 1hat 
tho normal nir flow from front to rem· be.low the cnr il'I 
reversed, thus causing the louvers to net as an inert.in air 
tlcaner. A wire mesh air cleaner is n.lso provided in the 
unit. The pipe is not insulated \\ith sound absorbing ma­
terial, yet tltc system i$ highly effective as an nir intake 
.<1ilencer for cnrburetor hiss. Adjustment for opening nnd 
closing louver& is at E. 

:!I-Fuel pump. The fuel line is completely insulated again,, 
heat to prevent vapor lock (overheating of gasoline). 

22-0il pressure adjustment: 30 lbs. at ~O m.p.h. with oil bot, 
(us_lng No. 30 S.A.E. oil), Turn adjusting plug to rigl,t 
to 1ncrease pressure. 

2:!--0ual fan belt. Drives fan, generator and water pump. 
Ad.iust very tigbl, or so that a. total deftection of bell 
will be 1 inch \\1th 20-lb. scale pull. When renewing heh, 
always replace bot.h. 

Engine lubrication is of tho force-feed typo. Oil is forced b}• 
pressure from a. positive gear-driven gear type pump through 
cored passage in crankcase to hollow crankshaft, to nil main and 
connecting rod bearings, and through a rifle drilled cnm,,h.~ft to 
the six camshaft, bearings. Oil is also dhstributed from main 
bearings through cored pa,sngcs direct to ellch individual vah·e­
lilter, also, to timing chain sprocket. Cylinder wolls and piston 
r,1ns are lubricated by a. spray from metered hole in the top of :ilil:'°o//8Ji~,:': connecting rod. Oil is filtered through a replace-

Valve clearance: .OoGu exhn.usL vn.lves cull.I .00·1"' intukc· 
valve$; engine hot. Temperature upproxin~~tcly 160". 

Valve timing: exhaust opens 40" BBC; closes 12° AT(;. Ji,. 

take open., 5° ATC: closes 4!i0 ABC. Totnl intake period 220"; 
total exhaust period 232°. 

To time valves; Adjust No. J. intake to .010" clearnnce "·ii J, 
pbton on top dead center ol compression stroke (this clearanr,· 
neces.sary due to special cam design.) When engine is cranked, 
dearance will be taken up between valve--lifter and valve stew 

b I• f s· fl I I LN'TAKE OP. di I w en rne o mar,-mg on yw 1cc 
1
_

8 
1s reot y under 

pointer when looking through inspection hole 18 in flywheel 
bousina;. Adiustment to be made when engine is cold. After 
this operation and after installing timing chain, adjust ,,alvc 
clenrance as specified under valve clearance nbo\'e. 

To in.stall timing chain; Remove hood, radiator and timiu" 
chain cover: remove cnp screws in cams.hnft sprocket. SpeciHl 
Looi used to center chain cover with crankshaft when replaced 

Ignition timing: With distributor fuUy advanced, spark 

ohould occur when nywheel mnrking 
1f~ is directly undct• 

J>0inter. Then synchronize on 
1;J. Time ";th stationary 

contact-breaker and synchroni•e \\~Ul movable contact-breaker. 
Spark shOuld occur 7° before top dead center. Points break 
every 45°. 

l(l(l( 



Reo models 0 30-35" engine with eight in-line, L-head 
type of cylinders and valves on the side of cylinders, oper­
ated by one camshaft on the side. View shows the full­
force-feed oil circulation system. The Reo is an example of 
one of the engines which use cored and gun-drilled passages 
to carry the oil to the bearings. A hydrostatic oi.1-level gauge 
on the instrument bonrd reg;ister-s the amount or oil in. the 
oil pan by qunrt:s. 

Cylinder arrangement: vcrticaJ, eight-in-line, L-hea<l, cast in one block and integral with crankcase, 
water-cooled, detachable head. Valve arrangement: poppet type valves on one side of cylinder with valves 
set vertical. Camshaft drive: from crankshnft hy means of sprockets n.nd silent t.iming chnin; one camshait 
on the side. Names of parts follow. 

, 1-'l'imer-distribuwr 

2-Exhaust manifold 
:i-Duplex intake manifold 
,t -(;nmsh,r, 

r. --Cenr drive11,frmu c:1.mslu1.rt, 

li-·TinH•r-distributor :tnd oil pnnir, tlri,·"" !-ih:trt 

, --Crankshaft 

/\-Oil pum11, gCul' •ype 

H -Oil lertd to oil filter an<l U.e11 111 b<':H·iug:,; llil'ot1µ-;h c·or«I 
pas.sage~ 

IO-Oil <lrniu 

11-IJa.sh oil level indicator p:111 unit. showln~ air c:h:uuber .t., 
:iir tube b and air delivery tube , •. (This is the KS oil 
level Telegage; sec index.) 

12-0il relief vnh·e 

13-0il filter 

1•1-0it passage up connectiug 1'od (thus idcutifyiui.:; t-lte h1bri• 
cation system as a full-force-fe<>d system,) 

15---\Vater distribu.or manifold 

16-Piston 
17-Val ve head and se"-t 

For specifications of l{eo a11d otl,cr c11gi11ts ~ee J)Hges 1055-
1062. 
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OIL RESERVOlft 

OIL PU!--llt OU. WHIIFOl..0 FROM PUMP ' 
SC~£N TO CR.=..."\lto.SHAFT 8~R1NGi 

on. ENTERlt.'G 
PROM Rt'StRVOIR 
IH TMRU OIL PUMP 

Packard '1eightJ1" series, eight-cylinder in-line engine, .l:!'howing side sectional view of the full-force-feed oiling sysl en1. 

Cylinder arrangement: eight-in-line, L-heml, c,L5t in one block, water-cooled; detachable head. Valve 
arrangement: poppet type valves on one side of cylinders. Valve o~eration: by one camsht1ft on the side. 
Camshaft drive: from crankshaft by means of spro,•kets anrl sih:mt t.11ning chai11. For specifications of the 
Packard and other engines see pages 1055-1062. 

Lubrication is termed a full-force-feed system ac­
cording to the chlssifi<'ntions of engine luhric:ation 
~yst(•ms in this book. 

Oil is dr,~wu from crankcase reservoir through 
strainer located at the pump housinp: and is pumped 
to the main oil distribut.ing manifold, whi<'h is sup­
ported from the crankshaft bearing caps. 

FTom 1mmifold oil ·is supplied to the niue main 
cmnkshaft bearings through holes drilled in the bear­
ing caps. Independent oil passages in the crank­
shaft, leading from the main bearings, carry Lhc oil 
to the connecting rod lower end bearings and through 
a. hole drilled lengthwise in the corrnecting rod to the 
piston pins. 

All camshaft bearings are lubricated. by oil which 
is forced to the hollow camshaft from the oil Jea.d 
running from the crankshaft rear bearing to t.he 
(•.amshaft rear bearing. 

After passing through the camshaft :,nd lubrica.t­
ing the eight camshaft bearings, the oil pa5.5es out, 
through holes in the camshaft sprocket onto the 
chain. The chiiin carries oil to the generator 
sprocket, which also has holes, allowing t,he oil to 
pass down to the generator shaft bearing. After 
these bearings are supplied with oil, the surplnR 
draiJis back into the crankcase oil reservoir. 

The cylinder walls are lubricated by oil sprny 
thrown from the connecting rod lower end bearmgs. 
Holes drilled in the crankcase allow the oil mist to 
rise into the valve cqmpal·tments and lubricate the 
va.!ve mechanism. Baffle partitions located cross-

wise in the hott,0111 of the erankcase retard surging of 
the oil. 

Oil by-pass valve: In cold weather the craukcas" 
oil becomes very thick and 11, short time elapses be­
fore it becomes thin enough to be thrown off from 
the connecting rods in sufficient quantities to thor­
oughly lubricate the cylinder walls. Unvaporized 
~asoline is also drawn into the combustion chambeff 
IJy excessive use of the choke in starting, which ten<ls 
to wash the oil from the cylinder walls. 

These conditions :ire liable to cause :1 scuffing of tbe alu­
minum pistons. In order to prevent this occurrence and ill· 
sure il.dequa.te lubrication of the pistons and cylinde-rs whcu 
starting, an oil by-pass valve is located at the rear ol the crank­
ca:se a,nd is connected ,vith the carburetor 9hoke. 

An oil manifold on the side ol the cylinder block is connected 
to this valve and, whenever the choke is pulled out, oil is 
pumped onto the skirt of each piston. This auxiliary lubricator 
functions only '"'hen it is needed, \vhich is during the st.art.in,-:: 
and warming-up period. It is operated jn conjunction ·with the 
,•hoke and is shut off when the choke is pushed in. 

An oil filter is mounted on the !cit side ol the engine. 
Oil pump: A 1sear pump is located o.t the lowest \'°int of the 

crankcase nnd force:s oil from tbjs reservoir throug 1 the lubri• 
eating system a$ shown. 'rbe pump is operated. by a shaft 
driven t.h.rough a spiml gear on the caru.sbaft. 

The oil is strnined before entering the pump through a cyl­
indrical sereen which surrounds the pump inlet. This strainer 
rnay bo withdrawn und cleaned whenever necessary by firsL 
draining the oil from the crnnkcasc and then removing the small 
1>late on the bottom ol the crankcase. 

No ndjustn1ent o[ the pump gears is required, the oil pressure 
being regulated hy the retie! valve, which is controlled by the 
um.sion of a. coiled spring. Tbe inlet to the relief valve is con­
nected wit.h the pump discharge pal5Sage and any excess pressure 
causes the valve to open and allows the surplus oil to return to 
t-he inlet of the pump. El)1?:ine should be warm when checking 
oil prcs:sure ndjustment. 
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Hudson Great~. r•iglii f'_vlinderl'! in-line (l!):i 1) c•11ginc showing the double flow circulating splash oilin.i.t system. Fhmt end ~cc~ 
iionu.i view.1 

Cylinder arrangement: vertical, eight-in-line, L-head, cu,;t il1 oue ),>lock and integral wiLh crnnkcutic, 
water-cooled and forced cil-culat:ion by pump driven by V-type fan belt, detachable head in two _parts. 
Valve arrangement: poppet-type valveti on right side of cylinders with valves set vertical. Valve operation: 
by one camshaft on right side of engine. Camshaft drive: from crankshaft 24, by means of sprockets and 
silent timing chain. 'l'he same chain drives acc·essory shaft 2:11 whfrh drives generator dircet, also drives 
distributor shaft 4, through gears as shown. 

The engine lubrication system on the Hudson Great S is 
termed a double flow circulating splash system and is not a. 
force-feed pressure system. 1l'he chief advantages claimed for 
th.is system are: efficiency not affected by ben.ring wear. in­
stantaneous lubrication in cold weather, agitation of oil keeps 
dilution to o.. minimum, und oil grooves in bearings arc large 
enough to by-pass dirt or carbon porlicles with out scoring 
bearings. 

Oil pump circulation and cooling: A valveless oil pump of 
the oscillating type and of double capacity is mounted on the 
right side of the engine at the front, on the outside of engine. 
See Fig. 2_ The plunger 1, Fig. J, is operated by n shaft 2. 
driven by gears 3 from <listributor shaft 1. This plunger draws 
oil through strainer 5 in lower half of oil pnn or oil reservoir. 
!,brough pipe 6, to an external pipe 7 lending to oil pump. Oil 
is forced out 0£ pipe S to chain case n.t front of engine, and 
through pipe 9 to an oil distributor b,i:-pass 10 nt right rear of 
crankcase, thus a double flow of 011 is nlternaooly pumped 
through two independent feed lines from the oil pump. 

From the by-pass JO, oil flows to the re.~r, or No. Strough. 
as shown at A. Fjg, 3. The oil from t.he cha.in case Hows to 
the front, or No. l trough 13, Fig. 3. From these two points oil 
flows through a series of baffles and with the splash action of 
the connecting rod dippers I 2, I•'ig. 1. the oil is transferred to the 
respective dipper troughs toward the center of engine, where it 
is lifted by splash and returned through C, Fig. 3, to the lower 
half of oil pan or oil reservoir 14. 

By means of baffling, Fig. 3, the oil that returns into the 
lower oil pan is made to Bow from the center toward the ends 
;md then back toward the center before it can be picked up by 
the oil pump, thereby rcducinit the oil temrerature 45 degrees. 
insuring a heavier protective film of cool oi to all bearini.-s and 
operating parts. 

t Also applies to the Essex Super-Six. Some ol the differ­
ences of the Essex are: six cylinders instend of eight; cylinder· 
bead in one piece; cooling is thermo-syphon; has same com pres­
sion ratio of 5.8 and same bore and stroke but with ~ix cylinders; 
piston displacement is 175.28 cu. in.,tgivin~an actua! de:·clopcd 
horsepower of 60 nt 3,300 r.p.m. N .A.C.C. hp, rat,ng 1s 19.8. 
The Hudson GreM 8 has n bore of 2 7 /8", stroke of 4 ½" and 
piston displacement of 233.7 cu. in. N.A.C.C .. hp. ratin~ is 20.-l. 

SpJash circulation: The 1->istons, piston pins and tiylindcr 
walls are lubricated by mist, caused by the splash of the con• 
nec.ting__rod dippers 12, Fig. 11 in the troughs of the upper oil 
pan. The exce..oS of oil drains into gutters 1:i (there are 8 in 
lludson and •1 in Essex) which are iuclined and lead to the main 
bearings, thus convoying oil to " small reservoir above each 
m.ain bea.l'ing, feeding them by gravity. 

An oil-pressure gauge mounted on the inst.rument panel 
should show a pressure of from ~ to 4 pounds when engine is 
running. If oil gets below 2 lbs. it is probably due to oil beinl! 
very t.!1in, 01· to an air le.,k in one of the oil lines. Engine should 
be st-opped nnd the cause found. 

Oil pressure regulation. No adjustment is provided. ln 
case of emergency, pressure <.:an be increased by removing spring 
S shown in 10 of Fig. 1, nnd stretching it, but this is not :L 
recommended practice; the cause should be found. 

Amount of oil in oil reservoir of engine is shown on the com­
bination electric gauge on instrument panel marked "Gasoline 
or Oil" when the ignition electrolock is turned "on." and the 
button between the ignition clectrolock and choke control but­
ton is pushed in, Bayonet trpe oil gauge 26, also provided. 

Add sufficient oil at filler every 2.,o miles to bring level to thu 
full mnrk. Drain and refill reservoir every 2,500 miles, using 
eight quons of medium heavy body oil. ln summer use S.A.E. 
ao. In winter reduce viscosity to insure flow under tempera­
tures encountered. 

Names of parts not mentioned in text (sec Fig_ lJ: JI, pipe 
to oil pressure gau~e on rnstruntent panel; 15, oil trough; 15a, 
distrib1;.ting ~affles m upper oil_ pan; 16, electric oil level gauge 
float; 1,, cham eccentric adJustmg plate; 18, exhaust and intak<' 
manifola; HJ, carburetor beat control valve for heating the fuel 
This valve is interconnected with throttle valve so that as th~ 
:-:peed is increased, less exhaust gas is diverted around the riser 
through which the fuel passes; 20, wirinit conduit; 21, water 
outlet; 22, c~mshaft; 23, accessory shaft which drives generator 
direct and distributor shrtft_by "!•ans of gears. This shaft is 
d:1vcn by the $.0..mc ch:11n which d~1ves camshaft; 24, crankshaft; 
2v, llywb~el; 26, bay9net type 01I level_gauge; 2i, rear engine 
support; 28, detachable cylinder bead m two parts; 29, con• 
nection to ~oat from comb!nat,ion ele-ctric oil and G"asolinc 
gnu~e; 30, piston; 31, conneot1ng rod; 32, spark plug; 33,•valve. 

xxxiii 



~ 

" "' ' 

]-Carburetor air c:lea.ner and air intake silencer 
2--Carburctor: a: down-draft, twin type, model "DD-3" Stl'omberg. An 

As-J{e fuemer is used for vaporizing gasoline at the carburetor for quick 
starting. When the starter pedal is depressed. the throttle is slightly 
opened and the fucmer connected. 

:l-Dual intake manifold; <I-Exhaust pnss:,g~. 

,r, - •. 

:>-Double bultcrfly beat control. Contr·ul;s t.hc p:1~:-;:1gc vf the 
exhaust gases oround the intake mnni/old jacket for heatin., 
the mixture ,'i•hen engine is cold or below norm.al runninl! 
temperat,ure and to reduce the use of the carburetor chok,• 
to a minimum. ft is connected with bent control buttou 
on instrument board; 6-Exhaust pipe. 

i-Double valve springs to .eliminate spring surge; wound 
right and left. 29 , 

I 
1 

S-Rocker-arm type of valve-lifter made of chromium ball 
steel reducing the reciprooating weight, thus more· effiricut 
:it high speeds. Note oil pressure passage; 9-Camshaft 
mounted 1n $ix bearings. 

10-Fuel pump and filter (Stewart-Warner mechanically driven 
I ype). 'fhere are two fuel-feed lines. The gasoline feed 
line extends to within J H" of the bottom of gasoline tank, 
lenvin~ n. 2-gallon reserve. The reserve supply line (ma.r.ked 
by red paint) extends to bottom of gasoline tunk. Iloth 
lines lend to n. two-way cock from which point on'!. line. 
leads 10 fuel pump. • 

I I-Do11hleoil1,ump; 12-Oil pumpintukcscrcen; 13-Oildruin. 
14-0utJet pipe for tl1e oil coo)inu; system; 15-0H 

pipe lead from pump to oil filter. 
H.i-Oil-prcssure relief v~lve and regulator. Idlin!!: 

speedj)re.:tsure adjustment is provided as well 
as for 1igh speeds. 

Ji-Lead t.o oil filter; 1S-Oircct lino full flow oil 
tilter: nil oil passes t-hrough it going to the 
bearings. 

HI-Lend to oil distributing pipe nncl t.hcncc to maiu 
bearings.and moving p!trts. 

:?0-Lnrgc drilled passage through crankpi11s in 
crankshaft insures priming suppJy oi oil when 
starting. Centrifugal force acting on :i greater 
volume has a tendency to increase the pressure; 
21-Same as 20. 

:?:!-Crnnkease ventilator; carries off exce.~ heat 
and injurious fumes from interior o{ engine. 

2:1 -Connecting 1·od; rifle drilled full length for oil­
[}l'~ure feed to piston pin. 

2-1-Piston.. Light weight alloy split skirt type. 
~:,-High-compression cylinder-head combustion 

ohamberi conipression ratio is 5.2 to 1. 
20, 27-Water outlet. 

Hupmobile, model H and t.: (!031), engine with eight in-line, 
L-head type of cylinders and valves on the side of cylinders, oper• 
ated by one camshaft on the side. The Hupmobile is nn example 
of an engine usinp: radiator cooling of the lubrication oil. 

:!S-Timer-dist.ributor; $emi-autornatic ndvuncc~; 
dual breaker-contacts; 29-Ignition coil. 

30-A special designed water distributing manifold 
which keeps all cylinders equally cool. Cool­
ing is forced circulation by pump. 

Cylinder arrangement: vertical, eight-in-line, L-hcau, cast in one block aud integral v.-ith crankcase, 
water-cooled, detachable head- Valve arrangement: poppet t)rpe valves on one side of cylinders with 
valves inclined. Camshaft drive: from cmnkshaft by means of sprockets and silent timing ch~i.n; one cam­
shaft on the side. 

Lubrication of engine ·is full-force-feed to a.11 main, connecting rod, camshaft bem-iugs, valve mechanism, 
and through drilled connecting rods to piston pins. There are two oil pumps in the oil pump l1ousing 11. 
One circulates the oil through the radiator to be cooled. The other circulates oil under pressure fo.r engine 
lubrication through the filter 18, and through pipe 19, to the main oil distributing manifold, thence to all 
bearings and moving parts as mentioned above. An oil-pressure relief valve 16 is provided in the line to 
prevent excess pressures being built up. 

Oil cooling: As power is increased, oil temperatures generally go up, which lowers the oil vi,,co~ity bcyow I 
t.lutt which is considered thoroughly safe for main bearing loads. 1n the liupmobile this condit.ion is taken 
mre of by pal'titioning off 2 inches of the water radiator core at the left side, E, Fig. 2, supplyinµ: this sect ion 
with separate headct tanks, top and bottom, and using it for cooling the oil. By this means oil 
tcmpera,tur('s at main bc•arings, it is claimed, have been reduced from ,~ possible peak of 260° 
tu below 200° F., under the severest conditions. 

Oil is forced through this radiator core E under µn::;~ure by a :;eparnte pump, A, Fig. 2, the 
lead line B, however, having incorporated in it a pressure relief valve D to prevent excess pres-
,mres being built up in the core. The bot oil is taken into oil pump A from the upper level of 
the oil swnp and cool oil-is discharged through return pipe G at a lower level H in cl9sc prox-
irnity to the intake of the engine lubricating pump. 

For specifications of the Hupmobile and other engines see page, 111,;.-,-JOf;2. The Hupmobile employs a helieal 
~P .. a.r free-wheeling trn.n~mission on all models. 
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ASSEMBLY OF THE AUTOMOBILE 
The automobile is made up of four component units: the running gear, the power plant, the drive 

,;ystem, and ihe control members. These parts are subdivided into other units, and each of these will 
be treated separately farther on. Although the construct.ion of the different makes of cars may vary, 
tLe principle or purpose of the parts remains the same. 

Fig. 1. The ruwung gear, consisting of the front and rear axles, sprin~, pl'e38ed steel frame, nud steering device. The main 
gasoline tank is shown ail.ached. 

Fig. 2. The power plant is now suspended on the frame of the running gear. The power plant in this example consists of an 
eight-cylinder V-typc engine with the clutch, clutch housing. and transmission all mounted as one unit. It is, for this reason. 
termed a Hunit power plant." 

Fig. 3. The drive system is now attached. This consists of a propeller or drive shaft encased with a universal joint inside of 
~be torsion tube. On many cars tho drive or propeller shaft is not encased. The above is termed the chassis. 



INSTRUCTION No. 1 
ASSEMBLY OF THE AUTOMOBILE 

GENERAL EXPLANATION 

The Kinds of Motor Cars 
There are three different kinds of motor cars: 

first, the gasoline motor car; secondly, the steam 
car; thirdly, the electric car. 

The gasoline motor car is by far the most popular 
and it is with this that we are mainly going to deal. 

The steam car, silent, smooth, and easy on tires 
is comparatively seldom seen. 

The electric car, almost invariably in the form of 
a brougham or coupe, is heavily handicapped by 
being unable to run for more than a. few hours with­
out a fresh charge of electricity from its head­
quarters 1 and is in less general use. Our attention 
will be aevoted to the car with the gasoline engine 
for the motive power. 

The Component Parts of a Motor Car 
A car may be made up as a whole of two distinct 

parts, the body and the chassis. 
The body, which is the work of the body builder 

and which has been brought by him to a wonderful 
pitch of perfection, hardly concerns us, so we will 
unscrew the half-dozen or so bolts that secure it 
to the frame of the chassis and stand it to one side 
-for the present, at least-so that we can examine 
the chassis underneath. 

The chassis is the entire car (Fig. 3, opposite), with 
the exception of the body. The chassis, for our pur­
pose, must, also be divided into its main parts as 
follows: tl,e running gear, the power plant, the 
transmission system, the control system, the equip­
ment and accessories. 

The_ running gear consists of parts as follo~s: 
front and rear axles, wheels, springs, frame. 

The power plant (Fig. 2, OP{lOSite), consists of 
parts as follows: the motor with its fuel system, the 
carburetion system, the ignition system, the cool-· 
ing system, and the lubrication system. 

The drive system consists of parts as follows: the 
clutch, the change-speed gears, the drive shaft with 
its universal joints, and the differential. 

The control system consists of parts as follows: 
the steering device, the throttle and spark control, the 
hand levers, the foot pedals, and the brake system. 

The construction of the parts of a. motor car may 
vary, but their purpose is the same. -While it is 
true there are hundreds of different firms making 
automobiles, they all employ in the construction of 
thnir cars the parts enumerated under the various 
headings. For instance, one manufacturer may 
suspend the power plant on the main frame, others 
use a sub-frame; some use a clutch of the cone type, 
others use a clutch of the multiple disk type-but 
they all use frames and they all use clutches. 
Farther on we shall explain the different construc­
tions involved in these parts; but bear in mind that 
the fundamental principle or purpose of each part 
does not change. 

As we progress, the reader will gain an idea of 
the different constructions of the component parts 
now in general use. For instance, there are two 
kinds of front axles in general use: the tubular type 

and the solid type. There are two types of con 
struction of rear axles in general use: the live axlt 
which revolves and is driven by a bevel gear and 
pinion, and the dead axle which does not revolve, 
but on which the wheels are driven by chain and 
sprocket; and so on, throughout the whole construc­
tion of a car. 

It is now clear that if the reader masters the 
principle and purpose of these parts, it will be no 
difficult matter to understand the variations in 
construction, and when he has completed the study 
of the various constructions he will have gained 
sufficient knowledge to enable him to understand 
the construction of all cars. 

Purpose of the Parts of the Running Gear 

The front wheels run free on the axle, and guide 
the car. They are called the guiding wheels and 
are moved from side to side by means of a steering 
device, and the direction of the car is con trolled in 
this manner. The rear wheels are revolved by the 
engine and drive the car. 

The front axle is fitted with steering knuckles on 
which the guiding wheels run. These steering 
knuckles are moved by means of a rod which con­
nects to the steering device. The front axle is 
fitted with spring blocks and sp1-ing clips which hold 
the springs in place. 

The rear axle revolves. The housing over the 
axle is fitted with spring blocks and clips similar to 
the front axle, that is, if it is a "live" axle. 

The springs act as a cushion and prote.ct thA 
machinery and the occupants of the car from undue 
vibration and shock. They also hold the frame. 

The frame of an automobile is made of pressed 
steel and is the foundation which supports the power 
plant, change gears, levers, steering device, fuel 
tank, body, etc. Each part is bolted to the frame 
and is kept in proper relation to each of the other 
parts. The frame is ·usually suspended, with the 
springg resting on the axles, as shown in Fig. 1, and ie 
called the "overhung" method of spring SUS!)ension. 
Sometimes the springs are fastened below the axles, 
called the "underslung" method of Sf.ring suspen­
sion. The front springs are usually ' overhung" in 
either case. 

~ 

Fig. 1. In the upper illustration is shown the "overhu_ng" 
spring suspension. Note that here both front and r_enr spra!lgs 
nnd nlso tho frame are above the axles. In the Jowcnllustrat1on 
is shown the '1underslung '' a form of springsuspcn$ion in which 
the frame is above the axles, but with the springs below. A 
popularspringsystem is the cantilever. 

A sub-frame is sometimes placed inside of the 
main frame to support the power and drive plant. 

1'he steering device is usually attached to t~e 
frame. By turning the steering wheel, 'the car IE 
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guided through the control of the direction of the 
front wheels. 

Brakes are fitted to automobiles for stopping or 
slowing down, and are usually fitted to a drum on 
the hubs of the rear wheels. 

Purpose of tb.e Parts of tlie Power Plant 

The engine furnishes the power that drives the 
car. It is usually located in the front part of the 
frame, if it is a multiple-<:ylinder type of engine. 

Suspension. Multiple cylinder engines usually 
have fouri six, eight, or twelve cylinders. If of the 
double-cy inder opposed type, it is usually placed 
across the frame. If a multiple cylinder, "single­
uni t power plant," it is usually suspended at three 
or four points. This is called "three-point" or 
"four-point" suspension. 

The carburetor· mixes air with gasoline, and is 
connected direct to the-intake pipe on the engine. 
The carburetor is connected to the feed pipe from 
the gravity tal).k. 

The gasoline tank is usually placed under the 
seat or at the rear of the car, and gasoline is fed to 
the carburetor through a small pipe or by the 
vacuum system (as explained under Carburetion). 

The exhaust pipe connects to the exhaust mani­
fold and runs to the muffler, which is usually placed 
at the rear of the car. The exhaust pipe permits 
the burned gases to escape. The muffler, placed at 
the extreme end of the exhaust pipe, silences or 
muffles the noises from the explosions in the engine 
cylinders. 

The ignition system is a part of the electric plant. 
It consists either of a storage battery and coil, dry 
cells and coil, a generator, or a magneto. The coil and 
battery electric system was formerly placed on the 
dash, while the magneto or generator is placed on 
the engine and is run by the cam shaft or crank 
shaft, through the medium of silent chains. The 
modern coil and battery system with a timer and 
distributor is now placed on the engine. 

The cooling system consists of the radiator, water 
pipes, circulating pump and fan. The object of the 
cooling system is to keep the engine from ~etting too 
hot when the explosions take place inside of the 
cylinders. 

The lubrication system of the engine is for the 
purpose of keeping the bearings and rings and other 
moving parts from wearing. This subject as well 
as the others mentioned will be treated separately, 
farther on. 

Purpose of the Transmission and How the 
Rear Axle Shafts Are Revolved 

The transmission, or the speed-change gears, is 
that part which transmits the power from the engine 
to the driving wheels through a system of speed­
change gears. 

A clutch is placed between the engine and the 
transmission; this permits .the engine to run free, 
or when "thrown in," connects the engine to the 
change-speed gears and drives. th<: car. The clutch 
is operated by a foot pedal and 1s thrown "in" or 
"out" by the driver. 

In a locomotive the piston rods nre connected direct with 
the wheels through t-he medium of the croos-head1 and con­
ne<:ting rod so that when steam is applied the locomotive 
moves. In 'r ~ automobile, the engine may be disconnected 
from the tr,.nsmission by mcnns of the clutch, so that the 
motion of the transmission or of the entire car may be stopped 
without stopping the engine. 

Change-gear principle: When a bicyclist wants 
to race on a level track be gears his wheel up high, 
so that one revolution of the crank takes him the 
greatest possible distance. Yet if he takes this 
wheel on the road and encounters a hill, he must 
get off and walk or exert an extra lot of power--he 
needs a wheel geared lower. 

In the s:1.me way, when an engine is required t.o 
do more than ordinary work, as climbing a hill, the 
transmission or change-speed gear contains from 
two to four changes of gears and helps out the 
engine by ehanging to the gear ratio requiring 
less motive power. It allows t,he car to move at 
various speeds while the speed of the engine is 
unchanged. 

When in low gear, the engine ma-kes quite a num­
ber of revolutions (10 or 15), while the wheels re­
volve once, which makes the car move forward 
slowly, but with considerable force, so that it can 
go up a steep hill or through sand or mud. 

When in second or intermediate gear, the engine 
makes from 7 to 12 revolutions to one revolution of 
the wheels, which moves the car faster than the low 
or first change of gears, bi.It with less force. 

When in third or high gear, t,he engine makes 
from 3 t.o 5 revolutions to one revolution of the 
wheels, which gives the car high speed over good 
roads. 

If the car should be going up a steep grade while 
on high gear, the work would be more than the 
engine could do, and it would stop unless one of the 
lower speeds were shifted in. There would them be 
considerably more pull on the wheels. 

The operation of the change of gears is effected 
by means of a side or center lever. Change of 
gears can be made instantly. The transmission 
also contains a set of reverse gears, which, when 
thrown in, will reverse the motion of the car with­
out reversing the motion of the engine. 

The transmission may be connected so that it 
drives the wheels by the following methods: . First, 
by a drivin~ shaft (Fig. 2) connected to the rear 
axle, which 1t revolves by means of bevel gears, the 
wheels and axle turning to~ether. This axle re­
volves and is called a "live ' axle. Second, by a 
single chain (Fig. 3) connected to a "live" rear axle, 
the wheels and axle turning together (now obsolete). 

Fig. 2. Propeller or drive-shaft driving method. 

Fig, 3. Sin11le-chain driving method (obsolete) 
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Third, by two chains (Fig. 4), one connected to 
each rear wheel, which run free on the axle, like a 
buggy. This is called a "dead" a.xle because it does 
'lot revolve. 

C\.UTC.h CRlVE 
A."!"'N'HEEL i T'RAAS- SPROC~ET 

----~ MISSION D~lVEN VEAR: 

ENGINf 
OFA<> 

RfWM)!.lE 

ORW£ 
SPROCJ,c:ET 

Fig. 4. Do,;ble-chain drive meil1od. Seldom used on 
passenger-car automobiles, but used on trucks to a Jimited 
extent. 

Drive System 

The connection between the engine and the wheels 
is called the "drive system." 

The drive shaft connects with the end of the 
transmission shaft by means of a universal joint. 
A universal joint is usually at the rear end con­
necting with the differential drive pinion shaft. 

The universal joints permit the parts mounted on 
the rear axle to move up and down, thus preventing 
the movement of the axle from interfering with the 
drive of the car. 

The torque rod is usually placed between the 
housing on the rear axle and the transmission case. 
The object of ~he torque rod (or torque a:m, as it 
is now called) is to prevent the axle houSlilg from 
twisting when the power or brakes are applied. 

The drive pinion connects to the rear end of the 
drive shaft and drives the large bevel gear, which 
is connected to the differential. 

The front wheels on an automobile run free on 
the axle. For this reason the outside wheel is able 
to revolve faster than the inside wheel when the 
car is turning a corner. 

When a vehicle turns a corner the outside wheels 
revolve faster than the inside wheels, because they 
travel a longer distance. 

The wheels in the rear must do the same thing; 
if they were forced to revolve at the same speed, 
one would slide because it could not keep pace with 
the other, 

When they run free on the axle, they would take 
care of this themselves, but as both are driven by 
the engine, the transmission or rear axle is fitted 
with a differential, at times erroneously called a 
compensating gear. This device is automatic, and 
permits the wheels to revolve at variable speeds, 
although both are driven by the engine. 

Wheels 
Tires made of rubber are fitted to the wheels to 

take up the vibrations that are too sudden for the 
springs to absorb. 

The wheels of an automobile are smaller in diame­
ter than horse-drawn vehicles, due principally to the 
fact that at the high speed the aµtomobile travels, 
the wheels would have to be built entirely too heavy 
to sustain the strain. Automobile wheels must be 
very strong, because of the weight that they must 
support, and the strain that they are under. They 
are made of wood or wire (see illustrations, Figs. 5, 
6, and 7). 

'\¥heels are divided into three classes (Figs. 5, 6 
and 7): wood1 wire, and disk wheels, the latter type • 
being made ot wood or metal. 

Fig. 5 Fig. 6 Fig. 7 

Fig. 5. Sectional view of a. 11 wood art.illery" typo or whee! 
Fig .. 6. Sectional view of a wire wheel. 
Fig. 7. Section<il view of n disk wheel. 

Wood Wheels 
The wood wheel predominates, but does not pos­

sess the lasting qualities of metal, and costs less 
It is usually termed the "artillery type" (see Fig. 5) 
A steel rim is fitted over a wood felloe which hold, 
the tire. 

Fig. 8 Fig. 9 

Fig. S. Wood wheel without hub flanges, but with rim 
mounted. 

Fig. 0. Wood wheel with bub complete, rim and tire 
inounted. 

The artillery type of wood wheel is shown in Figs. 
8 and 9. Note that the spokes meet at the center 
and are bolted between the metal hub flanges. 
Wood felloes are shrunk on to the wooden spokes to 
carry a steel felloe band, and on the steel felloe 
band, a steel rim is fitted to tal,e the tire. 

Easy riding qualities always have been claimed for 
the wire wheel, and this is largely due to the fact 
that the weight is centered in the hub and that the 
car weight is suspended from the top spokes, where as 
in the wood wheel the weight is taken on the spokes 
at the bottom. Road shocks, therefore, are more 
readily transmitted through the wood spokes to the 
hub of the wheel than in a wire wheel. With a wire 
wheel, it is claimed1 acceleration is much improved 
because the wheel 1s set in motion more easily by 
virtue of the lighter rim. In other words, the hub 
of a wire wheel, wherein is centered the weight of 
the wheel, literally wraps the spokes about it, and 
the spokes in turn pull the light rim after them. 

If wood spokes become loose and squeak, the cause is 
usually due to dryness, from lack of washing. To remedy, 
swell the spokes by soaking well with water. If this foils, 
consult Index, "Wheels, Ji;pokes loose," where further dis• 
cussioos are referred to. When wood· spoke.s break, new ones 
,an be fitted. See also page 1138. 



4 DYKE'S INSTRUCTION No. 1 

Wire Wl1eels 

Wire wheels are lighter and are generally of the 
demountable type, that is, the wheels arc demount­
able, but not the rim. The triple-spoke construc­
tion is the favored type. 

When wire wheel spokes break or become loose, new ones 
can be inserted or loose one• tightened, similar to the.trcntmcnt 
given to bicycle spokes. Hub caps on wire wheels must be 
tight, othcrwiso there will be an intermittent clicking noise. 

The parts of a wire wheel are shown in Figs. 10 
and 11. The rim on this wheel is of the clincher 
type. It usually is a st,raight~sicle 
type of rim. 

Rims are not demountable on wire wheels (sec 
Index under "Wire wheel rims)." 

Wire wheels usually come in sets; five detachable 
and interchangeable wheels and five hubs make a 
set-four on the car and one spare, all detachable at 
the hub. All are usually interchangeable, front or 
rear, right or left. Unscrewing and replacing the 
hub cap is all that is necessary in changing the 
wheels. The spare wheel may be carried with the 
tire inflated ready for immediate attaching t-0 any 
of the hub mountings. 'vVheels of this type are 
usually equipped with a built-in locking device, 
which adds safety without interference to the quick­
change feature. See also Index under "Wire 
wheels." 
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1, ig. 10. Rear wire wheel with 30 x 3 ½ clincher rim 
Note 1.bo hrake drum attached to the hub flange. 

Ji'ig:. I 1. Fro,1t wire wheel with 30 x 3 ½ clincher rim 
The part.s are shown ln the illustra.tion. 

Disk Wheels 

Disk wheels are now popular and add considerably 
to the appearance of a ca,r. The steel di$k is usually 
dished and welded or bolted to the felloe, or the 
wheel is made in one piece with demountable l'ims. 
The hub is usually bolted t-0 the disk. Disk wheels 
are also made of wood, but steel is used most. 

Easier riding qualities, rapidity of wheel change, 
and the ability to keep them clean are some of the 
major things claimed for the disk wheel. Seep. 602. 

The wood disk wheel is made from the same grade 
of wood as used for airplane propellers and is lamin­
ated in such a way that the grain in each lamination 

runs in a different direction. These wheels are 
claimed to be of about the same weight as spoked 
wheels, but to have four times the lateral strength. 

With many of the disk wheels it is not necessary 
to carry a spare, only.a rim being necessary. On 
others the entire wheel is changed. See Index under 
"Disk-wheel rims." 

Mud guards or fenders are always fitted over the 
wheels, to protect the car and occupants from the 
mud thrown by the wheels. 

Meaning of Wheel Base and Tread or Track 

The wheel base of an automobile is the distance 
(in inches) between the rear axles and the front 
axles. The long wheel base rides easier than a 
short wheel base. The frame must be sufficiently 
stiff, however, to prevent sagging from the weight 
resting on it. The wheel bases vary from 80 inchea 
on runabouts to 144 inches on larger cars. 
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Fig. 12 

WME'€L BASE' 

Fig. 13 

The tread (also called track) is the distance the 
two wheels are apart measured parallel with the 
axle. The standard tread is 56 inches, mensured 
from cent.er to center. 

The treads of wagons and carriages vary in different parts 
of the country. In the ilouthern states it is 60 inches; in the 
West 48, and in most of the other parts of the country 56 
inches. Small, light cars are sometimes made with a smaller 
tread than 56 inches, but this is exceptional. 

The road clearance is the distance from the lowest 
point of the car to the road. For rough roads, a 
greater clearance is required than for smooth roads, 
as a high place in the road would strike parts of the 
machinery that hung too low. The front axle, 
which is solid and heavy, is usually curved down in 
the center, so that it will be the first part of the car 
to strike a high place, therP.by protecting the deli• 
cate parts behind it. 

The Body 

The automobile frame, with all parts of the run­
ning gear, the transmission, engine, and other parts 
of the mechanism, when it is without the body, is 
called the chassis. Different types of bodies may 
be attached t-0 a chassis, and are generally fastened 
down with bolts. 

Although there are many special makes of bodies 
which are given special names, the illustrations that 
follow will give the reader the names of the standard 
type of bodies. 
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Wh.ere terms 11front" nnd jjrear" arc used, 41!ront" should 
always be toward the front end of the car. These terms are 
sometimes confused in regard to parts that are mounted on 
the dash. The front side of the dash is always that next th• 
engine. 

Where parts are numbered, No. l should be toward the 
front of the car. For instance, No. 1 cylinder is the one near­
est the radiator (in conventional construction). 

''Right" and ''left" arc to the right and left.hands when 
sitting in one of the seats of the car. 

Studs, screws and bolts shall take names from parts they 
serve to hold in pJacc, although they are assembled with other 
parts. For example, the cylinder stud is permanently screwed 
into the crankcase but holds the cylinder in place. 

The name "engine" should be used rather than •tinotor" 
to avoid confusion u,.,it1" electric motors, 
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DIVISION 1-CYLJNOl-~RS 

Group I-Cylinders 

Cylinder 

L•head cylind<!'r (valves on one side of cylinder) 
•r.head cylinder (valves on opposite siJes of cylinder) 
I-head cylinder (v:.lves in cylinder•head) 
F-head cylinder (one valve in hend, other on side directly 

operated) 
( Cast in block, not ''cast en bloc") 
(Cylinders of V-type engines should be numbered m, ll., 

2R, etc.) 
Inlet-valve cap 
Exhaust.valve cap 
Valve-cap gasket 
Cylinder-head 
Cylinder-head gasket 
Cylinder-head plug 
Water- jacket top cover 
Wat.er-jacket top cover gasket 
Water-jacket side (or front or re:ir) cover 
Valve-spring cover 
Valve-spring-cover gasket 
Valve~sprjntr-cover stud 
Valve-st.~·m guide 
Priming-cup 

Group 2-Crankcase 

Oil-pnn gru!kct 
Cr:rnkshaft rront hc,aring (upper half s.nd lowrr hnl(} 
Cmnksh.u.ft front h<:ari11J( C::tf) 

Cr:mkshaft bc:nring-cnp stud (sere\,· or bolt) 
Cranhh:tfL £rnnt hushing support (sometimes used in bar~l-type 

crnnkcasc) 
Crankshsft. te..'\r bc3rin~ 
Crnnkshaft rc-nr b(."ttriog shims (olhcr shims ncc:ordin,;ly) 
Crnnkshnrt centc:r bcnring (if only three bearings or if o.11 exct-pt 

~nd henrinl(:s arc ~like) 
Crnnkshn.rt second hi•:,ring, etc. (if more than three IX'nrings, for 

example, front bearing, second bearing, third ben.riog, fourth 
bearing, tel'.lr bc:i.ring) 

Hand•holc cover 
llond-hole,..covcr gasket 
Timing-g<!tlr eover 
Timing•g('nr-covcr gasket 
Flywheel housing 
Ccne1·r1tor bmcket {,,thcr brackets t#ke n~me or part supported) 

Group 3-Crankshaf[ 
Crnnkshaft 
flywheel 
Crunkshart timing-gear (or sprocket) 
Cr~nk:short timing•gcnr key 
FJywhc-cl s:lartcr-gc:1r 
Crankshort starter..13rn·ockct 
Flywheel bolts 
Clutch-sp1'ing sttal 
·cr:tnkshn(t sturting jnw (or pin) 
Cmnksh:1rt d:tmper 

Group 4-Srnrting-CrJnk 
Starting-cmnk 
S1nrting-crnnk j:n\· 
Stnrtin,g-cmnk shMt 
Stnrting-erunk sh!tft spring 
St:irting-crank hn11dle 
Starting-crank handle pin 

Croup S-Connccting•Rods 
Connecting-rod 
Strnight connecting-rod} V l • 
Forked connc-cting-rod • :,-pc engine 
Conoectiog-rod cap 
Conne<:tmg-rod bushing ( uppc-r half anQ lower half) 
Connecting-rod cap stud (ol' bolt) 
Connecting-rod cap nut 
Conn('eting-rod bearing shims 
Connceling-rod dipper 
Piston-r>in bushing 

Group G-Pbtons 
Piston 
Piston-pin 
Piston-pin lock-screw (in connecting-rod or piston) 
Pislon•1·ing 
Piston~ri ng groove 

Grou1> 1-Camshnft 
Camshaft 
Eccentric sh.r1ft 

DIVISION II-VALVES 

Camshaft timing.gear 
Cnn1shaft timing.gear key 
Cnmshaft idler gear 
Camshaft oil-pump gear 
Camshaft ignition-distributor gear 
Camshaft timer-drive gear 
Exhaust c.am 
lnlet cam 
Oil-pump eccenti·ic (or cnm) 

I-a• 

Div1s10N 111-CoottNO Srsrs.r 
Croup 1-Fon 

Fan 
F~n bracket 
Fun spindle 
Fan hub 
Fan-hub bushing 
Fan blades 

( or hearing) 

Fan pulley 
Fan belt 
Fan drivin~ pulley 

Group 2-Radiafor 

Radiator Co1't$ 

lncliviclual F1·n and Tube Co;•e.-An assembly of fluid tubes 
of any cross-sectional form to each of which arc attached 
gills or fins of circular, square or other shape, each tube nnd 
its fin or fins forming a separate unit. 

Conti,rnous Fin and Tube Corc.-An assembly of fluid 
tubes of any cross-sectional form, the tubes being joined 
together by radiating tlns or plates common to all tubes 
or groups of tubes. 

Ribbon Cellt<lar Core.-A number of fluid pnssng-~s made 
by joining metal ribbons at the edges and grouped to form 
a cellula1· structure. Parts of the cellular structure may 
be of formed or flat ribbon which is not a part of the fluid 
passage. 

Air T11bc-Cellular Co-re.-An ·assembly of air tubes nested 
in such a way as lo form fluid pas~ages between the tubes, 
the passages being sealed at the ends of the tubes. In this 
type the fluid may flow transversely as well as vertically 
around the tubes. 

Shell Type 

Radiator Core and Tank Assembly 
Radiator core 
Radiator core header sheets 
Radiator upper tnnk 
Radiator filler•neck 
Radiator filler-neck slec,.·e 
Radiator filler.cap 
Radiator filler-cap gasket 
Radiator tie.rod fitting 
Radiator bafflc 
Radiator inlet-fitting 
Radiator lower tank· 
Rndiatol' outlet fitting 
Radiator drain flange 
Radiator drain-c0<:k 
Radiator anchor stud or bolt 
,Radiator anchor stud or bolt p1ate 
Radiator overflow tube 
Rndiator side bolting-member 
Radiator sheH anchorage clips 

Jladiator Shell 
Radiator supports 
Radiator anchor studs or bolts 
Radiator support reenforcement 
Radiator hinge-rod fitting 
Radiator brace-rod fitting 
Radiator hood-ledge liner st:rip 
Radiator starting-ernnk hole cover 

Cast Type 
Radiator Assembly 

Radiator clamping strips 
Radfoto1· clamp'ing bolts or studs 
Rndiator overflow tube 
Rndiator sides 
Radiator header gnsket 
Radiator hood•lcdge liner strip 

Radiator Core As.-;embly 
Radiator core 

Grou1> 2-Vo.lvcs Radiator core upper header 
Volvcs ~hould be numbered 1 Ex, 1 In, 2 ExJ 2 In, etc., Radiator core lower' header 

acc~rding lo the number of the cylinder. On V-type Radiator core overflow jacket tube 
engines the numbers should be 1 RExt l L£x, etc. 

Poppet vnlve Radiator Upper Tank 
Crankcase Inlet valve Radiator filler--c.np 

GrouJ> 3-Water-Pump 
W:Her-pump 
\V~tcr•pump impeller 
Watcr-pump•irnpcller key 
Water.pump body (in case of doubt, body is member 

mounted on engine) 
Wntcr-pump cover 
Waler-pump shaft 
Water-pump gland (part. in contact with pa.eking, whether 

threaded or not) 
\Valcr•pump gland nut (or screw, or othcr part used to 

compress gland) 
Water-pump shaft gear 
Water-pump shaft b~shing (or bearing) 
Water-pump packing 

Group '1-Pi1)es and Hose 
Engine wac.cr oullet 
Engine water inlet 
Radiator hose (upper and lower) 
Iladiator water-fitting (upper o.nd lower) 
Water-pump outlet pipe 

DIVISION IV-FU£~ SYST&OI 

Group 1-Carbureter and Inlet Pipe 
Carbureter 
lnle,t manifold (more than one connection to cylinder) 
Inlet pipe. (only one connection to cylind•r) 
Inlet manifold or pipe gaskets (at cylinder) 
Carburetor gaskets 

Group 2-Cnrburcter Control 
(Throttle control rods will t.ake names lrom parts they con. 

nect, shafts by l~ation or arrangement, and bra,ckets b)' 
parts they support) 

Accelerator pedal 
Accelerator pedal bracket 
Accelerator pedal pin 
Accelerator pedal rod 
Accelerator pedal rod-end pin 
Cnrbureter mixture hand-regulator 
Carburetcr choke 

Group 3-Carbu.reter Air•hea:ttr 
Ca.rbureter air•heater 
Carbureter hot-air pipe 

Group 4-Fuol Tank 
Fuel tank 
Fuel reserve tank 
Fuel gage 
Fuel gage float 
Fuel gage glass 
Fuel tank outlet st·rainer 
Fuel tank outlet (flange, fitting, etc.) 
Fuel tank pressure flange (or fitting) 

Grou1, 5-1.,ucl Pipes and Feed Systems 

Main fuel valve 
Reserve iucl valve 
Fuel pipe, main tank to auxiliary tank 

parts connected) 
Fuel pressure-pump (power pump) 
Fuel hand-pump 
Fuel pressure.gage pipe 
Fuel pressure-gage tee 
Fuel pressure pipe to tank 
Fuel pressure.pump pipe 
Fuel hand-pump pipe 
Fuel hand-pump tee 
Fuel pressure gage 

( or names ol other 

DIVISION V-EXHAUST SYSTSM 

Group l-Exhau5t Manifold 
Exhaust manUold 
Exhaust manifold gasket 

Group 2-Exhaust Pipe and l'tlurDer 

Group 2-Oil-f>ump 

Oil-pump 
Oil-pump body (any type ot pump) 
Oil-pump plunger 
Oil-pump-plunger spring 
Oil-pump inlet valve 
Oil-pump outlet valve 
Oil-pump shaft 
Oil-pump shaft gear (outside the pump) 
Qjl-pump shaft gear (inside the pump) 
Oil-pump following gear 
Oil-pump co11er 

G.roup 3-0il Pipes~ Strainers, GAges 
(Oil P,ipes should be named !tom the parts they connect, as 

.. Oil-pump to pressure-gage pipe") 
Circulating-oil strainer 
Oil strainer cap 
Sight feed 
Sii;ht-feed glass 
Oil level-gage 
Oil level-gage float 
Oil level-gage glass 
Oil pressure-gage 

DIVISION VU-ICNlTlON SYSTEM 

Group 1-Spark-Plbgs, Cables and Switches 
Spark-plugs 
Spark-plug cables (numbered according to cylinders) 
Coil high-tension cable 
( Low-tension cables should be named from the parts they 

connect, as: "Storage battery to ignition switch cable." 
In case of more than one conductor the cable should be 
desisnnted as double, triple. etc.) 

Ignition coil 
Ignition switch 
Dry cell (two or more cells make a dry battery) 

Group 2-Ballery Ignition EquJpmcnl 

Ignition set 
Ignition coil 
Ignition switch 
Timer.distributor 
Breaker.a.rm 
Movable breaker-contact 
Stationary breaker-contact 
Breaker.cam 
Distributor rotor 
Oistr-ibulor-rotor brush 
Distributot•rotor•electrode 
Distributor cap 
Timer-distributor shaft 
Timer-distributor shaft ge.ar 
Ignition drive shaft 
Ignition drive !haft gear 
Manual-ndvance arm 
Automatic.advance element 
Ignition unit, magneto-base mounting 

Group 3-Magneto 

Magneto 
Magneto distributor 
Magneto breaker.-box 
Magneto brenker-A.rrn 
Magneto fixed breaker-point 
Magneto breaker-arm point 
Magneto distributor brush 
Magneto-collector-ring brush 
Mag-neto coupling, pump end 
Magneto coupling, cCnter member­
Magneto coupling, magneto end 

DIVISION VIII-STAllTING ANO GENERATINC EQUIPMENT 
Barre).typc crankcase Exhau st ~alve Radiator filler-cap gasket 
Split--type crankcase (split horizontalJy at or neo.r center Valve•spr!ng • Radiator filler-cap hinge-pin Muffier A . . 

1 
. . 

line of crankshaft) ' Valve-spr111g retainer Radiator fillcr,cap fastener Exhaust pipe (extends from exhaust manifold to muffler. sing e-umt ~ystem compr1se._s a starter•gcnerator 

G,neral 

Crankcase upper half Valve-spring retainer Jock Radiator tie-rod fitting I! in more than one part name sections front and rear. A _separate-unit system comprises a generator and a start-
C k Valve-lifte1· Radiator hinge-rod fitting For V.type engines with two pipes, name right and left). ing motor separately mounted 
r~in~ab~~~i~~ ha~ ~~!edk only wfhe1\iho ~wer 1hnlf co1~t_ Valve.lifter guide Rndiator !nlet fitting Mufller outlet pipe A combined•unit system comprises a duplex starter--gen-
type, in which· -an the b~a~i~e s oar:1 me~ 1t a Jr~. ortl sp i Valve~l~fter-guide efamp Rnd~alor !nlet gasket erator. an ignition.generator, or an ignition starter-
the part to which the cylinde~S are at%a~h!d, j~r~~ll~do~ Valve.l!fter roller . Radiator rnlet studs or ,cap-screws DIVISION VI-L lUCA.TION SY _gcne_rator , . . 
"crankcase," the terms "upper half" and "lower half" no~ Valve.hfter-roller pm Radiator Lower Tank uo STE~t Drrcct1on of rotation JS ''clockw1seH or "counter.clockwise" 
being used) Valve ad~ust~ng screw . . Group I-Oil-pan or Reservoir as determined by the driven shaft for magnetos. gen• 

Oil.pan (used for lower part of split-type or barrel•type Valve adJustrng screw nut . fa~!ai°r ani,hir nlLuds or bolts Oil-pan erators. starter.generators, and by the driving shaft for 
cra'nkcase, ,vhether this serves as an oil-reservoir or not) Valve-rocker (either at cam or at overhead valve; i( both, Rtaad;:too~ ~~tl:t g1ask~ Oil lank (when separate) startinr; motors 

0 ·1 d -. k upper and lower) ~f thod ( m t· 't . fl b t d I •pan ram~coc (or •plug) V I b d C t d" b . - Radiator outlet studs or cnr,-screws Oil-filler strainer e. ~ o oun mg uni s arc. ange, ase, s rap an 

Group t-Gene-ratoi' 

Generator 
Genel"tttor main brush 
Generator main brush-l1older 
Generator third brush 
Generator third brush-holder 
Generator fie.Id frame 
Geperator field fuse 
Generator driving gear or sprocket 
Generator shaft 
Generator coupling (members as indicated under magneto 

coupling) 

Group 2-Statting•Motor 

Starting-motor 
Starting-motor brush 
Starting-motor brush-holder 
Starting-motor pinion 
Starting-motor int~rmedinte gear 
Starting-motor intermediate-gear shaft 
SUl.rting-motor intermedi-ntc pinion 
Manual shift 
Screw shift 
Magnetic shift 

Group 3-Starter,Gcnera·tor (Parts covered by Division VIII, 
Groups 1 and 2) 

Group 4-lbrnition-Generator (Parts covered by Division VII, 
Group 21 and Division VIII, Group l) 

Group 5-Ignition-Starter-Generntor (Parts covered by Divi• 
sion VII, Group 2, and Division VITT .. Groups 1 and 2) 

• 
Group 6--Storage-Battery 

Storage-batter:,, 
Terminal post 

Case: 
Wood case 
Rubber case (monobloc) 
Composition case (monobloc) 
Tray (alkaline b•ttories only) 
Jar 
Cover 
CeJl connector 
Vent plug (filling pl\!$') 

Group: 
Positive group 
Negative group 

Plates: 
Positive plate 
Ncr;ativc plate 

Post strap: 
Positive strap 
Negative strap 

Separators: 
Wood separator 
Rubber separ:itor 
\Vood separator with rubber ret3ine.r 

Post gasket 

Sealing nut 

Separator hold-down 

Battery hold-down 

Handles: 
Plate handles 
'\Vire handles 

Terminals: 
Clamp-lug terminal 
Taper-thimble. t•rminal 
Cable tc1·minal 

Through-bolt 

Jar spacer 

Scaling compound 
Electrolyte (not exccc<ling 1.300 in specific gravity) Orcather J_i~a~u!ng-%e) m errne iate etwecn lifter and vnlve in Radiator drain-cock or plug Oil.filler cap sleeve Jul11oa-1 

Reprinted from the S.A.E. llmulbook, 19~9 edit.ion (copyright, 1939), issued by Society of Automotive Engineers. Inc. We suggest that the reader adopt the policy of using S.A.E. Automobile Nomenclature whenever possible. We may not have followed this Nomenclature in all instances in this book as some manufacturers do noo use standard S.A.E. Nomen­
clature f?r all of their P~rts. Nonmembership rate to l'euders of Duke's Automobile l:.'ncyc/opedil, for ihe S .. 4..E, l/m,,/boak is $5.00. The domestic subscription r:>te for the ~.A .B. Jour,w./, published monthly, is SIO per year, and the foreign rate is Sl2. Individual copies of the S . .1.,E, Jo-unial at SI.00 per copy. Address Society of AutomoUve l,n~ioeers. Inc .. 2n w f':~t .• l9t.h fit: .. N PW' nrL· r.1 t V 



t>1v1s10N JX-:\IJSCELLA,..;toes f:LECTRlCAL EQUIP~tENT 

Group I-Lamps and Wiring 

The v;ctione.d illu~tratimr of all mtlomobilc heatl-lnmp and ib as• 
,tr.mbltd p'1rt.s (p. 67$, 19,7/j S.11.B. JfnmllJook) and fhc-nomtnc/.qturr. 
/M head-lamp pn.rl~ (p. 67.0 were ccmc,1.:lcd by the Socirly inJ 1me 1935 
because Qj cbst>l.cscencc. 

Hcad~Lamp.-A Ughting unit on the front of a vehicle 
intended primarily to illuminate the road ahead of. the 
~·chide. 

Sidt-l,amps.'-A lighting unit mounted on either side of 
a vehicle and intended primarily as a marker to indicate the 
location of the vehicle. 

Tcil-ldlmp.-A lighting unit used to indicate the rear end 
of a vehicle by means oC a ruby light. 

Backing-Lam7J.-A J1ghting unit. mounted on the rear end 
of. .i vehicle anc.1 intended to illuminat.e t.he road to the rear. 

Spot-lamp.-A lighting unit, mounted on a manuaJty 
operntcd adjustnblc brac.kC't, which ha~ one focusing type 
reilcct.or and one focusing type light suurcc. 

Jnstrumcnt-Lamp.-A li::rhting unit mounted on the instru­
ment boul'd and intended to illuminal<! the instruments. 

Dome-Lamv.-An inbleri<fr Jighling unit mounted in the top 
of a vehicle. 

Pancl-La1117>.-A lighting unit mounted either in the rent 
panel or in the corners of a. closed veh1dc. 

Tom1enu-Lamp.-A li~hting unit mounted in the back of 
the front seat in open or closed vehicles. 

Step-L01np.-A lighting unit mounted on the exterior of a 
"ehiclc nnd intended primarily to illumin:.tc the step or run­
ning-boa.rd. 

T!ood-lcmp.-A lighting unit mounted under the hood or 
a vehicle to illuminate the eng,ine coinparlmcnt. 

h1spection-La1np.-A portable lighting unit, connected by 
an ext..cnsion cord to ~he lighting S)'Stem of a vehicle. 

Inspection-lamp cord 
Inspection-lamp plug 
Inspection-lamp socket 
llead-lamp support tic-rocl 
Toil-lamp support 
(Cables and conduits should be named from the ports they 

connect.) 
Junction-box (wires not atwched to box) 
Junction•box screw 
Junction-box. cover 
I'use-box 
Fuse-box cover 
I'uso-block 
Fuse-clip 
Fuse (designated by name of part (od by circuit) 
Junction panel 

Grnup 2-Switches and lnstrumcnta 

Lighting switch 
Starting switch 
Starting button 
Ignition switeh 
Combined switeh (Such as lighting-ignition) 
Starting-ignition switch 
Anunctcr 
Voltmeter 
Voit-ammeter 
Charging indicator 
Cut-out relay 
Cut-out relay cont.nets 
Cut--out. relny armature 
Cut-out relay shunt CQit 

Cul..out 1·elay series coil 
Current regulator 
Voltage reg-ufalor 
Current-voltage regulator 
l.o:td-limit controllf'r 
St.irting-.switch contact·-;. 
Starting.switch contactor 
Startiug--switch plunger (lever or button) 
Through-the-bo3rd mounting 
Front--0(-boa rd mounting 
Ground-return wiring 
Insulated-return wiring 

Group 3-Horn 

Motor-operated horn 
Vibrator horn 
Hand horn 
Horn projector 
Horn di:1phragm 

Horn sound r:itchct 
Horn motor 

Group 4-Miseell;meous 

(Will include any additional electric.nl equipment such AS 
electrical g~arshift) 

DIVISIOH X-CLUTCH 
General 

Plate clutch (one plat.c clamped between two others) 
Disc clutch (more than three discs) 
Dry disc clutch 
Lubric..'ltcd disc clutch 
Expanding clukh 

Group !-Clutching Parts 

Di.'>c Clutch 

Clutch case (rotating member) 
Clutch housing (non-rotnting member) 
Clutch CO\'er 
Clutch housing cover 
Clutch driving disc 
Clutch driven disc 
Clutch driving disc stud 
Clutch pressure plate (front and rear, if two-used on 

both disc and plate clutches) 
Clutch driven spiJe1· (or drum-driving :ind dl'iven if two) 
Clutch cork.inserts 
Clutch facing 
Clutch-facing. spring 
Clutch spring 
Clutch shaft (not attached to crankshaft) 
Clutch-pilot bearin!: ( in flywhcd) 

Plate Clutch 
Clutch driven plate 
Clutch driving plate 
Clutch pressure levers 
(Other parts as under disc clutch) 

Group 2-Releasing Parts 

Clutch relensc sleeve 
Clutch release shoe or clutch release bearing housing 
Clutch release bearing 
Clutch release yoke 
Clutch release yoke shaft 
Clutch pedal shaft 
Clutch pedal adjusting link 
Clutch release yoke lever 
Clutch pedal 
Clutch pedal pad 
Clutch brake 
Clutch brake facing 

lNSERT No. I to Dyke'• Attlm11obile ,t Ga8oline Brioine Encyclopedia: S.A.E. Automobile Nomenclature 
1~rnn1;mission poppet spring Axle drive pinion ndjusting slee-..·e (cont.-ilnlng both ~r-
Transmission interlock rail ings) 

Group 3-Controt 
Control lever 
Control-lever• ball handle 
Control-lever ball-handle insert 
ControJ.levcr fulcrum ball 

Group 4-Propeller-Shaft 

Propeller-shaft 
Propeller-shaft front universal-joint (asS<>mbly-"propeller· 

shaft" may be omitted) 
Propeller-shaft rear universal•joint (asserpbly- 0 propeller• 

shaft" may be omitted) , 
Propeller-•haft front bearing (with enclosed shaft) 
'l'rnnsmission shaft universal.joint flange (substitute name 

of any other shaft on which flange is mounted) 
Univt'rsal-joint flange. yoke 
Universal.joint slip yoke 
Universal-joint pl3.in yoke 
Universal-joint cent-er cross {ring or block) 
Univer.sal•joint bearing bushing 
Universal-joint pin (may be designated as long and short, 

straight and shoulder, etc.) 
Universal-joint inner casing 
Universal-joint outer casin~ 
Universal.joint casing packmg; 
Universal-joint casing nut 
Universal.joint trunnion (for trunnion type joint) 
U~iversa}.joint trunnion block 

l)1v1s1or< XU-REAR AXLE 

General Types 

Dead Axle-An axle carrying road wheels with no provi­
sion in the axle itself for driving them. 

LiYc Axlt!-Gencral name for type of axle with concentric 
driving shaft. 

Plain Liye Axle-Has shafts supported directly in bear• 
ing.s at center and at ends, carrying differential and road 
wheels. 

(The plain live axle is practically obsolete.) 

Semi-Floating Axle-Has differential carried on sepa-rate 
bearings, the inner ends of the shafts bcin.g carried by the 
differential side gears, and the outer ends supported in bear• 
ings. 

The semi-floatini? axle shaft carries torsion, bendini; mo­
ment and shear. It also carries tension and compression if 
the whet?) bearings do not take thrust, and compression if 
tbey take thrust in only one di=tion. 

Axle drive pinion (or worm) carrier 

Croup 4-Differential 

Four.Pinion Two.Pit.co Case, Bevel Drive 

Dift'er·ential' 
Bevel-drive pinion' 
Bevel-drive gear 
Differential case flange half' 
Differential case plain half 
Differential bearing sleeve 
Differential case ·bolt 
Bevel-drive gear rivet or screw 
Differential side gear 
Differential spider pinion 
Differential spider 

Troo-P-infon. One•Piecc Case, Bevel Drive 

Differential' 
BeYcl-drive pinion' 
Bevel-drive gear 
Differential case 
Differential bearing sleeve 
Bevel-drive gear rivet or screw 
Differential side gear 
Differential cross.pin pinion 
Differential cross-pin 
Differential cross-pin lock 
Differenti;ll side gear spacer 

Worm-Gear Dri'IJS 

Differential' 
Worm] 
\Vorm genr 
Differential case, right hnnd 
Differential case, left hnnd 
Differential lM?a.ring sleeve 
Differential case bolt 
\Vorm-gear rivet or screw 
Differential side gear 
Diffe1·ential pinion 
Differential spider or cross-pin 
Oifl'e1·ential cross-pin lock 
Differential side gear spacer 

Group 5-A xle Shafts 
Axle shaft (right and left) 
Axle shaft wheel flange (or dutch) 
'l)iffcrcnlial.-A. dltterent~I comprises a C:lSe and Internal p1rts 

oply. 
a Bcv~l-drfrc ph1ion or wornt.-A bcvel-drlvo ptnlon or worm 

may be o( eitlle-r the "bored" or the "shaft .. typ~. M.Jl"CI\ 1913. 

DIVISIOH XIII-BRAKING SYSTEM 

Three-Quarter Floating Axle-fnner ends of sha!ts CU• 
ried as in -semi-floating axle. Outer ends supported by 
wheels, which depend on shafts for alignment. Only one 
bear,.ing is used in each wheel hub. A~ 1,1e. General 

The three-quarter floating axle shaft carries torsion and In the following 1ist of brake parts the terms 0 outer" and 
the bending moment. imposed by the wheel on corners and ''inneru are used, being applicable to any case of two sets of 
uneven road surfaces. lt also carries tension and compression brakes on the rear wheels. Where the brakes are external 
.if the wheel bearings are not arranged to tako thrust. and internal these terms ma)' be substituted for "outer" and 

Full-Floating Axle-Same as threewquarter floating axle .. inner." Where one brake 1s located at the wheels and the 
. . except that. each wheel has two bearings and does not depend other at the transmission. the terms uwbeel brake" and "trans• 

Group 1-Transmission on shaft for alignment. The wheel may be driven by a mission brake" should be substituted. With o~her concentric 

DtVISION XI-TRANSMISSION 

Tr:;rnsmission case flnnge or a jaw clutch. or side-by-side brakes the terms 0 outer" and "inner'' should 
1'rnn:;mission case cover (when used :ts co,·C1r pln.te) The fu~J.floating.axle shaft i,s relieved fro!'l all str~ins ex- be retained, ••outer" indicating in the latter case the ones 
Transmission main µ.rive geitr cept tors_1on, and 1n one possible construction, tension and nearer ~he ~vheels. C _ • • 

Transmission main drive gear bearing (front and rear if compression. The !1st 1s made up for external contracting and mternal 
two) expanding brnk~s. If b~th brakes are. of o~e type the neceS• 

Transmission ma·n d ·vc gear OOa.rin" a.da ,ter T. f Axle Drive sary changes will be obvious. The des1gnat1on of brake parts 
~ ' : . • ~- n. . o I . Jpes O on the rear axle as f()ot--brake or hand-brake parts, or by 

1 ransm!ss~on main drive ;e:1r ~-armg rcta.1ner The different ty es of live axle can be driven by ·Bt--tJd equivalent terms, is too remote to be clear, especially in the 
Transm~ss~on •SI econd and high ma_m shafL g~ar Gea-r Spi?-·al Bevel Gear Worm Double.Reduction. Gear or case of stock axles whose brakes may be connected either way 
Tmnsm~ss~on o,": and reverse mam shaft genr Single Chain. ' • ac~or~ing to chassis ~esign_. Nearly the same co!1ditfon p_re-
,:ronsm~ss!on ma!n shaft . In other constructions. the roar wheels are driven by vo.11s m regard to designating parts ~n the chassis according 
'l ransm1ss1on mam shaft rear bearmg Double Chains Internal Gears or Jointed C1·os,.Sha,ft. to whether they are connected to the: inner or outer brakes at 
Transmission main sl1aft rear-bearing adapter ' ' the axle. 
1'ransn,ission main shaft rear-b<!aring ret:1in<!r . The terms "service brake" and ('emergency brake" should 
Transmission countershart Group 1-Housing not be used. Better designations are ufoot brake" and Hband 
Transmfa:;ion countersha·ft gear duster Rear-axle housing (if one piece) brakf'; or if both br~kes are foot-operated, '

1
right foot~brake'' 

1"ransmission countershaft drive gear } If . Right and left halves (if two pieces) a nd }eft foot-brake. 
Transmission countershaft second.speed gear b .

1 
•1 

_ Bevel (ot worm) ear housing Group I-Outer Brake 
Transmission countcrsl1aft low•speed gear .ui t-up Right rear-axle t~ } (if' three pitces) Outer brake band 
Transmission countershaft reverse gear <·hi!lter Left rear•aXle _tube Outer brake band lining 
Transmission reverse idler-gear R~r-axl~-housm1.t cover . Ourer brnke band adjusting nut (yoke, etc.) 
'fr,am;n,i~:don reverse idler-gear bushing (or be:1ring) Differenttal c~rrier (bolted to housmg) Outer brake bond lever 
Trnnsmission reverse idlcr .. gear shaft Rear-axle sprmg-'Seat ~. h d Outer brake lever shaft 
, . . . . . . Axle brake .. shaft bracket rig t an left) Outer brake shaft inner end leYer 
rransnuss1on mam shaft pilot bushing (or beal'mg) Wheel brake .. support rig t and left (0 wheel" may be O b • k h f d I 
Transm~ss!on countershaft front bus~ing (or _hen.ring) omitted) , . liter ra ~ s n t outer en ever 
Transm1ss1on countershaft front-bearing ret.am<"1 Wheel brake-shield (0 wbecl" may be om1tted) Group 2-lnncr Drake 
Trn.nsmission countershaJt rear bushing (or bearing, C 2 T: A d Rad"us-Rod • Inner brake shoe (or band) .. 
Transmission countershaft rear.be.oring retainer roup - orque .. rm an I Inner brake shoe (or. band) hnmg 

Group 2-Shirting Mechanism Radius.rod~ . . 1~~:~ e~:t: ~~:l: 1~!.~~· etc.) 
Control housing (when used to mount control 11;-ver or <'On• Group 3-Du,e P1n1on Inner brake toggle shalt 

trol leve: and shifting me<:hnnism) Axle drive bevel pinion (or worm) Inner brake cam 
Cont~ol ~h1ft frame (when used to mount shining meeh Axle· drive pinion (or worm) shaft lnne~ h~a~c camshaft 

nmsm. O?IY) . . Axle drive pinion front beating lnne1 brnke Camshaft (or toggle shaft) lever 
Transmission St>cOnd and. l11gh shift fo1·k Axle drive pinion rear bearing Group 3.-Pedal {or outer) Brake Control 
Transmission secOnd and hlgh shift rail Axle drive pinion thrust.bearing Outer brake rod 
;:ransm!ss!on low and reverse shift. fo~k Axle dr~ve p~n~on front bear~ng adJuster Outer brake rod. yoke 
lrunsm1ss100 low and reverse shift t·a11 Axle dr!ve p~n~on front bea!,ng il~JUSler Jock Outer bruke interme<fo1te sh.aft (or iube)-right and left 

1 Side-l3mps CtJ\'Ct ~uch tyr,cs as :ir~ r;eneralty known as bullet, Tran:-mission poppet Axle drive p1mon rear bearing ad1uster Outer brake inlermedintc shnft (or tubc)-right lever 

Outct• hl'ake intermediate shalt (ot l.ube)-center lever 
Outer brnko rh.rht et']ualizcr lc-..·cr 
Outer brnkc left equalizer lever 
Outer brake equalizer 
llrake, pedal 
Bra kc pcd,'l l t·od 
Brake ped/ll rod yoke 
Brake pedal pad 
Brake pedal shaft 

Group 4-Hand (or inner) Brake Control 
Inner brake rod 
Inner brnkc rod yoke 
lnncl' brake intermediate shaft (or tubc)-right and Jefl 
[nner brake. intermedinle r;haft (or tube)-rit:"ht le"er 
Inner brake interme<li:u.c shaft (or tube)-lert lev~r 
Inner brake intermedi3tc shuft (or tube)--ccnter levc..r 
lnnl?r brake right equaliier lc\'er 
Inner b1·:,ke left equalizer levci-
lnner brake equalizer 
Broke ha11d )ever rod 
Bral<c hand lever rod ;•oke 
Brnkc hand lever 
llr~kc lever or sector 
llrake lever latch 
lfrnkc•l-!tCh ~pring 
Brakr-l~tch button 
Brake-latch spoon 
llrnkc-lntch ro<l 

D1v1s10N XIV-FRONT AXLE ANO STESRlNC 

Group l-Axlc Center 
Front axle center 
Front Spring $Cats 
Front axle bushing 

Group 2-Steoring-Knucklcs 
Right steering-knuckle 
Left stee1:ing~lmucklc 
Steering-knuckle bushing (upper and lower) 
Steering-knuckle pivot 
Steering-knuckle-pivot nut 
Steel'ing-knucklc thrust-bearing 
Right steering-knuckle nrm 
Left stcering,knucklc a rm 
Steering-knuckle gear rCld arm 

Group 3-Steering-Rods 
Steering-knuckle tie-rod 
Steering-knuckle tie-rod end 
Steering-knuckle tie•roc.1 clamp bolt 
Steering-knuckle tie.rod pin 
Steering-•gear conneding-rod 

Group 4-Stecring-Gear 
Steering-gear case· 
Steering-gear.case cover 
Steering-gear brttcket 
Steering-gear arm 
Steering-gear shaft (it separate from sector or other oper-

ating member) 
Steering-wheel rim 
Steering-wheel spider 
Steering-wheel tube (or shaft) 
Spark and thrott.le sAC'lor 
Spnrk and throttle sector tube 
Spark hand-lever. 
Spark hand-lever tube (or 'rod) 
Throttle hand-lever 
Throttle hand-lever tube (or rod) 
Steering.column tubc (stationary) 
Steering-column cowl (or dash or floor) bracket 
The various bu~hings in the· steering-column take names 

from parts to which they arc permnnently fitted, being further 
distinguishe-d, ns upper and lower, innei- and outer, if neces­
sary. Bushings in the steering-gear case take names from 
the worm and sector o•· other main operating parts which 
they support, as: Steering-gear worm upper bushingi .'.ll­
though the steering-wheel tube may be the member which 
turns insjde the bushing. 

Steering worm 
Steering-worm sec-tor ( or gear) 
Steering-worm shaft 

(worm and sector gear) 

DIVISION XV-WHEELS 

Group I-Front \Vhte1s 
Front wheel fello, 
Front wheel felloe band 
1-"'ront wheel rim 
Rim bolts 
Rirn clamps 
Front wheel bub 
Front wheel hub•ftang-e6 
Front wheel hub-enp 
Front wheel outer bearing 
f.'ront w'1eel outer bearing inner race 
Front wheel outer bearing outer racl" 
Front wheel outer bearing balls . 
F1·ont. wheel outer bearing ball retainer 
F'ront wheel outer bearing rollers 
Front wheel outer bearing roller cage 
Front wheel inner bearing (parts sarne as outer .bearing) 
Front wheel bearing spacer 
1:-ront wheel l>earing nut 
Front. wheel bea1·ing lock nut 
Pront wheel bearing lockinir washer 
Front wheel brake-drums (if front whe,el brakes arc used) 

Group 2-llc-ar Wheels 
Rear wheel hub 
Rear wheel hub.flange: 
Rear wheel hub-cap 
Re..'lr wheel outer bearing 
Rear w~l inner bearing 
Rear wheel brake-drum 
(Other parts named like front wheel parts) 

DIVISION' XVf-f-'RA'-1£ ANO SPRINGS 

Group 1-Frame 
Frame side member ( right and left) 
Front cross member 
Rea1· cross member 
Center cross member , 
(As above if only thre-e cross members, as below if more 

than three) 
First cross member 
Scc:o.nd c·ross rnember, etc, 
Sub-frame side member (right and left) 
~ub-fr:1:mc cross member (front. and rear) 
Right rear gusset (upper and lower) 
(Gussets at other c1·oss members· named according, to mem 

b<r) 

Group 2-Frame Bratkets and Sockets 
Front spring front braeket (right 2nd left) 
Front spring tear bt·ncket {right and left) 
Rear spring front bracket (right and left) 
Rear spring rear bracket (tight and left) 
Run.n~ng-boat·d bracket ( front, right, etc., if not duplicates) 
Running-board bracket brace 
Engine front support bracket 
Engine rear support bracket 
Torque-arm bracket 
Radius-rod bracket 

Group 3-Front Springs' 
Front spring (right and left) 
Front s1>ring shntk1e 
Front spring shackle-bolt (upper and lower) 
Front spring front bolt 
Front spring rebound-clip 
Front spring seat 
front spring seat. pad 
Front spring clip 
1:-ront spring clip plate 
Front spring center-bolt 

Group 4-Rear Springs' 
Rear springs (upper and lower Cor elliptic 3nd thre-e-quar 

ter elliptic) 
Rear spring pivot bolt (or pin)) (for half-elliptic cantilever 
Rear spr~ng pivot se~t I spring) rebrlaf>' 1'::-0 
Rear spring double shackle } 
Rear side _spring (for platform 1pring) 
Cross spring 
(Other parts as for front springs) 

DIVISION XVII-Hooo, PENDERS ANO SHIEWS 

Group !-Hood 
Hood 
Hood sill 
Hood handle 
Hood fas ten er 
Hood fastener bracket (spring, leYer, etc.) 

Group 2-Engine Shield 
Engine shield 
Engine shield fastener 
Engine shield bracket (spring, etc.) 

Group 3-Fendcrs and Running-boards 
Running-board (right and left) 
Runnin(r-board linoleum covtring 
Runuin,::-bonrd· outside binding; 
Running.board inside binding 
Running-l::oard front binding 
Hunnin~•board rear binding­
P.unning-board shield (right and left) 
Hight front fender 
Left front fender 
Right rear fender 
Left rear fender 
Fender support socket 
Right front fender front support 
Right front fender re-ar support 
(Other fender supports accordingly) 

Group 4-W!ndshield' 

•·Nam'°' for wimbhicld parts ha,\'C! not b~11 k1t<?ted. J2ou.ary 1130 

D1,•JSION 

Group 1-Spttdomcter 
Group 2-Tire•pump 

Tirc-purnp 

XlX-AcCESSORlES 

Tire-pump driving gear 
11.re-pump shu.fL ge~r 
Tire-pump idler gear 

CO"NI, tender or p:,rklng. pillar or wlndRh1~td lamps, l-36" Axle drive pinion rear bearing adJuster lock Outer brake intermedinte shai'.t (or tube)-left }e.,er 

Tho S.A.E. St•nd1ud for A11l11ffl(lbllt> NQrn<'nl'l11t1iro w1l1 dovolc,pcd by tho N'o1ncnel11turo Dlvi.;Ion, belnc adopt.ed M-{J:IMll)I' b)• t.hi: Sodt!I.)' In A1111:u~t. IOU}, 'TIMl wrioua p.Art& h11vo boon rovik!d "folloW&: Division J, Oroui.,a 2 :and Ir-Dy thcEqinc Diviidon March rnzo: Divii,Ionl Oroup3-llytt 141 Gilllolino Eri2ine Divi~ion,Jr1u11:1ry, 19.30: Dh•i11ion 11,Gronr> 1-nytho Bleetricnl Equioment Div~ion, ~foteh. 1026: Division JU. Group l~By ,he Eru:ioo Oivil!lioci, Martb, 19:?G: Divi,ion Ill, Gro
11

P 'J­
D}· tho Hadiator Di'l"lillon. Se,pt,m1ber, B)26: Di\·ision \'Il-By the ElC'4.ltrlc:11I Ec111lpment. Divf,.k)n. !l,·h1reh, 1926: Dh•iaion \'Ill, Group G-Bl• thfl Stot:ax~lJAtter:,, l)ivisitm, Mareh, 1926: Divil!ion LX, Group 1-:0y t-ho Li.ithtiru: DiYiMion, Scpten'lber, 1020; Di,·h1fon ix, Gro~.P 2-By t-be Ele~tric, 1\1 }!;quipmcn~ Division, t\h1rc:h. lYW: Dh•bk'/11 X-B>•ll1t'>1'r!!.nl\nli,...lon t)h·i~i,,n,foo,11:1r)·. 19',?~ 1livi1im1 Xl,Or,;um 1-tly t-h" 'l'rnnJ1mi.~Hm Dl\·lsivn, 8(>p1c1nbN, lw.?:6: Dlvi!lion X'.11. (;rou1J 4-R>~ th• 'l'riUlsml.uiun 
n;..1.,1,. .. ''•·~\, •C<>._. n;,.;.;,.., '\'Ill f':r.,.,.., _._n .. ,1 .. , •r..,,. ... ,;~o; . .,., n;.,,., .... ~., ... ,..,.,..,, 1<1<>r:• n; .. ;.,.;,.,. ,·,·-n,. ,1,,. ".1 .. J. \\.,,,.,.,. n;.,;~;.,,. ,.,.,,,.,.,. 1u..-1 n:,,:.,;,,,. Y\'1l l •r.,..,,.., nf n, ... l\•-nv fl,,. ,>i1....-"""r-(':"·,. OiYl.◄1'111. ,1,u,u,irv. l!i'.((): ff.,,d,••"IJrt~ n~men,·l!1t11rc h,• 111"' P:1t'!!ol!n11.~~r Dh•i11ton, Fehr1111n·. 1029, (S~ 1•i•E1:" G ul 1l1i& 1,ook iur '·'IJ111l11 .Ya111r11du!urit,") 



ASSEMBLY OF THE AUTOMOBILE 5 

Body Nomenclature 
Types or body following is reprint<-->d from the 

S. A. E. Handbook, issued by the Society of Auto­
motive Engineers, Inc., New York City, N.Y. Re­
vised by the Passenger-Car Division and approved 
by the Standards Committee, January, 1930. 

Roadster.-An open-type body having one cross 
seiit. A compartment in the rear deck accommo­
(lates business equipment or luggage. The top is 
of weatherproof fabric and may be folded. Equip­
ment includes removable side-cw-tains and provision 
is usually made for folding the windshield. 

Sport Roadster.-The rear deck is provided with a 
rumble seat accommodating additional passengers. 
Equipment frequently inclu.des golf locker in the 
rear deck. In other respects this type is similar to 
the Roadster. 

Phaeton.-An open-type body with two cross 
seats. usually accommodating five passengers. Fold­
ing-type windshield and folding weatherproof fabric 
top with removable side-curtains are usual equip­
ment. 

The seven-passen(;er Phaeton is generally the 
same except the additional length necessary for the 
auxiliary seats in the tonneau. 

Sport and Imperial Phaeton.-Similar to the 
Phaeton in general type 11'.ith various refinements or 
extra equipment. Wire wheels, trun_k rack and 
ultra-modish finish are common attributes of this 
type. The Imperial type is accepted to indicate a 
tonneau windshield. 

Touring Car.-Generally longer bodies than the 
Phaeton, permitting the U$C of auxiliary seats in the 
tonneau, for the accommodation of additional pas­
sengers. In other respects similar to the Phaeton. 

Coupe.-An endosed single-compartment body. 
Passenger cupacity varies with arrangement of seats 
or the length of wheelbase. Two doors are pro­
vided; back panels and top are permanent and the 
rear deck accommodates a luggage compartment. 
Small coup,:s have a single cross seat accommodating 

two or three passengers, while the larger coupe~ 
frequently provide a staggered seating arrangement 
which, with an auxiliary seat beside the driver, may 
accommodate. as many as five passengers. The 
la:ger types are also genera.Jly provided with Q\.Ul,l'tet· 
wmdows. 

Sport Coupe.-A Coupe especially adapted for 
sport use, with fixed top, frequently of fabric mate­
rial ~vith la_nclau joints. The rear deck i~ usually 
provided w;th a rumble seat accommodatmg addi­
tional passengers. Various refinements or extra 
equipment are frequently provided such as ultra­
modish finish, wire wheels, and golf club locker in 
rear deck. In other respects this type is similar to 
the Coupe. 

Cabriolet or C.,onvertible Coupe.-Similar to the 
Sport Coupe with provision for converting to an 
open-type. The rumble scat and fender wells arc 
usual but not restrictive featw-es of this type. 

Coach.-An enclosed two-door type body, with 
permanent back panels and top. A full-width cross 
seat in the tonneaµ accommodates three passengers. 
Two separate seats in the front accommodate the 
driver and au additional passenger, aud by folding 
down, allow unobstructed exit or entrance to rear­
seat passengers. Fender wells and trunk racks are 
frequently provided but are not inherent features of 
this type. • 

Sedan.-An inclosed four-door type of body with 
permanent back panels and top. A full-width cross 
seat in front and rear. Passenger capacity from five 
to seven acc~rcling to. wheel-base or body design. 
Auxiliary fokling scat,s m rear for accommodation of 
extra passengers in the lm·ger types. May or m11y 
not be provided with windows iu the rear qutirter. 

\'.ariations ~rom the standar? Sedan type may be 
variously designated as: 2-Window Sedan, 3-Win­
clow Sedan, Club-Sedan, Close-Couple<l 8eclan 
Landaulet Sedan, etc., but there is not sufficient 
uniformity in these variations to justify specific 
standardization. 

Landau.-A closed-type body with provision for 
opening. O)" folding _the rear quarter, by the use of 
landau Jolllts. This usually precludes the use of 
quarter windows. 

Landaulet Sedan.-Simihr to the Landau Sedan 
in appearance but made with a stationary rear 
quarter. Landau joints are mounted on the rear 
quarter but are non-operative. 

Imperial Sedan.-A drop or sliding glass parti­
tion between the driver's compartment and the 
tonneau is the distinguishing feature between this 
type and the Sedan, which it resembles in all other 
esscn tial respects. 

Town Car.-Same as Imperial Sedan with or with­
out rear-quarter windows and without a fixed roof 
over front compartment. A folding or removable 
weatherproof fabric top over the front compartment 
is a usual but not restrictive feature of this type. 

Co_nyertible Sedan._-Similar to Sedan type with 
prov1s1ons for convertmg to a.n open-type car. Both 
the all-weather feature and the top are convertible. 
. The disti_nction bet wee!' the Deliver,v Wagon and Truck is in 

size and weight. The dehvcry wn.gon 1s usually a sbnft-driven 
solid, or pneumatic-tired cur, whereas the truck is a. double• 
chain or shaft-driven solid or pneumatic-tired heavier mil.chine 
(uot $.A.G.). ' 



INSTRUCTION No. 2 
DRIVE METHODS: Drive-Gear Reduction 

VARIOUS DRIVE METHODS 

The power from the engine is transmitted through 
the transmission; and is applied to t,he propelling 
of t-he car by those parts called the drive. 

There are three methods of transmitting power to 
rear-axle shafts: the double-chain drive; requiring a 
"dead" rear axle; the single-chain drive (seldom 
used); and the shaft or propeller-shaft drive, which 
requires a "live" rear axle. 

There are seven drive methods: single chain 
(obsolete); double chain; internal gear (page 929); 
double reduction (page 925); double reduction 
internal (page 933); worm (pages 17,914,920,954, 
956); bevel gear (Fig. 3 below). The last men­
tioned is the type generally used on passenger cars. 

Double-Chain Drive 
The double-chain drive is seldom used on plea­

sure cars, but is used quite extensively on trucks. 
Trucks use chains, because trucks carry heavy loads 
and often have solid "dead" axles. 

When, as is usual in cars of this type of drive, the 
engine is in front, the crank shaft is parallel to the 
sides of the car, and therefore at right augles to the 
rear axle. The power developed at the crank shaft 
must therefore be turned at right angles in order 
to apply it to the wheels (see Fig. 1). This is done 
by means of bevel gears, which are in the trans­
mission case. 

Radius Rod 

D 
Oiffcrenti.1 

,nd 

Re3r Axle 

Radius Rod 

Fig. 1. 

The power is transmitted from the crank shaft of 
the engine to the square shaft of the change-speed 
gear by gea-rs, as explained farther on. The square 
shaft carries a bevel gear that meshes with another 
bevel gear carried on the jack shaft (Fig. 1). 

The jack shaft passes .across the car, running in 
bearings in the gear case and on the frame. It is 
held so rigidly that while it is free to revolve, its 
bevel gear is always in correct relation to the bevel 
gear ou the square shaft of the transmission. 

dri~~cn 

Bevel drive 
Pi[\jon 

The jack shaft is in two sections, between the 
inner ends of which the differential is placed, the 
differential, of course1 being beside the bevel gear 
that drives the jack snaft. 

At each end of the jack shaft, outside of the frame. 
is a sprocket which is in line with a corres_eonding 
s_procket on the rear wheel of that side (Fig. 2). 
Over each pair of sprockets passes a chain that 
transmits the revolutions of the jack shaft t-0 the 
wheels which run loose on the ends of the dead axle. 

Fig. 2. 

Fram, 
Sprocktl 

JackShaft 

The chain most commonly used for automobiles 
is called a "roller chain." It consists of side pieces 
in pairs, each pair being secured to the adjoining 
pairs by rivets passing from side to side. On these 
rivets are steel rollers which revolve as they touch 
the sprockets. These rollers fit the space between 
the teeth of the sprockets, and as the chain bends 
around the sprockets the rollers are stationary, 
while the rivets turn inside of them. 

To give the best service, the chain must run true; 
that is, the sprockets over which they run must be 
in line, the links of the chain must fit the teeth, and 
the sprockets must be exactly circular. If the 
sprockets are out of line, the chain will be forced 
to beud sideways. If the links do not fit the teeth, 
there will be a grinding that will cause rapid wear, 
and there will be danger of the chain jumping off. 
If the sprockets are not exactly circular, during one 
part of the revolution the chain will be slack, and 
during the other part will be drawn tight, stretch­
ing it. 

The double-chain drive has advantages on heavy 
cars. By its use the weight of the car is carried 
by a "solid" or "dead!' axle which is lighter than 
a divided "live'' axle of the' same strength can be. 
If a solid axle is bent, it can be straightened easily,. 
while it requires an expert mechanic to straighten 
a bent live axle. 

The disadvanta.ges of double-<ihain drive are the 
difficulty of properly lubricating the chaius, their 
rapid wear m consequence, and the liability of 
chains to stretch and jump off t-he sprockets. 

The worm-~ear drive for trucks, with substan~w,I 
axles of the "hve" type, are now considered superior 
to the double-chain drive. 

Chitch 

Pig. 3. The modern method for driving the rear axle is by mea.ns of a, propeller type of drive abaft with a. bevel Jrive 
pinion a.nd bevel-driven geiJ.r on the differential on the rear a,lo. Commercial cars with shalt drive instead ol double-chain 
drive often use the worm drive. 

6 
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Propeller or Shaft Drive 
In .this type, a shaft connects with the square 

main shaft of the transmission and is extended to 
the rear axle, where it ends with a small bevel gear 
called the drive or driving pinion. See Figs. 3, 4, 
and page 28. 

This driving pinion meshes with a bevel gear on 
the differential housing that is mounted between 
the inner ends of the two parts of the live rear axle, 
called the axle-driven gear, or differential "ring 
gear," or "master gear," "crown wheel," etc. 

The propeller or driving shaft always has one, 
and sometimes two, universal joints in between the 
gear box and drive pinion on rear end, so that the 
moving of the rear end, as the axle receives the 
jolts of a rough road, does not affect its driving. 

The drive and driven gears are contained within 
a casing or housing that supports the bearings for 
the parts of the axle and also the end of the driving 
shaft, so that the bevels are held in the same relation 
to each other, regardless of the moving of the axle. 

The advantages of this type of drive are that all 
of the moving parts are enclosed and protected 
from dust, and run in grease or oil, which means 
perfect lubrication. 

Radius Rods 
Radius rods, also called "distance rods" and 

"strut rods," are mostly used on commercial cars 
using a double-chain drive. They extend from a 
point alongside of the frame in line with the jack 
shaft, thence to the rear axle. Thus they keep the 
chain at the proper tension and the distance from 
sprocket to sprocket the _same, no ma.tter bow rough 
the road. A turn buckle is provided to insure 
adjustment. Radius rods are not used on propeller­
shaft-driven cars in the manner described above, but 
on two or three propeller-shaft-driven cars they are 
used as shown in Fig. 7. Many worm-drive trucks 
are equipped with radius rods. 

The Torque Member 
Torque means turning movement, or twist. The 

torque arm, torque tube radius rod, or the rear 
springs represent four different methods of prevent­
ing torque rea.ction. The torque arm, or radius rods 
extend from the cross-member near the transmission 
to the housing on the rear axle (construction varies). 

Fig. 1. One type of construction of a. torque arrn is sh<,>wn 
in the illustration. Note the arm (N), extending from the rear 
axle housing to a spring arrangement or torque pillar attached 
to a cross member, in line with the drive shaft. See iliustra­
tion (S) (N). 

The tendency for the driving pinion to climb the 
ring gear when starting or driving a car causes the 
rear axle housing to twist in the opposite direction 
to the road wheels. So it is torque reaction which 
the torque member prevents. 

What is known as the "Hotchkiss drive method" 
is where the torque and the drive are taken th.rough 
the semi-elliptic rear springs. The main leaf of each 
of these is made strong enough for this added duty, 
and the construction does away with torsion tube, 
r-orque arm, and radius rods. 

A torque tube is often used instead of a separate 
torque arm. The propeller or drive shaft revolves 
inside of the tube (see Fig. 6). 

;..j 
C::, 
Fig. 6. 

Fig. 5. 

Fig. 7., 

Fig. 5. "The Hotchkis.c; drive," A semi-elliptic spring is 
used to take the thrust. The forward end of tbe spring is not 
shackled, but oscillates on a pin! and this takes the thrust and 
torque. The rear end is shacked and is free o move under 
stress. 

Fig. 6. A torque tube, which takes both the drive and 
torque; Rolls-Royce rear axle. Ree also Fig. 7, page 16. 

Fig._ 7. Radius rods on tl10 Dusenberg, which t.ake both 
the drive and torque (illustrations from ;llotor Worid), 

Gears and Chains 

Spur gears are noisy and are not used very much 
except for t_h~ transmission. They were formerly 
used for driving the earn shaft. The helical, or 
spiral tooth gear or silent chain, is now used to a 
great extent for driving the cam shaft. 

The worm and worm gear are used extensively as 
a final drive on the rear axle of trucks. 

HE 
S-PI 
91'1'5K~W 
ORM GEARS, 
HEEL 

·•:~•~"' 

~E VE,L C>fAR 

lliVEL l'ltHOII ~PROCKET CHI\IN SILENT CHAIN 
Fig. 8 

The helical or spiral gear with st.might face ,:·in 
be placed as shown in the illustration above, a,.d 
may thus be used to drive pumps and distributors. 
The bevel helical tooth gear is used extensively for 
the final drive on rear axles of automobiles, and is 
termed a bevel gear with a helical or spiral tooth. 
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The bevel gear with straight teeth, as shown, is used 
for final drives, but, the helical tooth bevel gear, being 
more quiet, has taken it.s place to a large extent. 

The worm a.nd worm gear make a wiping con­
tact and the helical, more of a rolling cont.act. 
vVhen accurately made, worm gears run with great 
smoothness and silence. The worm may engage 
either from above or below the gear wheel. The 
angle of the worm and 11;ear may be as much as 45 
ckigrees. The worm is made of hard steel and the 
worm gear of bronze. See Index under "Adjust­
ing of the worm gear on a truck rear axle." 

The sprocket chain is used on double-chain-driven 
t.rucks. See Index under "Chains for trucks," 
showing the roller-type sprocket chain. 

The silent chain, with special sprockets to take 
the chain, is used extensively for driving the cam 
shaft, generator, etc., especially on "V"-type en­
gines. See Index under "Silent chains." 

The setting of bevel gears so that they will mesh 
properly without noise requires careful adjustment, 
as there must be as little pla.y as possible without 
having the teeth bind. See Index under "Adjusting 
drive pinion." 

DO<, C,LUTCH 
Fig.!!. 

The dog clutch is used in the transmission aml 
can be used for couplin~s for various driving pur­
poses, as for instance, with the magneto, etc. 

\Vhen the "dog clutch" is used in the transmission, one dog 
i• placed on the clutch shaft und the other on the square main 
transmission shaft. On modern transmissions, gears with 
internal teeth are Jscd instead of the .. dog clutrh." 

Drive Pinion and Driven Ring Gea1· 
The drive pinion (R3) is shown in the illustration 

below (Fig. 10). This pinion is attached to the end 
of the drive shaft. 

The differential ring gear (N3) is also shown in 
Fig. 10. This gear is attached to the differential 
housing, and is driven by gear (R3). Thus the 
drive is transmitted to the rear-axle shafts through 
the differential. 

Fig. 10. 

Note that both g(',ars (R3) and (N3) have beveled 
teeth which are straight. The type of gears in 
general use have beveled teeth which are not straight 
but helical or spiral shaped. 

DRIVE-GEAR REDUCTION 
The speed of the crank shaft is reduced so that 

the road wheels turn once while the crank shaft 
revolves from three to five times with the high­
speed gear engaged. 

On cars with single-chain drive (now obsolete) 
this is done by having the transmission sprocket 
smaller than the axle sprocket. If the reduction 
is to be three to one, tht1t is, if the crank shaft 
revolves three times to one revolution of the axle, 
the axle sprocket will have three times the number 
of teeth that the transmi~sion sprocket has. 

The reduction on side-chain-driven cars is some­
times made at the bevel driving the jack shaft, but 
usually at the sprockets. 

On shaft-driven cars, the reduction is made at 
the rear axle-drive geaxs. The driven gear (N3) 
(Fig. 12) on the rear axle is given as many more 
teeth tban the drive pinion (R3) on the d1·iving 
shaft as is necessary foi: the reduction that is required. 

In the worm drive, the reduction is governed 
as explained under ''Worm-gear ratio"; see Index. 
In other words, the size of the worm could be 
changed without its changing tlre speed. (The 
angularity of course would have to be the same in 
both cases.) 

To make the point c1cnr as to just how the speed reduct ion 
is brought about in the worm drive, imagine the screw thread 
on a vise shalt which draws the jaws together. II that thread 
is coarse. with only a few to the inch, the jaws would move 
toward each other rnpidly and of course it would take Aome 
power to move it; if, on the other hand, there were quite n 
number of threads to the inch, the jaws would move more 
slowly but it would tak~ le.as power to exert the same pressure. 

When the "gear ratio" of a car is spoken of, it is 
often referred to as the reduction between the 
engine crank shaft and rear axle. Thus, for in­
stance, a "genr ratio of 4 to 1" is where the drive 
shaft ma.kes four revolutions to one revolution of 
the road wheels on the high gear. 

This term, "gear ratio," should be termed "total 
gear reduction," as the term "gear ratio" could be 
applied to the transmission, or to the rear axle. 
Thus a distinction is made as is explained below. 

Difference Between "Rear-Ade Gear Ratio," 
"'l'ransn'l.ission-Gear Ratio" and 

"Total-Gear Reduction" 

Rear-Axle Gear Ratio 
"Rear-axle gear ratio" refers to the number of't.imes 

the propeller shaft (P), Figs. 11, 12, turns over to 
one revolution of the rear axle differential ring gear, 
axle shafts and whee.ls. 

To find the rear-axle gear ratio on any car, divide 
lhe number of teeth in the driven gear (N3) on the 
differential, which in this instance has 71 teet.h, by 
the number of teeth on the drive gear, which in 
this instance has 16; thus 71+ 16=4.437 revolutions 
of the propeller shaft (P), to one of the axle shafts or 
wheels. 

Transmission Gear Ratio 
"Transmission-gear ratio" refers to the ratio be­

tween theengine.crankshaftand thepropellershaftP. 

TAANSMl5SION ltcOH~ 
>HAFT 

Fig. IL Direct or high gear. Note thatthe driveisdirect l_rom 
the engine crank sha[t to the drive pinjon (R3), to the dr1ve11 
ring gea.r (N3). Cea.rs (R) and (N) are u,eshed at all times. 

On direct or high gea,r (Fig. 11), the ratio is 1 to 
1, meaning that the engine crank shaft turns over 
one revolution to one of the propeller shaft (P), he­
cause the engine crank shaft is connected direct 
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through the transmission to the propeller shaft P. 
rhus it is termed "direct drive." 

Fig. 12. Low or first gear. Note that the drive is from the 
crank shaft to the drive gear (R), to the driven gear (N), to the 
drive gear (R2), to the driven geur (N2), to the drive gear (R3), 
to the driven gear (N3). 

On first or low speed (Fig. 12), the ratio is 3.121 
to 1, meaning that the engine crank shaft turns over 
3.121 times to 1 of the propeller shaft (P). 

To find the transmission-gear ratio, multiply all 
of the driven gears together and all the drive gears 
together and divide the product of the driven gears 
by the product of the di-ive gears as follows:' 

N,31teetbXN2,29t+R,16tXR2;18t=3,121 obtained thus: 
:;1 X29=899, the product of the driven gears and 1GX18=288, 
product of the drivegea,rs, therefore, 899+288=3.121. 

~::lST ?.JT 

. Fig, 13. Intermediate or second gear. Note that the drive 
,s from the engine crank sho.ft, to the drive gear (R), to the 
driven ge_ar (N), to the dm•e gear (Rl), t-0 the driven gear (Nl), 
to the drive gear (R3), to the driven gear (N3). 

On second speed (Fig. 13), the transmission ratio 
in t.his example is 1.705, meaning that the engine 
crank shaft makes 1. 705 1·evolutions to 1 of the pro­
peller shaft P. ·This transmission ratio is found by 
following the same rule: 

N,3lt XN1,22t +R,10t XRI,25t =1.705.• 

Fig. 14 Fig. 15 

t,'ig, 14. Reverse gear. Note that the drive is from the 
drive gear (R) to the driven gear (N), to the drive gear (RG), to 
t,he idler gear to the driven gear (N2), to the drive shaft (P), 
to the rear axle. The idler gear gives a reverse motion to shaft 
(P), 

Fig. 15. Neutral gears. Note that the drive is from the 
drive ge,u (R) to the driven gear (N). Gears (R) (N) and 
shaft (S) revolve independently of shaft (P). Thus the rear 
axle is not connected with the crank shaft of tbe engine. 

On reverse speed (Fig. 14) the transmission rat.io in 
this example is 3.74 to 1, meaning that the engine 
crank shaft turns over 3.74 times to 1 revolution 
of the propeller shaft (P ). This transmission ratio 
is found by following the same rule. 

thus: 
N,3lt XN2,2llt =899 +R,16tXRG,I-5t =240, 

899 +240-3,74. 

Note: Sliding gear (N2) is pushed over to the extreme lelt 
and meshes with an "idler gear" behind gear (RG). The idler 
gear then meshes with (N2) and reverse gear (RG). This 
gives a reverse motion to propeller shaft (P), The teeth on 
the "idler gear" are not considered, o.s it is both a driven and a 
drive gear. 

Total Gear Reduction 
"Total gear reduction" refers to the number ol 

times the engine crank shaft turns over to one 
revolution of the axle shaft.a or rear wheels. This 
is governed by the diameter of any gear transmit,. 
ting power to the rear-axle shaft. 

To find the total gear reduction, multiply the 
"transmission-gear ratio" by the "rear-axle ratio.'· 

To find the total gear reduction when in first. or 
low speed, multiply 3.121, the transmission ratio. 
by 4.437, the rear-axle ratio, and we have 13.847. 
Thus the engine crank shaft turns over 13.847 times 
to 1 of the rear-axle shaft.a or rear wheels. 

To find the total gear reduction when in second 
speed: l.705X4.437=7.565 revolutions of the en­
gine crank shaft to 1 of the rear wheels. 

To find the total gear reduction of third or high 
speed: 1X4.437=4.437 revolutions of the engine 
crank shaft to 1 of the rear wheels. 

To find the total gear reduction of reverse: 
3.74X4.437 =16.594 revolutions of the engine crank 
shaft to 1 of rear wheels. 

The foregoing examples of ratios are those us,ed on the 
Cadillac Type 59 car. The Cudillac sometimes gives n 14-
tooth drive pinion (R3) on the hen vy closed cars and for 
touring care used in billy countries. The rearaaxJe ratio would 
then be: 71 +14 =5.071 rev. of propeller shaft P, to I of the 
roar wheels. 

Miscellaneous Ratios 
Ford: Rear axle ratio N3, 40 teeth +R3, 1l teeth =3.636. 

Ttnnsmission ratio, 1st speed 2.7 5; 2nd speed 1: reve~se 4. 
Overland 4: Rear Rxle ratio, N3, 45 teeth +R3, ~O teeth -

4.5, transmission rat-io, 1st speed, 3.62 to l: 2nd, 2.03 to I; 
high, 1 to I; reverse, 4.83 to 1. 

Dodge: the rear-axle rutio is 4.17 to I. 
On some cars, for instance the Locomobile model 48. Mercer 

Series 5, and Pierce-Arrow l\·lodel!3 31 and 51, there are 4 
speeds and on 4th the transmission ratio is 1 to I. On Loco· 
mobile 48 nnd Pierce-Arl'Ow 51, first speed transmission ratio 
is 4 to I. On the Mercer, 3.75 to l. 

On some cars with four speeds, the 4th speed is higher than 
I to I; for instance the Wasp with 4 cylinders 4¾ XS½, the 
4th speed transmission ratio is .73 to 1. Tho rear-axle ratio 
is 3.7, therefore tbe total gear reduction would be .73 X3.7 -
2.701 revolutions of engine to 1 of rear wheels. On 3rd speed 
the Wasp transmission ratio is 1 to I; on 1st or low, 2.09 to I 
The total gear reduction on 1st speed is 2.69 X3.7 =9.953 
revolutions of the engine crank shnft to I of the rear wheels. 

Truck-Gear Ratiost 
Federal 2-ton truck: Rear-axle ratio, 9.25, transmission 

ratio, 1st speed, 4.40; 2nd, 3.08; 3rd, 1.70: 4th, 1: reverse, 5.28. 
Federal !>-ton truck: Rear-axle ratio, 13.66 transmission 

ratio, lat speed, 4.99; 2nd. 1.16; 3rd, 1.79; 4th, 1; reverae, 
5.78, 

Replacing a D1·ive Pinion 
When replacing a drive pinion (R3) with one of a 

different diameter, it is always necessary also to 
replace the driven ring gear (N3), because the teeth 
will mesh too tight at cit.her the big end of the toot.h 
or the little end of the tooth, due to the fact that 
the teeth are cut at a different angle. See Index: 
"Differential gear, how to replace.'' 

Relation of Engine. Crank Shaft to Periphery of 
Road Wheels 

If the rear axle ratio on a certain car is 4.437 to 1, 
and say for instance, high gear is being used, then 
the rear wheels, no matter how large or how small 
the wheels or tires may be, will revolve 1 revolution 
to 4.437 revolutions of engine crank shaft. 

It is then clear that the larger the rear wheels 
or tires, the harder will be the pull on the engine, 
and that the smaller the rear wheels or tires, the 
easier will be the pull by the engine. 

1 Driven gears are designated in the illustrations a., (N), (NI), 
(N2), ect. Drive gears are designated as (R), (Rl), (R2), etc. 1 See Index under "G. M. C. 'two-raoge' truck tranorniooion.• 

Note. These pag"" refer to enrly•model curs. The method of computing tbe rntios is practically the same on later models. 



INSTRUCTION No. 3 

,:ffEERING; SPRINGS; BRAKES 

STEERING PIUNCIPLE 

Principle of Stee1·ing 
The steering device. is placed on the left-hand 

side of the car. On early model cars it was placed 
on the right-hand side. 

The principle: In steering a wagon, pulling on one 
of the reins swings the horse to that side. The 
shaft or pole is atta.cl1ed to the axle, and the axle is 
pivoted to the king pin, and all swing with the horse. 

If you go straight ahead, the front and rear wheels 
of s.nyvehicle move in straight lines. To make a turn 
GO one side or the other, the front wheels are swung 
so that they are at an angle with the rear wheels. 

Whenever the front wheels stand at an angle with 
the rear wheels, the vehicle will turnj and it will 
continue to turn until the front whees are swung 
back to a straight line again. 

Fig. l Fig.2 

F:g. l. Showing how a. front a:i.Je of n. horse-drn.w'n vehicle 
g.ives tbe direction in wbicb a. horse-drawn vehicle runs. 

Fig. 2. Showin,: how the front wheel• of an a11t()mobile give 
the direction in which the car runs. See next column, giving 
the meaning of "turning radiu~." 

In a horse-drawn vehicle, the front wheels are 
square with the axle, for wheels and axle swing to­
gether. (See Fig, 1.) 

In an automobile, the front axle does not swing, 
but each wheel swings on a pivot at the end of the 
axle, known as the Ackerman principle. (See 
Fig. 2.) See also page 910. 

It would not be practical to steer an autornobile 
as a horse-drawn vehicle is steered, for the axle 
would have to be very heavy to support the weight, 
and besides, it would be so bard to swing it that 
steering would be difficult. Another reason is that 
the body would have t.o be raised up high, so that 
the wheels could go under it in making a short turn. 

A fixed front axle is always used on automobiles. 
The pivots on which the front wheels swing must 
be as close to the hubs of the wheels as possible, 
for the closer they are, the less leverage there will be 
to overcome, and the easier it will be to steer, wit.h 
less liability to break. 

When a wagon or aut-0mobile turns a corner, it 
moves in the arc of a circle. 

In a horse-drawn vehicle, the front axle, because 
it swings on the king pin, always points to the center 
of the circle (Fig. 1). Notice that both wheels 
are perpendicular to the same radius of the circle 
and to the axle in Fig. 1. 

The front axle of an automobile is fixed and can­
not turn, and therefore only its pivoted ends point. 
to the center of the circle (Fig. 2). Notice in Fig. 2, 
that axle does not move, but that each wheel moves. 

When running straight ahead, the front wheels 
of an automobile are square with the axle. When 
turning, the front wheels are not square with the 
axle, but at an angle with it. 

Because ea-ch wheel is square witl: its ax,-, end, 
and both axle ends point to the center of the circle, 
each wheel is square, or perpendicular t.o, a radius 
of the circle. If both were perpendicular to the 
same radius, which they are not, the wheels would be 
parallel with each other. 

Thus, while the front wheels of a horse-drawn 
vehicle are always parallel to each other, the front 
wheels of an automobile turning a corner are not. 
parallel to each other on the same radius. 

The steering mechanism must be so arrange.: 
that the front wheels are parallel when the car is 
running straight ahead, but stand at an .angle with 
each other when turning a corner. 

Fig. 3 

Each of the pivoted axle ends (2, Fig. 3), which 
are called "steering knuckles," has a steering knuckb 
arm (3), projecting from it. 

The ends of these two arms are connected by a 
rod called a "steering knuckle tie-rod" (5). When 
the drag link is moved endways, both wheels move 
with it. • 

The two steering arms are not parallel, but incline 
a little toward each other. If they were parallel, the 
two wheels would be parallel, no matter how the 
tic-rod was moved. As they are not parallel, mov­
ing the tie-rod moves one of the wheels through a 
greater angle than the other, depending on the 
direction in which the tic-rod is moved. 

Turning radius: The raqius in which n car can turn. For 
example, a turning radius of 15' would mean that the car 
could be turned in a. circle measuring 15' from its cent.er or 
30', or can be tnrned in a. street 30' wide if on one side of the 
street. If the steering- device is on the left, a car can u,rnally 
be tw:ned in less space by turning to the right and vice vcr.sa. 

Factors determining the turning radius are: (1) wheel base; 
(2) nmximu1n angle at which the front wheel can be turned 
from tbe front. Tho averngo turning radius is 12.½' to 15', 
or a circle of 25' to 30' dia. Sec Fig. 2, page 10, which w;!l n.; 
doubt mnle the explanation clearer. 

Steering Methods 

10 

There are two methods in ireneral use: (1) the 
"fore and aft" method; (2) the l"lcross method." 

The "fore and aft" method is shqwn in Fig. 4. 
With this method the reduction gearing is usually 

Fig. 4 (left). The "fore-and-aft" n,ethod. 

Fig. 5 (right). ·The' oross steering" method. 
Note: The rod (K) in Figs. 4 o.nd 5 is usually termed a "drag 

link." The S.A.E. have recommended the u,e of the term 
hsteering gear com1ecting-rod11 for this part 
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in the bottom of the steering device and the tie­
rod (B) is usually behind the front axle. 

The "cross steering" method is shown in Fig. 5. 
With this method the reduction gearing can be 
eith,Jr at the top or bottom, and the tie-rod (B) 
can be either in front or behind the front axle. 

The Ford and model "Four" Overland and Chevrolet 
"Four Ninety" employ planetary gears for reduction. Tbe 
Ford gears are at the top o[ the steering column (Fig. 9). 
nnd on tho Overland model "Four" and Chevrolet, tho planet­
ary gears nre at thA bottom. 

Types of Steering Gears 

There are a number of methods for reducing the 
ratio oi movement of the steering column shaft to 
that of the arm (J). 

(1) Pinion and sector type (see Fig. 6). 

(2) Worm and sector type '(Fig. 7). Note that 
the teeth are only on a section of the sector. 

(3) Worm and worm-wheel type (Fig. 8). 

(4) Planetary type. Note that the gears are at· 
the top of the device on the Ford (Fig. 9). 

(5) Screw and nut type (Fig. 10). Movement of 
this nut is up and down which moves the arm (J). 

(6) Screw and half-nut type (Fig. 11). This is 
the Lavine steering gear. Adjustment is at the 
bottom of this device. 

• The breaking of any part of the steering connec­
tions is' more likely to cause a wreck than the break­
ing of any other part of the car, and must be watched 

s~:;,__,~~ 

• J~~=jc;:::::::, 

Fig. 7 

Fig. 6 

J 

Fig. 9 

carefully. The parts must be kept tight enough to 
prevent play, but must not be so tight as to make 
steering hard. All parts must be kept well lubricated. 

(See Index for "Steering gea.rs, adjusting.") 

SPRINGS 

All vehicles int.ended to move at more-than a very 
slow speed must be provided with springs. Springs 
not only protect the occupants from the vibrations 
of a rough road, but also keep the machinery from 
being shaken to pieces. 

Fig. 12 

Fig. 14 

~ 
'~- ~ l~\.fPnc(r~tu) 

Fig. 13 

Fig. 15 (upper) 
Fig. 16 0ower) 

The size and strength of the springs depend on 
the weight of the vehicle. Springs that are too 
weak will not give sufficient protection, and if they 
are too strong they will not have enough resiliency. 

Types of springs in general use are: Full elliptic, 
half or semi-elliptic, quarter-elliptic, three-quarter 
elliptic, and cantilever. 

The full-elliptic was formerly used on a great 
many cars for the rea!", as in Fig. 12. In some 
10stances it was used in front. 

The cantilever spring system (Figs. 14 and 15) is 
JJrobably the most popular present-day practice. 
The illustration shows how it compares with the 
ordinary half-elliptic principle shown in Fig. 16. 

ln the cantilever spring the forward end is shnckled and 
the axle is attached to the rear end. The center of the spring is 
attached to a trunion or hearing on the frame. Thus tho spring 
has n certain a.mount of movement about iLq; center. One good 
feature of this form of spring is that it reduces the unsprung 
weight of the axle. The shaded parts of the respective sprin_g, 
show the comparative amount of the unsprui,g weight. In 
the dmtilever form of spring the heaviest part of it is supported 
by the frame. See also l'lg .. 5, page 7 (Hotchkiss drive). 

The half-elliptic spring (Fig. 16) is used for tlie 
rear and, to a great extent, for thefroot, as in Fig. 13. 

Fig. 17. Three quarter elliptic. 

Fig. 18. Hall-elliptic-end suspension. 

Fig. I& Three hall-elliptic spring-coach style of suspension. 

Other arrangements of half-elliptic springs for 
the rear are shown in Figs. 17, 18, and 19. 
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SHOCK ABSORBERS 
The tires are primary shock absorbers and if you 

wish to get the full benefit from tires, keep them 
inflated up to the point of supporting the load, 
but not at too high a pressure if cushioning effect 
is desired. The low pressure balloon tire is an 
excellent shock absorber and protect~ the c·ar as 
wdl as the passengers (see also page 594). 

The springs are secondary shock absorbers and 
to get full benefit from the springs, which slide on 
~ch other when in action, keep them well and 
constantly lubricated between the leaves (see 
pages 172,762,763). 

Breakage of a spring means breakage of one or 
more of the leaves. Breakage almost always 
occurs in .the expan~ion that follows a heavy com­
pression, and not during the compression. In other 
words, itis the rebound that usually breaks the spring. 

Devices called shock absorbers are attached to 
the springs to check the up or rebound movement, 
and are supplementary d1wices to aid the tires and 
Rprings in absorbing the shock when driving over 
uneven or rough roads. There are four types of 
shock absorbers in general use: (1) friction type; 
(2) pneum:itie or air type; (3) spring type; (4) 
hydraulic type. 

Friction type: The spring rebound is retarded by 
friction. 

Fig. 20. Fig. 21. 

Fig. 20. Example of a friction type shook absorber (Hart­
ford): Arms (A) (B) are attached to frame and axle. All these 
movable frictional parts offer constant resistance to the vibra­
tion of the spring in both directions. When the wheel strikes 

an obstruction the arms-come together, but instead of flying 
back, as does t\10 free spring. it is rctMded by the friction and 
moves gradually t.o its normal position, as the friction is nlwa.yij 
the &amo while the tension of the spring diminishes as it 
approaches its normal pO!!tion. 

An adjustment dial (F) and indicator (G) provide means of 
securing the Correct tension for the car. A spider compensat, .. 
ing sprin~ (E) takes up any little wear automatica.Uy, thus 
keeping the friction uniform after adjustment. is made. 

There are several different constructions of the friction type. 
The "Stabilator" (page 72U), ••stewart," and "Amco" are some 
makes of a different construction (not illustrated). 

Pneumatic or air type: The downward motion of 
the spring is cushioned by air, and the rebound is 
checked by air. 1.'he oil is used as a piston seal. 

Fig. 21. Example of a pneumatic or air-type shock absorber 
(Westinghouse): An air chamber is made u_p of two sect-ions, 
one of which tcJescopes into the other. 1."'he outer section 
(A) is attached to a bracket on the frame of the car. The 
inner section is attached to one encl of the spring,i (B). Tlrn 
chamber is partly filled with oil, through the filling plug in 
cap (C). The filling plug is fitted with a Schcnder tire type of 
air valve througb which the chiimber may be charged with nir 
at any desired pressure. 

Auxiliary spring type: The downward motion is 
cushioned by an extra or auxiliary spring, and the re­
bound i;: checked by either the same spring or another. 

r~ 
(i~, 

\ Fig. 21 A 

Fig. ZIA. Example of an auxiliary sprir.g type shock absorber 
for the Ford (1<-W Road Smoother). It consists of a curved 

ifi'l J~~~~;R~.~~~ii~~1. :~:i:io~:l'~~r tt~ r~b~~~~ 1:~~:.r!:Y 
When striking nn obstruction, the shock is gently absorbed by 
the leaf spring which straightens out before the rebound be,:,;ins. 
The rebound 1s checked as soon as it begins, through the -link 
suspendin.g this device from the frame. 

'l'herc a.re two auxiliary springs (A) in front and two in the 
rcnr (BJ, on each side. (C) shows one side of the rear. This 
shock absorber also checks side-sway and has six points of 
free movement which keep the body level, ·regardless of road 
conditions. 

'l"here are several dilTerenf, constructions of tho spring-type 
shock absorber. • 

Hydraulic type: The rebound is checked by the vis­
cosity of oil, tbe working parts being immersed in oil. 

The Boo-Dye is an example of a hydraulic type which con­
t;rols both the recoil and the compression. Manufactured by 
the Houdaille Co., Buffalo, N. Y. 

BRAKE CONTROL AND CONNECTIONS 
Automobiles are fitted with two sets of brakes, 

nailed the "rurming service" or "foot brake," and 
tbe "emergency" or "band brake," the terms "foot 
brake" and "hand brake" being the correct terms. 

The foot brake is applied by pressing on a foot 
pedal, and is the one most in use because of its 
convenience, and is used most when running. 
Because it is used most, it requires more attention. 

The usual method of connecting the foot brake is 
by a contracting band on the outside of the brake 
drum on the ren.r wheel hubs, called the "external 
contracting band bralr.e." 

The hand brake is usually applied by a lever at 
the side (or center) of the driver's seat, so placed 
that he may apply his whole force to it. This 
brake is seldom used while runnin~. It is usually 
applied when the car is left standmg, in order to 
keep the ca.r from rolling down an incline. The 

~ 
::>::. _._. .. _.I'-__ -. --+.lt='~t-t---,~-+·::::.~ I 

Fig. 22.- :Method of connecting the two brakes in re~r. Tho 
o.diustment for equalizing the pull on each rod, can I,,, made 
at the turn buckles. 
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hand-brake lever connects in almost every instance 
wit,h the internal expanding brake inside of brake 
drum on rear wheel hubs, but occasionally will be 
found connected by a contracting band over a drum 
mounted on the main transmission shaft. See also 
bottom of page 885. 

The foot-brake pedal is the right pedal and the 
left pedal is the clutch pedal, on almost all cars. 

Brake Equalizers 
When the foot-brake pedal or hand-brake lever 

is applied, the pull should be the same on each brake 
on each wheel. If one brake rod is longer than the 
other the brake effect is not equal on both wheels, 
and this bas a tendency to make the car skid. 

To overcome this, a brake equalizer is used, the 
principle of which is shown in Fig. 22. The rods 
(R} are placed in bearings; the rod (F}, connects 
with the foot brake, and rod (H} with the hand brake. 

If a brake squeaks, it is an indication that it is 
dirty and needs cleaning. The dirt clogs the pores 
in the surface of the lining and glazes it over. Gaso­
line or, better, kerosene, will remove the dirt. The 
wheel should be removed and the linings cleaned 
with a stiff brush, such as a tooth or nail brush. 

Types of Brakes 
There are t~o distinct types of brakes in general 

use: the external contracting and the internal ex­
panding type. 

The external band brake is a flexible steel band 
faced with a,n asbestos or fabric composition, called 
"Raybest-os" or "Multibestos," etc. Setting the 
brake causes frict.ion between the brake drum and 
the linings, hence the use of asbestos composition. 

Band brakes are of two kinds: Single acting and 
double acting, the latter being an improvement over 
the former. 

Fig. 23 (upper) 

Fig. 25 (lower) 

ceMJMTIONOI' n,7'/N/11,/,.1, /llffD 
ErTllNM. Wl/tu.£·AUIN~, B-4ND8~'4k£. 

Fig. 2-1 (upper) 

Fig. 26 (lower) 

The single-acting band brake (Fig. 23) binds only 
when the drum is revolving in one direction, having 
very little wip when the drum is revolving in the 
same direct10n in which the band is being pulled. 
This form is going out of use for automobiles, for 
it cannot be depended on to hold the car from run­
ning down hill backward. 

The double-acting band brake (Fig. 24) is more 
practical, for it holds with the drum revolving in 

either direction. In this form, both ends of the 
brake are attached to the lever or pedal, and are so 
arranged that while one end is being pulled in one 
direction, the other end is being pulled in the oppo­
site direction. This binds on the drum so tightly that 
it may be depended on to hold the car in any position. 

The brake-band may either be contracted around 
the outside of drum, called the "external brake 
band," or expanded within it so that it bears against 
t,he inside wall of the drum, called the "internal 
expanding brake." Sometimes the internal brake is 
made of metal. 

The internal type of brake formerly 
in use is 

shown in Fig. 27. This is a double-acting, expand­
ing type, and which acts internally against tlic 
in~ide of the drum. This brake shoe is lined with 
Raybestos, Thcrmoid or some similar material. The 
internal brake can be actuated by a cam (C, Fig. 25; 
also Fig. 3, page 884) or by a toggle-joint Fig. 4. 

A combination of internal expanding and external 
contracting brakes are shown in Fig. 26. Lever (A), 
<"onnectecl with foot-brake pedal, operates the 
external brake and lever (B), connected with the 
hand-brake lever operate~ Lhe internal brake. Sec 
also Fig. 27, below. 

Fig, 27. A combination of an internal expanding and external 
contracting brake on brake drum of rear-wheel hub. OB is 
the outer or external and 1B is the inner or internal. B js the 
hand-brake rod operating the internal brake. H ia the foot,. 
brake rod operating the external brake. An example of adjust,. 

, ing this t¥_pe of brake is shown on page SS9, Fig. 9, which is 
similar. i,or the method of adjusting and relining brakes 1 see Index. This subject is treated in the Repair Section 01 
this book. 

Brake drums are of two types: single and double, 
tbe former being in general use. See page 885. 

The two-wheel brake system 
The two rear wheels are usually fitted with a com­
bination internal expanding and external contracting 
type of brake similar to Fig. 27. 

The four-wheel brake system utilizes a brake 
on all four wheels, and they may be internal expand­
ing, external contracting, or a combination. 

The four-wheel type of brake has the advantage of equ_slizing 
the braking stra.io on the four wheels, eliminating skidding, 
and makin~ possible quick stops at high speeds with a very 
smooth action. It also Jeng! hens the life of tires "nd brake 
lining. 

There are three principles of operation of the 
four-wheel brakes: the mechanical, the hydraulic. 
the air principle. See page 885. 
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TYPICAL EXAMPLES OF A LIGHT CAR AND A HEAVY CAR 

liiustrat.ions and specifications of the two well-known ca,rs shown below will give a. comparison of the 
relative difference between a light car and a. heavy car. • 

. TOP VIEW OF THE 
OVERLAND 

ctlEt: ca., Tree 4 Cyfi 
Encin<' 

Tread 56"; Wheel base 100"; Clearance 9 ½."; 
Rear we ¾ doatil\g with ,spiral bevel gaars·; 
~ar ratio 4 ½ to 1; Wt. 1825 lbs.;, Spring base 

]30" 

. Fig. 28. Example of a. 4-cylindcr cur (Overland 4). Note the spring su.speo8ion use<l cm this mako of cnr. which is termed 
11 lriplex suspension, n meaning that there &re three point$ of contact on suspension. Engiue, 4 cylindcrSi bore, 3- ¾r1 stroke 4 ... i 
actual h. p., 27; crank-shaft main bearing, 3; wheel biU:te, JOO .. ; trend, 56 .. ; rea.r•axle 1·atio, 4}1 to 1; rear-axlo shnfts, ¾ flontin~; 
transmission slicling gear. three speeds and reverse; clutch, lubricnted singk•~plnte type; umt power plant; tire sizes, 30" x 3½ ; 
water capacity, 3¾ g::il.; weight, approximately 1825 lbs.; clearance. 9½". See Speci6cations, pages 1055 to 1062•, for later Q\.~er­
land specifications. 

Locomobllc Cb3Hls. The ••JS" Type R•7. The ··,ts·· Type M-7 

Fig. 29. Example of a 6-cylindcr heavy r.ar (Locomob;lc 48). Engine, 6-cylinder; bore, 4½'; stroke. 5½': actual h. p.,90; 
crank-.sha.ft ma.in bearing, 5; wheelbase, 142"; tread, 56"; tire·sizes, 37" x 5"; fuel capacity, 30 sa1.i water capn.city, 7¾ gal ; 
transmission, four speeds and reverse; clutch, multiple dry disk; rear axle, full floating. See Spccific11.tions, pages 1055 to 
1062, for later Locomobile specifications. 
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AXLES; DIFFERENTIALS; BEARINGS 

FRONT AXLES 
The front axle of a. modern car carries about 80 per 

cent of the weight of the engine, and must at the same 
time with.stand the shocks and jars that, it receives 
through the steering wheels; it must therefore be 
strong and stiff. It, also carries t~bout 20 per cent to 
40 per cent of the weight of the entire car. 

Front axles are of two types: tubular and solid 
(Figs. 1 and 2). Formerly, ;i-xlcs were made of 
heavy steel tubes, but steel drop forgings with a 
cross-section of the form of the letter I, called "I­
beam" type are considered to give better results. 

The center of the axle is usually bent down, so 
that it is the lowest point of the c11.r except the 
wheels; this is done in order to protect the mechan­
ism from being struck by high spots in the road. A 
rock or stump, standing up high enough to hit the 
fly wheel, will first strike the axle, which is strong 
enough to withstand a blow that could easily 
dama.ge 'the engine. 

The steering spindles are that part of the front 
axle on which the front wheels revolve and are made 
of nickel steel, heat treated. The steering spindles 
are sometimes fitted with either roller or ball bear-

ings. The steering knuckle is that part which fiti 
into the yoke of the axle. Tbe steering arm of the 
device connects with the steering knuckle thrust 
arm, and the movement of the steering wheel guides 
the direction of the wheels. See page 910 for types 
of front axle steering knuckles ( the Elliott and 
Lemoine). 

REAR AXLES 
There are two types of rear axles: "dead axle" and 

"live axle." (Load is 60to80per cent of car weight.) 
Dead axles are stationary, with the wheels run­

ning free on the end of the axle, and are usually 
made as shown in Fig. 3. The wheels are usually 
revolved by chain and sprocket. 

Live rear al(les is the name given to axles that 
revolve with the wheels, and are known as "plain" 
live axle, "semi-floating" axle, "three-quarter 
floating" axle, "full-floating" axle. 

The axle shafts on a live axle are in two sections 
(see G, Fin-. 7, page 16). The inner end connect.s 
with the differential gears; the outer ends connect to 
the wheels. It is necessary to support the axle 
parts in a strong housing (H) and to brace it in 
order that the parts of the axle do not sag or get out 
of line. 

Types of Live Rear Axles 
Thc,:e arc two types: the "plain live rear axle" 

and the "floating live rear axle.'.' 
The plain live rear axle is the type where the 

inner ends of the axle shafts support the differential. 
Sec Fig. 3A. Note that the bearings nre on the axle 

Fig. 3A. Plain live type of ~car ax.le. 
Fig. 3B. Floating type of rear axle. 

shafts. If 
the axle shafts are withdrawn thr.·diflerential would 
drop out of place. 

To remove axle shafts the complete rear &xle assembly must 
be ,emoved from the car and the "divided housing" separated. 

See also pages 862, 863. 

1-!i 

The floating rear axle is the type where the 
differential supports the inner ends of the axle 
shafts. See Fig. 3B. Note bearing is on outer 
ends of differential housing. If axle shafts are 
withdrawn differential would not drop out of place. 

Types of Floaling Rear Axks 

There are three types, the "full-float.ing," "semi­
floating," and the "three-quarter floating.'' The 
floating tY})e is used more than the plain live type. 
See also page 863. 

The type of floating axle is determined by: (1) 
whether or not the wheel bearing is on the outer end 
of the axle shaft or on the ax[e housing; (2) the 
location of the bearing or bearingsi (3) the method 
of connecting the axle shaft with tne wheel. 

Full-floating type (Fig. 4). Two bearings in each 
rear wheel are mouuted on the axle housing, placed 
on each side of the center of the wheel. Thus the 
wheels run on the housing and the housing support.s 
the weight, not the axle shaft.s. 

All of the bending st.ress due to weiglit or static force and t.o 
skidding force is carried by the how,ing. 

The outer ends of the axle shafts are not supported 
by the wheels which do not depend upon the axle 
shafts for alignment. The wheel could run inde­
pendently of the axle shaft in its bearings on tl:.c 
housing if nP~essary. Thus the axle shafts turn 
freely within the housing and bear only the torque 
(twisting effect) or stress of turning the wheels. 
The axle shafts are said to "float" within the housing. 

The wheel can be driven by a jaw clutch or flange, 
but the true full-floating axle is driven by a jaw 
clutch (D, Figs. 4 and 4.A) which fits into notches 
in the driving flange (F). Note (D) is an integral 
part of the axle shaft. 

Note: On some types of full-floating axles (see Fig. 35, pag• 
877), the axle shalt is keyed (sometimes squared, or splined on 
others) to the flange and to remove the axle shaft the flange bolt., 
are removed. This is termed a "seven-eighths floating type." 

To remove axle shafts (Fig. 4), it is not necessary 
to remove wheels. Remove hub caps (not shown) 
and withdraw shafts (see also page 864). 'fechni• 



16 DYKE'S INSTRUCTION No. 4 

cally speaking, the axle is not a true full-floating 
type if the shaft is keyed to the wheel. 

Semi-floating type (also called a "fixed-hub" 
type) is shown in Fig. 5. Outer ends of axle shafts 
are fixed, or keyed to the hubs of wheels, usually 
,vith keys (F) and nut (N). 

The bearings (one on each outer end) are mounted 
directly on the axle shafts; thus the axle shafts 
support the weight, and carry the bending stress, 
lorque, and the skidding and turning force. 

To remove axle shafts (Fig. 5): The axle shafts 
on most semi-floating axles can be withdrawn from 
the axle housing without removing the entire rear 

External Brakt> 

G 

L 

Dift. 
Beariat 
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axle, but it is necessary first to remove the wheels 
by loosening nuts (N) and draw the wheel off with 
a wheel puller; see pages 863, 864, 883 for further 
instructions. 

For removing differential on different types of rear axles, 
see pages 863, 870. 

The three-quarter :floating type, also called the 
"flanged-hub" or "flanged-shaft" type, is shown in 
Fig. 6. The rear axle housing extends into the hubs 
of wheels as in the full-floating type. The outer 
ends of axle shafts fit into the hub flange and are 
splined as in Fig. 6 (could be keyed), and the flange 
is bolted to the wheel hub. Only one bearing is 
used on each wheel hub, usually placed directly 
under the center of the wheel and mounted on the 
axle housing (the two bearings in Fig. 6 are con­
sidered as one set of bearings). 

The outer end of axle shafts are supported by the 
wheels which depend upon the axle shafts for 
alignment. 

In the flanged-abaft axle, especially where only one bearing 
is u5ed under tbe center of the wheel, the stresses (strains) are 
quite similar to those in the semi-floating type. The skidding 
force and that of turning corners is on the axle shafts. 

To remove axle shafts (Fig. 6) it is·not necessary 
to remove the wheel, but to remove the flange bolts 
and pull out the flange and axle shafts. See also 
pages 863, 868, and Fig. 27, page 921. 

Torqut Tube 

Btake Oifferenti.al Btariqg 
I/rum B•ve! Gea1 

Fig. 7. Illustration of a three-quarter floatin~ type of rear a.:de (Marmon aa a.n example), complete with bevel driven gear 
(E). The driving axle shaft (G), does not support any dead weight. The road wheels run on ball bearings (I) carried on the outer 
sleeve or cosing of the axle. The details are as follows: (A) propellor-shaft connection; (B) driving-pinion shl\ft; (C) ball-thrust 
bearings; (D) bevel-driving pinion; (E) large bevel: (F) differential gear; (G) hall of driving axle; (lJ) tubular outer casing or sleeves 
(I) ball bearing for wheels; (J) driving ends of axle (squared or keyed); (K) roller bearings in differential case; (J.) drum of internal 
and external brake; (M) bub of detachable wire wheel; (N) casing enclosing bevel gear and differential. 

Note. The power is transmitted from the driving bevel (D) to large gear (E) this being bolted to the case of the differential 
(F), thence by the inside pinions to each half of the driving axle. It is usual to "anchor" the outer casing enclosing the differential 
gear to the chassis by means of torque tube or hound rods bolted to the upper and lower points of the gearcase which counteract the 
tendency for the whole casing to twist round from the reaction of the driving effort. On some cars the rear springs arc made to 
serve as torque rods. The thrust, which is heavy between gears (D) and (El is ta.ken up by ball bearing (C). 

6E/\RING~ 

Fig. 8.--StraigbHooth 
bevel gears. 

TYPES OF REAR-AXLE DRIVE GEARING 

P-CRIVE Pll'IION 

BEARINGS 

The power of the engine is transmitted at right 
angles to the rear axle and road wheels by means of 
bevel gears (P and W, Fig. 8), or by a worm and 
worm gear (Fig. 10). Bevel gears are used on passen­
ger cars and the teeth are either straight cut (Fig. 8), 
or spiral, or helical (Fig. 9). The ratio of the 
diameter of these gears ranges from 3 ½ to 1, to 5 to 1, 
and the ratio determines the high gear or direct 
drive of the car. 
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The "spiral" or "helical tooth bevel gear" (Fig. 
9), is a popular type of gea-r tooth -used to a con-

l'ig. 9. Spiral or helical bevel gears. 

siderable extent. This type, if accurately made, is 
very silent. 

In a straight-tooth bevel gear (Fig. 8), any given 
tooth goes in and out of mesh at one time along its 
entire length. In the helical bevel the meshing 
starts at one end of the given tooth and gradually 

moves towards t-he other end. Therefore, two he!i, 
cal teeth are in mesh at all times. 

ORNE 
SHAFT 

WORM 
i;GEAR 

-~ 
Fig. 10. The worm type of gear. The worm can be o•rer­

hcad or underneath the worm gea.r. 

The "worm and worm gear" is used quite exten­
sively on electric and co=ercial cars or trucks, 
where a large reduction of gearing is necessary. It 
is replacing the double-chain drive. It is made with 
the worm overhead, or underneath. The worm 
drive is very quiet and efficient. 

The "single-chain drive" is now obsolete. It 
will not therefore be dealt with. 

THE DIFFERENTIAL 

Purpose of the differential: It is necessa.ry to 
fit an automobile with differential or compensation 
gears, in order that the rear wheels may revolve at 
different speeds when the car turns a corner, while 
at the same time both are being driven by the engine. 
This gear is automatic, and operates according to the 
resistance of the road against the wheels. 

Principle: There is more resistance to the turn­
ing of the inside wheel than the outside wheel when 
the car is turning; consequently the outside wheel 
may revolve faster. It is necessary for the outside 
wheel to revolve faster, because it has a longer dis­
tance to travel than the inside wheel. The same 
applies to a wagon, but the wagon wheels run free on 
the axle, therefore a compensating device is not 
necessary. 

In illu~tration of this, see Fig. 12, and note that 
if t.he car is turning to the right, the wheel A must 
revolve faster than wheel B. Also refer to Fig. 11, 
and note that the axle shaft A, being attached to the 
wheel, must revolve faster than axle shaft B, when 
turning to the right and vice versa if turning to the 
left. Therefore, to compensate for this difference in 
speed of the two wheels and axle shafts, bevel gears 

(E) on the ends of the axle shafts (Fig. 11), mesh 
with the small bevel gears (D), called "compensat-

\ 

ing" or "differentia.J gears," which are free in bear­
in1;:s on the housing or differential case attached to 
driven-ring gear R. 

As long as the car travels straight ahead and the 
resista.nce of both rear wheels is the same, these gears 
(D) do not turn, but when the car turns, then greater 
resistance is offered to the inside wheel; therefore 
the compensating gears (D) with their spindles (DI), 
turn in their bearings, permitting the outside wheel 
to revolve faster than the inside wheel. In fact, 
the inside wheel could be stationary or revolve 
backwards if necessary. 

DRIVE' SHAFT.,..___•: 
'THRUST BEARINGS-

"R:. BEVEL DRIVEN 
GEAR 

DIF CASE 

AXLE CASE./ DIF BEARINGS 
OIFFERENTII>.\. 
GEARS 

ENTIRE DIF ~ CASE 
REVOLVES 

Fig. 11. Illustration explaining the rear-axle drive system and the diliercntinl-gear action. The drive pinion (P) on 
the end of the drive shaft drives the large bevel gear (R) which io connected to the differential case. Note that the entire d.ilier• 
ential ca•• revolves on bearing. The power applied to the axle shafts (A and B) is then carried through the small bevel gears 
(D), which have spindles (DI) running free on bearings in the differential case. When the resistance is equal on both rear wheels 
and split-axle shafts (A and B), the gears (D) drive the bevel gears (E) on the end of the axle shafts, thus causing each axle shaft 
to revolve at the same speed. If resistance is greater on one axle shaft than on the other, the small bevel gears (D), with their 
•Dindles (DI). turn free ,n their bearings, thus permitting axle shafts (A and B) to turn at oilierent speeds. 
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A study of Figs. 11, 12, 13, and 14 will make this 
principle clear. Note that the drive of the rear axle 

Fig. 13 Fig. 1-1 

is through the drive pinion P, to gear R, thence 
through the differential case attached to it, then 
through the compensating gears D, to the bevel 
~ears E, attached to the ends of the rear-axle shafts. 
You will observe that either axle shaft (A or B) could 
be held stationary, yet the other shaft could revolve. 

Example of Differential Action 
In order further to understand the action of the 

differential, refer to Fig. 11. Let us assume that 
the gear ratio of tpe rear axle i~ 4 to 1, which WO\tld 
mean that the ratio of bevel-driven gear (R) to dnve 
pinion (P) would be 4 to 1. Consider that the 
engine is running at the rate of 1,000 r.p.m. 

Consider gears (D) stationary, that is, we will 
assume for the sake of explanation, that the spindles 
(DI) c:umot turn on their bearings. Since t~e 
engine is running at 1,000 r.p.m., and the gear ratio 
is 4 to 1 the bevel-driven gear (R) would revolve 
1,000+4;,,,250 r.p.m. Since the gea1· (R) is directly 
attached to the different.ial case, the latt.er will also 
revolve at the rate of 250 r.p.m. As we have con­
sidered the differential gears (D) as being stationary 
with respect to the ~ifferential case, they me:cly act 
as a direct connect10n between the differential case 
and the axle-shaft gears (E); conse9ucntly gears 
(E) will also revolve at 250 r.p.m., causmg axle shafts 
(A) and (B) with their wheels to revolve at 2~0 r.p.m. 
This is exactly what happens when the car 1s travel­
ing straight ahead, since there would be no effort 
exerted to cause gears (D) to revolve; consequently 
we can consider them stationary as assumed above. 

Now consider gea~s (D) free to. revolye, th3:t is, 
we will permit t,he spmdles to turn m th~u· bearmgs. 
Now Jet us hold the axle shaft (B) stationary, and 
see what happens. The gear (E) attad1ed to (B) 
will also remain stationary. The gear (R) and the 
differential case will still revolve at 250 r.p.m., t_hus 
causing the spindJes (DI) to pass around 1,he station-
ary gear (E) attached to (B) at the rnt.e of 250 r.~.m. 
This would cause the gears (D) to revolve rnp1dJy 
within the differential case as they rolled around the 
stationary gear (E) attached to (B). Now let us 
consider what happens to the gear (E) attached to 
the axle shaft (A). The motion of the differential 
case would tend to revolve (A) at 250 r.p.m. as 
explained above, but the rapid rotation.of the gears 
(D) would also impart a further rotative effort to 
the gear (E) attached to (A), with the result tha~ (~) 
would revolve faster than 250 r.p.m. This 1s 

exactly what would happen if the car was abrnptly 
turned to the. right, as (B) would then remain 
stationary. 

The relative speed of (A) to (B) can e..'Ulily be 
determined, because the sum of the speeds of (A) 
and (B) will always equal twice the speed- of the 
drivea bevel gear (R). Let us assume that (R) 
revolves at 250 r.p.m. as stated: then the sum of 
the speeds of (A) and (B) would be twice 250=500. 
If (B) is permitted to revolve at 250 r.p.m., then (A) 
will also revolve at 250 r.p.m., since their sum is 500. 
If (B) is only permitted to revolve at 100 r.p.m., 
then (A) will revolve at 400 r.p.m., since 100+400 
=500, or, in other words, 500-100=400. If (B) is 
permitted to revolve at 200 r.p.m., then (A) will 
revolve at 500-200=300 r.p.m. 

Thus is seen the effect of the di.ffercnt,ial when the 
car is making a sharp or gradual turn. ·when mak­
ing a gradual turn, (B) will 1·evolve at nearly the 
same speed as (A), while, when making a sharp turn, 
there will be a great difference between the speeds 
of (B) and (A). 
Q. 1: If the car was driven through mud, snow, sand, or on n 

p:reasy street. and the wheel attached to the axle shalt (Bl 
(Fig. 11) should strike an obstruction that would cause 
that wheel to stop, describe what would happen. 

Ans: Gear (E) attached to axle shaft (B) would also slop, thus 
causing the wheel attached to axle shaft (A) to spin, since 
it has slight traction on the slippery road. 

Q. 2: Su_ppose you were starting from a ~tandslill on:'.\ slipperv 
road and one wheel should start t.o spin, and the car foilc,I 
to move, what would be the reason and remedy? 

Ans.: The wheel which is spinning would have no traction, that 
is it could not grip the road; thus it would spin and I-he 
other wheel, even though it had traction, would remain 
stationary. The remedy would be to put on skid chains. 
if avaHable, or to tie a piece of rope around the tire, or to 
th.row dry dirt or twigs under the wheel which spins, in 
order to g'ivc it traction or grip. 

Q. 3: When the wheel spins, for example, the one attached to 
axle shaft (B) (Fig. 11), what action is taking pla.cc in tbc 
differential? 

Ans.: Tho drive pinion (P) woulcl be driving the driven bevel 
gear (R) thus causing tho differential case to revolve with 
it. The a,xle shalt (A) with its gea-r (E) would remain 
stationary; the d:fferential gears (D) would revolve rapidly 
around the stationary gear (E) attached to axle shaft (A). 
The motion of the differential case would tend to rotate 
gear (E) a.ttached to (B) at the same speed as that at which 
the differential case is rotuting, and the speed of {B) will be 
further increased by the fact that the gears (D) are revolv­
ing rapidly, as formerly explained. 

When a double-chain drive is employed, the dif­
ferential is placed on the jack shaft. The jack shaJt 
is in two parts similar to a live axle. 

Spur-gear differential: Most of the differential gears nro of 
the bevel-tooth type. The spur-gear typo (Fig. 15) is seldom 
used. Note that the illustration is that of a differential wit-h 
a .sprocket which was formerly used on n. singlc~cha.in driven car. 

._ 5fiROCKl::T FO£. 
CHAIN DRIVE 

AJ<LE 

Fig. 15 

BEARINGS 1 

Every part of the ~ar t?at moves wi~h a ro~ary, 
sliding or other motion 1s supported m bearrngs, 
which 'together with proper lubrication reduce wear 
and frictwn. 

There are three different types of bearings in 
general use: the plain, roller and ball bearings. 

• See page 1063: "How to Qrder bearinge." 
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Bearings are called upon to do two kinds of work:· 
to take a radial load or a thrust load or a combina­
tion of both. 

A radial load i~ a load or pressure perpendicular 
to the shaft supporting the load. For instance, the 
wheel bearings of nn automobile, when running on a 
perfectly level road, a.re subject to radial loads. 

Thrust load is a load or pressure parallel to or in 
direction of the shaft. When the au to mobile strikes 
a curve, a thrust load is imJ?osed on the bearings in 
the wheels-that is, to the s1d<', or emlwise. 

Fi,; 18 

Fig. 16. Pure rudial loud. 
F;g, 17. Combined radial and thrust loarl. 
Fig. 18. ~-\n awkwurd way or resisting a combined end• 

thrust ancl radial load. 

We might illustrate tho relation between thrust 
and radiaf loads in this way: A man could be con­
sidered as being subjected to pure radial load when 
walking on an absolutely level surface (Fig. 16), 
but when this man walks along a hillside, without 
either ascending or descending the hill, as illustrated 
in Fig. 17, he is subjected to a combination of 
radial and thrust load; the thrust load having a 
tendency to push him down the hill. t 

If a straight roller were called upon to take a 
thrust load as well as a rndial load, it might bi, com­
pared to the man in Fig. 18, he would need a crutch 
to prevent his toppling over. Therefore a ball­
t,brust bearing would be necessary at the end of 
the straight roller beai-ing (Fig. 22, below). 

Plain bearings are usually on the main crank 
shaft, cam shaft, and connecting rods of an engine 
and take a radial load. Plain bearings can also be 
designed to take thrust loads. 

Roller bearings are used in the wheels, rear axle, 
transmission, and other places and when straight, as 
in Fig.19, Lhey can only take aradialload. The roller 
itself runs over an im,er race and inside of an outer 
rac<', case hardened. 

l•'ig. 19 Fig, 20 

When a roller is tapered, it runs over a cone-type 
hardened race (Fig. 20), and inside of an outer race, 
arranged as in Fig. 21. This type of roller bearing 
will take a radial and a thrust load without the use 
of a separate thrust bearing. 

Fig. 21 

~ L''roru ... i meriran A Utomobilc Di.ue8l. 

Fig. 22 

sn¾,gtu 
ro4kr 

•bcufo2 

The groove in the race and roller (Fig. 21) take 
the thrust load as· well as the cone shape of race. 

A straight roller bearing, to take a thrust load 
ae well· as a radial load, would require a separate 
thrust bearing (Fig. 22). 

Ball bearings are a.Isa used on the wheels, rear 
axle, transmission and other places and are divided 

Fig. 2:l Fig. 2'I 

into three general classes; cup and cone, annula.r, 
and thrust. 

: 'j ~'(,.~ 

Sinslo double row 
:umlllar ball bearings 

Fig. 25 Fig. 26 

Metal 
Separators 

The cup and cone bearing is shown in Fig. 24, and 
is used on many cars in the front wheels. This type 
of bearinif is used extensively on bicycles. It is 
designed tor radial loads, but is capable of with­
standing considerable thrust also. It is adjusta.ble. 

The annular ball bearing is a bearing with an 
inner and outer race, which is grooved and hardened. 
They are not adjustable. This type can be a 
"single row" of balls (Figs. 23 and 25) or "double 
row" (Fig. 26). The single row takes a radial load. 

The races of the double row are so shaped that 
it will withstand considerable thrust as well as a 
radial load. It is used where space would not per­
mit the use of a separate radial and thrust bearing. 
This bearing is used extensively for supporting the 
drive pinion and taking the drive-shaft t.hrust in the 
rear axles. 

The ball thrust bearing is shown in Fig. 27. This 
bearing r.an be used only where the load or stress is 
strictly a thrust or end-to-end load. This type is 
often used in clutches and is extensively used on the 
propeller shaft driving the propellers of motor boats. 

The two parts the balls touch are called races. 
The one or two balls at the lower side support the 
entire weight. and must be strong enough to hold np 
without being crushed. In automobiles, the balls 
are large and run in size up to 1 in. di. hardened and 
polished. 

Sometimes baJls wear flat or crack; if so a click 
will be heard and they must be replaced with perfect 
balls at once. 

H one or more of the balls break in the annular 
self-contained bearing, pick out the pieces and run 
in on it and immediately secure another complete, 
or have it repaired by the manufacturer or a con­
cern specializing in this work. If a ball breaks in 
a cone-type bearing it can be replaced. 



INSTRUCTION No. 5 
CLUTCHES: Principle and Construction 

GENERAL EXPLANATION 

Purpose of the Clutch 
The word "clutch" as used in connection with 

automobiles, indicates a device attached to cars 
having change speed gears of the sliding type, which 
permits the engme to be connected wit.h1 or discon­
nected from, the transmission, so that tne car may 
or may not move while the engine is running. 

The clutch is connected and disconnected from 
fly wheel of the engine by a foot lever. 

When disconnected from the flywheel of the 
engine there is then no connection between the 
engine and rear axle. 

When the clutch is connected with the flywheel 
of the engine, the power of the engine is connected 
with a rear axle-if the gears of transmission are 
not in "neutral" position. 

If gears arc in neut.ral position, the power of the 
engine would end at the end of the secondary shaft 
of transmission. 

While other types of transmissions require 
clutches, they are of special kind~ and will not be 
referred to in this instruction. (The Ford, for in­
stance, uses a different principle.) 

Because a steam engine has behind it the pressure 
of the boiler, it can be called on to supply much 
more than its regular horse power for short inter­
vals. A gasoline en1?;inc has no reserve power to 
call on, and cannot deliver more than a fixed horse 
power. 

When the gasoline engine is required to st-art the 
car, it must overcome the inertia of the car. This 
might be great.er than the power of the engine could 
accomplish, and the engine might be stopped instead 
of the car being started. 

lf the clutch made an immediate connection be­
tween the engine and the drive, the power of the 

engine would have instantly to overcome the in­
ertia of the standing car. 

The power of the engine coming from the revolv­
ing of the fly wheel, and tho explosion that mip:ht 
be occurring in one of the cylinders, it would prob­
ably be stopped instead of the car being started. 

If, however, the clutch is made so that the engine 
takes hold graduall;):, the inertia of the car will be 
overcome, and it will move faster and faster as the 
clutch permits the engine to apply its power more 
and more. 

This is done by making the clutch in such a way 
that when it is applied, it slips, instead of instantly 
making a connection between the engine and the 
drive. 

When the clutch is "let in," it connecl.s the crank 
shaft of the engine through the fly wheel with the 
transmission through the clutch shafs and if the 
gears arc in the "neutral" (gears out 01 mesh) posi­
tion, the counter or secondary shaft in the gear case 
of tra,nsmission will revolve without moving the car. 

If the clutch is "in" and the gears are meshed, the 
course of the power from the crank shaft of the 
engine (Fig. 1) will then be through clutch, through 
gears, through drive shaft, driving pinion, large 
bevel gear on differential, through differential gears 
to axle shafts and wheels. 

Clutches have two chief parts: one part (usually 
the fly wheel) is attached to the crank shaft of the 
engine, the other part (cone or disk or plate) is at­
tached to the clutch or main shaft of the transmis­
sion. 

When the two parts are separated, that is to say 
when the "clutch 1s thrown out" by the clutch pedal, 
they are independent of each other and the engine 
can run without moving the car. 

• T" SGUA.RE SAAFT OF 
TRANSMISSlON 8AAKE ORUM 

0 

P~DZ. ARE POINTS WHERE POWER TO REAR Pi)(J..E CAN 8[ 
DISCONNECTEO 

X• $1.\Dltl(, C,EAR& ON TAAtl5MlS510N SQUARE SHATT. T• TAAHS. ~GIJII.RE SkA.FT. 

Fig. I. Illustration explaina how the power is tranamittod from engine to clutch, thence to secondary or counter shaft. 
Note drive parts are fly wheel, clutch, clutch abaft, drive gear (0), secondary shaft gear ($), and gcal'8 on secondary shaft. The 
driven gears are the alidini: gears (X) on the square shaft (T). 

Note. This power .tp the rear axle is disconnected at point (P) when the clutch is "out," at which lime the clutch and clutch 
abaft turn free from the .. fly wheel, and at (Z) whoo the drive and driven 11eara are in "neutral" or not in mesh. (Thia end of the 
aquareabaft (T) rune free in the end of the clutch shaft, and is not actually separated at (Z), as shown above.) • 

20 
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Clutch Action 

Note in Fig. 1 the power from the engine is trans­
mitted to the clutch shaft only through tlie clutch 
when in fhe rim of the fly wheel (if disk or plate 
type, then by the disks or plates as explained under 
t.hat type of clutch). 

Observe that the clutch shaft does not connect 
with the engine, but runs free at the end (Y), at all 
times in the hub of the fly wheel. The cone part of 
t.he clutch is connected with the clutch shaft so 
that when the cone turns, the clutch shaft must -
also turn. But observe that the cone slides on the 
square part of the clutch shaft so that it can be 
pushed out by t.he pedal or in by the spring. See 
nlso, Figs. 2 and 3. 

When the friction part of the cone is out of the 
fly wheel, power ends at the fly wheel. 

When the clutch is in, then power ends a.t the end of 
the secondary or countershaft, if gears are in 
neutral, in which position they arc seen in Fig. 1. 

When the two parts are connected, that is, when 
the clutch is "let in" by releasing the clutch pedal, 
the clutch cone on the clutch shaft is forced into 
frictional con tact with the inside face of the fly 
wheel by means of a clutch spring; and held there. 
The two parts being thus connected force the clutch 
shaft, gears (0 and S) and secondary shaft to 
revolve with the engine, but do not drive the car 
unless the gears on the secondary shaft and the 
square shaft (T) are in mesh, or unless connection 
is closed at Z (Fig. 1) by do~s or an internal gear 
connection, which would be high speed. 

When the clutch is ''let in," the part on the fly 
wheel does not grip the part on the cone clutch 
immediately, unless they are moving at the same 
speed. 

If they are moving at different speeds, which is 
usually the case, or when the part on the trans­
mjssion is stationary, the two parts slip. This 
slipping continues until the two parts re, olve 
at the same speed, when they bind together 
firmly. When ' thrown out," they must separate 
instantly. 

A disk or any other type of clutch used with the 
gear type of transmiss10n is placed in the san::e 
reJat,ive position, back of the fly wheel, betwe.;n 
the fly wheel and gear case. Although the construc­
tion may vary, the reader will note that the clutch 
is necessary on all cars. 

Clutch pedals: The left-foot pedal on all cars 
of standard design is the "clutch pedal" and on the 
right the "foot brake pedal." 

Types of Clutches 

There are four types of clutches in general use: 
the cone, disk, plate, and expanding type. 

The disk clutch (formerly called the "multiple 
disk") is a clutch with more than three disks and 
can be a lubricated disk clutch or dry disk clutch. 
A plate clutch is one wherein one plate is clamped 
between two others. 

The Cone Clutch 

Thls type of clutch is built into the flv wheel, and 
the fly wheel forms one of its parts. The rim of the 
fly wheel i,s broad, and the inside of the rim is made 
slightly funnel-shaped, forming the surface a~ainst 
which the cone part of the clutch presses (Fig. 2). 

The surface of the cone that bears against the fly 
wheel rim is often covered with leather. Some 
manufacturers use fabric material, running in oil. 
This part can be replaced. 

Fig. 2 Fip;. 3 

The Disk Clutch 

The disk clutch (formerly termed "multiple 
disk"), consists of a number of disks which are 
pressed together when the clutch is "in," the 
friction between them causing one to drive the 
other. This type of clutch is very compact, and is 
frequently built inside of a metal housing cast to 
the engine frame. See Fig 4, next page. 

To illustrate the principle of the disk clutch 
place a silver dollar between two silver half-dollars, 
and squeeze them together between the thumb and 
forefinger of one hand. With the other baud, try 
to revolve the dollar, but not moving the halves. 
It requires only a slight squeeze to produce suffi­
cient friction to make it impossible to move the 
dollar. 

Multiple disk clutches are of two general types: 
those that operate in an oil bath and those that run 
dry; called lubricated and d.ry types. 

The lubricated disk clutcn runs in oil; its disks 
are usually alternate steel and bronze or all steel 
disks. The type that runs dry is usually·composed 
of steel disks, one set of which is faced with a fric­
tion material of woven asbestos fabric. 

Principle of the Lubricated Disk Type 
of Clutch 

Parts: Fig. 5 shows the parts of the clutch sep• 
arated from each other. The disks (A) are at­
tached to the flange on the engine shaft; the smaller 
disks (B) are attached to the transmission shaft. 
The lar~e disks (A) and small disks (B) are placed 
alternatmg. 

The two flanges (F and Fl) have pins extending 
from them, the disks (A and B) having holes so that 
they may be slipped on the pins or studs (P, Pl) 

The studs (Pl) of the small disks (B) pass through 
the openings in the large disks. Thus the outer 
edges of the small disks come in contact with the 
inner edges of the large disks. All of the small disks 
(B) connect with flange Fl, which has a square hole 
and slides on the clutch shaft by movement of the 
clutch pedal. 

All the large disks (A) connect with the flange (F), 
which is connected to the engine shaft. 

Assembled clutch: A,s will be seen from Fig. 4. 
which is the clutch assembled, the two flanges are 
connected only by the frict.ion between the large 
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and small disks, when the spring presses the parts 
together. The entire clutch is placed inside a. casing, 
and runs in oil. 

TO TRANS• 
MISSIOI" 
SHAFT 

Fig. 4 

ij ij 
A 

A- DRIVING- RINGS 
6- DRIVEN RINGS 

Fig. 5 

When the clutch pedal is pressed forward, the 
clutch is "thrown out," the oil then flows between 
the disks and when the clutch is "in" and the spring 
presses the disks together, the oil is squeezed out 
from between them. While it is being squeezed out 
the clutch is slipping, and it begins to bind when the 
pressure has squeezed it out and the disks in conse­
quence feel the effect of the friction. When the 
clutch is "thrown out.," one set of disks may re­
volve independently of the other, for they are not 
connected in any way. 

Hele-Shaw Lubricated Type of Disk Clutch 
In the Hele-Shaw disk clutch (Fig. 6), a similar 

principle is adopted. The plates consist of a 
number of alternate bronze and steel disks much 
thinner. They are corrugated to increase the grip. 

Half tile plates are rotably connected by grooves 
with t'ho driving member, and the alternate half 
with t.he driven mernbo1·. When the clutch pedal is 

FiQ:.6 

l'eleased, the clutch spring presses these disks to­
gether s.nd they all rotate as a solid mass. When 
the el~tch pedal is depressed, the spring pressure is 
removed and the plates separated. 

Referring to the illustration (Fig. 6) the outer oiHi11ht c115e 
(1) to which the driving bron•c plates (16) nre keyed, •• bolted 
to 'the fly wheel of the engine. The inner core (2) is keyed 
directly to the clutch shalt and to it are keyed driven steel 
nlateS (17) 

The cl\lt.ch is shown cngnged as normolly held by the spring 
(4) w~i~h actu~t•• ~he rlng (7) and the s)iding_ presser (3), 
To fa.c1htate Qwck d1SCngngement, small opnni;s (26) are 6tted 
betw""n the disks. 

Tbo case is oil-tight. provision being mndc for the replcni•h· 
mrnt of the oil through II plug (6) for the purpose. 

Adjustments arc mndo by means of an ndiusting nuL (8), and 
excessive spinning or dragging is prevented by a cone brake (1 fl). 

Principle of the Dry Disk Type of Clutcb 

Fig. 7 illustrates a dry disk type of clutch used 
on the Cadillac. The driving disks (A) are covered 
on both sides with a friction material, composed 
largely of asbestos, and are driven by six keys in 
the clutch ring (H) which is bolted to tho engine fly 
wheel (G). 

The driven disks (B) are not covered. These disks 
are carried on the clutch hub (E) and drive it 
through six keys on the hub. The clutch hub is 
keyed to the transmission shaft (F). 

Fig. 7. TbeC:idillac disk clutch-dry type. 

When the clutch is engaged by allowing the clutch 
pedal to come towards you, the spring (C) forces all 
of the disks together. The resulting friction be­
tween the disks (A) and (B) drives the clutch shafL 
(F) and the car, when the transmission controllever 
is in other than the nei, tral position. 

There are no adjustments. The clutch pedal 
should be adjusted occasionally to compensate for 
wear on the facing of the clutch disks. There is one 
point (D) on the clutch for lubrication. 

There &re 17 st""l plates, having 9 driven disks and 8 driving 
diska. The coil sprin,; is held under 300 lbs. compreasion. 

The Single-Plate Clutch 
The S. A. E. term the disk clu toh (formerly called the 

"multiple disk") a clutch with more than three disks. 
The single-plate clutch is where one plate is 

clamped between two others. It is a popular type 
of clutch. It is a variation of the disk type t,he 
latter comprising n, large number of narrow disks, 
while the single-plate type usually consists of but 
three broad disk.o or plates, the ordinary type having 
two driving plates and one driven plate. 

An example of a single-plate clutch is described 
in detail in the followini matter. In this type, the 
clutch effect is created oy wedging the plate. The 
type which will now be described is the Borg and 
Beck make, shown in Fig. S, next page. 
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II 

Ii ,~ 

1-0lutcb-Casii>g-cast with fly wheel. 
2-Casing-Cover-carrying adjustment-ring. 
3-Cover-Slot--for ,adjustment-bolt. 
4-Adjustment-Bolt-tor take-up action. 
5-Adjustment-Ring-m6unts thrust-levers. 
6-Thrust-Lever (bell-crank)-mounts roller. 
7-Thrust-Roller-acts against thrust-ring. 
8-Thrust-Ring--acts a{?ainst asbestos ring. 
9-Driving-Pin-for thrust-ring. 
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10-li'riction-Ring-asbestos. 
11-F.riction-Disk-driven. 

.. 12-Pilnt Ball-Bearing-for end of shaft. 
, 13-Clutch,S6aft-drlven by disk. 

14-T~ru,st-Spring-acts oµ. "bell-crnnk" trano-
nnss1on. 

15-Throw-out' Oollar-on tbro.w-out sleeve. 
16-Throw-out Sleeve-centered on shaft. 
1-7-Throw-out Yoke-non-rototing. 
18-Thrust Ball-Bearing-takes throw-out pull 
19-Brake-Plate-rigid on throw-out ·yoke 
20-Brake-Oollar-kcyed on shaft. • 
21-Detach,11bJe:oasing--self-contained clutch. 
22-Mo,m;it,ng-F!ange--bolts against fly wheel. 
23-Drl\•tng-Bolt-for thrust-ring (not shown). 
24-Shaft, Bra\<e and Unh•ersal Connection (not 

·shown). . 
25-Adjustment-Inc!ioc--tak'e-up seat for roller 
60-Be!l-Orank Pivot-mounts thrust-lever. • 

Fig. 8 

Borg & Beck Single-Plate Clutch 

Principle: This type of clutch runs dry. The 
a-ction is best understood when it is kept in mind 
that among the revolving parts, only the driven 
group: disk (11), shaft (13), "lld brake collar (20), 
can st..'tnd still when the fly wheel is running; all 
other parts being "anchored" to the fly wheel, must 
always revolve and drive with the latter. 

When clutch is "in": The asbestos friction 
rings (10), though not positively attached to either 
the driving or the driven parts, will, in practice, 
"freeze" to the unpolished faces of the inner case of 
fly wheel and thrust-ring (8). They will thus 
always run bodily with the fly wheel. 

When clutch is "out" : The foot lever is applied 
which telescopes the coil spring (14) back, by action 
of the throw-out sleeve (16), which causes the roller 
(7) to withdraw a sufficient distance from the face 
of the thrust-ring (8), to permit the latter, with its 
eor:.panion friction-ring (10), to "back away" bodily, 
trr>m friction-disk (11), thus releasing the disk from 

the friction-grip, and permitting it and other drive11 
parts to come to a stop, while the fly wheel and part~ 
anchored to it revolve. • 

Adjusting the Single-Plate Dry Clutch 
Take-up action :1 Tlie roller-seat face of the 

thrust-ring (8) is formed on three, equal suc­
ceeding, take-up "inclines" (25); the ring being 
¼-inch thicker, at the high end of each "incline" 
(25) than at the beginning, or low end. The three 
thrust-levers (6) are mounted upon, and equally 
spaced by, the adjustment ring (5); • and this riu2, 
is adjustably mounted against the inner face of the 
cover (2), by means of the adjustment-bolts (4), 
of which there are two, through slots (3) in the cover. 

When the bolts (4) are "slacked," and shifted 
in their cover-slots (3), they control and shift with 
them the ring (5), the latter carrying with it the 
levers and rollers (6 and 7), thus shifting all the 
rollers to new seat~ against the non-shifting thrust-

' See also Index u.nder "Borg & Beck clutch," which i. also 
;liscussed in the Repa.ir Section of this book. 
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ring· and, these seats bein~ farther up the ring 
"inclines" (25). Where the mclines are thicker in 
cross-section, the ring is necessarily thrust so much 
farther toward the other friction parts, to com­
pensate for any friction wear, and to mainta.in, at 
all times, a perfect friction grip. 

Therefore to adjust the clutch, the clutch is held 
entirely out. With the clutch thus held "out," it 
is only necessary to "slack" the adjustment-bolts 
(4), tap either of them "clockwise," in the slot (3) 
on the cover, a quarter or hali-inch or any other 
distance required, thus shifting the ring (5), and 
carrying the levers and rollers to new seats, upon 
thicker sections of the thrust-ring. This compen­
sates for the friction wear which made the adjust­
ment necessary. 

If too much oil gets into the clutch and causes 
slipping: It will be necessary in this case to un­
screw the bolts (4) about three turns 1 have some­
one hold out clutch, and let the oil dram out. lt is 
also desirable to squirt gasoline into the interior of 
the clutch to wash out the oil. If slipping con­
tinues, the trouble is due to oil working into the 
clutch housing and it must be separated from the 
main oil supply of the oil pan of the engine. 

Removing clutch: First remove the transmis­
sion. Mark the clutch cover that bolts to the fly 
wheel with a punch and place a corresponding mark 
on the fly wheel, in order that it may b!) put back in 
the same position. The cover plate must not be 
turned. 

Replacing clutch: There are two asbestos fabric 
rings; one lies against the face of the fly wheel (10), 
next to this comes the driven plate (11), then an-

other friction washer (10). The cast thrust ring 
(8) comes next, but before installing, make sure that 
the driving pins (9) are in place in the inside of the 
fly-wheel rim. Drop the thrust ring (8) in position, 
so that the three slots fit over the pins (9). The 
adjustment ring (5), with its parts assembled to it, 
should not be installed. The adjusting ring (5) 
fastened to the cover plate by means of two cnp 
screws and cover pla.te bolts to the fly wheel. 

A clutch brake is provided, and this comes into 
action when the clutch pedal is pushed all the way 
down. The purpose is to stop the transmission 
gears from spmnmg when the ;ilutch is disengaged. 
The throw-out collar (15) presses against the brake 
collar (20). The clutch brake is mounted on the 
transmission shaft and is faced with asbestos fabric. 

U the clutch is worn, trouble will be experienced 
when shifting gears into first speed when car is 
standing. The clutch will appear to drag and will. 
continue to drive the transmission gears when fully 
disengaged, so it will be difficult to mesh the gears. 
To remedy this remove the oil pan; have someone 
hold out the clutch, while the throw-out clutch and 
collar are examined to see if the collar (20) actually 
touches the brake or not. If it does not, the trans­
mission should be removed, and if the brake-friction 
facing is in good condition, there is no need of 
installing a new one. See that the throw-out is not 
comin& in contact with the brake flange and ascer­
tain if 1t should be adjusted so that these two points 
form a contact. 

Note. Always remember to drive with the root off the clutch 
pedal. Make sure that tho olu~ch pedal doc,, not strike or 
press against tho loOC board. Seo also, Index under "Adjust­
ing clutches." 

UNIVERSAL JOINTS 

A universal joint is a flexible connection between 
two shafts, which permits one to drive the other, 
although they may not be in line. Refer to Figs. 
9, 10,and 11 and study the principle. Universal joints 
are usually placed forward and rear of the drive 
shaft. They are also termed "cardan joints." 

Universal joinff,; :~traight line. 
Fig. 10. 

Out of line. 

Fig. 11. A n&Ular drive. 

Fig. 12. Straisbtrline drive. 

Universal joints are necessary on automobiles 
with shaft drive, f.or while on~ ~nd of the dr_ivin_g 
shaft is attached to the transnuss10n shaft, which 1s 
on the frame, the other end is connected to the axle, 
i,.nd is constantly moving up and down as the wheels 

follow the roughness of the road. If no universal 
joints were used1 the shaft would jam in its bearings 
from the up ana down movement of one end of it. 

,LtXIDLE DISKS f1'0PELLE11: SH.-.PT 

•-~~~-~ 

COJlRUOATBD WA.SUERS 

Fig. 13 

Another type of universal joint is the flexibie 
Thermoid-Hardy (Fig. 13). This joint is used only 
on "straight-line" drive. It consists of flexible discs 
secured to spiders on the ends of the shaft by means 
of bolts and corrugated washers. This assembly 
is bolted between a spider on the rear of the trans­
mission and another on tho front of the pinion shaft. 
The only attention these joints requit-o 1s to see that 
all bolts are kept tight. 

See Index for "Universal joints, adjusting," etc. 

Angular and Straight-Linc Drive 

The angular drive is where the transmission fa 
above the axle, a.s in Fig. 11. 

The straight-line drive (Fig. 12) is where the 
drive shaft is in line when the car is carrying an aver­
age load, and is thrown out of line only to the eKtont 
that the chassis moves up and down on the springs. 
The variation is as great m one direction as another, 
but on the angular type, t,he shafts are never in align­
ment and the universals are required to act through 
.a considerable angle. 



INSTRUCTION No. 6 
TRANSMISSION: Principle and Construction; Gear Shifts 

GENERAL EXPLANATION 

Purpose of a Transmission 

When a bicyclist wants to race on a level track, 
he gears up his wheel with a larger sprocket, so 
that one revolution of the crank takes him farther. 
Yet if he takes his wheel, with this large sprocket 
on the pedal shaft, out on the road where there are 
hills, he must get off and walk or exert an extra 
lot of power. This clearly shows that if a bicyclist 
wants to speed while on the level, and yet take all 
hills, he must change the drive sprocket. 

The same principle applies to the automobile. 
For this reason the automobile is provided not only 
with two changes of gears (instead of sprockets1, 
but sometimes with three and even four changes of 
gears. These gears are contained in a gear-box 
usually pla.ced back of the clutch. 

The principle upon which a.11 change-speed gears 
work is the fact that when two gear-wheels or spur­
gears are meshed together the larger wheel turns 
more slowly than the smaller wheel. 

As an example, a gear-wheel with 10 teeth, in 
mesh with a second wheel having 20, would revolve 
twice as fast as the latter, the explanation being 
that when the IO-tooth gears of the smaller wheel 
have moved round once they will have engaged 
wifa only 10 teeth of the larger wheel, and there­
fore will have turned the larger wheel through only 
half a revolution; that is, it will be necessary for 
the smaller wheel t.o revolve twice in order that the 
larger one may revolve once. 

With this piece of elementary information, we will 
observe that in the gear-box (see below) there are 
two shafts-the upper one coming from the engine 
through the clutch, and the lower one continuing 
to the back axle. 

Fil~· 1. This illustrnt.ion is int.ended to simplify the explana­
tion. In actual practice the arrangement is slightly different. 

Each shaft is fitted with three different sized 
gear-wheels nmnQered in the illustration, 1, 2, and 3. 
Those on the upper shaft are fixed to the shaft it­
self, but those on the lower shaft are able to slide 
on a keyway, to right and left along the shaft. The 
shaft is not round like the upper one, but is squared, 
so that alt.hough the sleeve of the gear-wheels can 
slide backward and forward, they cannot revolve 
independently of the lower shaft. 

In order now to vary the speed of the car, it is 
only necessary to slide the gear-wheels along the 
lower shaft until the correct two gears come into 
mesh to form the gearing required. 

The illustration, for instance, shows the inter­
mediate speed-gear in mesh, but were we to move 
the gears to the right so that wheels 1 and 1 come 
into mesh, we should put the car on its first speed, 
that is it.s lowest speed, so that, with the engine 
running normally, the car would be moving very 
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slowly, the driving gear being much smaller thaI:! 
the driven gear. 

When, however, the sleeve is moved to the left, 
so that gears 3 and 3 mesh, the effect is reversed. 
Now we have the driving gear much la.rger .than 
that driven, and the result will be that when the 
engine runs normally the car will be traveling at a 
very high speed. 

The sides of the teeth of the gears are usually 
made like the point of a chisel, so that when two 
i;ears are brought together they will mesh easily. 
(To "mesh" means that the teeth of two gear­
wheels become engaged.) 

Types of Transmissions 
There are three types: the sliding-gear, plane­

tary, and friction-disk typl'J. 
The planetary type used on the Ford (Fig. 8), 

is explained in the Ford Instruction. The friction­
disk type (Fig. 9) is now seldom used. 

There are two types of sliding-gear systems: 
the old-style progressive type (Fig. 2) and the 
modern selective gear type, pa.ges 27 and 28. 

The progressive type was discarded because it 
was necessary to pass one gear through another 
which made a clashing noise and was difficult at 
times to operate. 

With the selective type it. is not necessary for t,he 
sliding gear to pass through another gear. lt ia 
easier and quicker to operate and considerably les5 
noisy. It is with this type that we shall deal. 

_Gear Sh 1ftrng 
Lever 

Fig. 2, A three-speed progressive type of transmission, 
showing the )ever and gears in 11 neutral" position; an obsolete 
method. Note, in order.for dog (A). to reach dog (D), which 
would be high gear or direct drive, 1t would be necessary for 
the sliding gear (S) to pass through gear (F); or to reach 
reverse, by gear (P) being meshed with (R), it would be neces­
sary for gear (P) to pass through gear (E). 
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Location of the Transmission 

The location of the transmission on the modern 
type of car is where the transmission and clutch are 
connected to the en~ine in one unit, termed a 
"unit power plant" (Fig. 3). 

Fig. 3 

On some of the earlier type of cars the transmis­
mi..ssion was placed adjoining the rear axle housing. 
(Fig. 5). 

Fig. 6 shows the transmission separated from t.he engine. 
This method is used on the Locomobile. 

Fig. 7 shows the location of the transmission ,vhen used 
wit.h a double-chain drive and a dead rear o.xle. 

Fig. 8 is the Ford planetary transmission location, explained 
under Ford Instructions. 

F-ig. 9 is a. friction-disk type of transmission. used on ca.rs 
of the early period. The drive disk (DR) connected to the 
drive shaft transmits the power through the driven disk (DN) 
to the iack shaft, thence by sprockets and chnin to the dead 
renr axle. 

The change of speeds is obtained by sliding the driven disk 
(DN) on ~be keyed shaft (S) by the lever (L). By this means 
several ra.tios of speeds could be obtained. The d1so.dvanta.1<<, 
however, was due to slippi'!g· This type is now seldom w;;cd. 

The Selective-Gca.r Type of Transmission 

This type is preferable, because of the absence of 
noise from the gears and because of the ease of 

~ARS"l~T 
LE\'ER.~-

CLUTOl.l?EOAI. $1Jtllf'IG GEARS 

s DRIV!o 
Pt!Jlclple of Clutch ""1d 0.-r Shl!t" Pll'i\ON 

Fig. 10 

operation. The gear-change ratio, or gear desired, 
is "sf'.lected" by woveuient of the gear-sh\ft lever,. 

and the shift can be made without one gear passing 
through another. 

The relation of the gears to the clutch is shown in 
Fig. 10. The principle of the selective type of 
transmission is shown on pages 27 and 28. 

Referring again to Fig. 10, note that the power is 
transmitted from the fly wheel to the clutch, thence 
from the clutch shaft to gear (0 and S), through the 
sliding gear for first or second speed. For high speed, 
small dog-clutches on the sliding gear (X), on the 
square shaft (T), mesh with dogs on gear (0), 
which makes the drive direct to the rear axle. See 
also Fig. 12. 

Relation of Parts 

How the change of gears is obtained. Note, in 
Fig. 12, the square shaft (130) is independent of the 
clutch shaft (134). Also note, in Fig. 11, that the 
gear (128) and the driven gear on the countershaft, 
as well as the countershaft itself (129), always turn 
together. Thus power from the engine would end 

· at shaft (129), providing sliding gears (SG-1 and 
SG-2) were in the position shown, which is "neutral" 
position. 

COUl'ITER· 
S~AFT -
REVERSE 
GEAR 

t30~TRANSN1S5ION 
SQUARE SHAPT 

Fig. 11. 

Neutral position means the sliding gear is not in 
mesh with the gear that drives it. Therefore, with 
the position illustrated in Fig. 11, we could not drive 
the rear axle, even though the engine w:is running 
and.the clutch "in." 

First or low speed would be obtained by shifting 
gear (SG-2) in mesh with couotershaft low-speed 
gear. Second speed, would be obtained by shlfting 
sliding gear (SG-1) in mesh with countershaft 
second-speed gear. Third or high speed, would be 

Fig. 12. Transmission square drive shaft (130) and sliding 
gears (136). 

obtained by shifting (SG-1) forward so that dogs 
(139) would grip; then the drive would be direct to 
the rear axle, but the countershaft and its gears 
would also turn, but not being in mesh with the 
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driveo gears it would make no difference. Reverse 
would be obtained by shifting (SG-2) back until it 
meshes with the idler gear, which would reverse the 
direction of drive shaft (130). 

Remember-gears cannot be shifted until the 
lever is brought to "neutral" positfon. 

}f'ig. l.'3. The h. ;\'e,J' LaH of transmission with eountershnft 
(129) and its gears which are pcrma11ently attached thereto, 
ldlcr gear (138), clutch or main drive gear (128), and clutch 
shaft (134) arc also illustrated. • 

A Mode1·n Selective-Gear Type of 
Transmission 

The trau.smis.iion in Figs. 111 12 and 13 gives a 
clear explanation of the relation of one part to 
another. 

The modern transmission now uses internal gears 
instead of "dogs." For instance, see Fig.18, page 28. 
Note that instead of "dogs" (139, Fig. 12), the gear 
(8, Fig. 18) has internal teeth which mesh with a 
smaller gear on the side of gear (9). 

The transmission (Fig. 18) is connected to the 
engine. It is therefore termed a "unit power plant." 
There are three speeds forward and one reverse. 

Operation of tbe Gear-Shift Lever 
There are two types of gear shift levers: the "gate" 

principle and the "ball-and-socket" type. The lat­
ter is used more than any other type. 

The gate type: The gate type is shown in Figs. 
14 and 15. A simplified e:iqJlanation as to how the 
shirt lever operates in relation to the shift bars 
(146 and 147) and shifting or sliding gears (SG-1 
and SG-2) will be made clear by referring to Figs. 
11 and 14. 

Fig. 14. View showing how the gear-shifting Je,·e1· and the 
selector connect with t,hc shifting bars. The lever is now in 
"neutral" position, hut if Pli!d1cd t,o the inside gate or selector, 
it would shift the inside bar (l•l6); if pushed to the outside 
gate position it would shift the out,;ide bars (147). Not~. that 
the lever moves sidewise as woll as forward and backward. 

:fhe movement of the gear-shift lever for different 
speeds varies on different cars. • For instance, in 

Fig. 15 Fig. 10 
}i"ig. 15. A three-speed forward and reverse gate type gear shift.. 
Fig.16. A four-speed forward nndrevcrsegatetypegearshilL. 

Fig. 15, to obtain first or low speed, the gear-shift 
lever, which is now neutral (N), is moved sidewise 
to the left and then back. To obtain second speed, 
it is moved side\'1-ise to the right and then forward; 
for third, or high speed, to the right and back; for 
reverse, to the left and forward. 

The four-speed gate type of gear-shift (Fig. 16) 
corresponds with tha.t shown in Fig. 20, page 29. 

Hand 
B.rake 

Shift 

::.JHIF' Tl.IVG, 
J.C.VlR• '73 

8Atl .ANO 

.SOc~er ./_DtJV1' 

Fig. 17. l.lnll-•nd-socket type of gear-shift le"er, with three 
speeds forward and reverse, The gear-shift lever (73) is now 
upright in the center of the socket. and is in ''neutral" position. 

The ball-and-socket type of gearshift shows almost 
identically the same principle as the gate type, ex­
cept the movement of lever (73), (Fi9. 17), is in a 
"ball and socket" ;-~tead of a "gate.' Note·that 
arm (145) serve,; tbe same purpose as arm (145) 
(Fig. 14). This is the type in general use. 

S. A, E. Standard Gear-Shift Movements 1 

The gear shifts as recommended by the Society of 
Automotive Engineers are illustrated on page 29. 

The transmis~ion, giving three forward speeds 
and one reverse speed (gear changes) is in general 
1ise. On some few large cars, and also on most type~ 
of trucks, the four-speed transmission is used . 

. Figs. 19 and 22, page 29, illustrate the sta'ndard 
S.A.E. three-speed gear shift as used on the majority 
of passenger cars (see also pages 635 to 639) and 
light-duty trucks. The "selector" can be of the 
"gat:e" or "ball-and-socket" type, the latter being 
almost universally used. 

1Sec page 912 for "S. A. E. standard truck gear shift." 



Clutch shaft (19) is permanently connected with the main drive or clutch 
gear (9) of the transmission. The other end (CE) works free in a ball bearing 
in the flywheel, but does not connect with the flywheel. 
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When the clutch is "in," a spring (16) presses against flange (T) of a sleeve, 
causing the three fingers (F) working on pivots (P) to apply pressUie through 
pressure plate (R) (a ring) ,i this in turn applies pressw·e against the single plate. 
The single plate (13) is ntted with friction rings rivet.ed on each side. This 
friction material clutches flywheel. The cl.rive is then through driven plate (13) 
to plate hub (D), t.hen a square section of the clutch shaft (CS) to the main 
drive gear (9). Note (CS) part of clutch shaft is squared and clutch plate 
hub (D) slides thereon. 

When the clutch is "out," the pedal (11) is pressed; this causes the yoke 
collar to press against flange (17) of the sleeve. This act.ion causes flange (T) on 
the other end of the sleeve to relieve the pressure against fingers (F). This releases 
the pressure against the single plate (13) and disengages clutch with flywheel. 

The adjustment of fingers (F) or pressure against the plate is at (A). This 
type of clutch runs without oil. 

Note. Figures in the squares a.t the e.nd of the wording of Fig, 18 compare with reference 
figures on transmission on page 26 (Fi~. 11). . 
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Fig. 19 Fig. 20 Fig. 21 
Fig. 19. The S.A.E. Standard three-speed gearshift posi­

tions: (1) low or first speed; (2) intermediate or second speed; 
(3) third or high speed; (R) is reverse. Note that reverse and 
second speed are forward movements. Fig. 20. The S.A.E. 
standard four-speed i,earshift positions. This corresponds with 
Fig. 16 (page 27). Note the reverse (R) is a further movement 
in the same slot with first.-speed movement. Fig. 21. Four­
speed; same as Fig. 20, except thnt the reverse (R) is in a 
aeparatc slot, to the side of the first speed (1). 

Note: The location of reverse position on a four-speed 
gearshift is optional, but protection by a latch or the equivalent 
must be provided against the accidental enga.gernent of the 
reverse. See also page 912. 

Example of Gear Shifts 
The gear-shift principle (Fig. 22) is the "ball-and­

socket" type and standard S. A. E. movement, as 
shown in Fig. 19. The transmission is of the "sele<:­
tive-gear" type, three speeds forward and one 
reverse. (Studebaker model "EJ" is used as an 
example.) Note that the gear-shift lever (1) is 
now upright and in neutral (N) position. Ii shifted 
according to the movements, first, second, third and 
R, the various transmission-gear ratios will be se­
lected as shown irr Fig. 22 below. 

Remarks Relative to Changing Gea.rs 
To start the engine: See that the gear-shift 

lever is in neutral position. The clutch is then in, 

but the car will not move. Turn on the ignition 
switch and crank the engine. 

To start the car: Speed up the engine slightly. 
Throw out the clutch by pressing the left foot 
pedal. Shift the gear-shift lever to first speed. Let 
in the clutch. Speed up the engine to give momen­
tum to the car, and if on a level road, you can then 
throw out the clutch, quickly shift to third speed, 
and then let the clutch in. If on a hill, ~o to 
second speed instead of third, and then shift to 
third speed after the car is well under way. 

To stop the car: Throw out the clutch, apply 
the foot brake, and slow the engine down. After 
the car stops, shift gears to neutral, then let clutch 
in. In order then to stop the engine, turn off the 
ignition switch. 

Changing gears from a higher to a lower speed, 
when the car is rnIUJ.ing, is seldom done, as the 
speed of the enlJ:ine is controlled instead, unless in a 
congested district it is necessary to run very slow, 
or if ta.king a hill and the engine pounds. This 
indicates that the hill is too steep for the power of 
the engine, and a change to a lo·ver gear should be 
made at once by throwing out the clutch and shifting 
the gear lever. 

Never shift to a lower gear when running at a 
fast speed, as there is danger of stripping the teeth 
from the gears. 

Never shift to reverse gear unless the car is at a. 
dead standstill. 

Note. The shift gears by shifting ought to be made without 
a particle of noise if the clutch is thrown out when shifting. 
If there is noise, then it is usually due to the dutch not bemg 
fully thrown out or dragging or spinning, or to the transmission 
shaft, or to the fact that the transmission shaft is out of line 
owing to worn bearings . 
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Fig. 22. First speed: The<lrive is from (19) to (9), to (55), to (21), to (5), to the transmission square shaft (4), to the 
rear nxlc. (Arrows on the gears indicate the direction in which the gears turn.) 

Second speed: (I 9) to (9), to (55), to (23), to (8), through square shaft ( 4), to the rear axle. 
Third speed, or high gear on direct drive: (19) to (9), to (8), through the transmission square shaft (4), to the rear axle. 

Note: Gear (8) fits over teeth at the side of gear (9); thus the drive is direct through shaft (4). The shalt (22) and its gears 
revolve, but no poweris transmitted through them. 

Reverse: (19) to (9), to (55), to (20), to the free-running idler gear (I) (directly back 0£ an in-mesh with gear 20), to (q) 
to the transmission square shaft (4). to the rear axle. This idler gear, interpoaed between (20) and (5), gives a reverse motion to 
shaft (4). The lever (l) shows the standard S.A.E. three-speed gearshift (ball-and-socket type of gearshift lever). 



INSTRUCTION No. 7 

THE GASOLINE ENGINE: Principle and Construction 

GENERAL EXPLANATION 

There are three producers of motive power for 
automobiles: (1) The gasoline engine, also called 
nn internal combustion engine, so called because 
the fuel combusts 01· bw·ns inside the engine cylin­
der, between cylinder head ·and piston, or in the 
<·omhtistion ch:-unber. 'This type of engine could 
11se either gasoline, kei·oscne, or alcohol, but in this 
treatise we will deal with gasoline as a fuel. (2) The 
steam engine is an external combustion type, the 
('Ornl.Justion taking place under the \;oik'r, separate 
frorn the engine. (:3) The electric motor derives 
its power from an electric storage battery. 

Fig. 1. 
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The g3soline engine; an internal combustion type. 

J'lg. 2. Steam engine; an external combustion type.l 

Fig. 3.· The electric motor and its source of electric supplyi 
the stomgc battery. 

In this instruction we will deal with the gasoline 
<'ngine only. 

'.\Tote. The word motor is often used to designntc the engine 
but if one wishes to be technical n.nd correct it should always be 
referred t.o as engine. 'l'ho word "motor," however (owing to 
the popular practice), is used in many instances in the book. 

Gasoline engines are sometimes made with but 
one, or perhaps two, cylinders. A few motor cars 
formerly had engines of three cylinders. At the 
present time automobile gasoline engines huve fotu", 
six, eight, twelve, or sixteen cylinders. Seven, nine, 
fow·tecn, and other numbers of cylinders are used in 
aviation engines. Motor boats use engines with as 
many as twcl ve to twenty-fotu" or more cyli.ndcrs. 
But whether the engine has one or any number of 
cylinders, the explanation of how it works, or its 
principle, always remains the same. 

AU gasoline engines work on practically the same 
principle. They must be of a four-cycle or a two­
cycle type (the four-cycle type is dealt with in this 
instruction). The valve arrangement may be one 

of several kinds, described farther on. Different 
types of ignition are employed, which will be dis­
cussed later. ·we mention this so that, when you 
sec an engine with a. different ignition or a differeut 
Y:tlve arrangement, you will remember the pl'inciple 
is the same. The two-cycle gasoliue engine (treated 
separately in another instrnction in this book) 
differs from the four-cycle engine principally in the 
method used to intl'Oduee the gasoline and to ex­
haust the bU1·ned gases in order to obtain a power 
stroke every revolution of the crankshaft. The 
Diesel engine (treated separately in another instruc­
tion) differs from the gasoline engine principally in 
the method used to introduce and ignite the fuel. 

When a compressed mixtme or charge of gasoline 
vapor and air is set on fire, it btu·us with great rapid­
ity and produces intense heat, which causes the 
gases to expand and thus develops the pressure 
against the head of the piston, which operates the 
crankshaft of the engine. This combustion is so 
ri1.pid that it is usua.lly spoken of as an "explosion"; 
this word is often used, although the word "com­
bustion" is more correct. The intensity of the pres­
sure decreases as the piston travels downward on 
power stroke, because the gases have more space ii1 
which to expand. 
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Fig. 4- Parts of a gasoline engine. Cylinder is' a "T-hend" 
type wit.h inlet vah·es on one side nnd exhaust valves on the 
other. The inlet valves do not necessarily have to be ou the 
right side. Some cars, which formerly u.'3ed the T-bead type or 
en!,ine (for inst.ance, an early-model Locomobile T-he:,d six­
cyhnder engine), had the inlet valves on the left and the exhaust 
valves on the right.; where.as an early model Pierce-Arrow T­
head six-cylinder engine wus ~e reverse. The T .. hend engine is 
now seldom uscdi tbe L-head type, with the valves s.U on one 
side, and the I-bead type (seep. 47) arc used most. 

1 On a gasoline engine (Fig. 1) the cams opon the poppet 
valves at the correct time. On ti steam engine (Fig. 2), the ec­
centric (E) causes the valve to slide back and forth to open and 
close the valve-ports t,o admit and exhaust the steam. In lcig. 
2, steam is bein1t admitted to the top of the piston; below the 
piston, steam is being exhausted through the exhaust port. On 
the return stroke the valve will move so that steam will be ad­
mitted through the bottom port and exhaust from the top port. 
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The difference is that an explosiotl is instan­
taneous, while the combustion of gasoline vapor and 
air, although very rapid, is not instantaneous. The 
combustion talces place within the cylinder of the 
engine. 

One end of the cylinder is closed, and the other 
is open, the closed end being called the cylinder 
head. Within the cylinder is a piston; sliding 
back and forth. 

The space between the piston and the cylinder 
head is called the combustion chamber. 

The back-and-forth motion of the piston in the 
cylinder is called reciprocating motion. In order 
that it may turn the wheels, this reciproC:J.ting 
motion must be changed to the motion of a wheel 
revolving on its axle, which is called rotary motion. 
The reciprocating motion of the piston is changed 
to the rotary motion of the wheels by means of a 
crank shaft. 

The piston is connected to the crank shaft by a 
,onnecting rod, so that it moves in and out as the 
crank shaft revolves. One complete turn of the 
~rank shaft, by which the piston is moved from 
'.>ne end of the cylinder to the other, and back again, 
is called a "revolution." One-half of a revolution 
.:if the crank shaft moves the piston from one end 
of the cylinder to the other, and this is called a 
stroke. 

It must be remembered that there are two strokes 
of the piston to every revolution of the crank shaft: 
one down-stroke and one up-stroke. 

A steam engine is called double-acting, because 
the pressure of the steam acts on both sides of the 
piston. 

A gasoline engine is called sing!°-, acting, be­
cause the pressure acts on ooly one side of the 
piston: on the top or side nearest to the cylinder 
heild. 

The combustion that causes the pressure or 
expansion that operates the engine takes place be­
tween thP cylinder head and the piston, in the 
combustion chamber. The combustion should be 
timed to occur so that the greatest pressure is 
exerted when the piston is nearest the c;vlindcr 
head. The pressure causes the piston to slide the 
length of the cylinder, from the head toward the 
open end. 

In a steam engine, the pressure of the steam forces 
the piston to slide first one way and then the other. 

fo a gasoline automobile engine the pressure 
from the combustion acts on only one side of the 
piston forcing it to slide only one way. After 
being forced downward, the piston must be brnught 
upward again, and this is done by a fly wheel 
attached to the crank shaft. With the downward 
motion of the piston, the fly wheel starts revolving. 
When once started, the fly wheel continues to 
revolve 1mtil friction or some other resistance stops 
it, but before this can happen the pressure from 
another combustion is agam exerted, keeping it 
going. 

The fly wheel being attached to the crank shaft, 
they revolve together,. and because the piston is 
runnected to the crank shaft by the connecting 
rod i~ moves with them. The piston, moved down­
ward by the pressure, starts the crank shaft and 
fly wheel, and then the fly wheel in continuing to 
revolve moves the crank shaft and piston. Since 
a gasoline engine does not operate with continuous 
pressure during its action, the piston first moves 

the crank shaft and fly wheel, and then the fly 
wheel and crank shaft move the piston. 

Note. Larger fly wheels are used on single-oylindcr engines 
than on multiple-cylinder engines, because there are not as 
many firing impulses to t,vo revolutions of the crank shaft on 
a single-cylinder engine. The fly whe.el is uaunlly fitted securely 
to tho tapered end of the crank shalt and flange. It must be 
secure, ot.herwise a knock would occur. 

The fact that the crank shaft of a gasoline engine 
must first be turned by hand or by an electric 
motor or mechanical device, in order to start the 
engine, is due to the fact that a charge of gas must 
first be drawn into the cylinder by the suction 
stroke, and then compressed. After the gas is 
once ignited, then the force of the power stroke, 
and momentum of the fly wheel will carry the 
crank shaft and piston through the other three 
strokes until the power stroke occurs again. 

Before there can be :i, combustion of mixture in 
the cylinder, the mixture must be drawn into the 
cylinder, through the inlet valve. _ 

When in the cylinder, the mixture must be pre­
pared, so that it ignites, burns and expands with 
the greatest possible rapidity and heat. 

After the mixture has been burned, the useless 
gases must be removed, or exhausted from the 
cylinder, to make room for a fresh charge of the 
mixture. 

These successive events must occur in their 
proper order, for if any one of them fails, or it is 
not performed properly, the succeeding event can­
not occur, and the engine will stop runni.ng. These 
events are called a cycle. 

Fig. 5. Io this view we arc looking at the end of the engine. 
The illustration is exaggerated in order to simplify the ex­
planation. Imagine the end cylinder cut in half. The object 
is to illustrate how the p:asoline frQm the tank flows to the 
cnrburetor and fills the float chamber until tbe float needle 
cuts off the flow. The gns mixed with air, is then drawn into 
tho cylinder by the suction of tho piston on tho suction stroke. 
Ou ring this suction the intake valve Dtust be opened by a earn 
(thn nose-shaped affair at the bottom of the v.alve lifter) to 
permit gas to enter the cylinder. 

After the cylinder is filled with gus, which is the purpose 
of Lhe suet.ion stroke, the intnke and e..xhaust valves are closed 
an<I the piston, on its up stroke (compression stroke) com­
presses the gns. At the highest point of compression, the gas 
is ignited by the spark nt the points of the spark plug and the 
piston is forced down with considerable force: this is called the 
explosion stroke. As the piston travels up again the burnt gas 
is expelled through tho exliaust valve which should open at !hi• 
time and permit the burnt gas to pas~ out through the exhaust 
pipe and mufller. This fourth and last stroke, which completes 
the operation. is called the exhaust stroke. 

The Four-Cycle Principle 
There are two distinct cycle principles; generally 

:::poken of as "four-stroke cycle" and "two-stroke 
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cycle" principtes. The two-cycle engine 
will be dealt 

with farther on. 

The four-cycle engine is the type used for auto­
mobile work. Therefore we st.ill deal with this type 
throughout the automobile instruction. 

The cycle is thus composed of: (I) the drawing 
into the cylinder of t.he mixture (Fig. 6) below; 
(2) the compression of the mixture (Fig. 7); (3) the 
burning or ignition of the mixture and the forcing 
downward of the piston by the pressure produced 
by the burning of the mixture (Fig. 8) • (4) the 
removal of the burned and useless gases iert after 
the combustion (Fig. 9). (See also page iv.) 

The cycle is performed during two revolutions of 
the crank shaft, or, what is the same thing, four 
strokes of the piston. 

The first event occurs while the piston makes a 
downward stroke, during which the cylinder is 
sucked full of the mixture, just as a simila1· stroke 
of a pump or syringe sucks in a liquid. This is 
called the inlet stroke or suction stroke. 

The next stroke of the piston is an upward stroke, 
during which the mixture sucked into the cylinder 
is prepared by being compressed, and at the end 
or top of this stroke it is set on fire, or ignited. 
This is called the compression stroke. 

When the compressed gas is ignited, the pressure 
from the combustion forces the piston to make a 
downward stroke. This is called the power stroke. 

The next upwanl movement of the pi~ton pushes 
the burned and useless gases out of t-hc cylinder. 
This is called the exhaust stroke. 

These four strokes occur in each cylinder during 
two revolutions of the crank shaft and are repeated 
over and over again in each cylinder as long as the 
engine continues to run. 

On a six, eight, and twelve-cylinder engine, in 
order that the four events occur in each cylinder 
during the four strokes they "lap" one into the 
other. Thus we have two cylinders on power for 
certain periods of time. 

In principle the gasoline engine is like a gun. In 
a gun the shot is fired by exploding powder behind 
it. In a gasoline engine we explode gasoline behind 
the piston in exactly the same way. 

There are some differences, of course. The charge 
goes out of the gun, and that is the end of it. But 
in a gasoline en!"line, after the explosion drives the 
piston before it, m order to get any work out of the 
machine, this piston must come back and a new 
charge must be exploded behind it. The burned 
gases and heat must be disposed of, and all of these 
things must be done over and over again very 
quickly, at exactly the i-ight time. 

Explanation of the Four Strokes 

Valves are arranged to open and close at the 
proper time to admit fresh gas and to let out the 
burned gas, and the positions of the piston, valves, 
and cams for each function are shown in Figs. 6 to 9. 
Note the direction in which the cams (1 and 2, 
Fii;. 6) are turned by the cam gears, which are 
dr1v~n by the crank-shaft gear. 

Cams on a gasoline engine are for the same pur­
pose as an eccentric (E), (.Fig. 2, page 30), on a steam 
engine-to open and close the valves. 
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Fig. 6. Showing the suction stroke-down. The chnrge o{ 
gas is being taken into cylinder from the carburetor by tbe 
suction of the piston through tire open inlet valve. 

Note thnt the inlet valve is opened by inlet cam. Note direc• 
tion of travel of cam. This stroke is also called .. ad1nission11 

or "inlet" stroke. 
Note. The figures on the cams correspond to the figures on 

the cams in Fig. 10, which are intended to show the movcm-ent 
in degrees at eflCb stroke of the piston. 
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Fig. 7. Compression stroke-up. Both vnlves nre closed 
because the nose of the cam is not raising either of the vulves. 
i~c~~
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Fig. 8. Power stroko-down. The spark is now occurring. 
therefore the compressed 1.sas is combusting nnd expansiJn 
force is being exerted against the piston head, thus forcing it 
down with great pressure. In actual practice, the spark occurs 
before combustion takes pince. Both valves are closed. This 
Btroke is nlso called the 11 eiplosion" or working" stroke. 
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INL~T 
CLOSED 

E'XHIHIJT 
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Fig. 9. Exhaust stroke-up. The exhaust-valve cam is 
now r~i~ing the exhaust valve which is open, thus permitting the 
burned 11:as to be forced out of the exhaust pipe through the 
muller. 

When the piston reaches the top of the ~xhaust stroke the 
piston will have completed the four strokes, or two crank­
shaft revolutions, and the cam-shaft one revolution. 

The next stroke is the suction stroke a.gain. These four 
strokes are repeated over and over again as long as the engine 
nins. 

The above explanation of the four strokes is based on a 
T-head type of engine, supposed to be cut in half. 

The "L" head uses but one cam shaft. The view is from 
the front of tho engine. Thus thete is but one inlet and one 
exhaust cam for each cylinder.just the same as a. T- or "round0

-

h~ad cylinde.- or any type of four-cycle engine. The principle 
is identically the same. 

Note. A "dual-valve" engine has four valves per cylinder. 
This is explained farther on. 

Fig. 10. Illustrates the movement of the cam. Note that 
t-he cam moves 90 degrees, or one-fourth revolution each time 
the crank moves 180 degrees, or one-half revolution. 

When the crankshaft ma.kes two revolutions, or 720degrees 
to complete the four-cycle revolution, then the cam shaft and 
cam would be ml\king one revolution, or 360 degrees, because 
the driven cam gears are twice the size of the driving crank­
shaft gear. 

The figures 1, 2, 3, 4 on the cams correspond to the enma in 
Figs. 6 to 9, and are intended to represent the mo,·cment in 
degrees o.t cnch stroke of the piston. 

Control of Speed of Engine 

After the eng!ne is started with the starting crank 
(self-st.arters will be explained farther on), the speed 
of the engine is controlled by opening and closing 
the butterfly throttle valve of the carburetor which, 
when opened, admita gas to the cylinder. The 
more gas admitted, the stronger the compression, 
therefore the greater the explosive force, and hence 
more speed. Closin~ this valve reduces the speed. 
The gas, of course, 1s admitted through the inlet 
valve during the suction stroke. 

The opening and closing of the throttle is regu­
lated by hand (Fig. 11), by means of the throttle 
lever on the steering wheel, or by a foot pedal con­
nected with the same throttle lever, and called an 
"accelerator." 

The carburetor is connected to the inlet manifold 
by the inlet pipe, and the gasoline flows to the car-

buretor from the supply tank through a small brass 
or copper pipe, called the fuel pipe. 
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Fig. 11. Illustrating the principle of opening and closin1t 
the throttle valve in the carburetor by the throttle lever on 
t-be steering wheel. 

Pure gasoline vapor will not burn, but must be 
mixed with air before it can be used to develop 
pressure. The mimg of gasoline vapor and air in 
the proper proportions is called "carburetion." To 
give the best results, the mbcture of gasoline vapor 
and air must always be in correct proportion. (This 
is explained in the carburetor instruction.) 

There is a passage through the carburetor into 
which the air is drawn as the piston makes the suc­
tion stroke. The liquid flows to the carburetor and 
is brought into contact with the current of air. The 
gasoline turns to vapor, and is absorbed by the air, 
the mixture being sucked into the cylinder on the 
suction stroke. 

The quantity of mixture that is drawn into the 
cylinder during one suction stroke is called the 
charge. 

If the speed of the engine is governed by the 
amount of gas drawn into the cylinder through the 
butte1·fly throttle valve of the carburetor and the 
inlet valve on the engine, it is clear that if high 
speed or more power is desired, it is necessary that 
all of the mixture possible be drawn into the cylinder 
through the inlet valve, and that the inlet valve 
must 0pen at the exact time and open wide enough 
to permit a full charge being drawn in. 

As the inlet valve is mechanically operated, the 
cam must be adjusted (by having the inlet cam 
gear properly meshed with the crank-shaft gear) so 
that it will open the valve promptly as soon as the 
sucking action of the piston commences, which it 
is just beginning to do in Fig. 6. Note that the 
cam is just starting to raise the inlet valve. 

If the inlet valve does not open soon enough, the 
piston will have made part of its stroke before the 
charge begins to enter; if it opens too soon, part of 
the burned gases from the previous power stroke 
will be pushed into the carburetor. If it closes too 
soon, the cylinder will not get a full charge; if it 
closes too late, part of the mixture will be pushed 
out of the cylinder on the compression stroke. 

The setting of the cam gear (which controls the 
position of the cams) with the crank-shaft drive 
gear, is termed valve timing a.nd is treated more 
fully under the instruction on that subject. 

If all the openings into the cylinder, such as the 
exhaust valve, the .,park plug, piston rings, relief 
cock, etc., are not tight, air or gas will be sucked 
into the cylinder through them at the same time 
that the charge enters through the inlet valve, and 
this would destroy the proportions of the mixture _ 
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As the piston travels up on compression stroke, 
.he gas is tightly compressed until 1 t occupies only 
the space between the inside of the cylinder and 
the head of the piston, and it is the force or expan­
sion from this compressed gas, when :guited, at the 
highest point of compression, that the power of a 
gasoline engine depends upon. 

If the valves are not closed tight, or if there are 
any leaks by which this gas can escape, it is clear 
that the gas will not be compressed as much as if 
there were no leaks. The result is a weaker power 
stroke. 

When an engine is running with the throttle wide 
open, as, for instance, on a steep hill, the compres­
sion is greater, because more gas is drawn into the 
cylinders. 

If the enl;\ine is running on a level, with the 
throttle partially open, then the compression is less. 

Thus it is clear that if the space between the 
cylinder and piston head is, say, one inch, the more 
gas that is compressed in this space, the greater the 
pressure. 

The greatest power is obtained from a given vol­
ume of compressed gas when it is ignited at its high­
est point of compression, which is at the top of the 
compression stroke and just at the moment when 
the piston is over center in the direction of rotation. 

It is the expansion force of the ignited gases, 
caused by the heat when combustion takes place, 
that produces the pressure against the head of the 
piston. It is, therefore, clear that as the piston 
travels down on the power stroke, this expansion 
force becomes Jess and Jess, because it has more 
space in which to expand. Hence the importance 
of having the spark occur at the correct time and 
also of having the valves open and close at the 
proper time. 

Toward the end of the power stroke, and usually 
before the piston reaches the bottom of its power 
stroke, the exhaust valve is set to open. There is 
still pressure in the cylinder, and when the exhaust 
valve is open, this pressure will cause the gases to 
begin to escape. 

As the exhaust stroke is an upward stroke of the 
piston, the piston wiU push out through the exhaust 
valve all of the burned gases that do not escape by 
their own pressure. 

If all the burned gMes are not pushed out of the 
cylinder, it will prevent a full charge of fresh gas 
from being drawn in, which will cause a weak mix­
ture and a weak explosion. 

The exhaust valve closes as the piston reaches its 
upmost point 1 or a littiL after, the inlet valve open­
ing as the exnaust valve closes. 

Back pressure, caused by the muffler or obstruc­
tions in the exhaust pipe, will prevent the burned 
gases from escaping as freely as they otherwise 
would, and all may not be pushed out by the time 
that thil exhaust va.lva closes. 

The exhaust valve and its seat are exposed to the 
full heat and flame of the burning mixture, and are 
more liable to warp or pit than the inlet valve. It 
must be watched, and 1f there does not seem to be 
perfect compression when the engine is cranked, the 
probability is that it needs grinding to seat it 
properly. The exhaust valve thus requires more 
grinding than the inlet valve. 

A proper mixture will be entirely burned before 
the exhaust valve opens. An improper mixture 

that burns slowly may still be burning when the 
exhaust valve opens, and will heat the exhaust pipe 
and muffler so that the pipe may become. red hot. 
Such a mixture wastes fuel, and may result in a 
fire. It may be corrected by making a correct 
adjustment of the carburetor and spark, which will 
be explained later on. ., ·, 

Ignition: When the throttle is befog npened and 
the engine begins to speed up, it is necessary also 
to "advance" the time of ignition; in other words, 
to cause the spark to occur earlier than if engine 
is running slow. 

A spark lever is usually placed on the ~teering 
wheel along side of the throttle lever, which is con­
nected by a rod and bell crank to the contact­
breaker box on the magneto, or, if a coil and timer 
is used, to the commutator or interrupter. 

When the spark lever is moved, it also u1oves the 
contact-breaker box on magneto, or commutator, 
which causes the spark to occur "late" or "early," 
according to the movement of this lever. 

The proper time for the ignition of the mixture 
is at the top of the compression stroke-when the 
gas is compressed to the highest point. 

Up to this point we have supposed that the spark 
occurs exactly at the moment when the piston 
reaches the top of the compression stroke. Now, 
this would be, in fact, the correct time, were it not 
for the fact that the gas takes quite an appreciable 
time to combust and expand after being ignited, 
an interval, let us say of a fraction of a second. 
Thus before the gas has had time to burst into a 
full combustion an,'i expansion, the piston, on 
account of its great speed (suppose it is traveling 
at 1,500 revolutions per minute), will have traveled 
part of the way· down the cylinder before being 
affected by it. This means part of every power 
stroke wasted. 

The advance of spark: The remedy for this is to 
make the spark occur earlier; that is, to make it 
occur just before the piston has completed, or 
reached the top of the compression stroke, so that 
the full burst of eiqilosion and the piston arrive 
simultaneously at the top of the stroke, or just as 
the piston is slightly over the top of "dead center." 
This is called "advancing the spark." 

The retard of spark: Suppose the engine is now 
running at only half the speed, say 700 revolutions 
per minute. During the exploding or igniting 
period, which we assumed to be a fraction of a 
second, and which remains the same, the piston, 
with its speed now reduced, has not time to travel 
so far, and the spark therefore need not be so much 
advanced. 

Again, when the enipne runs dead slow, say at 
100 revolutions per mmute, which is slow for an 
automobile engine, the spark requires hardly any 
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advance at all. So that we see, at once, that the 
faster the engine runs the more the spark must be 
advanced, and that the slower the engine rnns the 
less it need be advanced, or, to express it in a more 
usual way, the more the spark must be retarded. 

To "advance" or "retard" the spark, means that 
the spark is made to occur earlier or later relative to 
the position of the piston. It docs not mean that 
t.he spark is made to occm more frequently or less 
-.requently. (This subject is treated more fully 
•mder "lgnition Timing.") 

.Fig. 13 Fi~. 14 Fig. 15 Fig. 16 

Fig. 13. Here the explosion is occurring nt just the right timP, 
a.t the moment when the piston stnrts down,va.rd, securing the 
full length of the power stroke. 

Fig. 14. Here the explosion is occ,nring too early, causing the 
piston to push backward on the crank shaft, applyiog power 
in the wrong direction. ,Vhilo a single-cylinder engine wc•uld 
"kick back" and stop, in a four-cyHnder engine the remaining 
three cylin<lcffl would ha.vc this resistance to overcome. 

Fig. 15. Here the spark is occurring too late 1 wasting the 
top or best pa.rt of the power stroke. 

Fig. 16. Tho piston is like the pedal of the bicycle. It 
1bould receive the push ,vhen it. first starts downwa-rd. (Illus~ 
irution through cmntesyof l{. W. lgni.tion Co.) 

The point to bear in mind is that the spark must 
he made to occur so tha.t the greatest expansion 
takes place just the moment the piston is over the 
top of dead center. In order to give the gas suffi­
cient time to i~nite, so that complete combustion 
will occur a.t this point, the spark is "advanced" or 
"retarded," according to the speed of the engine, 
aP explained above. • 

Another factor to be considered is the electrical 
apparatus producing the spark. For instance, an 
ignition system using a vibrator coil would require 
more advance than a closed-circuit type of inter­
rupter, because the action of the vibrator-coil sy~­
tem is slower. This condition is termed "electrical 
lag." 

If the spark is advanced too much, all of the mix­
ture will have been burned before the piston reaches 
its upmost point, so that it will be necessa.ry for the 
fly wheel to force the p_iston upward a~ainst the 
pressure until it gets to its upruost pomt. This 
strains the engine, and causes a sound that is called 
an "ignition knock"; a hard, metallic sound. 

The knocking is not always detect-ed easily by the 
novice, who will probably confuse it with other 
sounds on the car, but when once it has made itself 
evident, the spark should instantly be retarded until 
the knocking ceases. The strains set up in an engine 
which is allowed to knock D'ltty seriously damage 
connecting rods and cranks. 

It will be seen from the foregoing that in addition 
to controlling the speed of the engine through the 
gas throttle lever, it may also be controlled by 
advancing or retarding the spark, the speed of the 
car changing accordingly. 

An engine should not be slowed by retarding the 
spark. lf it has a.pp eared to the reader in the last 
few paragraphs that it is possible to slow an engine by 
retarding the spark, let him at once understand that 
this is the last method by which it ought ever to be 
done. It is not only unscientific, but 1s also waste­
ful of fuel and produces extra heat, and,causes rapid 
pitting of the exhaust valves, the gases passing 
through them in an incandescent form. 

The correct method of slowing down or increas­
ing the engine speed is to shut or open the throttle 
valve, which is situated between the carburetor and 
thf> inlet valve, by whjch the amount of fuel supplied 
to the engine mn,y be regulated. Then as t'.'.e en­
gine varies its speed, slower or faster, the spark 
should be retarded or advanced accordingly. 

The rule, therefore, is to let the eugiue speed 
follow the throttle and to make the spark follow 
the engine speed; or, to put it in another way, in 
order to drive economically, the throttle valve must 
be kept closed as much as possible and the spark ad­
vanced as far as possible, short of knocking or of a 
tendency to knock .. 

Such subjects as ignit.ion, carburetion, cooling, 
fuel systems, lubrication, etc., will be taken up 
farther on under their respective hen.dings. We 
are still dealing with engine construction, and must, 
for the present, tidhere to this branch of the subject. 
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ENGINE PARTS: Assembly; Types 
ASSEMBLY OF PARTS 

The stationary parts are: crrtnk case, upper and 
lower half, bearings, cylinders, exhaust and inlet 
ports, valve caps, compression or relief cocks, water­
cooling pipes, carburetion and part of the ignition 
systems, exhaust and inlet manifolds. 

The moving parts are: crank shaft, connecting 
rods, pistons, piston rings, piston pin or wrist pins, 
c:uns, cam shaft, timing gears, crnnk-shaft gear, 
valves, valve plungers or tappet-s or lifters, fly wheel. 

In order to enable the reader thoroughly to grasp 
the meaning and purpose of the parts, we will build 
up a four-cylincler T-hr:id type of engine as shown 
below. '1.'he illusti-a1i1ms are not d1·(1•wn to scale, nor 
are they technically correct, but will serve the pur­
pose of explaining the location of the parts of an 
engine. 

Fit.;:. 1. i,Jain bcn.rinw;. Upper hu.lf of ~ra.nk cnse upside down. 

Crank case: A reference to Fig. 1 will show an 
:ihiminum cmnk m1se, upper-half part, which we fay 
on the floor, upside down, so thn,t we cn,n see the 
bearin.gs (95). 

Note. The $. A. E. desigiu,t.es the lower pnrt of tho cr,.nk 
rasc a.1 the "oil pan" when cont.:iining no bearings. If it con­
tains bearing,, it is termed t.he lowe-r crnnk case. The S. A. E. 
further designates crank cases as of tho "split t.ypc" ""cl the 
"barrel type." In the barrel type the crank shuft is removed 
from one end of tho crank case. t.hc bearing eo..ps being removed 
throu,g-h hnnd-hole pla.1.es. The type shown h'crc. and most 
used, is the "split typo" with the bearings in the upper half. 

The main bearings are made in halves and are 
usually made of bronze or "·hite met.al and are 
termed bearings. They are fitted into bearing caps 
and the upper part of the bearing. 

Shims are placed between tl1e two halves of the 
bearing, so that when wear occurs, a "shim" can be 
taken out and the lost motion taken up. See Index, 
under "Shims." 

Fig. 2. Crank shaft. Upper half of crank case upside down. 

The crank shaft (92) (Fig. 2) will now be fitted in 
the bearings. The bearing caps are placed over the 

bearing surface of the crank shaft, and the bearing 
cap nuts are tightened. 

CI-CON!<E.CTll'IG ROD 
C, 

~

,'13,. 
9f . . 

$ 9J 
~ 

Fig. 3. Connecting rods fitted to crank shaft. 

The connecting rods (93) (Fig. 3) are now fitted 
to the crank shaft. The lower half of the large end 
of the connecting rod, called the connecting-rod cap 
(94), is removed, so that it can be fitted to the crank 
shaft. Shims are inserted, so tlmt it works free on 
the crank shaft. Then the nuts are drawn good and 
tight, so that there "·ill be no lost motion. If t.here 
was lost motion a knock or pound, which n·ould 
c;tuse wear, would result. 

Fig. 4. Cam shafts. 

The cam shaft (104) (Fig. 4) with the four cams 
(105, nose-shaped) is now fitted to its bearings. In this 
engine there are two cam shafts: one with four cnms 
for raising the four inlet valves, and the other, with 
its four cams (105), to raise the four exhaust valves. 

The cams are placed with their noses equi-distant, 
so that when they revolve they will raise the valves, 
by pushing them up wiU1 their nose, at a given time. 
The timing gears which operate the cam shafts will 
be mq)lained farther on. 

~ 

Fig. 5. Piston pins, pistons, cylinder studs. 

Some of the changes in the modern high-speed, high-compression automotive gasoline engines: Cylinders: L-hend and I-head; 
cast in block; detachable heads. Crankcase: Cast integral with cylinders; oil pnn stumped out of heavy sheet steel. Bearings: 
Quoting excerpts from" Federal-1lfouul E-nr11·ne-Bea.ri11a Scnic~ ilfamwl'': .There are ~our types of cranksh~ft main an~ connecting­
rod bearings in common use today: (1) tho,;e formed by applymg the b_eanng metal directly to th!' ~on~ectmg-rod forging, the bCftr­
iug cap, or the crankcase saddle; (2) bronic or st.eel backed, babbit,tlined, nnd w,th stock remamrn~ m the bearing oore for ahgn 
boring or reaming after ll."'3embly, eto.; (3) bronze backed, bnbbitt lined, and manufactured ru, n. 'precision type" to such fine 
tolerances that no align boring, sizing, or scraping operations are required during or ,.fter assembly, et_c. i and (4) steel-backed "pre­
cision type" bearings, etc. A high-duty bearing alloy basically of cadmium, silver, and copper apphea to a steel back a~d of the 
precision type is now available nnd is considered stronger than babbitt. (See page 786, footnote 6, "od page 690 "Enuine Bear-

36 
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The crank case is now turned right side up after 
having fitted to it the lower half of the craclc case 
(90). This lower half holds the oil, which the crank 
shaft splashes in and is called the oil pan (lubrication 
systems eiqilained farther on). 

The piston or wrist pin (96) (Fig. 5) in the small 
end of the connecting rod is shown here. This holds 
the piston to the end of the connecting rod (details 
of each part will be explained farther on). 

Fig. 6. Cylinders, valve-plunger guides, timing gears. 

After the four pistons are fitted to the connecting 
rods, the cylinders (39) (Fig. 6) are fitted down over 
the pistons, care being taken not to break the piston 
rings. 

The cylinders (39) are held to the crank case by 
nuts fastening to studs (117) (Fig. 5). 

The valve-lifter guides (106) (Fig. 6) are fitted in 
holes in each side of the crank case so that they will 
come in line with the exhaust valves on one side of 
the cylinders, and with the inlet valves on the other 
side. 

Fig. 7. In1ct. valve!:!, inlet manifold, carburetor, magneto. 

Valve lifters, or tappets, are now fitted through 
these valve-lifter guides \\'hich raise the valves 
through the action of the cams. 

The gear for driving the timing geru·si called the 
crank-shaft timing gear (109) (Fig. 6), 1s keyed or 
threaded to the end of the crank_shaft (92)z this 
gear drives the two timing gears (ll0'and lllJ. 

The cam-shaft timing gears are keyed to the cam 
shaft (104) (Fig. 4); one gear and shaft to operate • 
the inlet valves (119) (Fig. 7), and the other gear 
and shaft to operate the exhaust valves (120) 
(Fig. 8). The gear-case cover is placed over gears. 

The inlet valves (119) and exhaust valves (120) 
are placed in their seat by passing them through the 
inlet-valve cap boles (40) (Fig. 7) and exhaust-valve 
cap boles (41) (Fig. 8). 

The inlet manifold ( 45) is now bolted to the inlet­
valve side of the cylinders, and the carburetor is 
connected to it. 

Fig. 8. Exhaust valves, manifold, lly wheel, pump, etc. 

The exhaust manifold (47) (Fig. 8) is bolted to 
the exhaust side of the cylinders, and is connected 
with the muffler at the rear of the car, by the exhaust 
pipe (47). 

The exhaust-valve caps (41) and the inlet-valve 
caps on the opposite side are now screwed in place. 

The priming cups, also known as "compression" 
or "relief cocks" (115), are screwed into the exhaust­
valve caps. 

The spark plugs (56) are screwed into the inlet­
valve caps or in the cent~r of each cylinder. 

The fly wheel (44) and starting crank (43) arc 
fitted to opposite ends of the crank shaft. By refer­
ring to Fig. 3 (92), the reader will note that the end 
of the crank shaft tapers, and a flange is also turned 
on this crank shaft. The fly wheel fits to this taper 
and bolts to the flange, as there must positively be 
no lost motion. 

The magneto (53) (Fig. 7) (a high-tension mag­
neto is used for ignition in this example), is bolt.ed 
in place on a brass base provided for it, on the side 
of the engine. An extra gear (which will be ex­
plained farther on) is operated by the cam shaft and 
drives the magneto, which generates electricity. 
The electricity is distributed to the four spru·k plugs 
(56) at certain periodical times by the distributor nn 
the magneto (122) (Fig. 7). 

Wires are now connected through a switch to il.c 
magneto. This switch is to control the ignition. 

The circulating pump (49) is connected to the 
water jacket of the cylinders. The gear (113), 
driven by the cam gear, drives the pump, a.nd keeps 
the water in constant circulation, which keeps the 
cylinders from getting too hot (not over 170 to 180 
degrees Fahr.). We I)OW cotrnect rubber hose to 
metal pipes on the radiator and also to our pump 
(49), and belt up our fan,1 which is run from the same 
shaft. The radiator is nlled with water. 

The gasoline fuel pipe from the gasolin~ or fuel 
tank is. now connected with the carburetor. • 

-i,,us.") Shims: Some of the bearings mentioned above do not use shims. See p:ige 784A for shims. Lubrication: Force-feed 
or full force-reed used most (see page 159). Camshaft drive: Silent chain, nlso gears. Vnlve caps or "'priming cups"' not now used. 
Ignition: Battery. coil, and distributor used most. The ma.gneto is used considerably on aircraft, industrial power, tractor, and 
outboard engines, etc. Spark plugs are now located very close to the exhaust valves in several engines, been.use, it is claimed, in 
thn.t position det.onation is minimfacd, also better combustion is obt.nined when using leaner mixtures, all of which contribute to fuel 
economy. Sec footnote, page 233, for additional information on this subject. Spark plugs are smaller, a number being 14 mm. and 
10 mm. (see page 105(, nnd footnote, pr.g_e 236). Carburetion: Down-draft carburetion is the type most in use; the fuel pum1> is 
now _iicneral\3'.'. employed to draw the fuel from the gasoline tank and deliver it t;o the carburetor (sec Insert No. 2 <1t page 144, 
and Insert Nos. 6 and 7). 
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TYPES OF ENGINES 

As previously mentioned, there are several types 
of engines, all of which work on the four-cycle 
principle. 1n order that the reader ma:r. more 
clearly understand, we will give an outline illustra­
tion of some of the different types of engines in 
general use. 

The type of engine used more than any o.ther for 
automobile work is the four and six, and the eight 
and twelve '·V"-cylinder type cf engine. 

~~\)[~ ~~ 

' SING\.( C"'(L.\11;~TtC/lt,\. 

SIMG-U'. C4\.,HOl\l7.0K'{'1.t.: 

Fig. 0. A sing!e-eylindcr vertfoal type of en"ino, with air­
t:oolecl cylinder. Valves are both on the side and mechanically 
operated. '!'here o.re two flywheels with a crank pin between 
them. The flywheels run inside of the aluminum crank case. 
Thi,i Jype of engine.is used on motorcycles, cycle cars, and rail­
road light cars. 

Fig. 10. A single-cylinder horizontal type of engine, with 
water-cooled cylinde,·. l'ormerly used on light-weight auto· 
mobiles. Seldom used; valves mechanically operated. 

Fig. l l. A double-cylinder opposed type of engine, with 
water-cooled cylinders and mechanicalJy operated valves. 
Not.e that the cylinders are 180° apart. Cylinders are of the 
"L"-typc. The crank shaft is also of the 180° type. 

li'ig. 12. A t.win-cylinder 11 Vu-t.ypo of engine, ·with cylinders 
<>laced 45° apart. Cylinders are air-cooled. Valves a,·c 

mechanically ope..ated from overhead. 1'he cylinder i; <1! 
the "round" type. This type or engine is used on motorcycle::i 
and cycle cars. 

Fig. 13. A £our-cylinder, vcrticu-1 type of engine, with trans­
mission and clutch ·in one housing joined to the engine-called 
n. "unit power plant." This engine is suspended in a frame 
at three points; it would therefore be called :i "three-point 
suspension" type of power plant. Valves are all on one side 
of t.he "L"-typo cylinders. 

Fig. 1•1. A six-cy1inde:- "unit power plant.'' Transmission 
~~,\~hgitk~~e join the engine. Cylinders are cast together, 

Fig. 1:1. A four-cylinder engine with c-.vlindcns cast sepa­
rate. AH valves arc on one sirle; hence .. L"-typc cylinJcrs. 

Fig. 16. Eigh1rcylindcr ''V"-type engine, with cylinders 
placed :it nn angle of 90° :tpa.rt. One cam gear operates the 
valves on both sides ol the "L"-shaped cylinders. There arc 
four cylindcr-s on each side, usually ''in block." The crank 
shaft is a four-cylinder t,ype (180°) between crank throws witb 
two connecting rods to each cmnk pin. ' 

Tiffi AUTOMOBILE, TRUCK, AND TRACTOR ENGINE 1 

The Aut.om.obilc Engine 

The 4, 6, 8, and 12-cylinder engine is used for 
automobile work. - The "four" and "six" are used 
most. 

Fig. 17 

Valves are placed on the side or overhead. Igni­
tion is usually coil and battery, usin~ an interrupter 
and distributor. A generator supplies current for 
chargil:% the battery, also for lights aJ1d ignitiou. 
A battery supplies current for lights, ignition, and 
starting the motor. Speed of automobile engines 
varies from 150 to 2,000 r. p. m. On some few en­
gines the speed is as high as 3,000 r.p.m. The 
engine shown iu Fig. 17 is a 6-cylinder engine with a 
a½" bore by a 5" stroke, with valves- on the side. 
Control of speed is by a hand-throttle lever aJtd 
foot accelerator. A governor is never used. 

The T .. uck Engine 

Usually a 4-cylinder engine is used on trucksi for 
reasons stated in the instruct.ion on "True rn." 
Val_ves are _usually on the side. Ignition is usually 
a tugh-tens1on magneto. On the Buda truck engine 
(Figs. 18, 19), the Eisemanu magneto with auto­
matic advance is used. The speed of the engine 

. Fig. 18. Magneto side. 

is comparatively slow (950 to 1,000 r.p.m.). Speed 
is governed by McCann or Pierce governor on this 

l The truck and tract.or engine is further explained under 
the .. Truck and Tractor" Instruction. 
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engine (see Index under "Governors"). The stroke 
of the piston is usually Jong, and in this instance, the 

Fig. 19. Carburetor side. 

CAnlll:nttOD 
smt; 

bore is 4½" by 6" stroke or 32.4 H.P. (S.A.E.), or 
52 actual H.P. Truck speed is from 9 to 17 m.p.b. 
Starting is usuu.lly by hand-crank in connection with 
an "impulse starter" (see Index). Control of speed 
is by hand throttle and accelerator. 

Airplane Engine 

Many airplane engines arc 8 or 12-cylinder, "V"-
1 ype, and in most instances use the overhead type of 
valves. The "V"-type cylinders give a maximum of 
power at a minimum weight. Ignition is by means 
of a high-tension magneto or coil-and-battery igni­
tion. The speed of the engine at flying speed is 
1,400 to 1,700 r.p.m. 

The TraeL01· Engine 

Usually a 4-cylinder engine is used on tractors, 
for reasons stated in the instruction on "Tractors." 
Valves are overhead or on the side, and some use 
the overhead "dual" valve system. The stroke is 
usually long, the average being 6" stroke by 4½" 
bore. The speed of the engine .is controlled by a 
governor (Fig. 20), which is ii centrifugal ball-type, 
operating through levers to the carburetor throttle 
(T). The governor is used to ma.intain a uniform 
speed and to prevent the engine from "racinf!:" if 
the load is suddenly released, or from "stalling," 
if the load is suddenly applied. Spee_d of the engine 

Fig. 20 

is usually 950 r. JJ. m., which is usually maintained 
for long periods of time while working. The speed 
of a tractor is very slow, the average being about 
2½ or 3 miles per hour on high speed. 

Ignition is usually provided by means of a high­
tension magneto, in connection with an "impulsc­
sl,aJ'ter,11 which is used to facilitate starting ll'ht•n 
cranking the engine. 

Carburetion is secured by means of gasoline l,n 
st;a.rt with and kerosene to run on after the engine 
is heated up. The heating of fuel around the intake 
manifold from exhaust gases is very important when 
using kerosene. 

Cylinder sleeves, or barrels, are used on many 
tractor engines. They consist of removahle sleeves 
or barrels (Fig. 20) placed in cylinder blocks, which

1 in case of wear or accident, can easily be replacea 
with new ones. See also, Index, unaer "Cylinder 
sleeves." 

The reader can now compare the relative differ­
ence between the four engines and thus note, that 
while the construction may vary, the same under­
lying principles apply to each. 

TWO EXAMPLES OF AUTOMOBILE ENGINES 

An example of an engine with valves-on-the-side 
0P-erated by one camshaft on the side is the WhipP.et 
"Fom·," model 96-A, four-cylindor in-line engine:as 
shown in Fig. 21. ,:: 

An example of an engine with valves-in-the-head 
operated by one camshaft on the side is to be seen 
in :Fig. 22, showing a cross-sectional front view of 
the Nash "8-80" series, eight-cylinder in-line engine. 
The clutch and transmission (not shown) are 
mounted with the engine as a single-unit power plant. 

Specifications of the Nash "8-80" series engine 
(Fig. 22) are as follows: • 

Engine: 8-cylinder
6

in-block, high-speed, valves-in-the-head 
Lype, operated by pus rods on \he side. Cylinder bore: 3 1/4", 
stroke t>". 

Main bearings arc die-cast babbitt, brass backed; nine in 

number; diameter and length: front 2¼"xl,","; No. 2--4--6-8, 
2¼":xllo"i No. 8-7, 2¼"xl,:10 "; rear, 2¾"x2¼", Crankshaft: 
forging steel, double-heat t.reated. • 

Lubrication: gear pump, driven by spiral gears from cu.111-

shalt. Full force-feed to main bearings and connecting rod., 
to ,nist pins, also pressure to camshaft bearings. Oil filter re­
turn througb val vc rocker arm mechanism. 

Valve adjustment: The clearance for valve adjustment is 
made between the valve stem and its point of contact with 
the rocker arm. The clearance is adjusted to .012" with en­
gine at operating temperttt.ure. Loosen the push-rod lock 
nut and move the ba~l-adjus_ting nut eitb~r UJ? or do~"n until 
t.be correct clearance 1s obtruned. Do tb1s w1tb engine run~ 
r,ing slowly. . 

Electrical system: Three unit, consistini; of an Autolito 
.c:cnera.tor, Autolite t\\;D ignition timer-di$tnbutor a.ud Auto­
llte starting motor. There are two spark plugs per cylinder 
and two breaker~contact polnts on the timer--distribut◊r. 
Spark plugs are metric thread with .02-0" gap. The firing order 
is; 1+2--5-8--3-7-4. 
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Fig. 21. Example of an engine with valves-on-the-side operated by one camshaft on the eide. 'fhe illustration pictures n cross-section of the "Whippet" model 90-A four-cylinder 

L .. type, c&st in block engine with clutch, t.rn.ns1nission n.nd universal joint, termed a unit-po\'\-·er-plant. See specifications of '\Vhippet engines on pages 1055-1062. Name of parts is given below'. 

1-Fnn IS-Crankshaft sprocket 31-Clutch release bearing 46-Gear shifter shaft 
2-Water pump bearing gretise nipple 17-Fan belt 32-Clutch shifter yoke 47-Emcrgency brake hand lever 
3-Water pump 18-0il passage to timing chain 33.,...-T:ransmission front roller bearing 48-Gear shift lever 
4-Water pump v.acking wand 19-Crn.nksbaft main bearing-front 34-Transmission drain plug 49-clutch release bearing grease nipple 
6-Fan pulley ad..iusting screw 20-0il passage to connecting rod bearing 35--Main drive ge,,r and clutch shaft SO-Clutch release sleeve 
6-Valve tappet adjusting screw 21-Cranksbaft 36-Direct and second•speed sliding gear 51-Clutch cover 
7-Valvo tappet guide 22-Camshaft 37-Transmission countershaft gears 52-Clutch cover clamp screw 
8--Valve tappet 23-0il pan tray 38-Transmission countershaft 53-Connecting rod 
!)-Timing cbain 24-Camshaft bearing-center 39-Low and reverse speed sliding gear 54-l'iston pin 

10-Camshaft sprocket 25-Crankshaft main bearing-center 40-Trans:mission main shaft 55-Pi::iton pin lock screw 
11-Camshaft thrust plunger 26-Camshaft bearing-rear 41-Transmission renr roller bearing 56-Piston 
12-Camshaft bearing-front 27-Crankshaft main bearing-rear 42-Speedometer drive 57-Water outlet 
13-0il pump driven gear 28--Flywheel 43-Uoiversal joillt 58-Vnlves 
14-Timing chain cover•packing 29-Clutch facings 44-Transmission shaft benring adjusting hole cover 59-Valve springs 
15--Fan driving pulley 30-Clutch spring 45-Gear shifter forks (iO-Cylinder bead 
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Fig. 22. Sectional end-view of the Nash "8-80" series eigl1t-cylinder engine with valves-in-the-head. Name of parts: 
J, camshaft: 2, inlet valve push-rod; 3, ex.baust valve push-rod: 4, valve-rocker; 5, valve adjusting sct·ews; 6, valve spring (note 
the inner and outer spring); 7, inlet valve; 8, exhaust va.1ve; 9, timing chain; 10, oil distributing pipei 11, stnrting motor; 
12, timer-distributori 13, valve cover. 

ENGINE PARTS 

Crank Case 
The difference, or variation in construction of the 

various parts of an engine will now be ta.ken up. 
The adjustments and 1·cpairs of the various parts 

are treated farther on in the "Repair Section" of 
the book. 

The cylinder is attached at its open end to the 
crank case, which forms a box around the crank shaft. 

The crank case is of irregular shape, so that while 
there is plenty of room for the cranks and connect­
ing rods to operate, there is little waste space. It 
contains the crank-shaft bearings, and forms the 
bed-plate, or foundation, for the engine. 

It is often made in two parts: an upper part 
bolted to the cylinder and containing the crank­
shaft bearings, and a lower part enclosing the crank 
shaft, and which is called the "oil pan." 

As the lower crank-shaft case is intended to con­
tain lubricating oilt. it is tight so that there may be 
no leakage. Usua.11y the lower part of the crank 
case can be removed for adjustment of bearil1gs. 

The crank case is usually made of aluminum illloy, 
or, if in two pieces, the upper may be made of 
iron, and the lower of aluminum and sometimes of 
cast iron. 

The crank case is used to support the. cylinders 
and the various parts of the mechanism, such as the 
pump, magneto, etc. 

The S. A.~- designates two types of crank cases: 
the "split type," where the lower part is separate 
and contains no bearin~s. The lower part is then 
called the "oil pan." l'he "barrel type" is when 
the lower part is permanently attached and has a 
hand-hole plate for rei:i,ching the bearings, and the 
crank shaft is removed from the end of the crank 
case with the removal of the crank-case head 

The arms for supporting the crank case on the 
cha.<;sis are sometimes made short to bolt to a su!>-

frame, while other manufacturers make longer arms 
to extend and bolt to the main frame. 

A "three-point suspension" is where the power 
plant is suspended in the frame at three points of 
contact. "Four-point suspension" is where the 
power plant is suspended at four points. 

A "unit power plant" is where the cnp;ine clutch 
and transmission are in one unit, as in Fig. 21. 

Engine Bearings 

The engine crank-shaft bearings are known as 
"main bearings." Most of the manufacturers make 
four-cylinder engines with three main bearings for 
the crank shaft. Some are made with 5 bearings, 
but these are usually very large en~ines. On six­
cylinder engine crank shafts the maJority use 7 or 
4 main bearings, and some few use 3. 

On eight-in-line engine crank shafts, either 5 or 
9 main bearings are used. 

On V-type engine crank shafts, for example, the 
Cadillac V-8, "355," LaSalle "345," Viking and 
Oakland use 3 main bearings; the Cadillac V-12, 
"370" use 4; the Cadillac V-16, "452" use 5; Lincoln 
and· Peerless V-8 use 5. The ''V-type" engine 
crank shaft is of course shorter than tlie "in-line"' 

·crankshaft with the same number of cylinders. For 
example a V-8 crank shaft has four "throws" or 
crankpins, whereas an eight-in-line cmnk shaft has 
eight "throws" or crankpins. 

If ball bearings are used, there are usually two 
bearings unless the crank shaft is of the built-up 
type. See pages 931 and 46. 

See SP.ecifications, page 1060, giviIJg the number 
of main bearings on the different engines. 

Crank-shaft main bearings are usually in two 
parts: the upper and lower halves (Fig. 24). Both 
pitrts constitute the bearing. 
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The upper half is supported by the upper part 
of the cra-nk case, and the lower half in a bearing cap. 

LOWER 8EA~ING CAP BUSHING SCREW 

Fig. 24. Construction of a crank-shaft main bearing. 

The bearing cap is fastened to the upper half of the 
hearing with cap screws. 

On some engines babbitt metal is cast into the 
hearing halves, and then dressed down, scraped 
and run-in. 

On others, the upper half is cast and the lower 
half is in the form of a bushing which can be renewed 
when worn, by screwing.a new bushing in place in 
the lower bearing cap. . 

Most of the wear is on the lower half of the bear­
ing, because it supports the weight of the crank 
shaft and receives the thrust of the power impulses. 
Therefore it can be taken up by removing th.e lower 
bearing cap and the "shims," which are usually 
placed between the two halves, or by dressing the 
sides of the lower cap down to a proper fit, thus 
drawing the cap tighter around the shaft. After 
a long period of time and after the lower half has 
been taken up two or three times, the upper half 
will have to be cast again. On some engines the 
upper and lower half can be fitted with bushirtgs, 
which are detachable and are held in place with a 
countersunk screw. Thus new bushings can be 
replaced and run-in. 

A bearing bushing' is that part of a plain bearing 
that the shaft comes in contact with. They are 
usually made of babbitt, phosph?r bronze, or white 
metal. The phosphor bronze 1s very hard and 
lasts a long time, but is somewhat liable to "seize," 
if run without oil. 

A white metal bushing consists of a layer of white 
metal, run (when in a molten state) into a channel 
in the bearing. It then hardens and is scraped and 
polished. Whit,e metal has the virtue of not seizing 
or doing much damage if ill treated, but if it is run 
for a long time a knock will result. There are many 
different alloys used for bushings, some being faced 
with brass. Bushings can be purchased ready for 
application. If a bushing is burned or cut from 
lack of oil, it can be scraped and "spotted up" to a 
fit, if the cut is not too deep, or a new bushing may 
be put in 11ace and burned and ru.n-in. These 
subjects wil be treated farther on under the subiect 
of "Repairs." 

All ordinary wear in engine bearings can be taken 
up by removing shims and drawing to a tighter fit, 
termed "taking-up-on-the-bearings." The rear ma.in 
bearing is usually the bearing which wears first, be­
cause it supports the weight of 'the fly wheel. 

Connecting-Rod Bearings 

Probably the first bearings to require renewal are 
those of the connecting rod. 

The big end of the connecting rod is attached to 
the crank pin, and a bushing of bronze or white 
metal or other metal (with a melting point lower 
than that of cast iron) in the form of a shell, sur­
rounqing the crank pin, is secured in it. 

The bushing is split lengthways into two haives, 
like the bearing of the crank shaft, one part being 

Fig. 25. A connecting rod showing piston-pin bushing and 
crank-pin bearing 1ind cap. The bearing is in the small end of 
connecting rod for t,be piston pin. The pist~n pin is stationary. 

set in the connecting rod and the other being he1d 
in place by the connecting rod cap. 

The small or upper end of the connecting rod 
contains a solid bronze bushing (Fig. 25) that forms 
the wrist or piston pin bearing. 1 

Because of the small space in the piston, it is not 
possible to have this bushing split and held in place 
by a cap. The bushing is therefore set in the con­
necting rod, and the piston pin pushed through it. 
The wear of the piston-pin bushing is slight, and if 
it should wear loose, a new bronze bushing is driven 
into the connecting rod. 

The piston pin is passed through the piston, and, 
secured so that it cannot move. It is usually case 
hardened. This type is termed a "stationary piston 
pin." 

CONNECTING R00 15 
"----~....l'rCI.AMPEP T\GH1' TO 

..it;,,,,w""'1 ~?<rs1 i;!X~g\lES 
WITH ~ONNl=CTU'-IG 
R.00 

WHITE METAL 
8A8BIT BE:AR.­
lt-lG MOULDED 
INLOWER. 
,f'J>«T 

Fig. 26. Nole that-in this type the piston pin moves 
with the upper end of the connecting rod, nnd the bearings are 
in the piston bosses. 

On (Fig. 26), the piston pin move,; with 
the motion of the connecting rod, the_ small end ot' 
the connecting rod being clamped to it. The piston 
pin moves in bronze bushings fitted in the piston. 
This type is termed an "oscillating-type piston pin." 

Through the connecting rod the piston transmits 
the pressure of the explosions to the crank shaft 
and fly wheel. In order that it may withstand the 
heavy shocks of the explosions, the connecting rod 
must have great strength. It is made of drop-­
forged carbon steel, heat treated, and, in rare instan-

1 See pnr:e 781 for more mociern nomenclature for bearings and bushing,.::;, 
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ces, is of bronze. A straight I-beam type is used 
almost universally. 

Bronze is used extensively on large, slow-speed 
cn«ines, but would be too heavy for automobile 
wo~k, as the high-speed engine requires light-weight, 
reciprocating parts. E~ch connecting rod should 
weigh the same. 

Fig. 27. Connecting-rod bearing end with cap removed to 
ehow shims. 

Most connecting rods and main bearings are fitted 
,vi.th "shims" a.sin Fig. 27. \Vhen the bearing we:us, 
a shim can be removed, thus dmwing the lower c~p 
tighter around the shaft. Shims are made of thin 
layers of metal .001" to .005" thick. The thinnest 
shim is usually placed at the bottom. Sometimes 
shims are made of paper. 

Shims a.re used on the lower end of nearly all conncet.ing rods, 
except in those engines using oil pressure in a hollow <.rank 
shaft wl.Jfoh is cross-draled to supply oil to the connecting-rod 
bearing. ff shims were used with this t.ypc, they would allow 
oil to escape so rapidly that the oa go..uge would show little 
or no pressure. The lower half of the connecting-rod bearing 
face is lapped off until an a,nouut of nietnl representing the 
thickness of a. shim has been removed. 

.fig. 28. C pper illustration shows a conn<'cting rod, a crank 
pin. an.d a. crank arm on a sin.u;le-ey_lin~er motorcycle or cycle­
car engine. Note that n. crank pm is between the two fly 
wheels which arc placed in the crank case. The lowei· illust.ra­
tions explain two mP-thods of connecting bvo connecting rods 
to one crank pin on a "V"-typc engine. 

The connecting rod on a crank shaft of a "V"­
type engine can be placed either "yoked" or "side by 
side," as shown in Fig. 28. 'When they are voked, 
the cylinders would be "in line"; if side by side the 
cylinders would be "staggered," or slightly out of 
line. 

The Piston 

The piston of a gasoline engine is called a "trunk 
piston," to distinguish it from the ''disk pist,on" of 
a steam engme. 

A trun.\r piston is longer than its diametE>r, and is 
hollow, with one closed encl. The closed end is 
toward the combustion space, and it is against the 
closed end that the force of the explosion acts. 

011.. 
GROO'IE" 

PISTON 
Fig. 20 

Fig. 29. A trunk type of piston. 

Fig. 30 

Fig. 30. S..ctional view of piston. Note piston pm is st,i• 

tionary, being secured in the piston boss by a lock screw. 

The piston pin passes through the piston, usu::i.lly 
about the middle or a little nearer the top (depending 
on the stroke).· 

The open end of the piston permits the connecting 
rod to swing from side to side. 

• The piston does not fit the cylinder tightly, for a 
tight fit would caus<i.f~is;tion and wear. This.spa~e 
is called piston clearance (see Index). The piston 
is usually slightly smaller at the top than at the 
bottom, because the heat is more intense at the top 
and eiqiansion must be allowed for. 

A piston is usually measured at the skirt, or below 
the piston pin. Pistons are made of cast iron, and 
when heated they expand. The usual clearance 
between the cast-iron piston and cylinder wall is 
about .001" to each inch of piston diameter. 

Meaning of "piston clearance": Let us take, as 
an example, a Continental Model N engine which 
is 3¾" bore. In decimals, therefore, its bore would 
be 3.750 (three inches and seven hundred and fifty 
thousandths of an inch). 

Suppose the clearance of tbe piston was .003 (three thou­
sandth~ of an inch), which would mean the piston diamet.e1 
should be .003 less than the bore, then 3.750 (the bore) minus 
.003 (the clearance) would equal 3.i47 (three inches and seve,, 
hundred and forty-seven tho!tsandtbs). which would represent 
the diameter of the piston for a clearance of .003 for this engine. 

Pistons are usually marked on top and in decimals. 
The diameter is that of the skirt. The bore of a 
cylinder is usually stamped 011 the lower machined 
face of the cylinder block. 

Aluminum alloy pistons are used to a certain extent instr.ad 
of cast iron. 

Advantnge: They aro about one-third lighter; thus the 
inerthi o( the reciprocating piston is reduced considerably, and 
consequently the side-pressure-or thrust on the walls of the 
cvlinders is les.c..eued. The ~reat heat conductivity of aluminum 
alloy lessens the carbon deposit on the piston hend and the 
deposit is more easily removed. In case of extreme heat, if 
the piston should "seize," the cylinder is not damaged by 
aluminuni b0-0nuse it is softer than the cylinder. 

Disadvantage: Aluminum alloy pistons expand twi0-0 as 
much as cast iron, and therefore when the engine is cold the 
clearance between the piston and cylinder ·wall being twice at:­
grcat as normally, raw gasoHne is dra.wn into the cylindc1 
which passes d()wn to t.he crank case and thins the lubricatinu 
oil and washes off all of the lubrication on the cylinder walls. 
A "'piston-slap" is also produced. due to the great clearnnce. 
until the pistons are heated up, at. which time they expand all(} 
the piston-slap noise should cease. 

On one model of the Franklin, the shallow, square groov• 
of screw-thread form was turned at the bottom of the skirt ol 
the piston just beneath the lower ring. Thi.s held oil and per­
mitted a smaller clearance. 

Pistons and connecting rods for bigh•speed work should be 
made very light. In some instances, wbel'C cast. iron is used, 
the piston is made lighter by making the skirts thinner and 
the piston pin-boss lighter. On some high-speed engines the 
piston skirt is sometimes drilled with large holes for the sake 
of lightness. 
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Piston Rings 

The pressure from the explosion is prevented from 
escaping between the piston and the cylinder wall 
by piston rings. 

The piston rings fit in the groove around the upper 
end of the piston, and there may be from two to five 
of them, usually thl'ee. The rings fit the groove 
snugly, but not so tight that they may not move 
freely. 

They are cut crossways, so that they may be 
sprung open. When closed, so that ends touch1 the 
rinip; are a trifle smaller than the diameter ot the 
cylmder. 

When sprung open, they are larger than the diam­
eter, or bore of the cylinder. They are so made 
that they always stand a little open. 

The rings are slipped into the grooves by spring­
ing them open, and sliding them over the piston. 

When a piston is to be placed in· a cylinder, the 
rini.:_s are drawn together, so that they will slide in 
easily. The piston with its rings fits the cylinder 
snugly, and the elasticity of the rings keeps them 
pressed against the cylinder wall, making a fit that 
keeps the pressure from escaping. 

Since none of the pressure of the explosion is able 
to escape, it is all exPrted against the closed end of 
the piston, or piston head. 

The rings must be placed on the piston so that the 
ends are not one over the other, for if they were in line 
the pressure might escape through them (see Fig. 31). 

Fig. 31 Fig. 32 

Fig. 31. In orde~ to prevent compression passing through 
the joints of rings they are placed as illustrated. 

Fig. 32. Two standard types of piston-ring joints. 

The rings are prevented from moving around the 
piston by pins placed between the ends (although 
this is not-the case on all pistons). The only motion 
they have is the spring in and out. 

The ends of the rings are beveled, or made with a 
joint (as in Fig. 32), so that the gas will not leak 
through the joint. Two of the usual types of piston 
rings are shown in Fig. 32. Piston rings are made of 
cast iron of a slightly softer grade than the cylinder. 

There are many improved types of piston rings 'which the 
manufacturers claim will not leak; usually three rings are 
placed on a piston. 'l'wo rings are often u.sed for high-speed 
work, whereas, for average automobile engines, three rings are 
generally used. Tb.is subiect is fully treated in the "Repair 
Section" of this book. 

Piston rings are measured according to the bore 
of the cylinder and the width of the ring groove. 

The Crank Shaft 
The crank-shaft-throw changes the reciprocating 

motion of the piston to the rotary motion necessary 
to turn the wheels. It rests in bearings that hold 
it in a fixed position, but permit it to revolve. 

The crank pin must be rigidly attached to the 
crank shaft, and to secure.this rigidity, it is usually 

made in one piece, solid as in Fig. 33, 1md is usually 
made of chrome nickel steel. • 

Fil(. 3~. A single-throw cronk shaft. Crunk is set at 360°. 

The crank projects from the crank shaft, and 
when the shaft revolves, the crank makes circles 
around it. A crank is one of the most common 
mechanical devices. The crank pin is that part to 
which the connecting rod fits and is also called the 
"throw" of the crank. A windlass is turned with 
a crank; a bucket or chain pump is operated with a 
crank; the pedals of a bicycle form cranks. 

In a bicycle, the crank arms are attached at their 
inner end to the crank shaft, and to their outer 
ends the pedals are attached. When riding a 
bicycle, the feet press on the pedals at t.he ends of 
the crank arms, and make the crank shaft revolve. 
The feet describe circles around the crank shaft. 
Each crank arm and pedal form a crank, and there 
is only one arm to a crank. 

In a gasoline engine, two arms are necessary, fo1 
the l'eason that the cranks are not at the ends of 
the shaft. There are therefore two arms to each 
crank or "throw." (Fig. 33.) 

The outer ends of the crank arms are connect.cc! 
by the crank pin. The crank pin corresponds to the 
pedal of a bicycle. A gasoline engine has as many 
cranks as it has cylinders. 

Degrees as Used with a Crank Shaft 

The position of a crank on a crank shaft in rela­
tion to ot,her cranks on the same shaft is expressed 
in degrees of a circle. 

A degree is designated with a small O at the right 
of the figure. For instance, a crank shaft with 
throws of 360 degrees, would be designated as 360°. 
See_ Index, explaining the meaning of "degree." 

If the cranks project from the same side of the 
shaft

1 
as in Fig. 33, so that the crank pins are in 

line, 1t is called a 360-degree (360°) crank shaft. 

Fig. 34. A two-cylinder vertical engine with " 300-degree 
crank shaft; both connecting rods on one crank pin. 

When the two crank pins ou a crank shaft project 
in the same direction, as in Fi6. 34, both connecting 
rods drive as one crank. This type of engine, how­
ever, is not used on account of its vibration. An 
engine with a crank shaft as shown in Fig. 36 
would be more balanced. See Index under "Firing 
order" of cylinders. 

If a crank shaft has two crank arms projecting in 
opposite directions, as in Figs. 35, 36, and 38, it is 
called a 180-degree (180°) crank shaft. 
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i1 ~ 
Fig. 35 Fig. 36 

Fig. 35. A two-throw crank shaft for a two-cylinder vertical 
•ngine; crank set 180 dcgroos. 

Fig. 36. A two-cylinder opposed type of engine with crank 
shaft set 180 degrees, Cylinders arc also 180 degrees apart. 

A three-cylinder engine must have a crank shaft 
with the three crank pins placed in three position~, 
or one-third of a revolution apart; this would be 
placing them 120 degrees apart (see Fig. 37). 

A six-cylinder engine would have a crank shaft 
with six crank pins or crank "throws" placed in 
thirds, or 120 degrees apart. There would be three 
pairs in line (see Fig. 40). 

The engine in Fig. 36 is a two-cylinder opposed 
type of engine. It was formerly used to a great 
extent on small cars, and is still used on trucks and 
tractors for heavy work. The cylinders a.re placed Fig. 40. A solid crank shaft., with three main bearings; six 
180 degrees apart. The crank shaft is also 180 degrees. cylinder. 

Fig. 37 Fig. 38 
Fig. :l7. A three-cylinder vertical type of engine with cranks 

set at 120 degrees. Note No. 2 piston is up. No. 3 (right) 
would be 120 degrees or one-third of a revolution; No. l would 
be 120 degrees, or one-third revolution from No. 3, or two-thirds 
fr0m No. 2. 

Fig. 38. A four-cylinder vertical engine with crank shaft 
set 180 degrees. Note piston No. 1 and 4, and 2 and 3 are 
alws.ys in line. 

The four-cylinder engine (Fig. 38) employs a 180-
degree crank shaft. Note the ''throws," or crank 
pins, of the crank shaft on cylinders 1 and 2 axe 180 
degrees apart and on 3 and 4 are 180 degrees apart. 
Therefore, pistons on cylinders 1 and 4 always move 
up or dowu together, and 2 and 3 move up or down 
~og~ther. In other words, these crank tl1rows are 
m line. 

fi,&, 39. A regular four-cylinder type, 180° crank sh.aft is 
us.,d on ,;be eight-cylinder "V" type of engine. Two connect­
in4; rods &re p]aced on one crank pin, eitber side by side, or 
voked (see Fig. 28). 

The eight-cylinder "V"-type engine would in 
reality be nothing more than two • four-cylinder 
engines with cylinders set "V" shape, the angle of 
fae cylinders usually being 90 degrees, or one-half 
$f the 180 degrees of the crank shaft. The same 
lour-cylinder 180-degree crank shaft is employed. 
There are two connecting rods to each throw of the 
trank, which can be placed "side by side" (Fig. 39), 
or "yoked." 

When connecting rods are placed side by sjde, as 
shown in Fig. 39, it is necessary to "stagger" the 
cylinders bl'. setting them out of line with ea.ch 
other. If 'yoked," the cylinders would be in line. 

A twelve or twin-six-cylinder "V"-type engine 
would use the same type of sLx-cylinder crank shaft, 
but with two connecting rods to each crank pin. 
The cylinders would be placed 60 degrees a.pa.rt, or 
one-half of the 120-degree crank shaft. 

Fig. •U. A two-cylinder twin type of engine used on motor­
cycles and light cars. Note the 360-degree crank. Cylinders 
are at a 12° angle. 

The twin-cylinder "V" type of engine used on a 
cycle car and motorcycle would use a 360-degrce 
crank or one crank pin, with connecting rods 
"yoked." Cylinders on this type of engine are 
usually placed at an angle of from 42 to 45 degrees 
apart. 

Fig. 42 (lower); Fig. 13 (upper). 

Two methods of placing the crank throws on a 
"straight-eight" cylinder engine, where the eight 
cylinders are _all in line are shown in Figs. 42 and 43. 
(B) are bearings and (1) to (8) are the crank pins. 

The Duesenberg arrangement where two four-cylinder 
crank shafts are placed end to end, one of them being given a 
twist ~o that i4 "th .. rowe" are 90 degrees to the throws of the 
-other 1s shown 1n. Fig. 42. There are 3 main bearings on the 
Duesenberg. This crank shaft is made from a solid piece of 
s~el. Counterweights not shown in the illustratioa are integral 
·with th~ shaft, Fig. 4~ shows another arrangement, which 
would give a different firm.g order. It is similar to the crank­
shaft u~ed on the Packard straight-eight engine. Note that 
crank pms 3, 4, 5, and 6 are at right angles to crank pins 1 Z 
7, and, 8. Ther~ are 9 bearings to the Packard crank sh~ft'. 
'.l'he.fjrmg or~er •~ 1, 3, .2, 5,,~, 6, 7, 4. The advantage claimed 
,,:i using ~he stra.1_ght eight' 1s a better balance than any other 
eight-cylinder engine of t-he "V" type. 
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}cigs'. 14-47. 1n the illustrations above, the idea is to explain 
the term "degree'' used io connect.ion wit,h crank shafts. ;\ ny 
perfect, circle is 360°. If the circle is divided into quarterS, 
each quarter would be 90°; half of the circle 180°; a third 120° 

J>ig. ·l•l. Note one crank pin-hence 360° crank. 

l;-ig. 45. From center of one crank pin to center of another 
is half a circle, or 1$0°. 

}i'ig. 46. Here ·we ba.ve t.wo pairs of crank pios as shown in 
Fig. 45. Encl, pair of crank pins is placed 180° to each other. 

Pig. 47. Encl view of a three or six-oylincler c.rank shaft. 
Note that crank arms ure one-t.hird apart .. or 120°. 

Construction of Crank Shafts 

There are two kinds of crank shafts, one known as 
the "solid crank shaft" and the other as th~ "built­
up crank shaft." 

Fi~. 48. A solid type or crank shaft-three-bearing t,·pc, 
four-cylinder. 

The solid crank shaft is by far the most commonly 
used. It is made from one piece of stecli which is 
forged to shape and then turned up in a athe, the 
workmanship in many cases being accurate to a 
ten-thousandth part of an inch. 

Fig. 49. A built-up type of crank shaft (seldom used). 
The above is a six-cylinder crank, with four bearings. Note 
that it is built-up to <lisk.!. 

The built-up crank shaft (Fig. 49) has each of its 
parts made separately and then fixed strongly 
together, and quite often fitted with ball bearings. 
Ball bearings can be fitted only to a built-up type 
if there are more than two bearings. 

An advantage of the built-up crank is that· tbe 
crank-shaft bearings could be fitted with ball bear-

ings, as shown in Fig. 50. However, built-up 
shafts of this kind are not usual, and in the case of 

Fi,;. 50. A ball-bearing, built-up type of c.raok shaft with 
bearings for a four-cylinder racing cnf;inc. Wilh three 

or more bearing-s it is necessary to have a, built-up crank shaft 
in order to mount the bnll bearings. On 
C'ngioe there a.re two ball be..'lrinszs pln.ced on the outer bearing 
ends of the crank shaft. Thus a solid ball-bearing crank shaft 
can be used. See Index 
under "\"Vhitc ¾-ton truck." 

powerful engines, only the strongest solid crank 
shafts are ever used. 

Fig, 51. Counterbalance weights applied to a six-cylinder 
crank sh•fL 

The counterbalanced crank shaft (Fig. 51), with 
counterweights (CW) electrically welded to • the 
crank shaft and an integral part of the crank shaft, 
as iJlustrated, is becoming popular. It permits high 
speeds to be obtained without detrimental vibration, 
and relieves the tendency to "whipping" of the 
crank shaft and "slapping" of the pistons at high 
speeds. 

Whipping of crank shaft is more pronounced where there 
are very Ion~ weak crank shaft.s wit.h great distance between 
bearings. Vibration of an engine can also be due to force~ 
being out of ha.lance or unequal; for instance, engine loose on 
frame; uneven comi>ressionj. weak explosion in one or more 
cylinders clue to leaky rings or valves, or too much oil in that 
particular cylinder; defective spark or plug; sprung crank 
shaft; clutch out of balance; new full-size bearing and shims 
on one crank throw, and the old worn or lighter bearing with 
shims or liners removed on the other crank thro,v; different 
weight pistons; front wheels out of true, rim out of plane with 
spokes. 

Cylindc1·s 

The cylinder of a gasoline engine is made of ca.st 
iron or twenty per oent semi-steel, and tbe watet· 
jackets are generally cast in one piece with it. The 
cylinder of a gasoline en~ine is cast with water 
jackets surrounding it and rn one piece (Fig. 52). 

Fig. 52 Fig. 53 Fig. 54 

Fig. 52. A single cylinder with water jacket, c~st around it. 
Fig. 53. A single cylinder with a copper water jacket 

placed around it. An obsolete design. 

Fig. 54. Air-cooled, flanged type cylinder. 

On some of the early-model engines, such as the 
Pope Toledo and the 1914 Cadillac, the watei; jacket 
was formed by surrounding the upper part of the 
cylinder with sheet copper as in Fig. 53. This 
method is now obsolete. 
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The portion of the cylinder in which the piston 
moves should be a true circle, and as smooth as 
possible. In the better grade of cars the cylinder 
walls are ground to a smooth finish so that there may 
be as little friction as possible. Any roughness of 
the walls will cause wear, which comes in the form 
of cuts and scratches lengthways, and permit the 
pressure to escape around the piston. 

Cylinder heads may be cast solid or with detach­
able head (see Fig. 62). The detachable head is 
very popula.r, e.<,pecially where cylinders are tiast 
"in-block." It permits easy aecess to the valves, 
and for removing carbon and removing pistons, and 
is also good manufacturing practice because it make.s 
the grinding of cylinders easier. Where cylinders, 
on a multiple-cylinder engine, are cast sin!!ly or in 
pairs, the heads' are usually solid and the entire 
cylinder is removed from the crnnk case when work 
is to be done inside. 

Cylinders for gasoline engines a1·e made in several 
different shapes and are usually made of cast iron. 
Rome of the airplane engines have cylinders made 
of steel, and some of the engines used on trucks and 
t.ractors have inner sleeves which are removed and 
replaced with new sleeves when worn. The Mar­
mon "34 11 passenger ca1· automobile engine uses 
cylinder sleeves. See Index under "Cylinder 
sleeves." The type used most for automobile work 
is the cast-iron cylinder with a water jacket cast 
around it. 

Cylinde1· Designs 
The "T"-head type of cylinder is made so that the 

exhaust valves are on one side and the inlet valves 
are on the other side. Note the "T" shape in Fig. 55. 

Fii,:. 55 Fig. 56 F,g. 57 

The "L"-head type of cylinder is made so f,hat 
the exhaust and inlet valves are all on one side of 
the cylinder. Note the "L" shape in Fig. 56 (if 
turned up-side-down). 

The "!"-head type of cylinder is made so tha.t the 
valves are • placed in the top of the head of the 
cylinder (Fig. 57), and is termed the "valve-in-the­
head" type. 

The "F"-head type of cylinder is made so that 
one valve is in the head, usually the inlet, and the 
exhaust is on the side. 

How Cylinders AJ.·e Cast 

When an engine has more than one cylinder, the 
cylinders can be ca·st singly, in pairs, or in-block, 
and can be of either the "T," "L, 11 round or "!"­
head type. Sometimes multiple cylinder engines 
have all cylinders cast singly. They can be of the 
"T," ''L,11 or "!"-head type. 

Cylinders cast singly, as applied to a four­
cylinder enuinP.. ~re shown in Fig 58. 

The term Cylinders cast in-block means that the 
multiple cylinders are all cast in one piece. They 
can also be of the "T" or "L"-head construction. 

Note in Fig. 60 that the cylinders are in-block and 
the head is solid, whereas in Fig. 62, the head is 
detachable. The term "mono-block" is also oH-ell 
used where all cylinders are cast in one block. 
Cylinders cast in pairs are shown in Fig. 59. The 
engine is a four-cylinder type. Cylinders cast in 
triplets are shown in Fig. 61. The engine is a six­
cylinder. The cylinders could be cast in-block, or 
in pairs, triplets, or singly. The Locomobile six­
r.ylinder engines have the cylinders cast in pairs and 
the majority of other six-cylinder engines have 
cylinders cast in-block. . 

Cylinders on the six-cylinder engines are usually 
of the "L"-type, except the Pierce-Arrow and Loco­
mobile, which are "T"-iype. 

Cylinders on eight-cxlinder "V"-type engines arc 
usually cast "in-block ' and are placed 90 degrees' 
apart,, and Oil a twin-six-cylinder engine, 60 degrees2 

apa1t, (see Fig. 63). On a twin "V"-cycle car or 
motorcycle engine, the cylinders are usually 42° to 
45° apart. 

Fig. 6:l. A ""V"-typc eight-cylinder engine. A 180-degrcc 
four-cylinder t:vpe of crank shnft is used with two connecting 
rods on one c:r3.nk pin. 

Cylinders on a two-cylinder en~ine with cylinders 
placed opposite are shown in Fig. 64. Note that 
the cylinders are placed 180 degrees apart aud are in 
a horizontal position. This is termed a.n "opposed­
cylinder" engine. 

The offset cylinder with an offset crank shaft or 
offset cylinders, or with Des Axe crank shaft setting, 
as you choose to say, is represented in Fig. 66. The 
line A, which passes through the center of the cylin­
der, is some distance to one side of the line B, 
which passes through the center of the crank 
shaft. Some of the advantages claimed for the 

1 Lincoln and Wills-Saint Claire eight-cylinder "V"-type ol 
engines have cylinders set 00° apart. 

:on the Liberty, twelve•~ylinder uv"-iype of engine. the 
cylinders are set 45° in.stead of 60° apart. 
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offset crank shaft are less liability of a back-kick, 
reduced wear on the bearing surface of the cyl­
iuder walls, connecting rods, and crank shaft, 

Fig. 64. Two-cylinder opposed type engines. . 
less liability of the engine to be stalled when the 
car is running slowly on a high gear, and other 
construction facilities. The cylinder set central 
over the crank shaft, as in Fig. 65, is the type in 
jl:enel'al use. See page 61; "Effect of offset cyl­
mders." 

p,,14• ~ , p11l<>1> 
,cent~ Jlne ~ ce ter liut ·~ 

Fig. 65 Fig. 66 Fig. 67 

An offset piston is shown in Fig. 67. Note that 
the piston center line is not in line with the wrist, 
or piston-pin center line. The reason for the off~et 
of the piston is to compensate for the react10n 
of the side thrust of the piston during the power 
stroke. When the piston is part way down on 
its power stroke all of the power or pressure on 
the piston is transmitted to the connecting rod at 
an angle, which reacts against the piston wall. in 
proportion to the angle at that moment, mo~ntmg 
to a maximum at 45 deg. The greater portion of 
this area is below the wrist pin, so by placing the 
largest area on the left side, the tendency is to tip 
the piston against ~he side-thrust pressur~ and t~us 
give a better equalized pressure. The Buick engme 
has the piston slightly offset. 

Meaning of Bore and Stroke 
The stroke is the len!P:h or distance the piston 

travels up and down inside of cylinder. The bore 
of a cylinder is its inside diameter. 

Square stroke. When the piston ~rav_el in a 
cylinder has the same length as the bore m diameter, 
it is called a square stro1ce and bore. 

Long stroke. When the piston travel is much 
more than the bore diameter, then it is called a long 
stroke. For instance, an engine with a piston of 
4" diameter, with a stroke of 4", is called "square­
stroke" engine. The case of a cylinder whose bore 
is, say, 4" and the stroke 5½", would be called a 
"long stroke." 

The valve chamber is 'that part surrounding the 
valve. The valve port is the opening for the intake 
or outlet of gas. 

The combustion chamber is the inside upper por­
tion of the cylinder, above piston, when the piston 
is at the top of its stroke. 

Inlet and Exhaust Manifold 
The inlet manifold is the part which connects to 

the inlet port openings in cylinders, from the carbu­
retor. If there is only one coD.Ilection to the 

cylinder, as on a single-cylinder engine, then it is 
called an inlet pipe. 

When the valves are all placed on one .side of the 
engine, as in the "L"-head type of cylinder, then 
the inlet and exhaust manifold are both on the same 
side of the cylinder. 

When the inlet valves are on one side and the 
exhaust valves on the other side, as in a "T"-head 
cylinder, then the inlet manifold is generally on one 
side and the exhaust manifold on the other side. 

The exhaust pipe leads from the exhaust manifold 
to the muffler. If the engine is an eight or twelve 
"V"-type, there are usually two exhaust pipes and 
two mufflers. In order that the exhaust manifold 
may be cooled as rapidly as possible, the exhaust 
manifold and pipe, connecting the exhaust valv( 
chamber to the muffler, are exposed to the air. 

The connection from exhaust manifold to exhaust 
pipe is usually made with a flange connection, with 
asbestos packing between. 

The muffler and exhaust pipe should be made so 
that there is as little back pressure as possible. 
Back pressure is caused by anything that prevents 
the free escape of the gas. Therefore sharp bends 
should be avoided, otherwise the incoming fresh 
mixture becomes mixed with that part of the burned 
gas left from the previous chargei and the power of 
the engine is cut down according y. 

The Muffler-also Called "Silencer" 
Purpose: If the exhaust valve opened directly 

into the open air, the noise of the combusted gases 
escaping through the exhaust port during the 
exhaust stroke would sound like the firing of a gun. 

8~~1ssAS< ~ 

~~r;;,sJf~~~~~i; 
euflNT G-AS OOT E'tAAUST 

Fig. 68. Illustratin,i how the exhaust gases pass from the 
cylinder, through the o)?en exhaust valve, to the muffler. 

This noise is due to the pressure in the cylinder 
being much higher than the pressure of the air, and 
a sudden change from one to the other produces a 
loud report. The more sudden the change and the 
greater the difference in the pressure, the sharper 
will be the noise. For instance, the noise would be 
greater if climbing a hill with an open throttle, than 
if running on a level with a partially closed throttle. 

To silence the noise, a muffler is connected to 
the end of the exhaust pipe, which is connected to 
the exhaust manifold (Fig. 68). The exhaust mani­
fold is connected to the.exhaust valve ports. 

Construction: The muffler is usually made of il'on 
gipe, like a stove pipe, with cast-iron heads, as in 
Fig. 69. The exhaust gases (when the exhaust 
valves are opened) pass through the exhaust pipe 
into the chamber (C),'.as shown by the arrow marks; 
then through openings in rear of (C), passing into 
chamber (B), then through openings in front of (B), 
into (A), then through (A) to the open M:. 
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If the muffler is not designed properly and is too 
small, or if it becomes clogged with soot, then the 
burned gases cannot be expelled as rapidly as they 

• -- -A 

- A 

E'l.CUT•OUT 

EX.OVYLtT 
OFCUT•O\IT 

Fig. 69. Sectional view of a muffler also showing how a 
"out-out" is placed on the exhaust pipe. 

should be. The result is back-pressure, or a tend­
ency for the gases to work back against the out­
coming exhaust, and also a retention of heat, thus 
causing overheating of engine and a slight loss of 
power, due to the back-pressure. 

The Exhaust Cut-Out 
The exhaust cut-out is a device which can be 

placed on the exhaust pipe, between the engine 
and muffler (Fig. 69). It is arranged so that it can 
be opened by a foot pednl thus permitting the 
exhaust gases to pass into the open air instead of 
the muffler. 

The cut--Out is now seldom used, except on speed 
cars or for hill climbing, because of the noise, and 
a.lso because of the fact that mufflers are now 
designed so that there is only a slight back-pressure. 
The cut-out was used extensively during the early 
days, because engines were minus power and mufflers 
were not properly designed. 

Inlet Manifold Construction 
In the simplified illustrations below are shown 

different constructions, in order to give the reader 
an idea of the different, methods which are and have 
been used. 

With the inlet manifold, the design should be 
such that there may be as little resistance as_possible 
to the flow of the mixture. This manifold should 
be as straight as the posil,ion of the carburetor will 
permit. 1 There should be no sharp angle-bends, the 
bends being as flat and easy as possible and the dis­
tance from carburetor to inlet ports as short as 
possible to prevent condensation. 

When more than oue cylinder is supplied from one carburetor, 
the dist,ance from the carburetor to each valve should be the 
same. The inside of the i1tlet manifold must be smooth and 
clear so that there is no obstruction offered to the flow of gas. 

In those illustrations marked "incorrect/' the dist.a.nee from 
the carburetor to tbc inlet. valves is not equal, and consequently 
the valves nearest the carburetor will get more of the mixture 
than those farther away. 

In the arrirngement marked ,.good £orm/' t.bc distances are 
almost equal, and consequently tlie valves get equal quantities 
of mixture, and tho engine will run more evenly than if the 
cylinders received different amounts. 

Inoorreot 

~ Q-9(;?9 od form of 1nlet 
~ ~~r 6 crl. 

Fig. 70. Inlet manifolds. 

Inlet manifolds are usually provided with means 
for heating, so that the gas mixture when passing 
through the manifold is vaporized. A hot-water 

t Some eng~neers claim that an abrupt bend in the inlet mani~ 
fold to produce turbulence is desirable. See page 115. 

jacketed manifold is shown in Fig. 71. The water 
connections are made with the circulating pump. 

Fig. 7.1. Top and side view of a water-jacketed inlet 
1uanifold. 

Most inlet manifolds are heated by a part of the 
exhaust gases passing through a jacket which sur­
rounds part of the manifold. 

Fig. 72. Top and side ,·iew of an exhaust-heated intake 
manifold. 

The "hot-spot" manifold is so arranged that the 
eli:haust manifold surrounds part of the inlet mani­
fold. Thus the exhaust gases pass over a portion of 
the inlet manifold which shortens the warming-up 
period with present-day fuelf and thus vaporizes 
the heavier particles of fue more quickly. (See 
Fig. 72.) 

This subject is also treated under the general 
subject, "Carburetion," in the discussion of "Heating 
the mb,ture." 

Exhaust Manifold Construction 

Sharp bends in the exhaust manifold or pipe 
cause back pressure, and should be avoided. Dirt 
in the pipe, or muffler, as well as soot in the muffler, 
has the same effect. In other words, the idea is to 
have the exhaust pipes offer the least resistance 
possible to the burned gases passing from the 
exha1:1st ports, otherwise part of the burned gases 
remain in the cylinder, mix with the fresh gases 
drawn in, and thus affect the mixture. 

Fig. 73. Exhaust manifolds: A lj'Ood method of exhaust out.­
lct for a 2- or 4-cylinder vertical engine is shown in Fig. 73 at A. 

B is a simple manifold in which an individual pipe from each 
cylinder exhausts directly into the large collector chamber CL. 
In this manifold the collectnr tube is made sufficiently large 
so that wh~n the exh_aust valve closes, the pressure in it is Jess 
than that m the cyhnder at the valve, and thus there is Do 
danger of back pressure. 

C shows an arraiement in which the pipes 2 and 3 for the 
middle. chambers are formed in one, whereas they a.re separate 
for cylinders 1 and 4. This works satisfactorily in that cylin­
ders 2 and 3 never fire consecutively, and the- one pipe is 
capable of taking care of the exhaust of the two. 

D is quite similar to the case shown in C excepting that 
the,re ,are individual pipes for cylinders l and '2, and 3 and 4. 
This 1s bad construction, in that 4 fires immediately after 3 
and 1 immediately after 2. ' 



50 DYKE'S INSTRUCTION No. 8 

A, the direction of the exhaust leaving the cylinders is the 
sam6. it is very eaoy to make a manifold in which the exhaust 
pipes inst,-ad of having a tendency to obstruct one another, 
assist lhe other cylinders to exhaust. 

In e,igines whicb have their inlet and exhaust valves opposit.e, 
frequeiitly all four of the exbaust valves are connected throui.h 
one m.onifold with a sini.le orilice. F is one example of an 
arrangement where it is _possible to make the two passages unite. 
This is suitable for engines with cylinders cast in pa.irs. 

The defect" of A and D can readily occur in this one; ii 
makers were considerini. loss of power, they would not use this 
one, but they want only to save space. 

For the best design, illustration G oilers n reasonable solution. 
In this illustration there is an individual pipe from cnch cylinder 
to the large collector. At, the end, each individual pipe pro­
jects into the collector tube and curves in tho direcllon of the 
exit for this collector tube. 

J'ig. 74. Two ,;ews of a divided exhaust manifold. 

The divided exhaust (Fig. 74) is used on several 
six-cylinder engines with cylinders cast in two blocks 
of three cylinders to a block. It is claimed for thjs 
design that it prevents overlapping and refilling of 
the cylinders with burned gases. . 

Valve Caps 

Where valves are on the side and the head is cast 
integrally with the cylinders, valve caps are screwed 
over the valves in the cylinder. By removing these 
caps the valves can be lifted from their seat and 
ground. There are two valve caps to each cylinder; 
an inlet-valve cap and an exhaust-valve cap. 

Compression or Relief Cocks, 01· Priming Cups 

They consist of small pet cocks screwed into the 
exhaust valve caps. By OJ?ening them when the 
engine is running, it is possible to see if any of the 
cylinders are missing fire. A flame will shoot out 
if firing. They are also used for injecting gasoline 
when the engme is cold and hard to start. The 
S. A. E. term this a "priming cup.'' 

Cams and Can1 Shafts 
A cam is a device that produces intermittent 

motion. When an object is in motion part of the 
time and at rest between mot.ions, its action is said 
to be "intermittent.'' A cam ma.y best be described 
as a wheel with a hump or nose on one side (Figs. 
75 and 76); in other words, it is a piece of metal 
revolving with a shaft, part of its circumference be­
ing farther from t.he shaft than the rest. The part 
of the cam that projects is c:J.lled the nose. Any­
thing resting against the cam will be moved only 
when the nose comes around to it; otherwise it 
remains stationary. 

-TAPPET~ 
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Fig. 75 Fig. 76 

Fig. 75. Showing tbe nose of cam. 

w~f; Jates ~~~e. of cam raising valve plunger or tappet, 

For a four-cylinder engine, four cams on the inlet 
cam shaft are shown in Fig. 77. Four more cams on 
a_n exhaus_t cam_ shaft are pr~vided on the opposite 
side of this engme, because 1t has "T"-head cylin­
ders. The cams are divided in four positions on 
the cam shafts and are made in one piece or integral 
with the cam shaft. If the cylinder is the "L"-type, 
then all cams would be on the one cam shaft (see 
Fig. 79). 

I<'ig. i7. l11ustrat-ing how the cain shart. on a four .. cylinder 
engine is opcra.ted by timing gears; aJso how the nose of tho 
<'Rms raises the valvr,s. There are two cam shafts ·ola.ced 
opposite, therefore it is a "T"-head t,ype. -

For each cylinder there is one inlet cam and one 
exhaust cam. The exhaust cam usually bas a 
broader nose because it must hold the valve open 
longer. 

The cam shaft, also called the "secondarv" or 
"half-time shaft," has a cog wheel or gear, called a 
"timing gear," on one end, which meshes with the 
drive-shaft-gear on the crank shaft. The cam 
shaft gear is also often driven by a silent chain. 

-AM 

8' C C 8' 

Fig. 7S 

Fig. 70 

Fig. 78. The cam shaft as used with a fom·-cyliudcr "T" .. 
head type cylinder. There are two shafts, an intake cam shaft 
and an exhaust ca.m sha.ft-one on each aide of the. cylinder as 
shown in Fig. 80. There a.re lour cams on cacb shalt. The 
noses of the cams are placed at different positions, so that tho 
n:i:lves wm be raised at a certain time. C arc t-he earns. B 
arc the bearings for the cam shnft. 

Fig. 79. The cam shaft as used with a. four-cylinder, "L"­
bead type of cylinder. There is but one cam shaft i.n this type 
because all of the inlet and all of the exhaust valves are on the 
"L"-side of the cylinder (see Fig. 81). There are eight earns 
on the cam shalt. 

W"hen the crank shaft revolves, the drive gear on 
the crank shaft drives the timing gears, which drive 
the cam shaft and thereby rotate the cams (see Figs. 
80 and 81). 

The nose of the cam raises a valve lifter or t-ippet, 
which plunges against the end of the valves and 
raises them from their seat. When the nose of the 
cam is under the roller or valve lifter, the va.lve is 
held open; the valve is closed after the nose passes, 
by the action of a strong spring. 

The valve stem 1_being held in a valve guide·, can­
not move in any direction but up and down. Thus 
tb.e steady rotary motion of the c&m is cban1~ed to 
the intermittent motion of the valve . 

. NOTE: Valve caps and primini. cups are now seldom used on the detachable cylinder heads of modern automotive gasoline en-
1s1nee. See footnote, page 37. 
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Fig. 83. Top view of the Mitchell model "F" six-cylinder engine. The illustration shows how the cam shaft is driven b)' 
iears. The crank-shaft gear drives the cam gear, which is a.tta.cbed to the cam shaft. The one ca.m shaft operates all valves (ink•i 
wd exhaust) from the one side of the engine. 
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F'g. 83A. End view of the Mitchell engine. Note that the crank-shaft gear (lower one) drives the cam-shaft gear (large one). 
The cam-shaft gear then drives the generator gear (on the right). 

Fig. 84. Front view of the Studebaker model "EJ" six-cylinder engine. The cam shaft is driven by a silent chain, 
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As has been shown on four-cycle engines, each 
valve opens only once while the crank shaft makes 
two revolutions. Therefore the cam shaft should 
revolve only once while the crank shaft revolves twice. 

The cams are an integral part of the cam shaft 
and one cam cannot be moved one way or the other 
unless all move together. There are two types of 
cam shafts, those operating from the side of the 
cylinder and those operating overhead, or above 
the cylinder. 

G =----:~rl T 

U ,....._-,__,.. R 
Gt 
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Fig. 80 

(RANI' SH"-H 
O~ISC 6&A.R 

Fig. 81 

Fig. SO. Showing_ method of driving the two cam shafts 
and magneto on a 0 'T"•head engine. Note the two cam gears 
and shafts. 

Fig. 81. Method of driving the one cam shaft. An idler 
J?car is provided to drive the magneto gear. "L"-bead type of 
cylinder en~ine. Note the one cam gear and shaft. 

Gear-D .. h·en Cam Shafts 

The crank shaft drive gear and cam gears are 
called ti.ming gears. If two gears running together 

Fig. 82. End view of tho cam l,icars and drive gear. The 
two cam gears (G2, G3) are callccl 'half-time" g11ars, ber,ause 
they revolve just one-half the time, or revolutions, that the 
drive gear (Gl) revolves. Gl ia drive gear on crank shaft. 
G3 is cam gear for inlet cam shaft. G2 is cam gea.r for exhaust 
tllm shaft. G4 and GS are extra gears to drive the magneto 
and generator ("T"-bead engine). 

(or in other words, in "mesh"), have the same uum­
ber of teeth they will make the same number of 
revolutions. 

If the driven gear has twice as many teeth as the 
drive gear, it will revolve only once while the other 
revolves twice. This is called a "two-to-one" or 
"half-time" gear. 

Because the cam shaft must revolve only once . 
while the crank shaft revolves twice, the cam-shaft 
gear has twice as many teeth as the crank-shaft 
drive gear (see Fig. 82). 

The cam shaft revolves in the opposite direction 
to the crank shaft when driven by gears without an 
idler and in the same direction when driven by a 
silent chain or an idler. The crank shaft and fly 
wheel of all gasoline engines revolve c1ockwise, or 
to the right, when facing the front of the engine. 
Thus gear (Gl) (Fig. 82) would revolve clockwise. 

The wide-faced helical gear is the popular type of 
gear for the timing gears because they make less 
noise than a straight-tooth spur gear. Special 
materials, such as fabroil, micarta, and other com­
pressed materials, are used by many as material 
for making gears which are silent. Drop-forged 
gears are also used, so also is steel for the crank­
shaft gear and ca.st iron for the cam gear. 

Silent-Chain-Driven Cam Shaft 

The silent chain for driving the generator is quiLe 
popular, and it is also being used to a great extent for 
driving the cam shaft. The object is to obtain 
quieter running. This type of chain must not be 
confused with the ordinary roller type as used on 
chain-driven trucks. The silent chain is more posi­
tive in action, otherwise the timing would be thrown 
out of adjustment. The teeth on a sprocket used 
for a silent chain a.re very close together and a.re 
accurately made. The silent chain, as its name 
indicates, is silent, but requires taking-up occasion­
ally. After a certain period new links, or a new 
chain, is required. See Index under "Silent chains, 
adjusting of." 

ENGINE VALVES 

Purpose of valves: There are two valves to each 
rylinder of all four-cycle gasoline engines: an inlet 
valve and an exhaust valve. 

Note. The "dual-valve'' engine has four valves t.o each 
cylinder; two inlet and two exhaust valves. This subject 
"ill be treated later. 

Fig. 85 
Fig. 85. Poppet type of valve: so named because the vake 

pops up and down. Po1)pet valves are used on "L.'' "T.'.' "I" 
or °Fn-head type of cylinders, and are always mechamcally 
operated. 

Fi11. 86. The sleeve type of valve. There are tw~ sleeves 
(S),-with openings at upper ~nd. When these opernni:s are 
together, the fresh gas is aclnutted or the burned gas 1s dis­
charged. Mechanically operated, "IN" means inlet, and 
"EX," exhaust. 

Vt\l.VE 

Fig. 87 Fig. 88 

Fig. 87. The rotary valve. 
Fig. 88. Automatic inlet valve. Suction of_piston draws 

the valve open against the tension of spring. Exhaust valve 
me.chanically operated. 

Types of valves: There are three types in general 
use: the "poppet," the "sleeve," and the "rotary,'' 
(see Figs. 85 to 88), the poppet type being used 
almost exclusively. 

The inlet valve admits fresh gas to the cylindtr. 
As fresh gas is going into the cylinder during only 
one stroke in every four, the inlet valve is opened 
during only one stroke in every four, in other 
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words, during one stroke in every two revolutions 
of the crank shaft. 

The exhaust valve permits the burned and useless 
gas to escape. It is opened and held open by a cam 
on the cam shaft. It is thus described as "mechani­
cally" operated. 

Mechanically operated valves are opened and 
held open by means of cams and closed by means of 
a strong spring. The exhaust valve is always 
mechanically operated. 

Inlet valves are generally mechanically operated, 
but some of the old and motorcycle type of engines 
have the inlet valves of the "automatic" type. 

The autQmatically operated inlet valve is held 
against its seat by a light spring (see Fig. 88). During 
the suction stroke, the sucking action of the piston, as 
it travels downward in the cylinder, draws the valve 
open. At the end of the suction stroke, when the 
suction ceases, the sprin~ forces the valve disk back 
to its seat, and the gas 1s prevented from escaping 
through the valve. 

It must be understood that the valves of a gaso­
line engine always open in such a direction that the 
pressure from power and compression strokes tends 
to keep them firmly on their seats. 

Valve Operation and Location 

The "mechanically" operated "poppet" type 
valve is the type in general use, therefore we shaU 
confine our attention to this type. 

Valves are operated, or opened, by the intermittent 
motion of a cam and are closed by a 'Strong spring. 

The location of the valves may be overhead or on 
the side, or a combination of both. 

Fig. 89 Fig. 90 

Valves-on-the-side may be placed on opposite 
sides of the cylinder, as in the "T"-head cylinder 

Fig. 91 Fig. 92 

type of engine (Fig. 89), or.all on one side( as in the 
"L"-head cylinder type of engine (Fig. 90;. Valves 
are operated by a cam shaft on the side. 

Valves-in-the-head-and-side are illustrated in 
Fig. 91. In this instance, the overhead valve is 
always the inlet!.. anc! the :fc~ve ~m the side is the 
exhaust ·valve. tloth vclw;; m Fig. 91 are operated 
by one cam shaft on the side. The cylinder is of 
the "L"~type. . 

Valves-in-the-head (or both valves placed over­
head) with a detachable cylinder head are shown 
in Fig. 92. The head is usually detachable from 
the valves. Thus valves are ground in the detach­
able cylinder head. 

Note. Although Fig. 92 shows two cam sho.ft.s and valve 
rods on opposite sides of the cylinders, this is seldom found in 
nctual practioo. In most instances there is but one cam shaft, 
and the push rods are all on one side. 

Fig. 93 Fig. 9~ 

Fig. 93. Illustration of solid cylinder head with removable 
cage, with valvCS ground in the cage. 

Fig. 94. Overhead valves operated by an overhead cam 
shaft. 

Valves-in-the-head (or both valves placed over­
head in a solid cylinder head) are in cages which z.re 
removable and the valves are ground in the cage 
(Fig. 93). Valves are mechanically operated from 
tl,e side by the cam shaft. 

Valves-in-the-head operated by an overhead cam 
shaft are shown in Fig. 94. This principle is used 
on the Liberty Engine and on many other aviation 
engines. 

The method of driving the overhead cam shaft 
is shown in Fig. 95. Note that the shaft (S) 
which drives the cam shaft is driven from the crank­
shaft gear. This principle is similar to that em• 
ployed on the Stutz racing-car engine (Fig. 98). 

Fig. 95 .. WisC?nsiJ:i ~ix-cylinder aviation engine which ha, 
a valve action qwte anrulsr to thnt used on the Stutz re.cine 
cars. The cam abaft is carried overhend. 
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Fig. 96. A twelve-cylinder, or j<twin-six'' engine with 
valves-in-the-head opernted by overhead ciim shafts. This 
is the Liberty Airplane engine. The cam shaft is driven in a 
manner similar to that shown in Fi,g. 95. 

The Dual Valve Engine 

Dual valves are valves with two inlet and two 
exhaust valves to each cylinder. The Pierce-Arrow 
six-cylinder engine (Fig. 97) is an example of a dual­
valve engine. The cylinders shown in the illustra­
Lion are of the "T"-head type, ·with detachable 
head, cast in pairs, with a cam shaft on each side. 

Fig. 97 

Exhaust valves (EE) are on the left side of the engine 
and the inlet valves are on the right. This would 
be termed "valves-on-the-side." On the late model 
of Pierce-Arrow engines the cylinders are in-block. 

Note. The leit or right side oi an engine or automobile is 
determined by being seated in the cur, lookioi. toward the front. 

The Stutz en~ine (Fig. 98) is another example of 
dual valves, with both valves-in-the-head of the 
cylinder operated by an overhead cam shaft. 

Advantage of dual valves: It is well known that 
greater power, especially at higher speeds, is obtained 
by· using large valves. For instance, in standard 
practice. the rule is to have the valve diameter one-

half that of the bore of the cylinder. For a 4½" 
bore, a 2¼" valve is used. In order however, to 
get the maximum possible power, a 311 valve with a 

Fig. 98 

¾" lift would give greater power, but this would 
result in noisy valves, due to the heavy valve spring 
required to close them promptly, and also on account. 
of the tendency of the exhaust-valve head to warp 
out of shape when heated. 

Therefore, by using two smaller valves of about 
2½" diameter with a 1/s" lift, the same opening 
area as the single 3" valve is obtained. This gives 
the maximum power and a very quiet valve action 
through the use of light valve springs. 

Valve Arrangement 
On the ''L"-head typ~ of cylinders, all inlet and 

exhaust valves are on one side, but they do not run 
consecutively. Owing to the fact that the exhaust 
manifold must connect with all exhaust valves and 
the inlet manifold must connect with all inlet valves, 
the valves a.re usually arranged as in the illustrations 
above .. The exhaust is on the outside, next to the 
water Jacket on most all engines, because of the 
greater heat at the exhaust valve. Fig. 99 shows a 
four-cylinder engine; Fig. 99A illustrates a six­
cylinder engine. ("X" are exhaust valves). 

Fig. 99 Fig. 99A 

Fig. 99. Four-cylinder exhaust and inlet vah·es. 

Fig. 99A. Six-cylinder exhaust and inlet ,·alves. "X" ar• 
e><haust valves. 

Althou~h the valves vary in location and methods 
of operat10n, the principle or purpose remains the 
same; the inlet to admit fresh gas, and the exhaust. 
valve opening at the correct time to expel the 
burned gas. 

Valve Parts 

Valve heads are made of cast iron, nickel steeJ1 
and tungsten steel. Cast iron is easily machinect 
and works fairly well, but is heavy. Nickel steel 
does not heat as much as cast iron and does not 
expand as much as cast iron. Nickel steel heads are 
electrically welded to steel valve sterns. Tungsten 
steel is hard and stands high temperature without 
heating. The "poppet"-type valve is the type in 
general use. We shall, therefore, confine our atten• 
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tion to this type. A "poppet"-type valve has three 
parts: a "head." a "stem "which forms the moving 
part, and a "v~Jve face"

1

which seats into a "valve 

Fig. 100 Fig. ·101 

Figs. 100 nu<l 101. Two methods of operating the lift of 
the valve. Note in Fig. 100 thi>t the lift is direct from the 
c-am to the tappet, thence to valve sten1i whereu.s in Fig. 101, 
;), valve rocker a.rm takes the place ot valve tn.ppet. ,.£be 
method shown in Fig. 100 is the one in general use. 

seat." This valve face is beveled and is perfectly 
round. When seated, it must fit the valve seat 
perfecLlv tight, otherwise during the compression 
stroke t'he gas would le,tk, and on the power stroke, 
a loss of power would result by the valve leaking at 
the seat. Therefore it is ground to this seat. 

The expression "valve-head diameter" usually 
refers to the clear opening of the valve. The "valve­
head" is the upper part of the valve and usually 
measures from one-third to one-half of the cylinder 
diameter. For instance, on the Continental model 
"7R" six-cylinder engine, which has a cylinder bore 
of 3¼", the diameter of the va.lve. at the clear open­
ing, or the small end of the bevel, ,s 1½", and at the 
head, or largest diameter, it is 1%". Both inlet 
:tnd exhaust valves on this engine, as also on many . 
others, are the same size. 

The valve lift of this engine ("7R"), is 5/16". 
On the Pierce-Arrow, the valve lift is 11/32". 
"Valve lift" means the height the valve is raised 
from its seat by the cam. Therefore it is clear that 
if the valve stem clearance is not correct (the soace 
between the end of the valve stem and the .valve 
lifter), the lift would not be correct, and thus power 
would be· lost, owing_ to the smaller valve (!Pening. 
As a result of this, less gas would be drawn mto the 
cylinder. 

Valve seats are usually beveled at an angle of 
45°. The diameter of the exhaust pipe should at 
least be equal to the diameter of the valve. 

The valve spring holds the valve tight in its seat 
and must have sufficient tension at all times. If 
too strong, the valve will close with more noise. 
If too weak, the valve will not seat properly. The 

exhaust valve spring usually weakens first on account 
of being subjected to greater heat. 

The valve-spring-retainer-and-lock, originally 
called the "valve spring washer," is placed at the 
bottom of the spring and held in place by a two-part 
lock. Formerly, a "key" was passed through a hole 
in the valve stem as in Fig. 104, but, as stated, a 
two-part lock is now placed in a groove in the valve 
stem under the retainer (washer). 

The valve face is the beveled part of the valve 
head. The valve seat is the part of the cylinder 
head in which the valve face is placed. The valve 
face and seat can be conical or flat. It is usually 
conical, as in Figs. 100 and 102. 

Fig. 102 Fig. 103 

Note the conical type of valve in Fig. 102 and tho flat type in 
Fig. 103. It is said that the flat valve gives a greater opening 
for the same valve lift. and hns greater possibilities for high• 
speed work. Seldom used. 

The 11tulip" .. shaped valve is another type1 formerly used on 
the Cadillac for inlet valves. It is now seldom used (see Index), 

The valve stem is the stem part of the valve head. 
The stem of a mechanically operated valve on the 
"L"- or' 'T"-head cylinder of the "side valve" prin­
ciple usually extends about half-way down to the 
cam shaft. A valve lifter then lifts the valve stem 
by action of a nose on the cam as the cam revolves. 
To set this cam to raise the valve at the proper time, 
is called "valve timfog." 

On engines with overhead-valves, thern is a rod, 
called the "push rod," or "valve rod," between the 
valve tappet and the rocker arm (see Fig. 92, page 53). 

Note tha.t a spring is placed between the valve tappet 
and the valve rod, which tends to keep the tension of the valve 
rod up and to reduce noise. 

Valve-stem-clearance, also called "air-gap," is 
the distance between the lower part of the valve 
stem and the valve tappet. On the overhead, or 
valve-rod type, it is usually between the rocker arm 
and the end of the valve stem. This distance is 
regulated by an adjusting nut. 

The valve-lifter, also called "valve plunger," 
"valve tappet," and other names, is the part placed 
between the valve stem and the cam. The top 
part has an adjustable screw which can be slightly 
raised 01· lowered to obtain correct valve clearance. 

Exhaust cams usually have a broader nose than 
the inlet cam, because the exhaust valve remains 
open longer. 

The bottom of the valve lifter is sometimes fitted 
with a "roller," (R), (Fig. 106). The "mushroom" 
type (Figs. 100, 104 and 105) is the type used most. 

A valve rocker-upper-is used on all overhead 
valves, also ..:alled "rocker arm." A valve rocker­
lower-is the principle shown in Fig. 101. It is also 
called a "side tappet lifter." The latter is seldom 
used. 

A valve-stem guide holds the part through which 
the valve stem passes (Fig. 100). Sometimes it is 
bushed as shown in Fig. 100. Quite often it is plain 
as in Fig. 101. ' 
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Fig. 10-l Fig. 105 Fig. 106 

Figs. 104, 105. Mushroom type of valve lifter. 

Fig. 106. Roller type of valve lifter. 

Note in Fig. 104 the vah•e just starting to lift. In Figs. 105 
and 106, the valve is just closed. 

A valve-lifter guide (also called "plunger" and 
"tappet" guide) is shown in Fig. 100, which is fitted 
with a bushing and can be renewed when worn. It 
is bolted, sometimes screwed, to the crank case. In 
Fig. 101, a plain guide is shown. 

Enclosed valves are where a cover fits over the 
valves (Fig. 100). This deadens the noise of the lifter 
when striking the valve stem and keeps out dust. 

Although valves may be placed overhead, or in 
a combination, as overhead and on the side, the 
principle of operation is very much the same in either 
case. 

Mercury-Cooled Exhaust Valve 
The mercury-cooled exhaust valve is v. type or valve at one 

time used on one of the fa.rm-lighting-plant engines. With 
high-duty internal combustion engines the exhaust valve is sub­
jected to direct blasts of exbausl gases of about 1,800°F. The 
only provision heretofore made for radiating the heat from 
valve head (H) and the stem was through the valve guide. As 
a result, the stem oft<ln became red hot, with the consequent 
result, warping and loss of compression at the valve seat. 

-$ 

RAD\,..TOII 

s 
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HEAD 

Principle: The effect of the mercury contained within the 
valve is of course to transmit tbc heat from the hottest pa,·t of 
the valve up to the portion of the valve stem which is exposed to 
the atmosphere, and which bas a series of aluminum radiating 
6ns (F) connected therewith, to facilitate the cooling of the 
valve. 

The mercury (M) under normal temperv.ture is in liquid 
state and rests at the bottom of the valve stem. As heat is 
absorbed by the valve stem and transmitted to the mercury, 
the mereury is vaporized and immediately rises, until, c5>mi~,;: 
into contact with the cooler part of the valve stem, 1t w1U 
undoubtedly condense and flow baok to the bottom of the stem 
to be again vaporiicd and to repeat the previous operation. 

Purpose of Valve G.-inding 
The purpose of valve grinding is to prevent the 

inlet and exhaust valve from leaking compression 
(see pages 765-770). 

The exhaust valve is surrounded bv a flame when 
open, and will become "pitted" in time, as shown 
in Fig. 107. 

Fig. 107 

. The exhaust valve requires more grinding than the 
inlet valve because the hot gases pass out between the 
valve seat and the valve face when the valve is raised. 
When the valve is opened, there must be sufficient 
space to permit the burned gas to pass freely. 

The inlet valve, admitting gas instead of ejecting 
a flame, does not pit as badly as the exhaust valve. 

In a perfect seated valve, the valve face and seat 
are smooth and even, with dull-gray surface. A 
pitted valve is rough, uneven, and full of tiny holes, 
and cannot come to a tight seat. A valve in this 
condition, therefore, must be ground. 

The process of grinding a valve is the placing of a 
grinding paste between the valve face and the seat, 
and revolving the valve until the roughness is worn 
down. See Index under "Valve grinding" and 
"Valve re-seating." 

There are several prepared valve-grinding past.es on the 
market, but a very satisfactory nbrasive may be hv.d by mixing 
flour of emery, of the grade known as No. 120, with a little kero· 
sene or thin lubricating oil, until it has the consistency of paste. 

To grind valves in an engine where valves-are-on 
the-side, the usual _plan is to remove the valve caps, 
if the cylinder head is solid, as in Figs. 108, 109 and 
110, and to grind the valves in their seats. 
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Fig. 110 

Fig. l 08. To grind valves in a solid cylinder head, remove 
the valve caps; remove the pin (or valve retainer) nt bottom 
of the vv.lve stem. A spring lifter is used to compress the spring. 

Fig. 109. Lift valve out of cylinder. 
Fig. 110. Smear valve grinding compound around edge of 

valve. Rcplnee vv.lve in its seat and grind, by turning valve 
back and forth on its seat until both the valve and seat show a 
bright ring o.bout 1/32" wide all the way around. Remove 
all abrasive matter carefully before replacing. 

To grind valves in an engine with valves-on-the­
side, with a detachable cylinder head, the cylinder 
head is removed as shown in Fig. 111, and the valves 
are ground in their seat on the cylinder block as in 
Figs. 108, 109, 110. 

r=~...-===1~ETATCHAS~ 
CYLINDER 

HEN> RE­
MOVED 

Fig. lll. To grind valves on an engine with valves on the 
side and detachable cylinder bead (Ford engine). 
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To grind valves in an engine with valves-overhead 
and with a detachable head, the cylinder head is 
removed and valves a.re ground in the head as in 
Figs. 111 to 115. (The Chevrolet is shown as an 
example.) 

To grind valves in an engine with valves-in-the­
head and in cages, remove the valve cage and grind 
the valve in the seat of the cage. See Index under 
"Valve grinding, cage type." 

VAJ,.VE.S IN OETATCHA8LE C'<UNDER HEAD 

s~ 

~~ 
SAArT 

Fig. 112 Fig. 113 

Fig. 112. Cylinder head removed. 
Fig. 113. Remove shaft a.nd rocker arms. 

Procedure: Disconnect. the upper radiator hose connection 
Ilemove each of the bolts holding the cylinder head to the 
cylinder rnsting and lm the head off. The valves, rocker arm$, 
aod bearings, being a.uachcd to the hea<l, will remain with it 
ns shown in Fia-. 112. Next rcn10ve tbe rocker n.rrns and shaft.s 
as shown in lrig. 113. Before removing, the bearing caps 
should be marked with a center punch, so tbat they will not 
become mixed when replacing. Noxt remove the small ,vire 
holding the valve-spring cap pin in place (Fig. lH). With a 
screwdriver and your fingers press down upon the valve spring 
cap until a spring has been compressed enough to admit pulling 
out the pin. Remove each valve separately, u$ing care not to 
mix them in any way, as they must go back into the.same valve 
boles. 

Fig. 114 

VALVES 

VAi.VE 
SPRING 

Fig. 115 

Fig, 114. Remove valve springs. . 
Fig. I 15. Grinding the valves in the cylinder head. 

Grinding: Secure a light coi! spring and place it around the 
vnlve stem before replacing it for grindin"°. Smear the com­
pound thinly on the beveled edge of the valve head and on tbc 
seat in the cylinder head. Place the valve in the up-turned 
cylinder head and grind as shown in Fig. 115. 

Before replacing the valves it is a good plan to $Crapo off all 
carbon deposit from the combustion chamber and piston. 
Also examine the copper asbestos gasket before replacing tbe 
cylinder head. If not perfect, a new e:asket should be used. 

When replacing tbe cylinder head bolts, turn each one until 
the head just touches the cylinder head, then tighten each one 
evenly, a little at a time. None should be drawn tight until 
all are set snug .. 

Refacing Valves and Reseating Valve Seats 
If valves leak compression and there are no ridges, 

or shoulders on the seats, or if not burned or warped, 
then they can be ground. If burned or warped, or 
shoulders or ridges a.re formed in the valve face or 
seat, then the valve face ought to be refaced and the 
valve seat be reseated. This work is usually done 
with refacing machines and reseating reamers. 
This subject is covered in the sect.ion aevot{)d to 
"Repa-irs" (pages 769-776). Tungsten valves are 
hard, and when pitted or leaking it is advisable to 
regrind on a valve grinding machine. 

INSTRUCTION No. 9 
VALVE TIMING: Valve-Stem Clearance; Valve Lift; Setting the Valves; 

Meaning of Degrees. 

VALVE-STEM CLEARANCE 
If no space was left between the end of valve stem 

and tappet, even very slight wear of the valve and 
seat would prevent the valve from closing properly. 
Furthermore, there must be some cognizance taken 
of the expansion due to heat. As the stem e,q:>ands, 
it gets longer, so if no clearance were provided the 
stem would rest against the ta.ppet and valve would 
be unable to seat properly and would remain open. 

This would cause trouble, such as missing, especi­
ally at low speeds, a loss o.f power, sluggish pick-up 
or acceleration, excessive fuel consumption, and, if 
the en~ne- was run for a long period of time, the 
probabilities are the valve would b_e burned and 
would warp, which would necessitate refacing and 
trueing up both the valve head and seat, or installing 
a new valve. 

Frequently, when complaints are made by the 
owner of a car that the valves are noisy, the me­
chanic proceeds to adjust them close for quietness, 
but in doing so he should never exceed the minimum 
clearance as given by the manufacturer. 

If the car is to be run on a tour, or a continuous 
run for a long period of time, then the maximum 
clearance should be given. It is better to permit a 
little noise rather than to incur the above troubles. 

Another point to bear in mind is that if the manu­
facturer gives instructions to set the valves at a cer­
tain clearance when cold, or when hot, the instruc­
tions should be followed. If set while warm and 
manufacturer specifies to set when cold, the result­
ing clearance will be too large and valves will be 
very noisy. If set while cold and manufacturer 
specifies to set while warm, the resulting clearance 
will be too small and valves may be held open when 
engine becomes hot, especially after a long continuous 
run. Some engines naturally run hotter than others, 
hence the variance in valve clearance. 

If the clearance between valve stem and tappet 
is too great, it not only produces noise but lessens 
the power of the engine, owing to the valve lift 
being lessened to such an extent that tho inlet valve 
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does not open wide enough to take a full charge of 
gas, and that the exhaust valve does not fully dis­
charge all of the burned gas. 

To tell if any of the valves are open and if they 
leak compression (or if a cylinder leaks due to some 
other cause), test the compression of each cylinder 
and compare the pressures. They l:lhould show a 
uniform pressure ii:> wch cylinder, that is, within a 
closp margin at leal:lt (see page 766). 

Valve-stem clearance, also called "valve-tappet 
clearance" and "air-gap" space, is the space between 
the end of the valve stem and the valve tappet when 
tappet is at its lowest point and valve is seated. The 
width of this air gap varies, as will be noticed in the 
list of valve clearances of cars below. • 

Some manufacturers give about 1/100011 less space 
to the inlet than to the exhaust, because the exhaust 
valve stem lengthens more, owing to greater beat. 
For instance, Hudson and Essex give .003" valve­
stem clearance on the inlet valve and .005" on the 
exhaust valve (maximum), with engine warm. 

It is necessary to adjust the valve-stem clearance 
when valves become worn and thus lowered, ot· as a 
result of repeated grinding, or when the end of the 
valve stem, rocker arm, or push rod becomes worn, 
owing to the constant tapping, which causes natw·al 
wear in time. 

·when the distance is too great between the valve 
stem and the tappet, as a result of wear or improper 
adjustment, this will produce a clicking noise and 
can be overcome by proper adjustment. 

Often a noise which so~nds as if coming from the 
valve stem will be found in a worn valve tappet in 
its guide. The noise is caused by the cam shifting 
the valve tappet against its worn guide. In fact, 
this is a very common trouble. The remedy is to 
replace the tappet with a new one. 

VALVE 
TAPPET 

0 

C.AM 

Fig. 1 Fig. 2 

Fig. 1. Valve e\earance on valve,s.in-tbe-head is measured 
between the end of the rocker-arm and the top end of valve, 
as above. 

Fig. 2. Type of valves on side of "L"-head engine. Clear· 
anee is adjusted as shown in illustratiGn. 

Adjustment of valve clearance where the valves 
are on the side, as in Fig. 2, can be made by screw­
ing up the adjusting screw if there is too much 
clearance, or screwing down the adjusting screw if 
clearance is not great enough. ,vhen the correct 
position is found, the valve-tappet adjusting screw 
1s locked in position v;ith the lock nut, and clearance 
is again tested. 

Adjustment of valve clearance where the valves 
are in-the-head and rocker-arms over head can be 
made at the lower part of the valve push rod, if 
arranged as shown in Fig. 1, which adjusts the 
clearance between the end of the valve stem and the 
rocker arm when valve is fully seated. 

On the valve-in-the-head type (Fig. 92, page 53), 
the adjustment is on the top of the valve push­
rod (J). The clearance is between. the end of the 
valve stem and the rocker-arm, when the valve rod 
_is entirely free from the cam, or when it is not riding 
the cam. The adjustment is made when the engine 
is warm. 

Buick (see page 71). 
Chevrolet (superior model, Series K): Space be­

tween rocker arm and valve stem should be .008" 
on the intake valves and about .010" on the exhaust 
valves, when the valves arc seated and engine warm. 

Continental model "7R" engine (side-valve type), 
the inlet valve is ~iveu .004", and the exhaust valve 
.005" clearance. l'be exhaust valve is given slil;"lhtly 
more clearance because it is subjected to a higher 
degree of heat than the inlet, and, when iron is 
heated, it expands. The instructions are to adjust. 
when the engine is warm. 

Dodge (see page 71). 
Ford valve clearance should not be greater thao 

1/32" nor less than 1/6411
• 

Franklin (Series 11): Both valves .010" with 
engine cold. . 

Hudson Super-Six and Essex Six: Adjust inlet 
valves .00211 minimum and .003" maximum clear­
ance. Adjust exhaust valves .004" minimum and 
.00511 maximum, with engine warm. 

Hupmobile (R) instructions call for .005" clear­
ance for iulet and .006" for exhaust valve, when the 
engine is w_arm. Hupmobile (series E) .007" both 
valves, engme warm. 

Lincoln: .003" to .004" to both valves; engine 
war111. 

Locomobile instructions for Model "48" are to 
adjust the inlet valves .002'' and the exhaust .005", 
when the engine is cold. (See "Note," page 70.) 

Marmon (D74): Both valves .006" with engine 
warm. 

Packard "eight and six" gives for the inlet and 
exhaust valves a clearance of .004" when warm. 

Pierce-Arrow instructions are to adjust the inlet 
for .003" clearance and the exhaust for .005" clear­
ance, when warm. 

Star Models C-CC-F (3 1/8" bore) should have 
.008" clearance when engine is warm. 

Studebaker "Standard Six" instructions are to 
adjust both valves for .005" clearance with the 
engine warm. 

Studebaker "Big Six" and "Special Six" should 
have .005" clearance when the engine is warm. 

;Fig. 3 

Testing and adj'usting valve clearance 
is usually done w 1en engine is warm and 
not running, by inserting a thickness gauge 
between the end of the valve stem and 
tappet, as in Fi1,. 3. On some eni;incs, 
where the valves are accessible, as on 
overhet1d-type valve engines, the test and 
adjustment can be made when engine is 
warm and running slov.•ly. 

Some manufacturers give inst.ructions for certai~ 
clearances when the engine is warm, and others 
when the engine is cold. When the engine is warm, 

Above refers to ca.rly models. 
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appears to be the Jo~ical time for adjusting clearance, 
because the expansion and length of the valve stem 
are greatest at this time, as the stem expands or 
lengthens when warm and contracts or shortens 
when cold. 

While His true that the valve stem e:q>ands when 
heated, it is also true that the cylinders and other 
metal parts of the engine expand at the same time. 
In e)..-treme cold weather, the probabilities are that 
the cylinder contracts and expands to a greater 
e},.-tent than does the valve. This is a problem that 
has never been definitely settled. Thus the subject 
of valve clearance is one where expansion and con­
traction of the metals are factors governing the 
clearance. Accordingly, one should follow the 
manufacturers' instructions as to the exact clearance 
to be given on an engi,ne, as they have no doubt 
learned the correct clearance from experience. 

The usual clearance is from .003" to .005", and 
most of the adjustments are made when the engine 
is warm. Clearance varies according to size of the 
engine and also according to the temperature; an 
engine running unusually hot would require more 
clearartce, as e},.l)ansion would be greater. By 
referring to the Index, a table will be found giving 
the diameter of valves and the valve clearance of 
different makes of engines. 

In the absence of e},.l)licit instructions, f1lve an 
engine with valves-on-side a clearance of .004 'when 
warm, and an engine with valves-in-head, .008" 
to .010" when warm. In this way one ·will be safe. 
lt is also advisable to check the valves to sec if they 
open and close at the proper time. This can be done 
by observing the marks on the flywheel and noting 
if the valves.close accordingly. (See page58 for Ford.) 

Valve-Clearance Adjustment 
Adjustment should always be made after the 

valves of an engine have been ground, as the grind­
ing ma,v slightly lower the valve. When checking 
the adJustment of valve-stem clearance, turn the 
fly wheel of the engine over until the other tappet 
and valve ill the same cylinder are up as far as they 
will go, or the valve is wide open. The first valve 
will then be closed. The clearance should then be 
measured between the end of the valve stem and the 
head of the tappet screw on the closed valve. 

If it is found that the clearance is not right, loosen 
the lock nut on the tappet screw and turn the screw 
up or down, to obtain Uie correct clearance. 

It is best to use a "thickness gauge," but if a 
gauge is not obtainable a piece of newspaper will 
serve as a gauge. A sheet of ordinary newspaper 
is between .002" and .003" thick. After the tappet 
screw is adjusted so that the cleai·ance is correct, 
tighten the lock nut. "Back lash" or lost motion 
in the cam-shaft drivin!r gears should be taken ul? 
in the direction of rotation ( crank-shaft drive gear) 
when clearance is adjusted. 

A noisy valve tappet, resulting from wear, and 
where no adjustment is provided, can be, in some 
instances, remedied by placing fibre or steel washers 
under or over the valve ends. 

The opening and closing time of the valve is not 
when the lifter begins t.o rise, or comes to rest, but 
when it makes or leaves contact. 

Valve-Clearance Pointers 

If the engine has good compression when cold and 
lacks compression and power-when hot, this may 
indicate a lack of sufficient clearance between the 
valve tappet and valve stem. When cold, the valve 
seats properly, but when hot, metal expands. 
Therefore lengthening of the valve stem by expan­
sion causes the valve to seat improperly, with a Joss 
of compression and power. Experienced auto 
mechanics are aware of the fact that when an engine 
has good compression the force of the combustion 
during the power stroke is greater than if the engine 
has poo1· compression. Thus, since the hrce is 
g1·eater with high compression, if theres.re any parts 
even slightly loose, such as bearings, too much piston 
clearance1• loose piston pin, etc., a hammer-knock 
sound will occur and be the more noticeable the 
higher the compression. Frequently an automobile 
owner will drive his car in and tell the repairman to 
"take out the knocks." The repairman i=edi­
ately proceeds to give the valves less clearance, 
which quiets the ,,alves and at the same time 
relieves the knocks ill the engine to a certain extent. 

• This results from the fact that when the valves are 
given less clearance than they should have, the 
valve opens early and closes late, which reduces the 
compression, thus reducing the combustion and 
expansion force on the piston. As a consequence 
the noise is reduced, but power is sacrificed. This 
is bad practice. The proper procedure would be 
to properly adjust the valve clearance in the manner 
designed for the pa,rticular engine, and then to take 
up on the parts i11side of the engine that are loose. 
And if there is a p~~ton Rlap, be careful to replace 
the piston with a larger one. 

Valve Lift 

The inlet cam has a sharp nose. The exhaust 
cam has a broader nose, because it must hold the 
valve open longer. The height of the nose, less the 
air gap, regulates the lift. The average lift of either 
the exhaust or inlet valve is approximately 11/32'' 
to¾". It is thus evident that if the air gap between 
the valve stem a.nd the tappet is too large, the valve 
will not open at all. 

If the air gap is illCreased, the valve will lift very 
slightly and stay open but a few degrees. If the air 
gap is decreased, the valve will open sooner, rise 
higher, and close later. This process can be re• 
peated until there is no air gap left. 

Therefore, suppose an engine was designed to have 
1/16" air gap and there was no air gap at all; the 
valves would open possibly 50° too sooni rise 1/16" 
higher than intended, and close 50° too ate. 

In case of wear of the end of the valve stem or 
tappet, it is apparent that as the wear illcreases, the 
space or air gap increases, and valves will have less 
lift, open late and close early and become more 
noisy, all of which will affect the power of enpine. 
The valve lift on the Continental Model "7R,' six­
cylinder engine, with 3¼" bore, by 4½" stroke, 
with 1½" valves, is 5/16". The Pierce-Arrow six­
cylinder engine, with a bore of 4" x 5 ½" stroke and 
using 1%" valves, has a lift of 11/32". The Loco­
mobile six-cylinder engine, model "38," has 5/16" 
lift; model ''48," a larger engine, has 13/32" lift. 

VALVE TIMING 

Before the ,eader can thoroughly master the sub­
ject of valve timing he must first learn the four-cycle 
principle as e:q)hined on pages 31 and 32, as it is with 

this principle we shall deal. In addition, the mean~ 
ing of degrees as explained below, and the relation 
of the valve-cam speed to the engine crank-shaft 
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speed and the importance of valve clearance adjust­
ment must be thoroughly understood. 

Meaning of Degrees 

Suppose we take a fly wheel and divide its circum­
ference into 360 equal parts (Fig. 1); each P,art 
would be a degree-expressed with a small "0 

' as 
360°. In fact, any perfect circle can be divided into 
degrees. The crank shaft revolves in a circle; 
therefore we will designate the travel of the crank 
shaft in degrees. Any circle, or, say1 travel of the 
crank pin, would represent 360° when it made a com­
plete circle or revolution. One-half of the circle 
would be 180°, which would represent a stroke of 
the piston, or a half-revolution of the crank. One­
quarter of the circle would be 90°; one-third of the 
circle would be 120°. 

Note. The fly-whed movement in the illustrations below 
is to t,hc left, or counter-clockwise. We are supposed to be 
looking at the rea.r1 or fly-wheel end of the engine for this pur­
pose. 

Fig. I Fig. 2 

ln Ji'ig. 2, the piston has traveled down from upper 
dead center, one-quarter of the circle or one-half 
of a stroke; the crank pin and fly wheei have turned 
{)0°. 

Note. The piston in actual practice will have moved 
slightly more, depending upon the length of the connecting 
rod, as will be explained farther on. 

Fig. 3 Fig. 4 

111 Fig. 3, the piston has traveled from top dead 
center to the bottom of the stroke; the fly wheel 
a.nd crank pin have traveled 180°. 

In Fig. 4, the piston has traveled up from bottom 
one-half of a stroke, the crank pin and fly wheel 
have traveled one-quarter of a circle from bottom, 
or 90° from C to D. In a.II, the crank pin and fly 
wheel have traveled from A to D, three-quarters of 
a revolution, or 270°. 

In Fig. 5, the piston has made two strokes, one 
down a.nd one up; therefore the crank pin and fly 
wheel have made a complete revolution, from A back 
to A, or 360° in all. 

The idea is to learn that the crank pin travels in a 
circle and the fly wheel travels in a circle, and a 
revolution is a complete circle, and a complete circle 
is 360°. The piston travels in strokes, each stroke 

representing a half-revolution of the crank. If we 
spaced off 360 marks, equal distances apart, on any 

~~, ' .. •. ~ 
180:tr'bouorn center - • 

Fig. 5 Fig. 6 

circle, then each mark would be calleli a degree. In 
Fig.1, we have spaced off the marks as 5 degrees each. 

Meaning of Minutes and Seconds 

Now we can divide each degree into, say, si},,-ty 
equal distances, and call each part or mark a 
"minute." We could go still farther, and· divide 
each minute into si},,-ty equal distances, and call 
each part or mark, a "second." 

,\, minute is usually expressed with a single mark 
ufter the figure, as, 25'. A second is expressed with 
two marks, as, 25". 

Note. An inch is also designated with two marks, thus ("), 
and a foot witli one ma.rk, thua ('). 

Example: Express ten degrees, six minutes, and 
five seconds. It would be as follows: 10° 6' 5". 

To find the circumference of a fly wheel: Multiply the diam· 
c•(er in inches by 3.1416. If the circumference is then dividl)<l 
by 360, t.ho distance or portion of the fty wheel circumference 
equivalent to one degree mn.y be ascertamed. 

Uuiformity of Piston Movement Governed by 
Length of Connecting Rod Relative 

to Crank Throw 

From the foregoing explanations of the piston 
movement relative to that of the crank throw, it 
would appear to the reader that when the cra11k pin 
moved 90° or one-fourth of a revolution from top 
dead center, the piston would have moved down 
exactly one-half of its stroke. This is not correct. 

For example, the crank throw is always one-half 
of the stroke of the piston, or the piston stroke is 
twice the crank throw; that is, where the cylinders 
are centrally located, or in line with the crank shaft. 

fHi7 
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Figs. 7, 8, and 0. Relative position of piston to crank on a 
centrally located cylinder. 

As an illustration of this, see Fig. 7, in which is 
shown a connecting rod 10" long from the center of 
the wrist pin in the piston (X) to the center (B). 
The crank throw is 2½" from (B) to (C), therefore 
Lhe stroke of t-he piston wouid be 5" when the crank 
pin (P) moves from position (B) to (D). 



VALVE TIMING 61 

The foregoing applies to a full stroke, or one half­
revolution (180°) movement of the crank pin (P). 

In the illustration (Fig. 8) the crank pin (P) ha.<; 
moved from top dead center (B), down 90° to (C), 
which would appear to indicate that the piston 
would have moved down from top dead center (1) 
to (2), or one-half of its stroke, which however, is 
not the case, as will be seen by referring to Fig. 8. 

Note that the piston has actually moved down 
2½" plus about 5/16", or 2 13/16" instead of 2½", 
which is about 5/16" more than one-half of its stroke. 
Therefore when the crank pin moves the next 90° 
(C) to (D), the piston will have to move only one­
half of its stroke less5/16" (2½"-5/16"=2 3/16"), 
which will be less than half of a stroke. 

The shorter the connecting rod relative to the 
crank throw, the greater the difference in movement 
there will be between the upper portion of the stroke 
and the lower portion of the stroke, as represented 
by the first 90° movement of the crank pin and the 
second 90° movement of the crank pin. 

An exaggerated illustration is shown in Fig. 9, 
in which the connecting rod has been shortened, but 
not the crank throw. Note the difference in piston 
stroke from (1) to (2A) in Fig. 9, as compared with 
(1) to (2A) in Fig. 8, while it will be noticed the 
crank pin has moved exactly the same in each case 
that is, 90°. ' 

Effect of Offset Cylinders 

In the foregoing, we have taken as an example 
an engine with a centrally located cylinder (in line 
with the center of the crank shaft). Many manu­
facturers build their engines with offset cylinders; 
that is, the cylinders are placed to the left (when 
looking from the fly wheel) of the center of the 
crank shaft. The most peculiar feature of an offset 
cylinder is that the piston stroke or travel is no 
longer equal to twice the crank throw, as in the case 
of a centrally located cylinder. With an offset 
cylinder, the stroke is slightly longer than twice the 
crank throw. 
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Figs. IO and 11. Relative position of piston to cr.,nk on 
an offset cylinder. 

In Fig. 10, we have the same crank throw and 
len~h of connecting rod as in Fi~. 8, but it will be 
~ot1ced that by offsetting the cylinder 1", we have 
mcreased the stroke from 5" to about 5 1/32". 

Another feature to be noticed is that when the 
?rank has revolved 90°, the piston has descended 
JUSt about one-half of the stroke. Contrast this 
result with .that found in Fig. 8. The offsetting 
decreased the effect of angularity during the down-
ward stroke. • 

In Fig. 11, when the crank has revolved 270°, it 
will be noticed that the piston rises only I 31/32" 

(approximately) from bottom dead center. This 
distance is still farther removed from one-half the 
stroke than was the case in Fig. 8, consequently the 
offsetting increased the effect of angularity during 
the upward stroke. 

Remarks on Inlet-Valve Opening 

It has been explained that the valves are raised 
by means of cams operated by a ca.m gear or sprocket 
placed on the front of the engine, in connection with 
a gear or sprocket driven from the crank shaft. 

If one of the cams raises an inlet-valve just as the 
piston is starting down on the suction stroke, a 
charge of gas will be drawn into the cylinder as 
long as the piston is on the suction stroke and the 
valve is open. The valve should therefore open in 
time to give the piston a chance to draw in a cylinder 
full of gas. 

If the valves were to open late in the stroke, a full 
cylinder of gas would not be drawn in and the power 
of the engine would be less than what it should be. 
If the inlet valve opens too early, it will cause back­
firing; if too late, a sluggish engine and overheating 
will result. The inlet-valve timing gear is used for 
timing the inlet valve to open at the right time, this 
being done by meshing the gears or setting the 
sprockets at the right place. 

The practice is to allow the piston to descend 
about an eighth of an inch in the cylinder on the 
suction stroke before the inlet valve opens, so as to 
reduce the pressure and create, if anything, a 
vacuum which causes 11 greater suction. 

Inlet-Valve Closing 

It is almost universal practice to leave the inlet 
valve open until the piston has not merely reached 
the bottom of the stroke, but has actually traveled 
slightly up again on the compression stroke. It 
would seem that under these circumstances part of 
the gas would be forced out of the cylinder, but this 
is not the case as the high speed at which the piston 
is traveling causes the suction to continue for a short 
time • on the compression stroke. This will, of 
course, vary with the speed of the engine, so that a 
c~rtai~ valve_ setting wil~ not be correct for all speeds, 
smce, 1f the mlet valve is closed at the correct time 
for slow speed, it will close too early for higher 
speeds and Jess gas will be drawn in than would be 
the case with correct setting . 

However, there is an average speed for all engines, 
and the valves are set to it accordingly. This 
average speed on most engines is approximately 
1,000 revolutions per minute. 

Exhaust-Valve Opening 

The exhaust valve must open considerably before 
the piston reaches the end of the expansion stroke 
and although this may waste some of the force of 
the explosion, it is compensated for by the freedom 
afforded the piston in completing the exhaust stroke. 

It would be wrong to keep the exhaust valve 
closed up to the very moment when the piston is 
about to move upward, .for, on commencing the 
exhaust stroke, the piston would be confronted for 
an instant with the force that had just driven it 
down, and until the valve was wide open, it would 
be considerably impeded on its journey. 

. The exhaust valve is usually opened when the 
p1Ston has moved through about seven-eighths of 
the power stroke; that is, before bottom of dead 
center. Exhaust valves opening too early, however 
cause pounding and clatter. ' 
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Exhaust-Valve Closing 

The exhaust valve must not close before the end 
of the exhaust stroke. Since the gas which remains 
in the cylinder head is slightly under pressure at the 
end of the stroke, the valve is often allowed to remain 
:>pen until the piston has moved slightly down on 
the suction stroke, so as to give full opportunity for 
o.s mucli exhaust gas to escape as possible. 

In order to understand just how important it 
really is to expel all of the burned or exhaust gas, 
it must be explained that one of its chief constituents 
is carbon dioxide-the most powerful anti-combus­
tion agent known to science. Its presence, there­
fore, even in small quantities, retards considerably 
the speed of the combustion development. 

It will now be obvious from t.he foregoing that, 
if the exhaust gases are to be entirely expelled from 
the cylinders, the valve must be made to close a 
little later than "top center," 01~as it is technically 
described-must have a certain degree of "lag"; 
for it is evident that if we close it at the exact top 
of the stroke, the contents of the combustion head 
(which we wish to get rid of) will be imprisoned and 
will contaminate the incoming charge, 

The amount of this "lag" will depend on several 
things-the shape of the combustion head, the 
weight of the valve, the strength of the springs, and 
design of the exhaust system. 

Valve Effect of "Lag" or Bounce 

Valve spring, strength, and weight have to be 
reckoned with on account of their influence on 
inertia lag as distinct from that which is intentional, 
for it is well known that as the speed of the engine 
increases' the valve tends to "jump" the closing 
fnce of its cam and closes later and later as the speed 
increases. Tliis is what we describe as "inertia 
lag." There is a point, however, past top center 
to which the exhaust extraction lasts, and pending 
this extracting effect the valve should remain open. 
But if carried beyond this point, a reverse of the 
exhaust gases may occur, for it must not be for­
gotten that the piston has now started down on its 
suction stroke. It becomes a question, therefore, 
of closing the valve when the scavenging is as 
complete as possible. 

The best design of cylinder head for an "overlap" 
is the round or "I" head with overhead valves. 
The ordinary "L" head is not so good, and in cer­
tain kinds of heads in which the inlet and exhaust 
valves are small and close together in a small pocket 
an overlap is quite useless. • 

On the other hand, it has been found in racing 
practice, where the exhaust pipe is very long, 
straight, and open, and the combustion head suit­
able for scavenging, that a very considerable over­
lap can be allowed with advantage. 

What Governs Valve Timing 

The size of cylinder, especially in the stroke and 
in the type of ignition, shape of manifold, and the 
speed of engine, governs the valve timing. 

Early setting of valves on an engine will cause 
irregular running at lower speeds, unless a very 
heavy fly wheel is_ usr:d, It will also in~rease the 
gasoline consumption m short-stroke engmes. 

For high-speed work, the inlet may be opened and 
closed late. Ftir slow-speed work, closing the 
exhaust and inlet on center idves the best control, 
and no blowing ha.ck. 

The time of opening and closing of valves with 
reference to the engine speed of course has an 
important bearing on its performance. If the valves 
open too early it will cause back-firing, while if they 
open too late a sluggish engine and overheating will 
result. 

High-speed (short-stroke) engines have a longer 
time of valve opening than medium or slow-speed 
engines. The slower-speed engines have the ex­
haust opening and the in let closing nearer to 
bottom center, while some high-speed engines open 
the exhaust 65° before bottom center and close the 
intake 70° after bottom center. 

Valve timmg of different engines will vary accord­
ing to the intended average speed and the length of 
stroke. Long strokes are for slower-speed engines 
than short strokes. Obviously high-speed engines 
are not efficient at slow speeds, because the inlet 
closes too late and the exhaust opens too soon, thus 
losing part of the charge and part of the power 
stroke. And slow-speed timing on a high-speed 
engine does not permit of receiving a full charge nor 
of getting rid of the back pressure during the 
exhaust stroke. 

The value of the design of the cam may be, and 
nearly ahvays is, lost through improper valve 
clearance or air-gap adjustment. 

A point which suggests itself on the timing of the inlet 
opening, an<l which also holds true for other operations on the 
timing circle, is in the securing of a quiet cam. Quietness in 
the cums is generally secured at the sacrifice of power. A steep 
cam is as a rule more noisy and more powerful t-han one givinK 
n slower opening. 

'fo secure the full opcnini; of the inlet valve at a point which 
will not be too lntc to pernut a lull charge to be taken into the 
cylinder, and yet at the snmc time to have a earn which will 
not be noisy, means that the inlet opening will have t.o bfl' 
sttut.ed fairly carlv. This is one 0£ the points which often indu­
ces a maker to aa.Crifice the vacuum t.o some extent for tlie snk('o 
of quietness. 

Meaning of Valve Lap 

The word "lap" is often used in connection wiLh 
valve-timing, as also in connection with the firing­
order of cylinders. 

In speaking of the firing order of cylinders we 
speak of one cylinder "lapping" another. I<'or 
instance, on a certai.B. eight-cylinder engine there are 
eight periods of 44 degrees travel of the crank when 
two cylinders are on power, or "lapping" at the 
same time. 

The use of the word "lap" in connection with 
valve timing means the period of time that both 
valves are open at the same time, or + (plus lap). 

Zero lap: If the exhaust valve closed just as the 
inlet valve started to open, we should term this, 
"zero lap" (no lap at all). "Zero lap" means that 
the exhaust closes at the same time the inlet valve 
opens. With zero lap there is no vacuum in the 
cylinder at time of the inlet valve opening. 

Minus lap: If the exhaust valve closes before the 
inlet valve opens, we should.term this "mi.nus lap," 
desi~ated with a ( - ) mark. The ( - ) "minus 
lap,' which is the general condition in use on most 
engines, the exhaust closes an ap1;>reciable period 
before the inlet opens. This pemnts the piston to 
descend slightly on the suction stroke before the 
inlet valve opens, thus creating a vacuum in the 
combustion space. Therefore, the rush of gases 
into the cylinder is greater owing to this partial 
vacuum. 

By referring to Fig. 6, page 32, the exhaust valve 
will be seen to be closed before the inlet starts to 
open; this would be termed (-) "minus lap." 



VALVE TIMING 63 

Plus lap: If the inlet valve opens before the 
exhaust valve closes, it is termed "plus lap," desig­
nated with a ( +) mark. The ( +) -"lap" means 
that both exhaust nnd inlet valve are open together 
for a period of the lap. In other words, the inlet 
opens before the exhaust closes. The theory is that 
the inertia or rush of exhaust gases passing out 
t,hrongh the exhaust port is sufficiently great to 
create a partial vacuum, and causes a stronger in­
rush of fresh gns. 

Owing to the fact that the exhaust and inlet gases 
should not conflict in tlmir direction, the ( +) plus 
hp is generally us(;ld on "T"-head engines. 

Valve "Lag" and Vahe "Lead" 

If a valve opens late or remains open after it is 
supposed to close, it is said to "lag." For instance, 
the exhaust valve is usually allowed to "lag" about 
10 degrees after leaving the top of its exhaust stroke 
before it closes. 

The term "valve lead" usually applies to the 
valve opening before the piston reaches top or 
bottom center. This distance is called "lead"; 
and when it closes after center, this distance is 
termed "lag." 

For instance, the setting of the spark is sometimes 
given a "lead," or the exhaust v:1lve is usually given 
a "lead" of 40 degrees, meaning that it opens before 
bottom. The faster engines are designed to run, the 
greater the amount of "lead" or "advance" given 
t,he opening of the exhaust, and also the spark, when 
running. 

Pe,·iods of Tiiue Vahes at·e Usually Open 

Defore taking up this subject in detail, we shall 
again review the relation of the speed of crank shaft 
to the cam shaft and get the names of the parts 
clearly in mind. 

A stroke is the movement of the piston from the 
top to the bottom, or from the bottom to the top. 
This motion is called '·reciprocating motion of the 
piston." Wllen the piston goes either from top to 
bottom or from bottom to top~ the crank shaft 
turns one-half of a revolution. ( l'his does not bold 
true where the cylinders are offset.) 

Therefo1c, four strokes of the piston would repre­
sent two revolut,ions of the crank shaft. 

The cam shaft turns one-half as fast as the crank 
shaft, because the cam gear is twice the size of the 
crank-shaft gear which drives it. 

The nose of the inlet cam is usually shorter on it.s 
length of face than the exhaust cam, because the 
exhaust cam holds the valve open a much longer 
period of time than the inlet cam holds the inlet 
valve open. The cams which operate the valves are 
steel forgings, turned and ground to conect shape. 
They are then case-hardened Lo decrease the wear, 
and are usually made as an integral part of the cam 
shaft. 

The shape of the cam determines the actual lift 
of the valve and the time during which it shall 
stay open. The symbols, A, B, and C, over Figs. 
104 to 106 (page 56) show several generally used 
shapes. 

Cams which are pointed give a slow opening and 
slow closing, the greatest opening being at the middle 
of the valve-lift period. 

Cams which are more nearly square open the 
valve rapidly, keep it nearly wide open until ready 
to close, and then allow it to close quickly. 

It is customary to design the positioning of the 
cam shaft and valve tappets, so that the tappets are 
not directly over the center of the shaft, but are 
offset slightly on the lift side. This gives a more 
direct lift instead of a side thrust, as would be the 
case if they were centered. 

In actual practice, the inlet valve seldom opens 
on top, usually after the top of stroke, varying from 
5 to 15 degrees flywheel measurement as explained 
in Fig. 12, (page 64), which opening is 8 degrees 
after the top of the stroke. 

The inlet seldom closes when the piston reaches 
bottom, but from 5 to 38 degrees after bottom. 
(Fig. 13, page 64.) 

The exhaust valve seld.om opens on bottom, but 
usually 40 to 50 degrees before bottom (Fig. 14, 
page 64). 

The exhaust valve seldom closes on top of stroke, 
but usually 5 to 10 degrees after top. (In Fig. 15, 
page 64, the illustration shows the exhaust valve 
closing on top, in order that the reader may more 
clearly understand the illustration.) 

The cam turns at the same speed as the cam shaft. 
The nose on the cam raises the valve. Therefore 
t.he inlet valve will be raised once during the four 
strokes, and Lhe exhaust valve w:ill be raised once 
during the fonr strokes. 

Fig. llA. This illustration is supposed to represent the 
movement of the cams during a period of four strokes of the 
piston, as explained below and on page 33. 

By referring to Fig. 1 lA, the inlet cam on the first 
stroke will be found to be in the position of (1), and 
will turn from 1 to 2, or 90 degrees during the fa-st 
stroke. 

The exhaust cam will then be in position (2), 
and will turn from 2 to 3, or 90 degrees, during the 
first stroke. 

During each stroke the cam moves 90 degrees, 
whereas during the same period the crank moves 
180 degrees. 

Inasmuch as a stroke of the piston is from top to 
bottom, or 180 degrees travel of the crank, it will be 
necessary to distinguish the difference between the 
time of opening and closing of the valves and the 
perjocl of travel of the crank shaft during the four 
actions of suction, compression, explosion, and 
exhaust periods, as explained in the discussion that 
follows. 

Note. Wl1en speaking of jjtop/' it refers to top dead center 
(or upper dead center), or when piston is at the top of its 
stroke, and 11bottom," refers to bottom dead center (or low"'' 
dead center). or when piston is at the bottom of its stroke. 
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Explanation of the Period of Suction, Com­
pression Power, and Exhaust 

Example: Inlet opens 8° after top, closes 38° after 
bottom. Exhaust opens 46° before bottom, and 
closes on top. 

Fig. 12 shows the inlet valve starting t-0 open 8° 
after top center ("TC") (viewing the engine from 
front); note that the inlet will remain open during 
the suction period until the crank is 38° after bottom 
center ("BC"). The period of travel of the crank 
during the suction period is 210°. The inlet valve 
is op·en during this period. 

Fig. 13 shows the inlet valve closed. The piston 
will now travel up on compression to top center 
("TC"). The period of travel of the crank during 
the compression period is 142°. 

In Fig. 14, the spark occurs at top (in actual prac­
tice, just before the top), therefore, the next stroke 
down is a power stroke. Note that the period of 
travel of the crank pin durin~ the power stroke is 
only 134°, as the exhaust valve starts to open at 
46° before bottom. Note, too, that the exhaust 
cam is just starting to open the exhaust valve. 

In Fig. 15, the exhaust opens 46° before the piston 
reaches bottom. The exhaust valve remains open 
during a period of 226°, the crank travelin?, from 
46° before bottom, to bottom, thence to top(' TC"). 
In this instance the exhaust valve closes on top or 

dead center. Ju actual practice it usually cioses a 
little after top dead center (about 5° to 10°). 

Note. Fi~. 15 shows shading of the exhaust period. 
shadins: should extend to the right of the 16° mark. 

This 

Observe the position of the cams during the vari­
ous periods. The cam turns at one-half the speed 
of the crank shaft. Therefore, if the crank shaft 
revolves twice to complete the four strokes, the 
cams will make one revolution. 
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Valve-Timing PosiLion 

The position of the crank shaft determines the 
position of the piston. 

The position of the piston determines the point 
,,·here the valve is set to open or close. 

Therefore the c:Jm shaft must be so placed that 
the cam will raise the valve when the piston is at 
a certain position. 

This is accomplished by meshing the cam gear with 
the crank~shaft gear when the piston is in correct 
position. 

Marks are usually placed by the manufacturer on 
U1e cam gears which will indicate just where to 
mesh gears. The flywheel is also used for timing, 
if there a.re marks on it, which is usually .the case. 

It is also important to secure the proper valve 
clearance when timing the valve. 

Setting Valves on a Single-Cylinder Engine 

Suppose the valves are to be set on a single• 
cylinder "T"-head engine, with exhaust to close on 
dead center, and inlet to open one-eighth inch after 
top on the suction stroke. 

Setting the exhaust valve: First, place the piston 
(by turning the crankshaft) to top dead center; then 
mesh the exhaust cam gear with the crank-shaft 
gear, so that the exhaust valve 1s just seating. 

Setting the inlet valve: ·Move piston down one­
eighth of an inch from top; mesh inlet cam ~ear 
with crank-shaft gear, so that the inlet valve is Just 
~tarting to rise. 

It will be noted that the inlet, opens and the sue­
t.ion stroke begins right after the exhaust closes. 
Therefore the closing of the exhaust and opening 
of the intake is the point to work from. • 

A matter of importance to remember, is the spark. 
When setting valves, be sure the contact on timer 
or magneto is set to occur when the piston is on top 
of compression stroke, a full revolution from where 
the inlet valve starts to open. (This will be treated 
under "Ignition timing.") 

Setting the Valves on a Multiple-Cylinder 
Engine 

Setting the valves on a multiple-cylinder engine 
is identically the same operation as timing a single-
cylinder engine. · 

If there is a: multiple of cylinders, say four, then 
there must be at least one inlet and one exhaust 
valve for each cylinder. Therefore, there must be 
four cams for the four inlet valves and four cams for 
t.he four exhaust valves. The usual plan is to nlace 
the piston of No. 1 cylinder at the top of its stroKt:, 
:md to work from that point. 

If the engine cylinders are "T"-head, then there 
are two cam shafts: one for the inlet valves and one 
for the exhaust valves, placed on opposite sides of 
the cylinders. 

If the cylinders are ."L" or "round" head, with 
cam shaft on the side, then there is usually but one 
cam shaft. 

Timing the Valves on a "T"-Head Mw.tiple­
Cylinder Engine 

On a "T"-head engine, all exhaust cams are on 
the exhaust cam shaft and all inlet cams are on the 
inlet cam shaft. Therefore when settinu valves on 
a "T"-head cylinder engine (Fig. 17), th~re are two 

ca.m gears to set, the inlet and the exhaust. If the 
cylinder is a four or six, or any multiple of these, 
setting, or meshing the cam shaft gear with the 
crank-shaft drive gear so that one cylinder is cor­
rectly timed, is all that is necessary, as the other 
cams are fastened permanently on the cam shafl., 
and must open and close all other valves at the 
correct time. 

exhaust va.lve inlet valve 

.. J 

Fig. 17. View from front or engine 

For example, suppose the inlet valve opened on 
top dead center and the exhaust closed on top dead 
center. The piston of No. 1 cylinder (front of 
engine) would be placed at the top dead center of its 
stroke and the cam gears would then be meshed at 
this position. 

The setting of the inlet cam gear would be such 
that the nose of the inlet cam was just starting to 
raise the inlet valve in the direction of rotation 
(see Fig. 17). 

The setting of the exhaust cam gear would be 
such that the nose of the exhaust cam was just 
permitting the tappet to leave the stem of the 
exhaust valve (Fig. 17). 

Timing the Valves on an "L"-Head Multiple­
Cylinder Engine 

To set the cam for valve opening on an "L"-head 
cylinder, it is only necessary to set. the one cam gear, 
which is the exhaust cam, at the closing point (see 
Fig. 18). If the engine has a multiple of cylinders 
all other cams will then operate as they should, as 
nil exhaust and all inlet cams are on the one cam 
shaft and are set permanently when the cam shaft 
is made. 

PoSl'l'LON'O'J 
P1~raw To 
06 ON 0~ 
Al'THTOP 

~ A((OAOINQ 

TQ Ol'Fl.(CTIONI, 

The usual plan is to place No. 1 piston in the 
position where the exhaust valve is to be closed, and 
mesh the cam-shaft gear with the crank-sha.ft drive 
gear at thls point. Although it is only necessary 
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to set the exhaust cam so that the exhaust valve 
will close, on an "L"-type engine, there are marks 
ou the fly wheel which are us.;d for checking the 
timing. This is explained farther on. 

Timing Valves on an "I" or Round-Head Type 
of Engine 

The overhead valves are usually operated by 
push rods, all from one side of the engine and from 
one cam shaft. Therefore the timing would be the 
same as for an "L" head. 

1Vith an overhead cam shaft, the valves are usu­
ally operated by one cam shaft. Therefore the 
principle is the same. . 

Remarks 
It is well to note that even though there are four, 

si..x, eight, or twelve cylinders, each of the pistons 
must pass through the four strokes during two 
revolutions of the crank shaft, even though two of 
the cylinders are firing at once during part. of the 
time (which they are in a six, eight, and twelve 
cylinder engine). 

Just how these four strokes a.re made by each 
piston during two revolutions of the crank, is 

-explained under "Firing order," farther on. 
In a four-cylinder engine, remember that, owing 

to the shape of the crank shaft, pistons 1 and 4 are 
always up or in line when 2 and 3 are down, or 
vice-versa. In· a six-cylinder engine, pistons 1 and 
6, 3 and 4, and 2 and 5 are in line. 

Before timing the valves on No. 1 cylinder, adjust 
tl1e valve clearance on this cylinder. 

After completing the valve timing on No. 1 cylin­
der, adjust the valve clearance on the remaining 
cylinders. 

Timing Marks on FlywheP-1 
Usually marks also appear on the circumference 

surface of the fly wheel, which indicate the position 
in which the crank shaft is to be placed for correct 
setting of valves and meshing of cam gea.r and 
crank-shaft gear. 

The mark on the flywheel is placed in line with a 
center mark (or a "trammel," also called an "indi­
cator," or a "pointer'') on the cylinder, or elsewhere. 

KS 

Fig. 19 

Note. On engines with unit power plants, instead of the 
,enter line being on the cylinder, a small hole at the top of 
the fly-wheel CllSO is provided, in order that the line and figures 
on the fly wheel can be seen through the hole. 

Valve-Timing "Indicator" 01· "Trammel" 
A trammel or indicator is a stationary starting 

point on which to base all work. It is sometimes 
attached to the base of a cylinder or other point, 
instead of a center line on the cylinder. It is usually 
directly over, or in front of, the fly wheel, as in .Fig. 20 
(flywheel indicator). 

Example of timing the valves on an ''L"-head six-cylinder 
engine by marks on the flywheel: The exhaust valve closes 
at 15° past top. It is not necessary to know this, however, as 
the marks are all that is necessary to follow. 
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eR 'Fl'1'· 
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WH£N nu:M-.RK-1-b ON i=L"1-Wl-le£l lS \N uKt:, 
WlYH INDICATOR en.!$. I \OA,e AT TOfl()f Sfl;J:OKE, 

Fig. 20. Showing the purpose of an 11indicator" or '*tram, 
mel" a.s applied to a 6-cylin,:ler engine. 

Procedure: When the long mark 1-6 on the fly wheel is in 
line ,-.,ith "indicator'' on the crank case, pistons Nos. 1 and 6 
are at their highest points or upper dead center. After tu.ming 
the fly wheel to this mark, then turn the fly wheel to the left 
(when behind it) until thesma,11 dot mark is under the indicator. 
This is the point (15°) at which to set the exhaust valve, just 
closing, and at which point the cam ~•iir should mesh witn the 
crank-shaft gear. Therefore it is plam that setting the exhaust 
valve iust closing, on a 6-cylinder en_gine with valves on the 
side, is all that is necessary. 

Variation of Valve-Timing Marks (on Fly 
Wheel) 

Sometimes the marks may vary. For instance, 
instead of "1-4 UP" or "1-4 DC," it may appear a.s, 
''T C 1-4" (top center 1-4) or "U C 1-4" (meaning 
upper dead center), or Jome similar mark meanine:. 
the same thing. 

Some manufacturers vary their marking on the 
rim of the fly wheel as follows: Inlet opens "IN-O'· 
or "I. 0." Inlet closes "IN-C" or "I. C." 

Exhaust opens "EX-O" or "E.O." or "X.O." 
Exhaust closes "EX-C" or ''E.C." or "X.C." 

If the figures 1-4 or 2-3. appear after or before anv 
of these marks, as "1-4-10.," this means the number 
of the cylinders, as "land 4, inlet opens." 

.fttAR OF C:NGINE- FLY WNt.tl.. 

Fig. 20A. Valve-timing marks on the fly wheel of a Reo 
four-cylinder engine. 

For an example of valve-timing marks on a four­
cylinder engine fly wheel, see Fig. 20A. Here the 
engine fly wheel has upon its face the following 
marks: 

I. 0., meaning, inlet valve opens. 
I. C., meaning, inlet valve closes~ 
E. 0., meaning, exhaust vnlve opens. 
E. C., meaning exhaust valve closes. 
U.D.C., l and 4, upper dead center; cylinder 1 and 4. 
U.D.C., 2 and 3, upper dead center; cylinder 2 and 3. 

These points, marked upon the face of the wheel, 
show where the exhaust and inlet valves of each 
cylinder should open and close. A reference point 
(the small boss marked with a cross upon cylinder 
No. 4, next to dash), is used in this instance, instead 
of an indicator. 

The engine cylinders are numbered 1, 2, 3, and 4, No. 1 being 
next to the radiator, and No. 4 next to the dash. By referring 
to Fig. 38, page 45 of crank shaft.s,_previously given, it will be 
seen that cranks 2 and 3, and 1 and 4 are exactlv 180 degrees 
apart. Therefore the same marking on the flywheel that 
serves for No. 2 also serves for No. ~. and the marking for No. 
1 serves for No. 4, these points being exactly one-hall revolution, 
or 180 degrees, apart, as before mentioned. 
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Checking the Valve Timing 
Although it is only necessary to set the exhaust 

cam so that the exhaust valve will just close, on an 
"L"-type of cylinder engine there are usually marks 
on the flywheel which are used for checking the 
timing. See note below: 

As an example, a four-cylinder "L"-type engine 
is used (Fig. 21), with timing as follows: 

Oe11d center of cylinders I and 4; mark on flywheel, "1-4." 
Dead center of cylinders 8 and 2; mark on flywheel, "3-2." 
In.let ·valve opens 10° past top cent-Or, mark on fiywheel, 

"IN. O. 1-4." 
Inlet valve closes 20" past bottom center, mark on fiywheel, 

"IN. C. 1-4." 
Exhaust valve opens 35° before bottom center, mark on 

flywheel, "EX. 0. 1-4." 
Exhaust valve closes 5° past top center, mark on fiywhecl, 

"EX. C. 1-4.'' 
The same marks appear for cylinders 3 and 2. \Note: In 

most instances only two marks appear on flywbee, namelv, 
_.upper dead centern o.nd "ex. closes cyl. 1." In this examp1c 
\'e will assume there are marks for all cylinders.) 

OtAO CENTU cn..1·4 

REAA Of' ENG!KE 
rlRlNG O R M-4-2 

IN. CLOS.ES CYL. H--....._'K"',
0
,./..L, _J_-­

IN; OP&NS CYL. 3-2 ~'!) 
EX. CLOSES CYL. 3-2 '--.=.J 

Fig. 21. An example of valve-timing marks on the fiywheel 
of a four-cylinder engine. See text for checking valve timing 
from these marks. View from rear of engine. Note that the 
flywheel turns to the left. This is the valve timing of the 
Continental "J4" four-cylinder t,uck engine with 3¾" bore 
and 5" stroke with firing order I, 3, 4, 2. This engine actually 
bears only two marks on tlywheel, namely "upper dead center" 
and "exhaust closes cyl. l.'' 

The purpose of checking the valves is to see that 
they open and close as marked on flywheel. 

To determine whether or not the valves are 
properly timed, first open the relief cocks on top of 
the cylinders, then have someone crank the engine 
over slowly until the line marked "1-4" is opposite 
the center line of the cylinders. At this point the 
exhaust valve in either N~. 1 or No. 4 cylinder 
should just commence to close. It will be the case 
in one or the other. 

If you find that the exhaust valve in No. 4 cylin­
der is beginning to close and you wish to check up 
the valve timing in No. 1 cylinder, turn the flywheel 
around to the left (standing in rear of engine) one 

complete revolution, until line "1-4" is again brought 
opposite the center line of the cylinder; then con­
tinue slowly turning the flywheel about one-half 
of an inch farther to the left until the line marked 
"5° (EX. C. 1-4)" coincides with the center line of 
the cylinders. This is the point at which the exhaust 
valve in the No. 1 cylinder should just seat or close. 

To determine whether or not the valve is seated, 
see if the tappet or push rod underneath the valve 
can be turned with the fingers. If the tappet turns 
freely, the valve is seated; but if the tappet is hard 
to turn, that will show that the valve IS still being 
held slightly open. If this is the case, loosen the 
lock nut on the tappet screw, and turn the screw 
down until the valve has the proper clearance, then 
turn the lock nut down tight against the tappet. 

When the valves are closed there should be a cleara,nce be­
tween the end of the valve stem and the tappet screw of from 
.003 to .005 of nn inch. This amount of clearance is necessary 
to allow the valve to seat tightly. 

Note. The opening and closing time of a. valve is not when 
the lifter begins to rise or comes to rest, but when it makes or 
leaves cont-act. 

To check the timing of the inlet valve in No. 1 
cylinder, turn the flywheel slightly to the right until 
the line "1-4" is in line. with the center of the cylin­
ders and then turn the flywheel about one inch to 
the left until the line marked "10° (IN. 0. 1-4)" 
coincides with the center line of the cylinder. At 
this point the inlet valve should just begin to open. 

Continue turning the flywheel half a turn to the 
left stopping; when the line marked "20° (IN. C. 
1-4)" comes rn line with the center of the cylinders. 
At this point the inlet valve should just close. 

To see if the exhaust valve in No. 1 cylinder opens 
at the proper time, revolve the flywheel still farther 
to the left, and stop when the line "35° (EX. O. 
1-4)" comes up in line with the center of the- cyl­
inders. This is the point where the exhaust valve in 
No. 1 cylinder should just begin to open. This 
operation completes the checking of cylinder No. 1, 
with the exception of the exhaust closing, which can 
be checked by the 5° mark"( EX. C. 1-4)" being in 
line with the dead center line of the cylinder. 

To check the timing of cylinder No. 2, turn the 
flywheel until the line marked "3-2" is in line with 
the center line of the cylinders. If the exhaust 
valve in the No. 2 cylinder is closed, turn the fly 
wheel through one complete revolution, until the 
line "3-2" is up again; the exhaust valve in No. 2 
cylinder should then be just starting to close. Pro­
ceed now the same as in timing the No. 1 cylinder. 
The valves in cylinders No. 3 and No. 4 are timed 
in the same manner. 

Cylinders Nos. 1 and 4 are timed from the center 
line "1-4"; 10° to the left for inlet opening, and 5° 
for exhaust closing, and cylinders No. 2 and 3 from 
the line "3-2"; 10° to the left for inlet opening and 
5° for exhaust closing. 

It is advisable, when checkiag the operung and closio.g points 
of the valves with the marks on the flywheel, to make a note 
of the variation of each of the valves from the marks on flywheel. 

Then. after all the valves have been checked. you can com­
pare the variations for the differeo.t valves and in this way de­
termine whether the variations are due to the large time gear 
on the end of the cam shaft not being prooerly set with relation 
to the timing gear on the end of the crank shaft, or to wear in 
any particular cam or valve tappet. A variation, not to exceed 
one-half of an inch either way from the Jines on the fiywheel, 
is permissible, and will not make any material difference in the 
timing of the valves. If the variations e~ceed this and are 
uniform for the different valves, the correction should be 
made by resetting the cam-shaft gear. 

Note. If one person feels the tappet head of the valve which 
is being checked, while another slowly pulls the fiywheel round 
in its proper direction of motion, the precise moment at which 
the valve commences to lift can readily be determined by th• 
binding of the tappet head against the stem of t.he valve. 
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HOW TO CONVERT DEGREES ON THE RIM OF THE FLYWHEEL TO INCHES1 

T~e folJowinl! table is provided for converting degrec.s into 
fractions of a.n inch. For example, if a. certnin engine is to be 
timed when the inlet opens, say 10° after top of stroke, and there 
are no marks on the fly wheel to indicate this position, by refer­
ring to this tnble the distance in inches to measure on the fly 
wheel from upper dead center mark ca.n be found. 

It will be necessary however, to know the diameter of the 
0y wheel. Suppose the fiy wheel is 17 inches; refer to first 
"Olumn and find 17, then go out to column under 10° and you 
have 1.48 (one and forty-eight one-hundredths of an inch). 
This would represent the distance to measure for the inlet 

0j.atn. Cir:um. 1• 2· 3• 4• 5• 6" 
Y'/Hf(L 

--· 
l2 1/4 

37.699 JO .21 31 .42 .52 63 
38.485 .11 .21 32 43 .-53 .64 

1/2 39.278 .11 .22 .33 44 .65 66 
3/4 40.055 .II .zz .33 45 .56 ._67 

13 4.0:&11 .11 .23 .34 45 .57 .68 
1/4 41.626 .12 .23 .35 .46 .58 .69 
1/2 42.412 .12 24 .35 47 .59 .71 
3/( 43.197 .12 .24 .36 48' .60 .-72 

opening mark on the fiy wheel. Forty-eight one-hundredth• 
(.48) is not so easy to measure on the rule. Therefore refer in 
the conversion table below, to .48 and note 1t is equal to 
31/64 of an inch. Therefore we would have l 34/64". 

Another example: What would 2½0 represent in inches on a 
17-inch fly wheel? Procedure: find 17, go out to column under 
2°, and we find .30. Put this down. Refer to the conversion 
table and not<J .30 = 19/64. Now refer back to the column 
beaded 1°, and we find .15, which is equal (below), to 5/32" 
or 10/64." One-half of 10/64" - 5/M". Therefore 2°, or 19/64" 
+ 5/64" = 24/64" = ¾". . 

7• 8' 9• 10' I zo• 3o" :t-0· so· --
-I 

73 84' 94 1 05 2 09 3 14 4 .. 19 -5.24 
75 80 96 I 07 214 3 20 ,i,27 j,34 
77 87 -98 i 09 2.1S ':i ·r. 4.36 5 46 
78 89 1.00 I II 2.22 3 33 4 45 5 56 

79 91 1.02 I 13 2.26' 3 40 4.5-1 5.61 
81 93 1.04 -1. 16 1.31 3.47 4.63 5-. 78 
-82 94 • 1.06 1.18 2.35 ·3.S.1, 4 71 5.89. 
tl4 96 ,1 08 l 20 2 40 a.q0 qo 6.00 -

" 43 .. 982 .12 .24 .37 .49 .61 73. 86 .98 1.10 1.22 2.44 3.6G 4.89 6.10 
2.48 3.73 4.9S 6".21 1/4 44.768 12 .25 .37 .50 .62 75 87 .99 1 12 1.24, 

1/2 45.553 13 .25 .38 .51· 63 76 89 1.01 l 14 1.27 2.S.J 3.80 5.07 "6.114 
3/4 46.338 13 :2& 39 51 64 .71 90 1·03 1.16 p9 J.57 "3.86 .S 15 ·5_44_. 

15 47.124 13 .26 39 52 65 79 112 LOS 1.18 1.31 2 62 3.93 5.25, 6.55 
1/4 47.909 .13 .27 .40 .53 66 .80 93 1.06 1:20 1.33 2.66 3.99· _5.31 6/65• 
i/2 48.695 .14 27 41 .54 .68 .81 95 1.08 I .-22 1 35 2.70 4.05 SAO 6.76· 
3/4. 49.480 .14.. 27 41 .55 .69 .82 96 1 Jg 1.24 1.37 2.75 4.12 5.49; 6.87 

' 16 50.265 .14" .28 .42 .56 70 84 98 l 11 I 26 1.40 2.79 4. 19 5.59 6.98 
1/4 51.051 .14 28 _43 .57 71 85 99 1.13 1 28 1.42 2.84 '1.25 5.68 7 .10 
1/2 51.836 .i4 .29 43 .58 72 86 l 01 1.15 1.29 1.44 2.88 4.31 5.76 7.20 
3/4 ·52.622 15 .29 44 .59 •73 88 l 02 l 17 1.31' U6 2.92 4.38 5.85 7._3\l 

., , 

17 .' • 53.407 .is 30 44 59 74 .89 1.04 l 18 l.33 '1.48 2.96 4.44 .5.03 7 ,{0 
1/4. .54.192 l~ .30 .45 .60 .75 .90 1-.05 .1.20 1.35 1.50 -3.00 4.51 ·tl.O2 7.53 
112· .54.978 .15 31 .46 .61 .76 .92 1.07 -1.22 1.37 1.53 -3,05 4.56 6.11 7.65 
3/4 55.763' 15 .31 .46 .62 .77 .93 1.08 1:24 1.39- 1.5~ 3.~o 4.65 0.20· 7.75 

18 56.549 16 31 .47 .63 .79 94 1:10 1,25 1.41 1;57. 3.14 4. 71 6.29 i.ss 
1/4 57.334 .16 .32 .48 • .64 .80 .95 1.11 1.27 '-1.43 1.59 3.18 4-.77 6.37 7,95 
1/2 58.119 .16 .32 .48 .65 .81 .97 1.13 1.29 1.45 1.61 3.23 · 4.84 6.45 s.y1. 
3/4 68.905 16 ./33 49 .65 .82 .9& 1.14 1.31 1.47 1.63 3· 26 4.90 • 6.54 ~- 8 

1'). 59.690 .17 :33 .50 .66 .83 .99 1.16 1.32 1.49 !.66 • 3.32 4.97 6.03 8.3G 
1/4 60.476 .17 .34 .50 .61 .84 tgi 1.17 1.34 1.61 1.68 3.36 S.04 6.71 8.40 
1/2 61.261 .17 .34 .51 .68 .85 1.19 1.36 1.53 1.70· 3.40 5.10 6.80 8.51 
3/4' 62.046 .17 .34, .52 .69 .86 1.03 l.2i. .. 1.38 1."55 1.72 3.45 5 ,17 6.9Q S.62 

lO . 62.832 .17 .35 .52 .7d .88 1.05 1.22 1.39 1.57 1.74 3.48° 5.24 6.98 S.73 
.l/4 63.617 .18 .35 .53 .7f .89 1.06 1.24 1.41 1.59 i.n 3.54 5.31 ·7.07 8.85 
1/l • 64.403 .18 .36 .54 .72 .90 1.07 1.25 1.43 1.61 I.79 3.56 5.37 7 .1'5 8.95 
3/4 65.188 .18 36 .54 72 .91 l.~ 1.27 1.45 1,63 1.81 3.62 5.44 7.-25 9.Q~ 

21 65.973 .18 .37 .55 .73 .92 1.10 1.28 1.47 1.65 1.83 3.66 5.50 7.33 9.15 
1/4 66.759 .19 .37 .56 .74 .93 1.11 1.30 1.48 1.67 1.85 -3.70 5156 7.41 9.26 
1/2 67.644 .19 .38 .56 .75 .94 !.12 1.31 1.50 1.69 1.88 3.75 5.63 7.50 9·.38 
3/4 68.330 --~9 .38 .57 .76 .95 1.14 1.33 1.52 1.71 1.90 3.79 -5.69 7.59 l/.4.9 

' 22 69,115 .19 .38 .58 .77 .96 1.15 1.34 1.53 .1.73 1.92· 3.84 5.75 7.68 o·.eo 
1/4 69.900 .19 .39 .68 .78 .97. 1.16 1.36 1.55 1-75 1.W 3.88 5.82 7.76 9.70 
1/2 70.686 .20 .39 .59 .79 .98 1·. 18 1.37 1.57 1.77 1.96 3.93 5.88 7.85 9.82 
3/-i 71.471 .20 40 .60 .79 .99 1.19 1.39 Ui9 1.79 1.98 3.96 5.95 7.94 9:92 

23 72.257 .20 .4-0 .60 .80 1.00 1.20 1.40 1.61 1.81 ,2.01 4.02 6.02 8.03 10.03 
1/t 73.042 .20 .41 .61 .81 1.01 1.22 1.42 1.62 1.82 ·2.03 4.06 6.09 8.13 10.13 
1/2 73.827 .20 .41 .61 .82 1.02 1.23 1.43 1.64 1.84 -2.05 4.10 6.15 8.21 10.23 
3/4 74.613 21 .41 .62' .83 1.04 1.24 1·.45 1.66 1.86 2.07 4.15 6.22 8.30 10.35 . 

24 75.398 .21 .42 .63 .84 1.05 1.26 1.46 1.67 1.88 2.09 4. 19 6.28 8.38 10 45 

Conversion Table, Hundredths of an Inch to Sixty-Fourths 

01, .02., 1/64 .14 .... 9/64 .26, .27 17/64 .39 ...... 25/64 .51, .52 .. 33/64 .64 ....... 41/64 .76, .77 .. 49/64 .89 ...... 57/64 
03 .... :. 1/32 .15, .16 5/32 .28 ...... 9/32 .40, .41. .13/32 .53 ...... 17/32 .65, .66 .. 21/32 .78 ..... 25/32 .90, ..91.. 29/32 
<M, .05 .. 3/64 .17 .... .11/64 .29, .30 . 19/64 .42 ...... 27/64 ,54, .55 .. 35/64 .61 ..... . 4a/64 .79, .80 .. 51/64 .92 ...... ,69/64 
.06, .07 .. 1/16 .18, .,9. . 3/16 .31, .32 ... 5/16 ,.43, .44. . 7 /16 .56, .57 .. 9/16 .68, .69 .. 11/16 .81, .82 .. 13/16 .93, .94.; 15/16 
.os ...... 5/64 .20, .21 .. 13/64 .33 ....... 21/64 .45, .46 .. 29/64 .58 ...... 37/64 .70, .71. .45/64 .83 ...... 53/64 .95, .96 .. 61/64 
.09, .10 .. 3/32 .22.: .... 7/32 .34, .35 .. 11/32 .47 ..... 15/32 .69, .60 .. lQ/32 .72 ...... 23/32 .84, .85 .. 27/32 .. 97 ...... 31/32 
.11 ..... 7/64 .23, .24 15/64 .36 .... .23/64 .48, .49 .. 31/64 .61 ...... 39/64. .73, .74 .. 47/64 .86 ...... 55/64 .98, .99. 63/64 
.12, .13 .. 1/8 .25. 1/4 .37, .38.. 3/8 .50 ...... 1/2 .62, .6~ .. 5/8 .75. • .... ,3/4 .87, -88-.. 7/8 1.00 ...... l 

lBy courtesy of the Horsele3S Aor., New York. 



VALVE TIMING 69 

HOW TO MARK A FLY WHEEL IN DECREES AND INCHES 

Most fly wheels of engines are marked in some 
manner. If, however, you know in degrees what 
timing to give an engine, and if the flywheel is not 
marked, then with the assistance of the table on 
page 68, the markings can be punched on the cylin­
der with a center punch. 

The first procedure would be to make a punch 
mark, or place an "indicator" at the base of the rear 
cylinde!' (A), Fig. 23. Be sure it is exactly in the 
center of the cylinder (see Fig. 20A, page 66); 
however, when the piston is ou top dead center 
when the indicator is being located, it could be 
placed to one side, as on the Reo. 

REAR TOP 
VIEW OF FL'l'­
WHEEL 

, c 17MemoM. 9-nO'\ ~0 

eOTTOr, 
Ol,'10 CUli'TI~ 

Fig. 22. (Left.) Looking down on top of the flywheel 
when standing in rear of it. 

l'ig. 22. (Right.) Side view. 

Next, place the piston of No. 1 cylinder at the top 
dead center of its stroke. 

Next, punch a mark or line on the flywheel 
directly in line with the indicator. Mark this line 
"DC-1-6," meaning tha.t the pistons of cylinders 
1 and 6 are at the top, or dead center. ("\\'e shall 
assume that it is a six-c1linder engine. If a four­
cylinder, mark "DC-1-4' .) 

Suppose the valve timing is as follows: Exhaust 
valve closes 2° past top and opens 40° before bottom, 
and inlet valve opens 10° after top and closes 28° 
after bottom, as measured on the fly wheel, which is 
the usual method of following degree marks (Fig. 22). 

The next procedure is to measure the diameter of 
the fly wheel. Sul;)pose it measures 14". Refer to 
the table (page 68) and find 14 in the first column 
under "Diam. Wheel." Note that 2° measured on 
the circumference of the fly wheel would be .24 
(twenty-four one-hundredths of an inch). Refer 
to the conversion table in the same table, lower down 
on the page, and note that .24 is equal to 15/64 of 
an inch. Now, make another mark 15;64 of an 
inch to the right of the mark "DC-1-6," and mark it 
"EC" (exhaust closes). 

Note. Looked at from the front of nn engine, tho B:y wheel 
revolves clockwise, or to the right. Looked at from the rear 
of eni;ine, which is the position from which we are looking nt 
~~etgi:Je}';. Fig. 221 the flywheel revo]vc.s counter-cloclnvisc, 

When the flywheel is moved to the left so that the 
mark "EC" comes in line with the indicator, the 
"EC" represents a 2° movement of the flywheel, 

and the piston would be slightly down on its stroke 
from the piston dead-center position and the exhaust 
valve would just close. 

If the engine was an "L"-head cylinder type, this 
marking would suffice, as the cam-shaft gear is usu­
a.lly meshed with the crank-shaft gear a-t the posi­
tion where the exhaust closes. 

If the engine was a "T"-head cylinder type, the 
inlet cam shaft would have to be timed as well as 
the exhaust. In our example (Fig. 22) the inlet 
valve opens 10° past top. Refer to the table and 
note 10° on a 14" flywheel is 1.22 (one inch and 
twenty-two one-hundredths of an inch). Refer to 
the conv<:rsion table and note that .22 is equal to 
7/32 of an inch. Now make another mark on the 
fly wheel 1 7/32 of an inch to the right of the mark 
'·DC-1-6," and mark it "IO" (inlet opens). 

When the flywheel is moved to the left so that the 
mark "IO" comes in line with the indicator, the "IO" 
represents a 10° movement of the fly wheel, and the 
piston· would be slightly down on its stroke from 
piston dead-center position and the inlet valve 
would just begin to open. 

The inlet cam-shaft gear is meshed with the 
crank-shaft drive gear at this position. 

Marking of the position of other pistons on the 
fly wheel can be made in the same manner. This 
is not necessary for timing, hut it is necessary for 
checking the timing. 

Another Method of Marking a Flywheel in 
Degrees 

Although the tnble on f'llge 68 shows how to find in inches 
or a fraction t.bcreof just where to mark aJlywhcel in degr=, 
:lnothcr method is given below. Suppu::ie there nrc. no timi.ng 
marks on the flywheel and you desire to mark it so that the 
exhaust valve closes 10• after top dead-center (see Fig. 23). 

Fig, n 

Set t,he engine so that the piston in No. l cylinder, namely 
the cylinder nearest tho radiator, is at the top of its stroke. 
With the use of the protractor or with a square, make a mark 
ot A Qn the rim of the flywheel, on the inner ed.ge, which mark 
wi.11 be directly above the ecnwr of the crank shaft when the 
piston is nt top of its stroke. 

Then, with the prolrnctor placed against the flywheel so 
that the 900 mark points directly toward mark A, go 10° to the 
right, on the protractor (standing in rear of engine), and then 
mnke a mark at B on the flywheel. This mark will be 10° to 
the right of mark A. Now turn the fly wheel until mark B is 
at. top center. 
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With the engine in this position mesh the timing gears so 
that the exhaust valve of No. l oylinder is just elosing. 

It is understood that when standing behind the fly wheel it 
would turn to the Jen, as shown by the arrow point. There­
fore, the pisoon must, first reach top center (A) with the exhaust 
valve still open, and travel 10° farther to (Ii) before it closes. 

This method is inaccurate. The method described under 
Fig. 22 is preferable. • 

To Locate Position of Piston for Timing Valves 
or Ignition 

In the previous matter we have considered placing 
the piston on top dead center of its stroke. This 
refers to the top of exhaust stroke, or the top of 
compression stroke, because the valve timing is 
usually done with No. 1 piston on top (or slightly 
after top) of d.c. exhaust stroke, and the ignition 
timing is usually done with No. 1 piston on top (or 
slightly before) d.c. of compression stroke. How 
to tell when the piston is on top of the exhaust or 
compression stroke is explained below. 

Usually a mark is placed on the flywheel to indi­
cate when the piston is at top of compression or 
exhaust strok1:. For instance, in a four-cylinder 
engine, a mark will probably be on the flywheel, such 
as "DC 1-4," meaning "dead center up 1 and 4," 
or pistons 1 and 4 are at top of stroke. In a ~i.x­
cylinder the mark would probably appear .IS 
"DC 1-6 up," meaning pistons 1 and 6 are on top. 
Or the mark may be "1-4 up," or "1-6 up," meaning 
the same. These marks on flywheel are placed in 
line with the center mark on the cylinder1 or in line 
with an indicator. After finding the top, oy moving 
the flywheel to the right, the piston is placed before 
top; if moved to the left, it is placed after top. 

On a four-cylinder engine when No. 1 piston is on 
top, No. 4 is on top also. On a six-cylinder engine, 
when No. 1 is on top, No. 6 piston is also on top. 

To find just what stroke pistons 1 and 4, or 1 
and 6, are up on, that is, if up on compression 
stroke, or up on exhaust stroke, watch the valves. 

When No. 1 piston is at top of compression stroke, 
both valves of No. 1 cylinder will be closed. 

When No. 1 piston is at top of exhaust stroke, 
No. 1 exhaust valve will have just about closed and 
No. 1 inlet valve will just be starting to open. 
Piston No. 4 will then be at top of compression 
stroke, because, when No. 1 comes up on exhaust 
stroke, No. 4 ~or No. 6 in a six-cylinder engine) 
comes up on compression stroke. See tables on 
pages 78 and 81. 

If the engine happens to be a "T"-head engine 
with n compression cock in the center and there are 

wrR.e no marks on the flywheel, it 
Fig. 24 is easy to find when the piston 

is on top by placing a wire 01· 
bicycle spoke through the :pet 
cock and turning the engme 
over;when thewirerisestoits 
highest point the piston is on 
top of dead center (Fig. 24). 
The next point is to find if it 

-~~~ v.:?;;) is on top of exhaust or corn-
• pression stroke, which posi-

tion will be indicated by the position of the valves 
and cams, as explained above. 

If a cylinder is of the "L"-head type, and the fly­
wheel is not marked, it may not be possible to get a 
wire into the cylinder. In this case open the com­
pression cock and pince your finger over it; have 
someone crank the engine slowly until you feel 
compressioi1; let this escape gradually. When the 
gas has ceased escaping, the piston is at or near top 
dead center. The exhaust or compression stroke 

is then found by watching the position of the valves. 
as explained. • 

Exru.nple of Valve Timing with Position of 
Piston 

The illustrations below represent the valve timing 
of the Locomobile "48" (series 19000) six-cylinder 
"T"-head engine. The figures below are expressed 
in inches of piston travel from dead centers. De­
grees are also mentioned. 

To speak of timing an engine in inches of piston travel means 
tho.t we set the valves oo open or close when the piston is in a 
certain position with respect to the cylinder. For example: 
to set t,bc,exhaust valve oo close 1/64" past oop dead cent.er, bring 
the piston to oop dead center of the exhaust stroke; turn the 
engine in the normal direction of rotation until the pisoo.n has 
descended 1/64" onitsstroke; set the valve to close at this point. 
These measurements mo.y be made by means of a wire inserted 
through the pet cock, as shmvn in Fig. 24. 

Speaking of timing an engine where.the timing is expressed in 
degrees refers oo the degrees motion of the cra11k shaft or fly­
wheel. For example: to set the exhaust valve to close 5° 
past top deact center. bring the piston to oop dead center of the 
exhaust stroke; turn the engine in the normal direction of 
rotation 5°, as measured on the flywheel, and set the valve to 
close at th.is point. 

"l'nlct 
Opent 
"'1.CT \'"lllC 
Mtl.,(.,I),~ 
,V.T • 

[fl:.AlST 
l!'GCO."fff.G1 

Tll\\lJ,.'lt'~TC.rl 
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Fi~. 25. The valve timing of Looomobile "48.'' Series 19,000, 
showmg the relative position of piston oo the opening and 
closing of valves. 

The inlet valves are on the left of the engine and the exhaust 
valves on the right side when seated in the car. Vie,v above 
is from the front of engine. 

Inlet opens 1/64"before top center (piston measurement), or 6° 
before oop (flywheel measurement}. Inlet closes 43/64" past 
bottom center (piston measurement), or 46° after botoom (fly­
wheel measurement). 

Exhaust opens 4 51/64" past top center, or45/64" befoce bot· 
tom center (piston measurement), or 47° before bottom (flywheel 
measurement). Exhaust closes 1/64" past top center (piston 
measurement), or 5° after top (flywheel measurement). 

No~E: This timing is with engine, cold and valve lifter 
clearance first set accurately to .007" on both intake and ex­
haust side. After the valves have been set at .007" and engine 
properly timed, the valve clearance must be again adjusted oo 
.002" on the inlet and .005" on the exhaust when engine is cold 
£or ma.ximum power and quietness. 

Hudson Valve Timing in Inches 
The timing of the Hudson "Super-Six" six• 

cylinder "L"-head engine, measured according to 
piston travel: 

Fig. 26-inlet opens 1/64" after top dead center. 
Fig. 27-inlet closes 17 /32" after bottom d.c. 
Fig. 28-cxhaust opens 57 /64/' before bottom d.•'­
Fig. 29-exhaust closes l /32" aft.,r top d.c. 
Wire for measurements should bo ~ • 1t6" long. 
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The timing or the Hudson 
in degrees relative to the 
movement of the flywheel: 
Intake opens 7" alter top 
dead center; closes ap­
proximately 420 alter lower 
dead center; exhaust opens 
about 55° before dead 
center; closes 8° after top 
dead center. 

Adjusting Dodge Valve Clearance',' 
Valve clearance adjustment of the Dodge Bros. four-cylinder 

"'L11-head tno-ine1 is .003" to .004" for engines below No. 
A265,496, and .006" to .007" for eng.in~s abov~ this number; 
check with engine warm and usually while runnmg. Measure 
clearance with .006" thickness gauge, which should pasa 
through easily, while one of .007" should not p!lSS. 

The foregoing adjustments can be made wbil~ the engine is 
running and the clearance can be m~asured by using two feelers 
or thickness gauges, passing them between the end of the v"Jvc 
stem and valve lifter as they rise and fall. 

Timing Dodge Valves 
Retuning the valves and assembling the timing gears is 

necessary only when the engine bas been disassembled, or when 
repla.cing timing gears. 

To assemble timing gears: Follow factory marks on gearc. 
Place mark on crankshaft. genr in lino with and on sn.me side of 
crankshaft as No. l crank throw. Assemble c,.m gear to cam­
shaft so that the arrow on camshaft points directly towards the 
pumpshnft. The pumpsbaft gear is positively located by key 
and keyway. Mesh camshaft gear with crankshaftge"r so that 
mark on crankshaft gear is between punch marks on camshaft 
gear. Mesh pumpshaft gear so that the marks on camsh~ft 
gear are between punch marks on pumpsbaftgcar. On cars with 
battery ignition, meshing of pumpsha{t gear is not import.ant 
but is important if magneto ignition is used. • 

In case the marks on the gears are not plain, the following 
p~ocedure should be followed: Turn crankshaft clockwise until 
No. l crank is 8' beyond upper dead center. 

On engine having the ignition tuning opening in the housing 
of the flywheel, t!Lis gosition corresponds to the timing mark on 
the flywheel marked I. 

On engines not having this opening, it will be necessary to re­
move the cylinder head and turn the crankshaft clockwise until 
the piston of No. l cylinder is .022 inches below the upper dead 
center on firing stroke. At this position the exhaust valve of 
No. 4 cylinder has just closed. 

Very carefully adjust the valve lifter of the exhaust valve of 
No. 4 cylinder to the proper valve clearance as given above, 

Turn camshaft (with cam gear removed) counter-clockwise 
until exhaust valve of No. 4 cylinder just closes. Crankshaft 
and c"m.shaft gear can be correctly meshed at this point. 

The camshaft gear should then be fitted to the camshaft, being 
careful not to turn the camshaft or crankshaft. An error of one 
tooth on the camshaft gcnr makes an error a£ about 16° in 
crankshaft travel. At this position of valve timing the ignition 
can be set for No. l cylinder, as explained on page 379. 

Timing the Valves of the 1921 to 1926 Buick 
Six-Cylinder Engine 

The exact point in the cycle at which the valves 
are opened and closed is determined by the shape 
of the cams which operate them and by the angular 
r.elation between the camshaft and the crankshaft. 
If it should ever become necessary to remove one of 
these shafts or the gears which drive them, they 
must be replaced in r,roper relation to one another 
or the valves will be 'out of time." To obtain this 
relation, the punch-marked tooth on the crankshaft 
gear (Fig. 30) should be set to match with the punch­
marked space on the camshaft gear. 

1 Also applies to Dodge Bros. engine on Graham Bros. t, ucks, 
except, where engines have cast-iron he.ad and carbon steel 
valve stems/ it is i-ecommended that ,. clearance of .008" to 
.010" be al owed on the el<baust valves of engines. Where 
silicrome valves are used, use valve clearance as mentioned in 
text (.006" to .007"). 

• When engine is timed by marks on the front end or timing 
gears va.Jve clearance is set after the gears are meshed; ,1i,·hen 
timed without using the marks on the iears, tho V:\lve cfoarn.nee 
s.hould be adjus~ first, 

Adjusting Buick-Sh: Valve-Stem Clearance 
Iu making this adjustment, turn the engine by 

hand, in a clockwise direction, until the line marked 
"1 and 6" on the flywheel, comes into line with the 
line on the rim of the inspection hole. This is the 
firing position for cylinders Nos. 1 or 6, numbering 
from the radiator back, and one or the other of these 
cylinders will be found to have both valves closed. 

Note: In setting the marks on the flywheel be careful to 
turn the en~ne only in a. clockwise direction, otherwise the 
backlash in the timing gears will affect the result. 

The push rods for the rocker arms should then be 
adjusted while engine is warm (see instruction plate 
on side of engine), so as to give .010" clearance3 be­
tween the ends of the valve stems and rocker arms. 

Push rods for the other cylinders may be adjusted 
in the same manner. Best results will be obtained if 
these adjustments are made while the engine is idle. 

Fig.SI. Buick 1920-1923six-<:ylinderengioe (above) has both 
inlet and exhaust valves placed in-the-head of the cylinder and 
is a typical type of engine with valves-in-the-head. Tho valves 
are in cages which can be removed for grinding. On models 
1924. and later, ca.ges nre not used. The cylinder head is de­
tachable nnd valves are ground to seats in bead. See Specifica­
tions, pages 1055-1062, for specifications of later engine. 

One half-teaspoonful of kerosene inserted around the valve 
stem at least once a week while the engine is running will keep 
the valve free from carbon and prevent it from sticking in the 
valve cage (refers to early model as shown above). 

3 On models 1924 to 1926, the clearance is .006" to .008", pref­
erably the latter. Adjustment to be made when engine is hot. 
If made when engine is cold, or if too close an adjustment is 
made, the expansion of the valve stem and push rod when engine 
gets hot may cause valves to be held open, which would prev~nt 
proper se&tin,;,: of valves, thus causing tro11ble, su<)b ~'i loss of 
pow{!:r, hlirned Qr warped valves, etc. 
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Grinding Buick-Six Valves' 
When valves leak compression, they should be 

!!iround as follows: Compress valve spring and 
lift push rod out of socket in valve lifter. Loosen 
valve cage nuts with the special drift furnished in 
the tool kit and remove by unscrewing. A light tap 
with a hammer on the end of the valve stem will 
loosen the cage so that it may be withdrawn. Be 
eareful not to injure the small bronze packing ring 
on top. Remove the valve spring and after cleaning 

with gasoline or kerosene1 smear the valve and its 
seat with fine emery flour and oil or with one of the 
grinding pastes now on the market. Grind by 
turning the valve back and forth on its seat until 
both valve and seat show a bright ring 1/32" wide 
all the way around. 

Be careful to clean out all tl'aees of abrasive material before 
replacing valve. After grinding valves, it v;ill usually be 
found necessary to readjust the push rods to compensate for 
the wear. For Buick ignition timing see the Index. 

THE TIMING GEARS; FRONT END DRIVE SYSTEM BY GEARS 
The camshaft can be driven by gears or a silent 

chain. This subject relates to a gear driven front 
end system. 

Since the position of the camshaft is always the 
same with reference to the pistons (because the cam­
shaft is always in mesh with the crankshaft irear), 
and since the cams are all integral parts of the shaft, 
the valve timing cannot change. If the gears are 
ever removed, they may be put back in the proper 
position by seeing that the marks on the edges of the 
teeth "dovetail" together. 

If you find that the marked teeth do not come 
together, do not jump at !be conclusion that the 
gears are improperly set, but first verify the setting 
by checking the timing of the valves with the marks 
on the !1ywheel. 

If the timing of the valves of an engine is not cor­
rect, it is then necessary to re-mesh or re-set the 
timing gears. It will be necessary to place the 
piston of No. 1 cylinder at top of its stroke. Then 
remove the gear cover and turn the crank until the 
"EX. C" (exhaust closing mark of cylinder No. 1) 
is in line with the center mark on the cylinder (in 
rear). 

Note. On engines with unit power planta instead of the 
center line being on the cylinder, a small bole at the top of 
t.he flywheel case is provided eo that the line and figures on 
the flywheel can be seen through the bole. See Index for Con• 
tinental eogine 1 showing location. 

Now remove the cam ~ear from its shaft and 
turn the camshaft in its direction of rotation (it is 
the opposit-e of the direction of rotation of the crank­
shaft)! until the exhaust valve on cylinder No. 1 is 
just cosing; keep the cam shaft in this position; 
replace the large cam gear on the end of the cam• 
shaft, properly meshing it with the gear on the 
crankshaft. 

There are usually punch marks stamped on the 
gear teeth, as shown in Fig. 32. On some engines, 
figures are stamped on the gear teeth, as in Fig. 33, 
and, in some instances, a letter "0" or "C." These 

.: • • . . l. 
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Fig. 82. Note the crankshaft 
gear mark which meshes with 
the camshaft gear mark. On 
the left side a mark on the cam­
shaft is meshed with a mark on 
the gear which drives a ma.g­
neto and which must be timed 
the same as the camshaft. 
The magneto, however, is usu­
ally timed or set by loosening its 
coupling from the shaft with 
which it connects. See Index 
under 0 Setting the magneto.'' 

marks a.re stamped between the two teeth of one 
gear and in the center of a tooth in the other gear, 
both of which should be carefully noted when mesh­
ing the gears. At this point the valves are supposed 
to be correctly timed. 

• Applies to early models using cages. On later models the 
valves are irround to seat-s in detachable cylinder head. 
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Fig. 33. Note the meshing of the crankshaft gear mark (1) 
between the two teeth on the camshaft gear mark (I). Also 
observe that in this instance (Overland model 85), there is an 
idler gear interposed between the crankshaft gear and the 
gear which drives the ignition timer. This idler gear runs free 
and is used to obtain a correct ratio and to drive the timer 
shaft. It must ·be meshed M shown when the iscnition timer is 
in proper_position, as will he explained under "Ignition timing." 

ExampJe of Setting the Cam Gear on the 
Reo Models "T 6''. and "U 6" 

The illustration (Fig. 34) shows the timing gears 
(with cover removed) and the relation which they 
bear to one another. 

~~~'f~:;\Gl!l<.R 

Fig. 34. Gears on the front of the Reo model "T6" and 
• "U6" engine 

The crankshaft &ear is keyed to the crankshaft 
and revolves with 1t. This gear has 30 teeth. 

The large cam gear is fastened rigidly to the cam­
shaft by four studs (S) and lock nuts. This gear 
has 60 teeth and, therefore, revolves ha.If as fast as 
crankshaft gear and in opposite direction. 

The pump and generator-drive gear has 20 teeth. 
and is driven through the idler gear at the crank: 
shaft speed, but in the opposite direction to that of 
the crankshaft gear. One of the studs is marked 
with a center punch so as to insure correct replace­
ment, should the gear for any reason be remo,,ed. 

The teeth of the Jar~ cam gear and the one on the 
crankshaft are also given center punch marks for­
·meshing reference. These markings snouid dovetail 
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The teeth· of the idler gear and the one driving 
the water pump and generator are not marked, and 
can be meshed at any point. 

If the timing gears are assembled as described 
above, the timing must be correct. 

In case a new gear is assembled on the engine, 
the following may be of some assistance in obtaining 
the correct timing or setting: 

Cam gear setting: The fly wheel on this engine 
is of such diameter as to require its turning through 
an angle of approximately seven degrees to produce 
a one-inch movement of its face with respect to 
some fixed point. 

Now, since the error in cam setting must not 
exceed one half-inch, this movement is equivalent 
to 3 ½0 movement of the flywheel or crank shaft. 

If, for any reason, the valve closing is not within 
this limit, the setting may be corrected in the follow­
ing manner: 

The large or 60-tooth cam gear (and with it, oJ 
course, the cam shaft) would move 6°, or 360 
divided by 60, if shifted one tooth; this is the equiv­
alent of 12° on the fly wheel or crank shaft, smce, 
it will be remembered, the gear on the crank shaft 
has but 30 teeth. 

If one inch on the flywheel is equivalent to 7°, 
12° would represent approximately a 1¾" move­
ment of the flywheel. 

If t,he cam openings were off two inches on the 
fly wheel, it would be a simple matter to change 
the meshing of the cam gear one tooth in the direc­
tion required, and to have an error of ¼", which 
would be within the ½" ltmit. 

If, however, the error of the cam shaft was but 
l", it would be impossible to get nearer than¾" by 
shifting. this gear one tooth, which is ¾" in excess 
of the limit desired. Means must, therefore, be 
provided for shifting the &ear a fraction of a tooth, 
or, in other words, a fract1011 of 6°. 

For example, if the gear had 54 teeth instead of 
60 teeth, this could be accomplished by removing 
the gear from the shaft and shifting the former one 
quarter-turn; 54/4 equals 13½, which would, in 
effect, be the same as shifting one half-tooth. In 
order to obtain a shift of one half-tooth (3°) with a 
gear of 60 teeth, two of the four studs which hold 
the cam gear to the cam shaft a.re .placed 3° off of 
the 90° center lines and three of the holes in the cam­
gear flange are slotted, the fourth being a tight fit 
over the stud. 

Therefore, if the gear is taken off and shifted 87° 
or 93°, the effect is the same as changing the meshing 
of the gear one half-tooth. We shall have changed 
the relative position of the gear teeth to the cam 
shaft just 3°, this being equivalent to 6° on the fly­
wheel, or approximately ½". This arrangement 
gives this engine a means whereby the greatest varia­
tion in cam-shaft setting may never exceed ½". 

Valve Timing of Reo 
The fly wheel of the engine bas upon its fa.ce the ma.rks: 

"U.D.C.l & 6," meaning upper dead cent-Or, cylinders 1 and 6; 
"INTAKE OPEN 1 & 6,' meaning that the intake valve in 
No. 1 or No. 6 cylinder commences to open; "SPARK," mean­
ing that a spark should take place in No. l or No. 6 cylinder 
with the spark fully retarded. 

These markings on the face of the fly wheel register with the 
top of the right-hand motor support. The spark occurs l ½" 
late at full retard. Tho intake valve opens at the upper dead­
center point. Since the cranks for cylinders Nos. l and 6 are 
on the same side of the center, it v.ill be understood that the 
marks which serve for cylinder No. l also apply to No. 6. 

To check valve settillg: First screw out the spark plug from 
each cylinder, thereby relieving compression and permitting 
the engine to bo turned over easily. Selecting No. 1 cylinder 
(it being the most convenient), crank the engine slowly with the 
hand cronk until the inlet valve for this particular cylinder just 
commence,, to open. This can be determined by placing a piece 
of fine tissue pa.per between the inlet valve stem and its lever. 
When there is just sufficient pressure of the lever on the valve 
stem to prevent withdrawal of the paper, the inlet valve is 
commencing to open. At this moment the marking "INLET 
OPENS 1 & 6" on the face of the flywheel should not be morr 
than ½" either way from the top of the riiht-hand engine 
support. Before checking the valve setting, it is important 
tho.t all backlash of the valve tappets be removed. 

If one cylinder checks, it will not he necessary to check the 
valves in the other cylinders, as the cam shaft is accurately 
ground a.nd the cams are in correct relation to one another. 

Relation of Valve Clearance and Valve Timing, 
and Meshing of the Timing Gears 

After your engine has been overhauled a few 
times the cam-shaft gear will have developed a dozen 
or more meshing marks. Each workman will have 
added a few marks that may or may not be right 
and changed a few that were right, until finally it 
is hopeless to match any of them. 

This need not seriously inconvenience you, for if 
you understand valve timing, you can forget the gear 
marks and work entirely from the fly-wheel marks. 

A "trammel" is a stationary starting point from 
which to base all your work (see Fig. 20, page 66). 
The trallllllel generally is directly over or in 
front of the flywheel, but may be located elsewhere 
if some careless workman has removed your fly­
wheel and replaced it in a different position (flange 
connection, or a new flywheei with the key in the 
wrong place). The trammel should be shifted until 
it registers properly when the cylinder indicated is at 
top center. 

Check up the top center mark by making sure that 
the piston in the cylinder indicated is exactly at top 
center and that the trammel registers exactly in line. 

Now that you are certain of the trammel, move 
the flywheel in the dirnction in which it should 
travel (generally counter-clockwise, if flywheel is 
between you and the cylinders) until the ma.rks 
I. 0. (intake opening) No. 1 and No. 4 register with 
the trammel. Leave the flywheel alone now, and 
tum the cam shaft until the nose of the inlet cam on 
No. 1 cylinder i'> down. Adjust the air-gap (valve­
stem clearance) for post-card distance. Turn the 
cam shaft in the direction of its travel until the air­
gap is gone and any further movement would start 
to lift the valves. Put on the cam-shaft gear, being 
careful not to move either the cam shaft or the 
crank shaft. Have the gear key in place, but do 
not permanently fasten the gear yet. 

Turn the fly wheel in its proper direction and 
check up the intake closing. If both opening and 
closing of this valve are right, it means that the cam 
shaft and air gap are correct, and the gear can be 
permanently fastened. 

If the valve opens on time but closes at the wrong 
time, it means that both the cam shaft and air gap 
are wrong. If the valve closes too soon, the air 
gap is too large and does not hold the valve open 
long enough. If the valve closes late, the air gap 
J.S too small and holds the valve open too long. 

Make a mark with a lead pencil or with chalk on 
the fly wheel, midway between the actual closing 
and the proper closing. Tum the flywheel to this 
new ·mark and adjust the tappet to correspond. 
The tappet must be just barely m contact with the 
valve stem. The air gap is now 0. K., but the cam 
shaft is still out of time. 
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Turn the fly wheel back to the opening mark and 
remove the gear. Turn the. cam shaft until the air 
gap is gone, replace the gear and check up the clos­
ing. The cam shaft and air gap are now correct 
and the remaining tappets are adjusted after regis­
tering each mark with the trammel. Do not use 
a. sheet of paper or post card to measure with. Turn 
the fly wheel and adjust each tappet by the fly­
wheel ma.rks. 

If the valve opens a certain number of degrees 
early and closes the same number of degrees late, 
;;h" cam shaft is right but the air gap is wrong. 

If a valve opens a certain number of degrees e111·ly 
and closes the same number of degrees early, the 
air gap is right but the cam shaft is wrong. 

Make a. habit of checking up this air gap occa­
sionally with the flywheel marks. 

After the valves have been ground or new valves 
put in-check up. Don't let your engine ·over­
heat or lose power through the fault of the air gap. 

It will be observed that valve clearance, referred 
to above as "air-gap," is a very important adjust­
ment. 

SILENT CHAIN FRONT END DRIVE SYSTEM 

Where silent chains and sprockets are used instead 
of gears, the procedure is similar. Note, however, 
that the cam shaft revolves in the same direct.ion 
as the crank shaft. 

Fig. 35. Cam-shnft geBr on ·the Studebaker "EJ" driven by 
a.silent chain. Note that t.l>e chain has an exterior adjustment. 

To set the cam shaft ,f silent chain has been 
removed: Fig. 35 shows one silent chain driving the 
cam shaft and generator in a Studebaker model 
"EJ" six-cylinder engine. If the engine was a four­
cylinder engine, cylinders 1 and 4 would be up 
together, whereas with a six-cylinder engine, cylin­
ders 1 and 6 are up at the same time. 

Procedure: Crank the engine until cylinders 1 
and 6 are on upper dead center of compression 
stroke by getting marks "UP-D-C 1-6" on the fly 
wheel opposite pointer, on the rear of the stai:ter 
housing. With the crank shaft in this position turn 
the cam-shaft sprocket until the punch mark on the 
cam gear will be directly between the two punch 
marks on the teeth of the crank-shaft gear (Fig. 35). 
Replace the chain, being careful to see that the cam 
shaft or crank shaft are not moved. 

It is not necessary to set the accessory shaft 
sprocket which drives the pump, generator, and igni­
tion unit (the sprocket on the left side marked 
"shaft"). The ignition unit can be set by moving it 
on its own shaft. See Index under "Ignition timing." 

Silent chains will stretch, especially when new 
or after a few thousand miles or so of running, and 
will likely cause a noise by striking the bottom of 
the chain housing. 

Adjustment can be made by moving the generator. 
There are three bolts holding the generator. They 
are to be loosened and the chain-adjusting screw 
given a turn .or so~ moving generator out, thus 
tightening chain. 'Ibis movement usually allows 
about 1/16" movement of the generator sprocket. 
Be sure and tighten all bolts and nuts. • 

Too tight a chain adjustment will cause "singing" 
as well as undue wear on one side of the bearing. 

Fig. 36. An example of two silent chains with two adjust 
ments for slack. (King.) 

To set the cam shaft on an engine using two silent 
chains (Fig. 36) the procedure is similar, except that 
the chain driving the generator is not considered. 

Note in Fig. 36 that the crank-shaft gear (lower) 
drives the large cam-shaft gear and also a double 
sprocket from which another chain drives the 
generator. 

To adjust the cam-shaft chain an eccentric shaft 
is provided. 

To adjust the generator chain, the generator is 
moved as shown in Fig. 36. If a chain is adjusted 
too tight, it will hum or sing at high speeds. If the 
chain should stretch to such an extent that no more 
adjustment is availa,ble, then either install a hunt­
ing or off-set link section, or a new chain, if badly 
worn. See Index under "Silent chains." 

In re-timing, or ~any other operation requiring the removal 
of tne chain, be sure that the chain is replaced so that it runs 
in the direction indicated by the arrows on the sides of the links. 

Note. In order to reach the silent chain and cam sprockets, 
it is usually necessary to remove the rndin.tor1 starting crank 
stud, fan, fan pulley, and gear-housing cover. When repla­
cing, be.sure the gasket of the housing is in good condition. 

Should it be necessary to remove the cam-shaft SJ,lrOcket from 
the shaft, see that it is replaced in the exact posit10u in which 
it was ,vhen it came off. On most gears a.nd sprockets there 
Bre holes provided for a "gear puller" which is used to draw 
gears off. • 

Hupmobile Valve Timing 
When timing this engine, reference to the marks 

on the gears .should not be made, because they have 
no bearing on the engine timing. The appearance 
of the cham with the front cover removed is shown 
in Fig. 37. 

There are two timing methods. The first is as 
follows: turn the engine over until the mai:ks "In­
take Opening" on the fly wheel line up correctly 
with the line on the housing; turn the cam-shaft 
gear until the intake cam is just beginning to lift the 
intake valve of No. 1 cylinder; place the chain in 
proper position and allow just a little slack. 
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Fig. 37. Hupmobile front end drive system. Adlustmcnt 
of slnck in ch11in is to.ken up by loosening bolts (B) and (CJ nnd 
eliding the generator to one side, at the top {B). 

The second method is: remove cylinder head so 
that you can measure the distance of the piston 
travel from top of cylinder block to piston. Turn 
piston of No. 1 cylinder 3/64" past top d.c. on the 
intake stroke (piston traveling downward). 'l'urn 
camshaft so that intake valve is just opening and 
exhaust closing (.006" valve clearance); then place 
chain in its proper position. 

In order to place the chain on the gears it may be necessary 
to loosen the rear engine bolt. Place a jack under the bottom 
of the oil pan neat· the front and raise the engine slightly. 

Remarks ou Frout-Eud Drive Methods 
Cars using silent chain front-end drive a.re the 

Ambassador, Ace, Ogren Revere, Haynes, Jordan, 
Moon! Saxon, Brewster, ¢adilli;c, Chalmers, Cha~d-

• 1er, C eveland, Hupmobile, King, LaFayette, Lm­
ccln, Meteor, Mercer, National, Packard, R & V 
Knight, Stearns-Knight, Studebaker (one model), 
Templar, Willys-Knight, Winton. 

Virtually all the other cars use the helical-gear 
front-end drive. Where the gear-type front-end 
drive is used, alternate gears are of different metals, 
such as iron and steel, and. also of compressed cotton. 
The majority of gears are steel against cast iron, as 
this has been found to reduce "resonance." 

Where both gears are of cast iron, or both of steel, 
the gears are prone to "sing." 

Duralumin, which can be forged, is used for gears 
in the Continental and Marmon engines. • 

A Fabroil gear, which is a specially compressed, 
s_pirally wound cotton type of gear, made by the 
General Electric Co-., is used on Buick, Paige, Wills­
Saint Claire, and DuPont cars. 

Where silent chains are used, it must be possible 
to reduce the length of the chain by degrees one full 
link, after which a link can be removed from the 
chain and the adjustment let out again. This gives 
unlimited adjustment. On those cars not provided 
with chain adjustments, it is, however, always best 
to renew a chain entirely if it is worn. The adjust­
ment must also be accessible, so that it can be 
easily made when required. 

There are several types of chains used and dif­
ferent methods of securing adjustment, as follows: 
t. Movable idler. 

2. Movable sprocket (Figs. 35, 36, 37). 
3. Eccentric adjustment (Fig. 36). 
4. Double adjustment. 
5. Automatic idlers (Fig. 38). 

The movable idler is used for adjustment or to 
fK'lke up chain whip. 

The movable sprocket for adjustment is used on 
one of the shafts where it can be moved in or out 
without destroying any alignments or adjustments. 

Fig. 38. A front-end drive system used on the model "75" 
Haynes. An automatic take-up for slack in the chain is pro­
vided. The earn gear operates the cam shaft, which opera·tes 
the inclined valves. 

The subject of silent chains is also dealt with 
elsewhere; see Index under "Silent chains." 

A,·erage Valve Timing 
There is very little difference between the average 

timing of the four and the six-cylinder engine. 
On the six, the average inlet opening is 10.7° 

past top cent.er and the closing point 37.6° past 
bottom cente1·. 

On the four, the average for the inlet opening is 
11.1 ° aft.er top center, and the closing point is 36.8° 
after bottom center. The small difference would 
hardly be noticeable. 

The exhaust on the average six opens 46° before 
bottom center and on the four at 46.3°. The clos­
ing point of sixes averages 7° after top, and on the 
four, 7.7°. 

Fig. 39 

On an average engine, therefore, the inlet would open 11.5' 
after to!' and close 37 .3° after bottom. The exhau.st would 
open 46 before bottom and close 6.5° after top. 

The illustration (Fig. 89) is a typical dial:!am of valve timing 
with the timing designated in degrees. When reading such 
diagrams, imagine the circle being the ree.r or a fly wheel, wbicb 
revolves to the left. The light shading represents the period 
of travel when the inlet valve is open, or 205.8°. The dark 
shading represents the period of travel when the exhaust valve 
is open, or 232.5°. 

See also Index under 11 Valve timing" for the valve timing o! 
engines on )ea.ding makes of ca.rs; a.nd under "Valve clear$nce" 
and '1 Diameter of valves." 



INSTRUCTION No. 10 
FIRING ORDERS: One, Two, Three, and Four-Cylinder Engines 

Firing Order of One and Two-Cylindel· 
Engines 

There are four strokes to two revolutions of the 
crank shaft to complete a cycle operation, as 
explained on page 32. 

A stroke of the piston means a travel from top to 
bottom, or from bottom to top, 01' 180° movement, 
or one-hn.lf of a revolution of the crank shaft. (This 
i,; not strictly true when offset cylinders are used.) 

There are four strokes of 180° on all four-cycle 
engines; therefore there would be two revolutions 
of 360° each, or 720° travel of the crank. 

There is but one power stroke (firing impulse) 
during the four strokes, or two revolutions of the 
crank shaft. Note, also, that the power stroke is 
a very short one, owing to the fact that the exhaust 
valve starts to open a considerable time before the 
piston reaches the bottom of its stroke. If the 
exhaust valve should open 46° before bottom, then 
the travel on the power stroke would be but 134° 
instead of 180°. 

Therefore, if there is but one power stroke to two 
revolutions of the crank shaft (720° travel of crank 
sha.ft), we should have only 134° out of the two 
revolutions, or 720° on which there is power. 

Fig. l Fig. 2 

Fig. 1. One-cylinder engino with a 360° crank shaft. 11"ir­
in.g impulse every two revolutions; see diagram below. 

Fig. 2. Two-cylinder- vertical engine with a 360° crank 
~haft. Firing impulse every revolution. 

Cfi.lNOEII NO. I 
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Fig. 1 shows a single-cylinder engine. There is 

one explosion during every two revolutions of the 
crank shaft, or, in other words, there is one stroke 
of the piston when power is being developed and 
three when there is no power, the piston then being 
moved by the momentum of the fly wheel. 

As the piston must be canied through the three 
dead strokes, it is necessary to use a heavy fly 
wheel, so that when it is $tarted, it will continue to 
revolve for a sufficient time to move the piston until 
the ne:s..1; power stroke. 

There is vibration from a one-cylinder engine on 
this account, for the weight of the piston sliding first, 
one way and then the other has nothing to balance it. 

It can be balanced to some e:s..i;ent bv attaching a 
weight called a "counter-balance," to the crank 
shaft opposite to the crank pin, in the same manner 
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that the wheels of a locomotive are balanced, but 
even then there is vibration owing to the power 
stroke at uneven intervals. 

Note. In the two small diagrams under the illustrations, 
P means power stroke: S, suctioni C, compression; E, exhaust.. 
The '"firing impulse," is the time o,t which combust.ion tak~• 
place at the beginning of the power stroke. 

Fig. 2 shows a two-cylinder vertical engine with 
a 360° crank shaft. If the piston of No. 1 cylinder 
is on power (P), No. 2 would be on suction (S)-see 
diagram. Therefore we should get an even firing 
impulse, or one during each revolution. But as 
both pistons are moving together, there would be 
considerable vibratio'.!; as both are on top or bottom 
at the same time. uiunter-weights are also used 
on the crank shaft of this type of engine in order to 
counter-balance. (Seldom used.) 

Fig. 3 shows a two-cylinder vertical engine with a 
180° crank shaft. There are two firing orders of 
this engine, each of which would cause vibration. 
Refer to diagrams. In the first, if No. 1 is on power 
(P), No. 2 would be coming up on compression (C), 
and would fire next. Therefore, there would be two 
firing or power impulses during one revolution, and 
~n the second revolution there would be no firing 
impulse at all. With the other order of firing, if 
No. 1 was on power (P), No. 2 would be coming 
up on exhaust (E). The crank would therefore 
travel 540°, or 1½ revolutions with but one firing 
impulse. 

Fig. 3 Fig. 4 

Fig. 3. Two-cylinder vertical engine with a 180° crank 
shaft. Two different firing orders-see diagram below. 

Fig. 4. Two-oylinder opposed type engine with 180° crank 
shaft. Firing impulse every revolution. Mechanically bal­
anced, 

In the two-cylinder type of engine with cylinders 
opposite and the crank shaft set 180° (Fig. 4), one 
piston slides inward a.s the other slides inward, so 
that one balances the other. This type of engine 
is called an "opposed" type of engine. Cylinders 
are set 180° apart, and so also is the crank shaft. 
When one piston starts down on the power stroke, 
the other starts down on suction. Therefore1 as 
shown in the diagram under Fig. 4, there would oe a 
firing impulse at each revolution of the crank shaft 
or every 360°. Thus it is mechanically balanced. 
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The flywheel of a two-cylinder engine need not 
be as heavy as that of an engine with one cylinder 
because it is required to carry the piston through 
only one dead stroke before another power stroke 
occurs. On 6, 8, and 12--cylinder engines, the fly 
whael is very small in diameter. 

The more cylinders. an engine bas, the more 
steadily it may run, for the explosions may be 
arranged to follow one another so closely that there 
is no moment when one of the pistons is not on the 
power strnke. This is termed "lapping" of power 
strokes. 

Firing Order of a Three-Cylinder Eugine 
The action of the firing of a three-cylinder engine 

is as follows: Taking three points of the circle, A at 
the top, Band Con either side below, the piston of 
Ko. 2 cylinder is connected with a crauk at A, of No. 
3 cylinder at B, and of No. 1 cylinder at C. 

The firing order of a three-cylinder engine can be either 
I, 2, 3 or 1, 3, 2. In the following explanation the firing order 
is 1, 2, 3. 

B@\ c' ,, ~/ 

' 3 
C L : It 

•' 
Fig. SA 

Fig. 5. A three-cylinder four stroke cycle engine crank set 
in three positions of a third or a revolution, or 120° r.part. 

No. 2 cylinder will be at full compression, No. 3 cylinder at 
two-thirds inlet, and No. I cylinder one-third, exhaust 240". 

The crank of No. 2 cylinder performs its half-revolution, 
bringing it to position A' (Fig. 5A); wlule it is doing this, No. 
3 piston is completing its inlet stroke and two-thirds of its com­
pression stroke, \-.,·b.ich brings its crank to position B', leaving 
only one-third of a stroke to complete compression. When this 
is done, the crank will be nt A, when the firing of No. 3 com­
mences. 

:Meanwhile No. 1 piston is completing its exhaust stroke and 
has passed through two-thil'ds of its inlet stroke, so that when 
No. 3 piston has completed its impulse (180"), No. 1 is still 
00° from its top d.c. to which point it must be carried by the 
momentum of the flywheel. This 60" represents the minus lap 
or the number of degrees of rotation between impulses when 
there is no explosion pressure in any of the cylinders. 

Each of the three cylinders fires once every 720" (two revolu­
tions), or 240" apart. No. 2 (A) fires and moves 240°, which 
brings No. 3 (B) in firing position. No. 1 (B) fires and moves 
240°, which brings No. 1 (C) in firini:_position. No. I (C) fires 
and moves 240°, which again brings No. 3 (A) in firing position. 

No. 3 (A) has now made two revolutions or 720° which 
completes the four-sti·oke cycle. 

Each piston works 180" during ono cycle of 720". Three 
pistons will work 540". 720°-540" = 180° the amount of minus 
la~ for the three cylinders or 60" minus fop for each cylinder. 
(1 his varies according to the time the exhaust valve is set to 

• open.) 

Firing Order of a Four-Cylinder Engine 
Four-cylinder engines are so arranged that there 

is a power or firing impulse every stroke, or two 
firing impulses every revolution, one beginning as 
the previous oue euds. 

In order to complete the four-cycle evolution of 
suction, compression, explosion, and exhaust for 
each piston, it is necessary that each pistou have 
four strokes. As 1 and 4 work together and 2 and 3 
work together, then during the four strokes (two 
up and two down), there are two revolutions of the 
crank shaft which will complete the cycle evolution 
for each piston, with a firing order of either 1, 2, 4, 
3, or 1, 3, 4, 2. 

The crankshaft of a four-cylinder four-cycle en­
gine is always set at 180°. 

Fig. 6. Four-cylinder engine with crankshaft set at 180°. 
Power stroke every ball revolution, or stroke of piston. 

The construction of the crankshaft which i~ 
generally used on four-cylinder engines is shown in 
Fig. 6. This crankshaft would not permit the 
firing to be 1, 2, 3, 4, because, when No. 2 was ready 
to go down on the power stroke, No. 3 would have 
to be coming up on compression, but as No. 3 is 
always the same position as No. 2, then it could not 
be coming up, as it would already be up with No. 2. 
It f9llows1 then, that the firing order must then be 
asg1venaoove: 1, 2, 4, 3, or 1, 3, 4, 2. 

1 2 ::; 4 

Fig. 7. Type of crankshaf< which would permit a four­
cylinder engine to fire l, 2, 3, 4, but which is never used. 

A four-cylinder engine which could be made to 
fire 1, 2, 3, 4, would have a crankshaft roade ~ 
shown in Fig. 7, but it would vibrate excessively on 
account of the rocking motion of firing from one 
end to the other. Therefore the firing order on all 
engines is arranged to decrease vibration as much 
as possible. Tim alternate distribution of impulse 
(firing) teuds to steady the engine, as in the sequence 
I, 2, 4, 3, or 1, 3, 4, 2. 

Cylinders are originally made to fire in proper order 
by the manufacturer, by setting the cams on the cam 
shaft and by wiring the distributor to connect with the 
proper spark plugs. The order of firing depeuds on 
the ideas of the maker, and may be either, 1, 2, 4, 3, or 
1, 3, 4, 2, on a four-cylinder engine. 

The eight "V"-type of cylinder engine uses a four­
cylinder 180° crankshaft with two connecting rods to 
one crank pin. 

The twin six or twelve "V"-type engine uses a regular 
six-cylinder crankshaft. This will be treated farther 
on, together with the firing order. 

Relation of One Piston to the Other 

On a four-cylinder engine, as already stated, the 
firing order must be 1, 2, 4, 3, or 1, 3, 4, 2. 

The following explanation and charts will make clear 
just what action is taking place in cylinders when the 
engine is firing in the order 1, 2, 4, 3, or 1, 3, 4, 2. 

If piston No. 1 is going down, say, on power, No. 2 
must be coming up on either compression or exhaust. 
If coming up on compression it would fire next. No. 3 
would then be coming up on exhaust and No. 4 going 
clown on suction. In this ca~i the firing order 
would be 1, 2, 4, 3. (See chart No. 1, showing firing 
order 1, 2, 4, 3.J 
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H No. 1 was going down on power and No. 2 coming 
up on exhaust, then No. 3 would be coming up on com­
pression and would fire next. In this case, the firing 
order would be 1, 3, 4, 2. (See chart No. 2, showing 
firing order 1, 3, 4, 2.) 

Remember, the two down strokes are suction and 
power. The two up strokes are compression and 
exhaust. Each piston must be doing one of the fow·, 
during each of the four strokes or two revolutions. 

The change of firing is accomplished by the move­
ment of cams on the cam shaft, the cams on cylinders 
Nos. 2 and 3, being the only two affected. A study of 
charts No. 1 and No. 2, which represent a four­
cylinder engine firing 1, 2, 4, 3, and 1, 3, 4, 2, will 
give the reader an idea as to what is talcing place in 
each cylinder during the four strokes. 
Relation of the Cam Movement to Crank Shaft 

As we have seen, the only two firing orders that a four­
cylinder engine can have is 1, 2, 4, 3, or 1, 3, 4, 2. To 
change from one to the other wo1:1Id necessitate chang-

Wb,.. 
No. No No. No. 

l 2 4 3 
Pi.ttoo l'itlOD Pi- Plt:'°ll 

it it ;. io 

STARTING J .. , Jue.t Joa\ 
DOWN ON at.artio1 4urtmr tUHID&: 
l'IRING OR up oo doW'D on op oo 

POWER COMPRES, SUC'lltoN BXHAUS 
STROKE 8lON -

Ju,t TOP ON J,,.. Ja.,t 
ewtiris FIRING atutioa 1tattio1 
uo 00 STBOKE UO<OO dowo oo 

EXHAUST COMPRES, SUCTlON 
6lON 

Ju&t Jo111 TOP ON Just 
tlartJ0a atarticg FIRING at•rtior 
down OD Up OD STROKE up on 

SUCTION &XBAOST COMPRES 
SION 

Jnat Jon Ju1t TOP ON 
ttartina eluting etartina FIRING 
up on down on up on STBOKE 

COMPRES, SUCTION EXHAUST 

Chart No. 1. Firing order 1," 2, 4, 3. 

Wbeo 
!lo, !lo. !fo, !fo. 

1 3 4 2 

"'""' - P!iloo fWoft 

II II II la 

STARTING 1 ... Ion lat 
DOWN.ON -.. ._, 

"'""'"' l'IIUNG OR opoo don OD lll> .. 
fOWfB COIIPRJIS. SUCTION EXIUU!I 
STa~ SlON 

s ... t'OPON , ... J .. , 
~-· FllllNG otartloc alartln,t 
apoo. STIIOICB opon down on 

Ul!AU61' ()()IIPREB- :flUCTION 
8ION 

, ... , .... TOP6N , .. , 
Nrdoa IW1lDa FllllNG IW1lnr. 
do1!'11GD Up OD STIIQltE lll>OII 

8UCT!OII IIXllAUST 0011PRl!6 
SION .. , ... 'JOII ltatt. TOP ON 

•l&rthts ·-· -· l'IRING 
opoo • ,down on. opoo STl!Oltl! 

COIIP818, SUC?ION VVH!\UST 

Chart No. 2. Firing order I, 3, 4, 2. 

ing the cams operating the valves on cylinders 2 and 3, 
which of course would necessitate putting in different 
cam shafts. 

Fig. 8 below gives a good illustration of the position 
of the cams in relation to the two firing orders. 

The lower row of cams shows the position of the 
cams on the cam shaft when the engine is firing 1, 2, 4, 'J 
anci No. 1 _piston is ready to start down on the power 
or firing stroke. 

The upper row of cams shows the position of the 
cams on t-he cam shaft, when the engine is firing 1, 3, 4, 
2 and No. 1 piston is ready to start down on the power 
or firing stroke. 

Every stroke of the piston, or 180° movement, repre. 
sents a half-revolution of the crank shaft. 

Every half-revolution of the crank shaft represents 
one-quarter revolution, or 90° movement of the cam 
shaft and of the cams. A careful study of Fig. 8 is 
recommended. 

If piston No. 1 
goes down on 
power stroke. 

Piston· No. 2. 
would be coming 
up on e :re; h a u s t 
str9ke if tiring or­
der is l, 8, 4, 2. 

Piston No. 8 
would be coming 
up on compression 
i! firing order is 
1, 3, 4, 2. 

0¥1inder No. 4 
would be going 
down on s11ct1on 
on either llriDg 
order. 

CYl. 
I 

EXHA~T 
VALVE 

POSITIOr 
OF CAMS. 

flRING ~ 
ORDER 1342~ 

flR'IN(r I l 4-J .. @i\ 
ORDER ~ 

or or 
Compression stroke 
if firing order is 
l, 2, 4, S. 

Exhaust if firing 
order ii I, 2, 
4, 8. 

' I 
I 
I 

\%'.t\~ Jlir'j: 
~ -,~-
'~ 

··:··1 --?-; ~ 

CYL •: CYL 
2 ! 3 

tXttAusr:u11<1u.st 
VALVE I VALVf 

t 

I 

CYL 

~ 
@11 

Fig. 8. Relative position of cams to pistoM when No. l piston is just starting down on power stroke. Approximate position 
of cams is shown with a firing order I, 8, 4, 2 (upper row), and 1, 2, 4, 3 (lower row of cams). The figures in the center of the 
cams correspond with those on the cams in Fi11. _10, page 33. At each stroke oi the piston, or one hall-revolution of the 
~rank shaft, the cams travel 90 degrees or a ¾ revolution. 
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HOW TO DETERMINE THE FffilNG ORDER OF A FOUR-CYLINDER ENGINE 

Fig. 9 shows how .the cam shaft with its cams is driven 
by a silent chain sprocket. Also note the m!ll'k on the 
fly wheel which is in line with the punch mark on the 
~rank case, when pistons 1 and 4 are on upper dead 
center. Pistons 2 and 3 are on lower dead center. 
The setting of the valves and of the gears is determined 
when the pistons are in this position. 

N.2 Exhaust Valve Close 
No. 2 Intake Valve Ope 
Intake Stroke 

No.I Intake Valve Closed 
N. I Exhaust Valve Closed 
Compression Stroke 
At Firing Poil')t 

the No. 4 exhaust valve tappet in the direction of its 
rotation), and the inlet will open immediately as the 
piston starts down. 

To determine the firing order: If No. 2 will come 
up on compression as No. 1 pi~ton goes down, and 
if the power stroke follows i=ediately after the 
compression stroke, then No. 2 will fire next. There-

Ex.Valve Open ~/64" 
When I and 4 A,·e Up 
And Flywheel Punch 
Morks In Line With Crank' 

Case Punch Marks 

Crllnk Shaft 
Caution! Replace Cotter Pin 
Should It Be Removed Intake Tappets Should 

Have.OO1~ 'Clearance 
To ee Pro_p1>rly Adjusted 

Shaft 

F10. 9 

For e.xample: The exhaust valve on No. 1 cylinder 
closes at 10° past upper -dead center. Therefore, as 
the piston of No. 1 cylinder is now on top dead center, 
the fly wheel must be revolved in the direction of rota­
tion, 10° from upper dead center. At this point the 
exhaust valve of J\1' o. 1 cylinder should just close. This 
is sufficient, as all other valves will he timed to open 
and close at the correct time, since this is an "L" -head 
cylinder block with all valves on one side and all cams 
on one cam shait. Note that the detachable cylinder 
head ha1, been removad. 

If the exhaust does not close at 10° past dead center, 
then it is either because the clearance of the exhaust 
valve tappet is set too close and holds the valve open 
t.oo long, or the cam-shaft gear is not meshed properly. 

The firing order of this engine can be determined by 
observing the position of the pistons and valves: The 
exhaust and inlet of No. 1 :u:e closed; the piston of 
No. 1 cylinder is at the t.o_p of compression and will go 
down on power stroke. The piston of No. 2 cylinder 
is at the bottom of its intake stroke and will come up 
on compression; the inlet valve is still open and the 
exhaust closed. The piston of No. 3 cylinder is at the 
bottom of its stroke and will come up on the exhaust 
stroke; the exhaust valve is open and the intake valve 
is closed. The piston of No. 4 cylinder is at the top 
of its exhaust stroke and will go down on suction; 
the 'exhaust valve will close within a 10° movement of 
the crank shaft (note the exhaust cam just leaving 

fore the firing order must be 1, 2, 4, 3. The only 
other firing order it could possibly have would be 
I, 3, 4, 2-but this would be impossible because 
No. 3's exhaust valve is open and it will come up on 
the exhaust, and after the exhaust comes suction. 
No. 3 has just fired, therefore No. 1 will fo-e next. 

How to determine quickly the firing order of a fo~­
cylinder engine1: When the nose of the first and 
third cam (inlet or exhaust) are on opposite sides of a 
shaft, the engine fires 1, 2, 4, 3. When the first 
and third cams are on the same side of the shaft, the 
firing order is 1, 3, 4, 2. 

Note. The cam shaft is operated by a silent chain and 
sprocket wnich turns in the same direction as the crank shalt. 
The crank shaft turns twice while the cam shaft turns once. 

The cams in Fig. 8, page 78, are made to open and close 
exactly on a full stroke of the piston, or 180° movement of 
the crank, which is unusual in actual practice. 

On the engine in Fig. 9, the cams are set as in actual practice. 
For instance, the valves open and close as follows: Exhaust 
closes 10° after top. Inlet opens 6° after top. Exhaust opens 
50° before the piston is at bottom dead center. Inlet closes 
40° alter bottom dead cenwr. The bore of cylinders is 3¾" 
diameter and the stroke of piston is 4 ¼". 

The make of the engine shown in Fig. 9 is the Gold3ll Bel­
knap and Swartz Co.'s model "E-M 31," four-cylinder side• 
valve detachable head enipne. llorse power is 22 ½ at 935 
feet of piston speed per mmute; produces 36.9 h. p. at 2,800 
r. p. m. on actual brake test and 31.9 h. p. at 2,000 r. p. m. 

1This applies to engines where the first valve is an exhaust 
valve, which is usually the case, as exhaust valves are placed 
next to tbe water jacket. On some early models of enginea, 
the first valve was an inlet valve. 
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Valve .and Rotary-Cylinder Engines; Sleeve Valve Engine; 
Overhead Cam-Shaft Engine 

THE SIX-CYLINDER ENGINE 

In the six-cylinder engine, the variance in construc­
tion from the four-cylinder engine is principally in the 
addition of more cylinders and the shape of the crank 
shaft. 

~Fly ('(J 

Fig. 1. Six-cylinder unit power plant, valve side. Cylinders 
of the "L" type. Thus the valves are all on one side. 

Fig. 2. L!ft side or carburetion side. The inlet pipe passes 
between tb.e cylinders to the valve side-

Fig. 3 Fig. 4 

Fig. 3. Upper part of crank case supporting cam shaft and 
bearingi,. 

Fig. 4. Lower part of crank case or oil pan. 

<o~ 
~l"d otL~ C.'l'l..l CIJ'tGWl 

Fig. 5. Six-cylinder cam shaft. All cams on one shaft. 

The cylinders may be in "pairs " in "triplets," 01· 

"in-block." The six-cylinder endne shown in Figs. 
1 to 5 is the Haynes; and is a typical example of a "unit 
power plant." The cylinders are "in-block" with all 
valves on one side. This is, therefore1 an "L"-head 
type cylinder block. The crank shaft snown in Fig. 8 
is a three-bearing crank shaft and the cam shaft 
(Fig. 5) has three bearings. 

The Pierce-Arrow six-cylinder engine (Fig. 97, page 5'1) is 
a "T"-head type with cylinders "in-block." The inlet valves 
aro on tho right side and the exhaust valves on the left side. 
There are two eidlaust and two inlet valves for each cylinder 
on th~ Pierce-Arrow, and this is, therefore, a "dual" vnlve 
,nr,iue. 

The Locomobile six-cylinder engine is also a "T"-bead type, 
but with cylinders in pairs. The inlet valves are on the left 
side and the exhaust valves on the right side. 

The Haynes, Locomobile and almost all other six-cylinder 
engines have but one inlet and one exhaust valve for each cylinder, 

Note. The right side of an eJl8ine or automobile is the side 
seen when seated in the car. Thnt is why we designate th• 
cylinders "right 0 and 11left." The reverse is the case, of course, 
when fadng the front of engine. 

The six-cylinder engine operates on the four-cycle 
principle, the same as the four-cylinder; in fact, the 
general principle is that the crank shaft must turn two 
revolutions during the cycle or four strokes. The cam 
shaft turns one revolution. 

Each piston completes the four strokes during two 
revolutions of the crank shaft. The craQk shaft is 
divided into three pairs of "throws." A "throw" on 
a crank shaft is the part to which the bi?< end of the 
connecting rod connects and is really the 'cmnk pin." 
Each pair of these crank shaft "throws" (1 and 6t 3 
and 4, and 2 and 5) are placed 120° or one-third tne 
distance of a circle apart. 

There are two kinds of six-cylinder crank shafts: 
left hand and right hand (see Figs. 7 and 8). The 
cylinders usually fire on a right-hand crank 1, 5, 3, 6, 
2, 4, while on a left-hand, the order is usually 1, 4, 2, 6, 
3, 5. There are four firing orders which will be ex­
plained farther on. 

80 

~ •u_;1oGo, ";'•· "',• ~..,. "'r" 
Fig. 7. A right-band six-cylinder crank shaft is determined 

by noting (from the front end of the shaft) the position of 
the center throws, 3 and 4 to 1 and 6. If they arc to the right 
of 1 and 6, as shown in Fig. 7, then it would be :i. righlrhnnd 
crank (,~ew from front). Being a ri11ht-hand crank, therefore, 
it will fire 1, 5, 3, 6. 2, 4, or 1, 2, 4, 6, 5, 3. 

''t 

Fig. 8. A left-band six-cylinder crank shaft. Note that 
3 and 4 throws are to the left of 1 and 6, when lookin.g flt the 
crank shaft from the front eni.t Therefore it would fire 1, 4, 
2, 6, 3, 6, or 1, a, 5, 61 4:, a. 
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The number of bearings for the six-cylinder crank 
shaft may be three, five, or seven. Three or five bear­
ings is the usual number. Fig. 7 shows a seven­
bearing six-cylinder crank shaft which is unusual and 
Fig. 8, a three-bearing crank which is in general use. 

Carburetion: A six-cylinder engine usuaily requires 
special intake pipes and a double or multiple jet type 
of carburetor to meet the demand of the multiple of 
cylinders and the distance which the carburetted gas 
must travel. 

The timing of six-cylinder valves is identical with 
that of the four. The process is gone through with 
iu just the same manner. It is only necessary to time 
with the exhaust valve closing on the first cylinder on 
the "L" type, and with the exhaust valve closing on 
exhaust side and the inlet opening on inlet side on the 
"T"-head type. 

Fig. SA. One method of balancing a six-cylinder crank shaft. 

Counter-balance weights are sometimes applied to 
a she-cylinder crank shaft to relieve the "whip" or 
vibration at high speeds. Fig. 8A above shows the 
counter-balance weights (CW) electrically welded to 
the crank-shaft arms. 

There are six power impulses or explosions during 
two revolutions of the crank shaft. 

Another type of six-cylinder engine is the engine used on 
the Rump)er, a German make of car. This engine uses three 
pairs of cylinders placed 60° apart. One pair of cylinders is 
set vertically over the crank shaft, and there is a pair of 
cylinders placed at an angle of 60° on each side. 

Firing Order of a Six-Cylinder "·Right"-Haud 
Crank 

The throws of a si....:-cylinder crank shaft are divided 
into three positio11s, or 120° apart. 

1 and 6 are always in line 
3 and 4 are always in line 
2 and 5 a.re always in line 

They may be placed to the right or the left, as shown 
in Figs. 9 and IO. 

In Fig. 9, the.first firing order is 1, 5, 3, 6, 2, 4 (it could 
also be 1, 2, 4, 6, 5, 3). 

No. 
When 
1 Piston is No. 4 Piston is No. 2 Piston is 
When 

No. 1 Pist.on is No. 5 Piston is c'<o. 3 Piston is 

TOP ON 
1/3 of a 

revolut.ion from 
1/3 of a 

revolution fro1u 
FIRING top of up com-

i~e.i~ .~~~r~ prcssion stroke 
1/3 of ,i, 

revolution from TOP ON 
1/3 of a 

revolution from 
to{> on down FIRING top on up com-
firing stroke pression stroke 

1/u
3 of a 1/3 of a 

revo ution from revolution from TOP 
t..op on up exbaust top on down FIRING 

stroke firing·stroke 
1/3 of a lt3 of a 

Top on revolution from revolution from 
Exhaust top on up top on down 

exhaust stroke firing stroke 
1/3 of a 1/3 of a 

revolution from Top on rcvolut.ion from 
top on down Exhaust top on up 
intake stroke exhaust stroke 

I 1/3 of a 1/3 of a 

I 
revolution from revolution from Top on 
top on up com- top on down Exhaust 
pression stroke intake stroke 

Fig. 9, right-hand crank shaft shows pistons 1 and 
6 up. If No. 1 starts down on "nring," No. 5 would be 
coming up on compression, as it would fire next. No. 
3 would be 120° behind No. 5 and would fire nell.-t. No. 
6 being 120° behind No. 3, it would fire next, then No. 
2, then No. 4. 

For the second firing order (1, 2, 4, 6, 5, 3) start wi.t'1 
No. 1, then 2, 4, 6, 5, and 3 {Fig. 9). 

Note. The view is from the front of the engine. Although. 
the pistotll! are shown out of line, this is necessary in order for 
the reader to understand the relative positions, one to the oth.,, 
\Vhcn in cylinders, they are all in line and the connecting roue 
are out of line. 

Fig. 9 Fig. 10 

Firing Order of a Six-Cylinder "Left"-Hand 
Crank 

In Fig. 10 first firing order is 1, 4, 2, 6, 3, 5 (it could 
be 1, 3, 5, 6, 4. 2). If No. 1 starts down on firing, No. 4 
would fire nell.-t, then No. 2, then 6, 3, and 5 in their 
respective order. 

For the second firing order (1, 3, 5, 6, 4, 2), sta.rt 
with No. 1, then No. 3, 5, 6, 4 and 2 (Fig. 10). 

Relation of One Piston to the Othe1·s for Two 
Firing Orders of a Six-Cylinder Engine 

The chart below shows what action is taking place 
in the cylinders, when the engine is firing 1, 4, 2, 6, 3, 5 
(top row and Fig. 10), and when firing 1, 5, 3, 6, 2, 4 
(second row of figures and Fig. 9). 

No. 6 Piston is No. 3 Piston is No. 5 Piston is 

No. 6 Piston i~ :sf o. 2 Piston i, No. 4-Piston is 
1/3 of a 1/3 of a 

Top on revolution from revolution from 
Exhaust top on up I.0{> on down 

exhaust stroke finng stroke 
1/3 of"' 1/3 of ,i, 

revolution from Top on revolution from 
t-op on down Exl:iaust top on up 
intake stroke exhaust 

1/3 of a 1/3 of a ·-

revolution from revolution from Top on 
top on up com- top on down Exhaust 
pression stroke intake stroke 

1/3 of a l/3 of a 
TOP revolution from revolution from 

FIRING top on up com- top on down 
preS$ion stroke intake stroke 

1/3 of a 1/3 of a 
revolution from TOP revolution from 

top on down FIRING top on up com-
firing stroke pression stroke 

1/3 of a 1/3 of a 
revolution from revolution from TOP 

top on up to,;, on down FIRING 
exhaust stroke firing stroke j 
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THE EIGHT-CYLINDER' "V"-TYPE ENGINE 

The advantage of a multiple-cylinder engine is prin­
cipally in the flexibility of control, by which is meant 
quick acceleration o.r quick pick up of the engine from 
slow to fast speed, the absence of gear shifting, and a 
more perfect control. The .more cylinders firing or 
"lapping," the more flexible the control, or in other 
words, the power impulses are more frequent. In fact, 
the more cylinders, the more the lappin~ of one.firing 
impulse with another, or the more cylinders are on 
power stroke at the same time. Thus we obtain a 
more even torque, or steady stream of power impulses. 

There are two types of eight-cylinder engines: 
(1) the "straight-eight"; (2) the "V-type eight." 

The straight-eight cylinders are vertical and all in 
a straight line. The Duesenberg and Packard 
straight-eight engines are examples of this type 
(see page 45 for crankshaft an-angement). This 
type of engine will no doubt be used extensively in 
the future. Heretofore the disadvantage has been 
in a long crankshaft and extra bearings. 

The V-type engine bas cylinders arranged in two 
sets of four opposite to each other, at an angl~ of 
90° on the Cadillac and 60° on the Lincoln and Wills 
St. Claire. 

Crank shaft: Arranged in this way ("V"-type), the 
eight-cylinder engine is no longer than a four-cylinder 
one of equal bore. As compared with a six, it has about 
30 per cent less length, resulting in a shorter crank 
case-a weight-reduction factor. In addition, its 
crank shaft is of the same form as that of a four, the 
throws being all in one plane; whereas those of a six 
crank shaft are in three planes, which is a more difficult 
manufactu1ing job. Furthermore, the shorter shaft is 
less given to periodic vibration. The cam shaft is also 
shorter and less prone to whipping. 

Let us next consider the cylinder and connecting-rod 
arrangement of the eight "V"-tyI>e cylinder engine. 
Where the cylinders are "opposite," this means the 
lower end of the connecting rod is "yoked." The 
cylinders are in line with the opposite cylinders when 
looking from the side of the engine. 

Where the cylinders are· "staggered," this means 
that the lower ends of the connecting rods are not to­
gether but are "side by side" on the same crank-shaft 
bearing. This necessitates the cylinders on one side 
being placed a Ii ttle to the side, or not exactly in line 
with the opposite cylinder when looking from the side 
of engine. This arrangement is termed "staggered." 

The cam shafts on the eight "V"-engine may be one 
or two. The majority use one. The Cadillac uses a 
cam shaft with eight cams operating the sixteen valves, 
whereas some of the other eight "V"-type engines use 
one cam shaft with sixteen cams (one for each valve). 

Example of an Eight-Cylinder "V"-TypeEngine 
As an example of an eight-cylinder engine and its. 

construct.ion, the (type 51-55) Cadillac make is 
shown in the following illustrations. 

Although a later model Cadillac is somewhat differ-· 
ent in minor construction details, the illustrations of 
the model given will furnish a good general idea as to 
how a modern eight-cylinder engine is constrncted. 

On the later model Cadillac. the engine is of the same bore 
and stroke as formerly: 3 ¼" bore by 5 ¼" stroke; piston dis­
placement 314 cubic inches. Cylinder heads are now detach­
able. It is no longer necessary to remove the radiator to take 
out t.he water strainer between the radiator n.nd water pump. 
Other changes also have heen made. 

The front end of the Cadillac eight-cylinder engine 
is shown in Fig. 11. There are two ~roups of cylinders, 
each of a block casting of four cylinders, mounted at 
90° to each other on an aluminum crank case. The, 
cylinders are 3½" bore and 5½" stroke. The piston 

Fig. 11. Front view of an eight-cylinder "V"-type engine. 

displac~ment is 314 cubic inches; the horse-power 
rat10g 1s 31.25. In dynamometer tests the engine 
shows 70 h. p. at 2400 r. p. m. 

The crank shaft is identical in design with that used 
in a four-cylinder engine, and the cam shaft carries the 
same number of cams as in a four-cylinder design. 
This engine weighs approximately 60 pounds less than 
the former four-cylinder Cadillac engine of equal horse­
power. There is but on·a carburetor used. 

Each of the two cylinder castings contains four L­
shaped cylinders with detachable heads. 

The exhaust valves are of the conventional poppet 
shape. The inlet valve on the early models (as shown 
in I<'ig .. 11), was of the "tulip" shape. This is not now 
used. Over each cylinder is a removable cap which 
gives access to the water jacket and to the combustion 
chamber. Between the second and third cylinder in 
each block the breather pipe is brought up through the 
cylinder casting (now on the valve cover plates). In 
r~ar of the fan is the power tire pump fo:t tire infla­
t10n (now bolted to right-hand side of the transmission 
case). 

-~~~ 
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EACH BLOOI OF t~UN: 
DERS REPRESENT AN 
"t:T'IPf 4e<L.El'IGINf 

~ 

Fig. 12 

Fig. 12. Valve-operating mechanism of the eight cylio,Jer 
"V"-type engine (Fig. 11), 

A cross-section view of the engine with the cylinder 
mounted in two groups of four cylinders each at an 
angle of 45° from vertical center, or 90° from cylinder 
centers is shown in Fig. 12. 
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The single cam shaft is located directly above the 

crank shaft, and the means whereby one cam operates 
tbe two intake valves for the opposite cylinders is 
shown. • 

The valve operating mechanism is shown in Figs. 12 • 
and 12A. Note how one cam operates two opposite 
valves. The cam bears against the rollers (R) at the 
ends of the small arms which are _pivoted to the plate 
above, and which are interposed between the ends of 
the push rods and the cams, so that the lift will be 
straight upward instead of having a side thrust. 

Adjustment of valve clearance is obtained in the 
usual way by lengtheniniJ the tappet (T). The upper 
part of the tappet screws mto the lower and the two are 
locked by a nut. The position of the cylinders makes 
the valves easily accessible. 

Fig. 13. Note the silent chain of the engine front-end drive 
from crank shaft to cam shaft and i;cnerator shaft. In the 
later models of the Cadillac the distributor is not mounkd on 
jbe i;:encrator housing, as shown, but is mounted behind the 
tan housing. 

Note the single cam shaft shown in Fig. 13. There 
<1re eight cams which operate the si>..-teen valves (eight 
tnlet and eight exhaust valves). Each cam operates 
two valves through the rollers shown on opposite sides 
(Fig. 12A). The shaft is canied on five bearings. 

On another make of"V"-type engine, there are two 
cam shafts. This permits the direct opening of valves 
without the rocker arms between cams and tappets, 
and also permits any desired timing. 

The front-end drive system is shown in Fig. 13. 
Note the two silent chains, one driving the cam shaft; 
the other is driven from the cam shaft which drives the 
Delco electric system. There are two water pumps on 
the cross-shaft below the crank shaft, and this shaft in 
turn drives the gear-type oil pump. The tire pump 
was formerly driven by a spur gear, as shown, but 1s 

. now driven from the side of the transmission and is 
driven by a sliding gear. 

Crank shaft: A three-bearing crank shaft is used, 
with the throws at 180°, as in a four-cylinder design. 

Connecting rods are "yoked." Two connecting rods 
attach to each crank pin, this being made possible by 
having one connecting rod with a split or forked lower 
end, and the other with a single end to fit between the 
forks; this is called the "yoked" design. 

Note how the two connecting rods are attached to 
one bearing in Fig. 14. The outer connecting rod 
fastens to the outer ends of the split bushing with a 
.two-bolt cap for each arm of the yoke. The bushing 
is fixed to this rod by pins. 

The other, or inner connecting rod goes between the 
~wo arms of the yoke, as shown by tbe dotted outline. 

OIJTER OOl'<.ROO {;s><ADEO) 
IS 'COKED. NOTE.'( SAAPE' 

INNER CO"I, ROO 
~HOWN. IN DOTTED 

CINE,>)JS 

,NOT YO• 
,/, KEO 

.// 

Fig. 14 

This inner rod is free to move on the bushing. There­
fore, the bearin~ for the yoke-end rod is the inner sur­
face of the bushing against the shaft

1 
while that of the 

inner rod is the outer surface of the oushing. 

Fig. 15 

Lubrication: The oil pump draws the oil up from the 
reservoir and forces it through the pipe running along 
the inside of the crank case (Fig. 15). Leads run from 
this pipe to the crank-sha~ main bearing and thence 
through drilled holes in the shaft and webs to the rod 
bearings. It also is forced from the reservoir pipe up to 
the pressure valve, which maintains a uniform pressure 
above certain speeds, and then overflows from this 
valve to a pipe extending parallel with and above the 
cam shaft. Leads from this latter pipe carry the oil by 
gravity to the cam-shaft bearings and chains. Pistons, 
cylinders, etc., are lubricated by the overflow thrown 
from the rods. 

00°e0 
__ l. -~ .&.IR•·---- SOl.1ME UN_!_#_,,_, 

l:.liCI.IN.i; -b..l"IPl!•L.Efl S10oe 

Fig. 16. Diagram showing the general arrangement of the 
fuel, water, and exhaust systems of the Cndillao cliassis. There 
are two exhausts and two mufflers, one for e.ach set of cylinders; 
while the gasoline is fe<l by pressure to the carburetor, which 
is between the two cylinder blocks. The air-pressure pump 
for forcing the fuel is at the front of the engine. There are 
two water pumps and two sets of water connections to the 
radiator. Carburetion and thermostat cooling are e,cplained 
in the section on "Carburetion and Cooling." 

Firing-Order on an Eight-Cylinder "V"-Type 
Engine 

The firing order of an eight-cylinder "V"-type 
engine is shown in Fig. 17. 

On a "V"-type engine (Fig. 17) the right and left 
block of cylinders is the right and left sides observed 
when seated in the car. Therefore cylinder IL would 
mean No. 1 cylinder of the left block, beginning with 
the front of the engine; No. 4 cylinder would be the 
rear cylinder. • 

The figures 1 to 8 at the side of each block represent 
the order in which the cylinders fire and do not refer 
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Fig. 17 

I.EFT 
Br..OCK 

to cylinder numbers. Therefore note that.No. lL fires 
first, then 2R, 3L, lR, 4L, 3R, 2L, 4R. 

Relative position of pistons: By observing pision 
No.1 (Fig. 17), which is now ready to start down on 
its power stroke, or just commencing its working strcke, 
just what is taking place in all other cylinders can be 
seen by referring to the following: 

IL: Just starting down on power stroke. 
2R: Going up on compression; it will lire next. 
3L: Just starting up on compression; it will fir~ after No. 2 

cylinder 2 R.. 
1ft: Going down on suction. 
1L: Just starting down on suction. 
3R: Going up on exhaust. 
2L: Just starting up on exhaust. 
4R: Going down on power. 

It will be observed-that No.1 L and 4R will both be 
on power stroke; No. 2R and 3L on compression; No. 
lR and 4L on suction; No. 3R and 2L on exhaust, for 
a certain period of time, which is termed "lapping" of 
strokes. 

THE TWELVE-CYLINDER "V"-:TYPE OR "TWIN SIX" ENGINE 

The twelve-cylinder engine i-, referred to in this 
instruction as either a "twelve-cylinder" or a "twin 
six." Manufacturers use both terms. Literally, a 
twelve-cylinder engine would mean a type of engine 
having twelve cylinders placed in line on a crank shaft 
having twelve throws. 

The "twin six" or twelve-cylinder "V" engine term, 
to be exact, consists of two sets of six cylinders placed 
at an angle of 60° over a regular six-cylinder crank 
shaft with six "throws" of the crank. 

Note. The Liberty engine cylinders are at nn nngle of 45°. 

Therefore, if the reader thoroughly understands the 
six-cylinder engine, it will not be a difficult matter to 
understand the twelve-cylinder "V"-type. 

Before proceeding with the explanation of the "twin 
six," refer to the illustrations (Figs. 18, 19, and 20), 
and note the different angles in which cylinders are 
placed. Note, too, the evolution of raising the 
cylinders from 180° to 60°. 

Fig. 18 represents the two-crtinder opposed type of e11gine 
with cylinders 180° apart. l•'inng impulse every 360° of crank-
shaft movement. • 

Fig. 19 represents the eight-cylinder engine with cylinders 
placed 00° o.part. Firing: impulse every 90° of crank move-
1rient. 

Fig. 20 reprcsent-s the twelve-cylinder cnginc with cylinders 
placed 60° apart. Firing impulse every 60° of crank move­
ment. 

Construction: As previously stated, by placing six 
more cylinders on a. six-cylinder crank case and placing 
them ''V''-type, at an angle of 60°, the same crank 
shaft and practically the same crankcase can be ut.il­
ized without _materially increasing the size or weight 
of the engine, the addition being merely another set 
of cylinders and connecting rods. 

The "twin six" engine offers more evenly divided 
impulses than the eight. Two cyliuders are workmv; 

together at all times, and part of the time three are 
working together. 

On the eight-cylinder "V"-type, cylinders are set at 
an angle of 90° or one-half the distance of firing of 
the four cylinders. In other words a four-cylinder 
fires every 180°, and by setting cylinders at 90° we get 
an impulse every 90°. 

A six-cylinder engine fires every 120°. Therefore on 
a twelve-cylinder "V"-engine, we would place cylinders 
at an angle of one-half of 120°, which would be 60° 
instead of 90°, and thus get a firing impulse at every 
60° movement of the crank shaft, 

Firing order: The crank shaft of a "twin six" is a 
regular six-cylinder crank shaft. The crank may be 
a right-hand crank or a left-hand, as explained. The 
firing order of a "twin six" would then be the same as a. 
"six," that is, if we consider each block of cylinder~ on 
a twin six as a separnte six-cylinder engine. 

7 

II 

.9 

5 

rQONT 

6., 

4 

12F1•£SUSI' 

Fig. 2L lf we consider each side as a separate six-cylinder 
engine\,the firing order would be 1, •1, 2, S, 3, 5 on each side. 
Note t e crank shan-

6 
the throws land 6, 2 and li, 3 and 4 are 

in line. This would e a left-band crank shaft. 

Taking each side separately as if a separate six­
cylinder engine with the firing order 1, 4, 2, 6, 3, 5, note 
that the right block (Fig. 21)J..starting from front, would 
lire, lR, 4R, 2R, 6R, 3R, 5.K. Now start a.t the rear 
of the left block, 6L, 3L, 5L, IL, 4L, 2L. If the cylin­
ders ware numbered from-the rear, on the left block, as 
IL, 2L, 3L, etc., the firing order would be IL, 4L, 2L, 
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6L, 3L, 5L, the same as the right block, but from 
rear to front. 

Combining the two six-cylinder engines, the firing 
order of the "twin-six" engme would be as shown in 
Fig. 21. 

The figures outside of the circles indicate the order in which 
the cylinders fire on the Packard twin six. lR fires first, then 
6L, then 4R, 3L, 2R, 5L, 6R, lL, 3R 4L, 5R, 2L. 

&.o.:i~ 7 

~~O.,:~ II 

~.~:,~~ 
rr.o~T OFttu;lf"lf 

Fig. 22 
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The relative position of the pistons and what is taking 
place in each cylinder when cylinder IR is just starting 
its power stroke is shown in Fig. 22. 

The crank pins are 120° apart, whereas the firing 
impulses are 60° apart. 

The order in which the cylinders fire is designated 
by the numbers outside of the cylinders, in heavy type. 

Note the position of the pistons when No. IR is just 
ready to. go down on power. 

Laps of power strokes: Remembering that the 
exhaust valves open 46° before bottom dead center, 
which is the same as saying that they open 134° 
after top dead center, let us see how the cylinders 
work together. 

In Fig. 23, cylinder IR has just fired, therefore it 
is delivering power. Cylinder 6L has completed 
120° of its compression stroke. Cylinder 4R has 
completed only 60° of its compression stroke. 

Fig. 23 Fig. 2-1 

Let us now examine the engine after the crank 
shaft has revolved 60° to the position shown in Fig. 
24. Cylinder IR has completed 60° of its power 
stroke and is still delivering power. Cylinder 6L 
has fully completed its compression stroke and now 
fires; thus both cylinders IR and 6L a.re delivering 
power. Cylinder 4R has now completed 120° of its 
compression stroke. 

Let us now examine the engine after the crank 
shaft has revolved another 60° to the position shown 
in Fig. 25. Cylinder IR has completed 120° of its 
power stroke and is still delivering power. Cylinder 

6L has completed 60° of its power stroke and is still 
delivering power. Cylinder 4R has now completed 
its compression stroke; it .fires and therefore it is 
also delivering power. Therefore, at this point all 
three cylinders are delivering -power. 

Fig_ 25 Fig. 26 

Let us now examine the engine after the crank 
shaft has revolved another 14° to the position shown 
in Fig. 26. Cylinder IR has now completed 134° 
of its power stroke and, at this time, the exhaust 
valve opens so that it has just stopped delivering 
power. Cylinder 6L has completed 74° of its power 
stroke a.nd is still delivering power. Cylinder 4R 
has completed 14° of its power stroke and is still 
delivering power. Thus we see that dw-ing 14° of 
crank-shaft rotation (the time involved while going 
from the position shown in Fig. 25 to the position 
in Fig. 26), we had all three cylinders delivering 
power, but at the instant shown in Fig. 26, only two 
cylinders are delivering power. 

These two cylinders will carry the load alone until 
the crank shaft has revolved anothet 46° after 
which, cylinder 3L will start to fire, while cylinders 
6L and 4R are still delivering power. Thus it is 
seen that the revolution of the crank shaft is made 
up of alternate intervals of 14° during which three 
cylinders are delivering power, and of intervals of 
46° during which two cylinders are delivering power. 

The cylinders on the Packard are staggered (~ee 
Fig. 21). Note that the left cylinders set ahead of the 
right. This is in order that the connecting rods may 
be placed "side by side" on the crank pin instead of 
being "yoked." 

The cam shaft: One cam shaft with a separate crun 
for each valve is used. 

Fig. 27. End sectional view of Packar<l •itv,dn six" engine. 
Cylinder lR is oo• down on power while OL is on dead center. 
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Name of Parts 
1 Valve-cover stud-nut 

assembly. 
2 Valve-exhaust. 
3 Valve-stem guide. 
4 Valve spring. 
5 Valve-spring collar. 
6 Vr.lve-spring collar key. 
7 Valve roller-holder 

screw. 
8 Valve roller-holder 

screw check nut. 
9 Valve roller-holder 

screw plate. 
10 Piston pin. 
11 Connecting rod. 
l 2 Valve roller-holder 

guide yoke. 
13 Valve roller-holder 

guide. 
14 Valve roller-holder 

and roller assembly. 
1,5 Crank case upper to 

lower stud nut. 
16 Crank-case overflow 

valve stud nut. 
17 Crank-case overflow 

valve spring. 
18 Crank-shaft oil thrower. 
19 Fan driving pulley key. 
20 Cam-ahart spiral geart 

front. 
21 Cam-shalt sprocket. 
22 Distributor driving 

shalt nut. 
23 Distributor driving 

shalt gear. 
24 Distributor driving 

shaft; 
25 Cam-shttft driving 

chain. 
26 Cam-shaft driving 

chain oil tube as­
sembly. 

27 Gasoline power-pressure 
pump eccentric lock. 

28 Gaso)ine powcr•prcssurc 
pump eccentric. 

29 Mot.or-generator 
sprocket eccentric. 

30 Motor-generator 
sprocket e.oupling. 
female. 

3t Cam-sbaft driving 
chain oil tube flange 
nut. 

~ 

I 
29 zsd 

26 2S 
Z4 

32 Distributor driving 
shalt bushing, upper. 

33 Cylinder water-iaekct 
plate. 

2JZI. 21 lO j 

34 Cylinder wnter-iacket 
plate screw. 

Fit;. 28. Front sectional view of Packa.rd twin-six e~gine 
model ·'3-25" and "3-35." Four-cycle type with two blocks 
of "L"-head cylinders bolted to the crank case at an inclined 
nngle of 60°. The cylinder bore is 3" and the stroke 5". The 
left block is set 1 ¼" ahend of the right block to permit the 
lower end connecting rod bearings from opposite cylinders 
bcing placed side by side on the same crank pin. This 
arrangement also permits the use of a single cam shaft with a 
separate cam for each valve operating directly on the valve 
push-rod roller. 

Compression in all cylinders should be equal and up to the 
standard. Weakness or loss of compression is most probably 
due to imperfectly seated valves, which ma.y be caused by 
insufficient clearance between the valve stems and lilt rods, 
carbon deposits on the valve seats, or sticky valve stems and 
gUides. Compression should be tested for uniformity in all 
cylinders at regula.r intervals. 

To test the compression in a cylinder, remove the spark plug 
and replace it with a standard eompre.'!Sion gauge. Then with 
the ignition switch off and pet cocks in nil cylinders closed, 
crank the motor, using the electric starter. At cranking speed 
with the engine cold, the gauge should register 7 5 pounds plus 
or minus 3 pounda with tho throttle 'l'o-ide open. 

19 18 

Fig. 28 

A change in the setting of the cam shaft is possible only by 
removal or disam:mgcmeot of the front end chain. Adjust­
ments to the chain do not affect the valve timing. 

In resetting the cam shaft, the arrows on both the crnnk­
shnfl and cam-shalt gears should point directly upward and 
should be in line with the arrow on the front end cover foce of 
the engine. In this position, the inscription on the fly wheel, 
"exhaust closes 1 and 6-R," will be on the top dead center line 
of the engine, which is the center between the two cylinder 
blocks, and No. 1 right piston will be in the firing position. 

The main and connecting rod bearings are of the babbitt-­
faced bronze type. The bearin)!s arc set with a .0015" to .002" 
clearance and are consequently flooded with a.film of oil between 
the shalt and the bearing surface, making adjustment for wear 
necessary only at long intervals. 

To grind the valves disconnect the carburetor inlet manifold 
and spark plug connections and remove the cylinder heads. 

Valve clearance: Inlet and exhaust valves should have .004" 
o)ea.ra.nce between valve stem and roller~holder set screw when 
the engine is cold. Be sure that the valve is fully seated when 
measuring clearance. 

The vibration damper on the front end of the crank shaft 
should be adjusted to slip under a pull of approximately 140 lbs. 
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COMPARISON OF THE LAPS OF FIRING OR POWER STROKES OF A 4, 6, 8, AND 
12-CYLINDER ENGINE 

The eight and twelve-cylinder engines are "V"-type. 
The diagrams shown below as an example are based on 
the exhaust valve opening 46° before bottom. The 
point of the exhaust valve opening varies. However, 
the comparison would be the same. • 

Four-Cylinder Lap of Power Strokes 

On a four-cylinder engine a power impulse occurs 
every 180°, or half-revolution, or four impulses during 
two revolutions of the crank shaft. There are four 
periods of 46° travel, or 184° in all, during the four 
strnkes, in which there is no power impulse. 

~ perio_d~ of 46° there is no power 
:._ ,aoo :•; :•·, i ~: :4,~ 
I 0~ ~4'!! ~~ ~46~ 
f-'-134~~: :~: tuf !o;i 
, gi ::i: ft;i • :~: 
:•At111Ai.W0'4.l~ir:~!•··••:i I~: :i: 
: :~: :~ 5: :~; 

lo(r ,z:1 :~••··.;: . :a: : : :i. ·'°\ 
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:PtSTOH s TROK£•1~1sroN STRO~E •z(p1sro11 STROKE• 3 iPtSTOij Jnorc• +l 
Fig. 1. 4~cylinder powe.r-stroke p~riods. • 

Note in Fig. 1 that if piston No. 1 is firing, it does not 
travel its full stroke with a crank movement of 180° on 
power, because the exhaust valve starts to open, say 
46°, before it reaches the bottom of its stroke, therefore 
it really travels but 134° on its power stroke. Conse­
quently,before the next piston fires there is a gap of 46°. 

Therefore, in a four-cylinder enipne there are four 
periods ofl34° when one ·cylinder 1s firing or working 
under a power impulse, and four periods of 46° when 
no cylinder is firmg or working. The fly wh:eel must 
then take the pistons over center during the "no" work­
ing strokes. 

Six-Cylinder Lap of Power Strokes 

On the six-cylinder engine there is a power impulse 
every 120°, or one-third revolution of the crank shaft, 
or si..x power impulses during the two revolutions. 

Each piston is working on all of its stroke of 180°, 
except 46°, leaving 134° actually working. 

~• travel when -&wo cy!mders.work together.:. 
l ,•441j ~i\,6• t•i,~, - ~,4(,, ?[.~~ ;f~,1 
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Fig. 2, 6-cylinder lap of power strokes. 

The second cylinder to fire starts to work 120° after 
the first starts to work (Fig. 2), and works 14° before 
the exhaust opens or the impulse ends on the first 
cylinder. Consequently there is no idle space between 
the firing of the cylinders, but quite the reverse, for 
there is a ''lapping" of power strokes. 

Thus, there a.re, during the two revolutions of the 
crank shaft,six periods of 106° travel when one cylinder 
is working alone, and six periods of 14 ° travel when two 
cylinders are working together. 

Therefore, 7/60ths of the time two cylinders are 
workin~ together and 53/60tbs of the time one cylinder 
is working alone. • 

The Eight "V"-Cylinder Lap of Powel· Strokes 
The eight-cylinder ''V"-type engine with cylinders 

90° apart would act very much the same as a four­
cylinder engine, if we consider each block separately. 

There are eight power impulses or explosions dming 
-each cycle of two revolutions of the crank shaft. In 
other words, the four strokes of two revolutions are 
just the same as in a four, but there are eight power 
impulses or explosions during these two !'evolutions. 
There is a pow·er impulse every quarter turn (90° move­
ment) of the crank shaft, and thus there is no intermis­
sion between them, but rather an "overlapping" so 
complete that the turning effort is practically constant. 

When one cylinder (Fig. 3) is firing, it would travel 
134° on the power stroke, at which time the exhaust 
valve opens ( 46° before bottom, as an example). 

Fig. 3. 8-cylinder lap of power strokes. 

The second cylinder starts to fire 90° after the first, 
and moves for 134 ° before its exhaust valve starts to 
open. 

Therefore there are, dUl'ing the fciur strokes, or two 
revolutions of the crank shaft, eight periods of 44° 
travel when two pistons are working together, and eight 
~riods of 46° travel when one piston is working alone. 
rherefore 22-45ths of the time two cylinders are work-· 
ing together and 23-45ths of the time one cylinder is 
working alone. 

Twelve-Cylinder Lap of Power Strokes 

With the twelve-cylinder "V"-type engine with 
cylinders 60° apart, there are twelve power impulses 
during two revolutions of the crank shaft. There is a 
po_wer impulse every 60° movement of the crank shaft. 

When one cylinder is firing, it travels the same as 
those previously described, namely, 134° before the 
exhaust valve opens; it then continues for 46° more, 
till it reaches the end of its exhaust stroke. 

l~ degr~fsiS cylln~ers 'lt0!'k, ifgetbllr, 1 , 
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Fig. 4. 12-cylinder lap of power strokes (only part is shown). 
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When the first cylinder fires (Fig. 4), and the piston 
has traveled only 60°, the second cylinder fires and joins 
No. 1; they then work together for a period of another 
60°, when the third cylinder fires and joins No. 1 and 2. 
Now No. 1 has still 14° to travel before its exhaust valve 
opens; consequentlv the three work together until that 
occurs. 

At the 134° point No. 1 cuts out and Nos. 2 and 3 
work together for a period of 46° when No. 4 fires and 
joins them, and so it continues throughout the cycle. 

Thus with every 60° movement of the crank shaft there 
is a period of 14°, during which three cylinders work 
together; or, in one complete revolution of the crank, 
or 360° movement., there will be six periods of 14° when 
three cylinders work together, and six periods of 46° 
alternating with these, when two cylinders work 
together. Therefore there are, during two revolu­
tions of the crank shaft, twelve periods of 14° travel 
when three cilinders are working together and twelve 
periods of 46 travel when two cylinders are working 
together. 

THE SLEEVE-VALVE ENGINE (STEARNS-KNIGHT AS AN EXAMPLE) 

The sleeve-valve engine differs from any other four­
cycle engine only in its method of admitting and ex­
liausting the gas.1 

The sleeve valves: Instead of raising and lowering 
the poppet valves, to admit and expel the gas, there are 
two sleeves with ports or slots in them. At certain 
times, these ports on the same side of the cylinder 
come in line, as shown in Figs. 1 and lA and Fjgs. A 
to F. These sleeves take the place of valves. 

The openings occur at the proper time, in a similar 
manner to the opening and closing of any other valves. 
That is to say, the exhaust opens once during the four 
strokes and the inlet opens once during the four strokes 
of the piston. The sleeves of course sliding up and 
down cause this opening and closing. 

The sliding shells or sleeves of each cylinder have a. 
relatively short stroke, about 1 inch, and are driven 
by two short connecting rods or side-arms working off 
a lay crank shaft, or eccentric shaft, the cranks having 
a very small throw. 

Eccentric shaft: The sleeves are caused to slide up 
and down by an eccentric shaft (ES), which takes the 
place of a cam shaft, and which has eccentrics raising 
and lowering small connecting rods (OS and IS, Figs. 
1 and A to F). This eccentric shaft is driven by a chain 
from a sprocket on the crank shaft of the engine. It 

is driven at the same speed as any other cam shaft, i.e., 
one-half the speed of the engine crank. 

The eccentric pin operating the inner sleeve is given 
a certain le~d or advance over ~hat operating; the outer 
sleeve.. This lead, together with the rotation of the 
eccentric shaft at half the crank-shaft SJJeed, produces 
the valve action illustrated in Figs. A to F, which shows 
the relative position of the piston, sleeves, and cylinder 
ports at various points in the rotation of crank shaft. 

Valve timing: The timing shown in Figs. A to Fis not, 
different from that ordinarily used in poppet-valve 
engines, but the valve area is greater than that of an 
ordinary poppet valve. The equivalent of increased 
valve area is gained also by the directness of the valve 
opening and the absence of restrictions in gas passages. 

Compression or junk ring: The sliding sleeves end 
right up in the deep cone~haped combustion head, 
which is a detachable unit. This head is of a special 
design, inasmuch as it is provided with a set of piston 
rings, three narrow and one double, the latter being 
specially wide and termed .the compression or junk 
ring. These rings prevent any escape of pressure in 
an upward direction. 

Piston rings: The usual set of three rings on the 
working piston maintain pressure tightness in lower 
direction. 

The main principle of this engine (made under 
Knight's patent) is the substitution of sliding valves 
for the usual poppet or tappet valves. The sliding 
valves consist of two concentric shells of cast iron 
accurately turned, working in between the driving 
piston and the cylinder walls. These shells have 
two series of lar~e area ports or slots cut in the upper 
ends, which regISter together at the required insta11 t 
in the respective strokes of the piston. One pair 
of slots forms the inlets and the other pair the 
exhaus~s. 

Setting ignition: Set cylinder No. 1 piston on top 
of compression. Retard contact-breaker box on 
Bosch magneto. Set points on interrupter just 
breaking. There is a mark on the flywheel which, 
when lined up with the mark on the cylinder, will 
show when 1 and 6 or 1 and 4 are up. Firing order 
on the six is 1, 5, 3, 6, 2, 4 and 1, 3, 4, 2 on the 
fom. 

1 The sleeve valve engine sno,vn and explained on this pa.ge 
has double-sleeve valves. Another sleeve valve engine (not 
shown) is the single-sleeve valve engine, known as the Argyll. 
or Burt-McCollum engine, the rights of which have been ur­
quircd by the Continent-al Motors Corpn., Detroit, Mich. A 
single-sleeve valve, cylindrical in form, fits in the cylinder bore 
between tho piston and cylinder wall. This sleeve bas a number 
of specially shaped ports at the top and a single universal driving 
connection at the bottom. The sleeve is actuated by a cross­
shaft consisting of a disk with an eccentric pin on the end engag­
ing in the universal joint at the bottom of the sleeve. There are 
four ports in the cylinder; two inlet and two exhaust, but there 
are. only three ports in the-slec'\~e. During the inlet stroke. the 
middle port of the sleeve uncovers one of the two inlet porh 
and on the last stroke of the cycle it uncovers one of the two 
exhaust ports. 
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Junk ring to hold c-0mprcssion 

Water.jacket in cylinder hca 

Intake ports in cylinder and sleeves 

Silent chain drive 
eccentric sha.f 

Silcn1 chain riv f 
gcncraior s 

~"'\Ccting rod operating 
ter sleeve 

nnccting rod operaling 
ncr sleeve 

li'ig. lA. Side view showing a partly sectional view and front-end drive system of the Steams-Knight sleeve-valve engine. 

ExplanalionofValve Opening and Closing, and 
Firing Order (Stearns-Knight Sb:­

Cylinder Engine as an Example) 

CRANI( 

SHAFT 
GEAR/ 
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STSTART­
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Fig.A Fig. B 

The eccentric shaft sprocket (ES, Fig. A) is twice the size of 
crank-shaft sprocket. It therefore revolves nt one-half the 
speed of the crank shaft, the same ns any cam shaJt. (OS) 
means outer sleeve and (IS) inner sleeve eccentric rod. 

The motion of the eccentric rods (OS) nnd (IS) is controlled 
by nn eccentric on a shaft driven by sprockets. 

Firing order, 1, 5, 3, 6, 2, 4. View is from front of engine. 

The "ports" nre tho openings in the sleeves and cylinders. 

In Fig. A, the exhaust starts to open at 60° before boUom. 
Toward the end of the power stroke, us in any four-cycle 
engine. the eshaust port is uncovered by a. downward motion 

of both sleeves, the inner moving at a higher speed than the 
outer. Instead of a valve opening, the opening occurs in the 
sleeve. 

In Fig. B, the exhaust is fully open. At the starting of the 
exhnust opening the outer sleeve port is approximately in 
register with the cylinder exhaust port, the full opening being 
obtained chiefly through t.he more rapid motion of the inner 
sleeve, its-port "catching up" with the port in the outer sleeve. 

\ • / ,!./ 
Fig. C 

EXHA.UST 
NOW CLOSED 
WHEN PISTON 
IS ON TOP OF 
STROKE 
,t f""""lti, 

,INLETJ~J • 
• NOW STARTING 
TO OPEN 

In Fig. C, the exhaust closes 011 top. The inner sleeve first 
reaches the bottom of its travel (note position of eccentric rod 
IS), and the outer sleeve, following it, closes the exhaust open­
ing by over-running the cylinder port. 

In Fig. D, the inlet opens 4° after top. At the closing of the 
exhaust, the sleeves a.re moving in opposite directions, the 
inner one up and the outer one down (see eccent~ics OS and IS). 
Tbe inlet ports in the sleeve then overlap, the opening being in 
line witb the cylinder wall. The inlet ports in the slee,•es are 
moving in opposite direction~. 
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Fig. F 

In Fig. E, tbe inlet is full open. The continued but slow 
downward movement of tbe outer sleeve, together with the 
increasingly rapid upward motion of the inner, causes the two 
sleeve ports to coincide with each other. 

In Fig. F, the inlet closes 40° after bottom center. From 
the point of full inlet opening, both sleeves travel upward, the 
inner at a hi~hcr rate than the outer. This action is continued 
until cut.-ofl' 1s secured and the _port closed by the lower edge of 
the inner sleeve port over-rnnmng the lower edge of the "junk'' 
ring carried by the bead casting of the cylinder. 

As the inlet closes, tho next stroke up would be the compres­
i:::ion stroke-, and when on top, the explosion would occur and 
the piston would go to the position ahown in (A). 

Valve timing of tho Stearns-Knight early model four-cylinder 
engine is shown in Fig. G. Valve timing of the Stearns-Knight 
six cylinder (early model): the same except inlet opens 4 degrees 
i nstcnu of 8 degrees, nnd exhaust closes on top dead center 
inst.eaJ of 4 degrees after. 

This valve-timing diagram can more clearly be understood 
nftcr rcod:ng under the subject of valve-timing, as on page 69, 
which gives an explanation of bow a flywheel is usually 
marked. See .. note" at bottom of page 63 for meaning of "top 
dead center," 11 bottom de.ad center/' etc. 

80HOM O AO CENTE~ 

' 

Fig. C. Knight 4-cylindcr valve timing. The flywheel 
below is as if viewed from the rear. The diameter is 17" 

THE ROTARY-VALVE ENGINE 
This type of engine is the same as any other four­

c7-cle principle of gasoline engine, except instead of the 
' poppet type" of valves the "rotary type" is used to 
admit gis to the cylinder and to permit burnt gases to 
pass out. The Speedwell was one make of car which 
used the double-rotary valve. 

I> ' obue>Lt ROT~R'f VALVE 

The r')tary valve is nothing more than a long cylindri­
cal piece of metal with holes in the shape of slots cut 
as at (S) and (D) above. Instead of valves popping 
up and down, this rod is placed alongside of the cylin­
der and is operated by a chain or ~ear from the crank 
shaft. As it turns, the openings m t!le rods (rotary 
valve) perform the same function as the poppet valves. 

There are two types of rotary-valve engines, the 
double valve and the single valve. 

The double rotary valve can be comr,ared with the 
poppet-type valve engine using the "T '-head type of 
cylinder, which has the intal<e valves on one side and 
the exhaust on the other. On the double rotary valve 
we have an "intake rotary valve" on one side and the 
"exhaust rotary valve" on the other side (Figs. 1, 2, 3, 
and 4). On a four-cylinder engine, each valve would 
have four slots. 

The single rotary valve can be compared with the 
poppet-valve type of engine using valves-in-the-head, 
operated by one overhead cam shaft. Instead of 
poppet valves and cam shaft, however, there is one 

long rotary valve, with openings as shown in Figs. 5, 
6, 7, and 8. Note the position of these openings during 
the periods of intake, compression, firing, and exhaust. 

I

"'""""-. 

P'.OfARl' 
V,'ILV!: 

g 
1 

INDUCTION CO?IUllllSS!Ull £l<l'I.OSION J;X.HA\JST 
J~rr SlAfttir~, .Ju~T c.1.os,t'f<) 

Fig. l shows suction or induction stroke just starting. As 
the piston starts down, the opening in the intnke vnlvc (valve 
is rotating to the right) will be in line with the opening in the 
combustion chamber; therefore gas will be ndmitt.ed. 

Fig. 2. Compression stroke: The piston has reached and 
passed the bottom of the intake stroke and is stRrting up on 
compression stroke, therefore the intn.ke valve is just starting 
to close. Note that !-be exhaust valve is closed in Figs. 1, 2, 
and 3. 

Fig. 3. Power or explosion stroke: Openings in both valves 
are closed i piston will move down. 

Fig. 4. Exhaust stroke: The piston is now start.ins up on 
exhaust,, t-herefore. the opening in the exhaust valve is open to 
the cylinder, and burned gases will pass out. Intake valve is 
closed. . 
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THE ROTARY-CYLINDER ENGINE 

Fig. 9 shows the Gnome aviation seven-ilylinder 
engine which is treated fully in other sections of this 
book. 

In the ordinary motor--0ar engine the cylinders arc 
bolted to a crank case and the crank shaft is made to 
turn around by the force of the explosions in the 
cylinders. 

In the rotary-ilylinder engine the crank shaft is held 
stationary and the cylinders are mounted on a cylindri­
cal crank case which can revolve. Connecting rods are 
fastened to crank-shaft pins (Fig. 10). 

The revolving cylinder or "rotary-cylinder" type 
is a French invention. This style of engine was used 
extensively during the \\'!Ir in small, high-speed, 
single-seated machines; :mother is the La Rhone. 

Principle of operation: When an explosion occurs 
in one of the cylmders the energy can do nothing else 
but force the piston down. This action turns the 
rod holder on the crank shaft 1 which causes the rods, 
r,istons, and hence the cylinaer to revolve as a unit. 
fho crank shnft (Fig. 11) remains stationary, and, 
due to this fact, the pistons will assume different 
positions in the cylinders owing to the location of 
the rods on the crank pin. For instance, in the 
movement of the cylinder A from X to Y, the piston 
in the cylinder will travel downward, as shown in 
the illustration, uritil it reaches bottom of its stroke. 
This type of engine is not adapted for automobile 
work. 

Fig. 10 (upper, left); Fig. 0 (upper, right);_Fig. 11 (below). 

Fuel system. Gasoline is fed to the crank case through the 
hollow crank shaft to a spray nozzle in the crank case. The 
gasoline in tho tank is under 5 lbs. pressure per sq. in. by uir 
pump. When the cylinders arc within 20° of tho end or the inlet 
half-revolution, a series of small inlet ports around the circum­
fornoce of the cylinder wall is uncovered by tho top edge of tho 
piston whereby the combustion chamber i• placed in com­
munication with the crank chamber. The crank chamber is nt. 
at.mospheric pres.sure, and tho combustion chamber is be.low 
n.tmospheric; the result is, n suction is created which draws gas 
from the crank chamber to the combustion chamber. The nir 
for mixture ie provided by ndmieaion through tho exhaust valve 
during the first part or tho inlet stroke. Originally an inlet 
valve was located in the center of the piston head-this is not 
now used. 

TIIE WEIDLEY ENGINE WITH OVERHEAD CAM SHAFT AND VALVES 

Valves: In this type of engine the cam shaft is placed 
overhead as in Fig. 1, with the cams integral. There 
are two overhead _valves for each cylinder (see Figs. 
3 and 4) ; therefore there are twelve cams, one for 
each valve. Engine in this example is a six­
cylinder. 

The cam shaft is operated by a gear (Gl) on the 
crank shaft, which operates a gear (G2, Fig. 2), which 
is called the lower timing gear; this gear is placed at 
the lower end of a vertical shaft (VS) with an upper 
timing gear (G3), which operates the cam-shaft gear 
(G4). By referring to Fig. 2, it will be seen how the 
ram (C) operates the tappet arm (F) which in turn 
opens the valve against the tension of the spring(S). 
While the construction varies, the principle, it will be 
noticed, is just the same as in any other engine. The 
cum shaft turns one revolution to two of the crank 
shaft. 

The cam shaft mounted on the cylinder head has 
four bearings and these are 1 3/16" in diameter. 
The end bearings are l¼" by l¾" long, and the 
middle ones, which are on either side of the driv­
ing gear, are l¾" by 1%" Jong. A hole %" in 
diameter is drilled through the cam shaft for its 
entire length, and carries oil to the cams and 
bearings. 

The cylinder head is detachable from the cylinder, 
and the cylinders are all in one block; therefore to 
e;rind the valves or to get to the valves, the cover 
1s removed, and then the cylinder head. Fig. 4 
shows the cylinder head removed and Fig. 3 shows 
the cylinder head turned up side down, exposing 
to ~iew the valves sea~ed in the cylinder-head 
casting. 

To ~rind valves: First, remove head. If a single 
valve 1s to be ground the valve spring may be com­
pressed and the pin holding the spring removed, 
when the valve can be dropped out and the seat 
ground, or the cam shaft may be removed, which is 
easily done. The springs and pins are removed 
and the cylinder head is turned over on a bench, 
as in Fig. 3, and the valves are ground as in any 
other engine. See Index for method of valve 
grinding. 

To set the valves: The inlet opens 10° past top 
and the flywheel is marked "IO." The exhaust 
closes at 10° after top. Therefore, set the cam shaft 
with piston No. 1, 10° past top center; the cam is 
just leaving the exhaust valve (see C, which would 
be a little farther in the direction of rotation, as it 

·now has the valve o~en). The gears are then 
meshed at this point. rhe timing of both inlet and 
·exhaust is done by one cam shaft, the same as on an 
"L"-type cylinder. 
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:FRANKLIN AIR-COOLED ENGINE 

Engine: Six cylinder, 3¼ x 4 inches. Piston dis­
placement 199 cubic inches. H. P. in accordance 
with the S. A. E. is 25.3, at maximum 31. About 
1,700 r.p.m. is maxirown speed. The gear ratio of 
the car on high gear is 3.9 to 1, the wheel being 
32 inches, which means 1,950 revolutions of the engine 
per mile. Weight of car under 2,300 lbs. Ivla.xiroum 
speed of car 50 m. p. h. or over. 

Fig. 5. Side view of Franklin air-cooled engine. 

Ovel'hcad valve mechanism with one c~'lm shaft on 
the side is used. Atwater-Kent ignition. Carburetor 
of Franklin design. 

Pistons: As the normal working temperature in the 
Franklin engine is distinctly high, the makers were 
not very ready to believe in the aluminum piston, but 
they have now adopted it as a stock practice and con­
sider that the better mean effective pressure of the new 
engine is largely due to the improved piston cooling 
obtained. At fa-st there was a little trouble from wear 
nn the skirt; it was difficult to get a close enough fit 
to insure absence of slap without abrasion. The 
Lroublc was overcome completely by tuming a shal­
low, square groove of screw-thread form from tho 
bottom of the skirt to just beneath the lower ring. 
This holds oil securely and allows a smaller clearance 
than is possible with a plain piston. Piston clearance 
is .005". Three piston rings 3/16" wide with .015 to 
.020" clearance between ends are fitted to each piston. 

Fig. 6. End S<;Ctional view of Franklin engine. 

There is an interesting lubrication system em­
ployed, individual oil supply being sent to every 
point. The oil pump, which is a conventional gear 
pattern, is mounted on a large plate, and the delivery 
from the pump is distributed to a number of oil 
leads by means of passages in the plate. Actually 
the plate is .die-cast iiluminum with distributing 
grooves, and these grooves are made into closed 
passages by putting a piece of thin sheet copper 
over the face. This gives direct-pressure feed .to 
all bearings on the crank shaft and to various other 
points. 

Valve Clearance 

Valve clearance is .010" when cold and adjusl­
ment is made between the end of the rocker arm 
and the adjusting screw. See Index for "Fmnklin 
cooling system and wiring diagram." 



INSTRUCTION No. 12 

Continental Model "7R" Red Seal 
Engine 

Model "7R" is a popular six-cylinder engine as 
used on several makes of passenger automobiles. 

Specifications: Cylinder, 3¼" bore, 4½" stroke; 
<lisplace!llenti...224.00 cu. in.; horsepower, S. A. E. 
ratrng 25.35; .1$. H.P., 1,000 r.p.m., 26!· 2,600 r.p.m., 
55; wei?.ht575lbs.; cooling,centrifuga pump; lubri­
cation' force-feed" with drilled crank shaft and gear­
type oil pump; carburetor, vertical outlet type, I¼"; 
provisions for standard makes of starter, ~enerator 
and ignition systems; clutch, multiple disk or 10" 
plate; construction, unit power plant; suspension, 
three point. 

WATFQ OVTLET -

LOWf;R PAQT Of' EXHAUST VALVF: 
AND CAM 8E'l.OW IT 

Valve Timing 
Valve timing, 7R: Inlet opens 12° after top; 

closes 20° after bottom; exhaust opens 40° before 
bottom; closes 8° after top. 

The tilnini; marks on the flywheel cnn be seen 
through the mspection hole in the housing, directly 
over the flywheel. A steel pointer is used to line up 
the flywheel marks when checking the valve timing. 

Valve timing, "7W" (nn older model engine): 
Intake opens on upper dead center and closes 33° 
past lower dead center. Exhaust opens 67° before 
lower dead center and closes on upper dead center. 
This settin~ gives an inlet period of 213° and an 
exhaust period of 247°. 

Fig. l. Sectional view of model "7R" six-cylinder .Red Sen! Continental engine. left side, 
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Fig. 2. Lubrication sectiollll! view of model 'iR" ai1-cyli11der Red Seal Continental engine, leH aide. 
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See the instruction on "Commercial Cars" for 
v9.Jve timing of the Continental "L4" engine. 

See Index "Questions and answers on Continental 
engines." 

Lubrication of Continental ".Model 7R" 
Red Seal Engine 

Gear type of oil pump attached as a separate unit 
outside of the engine, near the front end of the crank 
case. Driven by spiral gears. Maintains a pres­
sure of 5 to 30 lbs., depending upon car speed, 
temperature of oil, and general operating conditions. 
• Oil pressure is adjusted in the same manner as 
explained of the Continental "L4" engine in the 
Commercial car instructions, except that the amount 
of pressure should range from 10 to 15 lbs. at a car 
speed of 15 m.p.h. Oil is forced from the pump to 
the main oil line and distributed through ducts to 
the four main bearings. The crank shaft is drilled 
to conduct oil to the six connecting-rod lower end 
bearings. 1'hrough a secondary line connecting 
with the main reservoir, oil is fed to the timing gears 
and to the pressure-adjusting valve in the gear case. 
An oil spray lubricates the piston-pin bearings, 
cylinder walls, and four cam-shaft bearings, as well 
as the valve-spring chamber, valve stems, valve­
spring bearings, and push-rod bearings. 

Details of the Continental Model "N" 
Red Seal Engine 

Model "N" engine is an engine with four cylinders, 
3¾" bore, 511 stroke. It is designed for trncks 
ranging from ¾ to 1½ ton carrying capacity. 
When fitted with a governor, the recommended 
governing speed is 1,300 r.p.m. Pistons and con­
necting rods can be removed from below. At 1,000 

• r.p.m., 23 h.p., at 2,000 r.p.m., 34 h.p., weight 410 
lbs., with flywheel. Carburetor 1¼". Cooling: 
thermo-syphon. Three or four-point suspension. 

Lubrication would be termed force-feed and 
splash system. The forced-feed system supplies 

oil to the crank-shaft main bearings and the timing 
gears. The spiash system serves to lubricate the 
interior of the engine, such as the pistons, cam shaft, 
push rods, and connecting-rod bearings. The oil 
pump is a horizontal plunger-type pump operated 
by an eccentric from the cam shaft. The oil pres­
sure is automatically controlled. 

To grind the valves, see Index under "Valve 
grinding." 

To take up connecting-rod bearings, remove the 
lower half of the crank case. Shims are used and 
it is very necessary to remove one or two-being 
careful to remove equal number on each side and 
not to have a bearing too tight. 

If the bearings a.re too far gone to take up by 
removing shims, it is then necessary to fit neiv bush­
ings (see repair subject). 

The pistons and connecting rods can be taken out 
past the crank shaft. 

Renewing piston rings is accomplished by bpping 
new rings to the cylinder (see Index under "Fitting 
piston rings"). 

Valve Timing 
Valve timing of the model "N" engine is as follows: 

Inlet opens 17° 53' past upper dead center and 
closes 29° 25' past lower dead center. Exhaust 
ogens 42° 36' before lower dead center and closes 
8 20' past upper dead center. 

This gives an intake period of 191° 32' and an 
exhaust period of 230° 56'. 

Remarks 

The words "Red Seal," as used with these engines, 
represents the highest grade of motors manufac­
tured by the Continental Motors Corpn., Detroit, 
Mich. Many passenger and truck model engines 
p.re manufactured. The model "7R" is a popular 
passenger car engine, and model "L4" (see Com­
mercial Car Instruction) and model "N," below, 
are popular truck engine models. 

Fig. 3. Left side view of model ''N'' Red Seal Cont.inental four-cylinder engine. 
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CARBURETIO N: Early Carburetion Principle; Parts; Carburetor Principles; 
Gasoline; Priming Methods; Heating Methods; Vaporizing Gasoline; Size of 

Carburetor to Use ; Gasoline Troubles; Gasoline Tank and Gauge ; 
Fuel-Feed Methods; Vacuum Gasoline Feed System 

EARLY CARBURETION PRINCIPLE 
Meaning of carburetion: The mixing together of 

gasoline vapor and air is ca.lled "carburetion," and 
the device that keeps the two in proportion is called 
a "carburetor." 

To get energy out of the gasoline it is necessary for 
it to be converted into a vapor and then mixed with a 
volume of air before it can be exploded in the cylinder. 

There are two ways of producing this vapor, one 
being to expose a considerable surface of this liquid 
to the air, which is also caused to bubble through 
it and thus become impregnated with the gasoline 
vapor. This was the original method, and was 
called the "surface type" of carburetion. 

The second method is to "spray" the liquid gaso­
line through a fine spray nozzle or jet into the 
mixing or vaporizing tube, into which air can be 
drawn to intermingle with the vapor. 

The device in which this operation is performed 
is termed a "carburetor," and the operation itself 
is known as "carburetion," from the fact that the 
gasoline largely consists of carbon. The mixtul'e 
might also be termed "carbureted air." 

Amount of gasoline and air: It has been found 
that the best explosive mixture, with the ·gasoline 
commonly used, is a proportion of 14 parts air to I 
part gasoline (this when maximum power is desired) 
and ranging to 17 to 1 (the latter for maximum .econ­
omy), proportioned by weight of air and gasoline. 

That is. 14 to 1. or rich mixture, is best for quick acceleration 
or 15 to l or leaner mixture best for pulling with wide-open 
throttle, and 17 to 1, or still leaner mixture, for high-speed 
work (figures only appro~;mo.te). 

Pure gasoline vapor will not bum; it must be mixed with 
air !iefore it ciin be used in an engine. To burn with the 
~reatest. rapidity and heat, the air must be in• correct propor­
tion to the vapor. The exact nmount of air to be mixed with 
a certain amount of vapor depends on the quality of the gaso­
line, o.nd other conditions. 'fhe carburetor, by which the 
proportions of the mixture are maintained. is so mnde that a 
current of air pns.~s through it when the piston ma.ke-.s a suction 
stroke. 

In general gasoline is approximately 85 per cent carbon and 
15 per cent hydrogen. 

Approximately 15 pounds of air per pound of gasoline would 
be considered a chemjcally correct mixture. This figure oha.uges 
somewhat with the source nod grade of gasoline. 

A perfect, or correc.t mixture, as mentioned in the previous 
p3ragraph, is one which contains just ~u.ffi.cient oxygen (which 
is in the air) to burn completely all tho hydrogen a11d carbon 
pre~ent. in the fuel.• 

"Mixing Valve"-an Early Form of Carburetor 

In the early days the method of mixing the 
gasoline and air in proper proportions was by means 
of a "mixing valve" (Fig. 1). It could also be 
termed a carburetor but without the float cut-off 
mechanism. The air was dra'll·u in at "air intake," 
through valve (3), being opened automatically by 
suction of the piston, forming a vacuum in the crank 
case when going up (on a "two-cycle" engine), or 
when the inlet valve was open and the piston travel­
ing down on suction stroke on a "four-cycle" engine. 
If, therefore, _the gasoline needle valve was open, 
gasoline would also be drawn in, mixed with the air, 
and pass into the cylinder in a partially vaporized 
condition. 

F-ig. 1. Early form of a carburetor; a mixing valve. 

The mixing valve, a.lso called a "generator valve," 
is still used to a small extent on two-port two-cycle 
engines. It takes the place of a check valve, as the 
valve (3) serves the same purpose. 

Note the absence of any float arrangement. The 
gasoline is fed b,v gravity, and when the engine stops 
the gasoline needle valve must be cut off, otherwise 
the gasoline will drip. 

Constant-Level Type of Carburetor 

Fig. 2 explains the purpose, location, and parts 
of a simplified carburetor. 

The gasoline tank is above the level of the carbu­
retor-; therefore the gasoline is fed to the carburetor 
float chamber by gravity. • 

The air goes through a passage, in which is a 
small pipe called a ''spray nozzle," that sprays the 
gasoline so that it comes in contact with the air (see 
Fig. 2). The gasoline, being volatile, is taken up 
by the air, and the mixture goes to the cylinder. 

The amount of air that may flow through the 
carburetor, and the quantity of gasoline that may 
flow out of the small pipe, are adjustable, so that 
for a certain amount of gasoline the proper propor­
tion of air may be admitted. 

'\Vhen the mixture is not correct, that is, when 
there is too much or too little air for the gasoline 
flowing out of the small pipe the running of the 
engine is affected, and it wilf not deliver its full 
power. 

Wb.en there is too much air for the gasoline, the 
mixture is said to be "too poor" or "lean"; when 
there is too little air, the mixture is said to be "too 
rich." 

The carburetor is connected to the inlet pipe, and 
no air or gas can enter the cylinder through the 
inlet valve without first passing through the car­
buretor. 

The air drawn through the carburetor on the 
suction stroke enters it through the "air intake" 
and passes around the spray nozzle, drawing gaso­
line with it; the level of the gasoline in the float 
chamber then drops, and the float drops also and 
permits more gasoline to enter the float chamber. 

'Forming carbon dioxide. Carbon monoxide (n poisenous gns) results from insufficient nir (oxygen) t.o completely burn tha 
carbon. 
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Fig. 2. Simplified illustration showing bow the gasoline 
flows from t.be gasoline tank to the carburetor; how it is 
mixed with air and then drawn into the cylinder when the 
inlet valve is opeo. 

It is in the "mixing tube," or "mixing chamber," 
o.s it is sometimes called, that the air is brought into 
contact with the gasoline. The "spray nozzle" 
projects into the mixing tube, so that it is in the 
center of the current of air. 

How the gasoline is drawn into cylinder with the 
air: When the air is not passing through the mixing 
tube, the liquid gasoline stands just below the open 
end of the spray nozzle, but as soon as the current 
of air passes through, it sucks the gasoline out. The 
current of air sucks up gasoline, very much as would:, 
child trying to draw the last few drops of soda through 
a straw, drawing in really more air than soda. 

The piston of the engine, on its suction stroke, pro­
duces thesuction eff ectsimilarto a squirt-gun drawing 
in water. (See "suction, vacuum," pages 1078, 1079.) 

The inlet valve must be open to permit the gas 
to be drawn into the cylinder-which is the case if 
the piston is pn the suction or intake stroke, but in 
no other stroke. 

The adjusting screw or "gasoline needle valve" 
regulates the amount of gasoline to be admitted into 
Lhe mixing tube through the spray nozzle or jet. 
The regulation of this needle valve is very impor­
tant, and after once being properly adjusted, a very 
slight turn one way or the other will affect the run­
ning of the engine. 

The throttle valve, usually placed in the mixing 
tube, above the spray nozzle, governs the amount of 
gas which enters the cylinder on the suction stroke. 

The throttle-valve lever on the carburetor con­
nects with the throttle lever on the steering wheel. 
Moving the throttle lever on the steering wheel, in 
a certain direction opens the throttle valve on the 
carburetor, which increases the speed of the engine. 

The more gas admitted by the throttle lever 
lhrough the throttle valve, the more gas will enter 
the cylinder; hence more power or greater force on 
the power stroke results, thereby giving more speed 
to the piston of the engine. 

Moving the lever in the opposite direction closes 
the throttle valve on the carburetor 1 reducing the 
amount of gas which enters the cyhnder, thereby 
reducing the speed of the engine. 

The throttle valve is never entirely closed, but 
is set by means of a throttle-arm stop-screw, called 
idling adj. screw (see Fig. 46, page 138 and (X) 
(Y) (Fig. 1, page 124) showing location on a carbu­
retor, and page 125 for explanation of adjustment). 
A clearance of about .005" is allowed, so that the 
engine will idle and not stop entirely when throttle 
lever on steering wheel or accelerator is closed. To 
stop engine, the ignition switch is opened. 

The float in the carburetoi- is provided merely to 
prevent the gasoline overflowing and running out 
of the spray nozzle, when the engine is not running. 
The Boot is adjusted so that the level of the gaso­
line will not quite reach the top of the spray nozzle 
or jet. Thus, as the float automatically governs 
the level of the gasoline iv the float chamber and 
automatically cuts off the supply from the gasoline 
tank when the engine stops, it is termed a "coMtant­
level type" of carburetor. 

The floats are usually made of cork or hollow 
meta.I balls, which float m the gasoline inside of the 
mixing chamber. A needle point arrangement is 
connected with the float, which cuts off the gasoline 
flow when the engine stops. 

The reason why engines must first be cranked, 
when starting a gasoline engine, is due to the fact 
that a charge of gas must be drawn into the cylinder 
and then compressed. Compressed gas is ignited 
by the electric spark; this produces the power 
stroke, and the power from this combustion of com­
pressed gas, together with the momentum of the 
fly wheel, will keep the engine in motion until the 
next power stroke. The cycle operation of suction, 
compression, power, and exhaust is repeated over 
and over agam. 

Early Constant-Level Type of Carburetor 
Maybach conceived the idea of using a fl.oat to 

maintain a constant level of gasoline just below the 
spray-nozzle head, with a main air inlet below the 
nozzle, as shown in Fig. 3. 

(iA601..\Ne lNU:1 
PIPE 

QASOLltl~ AOJ­
U:5UNG seRE.W-

Ml~\NO 
C.HAMSER 

Fig. 3. Early type of carburetor \\ith float mechanism A 
.. main air inlet'' is provided. 

The gasoline is drawn from the spray nozzle by a 
vacuum or suction effect produced by the piston. 
It is thus drawn through the mixing chamber and 
through the open inlet valve into the cylinder. At 
the same time, air is drawn into the mixing chamber 
at the main air inlet, but inasmuch as the greatest, 
power of an engine is obtained by having a mixture 
of exact proportions of air and gasoline, it is clear 
that if the speed of the engine is increased, more 
gasoline would be drawn into the cylinder without 
sufficient air supply to mix with it. Thus too rich 
a mixture would be the result. If the air opening 
were enlarged to give a greater supply of air at 
high speeds, the result would be too great an air 
supply at low speeds, or too lean a mi:d;ure. This 
type of carburetor was evidently designed for a 
constant steady-speed engine. 

MIX­
'fURE 
'TO 
C.YL­
IND!:ll 

Fig. 4. In addi,ion to a "main air inlet" an Ha.uxiliary ait 
inlet" hr provided here. 
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An auxiliary air inlet was added to this type of 
carburetor by Krebs. Note that in addition to the 
main air inlet below the nozzle, an automatic auxil­
iary air valve was placed above the nozzle (Fig. 4). 

At low speeds, the main air inlet wa.s sufficient, 
hut at high speeds, the suction effect being greater, 
the spring caused the auxiliary air valve to open, 
thus permitting more air to be drawn into the mix­
ing chamber, and resulting in a better proportion of 
air and gasoline than the carburetor shown in Fig. 
3. The greater the speed of the engine, the greater 
the suction effect. and consequently the greater the 
opening of the auxiliary air valve. At slow speeds, 
the air valve would remain closed and was thus 
automatic in action. 

Another feature of the auxiliary air valve, is to 
break the g-asoline up into as many fine particles as 
possible, so that the air will more readily mix with 
the gasoline and form a vapor. There are different 
methods o[ doing this which will be shown farther on. 

Adjustable auxiliary air valve: The difficulty 
arising from the fact that the coil spring which held 
the auxiliary air valve closed at low speeds and was 
intended to open as the speed of the engine increased 
did not always function, because temperature chan­
ges would affect its sensitiveness and because 
the variations in the volatility of gasoline varied 
when cold and when warm, was overcome in a way 
by changing the adjustment of the tension on the 
auxiliary air-valve spring which was provided as 
shown in Fig. 5. 

-.. ,.h 
AUXILIARY AIR 
VALVE. C.ORK" 

FLOAl. 

Fig. 5. Typi~al e,:ample of a carburetor using an auxiliary 
air valve. 

The reader should closely observe the difference 
between the main air inlet and the auxiliary air 
valve. All carburetors have main air inlets, where 
air is drawn into the carburetor belo1v the spray 
nozi;le, thus mixing with the gasoline. This open­
ing can be at the bottom or the side of the carburetor. 

When an auxiliary air valve is used, it is usually 
placed so that air is drawn above the spray nozzle 
n,nd thus combines with the mixture of gasoline and 
air. Many carburetors do not have auxiliary air 
valves. 

PARTS OF A CARBURETOR 

Before proceeding farther with the principle of 
different types of carburetors we will fake up the 
R11bject of parts of a carburetor. 

The concentric-float type of carburetor is the 
term applied to a carburetor where the float sur­
rounds the mixing chamber and spray nozzle, as in 
Fig. 5. This makes a compact carburetor and 
maintains a constant gasoline level in the spray 
nozzle rega.rdless of the angle at which the engine 
may be. On almost all concentric-type carburetors 
the float is made of cork. 

The side-float type of carburetor is the term 
applied to a carburetor where the float and float 
chamber are placed to the side of the mixing cham­
ber, as in Fig. 4. 

Floats 
Floats are usually made of light brass or copper 

in various hollow forms; the joints, if any, being 
carefully soldered or brazed, so that gasoline cannot 
enter the float itself. Floats are also made of cork, 
well shellacked, so that they will not absorb gasoline 
and lose their buoyancy. (See Fig. 5.) 

The sole, duty of the float is to maintain a pre­
detennined or constant level of the gasoline in the 
carburetor. This level is generally a small fraction 
of an inch below the jet or nozzle opening. 

The float chamber is that part in which the float 
operates; it is sometimes placed around the spray 
nozzle and sometimes to the side, as previously 
explained. 

The float level: In different makes of carburetors
1 the level of the gasoline in the float chamber, anct 

the gasoline in the spray nozzle, varies from about 
one-sixteenth to one-eighth of an inch below the top 
of the spray nozzle. 

As gasoline flows from the main supply tank 
through the gasoline pipe or line into the float 

chamber of the carburetor, the float rises and the 
needle valve shuts ofT the further entmnce of the 
fluid into the carburetor. 

When the engine is running and using gasolinci 
the float in the carburetor is continually falling anc 
rising slightly, always maintaining the approximate 
gasoline level in the float chamber. 

There are many types of floats and float mechan­
isms, as will be seen in the illustrations of various 
carburetors in this instruction. By refeiTing to 
Figs. 6, 7, and 8, the reader will observe several 
floats (T) and float needle-valve (V) arrangements. 

Gasoline leaking into the float would increase its 
weight, thereby chai1ging the proper gasoline level 
in the spray nozzle and causing the Cftrburetor to 
flood and would thus give too rich a mixture. 

Float Needle Valvo 
Float needle valve: The part V (Figs. 6, 7, and 8) 

explains how the flont causes the float ueedle valve 
(V) to close the opening at the gasoline supply pipe 
(F) when the gasoline has reached the proper level 
in the float chamber, ru1d how it causes the needle 
valve (V) to open the outlet at the end of the pipEi 
(F) when the gasoline level is reduced. (C) is the 
opening leading to the spray no,17,Je. 

F 

Fig. 6 

F 

Fig. 7 

I 
V 

Fig.R 
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Note that in Fig. 5 the float needle valve is to one 
side of the float. A glance will show how the float 
needle valve would be caused to open when the float 
drops below its level (L) and how it would cause the 
float needle valve to close when at the proper level. 
Adjustment of the height of the float can be made 
by slightly bending the arm (A) (Fig. 5). 

A method of priming, or to supply an increased flow of gaso­
line at the spray nozzle when startin~ a, cold engine,, is some­
times found by what is termed "tickling" the carburetor, by 
raising the needle-valve rod throu1sh tbe float, as in Fig. 6, 
,1r·hich projects above the carburetor and usually has a cap 
screwed over it to keep out dirt. 

Another method is to close the ma.in air inlet (Fig. 5), which 
is termed "choking" or 11strangling" the carburetor, while the 
c.nginc is being cranked. The fact that then.iris shut off causes 
an increase of gasoline to be drawn in for the initial charge. 

Dripping of gasoline from the bottom of a. carburetor is 
usually due to grit or dirt ~etting under the float needle valve. 
Thus, whon engine sto~, instead of the needle valve seating 
properly and cutting off the. gasoline supply from the supply 
pipe (F), it overflows at. the sp1·ay nozzle and drips out of the 
main air inlet. 

Remedy: By working the float needle valve up and down ia 
its seat, which can be done by means of the rod above the 
carburetor :float chamber (Fig. 6), or by unscrewing the cap 
(Fig. 5), the grit will very likely be removed. If this does not 
remedy the dripping, then the float should be readjusted, or 
possibly a new fJoat neeille valve is required. 

Gasoline Needle Va.he 

The gasoline needle valve controls the flow of the 
gasoline to the spray nozzle, and the correct adjust­
ment of it is necessary for the operation of the car­
buretor. It is also called the "gasoline adjusting 
screw" (see Fig. 5). Don't confuse this needle valve 
with the "float needle valve." 

The regulation of this gasoline needle valve is 
very important and likewise very sensitive. After 
the carblll'etor is once adjusted by regulating the 
!l.UJ>..-iliary air valve and the opening of this gasoline 
ne.edle adjustment valve, the slightest turn one way 
or the other of-this valve will make a difference in 
the running of the engine. 

Types of gasoline needle valves are as follows: 
1. Hand operated, as in Fig. 5. 
2. Mechanically operated, by movement of a throt­

tle through a cam arrangement by hand (treated 
farther on). 

3. Automatically mechani9ally operated, by action 
of the auxiliary ai t· valve, called a "metering pin" 
(explained farther on). 

A main air inlet is on all carburetors, and, quite 
often, an auxiliary air valve also. 

Auxiliary Air Valve 

Auxiliar; air inlet valve: The greatest difference 
in the air type of carburetor is in the construction, 
position, and action of the ii.uxiliary air inlet, dis­
cussed farther on. 

The auxiliary air valve is controlled automatically 
by the vacuum created by the engine piston, which 
draws air through the lluxiliary air intake against a 
spring tension; for instance, see the auxiliary air 
intake in the carburetor shown in Fig. 5, page 97, 
the opening being controlled by the tens10n of a 
spring. 

The air-valve spring: The weaker the spring the 
less vacuum it will take to draw the valve open, and 
it may be adjusted by means of a threaded sleeve 
(as in Fig. 5 and in various other ways). 

The stronger the spring, the less air, hence a 
"richer" mixture. The weaker the spring, the more 
air, and hence a "leaner" mixture. 

Another method for automatically opening and 
closing the auxiliary air int!;lke is shown in Fig. 9. 
Note the action of the ball (L). Instead of a valve 
and a spring1 balls a.re utilized instead. This car­
buretor is tne Kingston air-valve type, with an . 
auxiliary air inlet. Instead of using a spring to 
control the amount of air drawn into and through 
the auxiliary air valve, balls are used. 

'.i'he gasoline needle. valve is adjusted by hand. 
The float is concentric. Note the Venturi mixing 
tube. Another air-valve type of carburetor, with 
an auxiliary air valve controlled by one large ball 
placed in the main air inlet pipe of the carburetor i& 
shown farther on. 

Fig. 9. l{ingston air-valve type of carburetor. Note tbt 
balls in the auxiliary air valve which control the quantity ot 
air entering the auxiliary air valve. Part.~: A, main air inlet; 
D, outlet of mb:ture to engine; E, butterfly throttle valve; 
G, auxiliary air inlet; L, balls which rise as the suction incrense-s 
or as the speed of the engine increases, thus admitt.ing more air; 
V, gasoline needle valve; X, hand adjustment of needle valve; 
W, butterfli throttle lever connects with steering-wheel throttle 
le:ver; Nt Venturi nUxing tube. . 

The float is a cork float and concentric to the mixing ebam• 
her. S is an arm connected with the fl.oat needle va.1-:e. R. 
As the float rises, the arm forces the needle (R) to seat. 

Explanation of the Ventud Action 
If two buckets are placed side by side, both filled 

with water, with a one-inch opening cut in the bot­
tom of each, one with a plain opening (A\ as in Fig. 

• 10, and the other with a. "Venturi" openmg (B), as 
in Fig. 11, the same volume of water would flow out 
of the Venturi one-inch opening in Fig. 11 morn 
quickly than through the plain one-inch opening 
in Fig. 10. 

Fig. 10 Fig. 11 

Note the shape of the Venturi opening (B), in Fig. 
11, then note a similar shaped tube in the mixing 
chamber in Fig. 9, where the arrow-points lead 
from (N). 

The Venturi tube around the spray nozzle in the 
mixing chamber, is used in al.most all makes of 
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carburetors. The principle and purpose of the 
Venturi tube around the spray nozzle is to obtain a 
greater volume of air through a predetermined sized 
openin~ in quicker time. Another purpose of the 
Ventun tube is that the lowest pressure of the 
inrushing air will be at a point where it will cause 
the greatest suction in the spray no:i;zle. 

Spray Nozzles or Jets 

Spray nozzle: The fuel is discharged into the 
mixing chamber through the spray nozzle (also 
called "jet tube"). As-its name implies, it is in­
tended to deliver the liquid in the form of a fine 
spray, which is: Cl) vaporized more er less; (2) 
mixed with the entering air, and (3) carried by the 
suction into the engine cylinder. The simplest 
form of spray nozzle is one having a single opening, 
as shown in Fig. 5 (page 97). 

Fig. 12 

Some carburetors have two spray nozzles or jet 
tubes, as shown in Fig. 12. Another type has what 
is called a "multiple jet" spray nozzle. 

When a carburetor has more than one jet, it is 
particularly adapted to a multiple of cylinders of 
large size, and especially to si.x-cylinder engines. 

The mixing chamber consists of an enclosurn or 
passageway containing the nozzle. The gasoline 
and air are mixed within this tube in proper propor­
tions and then drawn through the throttle into the 
engine. 

Throttle Valves 

There are three types of throttle valves: the 
butterfly, the rotary and the sliding. 

butterfly throttle valve rota.rythrottle valve . 

Fig. 13 )!'ig. 14 

Fig. 13. The throttle is placed in the mixture outlet, and the 
form that is shown i, called a "'butterfly valve." It is a disk of 
metal turning on pivots, so that it acts like the damper of a 
stove pipe. When wide open, the butterOy valve is edgeways 
t.o the flow of the mixture, but even in this position it presents 
resistance to the flow, which is something that should be avoided. 

Fig. 14. The rotary type of valve. The passage of gns 
from jet to intake manifold th.rough passage (P) is controlled 
by a rotary cylinder (R). It is now shown full open. but by 
moving throttle lever (L), it can he closed or partially opened 
as desired. 

The butterfly throttle valve is the type of throttle 
used on almost all makes of carburetors. This type 
of throttle is shown in Figs. 13 and 9. The mechan­
ism and method for controlling the throttle is shown 
in Fig. 11, page 33 and in Fig. 16, this page. 

The ."rotary" or "barrel" throttle valve (Fig.14), 
presents no resistance whatever. 

The sliding throttle valve is another type which 
presents no resistance to the flow of gas. This type 
is now practically obsolete, although it was formerly 
used quite extensively when governors were used. 

Fig. 15. The sliding throttle valve consists of a cylinder­
type of throttle, but instead of being rotated, it is moved in or 
out of its passage, which controls the amount of gas pa..4.Sing 
to the intake manifold. As it is moved out, additional air is 
admitted through port holes. This type was the type formerly 
used with a governor. 

Engine Speed; How Controlled 
The method for controlling the speed of an auto­

mobile engine is by opening and closing the throttle 
valve on the carburetor by the hand throttle lever 
or foot accelerator. 

A rod leading from the throttle lever on the 
throttle valve connects with a hand lever on the 
steering wheel. The driver then has the speed of 
the engine under his control at all times. 

When running on a level and if more speed is 
desired1 the throttle is opened by tho throttle lever 
until tt1e required speed is obtained. By closing 
the throttle, the speed is decreased. 

Idling 
The throttle valve is never entirely closed: the 

lock screw (also termed "idling adjusting screw," 
"throttle-arm stop-screw"; see also page 96) pre­
vents the throttle from closing entirely. Therefore 
the engine will run slow, or "idle," as it is called, 
when the throttle valve lever on the steering wheel 
is closed and the car standing. To stop the engine 
e11tirely, throw off the ignition switch. To adjust 
carburetor for idling of engine, see an example on 
page 125. 

The Accelerator 
This is the usual means for controlling the speed 

of the engine. 

ROT1"LE LEVEil' 

Fig. 16 
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The accelerator consists of a foot pedal which 
opens and closes the carburetor throttle valve inde­
pendently of the hand-throttle lever. By referring 
to the illustration (Fig. 16), it will be noted that the 
accelerator will operate the throttle of the carbure­
tor without moving the hand-throttle lever, by a.n 
arrangement as shown. When the foot-accelerator 
pedal is depressed, the rod (F) moves against a 
shoulder which is fastened to the throttle shaft. 
The end of the shaft (T) works free in a turnbuckle 
(P). Thus the throttle can be opened without dis­
turbing the hand lever, or the hand lever can be 
operated without moving the foot pedal. The 
accelerator is used more than the hand-throttle 
lever. Its purpose is the same as the hand-throttle 
lever on the steering wheel: to open and close t,he 
throttle valve. • 

1-Steering wheel 
2-Spark advance lever 
8-Hand throttle lever 
4-Air adjusting collar 
7-Accelerator pedal 
8-Outer caaing 
9-Steering shaft 

10-Quadrant ··bracket 
tube 

11-Throttle tube 
12-Spark advance tube 
.lS~Steering column 

bucket 
a--Adj.uating ring foi: 

roller bearings 

15-Lock ring for No. 
14. . 

16-Steering worm 
17-Worm wheel 
18-Spark advance 

meeha.nism 
19-Hand throttle 

mechanism 
20-Steering • worm 

housing 
21-Carburetor air ad• 

justing rod 
2Z-Grease plug worm 

gear housing 
23-Inlct pipe to cyl­

inders 
Fig. 17 illustrates the relation of the accelerator connections 

to the spark lever and its controls on the steering device. The 
Locomobile is shown as an <!xample. 

W'l1en pressed downward for increase, or released 
for decrease of speed, its action is instantaneous. 
When the accelerator is released, the engine immedi­
ately resumes the speed determined by the positions 
of the hand lever on the steering wheel. Although 
either the hand-throttle lever or the accelerator 
may be used to control the speed of the car, the use 
of the hand lever is advi-5ed for beginners. After 
confidence in driving has been gained, the more deli­
cate action of the accelerator will be preferred. 

The word "accelerate" means "to hasten." The 
term, therefore, is applicable here because it is 
quicker to operate throttling. 

The Goven101· 
There are no pleasure cars using the governor. 

Nearly all truck, 1,mctor, marine and stationary 
engines use governors. See Index under "Gover­
nors." One governor, which is a "thrott,ling" type, 
is the centrifugal ball type illustrated in Fig. 18A, the 
principle of which, is, no doubt, familiar to all. The 
"sliding" throttle in the carburetor is actuated by 
the movement of the sleeve controlled by the balls 
(B). The balls fly out as the speed increases, caus­
ing the throttle to close. Another prinriple is that 
cf the "hit and miss type." 

l'ig. 18 Fig. 18A 

The governor formerly used on the Packard was termed a 
"hydrattlic" governor of the diapht'agm type, located directly 
above the water pump. It was operated by the pressure of 
the water in the water circulation system and consisted of a. 
circular chamber divided by a flexible diaphragm of leather 
and rubber. On one side of the diaphragm was a water space 
through which the water of the circulating system passed. On 
the other side was a.n air space and a plunger bead a,c:ainst which 
the diaphragm pressed. The plunger was directly connected 
with the throttle vah·e (l'ig, 18). 

CARBURETOR PRINCIPLES 
Although tremendous advancement has been made 

in recent years in construction and performance of 
the gasoline engine and carburetor, the original basic 
principles of operation remain unchanged. 

The carbmetor still depends upon suction of the 
piston dw-ing its descent on the inlet stroke to draw 
from a jet (spray nozzle) or jets, variable or other­
wise, the necessary gasoline to mix with the air. 

This jet can be of a fixed size or it can be variable 
in size. This spray of gasoline is a.ffected by the 
temperature, valve timing, exhaust, inlet, and com­
bustion. chamber design. 

Carbw-etors for the purpose of brief summari~a­
tion can be divided into five classes or types :1 

(1) Air-valve type. In this the fuel issues through 
a fixed orifice and the additional air required when 
the throttle is opened is admitted through an auxil­
iary air valve. 

(2) Compensating-jet type. In this an auxiliary 
fuel jet comes into action as the throttle is opened. 

(3) Metering-pin type. In this the size of the 
gasoline orifice (jet) is increased automatically to 
increase the flow of fuel as the throttle is opened. 

(4) Expanding type. In this there are a number 
of fixed orifices which come into action one after the 
other as the throttle is opened. 

(5) The "plain tube" or "pitot" principle.2 A 
modern principle now adopted extensively. The 
metering pins, dash pots, and auxiliary air valves are 
dispensed with. It derives its name, "plain tube," 
from the fact that both the air passage and the gaso­
line jet are of fi..xed size for all engine speeds. The 
action is to supply an increased supply of gasoline 
or rich mixtw-e for acceleration and then to thin 
down to an economic mixture for normal engine 
speed. 

Carburetor Principle 

The principle of the constant-level type of 
carburetor is previously shown in Fig. 3, page 96. 
In this eal'ly type it is only possible to adjust 

1 Although some of these principles are not now in general use, the reader should carefully study.them all in ord_er to mo~e clearly 
understand later models, such as, for example, on Tnscris Nos. 6 and 7. •Seepage 102for explanation of the function of a p1tot tube. 
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the amount of gasoline flowing to the spray nozzle. 
It is therefore only suitable for engines which :run at 
a steady, constant speed, as previously explained. 

lel, 
M~ -~ 

Fig. 19 Fig. 20 

The engine of nn automobile, however, docs not 
run at a steady speed; sometimes it is running fast 
and sometimes slow. 

The speed of the air current passing through the 
carburetor depends on the speed of the engine; when 
the engine is running fast the speed of the air current 
through the carburetor is much .greater than when 
the engine is running slow. 

The greater the speed of the air current, the more 
gasoline it will suck out of the spray nozzle, and the 
adjustment of the gasoline flow that will give a 
correct mixture at a low speed will give a rich mix­
ture when the air current moves at a higher speed. 
For this reason the air supply must also be varied 
in order to give a more combustible mixture. 

Auxiliary Air Vahe 

To vary the air supply, difl'erent methods are used, 
but the one used most is the auxiliary air valve, 
and this is where the "air-valve type" carburetor 
derives its name (sec Fig. 20). 

The auxiliary air valve was designed for engines 
which run at chl11lging speeds, so that an extra sup­
ply of air is admitted when the air current flows so 
fast that it would result in too rich a mixture. 

The disadvantage of this type is that owing to the 
relieving action of the spring valve, it does not 
increase the proportion in proper ratio, and is 
hardly suitn.ble for the present-day ·high-speed flex­
ible engine. 

There are several different models now manufac­
tured, based on the principle of the auxiliary air 
valve only. In these, the problem is worked out 
in different ways: one manufactmer uses a "spring­
controlled valve"; another hopes to get better 
results by regulating the movement of the valve by 
"two springs," instead of one; still another 1naker 
adds an "air dashpot" with the hope of getting finer 
regulation and a better functionfog of the amriliary 
air valve; !11lother uses a "dashpot filled .with gaso­
line"; and there are others who use metal "balls" 
to serve as the auxiliary valve, while others use what 
are known as "weighted air valves," in which the 
suction lifts balls, thus admitting the air which 
sweeps over the spray nozzle. While they all differ 
in the details of working out the design, all are, 
nevertheless, based on the basic principle of the 
auxiliary air valve as originally worked out, and 
shown in Fig. 4, and in Fig. 20 above. For 
simplicity in nomenclature we shall refer to this 
type as the auxiliary air valve type. 

Relation of Acceleration to Gasoline 
Consumption 

The rapid advance of high-speed and multiple­
cylinder engines dem!11lds "quicker accelemtion," 
meaning quicker "get away" or "pick up" of the 
engine. 

Flexibility of control means ·practically the same 
thing, i.e.i the capabilities of the engine to "pick 
up" from ow to high speed and vice-versa. Rapid 
":.cceleration" and "flexibility," both call for a sud­
den greater amount or percentage of gasoline to air. 
Quick acceleration therefore demands a surplus of 
gasoline for but a brief period, after which the nor­
mal supply will care for the engine. It may be but 
a matter of a few seconds, yet it is of importance 
that this additional supply be ready and in available 
form for that brief period. 

To meet the sudden demand for gasoline, the 
added nozzle, or multiple jet has been introduced 
by some makers, so that when the suddenly opened 
throttle brings the auxiliary air valve into use, the 
valve in turn brings more gasoline into the mixture 
by opening the gasoline needle valve wider. This 
is termed the "metering pin" method. One maker 
does this by a "dashpot" on the am,iliary valve 
stem, the dash pot performing a regular pump stroke 
and forcing gasoline into the mixing chamber by 
way of a separate nozzle as the auxiliary air valve 
opens. Once open, the pumping action ceases, but 
the nozzle remains open for a more even demand 
for more fuel. 

Proportion of air and gas: All of these methods 
of providing "acceleration" are based on the ac­
cepted belief that in carburetion, different mixtures 
of air and gasoline vapor are needed for different 
engine requirements. The days are past when the 
uniform-mixture argument dominated, the argu­
ment that the ideal carburetor was one that would 
give, say, a mixture of fifteen proportions of air to 
one of gasoline vapor for all speeds, "acceleration," 
"hard pulling" with open throttle, and high-speed 
work with open throttle, etc., etc. The new rule 
is that the amount of gasoline fed into the air 
volume must be changed according to dem!11lds. 
Thus a twelve-to-one or "rich" mi:...-ture might be 
best for quick acceleration; a fifteen-to-one or 
"leaner" mixture may be best for pulling with the 
throttle wide open; and a seventeen-to-one, or 
still "leaner" mixture may be desirable for particu­
larly high-speed work. Therefore a "varying mix­
ture" must be supplied. 

The Compensating-Jet Principle 

The. compensating jet type of carburetor is where 
an auxiliary fuel jet comes into action, as the throttle 
is opened. • Types of carburetors coming under this 
heading would be the Zenith; the Stromberg model 
"H" and the Marvel (see Index). 

The Metering-Pin Principle 

In the metering-pin type the size of the gasolin.:­
orifice, or jet, is increased automatically to increase 
the flow of fuel as the throttle is opened. In other 
words, as the throttle is opened, the metering pin 
(P, Figs. 21, 22, 23), which is similar to a gasoline 
needle valve, is moved so as to permit more gasoline 
to flow throught the spray nozzle or jet (J). Thus, 
instead of the gasoline needle valve (metering pin)

1 being adjusted by hand, it is automatically adjustect 
by the speed of the engine, thereby permitting more 
or less gasoline to flow as the speed increa.ses or 
decreases. This principle is called the "metering 
pin" principle, also the "pneumatic" principle, when 
operation is by air control. 

Various methods are employed to operate this 
needle valve or metering pin as follows: 

On the Schebler model "L" (Fig. 21), the meter­
ing pin (P) is connected with the carburetor throttle 
lever in such }I mnoncr that the metering pin (gaso-
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Fig. 21 Fig. 22 Fig. 23 

Fig. 21. Schebler model "L." .Metering pin controlled 
mechanically. 

Fig. 22. Schebler model "T." Metering pin controlled by 
auxiliary air valve. 

Fig. 23. Stewart model metering pin controlled by air 
suction. 

line needle valve) is r<1.ised as the throttle is opened. 
See Index under "Schebler carburetors." 

On the Schebler model "T" (Fig. 22), the meter­
ing pin (P) is connected to and controlled by the 
auxiliary air valve. As the throttle is opened, the 
speed of the engine increases, the suction becomes 
greater, and the air valve (AV) is sucked downwards, 
causing the metering pin (P) to give a greater open­
ing at jet (J), thus admitting more gasoline. 

On the Stewart carburetor (Fig. 23), the metering 
pin (D) is controlled by air suction. As the throttle 
is opened the suction becoming greater, the metering 
valve (A) (part in black) rises enlarging the opening 
at the meteri.n~ pin (D) and drawing more gasoline 
through jet (J). At the same time more air is 
drawn around the valve seat (B). A ratchet (R) is 
connected with a control on the dash for the purpose 
of enlarging the openil~g at the metering pin, so as 
to obtain a rich mixture when starting. 

Example of a Carburetor with Both a Metering 
Pin and Dash Pot 

The Rayfield uses a "metering _pin," which is 
lifted as the throttle opens in the roam jet (N) (Fig. 
24), through a link arrangement, which establishes 
a right for it to be classified. as a metering pin type. 
But it goes farther. It incorporates au auxiliary 
nozzle (AN) which also has a metering pin that is 
depressed when the aull.iliary air valve opens. 
Thus, by having two distinct nozzles it establishes 
its right also to be classified as an expanding type of 
instrument. 

Fig. 24. The Rayfield carburetor principle with "metering 
pin" connected with the throttle and "dash pot," with auxil­
iary sir intake. 

But the Rayfield goes still farther, in that it com­
bines a pumping action on the gasoline in the 
auxiliary nozzle (AN) whereby a very rich mixture 
is furnished for acceleration whenever the air valve, 
is suddenly opened. This is accomplished by the 

piston on the lower end of the air-valve stem work­
mg in a "dashpot" filled with gasoline. Gasoline 
enters the dashpot above the piston and is admitted 
to the space below the piston by the clisk valve in the 
piston. When the air valve suddenly opens, forcing 
the piston downward, this disk valve is automati­
cally closed, forcing or pumping the ~asoline upward 
through the dotted fuel passage mto the nozzle 
(AN), where it is sprayed into the inrushing air. 
Only when the valve opens is this pumping function 
occurring; at other times the gasoline issues through 
this auxiliary nozzle according to the suction of the 
engine. Thus the Rayfield is a compound of two 
metering pins in conjunction with the pumping 
function for acceleration. 

Expanding Principle 
In the expanding principle, there are a number of 

fixed orifices which come into action, one after the 
other, as the throttle is opened. Types of this class 
of carburetors are shown in Fig. 25 and in the 
description of the "Master" carburetor (see Index). 

·'.f;_~ -~-., 

Fig. 25. The multiple iets of the l\'faster carburetor. 

The Pitot or Plain-Tube Principle 
. The "Pitot" or "plain tube" type of carburetor 

differs from other principles. It is the principle 
now being used to a considerable eid;ent, and derives 
its action as well as its name from a Pitot tube. 

A Pi tot tube is a very old instrument for measuring 
velocities of fl.owing streams of water, invented by 
Henri Pi to tin 1730.1 It consisted of a vertical glass 
tube with a right-angled bend as shown at (E). 

su~r•<f Fig. 20. Tho impact of the flowing 
., • ..,.,, water against open end (F) of tube (E) 

causes a column to rise above the surface 
of the stream as at (A), and by this sm11ll 
difference in height, tho velocity of the 
stream can be calculated. 

Function of the "pitot" or "plain tube"• as applied 
to a carburetor. If this tube was reversed, so that the 
submerged· end (F) faced downstream instead of up­
stream, a suction instead of a pressure would exist 
at end (A), because the water fl.owing away from (F) 
would create a partial vacuum in the tube, thus re­
ducing the pressure in tube. Atmospheric pressure 
would then force air into the tube at (A). If end 
(A) was connected to a liquid under atmospheric 
pressure, the liquid would then be forced through the 
tube. The faster the fl.ow of water (or any othei" 
liquid or gas, such as air, in which the end [Fl is 
submerged), the greater the suction at (A). 

An i/lu$tr°'ion which will S"'1le as an exampu, to show how the 
pitot tube functions, is Fig. 17A, page 130.' The opening CG) 
of the iet (Fig. 17 A) represents the submerged end of the p1tot 
tube facing downstream in a current of air into which it is sub­
merged. The other end of the tube 1 opening into t-he gnsoJinc 
float chamber, will correspond to ena (A) (Fig. 26). Since the 
direction of the flow of air is away from the submerged end of 
the tube, the pressure at end (G, (Fig. 17 A) of tube i~ rc~uced. 
consequently the atmospheric pressure on the gi\schne 1n tho 
carburetor float chamber will force the gasoline through the 
iet (G). Faster the flow of air, greater the suction, consequent­
ly greater the Oow of gasoline into mixing chnmber of the carbu­
retor to be mi::-i:ed with air and drawn into the cngme. 

1 The pi tot tube is also used for measuring pr~surc in ;11oving 
st.reams of i;as or liquids. It is also used for measurmg fire 
stren.truJ., chlmney drafts, etc. 

' See page 100, also Index, for explanation of "plain tube." 
• Although this is an up-draft type of carburetor the same 

principle applies to the later down-draft type. 



GASOLINE 

GASOLINE: PRIMING :METHODS; HEATING METHODS; VAPORIZING GASOLINE 
Before taking up the subject of various construc­

tions and adjustments of carburetors, we shall first 
deal with the subject of gasoline, vaporizing gasoline, 
and fuel-feed methods. 

Gasoline 
The usual fuel for automobile engines is gasoline. 

Gasoline is distilled from mineral oil (petroleum}. 
When petroleum is heated, it gives off gases, just 

as water, when heated, gives off steam. When 
these gases are cooled, they become liquids, and are 
called gasoline, kerosene, benzine, naptha, etc. 

The chief difference between them is their· "vola­
tility." When a liquid turns to vapor, or gas, it is 
said to be "volatile." Gasoline should be very 
volatile to insure prompt starting, and power. 

Temperature makes a great difference in the vola­
tility of liquids; for instance, thick, heavy oil is not 
volatile at the ordinaTy temperature of the atmos­
sphere, but is volatile when heated. 

Gasoline is very volatile at the ordinary tempera­
ture of the atmosphere. It is so volatile that it 
must be kept in air-tight tanks, for it would entirely 
evaporate if left eiqiosed to the air. Gasoline 
vaporizes easily, and as the vapor is heavier than 
air, it sinks to the ground. 

Gasoline and fire: Because of this volatility, gasoline must 
be handled with care to prevent fires and explosions. It should 
never be handled near an open flame. 

In case of fire, do not try to put it out with water, for the 
burning gasoline will float and spread the fire. Always keep n 
pail or two of sand bandy, and smother the flames with it. 
Damp snnd, flour, or a wet blanket will Smother the fire. In 
case of fire, the first thing to do, if it is possible, is to turn off 
the supply cock from the tank to the carburetor, and then 
push the car away from the blazing gasoline on the ground. 
Do not let a pool of gasoline drip from the carburetor when 
priming it, as a. chance short circmt may give a spark that will 
set it on fire. Note: Carbon tetrachloride is superior to sand, 
etc. Gasoline fire extinguishers can be had of supply houses. 

A low grade of gasoline will produce poor results 
in any carburetor. Difficulty in starting is the 
main disadvantage in its use, as it is not as volatile 
as a high-gravity gasoline. 

Inferior, or too much gasoline is generally indi­
cated by a black smoky exhaust.and a disagreeable 
odor. vVhen a low-gravity gasoline is used some 
effective method for vaporizing it must be employed. 

A test by hand: To ascertain how near kerosene you are 
getting, pour a little gnsolinc in the hnnd. When it cvnpomtes 
·slowly and lea-ves a greasy deposit, it is of a very low grade. 
When it ev,iporates rapidly and leaves the hand dry and clean, 
it is of a higher grade. This furnishes a fairly reliable test. 

Testing gasoline with a hydrometer was the method used 
a few years ago. It is used ns follows: Fill the ~lass tube with 
gasoline, and insert the hydrometer, wl1ich will float. The 
gravity of tl1e gasoline is determined by the depth the hydrom­
eter sinks in it. A scale is graduated on the upper portion 
of the hydrometer and the level of gasoline indicates the specific 
gravity. The scale usually runs from 60 to 80. Gasoline 
under 60 test ought not be used. It averages about 64 to 68, 
and the betLer grade is 72. 

Gravity is no longer an accurate test of the merits 
of the fluid, the only really accurate test being from 
a maximum and minimum boiling-point. It is, of 
course, not practical for the average owner to make 
such tests, and the best rule is to purchase from a 
reliable distributor, who handles gasoline manu­
factured by responsible distillers. 

Most of the gasoline today sold for motor-car use 
differs from that of several years ago in that it is not 
all of one grade, but is a compound or blend of the 
different petroleum elements; some of it being very 
light and volatile, while about one-fourth of it may 
have a boiling point higher than that of water, and 
is correspondingly difficult to convert into a vapor. 

Gasoline of 56° to 64° Baume paraffine base is 
used almost universallr in the United States east 
of the Rocky Mountains. Fuels of lighter gravity 
are also produced from asphalt base petroleum. In 
certain sections of the country gasolines of very low 
grade have recently beeh introduced, one-half being 
actual kerosene. Wi~h this fuel and the ordinary 
intake manifold it is almost impossible to make an 
engine operate properly either at closed or open 
throttle, unless radiator is covered up and cooling 
water is brought to a temperature of 160° to 180° F. 

To use this fuel it is necessary that the whole 
carburetor and intake manifold system be thor­
oughly heated. Without this heat the carburetor 
setting will have to be changed and made richer 
than necessary, while the extra heavy part of the 
fuel, not vaporized, will burn slowly in the cylinder, 
forming carbon, and sooting up spark plugs, etc. 

There is, of course; a period of time when starting 
the engine cold, when the rich mixture will be neces·• 
sary (and can be furnished by the dash control), but 
the control should be released as soon as the engine 
becomes warm. 

It is also advisable, while the· engine is cold, to 
avoid opening the throttle full, as the fuel vaporizes 
much more readily in the suction or partial vacuum 
which exists in the manifold while the throttle is 
partly or completely closed, 

In very cold weather it is advisable instead of 
readjusting the carburetor 01· using the dash control 
continuously, to cover part of the radiator surface, 
so that normal temperature is main tainecl under hood. 

In some parts of the C'luntry there is so great a. 
range in the constituents of the gasoline sold that 
the lighter or more volatile fractions may, in warm 
weather, boil in the carburetor, under normal opera­
tion of the car. In this case, the hot-air supply to 
the carburetor may be disconnected, while r.are 
should be taken that the gasoline supply line f .. otn 
the tank to carburetor does not approach exh<1.. •sf. 
pipe, cylinder walls, or other heating influences. 

Low and Bigh-Gl'avity Gasoline 

The proper gravity of gasoline to use is governed 
by conditions. In the summer a low gravity vapor­
izes much more easily than in the winter; therefore 
the engine starts easier. 

A great many claim that the low gravity gives 
results as good as or better than high-gravity. Prob­
ably it does, as there are more heat units per gallon, 
but as a matter of easy startin& and absence from 
carbon deposit, the high gravity 1s preferable, unless 
the carburetor has been properly adjusted, and 
priming and heating methods are provided. 

With the high gravity we have a hi~h "flame" 
rate (mixture burns rapidly), whereas, with the low 
gravity 1 we get a higher combustion heat, but slower 
"flame' rate. With a high flame rate the mixture 
burns rapidly-pressurn rises quickly and imparts 
a. powerful push at the commencement of the stroke, 
but falls away equally quickly as the stroke pro­
gresses. 

With low-gravity gasoline, the reverse occurs. 
The explosion generates slowly and does not impart 
a violent shock, but with a retarded flame rate, and 
the pressure predominates through a muc.h greater 
proportion of the stroke. The results are obvious. 
With high speed, as in racing, the high gravity is 
bei,t. For medium speeds, where steam-engine-like 
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power is required, combined with fuel economy, low 
gravity is best--providing the carburetor has been 
readjusted for the low-grnvity fuel and proper heat­
ing arrangements are provided. 

Owing to the great amount of carbon in low-grav­
ity gasoline it is very necessary that the carburetor 
be properly adjusted. 

The starting will be more difficult with low 
gravity, but with the use of a primer and a hot-air 
arrangement, this trouble can be overcome. • 

It is• a wcll-kno,vn fact that an engine, especially 
an old one with loose bea_rings and slack pistons, 
will rnn much more quietly on low-gravity gasoline. 
This is due to the slow flame rate; the pressure is 
gradual on the piston head and presses rather than 
slams. 

How Unvapo1·izoo Gasoline Thins or Dilutes 
the Lubl"icating OU 

Gasoline vapor that is not completely consumed 
in t,hc engine does one of three things: it either 
passes out inLo the exhaust, in an unburned state 
and is wasted, is deposited in the form of carbon 
wil,hin the cylinder, or condenses and runs down 
p:~5t the pistons into the crank case. 

The first of these is the most direct loss, but the 
other two are equally important in the Jong run. A 
carbonized engine is of itself inefficient. Carbon 
makes the engine miss, makes it overheat and pre­
ignite. All of these things are sure to shorten the 
life of the engine. . 

When the unburned fuel runs down past the 
piston, it destroys the seal between piston rings and 
cylinder, removes the oil film which is to protect the 
surface of the cylinder, piston, cam, and crank shaft 
bearings from friction and wear, and, lastly, dilutes 
the lubricating oil in the cnmk case to such an 
extent that in time it becomes wc-rthless. 

Manufacturers are advising now that the crank 
case be drained even more frequently than ever 
before for this very reason. As cold weather 
approaches, the necessity for frequently refilling 
completely with new oil will become more impera­
tive. Either the motorist is forced to drain out his 
oil and refill with fresh at an increased outlay, or he 
must suffer the consequences of an engine damaged 
by insufficient lubrication. See also page 167. 

Dilution test, See page 1075, also page 166. 

Starting Engine 

Remember, when you start an engine by closing 
t,he air intake and thus choking off the air, that 
pure raw gasoline is being drawn into the cylinder. 
For this reason, a heating method of some sort 
should be attached to every carburetor, so that the 
gasoline will become heated and vaporized as 
quickly as possible, thus avoiding the use of the 
d10ker for any length of time. 

Priming Methods 

On a cold morning, after the engine and all parts 
have become chilled, we find that the ordinary grade 
of gasoline now in use does not vaporize readily until 
it is heated. Considerable cranking of the engine 
is sometimes necessary in order to ignite the cold, 
damp, unvaporized gasoline. 

There are several methods of overcoming this; 
one being to use a higher grade of gasoline. But 
even with the higher grade, which is difficult to 
obtain, on a really cold day the starting will be 
somewhat difficult with some makes of carburetors. 
For these reasons, priming, by injecting rn.w gas­
oline into the cylinder, is necessary. 

Exami;>les of various priming methods are ex­
plained m Figs. 1-6: 

Fi,,. 1. Method of priming by depressing float. thus opening 
t,h~ float needle valve, and providing an excess or gasoline to be 
drawn into cylinder. 

Fig. 2. A damper is provhlcd in tho main u.ir•intake pipe. 
When clnsc<l, the sucUon provides more gasoline than air. 
Sometimes the tension of the spring on the auxiliary air valve 
is regulated from the dasb or steering post. 

Fig. 3. Pdming the carburetor by opening the gasoline 
needle valve. This method is not advisable, however, because 
the ndjust.rnent valve is a very sensitively adjusted pa.rt of the 
carburetor. n.nd will upset the proper working of the carburetor 
after the engine is heo.tcd up. If this method is employed, be 
sure to mark n notch on the head of the valve, so that it can 
be turned back to its original adjusted position. 

Fig. 4. Priming with gasoline through priming cups. 

Fig. 5. The oil-can primer, where gasoline is injected into 
the into.kc rnanifold. Simple and effective when other methods 
fail. 

Fig. 6. The spray primer; a small injector pump. The 
suction part or the pump i$ connected to the gasoline supply 
pipe. between tLe tank and carburetor. The other pu-rt con­
nects to the intnkc manifold; one stl'okc of the plunger sprays 
a charge into the manifold. The Imperial Dross C-0., of Chi­
cago, ma-nufacturcs a pump primer of this type. 

When an engine fails to start during cold weather 
and you are positive there is a good hot spark, an 
effective method is to pour boiling water over the 
carburetor and inlet pipe. A resort to the "choker" 
or "damper" principle, however, usually results in 
starting the engine. 

The "damper" or "choke" method is shown in 
Fig. 7. Instead of lowering the :aoat, the air intake 
is closed. This causes an increased suction or 
gasoline and is called "choking" the air supply. 

Too much priming, however, will fill the float 
chamber so full, that gasoline will run out of the 
spray nozzle, giving a rich mixture, on which the 
engine will not start; it will then be necessary to 
open the switch and close the throttle, and to crank 
the engine a few times to draw in more air. Then 
close the switch and crank again, when the engine 
ought to start if there is a good spark. 

In either method explained, remember that 
a good hot spark must be provided in order to igni tc 
this raw gasoline, because it is harder to ignite when 
cold than after it is warmed up. 

After the engine is started, some means should be 
employed for heating the gasoline so it will vaporize 
quickly and thus prevent raw gasoline being drawn 
into the cylinder. 
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Vapol"izing Gasoline 

Gasoline gives off more vapor at about 170° Fahr. 
It is the vapor mixed with air which is most desired. 
With the proper mixture there is more uniform 
power and flexibility. 

Carbureting means breaking up the ~asoline into 
infinitesimally small particles, mecha.mcally, with­
out heating, which is called "spraying." This is 
the best method, but is very difficult to accom­
plish, owing to the different amounts of gasoline 
passing from the spray nozzle, and on account of the 
v:i.riation of the throttle, or of the speed. 

Jf a low gravity of gasoline is used, it is necessary 
lo heat and vaporize the m1xtui-e, becaµse it is prac­
tically impossible to break it up; but if it is a high­
gravity gasoline, it generates into gas or vapor more 
quickly. In other words, it is the vapor that we 
must obtain, which is possi~)le with high-gravity 
gasoline. lu using high-gravity gasoline, however, 
it must be remembered that it will not stand as much 
heating as low-gravity gasoline, for if too much heat 
is used, it makes the mixture so rare that the actual 
amount of gasoline that goes into the cylinder is so 
small and at such a low flash point, that it ignites 
quicker, and will burn and expand more like powder. 
It will do its work and cool before the piston gets 
well under way. Furthermore the pressure on the 
piston does not last as long. 

Owing to the low-gravity gasoline now being 
used, the mixture is not a true vapor. Instead of 
forming a gaseous mixture, it condenses inside of 
combustion chamber and manifold. Thernfore a 
plentiful supply of heat is required. 

As previously stated, the use of low-gravity gaso­
line requires morn heating or vaporizing than a high 
grade. It might be compared with the firing of a 
furnace with soft coal. If soft coal is properly fired 
and is properly mixed with air, it will produce the 
most heat without producing very much smoke. 
Just so with a low grade of gasoline. If properly 

v:iporir.ed, it will work fairly well, otherwise carbon 
deposit and smoke will be the result. 

High-gravity gasoline may be compared with 
hard coal. It is very easy to get the proper mixture 
of air with the high-gravity gasoline, because it is 
so very "volatile"-meaning that there is more 
vapor, and less vaporizing is necessary, and that it 
will "earburet" more readily. Therefore it will 
work satisfactorily in most any carbw·ctor construc­
tion. Just so with hard coal. It will burn with 
less smoke and produce an equal amount of heat 
even though you burn it in an open shovel, and 
makes very much less carbon. 

On stationary and high-duty marine engines a 
low gravity fuel is used, as kerosene and oil, but 
before it can be used it must be "vaporized." 

An engine with a correctly heated mixture runs on Ir-~$ 
gasoline. Therefore a. ·closer adjustment of the gasoline needle 
valve or a smaller jet. in c:.uburet.Or is usually necessary. 

An engine requires more gasoline in winter than in 
summer, as the gasoline does not vaporize and readily 
mb.: with the air until mmn. Sec also page 462B. 

Heating Methods 
What we desire to heat is the gasoline, so that it 

will vaporize and enter the cylinder in the form of 
gas or vapor instead of raw gasoline, and thus 
readily mix with the air. 

We might classify heating methods under six 
classifications as follows: 
1. Heating the air which is drmvn into the main air 

intake of the carburetor, and which mixes with 
the gasoline vapor asitisdrawn into the cylinder. 

2. Heating the mixture when clram1 into cylinder. 
3. Heating the air and the mixture. 
4. Heating the carburetor. 
5. Restricting the water flow by a water thermo­

stat (see page 140). 
6. Covering the radiator front and hood louvers 

(pa,ges 149, 150, 650). 
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Fig. 7. Float principle: When gasoline and air are drawn into the cylinders by suction of the piston, the float automatically 
lowers, thereby opening the float needle vnh•e and permitting more gnsoline to enter the float chamber. When the engine is 
not. running-tho ilont chamber fills up, causing the float to rise, thereby closing the flon.t need.le valve. This prevents more 
~nsoline ent.eringi which would cause overllowing and dripping. If the float happens to become loose or lowered more than 
intended. it wou d not cause the needle to cut off the gasoline supply-hence dripping would result. (Note the dotted lines 
indicate the gasoline level.) 
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Heating the Air* 

The illustration (Fig. 7) is that of the earlv model 
"Y" Kingston carburetor, used on the Ford. 

The air is taken in at the "air-valve" opening. A 
hot-air pipe is shown connected, which admits warm 
air to be drawn in from around the exhaust pipe. 
This is a good example of how the air is heated 
before being drawn into cylinders. It will be noted 
that there is no auxiliary air valve on this carburetor. 

Priming method: The damper or "choker" or 
"primer" method (Fig. 7), for priming or feeding 
the engine more gasoline for starting is operated by 
closing the damper or "air valve." This is used 
principally during cold weather. 

EXHAf!ST MANIFOLD 

0 

Fig. 8 

Another example of heating the air drawn into the 
carburetor and also a method of admitting cool air 
is shown in Fig. 8. This is practically the same 
principle as in Fig. 7. Hot air is drawn into the 
main air-supply opening of the carburetor. A hot 
air drum, also called a "stove," is fitted around the 
exhaust pipe, not close, but placed so that air ca. 
be drawn m where the arrows indicate. A flexible 
tube then permits the air to flow to the air opening 
of the carburetor. 

A valve is provided, called the "air valve," also 
called a "damper" or "choker," which can be opened 
or closed by the "air regulator" lever, usually placed 
on the steering column or dash. This lever operates 
a butterfly type of valve in the air opening of the 
carburetor. 

If warm air is drawn into the carburetor after the 
engine is very hot, then the 1nixture would be made 
too rare or lean. 

We also know that gas expands in direct propor­
tion to the degree to which it is heated. Therefore, 
when heated too much, the gas is unduly or pre­
maturely expanded to such an extent that it loses 
a certain percentage of its energy. Furthermore, 
the piston will draw in a smaller amount of gas 
during each stroke. 

The best degree for general running appears to be 
somewhat below the boiling point of water, i.e., 
between 170° and 200° Fahr. 

Therefore some means of admitting cool air must 
be employed which will mix with the warm air. This 
would be termed a "temperature regulator." 

Adjustable temperature regulator: It will be 
observed, in Fig. 8, that the cold-air opening is a 
fixed opening and the amount of cold air drawn 
through the air valve is not adjustable. The 
amount of warm air drawn in, however, is governed 
by the air regulator. The arrangement shown in 
Fig. 9 is slightly different. The cold-air opening is 
adjustable. 

,,a..JE:e~--,COLO AIR 
INT,4/(£ 

T£1'1Pc RiiTV/rE 
CAR811R£TP/r RE0Ut.A7OR 

The temperature of the warm air entering the 
carburetor can be regulated by opening the cold-air 
intake, thus permitting cool air to be drawn in. 
The use of this opening is governed more or less by 
the temperature. In summer, the opening is usu­
ally wide open, but closed more or less during cold 
weather. Choking air supply to start engine: When start­

ing the engine, this air valve is closed, cutting off 
the air supply to the carburetor and causing an Heating the Carburetor J\llixture 
increased suction of gasoline to enter the cylinder 
(or an ei,.-tremely rich mixture). This' gives the There are various methods employed for heating 
initial priming for starting. Immediately the the mixture, as it enters the cylinder, as follows: 
engine is started, the air valve is slightly opened to 1. The hot-spot method or heating the inlet mani-
admit air. As the engine becomes warmed up, the foldbyplacingitadjoiningtheexhaustmanifold, 
air valve is opened more and more until fully open, as in Figs. 10 and 11. 
or1 i~ other ~or1s, to w~ere_the engine runs.without 2 Passing hot exhaust gases through a jacket 
irussmg or Jerkmg which 1s common durmg cold • d" h • 1 nif Jd (Fi ) 
weather. It is well known that engines will miss surroun mg t em et ma. 0 g. 12 • 
when first starting, due to the gasoline particles 3. By circulating hot water through a jacket 
being uuevaporated, which, in turn, is due to Jack around the i11let manifold (Figs. 13 and 14). 
of heat. But after the engine is warm, the gasoline 4. By circulating hot water through a jacket 
becomes vaporized and the engine runs without around the carburetor (Fig. 15). 
missing. The idea is to run on as much air as 5. By passing exhaust gases through a jacket 
possible at all times. Therefore open the air valve around the carburetor (Fig. 16). 
to the point where missing will not occur. 6. By heating the mixture with an electric resist-

By this method, warm air will be drawn into the ance (Fig. 17). 
carburetor whenever the air valve is open. But 7. By a method termed a "fuelizer," as used on 
after the engine is thoroughly warm, and especially the Packard (Fig. 18). 
in summer, the air valve is opened more fully, thus The various methods mentioned above will now 
permitting more air to be drawn in and mixed with be illustrated and described. The reader should 
cool air taken in at the "cold air" opening. observe, however, that these examples refer to 

Temperature regulator: After the engine is well "heat.ing the mixture" after the air bas been taken 
warmed up, it ought to have more air, and the more into the carburetor through the main air inlet an<l 
air used, the less gasoline required. mixed with the gasoline. 

• This method now seldom used. More modern methods are heating the mixture or heaUng the unvaporized gasoline (explained 
further on) to avoid the disadvantages of overheating the nir as explained on this page. (l>ig. 7 applies to early model "T" Ford.) 
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Fig. 10. "Rot-spot" heating of mixture by placing U,o ox• n 
baust manifold adjoining the inlet manifold. Only a part of 
the inlet manifold is hcat<:d: the upper part. The idea here 
is to prevent condensation or fuel. The liquid particles, when 
they reach tho top of tho vertical passage, do not swing to the 
left or right with the .o:as, but go straight, since they are heavier, 
until they atrike the fiot spot. 
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Fig. 11. Buick's exhaust heating of mixture. Note tho 
exhaust mnnifold which adjoins the inlet manifold (IM). The 
lower part of the exhaust manifold (bot-air chamber) is divided 
Crom the exhaust (above). Air p:i...sses throui;h the lower cham• 
her which is heatoo. Bot air is a.lso drawn into jacket a.round 
the upper part of the carburetor by a flexible tube connection 
(FT). 

Fig. 12 Fig. 13 

Fig. 12. Franklin exhaust method of heating the mixture. 
Note tho jacket which encloses the intake manifold throui1h 
which el<hnuot gas passes. A cut-off is provided when the 
engine oocomes very warm. Pl and P2 pipes are left open. 
See nlso pace 142. 

Fig. 13. Stutz hot-water-heated intake manifold. 

PL:'G f ~i~!>.T~'lt~~t 
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Fig. 11: Bot-water heatin11 of mixture ns employed on the 
Oldsmobile eight-cylinder "V"-type engine. Note tho hot 
water circulates through a jacket around the inlet manifold. 
This principle is more e!Ieotivo than heat around the carburetor. 
ExhnUBt gases can be passed through' this jacket instead of bot 
water, which will heat·tbe mixture quicker, and is more gener­
ally used. 

Fig. ll>. Hot-water heating of carburetor. Tho usual 
method or connecting tho hot water to the carburetor water 
jncket is to connect the upper water connection to the cylinder 
water jacket or pipe, and the lower ono to the suction end of 
the pump (between radiator and pump). Sec that the conneo• 
tions aro made in such n way that water will drain out or the 
carburetor jacket when the system is drained. Place a shut-off 
cock in the line for usc in extremely hot weather. 

Fig. 16. Exhaust-gas heating of =burctor. The exhaust 
gases from the exhaust pipe can be carried to the carburetor 
water jacket, by tapping tho exhaust pipe a.nd connecting 11 

flexible or copper tube to the water jacket. It is ndvisnblo to 
use ns Jarae a pipe as possible-say ½", ns it has a tendency to 
clof up. 'fho other oponins of the water jacket is left open by 
o. ¾" or ½" copper-pipe connection cxtondjng to the lower 
part of the engine for emission of gases. 
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Fig. 17. Heating tile priming mixture electrically. A pipe 
connects with gasoline supply. Tho primer is screwed ,nt.o 
the inlet manifold. Suction of the piston draws in raw gosolino. 
An electric heating coil connected with tho battery hcnta the 
gasoline used for priming as it passes into tho manifold. There 
are various electrical methods for beating. 

See also page 142 for Franklin electric vaPOrizer. 

Packard "Fuelizer" for Heating Mixture 

The pipe marked "By-Pass" (Fig. 18) carries a 
minute quantity of gas direct from the carburetor 
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to the fuelizer, a small combustion chamber sur­
rounding the intake manifold. 

B'<- PASS FROM 
CARBURETOR 

--=.:...:f;~;G;E-- -~-·--
HEATED DRY 

XTURE: • 

OT EXHA\JST GASES 
TERIKG INTAKE 

ANIFOLD 

MAU( PASSAGE 
FROM CARBU· USUAL. COLD 
RETOR • WET MIXTURE 

Fig. 18. Packard fuclizcr. See also Fig. 51, page 1'10. 

The gas is ignited by means of an independent 
spark plug in this chamber, as shown, and circuh!-tes 
at a very hi~h temperature through the fuchzer 
chamber which surrounds the intake manifold. At 
the bottom of the fuelizer chamber are two small 
holes through which the superheated exhaust of the 
fuelizer enters directly into the main inlet manifold. 

Thus the main inlet manifold temperature is raised 
by direct mixing with the fuelizer exhaust as well as 
from the heat developed in the fuelizer chamber. 

The result is that all gas passing through the main 
manifold is thoroughly dried, sufficiently heated, 
and broken up into a completely combustible fuel. 
Any grade of commercial ~asoli.ne, after receiving 
this treatment, explodes without a trace of carbon 
and without depositing lower grade fuels. 

The circulation of gas through the fuelizer pipe 
•1nd chamber is maintained by the same cylinder 
;uction which draws gas through the main manif?ld. 
However, the circulation of gas through the fuelizer 
starts below the butterfly valve of the carburetor 
and exhausts into the main inlet manifold. 

When the butterfly valve is closed, engine suction 
is very heavy upon the fuelizer; it receives a maxi­
mum supply of gas and gives off a maxi.mum heat. 

On the other hand, the farther the butterfly valve 
is opened, the less becomes the suctiim of the engine 
by the way of the fuelizer, because it is e~sier fo_r the 
engine to suck the gas by way of the roam n!amfold. 
This automatically decreases the heat given off 
by the fuelizer directly in proportion to the decreas­
ing need of the engine for heat. 

When the engine is being started, or idling, the 
~uelizer is going at maximum. But when the engine 
reaches an ideal combustion heat, because of high­
speed traveli_ng, or heavy low-!/;el!-r _work,_ tbe fuel­
izer automat1cally shuts off until it 1s agam needed. 

The Le~i-Gasi6cr 
The following illustration and explanation is taken 

from the instruction book of the Lexington series "S" 
model. The air is not heated, but is drawn in cold. 

Incorporated in the Moore multiple exhaust sys­
tem manifold is a device that converts all the heavy 
portions of the fuel not vaporized by the carburetor 
into gas, which is taken up by the air stream and 
carried into the engine cylinders to ·do useful work 
instead of going down the cy~nder wall~, destr?y­
ing lubrication. All of the lughly volatile port1o_n 
of the fuel, in passing through the carbu~etor, is 
vaporized and is carried by the air stream mto the 

engine cylinders. The heavy portion, or "high-end 
point," after passing the throttle valve, is def1ected 
into the hot grid back of the manifold, by the bend 
in tbe pipe immediately above the cal'buretor. 

The system is so designed that all six of the 
exhausts play on the back. of the grid, ke~pin~ it 
quite hot. All heavy partwles of ~uel falling 11?to 
this grid are instantly conv_erted mto _gas, w~1ch 
rises and is carried by the air stream directly mto 
the engine cylinders. Its action is similar to pour­
ing gasoline on a hot stove. 

.____~ r HOT • L1 • CAR8UERATOR 
GRID 

Fig. 18A. Lexington gasi6er. 

This device is not to be classed with the bot-spot 
manifolds, which heat the carburetor mixtw·~ (both 
air and fuel). Heating the air expands it, and 
prev. ents the cylinders fr~m taki1;1g i!l the maxi.­
mum amount of oxygen umts to mu: with the fuel, 
thereby weakening the explosions. 

In the Lexi-Gasifier the air passes in almost cold, 
taking with it the gasified fuel, providing the_ maxi­
mum oxygen units in a given space for this fuel. 
This excess of oxygen and gasified fuel produces a 
greater pressure in the cylinders, hence more power. 

After all, the power obtained from the internal 
combustion engine is the difference in temperature 
of the incoming mixture and the temperature to 
which we can raise this after burning. 

Cadillac "61" Carbu1·ctor Thermostatically 
Controlled 

The carburetor on the type "61" Cadillac ~s pro­
vided with thermostatic control for the tens10n on 
the auxiliary air-valve spring and also for regulating 
the effectiveness of the accelerating pump. 

THERMOSTATICALLY 
CONTROU.ED AIR \l\Lvt 
WHICH Ol'ENS AS THE 
HEAT INCREASES 

Fig. !SB. The Cadillac_ ~arbur~tor is provi~ed with thermo­
static control on the auxiliary air-valve sprmg and also for 
regulating: the effectiveness of the accelel'ating pump. 
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Referring to Fig. 18B showing a sectional ,~ew of the carbu­
retor, it will bo noted that I-he manual setting for the air valve is 
employed as usual, but superimposed on this manual setting: is a 
thermostat which alters the tension of the air-valve spring in 
accordance with t.emperoture requirements. 

0 n a. cold engi oe the spring tcnsi on is in creased, there by causing 
increased resistance to the opening of the auxilfo,,ry air valve. 

In \Varmer weather the effect is the reverse, tbus tending to 
make the mixture leaner. 

The thermostat on the accelerator pump (not sho,\.·n in the 
illustration), which is located in the fuel chamber, operates n 
shutter which covers and uncovers a vent, thus increasing the 
effectiveness of the pump when the engine is cold, and decreas­
ing: it when the engine is warm. In other words, when tho vent 
is open the accelerator pump bas little or no effect. but when it 
is closed tho accelerator pump or throttle pump will force gaso­
line through the spray nozzle, when the throttle is opened 
quickly for accelerntion. When the throttle is opened slowly 
1he pump bas practically no effect on tbo g8"0line. The 
t hrottlc pump is interconnected with the throttle, and its func• 
tion is to force compressed air into the float howl. When the 
thcrmostnt comes into effect a.od opens the vent, the air, of 
course, cannot be compressed, and consequently the pump 
operation is materially reduced. 

It is claimed that the introduction of these two thermo.stats 
materially reduces the warming-up period of the eni;ine. (Motor 
1l uc.) 

Heating the Air and the Mixture 

A combination of heating the mixture and heating 
the air is shown in Fig. 19. The exhaust manifold 
adjoins the inlet manifold which heats the mixture 
as it enters the cylinders. Warm air is drawn 
around the upper part of the carburetor, admission 
of which is controlled by a throttle which keeps 
the upper part of the carburetor warm. \·Vann air 
is drawn in the main air-supply which heats the 
air. A temperature regulator, controlled from the 
dash, admits cool air into tl1e main air supply when 
the engine is thoroughly warmed up. 

For starting, the lower air opening of the carbure­
tor can be closed entirely, which "chokes" the air 
and causes gasoline to be drawn int<> the cylinder 
until the engine starts. This system is used on the 
Nash trucks and is an ideal system. 

Fig, 20. Wilmo exhaust-heated intake manifold, designed 
for Fords and other cars. An example of method for heating 
the mixture iust before it passes into the cylinders. The car· 
buretor connect.s wit.h the lower, or inlet part of the manifold; 
the exhaust is the upper part, with a plti,te between. By oom­
pletcly vnporizing the gasoline, no r""idue is left to seep into 
the crank case to thin the lubricating oil. 

Remarks on Water and Exhaust Heating 

If the intake manifold is heated with water, the 
temperature is not so liable to cause overheating, as 
the temperature seldom goes above 170° to 200°, 
especially if a thermostatic principle is used. 

When the engine is cold, after standing all night, 
the water does not heat as quickly as if exhaust-gas 
heated, but when the engine is run and warmed up 
and left standing, the water will remain warm for 
some time and will quickly heat again. The water 
is quite often circulated around the carburetor and 
inlet manifold and in connection with a temperature 
regulator and heated air intake. A water heating 
system can be used only with engines using a force 
or pump water-circulating system. 

When the intake manifold is heated by the 
exhaust, the temperature is liable to increase to a 
high degree, if the engine is run continuously for a 
long period. The latter system, however, will heat 
the mixture more quickly than the water system, 
when the engine 1s cold. Therefore means for 
admitting cool air and some means for cutting off 
the exhaust gases from the manifold jacket ought 
to be provided, especially in case of the long-con­
tinued running of the engine. 

HOW TO DETERMINE THE SIZE OF CARBURETOR TO USE 
The size of the carburetor should be determined 

by the area of the valve opening on the engine, and 
not by tbe cylinder displacement, as the former is a 
trne measure of the engine capacity. A carburetor 
cannot deliver more charge to a cylinder than the 
area of the valve opening will allow to pass. 

A large carburetor with too much passage area 
cannot cause an engine to dcUver more power than 
it would with one having a passage equal in area to 
that of the valve opening. Too large a carburetor 
would not only waste fuel, but would reduce the 
power of the engine by furnishing a weak mixture. 

If the carburetor is too small the engine will not 
develop its rated power, as it could not deliver a full 
charge at high speed. 

When a carburetor is small for the engine, it 
becomes very cold while in operation, a.s the amount 
of heat necessary to effect the vaporization of the 
gasoline is more than is available from the entering 
air or than could be secured through the metal c:tr­
buretor by conduction. The temperature of the 
metal part of the carburetor becomes so low that 
water condenses on it, and, in some cases, is in the 
form of frost. These results are produced by the 
use of a carburetor too small for the engine. To 

meet these conditions, some makers provide means 
for heating the air supply, as previously shown. 

It follows that the carburetor of proper size should have its 
passage area equal to the valve opening of the engine. In 
multiple-cylinder engines this area is equal to the valve opening 
multiplied by the number of suction st-rokes which take place 
simultaneously, determined from tho sequence of cranks. 

It will spell failure to fit a carburet-0r with a large jet and 
opening to an engine in whicb the exhaust closes very early, 
because the surplus gas cannot be e,,,elled as completely as 
with an engine having a very late-closing exhaust valve. 

Carburetor sizes are determined by the opening 
leading to the manifold. These openings are slightly 
larger than the indicated si1-e of the carburetor. 

For example: The opening on three different 
makes of ca.rburetors varies as follows: 1-inch: 
Schebler, 1 3/16"; Rayfield, l¼"; Stromberg, 
1 3/16"; 1¼ inch: Schel:"or, 1¾"; Rayfield

1 
I½"; 

Stromber~, 1 7/16"; 1½inch: Schebler, 1%' ; Ray­
field, I¾' ; Stromberg, 111/16". 

In fitting a carburetor to the manifold, the car­
buretor opening should be slightly smaller and 
never larger than the opening in the intake manifold. 

S.A.E. flange openings are as follows: 1-inch carbu­
retor has 2¾"betw.een bolt-bole centers; l¼inchcar­
buretor has 2 11/16" between bolt-hole centers; 1½" 
carburetor has 2 15/16" between bolt-hole centers. 
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GASOLINE OR FUEL FEED TROUBLES• 

The tank of a fuel system is always provided 
with a small hole, usually drilled through the filling 
cap as at (V), Fig. 1, by which air may enter to 
replace the gasoline as it is drawn off. If this hole 
becomes clogged with dirt, the gasoline in flowing 
out will tend to create a vacu\lm, and the flow will 
stop. 

The outlet pipe should project slightly above the 
bottom of the tank, so that water and dirt may 
settle, and not be carried to the carburetor. A filter 
screen should also be provided. 

A temporary repair for a slight leak in a gasoline 
tank can be made by applying ordinary soap. 
Such a repair may last tili the defective part can be 
soldered. Leaks at gasoline taps can generally be 
cured by screwing up the nut securing the tap plug, 
or by grinding in the tap with crocus and oil. 

If gasoline drips from the feed line, examine con­
nections (A) and if it drips from the carburetor it is 
probably due to the float needle valve failing to seat 
properly. Gasoline leaks are sometimes difficult 
to locate. 
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If gasoline fails to flow to the carburetor, see that 
(V), Fig. 1, is open. If this is open, then examine 
the filter screen at the bottom of the tank. • If this 
is open, then remove pipe (B) and blow it out. If 
this is open, then take the carburetor apart and see 
if it is clogged up with waste or sediment. 

Gasoline feed-pipe connections should have spe­
cial unions. See Index under "Pipe connections." 
The threads are very fine and can easily be crossed. 
Therefore use every precaution not to "cross-­
thread" when joining a gasoline pipe coupling as at 
(A) (Fig. IA). In (B) the threading is straight and 
correct. 

Gasoline rots rubber rapidly and should not be 
conveyed through a rubber hose, nor should joints 
be packed with rubber. Shellac or soap may be 
used when screwing joints together, as it helps to 
make them tight. 

Draining: The lowest J?Oint of the gasoline line 
on a vacuum-feed system 1s the bottom of the gaso­
line tank. On a. gravity feed system it is at the 
carburetor. A strainer made of brass wire mesh is 
usually at the lowest point, and should occasionally 
be removed and cleaned. 

Water in gasoline is indicated generally when the 
engine runs irregularly and finally stops. This will 
often prevent starting of the engine. Water is 
frequently present in gasoline, and, particularly 
"·hen the tank is low, is liable to get into the pipes 

and carburetor. The drain cock at the bottom 
should be opened occasionally to let off the water 
and sediment. 

In cold weather, this water is liable to freeze, 
preventing the action of the carburetor parts. Ice 
in the carburetor can be melted only by the applica­
tion of hot water (or some other non-flaming heat) 
to the outside of the float chamber. 

To prevent water getting into the gasoline and 
freezing during cold wea.ther, thereby clogging the 
flow, strain through a chamois. 

Gasoline ought to be strained. Many carburetor 
troubles would be avoided if more care were taken 
to free gasoline of all dirt before its entrance into 
the tank, and, later, into the carburetor (Fig. 2). 

It is said that static electricity will be generated 
when straining throu~h a funnel and chamois, and 
a spark is liable to igmte the gasoline. If the funnel 
is grounded to the tank this cannot occur. 

Old gasoline left in the carburetor for some 
time, when the car is not in use, will lose its 
strength. If the engme should not start easily, 
then drain the float chamber. 

Stale gasoline: After standing for some time, 
gasoline will become dead and slow to ignite. This 
is partly due to evaporation, and partly to chemical 
changes that take place. 

A strainer should be on all gasoline tanks or lines, 
as water and sediments being heavier, always settle 
at the bottom. 

Addresses of carburetor manufacturers, classified under the 
type of carburetor they manufacture, nre siven elsewhere; see 
Index under ''Address of carburetor manufacturers.11 For 
detailed information catalogs are of value. 

Broken gasoline pipe can be temporarily repaired 
by wrapping with tape. Be sure the gasoline pipe 
is not bent at too sharp an angle. 

Another method of re_pairing a broken gasoline 
pipe is to scrape the tube near the break and to 
wind about 1" of clean copper wire on each side and 
over the break, and then to solder carefully. 

Air leaks cause missing. If the engine persists 
in missing and this is not due to faulty ignition, then 
look for air leaks in the inlet manifold. Examine 
gaskets and see if a crack is in the intake casting­
providing the trouble is not in the ignition. 

Leaks in the intake pipe gasket are a verr common 
cause for missing at low speeds. This is best 
detected by letting the engine run at the missing 
speed. Take a squirt-can full of gasoline and squirt 
around all the intake-pipe joints. If you detect 
any difference whatsoever in the running of the 
engine, there is a leak. 
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Cracked.flanges (Fig. 4) can be repaired by hav­
ing them welded by ;oxy-acetylene process. See 
Index under "Gaskets," for the kind of gasket to use. 

1 See also pa.ges 462A, 462H-462M. 
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MAIN GASOLINE TANK, GAUGE, AND SHUT-OFF VALVE 
Main Gasoline Tank 

The main gasoline tank contains the greater 
. amount of gasoline, and is usually suspended at the 

rear of the car. The auxiliary tank is placed under 
the hood (see page 112). 

OASOLit:E TANK tfLL~R PIPS 

CiASOL11\"E Cli\JGE CASOLIN?. TANK 
;l~-----T::OVACiVUM TAl'f)( 

-oR.AlN PI.UO 

Fig. 5, Ma.in gasoline t.ank, showing operation of gasoline 
gauge float. See Index, "Gaso1ine tnnk capacities.'' 

Fig. 5A. i\fain gasoline tank, showing baftle plates. (G) is a 
well below tbe screen wbicb may be opened for cleaning by re­
moving plug (H). 

The gasoline feed pipe is the pipe leading from the 
main gasoline tank to the vacuum tank, and is 
usually of copper or brass pipe 5/16" outside and 
7 /32" inside diameter. 

Baffle plates are provided in the gasoline tank to 
keep the gasoline from surging from one side of the 
tank to the other (Fig. 5A). 

The gasoline tank gauge most used is the float 
type. As the tanlc is filled the float rises until the 
tank is filled (position 1, Fig. 5); position when 
empty is as at (2). See also page 649. 

Note. Sometimes the bevel gears stick. If so, remo•b 
the entire gauge with the float by unscrcwinsi at top. Ba 
careful to replace the cork gaskets . 

Gasoline Tank Shut-off Valve 
On many cars there is a reserve of gasoline pro­

vided. 
An example is the shut-off valve used on the King 

(Figs. 5B and 5C). The capacity of the tank is 
18 gallons. 

The normal supply _position of the shut-off valvP. 
lever is shown down (1) in Fig. 5B. When in thie 
position, gasoline must feed through pipe (A); conse• 
quently the gasoline level must be above piJ?e (A). 
When the ~asoline level is below pipe (A), with th,1 
lever in position (1), the gasoline feed stops, although 
there is still a two-gallon reserve supply left in the 
tanlc 

The reserve supply position of the shut-off valve 
lever is shown in a horizontal position (2) in Fig. 
5B. All gasoline in the tank will now fl.ow out of the 
tank through (B) (Fig. 5C). 

To shut off the supply, place the lever in position 
(3) (Fig. 5B). To drain, remove the drain plug. 

There are other similar methods employed on different cars; 
for example, see PBIJ"C 112 under beading, "A three-way valve 
located on the top of the gasoline tank," as used on the Packard 
twin-six car. 

A 

1 
NOJ:tMAL SUPPl.V 

Fig. 5B 

A 

OAAIH PUJG 

NORMA.I. 
.SUPPLY 

Fig. 5C 
Figs. 5B, 5C. Gasoline tank shut-off valve as Ul3ed .,n the 

King car, as an cxn.mple. 

FUEL FEED l\IETHODS 
Thei-e are six methods for feeding gasoline, some of 

which are not in general use. They are as follows: 
1. By gravity. 
2. By exhaust pressure. 
3. By combined gravity and exhaust pressure. 
4. By forced air pressure. 
5. l3y vacuum and gravity. 
6. By fuel pump (there are three types; see page 

116A). 
The fuel pump, vacuum, and gravity method is 

used most. 
Gravity Feed 

A tank is placed above the level of the carburetor 

GraVity feed 
gasoline 
tank- ii~\-::·:-

" ,111v>,, .. 

Gasoline feed pipe 
Fig. 6. Gravity feed. 

so that the gasoline flows from tank to carburetor by 
gravity (Fig. 6). The tank can be placed at any 
point on the car, providing it is above the level of 
the carburetor. 

The disadvantage of this where the tank is not 
close to the carburetor lies in the fact that when 
ascending hills, or on the side of an incline, tJ;,e 
gasoline may fail to flow through the pipe. 

Exhaust-Pressure Feed 

With this system (Fig. 7, page 112), the tank is 
placed in the rear. A hand air pump is connected 
to obtain the initial pressure in the tank. After the 
engine is started the exhaust gases pass through a 
check·valve to the tank, creating a pressure, which 
forces the gasoline to the carburetor. 

A small pipe is used for the exhaust passage. The 
pipe being exposed to the air, the gases are cooled and 
prevent a flame. A check valve prevents the gas 
passing back, as it can pass in but one direction. 

Disadvantage: The pressure is liable to interfere 
with the proper operation of the float. This system 
is practically obsolete. 
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Fig. 7. Exhaust-pressure feed (obsolete). 

Gi-avity and Exhaust-Pressure Feed 

Gasoline is forced by exhaust pressure from the 
main tank to a smallrr, auxiliary tank, placed above 
the level of, and close to the carburetor. The 
1,1;asoline then flows to the carburetor by gravity 
(Fig. 8). This system "·as used in the early days of 
motoring, but not to n.ny great extent. 

P \J)I.IL GAS'L 
ANK 

GP.SO~INE LINE 
Fig. 8. Gr:wity n11d exh:,ust-pressure feed (obsolete). 

Air-Pressure Feed 

A gasoline air-pressure feed is shown in Fig. 9, 
which represents the Packard twin-six system. 

General principle: The supply of gasoline is car­
ried iu the tank at the rear of the frame. The 
gasoline is supplied from the tank to the carbu­
retor by air pressure (at l½ to 2½ lbs.) provided 
by an air pump attached to the engine front-end 
cover and driven by forward extension of generator 
shaft. 

Fig. O. Air-pressure feed (Packard Twin-sixl. 

The carburetor is mounted above and between 
the cylinder blocks, and receives heat generated by 
engine, which assists in vaporizing gasoline. 

The gasoline tank is located on the rear of the 
frame. The capacity of the tank on all models is 
twenty gallons, mclucliDg a three-gallon reserve. 

A three-way valve located on the top of the gaso­
line tank connects with outlet pipes leading to each 
side of the tank. Turning the valve handle to the 
right permits the gasoline to be completely drained 
from the right side of the tank and vice versa. 
\Vhen gasoline has ceased to flow, turn the valve 
handle to its opposite extreme regardless of the pre­
vious running position, in order to obtain the reserve 
supply. Tuming handle up shuts off the gasol.inc. 

Caution: If the gasoline tank has been completely drai ncd and 
is replenished with less than a five-gallon supply, turn the valvo 
handle to the left, which is the side of the tank which receives 
the first three to five gallons. otherwise, gasoline will not flow. 

Air pressure for supplying gasoline to the carbu­
retor is furnished by an air pump attached to the 
crank-.case front-end cover, and driven by an eccen­
tric mounted on the geDerator shaft. 

The air is drawn from outside the crank case and 
forced under pressure to the gasoline tank. To 
increase the pressure, remove the plug at the top of 
the pump cylinder and unscrew the smaller plug at 
its base. To decrease the pressure, the small plug 
should be screwed down. 

The hand or auxiliary pump on the in.strument 
board provides a means of obtaining initial air 
pressure before the engine is started, providing the 
gauge on the dash shows that there is no air pressure 
in the gasoline tank. 

To obtain pressure by hand, unscrew the handle 
to the left. When the plunger is free, operate the 
pump until pressure shows on the gauge. Do not 
pump higher than 2½ lbs. pressure. 

When air pressure is used, if the carburetor has a small float, 
the pressure should not be over 2 ½ or S lbs. With a larger 
float, the gfe.ater area will withstand more variation in pres.sure. 

If the gasoline gauge does not respond to the hand-pressure 
pump, it is probably caused by the tank outlet ,•alve being 
shut olT. 

Caution: lfavinJ? finished operatini,: the pump, push the 
plunger in, and be suro to lock it in place by screwing the plun­
ger handlo t.o the right. The plunger leather of the pump 
should be oiled occasionally with ncat's foot-oil. Mineral oils 
improve the operation of the pump only temporarily, and tend 
to dry up the leather. 

A gasoline pressure gauge on the instrument 
board is connected directly with the supply line at 
the gasoline strainer housing. The gauge indicator 
should show from l½ to 2½ lbs. pressure when the 
engine is running. 

If the pressure gauge indicates that the pump is 
not maintaining the proper pressure in the tank, 
proceed as follows: 

Inspect the (lasoline-tank filler cap, seat, and gasket to make 
sure that they are in good, clean condition and free from nicks. 

Be sure that the filler cap is tightly seated. If the trouble 
is not found by this method, examine all e<>nnections on the 
air pres.sure and gasoline supply lines to make sure that there 
are no leaks. A good method of locating leaks in the air line 
is t-o put pressuro in the tank and go over the line carefully 
with soap suds. If it is determined that all pipes and connec­
t.ions a.re absolutely air-tight., raise the air pressure by adjusting: 
the pump as described above. 

STEWART VACUUM: GASOLINE FUEL-FEED SYSTEM 
Gasoline is fed to the carburetor through a /-;;'' 

copper pipe by gravity from the lower chamber of the 
vacuum tank. The vacuum tank is usually placed 
on the inside of the dash and should be 3" or more 
above and near the carburetor, so that the gasoline 
will feed to the carburetor at all times, regardless 
of the angle or position of the car. 

The main gasoline tank is placed at the rear of the -:~ :~; 
ca,· below the level of the auxiliary, or vacuum tank, MAIN GASOLINE 

and gasoline is drawn from the main gasoline tank to Fig. I. c~i:~tions of s~wart vacuum gasolino fuel-feed 
upper chamber of vacuum tank by a vacuum process, l system. (See :wo page 462H.) 
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Principle of Operation 
First> read pages 1078 and 1079 for the definition of "vacuum'' 

and 0 suction," and page 1074 for "atmospheric pressure.'' 
For example (see Fig. 2B), suppose the gasoline 

had just been discharged from the upper chamber 
to the lower chamber (which it is doing in Fig. 2C). 
The float would have gone down to its lowest posi­
tion (Fig. 2B), and in doing so, would have caused 
the float mechanism (E and F) to open the suction 
valve (A) and close the air valve (B). 

A suction or vacuum action then takes place in 
the upper chamber, as a result of the valve (A~ open­
ing being connected by (C) with the inlet manifold, 
and the air is thus drawn out of the upper chamber. 
The vacuum or suction action produced in the inlet 
manifold is the result of the inlet valve of the engine 
being open and piston going down on suction stroke. 

The flapper valve (H) closed because pressure 
inside of the lower chamber was greater than in 
the upper chamber. 

There is now but one other opening, and that is 
through the strainer (V) and pipe (D) leading to 
the main gasoline tank. The1·e is no valve here. 
It is always open. 

There is an air opening at the vent hole in the 
filler cap in the main gasoline tank

1 
but the gasoline 

is between this air opening and tne vacuum tank. 
What is the result? 

V 
5-AlrValve 

FLOATVAlVt. 

G _I 

~:;.· __ f 

Fig. 2A 

Fig. 2 

Fig. 2. Sectional view of Stewart vacuum tank. 
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Gasoline is forced from the bottom of the main 
gasoline tank through the standpipe, to the upper 
vacuum chamber, because the atmospheric pressure 
entering the vent hole in the filler cap of the main 
gasoline tank exerts a pressure of approximately 
J4.7 lbs. per square inch on the gasoline, whereas 
there is practically no air, or a considerably reduced 
pressure in the upper vacuum chamber. Thus the 
gasoline flows from a lower level of a higher pressure 
(main gasoline tank), to the higher level of a lower 
pressure (upper vacuum chamber). 

Fig. 2A. View of top of Stewart vacuum tank removed, 
shov..-ing how valves A and B are opened nnd closed by n.cHon 
of floa.t rising or lowering. 

Fig. 2B 

Gasoline Is Forced 
Through Pipe (D). 

by Air Entering 
Vent Hole In Ftller 
Cap (When Air 
is Drawn Out of 
Upper Chamber) 

Air Vent Hole 
! 

LOWER 
G~AVITV 

'. CHAM6E 

Air Vent 

A SUCTION VALVE 
OPEN 

B AIRVALVE 
~ CLOSED 

\ 
'AlR PASSA<.e: TO 
LOWER CIIAMSER 
Pu.WAYS OPEN 

OASOL IN E f'\.OWIN6 
ll'l'TO UPPER 
<;HAMBER 

FLOAT AT 
LOWEST PO­
SITI0ti WH ltH 
CAUSE!> VALVE 

.A TO OPEN 

-MAIN GASOLINE TANK VACUUM TANK L.'l'LET MANIFOLD 

Fig. 2B. Gasoline is flowing into the empty upper vacuum chamber from the main gasoline tank. Note that float (G) i• 
at " low level, which caused (A) to open and (B) a.nd (H) to close. 

Fig. 2C. The upper vacuum chamber is 110w full. Float (G) is at high position, which caused (A) to close and (Bl anc! 
(H) to open. Gasoline from the main tank has ceased flowing. The upp.er va.cuum chamber is feeding gasoline to the lower 
chamber. During both actions the i;asoline still feeds to tho carburetor from the lower gravity chamber. 
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As the gasoline flows into the upper vacuum 
chamber, the float gradually rises until the upper 
chamber is full (Fig. 2C), at which time the float 
mechanism causes the suction valve (A) to close 
and the air valve (Bl to open. What is the result? 

With air valve (B) open, air enters into upper 
chamber at atmospheric pressure (from the air vent 
at top of vacuum tank) and creates air pressure on 
the gasoline equal to the air pressure above the 
gasoline in the main gasoline tank. Thus the flow 
through (D) and (VJ stops. At the sam~ time the 
air pressure on the gasoline in the upper chamber 
(also because the level of gasoline is higher in the 
upper chamb. er) causes flapper valve (H) to open, 
and to discharge into the lower chamber at which 
time the float graduallv lowers until it assumes the 
lowest position again (Fig. 2B), and the operation 
is again repeated, thus constantly supplying gasoline 
to the lower chamber. 

During both operations, as shown in Figs. 2B 
and 2C, the gasoline still feeds to the carburetor 
from the lower gravity chamber. 

If both upper and lower chambers are empty, tho same 
principle would npply as in Fig. 2B. The flapper value (H) 
would close because the air pressure inside the lower chamber 
was greater than in the upper chamber. 

It will be noterl that the lower chamber is always open to 
atmospheric _pressure (14.7 lbs.) U1rouf.b the "air-vent t.ube." 
between the inner and out.or tank she! , otherwise the i:asoline 
would not flow by sravity to t.l,e carburetor. 

Installation 
The top of the vacuum tank must be above the 

level of the gasoline in the main gasoline tank when 
full, even when the car is going down a steep grade. 

Never tap through a water jacket, if the intake 
manifold is provided with one. Always tap the 
intake manifold at a point as close to the intake of 
one of the cylinders as possible. 

Vent-Tube Overflow 
The air vent allows an atmospheric condition to 

be maintained in the lower chamber, and also serves 
to prevent an overflow of gasoline in descending 
steep grades. If once in a long while a small amount 
of gasoline escapes no harm will be done, and no 
adjustment is needed. However, if the vent tube 
regularly overflows, one of the following conditions 
may be the cause: 

(a) The air hole in the main gasoline tank-filler 
cap rp.ay be too small or may be stopped up. If the 
hole is too small or if there is no hole at all, the sys­
tem will not work. Enlarge the hole to ½" diam­
eter, or clean it out. 

(b) The vacuum tank may not be installed quite 
high enough above the carburetor. If the bottom of 
the tank is not 3 inches above carburetor, raise it. 

Gasoline Leakage 
If g~oline leaks from system, except from vent 

kbe, it can do so only from one of following causes: 
(a) A leak in the outer wall of the tank may exist. 

If so, soldering up the hole will eliminate trouble. 
(b) The carburetor connection in the bottom 

of the tank may be loose. If so, tighten. 
(c) There may be a leak in the tubing leading 

from (D) (Fig. 2). 

Failure to Feed Gasoline to Carburetor 
This condition may be due to causes other than 

the vacuum system. To test: after flooding the 
carburetor, or "tick.ling the carburetor," as it is 
commonly called, if gasoline runs out of the ca.rbu­
retor float chamber, you may be sure that the 

vacuum feed is performing its work of feeding the 
gasoline to the carburetor. 

Another test is to take out the inner vacuum 
tank, leaving only the outer shell. If you fill this 
shell with gasoline and the engine still refuses to 
run properly, then the fault clearly liE,s elsewhere 
and not with the vacuum system. 

If the failure to feed is in the vacuum tank, one of 
the following may be the cause: 

(a) The float (G), which should be air-tight, may 
have developed a leak, thus filling up the float with 
gasoline and making it too heavy to rise sufficiently 
to dose the vacuum valve. This allows gasoline 
to be drawn into the manifold, which in tum will 
choke down the engine. See page 1041 for testing. 

(b) The flapper val:ve may be out of comlnission. 
(c) Manifold connections may be loose, allowing 

air to be drawn into the manifold. 
(d) The gasoline strainer (V, Fig. 2), or tubing 

may be clogged up. Look to this first. Pipes can 
be cleaned by disconnecting and blowing out with 
air pump. 

(e) Suction valve (Al, or air valve (B) may not 
seat properly. See also pages 1041 and 122. 

Remedies 
(a) To repair float: remove top of tank (to 

which float is attached). Dip the float into a pan of 
hot water, in order to fin<i out definitely where the leak 
is. Bubbles will be seen at the po.int where the leak 
occurs. Mark this spot (bot water expands the air 
inside of the float, causing it to show the slightest leak). 

Next, punch two small holes, one in the top and 
the other in the bottom of the float, to permit 
discharge of the gasoline. Then solder up these 
holes and the leak. Test float by dipJ?ing in hot 
water. If no bubbles are seen, float is arr-tight. 

In soldering the fl.oat, be careful not to use more 
solder than required. Any unnecessary amount 
of solder will make the float too heavy. 

A temporary repair for a leaky or lo~ged float is to 
remove head; take out float and punch a small hole 
at top and bottom; this will perlnit it to float when 
replaced; or after punching the holes and gasoline is 
drained, the holes can be temporarily sealed with chew­
ing gum or tape. Another plan is to cut bottom offloat 
off entirely and replace it. A new float should be 
installed. 

To overcome the condition of a leaky float tem­
porarily until you can reach a garage, remove plug 
(W) at the top. In some cases the suction of the 
engine is sufficient to draw gasoline into the tan½, 
even with this plug open, but not enough to cause 1t 
to continue to be drawn into the manifold. If, how­
ever, you are not able to do this, close up plug (W) 
with the engine running. This will fill the tank. 
After running the engine until the tank is full, 
remove plug (W) until gasoline gives out. Con­
tinue repeating these operations until a repair sta­
tion or garage is reached, when the leaky float can 
be remedied. 

(b) A small particle of dirt getting under the 
flapper valve (H) might _prevent it from seating air­
tight, and thereby render the tank inoperative. 

In order to determine whether or not the flapper 
valve is out of commj.ssion, first plug up the air 
vent; then detach the tubing to the carburetor from 
the bottom of the tank. Start the engine and apply 
a finger to this opening. If suction is felt con­
tinuously, then it is evident that there is a leak in 
the connection between the tank and the main 
gasoline supply, or else the flapper valve is being 
held off its seat and is Jetting air into the tank, in­
stead of drawing gasoline. 
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In many cases this troublesome condition of the.flapper valve 
can be remedied by merely tapping the aide of the tank, thus 
ahaking loose the particle of dirt or lint which hns clogged the 
valve. If Utis docs not prove effective, remove the tank cover, 
as described below. Then lift out the inner te.nk. 

To fill the ta.nk, should it ever become entirely empty: With 
the engine throttle closed and tho spark off, tuxn the engino 
over a few rovolu&ions. This tnkes less thnn ten seconds, and 
will create sufficient vacuum in the tank to 6U it. 

If the tank has been allowed to stand empty for a consider­
able time and it does not easily fill when the engine is turned 
over, this DIA)'. be caused by d,rt or sediment being under the 
Happer valve (B), Or, perhaps, the valves are dry. Removing 
the plug (W) in the top and squirting a little gnsoline into tho 
tank will wnsh the dirt from tins valve, and also wet tbc valvos, 
and cause the tank to work immediately, if duo to this cause. 
Another method is to remove fi lier plug (W) and fill the tank 
with gasoline drawn from tho main gasoline tank, by means of 
n n oil gun or from drain. 

Auxiliary vacuum pump: On some cars a amall hand vacuum 
pump is provided on the daah. li the vacuum tank should 

become empty, it would not be necessary to turn the engine 
over, but merely to operate a pump connected by a check valve 
to pipe (C), which will create suffic,ent vacuum to draw gaaeline 
from the main tank. A primer for starting the engine during 
cold weather (on some cars) consists of a band pump on the 
dash, connected ";th (J, Pig. 2, pa:go ll~) by means of a tee 
and pipe to the pump, thence to inlet mnnifold through a chock 
valve. 

To clean tank: Remove top of tank and take out inner shell, 
or vacuum chamber. This will give accel!S to lower chamber 
from which dust or dirt may be remo,•ed. Clean every few 
months; also clean strainer (V). 

To remove top: After taking out screws, run the blade of n 
knife carefully around tho top, between tho cover and the body 
of the tank, so as to sepnrnto the~gasket without damaging it. 
The gasket is not shellacked (see Fig. 2A, page 113). 

When removing head (top), first scratch a mark on the side 
of head and tank, so it will be replaced exactly as taken off 
othe.-wiso t.ho air-vent. hole may not come in line. 

Testing vacuum fuel-feed system: see J)llf!es 1041, 122, and 
462H. 

"GG" AND "OIL-V AC" VACUUM GASOLINE FUEL-FEED SYSTEMS 
The GG is another vacuum fuel-feed system which utillzes 

the suction produced through the inlet manifold. 

m~rr~lda !t~:ct! ~~!: 
(25). If ftoat (16) is at 
low position, ball valve 
(8) 1s thus opened by 
float nrm. A partial 
vacuum is created in 
vecuum tank (17) and 
gn.solinc is drawn from 
mnin gasoline te.nk 
throut;:h a. pipe con• 
nectecl with (23). 

When Boat rises to 
high position, ball valve 
(8) is automatically • 
closed l>y bent arm on 
Boat. This shuts oil 
the auction. Atmos• 
pheric pressure is then 
eoto.blished within inner 
chamber (17) by air 
entering at the pcrmo,. 
nent vent hole (1). The 
weight of the gasoline 

opens lower vah·e (19) and ftows into outer chamber (21). Pipo 
(20) is a breather for (21). Gasoline then passes through opening 
(24) to carburetor. A back-fire disk is provided inside of (26). 

Oil-Vac System 
The "Oil-Vac" vacuum fuel-feed system utilizes the suction 

(vacuum) produced by an oil pump. With this system the 
vacuum increases as the speed increases. If the oil supply 
gets so low tbe.t the oil is not being dra"n into oil pump, no 
vacuum ie produced and tank ceases operation, causing engine 
to stop for lack of fuel. 

Operation: An oil pump of tho vane or rotary type is operated 
from engine to circulate oil for general engine lubrication. Oil 
is drawn into this pump from the oil pan by vacuum produced 
in t.he pump at its intake. A auction pipe connects at tbo in• 

take side of pump at (SJ and leads to a connection (A), to an 
opening ex«onding into inner tank (C). When tho gnaoline 
level in (C) is at a low level, rork !loot (F) is at its lowest POsi­
tion and a valve is caused to eloee by a fulcrum action. Wben 
valve is closed, the inner tnnk (C) is then airtight, and suction 

¥~ 
V ,JIU 

\ CA$ LINt TO ~ rut.I,. .$UIIP\.V 

au LIN[ TO C.-AMUOA 

(vacuum) ut pump reduces the air pressure sufficiently in (C) for 
the gasoline in the main gasoline tank (T) to now to (Cl through 
connection (B). The r"""n v,hg gasoli11• v,i/l ft,,w from tlii• 
le-eel to a hiolrer lerel is ezpla.in,d, on page J JS. 

AB the level of gasoline IU'lldually rises to a predetormfoed 
heii;bt in inner chamber (C), float (F) rises and opens valve. 
Th18 permits fuel to flow from slip tank (C) to outer tank (D), 
whicli ia connected with tho carburetor at (D). This operation 
is repeated, and thereafter tho level is maintained at this height 
during tho operation of elJ&ine. • 

If tbo gasoline fails to feed from lower tank (which can be 
determined by opening drain plug V), it may be due to the fol­
lowing causes: No gasoline in main tank (T); loose connections 
nt (B) or (A), or at pump; insufficient oil supply in engine oil 
pan; oil too heavy; spring between the revolving rotors weak 
(remedy by removing rotor and dressing sides down sligb tly 
and stretching spring); valve dirty (remedy by removing slip 
tank and cleaning). MJg'd. by Kingston Products Corp., 
Kokomo, Ind. 

RELATION OF THE INLET MANIFOLD TO CARBURETION 
An inlet manifold for a six- or eighkylinder 

gasoline enj!;ine which would deliver an equal mixture 
to each cylinder was a problem with mr.nufacturers 
in the early days. If the distance was too great, 
the charge of gas would tend t-0 condense. 
~ ~ The inlet mani-

il
1 

~ • • ~ ~old in use.today 
~ 1s smaller in d1-

~ ~~ nmc-tc-r than for-
-- ll_ 77

_ ~ - 'ii(.., mcrly. Somegaso-
~ 5 ~ line, especially of 

'T" 0 ~ lowgrtwity,isdif-
Fig. 3. Early types of inlet manifolds. ficult to "bre_ak 

up" and vaporize 
readily. It condenses nnd clings to the inner walls 
of the manifold. By having a smaller inlet mani­
fold, the mixture is dr:1-wn through at a greater 
speed, which in a way prevents condensation. 

·with too large an inlet, using low-gravity fuel, 
after a hard pull with an open throttle, the engine 
tends to "choke" and "lope" when the throttle is 
first closed again, until after run a short distance. 

Exhaust heated inlet manifolds thermostatically 
controlled are now the approved method. See In­
sert Ko. 7 for an examyle of this type. See Addenda 
page 60 and Insert :No. 6 for an example of a dual 
inlet manifold for a. V-type engine. 

Turbulence, an Aid to Fuel Distdbution 
While an e3.5Y bend of the inlet manifold (Fig. SA) 

undoubtedly offers less resistance to motion than an 
abrupt bend, it is claimed by some engineers that 
only the lighter particles of fuel 

kt' •• th. UNfV(lj are ep in s;1spens1on m e .,
1
,. J)··• •M"ru~c 

center of the air stream and the 111m,t -~>:!~ "°'L"" 

heavier particles of fuel will be ::{: ""'"'"'"'' 
deposited along the sides of the •-=~• ~ 
manifold. This condition would 
result in some cylinders receiv­
ing a lean mixture, while others 
received an over-rich mixture, 
thus causing a variation of power 
and the inability of an engine 
to idle at low speed. 

,16 
d& 
1UA.8UW(I& 
fAALY t'UEN 
l\ll'TURE 
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It is now claimed that turbulence (violent mixing) 
will overcome this to a great extent. A sharp or 
righfrangle bend (Fig. 3B) would cause a. very sudden 
change in the direction of motion of the mixture, 
thereby forming eddies or whirlpools. Even though 
the heavier particles of the fuel might be deposited, 
the whirlpool would pick them up again and mix 
them, so that the heavy and light portions of the 
fuel are kept in suspension in the air stream. Thus 
the ratio of air and fuel should be kept constant 
over the entire length of the manifold, and this 
being the case, a thoroughly mixed charge is dis­
tributed, rather than a dry vapor. 

Some engineers o.re of tho opinion that a square section inlet 
manifold is better than a round section. 

Heating of the inlet manifold to promote vaporizo.tion of (ucl 
so that it will more readily be broken into smaller units and mix 
with the air is also very important 1 but overheating should be 
avoided. See footnote page 39, Aadenda. See also page 800. 
relative to the method of creating a turbulence effect in the 
cylinder. 

Fitting Carburetor to Inlet Manifold 
Carburetors are attached to the inlet manifolds, 

·, ~ FIGS Pn either with a horizontal 
• , ~ connection(Fig.4)ora ver-

,~,tt,.,. • .: ticaJ conne~tion (Fig. 5). 
When fittmg a carbure-

. ,~~,c.,. tor, a gasket must be 
placed between the car­

buretor flange and the flange on the intake pipe. Be 
sure there are no air leaks where the carburetor joins 
the intake pipe, and where the intake pipe connects 
to engine, otherwise the mixture would be changed. 

Carburetor gaskets are made of soft fiber materi­
al, asbestos, copper interlined with asbestos, or 
multibestos; or a similar packing could be used, and 
in an emergency, leather could be used. If material 
is used which has a rough edge, it is important to 
watch that none of it gets into the carburetor pipe. 

Where inlet manifold covers the inlet ports (D), 
a copper gasket is generally used and must be drawn 
tight to prevent air leakage. 

If there is e«cessive vibration of carburetor, place a small 
iron hanger from a. nut on engine to carburetor, to steady it 
and prevent joints from working loose (see also page 1050). 

COMPRESSION RATIO 
The final compression pressure (at about top dead center) 

depenrJs mosMy on two things: (1) the compression ratio nud 
(2) the pressure of the gas in the cylinder when piston is at 
bottom dead center as shown in Fig. 6. It is obvious tho.t tbe 
~realer the pressurein Fig. 6, the greater will be the pressure in 
Fig. 7. The pressure in Fig. 6 (the pist,on has jW!t reached 
bottom dead center of the intake stroke) is dependent upon tho 
atmospheric pressure which forces the gas into the cylinderi 
therefore, the lower the atmospheric pressure, the lower will be 
the pressure in Fig. G, and therefore the lower will be the com-

• pression pressure in Fig. 7 (with piston at top of compression 
stroke). 

The combustion pressure (sometimes incorrectly called ex­
plosion pressure) which occurs shortly after ignition, and which 
gives the engine its power, depends on the co_mpression pressure. 

Conclusion: A low atmospheric pressure will cause a low com­
pression pressure, which in turn will cause a low combustion 
pressure, and therefore the power of the engine will be reduced. 

EFFECT OF ALTITUDE ON CARBURETION AND COMPRESSION 
Atmospheric conditions have much to do with the action o( 

n carburetor. For example, an engine which would run sat-is­
factorily at a low o.ltitude, say at sea leve), would lack power 
and would overheat at a high level, as, for instance, at Denver, 
Colo. where the elevation above sea level is approximately 
5,280

1

feet, or one mile high. 
This is due to the fo.ct that at sea level, tho air exerts a pres­

sure of approximately 15 lbs. per square inch. This means 
that a column of air one inch square in cross-section and 50 
miles high weighs approximately 15 lbs. It has been fairly 
well established that atmosphere blankets the earth for a depth 
of about 50 miles. 

Therefore ii we go hi~hcr. we begin to shorten this column 
of air responsible for this pressure; we therefore have not so 
much weight of air above us1 a.ncl consequently the pressure 
corresponding to the reduced wcicht is also reduced. 

Thus if, at Deover, the height above sea level is 1 mile, 
there ,~ould be only 49 niiles depth or. air in _the ?Olumn to 
establish this pressure, and a column of air 49 ,mies !ugh weighs 
less than a column 50 miles higb, so that we find the o.tmos­
spheric pressure at Denver is just a trifle over 12 pounds per 
square inch. As we go still higher, the pressure begins to fall off. 

The drop in pr~ssure amount'! to approximately one ball­
pound per squ!)-re rnch for each r1_se of l,000.fc~t. Tb1~, ho,~­
Pver, is not st,r1ct.ly accura.te. nor 1s there a. d1strnct and invan­
ablc relationship between the two, for it depends upon baro· 
111et,rie variations, the amount of moisture in the a.ir, etc., which, 
as we know, wiU cause the barometer to vary even though it 
remain in one place. . . . . 

This reduction of air pressure ns a result or mcrcasrng altitude 
has an effect on the power of t,be engine. 

First it affects the compression, reducing it a.t a ral.c cor­
responding to the reduction in atmospheric pressure, as explained 
above. Thus at sea level. an average Ford e~gine would have 
a compression presslire of 611 lbs. p_e~ square inch,~ measured 
by aJ'ressure gauge, and after igmt1~n,. the explosion. pressure 
woul be 256 lbs. per square inch; while 1n Denver, owing to the 
low atmospheric pressure, the compression pressure would. be 
only 48.5 lbs. per square in. ch, and after ignitio!', the cxp!osion 
pressure would rise to only 194 lbs. per square inch. It 1s the 
latter pressure which determines the power of _the engine, and 
since it has decreased from 256 lbs. per square rncb to 194 lbs. 
per square inch, the engine will deliver much less power. 

Second we know that at sea level the composition o! the air 
by weight is approxima_tely_ 25 _parts of OX,!'.gen t9 75 parts of 
nitro~en, and the combmat1on 1s a. mechanical mu:t.ure, not n. 
chemical one. 

It ·is the oxygen that we rely upon to support combustion of 
the /lllSoline. Thus if the oxygen is reduced in value to that of 
the fuel, the mixture is affected. 

The higher we go, the Jess the percentage of oxygen in the 
air. The.refore, unless the carburetor is readjusted to suit the 
changed conditions, we get an ovcr-rioh mixture, slow combus­
tion, o..ud overheating. 

The point, then, is to open up the air intake, giving more nir, 
rather than to cut down on the needle valve of the carburetor, 
re<lucini. the gasoline supply. 

Wherecarburetorsarefittcd with adjustable'airvalves, then the 
air-valve adjustment should be opened wider for altitude work. 

Where carburetors have no a.ir adjustment, use smaller jets 
for a-ltitude work. To increase power, increase compression by 
fittini; pistons slightly longer than the ~tandard. 

At the top of Pike's Peak, which rises to an altitude o[ 14,000 
feet above sea level, the atmospheric pressure of the air is only 
8.5 lbs. per square inch: therefore the comprc$$ion pressure 
will drop to 30 lbs. per square inch (as measured by a gauge), 
and the explosion pressure will be only 120 lbs. per square 
inch, thus causing a. very great loss of power. 

Furthermore, ,mter boils at a lower degree (Fahrenheit) al 
higher altitudes, for example at 14,000 feet above sea le,·el 
water boils at 185° F., owing to less atmospheric pressure, 
whereas at sea level, water boils at 212° F. 

Compression 

Altitude 
Sea Level 

1,000 feet 
2,000 feet 
3,000 feet 
4,000 feet 
5,000 feet 
6,000 feet 
7,000 feet 
8,000 !eet 
9,000 feet 

10,000 feet 
14,000 feet 

Note. The 
3.6-3.9S. 

Atmos­
pheric 

Pr~sure 
15 lbs. 
14.1 lbs. 
13.6 lbs. 
13.l lbs. 
12.5 lbs. 
12.3 lbs. 
ll.6 lbs. 
11.2 lbs. 
l0.8 lbs. 
10.4 lbs. 
10 lbs. 
8.5 lbs. 

Boiling 
Point 

of 
Water 
212° F. 
210° F. 
208° F. 
206° F. 
204° F. 
203° F. 
201° F. 
190° F. 
197° F. 
195() F. 
193° F'. 
185° F. 

Pre$$ure (as measured 
by a Gauge) on 

Engine with 
Compression 
Ratio of 3.6 

64 lbs. 
5~.5 lbs. 
57 lbs. 
55.4 lbs. 
5l.2 lbs. 
49 lbs. 
46.5 lbs. 
44.3 lbs. 
42.1 lbs. 
40 lbs. 
37.9 lbs. 
30 lbs. 

Ford model "'r" engine compression ratio is 
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FUEL-FEED SYSTEMS 
Fuel Pumps 

Purpose of the fuel pump is to promote constant 
pressm·e at the carburetor under all operating con­
ditions and all rates of discharge. The fuel is 
pumped from the fuel tank in the rear of car direct 
to the carburetor, or to a gravity feed tank close to 
the carburetor. 
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There are three types, the piston, diaphragm and 
the electric type. The piston and diaphrngm type 
are mechanically operated and the electric is mag­
netically operated. 

Piston type, fol' exnmple, used on the Cadillac V-16 car is me­
chanically operated by an eccentric on the rear of the camshaft. 
H doli vcrs t!le v:tcuum to the vacuum tanks which receives the 
fuel from the fuel tank at the rear of the car. The two vacuum 

tanks are mounted above and close to the car­
buretors. and ha vo valves and parts as usual, 
but are not connected with the intake mani­
folds of engine; instead, the vacuum pump 
serves the same purpose ns the suction (vacu­
um) in the intake manifold, 
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Diaphragm type is mechanically oper­
ated nnd pumps the fuel from the fuel tank 
at rear of car direct to the carburet-0r. It 
can be driven by any method that will give 
reciprocal motion of from 3/16" to ¾'' 
maximum. It can be operated from the 
push rods, tappets or eccentrics. It can 
be located on the camshait or any other 
rotating shaft such as generator, oil pump, 
etc. In the example, Fig. 8, the stroke is 
controlled by a bell crank, one end resting 
upon a. push rod actuated by an eccentric 
on the front end of the engine camshaft 
and the other attached to the rod oper­
ating the pump cliaphragm. 

Electric type. The Autopulse magnetic 
fuel pump (patented) is an example of the 
electric type. It is connected directly to 
the carburetor suction line, and a wire 
terminal from the device is installed on 
battery side of ignition switch. Thus con• 
tact is made as soon as the ignition switch 
is turned on. A metal bellows is expanded 
by magnetic pull, created by an armature 
and magnet. This forms the suction stroke. 

Stcwart-Wa1·ner: Fuel Pu1np 

An example of a mechanically­
driven diaphragm type of fuel 
pump is shown in Fig. 9. 

Operation during suction stroke: As the 
high poillt of cam A pushes lever B toward 
the pump, the lever fulcrums at point C, 
ti,creby pulling the pump diaphragm ]) 
down. A vacuum or suction is thereby 
created in chamber E. This opens the in­
let valve F, pressed downward by a spring, 
a.nd dra ,vs gasoline from the glass reserve 
bowl G through screen H. The glass bowl 
G is connected to the rear tank by inlet 
line J. In operation the glass bowl will al­
wuysbe full ofliquid. The outlet valve K is 
also pressed downward by a spring. 
Chamber L is al ways open to the atmos­
phere t.hrough breather hole M. This 
prevents back pressure or vacuum in this 
chamber and ventilates it. 

Operation during delivery stroke: The 
low point on cam A would now be on the 
side Dearest the pump. Pressure is ex~ 
erted on le,•er B by the lever spring N . 
This causes the lev~r to follow the cam. 
The other end of the lever is engaged with 
the bronze spool that is free to slide on 
the diaphragm piston rod T. 
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On the end of tbe delivery stroke the 
lever is up as high as it will go, permitting 
the diaphragm spring O to push the dia­
phragm up, thereby forcing the gasoline 
in chamber E throu,;b the outlet valve K. 
On this stroke inlet valve F is held closed 
by its spring. 

The purpose of the air dome Q is the 
same as on other hydraulic pumps. It 
not only relieves the diaphragm and car­
buretor float bowl valve of excess pressure 
when the carburetor float bowl valve is 
closed, but utilizes this pressure to increase 
the delivery rate about twenty-five per cent. 
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Note: Some of themodelsdonothavetbis 
high deli very air dome; however, the dome 
used on these pumps is satisfactory on the 
cars for which these models are specified. 

When the carburetor float bowl valve ie 
closed, or partially closed, the full stroke 
pressure and stroke. of . the diaphragm is 
utilized to store gasoline m the air dome by 
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compressing the gasoline vapor in it as the baffle plate is per­
forated. On the down stroke of tho dinphragm this comprCSJ!ed 
vapor expand• and maintains a pressure on tho gn•oline in the 
lino to t!ie carburetor and a const.ant flow, so long as the car­
buretor float bowl valve ia open. 

The maximum pressure on the gasoline to the carburetor is 
two and one,.balf pounds per square inch. 

Control of delivery: Tho o.ctual delivery to the carburetor is 
controlled by the carburetor llont bowl valve, ns thi• shuts off 
the flow of gas when the carburet.or float bowl is full. When this 
occurs and the air domo pressure reaches two and one-half 
pounds per aquare inch tho pump diaphragm automatically 
stops pumping and remains in the down position. This is be­
cause the pressure in the gnsoline lino to tbe carburetor equals 
that of the diaphragm spring 0. 

The lever, however, continues moving with tho engine cam­
shaft, and the spool on the piston rod T with which the lever is 
engaged, slides up and down. 

The down stroke is cushioned by tho rubber washer under 
the bronze spool. As soon as the back pressure at the carbure­
tor needle valve is relieved t'ie diap'iragm is forced up by sprini; 
pressure and pulled down by the lever. 

Service Hints 
Test on engine: If no gasoline to carburetor, first check as 

follows: (1) learn if there is gasoline in t.he fuel t.ank; (2) note 
if i;asoline has been coming out of brcat.ber bole lll. This indi­
cates a leak due to a fractured diaphragm or leak at the piston; 
(3) examine sediment bowl G and screen H. Although bowl 
rnny be full of 1111.Soline, pump will not operate properly ii screen 
is dirty or inlet vnlve Fis clogged. Clean. Do not break cork 
gnsket when replacing bowl; a leak will cause crr1>tic action of 
pump and delivery. When usini; new gasket, first soak it in 
lubricating oil; (4) check for loose connections and broken lin .. ; 
(5) disconnect pump at the line to the carburetor; (6) while 
someone steps on starter, observe if gasoline spurts out of the 
pump outlet. 'Vhen gas spurts out and carburetor bowl is 
empty it indicates that the line to carburetor, or carburetor 
float needle valve, is cloqed; (i) disconnect gasoline supply line 
at both ends and blow tbrough it to see if clogged. 

Test of pump off of tho engine: When the previous tests ran 
to show the trouble, remove pump and take it to the work bench 
for test and emmination ao follows: (1) attach two pieces of 
rubber hose to the outlet and inlet of the pump, and move 
pump lever in and out. Gasoline should spurt out of hose at­
tached to outlet opening in approximately fifteen strokes; (2) if 
not, examine obcck vnlves F and I<, Fig. 9. Clco.n the valve 
seat and tho ,11>rings, and replace tbe disc valves, glossy sido 
down. Be careful not to scratch or mar valve scats while 
cleaning. Use new gaskets under valve ret.aining nut U, and 
nir dome Q. Draw them up tight· (3) examine vent hole Ill; 
(4) test the pump with two pieces ol hose and a pail of gasoline, 
as previou.sly described; also by holdin~ o. wet finger alternately 
on the inlet and delivery Ol)<)nings while working the lever. 

When pump cannot be made to operate properly after the 
tests described, itis best to take it to one of the Stewart-Warner 
authorized service stations. 

AC Fuel Pump 
Another example of a mechanically_ driven dia­

phragm type of fuel pump is shown in Fig. 10. This 
N A ., 0 _ P is tho AC 

. oo,QUT C fuel pump, 
series "B." 
See also 
InsertNo. 
2 for an­
othertype 

Fii:. IO of AC fuel 
pump. 

Stewart-Warne,: Constant Suction 
Vacuum Tanlc 

This series of tanks, while embodying the samo 
general principles explained on pages 112 to 115 has 
but one valve (air valve), one lever and one spring. 
The vacuum valve is eliminated. It is chimed that 
there is no intermittent enriching of the mixture 
above the carburetor when the tank trips, and 
smoother operation of the engine when idling. 

Fig. 11. Stewo.rt-Warncr constant suction, lever type vacu­
um tank, model 377. Name of parts: A, fuel inlet; AA, wind­
s!lield cleaner connection; AB, boost.er; AC, baffie; AD, shut­
off valve; AE, clamp; AF, valve cover: AG Boat leei B, vacuum 
opening; C, air valve; D, sediment bowl; E, outlet; F, fiont; 0, 
/hipper vr1lve: II,, air inlet; H-1, air valve opening to outer shell: 
I, valve yokei J\, vent; l\1, vacuum ohamberi N, reserve cham .. 
bcr; P, booster line; R, spring; S, atrainer screen; T, fioa.tlever; 
U, supply line; V, fioat stem. 

Description: The inner or vacuum chamber M hns four open­
ings, nnmely: tile fuel inlet A, which is connected to the main 
fuel tank through line U; thevncuum opening B, which is con­
nected to the intoke mnnifold through the booster and line P; 
the air valve opening to the outer shell through H-1; Bapper 
valveG. 

The outer or reserve chamber N ha• three openings, namely, 
through vent I{ and air inlet l:l, which arc open to the atmos­
phere at all times; fuel flows through hole in false bottom of 
outer tank into glass sediment bowl D,1.. up through strainer 
screen S, and from t.here through outlet..,. to the carburetor. 

The booster AB operatcssomewhnt on the principle of the in­
jector to force water into steam boilers witb their own stenm. 
It forces the air from the inner chamber Minto the engine mnnl­
fold and thus creates in chamber lll o. higher vacuum than thnt 
in the manifold. This causes fuel to ho forced into the vacuum 
tank under conditions thnt would make it inoperative "ithout 
the booster. The booster increases the vacuum in M from two 
hundred per cent to three hundred per cent. AA is the wind­
shield cleaner connection. The funnel-shaped baffle AC pre­
vent.I fuel splasbin11 out air inlet H. 

The principle of operatioa, troubles and remedies otherwise 
are very similar to tbe vacuum tank previously discussed. 

As-ke Fuemcr 
An electric heater constructed of high-grade resistance wire, 

about the size of a spark plug, which vaporizes or fumes a por­
tion of the fuel supplied in the carburetor air-horn the instnnt 
tbe st.arter pedal is applied to start the engine. 

The model E magnetic valve fuemer is for uJHlran cnrburc­
t-ore. Upon application of the starter, the magnetic valve con­
t,aioed \\itbin the fuemer assembly opens and permits fuel to 
flow into tbe fuemer plug from the fuel pump or vacuum tank. 
Wben the fuel touches the fuemer it is instantly vaporized and 
exploded in the engine cylinders. Advantages claimed are thnt 
engines equipped with this device are not only easy to start in 
cold weather, but last longer bec:iuse of less piston wear throucb 
the winter months (As-Ke Fuemer Co., Minneapolis, Minn.). 
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CARBURETOR ADJUSTMENTS: Mixture; Troubles and Remedies; Float 

Adjustments; Tools for Repairing Carburetors; Examples 
of Principle and Adjustments of Carburetors 

The principle of carburetion is treated in instruc­
tion No. 13. It will be advisable to start at the 
beginning of the subject and master the fundamental 
principles before taking up the subject of adjust­
ments. 

Kerosene carburetors are treated under the sub­
ject of "Tractors." See Index. 

The first and most important thing to learn about 
any carburetor is to let it alone as long as it is 
working properly. Never tamper with the car­
buretor until you are quite sure that it is at 
fault. 

There are two essentials necessary before an 
engine will run: first, gasolinei second, a spark. 
The gasoline must reach the inside of th,e cylinders 
and a hot spark must be there at the proper time to 
ignite the gas. If you have both, something is bound 
to happen, even though it is but a single explosion. 

Next, remember that even though you have a 
spark and gasoline, the engine will not run properly 
if the gas does not enter the cylinder at the right 
time and if it is not in a proper gaseous form, or a 
correct "mixture." See "Digest of Troubles" for 
various reasons why an engine will not start, etc. 

MIXTURE 

At low speeds the mixture should be richer than 
at high. At low speeds more heat is lost to the cylin­
der walls, more compression is lost by leakage, and 
the combustion can therefore be slower, thus sus­
taining the pressure. At high speeds the compres­
sion is higher, due to less leakage and less loss of 
heat. A lean and highly compressed charge burns 
faster and hence gives better pressures and fuel 
economy than a richer one. 

The quantity of mixture an engine will take, 
varies greatly with the speed and pull. At slow 
speeds, the volume, at carburetor pressure, is equal 
to the cubic content of the cylinders multiplied by 
the numb.er of intake strokes. 

At high speeds of one thousand revolutions or 
over, the quantity may drop to less than one-half 
the amount, depending on the design of the valves, 
inlet piping, and passages. This reacts upon the 
compression, and hence on the mixture desired for 
best results. 

The design of the engine bas a bearing on the 
carburetor design, which explains the well-known 
but seemingly mysterious fact that a carburetor 
giving good results on one engine sometimes fails to 
maintain its reputation when applied to one of dif­
ferent design. The system of ignition used also 
has a marked influence on the proper working of an 
engine, as a hot spark is most essential (see Index for 
"Flame propagation"). 

Proportions of air and gasoline. Different mix­
tures of air and gasoline are needed for different 
engine requirements. It is no longer the belief 
that a uniform mixture is correct for all speeds. 
The new rule is, that the amount of gasoline fed 
into the air must be changed according to demands, 
and that if a 12 to 1, or rich, mixture is best for 
quick acceleration, a 15 to 1, or leaner, mixture may 
be best for pulling with the throttle wide open, and 
a 17 to 1, or still leaner, mixture is best for particu­
larly high speed work. Therefore, a varying mix­
ture must be supplied. See also page 95. 

Atmospheric conditions have much to do with 
the action of a carburetor. An engine seems to run 
better at night. Taking an engine from sea level 
to an altitude of 10,000 feet involves using air m 
the engine cylinders at atmospheric pressures rang-

ing from 14.7 lbs. down to 10.1 lbs. to the square 
inch. In other words, the higher the altitude, the 
lighter is the air, and thus more air for the carburetor 
is required. 

To Test the Mixture 

If there are doubts in the mind of the operator a.s 
to whether the mixture is too rich, one method-of 
ascertaining the correct proportion of air and gaso­
line is to shut off the fuel at the tank and open the 
throttle. 

If the mixture passing into the cylinder is too 
rich, the enj1;ine speed will increase as the level 
of the gasoline in the float chamber is lowered,· 
since this operation weakens the mixture consid­
erably. 

If the mixture is thought to be too weak, the float 
chamber can be flooded or the "choker valve" 
partially closed while the engine is running, and if 
this causes the engine to speed up, it may be t-aken 
as an indication that the mixture is not rich enough. 

The proportionate amount of gasoline to air is 
essential. The novice usually gives the carburetor 
too much gasoline by opening the adjustment valve 
too wide, thereby causing "too rich a mixture." 
Too much gasoline will not run the engine any 
better than not enough. It must be remembered 
that onl_y a very little gasoline is required in pro­
portion to the air needed. 

Use air. It is advisable to run the engine with 
as much air as possible, which means a "lean" mix­
ture. This not only means economy of gasoline, 
but prevents soot deposit and pitted valves (pro­
viding good lubricating oil is used). 

Of course, when first starting, or when cold, more 
gasoline is absolut~ly neces~ary, but as soon as the 
engine warms up, cut down on the gasoline and run 
on more air. Most carburetors, now-a-days, are 
fitted with air regulators and heated intake mani­
folds for this purpose. 

An engine.will run on less gasoline, and more air, 
the warmer it gets. This accounts for the necessity 
of the air adjustment. 

117 
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Rich and Lenn MixLurc 

A rich mixture is one in which the proportion of 
gasoline abnormally exceeds the amount of air. It 
may be due to faulty adjustment of the gasoline 
needle valve, float, or air valve. The expression, 
"mixture too rich" means that too much gasolinel is 
p~ent in proportion to air, or, technically, that 
their is insufficient oxygen to support its combustion. 

An over-rich mixture will cause an engine to over­
heat and thereby give rise to a number of troubles, 
such as preignit1on, accumulations of carbon on the 
pistons and cylinder heads, steaming water in the 
radiator, and loss of power and "loping" or choking 
up on slow speeds. 

The cause of mixture being too rich may be: Too 
much gasoline at needle valve; punctured float; 
float valve not working properly, owing to bent 
needle, or presence of foreign matter in valve sent; 
too much priming; primary air passage clogged or 
partially obstructed; air valve not open enough, 
spring too sttong or air opening choked. 

A mixture is po.or or lean when it contain3 too 
much air and not enough gasoline, a condition often 
due to a faulty adjustment of the needle or air-valve, 
float, a leak in the inlet pipe, the spray nozzle, float 
valve, or feed pipe partly clogged, or water in the 
gasoline. 

A poor mixture will make the engine miss when 
running idle at slow speeds, and at high speeds it 
will not only cause misfiring, but the missing will be 
accompanied by coughing and "popping" in the 
carburetor. Both this and explosions in the muffler 
may also occur (see also page 461). 

The cause of mixture being too weak may be: Too 
much air, not enough gasoline; carburetor passages 
or jet clogged; throttle valve out of adjustment; 
insufficient flow of gasoline; tank valve closed; vent 
hole in gasoline tank cap stopped up· break in 
gasoline supply; bad gasoline, originalfy, or from 
standingi water in gasoline; carburetor cold; gaso­
line cola and unvaporized; gasoline supply ex­
hausted. The ignition system not working properly 
will also act in a manner similar to too lean a 
carburetor mixture. 

Smoke Indications of Carburetor Mixture 

If the engine is fed too much gasoline, black 
smoke, smelling of raw gasoline, will usually be in 
evidence, issuing from the exhaust. Care should be 
taken to distin~uish this from the excess of heavy 
blue smoke which is indicative of too much engine 
lubrication. 

Whenever any considerable quantity of smoke 
of either color comes from the exhaust, the engine 
may miss explosions through fouled spark plugs. 

If the mixture is too rich, the engine will have a 
tendency to slow up and "choke" or "load up" when 
the throttle is opened wide, and will nm at a higher 
speed when it is partially closed. 

Another indication of the mixture being too rich 
will be shown in its speeding up perceptibly, if the 
auxiliary air valve of the carburetor is held open, or 
additional air is admitted in any way between the 
carburetor and the cylinders. 

Such being the case, the exhaust gases, if ignited 
by holding a piece of burning paper near the end of 
the exhaust pipe, will burn with a large rod flame, 
similar to that of a bunsen burner when the air is 
mostly cut off. 

Loping. Another indication of too rich a mixture 
is that when "idling," the engine will run in a loping 
manner, as if actuated by a governor; more air and 
less gasoline is needed. 

"Loading up" when running slow or idling is due 
to the fact that the air comes into the carburetor so 
slowly that the gasoline particles are not broken up 
fine enough, and condensation takes place. Thus 
the gasoline is taken in in a more or less liquid form, 
and combustion is very poor. That is one reason 
why as much heat as possible should be applied t-0 
the air intake of the carburetor. Also, the engine 
should not be allowed to tick over slowly for any 
length of f ime when the car is standing idle. It not 
only wastes fuel, but the manifold will load up with 
mw fuel, and acceleration will be anything but good 
when you attempt to get under way. 

By opening the relief cocks in the cylinder beads (if pro,;ded), 
while the engine is running, one can judge fairly well. by the 
color or the Onme. when tbe mixture is correct. At cnch explo­
~~1i~r"c~.o! flnme will shoot out or the cylinder through this 

If the mixture is too poor (too much air for the g11Soline), the 
llnme will be light yello,v. 

If the mixture is too rich (not. enough nir for tho ansolino), 
the On.me will he red a.nd smoky. Bio.ck smoke will a.I.so come 
out of the muffler, smelling of raw gasoline. 

If the mixture is correct, the flame will be light blue or purple, 
and ba.rdly visible. 

Note. This test i., not a.bsolutely reliable, beca.usc. when 
the rnlier cock is open, air is drawn into cylinder which tends 
to ~hange the mixture. 

"Back Firing" or "Popping" in Carburetor 

There seems to be much confusion in the use of 
the terms "back kick" and "back fire," tho latter 
being very often used to describe what happens 
when, in starting an engine, it suddenly reverses its 
direction of rotation to give a "back kick." 

Back-kicking is usually caused by preignition in 
starting the engine, which is due usually,.as is well 
known, to too much "advance" in the spark timing. 

Generally speaking, "back-firing" is caused by a 
weak mixture which burns so slowly that the flame 
continues until the opening of the admission valve 
again, when it ignites the incoming charge in the 
intake pipe and shoots back to the carburetor. 
While an over-rich mixture will also burn slowly, it 
rarely ever will cause back-firing. (See also p. 462B.) 

Another cause of back-firing is, of course, the 
faulty timing of the valves, or, in fact, a badly leak­
ing valve. As a general rule, back firing is due to 
one or more of the following causes: (1) very slow 
explosion or weak mixture; (2) very late explosion; 
(3) a. spark occurring during the intake stroke; 
(4) the intake valve being partially open during 
the power stroke; (5) premature ignition. 

Slow combustion is caused by a. Jean mixture; 
late combustion is caused by a weak or retarded 
spark. Nos. 1 and 2 are the usual causes, while Nos. 
3 and 4 happen infrequently. 

"Popping back" or "back-firing" in carburetor 
is quite a common occurrence with carburetors 
when first starting the engine on a cold day. But 
after the engine has been run for a brief period it 
will become warmed up and the gasoline will begin 
to vaporize properly and run without popping back. 

If the "popping back" continu·es, then the mixture 
is too weak and more gasoline is required. By 
giving the auxiliary air-valve sprini a slight increase 
of tension, or by opening the gasoline needle valve a 
~ or so. or by closing the "choker," or closing 
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the "damper" at the air intake, more gasoline will 
be supplied to the carburetor until the popping 
stops, which it will probably do when the engine is 
warmed up. 

Do not use the "choker" any more than absolutely 
necessary. It permits raw gasoline to be drawn 
into the engine, a part of which passes to the crank 
case and thins the lubricating oil. (Seep. 462B.) 

Never run an engine in a closed garage, because 
carbon monoxide, a deadly poisonous gas, is present 
in the exhaust of gasoline engines. Too rich a 
mixture increases the amount of carbon monoxide 
given off. 

Carbul'etion during Cool Weather 

Since, at the present day, low-gravity gasoline is 
being used, the engine will have a tendency to miss 
explosion and run in jerks or uneven explosions, 
especially when starting. 

This is due, principally, to insufficient heat 
properly to vaporize the gasoline to prevent con­
densation. After the engine becomes thoroughly 
warmed up, the "missing" usually disappears. 
When the weather is warm the engine starts easier, 
because gasoline will vaporize more readily and is 
easier igni,ted. Therefore during cool weather three 
things are essential: a good hot spark, a quick 
method of heating, and a choker or primer for en­
riching the mixture to start on. 

For starting. There are different methods 
employed to inject a rich mixture into the cylinder in 
order to start the engine at all on a cold day. The 
common method is to close the main air intake, 
which causes raw gasoline to be drawn into the 
cylinder, which would be termed "choking" the air 
supply. After the engine is started, it is then only 
a matter of running the engine until warm enough 
to vaporize the gasoline, at the same time gradually 
opening the choke or air valvel.until the regular 
amount of air is being used. l~ever race engine 
when starting engine on a cold day; see page 171. 

There is a disadvantage, however, in priming an 
engine, and that is, the raw gasoline drawn into a 

cool cyl.ipder is not all utilized for combustion, but 
part of it forms carbon, due to lack of oxygen, which 
is not being supplied, as the air is choked. The 
result is a deposit of carbon on the head of the piston, 
in the combustion chamber, and on the spark plug. 
Therefore the air should be supplied as quickly as 
possible. The problem is, then, to heat the gasoline 
as quickly as possible, so that vapor and air are used 
instead of raw gasoline. 

The "choker" or some method of supplying a 
richer mixture, however, is usually necessary for 
starting. If the choker principle is used, it is closed 
only until the engine starts, then gradually opened. 
In fact, by using an exhaust-heated intake manifold 
to heat the mix1;ure, and also drawing warm air 
through the air passage of the carburetor, the 
amount of raw gasoline injected into the cylinders 
will be considerably less than if it is not heated. 
Therefore this system will provide a quicker vapor­
izing or heating of the mixture and a saving of fuel, 
wit,h less carbon deposit in cylinders. 

Additional Pointel'S on Cold-Weather Sta1·ting 

Don't expect the engine to warm up in a minute 
any more than you expect a kettle to boil as soon 
as it is set on the stove. It takes time to heat. 

Take into consideration the fact that cold solidi­
fies the lubricant in the transmission, rear axle, and 
other parts of the car. Therefore it requires greater 
energy on the part of the self-starter to revolve the 
engine. If the clutch is in, when starting, and gears 
are in neutral, the transmission counter-shaft gears 
are directly in this oil and are revolved when crank­
ing. After a car has been standing over night in a 
cold garage or sufficiently long at the curb to become 
thoroughly chilled, throw out the clutch when 
cranking. This eliminates the drag of the trans­
mission gears plowing through the solidified grease. 

A good hot sparli: is important, especially in winter. 
Be particular to see that the battery is always 
cha.rged. A quick method of starting should be 
provided in order to save current. See als9 pages 
563, 556, 462A, 462B, 286. 

CARBURETOR ADJUSTMENTS IN GENERAL 

The parts to adjust in the carburetor depend upon 
the type of carburetor. This subject is therefore bP-St 
treated by giving examples of carburetors of dif­
ferent types, such as the air-valve type, metering­
pin type, plain-tube type, etc. 

Carburetors arc usually adju~ted to the best 
advantage when the en°-ine has been run and all 
parts are ·warmed up. fr a carburetor is adjusted 
when the engine is cold, it will be noticed that it 
will need readjust,ing when warm, that is, in order 
to get a perfect adjustment. 

When carburetors are adjusted when warm 
sometimes, especially on a cold day, the engine wili 
not hit just right when first starting; it will miss and 
not run ~wen or smooth until it has run a few 
moments and is heated up; then it runs satisfac­
torily. 

Another point to remember is to be sure the 
ignition is right and you have a good hot spark, and 
the spark plug gaps set about .025". If too close, 
tbe engine will operate unevenly at idling speeds 
and miss at hi~her speeds; if too wide, it will miss 
when accelera.tmg at very low speeds or hard _pulls. 
A weak spark causes late combustion. (See Index 
for" Adjusting spark-plug gaps.") Also remember, 
that if trouble, lack of power, ct,c., develops with the 
engine missing, it is well to be sure that the trouble 

is in the carburetor and not due to other t--oubles. 
See "Digest of Troubles," for suggestions o, how to 
diagnose troubles. 

The best way to adjust a carburetor is to arrange 
so that the engine may be run loaded while the 
adjustment is being made. One way to do this is 
fo adjust the carburetor 11·hile the car is in motion 
-011 the road. 

To test the carburetor for adjustment, run 
throttled down for two blocks. When there is a 
dear space ahead, suddenly press the accelerator 
pedal down. The engine should pick up smoothly, 
to as high speed as you care to run at. If the engine 
chokes, stalls, misses or labors, or backfires at the 
carburetor or at the muffler explosions, it shows the 
carburetor is out of adjustment. 

Adjusting the Air-Valve Type of Carb,uetor 

The three principal parts of a carburetor used for 
making adjustments on the air-valve type are: the 
awtiliary air valve, the gasoline needle valve, and 
the float needle valve. 

For the average carbu1·etor, having an "auxiliary 
air valve" and a "needle-valve" adjustment. the 
following rule for adjusting will apply. 
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Fig. 1. Showing principal parts of an air-valve type car­
buretor for adjustments, 

First, run the engine at what will be nearly its 
maximum speed in ordinary use, with the throttle 
open considerably and the spark rather late. This 
speed, of course, will be considerably less than 
the maximum speed of the engine when running 
idle. 

Second, turn the main gasoline needle-valve 
adjustment, until the mixture is so weak that there 
is popping in the carburetor. 

Third, note this position and then turn this 
adjustment until so much gas is fed that the engine 
chokes and threatens to stop. 

Fourth, set the adjustment half-way between 
these two points, which will be very near the correct 
position. Turn the adjustment slightly in one direc­
tion and then in the other until the point is found 
where the engine seems to run the fastest and 
smoothest. 

Fifth, gently and gradually cover the auxiliary air 
inlet of the carburetor by placing the hands partly 
over the valve, if necessary, in order partially to 
exclude the arr. If the engine slows down, the 
spring should be weakened, since not enough air is 
allowed to enter the carburetor. 

Sixth, next try opening the auxiliary air inlet 
slowly and gradually by pushing the poppet off its 
seat with the finger or the end of a pencil. If the 
engine speeds up, there was not enough air and the 
spl'ing should be loosened, while if it slows down, the 
mixture is correct or a little too lean, according to 

the degree to whlch the speed is affected. IT it is 
found to be too lean, the spring needs tightening. 

Seventh, after the auxiliary air inlet has been 
adjusted, open the throttle again and adjust at high 
speed, as th.is adjustment may now require to be 
altered. 

In the air-valve spring lies the chief difficulty in 
making carburetor adjustments, if the carburetor is 
provided with an automatic auxiliary air valve. 
This spring should be of such length and of such 
gauge wire, diameter, and 'number of convolutions 
as to provide the requisite progressively increasing 
resistance to opening, while at the same time exert­
ing little or no pressure upon the valve when it is 
against its seat. 

Adjustment: The needle valve should be set for 
slowest runnini with the air valve held lightly against 
its seat, and tnen the spring adjustment should be 
backed off until the slightest further incr~ase in 
throttle opening causes the valve to leave its seat. 

From this point on the only proper adjustment 
for the air valve becomes a series of tests for spring 
strength without alterations being made in its 
normal length; that is, with the adjustment backed 
off in accordance with the instruction just given. 
If the spring tension with increased throttle open­
ings is too light, and "spitting back" in the carbure­
tor continues in spite of the increased opening of the 
e;asoline needle-valve adjustment, it is a pretty sure 
mdication that the air-valve spring is too weak and 
that a stronger one should be obtained from the 
factory. These can usually be obtained in several 
sizes or degrees of tension to suit varying engine and 
climatic conditions. 

Too strong a tension on the auxiliary air-valve 
spring will result in too much gasoline and not 
enough air (too rich a mixture), because the valve 
will be more difficult. to open by suction. Too weak 
a spring tension will give too much air or too lean 
a mixture. 

When adjustinf; a carburetor on a "V"-type en­
gine, a good plan 1s to adjust each block of cylinders 
separately. 

TO OBTAIN A SLOW, EVEN PULL OF ENGINE WITHOUT MISSING 

Factors which, in addition to proper carburetor 
adjustment, assist an engine in pulling slowly 
and firing regularly at low speeds are: 

1. Good compression, which includes proper clear­
ance of pistons, good piston rings, and no air 
leaks at the inlet manifold, carburetor gaskets, 
valve caps, or spark plu~s, etc. If theie is an air 
leak in one cylinder it will affect the other 
cylinders. 

2. Proper valve clearance, properly seated valves, 
and correct valve timing are very important. 

3. Proper ignition timing-not too far advanced; 
when running slow, 1·etard the spark. 

4. Interrupter points should be set correctly with a 
clear, flat surface at the points. 

5. Be sure' there is a good hot ignition spark which 
will fire a charge at a wide-open throttle and also 
at low speed. A defective coil, condenser or resist,. 
ance unit will produce a spark, but not one of 
sufficient volume to ignite the gas properly. See 
Index for these subjects, including how to test a 
fully charged battery. • 

6. Properly set spark-plug gaps. About .025" is 
the average gap. Good spark plugs are also 
important. 

7. Cooling water must be at least 90° F.; 140° F. 
is better. 

These details are essential to secure a flexible and 
smooth-running engine. 

Indication of Correct Carbw·ctor Adjustment 

1. Run the engine until warmed up. 

2. Close the throttle with spark between half 
advance and fully retarded position. The engine 
should then run evenly. 

3. The car should run 6 to 7 m. p. h. smoothly on 
high gear. 

4. Run one-quarte1· to one-half mile at 12 to 13 
m. p. h. The engine should run evenly. 

5. With the car running 7 to 8 m. p. h., OJ?Cil the 
throttle wide suddenly. The car should accele,:­
ate smoothly. 
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Indications of Incorrect Adjustment 

The following indicate a lean mixture: 
1. The engine starts hard. 
2. The engine backfires through the carburetor 

when opening the throttle suddenly. 
3. The engine refuses to idle. 

The following indicate a rich mixture: 

1. Spark plugs foul quickly. 
2. Exhaust gas causes one's eyes to burn. 
3. Black smoke issues from the muffler. 
4. En?ine operation is uneven, causing "loading 

up' or "loping," as previously explained. On a 
Ford, a rich mixture will cause the rear axle to 
have an uneven hum which is distinctly heard at 
13 m.p.h. 

POINTERS ON GOOD CARBURETION1 

Good ignition, good compression and good spark 
plugs are necessary for perfect carburetor perform­
ance. 

Valve stem guides: When the carburetor is 
properly installed and the engine refuses to idle, 
look for defective guides. To locate these defects, 
squirt gasoline from an oil can at the bottom of the 
guides while the engine is running. The tendency 
of the gasoline is to travel upwards through the 
loose guide, and each cylinder will begin firing as 
the gasoline takes the place of a.ir which was pre­
viously passing through the guide. 

Remedy: New valves should be installed or the 
valve guides should be bushed. A great deal of 
imaginary carburetor trouble can be traced to valve 
springs being weakened and to unequal tension 
having developed. 

Air leaks in intake manifold: When the engine 
refuses to idle, test for air leaks, by removing the 
hot-air tubing from the intake and with a squirt-can 
apply gasoline freely around the manifold connec­
tions. If an air leak exists the engine will either 
speed up or choke down entirely. Air leaks are 
often responsible for poor mileage, loss of power, and 
over-heating trouble. 

The cause of an engine galloping is found in 
unequal explosion in the cylinders, caused by leak­
ing valves and pistons, or by leakage past the intake 
guides. It may also be due to improper carburetion, 
allowing some of the cylinders to be fed liquid gaso­
line. The spark-plug points should be the same 
distance apart; likewise there should be no partial 
short circuit anywhere in the distributor 7liring, and 
all brush segments in the distributor should be 
cleaned so that the bmsh may make equal contact 
with all of them. 

Popping back in the carburetor usually indicates 
a weak mixture, not enough gas; it may also indi­
cate a sticking valve, or possibly a leaky intake 
valve which might be due to lack of clearance 
between the stem and push rod. It could also be 
due to improperly timed ignition or to short circuit. 

Exploding of the gases in the muffler, caused by 
an intermittent spark, generally is due to lack of 
adjustment of the breaker points, to sticking of the 
breaker mechanism, to a loose or badly worn dis­
tributor brush, or to loose or short-circuited wires 
or connections. 

The proper spacing of spark plugs is very essential. 
There· are very few motors that should have a gap 
set closer than .025". 

If gaps are set too close, the engine will not idle 
properly, as there will be a loping at low throttle. 
The action is something similar to too rich a mixture. 
Under these conditions the results will be the same 
with either a lean or rich mixture. 

If spark-plug gaps are set too wide, the engine 
will have a tendency to cut out at high speed. To 
ascertain if it is due to the carburetor mixture, 
enrich the mixture by closing the damper, suddenly 
accelerate the engine, then open the damper for the 
leanest mixture, and again accelerate the en~ine. 
If the same condition exists with both the ' rich 
mixture" and the "lean mixture" test, you will 
know that it is not carburetor trouble, as both rich 
and Jean mixtures have been encountered by these 
operations. 

If spark-plug gaps are set too close, it will cause 
the car to jerk at low throttle. The same condition 
will occur if there is a weak spark, a safety gap in 
the magneto set too close, or an exposed wire, which 
will cause the spark to jump across. 

If the engine runs smooth on the level but misses 
on a grade or under extreme pulling conditions, it 
is an indication of ignition trouble, which is likely 
to be located in the coil or magneto, due to a defec­
tive condenser, or to a punctured armature or coil 
winding. This could also be traced to an improper 
mixture. 

To determine whether the trouble is ignition or 
carburetion, relense the clutch when missing occurs, 
leaving the throttle wide open. If the engine speeds 
up instantly and does not miss, it is ignition trouble. 
If the en~e does not speed up readily and continues 
to miss, 1t indicates an improper mixture. 

Poor compression is another cause of trouble 
which is often blamed on the carburetor and shows 
up more at low engine speeds. It will cause the car 
to jerk at speeds below fifteen miles an hour and 
make it impossible to get good idling with any mix­
ture. The cylinders with poor compression will 
not draw in as much mixture as those with good 
compression. It will force out on the compression 
stroke a portion of the mixture taken in on the suc­
tion stroke. This trouble is caused by valves not 
seating properly, valve tappets set too high, or 
poorly fitting pistons or rings. 

To test this out, see if the engine will rock on all 
cylinders by using the starting crank. This should 
always be tested before making a carburetor installa­
tion. 

To 11 rock" means to have a good compression, ,vhich offers 
resistance to the piston when it is going up on compression 
stroke. 

If the engine heats up excessively, look for a late 
spark or poor water circulation. If the magneto or 
distributor is set late, the engine will heat and will 
also cause a power loss, and you will be unable to 
get a spark knock with spark advance ou a hard pull. 
Overheating could also be caused by an air leak or 
too lean a mixture. 

When the engine backfires, it is caused by too 
1 From instruction on Master Carburetor. See also pages lean a mixture. If it backfires continually and you 

462A, 462B, and 4621. are unable to overcome it by adjustment of. the 
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carburetor, you will know that a valve is sticking 
open. Exhaust va:lves closing too early will also 
cause the motor to heat. 

The impression is prevalent that en~ine knocks 
are caused by a poor mixture. This is m fact very 
rarely the cause, as in the case of overheating\ caused 
by a very lean mixture. When the eng;ine 1Cnocks, 
look for carbon deposit, the spark bemg too far 
adva.nced, loose pistons causing a slap, loose bear­
ings or wrist pins. Do not lay it on the ca.rbu­
retor. 

Lubrication: To obtain the greatest possible mile­
age from an en~ine it is particularly essential to get 
the full expansion forces of the gases exploding in 
the combustion chamber. This is possible only 
when the best grade of lubricating oil 1s used. The 
perfect lubrication of an engine means considerably 
more than the mere elimination of friction between 
the moving parts. 

The oil should form a perfect seal between the 
piston and the piston rings and the cylinder walls. 
This seal is all important in the saving of fuel, for it 
is very evident that if only a small fraction of the 
pressure is lost, a corresponding amount of fuel 
must be used to enable the engine to do the same 
amount of work. The fuel passing by the rings into 
the crank case will eventually dilute the oil to 
such an extent that it will be entirely robbed of its 
lubricating value. It is therefore essential to re­
place this oil with a fresh supply at least every two 
thousand miles. 

When vacuum systems are used, there are occa­
sional insta.nces where trouble is experienced by 
gasoline being drawn direct from the vacuum tank 
to the intake manifold, causing the engine to load 
badly. This is due to a leaky check valve in the 
vacuum system caused either by dirt or a punctured 
float. The result is that the vacuum tank fills, per-

mittin~ gasoline to be drawn through the vacuum 
tube dlfect into the manifold. To determine if this 
trouble exists loosen the vacuum tube connection at 
the manifold; when the engine starts loading, dl'aw 
the pipe out of connection about one-eighth of an 
inch while the engine is running. If the valve leaks, 
you will notice gas being drawn through the tube. 
If there is an air leak existing at the vacuum-tank 
connection, the tank will not supply enough fuel to 
the carburetor under heavy pulling conditions. 
See also page 1041. 

In making carburetor installations it is often 
necessary to use elbow fittings, which will necessi­
tate tappin~ the flange for vacuum connections. In 
such cases cto not tap the intake manifold too close 
to the outlet of the carburetor throttle, as this will 
reduce the vacuum in the manifold when the throttle 
is suddenly opened to such an extent as to interfere 
with the proper functioning of the vacuum tank. 
The bottom of the vacuum tank should be at least 
two inches higher than the gasoline level in the float 
chamber of the carburetor. 

Vacuum tanks should be drained and cleaned at 
regular intervals. The carburetor is blamed quite 
often for vacuum-tank trouble. However, do not 
lay your trouble to the vacuum system until you 
have proved that it lies there. 

When the car runs perfectly at low throttle or 
ordinary speeds and will accelerate quickly without 
back.firing, but will backb.re at high engine speeds 
or on hills with wide-open throttle, look for some 
restriction in the fl.ow of fuel from the tank to the 
bowl of the carburetor (providing you are sure the 
spark-plug gaps and ignition are all right). If the 
line is free from restriction, remove the screen and 
wash with gasoline. If there is no restriction up to 
this point

1 
see that the vent hole in the main gas tank 

filler cap 1s not plugged up and trapping the fl.ow of 
gasoline in the line. See also pages 114, 115, 1041. 

FLOAT TROUBLES AND ADJUSTMENTS 
When a carburetor drips, it usually indicates 

that the float or float-valve mechanism is out of 
adjustment. This prevents the float needle valve 
from properly closing. For instance, the float may 
be loose at the float screw; the gasoline then reaches 
a higher level than the spray nozzle or jet, with the 
result of an overflowing at the spray nozzle. 

There are several causes for a dripping carburetor: 
either the float needle valve does not seat, due to 
sediment under it, or worn. 

If sediment is the cause, the needle valve can be 
turned a few times on its seat and will probably 
clear the obstruction. On some carburetors, the float 
needle valve is in the form of a rod (needle valve.) 
running through the float (see (20), page 462H). 

If the leak is not in the float needle valve, then it 
is probably due to the float being set so that it does 
not cut off in time to prevent overflowing at the jet. 
Or, in the case of a metal float, there may be a small 
hole in it, preventing it from properly floating; 
if a cork float, it may have become gasoline soaked 
or logged (see pages 123 and 1132); another cause 
may be that the mechanism is loose. 

A simple method of testiu.g a carburetor float mechanism ia 
ehown in Fig. 1. 

In making this test, unscrew that p11rt of the c,~rburetor 
which will permit access to the float and float mechamsm. 
Then prepare a device consisting of a can with a. wire handle, 
a piece of copper tubing soldered to the bottom of the can to 
form an inlet, a piece of rubber tubing, and a. nipple or short 
piece of meta.I tubing with a. coupling adapted for attachment 
co the carburetor. The gasoline Bows to the carburetor from 
the can, when it i6 hold above the carburetor. By watching 
the Boat. cha-mber fill with gasoline, the height the gasoline 

reaches at the time the float valve cuts off can be ascertained. 
If the height of gasoline in the carburetor is not sufficient, 
then the float must be raised sli~btly so that it will cut off later; 
if the height is too great, which can be determined by the 
gasoline flowing out of the jet, then the float must be slightly 
lowered, sc •hat it will cut off earlier. 

Owing to the variaf.ion in the suction of different engines on 
a carburetor, it is often found that a slight variation of the fuel 
level or a slight change in the size of the spraying nozzle will 
add greatly to the efficiency of the engine. The first thing to 
do, then, before attempting the adjustment of a float is to 
learn whether or not the float needs adjustment, by seeing i[ 
the gasoline is at the proper height in the jet when the float 
cuts off the gasoline. 

"" OR 
UT• 
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To locate a suspected leak in a float of the hollow metal type: 
Ir the Boat is immersed in very hot water, tho gasoline will bo 
,·aporiied sufficiently to force its way out through n puncture 
nnd the spot mny be located by wntcbin,t the bubbles. Tbo 
float should, of course, be removed from the water the instant 
bubbles censc appearing. Tho remedy is to solder the hole, but 
use solder sparingly, ·otherwise it will cause the Iloat to become 
t.oo hea,,y. 

Cork floats are coated with varnish, but after long periods 
of time this coating may come off and the cork may become 
gasoline soaked, making it heavy and thus causing the float 
needle valve to fail to cut off properly. A mixture for coatin11: 
is ns follows: l lb. of glue, I teaspoon glyceriM, I quart water. 
Let this romo to n boil and add formaldehyde r or quick drying. 
When coated, suspend the ftont by a string until dry. 

Testing the Float Height 

On most makes of carburetors, the float needle 
valve is intended to cut off the gasoline when the 
level of gasoline in the float chamber reaches a level 
of about ¼" below the top of the nozzle or jet tube. 
Therefore the height recommended by the manu­
facturer ought to be maintained. 

Float adjustment: There is usually an adjustment 
provided directly above the gasoline float needle 
valve, which will regulate the height of the float. 
lf not, then on some makes of carburetors (see Fig. 1) 
U1e float urm can be bent up or down, which will 
regulate the height of the float, and this in turn 
governs the float needle valve cut-off. 

If the leak is due to a faulty seating of the float 
needle valve, then it will be necessary to put in a 
new needle valve or to reseat it. 

Gasoline Level in the Jet 

It is advisable to not tamper with the float unless 
you know positively that it is out of adjustment. 
'fhis can be determined, if continually leaking, by 
making the test suggested above. Carburetors 
with floats similar to the Stromberg type "H" are pro­
vided with float adjustments. A Zenith carburetor 
is used as an example. 

Zenith (Fig. 2): The level or the gasoline is maintained in 
tho Roat chnmbor so thnt the gasoline stnncls 3 millimctors 
below the top or the jei. or ubout 7/04". To regulate the level, 
note the washers (L), Fig. 2. 

Master: The float weights nre set :,bout 1/32" from tho 
bottom ol the Boat lid. 

Fig. 2. This illustration shows tho level of gasoline in the 
Ooat chamber 11ml in tho iet of the Zenith carburetor. If the 
float level was above the jct, the gasoline would run out of the 
jet. 

Schebler: In model "L," the top ol tho cork should stand 
_l 1/16" from _the top of tho b_owl in the l,;incb, l ¼-inch, 1 ½· 
rneh and 1 ¾·•!'ch. In the ,2-meh model L" carburetors this 
~easurcmcnt is 1 ¼" nnd Ill the 2 ½-inch model "L, ., l "'"· 
I hose mensurrments should bo made when the float \'ah·o is 
seated. In tho l\lodel n. the height. of tho cork lloat should bo 
2:3/32'' from the top of the bowl when the flo&L vah-e is seated. 
In models D and E, the cork Roat should bo level and rest 1/16" 
above the tor:, of the nozzle in the ½-inch, ,!-inch, and 2-inch 
sizes, a11d 1/32" on tho 1-incb, l ¼-inch, nnd 1 ½-inch sizes. 
Model H is 19/32''. 

Note: When changing tho Roat level, great care mu•t bo 
taken to bend the arm in such a manner that the Hoat will be 
nt the proper height, yet perfectly level. 

Strombeqi: Note t,be level or gasoline in the Ooat chamber in 
Fig. 2. 'flus illustration will give the render an idea as to the 
relation of the level of tho ~asoline in the float chamber to thnt 
in the ict. On the Stromberg models "II," "I-'' and"~!" tho 
fuel level in float chamber should be about one inch belo

0

w the 
top machined surface of the ftont chamber. This can be nd­
justed by removing the dust cap :,nd loosening t.he nut: if the 
gasoline is too low, screw adjustment. up; ir tho gasoline is too 
high, screw adjustment down. 

Tho adjustment on the Stromberg "K" type con be adjusted 
only by "bending the nrm," as previously oxpla.inc<l, which 
governs tho float. level. 

Rayfield: The float level is correctly set nt the factory and 
does not ordinarily require adjustment; but if it should, then the 
correct gasoline le\rf!l should bo maintained in the middle of 1,hc 
window in t,be side of the Roat chamber. 

TOOLS REQUIRED FOR REPAIRING CARBURETORS 

A few of the tools generally used for repairing 
carburetors are given below. Special service tools, 
such as wrenches, gauges, etc., also parts, may be 
obtained of the various carburetor manufacturers, 
or their authorized distributors. 

Some of the small hand tools required are: 2 oz. hammer: 
long, thin 3/lO" wide point. screw driver: 1/4" nnd 1/2" screw 
dri,•ers: Oat and box type socket wrenches 5/16", 3/8", 71,10", 
1/2", 9/10", 5/8", 3/-1"; hand drill; very small drills; eeler 
gauges; regulllr and long nose pliers; flexible 6" scale; 6" nnd 
S" mill file; spccinl \\Tenchcs for removing o.nd inserting 1·ets 
and float needle valve seats; •en ting tool for inlet needle va vc; 
float gauge and ndiustini: tool. Other equipment: gasoline 
mileage tester (explained JU Dukr-'s Carburetor Book); compres­
sion and vncuum gouges (see Addenda, pases 4C>-4-I and 481); 
battery tester. An exhaust gas analyzer is recommended for 
those doing reitular carburetor work. Sec Dv~•• Carburetor 
Book. 

Before proceeding with carburetor adjustments the engine 
should be checked for "tune-up." This involves checking the 
spitrk plugs, ignition interrupter points. ignition timing, valve 
clei.rnnce, compression, manifold nnd e:>rburetor gaskets and 
choker operation, etc. See page 10<>-!B. 

Ca1·huretor Repair Bench 

A space should be set aside for testing and repair­
ing the carburetor, and no greasy or dirty tools 

should be used, as it is important that no dirt gets 
into the assembly. 

'"----44'-'----~~ 
-----48''-----. MAKEWJDTH24" 

Fig. 3. Carburetor repair bench. 
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A suggestion for a repair bench is shown in Fig. 3. 
A bracket is provided to hold the carburetor in a 
level posit-ion. A tank 6" above the level of the 
bracket is connected to the carburetor by means of 
a series of standard f0<\d pipes. Note the four 
ga$oline pet cocks and connections which permit four 
carburetors to be teste,;l at one time. Below the 
bracket a pan is provided to catch any drippings. 

To guard against fire due to static electricity, the, 
bracket should be connected to the drip pan by 
some metallic connector. 

The carburetor is secured to the bracket and the 
feed pipe is attached to the carburetor from the 
connections (shown on the right) in the regular way. 
Here the gasoline level may be checked and the 
carburetor may be watched to see. that it does not 
leak at the float valve. 

A 4" machine vise with jaws opening 5¼" should 
be provided to hold the carburetor during the 
repair operations. 

CARBURETORS-PRINCIPLE AND ADJlJSTMENT 

Owing to the fa.ct that innumerable improvements 
are constantly being made in carburetor construc­
tion, it is impossible in this instruction to describe 
all the actual adjustments of all carburetors. 

Repairmen are advised to secure instructions for 
adjustment of all the leading makes of carburetors 
from the manufacturers and to keep them on file 
(see Index for "Addresses of carburetor manu­
facturers"). 

Schebler Model "R" Carburetor 
This carburetor may be t~rmed an air-valve type 

of carburetor wjth an automatically operated gaso­
line needle vaive controlled by the auxiliary air valve. 

Note that the gasoline needle valve (metering pin 
I) is operated automatically by movement of the 
auxiliary air valve. A concentric-type cork float 
is used. 

Fig. IA Fig. 1 

Fig. 1. Schebler model "R"' carburetor. 
Fig. IA. Showing how the float gasoline needle-valve (BJ 

ruts o/f and opens the gasoline passage (F) by the rise and fall 
of the float (C). 

The parts consist of a float chamber (D), the cork 
float (C), and a float needle valve (B). These three 
parts control all flow of gasoline into the carburetor 
as it is needed by the engine. 

That part of the carburetor where the g,isoline 
and air are mixed consists of a mixing chamber (L), 
a spray-nozzle (G), and a needle valve (I). 

The parts which automatically regulate the 
amount of gasoline required from the float chamber 
to provide the proper mixture consist of a~ auxiliary 
air valve (A) and lever (H), connected with· need]e 

Principle of operation: Gasoline flows from the 
tank through the gasoline pipe into the float cham­
ber (D). 

As the gasoline rises in the float chamber (D) it 
raises the cork float (C) with it, which, through a 
lever connection, automatically closes the needle 
valve (B) and shuts off the flow of gasoline from the 
tank to the carburetor. Of course, as the gasoline 
is drawn from float chamber (D), the float (C) drops 
and raises valve (B), admitting more gasoline. 

The suction of the pistons draws the gasoline from 
the float chamber (D) through the passages (E) 
into the nozzle well (G), and past the needle valve 
(I) into the mixing chamber (L). As the needle 
valve (I) is raised and lowered, more or less gasoline 
is allowed to spray into the mixing chamber (L). 
At the same time the suction of the pistons draws 
from the warm-air intake (F) and the passages (J) 
warm air into the mixing chamber (L). As the 
suction of the swiftly moving pistons is very strong, 
the air is drawn through the mixing chamber (L) 
with great velocity, and there, coming into contact 
with the gasoline spray from the nozzle well (G), it 
vaporizes the gasoline. 

This vaporized mixture is then drawn by the suc­
tion of the pistons past th~ throttle valv~ (P) into 
the cyhnders. The quantity of ·combustive vapor 
flowing past the throttle valve (P) is regulated by 
the position of this thl"Ottle valve, and the position 
of this throttle valve is regulated by the driver either 
from a pedal called the "accelerator" or a tlu·ottle 
lever on the steering post. Opening the valve (P) 
admits more combustive vapor to the cylinders, a)).d 
consequently increases the speed and powm· of the 
motor. Closing it has the reverse effect. 

At high speed it is obvious that the suction 
through the mixing chamber (L) and the warm air 
passages (J) great,ly increases, and as it increases 
beyond the capacity of these passages to supplr. air, 
a strong suction is brought to beaJ' upon the auxiliary 
air valve (A). At a certain speed this suction is 
sufficient to draw this valve down against the coil 
spring (0). As the valve is drawn down~ air rushes 
into the auxiliary air passage (R), and tnence past 
the mixing chamber (L) into the cylinders. 

Auxiliary air valve: To take care of this extra 
supply of air there must be an extra supply of gaso­
line automatically furnished. This is taken care 
of as follows: As valve (A) is depressed against the 
spring (0) it operates the lever (H), which is hinged 
at the point (S). As the lever (H) is depressed by 
the valve (A) 1t opens needle valve (I) admitting 
more gasoliue to the mixture. It will be seen t,hat 
this extra supply of gasoline is always directly in 
proportion to the air supply through the valve (A). 

Dash-pot action: It is obvious that if means were 
not taken to prevent it, the valve (A), which is under 
the tension of the spring (0), would close very valve (I). 

NOTE: Although these carburetors are early models, the reader should study their principle of operation. With these fun· 
dameotal priuciplcs in mind he can then more readily understand the modern carburetors, such as on Insert No. 6 and 7. 
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abruptly if the speed of the engine was suddenly 
checked. It would also tend to open very abruptly 
if the speed of the engine was suddenly increased, as, 
for instance, if the accelerator was suddenly opened. 
Furthermore, the suction of the cylinders is to a 
certain degree intermittent between the strokes of 
the pistons, and this intermission between the 
strokes would ordinarily tend to cause the valve (A) 
to flutter or vibrate if means were not taken to 
prevent it. The fluttering or vibratory action of 
the valve (A) would result m an unsteady flow of 
gasoline vapor to the cylinders, which would cause 
a vibratory or jarring effect in the engine. Any 
such action is prevented by a device (U) called a 
dash pot.. Its function is automatically to insure 
a steady and stable supply of gasoline vapor to 
take care of varying engine speeds under all circum­
stances. To hold the valve (A) steady and to check 
its sudden closing or opening and to overcome its 
tendency to vibrate, it is attached directly to a 
plunger (T), which operates on a cushion of air in 
the dash pot (U). 

To adjust the carburetor (Fig. 1): Turn the auxiliary air­
valve cap (K) clockwise, or to the right (right means "rich") 
until you can turn it no fart.her. Then turn to the left or 
counter-clockwise (left means "lean") through one complete 
turn. Start the engine and then continue to turn (K) to the 
left or counter-clockwise until the en!l"ine hits perfectly on all 
cylinders, at the slowest speed possible. Advance the spark 
lever two-tbirds or three-fourtlLs the way on the sector and 
then suddenly open the throttle lever or accelerator wide. 
If the eni:ine back-fires on this quick acceleration, turn the 
spring ad)usting screw (V) up until the carburetor works 
perfectly. 

By turning the screw (V) up or inward, it is turned against 
the spring (0), which increases its tens.ion, thus preventing 
valve (A) from admitting air into the carburetor too freely. 

Turning {K) to the right, or clockwise, lifts the needle valve 
(I) out of the noztle well (G) and permits more gasoline to 
spray into the mixing chamber. 

When (K) is turned to the left, or counter-clock wise, it lowers 
the needle in tbe noz;le and shuts otT the gasoline. It should 
be remembered that it is desirable, from both points of economy 
and power, to drive the car with the leanest mixture possible. 

The throttle valve should be adjusted so that when the hand 
throttle is closed, the engine will idle and run evenly on all 
cylinders. This can be ascertained by the regularity of the 
impulses in the exhaust when both the spark and throttle levers 
are set at their lowest positions. If the engine, however, should 
run too fa.st, or should stop when the throttle is at lowest posi­
tion, adjustment is nece5sary. Directions for this are as 
follows: 

Adjusting carburetor throttle idling screw: Loosen the 
set screw (Y) which locks the adjusting screw (X) where the 
throttle shaft enters the carburetor. Place throttle in lowest 
position. If the. engine runs too fast, unscrew adjusting screw 
(X) so that the butterfly thrnttle valve {P) is closed a little 
tighter. Ir the engine runs too slow, screw in the adjusting 
screw so that the valve is held a little more open. Lock adjust­
ing screw (X) with set screw (Y) after adjustment. About .005" 
clearance of throttle vo,lve (P) is usually allowed when closed. 

Schebler Model "L" Carburetor 

This carburetor may be termed an "air-valve 
type" of carburetor with a mechanically operated 
gasoline needle valve. Note that the gasoline 
needle valve (B) is raised and thus opened mechani­
cally by movement of the throttle lever which is 
connected with a cam arrangement (C). As the 
throttle lever is opened, the cam action raises the 
arm (J) connected with the gasoline needle valve, 
thus raising the needle valve from its seat (S) and 
admitting more gasoline at the jet. 

To adjust the carburetor: First, make adjustments on the 
o,uxi!iary air valve (A) so that it seats firmly, but ligh~; then 
close the needle valve by turning the adj ust.mentscrew (11) to the 
right until it stops. Do not use any pressure on this adjust­
ment screw ,fter it meets with resistance. Then turn it to 
the left about a turn and a half and prime or flush the carbu­
retor by pulling up the priming lever (C) and holding it up for 
about five seconds. Next, open tbe throttle about one-third, 
nnd start the engine; then close the throttle slightly and retard 
the spark and adjust the throttle-lever screw (F) and needle 
valve adjusting screw (B) so that the engine runs at the desired 
speed and hits on all cylinders. 

After getting a good adjustment with the engine running 
idle, do not touch th<.> needle valve adjustment again, but make 
intermediate and high-speed adjustment on the dials (DJ and 
(E). Adjust pointer on the first din.I (D) from figure No. 1 
toward figure No. 3, about half-way between. Advance the 
spark and open the throttle so that the roller on the_ track 
running below the dials is in line with the first dial. If the 
engine back-fires with the throttle in this position and the 
spark advanced, turn the indicator a little more toward figure 
No. 3; or if the mixture is too rich, turn tl,e indicator back 
or toward figure No. 1 until satisfied that the engine is run­
ning properly with the throttle in this position, or at inter­
mediate speed. Now, OJ?<!n the throttle wide and make adjust• 
ment on dial {E) for hlgh speed, the same as adjustments 
for intermediate speed on dial (DJ. 

Note: In the majority of cases, in adiustin~ this carburet.or, 
the tendency is to give too rich a mixture. In adjusting the 
carburetor, both at lo,v, intermediate, and high speed, cut 
down the gasoline until the engine begins to back fire, and then 
increase the supply of fuel. a notch o,t a time, until the engine 
bits evenly on all cylinders. Do not increase the supply of 
gasoline by turning the needle valve adjusting screw more than 
a notch at a time, in low-speed adjustment, and do not turn 
it after the engine hits regularly on n.11 cylinders. 

In makini; the adjustments on the intermediate and higb­
speed dials, do not turn the point.ers more than half-way at a 
time between the graduated divisions or marks shown on the 
dials. 

Stromberg Model "H" 

This carburetor would be termed a compensating­
type carburetor, because, as previously stated, an 
auxiliary full jet comes into action as the throttle is 
opened. 

For low speeds the gasoline is taken from the 
spray nozzle (C), in a venturi tube, through which 
hot air passes. Regulation of amount of gasoline ic 
by needle valve (A) (Figs. 3 and 4). 

Fig. 3. Strc;'.l'.lberg mocl~I "H" carburetor. 
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For high speeds, the nozzle in the center of the 
au- valve is automatically regulated by opening of 
the air valve thus supplying the necessary volume 
of gasoline for high speed. 

Adjustment for high speed is by (B), which con­
trols the amount of flow of gasoline on high speed 
by regulating the time when the needle valve begins 
to open. The needle valve opens only when (B) 
comes in contact with (X). (B) is raised by a 
throttle opening at high speed. There is usually 
about 1/32" clea-rance between (B) and (X). 

Low-speed adjustment is controlled by the needle 
valve (A). If too 1·ich, as indicated by the engine 
"rolling" or "loading," turn (A) up, thus admitting 
less gasoline and making the mixture lenner. If 
(.he mixture is too lean, turn (A) down, thus admit,­
ting more gasoline and a richer mixture. 

High-speed adjustment: Advance the spark, 
open the tlu·ottle. lf the mixture is too lean on 
high speed, screw (B) up until desired results are 
obtained. If the mixture is too rich, screw (B) 
down. 

PrN 
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Fig. 4. Sectional view of Stromberg model "H" carburetor. 

Nozzle: Before changing a nozzle, check up closely on the 
ignition system, and examine all manifold and valvc•hettd 
connections for air lea.ks, as it is absolutely impossible to make 
a. carburetor operate properly if the ignition is not in good 
condition or if there are a1r leaks in the engine. 

If, however, with the engine in normal condition, it is neces­
sary to turn the needle valve (A) down rnore ~ban two nnd n 
half turns, and still the engine will not idle, it ind:cates that 
the prirnary nozzle is too small and that a larger one should be 
used. 

If it is impossible to get enough gas on high speed except 
when nut (B) is so high that there is no clearance at (X) on idle, 
a higher number needle valve should be used, 

If there is too much gas on high speed when nut (B) is turned 
down as fa-r as it will go, a lower number needle val\·c 
should be used. 

To change the primary nozzle (C), take out t-he needle ,,nlve (A) 
and remove nozzle v,--itb a regulttr screw driver. To remove 
the taper valve on high speed, pull ur. the steering post control, 
unscrew nut (B) all the way, and hft valve out. This valve 
and nut (B) are assembled together and should be ordered in 
that way. Do uot attempt to take these apart or to change 
the taper. 

Never change the nozzle more than one size at n time. The 
nuzzle opening gets smaller as tbe number gets larger; thus a 
'.'lo. 59 is smaller than a No. 58. 

High-speed needle valves deliver more gas ns the number 
gets Jarger; thus e. No. 7 will give more gas than No. 6. 

Always iast.all the carburetor with the float chamber towards 
the md,ator. 

------------------

Fig. 5. Plillntom sectional view of model "H" Stromberg 
carburetor. showing high-speed needle nnd primary nozzle in 
action. Note the path of the gas. 

Marvel Model "E" Carburetor 

The Marvel model "E" is a double jet, "compen­
sating type" of carburet.or, with the application of 
exhaust heat to a jacket surrounding the throttle 
chamber and venturi tube, the amount of heat be­
ing n.utornatically controlled by the throttle opening. 
Out.side the float mechanism this carburetor has but 
one moving part, the auxiliary air valve. (See 
Figs. 6 and 7.) 

Fig. 6. 1'1arvcl model "E" carburetor. 

&ASO\.lNE INLET 

Fig. 7. Sectional view of Marvel model "E" carburetor. 
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Two jets are used, a :primary low-speed jet and a 
;;econdary high-speed Jet which is brought into 
action by the opening of the auxiliary air valve. 

When the engine is idling, the hinged auxiliary air 
valve (V) (Fig. 7) rides on its seat against the bore of 
the mixing chamber, thus closing off the air passage 
past the tall high-speed nozzle jet, rendering it 
ineffective. At this time the air passes up through 
the small venturi surrounding the low-speed jet. 

As the suction of the engine increases the auxiliary 
air valve is opened against the spring pressure, and 
the second jet (high speed), comes into action. 

A choker valve (see air shutter) in the main air 
intake allows a rich mixture to be obtained for 
starting. This device may be controlled from the 
dash, so that when the engilie is cold it may be closed 
to prevent back-fires, and may be grachially opened 
up as the engine warms up. 

The feature of this carburetor, previously men­
tioned(. is the exhaust-heated jacket. The heat is 
controlled by a damper connected to the throttle 
lever, which damper can be set to give any degree of 
heat desired. This is of particular importance, as 
the quality of gasoline is yearly becoming heavier 
and heavier. This heat damper, therefore, can be 
set to admit sufficient heat to secure good vaporiza­
tion of heavy fuel on low throttle, and then, as the 
throttle is opened, the heat is automatically cut off, 
thus insuring; maximum power at the higher speeds 
where heat 1s not necessary to good carburetion. 
By such an application of heat the entering air is 
not preheated, and this naturaUy results in greater 
thermal efficiency and power due to a maximum 
cylliider filling at each stroke of the pistons. 

Adjustment: start by turning needle valve (A) to the right 
until it is completely closed. Then adjust the air a<liustment 
(B) uni.ii the end of the screw is even with the end of the ratchet 
set spring above it. 

Next, open (A) (gasoline needle) one turn, st.art the engine 
as usual, using the strangler button (S) to get a rich mixture 
at first. Allow the engine to settle and warm up; then gradu­
ally out down on (A) until the engine runs smoothly. 

Next, turn air screw (B) to the left, a little at a time, until 
the engine begins to slow down. This indicates that the air­
valve sprin,: is too loose. Turn it back to the right just enough 
t.o make the engine run well. 

To test the adjustment, advance the spark and open the 
throttle quickly. The engine should "take hold" instantly 
and speed up at once. If it misses, or 1 'pops back" in the 
carburetor, open needle valve (A) slightly, turning to the left. 
If this does not give results, the air screw (B) may be tightened 
a little by turning slightly to the right. It should be borne in 
mind that the air valve should be carried as loosely M possible, 
and that the adjustment for "pick-ul'" may be obtained by 
carrying more gas with needle valve (A), rather than to tighten 
up tho air valve too much. 

The best possible adjustment is secured when air ruljustment 
(B) is turned as far as possible to the left and needle valve (A) 
to the right, proyiding the eogine runs smoothly and picks up 
quickly when the throttle is open. The speed of the engine 1s 
i;overncd by the small set screw in the throttle stop. If the 
engine ru11s too fasthturn the screw to the left; if too slow, turn 
the screw to the rig t. 

The auxiliary air valve spring (V) after long use may lose its 
tension due to heat. 

Marvel Carburetor Connected to a Buick 

The illustration (Fig. 8) is that of the gasoline sys­
tem of the Buick six-cylinder, enclosed-model car. 
Note the vacuu:n gasolliie feed system connected 
with the intake manifold and carburetor. 

The Buick exhaust heating method of the mixtui-e, 
by means of the exhaust manifold surrounding the 
intake manifold is shown. 

A gasoline gauge is shown on the dash, thti pur­
pose and explanation of which is as follows: 

A visual gasoline gauge is located on the dash of the closed 
models only and is a mechanically operating device which 

registers at all times tho quantity oi gasoline remainina: in the 
main gasoline tank attached to the rear of the car. 

It consists of a cork float, a piano wire, and a graduated 
registering dial. The cork Ooat (F) is fastened to the tank 
base extension by means of an arm bent at the proper angle. 
which rises and Jowers as the gasoline level changes. 

~ASOL!NE TAflK 

Fig. 8. Fuel system of the Buick in which the Marvel car­
buretor is used. 

The piano wire (P) is attached to the float arm by means of 
a clip, and as the float iises and lowc.rs it forces the wire to 
oscillate in and out of the tank through an aperture in the tank 
base which is fastened to the tank, from which a flexible tubing 
or casing (T) extends to the gauge on the dash inside of which 
the piano wire oscillates (see also page 650). 

The graduated dial or drum is enclosed in a housing which 
fastens to the instrument plate, and the gasoline level is 
registered by the longitudina.J motion of the wire. The drum 
is.supported by pivot pins, and a, con.r;tant tension is maintained 
with a hair-spring adjustment, set in such a. manner as to per­
mit the drum to rot.ate. The registering figures are placed on 
the outside of the drum and show through a smnll aperture in 
the face of the instrument conveniently located on the dash. 

Rayfield Models "G" and "L" Carbtu-etor 
Ra.yfield carburetors are made in two types: 

model "G" and "L," tbe difference being that 
model "G" has a wa.ter-jacket. 

In both models the air-valve adjustment has been 
eliminated, high and low-speed adjustments being 
made through the control of the fuel. 

Both models are of the two-jet type, one jet fecd­
in~ at low speed and both at high speed. The 
prmciple of this carburetor is explained in Fig. 24 
and on page 102. 

Fig. 9. Side view of Rayfield model "G" carburetor. 

There are three air openings, one fixed and operat­
ing in conjunction with the low-speed nozzle and th11 
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other two having automatic valves linked together 
a,nd operating simultaneously. • 

Fig. 10. Sectional side view of Ro,yfield model "G" co.rburetor. 

The high-speed nozzle is controlled by a metering 
pin actuated by the upper automatic air valve. The 
stem of the valve is connected to a piston working 
in the dash pot, from which a passage communicates 
with the float chamber; the dash-pot chamber has 
direct connection with the high-speed nozzle. 

When the throttle is opeped, the tendency of the 
air valve to open suddenly and excessively, and to 
flutter, is checked by the dash-pot piston, which at 
the same time forces an extra supply of fuel into the 
nozzle and enriches the mixture for acceleration; 
the slow opening of the air valve increases accelera­
tion by causing strong suction on the nozzles. 

When adjusting a Rayfield, bear in mind that 
both adjustments are turned to the right for a richer 
mixture, as indicated on the adjustment screw heads. 

The Rayfield dash control connects with the car­
buretor by a wire. When properly used, this will 
render st.a.rting easy, furnish a richer mixture when 
the engine is cold, and maintain a correct mixture 
under extreme atmospheric changes. 

Raising the dash control lifts the spray needle and 
supplies a richer mixture. When it is raised full 
distance, a direct passage is opened, permitting raw 
gasoline to be drawn from the fuel chamber of the 
carburetor to the engine. The control button (or 
lever) should be down for mnning, except when a 
richer mixture is desired. 

The automatic air valve should be closed when 
the engine is not running, or when throttled down. 

The low-speed adjustment is to be used only when 
the engine is running idle and positively must not be 
used in adjusting high speed. Never adjust a 
carburetor unless the engine is hot and the water 
jacket of the carbl!retor warm. 

Fig. 11. Simplified illustration of the Rayfield. Note that 
two air valves, v1 .. ith a dash pot for aceeleration, are used. 
(A), float chamber; (AA), dash pot; (B), stop screw: (FJ, auto­
matic air valve; (H), nozde neeclle; (N), low-speed ndjustment: 
(M),eam; (O),high-speedadiustment; (S).draincock: (Yl.blo,,i. 

Adjusting low speed: With the throttle closed nnd the dash 
cont.col down, close the nozzle needle by turning low-speed 
adjustment to the left until block (U) (Fig. 9), slightly leaves 
contact with the cam (M). Then turn to the right about 
three complete turns. Start the engine and allow it t-o run 
until warmed up. Then with retarded spark, close the throttle 
until the engine runs slowly without stopping. Now, with 
engine thoroughly wnrm, make final low-speed adjustment by 
turnini; low-speed screw to the left until the engine slows dow11 
u.nd then turn to the right a notch at a time un!,H the engine 
idles smoothly. II the enitino does not throttle low enough, 
turn stop arm screw (A) (Fig. 12) to the left until it runs at 
the lowest number of revolutions desired. 

s 

l'ig. 12. (A) stop arm screw; (B) stop arm; turn screw 
(A) to left to throttle engine lower. 

Adjusting high speed: Advance spark about one-quarter. 
Open the throttle rather quickly. Should the engine back-fire, 
it indicates a lean mixture. Correct this by turning the high­
speed adjusting screw to the right about one notch at a ti me, 
until the throttle can be opened quickly without back-firing. 
If "loa.dingu or choking is experienced when running under 
heavy load with throttle wide open, it indicates too rich a mix­
ture. This can be overcome by turning the high-speed adjust­
ment to the left. 

To start the engine when cold: First close the throttle and 
pull the dash control all the way up. Second, when the engine 
starts, open the throttle slightly and push the dash control onc­
qua.rter of the way down. Third, as the engine warms up push 
the control down gradually; when thoroughly warm, push th, 
control all the way down. When the engine is wo.rm it is nec­
essary to pull the dash control only part way up for starting. 

Hot-water connection is connected with the suction ~nd of 
the pump (between radiator and pump). '.rbe connection on 
the other side connects with the water jo.cket of the engine or 
upper water pipe. A shut-off ·cock is provided for hot weather. 
See that these connections are made so that water will be 
drained out of the carburetor jacket when the system is drained. 

Atta<:I, a hot-air stove to the exhaust pipe and connect to 
the constant air elbow of carburetor by a flexible tube. Con­
nections are b/16" outside diameter tubing for gasoline and 
water connections. 

Rayneld Model "M" Carburetor 
The model "M" Rayfield (Fig. 13) is a smaller type. 

incorporating the features of the Rayfield model "G'· 
without the dash pot. Fig. 14 shows the principle 
of the primer incorporated within the carburetor. 

0UTTERFL Y ADJUSTMENT 

LOW SPEED ADJUSTMENT 
• • pASH ADJIJSTMENT 

Fig. 13. Rayfield model "M" carburetor. 
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To adjust this carburetor, bearing in mind all the precautions 
cited previously, l:'roceed as follows: The low-speed adjustment 
is turned to the right for a rich mixture, to the left for a lean. 

With the engine running idle and the dash control down, 
turn the low-speed screw to the left one notch at a time. 
Between each movement of the thumb screw, the engine should. 
be accelerated and allowed to come back to it,i idling speed. 
In this way a very exact adjustment can be obtained. If the 
slow-speed adjustment is obtained by turning the screw down 
all at once, a, very accurate setting will not be obtained. When 
this screw has been turned down until the ent_tino manifests a. 
marked falling off in speed, it is a sign that the correct position 
has just been passed a notch or two. During the accelerating 
periods, the en!,ine will commence to miss and spit back when 
the lean mixture is reached. 

The intermediate and high speed is made accessible by 
removing the hot-air elbow from over the main air vo.lve. It 
is well to observe a little precaution at this point. The high­
speed screw should not be moved more than one-eiiihth turn at 
a. time. This screw produces very effective results 1n the action 
of the carburetor, and its movement should therefore be cor­
respondingly regulated. The economy of the engine is affected 
in a very pronounced manner by turning this screw. 

e~~ 

Fig. 14, Internal primer on the Rayfield model "M." 

Johnson Carburetor 
The Johnson is a "gravity air-valve type," with a 

single concentric jet, in wluch an air valve is made 
up of a sleeve rising and falling by suction and 
gravity in a cylindrical passage above the jet. 

There are three stages of vacuum: one is the space 
between the throttle and strangle tube; the second, 
in the strangle tube itself; the third, in the space 
below the plate on the bottom of the air-valve sleeve. 
By removmg the location of the idling adjustment 
(in Fig. 15) the gasoline flow (for idling) is brought in 
a zone of greater vacuum and heuce better idling. 

-SL6w SPEED Ali? 
Al?JUSTMENT 

l'HROTTLe 
STOP SC.Rrw 

But. 15. Adiuating old-style Johnson carburetor. 

Indications of incorrect adjustment: (A), lean mixture; (B), 
engine difficult to start; (C), "popping back" on quickly open­
ing throttle; (D), enl\ine knocks when throttle is opened quickly; 
(EJ, engine will not idle. 

Many mechanics can nd.iust this carburetor for high speeds, 
but sometimes find difficulty in adiusting for low speeds or 
idling. The correct procedure of adjustment is as follows: 
(1) retard spo.rk; (2) close the slow-speed air-adi.ustment 
screw (Fig. 15); (3) warm engine; (4) see that the intake pipe 
manifold, where it cimneets to the carburetor flange, does not 
leak air; (sometimes a water-jacketed intake manifold will 
become "air .. locked O and water ,vill not circulate, depriving it 
of heat; open •1plug11

); (5) accelerate the engine by opening 
and closing the. throttle rapidlf; if the mixture is too rich, 
acceleration will be sluggish; i too lean, it will "pop back" 
considerably; the spray needle adjustment should be set 
between these two points; (6) retard the spark and close the 
hand throttle; adjust the throttle stop screw llntil the engine 
runs very slowly, regardless of whether it operates evenly or 
not; (7) open the slow-speed air adjustment unt.il the engine 
idles evenly, if p088ible; if it runs too fast, close down the 
throttle stop-screw; the adjustment,i on the stop-screw and 
the low/4peed screw should be made simultaneously; (SJ it may 
be found that the low-speed air adjustment cannot be opened 
at all; in this case the low-speed mixture is too lean; possibly 
the low-speed air adjustment can be opened more than 3 ½ 
turns, when the mixture is too rich; do not touch the spray­
needle setting, but proceed as follows: 

Disassemble the carburetor: A small ring, shown in Fig. 15, 
is attached by two lugs to what is known as the lift plate. This 
ring is somewhat curved, and if the slow-speed air adjustment 
can be opened more than 3 ½ turns without obtaining good 
idling, the curve is excessive and the ring should be slightly 
Battened. If on the other hand the air adjustment cannot be 
opened, the ring is too flat and should be slightly curved. The 
standard settin~ is 3/32" from the edge of the ring to the !lft 
plate to which it is attached. • 

Adjusting (Model "A"): (1) Turn both idle screw and nigh­
speed needle (Fig. 16) to their seat,, and set the throttle stop in 
approximately the correct position for closed throttle; (2) open 
the high-speed needle 1 ½ turns. Th.is permits the enginn to 
be started. 'Varm the engine up by running a few minutes; (3) 

Fig. 16. Jonnson model "A" carburetor. 

place the spark lever in full retard position, and open the 
throttle until the engine turns at a speed equivalent to about 
20 to 25 miles per hour; (4) turn high-speed spray need.le to 
the right until the engine speed descreases; (5) then turn the 
spray needle to tbe left until the engine epeed increases and 
then decreases from a rich mixture; (0) turn a~ain to the right 
to a point midway between the extremes; this is the correct 
mixture and will give the best results for all throttle positions; 
(7) adjust the throttle stop screw to the desired idling position; 
(8) if uneven firing occurs, correct either by unscrewing the idling 
jet to enrich the mixture or by screwing up the idling jet to give 
a leaner mixture. The average setting ,s one-half turn from 
the seat. This adjustment must be made with the spark and 
throttle levers fully retarded. 

The float should set evenly all around, the bottom being 
½." from the float-chamber seat, as shown in Fig. 16, 

Principle of the Zenith Plain Tube or 
Compensating Type Carburetor 

In order to understand the principle of the Zenith 
carburetor we shall first consider a simple type of 
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"single J°et" carbureLor, then a "compensating jet," 
then a "compound jet." 

1;:I 
Fig. 17 Fig. 17 A 

Fig. 17. The illustration shows a simP.le type of "single 
jet" carburetor at rest. Note that the gasoline in the jet (G) 
,s level with the gasoline in the float ehamber (F). Throttle 
(T) is closed. The more we close the throttle, the more we 
prevent the cylinder from filling with gas. 

Fig. 17 A. Single jet action: On a level road we "open up" 
the throttle (T). The more we open, the faster we go. Assume 
that the throttle (T) is full open and the engine running :it 
1600 r.p.m.; tho cylinders fill with gas as freely as possible and 
a large qunntity of air (see long arrows) passes through the 
carburetor, while the gasoline jct delivers its maximum, 

Fig. 17 B Fig. 18 Fig. 18 A 

Fig. 17B. Now we come to a hill, and although we keep 
throttle wide open, the speed slow~ up to, say, 400 r.p.m. 
The air does no•, pass through the carburetor with the same rush 
as before; the suction is much reduced. There is also a lessened 
gasoline discharge at jct (G). How will this simple carburetor 
work under varying degrees of suction dictated by the throttle, 
load, and speed? Under increased suet.ion more air will be 
drawn up and also more gasoline. 
The law of liqu

0

id flow tells us that the flow of gasoline from the 
jet increases under suction faster than the flow of air. This 
svoils our simple _type of ca~buretor; for tbe_ <le~ired ratio of 
15 t,o 1 between air and gasohoe cannot be mamtaU1ed constant 
under varying suction. 

Baverey. the inventor of tho compound nozzle, readily saw 
that if, with the idenl simple carburetor, this mixture g.row 
rich as suction incrensed, the only logical thing to do was to 
find another simple type which would work the opposite way, 
that is, a jet wbich would ignore suction and produce a mixture 
which would grow poorer as the suction increased, thus combin­
ing the two; the «quit being a compound .,~hich wou!d hold 
its correct proportions under any eo11cht10ns. Tlus was 
Bavere,y's idea, upon which all Zenith carburetors are based. 
The prlnciplc of the jet which ignores suction is e:q,lained as 
follows. 

Fig. 18. Take a full glass of liquid. Suck this liquid through 
a straw. The harder we suck the more we get. This is the 
principle of the single jet (G) in Figs. 17, 17A, 17B. 

Fig. 18A. Take an empty glass. Let a tiny stream pour in 
from a bottle at a constant rate of Bow, and again apply the 
straw. This time there is a difference; we may suck as hard 
as we can, but we get only what the tiny stream allows us. 
The bottle ignores the suction. This is the principle of the com­
pensating jet (I) in Figs. 18B, 18C. 

Fig. 18 B Fig. 18 C 

Fig. 18B. and ISC. The jet which ignores suction, or the 
constant flow device that Baverey invented, is on the same 
principle as the bottle, glass, and straw. It is shown in Figs. 
18B, lSC. Gasoline (as from the bottle) flows through the 
measuring bole (I) in a tiny stream into th~ open well (J) 
(the glass), and is drawn out through nozzle (H) (the straw), 
by suction. The size of the measuring hole (I), whicb controls 
the rate of Bow into well (J), may be so chosen that the suction 
at (H) (at a certain cn~ine speed and load) will be just suffieient 
to keep well (J) emptied. Once well (J) is emptied, no more 
fuel can be drawn from (HJ than is supplied by the constant 
gravity flow through the calibrated hole (I). The mixture there­
fore grows poorer as the suction increases. 

_Fig. 18B. We assume the engine is under a heavy load with 
w_,de-open throttle, running at 400 r.p.m., as when climbi'41 a 
lull. Note that only a relatively small quantity of air is bemg 
drawn through the ,nixing ehambcr, as shown by two arrows. 
because the suction is not very strong, bccau.se of the engine 
speed being reduced, but the mixture is fairly rich-assuming 
the opening aJ is of tbe correct size-because we have less air. 

Fig, !SC. Assume that the engine is speeding on a level 
road with wide-open throttle, running at, say, 1600 r.p.m. 
Note th11t the air has greatly increased in quantity, as indicated 
by the four arrows (because the speed of the engine bas been 
increased). yet the gasoline flow remains the same as in Fi~. 
18B because the tiny stream at (I) ignores the suction at (H). 
1'bis mixt1lre is much leaner than before, because we have more 
air, and the engine could not run under these condition!-! alone. 
It is directly opposite to the single-jet action shO\vn in Fig. 17A. 

l'ig. 19 Fig. 19 A 

We will now apply both principles, the "single jet (G)" with 
its '1variable flow," and the ncompensating jet (I)," with its 
"constant flow" to a carburetor (Figs. 19 and 19A), and we have 
the Zenith "compound nozrle." 

Fig. 19. Assume that the engine is under a heavy load with 
wide-open throttle, running at 400 r.p.m. The suction is uoL 
very strong, but is lifting gasoline from nozole (G) which feeds 
from lloat chamber (F), through channel (E), and also fron, 
nozzle (H), which feeds from (I) to open well (J), through 
channel (K). The arrows indicate but a moderate How of air and 
at low suction the mixture is richer than in Fig. 18B because we 
have the combined action as shown in Figs. 17B and 18B. 

Fig. 19A. Assume that the engine is speeding on a level 
road with wide-open throttle, running at 1600 r.p.m. The 
suction has greatly inl"..te.."lSed, n.s shown by the a.rro,vs, au<l 
with it the now of gasoline from nozzle (G). Nozzle tH), how .. 
ever, still gives the same measured amount of gasoline as in 
Fig. 19, because its llow is held in check by compensator (I). 
Here we have the combined action of Figs. 17 A and 18C, 
producing a richer mixture in jct (G) because we have more 
suction. and a poorer mixture in jet (H), because we ho.ve more 
air, or the.desired proportion of air to gasoline. 

The compound nozzle receives its gasoline from two sources. 
At. any speed both sources of supply are in action. The main 
jet (G), controlled by suction, is selected of the proper size 
to give just about enough gasoline at high suction: nt low 
suction the flow will be quite deficient. 'l.'he compensat-or (I) 
lends its strongest support to the main jet (G) at low suction 
when it is most needed, and withdraws it gradually as the main 
jet (G) gathers in strength with increasing suction. 

Fig. 20 Fig. 20 A 

Fig. 20 shows carburetor at rest with throttle (T) closed, 
and shows the gasoline at the same level in the float chamber 
(F), well (J), and 110zzles (G) and (H). 

Fig. 20A shows the idling and starting jet. Note the addi· 
tion of an idling tube (P) in the well (J), explained on page 131. 
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Zenith Model "U" Carburetor 
There are four measuring parts to meet the exac.t 

requirements of any particular engine as follows: 
1. The choke tube (X, Fig. 21) measures the 

amount of air taken into the engine. T1'e flow of air 
increases as the engine speed increases. 

2. The main jet (G) acts exactly like the jet in the 
simple carburetor (Fig. 17). It varies in flow with 
the suction. 

3. The compensating jet (I). The flow from this 
. iet is constant, regardless of the amount of suction, 
or the speed of the engine. 

4. The idling jet (N) operates only ·when the 
t.hrottle is barely era.eked open. Further opening 
of the throttle automat.ically puts the idling device 
out of opel'ation because the fuel in the well (J) 
is then all drawn through the cap jet (H). 

PR!b!ING HOLE "U" 

IDLl!;G All< VALVE 
ADJ. SCREW "0" 

FIG, 21 

Fig. 21. Model "U" carburetor. Differs from the early 
model "L" Zenith in that there is a double cap jet (H), or three 
jets or spray nozzles (Ll, Kl, Gt) insietid of two, and the cali­
brated opening of idling jet (N) is placed above the top of 
tube (P) instead of at the bottom. 

From the float chamber (F) to the engine, gaso­
line flows through three different channels (E, K, L), 
in various quantities and proportions according to 
the size of the nozzles, the speed of the engine and 
the degree of the throttle opening. 

With throttle (T) fully open, most of the gasoline !lows 
through channel (E) and main jet (G); some flows throui:h 
compensator jet (1), which is located at the bottom of well (J), 
which is 011cn to the atmosphere t-hrough (M) from the outside 
of the carburetor. It then passes through channel (K) to 
cup jet pass~e (Kl) which surrounds the main jet (GJ. The 
main jet and cap jet work together and furnish the proper 
mixture, whatever the speed of the engine. 

The influence of this third jet (Ll), (also iet Kl), is greatest 
when ac-eelerating from idling position, when the gasoline in 
well (J) is level with the gasoline in float chamber (F), (figs. 
20, 20A), thus giving an additional rich mixt\1re in connection 
with the main jet (G). As the throttle is opened and suction is 
increased, the level of the gasoline in atmospheric well (J) • 
drops, and gasofine is then fed only from (G) and compensator 
(1) throl!ll:h passage (K) to (Kl), the third nozzle (LI and its 
passage L) being practically cut out ol action. 

The idling tube (P) has a calibrated jet opening (NJ at its 
top, and is fixed n,id not adjustable. 

Air choker connection. The air intake on the Zenith car­
buretor is provided with a choker valve (V) (Fig. 21), which 
is operated through the air shutter lever (Y) connected with a 
choker button on the dash, for use in starting a.nd warming up 
a cold engine. Usually a piece of tubing connects the main air 
connection with a stove on the exhaust ~ipe for preheating 
the air before it enters the ctirburctor. fhe air shutter (or 
choker valve) lever (Y) is fitted with a spring which normally 
holds the choker valve (Y) in a wide-open position (as now 
shown). 

The air connection is supplied with a 
temperature regulating band around an 
air opening (Z) (Figs. 21, 22), which co.n 
be adjusted so as to admit cold air in 
warm .weather or shut off all cold air in 
cold weather. 

Idling. At low or idling speed, when 
Fig 22 the throttle (T) is nearly closed, the main 

• jet (G) and cap jet (H) give little or 
no gasoline. but there is considerable suction at (U) (Fig. 21). 
Gasoline from compens.'Ltor (I) flows into well (J) and is then 
drawn through the idling tube (P), tbrough the calibrated 
idling iet hole (N) at the top ol (PJ, which in turn isadjustAbly 
open to the air, through idling adjusting needle valve (0). The 
suction lifts the gasoline through tube (P) and, in combinat.io1> 
with the air passing the throttle (T), forms the idling mixture . 

Idling adjustment. The throttle (lever) adjusting screw 
(T2) will regulate the opening of the throttle (TJ for slow speed 
or idling, and the position ol the screw (0) will regulate tbe 
quality of the mixture at that speed; screwing (0) in, increases 
the effect of gasoline, making the mixture richer, and um;crew­
ing it diminishes the effect of the suction in idling tube (P), 
mnking the mixture leaner. 

This adjustment varies the idling mixture only and has no 
effect upon the high-speed action. Be sure the engine is 
warmed up when mnking the idling adjustment (see also 
"Slow Speed Adjustment," page 132). 

Starting the engine: Open throttle (T) "just a crack," and 
close the cliokcr vnlve (Y) tight, by pulling out choker b\1tton. 
This will create a very strong suction on !,he priming bole (U) 
and will raise the gasoline through tube (P) and jet (N), 
into the opening (U) and thence to the manifold. Immediately 
the engine is started, open the choker valve (V), adjusting 
its position until the engine runs smoothly and without back­
firing through the carburetor. As soon as the engine has 
thoroughly warmed up, the choker valve (V) should be opened 
wide. Leaving l'he cboker valve part-ially closed will great.ly 
incrensc the fuel consumption. 

Adjusting the Zenith Carburetor 
In the Zenith, the quality of the mixture is fixed, once for all, 

by the choosing of the three variables: Choke tube, Main jet, 
and Compensator, as indicated below. 

The size number of these three parts constitute what is 
culled tbc "Setting." The size number is stamped on the end 
of each part. 

The chokes are nu.mbered in millimeters according to the 
size ol the smallest inside diameter. 

l'he jets and compensators are numbered in hundredths of a 
millimeter. A "100" jet has a one-millimet,er hole and is 
smaller than a "105" Jet. The sizes vary regulady by steps 
of five one-hunclredths of a mjJ)imeter. 

When cars are regularly equipped at the factory with t,hc 
Zenith carburetor, it is seldom necessary to ohange t.he "factory 
setting." 1'his h8$ been determined by experts after exhaustive 
tests, and 8'3 there are no moving parts in the Zenith in any 
way affecting-the mixture1 it is reasonable to assume that any 
trouble that might arise can bo caused only by dirt and water 
in the carburetor, or by the disarrangement of some adjust­
ment of the ignition, valve•Operating mechanism, et.c., which 
troubles are often erroneously blamed on the carburetor. 

The following tests should be made with method, first de­
termining the Choke, then the Main jet, then the Compensator. 

Choke tube (X). This is really an air nozzle (Venturi), ol 
surh a strearn•line shape as to allow the m~ximum flow of air. 
without any eddies, and with the least resistance. It is held 
in place by a screw (Xl) (Fig. 21) and con easily be changed 
when the butterfly throttle (T) has been removed. If stuck. 
remove the cap and iet at the lower part of the carburetor and 
drive it out with a brass rod. 

Choke tube too large. The pick-up will be defective and 
cannot be bettered by the use of a larger compensator. Slow­
speed running will not be very smooth, The engine will have 
a tendency to "load up" under a hard pull, and at high speed 
the exhaust will be of an irregular nature. (This "loading-up" 
will he much worse ii the manifold is too large or too cold.) 

Choke tube too small. The effect ol a small choke tube is 
to prevent the engine from taking a full charge with the throttle 
opened fully. The pick-up will be very good, hut it will not be 
possible to get all the speed ol which tbe car is capable. 

Bear in mind that when the choke is increased more air is 
admitted and the mixture is correspondingly thinned, and 
vice versa. 

Main jet (GJ. The main jet ill easily removed after un­
screwing the lower plug. The influence of the main jet is 
mostly felt at high speed. 

Main jet too large. At high speed on a level road it will give 
the usmtl indica.tions of a rich mixture: irregular running, 
characteristic smell from the exhtiust, firing in the muJBcr, 
sooting up I-he spark plugs and low mileage. 

Main jet too small. The mixture ";n be too lean at high 
speed and the car will not attain its maximum. There may be 
back-firing at hii;h speed, but this is not probable, especially if 
the choke nlld main jet are accor<lini: to the factory setting. 
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This back-firing is more often due to large air leaks in the intake 
or valves or to defects in the gasoline line. 

Compensator (I). '!'he compensator is easily removed after 
unscrewing the lower plug. 

From the explanation of the Zenith principle given on pai;e 
130, it is readily noted that the influence of the compensator 1s 
most marked at low speeds. The compensator size is best 
tried out on a hill, as regular as possible and as long as possible, 
and of such a slope that the engine will labor rather hard to 
make it on high gear. A long, even, hard pull of this sort taxes 
the efficiency of the compensator to the utmost, and wiH 
:ndieatc readily the correctness of its size. 

Compensator too large. Too rich a mixture on a hard pull. 
It will give the same indications as rich mixtures at high speed 
on the level. 

Compensator too small. Too lean a mixture. Liable to 
miss and give a jerky action to the car on a hard pull. 

Slow-speed adjustment (see also "Idling Adjustment,," 
page 131). This adjustment is made on the floor, with the 
engine properly wanned up. It must be remembered that many 
factors may prevent a good idling. such as: poor gaskets, 
loose valve stems, pitted valves, leaky valve caps, leaky plugs 
or priming cockS', all of which create air leaks. Spark-plug 
points too close together, flywheel too light, too much spark 
advance, late spa.rk. 

The idling device differs somewhat with each model. T 11e 
siie of the gasoline orifice is stamped on each idling iet in one­
hundredths ol u. millimeter. In the case of vertical carburetors, 
models "L," "U," "T," and "0," it may be said in general: 

If the idling device is too small, it ";11 be impossible to obtain 
asatislactorx mixture except by turning the idling-ndjusting­
screw (0) all the way in. In this event put in a larger idling 
device. 

If the mixture is too rich, it will be indicated by the engine 
running in a surging and irregular manner. Open the throttle 
t.o clear the passages of the rich mixture; and then bring it 
back to the idling positfon, and screw out the idling adjusting 
screw (0) until regular running is attained. rr it js necessary 
to screw this out moro than four or five turns from tho seat, 
put in a smaller idling de,·ice. 

If the mixture is too lean, it will lie indicated by the engine 
running in a jerky manner, missing will occur, and in extreme 
cases the engine wiJl stop altogether. Screw 1n ott the idling 
adjusting screw (0) until this condition is remedied. In case 
it is nccessa.,·y to screw the valve in to•witbin ¾ to 1 turn from 
its scat, put in a larger idling device. • 

Water in the gasoline will sometimes lodge in tube (P) and 
prevent proP9r idling. Remove the nut under the compensator 
and clean. This is a common trouble unless a strainer is used. 

If the engine does not slow down or idle, or if it "lopes," that 
;5 , speeding up n~d slowing <lown as i.f fitted with .a gov~rnor, it 
is evidentlr s~ttmg too much gasoline. (1) adjust air screw 
(0); (2) look for air leaks at manifold and other joints,; se!> that 
jet<a are tight on seat; (3) look for water accumulation m the 
passages: remove plugs under the carburetor a.nd c1eun (I), 
(P) and (G). • 

If the engine does no.t pull ~roperly, going up hill: q) the 
engine may be cold or 1n,ullic1ently heated; (2) the mixture 
may be too lean or too rich (irregular running results in the 
latter case); try a larger or a smaUer con:ipensati1_1g j~t (1), using 
the one which ~ives best results; tl'Y this also w,th Jet (G) and 
adjust the cholie tube to a corresponding size. 

If the car does not attain its proper speed: (1) the mixture 
nmy be too lean; try ndjustin1>: slow Sl,)!'ed (0)_; if th~ tronbl_e is 
chrnnic, try larger main Jet (G); (2)_,£ the m1!'ture ,s too rich, 
try regulating air intake 3:t (Z) _(F!g. 21); 1f the trouble ,s 
still chronic, try a smaller-size main 1et (G). 

When trying a new jet, it is not necessary to change the 
choke tube (X). 

Zenith Duplex Carburetor 

Fig, 23. The Zenith 
(Model "OD") duplex 
carburetor is so named, 
bec.ouse there are two 
carburetors combined 
into one unit, both using 
the same float. This 
type of carburetor is 
designed for "V" -type 
engines. 

Stromberg Type "OE" Plain Tube Carburetor 
(Vert~cal Outlet) 

This carburetor is of the plain tube type, so called 
because, having no air valves or metering needles, 
both the air passages and gasoline jet are of .fixed 
size for all engine speeds. 

This model has been particularly developed for 
the use of low grade gasoline fuels and contains the 
following special features: 

A gasoline feed above the throttle, with separate 
adjustment, for idling the engine. 

An a~celerating well, which gives an extra supply 
of fuel Just for a moment as the throttle is opened. 

An economizer, which permits the carburetor 
to operate on a very lean and economical mixture 
at the closed throttle positions of average driving 
but. automatically shifts to the needed richer setting 
when the full power of the engine is called for. 

Fig. 25. Stromberg type "OE" plain tube carburetor. A 
vertical, single-control ca-rburetor. 

Names of parts: A, idle adjustment; B, high-speed adjust­
menti C, cap over fl.oat needle valve; E, economizer needle; 
J, clamp screw for choke control wire connection; K. plug 
under mn.in discharge jet; L1 idling stop sorcw (limit.s minimum 
throttle opening and minimum engine speed); M, float level 
plug (when this is removed gasoline should stand even with the 
lower edge of the hole, if the float level is p1·oper!y adjusted; 
not on OX models); P, plug beneath idling tube; R, strainer 
1,lug; S, throttlcstopscrew adjustment; W, season adjustment 
or cold air temperature regulator. The foregoing applies to 
models OE and OX. 

Adj ustmeuls' 
The idling mixture and closed throttle running up to about 

eight miles per hour are controlled by the knurled button, or 
idle adjustment screw (A). This operates on the air, $0 that 
screwing it in, clookwise, gives a richer mixture, outward a. 
leaner one. 

When engine is idling properly there should be a steady hiss 
in the carburetor. If there is a weak cylinder or a manifold 
leak the hiss may be unsteady. For an engine to idle steadily 
on preaent fuel the spark plug gap must not be less than .022. 

If, after adjusting the low speed needle as above described, 
the engine idles too fast, turn the small throttle stop screw (L) 
to the left or counter clock";se until the proper idling speed is 
reached. If engine idles too slow and stops, turn screw (L) 
to the right or clockwise until proper speed is reached. 

The high speed and main drivin~ adjustment are regulated 
by the high speed needle (B): Turning down, clockwise, gives 
less gasoline; up, counter-clockwis(!:, more. 

, Applies to types OE, OX, OT and O which are all vertical 
models. Outside of minor arrangement of the parts the above 
mentioned vertical types of Seromberg carburetors function 
internally very much the same, and tho adjustments explained 
under the type OE will apply to otl,er vertical 1nodels except 
type M. 

The horizontal models, types OS and OC diffn from above. 
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The following io a good way to obtain an exact adjustment: 
Advance spark lever to normal driving position; set throttle 
lever on ste<!ring 'n~beel to a position which will give about 
twenty.five mile.• per hoµr SJ?eed on a smooth road· then adjust 
h;i;h speed needle to tbe minimum opening that will give smooth 
running, a•d the maximum engine speed for that throttle 
opening; this should give a good nverage adjustment. 

Several notches less OJ?ening may give be.st economy for 
• continuous driving or tourmg; and one notch more may be best 
for short runs in cold weather, when the engine does not get 
up to normal heat. 

The economizer device (E) operates to automatically lean 
out the mixture.at speeds from ten to forty-five miles per bout. 
The economizer need.le is properly set at time carburetor is 
installed on the engine and no adjustment is needed. 

In all cases the adjustments should be made when the 
Motometer shows n temperature of higher than 140 degrees, 
!lnd the richer adjustment necessary for a cold engine obtained 
by using the driving control. 

Use of Choke Control 
For starting and warming up wit.h the present-day fuel, it is 

absolutely necessary to use the choke control until the proper 
operating temperature is attained. Ordinarily the engine will 
start readily with the control closed one-half to three-quarters 
of the way. In very cold wenther it may be necessary to pull 
the control up all the way, but this should be done only for an 
instant, as this cuts off all the air and delivers raw gasoline only. 

In starting with electric starter, the throttle should be nearly 
closed, or better still, it may be successively opened part way 
and closed while the starter turns the engine over. Never keep 
this control up more than a moment at a time. 

For hand cranking choke control should be only one-half to 
three-quarters up and throttle should be just barely open. In 
cold weather choke control can be pulled all the way up with 
the throttle barely open, for two or three turns of the crank, 
then the choke control should be set at one-half or three-quarters 
~ci~ld~~;t• crank given several more turns when the engine 

When the engine is cold it is best not to open the throttle 
so far that the engine misfires, as this is a frequent cause of 
sooted spark plugs nnd gasoline (really kerosene) in the crank 
case~ 

Season or Cold Air Adjustment 
In the warm months of the year the engine will show more 

power and run cooler with the cold a,ir shutter (W) open; in 
cold weather this shutter {W) should be closed to feed the carbu• 
re tor warm air only. 

Float Level Adjustm'ent 
The proper float level with engine not running is one inch 

frorn the top surface of float chamber casting or just even with 
the bottom of hole in wb.ich plug (M) (Fig. 25) is inserted. 

Should the level be more than one-sixteenth of an inch higher 
or lower than bottom of hole the flont needle should be rcndju.st­
ed. Remove valve cap (C, Fig. 25) and upper ~nd of float 
needle stem will be seen. 

If level is too high, loosen lock nut, hold needle sleeve from 
turning by putting smnll wrench on flat sides and screw needle 
do"n clockwise one turn which should ·lower level about thrne 
thirty-seconds of an inch, if too low, a full turn of needle upward 
will raise level same distance. 

The float level described above applies to 0, OE, OX, OS and 
i\'l, but not to OT. 

The float level of OT is adjusted by slightlr. rotawng screw 
under cap (C) (l>ig. 25 A). It is an eccentric adjustment on the 
0oa.t pivot. By unscrewing cover tho adjustment can be ob~ 
served. The correct level is 1 ¼" below t-0p of float chamber 
witb cover removed. 

Cautions 
Note: Never adjust the carburetor to a cold engine. Start 

the engine and allow it to run a short time until itis warm. Not 
until then should the adjustment of the carburetor be attempted. 

In starting engine on a cold day it may bcj;in "popping." 
Do 'Dot blame this on the carburetor and begm to adjust ii. 
Wait until the engine hns warmed up thoroughly, and then if 
the popping continues it is time to consider an adjustment. 

If engine, after running, suddenly ceases to perform properly, 
look over carburetor connections, etc., but do not start to 
change the adjustments until other causes of trouble have been 
investigated. Carburetor adjustments should only be neces· 
sitated by changes in fuel or seasonal chnnges in weather. 

There are many other things on the engine subjeot to de• 
rnngement besides the carburetor. Ninety per cent of the so· 
called carburetor trouble is due to fouled spark plugs, spark 
plug or ignition breaker points improperly spaced, intake mani­
fold leaks, or lack of compression m the cylinders, due to valves 
n->t seatin.g tightly. 

If engine regularly refuses to start, see whether valve opera,ted 
by choker closes' securely; and &!ways be sure that it is fully 
open, and the control all the way down, for normal clrivin~. 

To find whether gasoline is feeding to the carburetor, remove 
nut (C) and feel if nee<ilc plunger inside is all the way down. 
If up, gasoline is not reaching the float ohamber. Gasoline 
can also be seen when plug (M) is removed. 

The present low-grade ~solines contain a large percentage 
of kerosene elements which do not evaporate in the intnke 
manifqld but remain in liquid form; alter sbuttinll: off the 
engine, particularly in cold weather, this kerosene which hns 
been held in the intake manifold, will drain back out of the 
carburetor. This is unavoidable and should not be taken as 
an indication that the carburetor is "flooding., or "leaking." 
These gasolines sometimes contain heavy lubricating oil com• 
ponent.s which creep up the walls of the carburetor and spre.ad 
over the out.side surface; the only remedy for this is the pur­
chase of n better grade of fuel. 

The internal specifications of the carburetor and tbe adju,t• 
znents given above have been selected for the use of gasoline 
56 to 60° Daum6, with end boiling point 400 tc 450 degrees 
I;abrenheit. 

'·Inform!',ti?n regarding the.adjustments for very light high 
grade g8Solines or benzol rmxtures may be obtained at the 
Str6mberg Carburetor Service Stations in the sections ,,1 the 
country where these fuels arc sold. 

Stromberg Type OT, OX, and O Carburetors 
(Vertical Outlet) 

The types OT1 OX, and O carburetors are vertical types as 
OE. They all nave "single control" except 0, which ha.<J 
"double control." 

Single control means that there is one pull button on dash 
which connects with the air choke lever (JJ (Fig. 25) to enrich 
the mixture for starting. 

Double control means tha,t in addition, there is another pull 
button which operates: an "auxiliary gasoline needle valve" to 
fw·tber enrich the mixture and warm engine ,up more quickly. 

Ontside of minor arrangement of the .Parts these vertical 
types of Stromberg carbm·e101"S OE, OT, (OX, and 0) function 
internally very much the same, and tlie adjustments explained 
under type OE will apply to the other vertical models except 
t;vpe M. The horizontal models, such as OS, OC, differ con-
siderably. • 

The OE is made in sizes l", l·¼" and l·½". The OT is 
made in 1¼" 1 l½" and 1¾11

, The OX is made in 1¼11 and 
l½" sizes. 

Fig. 25A. Stromberg type OT plain-tube carburetor. A 
ver~ical, single control carburetor. 

This type differs slightly from the OE and OX. As a rule, 
there is no "economizer needle" as on OX and OE, and instead, 
a "hi«_h•speed air bleeder" (D) is used, similar to the borizbntal 
type OS; this type is also of a. much heavier construction and 
is used for heavy-duty work, such as on he,.vy trucks, motor 
coaches, etc. 

Names of parts: A, idling adjustment; B, high-speed adjust• 
ment; C, cap over float fulcrum and float-level adjustment; D, 
highsSpeed air bleeder; E, throttle stop screw; F, clamp for 
throttle stop screw; G, float chamber drain; B, plug holding 
strainer and ,gasoline connectioni J, screw for clamping control 
wire; K, control tube c]l\mp screw; L1 lloi,t ch:1,mber cover 
~crew. 
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Fig. 25B. Stromberg type OX plain tube carburetor. A 
vertical. single control carburetor. This type differs from the 
OE principally in the arrungement of Oange. The names of the 
parts arc the same as in the OE (Fig. 25). 

StroJUberg Type "M" Plain Tube Carburetor 
(Vertical Outlet) 

To reduce the number of fuel passages, the emulsion column 
£or the air-bleed jet is made concentric with the idling tube and 
the fuel emulsion passes through a horizontal drill to a groove 
around the small venturi, into which it discharges through a 
number of small holes. 

No air bleeds are, used h.-the idling tube, while the idle dis­
charge jet, instead of beihg slotted as in the model O has a 
recessed round orific\!. 

The accelerating well is of the type used on the models 
OS and OC, and two forms are commonly used; the 0 single" 
a.nd the '' compe.nsatiog." The M has no economizer action. 

Fig. 26. Stromberg type M: in­
tended for truck heavy-<iuty service 
and small four-cylinder engines, mrufoe 
and stationary use. It is made in sizes from ¾" to 3". 

Principle of Operation 
The level of the gasoline in the float chamber of the carburetor 

is maintained constant by the float and the valve which is 
operated by it. From the fl.oat chamber the gasoline flows to 
the accelerating well (M) through the needle valve (F) (Fig. 28) 
which is adjustable. 

There are two tubes in the accelerating well, one a sort of 
standpipe (H), and the other a smaller one that is inside of the 
standpipe and which connect,s with the idling iet (K). The 
latter tube bas a small opening in the bottom that connects 
with the bottom of the well (M), but otherwise bas no connec­
tion with the well. 

The top end of the standpipe (H) connects with a cross­
passap (N) that feeds the gasoline to the eight dischuge holes 

in the small venturi tube (I), which is located just below th~ 
main venturi tube (note that there arc two venturi tubes). 

A rich mixture and not raw ~~oline is fed through passage 
(N). because of tbe small air intake opcnin,; (G), which enters 
the top of the well (M), and supplies a certain amo,mt of air 
witb the gasoline that is drawn up the standp1 1,e to the passage 
(N). 

Holes in the side of the standpipe, below the level of the fuel, 
feed gasoline into the standpipe, while holes above the fuel 
level add air from the top of well (M), thus making a rich mix­
ture to discharge into the small venturi passage. 

At low and idling speeds, practically no fuel is drawn through 
the small venturi. because of the closed throttle. At this time 
the gasoline is through the hole in the bottom of the small tube 
(J), up to the idling needle valve (B), and through the passage 
(IC), into the int.uke manifold above the throttle valve. This 
gives a. rich mixture for idling nnd slow-speed runoin.i:t, but is 
cut out at about eight miles per hour when the throttle is opened 
more, and thus does not affect the running mixture at all. 

Adjustments 
The idling mixture and low-speed closed throttle running are 

controlled by the upper knurled button or idle adjusting screw 
(B). This operates oo the air, so that screwing it in gives a 
richer mi:s:turc and out a leaner one. 

Turn screw (B) outward unt,il engine slo,•;s down, then turn 
(B) in notch by notch until the properidling mixture is reached. 
When engine is iclling properly there should be a steady hiss in 
the carburetor. If there is a weak cylinder or a manifold leak 
tne hiss may be unsteady. 

For an engine to idle steadily on present heavy fuel the spark 
plug gaps must not be less than .022 inches. 

If, after adjusting the low-speed needle as above· described, 
the engine idles too fast, turn the small throttle stop screw to 
the left or counter clockwise until the µroper idling speed is 
reached. If engine idles too slow and stops, turn stop screw to 
the right or clockwise until proper speed is reael1ed. 

The high speed and main driving adjustment is regulated 
by the high-speed needle (A), which regulates the opepJng 
through which tbe fuel flows to the jets. Turning (A) to the 
left, counter clockwise, gives more gasoline, to the right., clock­
wise, less gasoline. 

To make the proper high-speed adjustment, advance spa.rk 
lever to normal driving position; set throttle lever on steering 
wheel at a position which will give about twenty•fivc miles an 
hour speed on a smooth road-on trucks throttle should be 
one fourth open-then adjust the high-speed needle t,o the 
minimum opening that will give the greatest cng.ine speed fo. 
that throttle opening. 

This should give a good avera,:e adjustment, for continuou 
driving or touring. Several notches to the left may be best for 
short rans in cold weather when the engine does not got up to 
normal beat. 

To prevent ~ wrong high-~pced adjnstment trom giving a 
harmful rich mixture, a gasohne nozzle reducer 1s rnscrted be­
yond the high-speed needle opening inside the plug (D) (Fig. 
26) The reducer placed in the carburetor at the factory will 
permit about 20 per cent more gas to pass through than is 
generally needed. However, under some conditions a larger 
reducer may be needed in order to sccu_re a. richer mixture. 
These reducers can be obtained from the Stromberg factory or 
the nearest Stromberg '}Crvice station 

Instructions for the use of dash control, etc., of OE on page 
133 will apply here. 

a.,. 
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Fig. 28. Idling position. Wben idling, all tbe gasoline is 
drawn up the tu',e (J), through the idling jet?(K) and sprayed 
above the throt.tle valve (T). 
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Fig. 29. Low and medium speed: At intermedio.t<> speeds 
Uie gasoline is dro.wn past the low-speed adjusting screw (B) 
from the tube (J). As the throttle is opened, more mixture is 
drawn through the small venturi tube (1) and nugments that 
drawn from the idle discharge jet (K). 

Fig. 30. High speed: At high speed practically all the gaso­
line is drawn through tho small venturi tube (I) mixed with air, 
drawn through the air-bleed opening (G) above the well (M). 

Stromberg Type "0S" Plain Tube Carburetor 
(Horizontal Outlet) 

This carburetor is of the plain tube type, so called because, 
ha.ving no air Yalvcs or metering needles, both the air pass.ages 
and gasoline jct are of fixed size for o.11 engine speeds. 

This model has beenJ'ttrticularly developed for the use of low 
grade gasoline fuels an contains the following special features: 

A gasoline feed above tho throttle, with separate adjustment, 
for idling the engine, an "accelerating well," which gi·,es an 
extra supply of fuel just for a moment as the throttle is opened. 

An ucconomizer," which permits the carburetor to operate 
on n very lean and economical mixture at the closed throttle 
positions of average driving but automatically shift-s to the need­
ed richer setting when the full power of the engine is called fo~. 

Adjustment for idling mixture and closed throttle running 
up to about eight miles per hour is controlled by the idling 
adjusting screw (B) (Fig. 31). This operates on the air, so that, 
screwing it in gives a richer mixture and out a. leaner one. 

Turn the screw outward until the engine slows down, then 
turn in notch by notch until the proper idling mixture is reached. 
When the engine is idling properly there should be a steady hiss 
in the carburetor. If there is a weak cylinder or a manifold 
leak, the hiss may be unsteady. For an engine to iclle steadily on 
present-day heavy fuel, the spark gaps must tie set not less than 
. 022". . 

If, after. adjusting the low-speed needle as described above, 
t.l1e engine idles too fast, turn the smaJ.l throttle stop screw 
(L) (Fig. 31) to the left, or counter-clockwise, until the proper 
idling speed is reached. If the engine iclles too slow and stops, 
turn the screw to riJht, or clockwise, until the proper speed is 
reached. Before adJusting with throttle stop screw, it wi!l be 
tecessary to loosen the lock screw. 

Fig. 31. Stromberg type OS plain tube carburetor. A 
horizontal, single control carburetor. Mai:ie l" and l¼" sizes. 

Name of Parts: A, high speed needle adjustment; B, idle 
adjustment screw; C, ca..p over float needle valve; E.economfaer 
needle, J, control tube holder; K, plug for removing accelerator 
well: L, throttle stop sere,..,·; M, vacuum tank connection-:; 
P1 plug to reach idling dischariw jct; R, gasoline inlet; T, air 
b1eeder to accelerating well; W, season temperature regulator. 

Adjustment for high speed a11d main driving adjustment is 
regulated by high-speed needle (A), which regulates the opening 
through which fuel flows to the jet. Turning counter-clock wise, 
gives more gasoline; clockwise, less gasoline. 

To make proper high-speed adjustments, advance the spark 
lever to normal driving J.)OSition, set the throttle lever on the 
steering wheel at a position which will give a speed of engine 
corresponding to a car speed of ubout 25 mil.es .t1n hour on smooth 
road. Then adjust the high-speed needle to minimum opening 
t.hat will gh•e greatest c,ngine speed for that thrott.le opcoini,:. 
This should give a good average adjustment. Two or three 
notches less may give best economy for continuous driving or 
touring, and two or three t-0 the left may be best for short runs 
in cold weather when tho engine does not reach normal heat. 

To prevent a wrong high-speed adjustment from giving a 
harmful rich mixture, a gasoline nozzle reducer is insert.ed 
beyond the bi(lh-speed needle opening, in a passage-way closed 
by a reducer Jet plug. The reducer placed in the carburetor 
at the factory will permit about 20 per cent 111ore gas to pass 
through than is generally needed. • 

The economizer device (E) (Fig. 31) operates t.o lean out the 
mi~ture automatieally at speeds of from 10 to 45 rniles per hour. 
The economizer needle is properly set at the timo the carburetor 
is installed on the engine and no adjustment is needed. 

When starting the engine, first open the carburetor butterfly 
valve slightly by means of the hand throt.tle lever on the steer­
ing-gear sector, then pull the choke button out all tho way, 
turn the igniUon switch to '1on" position a.od depress the starter 
switch. As soon as the engine starts, push the choke button 
in about one-third of the way or to the point where the engine 
runs smoothly. Do not leave the choke button pulled out 
fully after the engine starts as this will flood the engine with 
gasoline and cause it to stop. As tbe engine warms up, tho 
choke but ton should be pushed in gradually, the normal posi tiou 
for running being all the way in. The choke button should be 
out the shortest period of time possible, as running with an 
over-rich mixture tends to foul the engine, dilute lubricating oil, 
and use an exce.s.sive amount of fuel. 

Engine should start after five or ten seconcls of cranking. If 
not, it may be that the choke valve does not entirely close. 

The normal position of air temperature regulator (W) is 
closed. Only in extremely hot weather should it be open. 

The proper gasoline level in float chamber with en.:ine not 
running is one inch from the top surface of float chamber casting. 
Remove valve cap (C) and upper end of float needle stem will be 
seen. If level is too high loosen lock nut, hold needle sleeve 
from turning by putting small wrench on lint sides and screw 
needle down clocl<wise one turn which should lower level about 
three thirt,y-seconds of an inch, if too low, tt full turn of needle 
upward will raise level same distance . 

• For the Pitot principle, formerly explained on this page, see 
page 102. The Schebler carburetor, model (AH), formerly on 
this page is on next page. :i: This carburetor 1s used on engines 
where the carburetor is fit close to cylincler and where inlet 
manifold is cast in, therefore the suction for operating the 
vacuum tank is connected at (M). 
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Fig_s. 35 and 36. (I), high-speed gasolinu adjusting- needle; 
(H), low-speed gasoline adjusting needle; (L), choker valve; 
(T), throttle valve; (K ), idle and low-speed by-pass; (D), 
Pitot opening. 

The Pitot function is simply to provide air a.t sufficient pres­
sure to force fuel from ·well and to be inclosed in carburetor. 

The principle of a "pitot tube" is explained on page 102. 

Tillotson ·Carburetor' 
This carburetor as illustrated is an early model 

where a uniform partial vacuum is maintained at the 

/./OT AIR Pl/>£ 

'[Ef}/.C VAlV~ 

F./i'O.M VAC/JV/'1 7ANI( 
Fig. 37. The Tillotson carburetor. 

fuel nozzle by two flexible reeds, which are mounted 
in a cage and so designed that maximum opening 
gives required volume for maximum speed. 

When the reeds (Fig. 39) are closed, they cause the 
highest possible vacuum at slower engine speeds. 

Fig. 38 (left). Float mechanism. 
Fig. 39 (right): The reeds. 

The reeds open and close according to the speed of 
the engine. These reeds are so placed that as they 
move they form a virtual variable venturi. A 
secondary nozzle comes int.o operation at higher 
speeds and is not in use at the lower speeds. 

Adj. Sen 
Or:1111 Plug ' 

Fig. 40. Tillotson carburetor as used on early model Over­
land 4. 

To adjust the carburetor, set the choke valve in full open 
position, after running the engine w1.til it jg warm. Push in 
the throtUe-control button to its lowest operating point and 
pull out the spark lever about three notches. Slowly close th_e 
needle valve, by turrl.ing to the right, cutting down the amount 
of g11SO!ioe, until the engine start" to mi.,s because of too lean a 
mixture Then open the needle valve slightly, so that the 
cnl,tine begins to fire regularly. Push in the spark-control 
button and accelerate the engine either by hand or foot controls. 
lf the engine backfires, or pops in the carburet.or, increase the 
amount of gasoline by opening the valve slightly. Continue 
this until the engine fires regularly when suddenly accelerated. 
The engine should alw11,ys be allowed to run for half a minute 
after it is slowed down before another attempt is made to 
accelerate it. In cold weather it mil be found udvisable to 
close the air shutter, insuring warm air for the gas mixture. 

The Iludsou Carburetor 1 

The Hudson carburetor operates upon the pneu­
matic principle and may also be termed the "meter­
ing-pin" type, and the "measuring-pin" type of 
carburetor. A glance at the sectional view of the 
carburetor (Fig. 41) will show clearly the operation. 
When the throttle is opened with the engine running, 
the suction is communicated to the air chamber by 
way of the pneumatic control passa~e (Fig. 42). 
Thls causes the piston to rise and with 1t the meter­
ing pin (A, Fig. 41). 

The metering pin has a V-shaped slot cut in it, 
and as the pin rises or falls, according to the engine's 
requirements, it changes the area of the slot at the 
gasoline feed regulator, and consequently controls 
the amount of fuel passing through. 

The proportioning of the mixture is automatic at 
all speeds, the piston giving instant response to the 
demands made on the engine. 

Adjustments can be made entirely with the dash 
controls. The air-control adjustment is used only 
for starting the engine in cold :weather, or after it 
hns been standing for any length of time. Once 
the engine is running, it should be operated with 
the air-adjustment valve open. 

The gasoline adjustment enables the driver to 
have the mixture as rich or lean as desired, by vary­
ing the amount of fuel allowed to pass the metering 
pin. Th.is is d'one by raising or lowering the gasoline 
feed regulator which surrounds the metering pin. 
This regulator is actuated by the "Gas" button on 
the dash. 

1 The construction n.nd principle of later models varies Irom 
this model. 
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Fig. 41. View ol the Hudson carburetor. Now the gaso­
line level. 

Fig. 42. Pneumatic control. 

When the radiator shutter (see Index under 
"Radiator shutter") has been adjusted, so that the 
motor temperatme maintains the red fluid in the 
motometer (see Index for meanin~ of "Motometer''), 
at the center of the circular openmg, the engine will 
operate very economically on a lean mixture. Of 
course, heavier duty placed on the engine, such as 
hill climbing, pulling through sand, high speed, etc., 
places proportionate demands upon the amount of 
fuel, but in ordinary driving at speeds of 20 miles 
per hour upwards, the carburetor should be adjusted 
as lean as possible. 

Too rich a mixture results in carbonization and 
misfiring; too lean a mi:,.-ture gives less power and 
acceleration at low speed!:l. The entire range of 
adjustments is convenient to the driver. 

Carburetor attention: Make sure, periodically 
that the piston is clean and that the packing gland 
is tight. A sticking piston will seriously int-erfere 
with the action of the carburetor 2 and a loose pack­
ing gland will permit excessive g-asoline consumption 
with its attendant troubles. 

Fig. 43 

Instructions for assembling measuring pin and 
piston: When assembling the metering pin and also 
the air bell to the throttle body (Fig. 43), be sure the 
arrow on the bell points in the same direction as the 
open end of the V-groove, and that the arrow on the 
bell also points in the same direction as the arrow 
in the throttle body. 

Stewart Carburetor (on the Dodge) 1 

On the Dodge the carburetor (Figs. 44, 45) is on left 
side of the engine, and is fed from a Stewart vacuum 
tank. The carburetor is supplied with a hot-air 
attachment which draws a.ir from around the exhaust 
manifold to the air inlet. 

Fig. 44 (upper). How the metering pin D varies the mixture in 
the Stewart. Air passes through the passages R around the nozzle. 

Fig 45 (lower). There is only one adjustment and that is 
the metering pin, which is int<lrconnected with the dash con­
trol. Ordinarily the metering pin should be two-thirds the 
way through. 

Principle (Fig. 44): The automatic metering valve 
(A) rests on the valve seat (B) when the engine is 
not running. As the engine begins to rotate tl:ie suc­
tion of the pistons raises the valve (A) from the seat 
drawing in air (R to B) as indicated by arrows. The 
suction also draws gasoline up within the valve stem 
which mixes with incoming air in chamber (C). 

The one adjustment of the Stewart is that of pro­
portioning the volume of gasoline to the air admitted. 
The air being always a fixed factor, it is only neces­
sary to adjust or regulate the volume of gasoline 

I The construction of the later models varies from this model. 
but the fundamental principles are similar. 

'II eogioe stops alter an acceleration or after releasini: clutch 
due to a sticking piston, the trouble may be remedied by apply­
ing a lew drops ol lii;ht oil to illJ!ide surface of the bell. , 
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admitted which is controlled by means of the 
tapered metering pin (D). 

This adjustment is ma.de when the engine is running at idling 
speed. Turning the adjusting screw (on "dash control,'' sec 
lower part of Fig. 4,';), either to the right or left, raises or lowers 
the position of the tapered metering pin, thereby allowini: an 
increased or decreased s11pply of gasoline to be drawn up lnto 
tile mixing chambc1·. When the proper proportion has been 
determined nt slow spccu, it will be seen that as the speed of 
the engine increases, the automatic metering valve (A) ,,..,m 
rise higher from the seat (B) and away from the tapered meter­
ing pin (DJ, which will allow a greater supply of both gasoline 
and air, in exactly the same proportion, to be admitted to the 
cylinders. 

On the Dodge (Fig. 45) the tapered metering pin is subject to 
control within fixed limits by meabs of the "dash control" 
ratchet (see lower part of Fig. 45 for connection), for the pur­
pose of obtain.in~ a rich mixture fo1· starting. Should there be 
nny reason for changing the fixed adjustment of the tnperi11g 
meterin~ pin (D). it cnn be done by turning the stop sere\\,' 
ndjustrnent on the "dash control 0 (see lower part of Fig. 45). 
'l'urning it. to tho right lowers the position of the metering pin 
nud allows n1orc gasoline to be admitted to the sprn.y nozr.lc, 
(\flriching the mixture. Turning it to the left raises the pin and 
dccrca.~es the supply. The throttle valve is in the top of the 
carburetor. 

Ilall & Ball Model "SV-29" Ca,·bm·ctor 

Thls carburetor is termed a two-stage type. In 
Fig. 471 the first and second stage throats a.re indi­
et,ted. 

Prior to makini carburetor adjustment the follow­
ing points should be thoroughly covered: (1) See 
that the spacing of the r,oints in the spark plugs are 
set properly, or to .025 '. (2) See that the breaker 
points on the interrupter are set to .020". (3) See 
that the cylinders have good compression. It may 
be that some of the tappets are holding the valves 
partly open. 
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Operation: Through a given range of throttle­
opening all the gas is drawn through the first stage 
throat. The capacity of the first stage is suffident 
to take care of all level road speeds up to approid­
mately 40 or 45 miles per hour. 

Fig. 46 shows clearly how the second stage is 
brought into action by opening the main throttle 
to its extreme position. The cam arm, integral 
with the main throttle shaft, coming into contact 
with the roller on the arm of the second stage throttle 

• Note: The auxiliary valve (Fii:. 47) is now fitted with o. 
damper to give easier starting. The damper is connected to 
and controlled by the air choke lever. When assembling, it is 
important that this be a:isembled so that the damper be dosed 
wlien the air choke valve is closed. 

shaft causes the second stage throttle to open under 
additional pressure. The resultant action is to 
draw an additional or secondary supply of gas mix­
ture through the second stage throat, Fig. 47. 

Fig.47 1 
~.tsr.-.u. 
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Briefly speaking, the first stage furnishes all that is desired 
in what might be called the touring range, giving ideal economy 
and ample v.::nvcr for all ordinary pur_poses up t<:> 40 or_45 miles 
per hour. Ihesecondnry stagesupphcs evcrythmg desired over 
and above the first stage in the form of added nccelerntion, 
power, and speed. 
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Fig. 48 

In detail, the gasoline is fed into the float chamber through a 
removable cylindrical strainer (Fig. 48). From the float cham­
be,· the gasoUne is fed separately to both first and second stage 
jets of the fixed orifice type (Fig. 47). In Fig. 48, the gasoline 
feeding to the first stage throat after leaving the first stage jet, 
pas= through o. tube, adjustable in height, known as the idling 
adjustment screw. By raising this screw the idling mi.xture 
becomes leaner; by Joweriog the screw, the mixture is made 
richer. This is the only adjustment on the carburetor, aside 
from the throttle stop. 

The pick-up device consists of a spring-operated 
plunger pump (Fig. 48) which receives a supply of 
gasoline directly from the float chamber through a 
small hole in the float-chamber fastening bolt. The 
gasoline fills the pump chamber to the level of that 
in the float chamber. In opening the main throttle, 
the "pick-up plunger" is depressed, which results 
in gasoline being forced out through holes in the 
plunger stem and carried into the main air chamber 
of the carburetor along ·with the air drawn through 
ports at the top and side wall of the pump chamber. 
The resultant action is to supply_additional gasoline 
required for quick get-away. This construction, 
on account of the time required to fill the pump, is 
such that the engine cannot be flooded by excessive 
repeated opening and closing of the throttle. 
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The idling by-pass consists of a tube through which a suffi­
cient amount of gas mixture is taken in above the throttle valve 
t,o keep the engine running when the throttle is closed. 

The choke valve is located below the first stage throat for the 
purpose of starting. and also may be used in a partially closed 
pos1tion to enrich the gn& mixture until t,he engine warm$ up, 

The only adjustment that can be made is the idling adjust­
ment previously explniued. This produces no effect what­
ever on the running of the cnr except when lhe throttle is 
closed to the idling position. The richness of mixture at all 
speeds above idling, 1s determined by calibrated orifices in tbe 
first and second stage jets respectively. 

The possible troubles that might interfere with carburetion 
nre insufficient gasoline supply or obstructions lodging in the 
carburetor passages. 

To test for insufficient gasoline supply, remove the float 
chamber cover (see Fig. 48) and float, and note if gasoline flows 
freely. The gasoline strainer at the bottom of the float chamber 
may have become clogged. 

In looking for obstructed passages in the carburetor, remove 
the first nnd second stage jets and carefully examine tnc jct 
orifices, keeping: in mind that. a.n almost imperceptible obstrue­
tion wi1l reduce the jet capacity. Blowing through the orifice 
is generally effective, or, in addition, the opening may be 
cleaned out by means of" small wire. Attention is called to the 
footnote at the bottom of page 138. 

Ball & Ball Duplex Carburetor 
This carburetor is used for V-type multi-cylinder engines. 

It is a two-sta.ge carburetor: the first, or primary stage being 
used when st.4rting and under usual running conditions a.nd the 
second stage when throttle is wide open for full power. 

It is classified as an air valve type of carburetor at speeds 
below 15 m.p.h. 1 and at that speed, or approximately, the air 
valves are fully opened and then the carburetor automatically 
becomes of the fixed nozzle and air-valve type. 

t4 1$ 

11 

• I!> 
Fig. 49. Ball & Ball duplex carburetor. 

Packard Ca1·burelor 1 (Six Cylinder Cars 
Models 116-126-133-226-

233-326-333) 
Gasoline system: The gasoline supply of 21 gal­

lons is carried in the main tank at rear of frame. 
From there it is drawn to a vacuum tank on the 
dash, by suction from engine. From the vacuum 
tank it flows to the carburetor by ip-avity (this 
applies to 6- and 8-cylinder cars). This carburetor 
is an automatic air valve type. 

Construction and operation: The primary air in­
take (30, Fig. 50) is at the front end of the carbu­
retor. 

An air shutter (28) is normally open and not iu use 
when running. This shutter is operated by the 
"carburetor control" on the instrument board, which 
also operates the auxiliary air valve (34). 

By pulling the control on instrument board all 
the way out, the primary air intake is completely 
closed, allowing a very rich m.i:1.-ture to be drawn into 
the cylinders. The control should be pushed in 
at least part way as soon as the engine has started 
firing. 

The auxiliary air valve (34) is in a housing (42) 
and is controlled by the tension of two springs, one 
of which is within the other. 

1 See footnote Dex~ page. 

Fig. 50. Sectional side view of the Packard earbw:etor and 
fuelizer used on the six-cylinder engines on cars, tnodels 126-333. 

Fig. 50A. Action of the cam (C) which is controlled by pull 
button on instrument board. It will be observed (.bat if earn 
is turned, the tension of springs of the auxiliary aii- valve will 
be increased or decrc:tsecl. 

At low engine speed most of the air is admitted 
through the primary air intake (30) around the spray 
nozzle. 

To prevent too rich a mixture at a greater throttle 
opening, the auxiliary air valve (34) is opened by 
the increase in the vacuum, admitting the right 
proportion of air t-0 meet all conditions. 

Carburetor Adjustment 

There is only one carburetor adjustment which 
directly affects the mixture, and this is the auxiliary 
air-valve adjustment. 

Permanent adjustment is made by changing the 
tension of the air-valve springs (36, 37). 

These springs which control tbe action of the valve 
are, in addition, adjusted for temporarily varying 
operating conditions b:»: means of cam (C) (Fig. 50A) 
on cam shaft (Cl) (Fig. 50). Raising the cams 
increases the pressure of the springs, and lowering 
the cam decreases the pressure, Increasing the 
pressure produces a richer mixture, and decreasing 
the pressure makes a leaner mixture. 

The cam (C) is controlled and operated by the air­
valve control on the instrument board through levers 
C4, C3, Cl, C2 (Figs. 51, 52). 

Note that Cl controls the action of cam (C), and 
(B) (Figs. 51, 52) controls the air shutter or choker 
(28) in the primary air intake (30). Both are con­
nected to lever (C4) thence to air valve control on 
dash. 

The proper adjustment for normal running condi­
tions with engine warm is obtained when the carbu­
ret-0r control is again&t the instrument board. To 
enrich the mixture pull the control out. 
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Fig. 51. Side view showing the control levers Cl, C2, C3. 
Fig. 52. End view showing the control levers aod connection 

<>f suction tube (ST) from carburetor (CC) to'inlet manifold 
(JM). 

The amcliary ah· valve (34) should be adjusted 
to· t.he le:tnest possible mixture at which the engine 
"'ill idle properly when hot. The carburetor control 
on instrument board should be pushed all the way 
in and the valve, when depressed to the point where 
it touches the inside spring (see SS, Fig. 50)1 should 
have a drop of f.:r11 from its seat (tt 11 on the eight 
cylinder engine). 

To check, proceed as follows: Push the carburetor 
control in instrument board all the way in. Meas­
Ul'e height of top of air valve stems from some fixed 
point on the engine. Depress air valve until it 
strikes inside spring. Measure height of top of 
stem as before. The difference in these two meas­
urements is the air valve drop. A special gauge is 
made for this purpose. 

The outer SJ?ring (37) should be adjusted so that 
the auxiliary mr valve (34) just touches its seat when 
the carburetor control is against the dash. Then 
with engine warm, reduce compression of spring as 
much as possible, retaining smooth operation. 

The large outer ~pring (37) is at all times under 
tension, but smallel' inside spring (36) is not normally 
under pressure m1til valve (34) opens a little. 

The other adjustment of the springs is made by 
<'hanging the position of the nuts (N, Nl) on the 
stem of the valve. There are two sets of nuts, one 
for each spring? and they allow individual adjust­
men t of the sprmgs. 

:.fake sure that on adjustmg connecting rod clevis 
(C2), (Figs. 52, 51) is so adjusted that air shutter 
(28) completely closes when carburetor control on 
instrument board is pulled all the way out. 

Caution: In warm weather, or if tbe engine is warm, the 
mixture may be so rich, if the knob is pulled out, that the charge 
will not ignite and the surplus of unburned gasoline may inter­
fere with the proper lubrication of the cylinder walls. 

For idling, the throt.tle valve is held very slightly open to 
allow a very smalJ amount or mixture to go to the cylinders. If 
the engine races or stalls when the throttle is closed all the way, 
the stop screw of throttle lever (TL) (Fig. 51) needs adjusting. 

A suction tube (ST) (Fig. 52) leads from the base 
of the spray mixing tube, or nozzle at (CC) (Fig. 52) 
around the carburetor into the intake manifold (IM). 

Purpose is to prevent loading of engine when idled, 
or driven by car in coasting with clutch engaged. 
'!'he tube removes gasoline which collects in carbu­
retor body due to condensation. It also prevents 
loading under continued low-tlirottle driving and 
aids in quick acceleration. 

Failure of suction tube to function properly is evidenced 
usually by gasoline dripping from the carburetor and by loading 
up,.not idling properly, a.nd uneven running 3-t low throttle. 

Cause of failure: air leakage into tube or connections. or. 
more frequently, clogging of the passage way either in the tuoe 
elbow, or carburetor body. 

Remedy: Remove tube and blow it out, together with the 
lower elbow connection nnd the drilled leads in the carburetor, 
with compressed air. 

Throttle valve (TV) (Fig. 51) is of the butterOy type nnd 1s 
located in the fuelizer elbow above tbe spray tube or nozzle 
(J).• ft is controlled by a band lever on the steering wheel und 
by the accelerator pedal. 

The air valve (28) and choker valve (34) should be te5ted for 
tight titting. When closed must be tight "ithin .0015" at ~op 
ancl .001" at bottom. 

Float needle valve (Fig. 50) must have, not less than ;, "move­
ment. Solder collar and needlo valve n.fter adjusting. \1/ith 
gasoline level ½" below top of well surrounding jct J (about 
in line with W), float weights must be approximately horizon­
tal (posit.ion as now shown). 

Fuelizer 
Purpose: The fuelizer heats the gasoline and air 

from the carburetor, so that the mixture enters the 
cylinders a,; a dry gas rather than a combination of 
air and liquid particles. 

IM 

Fig. 53. P~ckard fuelizer. 
sectional vi.cw. Names of 
parts: J, spray tube or noz­
zlei CH, znh:mg chamber of 
carburetor; TL, throttle lever; 
TV, throttle valve; IM, to in­
let manifold; P, passage to 
fuelizer which leads to burning 
chamber offuclizer; G inspec­
tion glass offuelizcr; PL, plug 
and gasket retaining inspec­
tion gla.ss; L, retaining plug 
set screw;. FP, fu.elizer spa.rk 
plug; B.,;, fuelizcr burning 
cham her; 0 passage of su• 
perbeated exhaust from fucl-
1zcr burnjng chamber to in­
take manifold. 

Note: A screen is provided 
in the bottom • of retaining 
plug just above f uelizer spark 
plug FP, for the purpose of 
preventini: carbon from ob­
scuring the glass. 

This is accomplished in the following manner: 
A small fraction of the gasoline and air mixture 
passing to the engine is shunted into passage (P) 
(Fig. 53) in the intake elbow (on the eight-cylinder 
engine it is shunted through the throttle valve shaft 
into a passage in the manifold) which leads to the 
burning chamber of the fuelizer. 

This mixture is ignited by the fueliier spark ,elug 
(FP) in the side of the fuelizer burning chamber (BC) 
and burns with a steady flame, which can be viewed 
through the inspection glass (G) on top of the fuel­
izer. 

The flame heats the burning chamber walls and 
then the hot burned gas mixes with the charge going 
to the engine cylinders from the carburetor. 

The application of heat to the ingoing mixture 
greatly improves its gasification, which is particu­
larly 1~portant at _the lower_ t~ottle openings, at 
which time the fuehzer supplies 1ts maximum heat. 

• On later models the spray tube or nozzle (J) (Fig. 50) ex­
tends only about half-way up the spray mixing tube. On 
models 4213--433, 336-343, the throttle valve is d.irectly above. 
the spray mixing tube. The carburetion mixture is heated and 
vaporized by means of an exhaust heated intake manifold. 
Otherwise, the principle and construction are prnctically the 
same. 
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The fuelizer mixture when ignited, burns instead 
of exploding and so heats the intake manifold so as 
to dry the main flow of gasoline and air. 

After the charge in the fuelizer is ignited and 
burns, it circulates through the fuelizer chamber 
(BC) and spurts through two tiny holes (one shown 
a.t O, Fig. 53) into the main intake manifold (IM), 
further drying the flow of mixture from the carbu­
retor mixing chamber (CH) on its way to the engine 
cylinders. 

By the time the mixture in the main intake mani­
fold (IM) h.as passed through the heat created by 
1'.he fuelizer chamber and also has absorbed the super­
heated exhaust (from 0) from the fuelizer, it is so 
dry that it is as near to per:(ect fuel as has been 
created. 

The suction from the pistons that draws gas into 
the cylinders from the carburetor also keeps a steady 
flow of gasoline and air moving through the fuelizei·. 

As the circulation of gas through the fuelizer begins 
at (P) ahead of the butterfly throttle valve (TV) 
and exhausts beyond it (at OJ, the degree to which 
the fuelizer heats the main gas and air mixture in 
the intake manifold is regulated by the way the 
throttle valve (TV) is operated. 

How the Fuelizer Automatically Stops 
Functioning 

When the throttle valve is closed or nearly so, 
as when engine is starting or idling (low throttle 
openings), engine suction is heavy through the fuel-
1zer, which then receives a ma.ximum • of gas and 
gives off its maximum of heat. 

The farther the throttle valve is opened, the less is 
the engine suction through the fuelizer because it is 
easier for the engine to suck in mixture through the 
main manifold. 

Thus heat given off by the fuelizer is automatically 
increased or decreased in proportion to the increas­
ing or decreasing need of the engine for heat. This 
is especially true in cold weather. 

In normal operation the fuelizer uses about 3 per 
cent of the engine's consumption of gasoline. Its 
automatic character prevents waste of fuel in warm 
weather or under favorable engine conditions. 

Fuelizer Indications and Care 
The color and condition of the flame is the index 

to the operation of the fuelizer. It should be ob­
served with the engine idling. 

A steady bluish-green flame indicates a good 
llllxture. 

If at any time an improper mixture is obtained, 
adjustment can be made by admitting either more 
or less air to the burning chamber by means of the 
small needle valve (IJ) (Fig. 51) at the top. 

If the operation is still unsatisfactory, remove the 
i1rspection plug (PL) above the inspection glass (G)·, 
the glass and screen retainer which is held by a set 
screw (L) at the rear; clean the screen (at bottom of 
retainer just above spark plug FP) and glass (G), 
and also the fuelizer spark plug (FP) and replace 
parts carefully. • 

The color of flame given off from a petcock on the 
engine while running would be different from that of 
a fuelizer flame, because the flame given off from 
the engine has been compressed and ignited, whereas 
the fuelizer flame is a thoroughly vaporized gas, 
ignited by a spark and merely burned. It is not 
compressed, and the action could be likened to a 
blow-torch. 

The fuelizer secondary ignition current (SC) (Fig. 
52) leads directly from the terminal "Fuelizer" on 
the ignition coil (see pages 420, 407) to the fuelizel' 
spark plug (FP) 

The fuelizer spark plug (FP) is of an entirely 
different type than used for engine ignition, and the 
two types should never be interchanged except that 
in an emergency a cylinder spark plui,. with a widened 
gap may be used in the fuelizer until the proper re­
placement can be made. Rapid depreciation of the 
plug and faulty fuelizer action must be expected in 
a short time under this condition, however. 

The difference in the designs of the two spark 
plugs is due to differences in operating temperature~, 
mixtures and pressure conditions in the fuelizer arnl 
cylinder combustion chambers. 

The fuelizer spark plug functions in the same man­
n.,,· as the ignition plugs and should receive same 
attention. The gap, however, is½". 

The gap on spark plugs for engine (six iind eight) 
is ,J,/'. This gap gives a good spa.rk for slow rnnning 
and for hard pulling, and is the best all-around 
adjustment obtainable. 

An electric ground or cut off on the eight-cylinder 
engine (not on the sL,) is provided in order to cut 
off the secondary circuit leading to the fuelizer spark 
plug at approximately 30 m.p.h. 

This attachment is placed on the fuelizer adjacent 
and connected to the throttle lever. At almost full 
opening of the carburetor throttle the fuelizer spark 
plug is grounded and thus its functioning ceases. 
The purpose of this is t-0 intensify the ignition to 
cylinders at wide throttle opening. 

M.iller Carburetor 
The Miller "H" is a "multiple-jet expanding car­

buretor" of the rotary or barrel throttle type. 

Fig. 55 TYPE 1:t MODEL 2~ Sl:Zt: 
''"'""..,O"""'-r~•_.,,,_, 

Four to six main jet tubes are used, depending on the eize 
of the carburetor, and these tubes, having each the fuel jet in 
the bottom and four sma.11 air holes a little above, are placed in 
a row in a removable magazine. This magazine bas a fuel 
passage which supplies the jet in the bottom of the tubes and 
provides an air jacket which surrounds the main portion of each 
tube; these jacket spaces have a passageway near the top o the 
magazine above the float level that connects tbem with each 
other and with the outside air. When not in action the tubes 
and surrounding air-jacket spaces are filled with fuel, which 
provides a succession of puddle.a as the throttle is r;,peoed and 
the tubes brought into action one after another. Each tube, 
when the puddle has been drained, be~ins to funcUon as a 
miniature carburetor "~th fuel entering at the jet in the bottom 
and air being supplied through the four small air holes just above. 

By this design the fuel goes through a "two-stage" atomiza­
tion process: the first in the bottom of the tubes, where a heavy 
spray is formed, and the second in the venturi of the carburetor, 
where the spray unites with the main air column. The main 
feature of this construction is the fact that the fuel flows through 
the iet.s by gravity from the float chamber and combines with 
the air of the first stage at a point below the float level. This 
brings the partially atomized fuel out of the tube and into the 
venturi for the second stni;e without the choke restriction 
necessary to create a depression at this point. 

Carter carburetor (formerly on this po.gel is also a inultiple­
jet type carburetor but of a different con&tnictioo. 
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Two exterior adjustments are provided. The first ie for 
idling and is a control of the idling speed air by means of a 
screw in the passage. The second adjustment is for i.nter­
mediate speeds and has its principal effect on the first third of 
the throttle range. It amounts to a control of the spring t.en­
sion on n poppet valve which admits a certain amount of air 
during the first part of tbe throttle opening when the vacuum 
is at a relatively high point. This adjustment has its greatest 
effect as a control for pick-up, and consequently is also an 
adjustment for economy. 

The air intake is made in two sections, with an adjustable 
clamping ring at the joint. The second section can be supplied 
as a vertical elbow which can be set at any angle requircil for 
the hot-air tubing. At the intake connection a butterfly valve 
is provided :i.s a choker or strangler for starting; this is operated 
by a flexible wire control from the dash. 

The carburetor here described is the same in all respects 
except for the two exterior adjustments ru, the instrument 
which the Miller company has been making in large sizes only 
for marine and aeronautical engines in past years. 

·Franklin Carburetor (Series 10) 
(Series 10C to 11 uses Stromberg carburetor) 

The carburetor used on the Franklin is of Franklin design and 
manufacture. It consists of a carburetor (Fig. 56), with start­
ing devices, air cleaner (N), and a gas heater (Fig. 56C). The 
choke (L), although shown and described belcw, has been 
found unnecessary. 

Fig. 56. Fra.nklin carburetor: (A) gas heater; {B) Boat 
chamber; (C) gasoline inlet; (D) float chamber priming button; 
(E) float valve guide screw; (F) auxiliary air intake to electric 
vaporizer; (G) electric !)rimer valve magnet; (H) throttle; 
(I) electric vaporizer; (J) air intake to electric vaporizer; 
(K) auxiliary air valve; (L) choke; (M) choke magnet (choke 
and magnet not now used); (NJ air strainer; (0) needle valve. 
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Fig. 56A. Operation of electric vaporizer. 

Starting: How to obtain a J'ich, warm vapor for starting is 
shown in Fig. 56A. 

Closing the switch on the instrument board sends electric 
current to the carburetor, where part goes to heat the vaporizer 
coil (I), and part to operate solenoid magnets (G) and (M). 
The solenoid (M) closes the main air 1tassage by means of 
choke valve (L), and (G) opens a. valve which permits the engine 
to draw fuellrom the vaporizer chamber (I) through a.n opening 
above the throttle valve. Gasoline is drawn from the float 
chamber through the sma.U passage shown below the vaporizer 
chamber, then into vaporizer chamber through the small 
metering bole, and mixes wit,b air comjng jn at the primary air 

intake. The mixture passes over the red-hot electric coil, 
after which it is further diluted by air coming in at the auxiliary 
air intake. The hot mixture then passes into the cold cylinders 
in the form of vapor and can be readily ignited. 

'KIL/ARY AIR "4SS,,.u;e 
W41.V£ 

',4/R /tvr..vrc 
N 

DUST &.DnW 
0VT H~R~ 

.Fig. 56B. Operation of carburetor. 

Running: Having started the engine, the carburetor functions 
as in Fig. 56B. Gasoline is drawn from the Boat chamber past 
needle valve (OJ, through a short passage to the spray nozzle 
shown directly below throttle valve (li). 

Air cleaner: The air entering the carburet.or is cleaned of 
dust by passing through air cleaner (N). • 

The action of the cleaner depends upon centrifugal force. 
Passage of air through the cleaner operates a. small fan. This 
fan rotntcs four vertical vanes, which throw off any pa.rticles of 
dust. Cleaned air enters the carburetor through the lift valve 
shown at the extreme left Qf the air passage. The lift valve 
moves up and down on a pin through its center. The grcntcr 
the suet.ion of the engine, the fortlier the lift valve rises, thereby 
allowing more air t.o pass by the valve. After passing the lift 
valve, the air divides, part going direct.ly past the spray nozzle 
tubes where it mixes WJtb gasoline. the remainder passing to the 
right. through a. curved passage, thence through an auxiliary 
air valve. 

The shape ol the air pas.sage !Lround the spray noz.tc is such 
that a high velocity of air is obtained past the spray nozzle. 
This is necessary in order completely to break up the gasoline 
particles. When the mixture leaves this passage it is too rich 
for use, which is the reason for adding the auxiliary air. 

Tho amount of openinp: of the auxiliary air valve :lgainst the 
action of spring (left of M, Fig. 56), depends upon suction of 
tbe engine. The auxHiary air joins the main mixture just 
below butterfiy throttle valve (JI). 
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Fig. 56C. The gas heater. 

Gas heater: The fuel mixture passes from the carburetor to 
the gas heater (Fig. 56C). 

The gas heater is bolted directly to the carburetor flange; 
the upper part connects with the inlet m11,nifold. Unvaporizcd 
gasohne clings to side walls (SW). That portion not vaporized 
by the heated side walls is caught in trap (T) and returned 
through hot tubes t.o the bottom of the heater where it re-enters 
the air stream as a vapor through small boles and is again drawn 
o,•er heated side walls. The passage of gas through tubes (TJ 
is insured by mcan.'i of a suction maintained by the venturi 
a.t the base of the heater . 

The mixture which leaves the heater is uniform, absolutely 
dry, and readily combustible. Its temperature is warm enough 
to prevent condensation, but cool enough to allow a large 
amount, by weight, to be introduced into the cylinder, thus 
giving maximum power. This temperature is automatically 
maintained constant, ,,.;thin a. very few degrees, rega..rdless or 
running conditions and of outside tempera.turo. That pa.rt of 
the mixture which is liquid does not go into the cylinders, but 
clings to the side walls of the heater and is vaporized. 

Adjust tension of spring of au,ciliary air ~alve (K) just enough 
to brmg the valve back to it" seat when the engine is not run­
ning. If tho tension is too great, the engine will load UPi if 
too weak, backfiring will result. 

Adjust needle valve (0) by turning to the right or left to " 
point where the engine runs best. In this position, set the 
pointer at the center of "run," and fasten the set screw. The 
valve can then be turned from this position to '"lean" or to 
"enricb" mb.:ture. 



CARBURETOR ADJUSTMENTS 143 

The Claude! Carburetor 
Claude! carburetor, widely used in Eluro!)e, is manufact\ll'ed 

by Claude! Carburetor Co., L<>n~ Island City, N.Y. • 
This carburetor was used on the Sunbeam engines of the 

British dirigible R-34, which made the first round trip across 
the Atlantic; also on the Rolls-Royce engines of the Vickcrs­
Vimy aeroplane, which ,,,.n.s the first J?lane t.o make a non .. stop 
trip across the Atlantic; also used by Sadi Lecointe, the French 
aviator, who set a world's record of 232 m.p.h. 

It is a "plain-tube" automatic compensating unit which has 
no moving pa.rt. The principle used is that of breaking up the 
gasoline b;v a swift current of air which makes an emulsion 
inside the Jet itself before delivering it to tbe carburetor proper. 

Fig. 57. Claude! carburetor. 

In the American type of Claude! shown in Fig. 57, an improve­
ment has been incorporated for strangling the air by means of a 
sliding a.ir cone (A) which, when in strangling position, fits 
snugly into the venturi entry (VJ. This cone is controlled from 
the dash. 'I'his device assures quick starting and warming up 
in cold weather. The streamline a.ir cone, concentric with the 
diffusor, mu.y be rajsed into contact with the venturi, shutting: 
off the air supply and putting the full suction on the cliffusor. 

:Master Carburetor 
A sectional side view is shown in Fig . .SS. 
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Fig. 58. l'>laster Carburetor, 

The fuel distributor (Fig. 59) is placed across the mhiug 
chamber, the number o[ its jets va.rying from 11 t,o 19, according 
to its size. Each or these tiny jets occupies a. different position 
in the pa.th of t.hc inrushing air, thus forming a perfectly atorn­
ized fuel that is instantly and thoroughly mixed with the air, 
tho two el.ernents being merged into one. 

Fig. 59. Master fuel distributor. 

When the throttle is closed, a single hole remains uncovered 
to admit a supply of fuel that is ample for idling or for slow 
running. As the throttle is opened, the additional boles are 
uncovered, one by one, and the fuel supply increased. 

The rotary throttle eliminates the butterfly throttle which 
ie extensively used on other makes. 

As stated above, the fuel openings are fixed, but the air 
Ol)ening can be varied through the use of the positive control 
which operates the damper in the carburetor. 'l'he changing 
of the damper position, which increases or decreases the volume 
of the air·pnssmg the distributor, incrcasin~ or decrea.<,ing suc­
tion on the jets, gives the wjdest possible m1.i::tu.re range. 

The air supply is constricted by the damper at the outlet, 
like a variable venturi. When the lever on the steering-post 
control (,i•hich is connected to the dumper), is pulled to "rich" 
position, the venturi (or opening) paralleling tho row of 11 to 
19 jets is very small and the pure gas rushes to the engine 
under tremendous suction, thus enriching tho mixture so that 
quick starting is easy and certllin. As the engine picks up 
speed, the mixture may be modified by decrease to any mixture 
required. 

Rapid acceleration. Do not open the throttle suddenly. A 
gradual opening will give quicker get-away and save wear and 
tear on the motor. 

Idle adjust-screw. For perfect idling of the engine set the 
control lever in center position. If the engine rolls or gallops 
at idling speed, bnck out on idle adjust-screw. If the engine 
seems not to have sufficient gas at idling, screw the idle adjust­
screw in. Turning it to the right enriches the mixture coming 
from the idle hole only. 

Fuel distributors of various capacities are available for each 
size carburetor. Should the engine run -and pull best with 
control in rich position at ordinary speeds, you should have a 
distributor of greater fuel capacity. Should the engine take 
all the air possible to give it at idle speeds, you should then 
have a distributor of less fuel capacity. The letter on the end 
of distributor designates its fuel capacity. See helow for si•es. 

Control centers are numbered at the base of the lever a.nd 
those stamped No. 1 are for l" and l¼" JR carburetors. 
Those stamped No. 2 are for l ¼" STD and l ½" JR ·carburetors. 
Those stamped No. 3 are for l ½" and all larger sizes. .Manu­
facturers are the :\laster Carburetor Company, Box 444 Sta. 
C., L<,s Angeles, Cal. 

Eagle Carburetor 
The Eagle carburetor used on the ::'llax"·cll engine is an 

"air-valve" type of carburetor. 

Fig. 60. Eagle carburetor. 

An air-ball ·valve is placed in the main air inlet which thus 
controls all air passing the spray nozzle. ' 

At low spe~ds t.he ball permits only a small quantity of air 
to pass. At high speeds the ball is raised by the greater suction 
of the piston, and thus more air is admitted. 

~djustment, Loosen lock nut (BJ and turn the gasoline 
adiustmo: _needle valve (A) to its seat and set the stop screw 
~n. the throttle valve t9 approximately the correct position for 
idling. Then open adjustmg needle valve by turning to the 
left three-quarters of a turn, With this adjustment the en::ino 
cnn be started. 

When stnrting with a cool engine, it is absolutely necessary 
t.o have choker butterfly (E) closed. This is 011erated from the 
dash and should be opened gradually as the engine warms up. 
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T~c cngin_c _should be run long enough to be warmed up to 
ierv1ce condition .. Be S'!re that the choker butterfly valve (E) 
"' open when 'lnakmg adJlll3tment. 

1:hc~ ret,m). the spark control, open the throttle until the 
eo~1ne. 1s runmng at average driving speed. Next turn gasoline 
adjustmg needle (A) to the right until the engine speed 
decre"'!es from lean mi_xture. Theo turn to left; until the 
$pee.cl increases n.:nd o.ga.m starts slowing up, which is as rich 
a. nuxture as ~ngme can be run on. By turning again to the 
n1J;ht, t_o a. point half-way between the two, when the engine 
speed is_ h1~hest,_ the correct mixture for genef'al driving will 
be obtained. Tighten lock nut (B), and the adiustment is 
complet,e. 

The. o.ir-~djusting .screw (D) is provided only for t,hc purpose 
of controlling the air supply to the carburetor when running 
at lO\• speeds .. It may b~ possible that the adjustment on the 
gasoline adiustmg needle 1s slightly too rich for idling purposes 
and wtll cause the carburetor to choke. By loosenin!l lock nut 
(N) and t.urn(ng the air adj~ting screw (D) to the right, admit­
tmg more air. this condition will be eliminated. Tighten 
the lock nut, and the adjust,rnent is complete. 

Adjust the throttl~lever stop screw until the desired idling 
speed 1s secured. Adiustment& should be made with spark and 
throttle fully retarded. 

Fig. 61. If carburetor drips, it is usually due to dirt under 
the float needle valve (V). Remove the float dust cap, place a 
screw driver in the end of float collar (F) and turn gently back 
and fort,h, thus seating the float needle valve. Eagle Carbure­
tor Co., Cleveland, Ohio. 

Marvel Carburetor Heating System 
The Marvel carburetor used on the Buick, Nash, and Oak­

land (1923) varies slightly in construction, but is similar in 
principle, by which the air drawn into the mai_n air inlet is 
heated and controlled by the choker valve, and the mixture is 
heated by the exhaust gases passing around the jacket of the 
carburetor. 

Refe~ to Fig. 62 and note a damper body holding a valve in 
the maw exhaust line. This valve is inter-connected to the 
throttle and forces all the exhaust gas to pass around the jacket 
of the carbu_retor when the throttle is closed and partly closed 
for town dr,vmg. As the throttle is opened up however the 
dampe~ too is opened, aUowing ~ore and more beat to pas~ out 
the main exhaust, thus preventing over-heating. It takes but 
a few explosions to warm the jacket of the carburetor 

Crank-case dilution, or thinning out of the engine oil comes 
from excessive use of the choker in cold weather in 'getting 
the car up to normal operating temperature. Th.is is prevented 
by the Q~ck application of beat requiring the use of the choker 
for starting only,_ and but a very short time thereafter. See 
also G.M.C. manifold on page 917. 

Fig. 62. Marvel carburetor and heat control used in tbe 
Nash (1023). 

Fig. 63. Marvel carburetor showing tbe intake aud outlet 
of cxht1.ust gases around t.hojacket. 0£ the carburetor. 

ADDRESS OF CARBURETOR MANUFACTURERS 

''Air-Friction": New Air-Friction Co" Dayton, Ohio. 
"Ball and Ball": Penberthy Injector Co., Detroit, Mich. 
.. Carter": Carter Carburetor Corp., St,. Louis, Mo. 
"Duff": Duff Engineering" Co., Nebraska City, Neb. 
"Ensign": Ensign Carburetor Co., Los A.ngeles, Calif. 
"Holley": Holley Carburetor Co., Detroit, Mich. 
"Jubasz": Juhasz Carburetor Corp., New.York, N.Y. 
·'Kingston": Kingston Product& Corp., Kokomo, Ind. 
•· i\farvel": Marvel Carburetor Co., Flint, Mich. 
"Miller": Harry A. :.\:liller, Inc., Los Angeles, Calif. 

"Schebler": Wheeler-Schebler Carburetor Co., Indianapolis. 
Ind. 

"Solex": American Carburetor Co., Detroil, :s,Iicb . 
"Stokes": Stokes Carburetor Co., Hampton Bays, N.Y. 
"Stromberg": Stromberg Motor Devices Co., Chica.go, DI. 
"Swan": Swan Carburetor Co., Cleveland, Ohio. 
"Tillotson": Tillotson Mf,:;. Co., Toledo, Ohio. 
"Vis-A-Gas": See Stromberg Motor Devices Co. 
"Winfield": Winfield Carburetor Co., Glendale, Calif. 
"Zenith": Zenith-Detroit Corp., Detroit, Mich. 

For make of carburetor used on various cars, see Index under "Specifications of passenger cars." 

.Vote: Carburetors described in this instruction are selected as examples in order to explain the different principles ot 
ope.ration and construction. Carburetor manufacturers are changing their models from time to time. It is not our intent.ion t.o 
attempt to show all the different models, as space would not permit. See pages 1055--1062 for "Pas,cnr,cr Car Specifications," 
\\hich will give the make of carburetor used on late model cars; see also page 966 for "Truck Specifications," nnd page 99C 
for "Tractor Specifications. 11 

By writing to carburetor manufacturers, no doubt- they would forward printed matter explaining their tater models. 



-C ontiuued from other side 

will lilt rocker arm D, which is pivoted at E and which pulls 
the pull rod F, together with diaphmgm A held between 
metal discs B down\,•a.rd a~ainst spring pressure C, "thus 
crcuting a vacuum in pump chamber M. 

Fuel from the rer.r tank will enter at J into sediment 
bowl K and th-rough struiner L and suction valve N in.to 
pump cnsmber M~ On tue return stroke. spring pressure 
C push<.,, diaphragm A upwn.rd forcing fuel from chamber M 
through pre:;!sure valve O u.nd opening P into the oar­
l>urctor. 

When-the carburetor bowl is filled the float in the float 
rbatnbor will shut off the inlet needle valve, thus creating 
:, pressure in pump chamber M. This pressure will hold 
diaphragm A dowuwnrd n-ttainst the spring pressure C ~nd 
it will remain in this position until the carburetor requires 
further fuel and t,he needle valve opens. 'rhe rocker arm D 
is in two pieces split at Rand the movement of the ~ccen­
tric H is absorbed by this "break" R when fuel 1s not 
required. 

Spring Sis merely for _the purpoo~ of keepi!lg_rocker a._rm 
D in constant contact with eccentric H to chmrnate noise. 

e 

6AS lAIO( 

Fig. 26. A typical diagrammatic installation of the AC 
fuel supply system. Note that only one line is required 
from the rear gas tank to strainer B and another small line 
connects pump C to float chamber of carburetor E. 

Service Hints on the AC Fuel Pump 

Service is nYnilnble through l;nited Motors Service 
hranchcs and authorized AC service stations who are pre• 
pared with parts and fixtures fur repairing all types of 
m1mps. There are some sen·icc operations on this fuel 
pump that cnn, if necessary, be done without referring to 
t11c serviee station, as given below. 

Lack of fuel at the carburetor, cheek as follows: 
Cause: gasoline tnnk empty. Remedy: refill. 
Cause: leaky tubing or connections. Remedy: replace 

t11bing and tighten all pipe connection• at the fuel pump 
antl gasoUne tank. 

Cause: bent or kinked tubing. Remedy: replace tubing. 
Cause: glass bowl loose. Remedy: ti~hten thumb nut, 

muJdu~ certain t-hat cork gasket lies flat in its seat and 
nut broken. • 

Cause: dirty screen. Remedy: remove glass bowl and 
rlran the screen. ·i,Jnke certain tbat cork gasket is properly 
~<1ated when reassembling. 

Cause: loose Ya.h•s pl,~. Remedy: tighten vah•e plug 
seuurcly, replacing valve plug gasket if necessary. 

Cause: dirty or warped valves. Remedy: remove v:ih•c 
p~ugs and valves. "'nsh valves in gasoline. 1f damaged 
vr warped, replace them. E,xnmine valve scat to miike 
certain there a.re no irregularities which prevent proper 
seating of valvc.>S. J->lnce valve in valve chtunber with the 
polished side downward. Make certain that valve lies flat 
un it,, seat a.nd is not left st<tnding on edge. Reassemble 
vnlve plug and spring, mnking certain that spring is around 
the lower stem of the valve plug prvperly. Use new gasket 
under valve plug if necessary. 

Leakage of fuel at the diaphragm, check as follows: 
Cause: loose cover screw.a. Remedy: ti~hten cover 

screws alternately and eecu.rely. Caution: Do not disas­
semble the pump body. Note: Sometimes there appears 
to be a leak at the clinphragm, whereas the leak nct,,ally 
exists at one of the pipe fittio~s o.nd the fuel has run down 
oump to diaphragm flange, appearing to originate there. 

Flooding of carburetor, check ns follows: 
Cause: carburetor needle valve not sea.ting. Remedy: 

check carburetor for proper adjustment. 

Important: Do not attempt to disassemble the fuel pump 
further than described abo,•e, because it is absolutely 
neccssury to use n special fixture in reass~mblin~ _the pump 
when once· taken u.po.rt. ,vhen the nbove remedies do not 
correct t,he condition, replace with a new fuel pump sending 
the old fuel pump to your nearest Uniwd Motors Service 
branches or authorized AC Service St.:1tions. 

STROMBERG TYPE "D" DO 

The f ea lures of the "D" series of c 
1. The down-draft carburetor is si, 

flows down into the manifold, aided b 
the suction in the engine, as in the UJ 
mittcd the use of carburetors of great 
resultant increase in engine power. E 
the cn.rburctor, to give smoother all a1 

2. A new semi-autom:i.tic choking device fc 
do\\·n-dr:1ft carburetor. fig. 5. 

3. A new positive ncting accelerating devi 
C'harge immediately the throttle is moved, an 
In the "D" down-draft type carbw-etor the a 
of a vacuum piston 14, Fig. 1, connected by a 
The volume and force of the accelerating cha 
automatically providing the proper charge fm 

4. An adjustment to vary the quantity of 
5. Idle and low speed jets below throttle, w 
6. An economizer which permits the carbt 

closed throttle positions of avernge driving, ar 
power of the engine is called for. 

The economizer is operated as follows: At closed or 
the throttle valve, therefore the vacuum piston 14, Fig. I 
from the economizer valve 13, Fig. 1, thus closing thee 

Figs. l nnd 2. Sectional view of the type "D" down-
1. Choke control tube holder. 
2. Choke lever wire chtmp screw. 
3. Idling needle valve. 
4. 'l'brottlo lever. 
5. Throttle atop set screw. 
6. Vacuum pi~ton adjustment !crew. 
7. Vacuum piston adjustment lock nut. 
8. Mail, discharge j)lug. 
9. lVIain discharge 1et retainer plug:. 

10. Main metering ict.* 
11. Gasoline connection. 
12. Strll.iner plug. 
13. Economizer poppet valve. 
14. Vacuum piston. 

*Important. When orilcrino vcn:lu.ri tubes, hioh speed b 
state tvJ>e of carburetor and serial ·number. 
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v speed tube is swcdgcd (just above J). This sli~hlly re­
s point. thus incrcast::s tile velocity of the gas, in:suriug 

tle butterfly vnlvc is opened air rushes in through the 
l in passing in nnd up through the venturi tube creates n 
causes air to bo drnwn down through the four holes L 
ir pickin~ up gasoline fr(?m, the main or acc~lcratiog well 
, the vcntu'"1 tube where It 1s met by the mam body of air 
,roper proportion for a.ccclcrating speeds. 
A feeding lhe mnin or acceleratin.R well Mis unable to 

the line of suction, therefore tbe level in the well M lowers 
ltiplcjct nozzle. ' 
.rd through the four holes L surrouncling the standpipe is 
11ultiple jet nozilc. creating an increased suction on the 
is drawn direct from bowl chamber through-multiple jet 
1pplicsboth gnsund ai,· at high speeds. 
40 or 45 m.p.h. the economizer E covers the ports H as 

h mixture resulting in greater speed and power. 
at to machined surface of casting. 

m LEVERLESS VACUUM TANK 
? lever type of tank discussed in the Carburetor 
Encyclopedia (pages 1303-1306) in that there are 

H no levers with springs. 
p. The bends in the float 

stem cause the valves 
B and C to be opened 
and closed as the float 
reaches the bottom or 
top of its travel. 

When the float F is up 
the 110<1t stem lower bend 
(just above the top of the 
float) closes the vacuum 
valve B and opens the at­
mospheric Yah·e C. 

When the float Fis down 
the float stem upper bend 
(at end of floa ~ stem) 
opens vacuum valve B and 
eJose,s atmospheric valve C. 

For exampleJ '"·hen Yac­
uum chamber Mis full and 
the gasoline begins to flow 
into the outer chamber N, 
the flont F starts to go clown. 
It will thus be obscn·ed 
that tl1e float stem lower 
bend no longer presses 
against the vacuum vnlvc 
stem B to hold this valve 
closed. The manifold vac­
uum thercforcmust.begreat 
enough to hold this valve 

closed until the float reaches the bottom of its stroke. In 
the lever type a spring serves this purpose. The principle 
of operation otherwise is pr~ctically the same, therefore a. 
study of pages 1303-130U will make clear the operation. 

Name of Parts of Stewart Model 493 Tank 
Name of parts of the Stewart model 493 leverless type 

vacuum lank used on Chevrolet model National AB 
(Fjgs. 10, 20/: A, fuel inlet i B, vacuu'm valve stem 
C, atmospheric vah:e stem; D, drain; E, ga...wline outlet 
to cn_rburetor. (grnvity feed); F, float; G, flapper vitlve; 
H, 1l?r valve inlet; K, vent tube; M, inner or vacuum 
chnmbor; N~ ou~c.r or reser·w~ chamber: P, vacuum opening 
(connects with rntake manifold); S, filter screen. 

Stewart model 409 and 418 leverless type vacuum tank 
differs in the flapper G (Fig. 21). This type used on Essex 
Erskine, \Vhippct and sever11J other cars. • ' 

AC FUEL SUPPLY SYSTEM 
Purpose: Pumps fuel from tank in rear of cur 

through a combined gasoline strainer before 
forcing it into carburetor. Can be operated from 
push rods, tappets or eccentrics located on cam­
shaft or other rotating parts giving a reciprocal 
motion of from ~{{ to ¾" maximum. 

As an example, the series "13," AC diaphragm type of 
fuel pump attachecl to tbc crankcase and operated from 
the ca.msbnft is shown in Fig. 25. A reciprocal motion of 
about ¾"' maximum is imparted to lever D, by a sm:111 
eccentric H, mounted on tbe camsbaft G. 

Fig. 25. Tbe AC fuel pump, series" B" of the diaphragm 
type. Standard instnUation operating from engine cam­
shaft \1lith angular pump lever arm. Various other methods 
can be used for operating pump. 

Tbe diaphragm is composed of ocvcral layers of esl?coially 
trented flexible cloth material, which is impervious to 
gasoline nnd bcnaol. This cloth material A is held between 
two unequal metal discs B and is pushed upward by a 
pump spriug C. 'rhia diaphraizm in its upward position 
almost fills tbe pump ehamher M so th:it in its downward 
movement a very hu?;h vacuum is obtained, thus assuring 
high pumping: eapa.city even a.t low speed. 

The repeated¼' movement of the diaphragm is possible 
indefinitely without any injury, due t-0 the extreme flexi­
bility of this materinl. Further, the extreme movement of 
the diaphragm occurs only when the carburetor is empty. 
When the carburetor is full, this movement is greatly 
diminished, beini: directly proportional to the amount of 
gasoline used by the engine. This means that in practically 
all normal driving conditions this diaphragm is pulsating 
in a movement of a few thousandths of an inch. 

This movement is controlled by tbe two-piece rocker 
arm D, split at R, because when the diaphragm i~ in the 
depressed position it carries part of the split rocker arm 
downward and forms a gap at line R, thus Rllowing the 
ecceotdc G to recipr~>eatc pnrt of rocker arm D without 
engaging the diaphragm on tho suction stroke. 

Operation: By revolving the shaft G the eccentric H 
-over 
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COOLING THE GASOLINE ENGINE: Cooling Methods; Water Circulating 

Pumps; Fans; Radiators; Water Thermostats; Water Temperature; Water 
Cooling Troubles; Overheating of Engine; Non-Freezing Solutions; Air­
Cooling Methods; Heating a Car. 

WATER COOLING 

If no provision is made for cooling the cylinder of 
a gasoline engine, the intense heat of the explosions 
would heat it to a point that would cause the lubri­
cating oil to burn and become useless. At the same 
time, the cylinder must not be kept too cool, for 
that would prevent development of full po"".er; the 
cylinder must therefore be permitted to get as hot 
11s is possible without burning the lubricating oil. 
About 170° Fahr. or below the boiling point, appears 
to give the best results. 

The cylinder may be cooled either by water or 
air, and while the greater number of engines are 
water cooled, air cooling has been developed to a 
r,oint where successful results are attained. 

The water-cooling system consists of jackets 
uound the part of the cylinder that is to be cooled, 
~hrough which water may flow; a radiator for cool­
ing the heated water; and some method of keeping 
the water in circulation, together with the necessary 
connections (see Fig. 4). The cylinder water-

jackets are usually cast in one piece with the 
cylinder. When heated, the water passes to the 
radiator tank, thence through the radiator tubes, 
where the rush of air to which it is exposed absorbs 
the heat, cooling the water, which then passes back 
to the lower water connections on cylinders. 

The radiator system is always fixed in the forward 
part of the car, to obtain the full benefit of the 
draught of air. The same water is used over and 
over again, so that it is only necessary to replace 
the loss caused by evaporation and leakage. 

It is usual with radiator systems to have a rotary 
fan to assist in inducing a draught of cold air 
through the radiator tubes and in accelerating the 
cooling when the car is moving slowly, as in hill­
climbing or slow running in traffic. The fan is 
driven from the engine shaft by a belt or gear and 
fixed back of the radiator. The alternative method, 
which avoids the use of a separate fan, is provided 
by fan-vaned arms in the fly wheel. 

WATER-CIRCULATING METHODS 

The two systems of circulation are the "thermo­
syphon" system and the "force" system. 

Thermo-Syphon Water Circulation System 

The thermo-syphon system of water circulation 
is as follows: Upon becoming heated, the water 
rises to the top, entering the pipe and passing into 
the radiator at top where it is brought mto contact 
with a large cooling Slll'face, in the shape of the 
radiator. On being cooled and thereby' becoming 
heavier, the water sinks again to the bottom of the 
cooling system, to enter the cylinders once more 
and to repeat its circulation. The cooling action 
is further increased by a belt-driven fan which draws 
air through the radiator spaces. The connections 
are the same as for the force system, except that 
th~re is no pump, and the connection from the 
water-jacket outlet to the top of the radiator slants 
upward. It is more necessary to have clear pas­
sages for the thermo-syphon system , than for the 
force system, because the pump, in the latter, v.,ill 
force the water past an obstruction that would stop 
the flow of water that moves only because of its heat. 

Fig, 1. Thermo-syphonprincipleo!watercirculation. Seealso 
page 155 for a typical example of a "tbermo-ftYl)hon" system. 

The height of the radiator with the thermo-syphon 
system must be higher and lower than the extreme 
top and bottom of the water jacket (see Fig. 1 and 
also, refer to page 155). 

The height of water with the thermo-syphon 
system should be kept at level above top inlet of 
radiator to insure proper circulation. Below this 
point circulation ceases and water boils. 

Keep the radiator full: When the cooling water 
is kept in motion by thermo-syphon action, it is 
quite important that the radiator be kept reasonably 
full in order that there be a back resistance to aid 
in forcing the water forward. It is good engine 
care to add frequently a little cold water, instead of 
waiting for the engine to knock, especially in su=~r. 

Fig. 2 Fig. 3 

Fig. 2. A thermo-syphon system in which independent 
pipes are taken from each pair of cylinders, the outlet pipes 
Joining at the upper or tank :part of the radiator. Cylinders 
in this instance are cast in pairs (obsolete). Where cylinders 
are cast in-block, one water inlet and one water outlet pipe will 
suffice, a.s in Fig. 1. See also, page 155. 

Fig. 3. Simple thermo-sypho~ circulation "~thout the use 
of a fan. The arms of the tty wheel are designed to act as fan 
blades: a separate fan is unnecessary, but the underpart of 
the engine must be carefully screened in (formerly used on 
Renault).· 

145 
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Force Water-Circulation System 
in the force. system, the engine drives a pump 

which keeps the water in constant circulation, as 
shown in Fig. 4. The pump forces the water from 
the bottom of the radiator to the inlet at the bottom 
of the water jacket, throu~h which it flows to the 
outlet at the top, whence 1t goes to the top of the 
radiator, and flows through the radiator tubes to 
the bottom. As it passes through the radiator 
tubes it is cooled. After passing through in this 
manner, it is again drawn through the pump and 
forced again through the same path. 

, ~O W~"Jl!llt FROM BOTTOM 09 

Wntet 
jacket 

LOWER'011Altl rubber '"TOR Bl!:lt'tG Pll"11>ED"' 

TANK =Eho~•~e~--=------.,. 

Fig. 4. This illustration shows how tbe pump shnft on the 
forced water-circulating system is usually driven, and also the 
fan. G nro gasket connections which must be kept tiab tr-­
usually made of copi;>er ruibcstos-lined composition. The path 
of the warer circulat1on is also shown. 

Circulating Pumps 
Practically all water-circulating pumps are driven 

by a gear on the crank shaft or cam shaft, so that 
motion is positive, and without slipping. All forced 
circulating systems must use a circulating pump. 

Fig.7 
Fig. 5. The gear type of circulatini; pump consists of two 

small gears with large teeth, the two being in mC8h, and placed 
in a casilli that fits as sn111ly as possible. The water enters at 
one side where the teeth separate and is carried around to the 
opposite side in the spaces between the teeth, where it escapes 
through an outlet. 

'Fig. 6. The rotary, or vane type pump consists of a. ring­
shaped cnsing, within which n disk revolves, the disk being 
"eccentric," or to one side of the center of tho casing. Through 
a slot across the disk are two arms, their ends being preued 
ngainst the casing by a sprini:, As the disk revolves, the water 
is forced from the inlet to the outlet by the arms. 

Fig. 7. The centrifugal type of pump acts on tbe principle 
of an air blower, and has blades proiect,aa from n hub, which 
revolve at high speed inside of a cnsing. Tho water enters 9.t 
the hub, and is thrown outward by the blades to the outlet in 
the casini:. This is the type in general use. 

Sec page 160 for the "piston" or "plunger" type. 

There are four types of circulating pumps: the 
"gear" tyr;_, the "centrifugal" type, the "rotary" 
or "vane' type, and the "piston" or "plunger" 
type (Fig. 9, page 160). 

Principle of circulating pumps: The principle is 
the same for water or oil. If the pump is elevated 
above the supply, the feed to the pump is by vacuum 
and the delivery by force; if submerged or below 
the source of supply, the feed to pump is by gravity 
and the delivery by force. 

Cooling Fans 
In order to cool the water sufficiently, a fan is 

driven by a belt attached to a special bracket on 
the engine. This is shown in Fig. 4. 

The fan draws a current of air through the 
passages in the radiator in addition to that driven 
through it by the forward motion of the car. 

There are two types of fans in general use: the 
multiple blade (Fig. 9), and the two-blade (Fig. 10). 

I • ) 
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Fig. 8 (lower)· 
Fig. 0 (upper) 
Fig.10 (right) 

Fig. 8 shows how the fan draws air in through the 
cores of the radiator to keep the "'ater cooled. This 
demonstrat.es clearly the function of the fan, and 
shows how futile is its attempt to cool the radiator 
when a winter cover is placed over the radiator and 
is fully closed. There is no cooling action to the fan 
unless the front of the radiator is at least partially 
exposed. Often obstructions are placed in front of 
the radiator, as license tags, etc., which cut down 
the efficiency of the cooling system. 

Fan adjustment: the belt can be tightened by 
raising the fan by an eccentric adjustment (Fig. SA) 1 

or by bodily lifting the fan and its bearing and tight­
ening a bolt holding it (Fig. 9). 

ifiV?FAN 
' "r.l\ ·:, I Cl.AMP SCllf.W 

-.---'!:i \ \\!} 
' ,·_'. ~CCE/<TlllC 

Fig. SA 

The belt should be kept tight. A slack fan belt 
often causes overheating. Ball bearings are usually 
provided and they should be kept well oiled. This 
is quite often overlooked. 

RADIATORS 
The purpose of a radiator is to keep the water, 

which circulates around the water jacket of the 
cylinders below the boiling point. 

The early type of radiator (Fig. 11) consisted of a 
corrugated copper tank, with horizontal tubes run-

ning lengthwise of the tank. A tank was placed on 
each side of the body connected with the water 
jacket of the engine. A circulating pump was used 
to circulate the water. :i\fodern constructions are 
shown farther on. 
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Fig. 11. One of the early methods employed for cooling the 
water. 

The location of a modern radiator is usually in 
front of the engine, where it will come in contact 
with the air. The air passes between the tubes 01· 
fins on a tubular type of radiator and through the 
cells of a celluliu· type. A fan is usually placed 
tlircctly behind the radiator, which is operated from 
a pulley on the crank shaft of the engine, for the 
purpose of cir-awing a large quantity of air through 
the radiator, thus increasing the cooling capacity. 

Construction of a radiator: There is a reservoir 
or tank placed at the top and one at the bottom, as 
shown in Fig. 4. Between these two tanks, the 
tubes or cells are connected. A flexible hose pipe 
connection is made with the top and bottom tank 
from the engine, as shown. ViThen the engine is 
running, the hot water passes to the top tank, thence 
downward through the radiator tubes (if a tubular 
type), or around the cells (if a cellular type), and is 
thus cooled. The cooled water then passes into 
the lower part of the engine from the lower tank 
of the radiator. 

Radiators must be used with either the "forced­
circulating" system, using a pump, or with the 
"them10-syphon" system, which does not use a 
pump. 

Types of radiators: There are two tyr,es in general 
use, the "tubular" and the "cellular, ' or "honey­
comb." 

The tubular type consists of vertical tubes placed 
between the upper and lower radiator tank. The 
water passes downward through all of the tubes. 
If one tube becomes clogged, then all of the water 
must pass through the other tubes. Each tube is a 
separate path through the radiator. 

The cellular radiator consists of tubes or cells 
placed horizontally, through which the air passes 
and Lhe water flows downw::u·d around these cells 
or tubes. 

The honey-comb type of radiator was a term orig­
inally applied to a cellular type of radiator due 
to its likeness to a honey-comb, but now that tubular 
type radiators can be constructed so as to have the 
appearance of a cellular radiator, the term could 
also be applied to the tubular type. 

Tubular-Type Radiators 

The tubular type of radiator used in 1900 and 
1901 is shown in Fig. 13. The tubes were placed 
horizontally in heads (H). Crimped fins (F) were 
placed on the tubes. The radiator was suspended 
under the front of the car by studs (S). A pump 
circulated the water. 

The vertical tubular type with "spiral" fins (F) 
(Fig. 14) was the next type introduced. These 
tubes were placed between an upper and lower tank 
(Fig. 4, page 146). This type 1s still in use, prin­
cipally on trucks. 

I 
Fig. 12 Fig. 15 Fig. 14 

The vertical tubular type with "flat" fins (Fig. 
15) was the next type introduced, the idea being to 
have it resemble the cellular radiator which at that 
time was introduced on the Mercedes ear. A tubu­
lar radiator made up with flat fins, is shown in Fig.12. 

Variations of construction of the tubular type 
radiator are shown in Figs. 16, 17,and 18. Note that 
the appearance is similar to the cellular type, but 
the water·flows through the tubes, whereas, with a 
cellulal' radiator, the water flows around the tubes. 

Cellular-Type Radiators 

The original cellular type was the Mercedes (Fig. 
19). It consisted of four or five thousand¼" square 
copper tubes 4" long, nested horizontally together1 bemg separated from each other by wires arrangeo 
l,o run between the rows of tubes in both directions. 
The blocks so made were clamped together, and 
dipped iu a bath of solder, both front and back, by 
which means a space -,J/' thick was left on eaeh 
side of every tube. The blocks (divided into sec­
tions similar to Fig. 20) were assembled with the 
top and bottom tank of the radiator, and water was 
forced to pass in between the tubes, the air being 
allowed to travel through the inside of the tubes. A 
very large radiating surface was thus obtained, and 
it would be hard to conceive of any arrangement 
offering a larger radiating capacity for any given 
size of radiator. 

The cellular radiator is a very expensive type to 
construct. In this country, where large quantities 
are required, this construction was quickly modified 
to make the production cheaper. 

Honeycomb Type of Radiator 

The tubular type construction of ra:diator is often 
termed a "honeycomb" type. It is very much like 
a cellular honeycomb in appearance. See Fig. 18. 

The Fiat true eellula.r type of radiator (Fig. 20) is 
similar to the Mercedes. It is formed in four divi­
sions indicated by horizontal lines. Where these 
lines cross there are open horizontal passages through 
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which the water may flow 
from one side to the other. 
Thus a section can be re­
moved and repaired sepa­
rately. 

Some of the modifications 
employed are shown in Figs. 
21 and 22. Note in Fig. 21 
that the tubes are expanded 
at the ends, thus eliminating 
the wires. 

The Mayo is constructed 
in a similar manner with the 

water passage to the sides of tubes. In the Fedders 
(Fig. 22) the hexagon tubes can be removed and re­
placed. The Harrison hexagon cellular is shown_ in 
Fig. 23. Between every other row of cells there 1s a 
water passage .08" thick. 

Figs. 24 and 25. Front and side view of a popular type of 
radiator, showing overflow pipe, upper and lower to.nk, and 
connections. 

Fig. 24 "Fie, 23 t-i", !!{, 

Fig. 26. Extension or syphon t'ank ($), used on n,My 
thermo-syphon systems to give greater body of water anJ to 
absorb steam and to maintain a constant level-a <lesira.ole 
feature on all radiators. 

WATER TEMPERATURE 
In general service it has been found that the water 

circulating around the water jackets has an average 
normal temperature of 170° F. in cars equipped with 
a water pump and about 200° F. in cars cooled by 
the thermo-syphon srstem. If the actual water tem­
perature reaches 212 F., boiling occurs, with a con­
sequent loss of water due to steam _which passes_ off 
through the overflow pipe. Contmued operat10n, 
when steaming, is liable to cause scored cylinders. 

If the temperature of the water is low, the cold 
engine condenses a portion of the gasoline, which 
leaks past the piston rings dilutes and ~hin~ the 
lubricating oil, with the resclt that the engme JS not 
properly lubricated, and the ra":'1 unvaporized gaso­
line produces carbon dep_osit in tne cylinders. 

Temperature Indicator 
A device which is placed on the filler cap of the 

radiator (Fig. 27) serves to indicate the temperature 
of the air, or vapor, above the wate~ ~d n~t ~e 
actual temperature of the water. 'J:hls device 1s 
known as the "Boyce Mota-Meter." It is a very 
useful device for warning the driver when his engine 
is overheating. This device is placed on the radiator 
cap and the bulb at the end does not extend into the 
water. The fluid in the tube reaches different levels 
according t-0 the temperature. These figures can be 
seen from the driver's seat. 

By taking the temperature of the air over the 
water, the manufacturers claim that this instrument 
has greater utility, as follows: 

First, because (up to the actual creatio~ of steam) 
it always reads well below the danger pomt, and by 
a quick jump to "danger" (when steam occurs) 1t 
wams the dnver to stop. 

Second on a thermo-syphon system, practically no 
jump wocld occur, since the water temperature is 
usually around the 200° F., and the change to 212° 
steam would be almost imperceptible to the drivel'. 

Thfrd a broken water pump or stoppage of circu­
lation w'ould not show in time to prevent damage1 
were the bulb of the Mato-Meter to be submergeo 
in the radiator water, as the radiator tank would re­
main cool while the steam passes out the overflow 
pipe. It is

1 
howe~er, directly in the fl~"'. of steam 

and immediately signals dangerous condit1ons.1 

1 Another make of temperature indicator is the Radimeter. 
It is installed on the dash and a tube leads to a bulb installed 
in the water jacket and indicates the actual temperature of the 
water. 

Fig. 27. Boyce Moto-Meter, 
showing the lines which now 
appear on thedioJ of allMoto­
Meters. The approximate 
temperature of the air space 
over the water in degrees Fab. 
is shown to the side. 

170• 

7()0 
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Fig. 27 A. If fluid is driven 
from bulb into tube duriug 
shipment, tnp it on tire. 

The top li_ne is dangeri stop car and secdf the. overheating: is 
due to lack or water, lubrication, too much gasoline being fe<l 
by carburct..or, or loose fan ~lt. 

The next lower line is nn efficient tcmpcrnture n.t which to 
operate an engine, especially of the thermo-sypho11 type during 
sununcr. 

NoTB: HSumrner average" represents a. zone, not a line on 
the scale. It is quite impossible to give a definite line for all 
cars. 

The next lower line for water-1,,ump cars means tbe temper• 
nture at which most pump-cqUJppcd cars generally operate 
under summer conditions. 

The next line is intended to show the bottom of the "summer 
average" zone, and n temperatu_ro above which alcohol noo­
freeze is likely to evaporate in winter. 

After the Moto-Meter is installed and the car 
is driven about ten miles, the engine's normal 
operating temperature, as registered on the dial 
should be carefully noted. This will usually be 
found to be at the bottom of the cfrcle, or about 
1/4" below this point in pump-equipped cars; on 
thermo-syphon cars, about the middle of the circle. 
Unless unusual road conditions are met with, such as 
climbing hills, etc., any rapid rise above this point 
calls for immediate action. Stop car and investigate 
the trouble as follows: 

First: See if radiator contains sufficient water. 

Second: Examine the lubricating system, making 
sure the engine is receiving sufficient oil. 
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Third: Examine fan belt for breakage or slippage. 
With plenty of water and oil and the fan in good 

conditionJ.. excessive heat is probably due to other 
causes. ::;cc p. 152, "Overheating of engine." 

When the red fluid reaches the top of the circle 
of window on the dial, engine is dangerously over­
heated. Any water-cooled engine allowed to op­
erate at this high temperature will sooner or later 
burn out its bearings or score its cylinders. 

On cars operating without a water pump, employing the 
thermo-syphon system• of cooling, the water must reach a 
certain temperature before it will become a~itated sufficientl,Y 
to cnuse it to circulate (similar to a coffee percolator). Thus 1t 
will ueunlly be fouud that on thermo-syphon cars the red 
column will be at normal when about half-way up the window, 
whereas on engines using a water pump the normal temperature 
u;ll be near the bottom of window. 

When using alcohol non-freeze &olution, care must be used 
not to keep the radiator covered for too long a time, as nlcoho I 
cnuscs boilini;? to occur at lo·wcr temperatures thnn t.t,e steam­
point of wnter marked on the scnle (sec table, page 164). 

Bear in mind, however, the engine should be heated as 
quickly as possible in order to prevent dilution or t.ho lubricali­
ing oil1 but. not overheated. 

Care should be taken in reading the instrument when the 
car is being operated at high altitudes, for at nn elevation of 
ten Lhouso.nd feet nbovo .sea-level, stcnm occurs when the red 
column is 1 /8" below the point mnr~ed "steam" on t.he dial 
(see pago 110 for reason). 

Extension or distance type of 
temperature indicator: This de­
vice (Fig. '28) will indicate the 
temperature of water circulating 
through the engine. The gauge 

.,. is placed on the instrument ,eanel 
Fig ~_.,,,=ea. of the car and the bulb (E) is 

placed in the cylinder-head water 
jacket. This type is also used 

• on motor boats, airplanes, etc. 
an,I can he used for engineering work where test of 
:wtual wat.cr temperature (or oil) in degrees is re• 
quired. Instruments of this type arc sometim<'S 
usPd to operate rheostats cononected with an electric 
g1111ge on the instrument panel. 

Principle. ThG head of this instrument is of similar con· 
struction and operates on the snme principle as a. pressure oil 
~suge (seep. 162). The head, the copper tube (T), and bulb 
(E) nro filled with treated alcohol under pressure. Wben the 
bulb (E) is subjected to changing temperntures, the alcohol 
expa.nd.s or contracts, thus moving the minute column of alcohol 
forward or bnckward in the enlirclength of the tube, causing the 
head to operate like &. pressure gauge. 

Nou. The temperature often rises right after engine is 
shut off. This conditio11 is normal nnd is due to the heat that re­
main., in the cylinder block after air and water circulation hnve 
stopped. 

Temperature Regulation 
There are four methods employed to heat a cold 

engine more rapidly than if these methods were not 
employed, as follows: (1) by the u8e of a radiator 
shutter; (2) by restricting tbe water circulation by 
means of a water thcrmo~tat (Fig. 30)j (3) by heat­
ing the carburetion mixture (p. 106); 14) hy closing 
the }lood ventilators (p. 150). 

RadiatOl' Damper or Shutters 
A radiator damper or shutter prevents circulation 

of air through the radiator core when t.he engine is 
cold, thereby permitting the engine to qttickly 2 reach 
an efficient and economical operating temperature. 
Shutter Fig. 29 is controlled by band. A thermostat­
icaJJy controlled shutt.er is shown on page 653.3 

1 The thermo-syphon principle of water circulation is now 
seldom used; instcnd, n. water pump, which forces the wn.ter 
through thG cooling system, is in general use. 

• Soc pages 104, 462A, 462B, 166. why an engine should quick­
ly reach normal operating temperature. 

• Shutters on buses and trucks are aomet.imes operated by o. 
thermostat which in turn operates an air valve ndmi tting com• 
pressed air to a small cylinder which operates the shutter. 

• The exact tem~erature at which the dHJercnt thermostats 
open und close vnnea •lightly. 

" 8 

Fig. 29. Hand-operated radjator damper or 
shutter. The vanes (A), like ahuuers on o. 
\\indow, open and close from the seat by a 
pull-rod. When starting a cold engine, shut­
ters are closed, thereby cutting off tho air 
circulation through radiator, with the result 
that the water becomes heated quicker, which 

I heats the engine and ve.porizes the gasoline 
After "'ater-temperature gauge on insnument 

. panel shows proper temperature. shutters 11rc 
opened, o.ir circulation begins, and temperature remains normul. 

Thermostatic Control of Water Circulation 
The thermostat is located at the cylinder-head 

water outlet (Fig. 30). The purpose is to auto­
matically cut off the circulation of water through the 
radiator when the water is below approximately 
1.50° F., 4 thereby permitting the water in the cylinder 

. block and head to warm up qtticker, and thus to 
make the engine more efficient in respect to power 
and gasoline consumption. 

Fig. 30. View 
showing the ther­
mostat valve open 
and normal water 
circulation through 
the radiator e.nd 
coolini, system. (11-
lustratlon is exag­
gerated in ordor to 
show the principle.) 

The water thermostat shown in this example is the 
bellows type. The accordion-shaped metal bellows 
eontains a liquid. 

Principle of 01,>eration. When the water in the 
cylinrler block 1s cold, or below approximately 
150° F.,' the thermostat bellows is wntracled and the 
thermostat valve is on its seat in a. closed position, 
thereby cutting off the circulation of water to the 
radiator; thus the water in cylinder block watrr 
jackets and head warms up rapidly. \\'hen the 
water warms up and reaches a temperature above 
approximately 150° F./ the liquid in the bellows is 
driven into a gas. 'l'ne resulting pressurn expands 
the thermostat bellows and the thermostat valve 
starls to open, allowing water to flow tlu·ough the 
radiator. At o. temperature of about 172°4 tho 
thermostat valve is fully open. A small hole in the 
thermostat valve provides an air vent, necessary 
when filling the cooling system with water while the 
valve is closed. It also permits very slow circula­
tion when the valve is closed. 

Care. Thermostats should be removed and 
cleaned whenever the cooling system is cleaned (sec 
p. 739). The vent hole in the valve should be clear 
and free of obstruction. If thermostats become in­
operative, they should be replaced, and not repaired. 
W'hen replacing, the bellows end should be toward 
the engine. 

Failure of the thcrmostM to close will be indicated by slow 
warming•UP of tho wntcr and slow rise of the water tempcrnlurc 
indicator. 



1.50 DYKE'S INSTRUCTION No. 15 

By-Pass Type of Water-Temperature 
Control 

To/rovide water circulation during the warm-up 
perio while the thermostat valve is closed, a 
water by-pass is sometimes provided. The Buick 1 

thermostatically operated by-pass type of water 
temperature control is used as an example. The 
operation of this bellows-type thermostat and the 
by-pass valve is eiqJlained below. 

Fig. 31 (left). When the coolant is below normal operating 
temperature, it is blocked from circulation through the radiator 
(R) by the thermostat valve (V) ru, shown. Tho water pump 
(P) pressure forces the coolant through the spring-loaded by­
pass valve (B) and allows c:oolnnt to recircul(l.te throu(!h the 
cylinder block a"d head. 

Fig 31.-\ (right). When the coolant has reached a tempera­
ture of 148° to 153° F., the thermostat valve (VJ starts to open 
and the circula.(ion proceeds in tli.e ,wr-m.al way as shown. At 
t1pproximatcly 170° the thermostat valve is fully open, relieving 
the water-pump pressure on the by-pass valve (B), which 
autornatically clo~es. 

Testing thermostat. Follow the same instructions as on 
page 739, except that t.he Buick thermostat valve should start 
to leave the scat at 148° to 153° F. and be lully open at. a tcm­
per-u.ture not to exceed 175°. 

A thermostat sticking closed, or n sticking by-pass valve 
either open or closed1 will prevent the cooling sytsem from 
functioning and will en.use overheating:. 

Bimetal-Type Water-Line Thermostat 
An example of this type of thermostat is used on 

the Ford V-8 engine.2 In order to reduce engine 
warm-up time and maintain more efficient ope1·ating 
t,emperatures, a thermostat, as shown in Fig. 32, is 
inst.ailed in each cylinder-head water-outlet con­
nection held in position by the radiator hose.3 It is 
designed to start opening at 145° F. and be fully 
open at 175° to 180° ]'. 

rhe operating element in the Ford thermostat is a bimetnl 
strip composed of two layers ol co-operat.ing metals of widely 

different expansion. The two 
different metals are permanently 
lused together. With tempera­
ture change, the tendency is for 
one to elongate faster than the 

11~ntitft.v "4 LVC other, so that a bending or de-
flection results. This bimetnJ 
in the form of a coil is anchored 
at one end, and the other end is 
attached to tlie butterfly valve. 
Thus, .ns the water temperature 
reaches 145° F., the butterfly 

"Kr:TAL co,c gradually opens. 
When for any reason a ther­

mostat becomes inoperative, the 
following should be checked: 
(I) Thermost:itsinst.nllerl upside 

Fw. 32 down. (2) Dirt and pieces of 
rubber hose gettingi mbedded on 

cd~e of butterfly, holding valve oii.her open ot closed. (:l) 
F:ulure to e:i;;pel n.11 n.ir from r.ooling$yf;lmn when fillin~ rndialor. 
(This is a.ccomplishcd by running engine i::ever-al minutes and 
then adding additional water to eoolinl( system.) (•I) With 
low~boiling-point anti-freeze solutions, it is important to wat.ch 
the l'quid level in the radiator nnd to repln<'c the evaporated 
solution. 

Thermostats for Hot-Water Heaters, 
Adjustable, Etc. 

High-reading thermostats. In areas where extreme cold 
weather is encountered, it mny be necessary to instal a spccinl 
high-reading t.herinostat in order to secure satisfactory result.8 
from a hot-water heater. Ile sure to use nn anti-freeze ij()lu­
tion whose boiling-point is higher than the temperature at 
which it operates. 

Thermostats can be obtained which are.adjustable, that is, 
the temperature can be varied. Thermostats are commonly 
known ns the insert type and the hose-line type. 

Radiator Cover, l.Quver Openings, an<l 
Hood Ventilators 

Radiator covers. Where radiator shutters are not provided 
a cover over the cooliog surface of the rndii\tor during cold 
weather is ndvisable if properly used. The purpose is to pre­
vent the fn.n from drawing cold air through radiator core, and 
t,hus to assist in heating engine more quickly. The cover 
should be !cit over the front of the radiator until the engine be­
con·1es \,·.a.rm, then removed. During extremely cold weather 
it may be advisable to remove only the upper half, because the 
bot water having just passed through the radiat,or on i ls way 
back to the engine is a.tits lowest temperature nt the bottom 
of the radiator. The idea is to get the en11;ine heated as quickly 
as possible to prevent dilution of the lubricating oil. but not to 
permit overheating, which is likely t-o occur if radiator is en• 
tirely covered !or too long a period. When 1'olatile anti-freeze 
solut.ions are used, care must be exercised in this respect. See 
pages 1119, 153. A grer1t many opcl'ntors nierely place n piece 
of cardboar<l over the lower front of the rndiator. 

Louver openings c:1n be protected during cold wenthc_r from 
the inside, by covers mude for the purpooe, and thus assist in 
retaining warm air under the hood. 

Hood ventilators on each side of the hood cnn he opened or 
closed by hand, nccordinl! to tho temperature. They can also 
be opened n.utomatically by thermostats, controlled by the air 
temperature under -::.he hood. 

CARE OF THE. WATER-COOLING SYSTEi.\'14 

Water 

Water for the cooling system should be a.5 nearly 
neutral as possible. Soft water is better than hard 
water,• for reasons stated on page 151. Rain water 
is usually soft and is desirable for cooling systems. 
Avoid water containing lime, allrnli, or impurities. 
Where water is alkaline, acid\ or saline, a rust pre­
ventive (inhibitor) can be actded, as explained on 
page 151. Before adding however, the cooling 
system should be thoroughly cleaned (see pp. 151, 
739). In localities where pure water is not easily 
obtained, it is well to strain it through muslin. 

Water-Cfrculating Pump 

Check the water pump for air or water leaks, end­
play, worn or score<l shaft, and worn bushings. The 
first condition can usually be remedied by tightening 
t,be packing nut (not too tight,_ however.-see pp. 

151, 735), that is, if water pump has a packing nut. 
The other conditions, if present, will necessitate the 
removal of water-pump assembly and an ovei·hrwl 
or replacement. 

Fan 
The fan requires no particular attention, except 

lubricating. Sometimes the belt gets loose nod 
causes the fan to slip and does not turn as rapidly as 
it should, causing overheating of the engine. If 
this happens, 

1 Compiled from B1iick Shop il:fantLal (1937). 
' Compiled from Service B1.Zleiin ol the Ford Motor Company. 
• On 1937 cars and trucks they are installed in cylinder-head 

out-let openiog. 
"See p. 690 under ".1L11ii-Frccze an<l Coolinr, Sustem" for 

free instructive literature on serv-icin{J the coolino system. 
• To tell if water is bard or soft, a simple test is to take a 

quantity in the hunds and go through the motion ol washing. 
II it is difficult to rub the hands together, the water is hard. 
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loosen the nut which holds the eccentric arm of the 
fan, raise the al'm slightly, and retighten the nut. 
This will tighten the belt. Note that this nut fre­
quently has a left-hand thread. Do not tighten too 
tight, as you are liable to crack the fan support. 
See also Figs. SA., 9, and 36. 

Where the fan, water pump and generator are 
driven by a conventional "V" type endless composi­
tion belt, the drive bewg off the front end of the 
crankshaft, the generator may be moved in or out 
to tighten or shcken the belt. Too tight a fan belt 
may pull the water pump impeller shaft out of. 
alignment and causes excessive wear on the bearings 
and eventual lea.ks. Follow car nwnufac/:urer's in­
structi.ons for a<(justing. See p. 735 for adjnsting, 
l'Cpacking, and lubrication of water pumps. 

Cleaning and Care of the Cooling SysteIU 

The cooling system should be flushed out in the 
spring and fall (the latter before adding antifreeze 
solution) to remove loose particles of rust, scale, 
and sediment, which, if allowed to remain, may 
clog the water passages of the radiator and prevent 
the heat of the engine being properly dissipated/ re­
sulting in overheating. Hard water (such as ime 
water) will cause a hard scale to form in the water 
passages, which impairs the efficiency of the cooling 
system in the same manner as does rust. Lime is 
present in nearly all water, more in some than in 
others. 

The cleaning process should include the use of a 
good cleaning solution to loosen rust, scale, and 
grease by a chemical and solvent action before 
flushing (seep. 739). Use care in selecting cleaners, 
as some may contain acids that are too strong. 
Follow the manufacturei·'s instrnctions. 

nt~nht?:;: ~:g~:a!Jtrt~ c:1~il~~~t ;t~t :~~~:~us:d;y~~3e!1::1t~: 
solutions react very i-cadily on aluminum and aluminum alloys, 
and should never be used. DuPont No. 7 or "Eveready" 
radiator cleaners are recommended for !lushing all kinds of 
engines, including those equipped with alurninum cylinder 
beads. There ure other good cleaners. 

Rust preventives can be obtained which are added 
to the water in the cooling system for the purpose 
of preventing, not removing, the accumulation of 
rust and scale in the radiator and cylinder block, 
and should be put into the cooling system of new 
cars and added when the cooling system has been 
flushed. When calling for rust preventive (inhibi­
tor) at auto supply dealers\ state if it is to be used in 
engines with aluminum cy inder heads. 

Machinist's soluble cutting oils and emulsifying oils which 
have been properly prepared may be used to prevent rust. In­
soluble oils will deposit in the cooling system, thereby retarding 
heat radiation. Approximately 3/4. to I pint to a 5-10 gallon 
cooling system a.nd 1/2 to 3/4 pint for cooling systems of less 
capacity. Too much will have a tendency t,o penetrate through 
the connections. 

The cooling system connections should be made 
leak tight, especially when addwg anti-freeze solu­
tions, in order to prevent leaks and loss of the anti­
freeze solution. Some of the places to check are: 
(1) see that drain cocks are closed and tight; (2) 
tighten cylinder head nuts and cylinder block water 
jacket plate cop screws (on some engines). Engine 
should be warm; (3) tighten hose· clamps (also on 
the hot water heater, if one is on the car). Swollen 
or disin tcgrated hose should be replaced, as the pump 
may build up sufficient pressure in forcing the solu­
tion through restricted hose to cause leaks in the 
cooling system, which will disappear when the re­
striction is removed; (4) draw up water pump pack­
ing nuts but not so tight that there is danger of 
binding the pump shaft. If the water pump is sup­
posed to be lubricated with grease and the bearings 
or packing is in close conta,c~ with the hot w;i.ter, 

apply non-soluble waurproof pump grease (always 
follow the manufacturer's instructions). Some lubri­
cants become liquid when hot and may be taken into 
the cooling system, thereby coating and insulating 
the radiator and jackets, which retards dissipation 
of heat. High melting-point greases tend more to 
clog the radiator tubes. For these reasons, do not 
over luln-icate (see also, p. 735); (6) tighten water­
pump assembly; (6) tighten radiator hold-down 
bolts; (7) if radiator leaks or overheats, it is best 
to take it to a radiator svecialisl, who will determine 
if it is best to repair or replace the radiator core. 

Overheating and consequent overflow through 
the radiato1· overflow pipe can be due to one or more 
of the causes as mentioned on page 152. 

Cleaning a muddy radiator: If the air spaces o( the radiator 
become clogged with mud, do not attempt to remove the mud 
with n screwdriver, wire, or other metal instrument. Instead, 
soften the mud with water. The best way is to wash t.beradia­
tor by Bushing a stream of water from a hose through it from 
the rear. ln doing this, take care not to let water get into the 
ignition distributor. magneto, or electrical system, which is 
likely to be short-circuited in that way. 

Hose Leaks 
The rubber hose (H, Fig. 34) and its connections 

(C) are often a source of leaking. 
Fig. 3-1. A good plan, especially 

where anti-freeze is being added, is 
to use a hose or gnsket cement, 
obtainable at auto supply dealers, 
on the ends of the pipes before 
placing tho hose on them. Shellac 

can be used hut may necessitate renewal of hose when removed. 

"\Vhen the hose is old and worn it will become 
ragged-looking or swollen on the outside and may 
collapse and restrict circulation and shed its rotted 
lining, causing clogging of the radiator cores which 
is difficult t-0 remove. The 1·everse f/11.shing method 
(p. 739) may remove it, if not, the radiator will 
have to be disassembled. Hose should be replaced 
when it shows signs of deterioration. A copper coil 
type of stiffener spring is now placed inside of hose 
on many cars. 

Cylinder Leaks 
Cylinder leaks. A slight leakage of water from 

the jacket into the cyli!lder may be caused by a 
crack or sand hole in the casting, but more usually 
will be found to be simply a defect in the seating 
of the gasket. See legend under Fig. 66, page 733. 

A crack in the cylinder, when on the inside, is difficult to 
locate. Its action may be of such a nature as to he only opera­
tive when the eng_iue is at full wor-kini; heat (due, of course, to 
the expansion). It. is generally accompanied by misfiring and 
boiling, the former owing to leakage of water into the cylinder. 
and the latter owing t-o the hot gases (at a very high tempera­
ture) being forced into the w,uer-incket. 

To te.,t, fill the radiator entirely to top of cap, run the engine 
until it is hot, th·en stop engine and turn it. over by hnnd against. 
the compression in each cvlinder. Ir there is a crack, bubble,i 
will appear at the cap. Thus, by noting the compression of 
each cylinder, the defective one can be located. 

Slight leaks inside of the c;,linder have been remedied by 
rusting, if the hole is very smaU. See page 723. 

When repla.cing a cylinder head it is good practice 
to install a new gasket. Do not remove a cylinder 
head while engine is hot; drain and allow engine to 
cool to avoid springing or warping head. 

If the gasket is copper-asbestos or steel-asbestos 
some mechanics coat both sides with light cup 
grease or engine oil, others immerse it in waler 
fifteen or twenty minutes prior to applying, in 
which case the grease or oil is not used. Other 
mechanics· do not think it necessary to do either if 
the head and block are clean. The water immersion, 
however, is recommended, particularly if the head 
happens to be slightly warped, :vhjch condition 
shows black on gasket when head 1s first removed. 
Always look a sas~et over carefully t-0 see that it 
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has not been damaged in any way. All cylinder 
head nut,S should be drawn down evenly and 
tightened 1 in the order t;1hown in Fig. 66, page 733, 
or as recommended by the mamifacturer. Run engine 
for a time, and then tighten again. Operate f\ngine 
for about 300-500 miles and do the final tightening. 

Cast-iron cylinder head nuts are ret.ightened while engine is 
warm. Aluminum-alloy cylinder heads, according to some car 
manufacturers' iostructions1 should be ret.ightened when warm; 
others recommend to retighten while cold. Differences in de­
sign characteristics uf engines 1nay nccount for the difference of 
opinion; therefore, follow car manufacturers' recommendations. 
Failure io retighten a(ter gasket boo been compressed may result 
in a gasket leak. Aluminum-alloy cylinder heads, it is claimed, 
because of their rapid heat dissipation, permit higher compres­
sion-ratios, increasing power and effecting economy in fuel 
consumption. 

Gaskets on water plates, on the side of some engines, should 
be tightened or renewed if there are leaks. This gasket ma­
terial is usually Vc.Uumoid, Seigelite or similar materjal. Gas­
kets on the backing plate of water pumps should always be 
replaced with' new one.s when removed. 

Radiato1· Leaks 
Leaks in the radiator are often hard to reach. 

They are detected by the steam arising or from the 
water that flows tluough the leak and down the 
outside of the radiator. 

Testing: The usual method of determining a leaky 
radiator is by noticing water dripping from it and 
when the car owner complains of adding water too 
frequently. To detect all leaks and to locat-0 them, 
the radiator should be submerged, see page 737. 

Small leaks in radiators: There are several preparations 
which can be obtained of auto accessory dealers, which, the 
manufacturers claim, will stop smaU leaks temporarily until 
the radiator can be repaired; some claim to be able to stop small 
leaks permanently. Some of these preparations a.re cements, 
which are pasted externally on a leak and harden. Some others 
Me in liquid or powder form which are placed interniilly in the 
radiator when the water is hot. The solution is supposed to 
pass out of the leak in the radiator and in so doing, is e,;posed 
t,o the air and oxidizes or hardens and thus closes the leak. It 
is also claimed that some of these preparations are partfoular\y 
suited to correcting small leaks around the cylinder block side 
plates. Another method is by means of creating a slight 
vacuum in the radiator and applying with a brush around the 
leak, liquid solder, which is drawn through the opening making 
"seal. The cooling system is drained when making repair. 

Quoting from the book mentioned in footnote 3, page 740, we 
find it states; "Soap shaved into a radiator will stop almost 
any leak temporarily. The repairman can effect this repair 

and tell the owner at the same time it will necessitate the radia­
tor being boiled when it is brought for repa,ir.'' 

One manufacturer states that ordinary bran mixed with water 
will stop a slight leak. The ,niter has never tried this. An­
other ma-nufacturer advises against the use or bran, meal, or 
patented preparations. The best plan is to have the radiator 
soldered. See index under "Radiator repairs." 

Paint for radiator fins can be made from drop black ground in 
Japan and gold si,e, thinned with turpentine. See Index under 
.. Painting radiator." 

Water Temperature 
Water boils at 212° F. at atmospheric pressure. 

Therefore an automobile cooling system is designe·:l 
• to maintain a water temperatUl'e less than 200° under 
average running conditions. This leaves quite a 
margin before the boiling-point. 

If the water is kept too cool1 the fuel mixtme will 
not be properly vapori1,ed, with results mentioned 
on page 104. If permitted to become too hot, the 
mixture will become too lean, with results as ex­
plained on page 106 and Addenda page 39 (footnote). 
The best water temperature to maintain varies with 
different engines. 

When driving through mud and deep sand or up 
long hills in extremely warm weather, the water may 
steam. This condition should not be continued for 
any great length of time., If there is persistent over­
heating when the engine is working under ordinary 
conditions, find the cause of the trouble and remedy 
it; otherwise damage will result to the bearings and 
pistons. 

When the radiator steams, let the engine cool 
gradually. W'ben cooled to nearly operating tem­
perature, sta1-t the engine and run at idling SJ)eed. 
Add cold watel' very slowly. This procedure will 
avoid the possibility of cracking the cylinder head 
or block and warping the valves. If water is 
frozen, see page 153. 

Note: Permitting the engine to idle long enough for the 
valvea to cool before turning the ignition ·"off" will materially 
lengthen the life of the valves when the engine is opera.tad 
under sustained high speeds. 

To determine if steaming is due to stoppage of circulation, 
feel the rn.dfator. It should be slightly hotter at the top than 
at the bottom; but if clogged, there will be a pron.ounced differ­
ence in temperat11re. The remedy then is to clean the circula­
tion system. See page 739. 

OVERIIBATING OF ENGINE; SOME OF nm CAUSES 
1. Insufficient water suppiy in the cooling system, 8, Driving in low gear. The engine should not be 

C 
raced when driving in lo-.v gear, and the spark 

2. Radiator .. ore passages clogged; air passages should be well advanced, because the engine 
clogged with dirt or insects. speed is comparatively high. The high speed 

3. Radiator shutters stuck. of engine in low gear and slow forward motion. 
4. Cooling system. Engine cylinder block ot· hose which does not provide sufficient air for coolinK 

connections clogged; water thermostat faulty. the water, overheats the engine. Do not use 
low, when high speed can be used without strain. 

5. Ignition. Spark (ignition) retarded too far; 9. Valves. Timing incorrect. The exhaust valve 
timed too late; (see pages 304, 631, 291 ex- may not open early enough to discharge all of 
plaining why); automatic advance stuck; igni- the bumed gas. Leaking valves. 
tion missing, which may be clue to defective 10 Carburetion. Incorrect mixtm·e, caused by im-
spark plugs, condensers, coils, interrupter points • • f • 1· hi h • 
or high tension wire leaks. If engine is misfiring. proper proport10ns o au· to gaso me, w c m turn ru,e sometimes caused by driving with 
it is necessary to open the throttle much wider, carbmetor choke (ail' valve) closed too far, auto-
and this, with retarded or late spark timing, matic choke stuck, air cleaner badly clogged. 
tends to cause overheating. See pages 117, 118, 462A, 462B. 

6. Carbon in the cylinder combustion chamber and 11. Insufficient Qr poor quality of oil. Lack of oil 
on piston and valves. Take off cylinder head will cause such friction between the pistons and 
and remove. Do not scratch cylinder heads or the cylinder walls that the engine will overheat 
pistons, as small projections may gather carbon, and the pistons may stick, likewise the bearings 
become incandescent, and cause pre-ignition and and othCJ· moving parts. Poor oil, clue to its 
pinging. See also footnote, p. 763. probable admi.'1ture of compounds not derived 

7. Pistons, piston rings, piston pins and bearings from crude petroleum, fails to provide the oil 
fitted too tight after reconditioning engine will film to separate friction swfaces and to transmit 
cause overheating as will thick piston rings in heat (see page 166). Use oil recommended by 
shallow grooves. the manufacl'urcr-it costs less in the long run. 

1 Torque-indicating wrenches sho\lld _be used ro, tightening. to ob_tain pr~per and uniform_pressure~see pag~s 733,691. Qharts 
which accompany torque ,nenches indicate that 1t 1s general practice to i;ive less pressure m t1ghtenmg alummum-alloy cyhnder­
head nuts than on cast-iron heads. Follow manufacturers' recomm~p.d{ltions and tighten "c()ld" or 

11

1.(.,-arm," an~ in t,beor<ler, and, 
exactly the presmre s_pecified by the manufocturers, 
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12. Racing the engine. Close the throttle when 
the clutch is disengaged, and so save gasoline 
and prevent overheating. 

13. Clogged muffler. Too rich a mixture or· too 
much oil will deposit soot in the muffler and by 
preventing the escape of the exhaust, will cause 
overheating. Clean the muffler by disassem­
bling it. 

14. Water frozen-steams. Water usually freezes 
at bottom of radiator first, thereby stopping the 
<lirculation. It then begins to steam excessive­
ly. It would appear that the steam or heat 
would thaw it out and start the circulation 
again, but such is not the case. Whell the water 
freezes, do not run the engine to try anti start 
circulation, as the fan draws in cold air and only 
assists in keeping it fro;mn. The best plan, if 
possible, is to get it into the nearest garage and 
turn warm water on the bottom of the radiator, 
having first carefully removed the radiator cap 
and opened the radiator drain cocks. If too 
far from a garage, it is sometimes possible to 
thaw 01d the mrlicitor by entirely coverin~ same 
so that the fan will not draw in cold au·, and 
run engine at idling speed~ \Vhen cold water 
is added, follow instructions, page 152. 

14a. When the engine overheats and steams; to tell if 
it is frozen or due to something else, see page 152. 

Ji5. Fan not working properly. A broken or a loose 
and slipping belt will not rotate the fan fast 
enough to drn.w a cooling current of air tlu-ough 
the radiator. This will tend to cause overheat­
ir1g, particularly at high speeds or when in low 
gear. Tighten or replace the belt. If the fan 
blades are bent t-0 an improper angle, do not 
bend them in order to draw more air, as this may 
Uu·ow fan out of balance unless ex'treme care is 
used. The safest method is t-0 replace the fan. 

16. Poor water circulation may be due to low water, 

clogged condition, sticking water thermostat, 
faulty water pump, etc. Leaks may lower the 
level. The clogged condition may be due to 
rust corrosion or a loose flap of rotted lining in­
side of the hose, impeding the flow of water. 

16.a. Water losses from cooling system may be due 
to: improper seating of radiator cap, air leaks 
into system, cylinder-head gasket leak when 
under power, overheating. Overheating may 
cause the wa_ter to boil and pass out overflow 
pipe; and this may be due to a weak thermostat, 
retarded spark, improper valve-timing, dirty air­
cleaner, clogged radiator 1 or some of the other 
causes mentioned under 'Overheating." 

17. Broken pump shaft. It is difficult to tell 
whether or not a circulating pump is working. 
Remove the radiator cap and see if water is 
circulating while running the engine. The pin 
t..hrough the pump shaft and impeller may be 
sheared off, yet the pump shaft would continue 
to revolve. Examme pump for broken or 
cracked blades and air leaks. • 

18. Brakes dragging. This would call for an 
increase of power from the engine. Examine 
the brakes with rear wheels jacked up. 

19. Bearings. If the engine is new or just ove:-­
hauled, the bearings may be too tight. Put in 
plenty of oil and run until loosened up. 

20. Radiator clogged with mud or dirt, or an obs true­
. tion in front of the radiator, thus preventing 

passage of air. 
Q.: How is the engine on an automobile fire truck cooled 

when the engine is running continuously for long periods with 
the car standing, which is often the case at afire'! 

Ans.: There is a coolini;: line from the discharge side of tho 
main pump directly into the , ... ·atcr manifold. This is a ¾" 
line, and is controlled by a gate valve which enables the opera­
tor to keep the engine at any desired temperature. An overflow 
on the ra<liat,or allows this cooling water, which a.mounts to 
S to 10 gallons per minute, to pru,s off. 

ANTI-FREEZE SOLUTIONS FOR COOLING SYSTEM 

In winter, a water-cooled engine must be care­
fully guarded against freezing, for if the water freezes 
in any part of the system it will cause the breakage 
of piping or radiator, or crack a water jacket. When 
the engine is running, the water is kept warm; there­
fore the danger is not as great, particularly if the 
cooling system is equipped with a radiator shutter 
or cover or a water thermostat, or both. It is ad­
visable, however, to take no chances, as freer,ing 
can occur even with the engine running. 

One method to prevent the water from freezing 
during cold weather is to drain the water out of all 
parts of the systemp drain cocks being provided for 
the purpose at the lowest point of the system, usually 
at the bottom of the radiator. 

If drain cocks are also provided al the lower edge of the 
water jackets of the engine cylinders, they should also be 
opened. Enp;ine should be warm '"·hen draining; and, arter 
draining, run 1t for a minute or so to make sure aU the wn.ter has 
been removed. 

The best method to prevent the water from freez­
ing is to use an anti-freeze. Commercial materials 
generally available for preparing anti-freeze solu­
tions are: denatured alcohol (188, 200 proof), 
methanol (synthetic wood or methyl :tlcohol), 
glycerine, and ethylene glycol (Prestone). 

s1,1ch as honey, glucose, nnd sugar solution::1, oils,1 and kerosene 
a.re not satisfactory for use in aut.omotive cooling systems. 

Alcohols 
Alcohols are extensively used, and those·i11 gen­

eral use for preparing anti-freeze solutions are de­
natured alcohol and methanol. Denatured alcohol 
is an ethyl alcohol to which bas been added a de­
natmant t-0 make it unfit as a beverage. Methanol 
is generally obtained from the destructive distillation 
of wood, or made synthetically. Methanol is 
poisonous when taken inte1·nally. 

Many alcohols are now sold in different concen­
trations and under various trade names: and, owing 
to this fact p,irticulal'!y, the proportions to use and 
instructions for its use, usually on the container, 
should be carefully followed. The higher concen­
trations requil·e less material for protection. 

The various alcohol anti-freeze materials avail­
able· in most localities are not injurious to the cooling 
system, and many of them contain special corrosion 
inhibitors, an atlded advantage. 

Alcohol solutions are volatile a.nd evaporation losses will 
1;<·<:ur, the greate$L loss being when it. is permitted to boil. 
Boiling is usually caused by: hnrd driving on warm days; high 
opening water t.hermostats, as explained on page 739; using u. 

Other anti-freeze solutions. Salt soluUons, sucli :l~ cal<-iuw mixtu1·e more highly concentrated than is necessary to assure 
or magnesium cbloi:[de, sodium silicate, etc., and other solution, protection; sudden stops after hard driving, at which time the 

d b 1,hermal expansion of the solution ruay cause it to pass out of 
l Oil is sometimes 1.L"$ed in heavy• uty tractors; ut. a cooling the overriow pipe. Long-continued idling ,vill also cause an 

system designed to use oil, instead of water, requires, in ~eneral. increase of temperature. 
n. rnore rapid rate of circulation on account of the relatively 
low beat cttpacity, and larger or less obstructed passages on Alcohol solutions accidentally spilled on the car finish should 
account of the relatively high viscosity of most oils. Sec also be washed off immediately with plenty of clean, cold w,,_ter to 
p. 155 "Kerosene for cooling." prevent damage. 

3 Be sure there is sufficient. water-in the cooling !!-yHcu1 to ~voi<l damaging engine. 3 Providing of cow-se engine will not be run. 
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Loss of solution through leaks, boiling, or evapora­
tion of the alcohol will weaken the solution. 

In order that the solution may be kept at the prop­
er strength it will be necessary occasionally to add 
alcohol until the desired hydrometer reading of the 
specific gravity of the solution is obtained. Au½>­
mobile accessory houses sell a specially made 
hydrometer for this purpose, and it is a good idea 
to obtain one rather than guess (see page 1041). 

When testing, it should be tested at ,the temperature for 
which the hydrometer is calibrated, and the correct hydrometer 
for the solution should be employed in testing.' 

lf a hydrometer is not available, replace losses with alcohol, 
or in accordance with inst.ructions given by the monufa.cturer. 

To prevent loss of solution from thermal expan­
sion when the engine warms up, regardless of what 
anti-freeze mixture is used, the radiator should not 
be filled to the top but should be below the level of 
the overflow pipe. 2 

Check solution level alter engine bas been warmed up to 
normal operating temperature but with engine uot running. 
Do not add water if the solution can be seen. 

The following table gives the proportions of water 
and denatured alcohol (188 proof) for cooling sys­
tems of various capacities, and the approximate tem­
perature to which mixtures may be subjected with­
out freezing. The approximate specific gravity and 
\Joiling-points are also given. 

.)0;\ l-' .JQl>F :zoo y 
ABOVf: 0° F JJ!ol.OW BELOW~ 

Tot.1.I Ul.p.3city of ZEBO ZERO 7.1,no ZE!\Q 

Cooling System Pints •Pinu, Pints Pinu. Pi:,ts Pints Pints ·Pinta• 
Water Ak:oho-1 Water Alcohol W~ter .'\lcobol Water Alcohol 

-- -- -- --
16 pints (2 s::alloM) I\ 5 10 6 • 7 8 8 -- -- -- -- --
24 pints (J s:allons) 17 7 \S 9 H 10 12 12 

-- -- -- -- -- -- --
J2 pints(;\ gallon,), 2J 9 20 ,___::,... 15 1, 16 16 

40 pints (S gallons). 29 II 26 1,4 2J 11 20 20 -- -·- --
43 pints (6 gallons) 35 13 31 ll 28 ·20 24 24 -
~~ra\~lt Of Al<:ohol 7Jo/, H% 6So/, 35% S8<1/0 42"/, so~ 50% 

Sw.ific Crn'fitv 0.9691 0.9592 0.9486 0.9345 
or Mi.1ttuk-

lk,ilinp Point. 
orSs:,lutic;ui. 16S0 1.S!'.io 183° 1810 I 

The specific gravity figures above are obtained when the 
solution is thoroughly mixed and at a temperature of 60° I<'. An 
ordinary glass ctairy thermorriet.cr can be used to test the temper­
ature; sec page 1041 for hydrometcro (F. means Fahrenheit). 

The boiling point figures arc approximate. Also bear in 
mind that when a car is operated in high nlLit.udes, for example 
at ten thousand feet above sea-level, the solution will boil at a 
lower temperature (water at sea-level boils at 212° F. and at 
10,000 feet altitude, at 193° F.; see page 116). 

Heat is very desirable and necessary for the efficient opera­
tion of the engine, and an engine should be heated up as quickly 
as possible to prevent dilution of the lubricatin~ oil; but don't 
overheat .. 

It bas sometimes occurred that car operators have permitted 
their engine to run with radiator covered until a considerable 
portion of the alcoh<ll boiled away. When the engine cooled 
down, the solnti()n rrote, owing to tho decrease in amount of 
alcohol remaining. 

Glyccl'inc and Water Solution 
Glycerine raises the boiling point of the solution 

and does not boil away on warm days, neither does 
it evaporate, and the engine can be run at a higher 
temperature, and so long as none is lost by leakage, 
the addition of water is all that is necessary, as the 

1 Hydrometers cnn be obtained of E. Edelmann & Co., 2332 
Logan Illvd., Chicago, or of auto accessory houses. 

2 Some manufacturers give instructions to 611 until water 
level is visible through the filler neck and then to stop. Owing, 
however, to the arrangement of overflow pipe, baffiepiat,es, etc., 
beins different on some cars, it is advisable to follow tht manu­
facturer's insfruclion.s. Some cars have_~_pressure-operated vent 
valve fitted to the radiator filler cap. Where hot-water beaters 
are used, be sure to opeo the vent valve on the toI? of the 
heater, with engine running, in order to remove the air. See 
p. 690 under " Anti-FreezB and Cooli-n() System" for free in­
structive literature on servicinv tho coolinu systl!'m. 

glycerine itself will not evaporate. If there are 
leaks, replace both the glycerine and water. 

Although glycerine does not freeze solid, solutions containing 
extra:lal'ge percent.ages of glycerine may have a tendency to be­
come thick at I ow temperatures, especiaHy if not thoroughly 
mixed before putting into the coolin~ system. 

The following table gives the proportions, by 
volume, of glycerine and water to mix for various 
freezing points, and a.lso approximate boiling points 
of the solution. 

Olyceriac ,vatcr Freezing Point Boiling Point. 
0% 100% 32° F. above 212° 

30% 70% 12°F.abovc 217° 
40% ~Q~ 2" I'. below 221° 
45~ »'1o 8° F. below 223° 
50% SO% 15° F. below 225° 
55% 45% 20° F. below 227° 

Glycerine and water should be thoroughly mixed in a separate 
vessel and stirred before putting it into the cooling system, 

Example: Suppose 11 solution was to be mixed for a 5-gallon 
cnpacit.y radiator (40 pints), wii,h n freezing point of 2° below 
zero. The table gives 40 per cent glycerine and 60 per cent 
water; therefore 40 per cent of 40 pints (.40X 40) = 16 pints of 
glycerine, nnd (40-16)-24 pints of water. 

It has been said that glycerine will injure the rubber water 
hose, Experiments show that this is not altogether true. 
Glycerine tends to reduce swollen rubber to normal sizei hence, 
t-ight.ening of tbe hose clamps is usunlly necessnry to insure 
against leakage at these points. 

It is a good plan to put on new water hose before filling the 
radiator and to use a good gasket cement or shellac on the in­
side of the hose connections to prevent seepin!! at the joints. 
All water-hose connections, p\l·mp packings, cylrnder--hcad and 
other gasketa should be tightened at the time of iilling and then 
be inspected again a day or so after. 

The glycerine referred to above is the 05 per 
cent chemically pure (e.p.) 1.26 specific gravity or 
30° Baume (drug store grade). It must be mixed 
thoroughly before putting it into the radiator. 

Radiator glycerine anti-freeze, made under the 
approved formula. of the Glycerine Producers As­
sociation, termed "0.P.A. rndiator glycerine," con­
tains a rust inhibitor and is ready-mixed so that it 
can be introduced directly into the radiato!'. The 
proportions differ from the glycerine tables shown 
on this page. 

Ethylene Glycol 
Ethylene glycol (Eveready Prestone) has a higher 

boiling-po.int than water and will not evaporate at 
engine-operating temperatures. -The mat.erial sold 
in tho United States for anti-freeze pmposes is 
chemically treated to reduce the normal rusting and 
corrosion action of water. Before using, it is ad­
visable to flush and clean the cooling syst.em and to 
tight.en all hose connections and cylinder-head 
gaskets to prevent leakage. 

The following table gives the amount of ethylene 
glycol required (in gallons) for various capacity 
cooling systems to protect freezing to the tempera.­
ture points shown below. (If car is equipped with 
a hot-water heater add 1/4 gallon.) -CHJ1,., 

Eveready Prestone Required in Gallons 
s,.-..,u, ,~ I" l ,,, ,,,, 2•; I :H,' 

,'::;;;:::., 11-.:.:};4...:.:."'-1--'-I-....;,;· '-4-...;.;"4---'"'4--+--'+-'-l,1--ll--l 

... ... ... 

11" 10• 
ur 11• 
It" t♦• 
lU'" 1:i• 

:!' - 8"' -1-:,< -i•• -w 
s• - .a• -u• -21• --u· 
1• o• -10· -:1• -3-ti" --M" 
9• 2" - ,,. -1,~ -is• ~2· 

11· 10• 4• - l" -l'l 0 -22" -:u• -43• 
•· 1;1• - 9• -u· -2t· -41° n• u· 

Ui' 13• e· :z.• - ~• -u• -:r -3-4• --n• 
9• 4• - 3• -10• -19° -2')· -..o· 19• u· 

19• u,· 10• :;• 
to• lb' I!' -,~ 
a1• l'I" u• ll' 

11· 1:.• 1u· 

o· - ,. -is• -2~• -3, .. 
l" - s• -1:r -20• -29' 
:,• - 3• - 9• -16" -2s• 
t,• I" -:; .. -11• -18" 

P&cc,nl11;:t11 or E..,c,reody .rr(11\one in aolution with wa.tor: 20 ritr cl!lnt. prot.oct• to 
+ 16-o, 25 ~ ~t to +10°; ao per cent to +4°; 33, pc.r conL to 0°; 40 per cent to 
- lZ0: 50 per cont-to -31°; GO pe.r cer:l, to -~2° mui~ucn protc.ct.ion, 
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Befoi:e Adding Anti-Fi:eeze 

Before adding anti-freeze, the cooling syst.em 
should be flushed thoroughly, as explained on page 
739. This is also a good time to put on new hose 
connecting radiator to engine and water pump. The 
cooling system connections and water pump should 
be made leak tight in order to avoid the loss of anti­
freeze. See page 151, giving some of the places to 
check. If there are leaks or signs of leakage in the 
radiator core, have them soldered. See that fan 
belt is properly adjusted and replace if necessary. 
Check water pump (see pp. 151 and 735). Checking 
as above is usually done when engine is at operating 
temperature. 

Condenser 
With this patented condensing device it is possible to restore 

vapor to liquid form when u.f;in.g alcohol rmd wu.ter solution as 
an tmti~freeze coolin,g medium. A condenser o[ simple con­
struction is attached to the frame and is connected by a tube 
to the overflow pipe which runs from the upp~ tank of the 
radiator. 

Alcohol vapor driven out of the solu­
tion by heat, aa well as n.ny '"'atcr vapor, 
is restored to liquid form in the condenser. 
When the radiator gets cold, the vacuum 
produced by the contraction of its con­
tents automatically causes the surplus 
liquid in the condenser to return under 
atmospheric pressure to the radiator. The 
filler cap on radiator should be kept air 
tight. Before filling cooling system with 
non-freeze solution, drain condenser. 

Kerosene for Cooling 
Kerosene (ulso oil, see footnote, p. 153) is sometimes used i11 

extremely cold climates on heavy-duty engines equipped with 
water-circulating pumps. It could not be used with the thermo­
syphon system. 

Obiection to kerosene is the odor of heated kerosene. When 
heated, kerosene evaporates and is liable to cause n flre if near 
a flame: on warm days in winter there is a tendency for the 
engine to heat on account of difference in the coefficient of heat 
of kerosene and water or alcohol; kerosene rots radiator tubir1g 
and ";ill also deposit a gr,easy mist over the cnr. Gas is also 
liable to form and cause expansion and bulging of the radiator. 
The boiling-point of kerosene is much higher than alcohol. 
See page 1050. 

EXAMPLE OF A THERMO-SYPHON WATER-CIRCULATING SYSTEM 

Although theqno-syphon water circulation is now 
seldom used, the principle is shown below in order 
that the reader can make comparison with the 

"forced water-circulation" system referred to on 
page 146, Fig. 4. 

Internal view of a thermo-syphon principle of water circulation system. Principle: When the water is heated it rises, 
and passes from the top of the water jacket at the top of cylinders, through the upper rubber hose connection, to upper tank 
of radiator, through radiator cores, whence it is cooled by air drawn through the radiator openings by the fan. The cooled 
water then passes to the lower radio.tor tank, up through lower hose conocctioo, to lower part of cylinder water jackets. 

The word "thermo" pertains to heat and the word "syphon" refers to drawing off a liquid from a higher to a lower level. 

AIR COOLING 

The object of cooling is to remove the excess heat 
from the cylinders. This is accomplished by the 
air direct, without the use of water. 

Air-cooled engines usually have small-bore 
cylinders. 

The different methods of air cooling are summed 
up as follows: 

(1) By having a large radiating surface by means 
of cast or copper flanges or gills, inserted pins, or tubes. 

(2) By using extra large exhaust valves, so as 
• to cool the combustion space between power 
strokes. 

(3) By large radiating surfaces in multiple-cylin­
der engine. 

(4) By the use of auxiliary exhaust ports, com­
bined with surface radiation. 

(5) By forced draught of air circulating through 
an air jacket around the cylinder. 
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A cylinder with radiating flanges is shown in 
Fig. 38. When in motion, the current of.air blowing 
against the flanges drives the heat away. This 
principle is used extensively on motorcycle engines. 

The "copper-cooled" cylinders are fitted with 
copper flanges (copper radiate. beat quicker) and a draught of 
air JS cil·culated around cylinders. 

Fig. 38 Fig. 30 

A forced draught air-cooling system is shown in 
Fig. 39 formerly used years ago on a prominent 
make of car. With this system the circulation of air 
was forced through jackets placed around each 
cylinder, open at the bottom and top, being con­
nected to a pipe from a centrifugal air blower or fan. 
The forced air passed the radiator flanges, and out at 
the bottom. 

The Franklin air-cooled engine is a very successful 
engine for automobile pleasure cars employing the 
air-cooled method. The six cylinders are 3¾" bore 
and 4" stroke, giving a formula horsepower of 25.3. 

By referring to the illustration (Fig. 40), the path 
of the air is shown, first through the hood, thence 
over and down through the air jackets. The air is 
then deflected downwards and out th.rough the fly­
wheel blades. 

Vertical steel fins are made integral with the 
individull-1 cylinder casting, by having the iron 

poured around the strips of steel. Very light 
aluminum jackets guide the air draught downward 
from the heads of the cylinders. 

~--, 

\ 
'. ~ • 

. Fig. 40. Direct air cooling of the Franklin. The fly wheel 
1s the only moving part of the cooling SyStem, This is termed 
a "draught system." The later Series 10. cnr uses a HbJast 
system"; the air being drawn by i\ fan pln.eed in front. 

Note the vanes in the fly wheel, which create a 
suction equal to 2,200 cubic feet every 60 seconds; 
a continuous flow of air literally wiping the heat 
away. It is stated that the heat on a Franklin 
engine is about 350° Fahr. (see Fig. 12, page 107, for 
Franklin exhaust-heated inlet manifold). This heat 
is shut off after the engine is warmed up. 

The Franklin at one time employed auxiliary exhaust valves 
to assist in dispelling the heat of explosion from the cylinder us 
rapidly as possible. This method, however, b._. been 
discontinued. 

'· Another popular make of air-cooled ear- is the Holmes. 

HEATING A CAR 

There are three methods of heating a ca.r as 
explained below: 

(I) hot wa.ter; (2) exhaust gas; (3) hot air. 

Fig. 41. Bot-water method of heating a car. 

The hot-water method is shown in Fig. 41. This 
method can be used only where there is a forced or 
pump-circulation system. Connections are made 
with the circulating system at the top of the rear 
cylinder. The water circulates through the heater, 
whence it returns to the bottom of the radiator. 

The heater is made of regular water pipe, and the 
housing of aluminum or light cast iron. The floor is 
cut away, allowing the surface of the heater to be 
flush with the floor. The top plate, made of alumi­
num, is then placed over the ·heater box. 

The exhaust method for heating is to utilize the 
exhaust gases instead of water. In this instance 

the pipes would be connected with the exhaust pipe 
instead of with the water pipe. Only one side, the 
inlet, would be connected and an outlet is provided 
for the emission of the gas. 

Fig. 42. Hot-air method of heating n car. 

The hot-air method is shown in Fig. 42. This 
example illustrates the Briokly (patented) method. 
The air is taken from the fan through a funnel open­
ing, and a flexible metal hose drives it through a 
metal jacket 24 to 30 inches long, which covers the 
"piping hot" exhaust pipe, and warms it thoroughly. 
It then drives it through a 1½-inch opening in the 
floor of the car, into a tubular register, along the 
back edge of the front seat, sending a continuous 
stream of heated air into the car. (Exhaust gases 
are not used.) 

See also page 1056 for later information on beating a. car 




