
INSTRUCTION No. 16 

LUBRICATION: Purpose of Lubrication; Engine Lubrication Systems; Oil 
Gauges; Oil Pumps; Oil Purifying Devices; Correct Lubrication of Engine; 
Oil Specifications; Correct Use of Oils; Engine Lubrication Troubles; 
Relation of Carbon to Lubricating Oil; Lubrication of Transmission, Rear 
Axle (Differential), Clutch, Wheels, and Chassis 

EXAMPLES OF SOME OF THE EARLY ENGINE LUBRICATION SYSTEMS 
Note: The illustrations below are not intended to exemplify 

the latest approved engine lubrication methods. In order that 
the reader may clearly undenitand the ad\'antages of the mod• 
ern engine lubrication systems it is necessary that he under­
stand the eu.rly systems. Furt\1ermore, he m1>y have occasion 
at time., to work on engines equipped with some of the CArly 
systems. i\1oreover, somo of the systems shown below n1·0 
now uscrl cm tractor, marine, and stationary engines. 

Fig. I. A composite illustration showing some of the e'arly 
methods of engine lubricat,on: '!'here are four different systems 
shown on this engine in order to clearly explain each system. 
'l'hc systetlll! are enumerntcd nod described below. 

Splash system: The mechnnically operated pumps (B) nre 
driven by belt. chain, or ,:tears. There are several small pumpe 
in the oil reservoir box (N), in fact a pump for e:,ch feed; tho 
delivery pipe is from (B) to (D) through pipe (P3) and each 
scpnratc, feed is piped to the different parts to be lubricated. 

The oil PMSes through a sight glMS (G). The oil then puses 
to the bearilljtS and cylinders and falls to the bottom of the 
crank case. The oil reaches such a level or height in the crank 
case so that the connecting rods give 1>n addiUono.l lubrication 
by splnsh. The amount of oil fed is regulated by drops, through 
the siQ:ht glasses, by tho regulation of the screws (D), and de­
pends upon the si2e of tho engine and on the speed. 

Tills system would be termed a "non-circulating, oll-lOS8" 
type. Tbe type of oiLing device would be termed a. multi-feed 
mechanical oiler, a type sometimes used on traetor engines. 

(Note that pipe (P4) is not connected with this system, nor 
is the reservoir (V) used.) 

Re-circulating gravity system: We will MSumc that the splash 
syst;,m just described is ,. part of this system. The overflow 
passes to reservoir (V); it is then forced by pump (M) to a 
gravity feed reservoir placed on top of the CDl{ine. The pa.~age 
is then through the different pipes (S to L) to the bearinp, 
thence back to the trou~h• (E) nod reservoir (V). This system 
would be termed a re-<:1rculating gravity system, Cl.s tho oil is 
in circulation. 

Exhaust pressure feed and splash: This system eons1sts of 
an air-sight oil tank or reservoir (PT). A small pipe (Pl) 
connects tho tank \\ith the exhaust Plf::· A check valve (A) 
g:~ts tho p.s pressure t.o pass int.o e tank but not to Oow 

The initial pressure is given to the tank by a small hand pump 
through pipe (P2). After the engine is •tarted, tho pressure 
from tho exhaust is sufficient to force tho oil through pipe (P4, 
~~~~~:•t t:f~;.;!:"~o the various parts to be lubri-

Trussystem requires oil to be fed by drops,"" itis not pumped 
over and used again, and would be termed a "non-circulating 
system" of tho all-loss typo. 

PURPOSE OF LUBRICATION 
The purpose of lubrication is to prevent metal-to­

metal contact. 

When two parts of a mechanism rub together, it 
is necessary to use some means of preventing exces­
sive friction, and this is usually done by applying a 
film of lubricating oil between them. Without a. 
lubricant the friction would cause beating, and the 
result would be cuts or scratches on the surfaces of 
the two parts and also excessive wear and a great 
loss of power. 

Two parts intended to rub together, like a shaft 
in its bearing, should be made as smooth as possible, 
for roughness would cause friction that lubrication 
could not prevent. The more rapid the movement 
of the parts against each other and the greater the 
pressure, the more they must be lubricated, the kind 
of lubrication must be varied to suit these conditions. 

The functions of a lubricant as applied to an engine 
can be briefly stated as follows: (a) to provide an 
oil film to separate friction surfaces; (b) to seal pis­
ton rings; (c) to assist in transmitting heat. 

ENGINE LUBRICATION SYSTEMS CLASSIFIED1 

The parts of an engine to be lubricated are all 
moving parts. 

Methods of engine lubrication may be divided 
into two general classifications: the circulating and 
the non-ctrcuJating systems. 

The circulating systems would be represented by systems bav• 
ing a continuous circulation of oil returning it to the original 
reservoir, and these are frequently termed tho "pump ovor" 
systems. For instance, a system using n force pump for pump­
ing the oil from the lower _part of the crank case to the upper 
part, "ith a drain back to the lower part aeaio, would be termed 
a ··circulating system." 

1 See p,igcs 1058-1062 for types of lubrication systems used 
on different passengar-car engines, and pages 098-1000 for 
tractor engines. The truck specifications on paqcs 965-977 do 
not give the typo of lubrication system, but are similar to those 
for passenger rnrs, that is, some few are splash-circulating, quite 
& number full-force-feed, and o majority force-feed. 

A non-circulating system, such as a.drip or gravity sY9tem, or 
,. mechanical feed, supplyinl! so m1>ny drops 1;>er minute, do· 
pending upon the speed nnd size of the engine, wtth no provision 
for circulnting the oil back again to the original reservoir, 
would be termed a, 11 non•circulnting system." 

The major classifications of the different engine 
lubrication systems can be grouped under the follow­
ing headings: (1) gravity-feed; (2) splash; (3) 
splash-circulating; ( 4) force-feed; (5) force-feed and 
splash; (6) full force-feed. 

(I) Gravity-Feed; All-Loss System 
Deftnition: This system feeds fresh oil to the 

friction surfaces in drops, by gravity to various bear­
ings. No provision is made to splash the oil. This 
system is an all-loss, non-circulating, non-pressure 
system. It is used on some stationary engines. 

157 
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(2) Splash Systen:1 (Non-Circulating) 

Definition: Fresh oil is supplied from a separate 
oil reservoir or tn,nk to crankcase, and in some in­
stances to the crnnlcshaft main bearings, by means of 
a mechanical oiler, gravity oil cups, or adjustable 
feed pump. 

The connecting-rods dip into troughs and splash 
oil to all parts of the engine. 

Adjustable oil feeds are used on mechanical oilers 
to control the supply which maintains the splash 
level. A sight feed is usually employed to indicate 
the operation and rate of feed. 

This system is sometimes known as the splash-all­
loss tYP.e, because the oil is not returned to the res­
ervoir (from where it originated) for circulation. 

Fla. 2. Example of a gravity-feed and splash system: A 
non-circulating system consioting or a drip or $ravity-feed oil 
cup plnccd over the boaringS and 111.so on the side of cylinder. 
Special oil cups nrc required for the cylinder which will prevent 
the compression interfering with oil entering the side of the 
cylinder wall. Tho oil drips by gravity and is adjusted to a 
certain number of drops per minute. The surplus flows to t.he 
oil trough, from where it is picked up by the connecting-rod 
and aplnshcd to pnrta :,,bove. The oil cups 3re filled as required, 
by pouring the oil in by lu,nd. 

This system is used to some extent on two-cycle marine 
engines, and stationary engines. 'rwo•cycle engines are nlso 
sometimes lubricated by mixing the oil \\ith t.he gasoline, the 
mixture being approximately about one pru-t of oil to sixteen of 
gasoline. 

-~4 
Fig.3 Fig. 5 

Figa. 3-5. A splash system with.out oil troughs would be 
impraeHcal, although it was at ono time used. ,..,, long as the 
engine remains level, this splash system would probably jlive 
fairly good satisfaction: that is to say, so Jong as the level of the 
oil is kept up to the lowest point of the connecting-rod where it 
can be picked up and thrown Lo the upper part. If, however, 
the car is in such a posiHon that the engine will be tilted, as 
shown in Fig. 4, then the oil goes to the re:,,r cylinder. The rear 
!,)'lindcr is over-lubricated and the others are under-lubricated. 
Even though a baffle plate is P,laced, as shown in Fig. 5, still 
there nrc two cylinders minus 01I. Therefore some other means 
must be employed ao that all cylinders will receive their proper 
share of oil. 

One method of overcoming the objection just mentioned is to 
provide troughs under each connecting-rod, which is usually 
done with true spin.sh systems. 

The troughs retnin tlie oil, oven though tho engine is nt an 
incline. Some provision must bo made to keep the oil at a 
constant level in the troughs. This is done either by means ol 
(I) a hand pump connecting the crankcase to an oil tank, or (2) 
by oil cups thnt drip a certain amount or oil into the crankcase 
every minute, or (3) by filling through a breather pipe.• 

1 A "breath.er" for an engine is a pipe openin,i connected with 
the crankcase, and extending slightly above it. The opening 
is cloeed by a cap which does not fit tight, but allows t.he air to 
enter, to allow for "crankcase breathing" when the pistons tend 
to com~ress the air in the crankcase, and nt. tho same time pro­
vents 011 from workjng out. Some engines hn.ve a separate tube 
for this purpose, whllo others combine the breatMng feature with 
the oil filler pipe where oil is poured into the crankcase. 

(3) Splash-CirculaLing System 

Definition: Oil is supplied from the reservoir, or 
sump, by means of a pump or by the centrifugal 
force of the revolving fly,vheel, to splash-troughs 
and{ in some cases1 ~irect to the wells over the crank­
sha t bearings. AI ter lubricating the surfaces and 
bearings, the oil returns to the reservoir or sump. 
(Noto that oil is not forced by pressure to any or the 
bearings; The pump or flywheel serves only to cir­
culate the oil.} The connecting-rods dip into and 
splash the oil to all parts of the engine. 

A constant level is maintained in the splash­
troughs by an overflow to the sump, or reservoir 
below, whence the oil is circulated again. 

Fig. 6. Example of a splash-circulating engine lubrication 
system where the ll:ywheel serves as a pump to circulate the 
oil (the Ford model T). The level of the oil in the crankcase 
goverwi the amount of oil thrown by the flywheel. 

The oil is thrown to the top of the transmission case, where 
part of it is caught by a funuel (T) and then Bows by grnvity 
t.hrough oil pipe (P) to the timing gears, and flows back thl'0ugh 
tho dipper troUR:hs (0) to the l!U'l:o oil reservoir (R); thus it i., 
a circulating system. (On tho improved Ford u. eonnectina­
rod dipper trough is al.so supplied under the fourth cylinder.) 

This system is termed a splash system because oil is splashed 
to cylinder walls, piston-pin bearings, mu.in nnd cam bca.rin&,rs 
by tho connecting-rod; the flywheel splashes oil for the tran•­
mission gears and clutch. The troughs are kept at a constant 
level, or nearly so, by the excess oil Jlo\\tjng frorn timing ;ears 
back to oil reservo.ir. 

The oil-level should be maintained as follows: Pour oil into 
crankcase until it runs out of upper pet cock (U). After engine 
has become thoroughly limbered up, carry tho oil at a level 
midwny between the upper pct cook (U) and the lower one (L). 
Oil ahould never get below the lower one. 'l'be reeommended 
amount of oil is 4 qunrts. 

Oil Ttough 

Drain Plug 

Fig. 7. Example of a splash-circulating engine lubrication 
system where an oil pump is used to circulate the oil: thu 
Chevrolet (Series AA). 

The oil pump inside of crankcn.sc is elcv3ted abo,·e tho oil. 
Pump is a rotary vane tY)?C driven (ro"'1 c~mshaft. It lifts tho 
oil lrom oil pan and forces ,Ho the oil distributor, where thellow 
is divided and pnsses through pipes to oil troughs located unJer 
each connecting-rod. (Note that oil is not forced under pres­
sure direct to bearings; that is why it would not be termed a 
force-feed a.nd splash syst<lm,) 
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The oil dippers on the ends of connecting-rods strike the oil 
and a portion of it passes up into the connecting•rod bearing. 
1'he rest is broken up into a fine spray or oil mist which pene­
trates to all moving part,. of the engine, lubricates them, and 
then drains back to the oil pan where it is picked up by the pump 
and circulated n,:ain. 

The main and camshaft bearings collect oil from the splash 
ir1. oil reservoirs or wells located over each bearing and oil is fed 
to tbese bearings through oil holes. 

The oil filter removes dirt, carbon, and abrasive parUcles 
from the crnnkcase oil. A percentage of the oil pusses through 
it and returns to oil distributor. After about 10.000 to 15,000 
miles, the filte1· cartridge is renewed. Instructions are not to 
use a heavy oil as it will not atomize properly, and may cause 
under-lubrication. 

The oil gauge is an indicator only, and merely shows whether 
pump is working or not. The pressure (8 lbs.) shown on gauge 
does not necessarily tell the condition of the oil in crankcase. 
The oil level indicator determines the amount of oil in crankcase. 

(4) Force-Feed System 
Definition: Oil is forced by pump pressure, direct 

to the crankshaft main bearings, thence through 
drilled holes in the crank webs to the connecting-rod 
craukpins and bearings. . 

The piston pins, pistons, and cylinders are supplied 
by oil thrown from the crankshaft and connecting­
rod bea.rings (sometimes by drilled holes in lower 
part of connecting-rod which sguirt oil up as shown 
m Fig. 38, page 795, footnote 3). 

The oil returns to the sump, or reservoir, and is 
circulated again. The connecting-rods do not dip. 
A system of this type is shown in Fig. 10. 

In some engines the oil is also forced to and through the 
camshaft bearings, either through drilled passages in crankcase 
(Fig. 11), or through a hollow camshaft, or through sc.pn.rate 
leads from oil distributor pipes directly to camshaft bearings. 

(5) Force-Feed and Splash System 
Definition: Oil is forced by pump pressure direct 

•.o all crnnkshaft main bearings. 
The oil from the crankshaft bearings falls to 

iplash-troughs in the crankcase, into which the con­
necting-rods dip and splash oil to all other parts of 
the engine. 

A constant oil level is maintained in the splash­
troughs by an overflow to the sump, or reservoir, 
below, whence the oil is circulated again. 

An example of a force-feed and splash system is 
not shown. • 

(6) Full Force-Feed System 
Definition: Oil is forced by pump pressure direct 

to cmnkshaft main bearings and thence by means of 
drilled holes in the crank webs, to the connecting­
rod crank pins and bearings, thence tlu·ough oil pipes 
attached to the cotmecting-rods, or through hollow 
connecting-rods to the piston pins. 

The pistons and cylinders are supplied by oil 
which is thrown from the crankshaft and connecting­
rod bearings. In some instances, auxiliary lubrica­
tion is supplied to the cylinder walls through the 
piston pins. The connecting-rods do not dip. The 
oil returns to the sump, or reservoir, and is circu­
lated again. 

This is the only lubricating system in which the oil is forced 
directly to the piston pin. Thus the difference between the 
"force-feed" und .. full-force feed" systems will be apparent. 

Fig. 9. Diagram of a "full-force-feed" system. Note that 
the path of the oil leads up the counccting•ro<l through ('l') 
to piston pin (P). 

EXAMPLE OF A FORCE-FEED ENGINE-LUBRICATION SYSTEM WHERE OIL 
IS FORCED TO THE MAIN AND CONNECTING-ROD BEARINGS 

-OIL OV[Rrt.OW S.TRIKCS 
CO.I> o~wic C!IAlt' CHAIN •NO A[ lu.RNS 

Si-800<.(T 

M 

FR 
MA 
5EARI 

(lq;l("Cl C.,.~C- !
-•'O<lM< 

-LOWU:'e'(L 

PRE:.SSU~E 
GAUG'f' 

0 

• Fig. 10. Example of a for.e-feed lubrication system showing a drilled crankshaft. Oil i.s supplied from oil pump throu11h 
4istributing pipes or tubes to crankshaft main bearings, thence tbrongh drilled passages to connecting-rod bearings. Oil pump rn 
this example is a gear type and is submerged. 

Path of Oil Cii-culation 
Oil poured into the filler tube flows down into the 

oil pan, filling it up to a height indicated by the oil­
level gauge. From the oil pan the oil is drawn up 

throu~h the oil fump, which is driven by a vertical 
shaft frnm spira gears on the cam shaft. 

The oil pump is a submerged gear-type surround­
ed by a screen, so that all oil entering the system is 
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thoroughly strained to remove the dirt or lint that 
might stop up the oil ducts. By following the arrows 
the flow of oil can be traced from the oil pan. 

By-Pass or Relief Valve 
Principle of the by-pass or relief valve which 

regulates the oil pressure: The ball is placed in the 
vath of the oil line with a spring tension behind it, 
and performs the same function as a safety valve 
on a steam boiler. When the pressure of the oil 
~i.rculation is reached, to which the spring tension is 
adjusted, the ball is forced open and oil overflows 
past the hole-in this instance, to the chain sprocket. 
In other words, it is merely a "relief-valve," and 
permit<, the oil to return to the oil pan without pass­
mg through the bearings. The pressure in the sys­
tem is indicated by the oil pressure gauge. 

The oil pressure gauge can be placed anywhere on the system, 
preferably at the farthest p0int away from oil pump. 1 There 

are certain positions of the crank shaft when no oil channels 
register and pressure would build up excessively high, were it 
not provided with some means of l'elense. 

If t_his regulating screw were set at too low a pressure, then 
the 011 would pass out under the ball and the crank pins might 
become dry. If set too high, the oil feed would be too great 
and smoke, carbon, and fouled plugs would be the result. 

Adjustment 
To increase _pressure: The pre!!.'>ure-regulatingscrew (Fig. IO) 

can be screwed down after releasing the lock nut, which increases 
the tension of the spring against the ball. '!'bus more oil pres­
sure is reouired to force the ball against t-he $.pring tension so 
that it will open the overflow opening. 

To decrease pressure, the regulat,i.ng screw is turned counter• 
clockwi.se, which l00$eDS the spring tension on the ball. 

It is best to make adjustment when the engine is warm and 
running at a speed equivalent to about 25 miles car speed. The 
scales on various gauges differ, some reading from Oto 15 or 25· 
some from O to 40 or 50. In general adjust so that needle react~ 
about 1/3 of points on scale. II possible, get manufacturer's 
recommendation. Be sure to tighten the lock nut. Always 
adjust oil pressure when the engine is warm. 

EXAMPLE OF A FORCE-FEED ENGINE LUBRICATION SYSTEM WHERE OIL IS FORCED 
TO MAIN AND CONNECTING-ROD BEARINGS AND CAMSHAFT BEARINGS 

Fig. 11. Example of a force-feed lubrication system showing 
drilled crankshaft. Oil is supplied from oil pump, through 
distributing pipes to crankshaft main bearings, connecting-rod 
bearings •and camshaft bearings. Oil is delivered under 1'res­
sure to ah bearings in the engine except the piston-pin beamigs. 
(Oldsmobile six, series E). Oil pump is a gear type and is ele-
·vated. • 

Path of Oil Circulation 

Tracing the course of the oil: An elevated gear type oil pump 
(1) is attached to the front end of the engine on the timing i:ear 
cover, and is driven by a. projection of the camshaft extending 
Uirough tills cover. 

The pump draws oil from a p0cket or depression in the center 
of the oil reservoir (2) by means of a pipe (3) on the outside of 
t.he engine and forces it into the camshaft (~). which is drilled 
hollow to the front journal. 

At this point, the oil passes out of the camshaft into an an­
nular groove around the journal which coincides with n. holo 
drilled in the crankcase (5) for conveying the oil to the front 
crankshaft main hearing, (5A). 

From this point (5A) the oil follows two courses; into the 
hollow crankshaft (6), and into the oil pipe (7), leading from 
the front bearing cap to the center (8) and rear main bear­
ing (9). 

A portion of the oil passes out at the crank pins (C) to lubricate 
the connecting-rod bearings. (On earlier Jobs a boilow cam· 
shalt formed the auxiliary oil passage to the center and rear 
main bearings.) 

From the center (8) and rear main bearings (9), the oil passes 
through drilled passages (JO, 11), in the crankcase to the center 
(12) and rear (13) camshaft bearings. 

The oil which seeps out of the main, connecting-rod and cam­
shaft bearings is whipped into a vapor which floats throughout 
the engine, depositing a. film upon such parts as the cylinder 
walls, pistons, piston-pins, valve lifters, and valve-stems. 

• For oil pumps, formerly on this page, see pages 162-163. 

Oil Pressure Gauge 

The oil-pressure gauge (14) on the instrument board registers 
its pressure from 1-1,e supply furnished the rear camsbait bear­
ing (13) which is the farthest point in the system from the 011 
pump (1). This assures oil pressure in all points of the line if 
pressure is shown on the oi! gauge. 

When the engine is warm and supplied with fresh oil, the 
pressure as indicated by the gauge should not be less than 
one pound for each mile per hour on high gear at low car 
speeds. . 

Any excessive drop in oil pressure would tend to i rldica.te 
thinning of the oil or an extremely loose bearing in the engine. 

The regulating screw for adjusting the pressure should not 
be reset to raise the oil pressure when either of these conditions 
exists, but the oil should be changed or the bearings taken up, 
which will correct the difficulty. No amount of oil under 
pre!!.'>ure will successfully take the place of metal which bas 
worn u.wny. 

Loss of pressure: I£ after oil has been replaced and engine 
started, the oil gauge on the instrument board fails to register 
pressure, it is an indication that the oil pump has lost its prime. 
Stop engine, remov.e plug from fitting on the oil pipe at top of 
oil pump and pour in sufficient oil to 611 pump body. Replace 
plug and start. engine. 

By-Pass or Relief Valve Adjustment 

Midway between the camshaft and crankshaft front bearings 
is a by-pass channel (l6) for the purpose of relieving the oiling 
system of any excessive quantities of oil (also le:>ds to and lubri­
cates the front-end drive chain). 

This by-pass is normally closed by means of a ball and spring, 
the tension of which is regulated by a screw projecting into the 
channel at the front left side of the engine. Additional tension 
on this spring will cause an increase of oil pressure in the system. 
Decrease or tension on the spring will ca use a decrease in pre,,­
sure. 

Filling 
Oil is poured through an opening (E, Fig. 12). The amount 

of oil in crankcase ca.n be determined by an oil-level indicator 
(D, Fig. 12). Attached to the top of the oil level indicator is 
an air clear;er which serve., to extract all foreign matter from 
the air passing into the crankcase. 

Crankcase Ventilation 

.Approximately one-third of the air that passes through the 
carburetor is drawn through the crankcase through a pipe (F) 
leading from nn opening in the valve cover to the carburetor air 
intake (Fig. 12). This air, after having been cleaned by the air 
cleaner (E) in the filler cap opening, unites with the more 
volatile parts of the lubricating oil (the unburned gusoline and 
water vapor which leaks down past the pistons as the left-over 
product of the combustion taking place in the cylinders) and 
carries a portion of it into the carburetor to be again admitted 
to the engine and burned. 
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F11;. 12. Crunk case ,·cntiluLion; Oldsmobile six, series E 
as an exa.mple. 

This method relieves the oil of water vapor and enou11h of 
the gasoline and other volatile matter to eliminate the proba-
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e.llicicnt combustion in t,he cylinders. 

Oil Filter 
An oil filter (15, Fig. 11) nssist.s still further in cleaning the oil 

used in the lubrication of the engine. It is atte.ched to the front 
of the da.sh and receives through a by-pass a portion of the oil 
from tbe line leading to tbe oil gauge (14). 

If filler becomes dirty or clogged, no oil will flow through it. 
Replu.ce with a new cartridge. In some cases, stoppage of oil 
flow may be caused by lint, et<,., collecting in the srnall brass 
fitting at the top of the filter body and not because of clogging of 
filter itself. Remove and clean. 

Renewing Engine Oil 

Renew oil at the end of the first 300 miles and at periods not 
in excess of 2,000 miles thereaftE>r on cars equipped with crank­
case ventilation and oil filter. On cars not so equipped oil 
ohould be changed every 500 miles in summer and 300 miles in 
winter. 

EXAMPLE OF A SPLASH-CffiCULATING ENGINE LUBRICATION SYSTEM USING 
A PISTON OR PLUNGER TYPE OF PUMP 

t.OWElt GuTTE:R.'5 Ott 'Tt1'E S!OE ~ ;tH~ OIL. ~~E'llVO\R 

UPPER GUTTE~S ON 51 OE O'F TH'E C!;!.ANt( CASE 

Fig. 13. Example of a splash-circulating lubrication system, 
sho"fog the path of oil circulation (Hudson and Essex). 

Path of Oil Circulation 
The o:I is taken from the oil reservoir at (A) through a filter 

or metal screen (Fig. 13). 
The oil is fed directly into the front compartment containing 

the timing gears nt (T) and their bearings, and flows from this 
into the first oil troui,h immediately under No. 1 cylinder. The 
dipper on the end of the connecting rod practically empties the 
oil trough at every revolution, throwing the oil into suit~ble 
channels or gutters on the side of the reservoir and crank case. 

The upper gutters feed the main bearings in a continuous 
stream. The lower gutter feeds the oil directly into No. 2 oil 
trough (Fig. 13). 

The splash from No. 2 oil trough feeds No. 3, and so on until 
No. 6 oil trough is renched, at which time the oil flows back into 
the reservoir. 

The two center bearings are fed by two troughs each. The 
front bearing is fed from the timing gears and one through, and 
the rear bearings are fed by two large troughs. It is apparent 
that all oil which ent.ers at the front end must circulate through 
the vo.rious troughs to the reservoir again. • 

Oil Pump 
Operation: The piston or variable stroke plunger-type of oil 

pump (Fig. 14) is opera.ted by a cam (G) with nn eccentric 
movement. The cam (G) is driven by a vertical shaft from the 
crankshaft. The pump is elevated. 

The cam forces the plunger in and a spring (S) forces it out 
again, thus creating a suction effect which draws oil from the 
lower oil-reservoir or oil pan. 

1 The Studebaker light six lubrication system, formerly on 
this page, and referred to in Index was taken out. The standard 
sfa replaced the light six cnr and uses a rngular force-feed 
ubrication system. 

Throttle control of oil pressure: The plunger (P) is also under 
the control of a.nother eccentric (E, Fig. 14A) wh,ch is connected 
with the foot accelerator and throttle control. Thus the 
quant.ity of oil pumped to the engine varies with the demand 
ma.de upon the engine. 

At slow engine speed the plunger is held in by the eccentric 
(E). Thus a shorter stroke is the result when the cam comes 
around. At a car speed of 18 to 20 m.p.h. the gauge should 
show l to 1 ½ lbs. of oil pressure. 

As the throttle is opened for higher engine speeds, the eccen­
tric (E) is turned away from the plunger, thus permitting a 
longer stroke of the plunger (P), and the gauge should register 
3 lbs. to 4 lbs. at high speeds. Tln,s it will be observed that the 
pressure is governed by the throttle opening. 

If the gauge does not register the amount in the manner 
described above, the pump mechanism should be investigated. 
On indication of a pump being inoperative, or if the gauge nec<lle 
shows no movemcnt 1 1nake sure that there is plenty of oil in 
the reservoir and that the engine is getting lubrication by 
splash, and can be run irrespective of the pump. Then you 
can drive in carefully and have the system examined. 

Failure of the gauge to register indicates: (1) lack of oil in 
reservoir; (2) dirty oil preventing pump valves from working 
properly; (3) air leak in oil pipe line; (4) improper adjustment; 
(5) improper tension on spring; (6) foreign mBtter under valve 
sen.ts. 

Priming the pump: In case you think that the pump is 
clogged, it is a good plan before taking it down to try priming it 
with the same kind of oil that you put in tho crank case. To 
prime the pump, remove the cap, spring and plunger and pour 
in oil until it fills, replace the plug, and start the engine. If 
priming does no good, then it will be necessary to clean the 
pipes in order to find the obstruction. It is also advisable to 
clean the oil strainer occasionally. When the pump is taken 
down it must be primed with oil, after replacing:. 

The spring above the delivery valve does not control the 
pressure of oil fed to tho engine. The gauge merely performs 
the function of showing that the pump is delivering. 

Evidence of Poor Adjustment 
1. Excessive and continued smoking at slow speeds. Sooty 

plugs. This indicates that the ndjusting eccentric does not 
shorten the stroke of the pump sufficiently. Adjustment 
of adjusting eccentric is necessitated. 

2. Oil-pressure gauge readings other then from 3/4 lb. to 1 lb. 
whell idling or 2 lbs. to 2 ½ lbs. at 30 m.p.b. speed. Eccen• 
trio adjustment necessary, or there is possibly a leak in the 
oil pipe lines. 

3. To check adjustment: Measure stroke as shown in Fig. 14A, 
by rnmo,•ing the plug and insert a match or nail in the 
hole, bringing it into contact with the plunger head. Tho 
pump can be felt going through its stroke. (Care must be 
taken in doiug this, as the fan runs very close to the plug 
and offers opportunity for injury.) 

1. When the engine is idling, with the throttle closed, the 
stroke of the plunger should be minimum ¼", ooaxi· 
mum 5/32". 

5. Be sure the oil is not thinned out ~nd is in good condition. 
6. Reassemble JlUmP, start er,gine, and notice pressure 

reading,,. 
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7. Should the gauge read less than 2½ lbs. at high spee<l, stop 
t-he engine, remove the ~Pring, as shown in Fig. 14, nnd 
stretch it slightly in order that there may be more spring 
tension on the delivery ball, thus iucreasiug the reading 
on the gaugej but this does not incrcnse the oil pressure. 
The pressure of the oil is increased only by the stroke of 
the plunger. Replace spring and aga.in test. 

8. If pressure is more than 2 ½ lbs. at 30 m.p.h. squcc,e the 
•Pring shorter and test; couple up the throttle lever with 
(B), as shown in :Fig.14.; start the engine an<l Jet it run with 
closed throttle. Thegaugeshoulclreadfrom ¾lb. tc 1 lb. 

ti. Engine hot. Dirty oiling sy,;tem, necessitating clea.ning 
and change of oil, with possible readjustment. 

10. A pressure reading at slow speeds-none at high speeds. 
Caused by the adjusting cam permitting the plunger to work 
at slow speeds, but stop_ping 1t at high speeds. Adjustment. 
of cam (E) necessary. It is us1ially advisable to remove the 
oil pan, and to clean a.nd refill with new oil in case of any 
oiling troubles before mnlcing any adjustments. A draining 
and replenishing of the oil supply is ach~sahle every 500 
miles; or arter the first. 250 miles witb a new car. 

Fig. l.4 (left). On outer stroke of plunger (P) oil is drawn 
from oil pan through n 50 me.,h screen up through the ball 
check. Un inner stroke of (P) oil forces delivery valve open 
and flows to engine. Fig. HA (right), Adjust.ing oil pump. 
(Hudson nnd Essex.) 

Vig. 15. Control mechanism of oil supply. Note position 
of adjusting screw (A) at t.he Jert encl of the cross-rod. 'l'be 
stroke of the oil pump is decreased by turning this screw (A) 
in a counter-clockwise direction. (B) is a crank connected 
with a shaft which passes through an outer tube (T), and the 
inner end of this sha.ft is connected with the ndJustin.ii: cam 
(E, Fig. 14A) which governs the nmount of stroke of plunger 
(P, Fig. HA). The arm (B) connects with t.he foot accelerator 
and throttle control; thus o.s the throttle is opened for higher 
speeds t.he adjusting earn (E) is moved to a j'osition which 
gives a greater stroke of plunger (P); consequent y the quantity 
of oil pumped to the engine varies wit.h the opening of t.he 
throttle. 

To Adjust Oil Pump 
1. Loosen t.he thro!Ue arm (B) on the pump-control eccentric 

(E) nt the left side of the engine. 
2. Turn the control eccentric arm (A, Fig. 15) with a screwdriver 

until, with the engine idling, the stroke is minimum Yf', 
max.imw:n 5/32", measured us shown in Fig. 14A. 

3. S!'t'::'!d~he engine up; note oil pressme. It. should he ns 

4. Lock adjusting screw (A) to lever (B, Fig. 15) by means ol 
the clamp nut provided. 

Dodge Engine Lubrication System 
The Dodge four-cylinder engine (not illustrated) is n.nother 

example of a splash-circulating system. 
The oil gauge on the dash should show a pressure of 2 t,o 4 lbs. 

nt 20 m.p.h, If the pressure is too low or too high nnd investi• 
gation shows that adjustment is .required, remove the springs 
in the by-pass, stretching it for more pressure or cutting it off 
for less pressure. 

To determine whether oil is flowing through the feed pipe 
inside the crank case when the gauge does not work, it. is best 
first to remove the oil inspection plug. If oil spurts out with 
the ent,rinc running, it sho\\.·s that trouble is in the gauge. 

OIL CIRCULATING OR PRESSURE GAUGES, OIL-LEVEL INDICATORS, 
OIL PUMPS, OIL PURIFYING DEVICES 

The purpose of an oil gauge is to indicate if the 
oil is circulating and in some systems it also indicates 
the pressure within the lubrication system, as in 
Figs. 10 and 11. 

There are two types: (1) "sight-feed" (2) "pres­
sure." 

The sight-feed gauge is seldom used. Generally, when used, 
it is with a "spla.sh-circula.ti.ng'' oil system, where oil is only 
forced t.o the t.iming: gears and to the oil troughs. The sight­
food gauge mouutet.l on the cl~h hus two pipes connected to it. 
uncl the oil can bo sce11 circulating (not illustrated). 

Fig. 16A 
Fig. 16. Internal view of oil gauge showing the Bourdon 

tube B, the principle used on many other kinds of gauges. 

fo'ig. 16A. External view of oil gauge. 

The pressure oil gauge bas one pipe connected 
to it, and oil is not supposed to reach the gauge. 

At low speeds of the pump the oil will probably 
go one-quarter the height of the pipe leadi11g to the 
gauge, and at high speeds about three-quarters. 

1 Seep. 160 under "Adjustment" for an average adjustment. 

The oil as it rises compresses the air in this pipe 
up into the thin metal expanding tube (B) (Fig. 16). 
The greater the speed of oil pump, the greater the 
air pressure in (B), which causes it to tend to 
straighten out, thus operating (R), (P) and (N). 

The scale readings on the dials of the various 
types of oil-pressure gauges may read anywhere 
from Oto 15 or 25; some from O to 40 or 50.1 

The high-range gauges are usually used on force-feed lubricat,.. 
ing systems, whereas the low-range gauges are used on splash 
systems; however, it is really unnecessary from an operntin~ 
standpoint to have a high reading on th~ scale, so long as sonic 
pressure shows. lf the necclle is well up on the scale under 
normal driving conditions, it is s.n.fe. Very few gauges are cn.liw 
bra.ted so that the scale reading iuclicat<¥.3 tht, actual pressure 
in pounds with any degree of accuracy. 

The amount of pressure as registere<>. ,n the gauge1 is (;e­
pendent upon the speed, temperature, body or viscosit·1 or 
thickness of the oil, and the mechanical condition of the e.igine 
with regard to wear. 

Ma,cimum pressures will be indicated at given SP.!'ecls when 
the engine is cold ru,d the oil is fresh; the pressure will be higher 
when th.e engine speed increases; minimum pres~mres, when 
t.he engine is hot nnd the oil becomes thin; or when the engine 
speed decreases, or when the oil becomes diluted. Bcarins, 
wear will also decrease the oil pressure where force-feed or fu.H 
force-feed systems are employed. 

PrncticaJly all engine lubricating oils become less viscous from 
use, even uoder normal conditions. Running the engine too 
long with the "choker" control lever pulled back will cause tbe 
oil to be thinned more ra•pidly, owing to the condensation of 
gasoline from the rich mixture. 

Too high a pressure will cause abnormal oil consumption. 
This should be adjusted noeording to the pressure recommended 
by the manufacturers. Always adjust when the engine is 
warm. 
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An c:xcess.ive pressure on the gauge may also indicate the 
cloggiog of the system. If after the engioe is warmed up the 
pressure is exc~sive and tho regulation does not vary it, then 
it can be attributed to clogged pipes. 

Oil-Gauge Indications 
If the needle fails to indicate or drops to zero: This indicates 

tha-t the oil level is low, or that for some reason oil is not circu­
lating. (1) Seo ii there is oil in the oil pan, the oil-level indi­
<-ator may be stuck. (2) If there is oil, then disconnect the 
union leading to tbeoil pump; run tbeengine. If oil/lows, then 
look for air leaks, in piping, or ill tube (13), Fig. 16. If oil does 
not /low, then look for the clogged strainer, pump, or pipes, 
faulty or broken pump shafts, or spring, or pump connect.ions 
loose, or pump not primed (this last-mentioned condition could 
result from lack of oil or washing crankcase with kerosene). 

Jo cold weather it may be an indication that tho cold test of 
the oil you are using is not sufficiently low, and that the oil has 
congealed to a. point where the pump cannot draw it from tbe 
oil pan. Do not continue to run the engine if the hllnd on the 
gauge vibrates excessively, or returns to zero, or if it remains at 
zero a.lter starting the engine. 

Note: The oil gauge needle vibrates with each impulse of 
the plunger when used with a plunger type of oil pump. With 
a gear type of oil pump it should be steady, or nea.dy so. 

Sometimes, when tube (B), Fig. 16, is expanded out of normal 
shape by too high a pressure, the needle fails to return to zero. 
In some instances, thls tube cnn be pressed back into shape with 
the fingers. It is usually made of light spring copper. 

If the needle reads lower than usual: (I) Look for air le:.ks. 
(2) Loose bearings permit oil to pas., freely, reducing the pres· 
sure. (3) Thin oil or oil diluted with gasoline, due to excessive 
primi11J!: may be the cause. (4) Pressure adjustment at pump, 
or at "ball and spring" relief valve not properly adjusted, or 
weak, or broken spring, or scats worn on ball or cracked, may 
account for tbe trouble. (5) Worn pump gears. 

If the needle reads higher than usual: (1) Heavy or cold, 
congealed oil, which produces back-,prcssure, due to slow circula­
tion; (2) obstruction in 01l_pipes; (3) new and tight bearings 
after overhauling engine, will all produce hi:;her pressure, ns the 
oil will not circulo.t,e n• freely as "·hen loose. If the oil gauge 
shows full pressure when runnjog at aslov.· speed, foreign matter 
has become lodged jn distributor pipe. 

To Test Oil Pipes or Tubes 
If an air leak is suspected, remove the oil pipe at the Couplings 

an<l test tbem carefully with air pressure, submerging them in 
wn.tcr to make the test. 

If the pipe is clogged, remove it, and use air pressure. 

Oil-Level Indicator 

The oil-level indicator is for the purpose of de­
tennining the amount of oil in the oil pan or res­
ervoir, and is the only sure method. 

There are three types in general use: the float type as shown 
in Fig. 10, page 159; the bayonet type ns shown in Fig. 17; and 
the pet cocks in the oil pan, ns on the Ford (Fig. 6, page 158) 
and on some truck engines. 

Fig. I 7. Oil-level indicator of the bayonet 
type. It is inserted in the side of the crank 
case. To determine tho quantity of oil in the 
reservoir, pull the rod out (engine not runnin~). 
wipe free front oil, and insert iuto the case again. 
Pull the rod out a.second time, and the amount 
or oil in tho bu.so can easily be determined by 
noting the height at which the oil shows on 
the rod. Ernpt,y, half-full and full positions 
:trc usually shown by grooves in the rod. 

Oil Pumps 

There are three types of oil-circulating pumps in 
general use: the gear type (Fig. 18), the plunger or 
pis.ton type (Fig. 19) and the rotary or vane type 
(Fig. 20). 

Fig.18 Fig. 19 Fig. 20 

Gear Pump 
The gear pump is usually driven from the cam shaft or the 

crankshan. The oil is drawn into the spaces between the teeth 
and then forced out to t.he distributing pipe. 

There are two methods of mounting a gear pump: One, by 
having it submerged in the oil, and another, by having it 
elevated above the oil level. In the latter case it is necessary 
that oil be drawn up to the pump before it will ci1·culate, and 
quite often, if the oil level reaches a point where the pump loses 
its suction-effect, it will be necessary to prime it. 

The submerged gear-type of oil pump is self-printing. The 
submerged pump ";th a large screen will lend itself to the cir­
culation or heav1et-bodied lubricants with greater ease than the 
system with the elevated pump and small screen. 

Plunger or Piston Pump 
The plunger or piston pump (Fig. 19), quite often used ";th cir 

culating-splasb oiling systems, consists of a plunger in (P) which 
draws the oil into the pump at (D) on the suction stroke, 
through a ball valve (B). On tho return stroke, the ball valve 
is closed and oiJ·,s forced into the oiling system. The rod (R) 
of the piston pump (Fig. 10) is connected by an eccentric strap 
(E) to an eccentric on the cam shaft, which moves the piston in 
(P). On some systems the plunger is driven directly by a cam. 

The adjustment of the piston pump (Fig. 19) is made by 
shortening or lengthening of the st.roke which has the effect of 
regulatini; the flow of oil. The longer the stroke, the more oil 
flows, ana vice versa. 

Rotary or Vane Type Pump 
Another type of pump, as used on the Chevrolet is a rotary 

pump similar to tha.t in Fig. 20, which is not submerged. 

Priming the Elevated Oil PUillp 
If the gauge fails to operate, after finding that the reservoir 

contains oil, then all oil-line joints and gasketssbould be checked 
for tightness and the pump primed by removing the plug from 
the fitt.ing on the oil pipe at top of oil pump, and pour into the 
hole n quantity of oil, sufficient to fill pump body. lleplace 
plug and start the engine. 

Sometimes the gear-pump gasket in head of pump may be 
loose, owing to loose screws. This may not only cu.use n, leak, 
but may permit end play in the pump, causing local circulation 
in the pump but not in the oil line, and the oil gauge will not 
indicate. 

Oil Strainer or Screen 
An oil strainer is usually located at the lower end of tl1e oil­

suction J,)ipe for the purpose of straining the oil before it enters· 
t,he oil-c,rculating system. Should thiB screen become stopped 
!!.J> with foreign substances, it can be removed and cleaned. 
Too fine a screen impedes suet.ion when oil is co.Id. Screens run 
about 20 to 40 mesh for best practice. 

When dra,i.ning oil, remove the screen and clean thoroughly. 
Sec page 167 discussing frequency for draiuing and renewing 
oil and clenning screen. 

Oil-Purifying Devices 
In conjunction with the circulating type of lubricating sys­

tems, ·various devices are sometimes employed to remove the 
fuel, water, carbonaceous, and other foreign material which 
collect, in and contaminate the lubricating oil. 

These devices ma.y be either heaters or rectifiers ,,vbich evapo. 
rate the fuel and water, or filters which strain out t.he solid 
material circulating with the oil. In some designs, both opera­
tions are pedormed by a single unit or device. See pages 1006 
159, 161. ' 

CORRECT LUBRICATION OF AN AUTOMOBILE ENGINE 

In order to provide correct lubrication, the oil in 
service must perform the following functions: (I) 
separate the friction surfaces with an oil film to 
prevent metal-to-metal con tact; (2) seal the piston­
rings against leakage of compressed gnses or burned 
gasesf· (3) assist in transmitting heat from piston 
to cy inder walls. 

Dctc1·rnining the Conect G1·ade of Oil 

Experience has proved that it is just as important 
to use the correct grade of oil as it is to use a high 
quality of oil. 

The selection requires scientific knowledge and 
practical experience, not only with lubricating oil, 
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but with engines, a combination which the average 
person is not likely to possess. For this reason it is 
suggested that the correct oil for an engine be 
selected, not by specifications, but by recommenda­
tions of oil refiners who, by scientific knowledge and 
engineering experience, have worked out charts with 
brand names and grade designations for the various 
cars for winter and summer use; usually this infor­
mation can be obtained at the oil stations.' 

How Engine Lubrication Requh·cmcnts 
arc Analyzed 

The purpose of the discussion which follows is 
w give the reader an idea how the recommendations 
of an oil to be used for a certain make of engine were 
arrived at by the engineers. 

Experience has shown that there are four basic 
lubrication factors which must be considered in 
analyi;ing the lubricating requirements of an engine. 
These factors are: (1) operating temperatures; (2) 
method of oil distribution; (3) piston-ring seal; (4) 
carbon sensitiveness. 

(1) Operating Temperatures 2 

All oils tend to thin out with an increase of temper­
ature, and the extent to which an oil will thin out 
will depend not only on the temperature but on its 
original body and character. After heating, the oil 
regains its original body when cooled. It does not 
remain thinned out unless diluted by liquid fuel. 

The heacvier and more constant the load, such as 
with airplane and tractor engines, the more fuel is 
burned, and consequently, the higher the operating 
temperatures. Therefore heavy-bodied rich lubri­
cants would be desirable. This heat, which is 
usually greatest at the piston, must be conducted 
through the oil and metal walls before it reaches 
the water jacket, therefore liberal cooling surface is 
necessary. 

Automobile service seldom requires more than a 
small fraction of the available engine power for any 
length of time. Therefore it would operate under 
low temperatures, and oils of lighter body would 
probably be necessary. 

1 A chart of automobile recommendations 
is issued by 

the Socony-Vaouum Oil Company, Inc. (makers of Gargoyle 
Mobiloil), Advertising Department, 26 Broadway, New York, 
N.Y. These will be sent free to readers of this book on request. 

• The chart specifies the correct grade of oil for enoh car and 
model for the last four years. 

'The maximum temperature in the cylinders, at the top of 
the explosion stroke is approximately 2700° F.; the minimum 
temperature during the suction stroke, about 250'°" F.; average 
temperature during the four strokes. about 950° F. These are 
temperatures in the cylinders to which the outer side of the 
oil film is exposed. 

The oil which is between the cylinder wal.ls and pistons is 
kept below the flash point (about 500° F.) by being in contact 
with the metal which conducts the bent away th.rough. the water 
circulation. 

Cooling the lubricating oil. On some racing cars and high­
speed marine and aeronautical engines of high compression and 
speed, where heat is excessive, due to operating under full power 
for long periods of time, the. oil is cooled by leading the oil out 
of the engine base, where the temperature can be lowered, before 
pumping it back into the engine. 

The reason for cooling the oil is the fact that an airplane 
engine usually runs at full power for long periods of time and 
considerable heat is generated. The oil also loses its heavy 
lubricating film that is so very necessary between the bearing 
surfaces, and thins down to a point where the lubricating filrn is 
reduced. Hence the advantages of keeping oil at a low tempera­
ture. Cooling. oil on pn.ssenger car engines is seldom, if ever, 
necessary. 

• When speaking of winter temperature, this means a temper­
ature of Jess than 32° F.; sum.mer means a temperature of 
more than 32° F. Th.ese temperatures are a guide as to when 
to change the oil. Oils usually become chilled and start to 
congeal at a tomperatu,·e of o• F. for winter oils and 25• to 40° 
for summer oils. Another term eometime used is sub-zero 
temperature, meaning n. temperature below zero. 

The higher the engine speed, the more frequent will he the 
heat impulses, and the higher will be the operating temperature. 

With sleeve valve engines, the heat flow from the piston is 
restricted as shown in Fig. 21A, by the added oil and metal walls 
which it must traverse before it reaches the water jacket. 
Consequently v.-ith sleeve valve construction, higber piston 
operating temperatures are normally encountered than in 
poppet valve engines where the heat has to flow through. but 
one oil film and one metal wall before it reaches the cooling 
water, as shown in Fig. 21. 

The design of the engine materia-Ily affects the operatini 
temperature. Air-cooled engines run hotter than wa.terMcooled 
engines. T.he pistons of sleeve-valve engines attain higher 
temperatures than those of poppet valve engines. 

(2) Oil Distribi;tiou 

Lubricating oils vary widely in fluidity, that is, 
in thickness or body. Some flow freely in cold 
weather through small passages; others will not 
circulate under such conditions. 

Systems in which oil is distributed by splash must 
use an oil light enough so that it will readily atomize 
in order that it reaches all of the parts to be lubri­
cated. A heavy oil might fail to do this. 

Systems in which oil is forced to the crankshaft 
and connecting-rod bearings by a pump could use a 
heavier oil in many instances, as it will be mechani­
cally broken up in a fine mist or spray regardless 
of its body and character by its being thinned when 
forced through the bearings. 

In a few instances. however, due to special features of opera­
t.ion nnd design, heavy-bodied lubricants cannot be used in force­
feed systems. 

Other factors which affect the distribution of 
lubricating oil in winter and summer" are, the type 
of oil pump, design of oil .screen, and dimensions 
and location of the oil piping. 

If the oil pump is located below the oil level in 
the crank case and does not have valves which may 
fail to operate, it will ordinarily circulate a heavy­
bodied oil in cold weather. On the other hand, if 
pump is located far above the oil level or has valves 
which may not act properly in the presence of 
chilled oil, as with some plunger type of pumps, an 
oil of lighter body and which will remain fluid at low 
temperatures will be necessary in order to establish 
oil circulation as soon as the engine starts. 

If oil screens have a large area and coarse mesh 
similar to that which surrounds the submerged gear 
pump, a heavier oil could be used than one with 
small area and fine mesh; only a very tluid oil could 
be drawn freely through the fine screen at low 
temperatures. 

Where the oil piping of the suction line is of con­
siderable length and located where it will chill 
rapidly in cold weather, the oil pump may fail to 
lift the oil unless it is exceptionally fluid at low 
temperatures. Consequently on designs embodying 
elevated pumps requirmg long suction lines, a fluid 
or free-flowing oil is necessary in cold weather. 
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(3) Piston-Ring Seal 

The ability to spread, stick, film, and seal varies 
with different oils. These properties depend some­
what on the body of the oil. Effective sealing of 
the piston rings against loss of compression, as ex­
plained on page 169, is one of the ma.jor functions 
of a lubricating oil. 

(4) Carbon Sensitiveness 

All oils and fuels, when burned in the combustion 
chamber of the engine, are likely to leave a residue 
which may not be entirely expelled through the ex­
haust and becomes carbon. Carbon may come 
from either the fuel or lubricating oils. 

Carbon deposit from lubricating oil in the com­
bustion chamber will depend upon four things as 
follows: (1) the character of the oil (if ·clean bum-

ing)1; (2) the body of the oil (usually oils of a heavy 
body tend to leave more carbon und':)r the sam~ 
operating conditions); (3) en(!;ine operating tempera­
tures; (4) the amount of oil reaching combustion 
chamber.2 

The tendency toward carbon formation must be 
analyzed from three distinct standpoints as follows: 
(1) Wbether operatin~ conditions promote carbon 
accumulation, sucb as mtermittent rwming for long 
periods of time under varying power; (2) Whether 
the engine construction is such that an excessive 
amount of oil will work past the piston-rings into 
the combustion chamber; if so a clean-burning oil' 
of light or medium body is usually preferable; (3) 
Whether engine is a type in ,vhich a slight amount 
of carbon interferes seriously with its performance 
(such as engines developing high compression and 
with a tendency to knock). 

OIL SPECIFICATIONS 

Oil specifications, such as its flash-point burning­
point, viscosity, cold test, etc., are valuabie data to 
the oil refiner or to the laboratory, but mean virtual­
ly nothing to the car owner or garage man. 

As previously stated, the user should be guided by 
brand names and grade designations of the kind of 
oil to use, ratlier than by oil specifications. 

In order, however, to give the reader an idea as 
to what some of the specification terms mean, the 
following is given. 

Flash and Bw·ning-Points of Oil 

By flash-point and burning-point (also termed fire-point), is 
meant the temperature at which the oil, when heated, will flash 
and burn, explniried as follows: 

Oil when heated generates gas, just as gasoline docs when 
heated. "!'he best; gasoline eogine oils generate little or no gag 
at ordinary temperatures, but at high temperatures of, say, 
350° to 450" F., they would generate a sufficient amount of gas 
so that it could be ignited with a match and would thus pro­
duce a flash and go out instantly. This is termed the flash­
point. 

If the heat is increased to, say, 400° to 500° F., and the match 
applied, the generation of gas would be so rapid that it would 
continue to burn until the oil was nearly all consumed, unless 
extinguished. This is termed the burning-point. A low quality 
of oil would perhaps flash at 300' F., and burn at 350' F. 

The flash and burning-points are lowered soon after the oil 
is put in use, from fuel dilution. The initial flash and burning• 
point, H they are within a reasonable range, have little influence 
on the effectiveness of the oil as a lubricant. 

Pour-Point, or Cold Test of an Oil 

nnother test is the cold test which determines the ability of 
the oil to withstand extreme low temperatures without getting 
solid, or the temperature a.t which the oil congeals. Some oils 
finish with a cold test of as high as 60° above zero, others ranging 
lower and very few as low as 1.5° to 30° belo,v zero. 

A cold test can be made by placing some of the oil in a Jong 
narrow tube and inserting a low-rending thermometer. Pack 
the tube in a freezing mixture or salt and ice. After the oil has 
frozen, remove the tube and incline it at an angle of 60'. When 

l A clean-burning oil is one that will be completely consumed 
ln the combustion chamber of the engine without leaving a 
carbon deposit. 

• Bear in mind that carbon deposits are dependent on carbu­
retor adjustments to a large extent. Rich mixtures tend to 
promote carbon, as the beat in the engine is less and all the fuel 
is not burned. 

a Federal Specifications VV-L-79la covers the methods for 
so.mpling·and testing 1 ubricanls nnd liquid fuels, including de­
tailed instructions for determining viscosity by the Saybolt 
viscosimeter. The specifications can be obtained by writing 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C., nod inclosing Post-Office Money Order for 
15 cents. 

the oil starts to run down the tube, read the thermometer. This 
reading is known as the pour-point. It should be low enough 
so that the oil will be readily circulated in the lubricating system 
in any engine under consideration. 

The use of lubricating oils at low temperatures will depend 
upon its remaining fluid, otherwise the oil congeals, with the 
r~ult that the engine will be difficult to start, the oil will fail to 
circulate properly through the lubrication system, and all parts 
of the engine may not be lubricated. Climatic conditions are 
considered in selecting an oil from this point of view. 

Viscosity of Eni:,rine Lubricating Oi1s3 

. Viscosity refers to the body or fluidity of an oil or any other 
liquid. '!'he viscosity of oils and liquids varies when heated. 
The viscosity of an oil does not indicate its lubricating quality, 
but only determines its fluidity. By this term is understood 
~h~ flo\\~Dg property of the oil at a standard temperature, and 
It 1s usually measured by determining the rate at which the oil 
will flow through a small tube of standard climeosious. 

Tpe method adopted in this country to determine the viscosity 
of o,ls ,s known as the Saybolt method, which is the passing of a 
certain quantity of oil (60 cubic centimeters) heated to a definite 
temperature, through a standard orifice or port· the time it 
takes the oH to run tbrou~h, expressed in seconds, is the vis­
cosity. • 

To make a viscosity test, a viscosimeter is used. One type 
g~nera,lly used is known as the Saybolt Standard Universal 
:V1scos1meter. In order to give an idea. as to the principle 
involved in the test, a simplified illustration is shown in Fig. 22. 

CAR 

Fi1;1. 22. The test is mad.e by filling the 
can (A) with oil to be t""ted and heating 
it t,o 100" F. A stop-watch is then used 

to determine the number of seconds 
reqJJired for the oil to run throug~ 
the nipple (N). The same process ia 
repeated with the oil at a. tempera­
ture of 210' F. 

No definite viscosity can be stated here as a standard test for 
an oil, 118 poor oils can be refined to 611 nearly any viscosity 
specifications. 

Viscosities of oils, to give an idea, and at 100" F., would be 
approximately as follows: Light oil 200 to 260 sec.; medium 
260 to 400 sec.; heavy 400 to 800 sec.; extra heavy 800 to 
1,300 sec. 

At 212' F., light oil 43 to 47 sec.; medium 47 to 55 sec.; 
heavy 55 to 70 sec.; extra heavy 70 to 100 sec. 

The above is not at all standard with refillers. The refiner's 
recommendation of his own grade for any car should be followed. 

A simple ••feel" test of the viscosity of an oil being used in 
the engine is to rub a small quantity of the oil between the 
thumb and finger, and compare it with the feel of new oil '1ndcr 
the same test. 



166 DYKE'S INSTRUCTION No. 16 

ENGINE LUBRICATING OILS 
Crankcase lubricating oils suitable for automobile 

engines are sometimes classified as extra-light, 
light, medium, medium-heavy, heavy, extra-heavy. 
Some oil-refiners give brand names to specify oils of 
different viscosities. See page 1062B for the S.A.E. 
viscosity numbering system for clas:,ifying crankcase 
1 ubrica ting oils as to body or viscosity in place of 
such terms as "light," "medium," etc. 

The selection of the viscosity of oil depends upon 
the temperatures at which it will be used the clear­
ance space, the general character of the fubricating 
system, and the oil economy required. 

Heavy oils are generally used with high temper­
atures, large clearances, unrestricted circulation 
systems, and where maximum oil economy is de­
sired. Lighter oils are used with low temperatures 
small clearances, restricted circulating systems, and 
where oil economy is not such an important factor. 

Many factors must be considered in selecting the 
proper oil to use, some of which are: if the engine 
is new or reconditioned; easy starting in cold 
weather; hard driving in warm weather; has the 
engine a splash or force-feed lubrication system, 
or a combination of the two; etc. 

From the foregoing it can be seen that it is a dif­
ficult problem for one not thoroughly informed on 
the subject to determine from his. own knowledge the 
best viscosity of oil to use in all cases. It is for 
these reasons that operators should follow the car 
manufacturers' recommendations. Owing to changes 
in engine design with closer fits, etc., also changes in 
oil refining methods, the engine oils now recom­
mended by many car manufacturers are of lighter 
viscosity than formerly. 

Breaking in a New or Reconditioned Engine 1 

The process of breaking in a new car or reconditioned engine 
by gradually glazing or burnishing the bearing surfaces. by care­
ful initial use, has much to do with the length of the life of the 
parts that come in contact with each other before wear makes 
replacement necessary. 

The breaking-in process consists of: (1) us-fo.g a oood, r:cry 
lioltt <>il having a pure mineral or petroleum base, for the first 
300-500 miles; then drain when hot, and llush the oil pan and 
crankcase with flushing oil to remove any abrasive or grit that 
may be pr~ent, either from production or initial wear. Refill 
with fresh oil of t/,o body r,co,mnended by the man1<facturer; (2) 
do not drfoe in excess of 25-30 m.p.h. during the first. 500 miles, 
or at. long continued high speeds for the first 1,000-2,000 miles 
(varies); (3) imm.erliatcly after st(l.rtinu q cold cnoinc (new oi· not). 
engine should be allowed to run at idle speed for n few minutes 
before driving, and then should not be driven faster than about 
20-25 m.p.h. until a normal operat.ing temperature is reached. 
Warming-up met.hods in cold weather, such as racing the engine. 
etc., producing excessive speeds of therot.ating and reciprocating 
P.arts, may cause damage to the frictional_ surfaces or the eogine 
,f pra.cticed before the engine has rea<:hed normal temperature. 
l\fanufacturers may vary on these in&t.ructions, owing to fac­
tors pertaining to different engine designs, too lengthy to men­
tion herei therefore follow man·ufacturera' in-structions. 

• Special tune-up oils can be obtained which, it is claimed, can 
·be added in each cylinder before spark plugs are replaced, or 
fed through the carburetor air intake, which will remove gum 
and carbon, thus giving quick relief from sticking valves. 

Graphite in an Automobile Engine 
The use of specially prepared graphite mixed with cylinder 

lubricating oil when properly used, it is claimed, will improve 
compression, fill up the scores in the cylinder walls and prevent 
vu.Ives and rings from sticking. 

According to the manufacturers of graphite, it is the softest 
solid mineral known and forms a sleek firm mirror-like film on 
the bearing su.rfa<'.,e_s which fills up all the sma.ll pores and irregu­
larities in the surfaces and prevents metal to metal contact.' 

Some authorities object to the use of gr,iphitc in the crank 
case oil as it m,iy clog some of the oil passages. 

Graphite should not be mixed with the engine oi! on engines 
equipped with oil filters as it would fill the filter prematurely. 
A graphit-0 manufacturer su~gests that for engines so equipped, 
graphite may be introduced through o.ir intake of <.arburetor. 

Castor Oil 
Castor oil has the property of retaining its oiliness under very 

high temperatures and severe oonditiollll, but it also bas the 
property of gumming nnd forming a black coating or film on tlie 
mside of engine, resulting in sluggish engine operation after n. 
time. It has been used in racing and airplane engines but 
engines used for this purpose are usually dissa,;sembled and 
every part. thoroughly cleaned at frequent intervals, hence this 
coating or gumming is not a factor to be considered. A high­
quality mineral l?bricant is now collllidered more satisfactory. 

CORRECT USE OF ENGINE LUBRICATING OILS 
It is just as essential that proper care and atten­

tion be given in using the lubricating oil as it is for 
that oil to be of high quality and of the correct body. 

The oil should not be allowed to drop to a low 
level. Crank case should not be over filled, as this 
promotes excessive oil consumption, smoking and 
carbon deposit, due to the piston rings not being 
able to take care of the excess, thus permitting the 
oil to pass to the combustion chamber. 

Dilution and Sludge 
Dilution of the crankcase oil by unburned fuel is 

always present, in summer as well as in winter. It 
is found in its most aggravated form during winter. 
This condition has led engineers to adopt several 
different means of heating the mixture so as to 
change the fuel mixture to a gas in order to obtain 
more complete combustion. 

In addition to heating the mixture by. means of 
hot-spot exhaust manifolds and other means, the 
engine jacket water temperature is important. 
When this temferature is normal (about 170° F.) 
some of the fue that has become mixed with the oil 
is thrown off, but in winter cars are operated in the 
majority of cases only for short periods of time and 
low jacket water temperature prevails and dilution 
continues. 

As the fuel in the crank case oil is driven off by 
heat, the oil becomes thicker, more nearly approach­
ing the body of the fresh oil. It is evident therefore 
t.hat the original oil body would be restored if all 
fuel is driven off and this is very closely approached 
in a true oil reclaiming system, 

Crankcase ventilation, by permitting a circula­
tion of air through the crankcase, forces out water 
vapors and unburned gases while it is still in a vapor 
state, before it condenses and dilutes the oil. • 

Water in the products· of combustion. The percentage of 
water formed depends upon the proportion of gasoline to a.ii'; 
n rich mixture or a. lll.l"ge percentage of fuel to air will form more 
water than a lea.n mixture. In summer tbis water vapor 
pas.~es out with tlle exhaust. but in winter it enters tne crank 
case and condenses. Its presence there is a me.nace to the 
engine, because it either freezes in the oil pipes, before the heat 
of the engine 1nelt-s it, or it forms an emulsion, a thick pasty 
sludge substance which clogs the oil screen and oil pipes.' 

1 Instructive literature on the use of "dag" colloidal graphite, 
for breaking in new e.nginos, lubrication of the upper portion or 
automobile cylinders, and crankcase lubrication, can be ob­
tained by writing Acheson Colloids Corp., Port Huron, Micb. 

, Instructive literature on the use of graphit-e for automobile 
lubrication may be obtained by writing to Joseph Dixon 
Crucible Co., Jersey Cit.y, N.J. • 

, Oil filters prevent the accumulation of dirt and sludge in 
the crankcase oil. One well-known make i!J the Purolator 
made by Motor lm])r?vements, foe., New!'rk, N.J. Tbe sealed 
filter unit through which the 011 fl.o,.,.s contmuously as the engme 
operates. collects all dirt and fiJ!e particles o( foreign subst.ances 
that find their way into the o,l or lubncating system. After 
8 000 miles of operation the Purolator should be replaced wit.I, 
a' new one because it has become loaded with this mass of dirt 
and can no longer fu1lction. The connections are $ueh, how­
ever

1 
that the oil would continue to circulate independent of 

the filter but would not be filtered. Other makes are: Briggs 
and Stratto1> Oil Clea,ier, made by Briggs & Stratton Corp., 
Milwaukee, Wis.; Cuno A-uto-Klcanfiller, made by the Cuno 
Engineering Corp., Meriden, Conn.; flanAy Oil Conditioner, 
made by the Handy Governor Corp., J?etroit, .Mich.; Klemm 
Filtmtor made by the Klemm Automotive Products Co., 1718 
N. Da~en Ave., Chicago, !II. Liter11t\lre fr~e. McnMon 
D11ke' s .ii 1<10 Enc11cwpedfo. 
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Thinned, diluted oil may cause a number of lubri­
cating difficulties. In a number of cases the thinned 
oil will pass the piston rings, resulting in fouled spark 
plugs. Thinned oil is squeezed more easily from 
between the bearing surfaces resulting, in time, in 
bearing wear. It does not provide as complete a 
piston-ring seal, pel·mitting a blow-by, which not 
only increases the dilution already present, but may 
become so bad as to carry with it the major portion 
of the oil film on the cylinder wall, thereby causing 
scoring of cylinder walls and piston. See page 1075 
"Dilution test." 

Pt·ecautions To Assist in Preventing Dilution 
I. Avoid excessive use of the carburetor choke; after starting 

give engine t.ime t.o ,varm up somewhat before driving. 
2. Avoid too rich a mixture adjustment; use as lean a mixture 

ns possible; too lean, however, may burn the valves on hard 
cl.riving. 

3. Do not operate engine when it continues to misfire; some 
of the unburned gasolrne finds its way to the crankcase. 

4. Keep ignition system in order; its efficiency affects dilution; 
interrupter points should be kept clean nnd the proper gap 
maintained; spark-plug gap should not be too wide, in 
order to promote easy starting in cold weather; battery 
should be kept fully charged because with a cold engine the 
pull is so great the volt.age drops to as Jo,v as 4 volts. 
weakening the spark, thereby causing missing of cxplooion 
and more raw gasoline to be drawn in. 

5. Maintain good compression _by ke-epi11g vahres, pistons, and 
piston rings from leaking. Maintain proper bearing clear­
ances. See item (0) page 171. 

6. Avoid excessive idlini: and slow driving in cold weather; 
at very low speeds obJcctionable suction sets in. 

7. Keep front of radiator closed up in cold weather; until 
engine is warm (see also pages 150, 644). 

8. Drain oil frequently, especinl1y in winter. and refill with 
correct grade of oil recommended by the manufacturer. 

9. Keep oil filter and air cleaner in good operating condition. 

10. Replenish oil supply frequently in small quantities. rather 
than in largo quantities after long periods of operation. 

IL "!}se a high quality oil that resists dilution to a maximum. 

When To Drain and Renew Oil 
The frequency of oil changes depends upon oper­

ating conditions. It is impossible to give definite 
rules that will satisfy all classes of equipment and 
all conditions of operation. It is obvious that opera­
tion on dusty roads without air cleaners and without 
properly functioning oil filters will require more 
frequent oil changing than operation on clean hard­
surf aced roads with good air cleaners and filters. 
Other factors to consider are the condition of the 
engine itself, such as leaky piston rings, and if engine 
has crankcase ventilation and if the oil breather pipe 
is equipped with an air strainer. 

In general the frequency of changing oil is a 
compromise dictated by best judgment between the 
cost of changing oil and the increased maintenance 

cost produced by failing to do so. The best plan 
is to follow manufacturers instructions. 

Oil should be changed more often in the winter than in the 
summer, owing principally to the reasons given under "DiJu­
tion." A lighter oil should be used so that it will heat up nod 
circulate quicker, also permit easier starting, thus requiring less 
current to start. Another suggestion for cold weathei-in fact, 
any time-is to declutch when starting, and thus save the cur­
rent required to plow the transmission gears through cold 
congealed oil. 

Draining the Crank Case 
Draining the crank case can be incorrectly done though the 

operation may seem simple. Draining should always be carried, 
out immediately aft.er the engine has run, while the oil is hot 

and fluid. If this is done the rapidity 

~f1°~t t1i!1 ~:dt~!~t··~~~ ~lid ~;1~!:: 
actually in suspension in the oil and it, 
may be unnecessary to flu.i:;b crank case 
after drainin,:. 

Do not flush with kerosene, for in the 
majorit.y of engines a portion of the 

·j kerosene will become trapped either in 
i1 splash troughs in the many pockets 

Fig 23 found in the crank case under the tim-
• ing gears, over beariugS, etc.1 and will 

remain to dilute the fresh oil. 

To flush: Open plug at bottom or crankcn.se to allow the old 
oil and sh1dge to drain out. thoroughly. Remove oil screen and 
clean. Replace plug and screen, and n.dd a.bout two quarts 
(or half tbe oil capacity) of fresh light engine flushing oil, which 
i.s similar to engine oil but much lighter und le.55 expensive. 
Sta,·t engine and rui, it at idling speed for about. two or three 
miuutes. Step on the running board and rock the car back 
and forth to allow the fresh oil to wash the interior of the engine 
tho.roughly. Remove drain plug again (also the screen if 
engine design permiis), drain off .. and refill with the proper grade 
of fresh oil. 

The oil pan and oil screen should be removed and cleaned 
according to the manufacturers instructions. If screen js 
clogged. no oil can circulate properly. The importauce of this 
operation increases in dusty Letritones. 

The cylinder oil which is drained from the crankcase or an 
engine is usually diluted with gasoline, din. and sediment, nod 
should not be used again unless properly reclaimed. 

Heavier Oils in Worn Engines 

VVhile heavier oil may iu some instances soften 
the noise emanating from worn parts for a time, it 
is not advisable to use it for this purpose alone. 

No oil can take the place of metal that has been worn away. 

No oil can seal piston rings that have become worn or are a 
misfit in their grooves. Blow-by will take place with any oil­
even the heaviest bodied oil-under these conditions. In some 
cases it may not circulate properly and may thus fail to reach 
all moving parts. 

The only remedy is to fit new rings, and pistons also if neces­
sary. H, however, the cylinders are out-of-round, tapered, 
or scored (see page 814 on this subject), the cylinder must be 
enlarged and over-Rize pistons and ring$ fitted. New rings and 
pistons nre not sufficient. if cylinders are not round and true. 
See pp. 828, 814B on expander& and when UJ enlarge cylinders. 

. If oil is too light in body, an excess quantity will be used: the 
pIBton rings may not be able to provide sufficient seal and oil 
will work through into the combustion chambers, where it 
deposits carbon. 

ENGINE LUBRICATION TROUBLES' 
Effect-too much oil: Smoking at exhaust; car­

bon in cylinders; pre-ignition and knocking; carbon 
on valves necessitating grinding (piece of carbon on 
valve seat, holclina valve open, will soon burn and 
warp valve); spark plugs become fouled; excessive 
consumption of oil. 

Cause-too much oil: Oil pan too full; oil pres­
sme adjustment too high; piston pumpmg oil or 
rings leak oil. 

Effect-not enough oil: Overheating; seized beal'­
ings or pistons; scored or cut cylinders; knocking. 

Cause-not enough oil: Oil level in oil pan too 
low; oil pressure improperly adjusted; oil pipes 
clogged; oil screen is clogged; pump not operating. 

Scored Cylinders, Pistons, Burned Bearings 
Burned bearings on a crankshaft or elsewhere 

mean that the bearing surface is cut, caused by fric­
tion from lack of oil. 

A "scored cylinder" means that there are scratches 
or cuts in the cylinder, caused by lack of oil, which 
permits the compression and also oil to leak through 
the cuts. A "scored piston" and i·ings is due to the 
same cause as well as to other causes. Scored cylin­
ders may be caused by the wrong grade of oil, and 
by dirt in the oil, as well as by lack of o ii. 

I See page 163 for oil gauge i ndic.-.tion.s. 
'See pages 106, 171, 82•1B and 833A £or n discussion of the 

importance of running-in a ne,v or reconditioned engine, in order 
to assure a highly polished or glazed surface. 
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If the engine is not getting enough oil, the cylinder will be­
r.ome so hot that a hard metallic knock will sLart and the exces­
sive heat will finally cause the piston to stick or "seize" in the 
cylinder. (Runn;ng without proper water circulation will also 
cause excessive heat, knocking, and finally seizing.) 

Another common cause of a scored piston and cylinder wall 
is the dilution of the lubricating o;I by gasoline. The heavy­
!!!ade fuel is difficult to vaporize, especially in cold weather. 
To get an explosion, priming is resorted to-and right here is 
where much damn,:e is done to an engine. If ignition is good, 
the engine probably will start because a little of the fuel hM be• 
come vaporized at that particu]ar engine temperature. But most 
of the gasoline remains unvaporized and washes the oil from 
the cylinder walls. lt does not thke long for a piston or cylinder 
to score under such conditions, or where the oil is highly diluted. 

Many drivers forget to release the choker, and a vast amount 
of unnecessary fuel is drawn into the cylinders for a long period. 
This raw fuel mixes with the oil 011 the cylinder walls and 
gradually finds its way into the cre.nk-Ca.'le sump, with the result 
that the oil is reduced to the consistency of a thin liquid and 
has no lubricating value whatever. 

It is well to bear in mind, too, that a cylinder which "misses" 
allows fuel to get into the oil in even i.reater volume than when 
the cy liuder fires, because none of the fuel is burned. 

Another cause of scores is that the piston pin sometimes 
works loose and cuts the walls of the cylinder. 

If the piston sticks or "seizes,u stop-wa.it until it cools, 
and then fill the oil pan to correct level; also fill the radiator 
with water alter the engine has cooled sufficiently. 

The engine should then be inspected before driving, to see 
if any damage bas been done. If no obvious damage has been 
done, a thorough examination should be carried on to determine 
whetner or not the running without oil has burned the bearings 
or caused other trouble. This can be ascertained by starting 
the engine, and if it pounds or knocks, it is a certain indication 
of bearings burned or cylinders scored. See, also, Index under 
.. Seized pfaton.11 

Water in Crank Case 
Principal causes of water in the crank case are leakage in 

cylinder head gasket, or moisture condensation or sweating in 
cold weather. 

To demonstrate moisture condensation, hold n piece of cold 
• meLal near the end of the exhaust pipe of engine and note how 

quickly condensation will collect in drops of water on the cold 
metal. This is due to the exhaust gases, which are charged 
with water vapor, striking the cold surface. 

A certain amount of these gases pass the piston and rings even 
under favorable conditions, and there will be a formation of 
water in the oil reservoir in a greater or less degree until engine 
becomes warm, at which time the crank case no longer acts 
as a condenser and this water is either expelled in the form of 
vapor through the exhaust, or else is evaporated in the form 
of steam through the crank case breather pipe. 

Short runs in cold weather will aggravate this condition, but 
even under the best conditions a small amount. of ,vater may 
always be expected in the oil reservoir. Sometimes when 
engine is standing, the water settles to the bottom of oil pnn or 
reservoir and freezes in cold weather, thus clogging the oil leads 
and covering the pump screen with ice and leaves bearings and 
cylinders unprotected. 

About the only remedy, if there is a tendency of water con­
densation is to drain the oil more frequently and select good fuel. 

In cold weather drain a cupful of oil from crank case after 
engine is run and warmed up. but allowed to stand idle for about 
fifteen minutes to settle. If there is any water present, this 
will remove part of it at least. 

Sludge formation: Even high-quality oil, which, in its fresh 
state, will readily separate from water, may form a thick pasty 
"sludge" when contaminated with the dirt and carbon dust 
always present in the engine crank case, and mixed with this 
water and the unburned portions of fuel from the combustion 
chambers. Such sludge may form an obstruction in the lubri­
cating system, or accumulate on the surface of the oil-pump 
~creen, preventing circulation. 

In renewing oil SUP.ply, be sure all sludge is removed. If this 
is not done, sludge will be formed in the new oil with surprising 
rapidity. 

Smoke Indications and Ca,use 
If the vapor is black and foul smelling, it is caused by too 

"rich a mixture" (too much gasoline); this can be rem,edied in 
the carburetor adjustment. 

If the smoke is white or blue, the engine is supplied witb an 
n~cess of oil. 

If the smoke is grey, there is too much fuel as well as lubricat­
ing oil. 

The reason an engine excessively supplied with oil smokes 
is that there is too much in the crank case; the entire lower 
portion of the connecting rod will dip into it and the lubricant 
will be forced into the cylinder to work by the rings on the 

piston, then into the combustion chamber. thence out through 
t.he exhaust. The same applies to a pressure feed or force 
system where the pressul'e is too high. 

If there is a black gummy deposit on the spark ,plug it will 
indicate which cylinder is getting an excess of oil. 

Leaky piston rings are quite frequently the cause of excessive 
smoke. It can also be caused by the piston or piston-rings 
pumping oil (see also page 832). • 

Daffie&:·.' : 

pJate • . "':vr 
( .. 

Fig. 24 B.P 

A method formerly used, and still used on some marine and 
stationary engines, for preventing trouble caused by excessive 
oil, was a baffle plate, as shown at (BP) in Fig. 24. This is a 
simple plate of sheet metal in which a slot is cut, through which 
the connecting rod works, thus preventing an excess amount of 
oil finding its way into the cylinder. This method has also been 
used in some automobiles. 

Oil-control piston rings, explained on page 826, constitute a 
modern method of reducing excessive oil con$umption. 

Oil Dl'ips from Engine 
Oil drips can come from cap screws being loose on the crank 

case; from worn bearings, out of the ends of the crankshaft; 
from the push rods or tappets above the camshaft; through the 
valve cover plate (not ti11bt); where generator fits to crank 
case (if not tight). 

On some cars the fan often picks· up the oil oozing from bear­
ings and throws it over the inside of the hood. 

OilPmnping 

Oil pumping is a term used where oil is pum_ped 
from below the piston to the combustion chamber. 
When this occurs, it produces excessive oil consump­
tion, a smoky exhaust, a.nd carbon accumulates m 
the combustion chamber, resulting in sooty spark 
plugs, which in turn causes missing of explosion.· 

When an engine misses explosion, a part of the 
unburned gasoline usually p~es to the crank case, 
thinnin~ the oil film on cylinder wall and diluting 
the lubricating oil in the oil pan. This results in wear. 

After wea.r occurs, burning gases will blow by the 
rings removing part of the lubricating film, resulting 
in further wear of rings and cylinder walls. The 
leak past the piston rings then increases, causing a 
loss of compression, dilution of the oil, and oil 
passes around the rings out through the exhaust, 
causing smoke, aJl of which results in a loss of power. 

Oil pumping is usually attributable to leaking past 
the piston rings, and this may be due to several 
causes, such as enumerated below: 
J. Worn piston rings or cylinder walls, wbjch permit the ring 

to expand and enlarge the ring gap, permitting oil to pass the 
gap. 

2. Piston ring tension or expansion force insufficient, permitting 
oil to pass between the ring and cylinder wall. 

3. Worn ring grooves, or rings improperly _fitted to grooves, 
permitting the ring to possess perceptible up-and-down 
movement, causing a pounding action of the l'rngs on t-be 
side.s of their grooves which tends to increase the enlargement 
ol the groove at a very rapid rate. Th.is fermits oil to pass 
around the ring; in tac,, this is where oi pumping usually 
commences. As the piston travels down, the ring moves 
up and oil collects under and_ behind ring, in its groov~. 
As the piston travels up, the ring moves down and the oil 
is forced or pumped out above the top edge of ring and into 
combustion chamber. (See Fig. 25 explaiwng this action.) 

4. Pistons fitted with too much clear~ce permit oil pump.ing, 
even though the rings are properly fitted, because the nngs 
cannot take care of the excess oil between cylinder wall and 
piston. 

5. Too high an oil pressure will produce an.excess amount of oil 
which will overta.x the capacity of the nngs. 
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6. Too much oil, especially in splash-lubricated engines, tends 
to promote oil pumping. 

'l. Vacuum is another cause of oil pumping, as explained below. 

Ring 

1 

Fig. 25. When ring pounding sets in, piston-ring slot clear­
ances enlarge to such an extent that no oil "'ill seal the piston 
rings. See item 3 under oil pumping on page 168 for e,-plann­
tion of these illustrntio11s; see also page 832. 

Vacuum Cause of Piston Pumping Oil 
When you see blue smoke issuinlj'. from the exhaust, it indi­

cates that too much lubricating oil IS being conswned. 
If this occurs regularly at all speeds, it is generally due to 

piston rings. 
If it occurs only when the engine is run at low speeds for long 

periods, or idling at the curb, it is due to either cause as follows: 
When the engine is run fast less vacuum is produced in the 

cylinder, because more gasoline and air is drawn into cylinder. 

When the engine is throttled down, ouly a little air is allowed 
to enter, therefore more of a vacuum is produced, the tendency 
1>eing for the vacuum to suck up oil from the crank case past 
the piston rings, • 

No doubt you have seen many a car start off from a stand­
still after the engine has been running slowly for a. time, and 
have watched clouds of smoke coming from the muffler. Grad­
ually, as the car gets under way, the smoke gets less, and finally 
no smoke ·is evident unless the mixture should be too rich, in 
which case the smoke is black. See Index for meaning of the 
word j!Vaauum." 

Prevention of Excessive Oil in Combustion 
Chamber 

If the piston rings are properly fitted to the grooves 
in the piston and have equal expansion pressure at 
all points of their circumference in the cylinder walls, 
and the pistons have the proper clearance-and the 
correct oil is used which seals the piston rings-very 
little oil pumping will occur, that is, providing the 
cylinder walls are not out-of-round or scored. 

Oil-control piston rings are used extensively to 
control oil pumping. Various types are explained 
on page 826. 

Some of the other methods employed that have been and are 
still employed to prevent oil pumping are shown in Fig. 26. It 
is not the writer's intention to recommend any particular one of 
these methods, the ides being merely to show some of the various 
methods. 
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Fig. 26. In I at (A) is shown 
one method for overcoming some of 
the troubles due to an excess of oil. 
Note the chamfered lower edge of 
the second ring groove (B) i 3\, "holes 
are drilled from the cho.miered edge 
to the inside of the piston. This 
is for the return flow of the excess 
oil. An extra large hole in each side 
over the piston-pin bearing and run­
ning into it. will improve it.s lubdca• 
tion and insure long life. The num­
ber of small holes around the cham­
fered edge should.be determined by 
the extent of the fouling. 

At 2, is shown the chamfered lower edge of the second ring 
groove and the small holes drilled through the piston in the 
recessed space about the middle. Here, as at 1, the number of 
holes should be determined by the extent of the fouling. 

At 3 is shown the chamfered lower1 edge of the bottom or oil 
ring. 

Fig. 26A, Showing a method of chamfering the lower• part of 
the lower ring. To "chamfer" means to bevel t~e part_ as 
shown above, with a. file or emery wheel. The 11lustrat1on 
gives an idea of the a.mount and angle of the chamfer. This will 
permit cylinders to get oil, but will prevent oil working past the 
rings into the combustion chamber, providing, of course, that 
the cylinder walls are not "scored" a.nd ring fits the groove 
pro_perly. The treatment applies ouly to those cylinders in 
which the spark plu_gs are constantly oil-soaked, usually No. l 
(front), and often No. 4 (rear). 

Piston Ring Seal2 

Effective sealing of the piston rings against loss of 
compression is one of the major functions of a lubri­
cating oil. 

Even though the piston rings fit the grooves of 
the pistons and cylinder walls properly, there is a 
possibility of a leak by the rings unless oil of the 
proper body and character is used, in order to seal 
the rings under the temperature and pressure condi­
tions which prevail inside of the engine. 

The chief factors affecting piston-ring seal are the 
number and type of rings, the engine speed and load, 
the operating temperatures, and the tendency of the 
engine toward fuel dilution. 

With an adequate number of rings the tendency toward 
blow-by is minimized, a.nd light-bodied lubricants provide an 
'adequate sea.ling effect. 

U the engine speed is high, there is insufficient time for the 
gases to displace the oil film. On the other hand, with slow­
speed engines, the greatest possible sealing ability in the oil 
is desired, particularly if the engine operates under heavy 
loads. 

With high operating temperatures, the sealing ability of the 
oil is reduced, but a much more serious reduction takes place ii 
the engine characteristics are such that unvaporited fuel con­
tinually acts to dilute and thin out both the oil film• on tbe cylin­
der wall and the oil supply in the crank case. 

Where such action is likely to take place, the utmost possible 
sealing effect is desirable in the oil, providing that some other 
detrimental result is not brought about by a. lubricant possessing 
those sealing characteristics. 

It is important that, uoder normal conditions of design and 
operation, too heavy an oil should not be used, as it tends to 
create nn excessive friction drag, thereby reducing the engine 
efficiency. 

In engines where too heavy and viscous< an oil is used, the 
loss due to the excessive friction of the oil alone often amounts 
to sev<,ral horsepower. Consequently it is essential that the 
possibilities for such losses be taken into consideration in select­
ing the correct grade of oil to meet the piston seal requirements 
of an engine. 

The oil film.3 which protects the friction sm-faces 
in the engine is hardly thicker than the page you a.re 
now reading. It makes no difference how much oil 
is poured into the crank case. The only oil that 
protects the engine is this thin film between the 
moving metal parts. 

And this thin film is not the cool oil you pour into 
your crank case. In use, the oil heats quickly, and 
all oils will thln out under heat, but permanent thin­
ning of the oil by dilution with the fuel is what causes 
most troubles. • 

1 Although the piston ring here is shown chamfered on the 
lower edge, it is oftentimes chamfered on the upper edge,so that 
the ring rides the oil film on up-stroke and pushes it down on 
down-stroke. . 

• Piston-ring seal means the prevention of compressed gases 
above piston !rGm escaping. Piston o.nd 1ings form part of the 
seal, but the oil film must take care of the space between cylin­
der wall and piston. 

• Oil film is the thin coating of oil between bearing surfaces, 
which separates them from actual contact. 

'Viscous means a thick or heavy body, like molasses; of high 
viscosity. 
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Part of the oil goes off in vapor, just as hot water 
gives off steam. With an oil film only .003" or less 
thick, this vaporization must be reckoned with. 

To get full protection, you must have a constant, 

full, even oil film. You must have an oil which will 
stand the heat of service, and oil which is not diluted 
excessively with gasoline. Hence the reason fc.r 
changing the oil in the crank case often. 

UELATION 01<' CARBON TO LUBRICATING OIL AND FUEL 

The Cause of Carbon Deposit 
Carbon itself may come either from the fuel or 

from t.he htbricating oil, usually from both. 
Carbon deposits tend to a,:;cumulate whenever 

more oil passes the pistons th:i.n can be burned up 
hy the fuel charge. 

All oil that gets to combustion chamber should 
burn up, as a new film is constantly being worked 
to the upper cylinder walls by the pist-0n. In a 
heavily loaded1 engine, heat is sufficient to consume 
heavy oil, but a lightly loaded2 engine does not run 
hot enough to consume heavy oil; hence a residue 
is left which stews int-0 a carbon formation. 

Some oils are clean burning, others turn to gum­
my, sticky masses, and still others (coke) to hard 
and dry but abundant carbon formation. 

Fig. 27A 
Fig. 27. Showing points in the combustion chamber where 

carbon deposits are most likely to gather. H bakes on the 
cylinder beads, pistons, nnd valves by the heat of explosion. 
This carbon deposit will build up very much more quickly if 
it has a bed to build up on, such as would be produced by a 
lubricating oil, which, when exposed to the heat of explosion, 
would leave a gummy deposit, or if pa.rt,; are rough. Carbon 
collects rapidly. One starting point at which carbon begins 
to collect is shown in Fig. 27 A : soon there is a mound at this 
point. The ra.pidity with which carbon collects can be greatly 
,·educed by smoothing the walls of the combustion chamber, 
especially the top of the piston. The surfaces should be 
polished with emery and crocus cloth. 

All fuels and lubricating oil contain carbon, since 
they are formed by the chemical combination of 
carbon and hydrogen in various proportions, 

The heavier and richer the lubricating oil, the 
greater the amount of carbon entering into its 
chemical structure, but the amount which will be 
deposited in an engine depends not only upon t-he 
amount a-nd character of the oil passing the pistons, 
but also upon the conditions of combustion or burn­
ing of the fuel mi,ture. 

When an engine is operating under heavy load, 
there is ample flame to consume cleanly, large 
quantities of rich lubricating oil; under light loads 
and if the mixture is over-rich, tending to burn with 
a sooty flame, carbon will accumulate rapidly, even 
with an exceptionally clean-burning oil which 
passes the pistons in very small quantities. 

If the amount of air entering the carburetor is 
not sufficient to insure complete combustion, we 
have what is known as a rich mixture. This is a 
slow-burning mixture, rather than an explosive one, 
and will cause excessive carbon deposit. 

1 Heavy load means that an engine is normally required to 
deliver a large portion of its available power, for example, a 
tractor, airplanes, marine engines, ra.cing automobiles. 

2 Light load means that an engine is normally required to 
deliver a small portion of its available power, for example, a 
passenger car. 

For example, if the wick of an oil-burning lamp is turned too 
high, too much oil will be drawn through the wick for th~ 
amount of air entering the lamp to fonn coinplete combustion. 
The lamp will smoke, nnd soot (which is carbon) will be de· 
posited on the chimney. 

In selecting the correct grade of oil for an engine 
from the carbon standpoint, it is necessary to deter­
mine accurately its tendency to knock, its ability to 
burn up the lubricating oil cleanly, and the possi­
bilities for an excess of oil passing the pistons. 

The service in which the engine is used largely 
determines its ability to burn up the oil while the 
amount which actually passes the pistons depends 
upon many features of the engine design and con­
struction. 

If the engine is one which is likely to be sensitive 
to carbon deposits, a clean-burning, light-bodied oil 
must be used, unless the method of cont-rolling the 
oil supply is exceptionally effective. 

On the other hand, if the engine is not sensitive 
and the working conditions are severe, a rich, 
heavy-bodied lubricating oil may be used without 
encount.ering any detrimental carbon deposits, if 
other factors make its use advisable. 

Bad Effects of Carbon Deposit 
Carbon deposit will cause knocking, missing of 

explosion, and burned valves, a part, a combination, 
or all of which will result in a loss of power. 

Knocking: It was at one time thought that "pre-ignition" 
was the cause of "carbon knocks," that is, by highly heated 
carbon particles becoming red-hot and igniting the charge before 
the spark occurred and before the piston was on top of its 
stroke, thus forcing the piston back ngninst its momentum. 
Tltis however, bas been disproved to a certain extent, as it has 
been found that the knock comes after the spark has fired the 
mixture and therefore it is not necessarily due to pre-ignition. 

Two factors, acting either alone or together, tend to promote 
knocking or detonation of the fuel: first, high compression; 
second, abnormnl heating of the fuel charge in the cylinder. 

Carbon tends to induce knocking, because, being 
a non-conductor of heat it becomes overheated and 
prevents the free flow of heat from the bmn.ing fuel 
charge to the metal surfaces. 

General overheating due to lack of water or other 
causes acts in the same way. Any part of the com­
bustion chamber not properly cooled has a similar 

• effect; hence the presence or absence of such parts, 
commonly ·termed "hot spots," has au important 
bearing on the tendency of an engine to knock. 

Where the engine compression is high or when 
hot-spots are apparent in the design, carbon accumu­
lations must be reduced to a minimum; on the other 
hand, in an engine which is not sensitive, they may 
give little indieatiou of their presence. 

Missing of explosion may be caused by the carbon 
collecting in the spark-plug shell or at the points 
and short-circuiting the high-volt-a~e electric current 
across the gap. A part of the unourned fuel then 
passes out the exhaust and a part of it passes to the 
cranl, case, washing off the oil film and diluting the 
oil. 

Valves are often held open by pieces of carbon in 
the seat with the result that t.he valve is burned, as 
explained on page 769. Carbon also collect.s under 
the head of the valve where it is joined to the stem; 
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and, due to its being a non-conductor of heat1 tho 
valve head and stem warp, owing to excessive neat. 
The valve stem also becomes gummed from un­
burned carbon residue, and a sticking valve result.~. 

Precautions to l\1inhnize Cm·bon 
Carbon cannot be prevented entirely, but it can be reduced 

in formation by following precautions mentioned below: 
l. Avoid too rich a gasoline mutme by properly adjusling 

carburetor. 
2. Avoid the use of the wrong grade of oil, as well as a poor 

grade. An oil that is t.oo heavy for the engine will form 
exces.,ive carbon, even though it be of high quality. Use 
only an oi1 that is recommended for yo\U" engine by n reputa­
ble oil manufacturer. Seo paragraph, •· In selecting the 
correct grnde of oil for an engine from the carbon stand­
point" (page 170). 

3. Avoid unnecessary Idling. 
4. Avoid too much oil and too high a p,..,.ure. 
5. Avoid operaling an enpne when it continues to misfire. 
G. Drain the oil often, as explained on page 107. 
7. Poorly fitted piston rings, as explained on page 168, such a., 

worn grooves, etc., also lmproper piston olearnncc should be 
remedied. 

8. Avoid allowing the oil in the crank cue or oiling system to 
deteriorate to the point that it becomes so thin that oven a 
wcll-6Uing piston ring "111 not prevent a surplus of oil from 
passing into the combustion chamber. 

9. Poor bearing fits or exccuively worn mnin aod connecting• 
rod bcnrihgs, in a force or rressurc-fcod system. will allo": 
an cxcc8Jlive quantity of oi to pass through t.he bearings. 
This is thrown to the cylinders, causing over-oiling nnd 
carbon. Dearing fits should be checked occasionally. nnd 
adjusted (see pages 7 83-785 on benrin11 adjustment and tests). 

OIL GROOVES IN MAIN AND CONNECTING-ROD BEARINGS 

Bearing grooving should follow the practice of tho 
leading mnnuiactw·ers. 

Fig. 28 Oeft). Cross-groove often used for splash-lubricntcd 
engjne bearings. 

For force-fe"d lubriealed eneine bearingS Lhe grooving should 
be held to a minimum in order that the actuol bearing area may 
be kept far;e. The grooving in Fig. 28A (rij!ht) is a type which is 
fairly common in force-feed bearings. U•unlly n short spirnl 
groove or lonQ:itudinal channel at point where oil is fed is pro,. 
Yided. Cr0'88-grooving in a force-feed system allows too much 
oil to leak from the bearings (see also page 782). 

Keep oil grooves out of the pressure side of your bearing, 
whenever the pressure is one sided, as in Lhe crank-pin or lower 
ronnecting•rod bearing. 

"Running-in" a New Engine 

Fine grooves (not visible to the eye) are left on 
the piston by the cutting point of the lathe tool 
when originally made. Also pear-shaped pits aro 
left by the grinding machine on tbe cylinder walls. 
When the ongine is new the projections are in the 
fine-line stngo. 

With an ordinary temperature, at say, .003" piston 
clearance, the projei:tions will pass one another. 
When the temperature of the engine is raised tho 
projections will touch from ex-pansion, and if tho 

speed is excessive, tho temperature is raised which, 
in turn, increases expansion, and friction takes place. 
The projections then imbod themselves in the 
recesses opposite them, which will cause a stuck or 
"seized" p1.ston, with the attendant condition of a 
"scored" or cut cylinder wall. 

Care is necessary to use plenty of oil and to run at 
normal rates of speed until the projections gradually 
chan~ shape, and are bent over in such a way that 
the high porn ts fill the recesses. A void driving moro 
than 25 miles per hour for the first 500 to 1,000 milos 
in a now car. 

After the enpe baa been run 1,000 miles with 
care, the piston and c1linder surfaces become very 
smooth and polished. See also pages 833A, 824B, 
633. 

When the engine stands over night, don't immedi­
ately race the engine to warm it up, because the 
oil has drained from bearings, cylinder walls, etc. 
Consequently it is going to take a few minutes to 
lubricate these parts properly; more so1 if the oil is 
cold and congealed it will require warmmg so it will 
circulate freely. Therefore at first let it nm slowly 
for a minute or so. 

Glazing cylinders is nn important operation whon 
running-in a new or reconditioned engine (see page 
82-!B). Running-in after reconditioning an engine 1s 
discussed on pages 833A, 833B. 

LUBRICATING ENGINE ACCESSORIES 

Some of the parts under this heading are included 
in chassis lubrication, but will be discussed here. 

Fan bearings are frequcntl;v neglected. These bearings are 
all isolated from the lubricating system of the eni:lnc, and so 
need separ!\le and periodic attention. 

On many engines the fan hub is hollow nnd •crves as a reser­
voir for the lubricant. On some engines tho fan hub is provided 
with an oil bolo that is closed by a ball check, and on some others 
an oil or grease cup is at the rear of the fan spindle. 

Every 500 miles lubricate these bearinp, using either light 
grease or a heavy engine oil, according to the design of tbc 
bearing and the lubric~tin; fitting provided. 

Generator: As a general rule, the generator requires little 
attention. However, unless the bearings are periodically lubri­
cated e.>:cessivo wear and costly bearing repl:1cement "ill result. 

Generators in all instances nre pro,ided with small oil boles 
or cups for the armature bearings. When the drive of a 
generator is by mea.ns of a chain which is onelosed, this end is 
usually lubricated with the chain and the other end is lubricnt.ed 
by hand, In Fig. 20 both ends would require lubrication. 

E_very _500 miles fill these oilers "ith four or five drops of light 
engine oil. 

The starting motor is not in constant operation, like tho 
generator, and does not need as frequent attention to lubriCA• 
Lion. Like the generator, oil holes or cups aro usually provided 
for the armature shaft bearings. • 

_ Every ,l.000_ miles 611 these oilers with four or five drops of 
hght engine oil. See also pages 209, 212, 219 for lubricnting 
distributor and interrupter. 

The ignition distributor shaft bearings are designed either 
for oil or grease lubrication. In either instance, however, 
periodic attention is very necessary. 

Every 500 miles lubricate with either engine oil or grease 
nccordmg to the connection. Guard against over-lubrici,tion. 
Oil or grease should not work up into distributor housing. 

Control connections, such as for ~nition levers and joints, 
carburetor throttle levers, and joint,i, nceelerator, etc., should be 
lubricated every 500 miles with light engine oil. 

Water-pump shaft bearings are usually provided with grease 
cups or arcase connections. Unless a grease of the correc~ 
viscosity and quality is used, ns soon as tho water get" hot, the 
grease melts and w~ ter \\ill sometimes leak out the grease cupa. 
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Every 300 miles screw down the grease cups one or two turns, 
and when empty refill with a high quality light grease. Some 
water pumps are provided with oilless packing$ which require 
no lubrication. 

Rocker arms and parts: In en!lines of the vaJve-in-head type, 
these parts are usually automatically lubricated by engine oil. 
Where these rocker armB, however, do not receive lubrication 
from the engine it is very essential that they should be periodi­
cally lubricated with engine oil. 

Either oil cupS or wick-filled oil wells are usually employed. 
!~very 500 miles fill or soak th<'Se oilers with engine oil. 

Engine support arm: Many engines are of the three-point 
suspension type. In such designs the manufacturer provides 
. for the lubrication of the center engine support arm bearing, 
usually at the front ol the engino. 

Every 1,000 miles lubricate this bearing with either -oil or 
grease, according to the design. 

Timing chains or gears are usually lubricated automatically 
by t!ie oil relief or by-pass valve (see page 160), or from the front 
camsbaft bearing, and sometimes from the main bearing. 

Oil rectifiers. or filters: Clean periodically as recommended 
in instruction book of car ma.nufacturer. Renew strainer or 
cartridge on oil filters every year, or as recommended by manu­
facturer. 

Gear-shift lever bearing: Lubricate every 500 mile;. 
Door handles, door hinges locks, and windshield working 

parts, starting-motor button, brake rods and joints, clutch and 
brake pedal shafts, top of steering-gear post, srould be given 
a few drops of oil occasionally . 

Horn lubrication: See page 444. 

TRANSMISSION LUBRICATION 

Drain and flush out twice a year, spring and fall. 
Drain after having run car, or when in warm garage, 
or under conditious where lubricaut is most flmd, 
so that it will drain out readily. 

Refill with correct transmission lubricant, as rec­
ommended by the car manufacturer or oil refiner 
of established reputation. 

There are several grades of gear lubricants avail­
able, and the manufacturer's recommendation is 
based on the ability of the oil to be properly dis­
tributed, 1 to lubricate and cushion the teeth of the 
gears under pressures encountered, and to prevent 
metal-to-metal contact, and to avoid leakage which 
might oil-soak the brake bands. 

A heavy-bodied, fluid gear oil is usually required. 
In some instances a more fluid oil is necessary to 
assure distribution. On the other hand 1 a semi-fluid 
lubricant may be essential in some designs to mini­
mize leakage. The lubricant should remain fluid 
in winter and not get too thin in summer. Stiffness 
in the gear-shifting is art indication that the lubri­
cant has congealed, the result of cold weather. 

The quantity to use is generally determined by 

filling until the lubricant overflows from an oil-level 
plug hole on the side of gear box. Higher levels 
tend to cause leakage from the bearings. 

If there is no oil-level plug, fill those types where 
countershaft is below the transmission shaft, until 
the lubricant just covers the body of the counter­
shaft. Where the shafts are side by side, the lubri­
cant should touch the underside of 'the countershaft. 

Leakage is usually caused by over-lubricating, and 
the oil works out from the bearings. Worn bearings, 
loose bearing packing rings, and oil that is too thin 
will also cause leakage. Under-lubrication will cause 
noise and wear. 
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REAR AXLE (DIFFERENTIAL) LUBRICATION 

What is said relative to the draining and lubrica­
tion of the transmission also applies to the rear 
axle, with some exceptions, as follows: 

The drive pinion,2 differential, differential bear-. 
ings, and axle shafts are enclosed in the rear axle 
housing which is usually designed to be oil tight. 

The lubricant to use depends upon the type of 
rear axle. Since the drive pinion and differential 
ring gears, like the transmission gears, operate under 
heavy pressures and are subjected to severe shocks, 
their lubricating requirements are similar in many 
respects. The lubricant must coat and cushion the 
gear teeth under pressures encountered. It must 
flow perfectly to all parts, and at the same time 
minimize leakage on to the brake drums, so far as 
this can be done by the lubricant itself. 

A semi-fluid lubricant is desirable for summer in 
those types of bevel-gear rear axles where distribu­
tion of this type of lubricant is a.ssured by the ar-

1 On some transmissions, where dry disk clutches are used, 
there is an oil hole in the clutch shaft which permits oil to pass 
to the clutch release bearing. With this type, oil that does 
not remain fluid would result in non-lubrication of these parts. 
On the other band, an oil too thin would find its way t-0 the 
clutch plates and cause slipping. -

' On some rear axles the drive pinion shaft outer beari.og is 
lubricated by a grease cup or connection, and being_ in an isolated 
position is sometimes neglected (see Fig. 32). In many rear 
axles this bearing is lubricated by the throw of lubricant from 
the ring gear in differential case, thua the importance of maiD­
taining the proper oil level. 

rangement of the axle parts .. For winter, in most 
bevel-gear rear axles, a fluid lubricant is used. 

A fluid lubricant is desirable for the differential 
bevel drive gears and differential for double-reduc­
tion rear axles where the final drive gears are located 
in the wheels and are not enclosed (see Fig. 42, page 
929 for an example), while a semi-fluid lubricant 
must be used for the internal gears and pinions in 
the wheels. 

A fluid lubricant is almost invariably required for 
yea.r-round use in worm-gear rear axles and in 
other types where proper dist1:ibution of the lubri­
cant requires that it flow very easily. 

The quantity of lubricant to use is generally deter­
mined by filling until it overflows out of an oil-level 
plug hole (see Fig. 33, showing a typical example). 

Where oil-level plug holes are not provided, the 
correct level with a fluid lubricant is that at which 
the lower ed~e of the bevel-driven (ring) gear dips 
into the lubricant sufficiently to cover the length of 
the lowest gear tooth. ·n a. semi-fluid lubricant is 
used, the axle housing should be filled until the dif­
ferential case dips into, the lubricant for a depth of 
from one-ha:.Jf to one inch. 

Leakage on to the brakes is usually caused by 
over-lubrication. Leaks can also occur through 
special packing, felt washers, leather oil seais (see 
page 883), and o.ther means to prevent leaks, and 
these parts should be examined. 

~\'ote. See page 1062B for viscosity of lubricants now generally used in transmissions and rear axles. See also page 867 and 
footnote 3 on page 1062B. 
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CLUTCH LUBRICATION 
Some plate and disk clutches are designed to run 

in oil. With such types, a light-bodied, free-flowing 
oil (mixed with kerosene in some instances) is re­
quired, so that while lubricating the friction surfaces, 
it will quickly escape from between the plates as 
pressure is applied, thereby providing smooth en­
gagement without excessive slipping. 

In clutches of the dry type, 
lubrication is required in prac­
tically a.U cases for the clutch 
release bearing (f, Fig. 34), 
also for the clutch thrust bear­
ini:, (g) dutch shaft bearing, 
(h) and clutch shaft pilot bear­
ing, (i) in designs where these 
are used. 

Different methods are employed for supplying 
lubricant to these bearings. In some cases they 
ru·e lubricated from transmission'; in some instances, 
by grease cups that are reached by removing the 
clutch cover; on other cars an extension is provided 
for grease cups or high-pressure fittings. When 
grease or oil must be supplied by the operator 
regular attention is essential every 500 miles (see 
also "Chassis lubrication"). 

The clutch-pedal shaft is lubricated by grease cups 
or high-pressure fittings (every 500 miles), or by 
tubes in centrally controlled systems (see chassis 
lubrication chart). 

WHEEL LUBRICATION* 

In some instances the wheel lubrication is a sepa­
rate and distinct operation from the chassis lubri­
cation, and in other instances connections are pro­
vided on hub caps for high-pressure grease lubrica­
tion. 

. Replenish lubricant every 2,000 miles; remove 
wheels; clean and repack every 5,000 miles. 

Rear- Wheel Bearings 

Rear-wheel bearings, in most all designs, are not 
lubricated from the differentia.l supply, but are either 
designed to be packed in grease or supplied with 
oil or grease through special connections (see also 
"Chassis lubrication"). 

Front- Wheel Bearings* 
Fmnt-wheel bearings are usually lubricated with 

grease. Usually it is only necessary to remove hub 
cap, fill with grease, the.n screw it back in place. 
This will force grease thrnughout the hub and into 
front-wheel bearings . 

Sometimes there are plugs or fittings in the wheel 
hubs (to accommodate the pressure gun); fill these 
with grease, and in adclitio.n, remove hub cap and fill. 

When repack:ini:;, remo.ve wheels and clean the 
bearings (front) with kerosene. Use care to adjust 
bearings and replace wheels so as to prevent leaks. 

If bearings are worn an.d leak, use heavier grease. If 
leak continues, replace worn bearings with new ones. 

CHASSIS LUBRICATION 

Chassis lubrication refers to the lubrication of all 
parts of the car other than the engine, transmission, 
rear axle (differential), clutch, and wheels. See 
chart, pr.ge 174, which shows the parts included in 
"chassis lubrication." 

Note: Thnile the clutch itself is not included, pru·ts 
of the clutch, such as the clutch-pedal bearing and 
clutch-release bearing, are included in the chassis 
lubrication. Also observe that while the. engine 
itself is not included, some of its accessories, such as 
the water pump, fan, and distributor shaft, are in­
cluded in the chassis lubrication. 

There are two very important essentials to observe 
in chassis lubrication. 

One is, not to overlook any of the parts to be 
lubricated. There are 17 t-0 60 (or more) vital bear­
ings on the chassis of every car. If one or more are 
overlooked, they will run dry and may cost the owner 
a repair bill. 

Second, use correct lubricants. The correct 
lubricant functions in hot weather or in below-zero 
weather. Inferior lubricants get too thin in summer 
or freeze in winter. 

The kind of lubricant to use for chassis lubrication 
varies with different makes of cai'S and lubricating 
systems. There is a divergence of opinion as to 
whether oil or grease is preferable. • 

It is best to follow the car manufacturer's recom­
mendation, in the instruction book, or the chart 
recommendation of well-known lubricant refiners of 

1 See footnote 1, page 172. 

established reputation in determining the parts t-0 
lubricate, and the kind of lubricant to use. 

Steel"ing-Gear Lubrication* 
The slow-sliding motion of the surfaces in contact under beu,·y 

pressure tends to scrape off the film of lubricant and cause 
meta1·to-metal contact, and therefore wear and hard steering 
result. Consequently lubricants which will resist these heavy 
pressures are desirable. 

Fig. 36 

Fig. 35 
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The usual method of lubricating the steering gear is to fill 
the case with a viscous or heavy-bodied gear oil or grease. 

. The l<lnd of lubricant to use depends upon whether or not tbe 
steeri11g-gear cruie is oil tight. Lubricate every 1,000 miles. 

In winter difficult steering results from congealing of the 
lubricant. TWs can be remedied by cleaning out the old lubri­
cant and using a fluid lubricant reoommeuded on the charts of 
well-known lubricant refiners. 

Steering-Gear Connections 
The. steerini;-gear connecting-rod (h, Fig. 35) also called 

drag llilk, which connects the steering-gear arm (e) with 
the steering-knuckle gear-rod arm (k) on the front-aale left 
•\eering knuckle is provided with adiustable ball socket joints 
(j) at each end. These should be packed with light cup greasa 
about every 1.000 miles. 

• For revised information see Suppleme11tary Index for '"Wheel bearing lubrication" and "Steering gear lubrication." 



Fig. 37. Chassis lubricating chart: This chart is 
a composite of many cars. It was prepared by the 
manufacturers of the Alemite and Alemite-Zerk 
high-pressure lubrication system, which is in use on 
many cars. 

Note. 

Few, if any, cars have all the points of lubrication any. One neglected bearing may cause a big repair 
shown here. Your car has many of them, another bill. 
man's car may have others. In order not to over- ~ubrica_tion of th~ engine, clutch{,transmissio~, and re"! axle 
look any bearings check the fittinra you lubricate (differ~ntial), and _tn 80~6 ~- W eeJs are not ,nc!uded ID the · t thi hart' d if I ked opemtion ol chaSSJS lubncation, and must be cons,dcred sepa.-agams s c an see you ave over oo rately. 

This chart was prepared several years ngo. Sec footnote a Jlt~C 1062B. 
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LUBRICATION 174-A 

To pack them properly they should be taken apart. Iwmove 
t.he cotter pin in the ends of the socket.,nnd screw out the sockets 
(i) wit.h a hu-ge screwdriver. Great care must be taken in 
reassembHng to sec that they arc tight and recotterpinned. 

Some steering-gear connecting-rods are hollow and are filled 
"ith engine oil which feeds out of each end through wicks. 
Some cars have high-pressure fittings at points (i). 

The steering-knuckle tie-rod (Fig. 36) is usually fitted with 
gre:ase connections. 

Steering-Knuckle Lubrication 
Since the steering knuckles tum on the knuckle pivots as 

fae car is steered (Fig. 36), while at the same time ca,rrying the 
weight of the car on the thrust bearings, it is highly important 
for easy steering that these bearings und other steering connec­
tions be correctly lubricated, othenvise ha.rd steering, wear, and 
wobbly wheels will be the result. 

Application of the lubricant is usually provided for by the 
same type of device as employed for spring-shackle lubrication. 
Lubricate e,•ery 500 miles. 

Spring Lub1·ication 
Sometimes springs are enclosed by flexible covers, filled with 

lubricant (see page 762). It is important to use a lubricant 
which will not dry out or separate. 

Where the springs are not enclosed, they m"y be most con• 
veniently lubricated by painting them wit.h engine oil at inter­
vals of 1,000 miles. 

At some of the lubrication service stations> compressed afr 
is used to force a spray of penetrating oil and graphite between 
the spring leaves, which lubricates the spring leaves, dissolves 
rust, and stops squcuks. 

Tightening springs: When lubricating the springs, it is a 
timely opportunity for observing defects of loose nuts or broken 
leaves, etc. See page 762. 

~t •·"·---· 

One example of lubricating the spring leaves (Fig. 39) is to 
lift the car by placing a jack under the spring sent or frame, and 
not uncler the axle, and allow the weight of the wheels and the 
axle to pull the spring leave,a apa.rt. It will then be pos.sible 
to force graphite l(rea.se between the spring leaves with a chisel 
or screwdriver. The graphite wi1J remain between the leaves 
nncl continue to act as a lubricant after the 11rense itself bas 
become dry. Graphite penetrating oil applied by an air spray 
gun is often used to lubricate spring leaves. 

Sp.-ing Shackle Bolt aud Seat Lubrication 
Since there is a slight oscillation of the spring upon the 

shackle bolts, it is customary to insert bronze bushings in the 
spring ends or eyes which are rolled up for this purpose, and to 
make the shackle bolts of hardened steel. 

Lubrication is provided by means of oil cups, grense cups, 
connections for pressure~typc oil or grease guns, or in some 
instances by means of an oil reservoir or magazine located 
adjacent to the wearing surfaces, oil being fed by capillary 
action through felt wicks to the wearing surfaces. 

A few designs provide for the supplying of oil from a central 
reservoir (centralized system) to all the chassis parts through 
flexible connections. 

Where lubricated periodically by means of oil cups, grease 
cups, or connecbons, lubricate the bolts every 500 miles and 
ueats every 1,000 miles. 

To eliminate the wear and noise resulting from the shackle­
bolt bushingS not being properly lubricated, rubber-spring 
shackles nre being used in some instances, particularly for 
taxicabs and motor trucks where the service is e,Jremely severe 
(see page 763). These require no lubrication. 

Brake Lubl"ication 
Brake-pedal bearini., band-brake lever shaft, brake cams, 

brake shafts, and brake-drum bearings are usually provided 

with oil holes or grease connections or grease cups for grease 
lubrication, which are lubricated every 500 miles •. 
Fig. 
40 

Oil 

Brake-rod yokes and clevices, 
brake arm or levers on the brake 
bands nnd where no grease or oil 
connections a.re provided are usu­
ally sprayed, or given a few drops 
of engine oil when the chassis is 
lubricated. 

Brake parts and connections 
should be kept cleaned and oiled 

with a solution of oil and graphite, such as graphite penetrating 
oil. In lubricating service stations this is spplied by air through 
an air gun. See also page 887. 

Clutch-Control Members 
Parts such as the clutch-release bearing and clutch-pedal 

bearing are provided with connections for chassis lubrication. 
Lubricate every 500 milc.s. See also page 173. 

Wbeel-Bem:ing Lubrication 
The rear-wheel bub cap ancl also the front-wheel hub cap are 

sometimes provided with connections or grease cups for cliassie 
lubrication. See also page 173. 

Torque-A.rm Lubrication 
'I'he torlJue-u.rm pivot upper nntl ]O\.,.·er bearing and torque­

arm hanger upper nnd lower bearing usccl on some cars are 
usually provided with connections or grease cups for chassis 
lubrication. Lubricate every 500 miles. 

Universal-Joint Lubrication 
Fillin& and kind of lubricant: Depending upon whether or 

not the Joint en.sing is oil tight, a fluid oil or grease of a sticky 
composition will be required. The lubricant used must not 
separate under the high-speed centrifugnl action in the joint, 
and must withstand heM•y pressures. Lubricate every 1,000 
miles. 

Universal-joint splines nt end of propeller shaft are lubricated, 
when Spicer Joints are used, from the universal joint. They arc 
sometio,es lubricated by pressure fittings, or by packing the 
spline ioiot with grease. If pressure fittinj!S are supplied, they 
shou.d be attended to when the universal Joints arc lubricated. 
If packed "~th grease, lubricate in your semiannual overhaul. 

Neglect of lubrication of the universal joints permits excessive 
piny, which in turn develops lost motion between the engine and 
rear wheels, causing jerking and undue strain on the transmis­
sion and differential cear teeth. 

For designs where the angle at which the propeller shaft 
usually operates is sHght, a joint of the fabric type, as shown in 
Fig. 50, page 861, is often employed. This requires no lubric&­
tion nnd compensates for the shaft angle by the flexing of the 
fa.brio. 

Propeller or Dri,,e Shaft Bearing 
Very important bearing on a Ford; also on some truck 

chassis with Jong_ wheel base. 

Miscellaneous Chassis Pal·ts to Lubricate 
Speedometer cable: Remove flexible shaft core from casing, 

and as it is put back into casing, run it through a handful of 
grease. 'l'h;s should be done about every 2,500 miles. A lubri­
cant recommended by the speedometer manufacturer should be 
used. If a substitute is used, a grease that will not mele and 
run out of casing and will not get too stiff in cold weather is 
recommended. The sba.ft should not be near the exhaust pipe. ff,: .l\;!t:." is used that becomes too stiff and hard it may break 

Speedometer head should be lubricated about every 10,000 
miles; use oil. H is aclvisable to have this work done at the 
speedometer service station, as an excess of oil gettioi; into the 
bead will unbalance the speed dial and may necess,tat,e dis­
a~embHng. 

Speedometer swivel joint is usually fitt,ad with a grease cup 
or grease connection; grease every 500 miles. 

For lubrication of fan bearing, generator, starting motor, 
water pump, etc,, sec page 171, and chart on page 174. 

CHASSIS LUBRICATION SYSTEMS 

For lubrication of the chassis there is, as previous­
ly stated, a divergence of opinion as to whether 
grease or oil is preferable. 

The lubricant is supplied to the bearings by either 
low pressure or high pressure. 

1 Seo footnote I, nap-A 1 "7?,. 

The low-pressure methods would consist of hand­
type grease cups, oil cups, wick feed with reservoirs. 

The high-pressure methods would consist of con­
nections or fittings where the lubricant is forced into 
the bearings by pressure. These connections are 
either individual connections supplied by high-
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pressure guns or compressors, or they are all connect­
ed to one source of supply and supplied with oil 
from a centrally controlled tank. 

An example of a wick-feed low-pressure oiling system is the 
:"

1Iyers magazine oiling system, used principally on spring 
shackles and steering-knuckle pivot (king pin), nnd operated 
on the principle or capilla.ry action (Fig. 41). 

An example of a h:gh-pressure method where the lubricant 
is forced through individual connections to tbe bearings is the 
Alemite (Fig. 42) and Alemite-Zerk grease compressors (page 
671). 

Elbow or straight fittings are substituted for the old-style 
grease cups on all parts to be lubricated. The compressor is 
then filled ,-;th grease or oil and coupled to the fitting with a 
special coupling which is easily attached. With a. slight turn 
or the compressor handle, fresh grca.se or oil is forced into the 
parts to be lubricated and the old grease or oil is forced out. 
The compressor is cnpab)e of eie,-ting n high pressure. 

This system can be applied to old cars, not so equipped, and 
the time saved in labor alone will soon pay for the installation. 

One of the fundamentals of this system is thae because of 
the high pressure developed, all old lubricant as well ns any 
grit or other foreign matter is entirely removed and the bearing 
is completely packed with fresh lubricant. 

In most cases it is advisable to force lubricant into bearing 
until the old lubricant is forced out and new lubricant appears. 
There are exceptions to this, however. For example, too much 
lubricant on the fan bearing would cause fan belt. to slip. Too 
much on ignition distributor shaft ma.y co.use trouble. Care 
should be tnken to avoid over-lubricating the wheel hubs and 
universal joints which teb.d to throw grease. 

rig. 41 0eft). Magazine or reservoir is attached to spr:ng 
bolt, steering knuckle, or other chassis parts to be lubricated 
by mean.s of a nipple-nut. Fill every 1,000 miles. 

Fig. 42 (right). Alemite high-compress,on grease gun forcing 
11rease into a fitting located on rear axle. With the Alemite­
Zerk highpprcssure grease gun, connection is made wholly by 
contact with the special fitting, no coupli11g or flexible hose being 
used. For lubricating work nt aervice stations a. pneumatic 
rompressorsuch as shown in Fig. 28F, page 671, is moresuitab}eJ 
because it has greater pressure and will force out all of the old 
grease. 

Examples of high-pressure methods where the lubricant is 
supplied from one centrally controlled tank are the Bowen, 
DiJur. and Alemito. Witb these systems oil can be delivered 
to the chassis bearings from a single central reservoir connected 
by tubing. • 

Fig. 43. The Bowen system of chassis lubrication, al.so 
known as the "One Shot" system, consists of an oil reservoir 
(A) installed on. the dash or under the floor board. When 
pump foot button (C) is depressed, oil is forced under pressure 
into the supply Jines (tubing) leading to the bearings. A pre­
determined, measured quantity of oil is delivered through the 
control headers (B) every time the pump plunger is depressed 
to such chassis bearings as spring bolts, shackles, front-wheel 
brake shaft, steering-knuckle bearings, fan, ignition <lisi;ributor 
shaft•, etc. Under normal operating conditions use heavy 
cylinder oil, such as Mobiloil Bin warm weather; Mobiloil Arctic 
in freezing weather (Bowen Products Corpn., Auburn, N.Y.). 

Fig. H. The Bijur sy_stem of chassis lubrication; showing 
where 64 places are oiled at one stroke of the pump. The black, 
heavy lines represent copper tu biog ,~" outside diameter, which 
is fed from a reservoir on the dash (see Fig. 913, p. 761). 
Normally. the oil is not under pressure until a pump handle in 
front of the driver is pulled out and released, when a uniform 
pressure of 60 lbs., imposed by n compression coil-spring in the 
pump, gradually forces a. measured charge into the pipe line.• 

Another example of a centrally controlled chassis lubrication 
system (not illustrated) is the Alemite automatic continuous 
chassis lubrication system. The road motion or vibration of 
the car actuates a delic.iitel;v balanced weight suspended by 
springs in such a. wa.y f.hat 1t is free to oscillate vertically in 
response to the slightest bobbins motion of the ca.r. The move­
ment of this weight actuates a pump developing pressure up to 
JOO lbs. per square inch in the oil lines, and discharges one drop 
of oil at each stroke. The mechanism is enclosed in a small oil 
tank. Oil is forced to various parts to be lubricated through 
tubing. Resistance units located nt the bearings control Urn 
rate of flow (Alemite Corporalion, Chicago, JII.). 

EQUIPMENT FOR LUBRICATION SERVICE STATIONS 
This subject is discussed on pages 671, 672, and 673. Equip­

ment for washing cars is discussed on page 645. See also page 761. 

Some of the e(!uipment would consist of a pneumatic com­
pressor for iniectmg grease into the chassis parta to be lubri­
oatec.L A service rack for elevating cars to e. convenient pbsi• 
tion is also part. of the equipment.. The modern method of 
elevating a car is by means of a. pneumatic or hydraulic lift, 
one that "1ll revolve being preferable. An air compressor is 
al.so required. Miscellaneous equipment, sud, as spray gun, 
oil dispenser$, oil cabinets, etc .. are some of the ot-her equipment 
required, also a sto_~k of lubricants of the best quality. • 

Some of the concerns manufacturing pneumatic, hydraulic, 
or band auto lifts are: Curtis Pneumatic J\facbinery Co., St. 

Louis, Mo.; Weaver Mfg. Co., Springfield, Ill.: '.\fanley :.lf'g 
Co., Bridgeport, Conn. 

1 Illustrntion from The J o~rnal of the Society of ,1 utomoti.e 
Eno-inurs. 

'Bijur system of automatic chassis lubrication which oper­
ates constantly while the car is operating is a. later development. 
An automatic diaphragm pump connected to and operated by 
the vacuum in the intake manifold feeds continuously a. tiny 
stream of oil into the chnssislines which distribute it to the drip 
plugs. Information dealing with Biiur lubrication will be sent 
gratis to inquirers who.me.nt.ion Dyl;•'• Automobile and Gasol.i11c 
Engino Encyclopedia (Bijur Lubricating Corp'n., New York, 
N.Y.). 



INSTRUCTION No. 17 
ELEMENTARY PRINCIPLES OF ELECTRICITY AND MAGNETISM: Pur­

pose of Ignition; Ignition Methods; Low-Tension Coil Ignition; 
Principle of a Low-Tension Coil 

ELECTRICITY 

Electricity1 : No one can tell you what electricity 
is. Electricity is in everything-in your body, in· 
your clothes, in this paper, in the e:hair; and t~e 
only reason you do not know of its presence 1s 
because it is not in motion. 

If you put a water-wheel in the middle of a pond, 
the wheel will not revolve. To make the wheel 
revolve, in order to get any work out of it, you must 
place the wheel in such a position that the water may 
flow from a high to a low level and thus produce 
pressure of the water against the wheel. Thus 
when the water is in motion we can obtain work or 
energy from it. 

Just so with electricity: when it is put into 
motion you can obtain work from it. 

Before the water-wheel will move, a current of 
water is necessary. So in electricity, there must be 

. a. "current," or a. "flowing" of electricity before 
you can get any work out of it, and a circuit must 
be provided for it to flow in. 

Amperes: The current, or rafo of flow, of elec­
tricity is termed "amperes." Just so is the flow of 
so many gallons of water per second or minute. 
The ampere is the unit of electric current, or the rate 
of flow, as, for example, so many gallons of water 
per second. 

Electro-motive force: Before a current of elec­
tricity will flow in a circuit, there must be a force or 
pressure to move it. The something which is neces­
sary to put it into motion is an electro-motive force, 
abrreviated e.m.f., and often referred to as "volt­
age." 

Electro-motive force can be generated "chemi­
cally," by means of a battery, or "mechanically," 
by means of a generator. 

When water is pumped into a tank, a pressure is 
required to force the water to the tank through the 
pipes. Just so with electricity. When a current 
of electricity from a generator is sent through a 
circuit to charge a battery, a pressure (e.m.f.) is 
required to force the current of electricity to the 
battery. 

Volt: The unit of e.m.f. is the "volt." For 
instance, we could say a generator hacl. an e.m.f. of 

1 It is said that atoms of which everything is made, are com• 
posed of two different elements called "electrons": one a posi­
tive, the other negative. They neutralize each other when 
together. Thus if electricity is to be utilized. it is necessary 
to separate the negative from the pooitive electrons, and then 
electricity will flow. It is easier to separate these electrons in 
copper than it is in hard rubber,. glass, etc. Thus copper is 
used as a conductor and glass and rubber as insula.tors. 

There are several methods of setting electricity in motion. 
One method is to pass a copper wire a-cross a magnetic field or a 
magnetic field past a wire. Thus e. m. f. (electro-motive force) 
is generated in the wire, causing electricity to flow. 

Electricity, and a current of electricity, are different. For 
instance, we do not notice the atmosphere we are living in until 
a pressure arises and the wind is caused to move. Then we 
feel it. Thus with electricity, it is in almost everything, but 
we do not notice it until it is set in ',lotion by pressur~ (e.m.f.). 

8 volts at the brush terminals at 1,000 revolutions, 
and at this speed, e.m.f. would force an output or 
rate-of-flow of current of 15 amperes through a 
circuit. 

To make this clear, take the analogy of water 
flowing through a pipe under pressure. That which 
causes the flow is "pressure," which corresponds 
with e.m.f.; that which resists the flow of water 
through the pipe is "friction" of water against the 
pipe, due to the size of the pipe and the rate of flow 
of water through the pipe. 

Just so with electricity, there is resistance offered 
to the fl.ow of the electric current through a con­
ductor forming a circuit. 

Conductors: A conductor is anything that reailily 
carries electric current, such as copper wire, carbon 
or gauze generator brushes, the frame of a car, the 
metal part of the car such as the engine, etc. All 
metals are conductors. 

Some conductors offer less resistance to the flow 
of electric current than do others. The less resist­
ance a conductor offers, the better a conductor it is, 

The best conductor is silver, the next best, copper, 
then aluminum, zinc1 brass, platinum, iron, nickel, 
tin, lead, German silver, antimony, mercury, bis­
muth, carbon, water. Thus it will be seen that iron 
offers more resistance than copper, and carbon and 
water more resistance than iron. Non-conductors 
are slate, marble (if there are no metallic veins), oils, 
porcela.in1 glass, rubber, dry paper, silk, gutta 
percha, snellac, ebonite, etc. 

Hence the reason for using copper wire. Silver, 
as observed above, is the best conductor, but is too 
expensive. Copper is next best, and not as expen­
sive, and is universally used. 

Iron wire offers 6½ times the resistance to the 
flow of current that the same length and size of 
copper wire does; therefore if either the iron wire 
or copper wire is not of sufficient size to permit the 
free passage of current, the wire will heat. The 
resistance of the lamp filament is such that it heats 
and gets quite hot. The greater the resistance, the 
less total current can pass; hence the pressure or 
voltage will drop.' 

Ohm: The ohm is the unit of electric resistance. 
We speak of a certain size of copper wire of a certain 
length having so many ohms-resistance. 

Electric current flowing in a circuit, is therefore 
dependent upon something besides pressure (e.m.f., 
voltage) and that is the resistance which opposes 
the flow of electric current in a circuit. 

Resistance is that property of an electric conduc­
tor by which it opposes the flow of an electric cur­
rent. For instance, carbon, iron wire, German 

1 Termed a "'potential difference" or "energy lost." For 
instance, utwo volts lost on a. line" mes.ns this much pressure 
is lost in sending the· current through the line. 

175 
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silver and wa~r will permit current to flow through, 
but it opposes, or offers resistance to, the flow. 
A rheostat is a device for the purpose of varying 
the resistance of an electrical current, and is usually 
made with coils of iron wire or German silver wire, 
etc. A lamp filament of an electric lamp bulb 
offers resistance; in fact, it offers so much that it 
heats white hot. 

Resistance opposes the flow of electric current 
in any circuit it may travel in. The amount of 
resistance offered depends upon the circuit, size of 
wire, etc. 

As the pressure (e.m.f., voltage) increases, the 
rate of flow of electric current increases proportion­
ally; as the resistance increases, the rate of flow of 
electric current decreases. 

The greater the resistance which opposes the flow 
of electric current in a circuit, the less current a 
certain pressure will produce. 

The less the resistance of the circuit, the greater 
the current a certain pressure will produce. 

For example, if the pressure, say, is 6 volts and 
remains constant, the rate of flow of current will 
vary if the resistance varies; that is, if the resistance 
of the circuit be doubled by adding more lamps, etc., 
the current in the circuit would decrease one-half. 

If the resistani:e of the circuit be decreased, say, 
one-fourth, by cutting off lamps, the current will 
increase fow· times. 

Qbms law: One volt will force a current of elec­
tricity through one ohm of resistance at the rate of 
one ampere. 

Volts+ohms=amperes 
Volts+o.mperes=ohms 
AmperesXohms =volts 

Thus, if any two terms are known, the third can 
easily be found by means of this rule. 

For example, suppose the pressure of a generator 
is 6 volts and the resistance of a lam,> is 6 ohms. 
What amperage or cw·rent is necessary? 

Current (amperes) •pressure (6 volts) +resistance (6 ohms) 
=l ampere. 

Again, suppose the pressure of a. generator is 6 
volts and there is a current of 4 amperes passing in a 
circuit. What is the resistance in ohms of the cir­
cuit? 

Resistance (ohms) =pressure, 6 volts +current, 4 amperes= 
lJ,fohms. 

Again, suppose the resistance of a lamp is 3 ohms, 
what pressure would be requil'ed to produce 1 
ampere through the lamp? 

Pressure (volta) =resistance, 3 ohmsXcurrent, 1 ampere=3 
volta. 

Coulomb is the unit of electrical quantity, or such 
a quantity of electricity as passes m one second in 
a circuit in which one ampere is flowin~. We are 
not interested in the quantity of electricity alone, 
but in the ampere1 which is a rate-of-flow of one 
coulomb per seconcr. 

The watt is the unit of electric power. 746 watts 
is equal to 1 horse power (h.p.). Amperesxvolts 
=watts. 

Ampere-hour: 1 ampere of current for 1 hour= 
1 ampere-hour. 

How Electricity Is Transmitted 

Electricity produced in .one place may be trans-• 
mitted to another place, providing a path or ciJ:cuit 
is arranged so that it may return to where it started. 
If the circuit is broken, the flow will i=ediately 
stop and will not start again until the circuit is 
completed. 

A switch is usually placed "in all electrical circuits 
to stop the current from flowing when not desired. 

Electricity flows from the positive ( +) terminal 
through the circuit back to the negative ( - ) 
terminal. Therefore in tracing a circuit, always 
start with the source of electric supply at the 
+ terminal. The copper wire in which the cur­
rent starts is called the "lead" (pronounced "leed"), 
and the return path is called the "return." 

Insulators: Substances such as rubber, china., 
porcelain, glass, wood, fiber and mica are called non­
conductors or insulators. 

A wire is insulated to prevent leakage of current 
into any metallic substance it may touch, by wrap­
ping it with cotton or silk, which is soaked with 
rubber to prevent dampness from getting in. 

When dry, cotton and silk are insulators, but as 
water is a conductor, damp cotton and silk cease to 
be insulators. 

Ground:1 This word is used to express two mean- . 
ings. It has nothing to do with the ground. 

One meaning of a "ground" is a leak. For 
instance, if there is any way by which the current 
may "leak" from the wires conducting the current, 
and return to the starting point without 9oing 
through the entire circuit, this is termed a 'bad 
ground" or "short-circuit." If the leak is only 
slight, and not enough to short-circuit the path, 
then it is termed a "ground," and part of the cur­
rent may reach its destination and return, but part 
of it will leak through the "ground," such as damp 
or oil-soaked insulated wires, or wires too near the 
hot engine, etc. See Index for the meaning of 
"grounds" and "short circuits." 

Another meaning of "ground" is where a wire is 
intentionally "grounded" or connected to the metal 
part of the car, such as the frame, engine, etc. One 
wire of an ignition coil, contact-breaker, and one t.er­
minal of a generator and storage battery are often 
"grounded" to some metal part of the car. This 
permits using the frame as a return path, and also 
less wire is used. 

Ignition coil terminals often have one or the terminals marked 
''GRND," meaning that this terminal should be grounded. 

When a battery negative terminal ( - ) is 
grounded, the generator - terminal must also be 
grounded, and vice-versa, if the positive terminal 
( +) is grounded. The - terminals are usually 
grounded; however, on some systems, the + ter­
minals are grounded. 

When electricity has two or more ·paths to follow, 
most but not all of the electricity will follow the 
path of least resistance. 2 Air offers considerable 
resistance to the flow of electricity. This is the 
reason why such a high pressm·e (voltage) is required 
to cause current to jump across the gap of a spark 
plug (see Fig. 1, page 188, for a spark plug). 

1 For meaning of open-circuits and short-circuits, see pages 
451-453. 

• The velocity of electricity through a copper wire is said to 
be 186,000 miles per second. See fovtnote, p. 237. 
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HYDRAULIC ANALOGY OF CONNECTING CELLS 

In order to explain the meaning of voltage and 
amperage more clearly, and how these vary tluough 
making different connections, we shall use a hy­
draulic analogy as follows: 

Suppose an ignition coil was wound with a certain 
number of turns of wire, and that a pressure of 6 
volts was required to force a current of 5 amperes 
of electricity through the wire; and suppose we 
wanted to use dry-cell batteries for this purpose. 

A dry cell usually gives about 1¼ to 1½ volts 
and its rated output or capacity is from 20 to 25 
ampere hours, that is, it will deliver 1 ampere for 
20 or 25 hours, or 20 or 25 amperes for 1 hour. 1 

If we comiected one dry cell to the primary wind­
ing of the coil, the pressure of the one dry cell would 
not supply sufficient electromotive-foi·ce to carry 
the required current through the winding of the 
coil. It would be necessary to increase the pres­
sure (voltage). As the pressure (voltage) increases, 
the rate of current (amperage) flow increases. 
Therefore it would be necessary to add more cells. 

If one cell gives 1½ volts pressure, 4 cells would 
give 6 volts. Therefore if we connected 4 cells in 
series, we should obtain 6 volts, but inasmuch as 
the voltage of a dry cell drops quickly to 1 ¼ volts 
or less, we should then use 5 cells connected in 
series. 

It is not advisable to use more cells in series than 
are needed, because the excess of pressure (voltage) 
would force the electricity through the circuit at 
too great a rate or amperage, and this would cause 
sparking at the vibrator points of the contact­
breaker of the coil ignition system and would also 
likely cause such an increase of voltage in the 
secondary winding that it would puncture the insula­
tion of the secondary winding (if a high tension coil). 

]\'leaning of "Series," "Parallel," and 
"Multiple" Connections 

This can be explained by referring to our hy­
draulic analogy, as follows: Suppose we had three 
pails of water, each of them 1 foot high (giving 
1 foot pressure), as shown in Fig. 1, and suppose we 
had three dry cells, each of them ~ving a pressure 
of 1 volt. By connecting them m different ways 
we obtain different pressures. 

Fig, 1, Comparing dry cells or storage-battery cells with 
pails of water. 

1 A dry cell, in actual practice, would not delive~ current 
steadily for any great period of time, due to the fact that its 
voltage would drop on continued use; but if used intermittently, 
such as for such sen~ce as ignition starting1 and then being 
switched off, and used off and on for short periods of time, it 
would deliver somewhere near its capacity as mentioned a.bove. 
In other words, it is so constructed that the a.rnpere-hour capa­
city is greater when producing small current than when produ­
cing large current. If a dry cell exceeds 25 ampere capacity 
of the w.ual standard size, 1t will likely polarize and set up a 
counter-electromotive-force. Thus the terminal voltage would 
drop more quickly than one of normal capacity (20 to 25 
amperes). 

Where several dry cells are connected together, if there are 
weak cells in the circuit, they will absorb the strength from 
the strOllg Olles, ns they will then offer resistance to the good 
ones, thus bringing the capacity down to that of the weak ones. 
A storage-battery cell which delivers 2 volts pressure would 
bold its pressure nearer to a constant value until discharged. 

Se:ies connection: In the illustration (Fig. 2), 
three dry cells are connected in "series," similar to 
pails of water placed one above the other; the pres­
sure (voltage) is three times as great as if only one 
pail or cell 1s used, or 3 volts. The capacity would 
be that of one cell. 

:IVtll.~ 

Fig. 2. Dry cells connected in useries," similar to pa.tls o! 
water placed one above the other. 

\.Vben connecting dry cells mentioned above in series, the 
carbon terminal ( +) is connected with the zinc (-) terminal 
of the next cell. Thus at the final two terminals, we have one 
(+) and one(-) terminal, and the voltage at these terminala 
would be 3Xl volt, or 3 volt-,. 

Note. Illustrations of dry cells are represented as giving 
1 volt, and each pail of water as 1 foot pressure, as a matter of 
easy comparison. 

Parallel or multiple connection: The three dry 
cells are connected in "parallel" or "multiple,'' 
similar to pails of water connected one with the 
other as shown in Fig. 3. The pressure (voltage), 
is equal to only one pail or one cell. The capacity 
wo.uld be that of three cells. 

Fig, 3, Dry cells connected in "parallel" or "multiple," 
similar to pails of water connected one with the other, as shown, 
to increase the capacity. Voltage is reduced to one cell. 

The ( +) t.erminals are connected together and all of the (-) 
terminals are connected together. The circuit is then between 
the ( +) and (-) group. and the voltage at the terminals would 
be that of one cell, or 1 ½ volts. 

"Series-parallel" or "series-multiple" connec­
tion: Too sets of cells are connected in "parallel." 
Each set of three cells is connected in "series." 
This connection is termed "series multiple" or 
"series-parallel." The pressure i.s equal to three 
pails or three cells. The capacity would be that 
of two cells. 

Fig, 4. Two sets of dry cells connected in "parallel," each 
set connected in "series," similar t-0 pails of water placed and 
connected as shown, to increase the capacity to two cells and 
the voltage to three cells. 

The two sets of three cells are ·connected in 
"series"; then the two series sets would be con-
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nected in "parallel" or "multiple.'' Each of these 
two sets would then have a ( +) and a ( - ) terminal. 
The two ( +) terminals are connected together, and 
the two (-) terminals are connected together. The 
voltage at the terminals would be 3Xl½ volts, or 
~½ volts. 

When connecting two sets of cells in "parallel'' 
it is important that they have the same internal 
resistance and produce the same pressures( in order 
that they divide the total current equa ly. The 
same thing is true of storage batteries. 

If one set has a lower voltage than the other set, 
then there will be a current through the lower volt­
age set from the higher voltage set, in a direction 
opposite to its own pressure. The one of higher 
pressure will send a current through the one of lower 
pressure and also the current through the main circuit. 

Where dry cells are used for ignition, it is advis­
able to use two set.s of 5 or 6 cells connected in 
"series." One set is used for a while, then the other 
set. If both sets give out, as an emergency, connect 
the two sets in "series-parallel" as shown in Fig. 4.· 

:METHODS OF GENERATING ELECTRICITY 

Electrical energy or e.m.f. which forces electric 
current to flow in a circuit, can be generated by two 
general methods, as used on the automobile. One 
method is by a chemical action, which is the prin­
ciple of the battery; the other is the conversion of 
mechanical energy into electrical energy by means 
of electromagnetic induction, which is the principle 
of the generator and magneto. 

Fig. 5 Fig. 6 

Fig. 5. Dry cell; a primary cell; a chemical generator. 
Fig. 6. Storage battery; secondary cell: a chemical generator. 

Fii:. 8 

Fig. 7. Dynamo; a mechanical generator; direct current. 

Fig. 8. Magneto; a mechanical generator; alternating cur­
rent. 

Direct current (D.C.), means electric current 
which flows in one continuous direction. 

Alternating current (A.C.), means electric current 
which alternates in its flow. 

Chemical Generators 

Chemical generators are of two kinds, "primary 
cells" and "secondary cells." Only direct current 
is produced by a chemical generator. 

Primary cells1 (Fig. 5) are usually referred to as 
"dry cells," and electrical current in a circuit is 
produced from them by converting chemical energy 
mto electrical energy by a consumption in it of 
some substance, such as zinc. 

, w·et cells (not the storage-battery cell) a.re also referred to 
as primary·cella, but are not 'used for automobile work. 

Secondary cells1 (Fig. 6) refer to the cells of a 
storage battery, where a current of electricity must 
first be sent through the cell to cause a chemical 
action called "cha-rging," which will put it in such 
a condition that it is capable of producing a current 
on "discharge," or whereby it will convert chemical 
energy into electrical energy. 

On most cars three cells of 2 volts each, are used 
thus making a six-volt battery. On some cars, 

six cells of 2 volts 
each, or a. 12-volt battery, are used. 

There is a set of positive ( +) plates and a set of 
negative ( - ) plates to each cell, and the cells are 
usually connected in series. The ( +) terminal is 
usually a dark-brown color, whereas the ( - ) ter­
minal is gray. 

Fig. 9 

A dry cell (primary cell, Fig;. 9) consists of a zinc 
cup ( - ) in which a carbon stick ( +) is placed as 
shown. The space between the carbon and zinc 
is packed with bits of carbon and the necessary 
chemicals. 

The dry cell contains no liquid, but merely moisture, hence 
its name--"dry cell." 

The chemicals used vary, one formula being chloride of zinc, 
sal-ammoniac, sulphate of lime, and powdered charcoal. 

When the circuit is closed from one terminal to the other, a 
chemical action takes place between the carbon (+) plate and 
zinc (-) plate, thus generating an electromotive-force wbieh 
causes the current to flow. 

A dry cell bas a pressure or voltage of about l ¼ to l ½ volts, 
and the capacity or volume of current it will produce, called 
amperage, depends upon the size of the cell. The avet'age is 
20 to 30 amperes. 

When in use. a primary cell becomes exhausted, and the 
voltage drops gradually. It will, however, recuperate if dis­
connected for a period of time. When it has reached a point 
where it does not recuperate to give sufficient current, it must 
be discarded and replaced with a new one. 

It should -be rememberetl. that dry cells are intended for 
'

1 intermittent" service, as for ig:nition starting where a. magneto 
is used, after starting the engine, but for continuous service the 

• Secondary cells are also called "storage-battery cells" or 
11 accumula.tors." One cell, no matter how large or how small, 
will show a voltage of a little over 2 volts when fully charged, 
and will drop to about 1.8 volts when discharged. 



ELEMENTARY PRINCIPLES OF ELECTRICITY AND MAGNETISM 179 

dry cell is not a suitable source of current. After the engine 
has started, dry cells for ignition are not very satisfactory, for 
they become exhausted in a short time. The less continuous 
current is used from a dry cell, the longer it will last, and the 
more efficient it will be. 

For continuous-current service, the most efficient 
means of obtaining current is by means of a storage 
battery consisting of a battery of "secondary cells," 
or, as it is sometimes called, an "accumulator." 
This chemical type of electric generator, in connec­
tion with a dynamo, is in more common use for 
ignition than the dry cells. • 

Mechanical Generators 

A mechanical generator of electricitr on an auto­
mobile is usually driven by the engine and thus 
P,roduces electromotive-force in the armature coils. 
rhis causes electric curreU"t to flow out of the 
armature through the ( +) brush, through the 
external circuit to the ( - ) generator brush. This 
action depends upon electromagnetic induction, 
which will be e,.plained farther on. 

There are two general types of mechanical genera­
tors for automobile work: 

1. The alternating-current magneto-generator 
(Figs. 10 and 8) is driven by the engine and is used 
only for ignition purposes, and can be a low-tension 
(voltage) or a high-tension (voltage) generator. It 
generates alternating current; therefore it would not 
charge a storage battery. 

-~ • -- ...-.... 
' ' 

' ' . -Fig. 10 Fig. 11 

Fig. 10. A magneto. Generates alternating current. 

Fig. 11. A direct-currentgenerato.r (dynamo). Both magneto 
and generator are driven mechanically by the engine. 

2. The direct-current electric generator or 
dynamo (Figs. 11 and 7) is driven by the engine and 
generates alternating current. In fiwt, all mechani­
cal generators generate alternating current in their 
armatures, but this is changed to direct current at 
the commutator. Thus, from the brushes the cur­
rent is direct. This direct-current generator is 
used to charge the storage battery and to supply 
current for the lights and ignition. When it ill run­
ning at its normal speed its voltage is higher than 
that of the storage battery. At other times, the 
storage battery supplies current for the lights, 
ignition, and also the starting motor. Approxi­
mately, the generator gives only from 15 to 20 
amperes at 6 or 12 volts. The starting motor 
requires from 150 to 450 amperes of current, depend­
ing on how stiff the engine is. Thus only the storage 
battery could supply this. great quantity of current. 

PRINCIPLES OF ELECTRICITY AND MAGNETISM 
In order to understand the action of an ignition 

coil, magneto, and generator, it is necessary to 
understand: (1) magnetism; (2) magnetic induc­
tion; (3) electromagnetism; (4) electromagnetic 
induction. 

Magnetism 

Magnetic circuit: Magnetic lines-of-force are 
invisible waves that pass from one pole of the magnet 
to the other. The lines-of-force pass from the 
north (N) pole to the south P-Ole (S), outside of a 
permanent magnet, and from (S) to (N) inside, thus 
forming a closed magnetic circuit. Magnetis.m can­
not be transmitted through wires like electricity. 

~~-•u1,cnt 

~ + Magn~t 
Linc,.~F 
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(l)coMPAS~ <SJ 
Fig. I Fig. IA 

Fig. I. A horseshoe type of permanent magnet. 
Fig. IA. A bar type of permanent magnet. 

Polarity of a magnet: If a compass (Figs. 1 and 
lA) is placed at the (N) pole end of a magnet the 
(N) end of needle will point away from the (N) pole, 
or with the direction of the flow of lines-of-force, 
which is always out at (N) and in at (S) pole. This 

is why the (N) pole of a magnet attracts the (Se 
pole of a compass needle, and why the (S) pole of 
a magnet attracts the (N) pole of a compass needle. 

Fig. 2 Fig. 2A 

Fig. 2. Unlike poles attrac1. 

Fi_g. 2A. Like poles repel. 

This is also the reason why the (N) pole attracts 
the (S) pole of another magnet (Fig. 2), and why 
the (N) pole repels the (N) pole (Fig. 2A). Like 

!)Oles repel, and unlike poles attract, because other 
ines-of-force pass in a circuit (N) to (S), outside, 

and (S) to (NJ inside of a magnet. 

A bar magnet is shown in Figs. lA, 2, and 2A. 
Note that the magnetic circuit is the same as in the 
horseshoe magnet (Fig. 1). The magnetic lines fl.ow 
through the air from (N) to (S) pole outside of 
the magnet and through the magnet from (S) to 
(N). 

If an iron bar is placed between the poles of a 
ma.gnet, as in Fig. 3, the lines-of-force will flow 
freely through the iron bar, because the air-gap 
between the poles offers 280 times the resistance 
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Fig. 3 

that iron does. The iron bar tends to gather and 
collect stray lines-of-force and to concentrate the 
lines. Thus we obtain a great many more lines-of­
force by using the iron bar. 

Soft iron is generally used for the armature core on 
a magneto and also on generators, and for cores of 
ignition coils also, because soft iron will not retain its 
magnetism after the magnetic effect has been 
removed. In generating electric current this is an 
important factor, that is, the iron bar must become 
magneti:i;ed and demagnetized quickly, as this 
change of action, explained farther on, is desirable. 

Permanent magnet: If hard steel is used, it tends 
to retain its magnetism, just as the magnets in 
Figs. 1, 2, and 3 do. Thus they are called perma­
nent magnets on this account. Permanent magnets 
are used principally on magnetos. 

When permanent magnets nre heated, the iron has a t..endency 
to sorten; thus, the more it is heated, the more it loses its 
m,1-gnctism. 

Magnetic Induction 

Magnetic induction: If a piece of iron or steel is 
placed in a magnetic field of a magnet, it will become 
a magnet. Magnetism is "induced" into the iron 

Fii;.4 

or steel. See Fig. 4 and note how one ma.gnet will 
induce magnetism into another magnet if unlike 
poles are placed together so the lines-of-foree will 
flow from (N) to (S). 

Fig. 5. Not magnetized. 

Fig. 5A. Magnetized. 

An explanation or theory why hard steel retains 
the magnetism, and why soft iron does not, is that 
steel or iron composed, like all matter, of small 
molecules, is made up of minute magnets. If the 
steel or iron is not magnetized, the molecules have no 
definite arrangement (Fi~. 5). If, however, it is 
magnetized (Fig. 5A), tne molecules, like small 
magnets, all arrange themselves with the (N) pole 
of each pointing (N), and thus these molecules or 
little magnets all point in the direction from which 
the magnetizing force is.being applied, and thus form 
one large magnet. 

When all of the molecules or little magnets have 
been turned around, the iron or steel is then said to 
be completely magnetized or "saturated," and 
cannot be further magnetized. 

Soft iron permits these molecules pr little magnets 
to return to their original position, and almost all 
of its magnetism is lost when the magnetic influence 
is removed. This condition is termed "de-magnet­
ized." 

There is, however, always some magnetism left 
in a soft iron core, called "residual magnetism," 
on generators, where the field poles are wound 
with wire. When the generator first starts, enough 
residual magnetism is in the iron to supply lines-of­
force for the arma.ture wires to cut and thus build 
up. This is a vel·y important factor when ~enera.t­
ing current in a dynamo with electromagnetic fields. 

Fii;. 5.13. Keeper. 

Steel requires more magnetic force to magnetize 
it, but the molecules retain their position if a 
"keeper" (Fig. 5B) is placed on the end of the poles; 
otherwise the molecules will eventually return to 
normal condition and the permanent magnet will 
gradually lose its magnetism. 

A permanent ma.gnet would be suitable for magneto field 
poles, but not for an armature. It is not suitable for any part 
of a. generator or ignition coil, but lines-of-force a.re very neces­
sary, and, owing to tho fact that the lines-of-force must change 
in vnluc from zero to maximum, soft iron is used for magneto 
armatures, generator armatures, u.nd field poles nnd cores of 
ignition coils. 

Magnetic-field-of-force' is the space around or 
between the magnet where the magnetic lines-of­
force pass. 

Electricity is in almost everything, but requires 
force to move it in order to produce energy or work. 

Electromotive force (abbreviated e.m.f.) is the 
force or pressure which moves electricity, and the 
unit of electromotive force is a volt. When current 
is sent throu~~ a wire or coil from some source, the 
e.m.f. is supplied from that source. 

Electromagnetism 

Electromagnetism differs from magnetism in that 
the magnetism exists only when the current is flow­
ing through the conductor or wire. 

1 "Magnetic flux" is a term often used to express the total 
number of lines-of-force flowing through a ma.gnetic circuit. 
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If electric current is sent through a straight wire, 
a3 in Fig. 6, a magnetic field will be set up around 
the wire. Its strength or intensity ·will be in 
proportion to the amount of electric current flowing 
through the wire. 

DIRECTION OF M/\GHE11C LINES OF 
A FORCE B 

OlRE.c.T\ON OF CURRENT 

BA,'~ I[ I I I-------' 
F'ig. 6. l\1agnctic 0 whirls" around a wire in which direct 

electric current is !lowing. 

Electric current always flows from positive ( +) to 
negative ( - ) . Therefore, in Fig. 6, the current is 
flowing from ( +) of the battery, through wire, to 
( - ) of the battery. The magnetic lines-of-force 
will whirl around the wire in a right-hand or clock­
wise direction with the flow of electric current. 

Fig. 6A. Note that the magnetic whirl above the wire is in 
one direction, and Wld~rneat,h in the opposite direction. 

Direction of magnetic whirls around a wire: If a 
compass is placed above the wire (Fig. 6A), when look­
ing at the end A, where the current is going in, the 
lines-of-force will whlrl clockwise as in Fig. 6B, and 
the (N) end of the compass needle will point with 
the direction o( the flow of the lines-of-force. If 
the compass is placed below the wire, the (N) end 
of the compass needle will point in the opposite 
direction, thus proving that there is a magnetic field 
circling around the wire. 

If the compass is placed above the wire, when 
looking at the end (B) (Fig. 6C), where the flow of 
current is coming out instead of going in, the lines­
of-force will be whirling around the wire in a 
counter-clockwise cli.rection, but the magnetic 
whirls are still clockwise following tbe direction of 
the flow of the cufrcn t in a clockwise direction. 

In other words, the lines-of-force are in the same 
direction, but we are looking at it from the other 
end; just as the engine of an automobile revolves 
in a clockwise direction if we look from the front, 
but it revolves in a counter-clockwise direction if we 
look from the rear. 

Fig. 6B Fig. 6C 

Fig. 6B. Note that the magnetic ,\'hirls arc clockwise ,\·hen 
the current is going in the front end of the wire, a.nd counter­
ciockwise when leaving at the rear end (6C) where the current 
is coming out, 

If electric current is sent through a wire at end 
(B) instead of (A), the magnetic whlrls would be 
clockwise, or in a right-hand direction with the flow 
of electric current, but in the opposite direction 
to what they were formerly, because the current has 
been reversed. 

Fig. 7 

If an electric current is sent through a wire in 
the form of a coil (Fig. 7), the direction of the 
magnetic whirls of lines-of-force is clockwise with 
the flow of electric current in the wire. Note that 
the whirls are in an opposite direction on either 
side of the wire. However, the whirls are clockwise 
with the direction of the flow of current at all points 
of the circle. Start at ( +) and follow the circle 
in a right-hand direction all the way around, and 
the explanation will be made clen,r .. 

Fig. 7A 

If an electric current is sent through several turns 
of wires or coils (Fig. 7A), which would be termed a 
"solenoid" or "helix," the lines-of-force would join 
together, because when current" flows in two wires 
side by side (Fig. 7B), in the same direction; the 
Jines-of-force join, because they are circling around 
the wire in the same direction. 

Fig. 7B 

Where there are several coils side by side, as in 
Fig. 7 A, note the ( +) current is going in the wires 
at (A) and coming out (-) at (B), at the other end 
of the coil. The lines-of-force would then whirl 
clockwise with the flow of electric current, but in 
doing so they would whirl at the top, in one direc­
tion, and in another direction at the bottom. This 
is due to the current flowing around a circle. How­
ever, if the ma~etic whirl is followed in its path 
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around the circle, it will be observed that the direc­
tion is right hand or clockwise with the flow of 
current at any point of the circle. 

Fig. jC 

Polarity of a helix or solenoid: In Fig. 7C, one 
coil of wire is cut in half to make the explanation 
clearer, because the point we wish to arrive at is 
the advantage of the lines-of-force joining and pass­
ing around all of the turns of wire of the coil, which 
is to make one end of the coil (N) pole, and the other 
end (S) pole. 

,,,,.,-'>- ➔ -">~~....___,_ 

f - - ~ ➔ __.,.. --.,. ~ 

I~+ . • . • \} 

'\ .~~ ~ 
N4--'-4-~~.J-4.-J..-~---s 

We observed in Fig. lA that on a permanent 
magnet, the lines-of-force passed mitside of the 
magnet from (N) pole to (S) pole, then from (S) to 
(N) inside. The same effect is taking place in this 
coil of wire or helix (also called a solenoid), because 
when the lines-of-force whirl clockwise with the 
curr~t going in at (A) (Fig. 7A), the lines would 
:whirl out of the (N) or left end of the coil, pass over 
and under and around the coil, and go into the 
other end (S) (see Fig. 7X), through the inside of 
the coil, back to end (l\T) again. Thus we have the 
Jines whirling out at (N) pole and inat (S) pole, and we 
have established a (N) and (S) pole polarity of the 
coil, which is clearly shown in Figs. 7 A and 7X. 

If the electric current was sent into the end at 
(B) of the coil (Fig. 7 A) instead of at (A), the whirl 
would be in an opposite direction. Thus the end 
(B) would be (N) pole, and the encl (A) would be (S) 
pole. 

The neKt question is, What is the advantage of 
having t.hese lines-of-force passing around a coil of 
wire in this manner? The answer is, To form an 
.electro-magnet. 

Electro-magnets: If we place a soft-iron ·wire 
core (Fig. 7Z) inside of a coil or helix which is carry­
ing current, the iron core will offer a great deal less 
rnsistance to the passage of the lines-of-force through 
the center of the coil than does the air. This is due 
to the fact that the iron will collect a lot of stray 

lines-of-force and produce a great many more, and 
thus strengthen the magnetic field (lines-of-force 
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Fig. 7Z. How the mng:netic whirls around the wires join 
forces to produce an electro-magnet. 

nrotmcl the coils of wire), as it is this magnetic field 
which, when the circuit is opened, collapses and 
passes back into the core and, in doing so, cuts the 
coils of wires and produces a greatly increased 
electromotive force. In other words, the magnetic 
lines-of-force produced from the current flowing 
through the turns of wires are going to be utilized to 
transform the primary low-voltage current passing 
through the turns of wires (primary winding) into a 
high-voltage current for ignition purposes, as will be 
more fully explained farther on. 

The strength of an electro-magnet is dependent 
upon the number of ampere turns 1 of wire on the 
coil. The number of amperes flowing throug;h 
the turns, multiplied by the number of turns, will 
determine the magnetic strength of the core. 

For instance, if one ampere is carried around the 
core for 100 turns (100 ampere turns), it will equal 
in effect ten amperes flo"'ing through ten turns. 
The effect of the turns decreases as the distnnce 
from the core increases. A rule is to wind wire 1 
inch deep on a corn of about 1 inch in diameter. 

Polarity of electro-magnets: In Fig. 8, the ( +) 
current is going in at the right-hand end of the coil, 
and lines-of-force around the wire would whirl into 
(S) end of the core and thnn pass through the core 
and come out at the other end of the core (N), thence 
around the core and coil outside to (S) end again. 

The end into which the lines whirl would be (S) 
pole end, and the end they whirl out would be (N) 
pole end. 

In Fig. SA, the ( +) current is going into the coil 
at the opposite end from that of Fig. 8. Therefore 
the magnetic lines-of-force would whirl in at end (S) 
and oui at end (N). Thus the polarity would be 
reversed from what it was in Fig. 8, owing to the 
elect.ric current flowing in the wire in an opposite 
direction. 

In Fig. SB, the electric current enters the wire 
coil at the same end as in Fig. 8, but the wire is 
wound under instead of over. Thus if we follow 
the magnetic whirl in a right-hand direction where 
it enters wire ( +), we note that the whirl is out of 

t "Ampere turn" is one turn of n ,•i:inding t.hrough which :\ 
current of t ampere flows. 
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Figs. 8, SA, BB, BC, and 8D. Explainin.1, how the direction 
of the current through the wire and the direction of the wire 
wound on the iron core produces different polarities of an 
electro-magnet. 

core instead of into core; thus it is (N) pole at 
the right-hand end and (S) pole at the left-hand end. 

In Fig. SC, the electric current enters the wire coil 
at the same end as in Fig. SA, but the wire is wound 
over instead of V,nder; thus the magnetic lines-of­
force around the wire at the left end whirl out of 
core and the left end is (N) and the right end (S). 

A good way to remember the direction of the whirl of the 
lines-of-force around a wire. when the current is flowinJ in the 
wire, is to think of a rod with right-hand threads on it (Fig. BD). 
If, for example, the current enters in the end of rod where 
nut (C) would be screwed on, the nut would turn in-a right­
band or clockwise direction with the flow of current. If, how­
cwer, you were looking at the end where the nut is screwed off, 
and where the current came out, the nut (D) would still be turn­
ing clockwise with the flow of current, but the nut would be 
turning counter-clockwise when looking at that end. 
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The difference between a permanent magnet and 
an electro-magnet is shown in Fig. 9. Note in 
this instance that the electro-magnet is being used 
to induce magnetism into a permanent steel magnet. 
Note that the flow of magnetic lines-of-force is 
out (N) pole into (S) pole. The permanent m!lj/;net 
of hard steel will retain its induced magnetIBm, 
whereas the soft-iron core of the electro-magnet 
will lose its magnetism when the electric current 
flow is open. This is an important point to remem­
ber in connection with the principle of the action 
of ,a coil. 

The principle of the ignition coil, magneto, and 
generator is based on electromagnetism and electro­
magnetic induction. 

How are we going to ·apply this information to 
• the production of a high electromotive force in an 
ignition coil, and to the generating of electric current 
in a. magneto, and the generating of electric cur­
rent in a dynamo or generator? 

The reverse-current cut-out, the electromagnetic 
vibrator type of generator regulator, in fact very 
nearly all parts of the electric system on a car, 

have their fundamental principle based on magnet­
ism in some form, especially electromagnetic induc­
tion. 

Electromagnetic Induction 

Elec~romagnetic induction refers· to an electro­
motive force, or electrical pressure, set up by 
induction at the terminals of a conductor, such as a 
wire, which is moved in such a way as to cut across 
the magnetic lines-of-force, or magnetic field, at 
right angles. 1 
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Fig. 10 

If the wire is a closed loop the electromotive force 
(voltage pressure) produced in the wire loop wi)I 
cause a current of electricity to flow in the circuit 
Thus we can produce electric current in a wire b,· 
merely moving it across a magnetic field, as in Fig. 
10. 

How and why the electricity is in the wire we do 
not know, but if electromotive force is applied to 
the electricity in the wire, and the wire forms a 
circuit, the electricity will be made to move. 

Copper wire offers less resistance to the flow of 
electric current, therefore it is used most. Electric 
currents thus produced are termed induction cur­
rents, and the principle or method is termed electro­
magnetic induction. 

The question then is, How can the e.m.f. be 
obtained, in order to cause the electricity to move? 

The e.m.f. induced in a wire by a magnet is one 
method of producing electric current in a wire. 

For example, if a wire is quickly moved down, so 
that it wi11 cut the magnetic lines-of-force which 
flow from the (N) to (S) pole of magnets, a momen-

t We might also say that whenever a loop of wire forming a 
closed circuit is placed in a magnetic field, an e.m.f. will be 
generated in the wire, causing electric current to flow whenever 
the otrengtb of the magnetic field changes. 
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tary current will flow in the wire (as in Fig. lOA) 
which is in a direction cm~ of the wire or toward 
the surface of the paper. This is because the lines­
of-force, when forced down, will act like rubber 
bands, i.e., first stretch, then loosen from the (S) 
pole (the weakest point), and tend to wrap around 
the wire and whirl counter-clockwise. 

These magnetic whirls of lines-of-force around the 
wire, which are taken from the magnetic field of 
the magnets flowing from (N) to (S) induce an e.m.f. 
in the wire which causes electric current to flow 
which was already in the wire but not in motion. 

This momentarily induced e.m.f. is greatest when 
the wire is moved so that it will cut the magnetic 
lines-of-force at right angles, or across the magnetic 
field, the position the wire is cutting, as shown in 
the illustrations. 

An e.m.f. would also be induced in the wire when 
moved, even though it did not form a closed cir­
cuit, and the e.m.f. would be at the terminals the 
same as on the terminals of a battery on open circuit. 

- OJRRENT lt,t 
Fig. !OB 

When the wire is quickly moved up, as in Fig. lOB, 
the magnetic lines-of-force will tend to circle around 
the wire in an opposite direction to that when mov­
ing down. Therefore another momentary current 
will flow into the wire. Thus -if the wire is moved 
up and down rapidly, the flow of current in the wire 
would be first in one direction, then in another direc­
tion, or alternating in its flow. 

Principle of Low-Tension Coil 
The e.m.f.1 induced in a wire of an electro-magnet 

is another method of causing electric current to 
flow in a wire. Instea,d of moving a wire so as to 
cut the lines-of-force, the lines-of-force, or magnetic 
field, moves and cuts the wires. 

For instance, take an electro-magnet (Fig. 11), 
which would represent a primary coil, also called a 
"self-induction coil," or "low-tension coil," which 
is used to produce a spark or flash inside of an 
engine cylinder or in the combustion chamber, when 
the circuit is suddenly opened, This primary or 
low-tension coil consists of a core made of a bundle 
of soft iron wires, around which is wrapped about 
200 turns and several layers of No. 19 to 24 B. & S. 
gauge copper insulated wire. When the circuit is 
closed, the lines-of-force start to build up, and in 
doing so they spring from the center of the wire 
and cut the wire up. 

'If it is difficult to understand the meaning of e.m.f., just 
consideT' it as volt,agc or pressure, or the electric force which 
moves electric current or causes electricity to uiove in a wire. 
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Fig. 11. An electro-magnet being used to produce a spark, 
by the circuit being opene<I, thus causing the magnetic Jines-ol­
force to collapse into the core. This generates a self-induced 
e.m.f. in wires caused by the collapsing lines-of-force cutting 
the turns of \\".ires. Such a coil is termed a. "low-tension coil.'' 
or "sell-induction coil, 11 or "primary coH." 

The principle or action is the same n.s that shown 
in Fig. l0A, where the wire was moved down to cut 
the lines. Therefore this electromagnetic induction 
or self-induction would tend to cause the lines-of­
force to whirl around the wire in a counter-clockwise 
rotation, causing the generated e.m.f. to buck or 
oppose the battery e.m.f., called "counter-electro­
motive force." In other words, we have two 
electromotive forces to deal with in the same wire: 
the induced e.m.f. produced by the magnetic whirls 
caused by current from the battery passing through 
the wire, and a generated e.m.f., caused by these 
same magnetic whirls, cutting the coils of wires as 
they build up around the coil. 

The generated self-induced e.m.f. or counter­
e.m.f., however, is only momentary, as the steady 
e.m.f. from the battery will force its current through, 
and in a brief interval of time the lines-of-force 
around the wires will have been established at their 
normal value. 

The point to remember in connection with the 
above is that when the circuit is closed, the e.m.f. 
or voltage would not be as great as when the circuit 
is opened, principally due to the fact that the action 
of magnetizing the core when the circuit is closed is 
slo1Ver (due to this counter-electromotive for.ce just 
menUoned) than the· action of demagnetizing the 
core when the circuit is opened. 

The question then is, What effect does the 
magnetizing and demagnetizing of the core have on 
producing a higher voltage (e.m.f.) in the wires 
which will cause a spark or flash at the wires when 
suddenly separated? This is answered a.s follows: 

The amount of voltage (e.m.f.) and of current 
induced in a coil depends upon three factors: 

1. The strength of the magnetic field (number of 
lines-of-force per unit area). 

2. The speed or rate at which the lines-of-force 
cut through the windings or coil. 

3. The number of turns of the wires that are on • 
the coil into which the e.m.f. is to be induced. 

When the circuit was closed, the lines-of-force 
were established around the turns of wires, which 
pass outside, from (N) to (S) of the core and inside 
(S) to (N), thus forming a magnetic circuit around 
the turns of wires (sec Fig. 11). 
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We can ~rcatly increase the rate of speed with 
which the hoes-of-force will cut the turns of wires if 
the battery circuit is opened, so that the iron core 
will become demagnetized and thus permit the lines­
of-force to die down or oollapse more quickly into 
the iron core. 

Thus, when the linc:;-of-force collapse, they cut 
the turns of wires at a much more rapid rate than 
when they were built up; this "self-induced" action 
causes a greatly increased e.m.f. to be generated in 
the turns of wires, and is the basic principle of all 
ignition coils. 

The third fact.or mentioned above, relative to the 
turns of wires on the coil, also assists in increasing 
the e.m.f. 

For instance, when a conductor is cut by the 
lines-of-force at the rate of 100,000,000 per second, 
a pressure of 1 volt is set up a.t the terminals. 

If a single straight ~'ll'e is cut by a certain number 
of lines-of-force per second, causing a certain pres­
sure, say 1 volt, and if three wires joined in series 
nre cut by the same number of lines-of-force as the 
single wire, three times the pressure or 3 volts would 
be the result. Therefore where there are mnny 
turns of wire in a coil and several layers of wire, the 
induced pressure will be greatly increased, as very 
nearly all of the lines-of-force produced by each 
turn of the coil will cut all of the other turns, and 
the total number of lines-of-force are therefore 
greatly increased. 

From this we learn that when the circuit is opened 
on a primary coil, we have increased the number ot 
lines-of-force and also the rate of speed at which 
t.hc lines-of-force cut the turns of wires as they 
collapse, greatly increasing the "self-i.oduced" pres­
sure in the wires. 

Furthermore, the "self-induced" generated e.m.f. 
in the turns of wires, when the circuit is opened, is 
in the same direction as the original battery current 
was. This current from the battery through the 
primary winding, when opened, did not instant!{. 
stop flowing, and with the high "self-induced" e.m .. 
flowing in the same direction 1 the result was a very 
bright flashy spark at the pomts of the break, as in 
Fig. 11. This is what is often seen when a flush 
follows from the switch-blades when a switch con­
nected with a motor or generator is opened.1 

This principle might be compared to holdin& your hand over 
:i water nozzle when water is flowing. At the instant of relea.sc, 
the pressure is greater, due to momentum, although the original 
pressure which set the wn.t.cr in motion wns several tim..e.s less, 

The "self-induced" e.m.f. or voltage (pressure) in 
a low-tension coil in series with the battery voltage 
may reach from 150 to 250 volts, owing to the num­
ber of turns of wires, length of wire, and strength of 
cw'l'ent in the wires to build up the original lines-of­
force. 

Low-Tension Coil Ignition "Make-and-Break" 
Syslc•n 

The low-tension coil, described in the preceding 
pages and illustrated in Fig. 11, wus formerly used 
with early ignition systems, such as the "make-and­
break" igniter shown in Fig. 12. The principle is 
clearly shown. 

'This is why o. condenser ie used in connection with a high­
tension coil, ns will be explained lo.rthcr on. "\Vbi!e the·llashy 
spark is dcsirnblo on a. low-ten&ion ignition coil, ns in Fig. 11, or 
ns u.sed with n "mako-nnd-break" low-tension ienition system, 
it is very undesirable at co::itact points in connection with a 
hi&h-tension system. 
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Fig. 12 .A 11make-and•brcak" ignition system using a battery 
(chemical generator) as a source of electric supply. The cur• 
rent is intensified, or tho voltAge raised, 80 as to produce a 
spark at the break of the i11:ni ter points. 

Although the low-tension coil ignition system is 
not now used for ignition on automobile engines1 it 
is very important that the principle be studied 
carefully, as the low-tension or primary coil is used 
on the cores of high-tension coils and magneto 
armatures, but with another winding over the pri­
mary, called the secondary winding. Therefore 
the primary winding is the foundation of high-ten­
sion coil and magneto ignition. 
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Fig. 13. A clearer view of the make-and-break igniter. 

The make-and-break igniter (Figs. 12 and 13) 
consists of a stationary and a movable electrode 
insulated from each other and connected with a 
low-tension coil. 

The "movable electrode" is operated by a cam 
arrangement, exactly as the exhaust valve of the 
engine is operated. As the spark is needed only 
once during two revolutions of tho crank shaft1 the cam is attached to the half-time shaft, ana 
operates the electrode by a rod called a tappet rod, 
in a manner similar to tha.t in which the valves are 
operated on a side-valve engine. 

The "stationary electrode" is insulated from the 
cylinder with mica, and one wire of the circuit is 
connected to it. The "movable electrode" is 
operated by a cam, which is in contact with the 
current from the grounded wire of the battery and 
which allows the current to pass from it to the metal 
of the cylinder. 

When the two points are in contact, the current 
flows from the positive_pole of the battery by a wire 
to the low-tension coil, through a switch (B), to 
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the stationary electrode, then to the movable, 
because the two are in contact, and back to the 
battery by the ground. 

When the two electrodes are separated by the 
cam acting on the movable one, the circuit is broken, 
and a spark is formed between them. 

Fig. 12 shows the make-and-break ignition system 
connected with a low-tension coil and battery 
through the (B) side of the ·switch and with a low­
tension magneto when the switch-blade is on the 
(M) side of the switch. 

When the battery and low-tension coil are used, 
the magneto is cut out entirely in this example. 

Purpose of Ignition 
There are three things required before a gasoline 

engine will run. These are absolutely essentinl. 
First, it is necessary to have a mixture of gasoline 

:rnd air in the engine cylinders. 
Second, this mixture must be compressed. 
Third, there must be a spark to set fire to the 

compressed mixture at the correct time. 
In order thoroughly to understand the principles 

upon which the various ignition systems are built 
up, a11d how these systems are operated and main­
t11ined, it is well to start at the beginning. 

The original and first method for igniting the gas 
in a gasoline engine was by means of a "hot tube" 
or flame, but this method bein~ now obsolete, we 
shall deal only with the electric ignition. 

The ignition systems used° on automobile en~ines 
at the present time are all electrical systems giving 
an electric spark which passes in the cylinder of the 
engine and sots fire to the compressed mixture. As 
you will be dealing with electricity and electrical 
apparatus in these systems, the first thing to 
know is how electricity acts and how you can make 
it do work for you, all of which has now been ex­
plained and should be studied carefully. 

Ignition Systems 

There are two general sr.stems of ignition used for 
automobile en~ines: the 'low-tension system" and 
the "high-tension system" i the source of electric 
supply being either by "cnemical" means, as dry 
cells, or a storage battery; or "mechanical" means, 
as a magneto or dynamo (also called a generator). 
(The magneto is explained farther on.) 

The word "tension" means pressure or voltage; 
high tension being high voltage, and low tension low 
voltage. 

The low-tension system of ignition is not now 
used on automobiles. The low-tension system was 
formerly used to a great ex-tent on boat engines, 
and is still used to a great ex-tent on stationary 
engines. 

The low-tension system uses a low-tension single­
wound primary coil as in Fig. 11, page 184, and its 
source of electric supply can be a dry or storage 
battery, or dynamo. Low-tension magnetos are 
also used, but the coil is w6und on the armature 
(treated under "Low-Ten.sion Magnetos.") 

The high-tension system of ignition is the ap­
proved system now in use on very nearly all makes 
of cars. The high-tension system may be either by 
a high-tension coil and a battery: a high-tension 
coil and low-tension magneto; a high-tension coil 
and dynamo in connection with a battery, or by a 
high-tension "magneto" alone. 

Thus we have four principles underlying the pro­
duction of a spark in a gasoline engine, as follows: 
1. Low-tension coil. 
2. Low-tension magneto. 
3. High-tension coil .. 
4. High-tension magneto. 

These four fundamental principles are used either 
singly or in combination. Thus when the reader 
masters these four principles he will understand all 
ignition systems, although the construction may 
vary in different makes. 

In this instruction and in Instruction No. 18, we 
deru only with coil ignition, both low-tension and 
high-tension. Low-tension and high-tension mag­
netos will be treated farther on. 

When a low-tension magneto is used with a make­
and-break igniter (Fig. 12), the engine is usually 
started with the battery and low-tension coil1 by 
turning a switch-blade on the (B) side of the switch. 

After the engine is started, the switch-blade is 
turned to the (M) side and the low-tension (single­
wound armntureJ magneto supplies the current, 
which, by the way, is alternntmg current. The 
low-tension coil is not used with the magneto, as 
the armature of the maf1;neto, which has a single 
primary winding, serves m place of the low-tension 
coil. 
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Fig. 14. Make-nnd-break ignition. usins; dry cells to start 
on when the switch is on tho (B) side; after the engine is 
started the switch is placed on tho (D) side and a direct..-current 
dynamo supplies the electric current and the dry cells are cut 
out or service. The low-tension coil is used with either the dry 
cells or the dynamo. 

Fig, 15. Mako-and-break ignition using two sets or dry 
cells. Set No. 1 is used when the swhcb-blndo is on l, and 
No. 2 set is used when the switch-blade is on aide Z. Low-ten­
sion coil is used. 

Fig. 16. !\-lake-and-break ignition on a. stationary engine. 
This principle is similar to that shown in Fig. 14. 

Fig.17. Make-and-break ignition onafour-cylinderengino. 
Tho principle is similar to that shown in Fig. 10. Note thnt 
the igoiters are operated by tappet rods on tlie side by cams on 
a cnm abaft. similar to a cnm shaft opcratina: the valves. The 
shaft with the cnma on are driven by tho gears, as in Fia:, 12. 

Low-Tension Coil Ignition "Wipo Spark" 
System 

The wipe spark igniter, Fig. 18, is another form o{ 
ignition used considerably on large slow-speed sta­
tionary gasoline engines. 
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Fia. 18. Wipn,spark igniter. Eccentric "C" can be shifted 
forward to advance a.nd backward to retard. 

Wipe spark ignition is similar to the "Make and 
Ilreak" in every respect, except that it makes a 
wiping and rotary motion as the electrode (A) of the 
igniter revolves; being operated by an eccentric rod 
(E) from the cam gear. 

The other electrode (B) is stationary and looks 
very much like a spark plug. This type of ignition 
is never used on the automobile; but 1s here shown 
so that the reader can master the elementary princi­
ples of the different ignition systems. This system 
is used mostly on stationary engines. 

Rernarks On Low-Tension Ignition 

The true low-tension ignition system would con­
sist of a make-and-break igniter, as shown in Fig. 
13, page 185, or a wipe-spark igniter arrangement, 
shown in Fig. 18. 

The make-and-break igniter was at one time used 
on automobile engines, and is now used on many 
stationary and marine engines. It is practically 
obsolete for automobile use. 

The wipe-spark igniter was never used on auto­
mobile engines, but was and is now used on many 
stationary engines. 

The low-tension coil is used with both igniters 
when a direct-current source is used, as a battery or 
a dynamo, as in Figs. 12 to 17. 

Where the low-tension magneto, which delivers 
an "alternating" current, is used, the low-tension 
coil is not used, because the primary winding on 
the armature of the low-tension magneto serves in 
place of the low-tension coil, and the magneto cur­
rent is alternating in flow, that is, first in one direc­
tion, then in another, as explained on pages 250, 
253, and 254. 

In Fig. 12, a low-tension system of ignition is 
shown, whereby a storage battery is used for a 
source of direct electric current for starting, by 
the switch lever being placed on the "B" side of 
the switch. After the enfline is started, the switch 
lever is placed on the ":'vl side of the switch; thus 
the battery and low-tension coil are cut out of service 
<J.nd the low-tension magneto (explained farther on) 
takes the place of both the battery and the low-ten­
sion coil. 

An oscillating type of low-tension magneto igni­
tion system using a make-and-break igniter and 
arranged different from that mentioned above, is 
shown on page 255 (see Fig. 4~). 

A magnetic plug, instead of an igniter, could also 
be used for a low-tension ignition system, as shown 
in Figs. 49, 50, and-51 (page 255). 

The Ford magneto (pages 248 and 249) is also a 
low-tension magneto, but is not a low-tension igni­
tion system, because the low-tension current of 
the magneto is transformed to a high-tension cur­
rent by means of a high-tension coil, all o( which will 
be explained farther on. 

Where a dynamo, which delivers a "direct" cur­
rent of low-tension is used, as in Figs. 14, 16, and 
17, note that the low-tension coil is used in connec­
tion with the batteries or with the dynamo, because 
the dynamo delivers a direct current flowing in one 
direction and at a low voltage, or approximately 
the same voltage as the batteries and thus merely 
acts :is a mechanical source of electric supply 
instead of a chemical source. 

Disadvantage of the true low-tension ignition 
system, using a make-and-break igniter and a low­
tension coil: It would appear that this system 
would be a very simple and effective ignition sys­
tem, as it requires less care in wiring than a high­
tension or jump-spark system, but while this feature 
may pr~dominate, there are several disadvantages. 

For example, the word "make-and-break" refers 
to the igniter as shown in Figs. 12 and 13 (page 185). 
The movable electrode first makes contact with 
the stationary electrode, and after "making" 
contact, it then "breaks" the contact (due to the 
action of the tappet rod); thus the derivation of 
the name, "make-and-break." 

On each of the electrodes there are platinum 
.points. ·when the contact "breaks," a spark occurs 
Just as it did as shown in Fig. 11 (page 184). This 
spark soon pits the points, burns them off rapidly, 
and they often stick. Platinum is used because it 
withstands this action better than any other metal, 
but even so, where the mechanical arrangement is 
all within the c;:linder, exposed to the combustion 
heat, it is a difficult matter to keep the points 
from pitting. 

Then another difficulty was in insulating the 
stationary spark point or electrode, and making an 
easy working but tight joint for the movable 
electrode. 

Still another disadvantage was in the great 
advance and retard range of ignition as required on 
variable-speed automobile engines, where the 
engine varies in speed from 200 to 1,500 r.p.m. 
This D.Ction is limited with the make-and-break 
system. 

Where a slow, constant-speed engine is used, 
this system se1·vcs fairly well. 

The low-tension ignition systems are not now 
used on automobile engines, but were formerly usea 
in the early days of motoring. 

The reason for explaining these early systems of 
ignition is the fact that the underlying principles of 
the more modern systems are founded upon the 
principles of these early days. Therefore it is 
essential that they be mastered fi.rst in order more 
clearly to understand the modern systems treated 
farther on. 

The next subject will be that of a high-tension 
coil ignition system using a magnetic vibrator. 
This system is now seldom used, but must be under-• 
stood before the modern battery and coil-ignition 
system can be t~oroughly understood. 
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Master Vibrator Coil; Distributor Principle 

The Jump Spark 
The voltage produced by a low-tension coil ns 

used . for the "make-and-break" ignition system, 
explame~ on page 185, would not have enough pres­
sure to Jump across the gap of a spark plug. It 
must therefore be intensified (or the pressure must 
be increased) still more. 

Where simple low-tension coils are used for the 
make-and-break system, coils of another kind, 
called "high-tension induction coils," a.re used to 
intensify or transform the current to a high voltage 
in order to force the current to jump across the open 
spn:ce or gap of a spark-plug point (Fig. 1). There­
fore it is called the "jump spark" or "high tension" 
(meaning high pressure). 

Fig. l. Relation of the spark plug to the cylinder and to 
tho. commutator. 

A spark plug (Fig. 1) is screwed into the cylinder 
of the engine, and when the piston is in the right 
position to receive a spark, a high-tension current 
of electricity is sent along the metal center rod 
(called the "electrode") of the spark plug and across 
the small air-gap (X) at the bottom and into the 
outer sleeve or iron shell of the spark plug ·which 
screws into the cylinder. 

Although this air gap (X) is only about 1/64" to 
1/32" wide, the air in the gap offers such a tremendous 
resistance to the current that it re~uires in the 
neighborhood of 5,000 or more volts pressure to 
force a very small quantity of current across the gap. 
In other words, the current must be of such high 
pressure that it will jump across a space between 
two points, forming a spark ns it passes. 

The amperage of current across this gap is so 
small a quantity that it cannot be measured with 
a meter, but is measured with an instrument called 
an oscillograph and the current is measured in 
terms of milliamperes (one-thousandth of an 
ampere). 

To r;ive an idea. of the quantity represented by a 
milliampere, suppose we have a high-tension coil 
with 5 amperes at 6 volts pressure flowing through 
the primary winding and the voltage at the second-

ary terminal or gap is 10,000 volts, what would be 
the amperage of the secondary? 

5 amp.X6 volts=30 w11tts. 30/10,000=3/1,000 part or an 
ampere. 

K-W ignition coils a.re constructed to operate on a 
current consumption in the primary from the battery 
of 1 to l 2/10 amperes at 6 to 8 volts. The "sclf­
induced" voltage in the primary has a sufficient 
number of turns to give 145 volts when the circuit 
is broken. *Voltage at secondary is 6,000 to I 0,000 
volts, depending on the number of turns. High­
tension coils which give a ½" spark, in the open 
air, require about 10,000 volts at the secondary, 
and if the coil is of a vibrator type, the voltage can 
be still further increased when the spring tension 
on the vibrator spring is increased, so that the coil 
will draw a heavier current (amperage). This, 
however, should not be made a practice, inasmuch ns 
the insulation is not designed to stand current 
values above those recommended by the manu­
facturer. Always adjust according to instructions. 
Sec Index for Ford vibrator coil adjustments. 

Note that the battery or primary current does not 
jump the spark-plug gap. It is used to magnetize 
the iron core; and when the circuit is opened and 
this core is suddenly demagnetized, a high voltage 
is induced from the primary winding into the second­
ary winding. This is due to approximately 12,000 
turns of fine wire used in the secondary winding, 
wound over the primary winding. 

Construction of a High-Tension Vibrator Coil 

The high-tension coil (also called a ''jumo-spark 
coil " "secondary coil " "transformer coilt etc.) 
diff~rs from the low-tension coil in that there are 
two windings on the coil core; one, a coarse wiro 
winding, called the primary winding, just the same 
as in a low-tension coil and the other, a secondary 
fine wire winding which is wrapped over the primary 
winding, both windings being insulated. 

*There arc usually about 200 to 250 turns of No. 
20 to 18 B. & S. gauge insulated copper wire for the 
primary winding, and about 13,000 to 18,000 turns 
of very fine No. 38 B. & S. gauge enameled silk­
covered thin insulated copper wire in the secondary 
winding, so t,hat the layers can be close together and 
with as many turns as possible. The ratio of the 
primary winding to secondary is about 1 to 60. 

The windings can be in either direction. They 
arc usually in the same direction, because it is more 
pmcUcal from a manufacturing standpoint. 

The original and early form of a high-tension coil 
ignition system consisted of the parts as shown in 
Fig. 2. This system is termed a "magnetic vibrator­
coil" ignition system .. 

A commutator, which is nothing more than a 
revolving switch, !ms a roller (R) connected to a_n 
arm which is connected to the cam shaft. This 
roller therefore, makes one revolution while the 
crank shaft makes two revolutions. Thus on a 

*Also applies to the "non-vibrating" type coil. 

188 
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Fig. 2. A high-tension coil using n. magnetic vibrator. 

single-cylinder engine, there would be one insulated 
commutator contact segment (S), and one spark 
would occur during two revolutions of the crank 
sha.ft. 

Primary circuit: The current flows from the posi­
tive termmal ( +) of the battery, through the roller 
(R) and segment (S), through the ignjtion switch, 
vibrator screw and points (P), through the trembler 
or vibrator blade (D), through the primary winding 
wrapped around the coil iron core, to the ( - ) 
terminal of the ba.ttery. 

If the roller (R) is on contact with the commutator 
segment (S), and the ignition switch is "on," the 
current would then pass through the entire primary 
circuit. 

Tbe moment the primary circuit is completed, 
the vibrator blade (trembler blade--D) is drawn to 
the soft iron core (A) because the soft iron core 
becomes magnetized the moment the primary cir­
cuit is completed. 

When the vibrator blade (D) is drawn to the soft 
iron core (A), the primary circuit is opened between 
the platinum points (P) on the·vibrator blade and 
on the vibrator screw. Thereupon the core loses its 
magnetism and the vibrator blade is released; on 
account of its spring tension, it rebounds, closing 
the primary circuit again at the point (P). 

This action takes place repeatedly and the blade 
vibrates back and forth, so long as the circuit is 
closed by the rnller (R) of the commutator being on 
contact with the segment (S). 

The moment the roller (R) leaves contact with 
the segment (S), the coil is out of action. Thus we 
have what is termed a "magnetic" method of making 
and breakin 7 the primary circuit, instead of a 
"mechanical' method. The mechanical method, 
however, is a popular method and will be explained 
farther on. 

Secondary circuit: When the primary circuit is 
opened and closed by the magnetism of the core (A), 
which is produced by the current flowing through 
the primary winding, a very high electromotive 
force is induced into the secondary winding, which is 
wrapped around the primary winding. This 
induced e.m.f. in the secondary winding causes 

current of a very high voltage to flow in the second­
ary winding, o[ sufficient intensity to jump a gap (X) 
of about 1/32" at the points of the spark plug, which 
is screwed into the engine cylinder and to cause a 
spark which ignites the compressed gas. 

To develop a high voltage (e.m.f.) at the second­
ary terminals it is necessary that a very large number 
of turns be used. For instance, if the primary wind­
ing consisted, say, of ten turns of wire and the 
secondary consisted of one hundred turns, the 
"induced" voltage in the secondary would be ten 
times as high as that in the primary, but the cur­
rent value (amperage) in the secondary woul.d be 
ten times less than in the primary. 

The secondary winding is insulated wire, as is also 
the _primary winding. One end of the secondary 
winding leads to the metal rod connection of the 
spm;k plug which is insulated from the engine by 
porcelain, then passes through it, jumps the gap (X) 
lo the metal point of the spark-plug shell, which is 
:rn iron shell screwed into the cylmder, and then 
passes through the frame of the engine back to the 
other end of the secondary winding. As the vibra­
tor on the coil vibrates, a "succession of sparks" is 
produced at the spark-plug gap (X). Bear in mind, 
however, that there is but one spark produced at 
each break of the contact points (P). Sometimes 
the secondary and primary windings are connected 
together inside of the coil, and one wire leads from 
both, to a ground connection on the engine. But 
it should be noted that the secondary circuit and 
the primary circuit are two independent circuits. 
Of course the secondary circuit, which is of a very 
high voltage, is dependent upon the primary cir­
cuit, not by means of metallic connections, but only 
by induction, as will be explained farther on. 

The magnetic vibrator blade (D) (Fig. 2), as previously 
stated, vibrates rapidly and opens and closes the circuit. a great 
number of times, during the time the commutator roller i.9 in 
cont.act with the segment (S). 

This is the principle of the Ford ignition coil, and by adjust­
ing the tension of the vibrator, by scre,i,•ing tbe adjusting screw 
in or out.., the number of time~ it opens and closes the primary 
circuit can be regulated. '!"he more "tjmes it opens and closes 
tbe primary circuit during a given period of timc 1 the higher 
the volta.ge (see Index under "Ford-ignition coil"). 

Time of spark: The commutator roller is set so 
that it makes contact with the segment (S) when the 
piston is at the top, or slightly over the top, of the 
compression stroke. This is termed "ignition tim­
ing" and is treated farther on. 

Condenser: A condenser is always used with 
high-tension coils, by placing it across the inter­
rupter points, to prevent a sriark at the interrupter 
points, which would otherwise occur as shown in 
Fig. 11, page 184, if a condenser were not used. 
The condenser is not shown in Fig. 1, but is shown 
in Fig. 3. The condenser is fully explained farther 
on. 

How and why the high tension, or voltage i~ 
induced into the secondary winding of sufficient 
intensity to jump the spark-plug gap (X) is explained 
in the text following. 

Note. In Fig. I, the circuit is slightly different from that 
in Fig. 2. The principle is the same. Fig. 1 explains the 
relation of the spark plug to the cylinder and also how the cur­
rent flows through the engine. frame. The connections from 
the battery to tbe coil, etc., could be as in Fig. 1 ~r 2. The 
connections shown in Fig. 2, however, are in conformity with 
the general practice. 

Note that, as shown in Fig. 2, the (-) terminal of the battery 
is usually grounded. The secondary and primary windings are 
also usually grounded together. For instance, ii the left ends 
of both primary and secondary winding were connected together 
in the coil and then grounded, and if the (-) terminal of the 
battery was grounded, the circuit would he a "grounded"' 
system instead of an "insulated" system1 as shown in Fig. 2. 
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Principle of a High-Tension Coil 

How a high-tension current is induced in the 
secondary winding can best be understood after 
first reading the explanation of the principle of the 
low-tension coil on pages 182, 184; since the self­
induction action of the primary winding is the base 
for building up the high-tension voltage in the 
secondary, by what is termed mutual-induction. 

The difference between "self-induction" and 
"mutual-induction" is that self-inductance is pro­
duced in the same coil in which the current was 
allowed to flow, as the primary winding. Mutual 
inductance is where an e.m.f. or current is induced 
into a separate coil of wire, as in the secondary 
winding. 

We learned on page 184 that the greater the num­
ber of lines-of-force and the greater the rate of speed 
at which the Jines cut the turns of wires, the greater 
the induced e.m.f. for voHage. 

Therefore, as we have several thousand turns of 
wire in the secondary and a few hundred turns 
of wire in the primary, we thus have a greater num­
ber of cuttings of lines-of-force, because very nearly 
i1,(l the magnetic lines-of-force produced by each 
turn in the primary will cut all the turns in the 
secondary coil, hence the total number of cuttings of 
lines-of-force will be greatly increased. The lines­
of-force will cut the turns of wires at a greater rate of 
speed when contact is broken than when contact is 
made, thus the voltage developed at the "break" of 
the circuit is enormously greater than nt the "make." 
This is explained as follows: 

:-9•--­..,._,,. 
;;,:. 

SAARI( SECON DAR'/ 
PLUG CIRCUIT 

::; 
i~':r.w--\r¼r.lr.!lrlihlrtn~t:':"iC 
'"4l 

Windin 

Fig. 3. Sbowini; how the lines-of-force build up nround the 
windings when contnct is closed, nnd how they collapse and 
cut the turns of wire when the circuit is opened. 

When the primary circuit is closed by the com­
mutator (Fig. 3), the primary circttit is completed 
through the points (P) on the vibrator screw and 
blade (C), and the lines-of-force spring :rom the pri­
mary turns of the wires, and a magnetic field is 
built up around the wires, as explained on page 181. 
This magnetic field in building-up forms an electro­
magnet, with lines-of-force flowing from (N) to (8), 
therefore these lines must necessarily cut (up) 
through the turns of wires on the iron core _as they 
build up. In doing so, they genemte an mduced 
e.m.f. which has a tendency to create a counter­
voltagc, or counter-electromotive force, which bucks 
or opposes the incoming current from the battery 
(see page 184). Consequently ~he magn~tic field 
is momentarily retarded and builds up w~th com­
parative slowness, and thus.we do not obtain_ a very 
high rate of speed of the Imes-of-force cuttmg the 
wires during the building-up process. 

In building up this field, the lines-of-force cut 
through the second:u-y as well as through the 
primary. In doing so, an e.m.f. is ~enerated in 
the secondary which flows in an opposite direction, 
due to the movement-up of the Jines-of-force, which 
is an operation similar to that of moving a wire 
down in a magnetic field (Fig. lOA, page 183). 

The induced voltage in the secondary is thus not 
great enough to jump the spark-plug gap (X). 
Therefore we must make use of another action. 
This is accomplished by breaking, or interrupting 
or opening the primary circuit. In other words, 
the moment the lines-of-force build-up, the core 
(A) becomes an electro-magnet and draws the inter­
rupter blade (C) to it, thus interrupting, or opening, 
the primary circuit. 

When the primary circuit is opened or interrupted 
quickly, nn entirely different action takes place. 
The magnetic field of lines-of-force, which have by 
this time built-up around both wiqdings anci reached 
maximum value, collapse or recede into the iron 
core. In doing so, the lines-of-force cut at a great 
deal more rapid rate than when beii1g built up. 
Therefore, as the lines-of-force collapse or recede 
to the iron core with great rapidity, they cut the 
secondary turns of wire in an opposite direction to 
that in which they did so in building-up, and the 
current then flows in the same direction as the 
dying primary circuit. They thus assist in •ausing 
self-induction1 in both the secondary and primary 
circuits, which generates a very high voltage, but 
still not as high as necessary. 

Bear in mind that the primary circuit is now open. 
Thus we are dealing with "self-induced" current, 
produced by the lines-of-force cutting the turns of 
v.:ires as they collapse or reced_e to the core. 

The point to be noted is, that if this iron core is 
demagnetized, so that the Jines-of-force can pass 
back to it at a greater speed, the turns of the wires 
would be cut at a greater rate, conespondingly 
increasing· the induced e.m.f. in the turns of the 
wires. 

Owing to the fact that this primary circuit is now 
carrying a self-induced current, caused by the line 
cutting its own turns of the wires, this prevents 
the rapid demagnetization of the iron core, and a 
heavy spark will occur at the interrupter points 
(P), just as it did on the break cif the low-tension 
coil (Fig. 11, page 18~). 

The condenser assists in demagnetizing the core. 
Therefore, if we could absorb this spark at the inter­
rupter points (which comes from the self-induced 
current in the primary winding) in some way, and 
thus cause a more rapid demagnetization of the 
iron core, the lines-of-force would then pass back to 
the.iron core more quickly and would thus cut the 
secondary turns of wires at a still greater rate of 
speed. In other words, it 1s the secondary winding 
into which we wish to induce a very high voltage. 
Therefore, by placing in the coil a condenser which 

1 "Self-induction" means induction produced in a circuit a.t 
the moment of starting or stopping the currents fl.owing therein, 
by i.nduction of the current on itself. For instance, when 
stnrt.ing current to flow t.brough the primary circuit, if the cir­
cuit is closed, lines-of-force spring out from the center of the 
wire through which the current is flowing, and thus produce a 
temporary "self-induced" current in an opposite direction, 
thus momentarily ret-arding the building-up of the lines-of­
force. 

When stopping or opening the circuit of the primary, the 
lines-of-force colla.pse into the core and. in doing so, cut in an 
opposite direction, or in the same direction Q..~ that in "''hicb. 
the battery current was Bowing. 
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is com1ected across the interrupter points (P, Fig. 3), 
we can absorb or suppress the spark across the 
interrupter points (P) of the primary circuit and 
stop the flow of self-induced current which is still 
trying to build up lines-of-force in the core, and 
thus aid the primary current to foll to zero value 
more quickly. Hence the reason for placing the 
condenser (Fii;. 3) across interrupter points (P) of 
the primary c1rcuit. 

Purpose of the Condenser 

1. To absorb the self-induced current of the pri, 
mary, thereby allowing the magnetic field to 
collapse with the greatest possible speed, and 
also eliminating the spark at the contact points. 

2. To discharge in an [oscillating (nltemating) 
manner back and forth into the primary circuit, 
thus completely neutralizing or dem,ignetizing 
the iron core and thereby preparing it for 1,cpeated 
action. 

Condenser Construction 

The condenser consists of n series of sheets of 
tinfoil sepamted from each other by a good insulator, 
such as mica, or several sheets of wax paper. 1 These 

Fig. 4 Fig. 4A 

are built up in a pile, somewhat as shown in Fig. I. 
The even-numbered sheets of tinfoil, 2-4-G, etc., 
are connected, making one terminal (T) of the 
condenser. The odd-numbered sheets, 1-3-5, etc., 
are likewise connei:ted, making the second terminal 
(Tl) of the condenser. There is no connection 
between the two series of sheets. These connec­
tions are then made across the primary circuit at 
the contact points, as shown in Fig. 7. 

Condenser Action 

With contact points (P) closed (Fig. 5), the current 
flows as shown by arrows through the prim!\J'y 
winding. The condenser and secondary winding 
are not considered, as they are inactive. A current 
of low value is induced in the secondary in a direc­
tion opposite to that of the primary-current flow. 

With contact points (P) open (Fi1>, 6), the con­
denser is charging. The spark of highr,st value is 
now at the secondary terminals. Note that when 
points (P) open, the magnetic field of lines-of-force 
collapse, and the induced current in the secondary 
is then flowing in the same direction as that in 
the primary. This spark is greatest just as the 
points open, because the condenser absorbs the self­
rnduced current of the primary and thereby stops its 
flow, thus preventing 1t building up lines-of-force in 
the core. On the other hand, it neutralizes the 
core, and also eliminates any flow of current or of 
sparking at the contact points. 

1 Never attempt to open a condenser as this will destroy it. 
In the manufacturinj! process the tinfoil and insulating sheets, 
with the aid of an insuluting compound, are pressed closely 
together under heat, with high pressure (Fig. 4A). Obtain a 
new one when necessary. 
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On account of this action the lines-of-force or 
magnetic field can collapse with greater rupidity 
and cut the turns of wires faster, thus inducing a 
current in the secondary winding of a much higher 
voltage. 

The current flows into the condenser in one direc­
tion when charging, which aGtion takes place 
immediately the points are opened. 

When the condenser is charged with the ( +) 
positive current flowing into the ( +) side, it ~·111 
establish a (-) negative charge on the other side. 

PRACllCALLY HO AC1iOH 
~NACTIVC 

Fig.':" 

_ The condenser, after being charged, makes an 
oscillating discharge of high voltage and frequency 
through the primary winding and battery (Fig. 7). 
That 1s, the discharge is first in one direction and 
then in the other1 the strength of this current gradu­
ally decreasing towing to ·the resistance of the cir­
cuit) until it dies down to zero. This alternation 
or reversal of the current flow is very rapid, some­
times reversing from one direction to the other as 
many as two hundred thousand times every second, 
and its discharge can therefore be considered almost 
instantaneous. 

The main purpose of the alternate discharges 
shown in Fig. 7 is to completely demagnet-ize or 
neutralize the iron core, thereby preparing the core 
for a repeated action of building-up again as shown 
in Fig. 5, and collapsing, as shown in Fig. 6. 

As this is written out, or as it is read. it seems a 
rather long acUon. The process, ho,vever, does 
not require one-thousandth of a second, inasmuch as 
the current alternates at an extremely high fre­
quency, sometimes having as many as 100,000 cycles 
per second. 
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.Meaning of Cycle and Frequency 

A cycle means a series of events which continually 
reoccur. In the case of a condenser

1 
for example, 

the current discharge at one instru1t 1s a maximum 
(+), as shown at (C) (Fig. 7A). It gradually 
declines to O at (A), then builds up to a maximum 
(-) as shown at (D), again declining to O at (B), 
reversing in direction and building up to a ma:,,.-imum 
(+) at (E), which is the same condition as at (C), 
thus reversing the direction twice at (A) and (B) 
und completing the cycle evolution, which is 
repeated over and over again until the discharge 
dies down to O (zero). 

+ 
C 

M,'I.K/ fv1 VM (+) M,'/XIMI.IM (+) 

0 1----4-A.::!.. ______ _.s"-,L. ___ __.O 

0 
1'/AXIMUM /-/ 

Fig. 7 A. Explanation or the meaning- of cycle. 

Frequency means the number of cycles completed 
per second. As mentioned above, it is 100,000. 

The lgnit:ion Commutatol' 
Because the secondary current is only needed 

when it is tinle for the spark to pass and ignite the 
mixture, the primary cuncnt is switched into the 
primary windmg only once during two l'Cvolutions 
on a single-cylinder e1:gine. The switching is don·e 
by a commutator, which might be termed a revolv­
ing switch. 

VIBRAiOR 

Where there are four cylinders to an ·engine, 
then it would be necessary to have four segment.s 
(S) on the commutator, because four sparks are 
required during two revolutions of the crank shaft. 

A four-cylinder ignition commutator is shown in 
Fig. 8. An ignition commutator is used only 
with a vibrator-type coil, as on the Ford. The 
vibrator-type coil and commutator are seldom used 
on any other make of car. 

The spark tinling device (commutator) is so 
named because it "times" the spark at the right 
time. In other words, the roller makes contact 
with one of t_he segments (1, 2, 3, or 4 o.n a four­
cylinder engine). Each segment controls one of 
the spark plugs (through a coil) in one of the four 
cylinaers. When the right cylinder is ready to 
fire, the timer makes contact and starts the vibrator 
on the coil, which causes a spa.rk at the .J?Oints of 
the spade plug. This device is called a 'commu­
tator," and is used only with a high-tension coil 
using a vibrator. 

Fig. 8. A four-cylinder ignition commutator. 

PRIMARY WIRES _TIMEi.? To 'C.OILS 

PRIMARY CIRCUIT IS BROKEN 
i--lERE 6'<' RAPID YIBAA"T\O"NS 

PRIMAR'<' ANO SECONDARY 
CONNECi HERE 

CIRCUIT 

Fig. 9. Circuit or a four.cylinder vibrator coil ignition syst.em using a commutator (exaggerated) and two set.s of batt,ories. 
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Commutator construction: There are many dif­
ferent constructions. One which will explain the 
principle of a commutator is shown in Fig. 8. 

The metal roller hub is connected to the cam 
shaft of the engine. A roller (R) revolves in a 
housing lined with an insulated, non-conducting 
material, usually fiber. Metal segments (S) are 
placed 90° apart for a four-cylinder engine. These 
segments are connected with one terminal of the 
primary winding of the coil. There are as many 
segments on the commutator and as many coils as 
there are cylinders. Since the cam shaft makes 
one revolution while the crank shaft makes two 
revolutions, then the roller (R) would revolve the 
same number of times as the cam shaft, because it 
is connected with it." Thus roller (R) would make 
contact with each of the four segments during 
one revolution, a:nd so would produce four sparks 
in the engine cylinders, or one spark for each 
cylinder during one revolution of the roller (R), or 
two revolutions of the crank shaft of the engine 

Electric Circuit of a Four-Cylinde1· Vibrator 
Coil Ignition System 

The illustration (Fig. 9) explnins how a commuta­
tor is ch-iven from the cam shaft of a four-cylinder 
engine a.nd how it is connected with the primary 
windings of four-vibrator type coils contained in 
one coil box. 

The illustration also shows the primary wiring 
connection from the battery, through one of the 
coils and connections to the other three coils and 
to the commutator, back to the battery; also the 
secondary circuit from coil to spark plugs, back to 
the coil. 

Primary circuit: Place your pencil on the drawing 
at the positive pole (P+) of No. 1 battery, a.ncl 
follow out the circuit. • 

We will begin with the positive pole connection 
of No. 1 battery; there are two sets of batteries, but 
only one set is used at the time. If one runs down, 
the other one is thrown into service by a switch on 
the coil. 

The switch is now on No. 1 contact, and the 
circuit is from No. 1 battery to the switch, through 
the switch lever to the bus-bar on the front of the 
coil, which connects to the contact screw (V) of 
the coil, thence through the platinum points, through 
the magnetic vibrator spring, to the primary wind­
ing :Vhich _is wrapped around a core or bundle of 
soft iron wires. 

The other end of this primary wire of coil connects 
with the segment on the commutator; the current 
is closed here at the proper time. The commutator 
roller-contact revolves as explained previously. 
,\ 7hen this contact is completed, the primary circuit 
is closed on one of the four coils (it is now closed on 
No. 1 coil). When this circuit is closed, the bundle 
of il'on wires (core) becomes magnetized and draws 
the vibrator down, but the moment the vibrator is 
drawn away from the contact with the vibrator 
screw, the circuit is broken and the vibrator springs 
back and makes contact again, but is immediately 
drawn down again; this, of course, is quick and 
rapid. This vibration is kept up as long as the 
contact is made on the timer, which, of course, is 
only for a moment, but during that time the vibrator 
makes several vibrations or "buzzes" as explained 
previously. 

Secondary circuit: \\"hen the~e vibrations, or 
interruption of current 1 occur, a current is "induced" 
into the secondnry wmding of fine insulated wire 

. wrapped around the primarx winding of the coil, 
called a "secondary winding. ' (How and why this 
current is induced into the secondary winding 
without any metallic connection was explained. 

This secondary winding, of course, has two 
terminals; one end goes to a spark plug, and the 
other end connects to one side of the primary wire, 
which grounds it through the commutator roller to 
the engine, when the roller makes contact; thence 
the circuit is to the metal shell of the spark plug in 
the engine, across the spark-plug gap, to the 
insulated part of the spark plug, back to the coil. 
A separate coil unit is provided for each cylinder. 

The duty of the commutator, therefore, is to make 
contact at a certain time in order that the right coi1 
will operate and supply an electric spark to the right 
cylinder at the right time. 

Note. When one wire (on any wiring <liagra.rn) passes over 
another wire without ma.king contact, a half-circle is mo.de, as 
shown o.bove. 

How the Commutato1· Helps Control the Speed 

The commutator is connected to the spark lever 
on the steering wheel (Fig. 10). When the spark­
lever is pushed forward, the commutator is shifted 
forward so that the metal roller makes contact earlier 
with the contact segment. This is called "advanc­
ing" the spark. 

If the commutator is shifted back instead of for­
ward, the contact is made later. This is called 
"retarding" the spark. 

Fig. 10. Note the manual (hand) method of "advuncin1;,:11 

and "retarding" the commutator. (li'our-cylinder engine a~ 
example.) 11 the roller is revolving to the left, by shifting 
the commutator housing to the right, cont-act would be made 
earlier. This would bo called '"advancing" the spark. If 
the commutator is shifted to the left. contact would be made 
later-called "reto.rdin11:." 

When using o. vibrator coil (which is the case here), the time 
of the spark is set earlier than when using the 5in~le-spprk 
system, because plenty of tirne must be given the spark to 
ignite the gas so thnt it will ignite and cornbust when the 
piston is at the top of its stroke instead of aft.er the top. (Note 
the connections to the commutator for firing order of l, 2, 4. 3.) 

The setting for the time of spark to occur is done 
by pla.cing the contact roller at a certain position, 
as will be explained under "Ignition timing." • 

The gas-throttle lever is the lever used to run on, 
and is used to increase or decrease the speed of an 
engine. This is done by opening and closing the 
throttle, as explained under the subject of Carbure­
tors. 

It is well to run with the spark lever as well for­
ward, or advanced, as possible, as it will tend t.o 
keep the speed of the engine up and consume less 
gasoline and create Jess heat. If the spark lever is 
t.oo far advanced, 1,hen the engine will pound. or 
knock, because the ign.it,ion will take place before 
the piston is over tlie center. A retarded spark 
produces heat. 
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The amount of advancing and reuirding of the 
spark by hand must be learned by actual practice, 
in order to get the best results. 

liigh-Tension Vibrator Coil Using a Commu­
tator as Used on One, Two, and Four­

Cylinder Engines 

As previously stated, the vibrator-type coil i~ 
now seldom used on automobile engines. It "·ill 
often be found on small marine and stationary 
engines. A few examples of connections are shown 
below. 

There are ns many coil units and as many com­
mutator segments as there are cylinders. 

Fig. l l. One-cylinder engine with a vibrator type of jump­
spark coil and two sets of dry bnt.teries for ignition. Only 
one set of batteries is in use at the t-ime. The commutat.or 
revolves nt, one-half the speed of the crank shaft. Note thnt 
there is one commutator segment.. 

Fi1;. 12. Two-cylinder vcrtiml engine (180° crank shaft) 
with "vibrator-type of jump spark coil and t.wosets of dry cells 
for ignition. Note the position of the segments on the com­
mutator. The commutator revolves nt one•half t.he .speed of 
the crank shaft. (This t.ype of engine is seldom used.) 

Fig. 13. A two-cylinder opposed-type of engine with a two­
cylinder jump-spark coil and a set of clrr, cells and n storage 
b'a.ttery, eil11er of whi<·h mny be used. fhe t.wo contacts on 
the commutator are p)a,.ed opposite. •rhis revokes nt one­
half the spee<l of the crank shaft. 

Fig. l·l. A fuur•cylindcr vibralor-t.ype coil. using a cm11• 
mutator with four segments and a set of dry cells and a storage 
battery, either of which may be use<l. (S) are seconda,·y ter­
minal connections to the spark plugs. 

Fig. 15. A single-cylinder ,,ibr11tor-type of jump-spark coil. 
This type is usually called a "box coil," a)'ld is only used on 
small marine or stationary engines. Quite frequently a single· 
cylinder box coil has but one secondary connection on top. In 
this case the secondary connection shown at the front of the 
coil is connected inside of tho coil to the primary wire which 
connects t,o binding post (P). 

The Master Vibrator Coil 

With the ''high-tension" vibrator coil system, 
just described, as many coil units, each with vibra­
tors, would be provided as the engine had cylinders. 
lf a four-cylinder engine, four vibrator coil units 
would be necessary. If a six-cylinder engine, six 
vibrator coil units would be necessary. 

It will be noted that with this number of vibrators, 
one or more would be constantly sticking, unless u 
great deal of attention was given to them. 

Therefore, by using a master vibrator 1 only one 
vibrator coil is used1 which is connected with the 
other coils as shown m Fig. 16 (page 195). 

The master vibrator coil has but a single primary 
winding, a.nd is connected in series, so the primary 
current must travel through it before reaching any 
of the coils. The usual commutator is employed. 

The master-vibrator coil can be connected with a 
"multiple" of coils, by screwing down the vibrators 
on all coils and short-circuiting them, by connecting 
as shown in Fig. 16A. Note that the coils are the 
regular double-wound, high-tension coils. 

The advantage of such a system is that there is 
but one vibrator to keep in adjustment, since this 
vibrator serves for all the cylinders; whereas, with 
several vibrator-coil units the difficulty of keeping 
several adjustments is a considerable factor. 

The disadvantage is the great amount. of wiring 
necessary with the multiple-coil system. Although 
the master vibrator is easily connected and requires 
very little wiring, the "distributor" system, which 
will be explained next, requires considerably less 
wiring. The master vibrator is an excellent addi­
tion to be applied to a multiple system of ignition, 
already installed, which ttses vibrator-type coils. 
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Fig. 16. A simplified illustmtion of a master vibrator coil 
on a four-cylinder engine, as an example. (W) secondary 
winding; (PW) r.rimary winding; (P) primary wire; (VB) 
vibrator; (C) co1Js; (G) secondary ground wire; Pig. JOA, 
shows how the vibrator on t.J,e coils C 1, C2, C3, and C4 are 
short-circuited. 
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Fig. 16A. How to short-circuit vibrators on coils, 

The 6ring order is 1, 2, 4, 3. No. 1 segment of the com­
mutator is now connected; therefore coil (Cl) is firing No. l 
cylinder. Note that the master vibrator is in series with this 
coil. The primary circuit int-his instance is from (+)battery, 
through the winding of the master vibrator, throuu;h the 
vibrator points, through the primary winding of coil (Cl), to 
tho commutator segment, through the metal roller, through 
the ground of tho engine, !o the other terminal of the battery. 

The secondary circuit is from wire (S) to the spark plug, 
through the engine, back to the other end of the secondary 
wioding on the coil. 

The next cylinder to fire will be No. 2, and coil (C2) will ho 
the next one connected by the roller on the cornmutator. The 
next to fire will ho cylinder No. 1 through coil (C4), then 
cylinder No. 3. through coil (C3). 

The "Distributor" or Synchronous System 
of Ignition 

In the foregoing examples it will have been noted 
that the amount of wit-ing required for engines hav­
ing more than one cylinder becomes increasingly 
r.omplicated. A system now 9eneraUy used1 known 
as the "distributor system, ' very considerably 
simplifies the wiring, and at the same time a more 
accurate timing of firin~ of the respective cylinder 
is obtained. (See Fig. 17). 

One vibrator coil only is necessary, this having 
the high-tension terminal joined up to the "dis­
tributort" which is a special form of rotating switch 
highly 111sulated, which directs the high-tension 
current to the cylinder:s in the required order. 

The secondary distributor brush (B) rotates at 
0,e same speed as the commutator roller contact­
makcr, and in perfect unison with it; that is to sny, 
when the low-tension circuit is completed, the high­
tension circuit is completed likewise. The diagram 
should make the sysl.em clear, it being borne in mind 
that the distributor is rotating as well as the contact 
maker, and in perfect "synchronism" with it. 

The secondary distributor is made in combination 
with a commutator, each with as many contacts as 
the engine has cylinders, and with the mo~;ng parts 
of each attached to the same shaft and revolving. 
(See Fig. 18). 

The battery is connected to the single coil in the 
usual manner, and a 'l\·ire is run from the primary 
terminal of the coil to the commutator, where it is 

connected to the four seb'Illents of the commutator. 
Thus when the commutator revolves, the current is 
passed through the one coil every time that contact 
is made. 

If with this arrangement a wire was run from the 
secondary terminal of the coil to the four spark 
plugs, sparks would pass in all four cylinders when­
ever the timer made contact. Instead of this, one 
secondary wire is run from the secondary termina.l 
to the moving part of the distributor, termed the 
"distributor brush," or "rotor," and from each 
contact point, or distributor segment of the distrili­
utor to the proper spark plug. 

When the commutator makes contact, and the 
secondary current is formed, it flows to the second­
ary distributor, which at that instant has made con­
tact with one of its segments, so that that secondary 
current flows across the contact and to the spark 
plug that is connected. 

The advantage of this system is that there is only 
one vibrator to keep in adjustment, and only one 
coil, thus fewer parts. The disadvantage is that 
the constant action of the vibrator is liable to burn 
the vibrator points, and destroy them. Electrical 
lag is also a factor to be considered, as is also a 
greater consumption of cunent. 

The more modern ignition system uses a distribu­
tor for distributing the secondary current to the 
spark plugs in a similar manner, but instead of using 
a coil with a magnetic type of vibrator, or interrup­
ter, a coil 'l\ithout a vibrator, termed a "non-vibrat­
ing" high-tension double-wound coil, is used, and 
instead of using a commutator, a timer or "inter­
rupter," which is mechanically operated from the 
engine, is used. Tbis system will be treated in tLc 
next instruction. 

Fig. 17. A simplified illustration showing the principle of 
a high-tension distributor or synchronous system of ignition 
using a vibrator type of coil. Not in general use. (P) primary 
winding; (S) secondary. Note that one end grounds to the 
engine (usually grounded on the coil). (VS) vibrator screw. 
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Fig. 18. Simplified illustrations to explain the principle of a 
distributor and commutator in one housing and operated by 
one drive shaft, used in connection with a. vibrator type of coH. 
Thia method is obsolete, but a similar principle, of different 
construction, is the modern method, as will be explained farther 
on. Note that the distributor and oornmutator are together. 
The wirin,g diagram (Fig. 17) shows tho two separated merely 
t.o expla.in the a.ction. 
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NIODERN BATTERY AND COIL-IGNITION SYSTEMS: High-Tension Coil 
(Non-Vibrator Type); Open and Closed-Circuit Ignition System; 

Distributor; Resistance Unit; Safety Gap 

THE MODERN BAITERY AND COIL IGNITION SYSTEMS 

In order to understand the modern "coil and 
battery" ignition systems, it was necessary that the 
reader study the elementary principles of the early 
forms or methods used for ignition, such as the low­
tension coil, the high-tension vibrator coil, the 
commutator and the distributor, which have all 
been explained. It ought not therefore to be diffi­
cult for the reader to grasp the principle of and the 
difference between the various modern ignition sys­
tems now to be treated. 

The battery and coil system is the modern ignition 
system, such as used on the Atwater-Kent, Delco, 
Remy, and others which are supplied with a "con­
stant," source of electric supply when used in connec­
tion with a storage battery which is kept charged 
by the generator. 

"Const.ant source of supply" meiins that the ignition appara­
tus is not deP<lndcnt upon a mecha,nical method of generating 
current, as in a nrn.gneto, but the supply of electric current is 
Mnstantly supplied by a, storage battery and the storage 
battery is constantly supplied with current (direct) by a 
generator. 

The Non-Vibrator Coil Ignition System 

The same underlying principle of operation of a 
vibn,tor-type coil, explained on the preceding pages, 
npplies to the non-vibrator coil. The only difference 
to be noted is that the commutator is dispensed 
with, and instead of having a "magnetically operated 
vibrator" or "interrupter" on the coil, a "mechani­
cally operated timer," or "interrupter," is driven 
from the same shaft as the secondary distributor 
and is used for exactly th() same purpose. 

Fig. 1 represents the "single spark,,-a hot one at the right 
time, which causes the gas to ignite quickly without lag, and 
consumes very little current, as produced by a high-tension 
coil ignition system of the non-vibrator type. 

Fig. 2. Note the succession of sparks. This represents 
the sparks as they occur on the old·st.yle magnetic vibrator coil 
-several after top of stroko. The hottest ooc ignites the gas, 
but, usually lat,c. 

The non-vibrator coil u::scs a mecbanic~tl inter­
rupter and gives but one "single spark" (sec Figs. 
o, 4 and 5). 

Op~n and Closed-Circuit Interrupters 

The non-vibrator coil system of ignition can he 
classified as an open-circuit system and a closed­
circuit system. It gives a "single spark." 

The open-circuit system consists of a single 1100-
vibrator coil, timer, and distributor (if a multiple­
cylinder engine). 

Timer. 

Fig. 3. A 1)on-vibrating high-tension coil ignition system, 
11sing an open-circuit timer. 

The open-circuit timer contact points (Fig. 3), 
used in connection with this system, are normally 
open. The cam is attached to a shaft, usually 
driven from the cam shaft, and must therefore be 
set so that the high point or lobe on the cam will 
raise the arm (C) so that it ·will make contact at 
the proper time. The spark does not occur :1t 
the spark plug when the contact is made, but when 
the contact is opened. This is therefore, a double 
operation, which causes "electrical and mechanical 
lag," and this is eliminated by the use of a conta<'t 
arrangement which is normally closed. Thus the 
improved method (Fig. 4) is termed a "closed­
circuit" system, and is the system in general usc 
today. 

"Electrical lag" means that the spark will not occur in the 
same position as regards piston travel at any and all engine 
speeds. With a very high speed the piston might have a 
tendencr to trnvel past the point of ignition before the open­
eircuitt1mer made and opened conta.et, whereas with the closed­
circuit principle it merely opens the contact. 

While all lag factors deal with time in seconds, tbeireffect 
on the engine is the number of degrees they cause the spark to 
occur off the point where it should. Consequently a timo 
factor of only one-thousa-ndth of a second means only n varia­
tion of 3° at 500 r.p.m., yet means 12° at 2,000 r.p.m .. and 18° 
a,t 3,000 r.p.m. 

Mechanical lag is elirninat.ed much for the same rcason1 and 
the quioker and simpler the mechanism t.o "interrupt," the flow 
in the prima.ry, the quicker U10 spo.rk. 

C'.-0mparc the timer in l<'i~. 3 wit,h the interrupter 
in Fig. 1. 

Hl6 
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Not.e that iu Fig. 3 the cam raises the arm (C) 
which makes contact :it points (P), which are nor­
mally open. The strong spark does not occur when 
contact is made, but when it is opened. 

~~~6~!uW' \ 
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Fig. 4. A non-vibrating high-tension coil ignition system, 
11sing a closed circuit interrupter (also called contact-bl'eaker). 

Note that in Fig. 4 the contact points (P) are 
normally closed, and the high point on the cam 
raises the interrupter arm, thus opening the points 
(P) with one single operation. Thus the closed 
primarv circuit of the coil is interrupted; hence its 
name r,interrupter," or "contact breaker" as it is 
also often called. 
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The closed-circuit ignition system using ,i Bon­
vibrator coil aud :\ closed-circuit "interrupter" in 
connection with a distributor is more clearly shown 
iu Fig. 5. This represents a modern "battery-and­
coil" ignition system. 

Note that the distributor shaft, which is driven 
from the cam shaft of the engine, operates the in­
terrupter cam which opens the interrupter contact 
points. The same shaft operates the distributor 
brnsh which distributes the secondary high-tension 
current to the spark plugs. 

The cam has as many high places, or lobes, as 
there are cylinders. On the cam in Fig. 5 there are 
four high places. This would, therefore, be suitable 
for a four-cylinder engine. It is fastened to a shaft 
which is driven at cam-shaft speed. lt is set or 
timed so that the high point on the cam pushes 
the moving contact blade point away from the 
stationary contact point, thus opening the primary 
circuit of the coil. By this method the operation 
of first closiug the circuit, then opening it, as on the 
open-circuit timer is eliminated, and makes the 
action much quickei-. 

Cir.cuit of the Modern Closed-Circuit System 

The primary circuit of t,he closed-circuit system 
(Fig. 5, below), is from(+) of the battery, through 
the ignition switch, through the resistance, through 
the primary winclin«, through the insulated station­
ary contact point, through the movable interrupter 
or contact poiuts, through the frame of the inter­
rupter, to which it is grounded, to a ground connec­
tion of the frame of the car, to ( - ) ground of the 
battery. 

1! t: ··•: < "sf t t J~~-J . .._, , ._.... !iL- . ;=-c- .•• PRO~.,...---------~--- ____ ...., __ ---- --c120im~ 
Fig. 5. A simplified illt18tration of a high-tension non-vibrating coil, closed circuit ignition system. The outer circuit, in light 

lines, is the secondary; the inner circuit, in heavy line$, is the primary circuit. 



198 DYKE'S INSTRUCTION No. 19 

The condenser in this instance is placed across 
the contact points of the interrupter and in the 
interrupter, one end being connected with the 
insulated stationary contact and the other end 
grounded to the frame of the interrupter. The 
eondenser could be in t,he coil, which it 157 in some 
systems; in such cases it must connerit directly 
across the contact points, as explained on page 189. 

The secondary circuit and distributor: One 
terminal is grounded. The other leads to the center 
terminal of the distributor, and makes contact with 
the metal spring on the insulated rotating distribu­
tor brush, also called the "rotor." 

The other end of the spring on the rotor passes 
close to, but not touching, the metal distributor 
terminals of the distributor head <made of insulated 
material) which leads to the spark plugs (termed 
the "distributor gnp"'); the.nee through the ceuter 
terminal of the spark plug; it then jumps the gap 
at the spark-plug points, thence to the shell of the 
plug to the engine, back to the grounded connection 
of the secondary. 

The distributor rotor, of course, is synchronized 
or set so that the rotor spring makes contact with 
the spark plug in the cylinder to be fired; at the 
same time the interrupter cam opens the circuit. 

The ignition switch of course is supposed to be 
opened when the engine is idle. However, the 
operator may not always think to open the ignition 
switch, and therefore an ignition resistance unit is 
placed in series with the primary winclin~ on very 
nearly all closed-circuit battery and c01l-ignition 
systems, to take care of any possible do.mage that 
might occur. 

Ignition Resistance Unit 

The purpose of the ignition resistance unit is 
twofold, one being to protect the battery from dis­
charging back through the primary wmding and 
thus overheating the winding and discharging the 
battery,i ·f the switch is left on and engine is not 
running and interrupter points are closed. 

The ignition resistance is made of iron wire, 
usually mounted on a porcelain spool on the ignition 
coil. It turns a cherry red when the primary cur­
rent flows through it for any length of time. \Vhen 
iron heats it offers resistance; thus the discharge 
through the primary winding is greatly decreased. 
If current is le[t on for a long period of time when 
the engine is idle, the resistance may burn out and 
open the circuit and a new resistance u.nit becomes 
necessary. This sort of thing happens frequently. 

~en the engine is running, the circuit is C'on­
tinuaUy opened and closed and thus the heating 
effect is not as great. 

In the instruction on the principle of the i~nition 
coil (page 190), we learned that the coil core 1s slow 
in its action of "building up" lines--0f-force, or in 
being magnetized, when the circuit is closed. This 
being the case, it would appear that at high engine 
speeds the interruption or opening of the circuit 
would take place before the iron core of the coil was 
fully magnetized, thus producing a weak spark, 
This is quite true and possible, • 

To overcome this, the coil is wo'imd so that iL 
takes an excess of current, or more than is required 
in order to compensate for this slow action of mag­
netizing the core. The question next to arise is, if 
the excess of current takes care of high speed~, 
what is the situation in the case of low speeds? AL 
low speeds, the points are closed for a longer periocl 
and the excess of current would injure the coll. 

The answer is, that the resistance unit heats when 
the circuit is closed for a longer period of time an<l 
offersresistancewhich cuts down the flow of current to 
normal. At high speeds it does not heat so much and 
the resistance is less, and the current is permitted to 
pass at full value through the winding at high speed, 
thus assisting in quickly building up magnetism in 
the core.1 

High-Tension Safety Gap 

Safety gap: The fact that the distributor spring 
does not make full conto.ct with the distributor 
terminals leading to the spark plugs brings up the 
subject of safety gaps. 

The safety gap on the ignition coil is always a 
"shunt" gap placed across the secondary circuit, 
usually on the coil. If the external secondaJ·y 
circuit is open, the safety gap provides another path 
to ground (see Fig, 6). It is used more on high­
tension magnetos than it is,on ignition coils. It is 
practically a safety valve for the high-tension cur­
rent. The safety gap is usually set slightly farther 
apart than the spark-plug gap, or about 5/16". As 
long as the wires to the spark plug are connected, 
the safety gap is inactive, but if the spark-plug 
wire should come loose, then the safety gap becomes 
active by a spark jumping across its gap instead of 
trying to jump from the end of the loose wire to 
the engine. If this were a greater distance.than ½", 
which it might well be, it might cause the high-ten­
sion current to force a circuit through its own 
insulated winding to its ground, thus damaging 
the coil, or cause sparking at interrupter points. 

CONNECTICUT IGNITION, CLOSED-CffiCUIT SYSTEMS: MODELS 16, 14, AND 15 

As an example of an ignition system using a 
"safety gap" and a "thermostat resistance," the 
Connecticut ignition system as used on the Dort 
and also on the "model 89" 'Willy-Knight six, is 
shown in Fig. 6. The diagram represents that of 
the Dort.2 The Connecticut ignition system using 
Lhe Connecticut automatic thermostat switch, is 

I The gap between the distributor brush and the spark-plu.1, 
terminals (Fig. 6) is about ,010''. It may vary .003' or ,004 
either way. 

The prime advant.age of th.is gap is the !set that no rubbing 
parts are employed; therefore there is no friction or wear. 

The high-voltage secondary current is ahletojump the gap, 
n.nd as soon as 'the gap is broken down its resistance becomes very 
low and the secondary discharge pnsses without noticeable loss. 

'See page 208 for Dort,..aix ignition. 

clearly shown in this illustration. This ignition 
system is known as the model "16." 

The purpose of the thermostat switch. It must be 
understood that the timer, or interrupter (Fig. 7) 
is a closed-circuit type; therefore if the engine is 
not running and the switch is left "on," a waste of 
current and heating of the ignition coil results, 
therefore this automatic switch is used to open the 
circuit. • 

There are two types of Connecticut thermostat 
switches: one which is operated by magnet coils, 

1 It is o. very easy mBtter to check the resistance unit, by 
observing its heating when thP. ignition button is out and tho 
contacts or the interrupter are closed, II it is shorted out, it 
will not heat up, and will cause missing at low speeds. 
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Fig. 6. The Connecticut model "16" high-tension noo-vibrnUng coil closed-circuit ignition system. Note thnt a thermostat 
of tho thermal type, termed "auto1natic switch," is used to open tho circuit if the ignition switch should be left "on. '1 Type 11GA" 
coil is used in this system. Note that the interrupter is grounded at (A). (See page 232 for a later type coil.) 

which is an early type described in Figs. 13 and 14, 
and a later model where a thermal, or thermostat 
blade (D), (Figs. 6 and 8) takes the pluce of the 
magnets. We shall descl'ibe the hl.ter model, using 
the thermal blade. "Thermal" refers to heat. 

eaker 
ate 

ntact 
mnts 

talnln.t 
row, 

Fig. i. Top view of Connecticut interrnpter or cont,a.ct­
breaker. See also page 232 for later model 18 interrupter. 

Thermostat action (see Figs. 6 and 8). The 
battery current flows from buttery ( + ), to (B)~ then 
through insulated spring (S, Figs. 6 and SJ. If 
the ignition button is pushed in, then an insulated 
plunger (E) on the switch button presses against 
snring (Sl) causing spring (S2) to close points (O). 
The current then travels through (A) to (1), through 
resistance wire ribbon (T) (thermostat wire which 
is insulated from A, except where grounded to A at 
1), to insulated connection (C), to (C) connection 
on the coil. 

So long as the engine is running, the intermittent 
opening and closing of timer contact points prevents 
(T) from heating blade (A). 

Thermosta1 switch 

Fig. 8. Connecticut thermostatswiteb, also called "automatic 
switch." • 

If the engine stops with ignition switch "in," then 
the timer points are closed, and within for 30 or 40 

seconds the continuous current passing through 
resistance wire (T) heats spring blade (A), causing 
it to bend down, thus making contact with (J) at 
(X). The current thc>n flows through (J) to (T) on 
blade (D), through (2) to ground connection of 
switcli box at (G). 

13lade (D) then becomes heated and bends up, 
releasing a wedge-shaped lug (L) which is attached 
to under part of (D), from a groove in the ignition 
button shaft. The sprin~ (Sl) then easily forces 
the ignition button "out,' thus opening the circuit 
at (0) and (X). 

The primary ignition coil circuit can be traced 
by st:u·ting at ( +) of battery (Fig. 6) to thermostat 
connection (B) through spring (S) to connection 
(C) (when ignition button is "in"), thence to the 
primary winding of coil (C), through the coil, out 
coil terminal (B) to stationary contact (B) on model 
16 timer, through points (P) to movable contact 
(A) (which is grounded), to the grounded terminal 
of the coil primary winding at (A), through ground 
plate (GP) to ground ( - ) of battery (type GA coil). 

The secondary ignition-coil circuit is from the 
secondary winding to center terminal (CT) of the 
distributor, to distributor arm (D) which passes 
the secondary current as it revolves, to spark plugs, 
thence through center terminals of spark plugs 
across spark-plug gaps to the shell of the spark plug 
to the engine frame, thence back to ground plate 
(GP) on the coil to the grounded terminal of the 
secondary winding. 

The safety gap is shunted across the secondary 
circuit of the coil, as shown in Fig. 6, and explained 
above. 

The condenser (Fig. 6) is shunted across the 
contact points of the timer, but is located in the coil. 

The lighting and ignition switch (type KV.B.) 
is combined with the Connecticut automatic thermo­
stat ignition switch; a front and rear view is shown 
in Fig. 6. It bas two buttons. 

When the button at the left is pushed in, the 
ignition is "on." When it is pulled out, the ignition 
is "off." 

When the button at the right is pushed all the way 
in, the headlights will burn "dim," a.s the dimmer 
resistance (RS) is in series with the circuit. When 
pulled all the way out, the headlights will burn 
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''bright," as the resistance (RS) is then cut out of 
the circuit. Wlien placed in the center, the lights 
are "out." 

The fuse for the lights is under the hood on the 
right side, and a fuse for the horn is on the left side. 
li all lights fail to burn or the horn fails to operate, 
see if the fuse is blown. The fuses are 7 volt, 10 
ampere enclosed No. 1 type, di. ¼" x %" glass 
tube. 

Timing ignition (Dort-4). Open priming cocks. 
Tum starting crank until 1 and 4DC (cylinders No. 
1 and 4 are on dead center of compression stroke) 
appears on the flywheel and is in line with the center 
mark on the crank case; then turn flywheel 1" past 
this dead-center line. 

Retard the spark lever and loosen the set screw on 
the distributor shaft. 

Push in the ignition-switch button. Disconnect 
the spark-plug wire on cylinder No. 1

1 
and place it 

so that the terminal may be about It 16" from the 
metallic part of the spark plug. 

Turn the distributor shaft very slowly, in a clock­
wise direction, till a spark is seen between the spark 
plug and the wire terminal, and stop. 

Screw securely the set screw on the distributor 
shaft, put the handles of the priming cups in a verti­
cai position, and the spark is correctly timed. 

The firing order is 1, 3, 4, 2, and the wii-es to spark 
plugs should be attached to the distributor in this 
order. No. 1 cylinder is the one next to the fun. 
Spark plug is ½-18 thread, and the gap should be 
.022" to .025". See also page 208 for Dort-six ignition. 

The generator shown in Fig. 6 (which is the electric diagram 
on the Dort) is the Westinghouse, using a third-bru.sh regula­
tion with a cut-out switch (reverse-current type) contained in 
the generator. Note that one terminal of the generator is 
grounded, likewise the (-) terminal of the battery. When 
starting, the ignition current is taken from the battery. After 
starting, and generator gains sufficient speed (8 or 9 miles per 
hour car speed), and then the iscnerator supplies current for 
ignition and oharises tho battery. The iscnemtor produc;,s 
12 to 15 amperes at 18 miles per hour. At higher speeds the 
cha.rging rate decreases slightly. 

The starting motor (not shown) is located on the left side of 
the engine, at the rear. It is fitted with a Bendix drive which 
automatically engas:es and disengages tbe fly-wheel gear, as 
explained in tho instruction on starting motors. One terminal 
of the st.n.rt.ing motor is grounded, the other terminal connects 
with the st,-rter switch, from the starter switch to battery ( +). 
through the battery to ground. 

Renewing lntcrruplc1· Poiuts 

To dissassemble interrupter (timer), model 16: 
first, unclamp the spring and remove the distributor 
cover (Fig. 9); second, remove the distributor arm 
(Fig. 10); third, unscrew the retaining screws (Fig. 
11); fourth, lift the breaker-plate, unscrew nut and 
loosen the primary wire. Install new breaker plate 
(Fig. 12). After installing a new breaker-plate, 
which is always necessary when renewing inter­
rupter points, reassemble and adjust. 

Fig. 0 Fig. 10 Fig. ll 

Fig. 12 

Interruptc1· (Tiinc1') Adjustment 
The opening of contact-points on 4- and 

6-cylinder engines should be .016" minimum to 
.024" maximum; on 8-cylinder. engines, .012" 
minimum to .01511 maximum. When adjusting, 
the roller should rest on the point of the cam. 
Set spark-plu~ gap .022" to .025" on 4-, 6-, and 
8-cylinder engmes. 

Connecticut Ignition; Models 14 and 15; 
Closed-Circuit System 

This ignition system was used on many of the 
Overland cars. The· thermostat switch was con­
trolled by magnets and enclosed in rear of a switch 
mounted on the dash. In many of the Overland 
cars this switch, called a. "combination switch" 
box, was placed on the steering column. 

Spark gap 

(. :r 

.@ .l( • 
S:: • CD . . . - • " . . 

THCli:M~TAnc. 
CU!C.UIT l>RC-'l(l)lt 

Fig. 13A Fig. 13 

Fig. 13. The Connecticut models "H" and "15," high-tension non-vibrating coil, closed-circuit ignition aystem, u,ing a 
magnetic thermostat s1:..,·itcl1. 

Fig. 13A. Toi? view of the closed-circuit interrupter or contact-breaker. Note that the interrupter is not grounded, aa 
in Fig. 6, but insulated. 



MODERN BATTERY AND COIL-IGNITION SYSTEMS 201 

The timer or interrupter (Figs. 13 and 13A) is 
the model 14 and 15, where both contact points (U), 
one on arm (A), the other on arm (B), are insulated 
from each other and two ·wires connect with termi­
nals (T) and Tl) from coil, battery, and switch. 
(R) is a fiber roller and (C) a cam, which turns at 
one-half the engine speed and has as many lobes as 
there a.re cylinders. Both contact-points are nor­
mally closed until separated by cam (C). It is thus 
a closed-circuit type. 

The distributor sets above the timer, and the 
rotor or distributor arm sets on top of the cam shaft 
and revolves at the same speed as the timer cam. 
The rotor in models 14 and 15 is of the "brush-type" 
contact (R), which makes a wiping. contact. 

The model 16 timer-distributor (Fig. 6) is very 
similar, except, instead of having two binding-posts 
to the timer, there is one binding-post and a wire, 
and the distributor rotor (or arm) is of the "gap­
t,ype." 

The coil is a non-vibrating type. A safety-gap 
is provided to protect the coil from liability to a 
puncture of the ,vinding insulation if the spark plug 
or secondary wires come loose. 

The switch on this system is the model G. When 
(B) button is pressed, the storage battery supplies 
current for ignition. When (M) button is pressed, 
the magneto supplies current for ignition. When 
the lower button is pressed, it will release either of 
the above, whichever may be in. 

The thermostat, as explained below and also 
shown at the right in Fig. 13, is contained in the 
back of the switch. This switch is now seldom 
used except where magneto ignition is employed. 
The switch below is the model 41 Y ignition and 
lighting switch with thermostat. Where a genera­
tor is on the car, it is connected with a separate cut­
out, between battery and s,vitch. 

The thermostat consists of blade (T) (see Figs. 13 
a.nd 14), which heats when current passes through it 
for from 30 seconds to 4 minutes without interrnp­
tion, and causes it to bend to contact with (L). 

1GN1Tl0N 5WITCl1 DtMMtR 

Fig. 14. Connecticut magnetic thermostnt awitch (early 
model, as used in Fii;. 13). An automatic tbermostnt in the 
Connecticut system brea.ks the circuit in the event that the 
switch is left in t.be "on" position with the motor idle. The 
light switch and dimmer are ho11Sed at the right. 

This completes an electrical circuit which ener­
!QZes the magnets (M), causing releasing hammer 
(K) to operate like the clapper in an electric bell. 
This arm strikes against a plate (P) which releases 
whichever of the two ignition switch buttons in 
switch may be depressed or "on." The •~ilnnostat 
can be set to act from ½ to 4 min. 

An adjusting screw (Fig. 13, right illustration) is 
provided directly over the thermostat spring (T) 
which regulates the time. If the thermostat was 
made to disconnect in less than 30 seconds it would 
probably "kick-off" when putting on ignition, before 
the engine could be started. 

The condenser (C) (Fig. 13) is located in the coil, 
but by tracin~ the coil primary circuit it will be 
observed that 1t is shunted across the timer contact 
points. 

Example of Timing Connecticut lgnition 1 

System 

To time the breaker ·and distributor six-cylind<'1' 
engine as example): When replacing, if for any cause 
it becomes necessary to remove the breaker and dis­
tributor, crank the engine by hand until the piston 
of No. 1 cylinder (first from front end of car) comes 
up on its compression stroke, and stop when the 1-6 
mark on the flywheel is on top in a line with the fly­
wheel indicator. At this point the piston is at the 
uppermost point of the compression stroke or "dead 
center." You can determine when the piston i8 
coming up on the compression stroke by opening 
the relief cock on the cylinder and holding your finger 
over the opening. 

Now advance the spark lever on the .steering 
wheel one-quarter of the way. Remove the dis­
tributor cap, then set the combination breaker and 
distributor on the driving shaft with set screws 
loose; connect the advance lever, turn the hub on 
the shaft in the direction of rotation (counter­
clockwise) until the contact points are just opening, 
which is the point at which the spark takes place; 
then tighten the hub set screws. 

Now replace the distributor cap, carefully notic­
ing which segment of the distributor brush is 
opposite, for this is the connection to the spark plug 
of No. l cylinder. Now connect up the balance of 
the spark plugs in their firing order-1, 51 3, 6, 2, 4. 

The Chevrolet timing: Place the piston on top or 
the compression st.roke. Retard spark, loosen set 
screw and turn igniter unit until-contact points are 
just opening, which is the point for spark. Tighten 
the set screw. The firing order is 1, 2, 4, 3. There­
fore connect the plug terminals accordingly. 

Sec also Index under "Lexington ignition timing.'' which is 
a.nother example of me Connecticut system. 

Testing lgn.iLion Circuits an<l Par Ls 

Testing coil: In order to determine if the coil is 
operating properly, secure a piece of "'·ire and, hold­
ing one end to the fmme or the car, engine casting, 
or other metallic "ground," bring the other end to 
within one-quarter inch from the point where the 
high-tensiou wire (running from the coil to the 
central terminal of the distributor) leads from the 
coil, and turn the engine over by hand with the switch 
on. If a spark occurs at this point and not at the dis­
tributor, the trouble is in the high-tension wfre 
which leads from the coil to the distributor. If, 
however, no spark occurs at either poin~ see if the 
safety gap in the top of the coil is wet. 111 this case 
dry out the coil for several hours in a warm oven 
The safety gap may be observed by removing the 
cover on the top of the coil. 

1 To suit individual rerjuircmcn{..s it n1s.y be neces~a.ry to 
advance the if;nition slightly when timing, if greater speed is 
required, or to rcturcl it slightly .for very slow running. This is 
done by loosening set screw and turning timer with rotation 
of shaft if it is found to be timed early-or against rotation if 
it is found to be timed late. 
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The thermostat (or ignition resistance unit in 
other systems) would cause missing if burned out. 

The condenser, if shortedl will cause a weak spark. 
These subjects are treated tarther on. 

If this does not correct the trouble and the pri­
mary circuit is intact, it is evident that the coil 
should be replaced or returned for repairs. 

It is a good plan regula,rly to examine the clamp­
ing rods holding the coil to the generator, tightening 
when needed to prevent vibration from loosening 
the terminals or breaking them. 

Test of primary circuit: ,,11en testing the prima.ry 
circuit, there are practically only two things to be 
taken into consideration, namely, the condition of 
t11e contact points in the breaker box and the wiring. 

When tracing the primary circuit, first see if any 
of the fuses have "blown," then trace all the wiring 
of the ignition circuit. 

Testing ignition switch: In order to test the 
switch and determine if current flows through it, 
attach a wire to the negative terminal on the storage 
battery and remove the wire from the tenninal on 
the coil. Then push the ignition button on the left 
end of the switch in and make and break the circuit 
with the two wires by touching their free ends 
together. If a spark occurs, there is a circuit 
through the switch. If a spark is not obtained, there 
is doubtless an open circuit in the interior; therefore 
it should be returned for repairs. 

(The addre.,;s of the Connecticut Tel. and Electric 
Co. is Meriden, Conn.) 

ATWATER KENT OPEN-CffiCUIT IGNITION SYSTEM 

As an example of n, coil and battery ignition sys­
tem, using an open-circuit timer system of ignition, 
,,·e will take the Atwnter-Kent type 1(2 open-circuit 
system. (This concern also manufact.ures a closed­
circuit system, as illustrated on page 205.) 

The distributor and timer (called the Unisparker) 
is illustrated in l<'igs. 1 to 7. It consists of a timer 
with its .contact breaker, or "1naker," ,vhich would 
be more appropriate, mounted on the timer shaft, 
but independent of each oUier. 

The timer is illustrated in Fig. 3. 

JF163.I 

The parts consist of: (1) the disti·ibutor and 
timer, which is called the Unisparker; (2) the coil, 
which consists of a simple primn.ry and secondary 
winding, sealed in an insubted cylinder; the coil has 
no vibrators, contacts, 01· other moving pa.rts; (3) 
t,he depolarizer switch; (4) the automatic spark 
advance. • 

The function of the Atwater-Kent ignition syst,em 
is to produce a single· hot spark for each power­
impulse of the engine, accur:itely timed to occur at 
the ·right instant to produce the gre:itest possible 
power and efficiency. 

Condenser 

t 
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View showing distributor cap 
and rotor. Note how the sec­
ondary jum!)S the gnp from 
rotor point (DA) to spark-plug 
terminal point8. 
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The timer shaft is n half-inch shaft, driven usually 
from the cam shaft and at cam-shaft speed. It is 
also quite often mounted on the generator and 
driven from it, as shown on page 210. It should 
always be installed in the coolest location avail­
able. 

The contact points in the timer (Fig. 3) do not 
touch except during the brief instant of the spark. 
The ignition circuit is therefore normally open and 
no current flows, even though the ignition switch 
be left "closed." This dispenses ,vith the use of a 
resistance unit, or thermostat. 

Where the hand-spark control lever is also used, 
it should be so proportioned as to give not more than 
one-quarter to one-half inch of movement for the 
entire range of the spark lever on the steering-wheel 
sector. 

Range of spark advance: The high-tension dis­
tributor is carried on a central shaft, which connects 
below the governor, so that the distributor block is 
not moved by the automatic advance mechanism. 
This permits of a "ide range of spark advance with­
out affecting the synchronism. The maximum 
advance is about 45° of crank-shaft travel, at 2,400 
r.p.m. 

The source of electric supply for this system, also 
all other systems of this ki11d, is from the storage 
battery. The storage battery, as previously 
explained, is charged from an electric generator 
l'Ull from the engine. 

The current consumption is very small, but the 
strength or pressure of current as required by the 
coil is necessary for a single-spark system. There­
fore keep the battery fully charged at all times. 

In case of an emergency, dry cells can be used 
connected si.--s: in series. 

Adjusting A.K. Open-Circuit Timer 

Adjustment of the gap between contact-points 
should be .010", when the lifter (D) (Fig. 3), is in 
the notch. This adjustment can be made by 
placing more or less thin shim washers (see W), 
(Fig. 3) on the contact screw. 

""hen taking up this distance between points, 
arising from natural wear, remove both screws and 
dress with a very fine file; then replace and shim up 
to .010". The points are made of tungsten steel, 
which is very hard. 

Remember that when the points are working 
properly, small particles of tungs~en will be carried 
from one point to the other, forming a roughness 
of a dark gray color. This, however, does not in 
any "-'ay affect the working of the points, as the 
rough surfaces fit each other perfectly. The spark­
plug gap should be .02511

• 

Do not think that the parts of the tiruer (Figs. 
8 to 11) do not work properly because you cannot 
see their movement. The contact maker of the 
Unisparker may be likened to a watch, which, be­
cause of the small size and extreme accuracy and 
hardness of its moving parts, is subject to very little 
wear. Don't change the tension of spring or alter 
the parts. 

Polarity Switch 

The polarity switch, also termed a "pole-changing 
switch" aud "depolarizing switch," is intended to 
prevent the points on (B) and (C) (Fig. 3) from 
becoming worn and pitted. "Direct" current is 
used, which has a tendency to burn and. pit the 
points, whereas an alternatiug current is much 

easier on the points. Therefore the purpose and 
principle of this style of switch is to alternn,te the 
flow of current from (N) to (S) and (S) to (N), or 
from positive to negative and negative to positive. 

As stated above, "direct" current is used with all 
battery systems; therefore a steady flow in one 
direction has a tendency to deposit the meta.I from 
one point to the other-but by changing this flow of 
current occasionally, the deposit will be put back 
to the other point a.gain, as in electroplating. 

Note the action of the polarity switch (Fig. 5): (C) 
to (A) is now flowing positive, and (D) to (B) is flowing 
negative. By turning tne switch one-quarter turn, 
the poles are chanl!,ed; (C) to (D) will become posi­
tive and (A) to (B) will become negative. This 
change is made occasionally when running, and has 
a tende11cy to keep the contact points clean. 

Automatic Ignition Governor 
The governor (Figs. 6 and 7) is mounted directly 

under the timer. One arm of the ~ovemor (Gl), is 
attached to the upper part of the timer shaft which 
is free to advance with the action of the governor. 
The other arm of the governor automatically 
adva11ces the time of spark as the speed of the engine 
increases, by centrifugal action of . the governor 
weights 1GW), as shown. Note the position of the 
end of the timer shaft (A), at retard (Fig. 6), and 
advance (Fig. 7). Note that nt "rebrd," the 
governor arm (Gl) is at (C), whereas at full speed 
it has advanced to (DJ (marks shown on left-hand 
side of housing). 

Explanation of Automatic Spark Advance 
Governor: The Delco, Remy, Atwater Kent, and 

many other systems employ a mechanical governor 
for advanci_ng the spark when the engine is speeded. 
A governor of the centrifugal type is usually 
employed, but of slightly different construction on 
different systems. The purpose of tbe governor is 
to cause the timer notched shaft! to turn in the 
direction of rotation, causing the contact points to 
make and break earlier as· the speed increases. 

For instance, refer to Fig. 6, page 202. Assume 
that the engine is running slow and that the governor 
is in retarded position. Note the position of the 
notch (A) a11d tlie governor weights at the top of 
the timer shaft. If the engine is speeded up, the 
~overnor weights (GW) fly outward (Fig. 7), caus­
mg the timer shaft to turn a farther advance in the 
direction of rota.tion. It is clear that the contact 
would be made earlier nt contact points. The top 
of the timer shaft is driven through t.he governor 
arm-(Gl) (Fig. 2); thus as weights (GW, Fig. 7) 
are forced outward by ccntrifugnl force, (Gl) moves 
t~e timer shaft (Fig. 2) in the direction of rotation. 

The automatic spark control is for the purpose of 
securing the proper control due to variations in 
speed alone, and all that is required for normal 
driving is to secure the proper spark control for 
slow driving from 10 to 15 miles per hour (set the 
spark lever about two-thirds advanced), and the 
automatic feature will give the proper spark position 
for all higher speeds and for all lower speeds, except­
ing when the throttle is wide open, at which time 
the spark lever should be slightly reta.rded. 

The advantage of the automatic spark advance, 
as further explained is this: With the spark lever 
set at the running position on the steering wheel, 
the "automatic" feature gives the proper spark for 
all speeds excepting a wide-open throttle at low 

1 The notched shaft would be termed the 11 cam," and when 
it is advanced by the governor action t.be rotor (DA, Fig 2, 
page 202) is also advanced. 
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speeds, at which time the spark lever should be 
slightly retarded. \Vhen the ignition is too far 
advanced, it causes loss of power and a knocking 
sound within the engine. ·with too late a spark 
there is a loss of power (which is usually not noticed 
excepting by an experienced driver or one very 
familiar with the car), and hen.ting of the engine 
and excessive consumption of fuel are the results. 

Manual and Hand Advance of Spark 
In addition to the governor advance-the dis­

tributor housing can also be advanced by hand, the 
two working independent of ea,ch other (see Fig. 3). 
(L) is connected with the spark lever on the steering 
wheel. This is termed "manual control." 

The manual or hand control is for the purpose of 
securing the proper ignition control for carburetor 
adjusting, slow idling, retard for starting, and 
variable conditions which cannot be held constant. 

The reason for using manual (hand) control of 
spark, where system is the automatic advance, is 
as follows: a highly compressed charge burns 
quicker than a light one. For this reason the 
engine will stand more advance with a half-open 
throttle than with a wide-open throttle. The hand 
control is therefore installed in order to secure the 
proper timing of the ignition due to these variations 
and to retard the spark for "starting," "idling," and 
"carburetor adjusting." 

The automatic advance mechanism varies slightly 
in constrnction on different makes, but almost all 
are of the centrifugal type. See also page 212. 

When starting the engine, where ignition is 
manua.l mid "·ith automatic advance, the spark 
lever should be retarded. After starting, move the 
hand spark lever to a position on the quadrant on 
top of the steering wheel, known as "driving posi­
tion." It cnn then be advanced or retarded as 
occasion demands. Usually the automatic advance 
starts to operate at about 600 r.p.m. of engine. 

Semi-automatic advance is where automatic and 
manual advance are provided. 

Full-automatic advance i5 where automatic 
advance alone is provided. 

Operation of A.K, Open-Circuit Timer 
The operation of the timer: This consists of a 

pair of contact points, normally open, which are con­
nected in series with a battery and the primary 
circuit of a simple non-vibrating induction coil. 

A hardened steel latch, a~ainst which the trigger 
strikes on its recoil and which in turn operates the 
contact points, completes the device (see Figs. 8, 9, 
10 and 11). 

The distributor forms the upper part of the Uni­
sparker; the high-tension ctll'rent from the coil is 
conveyed by the roti,ting distributor block arm (DA) 
(Fig. 2), thence to the spark plugs in their proper 
order of tiring. 

Fig. 7 A. Illustrating the- distributor and timer unit as 
shown in Fig. 2. Termed the "Unisparker.11 

The distributor, which distributes the current t.o 
the spark plugs (six, in thi.s instance) in their respec­
tive firing order of 1, 4, 2, 6, 3, 5, is mounted on the 
upper end of the shaft. The distributor arm (DA), 
revolves with the timer shaft and passes the high­
tension current to the terminals of the distributor. 
As six sparks are req•1ircd per revolution, there arc 
six notches on the timer cam, and the distributor 
poiut.s are spaced 60° apart. Fig. 7 A shows the 
parts of the distributor. A secondary cable of 5/16" 
outside diameter is used for the secondary circuit. 

Gap type distributor: The distributor arm (DA, 
Fig. 2) does not touch the contacts above it, but 
passes close to them (gap .010 in.) as it revolves, aud 
the high-tension current jumps the slight gap. It is 
therefore termed a "gap-type" distributor. 
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Fig. 8. Contact open. 

Fig. 10. Contact made. 

l'i~. 0. Conto,ct still open. 
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Fig. 11. Contact broken. 

Figs. 8, 9, 10, and 11. Atwater Kent open-circuit timer 
operation. 

Figs. 8, 9, 10, and 11 show the operation of the 
Atwater-Kent open-circuit timer clearly. It will 
be noted that in Fig. 8, the lifter is being pulled for­
ward by the notched shaft. When pulled forward 
as fa..r as the shaft will carry it (Fig. 9), the lifter 
is suddenly pulled back by the recoil of the lifter 
spring. In returning, it strikes against the latch, 
throwing this against the contact spriµg and closing 
the contact for a very brief instant-far too quickly 
for the eye to follow the movement (Fig. 10). Note 
that the circuit is closed only during the instant of 
the spark. 

Fig. 11 shows the lifter l'eady to be pulled forward 
by the next notch. There are as many notches in 
the timer shaft as there are cylinders, and as many 
leads from the distributor to the spark plugs as 
there are cylinders. 

The ignition coil (Fig. 4) is a box-type coil with a 
secondary and a primary winding. The primary 
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current (6 volts), coming from the battery or genera­
tor, is carried through a pole-changing switch (Fi~. 
5) through timer contacts, where the current 1s 
opened and closed at the proper time by the contact 
arm (D) (Fig. 3) coming in contact with notches 
(N, Fig. 2), which raises latch (E), causing contacts 
(B and C), which are insulated from eH.ch other, to 
come in contact, thereby closing the primary circuit 
in the coil. This causes a secondary current to be 
set up in the secondary winding of high voltage. 
This secondary current is then distributed to the 
spark plugs by the distributor. (Cylindrical type 
coil is now used.) 

The condenser in this system, using the box-type 
coil, is mounted in the coil, as shown in Fig. 4. The 
condenser is connected or shunted across the timer 
contact points. 

Where a cylindrical type of coil is used, the con­
denser is mounted on the timer (Fig. 12A), and 
connects a.cross the timer contact points. 

A box-type coil is the type as shown in Fig. 4, 
page 202. 

A cylindrical type coil is the type shown in Fig. 14, 
this page. 

Fig:. 12. At,\rater Kent open-circuit timer, as shown in li'ig. 
3. The condenser is in the coil box (Fig. 4). 

Fig. 12A. ''A..K." open-circuit timer with condenscrmouotcd 
on the timer. In this inst.anco a cylindrical type of coil is used. 

THE ATWATER-KENT CLOSED-CIRCUIT IGNITION SYSTEM 

The closed-circuit system is siniilar in many 
rl'.spects to the open-circuit system, except that the 
timer, or interrupter, is constructed differently. 
The points are normally closed instead of OJ?en. 
This system is termed the type "CC." When 1t is 
equipped with a governor or automatic advance it 
is termed the type "CA." 

When using a closed-circuit timer, it is necessary 
l-0 use resistance in connection with the primary 
winding of the coil, else the coil might be damaged 
if t.he switch was left on when the engine is not run­
ning, as the timer points are normally closed. The 
resistance unit also protects the coil during varia­
tions of speed of tbe generator, which slightly 
increases in voltage at high speeds, when the genera­
tor supplies current for ignition. At low speeds 
the battery (6 volts) supplies current, for ignition. 

,\t medium and high speeds the generiitor supplies 
cw·rnnt for ignition (about 8 or 9 volts). 
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Fig. 13. Top view of Atwater Kent type "CC" close<l­
circuit timer (also called interrupter and contact-breaker). 

The closed-circuit timer (we will term it an "inter­
rupter," because it interrupts the flow of current 
in the-primary winding instead of first closing and 
then opening) is shown in Fig. 13. Contacts are 
normally closed by a spring on the contact arm. 
Rotation of cam brings it in contact with a fibre tip 

on contact arm (A), thus sepamting contact-point,s 
(P) and breaking the circuit, at which instant the 
coil delivers the strongest current.). 

DISTRIBUTOR SCREW AND SPRING\ 

DA 

•ROT~ 
MAOE 
OFNON­
C0N0UC.TltlG MI\TE.RIAL 

Fig. 13A. Top and side view of the distributor rotor which 
is placed on the top of the cam (Fi~. 13), and serves to distribute 
the secondary ou.rrent to the spark plugs in a manner similar 
to (DA) (Fig. 2, page 202). 

Adjustment of the interrupter points ou a closed­
circuit system can be made by loosening screw (S) 
(Fig. 13) a.nd moving arm (B). 

The gap between contact points should be .009" 
for 4- and 6-cylinder and .007" for 8-cylinder 
engines. The spark-plug gap, .025"-

IC,"'t 110.N COil, 
Cl t,.11101-(P("Al tT"'l 

l'ig. H. Wiring of the Atwater Kent closed-circuit ignition 
system. Note that a cylindrical type of coil is used. Note: 
The secondary (SG) is grounded to the primary winding. 



206 DYKE'S INSTRUCTION No. 19 

Circuit of the AK closed-circuit interrupter and 
distributor (Fig. 14): Note one wire from the timer 
and one wire from the battery is grounded; there­
fore it is a "single-wire" system. The open or 
closed-circuit system could also use either a "single" 
or "two-wire" system. 

To trace the primary circuit, start at the switch, 
follow the black line to the insulated terrnin_al (4), 
then to the insulated contact point through grounded 
contact point to grounded terminal, to.ground (GT), 
to ground on battery (GB). (Note that the con­
denser connects across the contact points.) 

To trace the secondary circuit, start at (Sl) 
thence to distributor rotor, through spark plug to 
ground (SG). 

Note: The secondary is now grounded to the primary winding 

Atwater-Kent "Style 4,6" Contact l.Vlakcr 

On some of the type "CC" and '!CA" inter­
rupters a contact-breaker shown below is used. 
A contact screw (S) is used instead of (B) (Fig. 13) 
and a different arm (M) instead of (A) ~Fig. 13). 
This type is known as "Style 46" for a ½' earn and 
"Style 80" for a %" cam. The adjustment of the 
interrupter point gap is .015". 

CO•D• 

Fig. 1-IA. Style 40 contact-breaker, adaptable to the regular 
Type iaccu and "CA" interrupter. 

The Atwater-Kent Condenser 
The condenser on the type "CC" closed-circuit 

system, instead of being in the coil, is located on 
the interrupter (Figs. 13 and 14). Note the circuit 
in Fig. 14. The condenser short-circuits across the 
timer contact-points for re.'\..~ons stated on page 190. 

To understand how the condenser is connected, 
see Figs. 14, 15, and 16. A metal cover (Fig. 15) 
is placed over the condenser to protect it, and to 
trus is attached the insulated contact-point of the 
interrupter. 

R COvtR 
FIBRE WASHER 

DENSER LEAD 

Figs. 15, 16. Sequence of operations in installing condenser: 
(l) insulated washer placed in position; (2) condenser placed 
in pocket; (3) insulated washer laid on top of condenser 
terminal; (4) condenser cover placed in position; (5 and 6) 
insulated screws put in; (7) adjust contact points. 

This condenser cover is insulated from the base 
of the interrupter by screws 5 and 6 which have 
insulated washers on them. 

Note the terminals (A) and (B) of the condenser 
(Fig. 16). Terminal (A) is ~rounded to base (C) of 
the timer below it, then an msulated washer (3) is 

placed over (A). The other terminal (B) has an 
insulated washer (1) under it to insulate terminal 
(B) from the base. Cover (4) is then placed over 
the condenser and terminal (B) makes contact with 
the cover. We then havo one terminal (A) of the 
condenser grounded to base (C) and the other 
terminal (B) connected with cover (4) which is 
insulated from the base. The circuit would then 
be ns shown in Fig. 14. 

It is seldom necessary to rerriovc the condenser, but if ignition 
fails in case the timer should become water-soaked, feel ~he 
coil, with switch on. It should show some heat from current 
passing through resistance unit in Ute coil. You will then 
know that current is passing through the coil all right; there­
fore open the S\\.'itch. Theo remove the distributor cover and 
condenser cover and clean all contacts and screws and replace 
the condenser cover; also wipe wn.t-0r from the other parts and 
wires. The ignition may also fail by these screws coming loose; 
ho,,•evcr, this seldom happens but if ignition fails, and you 
know that current is passing through the coil, and if no spark 
can be obtained, then this might be investigated. 

Oil: Use lii,ht machine oil at point-s shown by the lines 
on the open-circuit timer (Figs. 12 and 12A). Oil lightly 
about every 1,000 miles. See that the contact-breaker points 
are free from oil. A small amount or vaseline can be applied 
to interrupter cam. 

Testing 
If the engine misses without regard to speed, test each 

cylinder separately by short-circuiting the plug with a screw 
driver, allowing a spark to jump. If all cylinders produce a 
good, regular spark, the trouble is not with the ignition. 

If any one cylinder sparks regularly, this will indicate that 
the system is in working order, so far as the Unisparket· and 
coil are concerned, and the trouble is probably in the high­
tension wiring between the distributor and plugs, or in the 
plugs themselves. Examine carefully the plugs and wirin~. 
Leaky secondary wiring is frequently the cause of missing n.nd 
back-firing. 

Frequently, when high-tension wires are run from the d.is­
t,ributor to the spark plugs through metal or fiber tubin~, 
trouble is experienced with missing and back-firing, which 1s 

due to induction between the various wires in the tube. This 
!,rouble is especially likely to happen if tho main secondary 
wire from the coil to the center of the distributor runs through 
this tube with the spark-plug wires. 

Wherever possible, the distributor wires should be separated 
by at least half an inch of space, anti sboulu be supported by 
bracket.s or insulators rather than run through a tube. In no 
case should the main distributor wire be run through n conduit 
with the other wires. 

If irregular sparking is noted at all plugs, examine first the 
battery anti connections therefrom. If the trouble commences 
suddenly, it is probably due ton. loose connection in the wiring. 
If gradually, the batteries may be weakening or the contact 
points may require attention. See that contacts are clean anti 
bright, and also that the moving parts are not gummed with 
oil or rU$ted. 

Tim.ing Atwater-Kent Ignition System-Open 
and Closed-Circuit Types 

Open-circuit type when hand-spark control is not 
used (automatic advance): First, place the piston 
of No. 1 cylinder on top of the compression stroke. 
Second, slowly turn the Unisparker backwards until 
a click is heard, which is the exact instant of the 
spark. Third, tighten the set screw on the timer 
shaft which was loosened when starting to time. Be 
careful not to change position. Fourth, remove the 
distributor cover and note the position of the dis­
tributor block or rotor. It should be on the terminal 
for No. 1 cylinder. Then see if the wires from the 
distributor are connected properly, in accordance 
with the firing order of the cylinders, keeping in 
mind the direction in which the rotor turns. 

The spark set thus, is on top-dead-center re­
tarded, and the governor action will take care of 
the advance as the speed increases. 

The closed-circuit type when the hand-spark 
control is not used (automatic advance): The timing 
is the same as above, except that the timer should 
be turned backwards until the contactrpoints com­
mence. to open. As they open the spark occurs. A 
good way to test is to have spark plugs on top of 
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the cylinders and current on, so that the spark can 
be seen at points of plugs. If the timer with auto­
matic advance is u~ed in connection with the regular 
spark lever on the steering wheel, then do not 
give over five-eighths or three-quarters of an inch 
movement of the timer from full retard to full 
advance. 

Open-circuit type with hand-spark control: The 
setting is the same, except that the po~ition of the 
spark-advance lever on the steering wheel should be 
"-ithin half an inch of full retard and the lug on the 
timer should have three-eighths to one-half an inch 
movement from full retard to full advance. After 
retarding the spark lever to within one-half an inch 
full retard, then with the driving member loose, and 
piston on top of the compression stroke, turn back­
wards until a click is heard, at which point set tho 
timer. Then see "Fourth" procedure, pa.ge 206. 

Closed-circuit type with hand-spark control: 
Same as above, except that the timer is turned 
backwards until contact poi11ts commence to open, 
at "·liich point set tha timer by set screw or clamp, 
or if driven by a shaft on which the timer cannot be 
loosened, then the setting can be mnde with t.he 
advance Ie,·er shaft or drive gears loosened. The 
Ing on the timer should have seven-eighths to. one 
inch movement from full retard to full advuncc. 

Atwater-Kent Type "RA" and "LA" 
Interrupters 

Type "RA" distributor and interrupter is shown 
in Figs. 16A, 16B. Type "LA" interrupter is show11 
in Fig. 16C. These models are la.ter than type 
"CC" (page 205). They are equipped with auto­
urn,tic governor and haiid control and arc of the 
rlosed circuit type. 

Type "LA" differs from "RA" in that the station­
ary contact arm is grounded and the movable 
arm is insulated, whereas in type "RA" this is 
just the reverse. Adjust contact points (P) to 
open .015" when (16) is on high point of cam. 

lngition coil type "N" is used wit.b this system, 
and has a straight iron wire resistance enclosed in 
the coil. C;)Dnections are shown in Fig. 16 (D 
and E), for type "RA" system. 
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(The address of the Atwater-Kent i\lfg. Co. is Philadelphia, 

J>a.) 

THE WESTINGHOUSE IGNITION SYSTEMS 
The Westinghouse battery and coil vertical type 

ignition system (Fig. J 'i) is of tho closed-circuit typo. 

~Tlil:,, (Iii 
..,.,.Mftmt>•IN (ulmsl 

Fig. I 7. Wes ti nghouso high-t~nsion 
non-Yibrating coll, closcU-circuit igni­
tion sysLCrn, the Vertic.:11 type is now 
rcplnced with the type "SCH ignition 
system. 

Fit;. 18. Contnet-breaker or inter­
rupter with condenser. 

Fig_ 18A. The double-wound, hi;;h­
ten!'-;ion ignition coil winding Bhown 
in Fig. 17. 

We can thus tell that this is a closed-circuit ignition system 
by observing the interrupter points or contacts and the cam­
because, normally, the contnct poinis are closed and arc opened 
by the cam. whereas with an opc:n-circuit system, as explained 
on P";ge 204, the contact points are first closed, then opened. 

Interrupter and distributor can be operated 'from cam shaft 
or attached to generator. Distributor brush is carbon. Switch 
is of the pole-changing type. 

Ballast coil or resistor is the same as an ignition rc-sistance 
unit (page 198). 

Adjust interrupter points .012" gap when cam raises arm (A): 
ndiust spark plugs gap .025". 

This is only one exnmple. Manufacturers are Westinghouse 
-;Jectric Co., Springfield, Mass. 

The Westinghouse type "SC" ignition system is 
shown in Figs, 18B, C, and D. 

CONTIICT POIITTS•-GAP.011-£)15" 
STAT'V.CO>tTACT(GROUHOet>) ADJ.SCREW 

MOVA81.£ CONTACT ARM (INSULA'Tlro) OPE­
.....r.;= RATEU5'1 FIBRE CAM UND€1> 
,-~ NEATH THE OIST'R. BLOCK 

Fig. 18B. lnlernaJ of type "SC'' coil; Fig. JSC. Top view 
of interrupter. 

Adjust interrupter tungsten points by loosening adjusting 
screw and move up or down until points are .011" to .01511 

apart when fully separated by cam. . 

Time by loosening unit, so that gear on interrupter shaft 
can be moved one tooth either way; then adjust length of 
rod connect,od with advance lever arm. Retard spark lever. 
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Ti!E BOSCH BATTERY IGNITION SYSTEM (Model "TC-20") 
Model "TC-20" is the. ype used on E&aex. Hudson, Dort­

Six and other makes of cars (see Specificntions of Passenger 
Cars). 

$ti> 

s 
0 

0 
~S.~(V 

NG ROiO 

Distributor connection from coil secondary term'nal (Fig. 
21) is with center terminal (T) of distributor (Fig. 19), which 
connects with rotor metal part (S, Fig. 19B) by means of a 
cal'bon brush. The rotor rcvolve:3: ,,,,ith the cam shaft., and 
there is a gap of approximately .010" from point ol (S, Fig. 

19B) to the distributor t~rminnls, thus termed a "gap type o.f 
clistributor.'' 

The automatic governor ndvnnces Ute interrupter cam an<l 
rotor (Fig. 19A.) The Hudson and Essex havo an advance 
range of governor of 28°, n.nd the manual a.dvnnce ]ever arm 
22° (flywheel degrees). 

The interrupter terminal (Tl, Fi1,,s. 20, 19) connects with 
primary winding terminal (P, Vig. 21). The movable coruacL 
arm is irnmla.ted and connects with (Tl). Stationary contac-l 
screw is grounded. Ad,·ustrnent of interrupter gap is .020" 
when on hizhcst point o cam. 

Condenser is connected across the points. One end is 
insulated and connects with (Tl), the at.her encl is groundetl. 
Condenser is insulated with mica. 

Coil primary winding circuit is from battery to (Pl, l"ig. 21), 
through resistance unit (ballast coil), through primary windini,. 
to (P), to (Tl) oil interrupter. (See page 198 for purpose of 
resistance unit. Resistance unit is inside of the later model 
TC-30 Bosch coil.) 

Secondary winding: One end is grounded to primary wind­
ing. The other end connects ,,tith the secondary tcrm_inal, 
which leads to the center terminal (T) of distributor. 

Timing Essex-Bosch ignition (also Hudson): Place advance 
lever iu full-advance position (top of quadrant). Pin.cc No. l 
cylinder pist.on on top dead cent.er ol compression stroke. 
In this position the pointer on observation hole on flywheel 
cnse should be directly over mark "DCI~!" stamped on fly­
wheel. (This mark is "A" oil the Hudson). Remove distrib­
utor cap and rotor and loosen clamp screw (HS, Fig. 10) in 
advance-lever timing arm. Turn housing to left until inter­
rupter points just start to open and tighten screw (HS). 
Replace rotor and determine under which terminal ol distrib­
utor cap the point of metal segment (S) (Fig. 19B) will rest. 
Replace distributor cap and connect trus terminal to the plug of 
No. l cylinder. Connect the rest ol the terminals to the plugs in 
rotation according to firing order, l-3-4-2 (on Hudson, 1-5, 
3, 6, 2, 4). Spark plug J'.l'P is set at .025". Parts requiring 
lubrication are shown in Fig. 20, and tho governor and its shaft 
(Fig. HlA). 

Dort-Six timing is similar except t.bat spark lever is retarded 
and piston is placed on top d.c. compression stroke (which 
mar.k on flywheel is "land 6 DC" when in center with inspec­
tion hole). 

Address of manufacturer is American Bosch i\:lagneto 
Corpn., Springfield, Mass. 

REMY DISTRIBUTOR, INTERRUPTER, AND IGNITION COILS 

The waterproof type of Remy distributor and 
interrupter, as used on many different cars is shown 
in Fig. 22. The Remy automatic advance dis­
t,ributor is shown on pages 211 and 212. The systems 
are of the closed-circuit type. 

Parts are as follows: (A) Distributor for the 
center terminal connecting with the secondary 
terminal of coil; (B) one of the spark-plug terminals 
of the distributor; note that the lower part (Z) is not 
in contact with (Y), but 1/64" from it; (C) rotor or 
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Fig. 22. Remy distributor a.nd interrupter (contact-breaker). 

segment insulated; (D) lock nuts holding interrup­
ter cam in place; (E) reference pin; (F) interrupter 
on the contact-breaker cam; (G) fiber block on the 
breaker lever a.rm; (H) spring with a carbon button 
on the rotor wh.ich connects the secondary circuit 
coming in at (A) with the rotor metal plate (Y); 
thus as the rotor (C) revolves, the secondary current 
jumps an air-gap clearance of 1/64" to the spark­
plug terminal (Z) and other spark-plug terminals 
as it revolves; (K) end of the shaft above the cam 
which the distributor rotor fits over; (L) pin in cam 
(F) which fits into the under part of the rotor to 
drive it; (S) shaft driven from the engine which 
drives the interrupter cam (F) and rotor (C). Note 
that cam (F) is fitted on top of this shaft (S) which 
is tapered; thus lock nuts (D) force it down; 
(Y) adjustable metal plate on rotor or segment 
(C). 

To Check Distributor Settings and How to 
Time When Putting in New Parts 

For distributors with counter-clockwise rotation: 
In observing Fig. 22A, from the top, the cam appears 
to be revolving in a clockwise rotation; however, 
by referring to the standard practice of determining 
rotation (looking from the drive end), it is seen 
rea;lly to be rotating counter-clockwise. 

The spark-control lever (I) (Fig. 22A) connects with 
·the lever on the steering wheel and shoiild be in a 
fully retarded position afte1· having located the 
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Fig. 22A 

Note. "Clockwise rotation'" is from right to left, in the 
$Ct.me direct.ion ns the clock hands rotate. "Counter-clockwise" 
(or "anti-clockwise") is in an opposite direction to clockwise. 
\1/hen considering the rotation of ignition dc";c~s or goncrators 
lite drive end is the point from which to consider rotation. 

cylinder attached to the terminal (B) (Fig. 22) on 
top of the dead-center compression stroke with the 
distributor coupling connected up. 

(E) is the reference pin (Figs. 22 and 22A) over 
which the reference slot of the distributor cap is set; 
(B) is the exact location of the pin in the distributor 
cap when the distributor cap is installed; therefore, 
always time by bringing the piston in the cylinder 
on top of dead-center of the compression stroke, 
which is attached by high-tension lead to tbe 
terminal (B), or to the terminal opposite reference 
pin (E). 

Remove the segment' or rotor and cam lock nut 
(D) (Fig. 22), and lift the cam. Replace the dis­
tributor segment (C) in its original position over 
shaft (K) and cam pin (L) with the cam loose. Then 
turn cam (F) around (with distributor shaft station­
ary) in the direction of rotation until the distributor 
segment (C) is opposite the reference pin (E) with 
one point of the cam (F) a~inst the fiber block (G), 
and the breaker points are Just ready to separate. 

Again remove the segment (C) without d.istmbing 
the setting of the cam, install the cam lock-nut (D), 
tightening it up securely, then install the rotor or 
segment (C) and the distributor ca.p, being sure that 
all high-tension leads are connected to it, in accord­
ance with the qirection of rotation and of firing­
order. 

For counter-clockwise distributors use the instruc­
tions just given, transposing the control position so 
that the segment and cam rotate in the opposite 
direction. 

When installing new high-tension wiring always 
connect cylinder No. 1 to high-tension terminal (B), 
connecting the rest of the cylinders in accordance 
with the direction of rotation, and as per the seg­
ments and firing order (unless the distributor cap 
is marked otherwise). 

Spark-plug gaps should be .025" to .030". 

If the engine misses when idling or at light loads, 
the gaps at the plugs should be wide1·. If tbe engine 
misses at high speed or when pulling hard, the gaps 
should be narrower. 

The oiler on the shaft should be kept filled with 
medium cup grease and screwed down two or three 
turns occasionally. On some instruments a wick 
oiler is used. In this case use pure vaseline instead 
of grease. 

Serviced by United .Motors Service Branches and Delco­
Remy Service Stations. 

Remy Ignition Coils 

Coils are usually classified as "two-terminal" and 
"three-terminal" coils. The desiwiation applies to 
the primary terminals. In a coil without a con­
denser, either of the primary terminals could be 
connected to battery or interrupter (best however 
to connect as marked). A coil with condenser in it 
must be connected properly (see page 229). 

Fig. 25 
Fig. 23. Remy two-terminal coil; Fig. 24. Three-termionlcoil. 
Fig. 25. Side view of Remy ignition coil (cylindrical type). 

A two-terminal ignition coil, top view, is shown in 
Fig. 23, a wiring diagram in Fig. 26, and a top and 
side view in Fig. 25. This coil is known as model 
284B, F, G, and A, and has a condenser in the coil. 
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Fig. 26 

Fig. 26. CircuiL oi Remy two-termin!ll coil (grounded con­
tact-breaker). 

Fig. 27. Circuit of Remy three-termfnal coil (insulated 
contact-breaker). 

The primary circuit (Fig. 26) would be from (+) 
of battery, through the ammeter, through the igni­
tion switch, to terminal 1, through the resistance 
unit, through the primary winding, out terminal 2, 
to the stationary insulated contact point on the 
interrupter, through the points, through the movable 
arm, to ground (Gl), to ground of battery (G2), 
thus completing the primary circuit. (This is 
termed a "grounded" system.) 

The condenser is connected across the contact 
points, one end being grounded at (G3). 

The secondary circuit is from the secondary wind­
ing which is wrapped around the same core as the 
primary, to the center terminal of distributor, to 
the rotor arm of the distributor, to the spark 
plugs, through the frame of the engine to ground 
(Gp) of the coil. 

Marks on coils vary. Note that terminal 1 is 
marked "B," meaning to battery I or sometimes 
"SW,11 meaning to switch. Terminal 2 is ma1·ked 
"T" or "INT, 11 meaning to timer or interrupter. 
Where a coil has a mark on the terminal as "MAGi" 
it usually means that it is intended to be used 111 
connection with a magneto. 

When testing a coil, by connecting with (B) and 
(T), the primary circuit can be tested, including the 
resistance unit. 
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The resistance unit can be cut out of the test by 
placiug the test point on the screw or terminal (R) 
(Fig. 23). 

When testing the condenser, terminal (T) and 
ground (G3) would be the circuit across the con­
denser. 

A three-terminal ignition coil is shown in Figs. 24, 
27. Many of the three-terminal coils were used with 
''pole-changing" switches, and "insulated" ignition 
systems (meaning that the primary circuit is fully 
msulated, or with two wires to ~he contact 
breaker). 

The primary circuit (Fig. 27) would be from ( +) 
of battery to 1 on switch, through "pole-chanipng 
switch" blade (B) which, if turned in one direct10n, 
\\'Ould connect with 1 and 2 of the switch, thence to 
terminal 1 of the coil, through resistance unit (R), 
through the primary winding, to terminal 2, to 
movable interrupter-contact arm (M), through 
points (PS), back to terminal 3 on coil, thence to 4 
on the pole-changing switch, through blade (Bl) 
(now disconnected), connecting 4 and 3 together, 
out 3 to ground (Gl), to ~round terminal (G2) of 
battery ( - ) , thus completmg the primary circuit. 
This is termed an "insulated" system. 

If the pole-changing switch was turned in the 
opposite direction, so that blade (B) would. connect 
with 1 and 4, and blnde (Bl) with 3 and 2, the pri-

mary circuit would then first go to the st:-i.tionary 
contact point (S) on the interrupter instead of to 
the movable arm (M). For instan:ce, the primary 
circuit would then be from ( +) of battery to 1 on 
the switch, through blade (B) to 4, to terminal 3 of 
the coil, to the stationary contact point (S), through 
the points, out movable arm (M), to 2 on the coil, 
through the primary winding, through resistance 
(R), to coil terminal 1, to switch terminal 2, through 
bla.cte (Bl) to 3, to ground (Gl), to ground (G2) of 
battery. 

Thus the flow of the primary direct current 
through contact points could be reversed so that it 
would flow first in one direction and then in another 
by moving the switch first one wa.y and then the 
other. This is termed a "pole-changing switoo." 
or "depolarizing switch," and a three-terminal coil 
is often used with it. See also Index under "Wiring 
diagram, Oakland 32," which clearly shows a pole­
changing switch. 

The purpose of a pole-changing or depolarizing 
switch is ei..'])lained on page 203. 

The pole-changing switch is not used very much 
at the present time, because tungsten metal is now 
used for points. It is very hard and does not have 
the elcctrolytic 1 effect to such an extent as the silver 
points which were formerly used. Note that the 
condenser is connected ncross the points with either 
direction of the flow of the current. 

DRIVING THE INTERRUPTER AND DISTRIBUTOR 

One modern method of driving the timer (inter­
rupter, also called "contact breaker") and distribu­
tor, is from the generator shaft, as shown in Fig. 8. 

The generator shaft is driven by gears or by i, 
silent chain, encased. The timer shaft is driven 
from the generator shaft by a spiral gear, and is 
geared so that it will run the distributor and timer 
usually at one-half the speed of the crank shaft. 

Quite often the timer and distributor shaft arc 
operated from tl).e cam shaft .. ln fact, there _are var­
ious methods employed, but lll most every mstance 
it runs at cam-shaft speed (one-half the speed of the 
crank shaft). 

" u 

; Coil Lower lialf 
:2 a: Crankcase 
~ju. 
5~! 

Exbawt 

Fig. 8. method of driving the timer and distributor 
through the generator shaft. 

On the double distributor, explained far-
ther on, the cam operating the double set of inter­
rupter contact breakers is driven at crank-shaft 
speed, but a three-lobe cam is used. 

Rclalion of Speed of Distributor-Rotor, and 
InterruptCl" Cam to Crnnk Shaft of .Engine 

The crank shaft of the engine must make t"·o 
revolutions (720°), to complete it.s four-cycle revolu­
tion. 

The distributor rotor always revolves at r:ini­
shaft speed, or half the crank-shaft speed. 

The interrupter cam in nil instances except om-. 
as on the twelve, revolves nt cam-shaft 
speed, or half crank-shaft speed. 

Four cylinder engine: When the engine crank 
shaft makes 2 revolutions-

The interrupter cam (4-lobe) m:ikcs 1 revolution 
and makes 4 interruptions of the primnry low-tension 
current, 90° apart, or 180° of fly-wheel movement. 
(See Fig. 9.) 

The distributor rotor makes 1 revolution and 
makes 4 high-tension contacts, 90° apart, or 4 sparks. 

• Electrolytic (electrolysis) refers to the depositing of met.al 
from one poiot to another, as in electro-plat.ing. 
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Six-cylinder engine: When the engine crank shaft 
umkes 2 revolutions--

The interrupter cam (6-lobe) makes 1 revolution 
and makes 6 low-tension interruptions, 60° apart, or 
120° of fly-wheel movement. (See Fig. 10.) 

The distributor rotor makes 1 revolution and 
makes 6 high-tension contacts, 60° apart, or 6 
sparks. 

Eight-cylinder engine of the "V" type: When 
the engine crank shaft makes 2 revolutions-

The interrupter cam (8-lobe) makes 1 revolution 
and makes 8 low-tension interruptions, 45° apart, or 
90° of fly-wheel movement. (See Fig. 11.) 

The distributor rotor makes 1 revolution and 
makes 8 high-tension contacts, 45° apart, oi: 8 sparks. 

Twelve-cylinder engine of "V" type: When the 
engine crank shaft makes 2 revolutions, or 720°-

The interrupter cam (3-lobe) makes 2 revolutions 
(720°), or revolves at crank-shaft speed instead of 
cam-shaft speed; therefore it makes 6 interruptions 

of the low-tension primary circuit 60° apart. There 
being two contact-breaker arms instead of one, 
connected with two separate primary coils, theu 
each breaker arm would make 6 int-erruptions, or 
12 interruptions 30° apart, or 60° of fly-wheel rota­
tion, during 2 revolutions of the 3-lobe cam. (See 
Fig. 12.) 

Distributor rotor: Note that there are two dis­
tributors driven at half the speed of the crank shaft; 
therefore each-rotor would make one revolution, or 
360°, while the crank shaft made two revolutions. 
Distributor segments are 60° apart, therefore each 
distributor rotor would make six high-tension con­
tacts during one revolution, or twelve spa.rks during 
one revolution with both distributors, during which 
time the crank shaft makes two revolutions. 

With theseexplanat,ions we have dealt with single 
distributors and single contact breakers, \\'ith the 
exception of the twelve-cylinder engine, a.,; explained 
above. 

Attention is called to the Delco double distributors 
and double interrupters, as explained under "Delco 
ignition coils, distributors a.nd interrupters." 

REMY IGNITION ON STUDEBAKER "LIGHT SIX" 

As an example of a method of driving the 
generator and ignition system, the Studebaker 
"Light Six," model "EJ" engine is used. 

RIB\/TOA' & INT[J~QUP'TER 
V SHAr'T 

Fig. l. Cross.section. Fig. lA. Right side view. 

Pigs. 1 and lA. Studebaker Light-si.< method of driving 
ignition sy$t<~m. 

The distributor and closed-circuit inter-
rupter are connected with a vertical shaft which is 
driven from a shaft called the "accessory shaft." 
The accessory shaft is driven by a silent chain (see 
page 51), which also drives a water-circulating 
pump and generator. 

The speed of the distributor shaft is 1 revolution 
to 2 of the crank shaft of the engine, or at cam-shaft 
speed. 

There are six hi&h points or lobes on the inter­
rupter cam and six terminals on the distributor 
(Figs. 2 and 3); therefore, there are six sparks, one 
for each cylinder during two revolutions of the crank 
shaft. 

_The distributor and interrupter (Figs. 2 and 3) 
are advanced by a manuai control connecting from 
the spark-control lever to the spark lever on the 
steering wheel. An automatic advance is also pro­
vided. 

Fig. 2. Section of 

CONlACT 
5CRl:W 
LOCK t<UT 

distributor. Fig. 3 

The interrupter is of the closed-circuit type. 

Adjustment of Interrupter Points 

To check the opening of the breaker points on the 
interrupter, remove the distributor cover, then turn 
the crank shaft over by hand-crank until the contact­
breaker lever (Fig. 3) rides on one of the high points 
of the cam, then slip a thickness gauge through 
the space between the points. If the opening is 
greater than .025", loosen the lock nuts and 
turn the contact screw until adjustment is not less 
than .020" nor more than .025". Be sure to tighten 
the lock nut. 

Contact points should always' be flat, and make 
good contact with each other. When they have a 
frosty appearance all over their surface, it indicates 
good contact. If they are not making good contact, 
the surfaces can be smoothed up with a fine file or 
with No. 00 sandpaper and can then be readjusted. 

See also pages 221 and 224 under the ~ubject of 
"contact-point surface and removal" and "dressing 
and testing platinum points." 



212 DYKE'S INSTRUCTION No. 19 

REMY SEMI-AUTOMATIC IGNITION SYSTEM 
The Remy semi-automatic ignition system type 

606 is shown in Fig. 4. 
The condenser is mounted on the breaker plate. 
The type of advance used is known to the trade 

as "semi-automatic," which means that part of the 
advance is performed automatically and part is 
taken care of manually. Under all ordinary 
driving conditions the advance mechanism adjusts 
the spark position to the engine requirements. 
The hand advance need be used only when a wide­
open throttle at very low speed, or at maximum 
speed, is desired. See page 204 for meaning of 
"full automatic advance." 

The automatic advance mecha.nism: Three centrif­
ugal weights (W, Fig. 8) advance the cam as speed 
increases. The cam shaft (S) carries a star-shaped 
punching (P) against which rest the tangs (T) on 
the weights, a.nd as the weights fly outward, due 

to increase in speed, the interrupter cam and rotor 
are advanced. 

From retard position the weights move and the 
spark starts to advance at 600 r.p.m. of the engine. 

The primary circuit ia from the battery ( +) grounded 
battery terminal, to the grounded contact lever or arm1 through 
the points, to the ignition-coil terminal marked 'Timel'," 
through the primary winding, through the resistance unit, to 
"IGN" on the switch, to the battery (-) terminal. Note 
that this is a two-terminal ignition coil, and the condenser 
is mount,ed on the breaker ylate, placed across the points, 
one end being grounded. The cam which raises the breaker 
contact lever, or arm, has six high points; therefore the one 
shown in this illustration would be for a six-cylinder enp;in~. 

The secondary circuit is from the ignition coil o( the 
secondary winding 1 to the distributor rotor, to the spark-plug 
terminals (note that the gno between rotor and terminals i11 
the distributor cap leading to the spark plugs is 1/6'1"), to 
engine ground, to grounded secondary winding at metal base 
of coil. Note that there are six terminal leads from the distril>­
utor cap to tbe spark plugs: therefore it would be for a six­
cylinder engine. 
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Fig 4. Wiring chart of the Rem; "type 606'' semi-automatic ignition, together with names of parts and adjustment data. 

The "type 626" Remr. ignition system (Figs. 5 to 8) is a semi­
automatic type of distributor and supersedes type 606 (Fig. 4). 
Note that the manual advance (Fig. 5) is obtained by moving 
the interrupter plate instead of rotating: the entire distributor. 
The type 626 interrupter (Fig. 6) also differs from the type 
606 interrupter, as will be observed. A condenser is carrie<l 
on the interrupter plate. 

The automatic governor advances both the rotor and cam 
on types 606 and 626. However, on another type, 614, used on 
the Chevrolet 0 copper~cooled" car, the n.utomn.tie mechanism ad. 
vances the cam only, tho rotor being carried on the main shaft. 

The automatic advance begins to advance at 600 r.p.m. 
of the engine. The automatic advance is 20' on all 606 and 
some 626 mode?... On others it ia 30'. 

The manual advanc~ varies according to the model distrib­
utor. Usually this advance is 15°, 20°, 25°, or 32°. 

Timing ignition (Remy model 606): Th, timing of th.is 
system is explained under Fig. 4, page 302, and is by loosening 
the advance lever clamp screw, as used on the Studebaker 
"Light-six" model "EJ," 1922. -

Titoing ignition (Remy model 626): The timing of this 
system is by loosening the iotertupter cam (Fig. 7), in a manner 
oimilar to that explained on page 302, under Figs. 3, 3A. The 

11Studebn.ker 1nodel" "E~I," 1923, uses the system shown in 
Figs. 5, 6, 7, 8. 

CA~LOCKH\JT CAM 

LlftCAH 

~~: 
FIG.7 REM<lVl«G CAM 
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DELCO IGNITION: Coils; Distributors and Interrupters 1 

The Delco distributor might be classified in three 
ways: 

1. Single distributor, with one set of timing contact 
points on the interrupter, using one ignition coil. 

2. Single distributor, with two sets of timing contact 
points on the interrupter (connected in parallel), 
using one ignition coil. 

3. Double distributor, with two sets of timing con­
tacts, using two ignitio;:-coils. 

The following explanations ",;II serve to make the 
foregoing classification clear. 

Delco Ignition Coils 

Four general types of non-vibrating, single-spark 
ignition coils have been used. They arc: 

1. Round type with straw-colored shell. This type 
does not incorporate either the resistance unit or 
the condenser. 

2. Round type with black shell. This type does not 
incorporate the condenser, but the resistance unit 
is mounted on the outside of the coil shell. 

3. D-type with bakelite shell. Certain of the coils 
carry the resistance unit mounted upon the end 

• of the shell. Thi5 type does not incorporate 
the condenser. 

4,. D-type with black shell. This type incorporates 
the condenser within the shell and the resistance 
unit on the end of the shell. 

Note: The most popular types of Delco coils are 2159 (Fig. 2 
below) and 2178 (see Na.sh, page 402J and the 2176 used on 
the Buick-six (1923) which is si,,,ilar to 2178. These coils do 
not have condensers. The condenser is on the interrupter 
plate. The internal connections of these coils are the same as 
m 2159, Fig. 2,. 

Figs. 1 and 2 show the internal circuits in typi­
cal coils. Not~ in Fig. 1, that the resistance unit 
1s mounted on the right end of the coil and in Fig. 2, 
it is on top at the right end. 

'FROMB/>.TIEIN 
THRUSWITC.H 

_J TO OISiRl6UTOR 

GR. ·COl'IOENSER 
SECOl'IOA.R'l 
WINDll'iG 

PRIMAR'i 'Wlt-10,ll'lG 

'TO 
IITTERRllPTER 

\ 

IRON CORI: • 

RESISlt>.NCE Ul'I IT 

Fig. t. Delco model H2158, '' ignition coil with condenser in coil. 

ln Fig. 1, note the condenser in the coil which is 
connected ar.ro~s 1.be interrupter points, one end of 

l Sec :ilso p::i.gc 307. 

the condenser being connected to terminal 2, and 
the other end grounded. The primary-circuit 
terminals are numbered 1 and 2; the secondary 
terminal is No. 3. 

Fig. lA illustrates a grounded ignition circuit 
using a condenser in the coil and a single distributor 
and interrupter. 

! r-M~..::r 

CONDENSE 
IN 
CO/. 

CO!'\TACt P0IN1S 
TO SPARK PLUGS OH INT'R • 

Fig. IA. Circuit when using coil shown in Fig. 1. 

The primary circuit (Fig. lA) runs from ( +) of 
battery, to ignition switch to terminal (1) of the 
coii, through primary winding, through "resistance 
unit," to coil terminal (2), to the insulated inter­
rupter contact point, across contact points (P), to 
grounded interrupter contact, to grounded ( - J 
terminal of the battery, thus completing the primary 
low-tension circuit. 

The secondary circuit runs from the secondary 
terminal (3) on the coil to the center terminal of 
the distributor, through the rotor, to the spark-plug 
terminals of the distributor, to the spark plu~, 
through the spa.rk-plug gap, to the spark-plug shell 
grounded to the engine, through the ground of the 
engine and frame, to the grounded terminal of the 
secondary in-coil, thus completing the secondary 
high-tension circuit. 

TO FROM BATTE' 
IN UPTER TuRU SWlT 

TO DIST'~ 

St:CONDIIRY. 
lt,IIYDINC 

MOIIIIT/f/G Mii rs 

Fig. 2. Delco model "2159," iguition coil. Conderuier is not 
in coil. 

In Fig. 2, the condenser is not in this coil. It is 
located in the interrupter housing, either inside or 
outside, and is connected across the interrupter 
points (P). (This is the coil used on the Buick.) 

The primary circuit (Fig. 2A) runs from ( +) of 
hattery, to the ignition switch1 to the resistance uni 1, 
(I), through the primary win cling (P), to the terminal 

213 
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IG~ITION SWITCI-I 

+ 
1 
, ....,.==-=i-

1 
I 

+ 1 p: 
- - 7GNtrlOl{C•1'- - - -• 

CONTACT 
POINTS ON 
INTERRUPTER TO SPARK PLUGS 
Fig. 2A. Circuit when using coil shown in Fig. 2. 

only one set of points is divided between the two sets
1 and the resultant wear upon the points is less anu 

an additional factor of safety is provided. The 
Mannon, Cadillac, and Cole use this principle. 

QESISfAKCE UNIT 

ADVANCE 
LEVER 

J 

0 

(2), to the interrupter point-s (P), to ground, to Fig. 4. Delco interrupter with two coota.ct-brea.kers i,, 
(-) ground of battery, thus completing the primary parallel (top view). 

BREAKER 'l'J>J,\ 

low-tension circuit. 

The secondary circuit: runs from the secondary HIGH TENSION TERM I NA.LS 
terminal (3) to the center terminal of the distributor, --=---
to the spark plugs, to ground on engine and frame, 
to the battery ground ( - ), through battery (or 
generator, ii generator is supplying current instead 
of battery), to the terminal (1) of the coil(+), 
through the primary winding (P)

1
.to the secondary 

connection to the primary wino.ing at (S), thus ~~!N-&.--31!s= 
completing the high-tension secondary circuit. 

Delco Interrupter with a Single Contact­
Breaker Using One Coil 

The top view or a Delco closed-circuit interrupter 
with a single contact breaker is shown in Fig. 3. 
The cam in this instance, has 8 high points or lobes 
and revolves at cam-shaft speed; thus 8 interrup­
tions, or 8 sparks occur during two revolutions of 
the crank shaft of the engine. One spark plug per 
cylinder is used. 

Fig.3 

Delco Interrupter with Two Contact-Breakers 
Connected in Parallel, Using One Coil 

In Figs. 4, 5, 6, and 6A, note that the closed-circuit 
type interrupters have two interrupters or contact 
breakers operated by one cam. 

One spark plug per cylinder is used and also one 
coil, but two contact points are connected in parallel, 
both of which open at one time. The primary 
ignition current which could otherwise flow through 

l'ig. 5. Sectiooal side view of Delco ignition unit, a top 
view of which is Ghown in Flg. 4. 

The distributor, interrupter, automatic spark 
advance mechanism and the ignition drive shaft are 
shown in Fig. 5. Manual advance of the spark, as 
shown in Fig. 5. Manual advance of the spark, 
controlled by a lever, as well as by an automatic 
advance, are provided for. 

Delco-Cadillac Distributor and Timer 

The Cadillac electric system consists of a Delco 
starting motor and generator in one unit, which is 
explained in the later discussion of electric systems. 
The wiring is a "single wire" or grounded return sys­
tem. See Index under "Cadillac wiring diagram." 

Ignition: The distributor and timer are carried 
on the fan-shaft housing, and are driven through 
a set of spiral gears attached to the fan shaft. The 
distributor consists of a cap or head of insulating 
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F!<l. /\A-Location of the distributor and timer, and of the 
motor-generator on the Cadillac (Type 55). 

material, carrying one contact in the center with eight 
additional contacts placed at equal distances about the 
center and a rotor which maintains constant communi­
cation with the center contact. 

The rotor carries a contact button which serves to 
close the secondary circuit to the spark plug in the 
proper cylinder. 

Fii;. -6. The Delco distributor and timer. The Delco 
electric system as U5ed on the Cad.iliac (Type 55). 

Beneath the distributor head and rotor is the timer. 
The timer cam is provided with a lock screw in the 
center of the shaft. (See Figs. 6 and 6A.) 

A manual spark control is provided in addition to the auto­
·matic spark control. The mnnual spark control is for the pur­
pose of securing the proper ignition control for ,·ariahle condi­
tions. such as starting, differences in gasoline-, we.n.tber condi­
tions, and a.mount of carbon in the engine. The automatic 
control is for the purpose of securing the proper ignition control 
necessary for the variation due to engine speed alone. 

The.timer, more properly termed an interrupter, is 
shown in Fig. 6A. It is of the closed-circuit type. 
Note that there are two contact-breaker, or interrupter 
points. The object. for using two contact-breaker 
points, is to distribute over two sets of points tho cur-

D 
Fig. tiA. Deleo-Cadillac timer (interrupter) with two coo• 

tact-breakers. (A) is the adjusting screw; (B) cam; (C) and 
(D) contact-breaker arms; (E) and (F) breaker point-s (Type 
55). 

rent which would otherwise pass through one. This 
greatly lessens wear and burning of the paints. 

}{) \G. SWITCH 

-, 
+ ~---'p~ 

s1 
I /~ES. - - UNIT 

I. . 
CONIJJCNU/f TWO 

SE.TS OF 
D1.sr;J:.:ro1f CONTACTS 

Fig. 6B. Illustration showing circuit where two sets of 
contact~breakers (connected in parallel) are used. 

The primary circuit (Fig. 6B) runs from battery 
(+), to switch, to (1), through the primary winding 
(P), to (2), to the ignition resistance unit mounted 
on the interrupter housing, to the interrupter points 
(P) connected in parallel, to ground, to ( - ) ground 
of battery. Note that the condenser is shunted 
across the two contact points. 

Note. Cadillac and M3rmon have the positive ( +) of the 
battery grounded. 

The secondary circuit runs from terminal (3) to 
the distributor, to the spark plugs, to ground of 
engine, to (-) ground of battery, to (1) on coil. 

Delco-Cadillac Distributor Connections 
Distributor connections on the Cadillac-Delco igni­

tion system are shown in Fig. 6C. The cables lead 
from connections on the distributor to the cylinders in 
the order which they fire. 

Note that the brush (B) makes contact consecutively, but 
cables from the distributor are connected t.o the plugs in their 
respective firing order. (This firing order is on types up to 
"61.") 

Fig. 6C Fig. 6D 
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The firing order is shown in Fig. 6D. The cylinder 
·marked (IL) fires first, then 2R, 3L, IR, 4L, 3R, 2L, 
4R. Follow the black figures on the side of the cylin­
ders which show consecutively how the cylinders fire. 

Fig. 7 {upper). 
Fig. 7A {lower), 

Fig. 7B {right). 

'rhe relative moven1enL of timer cam, distributor, rotor. and 
piston is shown in Figs. 7, 7A, 7B. The movement is shown in 
degrees. There is an impulse or firing spark at e\'cry 90° move­
ment of the crank shaft, which is approximately one-half of a 
st.roko of the piston, or one-quarter ofn. revolution of the crank. 

When the crank shown in Fig. 7B travels 90° {A to B, the 
timer or distributor brush {B, Fig. 7 A), being run iit cam-shnft 
speed, or one-half crank-shaft speed, it then move.s 45°, as docs 
also the timer cam {Fig. 7). 

,vhen the crank makes two revolutions, or 7201), the timer 
cam and distributor brush (B) move 360° or one revolution. 
Therefore there are 8 sparks to two revolutions of tbe crank. 

Delco-Cadillac Ignition Timing (Type 55) 

The timer contact points arc set ns follows: Turn the engine 
over until the contact arms (D) nnd (CJ, Fig. 6A are directly on 
top of tbe Jobes of the cam {B). (Note tnat there arc eight lobes 
or high points on the cam.) Then adjust the contact p<>ints at 
{E) and (F) so that they stnnd .020" (twenty-one-thousandths of 
,rn inch) apart. Both sets of contact points should be adjusted 
alike. 

To time the ignition proceed as follows: Move the spark 
lever to the ext.reme left on the sector; open the compression 
release cocks on the cylinder block.,, and crank the engine by 
hand until the piston in No. l cylinder is on firing center. 
(No. 1 cylinder is the one nearest the radiator in the left-hand 
block of cylinders.) 

N~xt remove the distributor cover, also the rotor, and loosen 
the lock screw (A) just enough to allow the cam (B) to be turned 
by hand after the rotor is fitted. (The lock screw should not 
be loosened enough to allow the cam to turn on the shaft when 
t.he engine is crariked by hand.) 

Then replace the rotor and turn it by hand until the dis­
tributor brush in the rotor is direct.I),' under the terminal 
marked No. l on the distributor cover. Replace the distributor 
cover, and move the spark lever to the extreme right on the 
sector. 

Then switch on the ignitiooi bold the bigb-t.ension wire to 
the spark plug in No. l cylinoer about one-eighth of an inch 
a way from the cylinder casting, and turn the engine slowly by 
hand in the direct.ion in which it runs. Stop turning 1mmed1-
ately a spark occurs bet.ween the wire and the casting. (It 
will be necessary to turn the engine nearly two complete 
revolutions before the spark occurs.) 

If the cam {B) is prOJ?llrly set, a spark will occur when a point 
on the fly wheel l 21/32" (one and twenty-one thirty-seconds 
of an inch) in advance of tl1e center line for No. I cylinder is 
directly under the pointer or "trammel" attached to the crank 
ease of the engine. This point for each cylinder is marked on 
the fly wheel by the let.ters "IG/A." 

H the spark occurs before this, rotate the cam (B) slightly 
hi a co11nter-clockwisc direction to correct the adjuetment. 
If n. spark occurs Io.trr t,han 1,his, rohi1 c 1,hr c~m ,;li,::htl:,.· in n 
dockwise direction. 

After the adjustment has been properly 1tu1<lc, lock tho cam 
accurdy to tho distributor shaft by the lock screw (A). 

After locking tho adjustment, it is n good plan to chock the 
timing by fully retarding the spark lover; in other words, by 
moving it to the extreme left on the sector, holding the high 
t-,11$ion wire to the spark plug, in No. 1 cylinder about one­
eighth of an inch nwiiy from the cylinder casting, and again 
turning the engine slowly by hand in the direction in which it 
runs, stopping immcdia..tely when a spark occurs. 

If the ignition is properly set, the spark will occur under 
these conditions when the center line on the fly wheel for No. 
I cylinder is directly under the pointer attached to tho crank 
case, or has passed the pointer. 

Caution: Do not set the ignition so that the spark occurs 
before center with the spark lever at the extreme left on the 
sector. 

Resistance unit and ignition coil are explained in the discus­
sion of the subject "Ignition." 

Note. See Index under "Synchronizing two sets of interrup­
ter points." Type 1 connection under this heading applies to 
the Cadillac. 

Delco Double Distributors Using Two Distrib­
utors, Two Contact-Breakers, and Two Igni­

tion Coils and Two Sets of Spark Plugs 
Figs. 8 and 9 illustrate the Delco dist,ributor used 

on the ,six-cylinder Pierce-Arrow "38-48" models. 
It is termed a "double ignition system" and consists 
of double distributors double contact breakers 
(closed-circuit type) and a double set of SP.ark plugs. 
Two coils are used. Automatic and hand (manual) 
advance of spark is provided. 'l'here a.re two dis­
tributor heads: one contains the two contact 
breakers and the other the condensers. There is 
a distributor head for each set of spark plugs. One 
single six-lobe cam, driven at cam-shaft speed; is 
used. Either the "single" or "double" ignit10n 
system may be used. 

Fig. 8. Top view of Delco-Pierce-Arrow double distributors. 

T\rO sparks occur at slightly different times in each 
cylinder; one coil furnishes high-voltage cmrent to 
the plugs over the intake valves, while the other coil 
supplies the plugs over the exhaust valves. The 
Stutz uses a Delco distributor which is similar, 
except that interrupter points open simultaneously. 
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Attention is called to the method of adjusting 
the relative time of separation of the ti min~ c<?ntacts 
in the No. 5216 Pierce-Arrow double distnbu~r. 
The left-hand set of contacts, viewed from the driv­
ing end of the distributor, and operatin~ with the 
ignition of the plugs on the exhaust side of the 
engine, must be adjusted to separate 3° (flywheel) 
01· 1½ 0 (distributor) ahead of the other set of 
contacts. To make the adjustment accurately and 
easily, a method must be used very s~ar to that 
described on page 221 for the use of testmg lamps. 
The firing order is 1, 5, 3, 6, 2, 4. 

See Index for "Pierce-Arrow wiring diagram." 

Delco-Packard (Twin-Six) Ignition 

Figs. 10 and 11 are top and vertical secti~ns of 
the Delco-Packard ignition distributors and rnter­
rupters of the closed-circuit type (Twin-six models 
"3-25" and "3-35"). 

The interrupter contact-breaker mechanism con­
sist.<; of a separate set of timing contacts for each_low­
tension circuit. These are operated by a smgle 
three-lobed cam •mounted on the top of a vertical 
shaft which is driven at crank-shaft speed. Thus 
each low-tension circuit is broken three times during 
each revolution of the crank shaft. 

DISTR18UTOR HE 110 
OILER I 

Fig. 10. Top view of Delco-Packard ("Twin-Six") distributor. 

The distributor is equipped with the automatic 
spark advance. There are two coils used for engine 
ignition and one coil for fuelizer ignition. 

A feature on the ignition unit used on the twelve­
cylinder Packard models is the auxilifil1'. b~eaker 
mechanism mounted on the top of the distributor 
and used in connection with a separate ignition coil 
to operate the spark plug in the "fuelizer." See 
Index for Packard "Fuelizer" and Packard "Wiring 
diagram." The wiring diagram will more clearly 
explain the principle. 

It should be observed that the 5220 and 5238 distributors use 
a 15249 au:ciliary breaker, while 5161 a.nd 5220 distributors 
use a. 14805 auxiliary breaker. 

Note that in the system described above a three­
lobe cam is used which revolves- at crank-shaft 
speed, whereas with most all other systems it 
revolves at cam-shaft speed. 

The fact that twelv~ inte~ruptions, or spark_s, can 
take place in the t\\'.o six-cyhnd~r blocks of cylinders 
during two revolutions of the srngle three-lob~ cam 
,s explained by the fact that there ~re two m~er­
rupter arms with separate contact pomts operatmg 
against opposite sides of a three-lobe. cam. Note 
t.bat the cam is triangular in form, mth the sharp 
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Fig. 11. Sitle sectional view of Delco-Packard ("Twin-Six") 
distributor. 

corners rounded off; thus the lobes are 120° apart. 
Therefore when one contact arm is raised at ~he 
highest point on one of the lobes of the cam (which 
is the wide-open position of t~e c~mtact points), t~e 
interrupter arm on the opposite side of the cam will 
be exactly between the two lo.bes (which is the 
closed position of the contact points). 

Because there a.re three lobes 120° apart, three 
sparks would be produced per revolution of 360° for 
each set of contact po~ts, or six sparks during_ one 
revolution for both mterrupter contact pomts. 
Since the cam travels at the same speed as the 
crank shaft, then for two revolutions of the cam, 
there would be twelve sparks. 

The high-tension distributor, like all distributors, 
revolves at cam-shaft speed, or one rev~lut\on to 
two revolutions of the crank shaft, and distributor 
terminals on the two distributor heads, each with 
six segments, leading to the twelve spark plugs, 
have the segments 60° apart. 

Separate high-tension distributor heads are p.ro­
vided for each cylinder block. These are mounted 
on either side of the ignition apparatus ho~sing and 
are operated by rotors on a cross-shaft driven from 
the vertical timer shaft. 

The firing order in each block is: 1, 4 2, 6, 3, 5. 
The impulses alternate bet~veen the t~o bloc~ .. lf 
we number the cylinders m succession, begmnmg 
with number one at the front of the right block, the 
firing order would be: lR, 6L, 4% 3L, 2R, 5L, 6R, 
IL 3R 4L, 5R, 2L, the R and L designating the 
right ~d left cylinder blocks. 

Arcing across the contact points when they are 
separating is minimized by the use of separate con­
densers for each set of breaker points, located in 
the rear side of the ignition timer and distributor 
housing. Indirectly these condensers also serve to 
intensify the high-tension current wave. 

Resistance units in both low-tension circuits, and 
located on either side of the common ground return 
terminal on the timer housing, serve to keep the low­
tension current down to the proper rate of flow at 
various car speeds. These also prey<i~t. exces~ive 
discharge from the b3:tte~y when th~ 1gmt1on s1V1tch 
is left on and the engrne IB not runnmg. 

See Index for "Packard wirin.11: diagram." 
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The Delco-Lincoln lgnilion System (1921) 
Figs. 12, 13, 14 show the interrupter and distribu­

tor used on the Lincoln. The vertical shaft viewed 
from the top turns counter-clockwise at one-half 
engine speed, and carries the manual spark advance 
mechanism

1 
governor assembly controlling the auto­

matic sparK advance, the four-lobe breaker cam, 
and the rotor. The four-lobe cam produces eight 
sparks during one revolution of the cam, due to 
the two interrupters. 

Each of the two sets of contacts are connected 
with the primary circuit of a separate ignition coil. 
In this manner the right-hand set of contacts (when 
viewed from the driver's seat) connected with the 
right-hand ignition coil, controls the ignition in the 
right bank of four cylinders. Likewise the left­
hand set of contacts connected with the left-hand 
ignition coil controls the ignition in the left-hand 
bank of cylinders. 

A rotor (Fig.15), carried on upper end of distributor 
shaft, carries two steel rotor brushes, both electri­
cally connected. One of them connects with the 
small carbon brush, which makes contact with 
the slip-ring in the distributor head. The other 
rotor brush connects with -the center plunger contact 
in the distributor head. 

fWB8,ING 
BLOCK 

TH-11NG COKTl>.Cli 

ADVl<NCE 
LE\IER 
ALt BEARING 

Fig. 12 Fig. 13 

I•'ig:S. 12 and 13. Side and top view of Delco-Lincoln clio­
lributor. 

CONTAC.'T 9FIEN<ER 
CAM coNTAc:r ADJUSTMENT 

UBSING 81..0CK 
'TIMING CONTACTS 

CONTACT 8REAKS:A CAM ADJ. 

Fig. 14 Fig. 15 

Fig. 14. Clearer top view of Lincoln. On the interrupter, 
owing to the fact that the cylinders are 60° apart, they are not 
placed .opposite to e"ch other. 

Leads from each of the eight equally spaced 
terminals around the distributor head should be 
connected to spark plugs in the cylinders which 
carry a corresponding number. 

The high-tension lead from the right-hand ignition 
coil is connected to the center terminal (the long 
screw) of the distributor head. Current from this 
coil takes care of ignition in the right bank of cylin­
ders Nos. 1, 3, 7, and 5, through the rotor brush 
connected with the center plunger contact in the 
head. 

The left-hand bank of cylinders Nos. 6, 81 4, and 
2, receive ignition current from the left-hand ignition 
coil whose high-tension lead is connected to the 
terminal (the short screw) near the center of the 
distributor head. This current passes through the 
rotor brush connected with the carbon brush. 

Care must be taken to see that the leads from both 
primary and secondary terminals of the ignition 
coils connect to their correct terminals on the dis­
tributor. 

The distances between the contact points when 
opened by the cam are adjustable by means of the 
contact screws which carry the stationary contact 
points. They should be adjusted so thut they are 
.020" apart when the fiber rubbing block of the 
contact arm rests directly on top of the cam lobr.s. 
Due to the slight wear of the fiber block during the 
first 2,000 miles driving, it may be necessary to make 
one or two adjustments of the points, after which 
practically no attention is necessary other than to 
note occasionally that the adjustment conforms to 
specifications. 

The thickness of the gauge on the distributor 
wrench provided in the tool equipment should be 
used in adjusting the points. 

When a slight readjustment of the contact points 
will not affect the timing noticeably, it is 1·ecom­
mended that the ignition timing be checked, and if 
necessary corrected after each adjustment of the 
contact points. 

After assembly of the parts of a repaired Lincoln 
distributor it will be necessary correctly to adjust 
the two sets of timing contacts, so that. they separate 
at intervals of exactly 30° and 60° of distributor­
shaft travel. 

These values correspond to 60° and 120° on the 
flywheel, which are the intervals of crank-shaft 
travel between cylinder finngs. 

To obtain the correct setting, first adjust each of 
the two sets of contacts to the correct maximum 
dimension of .020". Then shift slightly the position 
of the contact-point mounting plate until a setting 
has been found which will cause the contacts to open 
exactly at 30° and 60° intervals. This plate may be 
shifted within small limits after loosening the three 
screws securing it to the distributor housing, and 
allowing the plate to pivot on the screw nearest the 
oiler. 

In order to measure accurately the 30° ano. 60° 
intervals, the mechanic should connect a small lamp 
in series with each set of contacts similar to the t,est 
set in Fig. 20, page 221, to indicate the instant the 
points separate. An ordinary protractor, or similar 
measuring device calibrated in degrees and approxi­
mately 4" in diameter, must be used to measure 
the number of degrees of interval between the 
separation of the contacts. Small scratches may 
then be made on the distributor housing opposite a 
previously made scratch or mark at any point on the 
edge of the rotor, indicating the actual intervals 
between the separation of the two sets of contacts. 
These angular distances may then be mea • .mred 
with the protractor, and if not correct, the contact 
mounting plate may again be slightly shift.cf 
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If during the shifting of the plate, the adjustment 
of the contacts is appreciably changed, their adjust­
ment should be corrected, after which a 1·e-check 
should be made with the protractor and lamps of 
the intervals between the separation of the two sets 
of contacts. It would be advisable to check up 
the adjustment of the contacts once or twice during 
the first 2,000 miles driving, so that any necessary 
correction might be made. 

Lubrication of the upper ball bearing is taken 
care of by placing in the oiler three or four drops of 
engine oil every 500 miles. The lower ball bea.ring 
of the distributor shaft and the advance rine; of the 
manual-spa,rk control mechanism receive their lubri­
cation from the light cup grease carried in the lower 
p,nt of the distributor housing. This section of the 
housing should be kept filled with light cup grease 
to a level just above the advance ring. Lubricant 
may be placed in the housing by removing the cover 
plate 11ea,r the spark-advance lever on the forward 
side of the housing about every 5,000 miles. 

A very small amount of light grease or vuseline 
should be applied to the surface of the breaker cam 
each 2,000 miles. The rubber track containing the 
eight inserts or contacts should receive a very small 
amount of vaseline applied occasionally durmg the 
first 1,500 miles driving. The track will then 
become glazed, and no further lubrication will bu 
required. It is then only necessary to wipe out 
the distributor head occas10nally with a clean cloth. 
No lubricant is required on the slip ring in the dis­
tributor head, against which the carbon brush rests. 
The center plunger contact in the distributor should 
always make contact with the rotor, and the carbon 
brush in the rotor should ahvays make contact against 
the slip ring. 

A slight blackening of the surface of the dis­
tributor head inserts has no effect whatever upon 
the perfect performance of the ignition system. 

Delco-Lafayette Distributor (1921) 

Figs. 16 and 16A show the top and side cross-sec­
tion views of the interrupter and the distributor 
used on the Lafayette model, which is siinilar to 
that shown in Fig. 4, page 21'1. The vertical shaft, 
turning at one-half engine speed, carries the manual 
advance mechanism, governor assembly controlling 
the automatic spark advance, the eight-lobe breaker 
cam, and the rotor. 

Fig. 16 Fig. !GA 

Figs. 16 and 16A. Side and top view of Delco-Lafayette 
distributor. 

Two sets of timing contacts are provided, the 
object being to distribute over two sets of points 

the current which would otherwise pass through 
one set. Both sets of points separate, and therefore 
are IU'ranged to separate at the same instant. 

See Index for "Wiring diagram." 

Delco-Packard (Six-Cylinder) Distributor 
Fig. 17 shows the general construction of the 

interrupter and distributor used on the six-cylinde1 
Packard models. 

Fig. 17 

Two sets of interrupter contacts are provided, 
each set being connected in sel'ies with a separnte 
ignition coil. One of these coils provides ignition 
for the engine cylinders, while the other coil supplies 
i!);nition at the fuelizer spark plug. Electrical con nec­
t1ons of this system are shown clearly in the circuit 
dingmm. See Index for "Wiring diagram." 

Delco-Buick Distributor 
Figs. 18 nnd 19 show the top and sectional views 

of the Delco distributor and interrupter used on the 
1921 Buick models. The design is such that ad­
vance and retard of the ignition is accomplished 
through an advance ring (see Fig. 18) within the 
distributor instead of by au oscillating movement of 
the distributor head chan~ng the angulnr position 
of the timing contacts with the distributor cam. 
.(a later model is shown in Fig. 13, page 307). 

A condenser, mounted in former models inside 
the ignition coil, is now contained in a moisture­
proof met.<tl case v.-ithin the distributor housing. 
next to the interrupter. Delco coil (1921) is Delco 
No. 2159 (Fig. 2, page 213). 

1/GH rC-N:;jtON 
!I 'T(!-£!MINAL..:!!J 

oroe 

Fig. 18. Side view of Daleo-Buick distributo,. 
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The distributor consists of parts as shown in Fig. 
18. The rotor revolvt-.~ at cam-shaft speed, or 
one-half the speed of the crank shaft. The distribu­
tor shaft is driven from the generator shaft. 

Fig. 19. Top view of Fig. 18. 

Thuing the Buick-Six and Four Ignition 
I. Adjust the interrupter point gap to .020" when the contact 

urm .is on top of cam. 
2. Place the spark lever on the steering wheel in the fully 

retarded position (on 1926 models fully advanced). 
3 Turn the engine to the seven-degree mark (which is 

spproximately one inch after dead center). with the No. 1 
cylinder on the firing stroke (on 1926 models 17 degrees). 

4 Loosen the timing-adjustment screw in the·center of the dis­
tributor shaft and contact,-breaker earn.•· Turn the cam so 
1hat the rotor button will be in position under No. l high­
tension terminal when the distributor hea.-:i is properly 

located. Locate the cont.act-breaker cam carefully in tbis. 
position so that when the backlash in the distributor gears is 
rocked forward the contact points will be opened, and when 
the backlash in the gears is rocked backward the contact• 
will iust close. The distributor shaft turns clockwise wheu 
viewed from the top. 

5. Tighten the adjustment screw securely and replace the rotor 
and distributor head. The cylinders lire in the following 
order: 1, 4, 2, 6, 3, 5, and 1, 3, 4, 2. 

The proper spark-plug gap should be twenty-five thousandths 
of an inch (.025"). 

On account of the wearing to a seat of the fiber 
rubbing block on the contact arm, one or two adjust­
ments may possibly be necessary dming the first 
2,000 miles of drivmg, after which practically no 
attention is necessary other than to note occasion­
ally that the adjustment of the contacts conforms 
to specifications. • 

A frosted appearance of the contacts indicates 
that they are making good contact with one another, 
and should not be disturbed as long as proper opera­
tion is maintained. The contact points are made of 
tungsten. This metal is too bard to file. Should 
it be necessary to dress them, an oil stone should be 
used. Care.should be taken that they seat properly 
against each other and are correctly adjusted after 
being replaced. 

It is a good plan a.fter adjusting the timing con­
tacts to check the ignition timing. See instructions 
under "Timing the lgnition." 

DELCO IGNITION TIMING 2 

Adjusting Timing Contacts 
See also instruction on "Ignition Timing," which 

explains advance and retard of spark, etc. 
The timing contacts should be adjusted so that 

when they are separated by the breaker cam they 
are apart by the following thickness: AU Delco 
distributors for four and six-cylinder enb.-ines should 
have their contacts adjusted to .020" to .0275"; all 
distributors used on eight-cylinder cars, exceP,t 
Cadillac, should be adjusted to .015" to .0225 '; 
Cadillac should be .015" to .020"; Packard should 
be .020" to .025" (a 3-lobe cam running at engine 
speed is used). 

On those distributors, except the Packard and Pierce-Arrow, 
having two sets of timing contacts, the separation of the con• 
tacts, where there are two sets, should be ns nea.rly simultaneous 
as possible. Both are intended to separate at the same time, 
and the maximum contact seP,aration of each set of contacts 
should be held to the speciJlcations. Should difficulty be 
encountered in obtaining the adjustment to synchronize the 
operation of the points, the contact-breaker plate on which the 
contacts are mounted may be shifted within certain limits after 
loosening the three screws holding it in place. These screws 
should be carefully tightened after the necessary adjustments. 

On account of wearing to a seat of the fiber rubbing block 
on the breaker arms, the points will require one or two adjust­
ments during the first season's driving, alter which practically 
no attention ls required. 

Interrupter contact points are made of pure tung­
sten metal, which is very hard and of long life. 
Should the contacts require cleaning or redressing, 
rub the points lightly over an oil stone-the tung• 
sten metal is too hard to file. The contact arms may 
be removed by lifting them from the posts on which 
they are pivoted, after taking out the cotter-pins 
and loosening any clamping nuts holding the ends 
of the steel springs. 

Always adjust interrupter contact points before timing the 
ignition. See pa.ge 307 for reason. 

Timing the Delco Ignition 
The breaker cam is secured to the distributor 

shaft ~ith the cam adjustment screw, as in Fig. 4, 

page 214, in the majority of distributors; in others, 
by the timing adjustment screws. The adjusting 
screw permits the cam to be placed in any angular 
position for timing. 

The manufacturer of the car should be consulted 
for the exact directions for timing the engine. How­
ever, the following directions will give an approxi­
mate timing which will prove satisfactory under 
ordinary conditions: 
1. Place the spark lever on the steering wheel in a 

position one-third advanced. 
2. Turn the engine by band until the piston in No. 1 

cylinder is just on top dead center on the com­
pression stroke. 

3. Loosen the timing adjustment sc;ew in the center 
of the cam, and locate the proper lobe of the cam 
by turning the rotor until the rotor button comes 
under the high tension terminal of the distributor 
head connected to the No. 1 cylinder. 

4. Locate this lobe of the cam so that when the 
back-lash in the distributor gears is rocked for­
ward the timing contacts will be opened and wher> 
the back-lash is rocked backward the timing con­
tacts will just close. The distributor shaft 
usually rotates in a clockwise direction when 
viewed from the top. Ti~hten adjusting screw 
and replace rotor and distributor head. 

Note. The Lincoln distributor rotates counter-clockwise. 

In the Stutz double distributor (similar to tbe 
Pierce-Arrow, Fig. 9, page 216), the distributor cam 
and collar, which carry the two rotors, are keyed 
in position, and are not adjustable. Timing is 
accomplished t.hrough an adjustable coupling 
through which the distributor is driven. 

• On the 1924 to 1926 system a plug is removed and adjust­
ment made at bottom of shaft (see Fig. 13, page 307). 

' Se• also page 307. 
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Adjusting Spark Plugs for Delco Ignition 

The adjustment should be .030". On spark plugs 
having more than one gap, all but one gap should 
be made wide, and closest gap adjusted to .030". 

An exceptionally wide adjustment may be the 
cause of missing at the higher S_P!leds. Too close 
an adjustment will cause the igmtion to be poor at 
very low speeds when idling. 

3ynchronfaing Two Sets of Interrupter 
Contact Points (Delco) 

Fig. 20 shows a siml)le device which is of material 
assistance in synchroruzing the operation of two sets 
o: timing contacts. This handy test set consists of a 
snail block of wood upon which are mounted two 
small 6-volt lamps provided with the leads (C), (D), 
and (E). Terminals (A) and (B) are each made of a 
thin piece of fiber l½"hy 1", one side being covered 
by a thin piece of brass or copper to serve as a contact. 

; 
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Fig. 20. Device for synchronizing interrupters. 

Distributors with which this set is used are 
divided into two types: type 1 (Fig. 21) has two 
sets of timing contacts connected in parallel; in type 
2 (Fig. 22) the double distributors have two sets of 
contacts, each of which is connected to a separate 
r.rimary ignition circuit, as in the Pierce-Arrow and 
cltutz distributors. 

COIL 

Fig. 21. Type 1 couu•~••On for syocbroniting two inter­
rupter contact,-breakers (CB) connected in parallel. 

When used with distributors in type 1 (Fig. 21), 
each of the terminals (A) and (B) are slipped between 
the cont.act-arm spring, and the distributor housing 
with the metal side of the terminal in contact with 
the spring. Connect lead (E) to "ground." Cur­
rent is obtained from the storage battery on the car 
by placing the ignit .on switch lever in "on" position. 

During this operation it will be well to place a 
piece of cardboard beneath one of the generator 
brushes on those generators not equipped with a. 
cut-out relay, in order to prevent a flow of current 
through the generator windings. 

In this type of distributor which is supplied with 
two sets of contacts the primary ignition current is 
divided between the two sets, which reduces the 
amount of burning and offers an additional factor 
of safety to the system. 

The separation of each set of timing contacts will 
be indicated by the lamp in the circuit, and when 
both lamps go out at practically the same instant 
the contacts are properly synchronized. 

When used with type 2 distributor (Fig. 22), the 
notches in the ends of the terminoJs (A) and (B) 
permit them to be readily connected to the two 
te.rminals on the distributor as shown. 

In the Pierce-Arrow (page 216) aud Stutz double 
distributors there are two sets of timing contacts. 
In these cases each set of contacts interrupt a sepa­
rate primary ignition circuit, 19ving double ignition. 
One circuit supplies high-tension current to the plugs 
over the intake valves, while the other circuit takes 
care of plugs over exhaust valves. 
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Fig. 22. Type 2 connections for synchronizing two inter• 
rupter contact.-breakers used on double ignition. 

By examining the connections as shown in Fig. 
22, it will be noted that as each set of contact­
breakers separate, :;he lamp in its circuit lights. 
When contact-breakers are closed, a short-circuit 
will be formed around lamps, causing them to go out. 

In setting the Stutz contacts, both lamps should 
light at the same timej that is the timing contacts 
should be synchronizca. 

Pierce-Arrow interrupter contacts are not s:yn­
cbronized. By referring to the Pierce-Arrow wirmg 
diagram, page 403, and to Fig. 81 page 216, it will be 
noted that one cont.a.ct-J)?int 1s for the ignition 
system on the exhaust side of the engine and the 
other is for the ignition system on the intake side. 

The contact points for the exhaust side are set 
ahead of the intake, as mentioned below, the degrees 
referred to being flywheel degree movement. 

Model!! 31 and 51: exhaust set to open 3° before inlet. 
Models 32 aod 33: exhaust set to open 3° to 7° before inlet. 
Models X-5-\V-2: exhaust set to open Oto 3° before inlet. 
Model!! R-10: exhaust set to open Oto a• before inle1. 

For example, with models 32 and 33 the lamp 
connected in the circuit (Fig. 22) with the contact.­
points for the exhaust side should light 3 to 7 fly. 
wheel degrees before the one connected in the circuit 
with the contact-points for the intake side. 

Contact-Point SLu·faccs and Removal 

The contact-point surfaces often have a frosted 
appearance. Th'.s is not an indic:ition of trouble, 
as is often believed, but shows that the contacts are 
making good contact with one nnother, and they 
should not be disturbed as long as proper operation 
is maintained. The contact points are made of 
tungsten. This metal is too hard to file. Should 
it be necessary to dress them an oilstone should be 
used. Care should be taken that they seat equally 
against each other after being replaced. 

The contact arms may be removed by lifting them 
from the posts on which they are pivoted, after 
taking out the cotter-pins and loosening any clamp• 
ing nuts holding the cuds of the steel springs. 

See Index for "Delco motor-generators nnd wiring 
diagrams.'' 



INSTRUCTION No. 21 
TEsrs AND ADJUSTMENTS OF THE VIBRATOR TYPE OF ffiGB 

TENSION COIL: Ford Ignition Coil 

fhis instruction deals on1y with vibrator-type 
coil adjustments and tests. The next instruction 
will deal with the non-vibrator type. 

Adjusting Vibrators of ao Ignition Coil 

The usual method of adjusting a coil trembler or 
vibrator is the rather rule-of-thumb method of 
screwing down the trembler screw till there is a 
sharp musical "buzz" obtained, and, as near as it 
is possible to determine, to adjust the screws so as 
to obtain the same note from each trembler. 
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Fig. 1 

Current consumption of the coil depends largely on 
how close the vibrator contacts are set. Very often 
it happens that a good deal of current is wasted in 
having too close contact, and at the same time the 
platinum points on both the vibrator and the adjust,. 
ing screw are soon "pitted" and worn out from the 
excessive sparking. 

There is a further serious disadvantage, inasmuch 
as the firing point cannot be synchronized for each 
cylinder, the closely-set trembler firing the charge 
earlier than the lightly-set one, and thus it happens 
that an engine rarely gives off the full amount of 
power. Perfect synchrnnization is required in 
obtaining full power. This ex-plains why some 
engines often give more power on the magneto. 
The fault lies in bad sett.ing of the coil and sticking 
vibrators. 

Instructions for Adjusting the Ford Vibrator 
Coil (K.W. Ignition Co.'s Make) 

There are four vibrator-type coil units (Fig. 2) 
contained in the Ford coil box. 

The primary winding starts at the bottom of the 
coil unit, which consists of a metal disk which makes 
contact with a spring inside of coil box and which 
is connected with electric current, either from the 
battery, the generator, or the magneto (see Index 
under "Ford wiring diagram"). 

The secondary winding is shown in Fig. 2. See 
also Index, for "Ford wiring diagram." 
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Fig. 2. Ford vibrator coil unit (K.W.) 

Adjustment of vibrator: The KW. coil unit shown 
in the illustration is designed to operate·on a current 
consumption in the primary winding of 1 1/10 to 
1 2/10 amperes at a voltage of 6 to 8 volts. 

When the vibrator tension on a coil is increased, 
or more vibrations are produced in a given time by 
5crewing down on the vibrator adjusting screw, the 
secondary voltage is increased and the primary will 
draw more current. 

Therefore the proper adjustment of this adjustini; 
screw for certain current values is necessary in order 
to prevent the building up of too high a voltage, 
which is liable to puncture the insulation of the 
secondary winding. 

A Ford coil unit (K.W., Fig. 2), when tested on a 
6-volt circuit with a low-reading ammeter in serie,, 
with the primary circuit, should register 1 1/10 tr> 
1 2/ 10 amperes. 

When the vibrator spring is pressed down againsi 
the iron core, the air-gap clearance between points 
(P) should be 1/32" apart. It is very essential that 
this vibrator spring have the proper tension, inas­
much as on this depends the amount of current that 
the primary winding consumes, as well as the effec­
tiveness of operation. 

The tension, or number of vibrations, can be 
adjusted by the vibrator adjusting screw. First, 
however, in order to adjust _properly, the vibrator 
spring itself should be tested for proper ten.o.ion as 
follows: 

Remove the top bridge. If "tungsten" contact 
points are used, the vibrator spring should stand 
exactly ¼" above the iron core. If K.W. "spark­
ite" springs and contact points are used, the spring 
tension is less, owing to the low-surface resistance 
of this metal; therefore the vibrator spring should 
be 5/32" above the iron core. 

'l.'he primary current passes through the primary 
winding, through vibrator blade (VS), through 
points (P), to the contact spring, to the primary con­
tact to the timer, to the contact on the timer or 
oommutator. 

It is important that the vibrator-spring tension be 
correct, as just stated, before attempting to adjust 

Ap1)lies to Ford Model "T.'' 
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the tension of the vibrutor spring with the adjust­
ment screw. 

The condenser is located in each coil unit, and is 
connected or shunted a.cross the vibrator contact 
points. 

Hard starting, due to vibrator adjustment: If 
there is too much tension on the vibrator springs, 
the weak current generated by the magneto at 
cranking speeds will n?t ~e suffi~ient to cause the 
vibrators to buzz, and 1t will be difficult to start the 
engine. Too little tension will not let the vibrators 
respond quickly, and the engine will run unevenly. 

A defective coil unit can be detected by noticing 
if the vibrator buzzes without producing a spark at. 
the plug. '!'hen the suspected unit can be ex­
chnnged with anotj1er unit ~o ~ake sure th~t the 
trouble is actually m the c01l umt. A defective or 
punctured condenser is indicated by a heavy spark 
at the vibrators and a weak spark at the spark plug. 

If the engine has a tendency to miss when driving 
over rough roads, this may be due to the coil units 
not fitting tightly in the coil box. The bouncing 
of the' car makes the coil units touch the meta.I cover 
of the box and causes misfiring. Coil units m the 
Ford coil box depend upon spring tension for contact. 

Sometimes, misfiring is due to the wooden lining 
of the metal coil box being damp and allowing the 
electric current to leak across from one terminal to 
another. 

The spark plug: On the Ford and some magnetos 
where there is a volume of spark, a spark plug 
reco=ended by the manufacturer should be used, 
as the points usut11ly ~mye metal of _slightly ~igh 
resistance to prevent p1ttmg and burrung of pomts, 
due to the excess of current supply. The spark­
plug gaps are 1/32" apart on Ford plugs. 

Vibrator Coil Cause of Missing 
In rare instances one of the coil sections will 

become short-circuited or the insulation may become 
punctured on the secondary winding. This is com­
monly caused by using too many batteries or too 
high a voltage. In this case the plu~ would not 
spark at aJl, therefore it would be advISable to try 
changing positions of the coil units in the box. If 
the plug sparks properly on one of the other coil 
sections, then you may know that that particular 
coil unit is defective. The1·efore, inspect the plati­
num points on the vibrators and contact _points, as 
thev may be partially burned away or badly pitted. 
If this coil section still fails to give a spark, then it 
is evident it is burnt out inside. 

In· some instances a coil may have its insulation 
short-circuited for only half its len&th of winding 
and would give a spark. If a short c1rcuit was near 
the beginning of the winding, it would not spark at 
all. 

Testing the Coil 
If a multiple-cylinder engine., test ea.ch unit 

separately until it is determined which coil is miss­
ing. After assuring yourself the Inissing is not 
caused by a spark plug, weak batteries, carbure­
tion, or other causes, then test the coH itself. 

Vibrator Coil Tester 
A very serviceable device for testing Ford coil 

units, single and double contact lamps, as well as 
spark plugs, is the tester' illustrated above. 

To re_place or readjust contact points on a Ford coil unit: 
The coil t-o be tested is slipped into place so that the contact 
springs touch the proper contacts. A 6-volt battery is attached 
by means of cord and test clips. The ammeter on the Tester 
has zero (0) center, and it is proper for it to read in either 
direction. The adju.,table spark gap should now be set 
with one-<1uarter inch ( ¼") gap. This may be measured 
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Fig. 3. The "B w·• tester. Designed for testing Ford coil 
units, spark plugs, and lamp bulbs. 

by gauging the gap with one-quart<lr iuch ( )<(") drill or rod. 
This gap is much greater than the gap in the spark plug, 
due- to the fact that a spark takes place in the open air, while 
in the ca.sc of the spark plug the sparking takes place rn 
a highly compressed charge in tbe cylinder which requires the 
spark gap to be considerably smaller. 

The switch is now closed, and the ammeter should give a 
fairly steady reading of about 1 ½ amperes. While this cur­
rent is flowing, a (iontinuous Oow or sparks should follow a.cross 
the spark gap. If the flow of sparks is not constant, this i ndi­
catcs that the vibrator contacts of the coil have probably 
become pitted; they should be removed and smoothed witli n 
fine file. The adjusting screws on the coil should be turned one 
way and another until the stream of sparks appears the hottest. 

If at this point of a.djustmcnt the current is lower than 1.2 
amperes, then t,he vibrator spring on the coil is weak :ind should 
be strengthened as follows: Remove th'e cross-piece that car­
ries tho adjustable contact. NO\\' not,e the distance that the 
vibrator spring stands away from the coil bead. Increase this 
distnnce slightly by bending the vibrator spring a.way fron'l 
the coil bead: then replace the adjusting cross-head, and the 
current will _ha".e increased as well as the stream of sparks. II 
the current ,s higher than 1.8 amperes, tben the vibrator sprin~ 
is too strong and stands away too far from the head of the coif. 
In this case the vibrator springs should be bent inward. 

If t.be ammeter pointer flies over to the end of the scale, then 
this indicates that the vibrator contacts are stucl;: together 
Ir in this case they are worn out and cannot be sruoot,hed with 
a file, they should be replaced. 

If it is impossible to get a reading of 1 ½ amperes and a con• 
tin_uous bot spark across ¼11 spa_rk. gap, after making all the 
adJustments na,med above, t.bc coil 1s no longer sf'rviccn.ble and 
should be replaced. 

Note: The coil must give a hot spark with not more than 
1 ½ amp., because at low speeds the magneto does not gener­
ate more than 1 ½ amp. 

To test a spark plug with the tester shown above: Connect the 
Tester to a source of power, as instructed above. Place a Ford 
coil into the coil guides in the same man11er as in testing the coil. 
Now open the spark gap to at least ½", then place the spark 
plug into the rack provided on the 'fester and close the swuch. 
,vhere it is possible, it is a good idea. to open tho spark gap of 
the spark plug to about ¼", so as to get the same condition in 
the_ open n.s with the small gap in the highly compressed 
cylrndcr. Set spark-plug gap to about 1/32" after testing. 

If the spark plug is only foul from enrbon deposit on the 
porcelain, the carbon will be immediately burned off. If there 
is a cracked procelain. the spark will short-circuit through this 
~rack and no spaFk will flow at the spa.rk-plug gap, and the plug 
1s no longer serviceable. 

To test lamp bulbs: Both the single and double-contact 
sockets provided for testing lamps are directlY connected to 
the transformer, and all that is necessary to test lamps is to con­
nect to source of power us instructed above and pu.sh the lamp 
into the proper socket. 

Causes of Spark Plug Missing 
The usual cause of missing of explosion is that 

the spark plug becomes fouled by carbon, or soot is 
deposited on the porcelain insulation, causing the 
plug to become short-circuited. It is generally 
caused by using a poor grade of oil or loose piston 

1 T)iis can be secured !)f A. L. Dy_ke. Electrical Department, 
Gra.mte Bldg., St. Louis, Mo., price $11.65 for use with a 
6-volt battery; for use with alternating current lamp socket, 
price $14.35. 
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rings, which permits the oil to pass too freely into 
the head of the cylinder. 

Other causes are sticking vibrator points, a 
defective commutator, or a weak battery. 

When mis-firing occurs, particularly when running 
at high speeds, it would be advisable to inspect the 
commutator, as the fiber may be worn so that the 
roller touches only the high spots, or it may be that 
the roller has worn out of round and consequently 
forms imperfect contact on all of the points. 

At slow speeds, mis-firing is apt to be the result 
of improperly seated valves or air-leak in the carbu­
retor or cylinder-head gaskets. 

A weakness in compression may be detected by 
lifting the starting crank slowly the length of its 
stroke for each cylinder in turn. In rare instances 
:m exhaust valve may become warped by the engine 
becoming overheated, in which case the valve seat 
will have to be reground or the valve replaced. 

When starting to test for the trouble, first deter­
mine if the missing occ\ll's when running slow or 
when running fast, or if at all times. Also be sure 
the carburetion is right. 

Testing for Miss with Vibrators 
We will assume the engine is a four-cylinder engine. 
To ascertain which, if any, of the four plugs are 

fouled with oil, short-circuit with carbon1 or inoper­
ative from some other cause, open the tnrottle two 
or three notches to speed up the·engine; now hold 
your two fingers on two outside vibrators so that 
they cannot buzz. The evenness of the exhaust 
will show that the other two are working correctly 
and that the trouble is not there; or an uneven 
exhaust will indicate that it is between the two that 
nre free. 

Fig. 4. Testing for missing with vibrators on the coil. 

If the two cylinders fire evenly, change the fingers 
to the two inside vibrators and again listen to the 
exhaust. Having ascertained in which pair the 
trouble is, hold down three fingers at a time until 
you find the one which does not fire. 

Cylinder No. 1, we will say, is the front cylinder, 
and they number in rotation 1, 2, 3 4. No. 1 coil 
unit would be the one farthest from the steering post 
(ieft-side drive), and they number 2, 3, 4 to the left. 

Causes of commutator troubles (Fig. 5): (1) 
worn metal segments (C) often cause missing by not 
making good contact. (2) The co=utator may 
also become loose on the shaft and get out of time. 
(3) Spring weak. (4) Loose connections at binding 
posts. (5) Depressions worn on face of fiber on 
which the roller (R) travels, resulting in the roller 
jumping (at high speeds) almost over the metal 
contacts (C). The rnller,(R) and pin of the revolv­
ing part will also probably be found in bad shape. 
To repair, turn down in a lathe or replace with a 
new one. (6) Grease will coat the insulated fiber 
ring (C) from one segment to another, and cause a 
short circuit. Too much oil 'will also cause a glazed 

surface over the segments (B), and good contact 
cannot be made between roller (R) and these metal 
segments. 

Platinum Iridium Contact Points 
Platinum-iridium is the best metal for contact 

points on vibrator-type coils and also for magnetos, 
for reasons explained farther on. 

It is best for the contact points on the vibrator­
type coil (as in Fig. 6) because it allows finer adjust­
ment and more rapid operation. 

Platinum is usually alloyed with iridium (80 per 
cent platinum and 20 per cent iridium) in order to 
attain toughness and hardness of the contact point, 
which gradually enhances its electric value.. Pure 
platinum would hammer under action of the contact 
breaker; thus iridium which is harder is used with it. 
Platinum-iridium points are always used on magneto 
contact breakers (pages 257, 258, 280). Platinum 
has the property of a very high fusing point and 
does not oxidize (an action similar to rusting, but 
usually of dark color) under ordinary conditions. 
It has a very low surface resistance, which remains 
throughout the hfe of the point. While it is subject 
to a certain building up and pitting process, this 
process extends over the entire surface of tbe point, 
with the result that the contact area is not impaired. 
It has long life and can be used to the last thousandth 
of an inch with utmost efficiency. 

It must, however, be kept clean to insure best 
operation, which is easy as it can be dressed with 
a fine file. Platinum is also subject to electrolysis 
especially where direct current is used, as explained 
farther on. 

Sparkite points, produced by the I<. W. Ignition Co .• Cleve­
land, Ohio, 1s also well adapted for vibrator coil use. Sparkiu, 
metal has a. very low surface resistance and is excellently 
adapted to all vibrating coil ignition. It disintegrates some­
what more rapidly than either tungsten or platinum, but has 
a much lower surface resistance than tungsten and does not 
readily oxidize. 

Effect of Electrolysis on Platinum 
Every time the contact separates, a minute 

quantity of platinum is transferred from one contact 
to the other. If the current is reversed by means 
of a reversing switch, the lost platinum will be trans­
ferred back to some extent. This is called depolariz­
ing (see page 203). Therefore, when using "direct" 
current for vibrator-coil ignition, it is a good idea 
occasionally to change the connection on the battery. 
The current flowing in one continuous direction 
causes the point connected with the ( +) side to 
deposit on the point in the ( - ) side, thus pitting the 
points. ·where ·'alternating" current is used, as 
with a magneto, the points do not pit as much, 
because the current 1s constantly changing its 
direction of flow. 

On the Ford, the magneto ~enerates "alternating" 
c\ll'rent. Therefore the pittrng of points is not so 
bad; but when the car 1s run continuously at high 
speed, naturally the magneto generates a higher 
voltage which reacts through the contact points by 
arcing; thus pitting the platinum points due to the 
.beat produced. 
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Testing Platinum-Iridium Contact Points 
Procure genuine platinum-iridium points when 

purchasing new screws or vibrator springs, if 
possible. Imitation points will pit and burn 
together, and will cause sticking of points and 
missing. See also mention above of l{-W Sparkite 
points for vibrator coil use. Platinum-uidium 
must be used for magneto points for reasons 
explained farther on. 

Test the points to see if they are genuine platinum 
by putting nitric acid on them. If it eats into the 
metal, it is not genuine platinum. A jeweler's stone 
c~n also be used for this test. Ask any jeweler. 

TT 
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Fig. 6 (left). Shows pitting, and is the state to which a. 
properly set contact-point finally arrives. Illustrationa repre­
sent the screw above and vibrator spring below with platinum 
Doint contacts a.s used on vibrator type coils. The same 
principle applies to platinum points used on magnetos. 

Fig. 7 (right). Shows the result ol a badly set contact which 
is worn unevenly. The platinum would have to be filed a.way 
right down to the steel, and the spark would then soon eat the 
rivet hole nnd cause serious misfiring. 

Dressing Platinum-Iridium Contact Points 
To dress the platinum points, remember that the 

main requirements are to remove only as small an 
amount of the valuable metal as possible and to 
trim the surface dead level and smooth. This can 
be done with a small finely cut jeweler's file. If the 
file is not a very fine-cut file, it will leave roughness 
on the points. A smooth glassy surface is best. 
Platinum-iridium points can best be dressed on an oil 
stone (Fig. 8) which insures a smooth, flat surface. 
In making the final adjustment of the screw, do not 
set the points closer than necessary to give a good, 
steady buzz of the vibrator. In setting magneto 
contact points, they must not be too close together, 
or too far apart. 

If the surfaces are merely blackened with dirt or 
grease, forming a film over the points thus offering 
resistance to the primary circuit buiiding up, this 
can be removed by inserting a strip of 00 sandpaper 
between the two points, and by pulling the paper 
through them a few times under its own spring ten­
sion. A better plan to brighten up a platinum 
point surface is to use coarse paper instead of sand­
paper, as sandpaper has a tendency to leave a rough 
surface on soft platinum. Always adjust the open­
ing of the points after cleaning. 

Tungsten Contact Points 
Tungsten points are used almost entirely on coil 

and battery ignition interrupters of the non-vibrator 
type {pages 205, 208, 211, 214), because of its 
extreme hardness, which withstands the hammer 
blows caused by the high spring tension which is 
necessary in high-speed interrupters to prevent 
~battering and also to obtain good contact at the 
point surfaces. It is not rapidly consumed or 
disintegrated by electrolysis, but it is subject to 
oxidation, and inherently has a high resistance. 
This oxidation results in a high resistance oxide 
film coating on the points (similar to rust, but of 
dark color), reducing the flow of the primary current. 
Thus a high potential or voltage across the points 
of the interrupter in the primary circuit is necessary 
(generally 6 volts supplied by the battery). The 

current consumption of the primary circuit of a 
non-vibrator type coil is usually less than of the 
vibrator-type coil, and is nearly always less than 
5 amperes. Where 5 amperes or more are used in 
the primary circuit platinum-iridium is best. 

The disadvantage of tungsten for magneto 
contact-breaker use is oxidation of the points and its 
high surface resistance, both of which prevent the 
magneto primary current from building up to its 
maximum value (page 253), resulting in weak cur• 
rent and difficult starting. 

Arcing across the points of tungsten is more 
common than with platinum-iridium, and it is 
difficult to determine when a condenser is defective. 
When platinum iridium contacts are used, extreme 
arcing is always an indication of a defective con• 
denser. Tungsten points require a greater condenser 
capacity to overcome arcing than do platinum points 

Dressing Tungsten Contact Points 

Conditions which necessitate dressing tungsten 
points are as follows (see also, pages 203, 211, 221): 
1. When dirty, by being coated with grease, etc. 

The points can be cleaned with gasoline. 
2. When oxidized by a dark or blackened oxide film 

forming on the surfaces. The film will readily 
yield to the file and leave a clean swface. It will 
be found, however, owing to its hardness, that 
the· metal itself cannot be removed except by 
grinding or dressing on an oil stone. 

3. When pitted, caused by an electrolytic effect 
and arcing. If this is slight, the point can be 
dressed on the oil stone (Fig. 8), but if deeply 
pitted, new points are necessary. In extreme 
cases of pitting a reversal of the primary current 
will sometimes rectify this trouble. 

4. When burned, owing to sparking or arcing across 
the points which pits the points. Dressing on an 
oil stone will remedy the trouble. It is best to 
renew the points ii badly burned or pitted. 

Appearance of tungsten points: a. silver gray 
appearance with pebbled surface at point of con­
tact is O.K. New points may show a small spot, 
usually near the edge, and need not be disturbed. 
If points are blackened, clean, and adjust. 

s 
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Fig. 8. Method of dressing tunssten points on an oii stone 

(also applicable to platinum points). The contact point screw 
(S) is clamped, by means of two nuts, to the center of the 
metal strip. The strip is moved forward and backward over 
the oil stone, thus securing a true surla.ce on the tungsten 
poi!'t, wWch makes it last much longer without grinding. The 
mam pomt ts to ha".e a smooth flat surface so that each point 
will make full face contact with the other, a.nd not on one side 
or edge. 

Another plan ol dressing the screw point is to put it into a 
chuck of a drill press and dress it down on an oil stone. The 
point on the int.errupter arm however will have to be dressed 
by band. 

Spark-Gap Suggestions 
Do not set spark-plug gaps over l/32" apart for vibrator-coil 

ignition. The usual settin~ for non-vibrator coil ignition is 
.025". Too large a gap w,11 likely cause a misfire (see also 
page 238). 

When testing the spark, by removing the wire from the spark 
plug, do not separat.e the terminal wire from the plu~ or engine 
fra.me more than ¾" on a vibrator type coiJ, or ¾' on a non­
vibrator type, and about 3/16" on a magneto. as it will strain 
t,he coil windings and may break down the insulation. On a 
magneto, or eoil which uses a safety gap the safety spark gar 
is usua.Jly set ¾"; if a test is made with a spark too wide it 
may jump at the safety gap instead. 
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TESTING IGNITION COILS OF NON-VIBRATOR TYPE: Condenser Tests; 

Resistance-Unit Tests 

As an example of the procedure for testing an igni­
t,ion coil of the non-vibrator type, the North East Ig­
nition system as used on the Dodge car will be used.1 

See Index for "Dodge wiring diagram" for the 
internal circuit of this system, and study it care­
fully. 

LOCATING IGNITION TROUBLE: N. E. IGNITION SYSTEM (MODEL "0") 

1. Whenever it is determined that trouble has 
been located in the ignition mechanism or in the 
coil windings, and that it is not in the ·spark plug or 
loose connections, or due to a run-down battery, 
then turn off the ignition switch and remove the dis­
tributor head in order to expose the interior of the 
breaker box. Crank the engine slowly until it is 
seen that the breaker cams come together. 
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Fig. 1. Testing the North East ignition coil as used on the 
Dodge. 

2. Disconnect the wire at the contact breaker 
leading from the switch to the contact breaker, and 
insert a low-readmg ammeter in the circuit, as 
shown in Fig. 1. (The ammeter shown is the 
model "280" Weston.) 

Note. The 11Se of a. screwdriver is not resorted to in this 
test. Fig. l is used to illustrate several different tests. 

3. Turn on the ignition switch and note the 
amount of current through the primary circuit. 
\Vith a battery voltage of 12 volts, the normal 
amount of current consumed by the coil with the 
engine idle and breaker conta~ts _(P) close_d, \s 
approximately 2.5 !!,mperes. This WIil det.ermme if 
the primary circuit of the coil is in proper shape. 

To Test the Secondary Winding 
a) A ground in the secondary from the second­

ary winding to the coil box cannot be tested with an 
ordinary test lead, because the inner end of the 
secondary coil is normally grounded to the core. A 
ground from the coil to the core can usually be indi­
cated by burning of the insulation appearing on 
the outside of the coil where the spark has punc­
tured it. 

b) The simplest method of testing for a short 
circuit of the secondary winding i.s to substitute 
another coil tempora.rily for the suspected one, and 
to compare their behavior under similar operating 
conditions. 

c) To test for an open circuit in the secondary 
winding: Remove the high-tension terminal bush­
ing (B) (Fig. 1) on the side of the coil, and t.hen run 
the distributor unit at a moderate speed with igni­
tion switch on, while a screwdriver is held against 
the housing with its tip about ¼" from the high­
tension contact button (B) on the ignition coil. If 
no spark jumps, the winding is probably open-cir­
cuited. Before accepting this as final, however, be 
sure the primary coil winding is in proper shape, 
because the induced current comes from the pri­
mary coil. 

If the primary winding test shows abnormal 
ammeter readings, either more or less when the 
meter is inserted between switch, coil, and breaker 
box, as "in Fig. 1, or if there is an open circuit, then 
other portions of the circuit should be tested as 
follows: 

I. Test the wiring from coil to switch by placing 
one lamp test point on 2, and one on 3, then from 
switch to a=eter (2 to 5), and a~meter to breaker 
(6 to 7), to see if these are open circuits; grounds, 
short circuits, or loose connections. Also examine 
the switch and coil connections. The 110 or 220-
volt direct-current test lamp and leads (Fig. 3 can 
be used for this, but be sure no current is passed 
through the a=eter and that the ignition switch 
is open. 

2. Test the battery: If the battery shows 2.6 
volts across each cell, it is fully charged. If it shows 
1.8 volts or less per cell, it is discharged. However, 
yoltmeter readings !'-re not.accurate, for if~ ~atte~y 
1s sulphated, unreliable high-voltage readings will 
result when tested while on charge. Therefore a 
battery should be tested on discharge also. See 
Index for "Testing a storage battery on dis­
charge." 

3. Examine switch, ammeter, and also the storage 
battery connections for loose or poor connections or 
grounds. Quite often poor or loose connections on 

Note. It is best to use first the 30-amp. shunt, if a Weston 
model 280 instrument is used, because, if there is a short circuit 
It will read far more than 2.5 a.nd burn out the meter. If a. low 
reading is thus obtained, then connect the 8-ampere shunt and 
use the lower reacling scale, which is more accurate for low read­
ings. 1 Applies to Dodge 4-cylindcr car. By courtesy Unit.ed 

Motors Service, Inc. (Overseas ~-Iotor Service Corp, in export 

226 territories). 
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the battery or switch will cause lack of proper cur­
rent supply, as a loose connection not, only causes 
missing, but offers resistance and cuts down ,the 
current supply. 

To Test the Condenser' 

The condenser in the N.E. Model "0" 
interrupter is in the contact bl'eakcr housing, and 
connects across the points of the contact breaker. 
One point of the contact breaker in this system, is 
ii;rounded, and so also is one end of the condenser 
(see Fig. 2). The purpose of the condenser is 

---.~, 
D.-'-
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Fig. 2. Testinit condenser on N. E. (Dod~e) model "0" 
interrupter or conta.ct,-.brcaker. 

expl:1ined on page 191. Ou some ignition systems 
the condenser is placed on the coil. 

To test condenser for a ground: Disconnect 
condenser leads (D, Dl) from the contact breaker 
mechanism (Fig. 2). Hold one test lead (110 or 220-
volt direct-current lamp and leads) against the 
condenser case, and touch the two condenser leads 
(D, Dl), one at a time with tl)e other lead. The 
test lamp will light if there is a ground; if the con­
denser is in proper shape, the lamp will not light. 

To test condenser for a short circuit: Sepaml,c 
breaker contact points. Place a test lead on each 
of the condenser terminals (D, DI). If the conden­
ser is short-circuited the lamp will light; if nothing 
is wrong, it will not light. 

To test condenser for an open circuit: This test 
should be made with a test lamp from alternating 
current. Separate the contact breaker points. 
Hold one test lead on one terminal (D) of the con­
denser and touch the other condenser terminal (Dl) 
lightly with the other test point. If the condenser 
is in proper condition, a sliiJ;ht spark will occur every 
time the test lead is applied. If the condenser is 
open-circuited, no spark at all will occur. ln either 
case the test lamp will not light, because "ven with 
a normal condenser, the current permitted to flow 
through the test lamp is so small that no visible 
effect will be produced. 

To Test Contact Il.reaker 

To test contact breaker for a ground: Disconnect 
the wire to the contact breaker binding post at (B), 
(Fig. 2). Separate the contact points. Touch one 
test lead to the shell of the contact-breaker box and 
the other to breaker arm (A). The la.mp should 
not light if everything is correct. If the breaker is 

1 A method where many coils are tested is to have an inter­
rupter connected wit.h " drive system of some sort. See Fig. 
12, page 230. 

grounded it will light. The condenser should be 
tested first, as a short-circuited condenser would 
cause the lamp to light, since it would be in the cir­
cuit. 

Note. If the contact breaker has two binding posts and 
has an insulated return instead of a grounded return, the test 
should be mo.de with breaker points closed in order to indude 
the ,tationary contact point (S), as well as the rest of the 
breaker mechanism. 

To test contact breaker for short circuit: Discon­
nect wire at (B) (Fig. 2) to contact breaker. Sepa­
mte points. Place one test lead on the te1minaJ (B), 
and the other on the stationary contact (S). lf 
the lamp lights there is a short circuit. Be sure the 
condenser is in good order, for the reasons given in 
the test immediately preceding. If the lamp does 
not light it is without defect. 

To test contact breaker for open circuit: r.·lake 
the same test, except that the contact points should 
be closed instead of being sepa.rated. If the test 
lamp fails to light when the breaker contact point/:' 
are closed, an open circmt is indicated. 

To Test Primary Winding 

To test primary winding of ignition coil for ground: 
Remove the coil-housing cover and disconnect the 
coil leads from the terminal block on the cover (Fig. 
3). Hold one test lea.d against rod (6) in the center 

IGNITION COIi. 

Fig. 3. Te,ting primary winding of ignition coil. 

of the coil and touch the leaa to the prima.ry winding 
terminal (3), then (4). The test la.mp will light if 
there is a ground. 

To test primary winding for an open circuit: Place 
one test lead on (3) and the other on (4). If the 
lamp does not light there is an open circuit. 

To test primary winding for a short circuit: See 
paragraphs 2 and 3 under "Locating Ignition 
Trouble." If the ammeter reads more than 2.5 
with switch closed, points together, and engine idle, 
it indicates a short circuit either in the primary 
winding or elsewhere in the circuit. 

Operating Test: Bench Running Test of N.E. 
Ignition System (Model "0") • 

The N.E. ignition test is made on a special test 
bench (Fig. 4) with apparatus designed for the pur­
pose. 
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Fig. '1. N. E. ignition tcst.-bour<l for t.csting the ignition 
syst.rm, generator, and cut-out. 

The ignition unit is placed on the test-bench and 
connect.ed to a motor which drives the ignition unit 
under conditions as nearly like those encountered 
in service as practical, and is carried out with a 
range of speeds equal to that of the engine. The 
test-board shown in Fig. 4 is the N.E. testing outfit 

IOr testing the ignition system, generator, cut-out, 
etc. 

The ignition unit, consisting of distributor, inter­
rupter, and cotl, all in one unit (see Index for "Dodge 
ignition urut"), is connected with a motor which 
drives it at various speeds as stated above. The dis­
tributor 1s connected with au adjustable spark device 
(Fig. 4), with the poi11ts (P) adjusted to ¼" ~ap. 
The unit is first driven at 1,200 r.p.m., and switch 
(C) is closed. High-tension sparks are at once pro­
duced. at points (P). The speed is varied from 1,200 
to 2,000 r.p.m. A low-reading ammeter is inserted 
in the primary circuii as shown. 

At 500 r.p.m. with a 12-volt fully charged battery, 
the consumption should be nearly 1 ampere; nt 
1,200 r.p.m. approximately 0.8 ampere; and at 
2,000 r.p.m., 0.6 ampere. 

The black wires show the primary circuit of the 
coil connected with battery, switch, and ammeter. 
For instance, the primary circuit is from battery to 
(+) terminal, to switch to ammeter, to fuse to 
terminal of switchboard 1, to contact breaker, 
through points, to prima-ry coil, from other end 
of coil primary to (-) terminal (3) on switchboard, 
to (-) terminal of battery. 

The secondary circuit of the coil is from the 
secondary terminal of the coil to the center of the 
distributor, thence from terminals on distributor to 
points (P) on spark tester (A), through points to 
ground, to ground of coil. 

A coil on a test should jump ¾" in the open air 
without missing. If it will not jump this gap con­
tinuously, then it is certain not to jump the spark­
plug gap inside the engine which is under compres­
sion and thus shows greater resistance. 

For timing the N.E. igniti_on system on the Dodge, 
see Index under "Dodge ignition timing." 

REMY NON-VIBRATING COIL AND CONDENSER CONNECTIONS 

The condenser is a1ways· connected or "shunted" 
across the interrupter points (P) of all high-tension 
coil primary circuits and magnetos. It can be 
placed on the coil, as shown in Fig. 5, or on the 
interrupter, as in Fig. 6. 

I __ .. 
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Fig. 5. Remy grounded ignition system using a. non .. vibra.t­
ing cylindrical type, two-terminal coil with condenser in coil. 
Note that the condenser is across the contact-breaker points (P). 

When the condenser is in the coil away from the points, a 
~reater condenser capacity is required to prevent sparking 
and the points are usually set farther apart. 

The primary circuit (Fig. 5): From ( +) of bat­
tery, to switch, to coil terminal 1, through resistance 
unit, through primary winding to coil terminal 2, to 
interrupter stationary contact (Pl), through mov­
able contact (P2), to ground, to (-) ground of 
battery. Note that the condenser in the coil is 
connected across interrupter points (P). 

I?ig. 6. The same ignition principle as shown in Fig. 5. but 
with the condenser in the interrupter housing. The condenser 
is shunted across the contact-breaker points (P), as in Fig. 5, 
It is best to have the condenser as near the points as possible, 
as above, as there is less sparking at the points. 

The primary circuit (Fig. 6): From ( +) of 
battery, to switch, to 1, through resistance unit, 
through primary winding to 2, through points (P) 
on interrupter, to ground, to ( - ) ground of battery. 

Note that the condenser in the interrupter hous­
ing is connected across the interrupter points (P). 

In order to explain the importance of connecting 
the proper wires to a coil where a condenser is in 
the coil, the diagram (Fig. 7) is used to show how 
the condenser can be cut out of action to a. great 
extent, thus reducing the efficiency of the coil and 
causing sparkillg at the interrupter points. 



TESTS OF IGNITION COILS OF-NON-VIBRATOR TYPE 229 

Primary circuit (Fig. 7) ( connected wrong): 
From ( +) battery to 2, through primary winding, 
through resistance unit, through points (P), to 
ground, to ( ~) ground of battery. 

l 
Fig. 7. The same ignitjon system as in Fi~. 5 with leads to 

and from the ignition coil connected wrong, thus disconnecting 
the condenser from across the contact-breaker points where it. 
is required. 

Note that the condenser is not directly across 
the interrupter points (P); the primary winding 
and resistance unit are between one end of con­
denser (2) and (Pl) of interrupter. The proper 
connection is shown in Fig. 5. Coils are usually 
marked (B) for battery, and (T) for timer. Thus 
the terminal from the battery leading to the switch 
and from the switch, should connect with (B) or (1) 
on the coil. See page 209, explaining Remy 2 and 3 
terminal coils; see also page 213, for Delco coils. 

Remy Condenser Instruct-ions and Tests 

Condenser trouble will usually be distinguished 
by severe arcing at breaker contacts. 

Test for shorted condenser: Disconnect the con­
denser, or, if condenser is inside of coil, disconnect 
coil. Connect terminals leading to the condenser, 
across 110 volts A.C. or D.C. with a lamp in series. 
If lamp lights, the condenser is short-circuited or 
broken down between layers. Test points from 
lamps are indicated as (T) (Tl) (Figs. 8, 9). 

On systems using grounded ignition, that 1s, 
grounded primary winding in ignition coils (Fig. 8), 
connect test point (T) to post (2), to which the lead 
from the breaker is attached, ma.rked "Timer," and 
to base of coil with test point (Tl), for this test. 

Note. If 3,rims,ry winding ha.a become grounded in this 

t~ecg~~i~~r is 
1!~ft~~.th

ilc~!!v';~'.
1 i~\~,f~;!,.t~; ~~r:,~/!:! 

badly nnd nre burned, it can be assumed to be condenser trouble. 

On systems using insulated ignition (primary 
winding not grounded), (Fig. 9), connect test point 
(T) to center post (2)1 marked "timer-switch" and 
connect (Tl) to outs.i.ae post (3) which has not the 
resistance unit connected to it. 

Fig. 8 
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Fig. 9 

Fig. 8. Remy ignition coil (two•termina.l type) with con• 
denser i:rounded. 

Fig. 9. Remy condenser coil (three-terminal type) wiih 
both terminals or condenser insulated. 

Open condenser: An open condenser may be one 
which is disconnected inside of the box or coil tube, 
or one which has opened up between layers so that 
its capacity is very low. With an open condenser 
or one which ha.s no capacity from any cause, very 
severe arcing will occur at contacts o.s stated above. 

Capacity test: In case 110 volts D. C. is available, 
a capacity test can be made by connecting across 
the condenser with the test lamp in series, then 
disconnect the test lamp and bring the condenser 
terminals together. If a good spo.rk is obtained, 
the condenser is all right. A. C. current is not as 
dependable for this test as D.C. current, although 
with proper care fair results can be obtained. In 
using A.C. current it good spark will not be obtained 
every time the condenser leads are touched together, 
but only occasionally. 

Ignition coil test: In all battery ignition systems 
a good spark should be obtained at maximum engine 
speed. For testing a coil in the open through ordi­
nary spark-gap points, which are well cleaned, a 
good coil will jump a gap of not less than 5/16" 
when the coil is connected up in the regular way at 
3,600 or less sparks per minute with breaker points 
opening at a point between .020" and .025". Test 
coil for at least one hour until well heated up, 
according to the instructions given above, before 
mounting on the car. A coil which cuts out or 
misses under these conditions should be taken out 
of service. 

DELCO INSTRUCTIONS RELATIVE TO TESTS OF RESISTANCE UNIT AND CONDENSER 

Delc6 ignition coils, interrupter.s, and distributors, 
as well as :idjusting Delco timing contacts are 
explained on pages 213-221. In the present dis­
cussion we deal with the Delco ignition resistance 
unit and condenser tests. 

Resistance Unit TesL<; 

ResistanGe units sometimes break down or burn 
into, with the result that there is no spark at all, or 
a very weak one. 

Connect the coil so that the resistance is cut out 
and note if the spark is improved. See pages 213, 
214, showing resJStance on coils. 

A resistance unit, if short-circuited, will permit 
excessive current to nass tbrol.l.lZh the contact-

points, and this will cause them to be burned or 
pitted excessively, although the ignition may appear 
to be very good and without a miss. 

If the resistance unit is connected properly, it will 
heat up; if it does not heat up it will indicate that 
the resistance unit is not in the circuit. See page 
198, explaining the purpose of a resistance unit. 
Also refer to page 231, relative to the resistance unit 
becoming thin, owing to heat, thus weakening the 
spark. 

Condenser 

If the condenser is not in good condition, the 
cGntacts will burn and pit rapidly, owing to the 
excessive arcing when they are separated, but the 
i,1mitio~ will be rather bad if, indeed, it will operate 
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the engine at all, so that the bUining of the contacts, 
due to a bad condenser, can, as a rule, be distin­
guished from burned contacts due to a high voltage 
or to a short-circuited resistance unit. 

A good test for the condenser when separate from 
the coil, by which to show whether it is in good 
condition or not1 is to connect it up in accordance 
with the circuit aiagram shown in Fig. 10. For this 

Fig. 10 

test a 110 or 220-volt direct or alternating current 
is necessary, a lamp of the same nominal voltage as 
the circuit, and the wirini:; shown. The lamp is 
connected in series with the line and the condenser 
across the line. 

If the terminals (A) and (B) are connected 
together, a very faint spark, which has a snapping 
sound similar to the sound made when leads from a 
storage battery are attached, should occur. If the 
condenser be disconnected from the circuit, a much 
different arcing will be observed, somewhat longer 
and yellower, and without the distinct snapping 
sound mentioned previously. 

If a condenser, kno~rn to be good, is tested in this 
manner once, it will enable the observer to dis­
tinguish very readily between the sparks at the 
points (A) and (B) ob•,ained with a good condenser 
and a bad condenser, as a bad condenser will give 
the same quality of spark as if no condenser at rill 
were in the circuit. This test is a mere qualitative 
test, but this is about the only satisfactory test 
l\'hich can be found which does not require expen­
sive apparatus. 

If a condenser is in coil, it can be tested in the 
sa1?e m,'l~ner as shown in Fig. 10, by placing the test 
pomts (Fig. 11) so that the same effect can be had. 
One end of the condenser is usually grounded. 

Condenser and Coil Test Suggestions 
Possibly the most common test is to disconnect 

the doubtful condenser and substitute one that is 
known to be correct. The results obtained when 
using the good condenser will show up the action of 
the original condenser, as explained on page 231. 

For instance, if an excessive amount of sparking 
is at the contact points, it is probably due to a defec­
tive condenser. Therefore if a good condenser is 
connected right across and over the condenser to be 
tested, and if the sparking stops, th(;)n you may know 
the trouble is with the old condenser. 

"Where there are many coils and condensers to 
1-est, it is a good idea to rig up a contact breaker 011 
the bench (Fig. 12), so that it can be driven at 
various speeds, and then to have a good condenser 
across its points which can be connected and dis­
connected by a switch (SW). Then when a coil 
is tested it can be connected with the contact 
breaker. If it bas a condenser in the coil, discon­
nect the condenser on the contact breaker; then 
watch if it sparks at points (P). If it does, cut in 
the good condenser. 

Also watch the spark at secondary test points (S). 
It should spa.rk for at least ¾." to 5/16" without 
missing for, say, 50 or 60 sparks. Be sure the coil 
is well warmed up when making the test. 

The quality of the spark should be closely 
observed when testing the condenser. If the spark 

Fig'. 12. Test o( condenser with interrupter. 

at the tester gap (S) is fiery, showing glints of 
purple or purplish-red flame, the coil is normal.' 
]_f the spark is t.hin, t!1l"ead-like and whitish or very 
light blue, and there IS a snappy spark at the inter­
rupter breaker points, the mdication is that the 
condenser is punctured. This can then be checked 
by placing an extra condenser, known to be in good 
condition, as described. If the coil will deliver a 
good spark when connected to a known normal 
condenser and will not give a spark when the 
condenser is disconnected, the proof is conclusive 
that the coil condenser is defective. 

When making condenser tests, the object is to see 
if there is excessive sparking at the interrupter 
points, if not, and if the coil delivers a voluminous, 
rntense spark at gap (S), then the system is iu 
proper condition. 

If contact points arc excessively, the trouble may 
be due to the interrupter points being too close or 
pitted, or having uneven surfaces. If not, tl1en 
the fault is likely due to the condenser, or possibly 
a shorted secondary winding. • 

First, however, see if the terminals of the coil 
are well connected, and if the condenser screws and 
leads are tight. If so, and contact points aresrnouth 
and properly adjusted, and arcing continues, test 
the condenser as ex-plained on this page and on 
page 227. If the spark is weak a,t (S) but no arcing 
shows at the points, then test the coil. 

It is not always true that pitted contacts are due to improper 
functioning of the condenser. An excess of oil vapor wi,hin 
the distributor housing, or an excess of oil <lue to careless or 
excessive lubrication of distributor shart bearingS getting on 
the contact point surfaces <luring their operation, cunses arcing 
f:iuP,~ti;ct points. Too high a voltage will cause points 

(a) A short-circuited condenser will cause complete failure 
of ignition. The lamp will lh,:ht when the con<lenser is tested 
with 110-volt test-points and lamp. 

(b) An open-circuited condenser will cause complete failure 
of ignition. The trouble is usually due t-o a broken lead i nsi<le 
the condenser ease. 

(c) A weak condenser will cause irregular ignition and tend 
to inc.rcase burning of tungsten contacts. 

If the condenser of the system being tested is in 
the contact breaker, it can be tested "·ithout remov­
ing, by connectin~ a good condenser so that it will 
be across the pomts of the contact breaker and 
noting re.•mlts. • 

Home-Made Tcstet· for a High-Tension, Non-
Vibrating Coil and Condenser 

This device (Fig. 13) consists of a sheet copper 
plate about 6" wide, by S" Jong, by ½" thick to 
serve as a base. 

A magnetic vibrator (V), similar to a vibrator on a 
high-tension vibrator coil, is mounted on the plate 
with fiber blocks (F), as shown. 

The purpose of the device is to produce a vibrating 
action on the end of a coili thus producing the same 
effect as a vibrator coi . By this method the 
strength or intensity and the constant steady spark 
of the secondary can be tested. 

' See also, pa.ge 286. 
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When testing a coil (Fig. 13), it does not make 
much difference which end is used; furthermore, 
the magnetic effect is so great that the vibrator wiU 
vibrate directly on·the metal shell. It is best, how­
ever, to have the vibrator knob (V) vibrate against 
the end of coil if possible. Either end could be used. 

Fig. 13 illustrates a Remy two-terminal coil with a 
condenser in the coil. With coils where the con­
denser is in the contact breaker, they should be 
tested separately with a 110-volt test light, as 
previously explained (see also page 232). 

The primary circuit through the coil is from ( +) 
of battery to (1)1 through primary winding to (2), 
through vibrator olade (V), through points, to vibra­
tor screw, through clamp (C), to ground of plate (G), 
to ground on plate, to ( - ) of battery. The con­
denser on the test outfit is across the points of the 
vibrator. By adjusting the vibrator screw (S) 
the vibrator blade (V) will vibrate, causing a spark 
at secondary spark gap (SG). 

The secondary circuit is from the secondary wind­
ing to a clamp (C3), thence to a spark gap tester 
(SG), which can be made of two finely pointed bruss 
rods through a fiber support. The gap of the points 
should be adjusted to¼", 

Ignition Coil Test (Fig. 13) 

Operate coil and see if it will produce a spark 
continuously at secondary gap (SG) for at least one 
hundred steady sparkswithoutmissingwithgap ¼". 
If there is a safety gap on the coil being tested, the 
gap (SG) should be slightly less than the gap of the 
safety gap on the coil. (See pa.ge 232, testing the 
primary winding of a coil.) 

Condenser test (Fig. 13): Note that the condenser 
is in the coil. The object is to see if there is exces­
sive sparking at the vibrator points (P). If so, it 
may be due to too high a voltage, or to pitted or 
improper adjustment of the vibrator. If arcing 
continues (after determining this), and is thread­
like, whitish and snappy (see also under Fig. 12, 
page 230), it is then probably due to the condenser. 

A good plan is to have another condenser known 
to be in good condition.. If there is excessive spark­
ing, place the terminals of the good condenser 
across the vibrator points, by placing one terminal 
at (2) and one on screw (S). If the sparking then 
ceases, it is clear that the condenser in the coil is 
defective. 

A Delco No. 13057 (Packard) condenser which has two leads 
would be a suitable condenser for use in this manner. (See 
page 481 where to obtain parts.)· 

In some instances the condenser ground comes loose in 
the coil where it is soldered. This can be remedied by soldering. 

Ignition Resistance Unit Test 

In testing a coil with a resistance unit in it, test 
with the resistance in circuit and with the resistance 
out of circuit. This can be done by making con-

nection on the opposite side (R) of it from 1 (Fig. 
13) thus cutting it out. 

This may be the cause of a weak spark, because 
the resistance wire (Fig. 13B) burns out at times, 
and, if not burned into, may be thin (owing to heat), 
and thus reduce the quantity of current going 
through it, consequently weakening the spark. By 
cutting it in and out of circuit, the intensity of the 
spark at gap (SG) can be observed. 
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If current cannot be passed to coil through the regular 
terminals, it may be suspected that the resistance unit is burned 
out. This can be determined by touching a test wire to the 
central nut (R, Fig. 13A), which holds the unit in position. 
This has the effect of cutting the unit out completely and send­
ing the current directly to the primary windings. If current 
does not flow, the indication is that there is a break between 
the resistance-unit screw (R) and tho end of the coil winding 
inside the coil. 

Ignition resistance units can easily be fitted if burned out, or 
condensers can be replaced when in contact breakers, but if 
the coil is defective otherwise, do not n.ttempt to repair iti 
obtain a new one. See page 481 where to obtain ignition parts • 

Spark-Plug and Lamp-Bulb Portable Testing 
Outfit and Test Board 

A portable testing outfit for carrying from one 
part of the shop to another for testing on different 
cars is shown in Fig. 14. . 

LIIMP SOCKETS 

SPARI< PLUG REST 

ITCH 

Fig. 14 Fig. 15 

Dry cells are placed in a box. The switch throws the two 
types of lamp sockets (single o.nd double contact) into circuit 
The push button connects the batteries through the vibrator 
type coil to test spark plugs. 

A: test board (Fig. 15) can be constructed by using a storagt 
battery instead of dry cells, for testing spark plugs, coils, lamp 
bulbs. f~, _etc. To _determine if the cause of a lamp bulb 
not burnmg 1s that 1t IS burned out, or whether the trouble is 
in the wiring, it can be q11ickly tested. If it burns then the 
trouble is in the wiring. This nlso applies to the fuse. 

To test lamp bulbs (Fig. 15), place the bulb in either or both 
sockets, close switch (2). To test the fuse, open switch (!) 
Pl,we lamp bulbs ,n both sockets. Place fuse in clips. If 
lamps light, the fllSe is in proper condition. To test spark 
plug, place spark plug in test chps, press push butt.on. Test­
ing point ter~inals: to use, insert test point plugs in terminal 
and close switch (1), but open switch (2). This will cause 
lamps in each socket (S) to burn when the circuit is completed 
between test points. 

Testing electric horns: Seo pages 445, 453, 4.51, 185. For 
test lamps and test points, see Index. 

• To find the make of il,nition system used on different makes 
of cars, see Index under ' Specifications of passenger Care. 11 
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MODERN IGNITION COILS AND INTERRUPTERS 
Ignition coils in general use are of the closed-circuit, non­

vibrator typei with two primary terminals·h ignition resistance 
unit in or on the coil, or connected at t. o interrupter; the 
secondary is grounded to the primary winding, or to the base 
of the coil; condenser is usually in or on the interrupter. 

The Atwater Kent coil (see below) has a ( +) and (-) primary 
terminal. See also Figs. 16D, 16E, page 207, explaining. 

The Connecticut coil has a condenser with coil: thus the 
1>rimary terminals (1, 2) must connect properly with ( +) and 
( -) or the battery. U ( -) of the battery is grounded, use a 
'·positive coil" and connect (1) with ( +) of the battery and (2) 
with the interrupter. II ( +) of the battery is grounded, use 
the "negative coil" and connect (2) with (-) of the battery 
"nd (l) with tho interrupter (see page 229 why necessary), 

Interrupters in general use are of the closed-circuit type. 
The gap opening of points is given in illustrations. On some 
makes the advance lever moves the entire distributor; on 
others, interrupter plate only. 

Average timing: Place piston (No. 1 cyl.) on top d.c. of 
compression stroke, with spark lever retarded. There are 
two general methods of setting the cam to open contact-points 
at the correct time: (1) by loosening the cam; (2) by loosening 
the advance arm lever (page 301). A good, clean, smooth 
surface contact is very necessary. Most points are tunggten 
(sec page 225). Too high a voltage burns points black. 

For timing instructions see: At:vater Kent, Rages 205, 206; 
Bosch, 208, Connect.,cut, 200, 303; Delco, 220, 307; N.E., 
an; Remy, 208, 212, 302; Westinghouse, 207. See also 
pages 301, 302, 303. 

Ignition operates under three different voltages: 4-volt when 
using starting motor (battery voltage being reduced by starting 
motor current drawn): 6-volt with a normally charged battery 
when engine is running at a speed below thn.t u..t which the 
generator starts to charge: 8-volt when generator is charging 
a full battery. 

Ignition-Coil Test 
Test primary winding of coil by connecting ammeter in aeries 

whh fully charged battery and primary terminals or coil. 
Average initial reading on dead short-circuit will be approxi­

mately 5 amperes. This is of short duration, as current falls 
off rapidly (due to coil warming up and to heating of the resist­
ance unit; hence an increase in resistance) and within 30 to 60 
seconds the readilljf will drop to approximately 3.5 amperes 
(average) and remam constant. (On a 12-volt coil the initial 
would average appro,omately 3 amperes, and warm testl 2.5 
average, and running test, .5 amperes. because, as the vo tage 
increases, the amperage decreases). 

If on this test, reading is considerably more 1 then there is 
likely a short circuit, or ground in primary wmding (due to 
le.ss resistance, as part of winding may be cut out of the circuit). 
If there is no reading at all, there is an open circuit in wiring, 
winding, or resistance unit. 

Too high an amperage will cause the contact-points to bum 
and may be due to too high a ~enerator voltage, caused by a 
loose or corroded battery terminal, or a coil with too coarse 
a windlng drawing over 5 amperes. 

Running lest: Many repair men have an interrupter (driven 
from motor or shalt, Fig. 17) connected in series with battery, 
ammeter, and primary winding of coil. This test will no~ 
indicate the true value of the current at rapid breaking of 
interrupter points Mcause the moving parts of an ammeter 
are such tbap the needle cannot follow the fluctuations. An 
oscillograph (page 188) for accurate tests is used in laboratories. 

There is no particular value in making this test; as long as 
the current values given in the foregoing tests compare favor• 
ably with the average, the test above mentioned is sufficient. 
The object is to point out that the current value drops consider• 
ably when the coil is connected with an interrupter operating 
at high speed. 

8A1'V. 

AMMETER 
COILOHTEST✓ '<:::==""'Ir--

For example, with the Remy 6-volt coil, with interrupter 
operating at 1100 r.p.m., the current value would be approxi­
mately 2.5 amperes, and at 1500 r.p.m. approximately 1.5 
amperes. This test is an approximate average where an 
ammeter is used. If an oscillograph was used, the rending 
would probably be less. 

The current taken by the coil through an interrupter will 
depend upon: (1) speed of interrupter; (2) battery voltage; 
(3) number of cylinders for which interrupter is designed; (4) 
adjus.tment of contact points. 

Secondary coil test: This test is made at the time of making 
the running test or while on the car and after the coil is warmed 
Ul?. It should throw a spark for about ¼" (with secondary 
wire held away from terminal) for at least a minute test with• 
out missing and the spark should be volu.minous and intense 
(see also page 286). 

If secondary spark is weak, look to interrupter contact­
points {P) and see if there is arcing. If so, and the arc is of a 
whitish color, the condenser is likely at fault. If there is no 
condenser or contact-point trouble, then the secondary winding 
is raulty, 

If the secondary spark is too strong, it will burn the plug 
points and may be due to an excessive generator voltage 
caused by a loose or corroded battery terminal. 

For address of ignition manufacturers and where to obtain 
ignition parts, see page 481. For test lamps and test points, 
see Index for testing the electric horn, see pages 445, 453, 
451, 485. S~e also pages 462B to i62G. 

L /'J WAT£R K[ITT 
T"<PE·wco,L 

BOSCH "NPE''TC" INf'R. 
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SPARK PLUGS: The Missing Spark; Spanr Intensifier 

Spark Plugs' 

The purpose of spark plugs is explained on page 
188. There is usually one spark plug for each 
cylinder. 

Location .of spark plug in cylinder: The spark 
plug can be placed in the cylinder as follows: over 
1:he center of the piston, over the exhaust valve, or 
over the inlet valve. The first P.Osition is not the 
best, as it is found that it too easilr. becomes fouled. 
If screwed above the exhaust, it will likely miss fire; 
this is on account of the dead gases surrounding it. 
The correct position is over the inlet valves, as it 
will be kept cool by the inrush of fresh gas, and it is 
in an atmosphere perfectly suited for explosion 
directly the spark appears, as this is the more 
perfectly scavenged part of the cylinder, i.e., in the 
direct path of the fresh gas. 2 

The plu9 is usually placed over the inlet valve on 
"T" or "L '-head cylinders. In the overhead valve 
type, the plug is placed in the top center or in the 
side of the cylinder. It is exposed to the full heat 
of the explosion when overhead, clirectly in the 
center of the bore; consequently in a high-com­
pression engine, a well-made plug, gas-tight and 
free of electrical leaks, must be used. 

Double ignition: Ou the Stutz series "K" and 
Pierce-Arrow "48" engines, there are two spark 
plugs in each cylinder, which is an advantage, in that 
a very hot spark is produced which ignites all of the 
gas more quickly, thus saving in gasoEne consump­
tion. One spark plug is placed on the exhaust side 
of the cyEnder and the other spark plug on the inlet 
side. See Index. 

As previously stated, where one spark plug per 
cylinder is used, the usual location is in the neighbor­
hood of the inlet va.lve, as it should be smrounded 
by fresh gas tbat enters dming the inlet stroke. If 
it is located on the exhaust side, dead gas will collect 
about the plug electrodes and cause missing, and 
also heat. 

It is also desirable to have the plug where the 
water jacket surrounds it, as in Fig. 4, to avoid 
overheating, else the plug electrodes a.re liable to 
be overheated and become incandescent and to 
cause pre-ignition. 

Fig. 1. Valve cap too thick; out of the pa.th of the gas and 
too long a path to cooling water. 

Fig. 2. Recess around the plug shell rct-ains heat. 

recess accumulates heat, and metal ex'tension is 
liable to result in a plug becoming red hot and warp­
ing electrodes, altering the size of the gap. 

Fig. 3. Correct position of plug in VI.live cap. but too long a 
path to cooling water. 

Fig. 4. Correct position of plug when set in ,vater jacket. 
If the plug seat was directly surrounded by the water the cooling 
of the plug would bo more effective. 

A good location is where spark-plug points or 
electrodes just reach the combustion chamber, 
where cool fresh gas will come in contact with them 
and flame will spread with maximum rapidity. 

Wneu the plug extends too far in the combustion 
chamber, there is danger of the valve head striking 
it. 

Spark-Plug Construction 

Construction: There are two types iu genern.l use: 
the "separable" type plug, where the insulation or 
core can be removed, as shown in Fig. 6, and the 
"integral," or one-piece plug, shown in Figs. 10 and 
11. 

Fig. 6. Parts of a porcelain insulated spark plug-separable 
type. 

The parts of the plug are: the irou shell or body 
which screws into the cylinder (see Fig. 6); the in­
sulation which is held in the shell by the bushing 
or a gland nut; the center electrode which passes 
through the insulation and conveys the electric cur­
rent ~o the gap. W_ashers or gaskets are used as a 
gas-tight packmg (Fig. 6). • 

The insulation is sometimes made of mica (Fig. 7), 
but owing to the construction, which is usually with 
washers, one placed on top of the other, it has been 

A poor location is shown in Fig. 1. ·when set in 
a thick valve cap (V) with short threads, dead gas 
accumulates in the recess and causes missing at slow 
speeds. Fig. 2 shows another poor method. The I See footnote, page 236. 

• Spark plug location. At the time this ()'41;e was prepared this was the accepted theory. On several engines,'the spark plugs are 
now located close to the e.~h:,.ust valves. Quoting from Chevrolet literature: "In the Chevrolet hea.d, tbe exhaust valve is located 
relatively close to the sp11rk plug, in the area of the first gas burned. •Tbe inlet valve is located at the opposite aide of the com­
bustion chamber. fattheot from the spark plug, in the area of the last gas burned. This serves to control the mixture tempernture 
by allowing the excess heat to pass from the la.st unburned part of the charge to the cool inlet vttlve. Thus tbo entire mixture is 
conditioned, because the heat absorption is controlled." Sec footnote, p. 37 for additional information. See also p. 1051 for spark 
pluo sizM. A very small JO mn1 spark plug is now used on several engines. Seep. 690 under "Spark Plugs" for instructive literattlfe. 
Valve caps shown in illustrations above are no longer used in automotive ga,,oline engines with detachable oylinder heads. 
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more or less a source of trouble in that the washers 
absorb oil between the layers, permitting current .to 
pass to the electrode, especially when oily. How­
ever, mica plugs arc now made which are giving very 
satisfactory results in aircraft engines and have the 
advantage of withstanding considerable heat. The 
insulation in general use is porcelain, or a similar ma­
terial, and this, unless of the best grade (not porous) 
will also leak and crack under extreme heat condi­
tions, thereby weakening the spark. 

~-.. 
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Fig. 7. Parts of a. miru i11:1uluted spark µlu~"-gcpa.rable 
type. 

Spark plugs for aeronautic use: Mica and porre­
lain insulators are used on plugs for aeronautie en­
gines. The metric thread is used exclusively. 

Fig. 8 Fig. 9 

The aeronautic type of spark plug is designed for 
great heat and high compression. The spark plug 
shown in Figs. 8 and 9 is made of mica and is very 
costly to construct. Note the heat radiation 
flanges on the shell; also the baffle plate (0) which 
tends to keep oil from the mica; stem {P) made of 
bra&s or copper for heat conductivity; eleclrode (J) 
is swedged at bottom of stem (K). The core is of 
mica washer sections (I), with a mica insulation 
tube at (D). The usual gap opening is .015" to 

.018". They are subjected to a pressure of 90 to 
110 lbs. The life of a plug of this type is 100 hours 
or less. 

The parts of the Splitdorf mica aeronautical 
spark plug (Fig. 8) are as follows: brass terminal, 
mica washers, lateral wound mica, steel center rod, 
98 per cent pure nickel electrode point, carbon steel 
from brass terminal to electrode, and i::arbon steel 
shell. 

The AC Titan, one-piece porcelain spark plug was 
used on the Liberty 12-cylinder engine. There are 
two spark plugs per cylinder to the Liberty 12 engine. 

Separable and Integral Spark Plugs 

Separable spark plugs are those in which a gland 
nut or bushing holds the porcelain or mica in place, 
as shown in Figs. 6 and 7. The integral plug is of 
the one-piece construction. 

Fig. 10 Fig. 11 

Fig. 10. Integral type of spark plug "~U1 mica insulation. 
Tbis plug is not separable. 

Fig. 11. Integral type of spark ph1g with porcelain (P) or 
composition insulation. This plug is not separable. 

The electrode (C) is made of steel, or manganese 
nickel alloy, or a special alloy. If not properly made 
it will expand under intense heat and break the por­
celain. Spark plug electrodes, or wires, are ap­
proximately .050" or. 060" _diameter. 

Cement is placed around the el~ctrode. As it 
dries, it becomes porous, and porosity means elec­
trical leaks. 

Thus. it will be clear that ·'leakage of gas" and 
"leakage of electricity" are the troubles to be over­
come in spark-plug construction. Leakage of gas 
causes "leakage of compression( and leakage of 
electricity causes a "weak spark. ' 

Poor throttling, poor pick-up, missing on hard 
pulls and high speeds, are frequently caused by using 
a poor grade of plug. Of cou!se there are other ~on­
ditions which will cause th1S, such as carbomzed 
insulators, or too close or too "'.ide a g_ap at the plug 
points, or improper carburet10n adjustment, but 
assuming that -these troubles are corrected, the 
leakage of gas and electricity are two of the funda­
mental troubles seldom noticed. 

Fig. 12. Double spark plug-shell is 110~ grounded. Pt an<\ 
P2 are s.eparatc porcelain insulator.-, 
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Therefore, the highest priced plug is often the 
cheapest. Likewise, a poor gradP. of ignition coil, 
when hot, will lose its efficiency. 

A spark-plug porcelain, if porous, will p~rmit _an 
electrical leak from electrode to shell durmg high 
compression, thus weakening the sp!lr~. To tell if 
porous: if burned a nut-brown col<?r 1t 1s not poro~1s; 
if burned black (do not confuse Wlth carbon, which 
can be cleaned off), the porcelain is porous. To 
test, see Fig. 28A, page 239. 

Spark-Plug Sizes and Threads 
Different threads and different, lengths of spark 

plugs are used, illustrated in Fig. 13. 

Fig. 13. Regular length of ½", mctrie, nnd i 3" spark plugs 

Spark plugs arc made with three standard threads 
(see Fig. 13): the ½" pipe thread; metric; and 
½"-18 S.A.E. 

The half-inch size is n, Lhread which is a standard 
½" iron pipe size, trnd has a slight taper. 

The seven-eighths inch 18-size is the size adopted 
:1s a standard by the Society of Automotive En­
gineers for automobile use. It \\"US formerly known 
ns the A.L.A.~I. The thread is ½" in diameter, 
\,·ith 18 thre:ids to the in<'h. It is used on a majority 
of the cars today. Sec Figs. l-t, 15. 

The metric size is smaller than either of the 
others. Its diameter is 18 millimeters, or approxi­
mately 23/32"; pitch: l½ millimeters. This is the 
size of tluead for spark plugs, adopted by the 8o­
ciety of Auto~otive En~inee>rs for automobile and 
aeronautic' engmes. lt, 1,;; also used on motorcycles. 
It is used extensively abroad. Sec Fig. 15A. • 

S.A.E. Spa,·k-Plug Shell Sizes 
Figs. 14 and 15 show the t\\·o S.A.E. spark-plug 

shells. It \\'ill be noticed thiH the diameter of the 
hexagon part of shells differ.,. The "small hex." 
measures 15/16" across the flat, and the "large hex." 
measures 1½". 

'~Min Bevel 

1'1gs. 11 and 15. S.A.E. standard ½"-18 s1,>ark plug shells. 
The ¼"-18 means that the outside diameter is ¼", and tbnl 
there are JS threads to tbe inch. 

The ½" S.A.E. plug requires a special tap cutting 
of 18 threads, whereas tbe standard ½" thread tap is 
14 threads to the inch. 

Fig. 15A. S.A.E. 
standard metric 
spark plug shell for 
automobiles.· 

Fi~. liifl. S.A.E. recommended ~tandard spark plug ter­
minnls (left to right); post type, ball type and slip t.ype. 

Spark-Plug Lengths' 
The length of a spark plug depends upon the 

engine. lf the valve cap is deeply recessed as in 
Fig. 16, a long body plug i8 required, otherwise the 
wrench cou.lcl not reach the hex. If it is not recessed, 
n long thread is required. If, ho"·evcr, the valve­
c:ap plug ~hould not screw well clown into the com­
bu~1 ion chamber, an extension of the spark plug is 
required, for it is important that the points of the 
plug extend to the combustion chamber, but not too 
fur. Spark plugs are therefore made with ½" and 
l" extension. Figs. 17 to 19 w:ill make this clear. 

Fig. 16. Noto the long body 
for raising t.he hexagon part of 
the plug above the recess in tbe 
valvo cap so that a wrench can 
he applied. Different kinds of 
,·nlve ca.ps require different 
lengths of plugs.• 

Fig. 18 

Fig. 17. J/4"-18 (threacl.s per inch) thread spark plugs with 
different length of body or shell. 

Fig. 18. ½" pipe-t,hread S)):irk plug$ showing tho diffettmt 
lengths of body. 

1 Engine manufort1trers now desi~n cmgines so that standard 
length• are used. <tnd this great variety of lengths is not now 
necessary. Very few engines now employ vahre caps, as the major­
ity ha,,e cylinders cast in-block \\itb detachable cylinder head. 

'Specifications are slightly different on the metric aeronautic 
spark plug. • 
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1 .. L<lll8 ~ 

Fig. 19. The metric thread (18 m.m.) spark plug which is 
also mnde with different body lengths as shown. 

Spark-Plug Sizes and Lengths Used on Cars' 

The ½" spark plug with 18 threads per inch has 
been the popular size spark plug but the metric 
thread spark plug is now more extensively used. The 
:-':i" thread spark plug is almost obsolete. Exten­
sion spark plugs are also seldom used. 

Gaskets for Spark Plugs 

Co_pper, asbestos-lined gaskets are used between 
hushing and shell on all "separable" plugs, to make 
t-hem leak-proof. They are also used on ½" and 
metric plugs between the shell and where they screw· 
into the cylinder--but not on the ½" plug, because 
it has a taper thread and no shoulder on the shell. 

Q 
0 

l'ig. 20. Spark plug copper gaskets. Measurements of 
gaskets are as follows: S. A. E.: Ys" (inside di. ½"; outside 
di. I¼"); Half-inch: (inside di. 27/32"; outside di. l 3/32"); 
~letric: (inside di. 2-V32"; outside di. 63/04."). 

Spark Plug Wrenches 

There is a variety of spark-plug wrenches on the 
market. See automobile supply catalogues. 

Spark-Plug Gap2 

The gap is the distance between the points on the 
plug shell and electrode. It is importtrnt that this 
distance be exact. 

Fig. 21. Different kinds of plug point,i or gaps. 

A spark plug used with magneto ignition should 
not have too wide a irap, bccnusel when the engine is 
running slow, the current is wca cer. 

Relation of spark-plug gap to engine compression: 
Assume that we have a fom-cylindcr magneto, the 
''safety gap" of which is set at%", corresponding to 
8,000 volts, which also corresponds to the voltage 
required to fire a spark plug having a gap .025" 
under a pressure of 65 lbs. If this magneto was 
required to fire an engine where there was a higher 
compression of 85 to 90 lbs., even if the mb.1;ure 
represented sli~htly lower resistance, it would prob­
ably fail to fire and, instead, would jump across at 
the safety gap. However, a slight reduction of 
the distance between the spark-plug points would 
lower the effective pressure, so that it would operate 
in the proper manner. On the other hand, if the 
engine had low compression, the spark-plug points 
should be opened ur, but if too wide, this would 
immediately place a greater strain on the spark-plug 
insulation ana if the plug carbonized badly it would 
be likely to flash over. • 

Spark-plug gap and compression:Z Approximately 
for high-compression engines (say from 75 to 90 
lbs.) set gap .020"; for medium-compression engines 
(about 65 lbs.) set gap .025"; for low-compressiort 
engines (about 55 lbs.) set gap .030"; for racing 
engines of extremely high compression aod high 
speed, about .015". (See pages 1054A and 116 for 
compression-ratio.) 

It does not alwa.ys hold true, however, that spark­
plug gaps should be set according to compression, 
because on some engines of high compression the 
gap is not made less, but the coil is wound for a 
stronger current to take care of the extra high resist-
ance. • 

Greater resistance at spa.rk-plug gaps in high­
compression engines is due to the fact that air offers 
less resistance than does gas under pressure. • A 
spark plug in the open air will jump a greater dis­
tance than when under pressure. The higher the 
pressure, the greater the resistance at the gap. 

The space between the spark points must be con­
sidered an insulator, and it must be remembered 
that the compressed char~e in the cylinder through 
which the spark is required to jump is a better 
insulator than uncompressed air. 

A spark that will jump the point or gap of a spark 
plug when the plug is out of the cylinder may not 
have strength enough to jump when the plug is 
screwed in the cylinder and under compression. So 
the spark must be especially strong, and should be 
able to punch a hole through a visiting card held 
between the points. 

' 

Fig. 22. Method ol lcst­
ing the gap of a spark plug 

' with a thickness gauge 
(right). Method of testing 

.: ignition breaker-con tact 
•• gap with a thickness gauge 

when breaker-cam isoausing 
the points to scparate(lcft). 
The breaker-contact poiut.s 
should be checked for olean-

liuess and squareness and then set gap as recommended by 
manufacturer.! 

'The development of the present day high-compression en­
gine with a higher operating temperature and a great variety of 
heat conditionsJ has necessitated the use of scientifically con­
structed plugs having va.rying hea.t ra-nges in order to control 
the mte of heat,.flow from the gap of the plug to the cooling 
medium, ",,·hich is either water or air. 

High temperature engines demand a plug with a short; insula­
tor and less exposed surface which will dissipate the heat at 
a rate sufficiently rapid to keep it. cool enough t.o avoid over­
heating of the insulator and not pre-i~nite, yet retain sufficient 
heat to burn carbon, or maintain a ''self•cleaning temperature''; 
this is termed a cold running plug, 

On t.hc other hand, low speed, low-compression engines, where 
the temperature is not excessively high, dema.nd a plug with a 
longer insulator, which will quickly heo.t up and retain sufficient 
heat to keep it hot enough to maintain the sell-cleaning tempera­
ture, to prevent fouling; this is termed a hot running plug. 

The metric size of spark plug with an 18 mm. internntionul 
standard thread diameter and I ½ mm. pitch has been ap­
proved by tho S.A.E. Standards Committee and more and 
more car maoufacturers are now using thls thread. 

The heat of the spark plug center wire point does not dis­
sipate through the I.breaded port.ion of the shell, but. travels 
through the tip of the insulator and insulat-0r body to gasket 
seat; thence through the gasket, spark plug shell and outside 
plug gasket into the cylinder wall and cooling water (or air). 

The reader who is interested in learning more about the de­
velopment which has been made in spark plugs, a.nd I.he im· 
portance of using the correct spark plug, is directed to write to 
the following spark plug manufacturers and ask for their illus­
trated and interesting pamphlets on spark plugs, which thor­
oughly e.xplains the principle of the "hot running plug" and the 
"cold running plug," etc. Address: AC Spark Plug Co .• 
1•1int, :Mich., The Robert Bosch Magneto Co., Ine.,3601 Queens 
Blvd., Lon(l lsland City, N.Y., and Champion Spark Plug Co., 
Toledo, Ohio, and Windsor, Ontario, Canada. 

'For exact gap follow manufacturers' instructions as high­
compression engines require close and ca-roful adjustment. See 
also specifications, pages 1055-1062. 
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It is essential that the battery be kept charged 
so that it will deliver its proper voltage with a 
"single-spark" system-as it is quick and must have 
pressure enough behind the coil to cause a hot 
spark. 

If points are too close, it will be impossible to run 
slowly, for the actual area of the flame will be too 
sm11ll. 

If the gap is too wide, misfiring (on a high~om­
pression engine) is likely to take place, especially 
when one tries to accelerate suddenly, after going 
slow. The effect of opening the throttle and admit­
ting a full charge is to increase compression, and it 
is a well-known law that resistance ,increases with 
pressure. 

The coil will operate up to 1/32", but bear in 
mind that the greater this distance, the more strain 
on the coil and the "leaner" the spark. 

Therefore the gap depends upon: (1) the kind of 
ignition system; (2) the amount of compression 
of the engine. 

Where a vibrator coil is used, the usual distance 
is about 1/32". With a "single-spark" system, 
however, such as the Atwater-Kent, where the spark 
is very guick, the gap must be very small, about 
.025". In fa.ct, this is the average distance. 

The spark-plug gap varies on different engines. 
Some manufacturers recommend .027" to .030", 
others .020" to .022"; and on some magneto ignition 
systems, .015" or .016" is recommended. 

To experiment, try setting the plug point on, say, 
one cylinder until it misses on a hard pull up hill 

with throttle closed or as much closed as it will pull 
up the hill comfortably. Then slightly close :the 
gap and try the hill again, and continue experiment­
ing in this way until the missing stops. When the 
correct distance is found, then set the other plugs 
accordingly. 

Where spark plugs are used on magneto ignition, 
the metal electrode of the plug is carefully figured out 
as to its resistance ·capacity, as a very heavy volu­
minous spark requires an electrode of somewhat 
higher resistance met{!.!, to prevent burning and 
pitting. Therefore always use a spark plug that is 
recommended by the manufacturer. See specifica­
tions, pages 1055-1062. 

To Clean Spark Plug 
When cleaning with kerosene or gasoline, tltis 

may get it white, but that is what put carbon there 
in the first place-thus it leaves a sticky film which 
adheres to·porcela.in. Alcohol is better; it evap­
orates. 

If metal polish is used, which contains a large 
percentage of wood alcohol1 pour it into the plug 
mverted, let stand a few minutes, then use a knifo 
blade and remove the carbon, but do not mar the 
porcelain by scraping. 

Clean all carbon off ea,ch plug. Don't scrape 
porcelain, as it will roughen the glazed part and 
cause it to retain carbon, and will also cause "poros­
ity," which causes electrical leaks. If the oil is 
burned on the porcelain, muriatic acid will remove 
it. In placing the porcelain back iut-0 the shell, be 
sure that the copper .washer is placed back and that 
the bushing screwed tight so as to prevent leaking. 

SPARK INTENSIFIER 

This device consists of an iusulatc<l base ~ind 
screws for adjusting (Fig. 23). 

.tL:EC:TROD.E Hl&ll,Tl5N.SION 
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Fig. 23. Spark intensifier. 

The purpose is to provide a gap (X) in series with 
i he high-tension circuit for the spark to jump before 
it reaches the plug. It is claimed that this will 
intensify or raise the voltage o{ the high-tension 
circuit to such an extent that it will jump across a 
carbonized plug in spite of its fouled condition. 

. The extra gap throws an additional load on the 
coil. Naturally, if it is not well made, the high 
voltage will be very likely to break down the insula­
tion. Furthermore, a fat voluminous spark is hottf.lr 
and will ignite the gas quicker than a thin, lean 
spark. Although the intensified spark will jump 
across the fouled part of a plug, the spark is thin, 
and it is best to use good clean plugs. It is a ques­
tion whether or not the intensifier will add anything 
to the efficiency or performance of a, ci,l;;.:1-running 

engine; if so, the gap at the spark-plug points mii;ht 
be widened. This, of course, would be impractical 
as the gap under compression offers more resistance 
to a jump than in the open air; but at that, if the 
gap in the cylinder was widened in proportion, this 
cylinder would likely miss fire . 

One theory is that the intensifier is beneficial where 
a plug has a tendency to collect drops of oil on the 
points, and that by increasing the intensity the spark 
will jump through the oil. There is one thing cer­
tain, and that is that any electric current is going 
to follow the path of least resistance.* 

The action is this: In order to cause the spark 
to jump the gap (S) at the spark plug in the cylinder, 
5,000 or more volts are required. Suppose, how­
ever, that the spark plu~ has an a.coumulation of 
carbon from the porcelam insulation to the plug 
shell, or a erack in the porcelain which fills up with 
carbon, oil, and dirt, as at (C) to the electrode (Fig. 
23). Althou~h this path is longer than the spark­
plug gap, it 1s not under compression and thus it 
offers less resistance than does the gap (S), or, in 
other words, it requires less voltage to go over the 
carbonized path. There is then a leak of voltage 
at the carbonized path which prevents 5,000 volts 
reaching the plug-gap (S). This explains the reason 
for its missing. 

If the intensifier gap (X) is provided, this temJ?.o­
rarily acts as a dam to the flow of current, and, like 
flowing water, it will pile up against the dam and 
thus establish a greater force when released. After 
the breakdown of the dam, the current comes with 
such a rnsh that it cannot all pilss through the carbon 
path, and as its voltage is now sufficient, it will also 
jump the spark-plug gap. 

• This is not technically true; the current divides itself in proportion to the resistance or two parallel paths, 
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THE MISSING SPARK 

If the engine misses explosion, the trouble may 
be due to carburetion being at fault (see "Digest of 
troubles" and "Carburetion"). If the trouble is 
not with carburetion', then the chances are the 
Spark plug is missing through being fouled. The 
spark plug causes more trouble in this respect than 
any other part of the ignition system. 

The cause of spark-plug sooting and pre-ignition: 
A poor grade of oil or too much oil will turn to carbon 
(soot), and will deposit on the end and inside of the 
spark plug, and "short-circuit" the plug, so that 
the spark will not occur at the point, consequently 
causing missing of ei..-plosion. 

Poor oil or too much oil will also leave carbon or 
soot deposit on the end of the piston and inside of 
the combustion chamber. This deposit hardens, 
and sharp points of it will project. This projection 
will become white hot, causing the gas to ignite 
before it is time. This is called premature or "pre­
ignition." 

Spark-plug troubles are therefore usually as 
follows: short circuit from carbon, cracked porce­
lains, electrodes burned away, spark plugs not pres­
sure tight, moisture condensing on insulator. 

There are several general causes for ignition 
missing, or for a failure to ignite the gas, as follows: 
1. Lack of current from the battery. 
2. Loose connections. 

3. Burned out or thin resistance unit occasioned by excessive 
heating, thus permitting only a small amount of current to 
pass tlirough. 

4. Improperly set interrupter point.s. 

5. Defective condenser, ca.using sparking at the interrupter 
points abd weakening the spark. 

6. Defective primary winding. 

7. Spark-plug crack on that part of the plug which is not in 
the cylinder under compression. This crack fills up \\ith 
oil and dirt, and while the crack is longer than the spark­
plug gap, it1s not under compression. The result is, ustJally, 
missing at low speeds nnd bard pulls, but hitting on high 
speeds. , 

The reason for this is because at low speeds and on hnrd pulls 
the throttle is wide open and the low piston speed greatly 
increasf'..s the degree of compression. Compression offers 
greater resistance; therefore the spark takes the easiest 
path, through the earbon. 

At high speeds the cylinders do not have time to fill up 
with gas and, the piston speed being greater, the degree of 
compression is not so great in comparison; thus there is 
sufficient voltage to jump the gap. 

8. Carbonized spark plugs, of course, will cause missing at 
low or high speeds. 

9. Burned points, due to excessive curre"Dt. For instance, 
the Ford spatk plug1 unless of the proper guality of metal 
in the electrode, will ouro the points badly due to the excess 
of current. This eoil should be adjusted a-Ocording to 
instructions on page 222, and only high-grade Ford plugs 
should be used. 

10. Moisture on the outside of the porcelain at high voltages 
will cause the current to leak over the surface of the shell 
as in Fig. 24 (10). 

Fig. 24. Spark-plug troubles. 

I Ca.rhuretioo troubles are dealt wit.h elsewher.-. Missing 
is quite common when first starting tbe engine with cold, 
unvaporized gasoline. Thetelore be sure that the trouble is 
not due to carburetion. 

I I. Points may have come together as in Fig. 24 (11), when 
they were screwed into the cylinder. 

12. Wire may be loose on the terminal (Fig, 24) (12). 

To adjust the gap, use a thic1..7less gauge 01 
paper (Fig. 24) (13). Adjust to ,/tr" for vibrat-or 
coil ignition; to .025" for non-vibrator coil ignition, 
and to about i';/' or .015 to .020" for magneto 
ignition • 

To Find Cause of Missing 

First, check the ignition circuit, aud also find the 
cylinder which is missing by loosening the sp:.nk­
plug wire from one plug at the time and holding it 
a.bout 3/16" away from the spark-plug shell (Fig. 
25). With the engine running slow, the sparks 

Fiii:. 25, Testing _tho ignition system by observing the 
stcadmess and intensity of the spark. 

should be counted for at least 50 without missing. 
It is safe then to assume that the ignition is doing 
its part. 

If there is missing and the spark is not hitting 
regularly, then clean the interrupter points and see if 
they are properly adjusted; look for loose connec­
tions; see if the current from the battery is of 
proper strength; try another coil, if results are not 
obtained otherwise. 

Second, check the spark plugs. It is useless to 
check these until you first know that your ignition 
system is in perfect order. If good sparks have btien 
obtained on the first test, t!_ien proceed to test each 
spark plug with the engine mnning and the ignition 
switch "on," as follows: 

Place the point of a screwdriver (Fig. 26) on top 
of the plug terminal, and hold the metal part of the 

Fig. 26. Testing to locate the spark plug wbjch is misning, 
after determining that, the missing must bo attributablr. tn the 
spark plug. (Be sure to use a woode"o bnudtc ~crewciriver, and 
do not stand on damp ground, thus avoi<lmg a shock.) 

screwdriver on the metal part of the engine, th11S 
killing the spark in tbis cylinder. 

If there is now no noticeable difference in the run­
ning of the engine when the spark plug is cut ou{ 
in this manner, it is evident that this plug bas not 
been firing even before it was killed or shorted by 
the screwdriyer .. Thus the missing plug is located. 
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It is possible that a sticking valve or otber engine 
trouble may cause missing. l'temove the spark plug 
from a cylinder which you know is not missing and 
exch:1nge it with the plug in a cylinder which is 
missing. If tbe missing continues, then you know 
it is not in the plug. 

On eight-cylinder and twelve-cylinder engines it 
i8 difficult to locate missing. A good plan is to 
detach all the spark-plug wires from one side, or 
block, and lay the wires on the engine (in order not 
to overload the coil). Also open the relief valves, so 
that one side only will run on power. Thus it is 
easier for the test as outlined above. 

Fig. 27 Fig. 28 

To test a spark plug to see if it is carbonized: 
Place the spark plug on the cylinder with wire. con­
nected and switch on (Fig. 27). Crank the engine 
slowly. lf the spark occurs at the g:i,p (X) the plug 
is in order. If it sparks up inside of the shell, 
between the porcelain and shell at (Z) (Fig. 28), it 
is fouled and misses. It must then be taken apart 
and the carbon must be removed. 

Remember the plugs may spark in the open air, 
but when under compression will fail to spark, 
because the resistance is greater. Therefore be 
sure the spark-plug gap is correct. 

To test spark plug for electrical leak, such as a 
porous porcelain, or crack: remove plug and place 
a piece of mica between the points (as in Fig. 28A). 
Connect spark plug with the ignitjon coil and 
battery. The spark will jump at the weakest point. 

. 
on 

Fig. 28A ~'ig. 29 

Too much oil in the combustion chamber may 
have a tendency to cause missing due to the current 
passing through the oil. A good plan, if the plug 
points are of the type shown in Fig. 29, and plug sets 
vertically in cylinder, is to bend the oumide point, 
as shown, which may cause the oil to collect a-t the 
bend instead of the gap; if set horizontally or at 
an angle, set as shown at (B) (Fig. 22, page-236). 

To test for a spark-plug leak around the porcelain 
at the top (A) of bushing or. below (B) "·here the 
bushing is screwed into the shell of plug (Fig. 30): 
squirt gasoline at these points, while the engine is 
running and note if bubbles appear. If so, tbere 
is a leak, and if tightening of the bushing does not 
remedy the trouble, then put in a new g,1sket. 

Fig. 31 

A method often used to see if a cylinder is firing 
is to open the relief cocks, one at a time (Fig. 31). 
Watch for the flame shooting out of each opening 
and listen for the sharp reports of the e)l.l}losions. 
The cylinder without flame, out of which issues only 
hiss, but no sharp report, is the one at fault. 

This test, however, is not reliable, because, when 
the relief cock is open, air is drawn into the cylinder 
which mixes with the carburetion mixture and thus 
changes the proportions of the mixture. 

Causes of spark plugs fouling: 
1. Poor ignition (we.~k spnrk furnished by lbe ignition system) 
2. Leaky cables . 
.3. ~fixture too rich n.t idling and medium $peed~. 
... 1.. Eng:ine operated with choko p:trtly open. 
5. roor compression en.used either by lc:1ky vfdve.-;; or bari pi~• 

tons and rings. 
6. Engine runs nt to<, low tt tcml)<lraturn. 

Causes of pre-ignition and burning of electrodes: 
1. Intake air too hot. • 
2. Spark too far advanced. 
3. Leaky inlet mnnifold. 
4. Cooling system out of order (engine runs loo hotl. 
5. Back pressure in mu.ffier. 
6. Spark vlugs not properly tightened (leakage at ga.sko,s/. 
7. Ph1gs project too far or not fur enough into t.!10 cylinclt~r:-. 
8. Plug channel improperly located. 
0. Unsuitable "doped" fuel used. 

The Airco Ignition Tester 
The tester consists of an insulating hard rubber shell into 

which is packed a sensitized glass tube of Neon. 

Fig. 32. The Airco tester 
as applied to the end of a 
spark plug. Flashes occur 
in the white gap if there is 
current. If placed on an in­
sulat.e<l \\;re conducting a 
high tension, current flnsbes 
wiU occur. 

The active element in the .'llrco ignition tester is a gas which 
the Air Reduction Sales Co. extracts from the air through a 
proee...cts of mechanical and chemical operation. This particular 
gas which is known ns "Neon" has the peculiar property of 
becoming luminous when brought into cont.act with electricity. 
(See Index under ""Neon gas.") 

Neon, as applied t.o the Aircojgnition foster. is contained in a 
small glass tube, the ends of which have been plated similar lo 
the manner in which a mirror is silvered. The entire tube js 
then packed inside of a hard-rubber shell, and a quantity of 
steel wool is used to make the contact between t-he metal cap of 
the hard-rubber tube and the silvered end of the glass tube 
containing the Neon. By placing this device to the end of 
the spark-plug t,,rminals, or even on the insulated wire itself, 
if there is a high-1<,nsion current pa..<sing in the wire, the gauge 
becomes luminous or emits flashes. 

The following indications point to trouble: 

No flashes: Spa,k plug completely fouled or shorted, or no 
current to the plug. 

Flashes continuing for an unusual distance ao the gauge 
is withdrawn from the plug: Broken plug-probably broken 
porcelain. 

Very intense flashes: Spark gap too wide. 
Overlapping ·flashes (not clean-cut with each piston stroke): 

Leaks bet.ween feed wires or fou.led djstributor. 

Dim or irregular flashes: Plug partly fouled, or feed wir~ 
leaking excessively. Examine plug. 
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WIRE FOR IGNITION SYSTEMS 

There are three kinds of ignition wire for general 
use with the ignition system of a car, as follows: 

Primary wire or cable, also called low-tension 
ignition cable, is made of several strands of fine 
wire· in order to make it flexible and insulated, oil 
and moisture proof. This wire is usually used 
between the ignition switch, coil, and timer for all 
low-tension work, and must be of sufficient size 
to carry the current. Usually No. 14 or No. 16 size 
is used. 

Secondary cable, also called high-tension igni­
tion cable, is also made flexible and the insulation 
on the wire is much heavier. This is used to conduct 
the high-tension current from the coil or magneto 
to the spark plugs. It should be kept free from all 
metals, as much as possible. Size is usually 7 m.m. 
(see page 425). 

Duplex cable is also flexible, but genernlly two to 
four wires are run in one insulation, bein~ separated, 
of course, from each other by insulations. This 
wire is generally used for lighting and low-tension 
work. 
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Fig. I. Ignition wires. 

Metal conduit: A good plan in wiring a car, where 
several wires are run together, is to enclose the wires 
in a metal conduit, or use armored cable, as 
explained on page 428. Sec also pages 425-427. 

The wires running from coil, or magneto distribu­
tor to the spark plug, carry the high-tension current 
and are called "secondary ·cables." This current 
escapes more readily than from the wires running 
from the battery to the timer or coil. The wires 
running to the plugs are called "high tension" wires 
because tbe tension or voltage is high and current 
will often jump through the insulation and short­
circuit (cuttin~ 01:1t spark plu~) to any m~tal part 
it happens to oe m contact with. For this reason 
these wires must be carefully protected and very 
heavily insula.t.ed. 

CLAMPS FIBR~ TUBC·SPL\l 

Fig. 2 

can be distributed. The eight plug leads required 
for dual ignition on a four-cylinder engine can be 
accommodated in a two-inch fiber tube. 

The primary wires running from the battery to 
the timer or to the interrupter on the magnet,o are 
"low tension." They do not need to have as heavy 
insulation, but the connections should be well made 
and clean because the pressure is so low that the 
current will not pass over dirty or loose connections, 
and a loss of current will result. All connections 
ought to be soldered and taped. 

Do not use lamp-cord wire under any circum­
stances as it will give unsatisfactory results and 
cause missing if damp. Wire for the electric horn is 
usually No. 14 armored cable (see Fig. 8, page 426). 

Size of Wire Used for Winding a Coil and 
Mai;,,ncto 

Primary winding is No. 19 to 24 B. & S. gauge 
copper insulated wire. Secondary winding is No. 
34 to 38 B. & S. gauge silk-covered insulation. 

There is usually a ratio of about 60 to 1. For 
instance, if the primary consisted of 200 turns, the 
secondary would have_ 12,000 turns. 

The winding of a Bosch DU4 magneto armature 
usually consists of three layers of No. 20 or No. 22 
wire, to form the primary winding, and of 70 to 72 
layers of No. 36 silk-covered wire to form the 
secondary winding. The reader, however, never has 
occasion to bother with wire on a coil or magneto 
armature as this is the work of a specialist. 

Making Connections and Ignition Wiring 
Troubles 

!',-grounded conn~ction should be filed or scraped 
bnght before attachmg the w1re1 and the connection 
when made should be covered with vaseline or paraf­
fine. A copper washer should be placed rmder the 
head of the screw, to hold the wire firmly in position, 
and tightly drawn up. 

All connections must be bright and clean, for a 
dirty connection will add resistance. Binding posts, 
screwsb nnd the ends of the wire must be scraped 
cle11,n efore the wire is attached. This is very 
important on low-voltage wiring. 

When joining two wires or attaching terminals 
(Figs. 3, 4 and 5), solder and then tape. 

Fig. 3 Fig. 4 

Fig. 2 shows one method of distributing the 
secondary or high-tension cables on multi-cylinder 
engines. A divided fiber tube supported on brackets Fig. 5 
encloses the cables and permits of easy inspection or Figs. 3, 4, and 5 show how to make a connection with wire 
renewal if required. Any number of leads or cables and terminal; solder and tape ,.ll connections. 
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Fig. 6 

Fig. 7 Fig. 8 

Fig. 6. Loose switch terminals will cause missing as will 
also loose binding posts (Fig. 7). 

Fig. 8. A good method of protecting primary (battery) 
wires when they run along the frame. 

A 

Fig. 9. Four steps in making loop end: (A) insulation 
removed; (B) separating the strands; (C) twisting wires into 
two leads; and, (D) the looped end dipped in solder. (Motor 
Aoe.) 

No possible cause for leakage of the current should 
exist;. a single strand of fine wire projecting from a 
flexible cable will be enough to cause a short circuit 
if it should touch metal. 

Missing of ignition where dry cells are used (Fig. 
10) may be due to weak batteries. To test, use an 
amperemeter. Test each cell separately by placing 
the terminal of the meter on the terminal of the 
battery. Each battery ought to show 15 to 25 
amperes. If less than 8.amperes are shown, replace. 
If one should test, say, 10 amperes, and another 20, 
then the good battery will be brought to the level 
of the poor battery. Remove it and put in a fresh 
one. See Index for ''Testing a storage battery." 

An emergency dry-cell connection is shown in 
Fig. 11. Usually two sets of dry cells are provided 

when ignition is on dry cells alone. Only one set at 
a time is used, however. If both sets should run 
down, a multiple connection of the two sets can be 
made, as shown, which will suffice to enable the car 
to reach home. Dry cells are now seldom used. 

Fig. 10 Fig. 11 Fig. 12 

Quite often missing will occur from loose con­
nections at the battery terminals (Fig. 3). See 
that they are always tight. On some connections, 
the wire may be broken or not soldered well to the 
terminal. A good connector for dry cells, called 
the "Bull Dog," is shown in Fig. 12. For storage 
batteries, see Tndex. 

On many cars one wire is grounded (Fig. 13). It 
is therefore essential that the grounded connection 
be well cleaned and then tightened. A copper 
terminal should be soldered to the wire, the surface 
cleaned, and drawn tight with a bolt. 

GROUND WI!!£ 
"TO fR"'l"IE 

Fig. 13 

}~~-~~ 
WIRES C:l'E 22 
liERE 

Fig. H Fig. 15 Fig. 16 

When metal battery boxes are used (Fig. 14), and 
dry cells are placed in them, dampness will short­
circuit the batteries through the paper insulation 
around them. Therefore keep the box dry inside 
and watch the wire where it passes through the metal 
box. 

When removing the wires (Figs. 15, 16), mark 
them by painting the ends with cheap water colors, or 
tag them, thus saving a Jot of time when replacing. 

IGNITION DISTRIBUTOR WffiING TROUBLES 
1. Arcing from one cable to another, caUed 0 statio discharge"; 

due to rubber on cables being old, hardened and porous, 
or to dampness. Separate cables, or put in new ones. 

Moisture, when washing car gets into distributor. If 
there is too much space at plug terminals, open and pour 
in melted wax. 

• ~- Loose r,onnections. 

4. Loose distributor cap spring. 

5. Loose distributor terminals. 

6. Loose spark advance lever. 

7. Crack in distributor cap permits dust and grease of con­
ductive material to collect, and high-tension current will 
follow it to ground. 

S Rotor metal tip burned (if a brush, may not make good 
contact). 

0. Poor contact from rotor spring to center terminal. 

10. Wobbly distributor head or caw, due to shaft bearing worn 
from lack of oil. See page 462C: "Noisy ;listributor." 

11. Don't forget to grease or oil distributor shaft. 

Miscellaneous: Dirty and gummed distributor head, coated 
inside and ouwide. 

Loose eonneetions in the primary circuit, as at battery, switch, 
fuse block. junction block, coil or interrupter will cause missing 
(not illustrated). 

Worn fiber or roller on interrupt.er points (not illustrated). 

Loose interrupter contact arms (not illu.strated). 

Broken or weak tension of interrupter contact arm spriu& 
(not ilJU.Btrated). 
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LOW-TENSION MAGNETO: Principle of Magneto Ignition 

In the preceding instructions, we dealt with the 
low-ten.sion coil, using only a primary winding, and 
the high-tension ignition coil using a primary and 
secondary winding. 

In this instruction we shall deal with the low­
tension magneto, a mechanical generator of a low­
tension alternating current. 

The difference between a low-tension magneto 
and a high-tension magneto is that, on the low-ten­
sion magneto armature core there is but one winding, 
called a primary winding, whereas on the high-ten­
sion ma.gneto armature there are two windings, a 
primary winding and a secondary winding. 

Fig. 1. Magneto. Fig. 2. Dynamo. 

Mechanical devices, such as a magneto and a 
dynamo (Figs. 1 and 2) are termed mechanical gen­
erators of electricity. 1'he armature, which revolves 
between the pole pieces, is driven by the engine, and 
alterna.ting current is generated. . 

Alternating current is suitable only for ignition, 
!l.nd all magnetos generate alternating current. 

Where a generator (d{'llamo) is required to 
charge a storage battery, it 1s necessary that the cur­
rent should be "direct," that is, flowing in one 
~irection continuously, from r;iositive ( + ), to nega­
t1v.e (- ). 

Therefore, l'lhile, as stated above, all generators 
or dynamos or magnetos generate alternating cur­
rent, oia a generator used for charging a storage 
batt,>ry, the alternating current is transformed, or 
commutated, into a "direct" current by means of a 
commll'tator and brushes. Thus while alternating 
current is generated inside, direct current is delivered 
outside, or from the brushes. Generators of 
direct cu> rent supply current for coil ignition and 

. lights, aud also charge a storage battery. This 
subject is explained under "Generator principle," 
farther on. 

The magneto generates alternating current inside 
and delivers alternating current outside, and, as 
previously stated, is suitable only for ignition: It 
will llot charge a storage battery because the electric 
current it generates flows first in one direction and 
then in another direct.ion, and thus "alternates" its 
flow. 

Construction 

The principle of a low-tension magneto is similar 
in many respects to that of a low-tension coil. In a 
magneto the armature on which the primary wire 
is wound is called upon to produce its own electric 
supply, whereas in a primary or low-tension coil, 
the electric supply is from another source. 

Field magnets: Permanent magnets (la), called 
the "field magnets," are provided as shown in Fig. 
lA. The pole pieces (lla) provide a magnetic field 
for the shuttle-type armature (Fig. 4A) t-0 revolve in. 
End plates with ball bearings are atta::hed to screw 
holes in pole pieces (Ua, Fig. lA). There is very 

Fig. lA. Permanent magnets (la); pole pieces (1 la); bll.!le 
of brass or aluminum (12a). 

little clearance between the armature and the poles, 
and therefore accurate fitting is necessary. 

There are usually two, four, or six magnets placed 
over the pole pieces; all north poles on one side and 
all south poles on the other side. The base (12a) 
is usually made of brass or aluminum, as neither will 
become magnetized. 

Pr.rmanent 
mapet'a 

Pole 
pleca 

Fig. lB. View of a. low-tension magneto with the end-plate. 
off a.nd the armature showu in section. (I) permanent magnets 
(magnetized at a.II times); (2) t.he armature, revolved by a gear 
connected "'ith the engine shaft. Note that a single winding 
of insulated copper wire is wound on the armature. 
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Fig. IC. Tho low-tension magneto complete. View shows 
the drive end of the armature, which is driven at a 6.xed s11eed 
from the crank shaft of tho engine, by gear or chains. The 
direction or rotation of all generators is considered at the drive 
end. 

The armature of a direct-current generator (Fig. 
3) is called a "drum-wound armature." It differs 
from a magneto armature in that the coils wound 
over the armature core are connected in such a 
manner with the commutator segments that the cur­
rent delivered from brushes resting on the commuta­
tor segments is direct. 

COMMUTATOR 
0RUl'I ARMATURe 

Fig. 3. Armature of" direct-current general.or. 

This drum-type u.rmnture could be made to 
revolve between permiment magnets, and current 
would be generated, but it is not practical, because 
the voltage must be a steady voltage. And since 
the vollage increases with speed, the annature of a 
direct-current gener-.1tor is made to revolve between 
poles which are wound with wire, called "electro­
magnets." This subject is dealt with under 
"Direct current generators," farther on. 

Permanent magnets arc or the horseshoe type and are 
permanently magnetized. Tbey are called the "field" magnets. 

Electro-field-magnets are wound \-.,.·ith copper wire and tt.ro 
electrically magnetized. They remain magnotited only when 
tho armature revolves between tho field-magnet poles. 'l'hia 
type of dyn.amo or generator ecncrntes o. steady • direct" cur­
rent, usually of 6 or 8 volts, and will light electric lamps and 
recharge a storage battery and supply current for ignition. It 
is usually run in connection with a starting and lighting system, 
and, in smaller models, is ueed for ignition on stationary and 
marine engines to a considerable extent. 

The armature of a magneto, which delivers alter­
nating current, is called a "shuttle-type armature." 
It revolves between the poles of "permanent field 
magnets." 

The parts of an armature are as follows: Bronzo 
heads (B, Bl) are screwed to the armature core (C1 Cl) (Fig. 4). Shafts (A, Al) are driven and rivetea 
to the bronze heads. Wire is wrapped around space 
(C, Cl), called the core. 

It will be seen that the core is not a solid castin~; 
rather it is a pair of castings between which 1s 
clamped a group of soft iron stampings (D), having 
t.he form shewn in the detail sketch. The object of 

SIDEVIEW 

Fi~. 4. J\fagnct.o armature core and end plates. The 
"inding i• plc,ced on tho core C and Cl. 

thus "laminating the core," as it is called, is to 
ret11rd the circulation of "eddy currents" in the core 
due to induction. The same forces of induction 
which are at play in the windings operate also in 
the iron core itself and if unchecked, would both 
consume power and heat the :.mnature unduly. As 
the voltage of these currents is very low, even the 
slight obstruction of the laminations is sufficient 
to retard them. 

The laminated section of the armature is shown 
at (D). "Laminated" means that instead of the 
castings (C) being solid, there arc several layers of 
flat sheet iron placed together, between the cores 
(C), as shown J.t (D). 

Fig. 4A. Shutt1e type or armature with one l\;nding Oow• 
tension). 

The completed magneto shuttle-type armature 
is shown in Fig. 4A. Note the "collector rioi;," 
from which the current is taken by a brush resting 
on the flnt surface of this ring. 

Fig. 4D. Primary winding on armntul'O core. Note tbnt 
oue end is grounded to tbc core and the other end is insu1a.tcd. 

The single primary winding is shown in Figs. 4B 
and 4C. One end (A) conducts the current from the 
armature to the collector ring and the other end is 
urounded (G). 

A sectional view (Fig. 4C) shows one method of 
conducting the low-tension current from the arma­
ture, where a collector ring is not used. The prin­
ciple, however, is similar. 

One end of the primary winding, which is heavy, 
coarse wire, is grounded to the armature core at (G). 
The other end (A), is insulated and passes through 
the hollow end of the armature shaft and makes 
contact with a point (D). 

As the armature revolves, the sering (S), which is 
mounted on an insulated block (IB), conducts the 
current through a wire connected with it, to the 
terminal. "Collector 1ings," are more often used. 
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Fig. 4C 

From the terminal the cunent is carried to the 
"igniter," as in Fig. 5. This is a "make-and­
break" low-tension ignition system similar to the 
system described on page 185. 

It will be noted, however1 that a separate low­
tension coil is not necessary m this instunce, as the 
winding on the armature takes its place. 

If the low-tension magneto is used in connection 
with a separate high-tension coil, then this wire (A) 
(Fig. 4C) from the armature would go to the pri­
mary winding of the coil. 

Two methods of utilizing the low-tension magneto 
are therefore used, as follows: 
I. In connection with a low-tension '.'make-and­

break" ignition system. 
2. In connection with a high-tension coil. 

Low-Tension Magneto Supplying Current for 
a "l\<lakc-and-Break Ignition System 

On page 185, this system is explained. The 
magneto, however, was not explained. 

Fig. 5. Low-teru,ion magneto supplying current for a low­
tension "mako-and•break" i11:nition system. 

It is well to bear in mind that a low-tension 
magneto used in connection with the low-tension 
"make-and-break" system shown in Fi~. 12, page 
185, does not require a low-tension coil, because 
the action of intensifying the current, is obtained 
by the snapping of the "igniter" points, by action of 
a cam, and the winding on the armatm-e of the low­
tension magneto takes the place of the low-tension 
coil. See also explanation, page 186. 

Low-Tension Magneto and High-Tension Coil 

The low-tension magneto can be used in connec­
tion with a high-tension cotl and produce a "jump­
spark" or high-tension spark at points of a spark 
plug in the cylinder, by using the low-tension mag­
neto to produce the current, and a. separate high-

tension coil (without vibrator) to intensify the low­
tension current to a high pressure, so that it will 
jump the gap of the spark plug. 

We should need for this system a high-tension 
coil, a distributor on the magneto to distribute the 
high-tension current to the spark plugs (if a multiple­
cylinder engine, which, in this instance, we will say, 
is a four-cycle, four-cylinder), and an interrupter 
to break the low-tension current at the proper 
time. 

The coil: The double-wound high-tension coil, 
but without a vibrator, can ·be used. The inter­
ruptenvill take the place of the vibrator. Therefore 
we should have a single spark instead of a succession 
of sparks. '\Vhen the contact points separate, as 
e;,q>lained under ''Interrupter," the low-tension 
magneto current is intensified, and "induced" cur­
rent is set up in the secondary winding. This coil 
can be placed separate from the magneto. 

The distributor: This "induced" or high-tension 
current is then distributed to the spark plugs in 
correct firing order by the distributor rotor and 
brush, as shown in Figs. 6 and 6A. The distributor 
is driven at one-ha1I the speed of the armature, 

The inte.rrupter1 (see Fig. 6A) is mounted on the 
front end of the magneto armature sha~. The 
housing on which the interrupter pnrt,s are mounted 
can be shifted, by means of a rod (SL) (Fig. 6A). 
This rod connects with the spark lever on the steer­
ing wheel. 

Therefore the time for the spark to occur can be 
made early ("advanced"), or late ("retarded"). 
The usual range of advance on a magneto is from 
22° to 35°. 

Attached to the housing, and moving with it, is 
the interrupter arm (A) and tlie terminal (B). 

On the end of the interrupter arm (A) is a plati­
num point (P). There is also another platinum 
point (P) on terminal (B). 

Platinum is used because there is more or less sparking occur­
ring at the points and, platinum being hard, it stands the spark 
wid1 less pitting tbnn other metals. 

The condenser is in the coil and takes up excess sparking to a 
great extent. Thia condenser can be placed in the coil box or 
on the magneto. 

The cam (C) is attached to the front end of the 
armature and revolves with it. 

Fig. 6. Note how the distributor shaft is driven by the ge:1.r 
on the armature. 

Fig. 6A. Front view of distributor and int.errupter. 

1 There are many different coostruetions of the interrupter 
Thi3 one is shown in order to simplify the explnna.tion. 
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When the nose of the cam raises the interrupter 
n.rm (A), the current is interrupted in the primary 
winding, causing the high-tension current to be set 
up in the secondary winding of the coil. 

The cam has two lobes. It will therefore raise 
t,he interrupter arm twice dUJ"ing one revolution, or 
four times during two revolutions of the armature. 
The armature would then run at the same speed as 
t.he engine crank shaft. As the cam (C) is attached 
l,o the armature, it must revolve with it. 

The cam is set on the armature, so that the nose 
will raise the interrupter just as the armature is in a 
vertical position. 

If the cam raises the interrupter arm (A) when 
the armature is in a vertical position and the inter­
rupter housing is at full retard position, this will 
t,hen allow for advancing of the spark full 35° or 
less, according to the range of the magneto. 

The primary circuit on the armature of the low­
tension magneto consists of a winding of coarse wire. 
One end is grounded to the armature core (see Fig. 
. ), and the other end is carried to the insulated 
t..rminal (B, Fig. 6A). 

The armature revolves, therefore the end of the 
armature primary winding, from which the low­
tension current is taken, is carried through the end' 
of the armature shaft (insulated). 

The current is then carried through the primary 
winding of the coil, to the insulated terminal (B), 
1.hrough the interrupter points (P) (which open 
wh•m the armature is in maximum position), to 
arm (A) which is grounded, thence to the other end 
of the magneto primary winding, which is grounded 
to the armature core (Fig. 6). This completes the 
primary circuit of the magneto and high-tension coil. 
See Figs. 38 and 39 for two different methods of 
connecting a low-tension magneto with a high­
tension coil. 

The secondary circuit is clearly shown in Figs. 
38 and 39, page 252. 

The magneto armature must be driven at a fixed 
speed because the interrupter and the position of 
the armattll'e govern the time of the spark. There­
fore the magneto is either driven by a chain or by a 
gear from the cam shaft, but not by a belt. This 
subject is treated farther on. 

Also bear in mind that the magneto is a closed­
circuit system, and interruption of the closed cir­
<'uit by the interrupter points being separated by 
the cam occurs when the spark takes pl1;1-ce. 

Note the arrangement of the interrupter on-page 
258. It is a different construction from that shown 
in Fig. 6A. The interrupter on page 258 is more 
modern. The one in Fig. 6A is simplified. 

Remarks Relative to Distributor on a Low-
Tension Magneto Operating a High­

Tension Coil 

The purpose of the "high-tension" distributor 
is to distribute the high-tension current to the spark 
plugs. The distributor brush in the end of the 
rotor should make contact with one of the spark­
plug leads just as the interrupter points (P) are 
breakin~. See the discussion farther nn, explaining 
connections to the distributor. 

The distributor is usually attached to the mag­
neto-when operated with a magneto, either of the 
low or high-tension type. 

The distributor is usually made of ha!'d rnbber 
insulation material with metal segment& (S). The 
rotor with a brush revolves by means of a gear wheel 
twice the size of the gear wheel on the armature 
(Fig. 6). 

The armature for a four-cylinder magneto would 
revolve at engine crank-shaft speed and make four 
sparks during the two revolutions of the crank 
shaft. 

The distributor, however, would revolve once 
and the rotor brush would make four contacts durinll, 
two revolutions of the crank shaft, or one revoluti011 
of the distributor rotor. Hence the reason for the 
larger gear on the distributor. 

On a six-cylinder engine the armature revolves 
I½ times to one revolution of the crank shaft, but 
the distributor is geared to turn at half the speed of 
the crank shaftt or one complete revolution to two 
revolutions of tne engine crank shaft. 

There are two kinds of contact arrangements on a 
distributor: the "gap-type," ai1d the "brush-type." 
The gap type does not make a wiping contact, but a 
slight gap clearance is allowed between the distribu­
tor rotor and segment (S). The brush type makes 
a wiping contact. 

It must be remembered that while we are referring 
to the magneto distributor of the true "high-ten­
sion type magneto"-to show the parts of a "high- . 
tension distributor"-the distributor used with the 
low-tension magneto and separate coil differs 011ly 
in that on a true high-tension magneto there are 
two windings on the armature which take the place 
of the separate coil. 

Dual System; Low-Tension Magneto, Coil, 
and Battery 

A dual system of ignition is where a set of batterie:s 
are provided to start on. After starting the engine, 
the magneto is used as a source of electric supply 
instead of the batteries. 

Types of Magneto Armatures 
Magneto armatures may be classified as of two 

types. Although this instruction deals with low­
tension magnetos, it will be necessary to allude to 
the armature of the high-tension magneto in order 
to make the explanation cleat·. 

PRIM/1/fY WINO/Nd 

Fig. 7. Primary armature. 

.l'IV_IMIIIW JWNOl1V6 

~ : -~~~~~~~m~· -~ ,, 
.SIFCONOAIVY W/NOIN5 

Fig. 8. Compound armature. 
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Magneto armatures are known as of ·the "shuttle" 
t-ype because they are shaped like a shuttle. They 
are further classified as the "armature" type and 
the "inductor" type. 

The "armature" type is l\·here wire is wrapped 
around the armature core· and the armature and 
wire revolve between the permanent magnet field 
poles. The armature type can be a single primary­
wow1d armature used on a low-tension rungneto, ns 
in Fig. 7, termed a "primary-armature type." lf 
there are two windings on the armature, a primary 
and secondary, as in Fig. 8, which is used on a high­
tension magneto, then it is termed a "compound­
annature type." 

The "inductor" type of armature differs frorn ihc 
"armature type," principally in that the wire does 
not revolve. The inductor t)1)C of armature can be 
a low-tension magneto or a high-tension magneto, 
and differs from the armature type magneto only as 
mentioned above 

K. W. Inductor-Type Magneto 

The K. W. Ignition Co. makes a low-tension and a 
high-tension inductor-type magneto. The Remy 
Elecbric Co. formerly made a low-tension inductor 
type of magneto used with a high-tension coil, as 
explained on page 24 7. 

+ 
ZERO 
t.lNE 

,eo0~---,eo"l 

------360°------"1 

Fig. 9. Not.c that the shuttle type of nrmatur;, pro<luccs 
two impulses or waves, of maximum st.rengt.h per revolution 
(360°). 

+ 
~E'RO 
l.JIVE' 

Fig. 10. Note that the I<.W. "inductor" type of armature 
produces four impulses or waves, of maximum strength per 
revolution. (The line is zero, or no current.) Also note that. 
the direction of the flow of current is changed twice in Fig. U, 
and lour times in Fig. 10, during a, revolution. 

The K. W. inductor type magneto is a leading 
magneto of the inductor type. Construction: mag­
nets, permanent type; pole-pieces placed above 
armature 90° apart; rotors set 90° apart. • There 
are two rotors with four ends as shown in Fig. 11, 
which illustrates the arra.ngement of the rotors on 
the armature shaft. This gives the same effect as iI 
two shuttle armatures were placed cross wise-which 
would be four impulses per revolution (Fig. 10) 
instead of. two in the shuttle type (Fig. 9). If we 
continued adding rotors we should soon have the 
alternations so close together that we could light 
an electric lamp-in fact, the K. W. low-tension 
magneto at high speeds will accomplish this. 

The coil winding between the rotors of the K. W. 
magneto (Fig. 11) is stationary and the rotors 
revolve. With a single primary winding on this 
coil core it is a low-tension magneto. vVith two 
windings, it would be a high-tension magneto. 

Fis-. 11 J>ig. l!A Fig. ! Hl 

Fig. 11 shows the "inductor-type armature." 
Note that the winding is stationary. 

Fig. l lA, shows the lines-of-force passing down 
through the rotor wing from N pole, then centrally 
through the core over which the coil is placed, up 
the rotor to S pole. 

Fig. 1 IB shows rotors moved in position where 
the lines-of-force are now passing lil the reverse 
direction, which causes a complete reversal of polar­
ity through the coil winding. This is maximum 
position, where contact points (P) should sepa.rute. 

Interrupter points are used on the IC W. inductor­
type magneto when of a high-tension double-wound 
type. Sf.le also page 279 and page 301. 

The K. W. Low-Tension Inductor Type 
Magneto and Master-Vibrator 

The K. W. inductor type of low-tension magneto, 
used with a master-vibrator, is shown in Fig. 12. 
Dry cells are used as a source of supply for starting 
when the switch lever is on the left, or (B) side. The 
magneto is used when the switch is on the (M) side. 
Note that the vibrators on the dash coil are short­
circuited, as seen in the top left illustration, and are 
not used on the multiple dash coil to the rip;bt, as 
the one vibrator on the master-vibrator coil does 
the vibrating for the four coils. 

Fig. 12. I<. W. low-tension inductor-type magneto con­
ncctc<l with a high-tension coil-ignition system using a K.W. 
master vibrat.or coil. 

With this low-tension inductor-type magneto an 
interrupter is not used, because the vibrators on 
the coil take the place of an interrupter on the 
magneto. This type is not timed. Note that 
the commutator or timer is timed instead, as on a 
vibrator-coil system. 

The Remy Low-Tension Inductor Type 
Masneto (Model R D) 

The principle is similar to the K. W. (Fig. 11{ 
except that the Remy rotor is a half-rotor, whereas 
on the K. W., ooth ends of the rotor are utilized 
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The i;.emy produces two impulses per revolution 
and tne IC W. four impulses per revolution. 

Fig. 13 (upper) 
Fig. 15 (lower) 

Fig. 14 

Fig. 13. Remr rotors (L) which re,•olve and tho stationary 
6in.gle primary winding. 

Fig. l.J. Remy inductor or rotor in max:imu_m position. 

Fig. I 5. Remy contact-breaker or interrupter. The points 
(P) should have a clean surface. Dirt and grease should not 
be allowed to accumulate. 

A distributor is mounted on the low-tension 
magneto which distributes the high-tension current 
from the high-tension ignition coil to the spark plugs. 

If the engine misses with spark retarded at slow· 
speed, adjust the contact screw (B) (Fig. 15) out 
a few notches. 

If the engine misses with spark advanced at high 
speed, adjust the contact screw in a few notches. 

On this magneto ignition system adjust the spark­
plug points .025". 

The contact-breaker is used on this magneto just 
the same as on a shuttle-type magneto armature, to 
interrupt the flow of current in the primary winding. 

To set the rotors: The rotors are placed in just 
the same position as on the shuttle-type armature 
when they are. originally set, at which time the 
i.nt.errupter points open. 

Low~l:UltlM!; 

Map,to 

'q' 
(; c 

Fig. 16. Illustration showing how a high-tension coil i$ 
used in connection with Remy low-tension magneto. (G, 
ground.) 

Note that the condenser is in the coil. 

Examples of Remy Low-Tension Inductor-Type 
Magneto· Systems 

A dual system (Fig. 17) consists of a Remy 
model R.D. low-tension "inductor"-type magneto 
used in connection with a high-tension coil. Note 
that the condenser is placed in the coil, but is 
shunted across the interrupter points. 

Dry cells are used to supply cunent to start with, 
by pressing n swit:ch button (S) with switch lever 

Fig. 17. Dual ignition system using a low-tension magneto 
of the 11inductor'' type in connection with o. high-tension coil, 
with condenser in the coil. Note that the dry cells supply 
current for coil when on (B) side of switch, as when starting. 

(L) on battery side (B) of the switch, which closes 
the circuit between dry cellst... primary winding of 
coil, and interrupter points. Thus when the engine 
is being cranked, the dry cells supply the current 
instead of the magneto. 

The distributor and interrupter are mounted on 
the incluctor-type low-tension magneto. The high­
tension ignition coil is separate, as is also the switch. 

After the engine is started, the switch lever (L) is 
placed en the magneto (M) side of the switch, the 
dry cells are cut out, and the magneto supplies cur­
rent. The magneto interrupter is timed, so that 
the interruption of sparks occurs at the right time 

/ON/T/ON DISTll/61JTOlt , 
It, L MACNltTO 

DlfY CCL<S 

J.'ig. 18. Similar to Fig. 17 except that the condenser is on 
the magneto. . 

Fig. 18 is similar to Fig. 17, except that the con­
denser is mounted on the magneto, being across the 
interrupter points as usual. The magneto model is 
R.L., and is an inductor type similar to the model 
R.D. in Fig. 17. 

. - I .. . . 
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Fig. 19. Seo text on next page for explanation. 
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The system shown in Fig. 19 in many respects is 
similar to model R.D., except that the push button 
is not used and the interrupter is arranged dif­
ferently. This type of low-tension inductor mag­
neto is the S.T. &L. Dry cells are used for starting. 

MRfiNt:TO 

DtrY CELLS I 
CIRCUIT 8lft:RKt:tr 

Fig. 20. Dual ignition system using a low-tension magneto 
of the 11 primary armature type." 

In Fig. 20, this system (Remy P and 32 magneto) 
differs from that just described, in that the magneto 
armattu'e is a "primary-armature type" low-tension 
magneto, instead of an "inductor" type. The 
push button is not used, and the switch is arranged 
differently. 

All of the foregoing are examples of dual high­
tension ignition systems, using a low-tension mag­
neto of the inductor type (except Fig. 20) as a 
source of electric supply. 
• Note. The letters Y, R, B, G, refer to the color of wire on 

i-hcso systems. To time the Remy RD and RL low-tension 
magnetos: Place No. 1 piston on top o( compression stroke. 
Press in on timing button (Fig. 17) which is at the top 
of the distributor and turn the shalt of the magneto (with 
coupling loose) until the plunger back of the timing button 
drops into the recess on the distributor gear. Then couple the 
magneto to its drive me-mber. It is not necessary to set the 
interrupter in this instance, as the interruJ?ter is in correct 
position ,vith thi:;; operation, and No. 1 distributor segment is 
in contact with No. 1 distributor terminal, which is marked. 

Ford Inductor-Type Lo:w-Tension Magneto 

Another form of low-tension alternating-current 
magneto of the inductor type is the Ford magneto. 

This magneto might be termed a high-frequency 
magneto, meaning that there are 16 impulses per 
revolution. For instance, on the "shuttle-anna­
l ure type" magneto there are 2 impulses per revolu­
l ion. On the K.W. inductor magneto (Fig. 11, 
page 246), there are 4 impulses per revolution. 

The term "impulse" refers to the points where 
the &enerated current is the strongest and is where 
the mterrupter, as on the shuttle-type armature 
magneto, interrupts or opens the primary circuit 
just as the armature is leaving the pole pieces. 
Thus the spark or "impulse" occurs. 

The term "frequency" refers to one-half the num­
ber of times the current chan!j:eS its direction of flow 
in the winding per revolut10n (see "cycle" and 
"frequency" explanation, Fig. 7A, page 192). For 
instance, on an "armature or shuttle-type" magneto 
the direction of ctu'rent in the primary winding on 
the armature changes its direction twice during one 
revolution (see Fig. 9, page 246). On the K. W. 
(Fi~s. 11 and 10, page 246), there a.re 4 changes 
dunng one revolution, because there are 4 ends to 
the rotors. 

On the Ford magneto there are 16 changes per 
revolution. because there are 16 stationary coils 

attached to a plate or support inside of the flywheel 
housing. These coils consist of a thin strip of 
copper wrapped around a small soft iron core (C). 
The consecutive coils are wound in opposite direc­
tions on each coil core and are connected in series. 

Fig. 21 

INSULATEIJ 
'ENMINAL 

Fll?ST 

Fig. 21. The sixteen stationary coils of the Ford low-teo­
sion inductor type of magneto mounted on the coil plate. 

Fig. 22. The sixteen permanent magnets which are ar­
taohed to the flywheel and revolve in front of the core of t.n, 
coils. tike poles of the magnet.s are placed together. 

The terminal of the first coil connects with the 
. magneto terminal, which conducts current to the 
four primary windings on the four-unit vibrator­
type coil. The end of the sixteenth coil is grounded. 

There are 16 permanent magnets, but instead of 
being placed over the pole pieces and the armature 
being made to revolve between them, as 'in i;hc 
"armature-type" magneto, the magnets are at­
tached to the fly wheel by means of non-magnetic 
studs and are made to revolve within 1/32" in front 
of the coil cores (C) (Fig. 23). 

Note. Fig. 23 shows magnets separated, as if separate horse· 
shoe magnets, a.s an explanation as to bow they revolve in front 
0£ the coil cores. Tb~ magnets are placed close together, as 
shown in Fig. 22. 

The N poles of the magnets are placed together; 
so are likewise the S poles. Thus we have N and S 
polarity alternately around the magnets, as shown 
in Fig. 22. 

.,.MAGNETO Tf'RM!NAl 
AG/VET'S R£VOLVF 

I 

Fig. 23. Illustrating h~w the permanent magnets revolve 
in front of the coil cores. The magnet" are within 1/32" of the 
coil core. 

When the N pole ends of the magnets are in front 
of one of the coil cores (C), the magnetic lines-of­
force flow from N pole to the magnet, through the 
coil core (C), through the plate to which it is at­
t.ached, through the core (C) of the coil next to it, 
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to the pole end of the magnet, thus completing a 
magnetic circuit from N to S pole end of the magnet, 
and setting up a generated electromotive force in 
the coil winding, causing current to flow out of the 
coil windings into the magneto terminal (Fig. 21). 

Wbcn the flywheel moves one-sixteenth of a revo­
lution, the flow of current is reversed. Thus there 
are sixteen alternations or changes of flow of current 
durinff one revolution of the sh-teen magnets, or six­
teen 'impulses" per revolution, because there arc 
sixteen coils and sixteen inductors or magnets. 

In other words, each revolution of the flywheel, 
to which the magnets are attached, means one 
revolution of the crank shaft. There are 16 posi­
tions of the magneto when the current output is at 
its maximum, and each of these positions is called 
the peak of the current wave. There are, also, 16 
p_ositions during which no current is flowing at all. 
Each of these is called the neutral position, and 
each is half-way between two peaks. Therefore, at 
every sixteenth of a revolution of the magneto a 
position is reached when no current is being gener­
ated. These arc termed "dead points." 

Each alternate peak is of an opposite polarity, 
that is, there are 8 positions in each revolution 
when the current flowing from the magneto winding 
to tho spark coil is positive, and between these posi­
tions arc 8 other positions when the current is 
negative. In other words, the frequency is 8 cycles 
per revoluticm. 

MFTAL SGGMEIVT 
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Fig. 24. Illustrating tnc circuit from the magneto terminal 
(T) to tho switch, to the primn.rr, winding of one of the four 
high-tension coils, to segment (No. l in this example/ of the 
commutator, to ground, to tbc grounded end of the sixteenth 
magnct.o coil. Note. There is a mistake in the drawing. The 
coil vihrat.or of No. l coil should be shown open instead of No. 3. 

The Ford coil circuit and connections are shown 
in Fi~. 24. See also Inde.'( for "Ford wiring dia­
gram and "Relation of speed of magneto to 
voltage generated." 

The Ford inductor-type magneto, owing to its 
high frequency, v.,fil light lamps and supply current 
for a vibrator-type coil, but the voltage varies con­
siderably. Thus the lamps will vary in brilliancy 

• MAONFTS R!'VOLVE' W/fH 
FLYWH£E"L 

Fig. 25. Illustrating the location of the Ford magneto on 
the engine. 

in relation to the speed of the en~ine. Owing to 
these variations of voltage, the igrution coil 'Should 
be adjusted carefully, as explained on page 222, or 
else the spark-plug points will burn as well as the 
points on the vibrator blade of the coil. 

Low-Tension Magneto, "Armature Type" 

The low-tension magneto like the low-tension 
coil, does not supply a very high voltage and would 
not jump a straight open gap like a spark-plug gap, 
but the voltage is raised sufficiently in the single 
coarse wire primary winding to produce a Hash or 
spark when its circuit is very quickly opened. 

The low-tension magneto can be used with a 
"make-and-break" igniter (Fig. 13, page 185), or 
with a "wipe-spark" igniter (Fig. 18, page 187). 

The low-tension magneto can also be used in con­
nection with a high-tension coil, but it would not 
be termed a high-tension magneto, even though the 
high-tension coil and the distributor were mounted 
on it; which is often the case. It would, however, 
be termed a high-tension ignition system. 

The low-tension magneto is now seldom used, but 
is explained, because it is necessary to understand 
the principle of it before taking up the subject of 
the high-tension magneto. 

The parts of an "armature type" low-tension 
magneto are: (1) magnets to produce the magncl.ic 
lines-of-force; (2) pole pieces of soft iron (see Fig. 
lA, page 242); (3) a primary winding on a soft iron 
,mnature core which revolves, being driven at a 
fixed speed by the engine; (4) a. contact-breaker 
(also called an interrnpter) and a cam. 

M M 

Fig. 26. Sectional view of low-tension magneto. (OJ i• 
the primary winding on the shuttle-typo armature, of which 
there arc-several layers of coarse copper insulated wire (only 
ono layer ehown). This wire connects with a contact-breaker 
(P) and (G). 

This contaelrbrcnker would bo in the form of an igniter 
(see page 185) and would be inside of the cylinder, if the "mnke• 
and-break" system of ignition ie u.scd. 
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If the system consisted of a low-tension magneto 
and high-tension coil, then the contact-breaker (G 
and P) above would be mounted on the end of the 
armatttre shaft and the circuit would be opened at 
the correct time, producing a spark, by a cam on 
the end of the armature shaft. 

The circuit of a magneto system is a closed cir­
cuit; that is, the primary winding is closed and 
the circuit is opened by the cam only at the correct 
time, which is just as the armature passes the ver­
tical position. At this time the greatest energy 
exists in the circuit, the position being termed the 
''maximum" position. 

In other words, the spark is produced by the 
change from closed circuit to open circuit when 
the contact-breaker is opened by the cam. This 
break is made very quickly,.and in order to get the 
hottest spark at the points of the spark plugs or 
igniter1 the opening should occur when the arniature 
is in ' maximum" position. If the opening occurs 
earlier or later than maximum, then the intensity 
of the spark is weaker. 

The primary winding on an "armature-type'' 
magneto, consists of ab.out 200 turns of No. 19 to 24 
B. & S. gauge copper insulated wire. 

HOW THE "ARMATURE-TYPE" MAGNETO GENERATES ELECTRIC CURRENT 

A permanent magnet is made of hard steel and 
rntains its magnetism. Its magnet-ic influence 
extends from one pole to the other, which is cn:led 
the magnetic field, as shown in Fig. 27.1 

Fig. 27 
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The magnetic lines of force always flow N into S 
outside of the magnets or between the poles, and 
from S to N through the magnetic field poles. See 
Fig. 27. 

If a. bar of iron be placed between the poles (N 
,rnd S), or in the magnetic field (Fig. 28), the mag­
netic lines of force will travel freely through the 
iron. It offers an easier path, because the air gap 
between poles offers 280 times the resistance that 
iron does. The magnetic lines will also be greatly 
increased, as th.e iron will collect a lot, of stray lines 
of force and concentrate them. 

Therefore a soft iron armature core (shuttle type) 
(Fig. 4A, page 243), with wire wrapped on it, is 
placed between pole pieces and made to revolve by 
being driven, usually by a gear from the cam shaft. 
The S)?ace between armature and pole pieces is 
very slight. The pole pieces (see Fig. IA, page 242) 
are soft iron attached to the hard-steel permanent 
magnets. The armature is the "shuttle" type. 

How Electromotive Foree Is Induced into Wires 
of Armature 

Whenever a loop of wire forming a closed circuit 
is placed in a magnetic field, an e.m.f. will be induc~d 
in the wire whenever the strength of the magnetic 
field changes. 

Or, if a wire is moved up or down quickly in the 
'llagnetic field, so that the wire "'ill cut across 

• A "permanent magnet" will retain its magnetism a long 
time if a keeper is kept on the ends of the poles. 1.'be armature 
on a magneto, when in a horizontnl position, acts as a keeper. 

An nelectro•magnet" is a magnet consisting of an iron core 
a.round which wire is ~vrn.pped. When direct curre1:1t is pass~ 
tt.:ro~h the wire, the iron core becomes a magnet-1f current 1.s 
Bowing in one direct.ion. Soft iron cores are. used, as it quickly 
loses its maa-.netism when current ceases Bowing. . 

Fig. 29 

t.he magnetic lines-of-force or magnetic fiux1 at, 
right angles (Fig. 29), an e.m.f. will be generated in 
the wire, and if the wire is in the form of a closed 
loop, the electromotive force thus generated will 
force the electricity in the wire to move. Why 
the electricity is in the wire we do not know, but 
we do know that the generated e.m.f. will cause it to 
move, or flow. 

The e.m.f. is induced in the wire by the lines being 
stretched by the movement of the wire, like rubber 
bands, then snapping at.the weakest point-the S 
pole-then wrapping or whirlin[J: around the wire, 
thus generating e.m.f. in the wire. The intensity 
and number of lines-of-force around the wire will 
depend upon the st.rength of the magnetic field and 
the rate of speed with which the wires cut the lines­
of-force. The direction in which the e.m.f. will 
force the electricity or current t-0 move in the wire 
will depend upon the direction in which the wire 
itself is moved. 

Fig. 30 Fig. 31 

1f the wire is moved up (as in Fig. 30), the mag­
netic lines-of-force whirl around the wire in a clock­
wise direction and current will flow into the wire. 

If the wire is moved down (as in Fig. 31) the 
lines-of-force will whirl counter-clockwise, and Clll'­
rent will flow out of the wire. 

If we have two wires (as in Fig. 32), revolving in 
the direction of the arrow point, the wire on the left 
would then cut the lines up as it l'evolved, and cur­
rent would flow into the wire. The wire on the 

• "Magnetic flux" is the tot..! number of lines-of-forceJ!owing 
through a magnetic circuit. 
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Fig. 32 Fig. 33 

right would move down and cut the lines down, 
And consequently the current would flow 01.-1t. Thus 
we should have a complete circuit of current flowing, 
i.f the wires were in the form of a closed loop. 

When the wires reached a vertical position (as in 
Fig. 33), there would be no e.m.f. generated in 
the wires and the e.m.f. wottld be zero value, 
because the wires would not be cutting across, or at 
right angles to the path of the lines-of-force. 

This position of wires in Fig. 33 would be repre­
sented by the position of the armature of the mag­
neto in Fig. 34. Note that all the lines-of-force 
would £lo~• through the armature core, and the 
wires on the armature would not be cutting the 
lines-of-force at all; thus the e.m.f. is "zero" value. 

ZERO VALUE 

Fig. 34 Fig. 35 

Fig. 32 represents the position of the wires when 
the armature is in the position shown in Fig. 35. 
In this position the wires on the armature would be 
cutting the greatest number of lines-of-force, if, 
of course, the wires were moving rapiclly with the 
armature. Thus the e.m.f. would be at its highest 
value at this position, which is called the "maximum 
position." It is the point at which interruption of 
the primary circuit should take place, if it were not 
for a factor called ''armature reaction." 

Owing to the fact, however, that the circuit is a 
closed circuit in which the current is flowing, there 
is an "armature reaction" which produces a hinder­
ing effect (explained. fart.her on), and consequently 
the maximum position of the armature is reached·a 
few degrees later, or just as the armature cheek 
breaks from the pole tip. 

Before we proceed any farther, however, there 
~re laws governing the generated e.m.f. which must 
be considered as follows: 

The momentary induced e.m.f. is greatest when the 
"'ire is moved so as to cut the magnetic lines of 
force at right angles. Applying this principle to 
the coil of wire on the magneto, the coil would be 
cutting the greatest number of lines of force when 
in position shown in Fig. 35-<ir when it is moving 
at right angles so us to cut the lines of force. 

The electric current in the wire depends upon the 
".rn.f. (electromotive force) causing it to flow; 
therefore e.m.f. is generated in wire when it is made 

to cut the lines-of-force, and a current flows when its 
circuit is complete, due to the generated e.m.f. 
The faster the coils cut the tines-of-force, the greater 
will be the e.m.f. generated. 

The generated e.m.f. depends upon the speed of 
cutting the lines-of-force, that is, the number of 
lines cut per second. Therefore the greater the 
number of lines and the greater the number of wire& 
there are, the greater wi11 be the e.m.f. Therefore 
several layers and many turns of wire are wrapped on 
the armature core called the primary winding. 

Referrin~ now to Figs. 33 and 34, it will be seen 
that the coil is not cutting any of the lines-of-force-­
the lines are passing freely through the armatui-c 
core from N to S; therefore e.m.f. (voltage) strength 
is at ~ero. 

In the position shown iu Figs. 32 and 35 the coil8 
of the wires of the primary winding are cutting the 
greatest number of lines-of-force at right angles to 
the flow of lines-of-force. Some few lines are flow­
ing through the ends of the armature core, but most. 
of the lines are bein~ cut by the wires on the arma­
ture. Therefore this position would appear to be 
the logical position at which .the spark should occur, 
since it is the position where the generated e.m.f. 
in the wires is greatest. • 

Fig. 36. Armature reaction. 

There is, however, another factor which has not 
yet been considered, and that is, that when thjs 
genemt.ed e.m.f. is produced in the wires on the 
armature, by the wires cutting the ma.in magnetic 
lines-of-force flowing from N to S poles of the mag­
nets, this heavy cunent in the wires on a closed cir­
cuit has the effect of making an electro-magnet out 
of the iron core (Fig. 36). This is the snme condi­
tion as was explained 011 page 182i where current 
from a battery fl.owing through a coi of wire around 
an iron core caused magnetic lines-of-force to whirl 
around the entire coil and thus form an electro­
magnet with an N and S polarity. 

Due to the generated e.m.f. in the primary wires 
on the armature, which is a closed circuit, tl1e same 
effect is being produced, that is, independent 
magnetic lines-of-force are set up around the 
armature core which has made a S pole and N 
pole of the armature core (Fig. 36), with the result 
that these independent armature lines-of-force 
cause the main mainetic lines-of-force to follow 
their own path. Tlus action is tenned "armature 
reaction." 

Note. The position of the armature in Fig. 36 is represented 
in Fig. 35. In the Jatt-er, the main magnetic lines-of-force are 
passing in at the top of the armature core and coming out at 
the bottom. This is due to the fact that t-he "main magnetic 
line.s-0£-force11 n.re flowing 11with the armature lines-of-force."' 
See urrow points of both, in Fig. 36. 
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We have now built up a very strong magnetic 
field which extends all around the wire on the arma• 
ture, and the principle is now similar to the coil 
action, explained on pages 182, 184. Now, the point 
is, if we could demagnetize the core of the armature, 
so that the lines-of-force which have been built 
up a.round the armature (Fig. 36) could collapse 
rapidly (as with the coil on pages 182, 184), then, 
as the lines-of-force collapsed, they would cut the 
wires at a very rapid rate of speed, if the core 
was fully demagnetized, or magnetized in an opposite 
direction. The result would be another independent 
induced (or self-induced) e.m.f. in the wires of a 
higher voltage, causing the current to fl.ow in the 
wires in the same direction as it did before the cir­
cuit was opened. 

Fig. 37 

The demagnetization of the core is accomplished 
by two different factors. If the circuit is opened 
at the interrupter points (P) (Fig. 36), just as the 
armature breaks from the pole piece (e), (Fig. 37), 
the magnetic lines-of-force. which were flowing 
~hrough the armatw·e core in the direction shown 
in Figs. 35 and 36, will now flow in the opposite 
direction, coming in at the bottom instead of the 
top

1 
as in Fig. 37, thus assisting in the demagneti­

zation of the armature core. 
These two actions combined cause the lines-of­

forc~ to C?lla_pse more rapidly _on oeen cn:cuit. -i:hus 
a fairly hi~h mduced voltage IB built up in the wires, 
which, bemg generated on open circuit, will have 
no other outlet 1 except at the open points of the 
interrupter. Thus the voltage jumps the inter­
rupter-point gaJ?S in a manner similar to the action 
of the low-tension. coil (Fig. 11, page 184). There 
being only a limited number of turns of rather 
coarse wires in the primary winding, however, the 
voltage will not be very great, but great enough to 
jump the interrupter point gap. 

If the low-tension magneto is used with a "make• 
and-break" igniter (Fig. 12, page 185), (or a "wipe­
spark" igniter), the spark is desirable at the break, 
because it would be in the cylinder where it is 
required.2 

Low-Tension Magneto and High-Tension 
Coil in Seties 

II the low-tension magneto is used in "series" 
with a high-tension coil (Fig. 38), the spark is 
desired at the spark-plug point. It will th.en be 
necessary to have a condenser to absorb the current 
passing through the primary winding (PRY) of the 
coil from the magneto at the time of the break at 

• Even though the circuit is open at the interrupter, we 
term it a circuit if there is sufficient self-induced voltage in 
the wires to cause the electric current to jump the gap. 

• It would appear that the "make•and-break" system would 
\e the simplest, which it is, but the movable contact points 
in cylinders eKposed to intensity of the heat soon get out of 
\djustment. 
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Fig. 38. Low-tension magneto connected in series with the 
primary winding of a high-tension coil. 

interrupter or contact-breaker points and also to 
assist in demagnetizing the core of the high-tension 
coil, so that the lines-of-force built up around the 
coil core will collapse quickly and induce a high 
voltage in the secondary winding (SECY) of the 
high-tension coil. Thus a very high voltage will 
be produced at spark-plug points (Fig. 38). 

Low-Tension Magneto and High-Tension 
Coil Shunted 

If the low-tension magneto is connected with.a 
high-tension coil, so that the interrupter or contact­
breaker is "shunted" across the J?,ath from magnetc 
to coil, instead of being in "series ' with it (as in Fig. 
38), the action would be slightly different as shown 
in Fig. 39. 

HIGH TENSION Sf'CONOARY CIRCUIT~ 
DISTRIBUTOR OH MAGNET) 

J,J,.J.,t,.J..J. 
6 ~ SP;RI( P~UG-; 

·, 
I COW TENSION 
I PRIMARY CIRCUIT 

PRIMARY WINOJNO 
011 MA.Gtt£f0 AiMATll 
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+· l 

Fig. 39. Low-tension magneto connrnted with the primary 
winding of a high-tension coil, but the interrupter or conta.ct,.. 
breaker is 0 shunted" across the circuit. 

The primary current from the magneto would 
have two paths: one through the interrupter points 
(P), and the other through the primary winding 
(PRY) of the coil. The current takes the easiest 
path through the interrupter points, and conse­
quently there is· no current flow in the prima.ry of 
the coil and its core is free from magnetism. Thm 
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when points (P) are opened by the cam, this sudden 
break of the current flowing through the armature 
and interrupter points, or the shunt circuit, causes 
with the assistance of the condenser, an induced 
current to be set up in the armature winding, as 
explained in connection with Figs. 35 and 36. This 
rush of self-induced current, having no other outlet, 
rnshes through the coil primary winding (PRY). 
As the coil core is demagnetized, J-iecause of the 
fact that no current was flowing through it pre­
viously, the magnetic lines-of-force build up rapidly 
around the turns of wires, causing a momentary 
high voltage in the secondary winding, and thus 
causin~ a spark to jump the gap at the spark plug 
which IS in the cylinder. 

Note in Fig. 38 that the lines-of-force in the coil 
core were made to collapse, to produce the high­
tension spark, whereas in Fig. 39, the lines-of-force 
are built up in the coil core to produce the high-ten­
sion spark. This was possible in this instance, 
because there was no current flowing in the primary 
winding of the coil, and its core was completely 
demagnetized. Thus the lines built up rapidly, 
generating a high induced voltage in the secondary. 
This system is the one in general use where a low­
tension magneto is used with a high-tension coil. 

It is well for the reader to grasp the difference 
between generated e.m.f. and self-induced e.m.f., 
in order that he may clearly understand the fore­
going explanations. 

Generated e.m.f. refers to the e.m.f. generated in 
a wire when a wi.re is made to cut the lines-of-force, 
as when the armatme is revolved between the pole 
pieces. In such a case the wires cut the main mag­
netic lines-of-force, and lines-of-force are built up 
around the turns of the wires. 

Self-induced e.m.f. is where the lines-of-force 
have been built up around the wires, as described 
above, and then the circuit is suddenly opened, or 
the direction of the lines-of-force is changed. This 
causes a collapse of the lines-of-force, which cut 
the wires as it collapses into the core, thus causing 
what is termed a self-induced e.m.f. which causes 
current to flow. 

Two Sparks or Impulses 1 per Revolution of 
Armature 

With the shuttle type of magneto armature there 
are two positions of the armature during one revolu­
tion, called "maximum position." These, are the 
points at which the e.m.f. is the highest and are 
the position in which the armature is when the con­
tact points should open, or slightly later, owing to 
"al'mature reaction," as already explained. 
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Fig. 40. Voltage wave. 

1 The word '"impulse" is also used in connection with the 
ignition of gas in the cylinder: for instance. when the explosion 
takes olace in tb.e cylinder, the piston receives an "impulse." 

In explanation of this, let us refer to Fig. 40, 
which shows the open-circuit voltage wave. Start 
with the position of the armature at (A) on the left. 
Note that the armature is in a horizontal position 
and the e.m.f. (electromotive force•) is at zero, 
because the lines-of-force are passing freely through 
the iron armature core, as is also shown in Fig. 34. 
Thus, at this point the wires on the armature arll 
not cut ting any lines-of-force. 

When the armature travels 90°, or a quarter­
revolution in the direction of rotation (clockwise, 
in this instance), it is in a vertical position (B). 
Technically this is the position where the highest 
break of e.m.f. or voltage is reached, because the 
wires are cutting the greatest number of lines-of­
force. Practically, however, the maximum position 
is just a few degrees farther in the rotation, as 
shown in Fig. 37, for reasons already explained. 

When the armature travels 90° more, or half of a 
revolution, it has again reached the horizontal posi­
tion (C). The voltage is again at zero value. 

When the armature travels 90° more, or three­
quarters of a revolution, it has again reached another 
maximum voitage position (D). 

Fig. '11 

Fig. 41. Voltage is at zero. 

Fig. 12 
movement 

Fig. 43 

Fig. 42. The left (L) side of the coil is starting to cut the lines• 
of-force up, and the right side of the coil (R) is cutting 
down. The e.m.f. is gradually increasing. 

Fig, 43. The e.m.f. is now at the highest peak because the 
greatest number of lines are cut in this position. The (L) 
side of the coil is still cutting lines up. and the (R) side 
down, therefore the voltage polarity is still the same. 

Fig. 44 
m.ovemen~ 

Fig. 45 

Fig. 44. The e.m.f. begins to weaken because less lines are 
being cut. The voltage polarity is still in the same direc­
tion, because the (L) and (R) sines of the coil are still cut­
ting the lines-of-force in the same direction. 

Fig. 45. The armature has now turned one half-revolution. 
No lines are now being cut; the voltage (e.m.f.) strength is 
at zero. Thus we have had the positions as represented in 
Fig.40; (A) to (C), where the e.m.f. was in one direC'.ion. 
During tbc next half-revolution. the same action of the 
wires cutting the lines-of-force is repeated, except that 
the (R) side of the coil will now cut up and the (L) side 
will cut down. In this case, therefore, the e.m.f. wlll be 
in the opposite direction during the next half-re,•olution, 
as shown in Fig. 40, (C) to (E). 

• Refers to voltage. 
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When the armature travels 90° more, or a full 
revolution of 360°, it has again reached zero voltage 
position (E). 

Thus we have during one revolution 1 of the arma­
ture two positions (B and C) when the voltage is at 
it~ highest voltage peak, and two positions (C and E) 
when it is at zero voltage. 

The voltage wave is in one direction (A) to (C), 
which we will call positive, and in another direction 
(C) to (E), which we will call negative, or two direc­
tions during one revolution, termed "alternating" 
current. Thus the voltage wave changes polarity 
at (A) and (C), as will become clear by the following 
sequence: 

The Current Wave 

The voltage wave (Fig. 40) differs slightly from 
the current wave (Fig. 46). The e.m.f. or voltage 
generated is necess:i,ry to force the current to flow. 

' 90° 9Cf. 90° w. 
-3¢0° 

Fig. 46. Current wave diagram 

The e.m.f. starts to build up at about 60° from 
(A) or at (Al), (Fig. 46), and consequently the cur­
rent in the closed-circuit winding also starts to flow 
in a positive direction from (A) to (C) and reaches 
maximum when the contact points are opened at 
(B), or slightly afterwards. 

Position (B) would col'respond to the ei..-treme 
advance position of the contact-breaker, and posi­
tion (Bl) to the extreme retard, or about a 35° or 
40° movement. 

Therefore if the contact-breaker housing was 
advanced so that a spark would occur before (B), or 
retarded after (Bl), the spark would be weak. 

There are two points in a revolution from (A) to 
(E), where a strof\g spark can be obtained, namely: 
between (B) and (Bl), which represents half a 
revolution of the armature ,vith the current flowing 
in a positive direction; and between (D) and 
(Dl), which represents another half-revolution of 
the armature with the current flowing in a negative 
direction. 

It is clear that the contact-breaker must be 
opened at a certain position of the armature and the 
armature and cam must be driven at a fixed speed, 
which is termed "setting" or "tirriing the ignition." 

The cam: As the change takes place twice during 
one revolution of the armature, it is necessary that 
a two-point cam be used on the contact-breaker in 
order to break contact twice during one revolution. 

To set the magneto: As stated 1 the point at which 
the armature cheek is just breaKing from the pole 
(Fig. 37) is the correct position in which to set the 
magneto armature, and at the same time the inter­
rupter points should just separate. Both operations 
should occur at the same inst_ant. 

1 On some magnetos for eight and twelve-cylinder aero 
~ngines the polo pieces are arranged so that four maximum 
positions are reached per revolution. The KW. magneto, page 
i46 oroduces 4 maximum positions or sparks per revolution. 

Advancing and retarding: The cams are made of 
steel and are in a casing, and by having this casing 
made so that it can be moved through, say, the one­
tenth part of a circle, the time of the interruption of 
current can be advanced or retarded with relation 
to the movement of the armature. This means 
the spark will occur early or late, relative to the 
movement of the pistons. 

The low-tension magneto described is one whicb 
uses a shuttle-type armature, called the "armature" 
type of magneto. The wires revolve with the arma­
ture. 

The inductor-type magneto is a magneto where 
the coils or wires are stationary. 

Splitdorf Model "D" Low-Tension Magnel-0 
and Coil System: a "Dual Ignition 

System" 

The illustration (Fig. 47) shows a Splitdorf dua\ 
system, using a low-tension "armature.type" mag­
neto and high-tension coil with battery to start on 
and magneto to run on. The contact breaker on the 
magneto is utilized for either the battery or magneto 
system. The primary circuit through the armatu~, 
however, must be opened to prevent the battery 
from demagnetizing the magnets when the battery is 
used. 

i »J£47U/d 
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Fig. 47. Splitdorf mOdel "D" low-tension magneto and 
high-tension coil-a "dual" ignition system. 

Magneto circuit: from (A) to switch blade (W), 
through connection (C) to primary wire of coil, 
through ground (Gl) and (G3) to armature. The 
breaker points (P), ·it will be noted, are connected 
or shunted across the magneto primary circuit, 
similar to what is shown in Fig. 39, page 252. The 
circuit proper is through the armature and circuit 
breaker, and the coil primary windin~ receives only 
the kick oft.he armature (extra current) when the con­
tact points open, as ei..1>bined on page 252. It will 
be noted that the battery circuit is open at the switch. 

Battery circuit: the switch blade (W) should now 
be on (B) side, connecting the two terminals, and 
the magneto terminals on the (M) side are open. 
Current travels from top of battery ( +) to switch 
point, to primary winding of coil, to ground (Gl) to 
(G2J, thence through interrupter points (P) to a 
lower connection of battery. Note that the arma­
ture is cut out entirely, but not the interrupter. 

IDgh-tension current is distributed from the 
secondary winding on the coil to brush (R) on the 
distributor (the distributor is on the lo .... ·-tension 
magneto and is driven from the armature shaft.). 
thence to the sp:irk-plug cente1· electrode, thence 
through the spark gap to plug-shell ground (G) of 
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the engine and frame, back to the coil where the 
primary and secondary connect. 

Condenser: Although this is located in the coil, 
if the circuit is traced it will be observed that it 
"bridges" the points of the contact-breaker. 

Splitdorf Model "T:' Low-Tension Magneto 
and Coil SysteID; "Dual Ignition Systems" 

Using a Dash Coil and a Tube Coil 
The diagrams below show the Splitdorf low-ten­

sion model "T" magneto used in connection with a 
dash type of high-tension coil (Fig. 47 A) and with a 
tube type of coil (Fig. 47B). The coils are also 
termed "transformers." Both systems are typical 
"dual" ignition systems of the interrupted shunt­
current type. 

Note that the distributor for distributing the 
high-tension current to the spark plugs from the 
coil is mounted on the low-tension magneto. 

Also note the connections on the coil for the 
battery. By switching to one side, the magneto 
supplies current to the coil, and by switching to 
the other side, the battery supplies current to the coil. 

Fig. 47 A. Splitdorf model "T" low-tension magneto used 
\n connection ,,itih a "dash" or "box type" of high-tension coil. 

'"i' 

Fig. 47B. Splitdorf model "T" low-tension magneto used 
in connection with a "tube type" high-tension coil. 

The Oscillating Low-Tension Type Magneto 

This type is a regular shuttle or armature type 
magneto (Figs. 48 and 49), and is the original mag­
neto principle, designed for slow-speed engines. 
The armature does not revolve, but oscillates back­
and-forth from position Fig. 48 to Fig. 49 (30°). 

Fig. 48 

Fig. 49 

It can be used with an igniter arrangement (Fig. 
48), which is similar to that shown in Fig. 13, page-
185, except that the igniter rod is actuated by lever 
(L) on the magneto 1 which is tripped by trip (J). It 
can also be used with a magnetic plug, as shown in 
Fig. 49, which is screwed into the cylinder. 

The Magnetic Plug 
The principal parts of the magnetic plug (Fig. 50) 

are: magnetic coil (5), pole-piece (2), interrupter 
9-..._, 

Fig. 50 

(20), and contact-piece on plug shell (21). The 
plug is screwed into the cylinder. 

Principle: owing to the.sudden flow of current 
through coil (5), the upper portion of hammer bar 
(1), called the armature, is attracted to pole-pieces 
(2), which effects a quick separation of contacts 
(20) and (21), producing a spark at these points. 

Fig. 51 

The use of the magnetic plug is shown in Fig. 51, 
in connection with a low-tension magneto (type 
"1{4" Bosch) with a revolving armature, with a 
main and auxiliary winding, one being a continua­
tion of the other, and with a distributor for connec­
t.ions to the magneto plugs. This system is f.ermed 
the Honold system, and is for 2, 3, 4, 6 and 8· 
cylinder engines. 

The systems just described are not used for auto­
mobile ignition, but are designed for slow-speed 
heavy-duty statioMry and marine engines. 



INSTRUCTION No. 26 
THE HIGH-TENSION MAGNETO: Principle; Construction; Types 

Preliminary Explanation 

The high-tension magneto is not only a mechan­
•.cal generator, or a substitute for the battery, but 
3ombines all the elements of a complete ignition 
system, except the plugs and switch. 

It performs three separate essential functions as 
follows: generating current; transforming the cur­
rent to a high pressurei. distributing the high-ten­
sion current to the individual cylinders. Besides 
these main functions, a number of minor functions 
have to be performed. The high-tension magneto 
differs from the low-tension magneto in only a few 
pa.rticulars. 

The high-tension ma~net~ can be of the "induc­
tor" type or of the ' compound-armature" type. 

We shall deal here with the armature type and 
explain the inductor type farther on. 

Armature winding: The armature (armature 
type) on the hi1P1-tension magneto is wound with 
an additional wmding, called the "secondary wind­
ing," whereas the low-tension magneto has but one 
winding, called the primary winding. 

Instead of usin~ a "separate" high-tension coil, us 
with the low-tension magneto, explained in the pm­
ceding instruction, this second winding on the 
armature of the high-tension magneto takes its 

Fig. 1. Diag_ram of a high .. tcnsion 11 compound-armature-type" magneto, showing internal connections of armature 
armnture is double wound. It revolves between permanent magnet polo pieces with its wire winding. 

The 

place. This secondary winding is carefully 
insulated from the primary winding, except at one 
end, where it connects at (N), (Fi~. 1), with the pri­
mary winding. As the primary Wlllding is grounded 
at (GP), the secondary winding is thus grounded 
through the primary winding. (PW) is the primary 
ivinding, and (SW) is the secondary winding. 

One end of (SW) is led, carefully insulated, to a 
collector ring (0) mounted on the armature shaft, 
and a carbon pencil or brush (P) rubbing on this 
collector ring takes off the secondary current and 
leads it to the distributor brush (Z). The primary 
winding circuit is explained farther on. 

The other respect in which this type differs from 
the low-tension magneto is that the condenser 
which is employed in connection with the inter­
rupter is usually built into the high-tension magneto 
(J, Fig. 2), whereas with the low-tension magneto, 
the condenser is in the separate high-tension coil. 

The condenser is usually, though not necessarily, 
located on the armature shaft in order to get it as 
close to the interrupter as possible, and it is there 
shown in Fig. 1 (J). In some magnetos, for the 
sake of greater accessibility and other reasons, 
the condenser is located outside the armature in a 
stationary sealed box. 

Owing to the fact that the secondary coil of the 
high-tension magneto is located on the armature 
itself, it follows that it not only receives an induced 
current, due to the breakage of the primary current, 
but itself induces a current like that of the primary 
coil, but smalfor in volume. 

It has the same form of armature, field magnets, 
and principle of interrupter as the low-tension 
magneto, but of varied construction. The armature 
coil, however, is different, having a primary winding 
with a secondary winding over it, as previously 
explained. 

256 
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DRIVE 
END 

Fig. 2. Longitudinal section of Bosch type DU4 high-tension magneto. Note that distributor brush (Z) is revolved by a 
large gear (W) which is driven by a smaller gear (X) on the armature shaft. The armature is driven by the engine. 

Principle of Operation 

The primary winding usually consists of about 
200 turns of No. 19 to 24 B. & S. gauge insulated 
copper wire. 

The secondary winding usually consists of about 
12,000 turns of very fine wire, No. 34 to 38 B. & S. 
gauge, and is of enameled silk-covered copper wire. 
The ratio is about 60 to 1. 

We have already learned tha.t the electromotive 
forc.e induced in a winding depends upon the rate 
of change in the number of lines-of-force and the 
number of turns of wires the lines-of-force cut. 
Therefore with this great additional number of 
turns of secondary wires on the armature, the e.m.f. 
will be greatly increased. 

The principle is very much the same as that ex­
plained on pages 251, 253. The interrupter breaks 
the primary circuit when the armature is in maxi­
mum position, or just when the armature cheek is 
leaving the pole tip. Thus the armature core is 
demagnetized, and the lines-of-force collapse and 
cut the secondary and priniary wires at a very 
rapid rate. And, since there is such a large number 
of turns of wires in the secondary ·winding, the result 
is, that a very high voltage is induced in the second­
my winding, which at normal speeds will cause a 
spark to jump across a gap of the spark plug. This 

spark is maintained to some extent by the voltage 
induced in the secondary by reason of the constant 
change of magnetic lines-of-force or flux in the iron 
core produced by the rotation of the armature during 
the period in which the contact points remain open. 
The cam then permits the contacts to close again, 
and the operation is repeated. 

Importance of Condenser and of Quick 
Opening of Contact Points 

The condenser is provided in order to absorb the 
spark at the interrupter points when the primary 
circuit is interrupted or separated. In other words, 
if the condenser were not across the points, the 
lines-of-force collapsing so rapidly would produce a 
very high voltage in the primary winding and thus 
cause a heavy spark at the breaker points, before 
they had time to separate properly, just a.s it does 
when used with a low-tension magneto and make­
and-break igniter. As explained befo1-e, this results 
in burning the platinum points. 

if the contact points could be opened guickly 
enoagh, the condenser could be dispensed with. 
In fact, if this were possible, the magneto would 
be better without it, because the condenser absorbs 
the initial current rush from the primary, produced 
by t,he collapsing lines-of-force, until the points are 
fully opened, thus preventing sparking at the 
points. But this is accompanied b,v the disadvan• 
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tage of preventing the voltage from building up to a 
high value before the contact points have had time 
to sep·,rate properly. At the same time that it 
retards the development of the primary voltage, it 
retards the secondary voltage in building up also. 
Therefore the condenser capacity should not be 
g;reater than just enough to suppress the spark at 
the points. Of grea.ter importance is the quick 
opening of the contact points, and proper adjust­
ment. 

An advertisement of a magneto manufacturer -
reads as follows: "The most perfect interrupter 
that has ever been placed on a ma,gneto. Its quick 
opening is largely responsible for the efficiency of 
the magneto." This is mentioned so that the 
reader will appreciate the importance of the quick 
opening and the proper adjustment of the interrup­
ter points. 

In the instruction book of the K. W. Ignition Co., 
the follo"ing wording appears relative to the inter­
rupter points: 

"A word of warning at this time, as to the proper distance to 
set tho contact points to open, might be of value. 

"The volume of spark produced depends to a large eJ<tcnt on 
the proper break of the points. If they are opened quickly and 
rnake a clean break the maximum spark is produced. Wben 
the points are too cfose, they do not break clean, as the arcing 
at the point causes the current to linger in the primary. When 
the pomt,i are too for apart, they may not close t-ight enough to 
allow current to flow, and in addition the opening of the points 
occurs too eu.rly ana causes an unnecessary pounding on the 
roller. You will, therefore, not,o that the proper a.cliust,ment of the 
points will safeguard both electrical and mechanical dit6culties. 

The points should be set to open 1/64" in order to get the best 
results. (This is on the KW. high-tension magneto.} As a 
rule magneto manufacturers supply a gauge to wh.ich these 
points should be accurately set.' 

There are many different constructions of inter­
rupters, some of which are shown farther on. 

CONSTRUCTION OF A HIGH-TENSION MAGNETO 

The following description refers to the "com­
pound-armature type" magneto. As an ex.c'tmple, 
the Bosch type "DU4" will be med. See Figs. 
1, 2, 3, 4, and 5, and also other exaggerated illus­
trations in order that the purpose of the parts may 
be clearly understoorl. 

Fig. 3. Front view of Bosch 'DU4" magneto. 

Interrupter Parts 

A-Platinum point on insulated contact-breaker block wbJcb 
connects with one end of prima.r}'.' winding. 

B-Platinum point on grounded breaker arm (C). 

C---Contnct-breaker arm; platinum point at one end and lug 
at other end, which comas in contact with cam (G) as (C) 
revolves. 

D-Bra.ss dist fastened to armature shaft and rotating with 
it. (A), \.O), and (C} are fastened to this disk and revolve 
with it, but (A) is Insulated from (D) while (B) and (C) arc 
grounded to it. 

E-Carbon brush grounds (D) to magneto frame (see Fig. 2, 
page 257). 

F-Cylindrical breaker-box housing which can be shifted by 
(L), to advance or retard. 

G-Cam blocks which cause arm (C} to separnte pointa nt (A) 
and CB), 

H-Spring keeps points (A) and (B) closed until separated by 
(G) 

K-Connects with (A) or one end of primary, and connects 
with terminal (M) (insulated). 

M-Connects with switch as shown in Fig. l. Other side of ~'tJ•~~ is grounded. When switch is closed magneto iE 

h-Spring for holding cover in place. 

Distributor Parts 
T-Termiru,I to spark plugS. 

Z-Distributor brush connecting with (R). 

R-Connects with pencil brush (P) on collector ring (0), 
through contact conductor (Q), as in Fig. 2, 

U-Segments or contact pieces connected with terminals (T) 
on which brush (Z) slides. 

Magnets and Pole Pieces 

Magnets and pole pieces: In any standard mag­
neto made on this principle the general construc­
tion would be as follows: The permanent field 
magnets consist of two--or three-pairs. One mag­
net of each pair is superimposed above the others, 
as in Fig. 6; or 2 magnets are sometimes placed side 
by side. 

Fig. 4. Bosch "DU4" high-tension magneto for a. four­
oylinder engine. Note single magnets. Type "DUO" is the 
samehexccpt that it is for a six-cylinder engme. Typo "IJ4" 
hn.s t ree-bar magnet~; t,ypc "DR4," t-wo-hn.r magnets. 



HIGH-TENSION MAGNETO 259 

Fig. 5. Rear sectional ~nd view. Note salet.y spark gap 
(ZZ): see also, Figs. l and 2. Note pole-pieces screwed to end 
of field magnets. The dark shaded part on the armature 
represents secondary winding; light shading, primary winding. 

In some few cases three magnets are placed one 
,,ver the other. For instance, on the Bosch "DU4," 
;'our-cylinder engine magneto, there are two magnets 
:;ide by side. On the "D4" there are three magnets, 
and on "DR4," two magnets, as will be clear by 
examining Fig. 6. The magnets are set to give 
correct north and south polarity. All north poles 
on one side and all sou.th poles on the other side. 

Fig. 6, Showinc how the magnets are placed, and also the 
end pole pieces. 

The ends or poles embrace "pole pieces" of soft 
iron bored out to allow the armature to rotate quite 
freely, but very closely to the pole faces; in some 
cases the clearance is only .002 inch. See also, 
Fig. 5. 

Armature 
The armature: This consists of a core of soft iron 

'>f H-shaped (Fig. 7) cross-section; it is also referred 

Fi~. 7. Armature of tho re,•olving oompound type (double 
wound). 

to ns n "shutUe" armature. This core of soft iron 
serves to form a. bridge for the magnetic flux between 
the pole shoes, and also to carry the winding in 
which the current is induced. 

The armature is found in practically every stand­
ard type of the ":ell-known "shuttle" f,ype. The 
best class machines have the armature built up of 
thin stampings of soft iron, each insulated from the 
other bv a thin film of varnish. This form of con• 
struction is known as a "laminated armature cori,." 
A laminated armature core is shown in Fig. 4, pa~e 
243, and a complete armature wound with double 
winding is shown in Fig. 7. Laminated cores have 
the advantage over a solid cast-iron core in that 
the electrical efficiency is higher through thf: 
absence of "eddy" currents in the iron core which 
represent considerable waste of energy and cause 
heating. 

By laminating or breaking up the core into thin 
sections, the currents are prevented from circulating 
through the iron (spoke:p of as "eddy currents"). 
In the case of a solid core, the iron "·ould be an• 
nea.led to render it as "soft" as possible, to obtain 
the best magnetic effect. 

Armature winding: The armature core is first 
insulated with mica or similar material. Then it 
has several layers of heavy insulated \\·ire wound 
upon it. The Bosch DU-4 magneto has approxi­
mately three layers of No. 21 insulated primary 
wire and seventy to seventy-two layers of No. 36 
silk-covered secondn.ry wire. 

To t.he end of this heavy primary wire is connected 
the bcginni11g of a very fine secondary wire (see N, 
Fig. l l, insulated with silk, which is wound on the 
core until the slot is filled a.!most to the height of 
the cylindrical portion. After this a wrapping of 
insulating cloth is apflied, and bands are put around 
the circumference o the armature to prevent the 
wire and insulating material from flying out and 
coming in contact with the pole shoes when the 
armature is rotated at high speed. To the ends of 
the armature the steel shaft or spindle is fixed by 
brass end plates (Fig. 7). 

It will thus be noted that there are really two 
windings on the armature, whereas the low-tension 
magneto bas but one winding---an inner winding 
of relatively few turns of heavy wire, and an outer 
winciing of a large number of turns of fine wire. 

The armature shaft is mounted in annular ball 
oearings (Fig. 2, band c), which are provided with 
oil guards so that any lubricant supplied to them 
will not be easily lost _or reach the insulating pa~. 
The armature tunnel 1s closed on top by an ahuru­
num cover i, (Fig. 2), and the front of the circuit­
breaker housin~ is provided with a brass cover (g), 
which is held m place by means of a hinged fiat 
spring (h), so that it can be removed and replaced, 
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Primary Winding and Circuit 

The winding of heavy wire, or primary winding, 
serves primarily for generating the cmrent, and in 
connection with the fine wire or secondary winding, 
it also serves for multiplying the pressure or voltage 
to such an extent that it will produce a spark at 
the gap of the spark plug in the cylinder. 

The primary circuit (Fig. 1) begins with the pri­
mary winding (PW) on the armature. It- flows 
through the contact-breaker screw (see I, Fig. 2), 
to the stationary contact (A), thence across to the 
movable contact (B), from which it is Jed through 
the contact brush (E), into the metallic framework 
of the magneto, whence it returns to the beginning 
of the primary winding, which is also connect,ed or 
grounded to the frame (GP). 

Interrupter or Contact-Breaker 

The interrupter, also called a "contact-breaker." 
'.l'o accomplish th.ts breaking of the primary circuit 
at t.he proper moment and then to close it again, a 
device known as a "circuit-breaker" or "interrup­
t.er" is used. This is carried on the armature shaft 
opposite the driving end. 

In order clearly to explain the construction of an 
iuterrupter, exaggerated illust,mtions will he used as, 
f0r instance, in Figs. 8 and SA. 

Fig. 8 Fig. 8A 

It consists essentially of a stationary insulated 
contact point (A), (Fig. 8) 1 and a movable contact 
point (BJ on one arm of the bell crank (C). Both 
:)f these parts are mounted on a brass disk (D), 
which is securely fastened to the armature shaft and 
rotates with it. 

The stationary contact (A) is insulated from the 
supporting disk (D), while the movable contact (B) 
is in metallic connection with it, and the disk (D) 
is grounded to the frame of the magneto by a carbon 
hrush (E). (See also Fig. 2.) 

The circuit-breaker is surrounded by a cylindrical 
housing (F), to the interior surface of which, at dia­
metrically opposite points, are secured steel cam 
blocks (G and GI). 

Ordinarily the two contact-points (A and B) are 
kept in contact by a spring (H). As the disk (D) 
rotates, the outer arm of the bell crank (C) comes in 
contact with the cam blocks (G), whereby the con­
tact-points (A and B) are separated momentarily, 
as in Fig. SA. 

As soon as the end of the bell crank (C) passes the 
cam block (G), the spring (H) brings the two contact­
points (A and B) together again, as in Fig. 8. 

The stationary contact-block (A) is connected 
with one end of the primary winding of the armature, 
through a screw (I, Fig. 2), which is screwed into 
the center of the armature shaft. 

The other end of the primary winding has metallic 
connection with the armature core; in other words, 
it is grounded, as at (GP), (Figs. 1 and 2). 

Secondary Winding and Circuit 

The beginning of the secondary winding (SW, 
Figs. 1 and 2), is connected to the end of the primary 
winding at (N) (Fig. I), and since one end of the 
primary winding is grounded at (GP), the seconJ-· 
ary is also grounded through the primary. The end 
of t,he secondary winding leads to an insulated con­
tact ring (0) (Fig. 2), at the driving end of the 
magneto. 

From this ring the current is taken off by a carhon 
contact-brush (P). From the brush holder the 
current is carried through a spring contact-conductor 
(Q) to the central distributor contact (R). 

The collector ring is made of hard rubber with a 
brass fermle (0) surrounding it, against which 
ferrule a heavily insulated stationary carbon pencil 
(P) bears. The hard rubber spool has wide fln.nges 
for the purpose of preventing the high-tension cur­
rent from escaping. 

Secondary Distributor 

The distributor consists of a disk of insulating 
material (S), in which are imbedded on the inner 
side one central cylindrical contact-piece (R) and 
four annular sector-shaped contact-pieces (U, U, U, 
U, Fig. I). 

The distributor also comprises a shaft (V, Fig. 2), 
which cauies a gear wheel (W) meshing with a 
pinion (X) on the armature shaft. The gear wheel 
(W) has twice the number of teeth as the pinion, 
and the distributor shaft (V) therefore makes one 
turn while the armatme makes two. 

Distributor speed: The reason for driving the dis­
tributor at one-half the armature speed is as follows: 
The armature, as already stated, turns at the speed 
of the engine crank shaft. The magneto here de­
scribed is for a four-cylinder, four-cycle engine. In 
such an engine, each cylinder requires a spark once 
in two revolutions of the crank shaft. 

The distributor is therefore geared so that it makes 
one revolution to two revolutions of the crank shaft 
and establishes connection between the high-tension 
or secondary winding of the armature and the spark 
plug to each cylinder once in every two revolutions 
of the crank shaft. • 

Regardless of the number of cylinders an engine 
may have, the distributor rotor always turns at 
engine cam-shaft speed. 

The gear wheel (W) carries a brush holder (Y) 
containing a carbon brush (Z), which is adapted to 
make contact simultaneously with the central dis­
tributor contact (R), and with one of the annular 
distributor contacts (U). 

This t.ype of distributor is the "brush" type, as it makes • 
wiping conta.ot. The "gap type" is shown in t.he Berling, 
c,plained farther on. 

The distributor sectors (U, Fig. 1), are surrounded 
at the inside and outside by annular rings of a highly 
insulated material, since they carry the high-tension 
current. 

Each of the four annular contact segments (U) 
has secured to it a binding post (T) on the face of 
the distributor disk, and each of these binding post.~ 
is connected by a high-tension (highly insulated) 
cable to one of the spark plugs. 
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The connections from distributor terminals (T) 
to the spark plugs are connected according to the 
firing order of the engine. 

If distributor rotor (Z, Fig. 1) revolved as shown 
by the arrow point and the firing order of the engine 
was, say, 1, 3, 4, 2, the terminals (T) would be con­
nected with the spark plugs accordingly. 

The secondary circuit to the spark plugs is from 
(P) (Figs. 1 and 2), to (R), to (Z), to (U), to (T), to 
spark-plug center electrode, through spark-plug gap 
(X), through engine to ground (GP) on the magnets 
to (N) (Fig. 1), where the secondary is connected 
with the primary winding. 

There are numerous methods of taking the cur­
rent from the secondary winding on the armature, 
but in the Bosch a carbon brush pressing on an 
insulated ring is adopted, thus allowing the armature 
to rotate freely, and also enabling the induced 
current to be drawn off. 

The distributor is, in effect, a rotary switch, 
especially insulated and provided with a numbet of 
contacts equivalent to the number of cylinders on 
the engine. 

The distributor shaft is mounted in a plain bronze 
bushed bearing (V, Fig. 2), which is lubricated by 
means of a wick oiler (eJ. A felt washer (d)·encloses 
the inner end of the bearing, while at the distributor 
end is provided a channel (j) for the escape of any 
oil working out of the bearing so that it will not 
reach the distributor. A large-sized oil well (o) is 
provided for the wick oiler and is closed by a hinged 
cover (f) on top. 

Ground Brush 
Some of the mechanical details of the magneto 

may be seen in Figs. 1 and 2, which are views of the 
Bosch model "DU4." It will be observed that a 
spring-pressed contact brush (a, Fig. 2) is placed in 
the base of the magneto bearing against the circum­
ference of one armature end~plate. The object of 
this contact brush is to make absolutely sure ·that 
the revolving grounded metallic parts of the magneto 
are at all times in good metallic connection with the 
stationary part and the frame of the car; in this 
construction, therefore, the armature bearings carry 
no ground current. 

Magneto Condenser 
Condenser principle: When the two contact 

points (A) and (B) of the interrupter (Figs. 1, 2, and 
3) are suddenly separated, there is a tendency for 
the current to contmue to flow across the gap, since 
it possesses a property similar to the inertia of 
matter. This would result in a hot spark being 
formed between the contact points, which not only 
would burn the points away rapidly, but also would 
prevent a rapid cessation of the current, which, as 
already explained, is necessary in order to effect a 
rapid change in the lines of magnetic force through 
the armatUl'e and a high inductive effect in the 
secondary winding. To obviate this effect a con­
denser (J, Figs. l and 2) is employed, which, in the 
Bosch magneto, is placed in a hollow of the armature 
end-cover at the circuit-breaker end. 

Condenser construction: This condenser consists 
of two sets oi tinfoil sheets, sheets of opposite sets 
alternating with one another, and being separated 
by sheets of insulating material. All the sheets of 
each set are metallically connected, and one set is 
connected to the conductor leading from the pri­
mary winding to the stationary contact point (A), 
while the other set is grounded. In other words, 
the condenser is shunted across the intenupter. 

Such a condenser 1s capable of absorbing an elec­
trical charge, and its capacity is so proportioned that 
it will take up the entire charge of the extra, or 
self-induced current produced when the contact 
points (A) and (B) separate; that is, the extra cur­
rent, instead of appeal'ing in the form of a spark 
across the gap between (A) and (B) passes into the 
condenser (J). In this way the objectionable arcing 
or burning at the contact points is avoided, and 
the current fl.ow in the primary circuit is more 
'quickly stopped. See Index under "Condenser 
principle." 

Magneto Safety Spark Gap 

Purpose: This is practically a safety valve for 
the high-tension current. If, for example, a wire 
became detached from the sparking plug or from 
the distributor so that the ordinary path of high­
tension current was barred, there would be consider­
able danger of the current forcing a circuit through 
the insulation of the armature, and thus doing very 
considerable damage, were it not given some easier 
escape. 

In order to protect the insulation of the armature 
and all other parts from injury due to excessive 
voltage, a safety-spark gap (Zl, Z2, Fig. 2) is pro­
vided to permit the passage of the current to 
ground without injury. The current will pass 
across the safety-spark gap (X, Fig. 2) in case a high­
tension cable is disconnected, if the spark-plug gap 
is too great, or if for any other reason the spark-plug 
or distributor circuit is open. 

Discharge should not be permitted to pass through 
the safety spark gap for any great length of time, 
however. This should be particularly guarded 
against if the engine is operated on a second or auxili­
ary ignition system. vVhen the engine is operated 
on such a system, the magneto should be grounded 
(by closing the primary circuit) in order to prevent 
the production of high-voltage current. See also 
Index under "Safety spark gap." 

A magneto must be so designed that it will give a 
sufficiently hot spark at a comparatively low engine 
speed, and the ability to do this implies the ability 
of generating very large and hot sparks and enor­
mously high tension at high engine speed. 
- The actual electromotive force or tension J?rO­

duced in the secondary winding is, however, limited 
by the size of the spark gap in the spark plug, for as 
soon as the tension reaches a point sufficient to 
jump this gap the discharge occurs, and there is no 
further increase in the electromotive force. 

Suppose, however, that the terminals of the spark 
plug are by chance bent unduly far apart 1 or that 
one of the high-tension connections to tne spark 
plug accidentally comes loose, then there would be 
no chance for the SJ.)ark to pass in the ordinary way 
and the electromotive force in the secondary wind­
ing might build up to such an extent as to puncture 
the insulation of the winding, which would ruin the 
armature. To avoid this the safety spark gap is 
provided. 

Safety spark gap construction: It consists of a 
little chamber (Fig. 2) formed on top of the armature 
cover plate with a top of insulating material (ZC). 
Into the top and bottom of this chamber, spark 
terminals (Zl, Z2) are set. 

The spark terminal in the bottom is, of course 
grounded, and that in the insulated top is connected 
with a high-tension contact brush (P) by a strip 
connector. Or, in other words1 the safety gap is 
shunted across the secondary circuit. 
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The gap (X) between the two terminals (Zl, Z2) 
is longer than the gap between the spark plugs, and 
ordinarily no spark will pass between these termi­
nals. But if, owing to the conditions already 
mentioned, no spark can pass at the regular spark 
plug and the electromotive force in the secondary 
winding attains an abnormal value, a discharge will 
occur at the safety spark gap, thereby preventing 
the secondary electromotive force from rising still 
higher. 

The width of gap should be 5/16" to ¾", and, of 
course, is always more than the width of the spark­
plug gap, otherwise the spark would occur at the 
safety gap. 

For high-compi·ession engines it should be set at 
¾". Under high compression, the sparks may fire 
across the safety gap instead of firing in the engine. 
Missmg under such conditions can easily be remedied 
by opening the safety gap so that it will offer a 
greater resistance to the secondary current than 
the spark-vlug gap, under compression. 

A number of other illustrations are also shown of 
the Bosch DU4 magneto, in Figs. 3, 4, and 5, which 
may aid those not familiar with mechanical drawings 
to grasp the arrangement of the parts. 

So far as the above description of the individual 
parts and their functions is concerned, it applies 
to any true high-tension magneto, th1tt is, a magneto 
having both a low-tension and a high-tension wind­
ing on the armature. 

Each of the elements here described is always 
present, and serves the purpose indicated, though 
t-he relative location of the parts varies somewhat. 

To Cut Ofl' the Magneto Ignition; the Switch 

It is necessary to be able to stop the magneto from 
producing sparks when it is desired to stop the 
en~ne. (See Fig. 2.) •.ro this end a sheet-metal 
strip (K) is provided which makes contacts with 
the stationary contact point (A) of the circuit­
breaker and leads to a binding post (M) on the cir­
cuit-breaker housing. From this binding post a 
wire is carried to a switch on the dashboard. One 
side of this switch is grounded. 

When the switch is closed (Fig. 1), the current 
generated in the primary winding of the armature 
flows to contact-point (A), thence through strip (K), 
binding post (M), and connecting wire to i'he switch, 
whence it passes through a wire into the framework 
of the car and returns to the grounded primary (GP). 
The effect of this is that the primary winding is 
"short-circuited" all the time, and the 019euing and 
closing of the contact-points (A) and (B) has no 
effect. In other words, the circuit-breaker is "cut 
out." 

When the switch is open, the circuit is then from 
primary circuit to (A), through points to (B), 
through _ground ( GP) to the other end of the pri­
mary. Thus when the circuit-breaker opens, it 
is in series with the primary circuit, and performs 
it,s regular duty. 

The flow of the primary current can easily be 
followed in the diagram of connections (Fig. 1), 
where its direction when the magneto is working 
regularly is indicated by fµll arrows, and its return 
path when the magneto is running but not producing 
sparks, is indicated by dotted arrows. -

ttlGH TENSION 
GECONDARYCl8(.Ul'r 

-~· ·-····1 
I . . 
l 

tOt«loo~ ... ~; 

R'E t PwmliHPIJN1'$!: I : 

- - :.,__., ~ROUND 
l l0'v,(lt:NS10N _____,. 

: PA'IMAR"f CIRCUR' IN CONT,A,CT-8R£AKeR 

..... - - -GROUND • • - ~- - • - OR INTERRUPTER 
CQNfACl-eR'EAK!R 

Fig. 9. Another simplified illustration of a high-tension 
mae,:oeto ignitjon system, showing circuit of primary wire wind­
ing on armature and its connection \\·ith interrupter. Note 
the condenser is "shunted" across the interrupter. An.other 
view shows the distributor and spark plugs and connections. 
Dotted lines represent tbe earth or ground conneetion to frame. 

HIGH-TENSION MAGNETO IGNITION SYSTEMS 

High-Tension Magneto Alone 

In Fig. 1, page 256, and in Fig. 1, below, note 
the high-tensjon magneto supplies current to the 
four spark splugs on a four-cylinder engine. 

ONE SET OF SPARK PLUGS . ....,, ······-···-------•·•--,. ........... --~----.... 
ii l ◄ ? ! 2. 1 ; 
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Fig. 1. A 11single" high-tension magneto: engine i:s started 
:Hreot froffi magneto current. CUJ'rent is distributed to the 
one set of spark plugs. The switch connects to interrupter on 
rnagneto on one end, a-nd t-0 11 ground" on the other. To stop 
magneto, the switch is closed, not opened. 

The armature is double wound; therefore a 
separate coil is not necessary. The distributor on 
the magneto distributes the high-tension current to 
the spark plugs. 

The advantage of using a high-tension magneto is 
that a well-designed magneto gives a very hot, fat 
spark and this spark exists for a definite period, thus 
firing all of the gas in each cylinder of the engine. 
The volume of the spark and the heat of the spark 
are important factors. Both are necessary to 
ignite the gas quickly, so that it will all be ignited 
before any part of the unburned gases can pass out 
of the exhaust. Thus it is clear that a heavy 
magneto spark has a very high degree of heat, 
whereas a lean spark takes longer to ignite the gas. 
Consequently, in the latter case, part of the gases have 
a chance to pass out the exhaust i.a. an unburned state. 

The disadvantage of this system is in starting . 
The armature on the magneto must be revolved 
fast enough to generate current before the spark will 
occur at the plugs. Therefore it is necessary to 
"spin" the crank. This is not very satisfactory 
unless an "impulse starter" or electric starter is 
provided to crank the engine. Hence thii:; is one 
reason why "dual ignition systems" are adopted 
where a magneto is used. The starting of the 
engine is accomplished with a coil and battery sys­
tem, and after the engine is started, the magneto is 
switched on. 
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The magneto, using an impulse starter (see Index) 
is used quite extensively on trucks and tractor 
engines, but is not used on passenger car auto­
mobile engines. 

Dual Ignition 
Dual system of ignition: Where a car has two 

ignition systems, for instance, a "coil and battery" 
and independent "magneto," but both systems usinlf 
one set of spark plugs, this system is called a "dual' 
ignit.ion system. 

Dual ignition is quite common where magnetos 
are used, that is, before the advent of the "impulse 
starter"; the idea being to have an auxiliary battery 
and coil system to start on, and the magneto to run 
on. 

There are two general principles of dual systems, 
which were formedy used to a great extent: the 
"low-t.ension magneto" and a separate· "high-tension 
coil" and battery-as explained in pages 247, 254. 
The coil and battery were used for starting the 
engine; after starting, the magneto supplied the 
current to the coil. 

The other method is the use of a "high-tension 
magneto" and a separate and distinct "high-tension 
coil" and battery ignition system. The engine is 
started on the battery and coil system, then switched 
over to the high-tension magneto which is inde­
pendent of the coil and battery. 

An example of a dual system using a high-tension 
magneto and separate high-tension coil and battery 
is shown in Fig. 2. 

G 

Fig. 2. A "dual" system of ignition; either the high-tension 
single coil with battery (using the distributor on the magneto) 
mn

1
y be \lSed or the h1ghs:-tension magneto alone. may be usccl. 

On y one set of spark plugs. 

Double Ignition 

Double system of ignition: \lilbere two sets of 
spark plugs are used with two independent ignition 
systems, th.is is called a "double" system. An 
example of a "double" ignition system using a bat­
tery, high-tension coil, timer, and distributor for 
one system, and a high-tension magneto for the 
other with- two spark plugs in each _cylinder, is 
shown in Fig. 3. Either of the two independent 
ignition systems can be used separately, or both can 
be made to operate at one time. 

·The positive ( +) terminal of the battery is 
grounded and the negative ( - ) terminal led to 
terminal (5) of the stationary switch plate at the 
rear end of the coil. Switch terminal (1) is then 
oon.nected with the binding ~ost located on the 
under side of the timer-distributor. The second 
binding post on the timer-distributor, which is 

1Wo sas OF SPAR!< PlUGS 

Fig. 3. Bosch 11 double11 system of ignition-two sets of 
spnrk plugs and two independent ignition systems. 

located on the under side of the timing control arm 
(7) is grounded. Switch terminn.l (2) is connected 
to the grounding terminal of the magneto. 

The distributor contacts on the magneto and 
timer-distributor are connected in accordance with 
the firing order of the engine. 

When the switch lever is in the off position, the 
battery circuit is broken and the magneto is 
grounded, in consequence of which no sparks will 
be produced when the motor is cranked. 

With the switch lever thrown to the battery 
side (B), the magneto will continue grounded, but 
the battery circuit will be completed, and, in con­
sequence, the breaking of the circuit by the timer­
distributor will result in the production of a spark 
that will be transmitted to the proper cylinder by 
its distributor. 

The same condition will exist with the switch 
lever thrown to position (MB) (where both the 
magnet.o and the coil and battery are in operation), 
except that then the magneto grotmd circuit will be 
broken and magneto sparks will be produced in ad­
dition to the battery sparks. 

With the switch lever thrown to position (M), 
or the magneto alone, the magneto will operat,e in 
the normal manner, and the battery- circuit will be 
broken. 

Two-Spark Ignition Systcm 1 

Here we have two distributors on the one mag­
neto, r.nd two spark plugs are provided for each 
cylinder. The principle is similar to the "double" 
i;ystem, except that the one high-tension magneto 
bas two distributors. 

The purpose of the two-spark magneto (Figs. 4 
and 5) is to produce ignition at two plug points in 

Fig. 4. Remy two-spark magneto ignition system; one 
magneto with two dist-ributors connecting with two sets of 
spark plugs. 

l The .. two-~ark" system was formerly used on the Stutz 
and Mercer. It has also been used on some Fiat, Locomobile, 
and l\farmou C.."\-rs. Some of these cars are now using a two­
spark coil and battery ignition system. 
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each cylinder, in order to reduce the time interval 
between ignition and complete combustion; and, 
where it is possible, to locate two spark plugs in 
each cylinder (usually in T-head engines, one set 
of spark plugs being placed on the inlet side of the 
engme and one set on the exhaust side). The result 
is to reduce the ignition advance necessary, and thus 
to secure an increase in the efficiency and output of 
the engine. 

The advantage of having two spark plugs fire at 
one time in each cylinder is the resulting increase of 
power and speed, explained as follows: By referring 
to the subject of "ignition timing," we learn that 
there is a difference between the time when the 
spark occurs and the actual time of combustion. 
TheTefore with a weak spark, the time of the spark 
is made to occur earlier, that is, "advanced," before 
the piston reaches the top of the compression stroke, 
in order that it may have time to ignite the gas, 
combust, and e>.-pand before the piston gets too far 
down on the power stroke. With a "double" sys­
tem or "two-spark" system, or a good hot spark, 
this advance of ignition is less, as the combustion 
is almost instantaneous. Consequently, with less 
advancement of spark, there is less liability of firing 
back on the piston before it reaches the top of the 
compression stroke. Furthermore there is a saving 
of gasoline, because with a good hot spark, all of the 
gasoline is ignited and used for power instead of 
part of it passing out of the exhaust, not fully ignited. 
In other words, a weak spark produces slow com­
bustion, and a hot spark quick combustion. 

The Remy two-spark magneto is shown in Fig. 4 
and the Bosch two-spark magneto is shown in Fig. 5. 

Bosch Two-Spark Magneto 
The types "ZR4" aud "ZR6" Bosch magnetos 

are produced with the two-spark, independeut or 
dual form. The uoticeable difference in the two­
spark magneto from the single-spark magneto is in 
the double distributor (DD) (Fig. 5) and arrange­
ment of the safety spark gap under the arch of the 
magnets. 
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Fig. 5. Bosch two-spark magneto ignition system. 
Fig. 5A (upper). Switch: 0, off; 1, one set of plugs operat• 

ing; 2, both sets operating. 

In the single-spark magneto, the beginning of the 
armature secondary circuit is grounded on the 
armature core through the armature primary cir­
cuit, whereas in the two-spark magneto, the two 
ends of the armature secondary circuit are connected 
to two sectional metal segments diametrically 
opposite on a single slipring. 

Two slipring brushes are provided, which are 
horizontally mounted in brush holders on opposite 
sides of the shaft and plate. During the portions 
of the armature rotation when high-tension current 
is being delivered, each of the two slipring segments 

will be in contact with one of the brushes. One 
brush is connected to the inner distributor by means 
of a conducting bar similar to that used on single­
spark magnetos. The second slipring brush is con­
nected to the outer distributor by means of a short 
length of cable passing around the magnets. The 
rotating distributor piece is of double length and 
carries two brushes insulated from each other. 

The four and six-cylinder types are fitted with 
eight and twelve distributor outlets respectively, 
each pair of outlets being connected to the spark 
plugs of the proper cylinder by the usual cables. 

Advance and retard: The use of two-spark igni­
tion permits the ignition lead to be cut down any­
where from 30 to 50 per cent. It will be understood 
that if the timing is correct for two-spark ignition, 
and one of the series of spark plugs is cut out of 
action, the remaining series will operate consider­
ably in retard of what it would if the engine were 
timed for sin!!ile-spark i~nition. Therefore, if the 
two-spark igrution provides the full advance, the 
effect of retarding the spark is obtained by cutting 
out one series of plugs. 

The switch (Fig. SA) provided for the two-spark 
independent magnetos is so arranged that ignition 
may be secured, either with both sets of spark plugs, 
or with but one set. The purpose of this is to give 
the effect of retarding the spark, without altering 
the relation between the interrupter opening and 
the armature, as is done under normal conditions. 
The connections should be so made that the system 
of plugs that is operative when the switch is thrown 
to the single position is located near the inlet valve. 

In starting, throw the switch lever to "single plug" 
position. This gives the effect of a retarded spark. 

For ordinary running, operation -should be on 
both series of plugs; for slow work through traffic, 
or when the engine is running idle, use the single 
plugs, or only one set. 

Timing: "Time" in this connection refers to tim­
ing a single-spark magneto (interrupter retarded 
and piston on top pf compression stroke). It will 
be found however that this timing will likely give 
two great a spark advance when the interrupter is 
fully advanced, as the two-spark magneto should 
have from one-third to one-half the advance of that 
of a single-spark magneto. Therefore retime, so 
that the interrupter points will open slightly later. 
A good method to follow is as given below. 

To replace a single-spark magneto with a two­
spark instrument, the ma.ximum advance for the 
srngle-spark magneto is to be marked-preferably 
on the flywheel-and the two-spark magneto timed 
in the advanced position, so that the interrupter 
opens the circuit at a point midway between the 
mark on the flywheel indicating the single-spark 
advance, and that indicating top dead center 
retarded. A more ex'lCt timing may then be secured 
by experiment. 

Berling Type "D" Two-Spark Magneto 

This magneto is designed for four, six, and eight­
cylinder engines where the charge in each cylinder 
is ignited simultaneously at two separate spark plugs. 

The eight-cylinder type, shown in Figs. 6 and 6A, 
is designed to operate at twice the crank-shaft 
speed, and the six•cylinder magneto at one and 
one-half crank-shaft speed. The four-cylinder is 
designed to operate at crank-shaft speed. This 
type of magneto is designed for heavy duty, marine, 
and aeronautical engines. 
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In the type "D" two-spark Berling magneto, 
neither end of the secondary winding is grounded, 
but each is connected to one of the two separate 
segments on the collector ring. 
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The distributing mechanism consists of two separ­
ate distributor blocks (Fig. 6) and one distributor 
finger carrying two separate distributor brushes 
(B), each brush connecting with the segments (S) 
of its respective distributor block. Thus, any two 
cable terminals directly opposite each other on the 
distributor blocks will practically possess an equal 
electrical potential relative to any part of the body 
of the engine. 

When any two opposite cable terminals are con­
nected each to one of two plugs in the same cylinder, 
the electrical circuit of the secondary or high-tension 
current will be closed the moment the spark gaps 
are !:ridged and that portion of the cylinder (C) 
between the two plugs forms part of the electrical 
circuit. The two sparks are the result of one break 
in t.he primary circuit by the interrupter, and are 
therefore absolutely simultaneous. 

.bMM 
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When the switch is in position 1 {Fig. 6A), the 
primary winding of the magneto is short-circuited 
and the magneto is "off." Note that the circuit 
is from (P) to (1), to ground (Gl), to ground (G4), 
to the other end of the primary ,v;nding at "ground." 

When the switch is on 2, note that the primary 
circuit is OJ?en at 1. Therefore the interrupter 
points on (A) and (B) perform their regular duty of 
opening the closed circuit at the proper time. The 
path is from (P) through (A) and (B) to (G2), to 
(G4), to "ground," or the other end of the primary. 

The secondary circuit is then from (S) to (B), to 
No. 1 Sflark plug, through ground of engine, to 
ground (Gl), t-0 (2), to (Sl), or to the other end of 
the secondary. Thus the magneto acts as a single­
spark magneto and the entire voltage generated in 
the magneto is concentrated on the one spark plug 
for starting, instead of being divided in half. 

When the switch is in position 3, the primary 
circuit is the same as when on 2 (in action), but 
the secondary is not growided. Therefore, the 
secondary circuit would be from (S), to one of th€ 
two separate segments on the collector ring, to No. 
1 spark plug, through cylinder (C) to the shell ol 
the other spark plug (No. 2), across the spark-plug 
gap, to the distributor brush (Bl), to the other seg­
ment on the collector ring, to {Sl), thus completing 
the secondary circuit through both distributors 
with the result that the two spark plugs, which are 
thus in series with the secondary circuit, both fire 
at one time in the same cylinder. 

Bosch Two-Spark Dual Ignition System 

When the switch (Fig. 7 A) is thrown on the mag­
neto side, without the two-point switch (Fig. 7B) 
in the circuit, the path of the cunent is as follows: 
The low-tension Clil'rent generated in the primary 
winding of the magneto passes through the brea.ker­
points to gromid. At the break of the points a 
high-tension current is set up in the secondary 
winding, this current leaving the magneto at 3 and 
passes to the point 3 on tbe coil, as indicated by 
the arrows. Then from point 3 to point 4 and 
thence to the distributor wire, along this wire to 
point 4 on the magneto. The distributor arm next 
receives the current which in turn is sent to the dif­
ferent plugs as indicated by the arrows. The 
current is sent to the ground after leaving the spark 
plugs, and the high-tension or secondary winding be­
ing grounded at one end, the secondary circuit is 
complete. 
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Fig. 7B 

- = • Fig. 7. Bosch two-spar~ dual ignition system. The coil parts (Fig. 7A) are: (L) key Jock; (K) kick lever; (P) push 
button; (M) magneto operating both sets or one set according to position of two-point s";tch; (B) battery operating inlet plugs. 
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When the two-point switch (Fig. 7B) is thrown so 
that both sets of plugs are to come into play, both 
distributors of the magneto become operative. The 
path of the primary and secondary current to 
the magneto in this case is the same as before, but 
when delivered to the magneto, the current is passed 
to two distributors instead of one. In this way 
two distinct electrical currents are distributed to 
two ·different sets of spark plugs. 

The coil and battery ignition is used independently 
of the magneto by switching to the (B) side qf the 
switch (Fig. 7 A) and one or both sets of E_lugs are 
connected 'l'l>ith the two-point switch (J<'.ig. 7B) 
(Motor Age). 

Two-Point Ignition System 

The "two-point" system is where two sparks occur 
at the same time but in different cylinders. 

On a four-cylinder engine, the spark would occur 
at two spark plugs at once, but inasmuch as one of 
the pistons would be on exhaust stroke, this would 
make no difference. 

The Bosch t~e "NU4" high-tension magneto is 
an exl\mple of a' two-point" system where two sparks 
occur at the same time, but in different cylinders. 

Bosch Two-Point :Magneto Ignition 
The type "NU4" Bosch magneto differs from the 

usual type of magneto in that the distinct gear­
driven distributor, common to other types, has 
been eliminated, and in its stead is a double slipring 
combining the functions of current collector and 
distributor. Otherwise it is about the same a.s any 
other form of magneto. 
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The spark occurs in two cylinders at one time 
with this system, but one of the cylinders in which 
the spark occurs has not completed its exhaust 
~troke; therefore the spark does no harm. 

CARSON 8RU51"1P3 

.,;_' -_-_-_-_-j10MIVC';:~ ;£~:~N;:IVG. 

S£CONIJARV Wll'I/OlfV(; 

-TM[ TWO M(TAL SEG· 
MENTS ARl SET 1<50" 

.....,.__+-·' llPAf/T C, l',f/{ IN• 
SUt.// 7£/) rR0/'1 fA(h ';AMS t(JO~ APA.itT1 
OTHER 

Fig. SC 

The interrupter contacts in the full retard position 
should open not later -than top dead center of the 
compression stroke; therefore the effective spark 
is produced in tha cylinder always toward the end 
of the compression stroke and the surplus spark 
will always occur near the end of the exhaust stroke 
and never during the inlet stroke. In any four­
cylindert _four-cycle engine, regardless of firing order, 
when cylinder No. 1 is nearing the end of the com­
pression stroke, cylinder No. 4 is nearing the end 
of the exhaust stroke, and vice versa; similar con· 
ditions apply also to cylinders Nos. 2 and 3. 
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The brushes, when making contact with the metP.l 
strip in the collector ring:,, collect the high-tension 
current and carry it to the spark plugs. Note tb.e 
connections from ring to plugs. When brui,hes 2 
and 3 are making contact, follow the circuit in Fig. 
SD and note the arrow points. Now if the piston 
m;;Jces another stroke, or 180° travel, the armature 
will turn 180° or half a revolution also, as it runs a-:: 
engine speed in the four-cylinder, four-cycle engine. 
Therefore the contact on the ring will turn 180? 
or a half-revolution and cylinders 4 and 1 will fire as 
in Fig. SE. This type of magneto was used on the 
model SO Overland. . 

Timing the "NU4" magneto: With the a.versge engine, this 
result is obtain.eel by connecting the magneto so that 1ta inter­
rupter housini: is in full retard position, and the platinum 
interrupter screws just about to separate, wben the piston of 
No. 1 cylinder is on top dead center of the compression stroke. 

At the same time the metal segments or tl10 slipring sboulri 
be in contact with the brush marked "I" in eacb brush holder, 
and this can be observed by removing one of the holders. 

The in.~ta!la,;on is completed by connecting the brush marked 
''l'' with cylinder No. lband the other with 1ylincter No. 4, 
and the two rcmain.ing ru$hes, marked "21 Jnd "3/ 1 wit:) 
cylinders Nos. 2 o.nd 3. 
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Fig. SF. Note connections from collector ring terminals to 
spark plugs. 

It is imporhmt to note that the type "NU4," driven, as 
it should be, at engine speed, produces a surplus spark in each 
cylinder exactly 360° behind the effective or power spark and, 
in coupling the magneto to the engine, it must be timed so that 
the surplus spark oc-curs during the exhaust stroke and not after 
tho inlet valve has commenced to open. 

Bosch Vibrating Duplex System 
The Bosch vibrating duplex system is designed 

to permit easy starting on cars that are cranked by 
a starting motor at such a low speed that the igni­
tion current from the ordinary magneto is insuffi­
cient to give certain ignition. 

Do not confuse this system with an electric sys­
tem of starting by movement of the crank shaft. 
The principle of this system is to supply a separate 
battery and vibrating coil to start the engine on, 
doing away with a dual system. 

How it operates: The arrangement is such that, 
while the magneto circuit is absolutely independent 
and complete in itself, the battery circuit includes 
both the coil and the magneto. 

-= 8ATTERV 
I 
°¥GRQVND .. __ 

Arrangement when emetoying 
battery .of. a grounded lighting 
or starting system, or separate 
battery for ignition. 

Fig. 9. Bosch vibrating duplex ignition system. 

With the switch in the battery position, the bat­
tery and coil are in series with the primary winding 
of the magneto armature, and the current from the 
battery supplements that generated by the magneto. 
Thus there is induced in the secondary winding of the 
maP.leto :u-mature a very powerful sparking current, 
which, on account of the vibrator action of the coil, 
appears not as a single spark, but as a series of intense 
sparks that will act with certainty on any explosive 
mixture. The sparking current so produced is dis­
tributed in the usual way by the magneto distrib­
utor. 

After the engine is started, the switch is turned to 
(M) side, and the coil and battery are disconnected. 

THE BOSCH DUAL-IGNITION SYSTEM 
The parts of this system are shown in Fig. 10. This system 

provides a coil and battery system and a high-tension magneto 
system, both independent. One set of spark plugs and one 
·distributor on the magneto is used for both systems. 

,,.7 
G,ound 

·a.,« 

Fig. 10. Wirinit diagram of the Bosch "DU4" dual-ignition 
system. The "DU4" type magneto is fitted with two inter• 
rupters as in Fig. 11, instead of one as generally used.• 

Fig. 11. The magneto is the regular "DU4" high-tension 
magneto fitted with an independent timer or interrupter for tho 
coil and battery system. This contact-breaker bas 110 electrical 
connection with the ma_gneto. The, $Ccond ·alteration from that 
of the regular single "DU4" high-tension magneto consists of the 
removal of the connection (see Fig. 2, page 257). wbicb on tho 
ordinary magneto connects the high-tension collector-ring to the 
distributor; when the distributor does duty for two ignition sys­
tems, the current must be carried to it through the switch, vfa 
wire 4 when the battery and coil syStem are so,;tcbed on (see 
Fig. 10). or via wire 3 when the magneto is switched on. 

CONNE.CTION TO 
THE FRAME 

Fig. 12. The coil and switeh-(mounted on de.sh) are shown: 
The coil is a double-wound high-tension coil. The switch con­
trols both ignition systems. Note that when switch (11) is 
turned, tbe coil with its core (20) and winding, a.nd end of coil 
(17) turn also. Switch plate (16) is stationary. 

Parts of the switch and coil are as follows: 11, switch handle 
(also called, kick-swit~h): 12, movable switch cover; 13. coil 
case: 14, starti~ press button; 16, fixed or stationary switch 
plate (see also, Figs. 17 and 18); 17, movable switch plate on rear 
end of coil (see Fig. 16); 20, iron core of coil over which primary 
and secondary a.re ,vound: 211 plate carrying starting arrango­
mcnt and condenser; (C) condenser. Primary winding connects 
to it at (S); 23, contact spring; 24, trembler blade also called 
,,jbrator blade: 25. auxiliary contact-breaker; 28, screw holding 
switch plate to coil; 29, locking key; 30, dashboard or co,l'l. 

1 Jn practice. connections £rom distributor to spark plugs aro 
not as sbo,\.·n: if so. it would 6.re l, 2, 3, 4, whereas 1t should 
connect to fire l. 2, 4, 3, or I, 3, 4, 2. The main purpose of 
diagrams is to show the switch circuits 
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Fig. 13 Fig. 14 

Fig. 13. Front view of s"➔tch (M), magneto side; (BJ, 
battery side. 

Fig. 14. Side view of switch and coil case. 

Fig. 15 Fig. 16 Fig. 17 Fig. 18 

Fig. 15. Front view of coil to which the switch is attached; 
(V) is the trembler or vibrator blade (26, Fig. 12); 14, tbe press­
button contact. 

Fig. 16. Rear movable switch-plate with busbars and 
connections (Z) on end of coil. (It is the part as shown at 17, 
Fig. 12.) 

Fii:. 17. Inner side of stationary switch-plate (as shown at 
16, Fig. 12) showing connections 1, 2, 3, 4, 5, and 6, which 
make contact with connections (Z, Fig. 16) when switch is 
turned to (B) or (M) side. 

Fig. 18. Rear-end view of switch-plate (16 Fig. 12) show­
ing terminals to which wires are connected as shown in Fis:. 10. 

Starting Engine 
The engine is usually started by the switch being placed on 

the (B) or battery side; tbe interrupter (1) on magneto being 
used for the primary winding on coil and the ilistributor on 
magneto being used to distribute the high-tension current to 
t.lle spark plugs. Otherwise the magneto has no connection 
""ith the battery and coil-ignition system when the switch is 
on the (B) side. 

In order to start the engine with the starting handle (or 
electric starter, if one is provided), the press-button (14, Figs. 
10 and 12) is pressed down and tben turned at right angles, a 
process which locks it in position for the trembler spark. 

The engine can also be started on the switch or "ignition," 
as it is often termed. The switch is turned to (B) side and then 
the brass press-button (14) is pressed down. Often this will 
start tbe t>ngine, if the cylinder has a charge of gas in it. If 
not, then it will be necessary to crank the engine after locking 
tbe press-button a.s exi>la.ined above. 

To understand this ignition starting feature, see Fig. 19. The 
six-volt stora.J!.e battery (or 10 dry cells) is supposed to be 
switched on (B) side. • 
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Fig. 19 

Starting from the left-hand storage·battery terminal (to make 
it easier to understand), the current passes throus;h the primary 
winding and arrives at the end of the trembler blade and the 
blade above, called the auxiliary contact-breaker. The current 
cannot travel beyond the trembler blade because, as will he 
seen, the platinum points are sopara.tcd. Neither can it con1-
plete the circuit along the auxiliary contact-breaker blade 
because the main contact-breaker (left-hand lower corner) 
nlso stands open, being the position :n which the contact­
breaker always comes to rest when tbe engine stops, save for 
the few occasions when the engine stops With the piston about 
dead center. 

To start the engine, therefore, we ha.ve only t.o press the 
button so that the upper platinum point comes into contact 
"~th the lower one, and immediately the circuit will be com­
pleted, the trembler will start buzzing, and a shower of sparks 
will be sent through the plug of the cylinder which is next to 
fire. Now tbe work of the trembler blade is done, the engine 
has started, and the main conts.-ctRbreaker is set in mot.ion. The 
current troubles no longer about the trembler blade, but follows 
the upper path along the auxiliary contact-breaker and through 
the main cont.act-breaker, the making-and-breaking of which 
does the work of • the trembler and creates the high-tension 
current. The engine mo.y be kept running in this manner at 
the pleasure of the driver. 

The auxiliary contact-breaker (Fig. 19): Now let us take the 
exceptional case of the engine stopping with the pistons a.bout 
dead center and the main contact-breaker points (BP) closed. 
The current this time finds an easy circuit through the closed 
points. the iron core becomes magnetized,. the trembler blade 
is held down on the core, nnd pressing the button as before has 
no effect. No spark is made because there is no break in the 
circuit. But if the reader will examine the diagram closely, he 
will observe that the act of pressing the button presses the 
auxiliary contact-breaker blade away from its upper platinum 
point, and on to its lower one. the-momentary break thus caused 
in the circuit being sufficient, under the circumstances we are 
aupposing:i to Cl'eato tbe necessary high-tension current for 
the spark in the cylinder and so to start the engine. 

When the engine stops in the more usual way with the stor­
age batterr, contact-breaker open, the opcnini.__and closing again 
of the aUJ<lliary contact blade has no efiect. The diagram (Fig. 
12) shows the coil as it actually exist.,.. 

Battery and Coil Position 
The illustration (Fig. 20) is supposed to represent the rear of 

coil and switch. Points 3 and •! are not connected, conse­
quently the magneto secondary circuit is open. Note that the 
ma.gneto primary wire is grounded at 2i therefore it is out of 
service. 

Fig. 20. Battery position. 

Coil primary circuit: When the switch is on (B) side the 
current in the battery leaves it at the positive ( +) side and 
travels through ground wire (G) to battery and coil timer or 
interrupter, which is operated by a cam on the magneto. The 
course is then to post (l) tbrough mechanism in direction of 
arrows, to point (S). 

It flows then through the primary winding <PW) of the coil. 
and as the arrows show, tbrou&h point (5) ha.ck to the battery, 
thus completing the primary rurcuit. 

Coil secondary circuit: In passing through the primary wind­
ing, a high-tension current is set up in the secondary winding 
(SW), when breaker-points separate. 

This high-tension current flows to the.distributor wire at (4), 
thence to magneto distributor (D). Here it is passed to the 
different spark plugs in order. It goes through the spark-plug 
center terminal across gap to shell of plug to cylinder, thence to 
ground hack to other end of secondary winding (note lowet 
end of secondary is grounded to bus-bar (Z) which is grounded 
with 6). The coil condenser is shown at (C). 
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Fig. 21. Battery posiLion. 

The outside wiring of the batte,:y and coil s1,stem is shown in 
Fig. 21, when the switch is on (B) side. (Note that points 3 
and <I are not connected, thus opening the magneto circuit.) 
'I'he primary current leaves tho battery and travels to ground 
(G). As (6) is grounded, current goes to (6), thence to (2) and 
along (2) to the magneto; then tc (l) on magneto along wire as 
inilicated by arrows to the point (l) on switch plate (16). 
Here it travels t,hrough primary winding (PW) of coil then to 
(5J and back to battery, thus completing the primary circuit. 
The secondary circuit is from (•1) to distributor, thence to spark 
plugs. 

Note: When the switch is turned, the rear end of coil (Fig. 
16), with the bus-bars (Z) moves and connects with the inner 
side of switch plate (\7). Therefore, when the switch is 
thrown 011 (B) side the point (l) on switch-plate (17) lines up 
with point (l) (one of the bus-bars Z) on rear end of coil (Fig. 
16); likewise (2) and (5) line up with bus-bars on the end of 
coi.l. A study of Fig. 20 will help make this explanation clear. 

Magneto Position 

Nvtc in Fig. 22 that the switch is now on (M) magneto side 
nnd there i-s but one closed circuit; it was made by connecting 
(3) and (4) on switch plate (16) with bus-bar (Z) on rear of coil. 
Note all other point.s of contact are open, including the mag• 
neto shortwcircujting or grounding wire connected with (2). 

Fig. 22, J\lagncto position. 

The magneto primary circuit is then from primary winding 
(PW) of magneto armature, to magneto interrupter (M), thence 
to ground, The other end of the primary winiling (PW) is 
grounded, thus completing the primary circuit. 

The magneto secondary circuit: One end of the secondary 
winding (SW) goes to (3) and (4) which are now connected with 
bus-bar (Z). From (4) it flows to distributor (D), thence to 
and through spark plugs. Here the current is grounded. The 
other end of the secondary winding (SW) is grounded, also by 
conn.ection with primary wire, thus completing the high-tension 
circuit. Note the magneto condenser below the magneto 
interrupter. 

Fig. 23. Magneto position. 
The outside wiring or the magneto position is shown in Fig. 

23. Note points 1, 2, and 5 are not connected. 

The high-tension (secondary) current generated in the 
magneto armature .leaves the magneto at (3), travels to (3) on 
switch-plate (16), thence to distributor wire (4), then to the 
distributor, where it is then distributed to spark plugs. 

Fig. 24. Off position. 
The off-position of the switch is shown in Fig. 2•1. Note in 

this position there is no complete circuit, as points 1, 5, and 4 
of switch-plate do not coincide with points I, 5, and 4 of coil 
switch-plat,e. Note, too, that the primary circuit of the mag­
neto is short-circuited, or 1troundcd at (2) on switch-plate; 
thus it is out of service. The magneto secondary circuit is 
open from 3 to 4. 

EISEMANN "G4" HIGH-TENSION MAGNETO 
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Figs, l to 4. Parts of the Eisemann model "04" high-tension magneto. 
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Fig. 5. Winding of armature and connections. The primary winding leads from the upper part of the primary winding to 
ff1, to points (PJ, to (17M), to (CB), to ground, to the lower end of the grounded 1•rimary winding. 

The secondary winding leads from the upper part of the secondary winding, to the distributor brush, to the spark plug, to 
gr~und. tl~ol!gh the ~rounded primary winding:, to the lower part of the secondary windiog, where it is connected with the 
pr1mary winding. 

The Eisemann "G4" type of high-tension arma­
ture-type magneto differs from other Eisemann 
types in that the make-and-break or interrupter 
mechanism is constructed on different lines. The 
platinum contact springs (17M) (Fig. 5) connect 
with a carbon brush (CB), which revolves in a brass 
ring (A) .. Ring (A) is stationary, whereas the 
spring ( 17M) revolves ,vith the other contact plate 
(J). Confact plate (J) is insulated from (17M). 
One end connects with primary winding on armature, 
and when contact is interrupt,ed by (17M) and the 
point on the screw in plate (J), the spark is given as 
usual. Rings (A) and (17M) are grotmded. 

The points of (17M) and the screw on plate (J) 
are separated by the timing device (Fig. 4) which 
goes over the ri.ng (A). The contact spring rides 
over the fiber cams. 

The novel features of this system, besides the 
brcnker, a.re: its accessible and efficient grouping 

of the working elements all at one end, and its 
waterproof qualities. 

To set the time of spark: Place piston of No. 1 
cylinder on top of compression stroke. Set inter­
rupter points to break in full retarded position. 

With these systems it is merely necessary to 
bring No. 1 piston to top dead center, rotate the 
magneto until the setting mark on the distributor 
is opposite the pointed screw at the top and couple 
up the drive. Use marks (R) or (L) (Fig. 2) for 
right or left-hand rotation, respectively, as needed­
rotation being judged from the driving end. 

Adjustments: The breaker gaps should be set 
.012' a.ad spark-plug gaps 1;64" to 1/32". 

To stop or cut off ignition: On all magnetos the 
magneto is stopped generating by closing or short­
circu_iting the primary circuit-not by opening the 
circuit, as in a coil system. 

EISEMANN AUTOMATIC SPARK-CONTROL MAGNETO 

Construction of the Eisemann high-tension arma­
ture-type automatic spark-control mai;;neto is the 
same as that of the standard high-tension magneto 
with the addition of the automatic mechanism. 

As for the details of the method by which the 
automatic timing is obtained, a cage is mounted on 
an extension of the armature shaft, and a rectangular 
block slides in this cage. This block is drilled and 
threaded for the recept.ion of a helically-cut shaft 
(T). This shaft is the driving shaft which is 
attached to the gearing. It has a thick, double 
thread which is square cut and the block slides 
back and forth on this threaded shaft. 

Centrifugal governor weights are attached to the 
blocks by means of links. The weights fly outward 
when the shaft is revolved{ and the action of the 
links causes the block to s ide in the cage. In so 
sliding it travels along the threaded shaft, and as a 
result the block is slightly rotated. 

The drive of the magneto is applied through the 
saaft which therefore is unyielding, and as the block 
rotates it carries with it the cage in which it works and 
the armature shaft to which the cage is fixed. The 
armature is thus advanced, and the contact-breaker, 
attached to the other end of the armature ,shaft. 

When the speed drops, the reverse motion takes 
place, assisted by action of a spring against which 
the governor works at all times. With this device 
automatic advance may be obtained from 18° to 57°. 

Fig. 6. Sectional view of Eisemann automatic spark-control 
magneto. 
A-terminal to spark plug from distributor; B-distributor 
brusb; C-contact-breakcr; D-eondeuser; E-distributor 
g~ar on distributor to lower gear 011 armature; F-collector 
brush; G-governor wcishts; H-high-t.ension current con• 
ductor: J-armature: K-coller.t,or spool at f'ncl of a.rmature; 
M-magnet~: $-safety spark l!ap; T-spiral thread for srark 
advaociug by centrifugal force action. 
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MEA MAGNETO 

lo t-be "Mea" high-tension armi1ture-type mag­
neto the design is such t,hat the magneto field can be 
moved round simultaneously with the contact­
breaker, so that the armature is always in the same 
position rcl:itive to the field when the break occurs. 
This is effected b:)7 having a bell-shaped magnet 
mounted horizontally, the aids of the armature and 
the magnet coincidmg. As the contact-breaker is 
moved, so also is the magnet to l1 similar distance, 
and the result is that the spark is of ample strength 
at the retarded position, even allowing for the slow 
speed of rotat.ion. This bell-shaped magnet (Fig. 
IC), it is claimed, has some other advantages over 
the ordinary U-shaped magnet, inasmuch as it can 
hold a greater amount of magnetism and retain it 
at full strength for a ~onger per!od. The range of 
advance and ·retardation on this magneto 1s 40°. 
The armature and dist.ributor are made practically 
on the lines of the standard magneto with fixed 
magnets. 

Fxo. JD. Advanced. 

Fzo. IE. Retarded. 

Fii:. l. P,u-ts ol Mea ma~ncto: Cover: lA, armature nnd 
distributor unit,s; !B, complete machine: IC, movable bell­
shaped field rnagnets. The relative positions of the pole pieces 
and armature are shown in Figs. l D and I.E. Note that ID 
shl')ws tbe armature advanced, and lE in retarded position, 
showing that the 11 ma:<lm11m position" where the armature 
break• from the pole piece is not altered. 

Timing the "Mea" magneto: Unless the timing of 
the magneto can easily be changed by advancing or 

retarding the gear driving the magneto; the coupling 
should not be keyed to the tapered shaft before 
the magneto is first placed on the engine, but it 
should be clamped on so that the timing may still 
be somewhat modified if found desirable. 

Place the magneto in the position of its maximum 
retard (Fig. IE), by turning the magneto housing 
or timing lever. in the direction of the armature 
rotation. Remove the cover from the breaker box 
and turn the armature shaft in direction of rotation 
until No. 1 appears on the indicator (Fig. IB) in 
the front plate of the magneto, and until the contact­
breaker begins to open. 

With the dual-type ma~eto, remove the cover 
over the battery breaker (driven end of magneto), 
and the number of the cylinder firing can be seen 
opposite the red line on the magneto housing. 
Turn the armature of the magneto until No. 1 on 
the distributor gear is opposite the red line on the 
housing and until the magneto-breaker (not battery­
breaker) just begins to open. Then turn the engine 
to dead center of cylinder No. 1, and if of the four­
cylinder type, about 1½" beyond, measming on 
the circumference of the fly wheel, or from 1/16" to 
3/32" downward on the e:-.-plosion stroke. With six­
cylinder engines, it is preferable to time full retard 
only slightly beyond dead center. 

After the magneto and engine have thus been set, 
effect a positive connection between the two. Of 
course contact hole No. 1 of the distributor is con­
nected with cylinder No. 1 by means of cables, and 
so on until all the cylinders are properly connected. 

With the "Mea," the engine should be started 
with the spark fully retarded, and by increasing the 
speed gradually it can readily be determined if the 
engine will stand all the advance which the magneto 
can furnish with the original setting, or whether 
t-he whole timing can be further advanced. After 
it has become assmed that the best timing i~ 
obtained, the coupling should be keyed to the mag­
neto shaft. 

DIXIE MAGNET0 1 

The large number of magnetos commercially in 
use prior to the advent of the "Dixie" were of the 
"armature type." It is therefore necessary to 
make a comparison in order thoroughly to explain 
the "Dixie." 

Armature-Type l\'lagneto 

An "armature"-type magneto is shm,·n in Figs. 
1, 2, and 3. Referring to Fig. 1, note that the 
magnetic lines-of-force, hereinafter referred to as 
"flux lines," flow from the N to the S pole of the 
U-shaped magnet through the revolving armature 
in the direction indicated by the arrow. The 
shaded end (E) of the armature is shown in the 
figure as being under the influence of the N pole of 
the mi1gnet. 

In Fig. 2, the armature has revolved to the right 
sufficiently for the end (E) to come under the influ­
ence of the S pole of the magnet. Immediately the 
direction of the flux Jines is reversed through the 
armat,ure as shown by the arrow, and at the instant 
that current is generated in the winding about the 
•irnmturc, the spark occurs. In pr:i,ctice, more than 

1 i\lostol the text has been taken from the.printed circular of 
1be Dixie magneto. 

Fig. 1 Fig. 2 

one winding is emplo;ired, also an interrupter and a 
condenser are used. But the function of these parts 
need not be referred to here, it being the purpose 
now to show only the differences in the operation 
of the magnetic circuit of the two types. 

Now it is obvious that the mass of iro11 in the 
armature must reverse its mag11etic polarity. In 
Fig. 1, it is saturated with magnetism flowing in one 
direction. In Fig. 2, the direction is reversed. 
This reversal must take place in each rotation, so at 
high speeds the quicker the iron reverses the better 
the spark. As a laminated armature, or one built 
up of a number of pieces of iron, reverses quicker 
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than a solid one, all good armatures are laminated. 
But it is also evident that to secure the desir.ed 
amount of current the armature must be of a certain 
size to contain the necessary wire, and therefore con­
tains a certain amount of iron in some form. Now, 
the more iron beyond a certain limit, the slower 
the reversal; also the reversal is not as abrupt. 

115 

Fig. 3 

Fig. 3 shows the "neutral" position of the arma­
ture wherein it is subject to flux-fl.owing across 
through its ends as shown. This position does not 
permit of an abrupt change of flux-flow as hereafter 
described, and such as occurs in the Dixie. The 
armature is never completely out of the flux, but 
simply turns around in the flux-stream, twisting 
the lines about, but not actually abruptly breaking 
them. 

Dixie Principle 

The "Mason" principle, on which the Dixie 
operates is shown in Fig. 4. The magnet has two 
rotating polar extremities (N) (S), which are always 
of the same polarity, never reversing. These poles 
are in practical contact with the inner cheeks of 
the permanent magnet (M\ all air gaps being 
eliminated. Together with tne U-shaped magnet, 
they form a magnet with rotating ends. 

Fig. 4 Fii.,. 5 

The magnet is positioned· at right angles to the 
rotating poles or ends of a field structure consisting 
of laminated pole-pieces (F) and (G) (Fig. 5), 
carrying across their top the_lanrinated core (C) car­
rying the windings (W). When (N) is opposite (G) 
the flux flows from one pole (N) of the magnet to 
(G) and through the core (C) to (F)1 this action 
corresponding to what happens in tne armature 
type with the armature in the position shown in 
Fig. 1. 

• In· Fig. 6, the pole (N) has moved over to (F) 
and the direction of the fl.ow of flux is reversed, it 
now fl.owing from (F) through (C) to (G). 

Fi~. 7 represents the rotating poles occupying a 
positron midway between that shown in Figs. 5 and 
6. Here the field pieces (F) and (G) are magneti­
cally short-circuited, as it were, thereby completely 
scavenging stray Jines of flux out of the core (C). 
Compare this with th~ uncertain correspqnding 
action that takes place m the armature type,Alhen 
the a.rmature is in the same position -(Fig. a)_r' 

Fig. 6 Fig. 7 

Now the first great difference between the Dixie 
and the "armature" type is in the fact that the 
rotating poles in the Dixie do not reverse their 
polarity at any time, consequently the lag due to 
the magnetic reluctance in this part is eliminated. 
This partly accounts for the high efficiency of the 
Dixie at low speeds, for motorcycles and for high­
speed engines. In the Dixie, the windings arc 
never actually in the field. The flux is shot through 
them, as described, producing a hot, "suappy" 
spark of peculiar and highly efficient igniting power, 
owing to the quick break and absolute reversal of 
the flux at each revolution. 

Fig. 8. Armature-type magneto armature. 

With the armature-type machine, it is the central 
core or. part actually enclosed by the winding that 
is laminated, as the ends adjacent the windings must 
be solid. In the Dixie type, not only the core (C), 
around which the wire is wound, is laminated, but 
also the pole shoes (G) and (F), consequently all 
parts of the magneto subject to reversal of flux are 
"laminated." 

The armature-type magneto (Fig. 8) has a rotat­
ing element carrying windings, a laminated core, a 
condenser, a collector ring, etc. 

Fig. 9. Rota-ting element in Dixie. 

Fig. 10. Showing how the rotating poles (Fig. 9) a.re placed 
between magnets of Dixie magneto. 
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The Dixie rotating element, or armature construc­
tion, consists of two pieces of cast iron (N and S) 
(Fig. 9), and a brass block (B) placed between them. 
There are no rotating wires. Figs. 10 and 4 show 
more clearly how they are positioned between the 
poles of the ma.gnets. On the four and six-cylinder 
magneto, there are two N and S poles and on the 
eight and twelve-cylinder magneto there are four. 

The generating winding (W) (Fig. 4) in the DLxie 
is carried on a small coil placed across the UP-wardly 
projecting ends of the two pole-pieces (C) (Fig. 4). 

Comparison of Primary Circuits 
Fig. 8 shows the usual primary circuit in the 

armature-type machine, and Fig. 11 the same circuit 
in the DLxie. (A) (Fig. 8) denotes the revolving 
armature on which is wound the primary winding 
(P) and the secondary (S). Grounding brushes (B) 
llild (BB) are 'necessary to insure a good contact 
between the grounded end (G) of the primary and 
lhe breaker point CX), the latter being positioned in 
f he breaker mechanism which is movable for timing 
purposes. It will be seen that the free end (W) of 
Lhe primary connects to the condenser (R), and 
attention is called to the fact that this condenser is 
built into the armature and revolves with it, and 
the armature must be disassembled to get it out. 
The shaft (S) is made hollow, and a bolt (C) is 
carefully insulated where it passes through. This 
bolt connects the free end of the primary and the 
condenser to the insulated point (Y) of the breaker 
which revolves as a unit with the armature. 

Fig. 11. Simple primary circuit of Dixie. No brushClJ or 
contacts except breaker points. 

In the Dixie, the core of the coil (A) (Fig. 11) is 
stationary:, and the inner end (G) of the primary 
winding {P) is grounded on the core. (Q) indicates 
the metal frame of the machine, which· is put to­
gether with screws, so that there are no brushes or 
sliding contacts. Therefore brushes (B) (BB) (Fig. 
8) are eliminated. 

The brush (B) is necessary in the armature type 
to insure a good circuit from the revolving armature 
to the frame of the magneto and thence to the engine. 

The condenser (R) in the Dixie is positioned 
immediately above the coil and is readily removable, 
it being only necessary to take out two screws. 
This condenser does not revolve as in the armature 
type. The terminal (D) is a screw on the head of 
the coil1 and the wire (Z) connects to the contact 
(Y) of tne breaker. 

High-Tension Circuit 
Fig. 12 shows the high-tension circuit in the 

armature-type machine. In the metal armature 
head (A) IS the insulating bushing (B), through 
which the free end (C) of the high-tension winding 
passes. This connects to a metal ring (D) carried 
on the rubber spool t"E). A brush (F) engages 

Fi.e;. 12. High-tension circuit in an "armature-type" mag• 
neto. 

the rin~ and carries current to the terminal (G), 
which m turn supports one end of connector (H), 
which has a sliding portion (I)j so that it can be 
removed. The outer end of (H connects at (D to 
the traveling contact of the distributor, which in 
turn contacts on the segment (L), to which is con­
nected the spark-plug cable. It will be understood 
that the high-tension circuit is completed from the 
frame of the armature (N) through brush (B) to 
the frame of the magneto and to the engine and 
spark plug. 

• I 
I 
I 
I 
I 
I 

5 .,q : 
Gv ..... ----------~ 

Fig. 13. High-tension circuit or Dixie magneto. Note 
direct path Crom spool to distributor; no revolvfog contacts 
execpt at distributor. 

Fig. 13 shows the Dixie hi~-tension circuit. 
Here the end (C) of the high-tension winding goes to 
a metal plate (D) carried on the rubber side (A) of 
the coil. Against (D) bears a connection (F), 
which is practically one piece with the traveling 
contact (J), which connects to the spark-plug seg­
ment (L), the circuit being completed through the 
spark plug, engine frame, and frame of magneto m 
the usual manner without brush (G). The first 
difference to be noted in the Dixie construction is 
that the secondary winding being stationary 1 the 
spool (E) the revolving ring (D) and the brusn (F) 
bearin~ thereon are entirely eliminated, as are also 
all their troubles, such as punctured insulation in 
the spool (E), wear of the brush (F), collection of 
oil on (D)L_etc. And the sliding connection (I) and 
member (.1:1) are eliminated, their equivalent being 
a steel point (F) turning in contact with the plate 
(D). 

Safety Gap 
An efficient safety-gap arrangement is provided 

by the point (S) arranged in proximity to the frame­
work indicated at (G), (Fig. 13). The width of 
gap should be 5/16" to ¾". For high-compression 
engines set ¾". Under high compression, the 
sparks may fire across the safety gap instead of 
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firing in the engine. Missing under such conditions 
can easily be remedied by opening the safety gap so 
that it will offer a greater resistance to the secondary 
current than the spark-plug gap under compression. 
Sparks should not be permitted to discharge across 
the safety gap for any length of time. 

Dixie Contact-Breaker or Interrupter 

Contacts are stationary and do not revolve as in 
the "armature" type. See Fig. 14 and compare it 
with the armature type (Figs. 1 and2,pages 256,257). 

NOT'l-ll~c:;. 
RE.VOU:S 

0 

Fig. 1-l. Breaker (or interrupter) of Dixie magneto. A cam 
(Fig. 15) opens the points by raising the end of the arm. The 
cam is the only part of the breaker mechanism which revolves. 
Cam is not shown. 

To adjust Dixie interrupter points (XY): This 
can be done while the magneto is running and the 
intensity of the spark can be seen while adjusting. 

\'" 
ADVANCE' <_...., . -~r;;;:;t 
Posmo~~ • 

' \ 
POLE PIECES~ 

\ \. 

BREA¾ER 
MO'vES Wlllt 
con: 

Fig. 15. Shows breaker and housing of the Dixie which·, 
when retarded or advanced, moves the coil structure with 
wruch it is attached, givini; the same inteooity of spark at full 
advance or retard. 

"Armatul'c"-Type of Magneto Timing 

The advance and retard of a magneto is necessary 
to make up for the "lag" in engine operation as 
well as variation of speed, fuel, etc. 

Setting an "armature"-type magneto armature to 
the tini.e of break of interrupter points is usually 
accomplished by measuring the distance (X) (Fig. 
2, .page 271) between one of the pole pieces and 
the adjacent edge of the armature. The breaker is 
then adjusted so that the points are just separating. 
This is taken as the advanced position of the mag­
neto, and with this setting the maximum spark is 
obtained. 

Tiniing an "armature"-type armature with 
engine: The usual practice is to place the piston 
on top dead center of compression stroke with the 
breaker box fully retarded and with points just 
opening. This of cow·se increases the width of 
opening of (X) (Fig. 2) with a corresponding weaken­
ing of the spark. To advance the spark, the breaker 
box is moved so that the points open sooner in 
relation to the piston, thereby obtaining the best 
spark when running. 

It is clear that the spark will be weak at retard 
position, because gap (X) is wide. Consequently 
the sudden surge of the flux line through the arma­
ture has already passed its maximum. 

It has therefore been customary with some arma· 
ture-type magneto manufacturers to use a com­
promise setting for the breaker in which the maxi­
mum efficiency of the machine is not utilized at full 
advance setting on the engine. This compromise 
setting permits a mechanical advance in such mag­
netos of approximately 30°, but it is doubtful if in 
many of these machines the effective range exceeds 
12° or 15°, as the maximum spark of the magneto is 
never utilized. 

Dixie Timing 
The advance and retard of the Dixie magneto is 

obtained by shifting the breaker box. But note in 
Fig. 15 that it is attached to the "coil structure" 
(C-F-G, Figs. 4 to 7). Therefore the breaker hous­
ing and coil structure are all advanced or refa,rded 
at the same time. An absolute advance of 30° or 
more is obtained by simply rotating the coil-carrying 
structure to which the breaker box is attached, 
around the axis of the rotating poles N, S (Figs. 4 
to 7 and 15). 

Setting Dixie armature or "rotor" to breaker 
points: The distance (X) (Fig. 2, page 271) (arma­
ture-type illustration used to explain Dixie) is 
usually .020", just as points are breaking. The 
maximum rate of change of flux occurs in this posi­
tion of rotor (X, Fig. 2), where the rotor wings have 
just reversed the direction of the flux through the 
core. 

OR°'{CELI.S 

Fig. 17 

INTERRU Ptl:R' 

Fig. 18 

Fig.16 

Fig. 16. A simple method of synchronizing the pooition of 
the rotor ";th the time of opening ol breaker points, is explained 
below, and as shown in Fig. 16. Contact. points should separate 
.020" when opened by cam. 

Ir a. buzzer is connected as shown, it \vill bo in circuit with 
the cont.act-breaker points. While the contact points arc 
closed, the buzzer will operate. Turn the armature slowly 
(direction of rotation.) until the insta.nt. w ben the buz~er ceases. 
Just at this time the distance between the "rotor" and the "';;ale 
piece'• should be .020". Tbe spark-plug gap is set at .025 '. 

Fi~. 17. The breaker h_ousing is adjust9:ble. Being ~CrO\~cd 
to coil-carrying structure. 1t can be moved m tho samo d1rcct1on 
as the cam operates-if rotor gap is too smnll. If too largo. 
rotate in the opposite direction (to adjust for wear of fiber bum­
per also). 

Fig. 18. Correct position of distributor brush in contact 
with segment (A) when breaker is fully advanced. Corl'Cot 
position prevents back-firing and tail-burning of distributor 
segment. 

To facilitate this setting of the relation between 
the rotor and separation of contact points, a buzzer 
can be used, as shown in Fig. 16. The most effec­
tive distance for (X) is never varied on the Dixie. 

.To position breaker or interrupter box so that 
points open at desired point: Note that the breaker 
housing (Fig. 17) can be moved by means of set 
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screws around the cam, so that the break can be 
made to occur without interfering with the adjust­
ment of the points. 

To time the Dhde magneto to the engine: (1) 
place piston on top of compression stroke; (2) 
uncouple magneto; (3) place breaker in retarded 
position; (4) rotate driving shaft of ma~eto in 
directio11 it is driven until platinum pomts are 
about to separate; (5) couple magneto; (6) con­
nect distnbutor terminals as explained on page 294. 

This timing is for the four and eight-cylinder 
magnetos, and also one and two twin-cylinder 
motorcycle type (Ml and M2); also Dixie models 
11 and 21. 

On the eight-cylinder, the distributor brush (A2 
Fig. 20) should be in contact ·with No. 1 terminal of 
distributor block (see Figs. 22 and 23). 

To time six-cylinder, model "601' magneto, place 
piston 1/16" ahead of the end of the compression 
stroke with tinling lever in full retarded position 
and breaker points just separating. The distributor 
terminal is connected with No. 1 plug terminal. 

To time twelve-cylinder, model "120'' magneto, 
place the piston 3/16" ahead of the end of the com­
pression stroke. With the breaker or timing lever 
retarded, turn the magneto drive shaft in the direc­
tion of rotation until carbon brush is in contact with 
the segment connected witch terminal No. 1 of dis­
tributor block (Figs. 21, 24, and 25). When the • 
points are about to separate, couple the magneto. 
Sec under Figs. 24 and 25 for distributor connections. 

Cams on four and six-cylinder interrupters have 
2 lobes; on eight and twelve-cylinder interrupters, 
4 lobes. • 

Dixie Eight-Cylinder Distributo1· 
Four sparks are produced during each revolution 

of the drive shaft, at the instant of the "break" from 
the edge of the field structure. There are four 
rotaLing poles to the eight and twelve-cylinder 
magneto. On the four and six-cylinder magneto 
there are two. 

The magneto is driven at crank-shaft speed, 
because an eight-cylinder magneto four-cycle 
engine fires fom· cylinders per revolution. This 
eight-cylinder magneto generates four sparks per 
revolution. As the firing of the cylinders takes 
place at cam-shaft speed, the distributor is geared 
down two to one of the armature shaft. 

Fig. 19. 8-cylinder distributor. Note there are two row, 
of ~egments, 

Distributor: On the four and six-cylinder mag­
neto the segments are placed in one row, the proper 
distance apart. On the eight-cylinder magneto 

there are two four-cylinder distributors (Fig. 19)1 placed side by side, but moulded together, an<1 
having a double ''finger" or rotor (Fig. 20). Con• 
tacts are so arranged that one segment in each row 
is alternately in cont.act. The rotor is hard rubber. 

Fig. 20. The "rotor"' of the 8-cylindcr distributor (also for 
the 12-cylinder). 

The high-tension current is collected by brush 
(C) (Fig. 20), which is in contact with the high­
tension winding (see Fig. 13, page 273), and con­
ducted through the center of the "finger" or rotor, to 
brush (D), thence by means of a meta.I sector (S) 
(Fig. 19), moulded in the hard rubber block. The 
current is conducted to either of two sets of brushes 
(Al, A2, Bl, B2, Fig. 20) in the wings of the distribu­
tor rotor. 

These brushes, arrnnged in sets, become alive 
n.lternately at the moment when ther are aetually 
in contact with a. segment in either o the two rows 
of four segments in the block, ma.king it impossible 
for the spark to jump to the wrong segment, as in 
this manner a spark received at any post in thE 
inner row of the block will be followed by a spark 
from a post in the outer row, but 180° away. 

Dixie Twelve-Cylinder Distributor 

Four sparks are produced with each revolution 
of the drive shaft of the magneto. There are four 
rotating poles, the same as on the eight-cylinder. 

Six cylinders must be fired with each revolution of 
the crank shaft. Therefore the magneto will turn 
1 ½ revolutions to 1 of the crank shaft. The dis­
trihutor is geared 3 to 1 of the armature shaft. 

Fig. 21. 12-cylinder distributor. See also Figs. 32, 33. 34, 
page 278. 

The distributor consist.s of two six-cylinder dis­
tributors moulded together as in "Fig. 21. Note 
sector (S) in Fig. 21, Iiow it differs from the. eight­
cylinder sector (S), (Fig. 19). 

The "rotor" of the twelve is similar in construe 
tion, a13 in Fig. 20. 
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Fig. 22. R;gbt-baodrote.tion. Fig. 23. Le
0

(t-hand rotation. 

Figs. 22 and 23 show order of sparks delivered by eight­
cylinder distributor. 

Figs. 24 and 25 show order of sparks of twelve-cylinder dis­
tributor. 

Parts of the Dixie Magneto 

To replace parts on the Dixie: First remove the 
distributor plate carrying contacts. Then pull out 
~he travelling contact and all its insulation. This 
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Fig. 24. Right-hand rotation. Fig. 25. Left-hand rotation. 

Terminals on 24 and 25 are marked 1R-12R for right-hand 
rotation and llrl2L for magnetos Jert-hand rotation. 

Therefore, the right-hand rotation connects the cable from 
terminal IR to spark plug No. I cylinder; cable from 2R to 
spark plug next in sequence of firing, and so on. 

leaves the coil and metal plate-and, if the spark 
does not jump the safety gap, a new coil may be put 
in in a few minutes. 
. For timing the Dixie magneto, see page 274. 

3 4 
5 

8 
9 
10 

/1 

Fig. 26. Side view of parts of Dixie Magneto (4-cylinder). 

1. Condenser. 
2. Magnet. 
3. Gap protector. 
4. Oil hole cover, front. 
5. Screw for distributor block. 
8. Hexagonal nut for grounding stud. 
9. Thumb nut for grounding stud. 

10. Grounding stud. 
1 I. Screw and washer for fastening 

breaker. 

12. Screw and washer for fastening con• 
denser and primary lead to winding. 

13. Screw and wnsher for fastening pri• 
mary-lead tube clamp. 

14. Primary-lead tube. 
15. Primary-lead tube clamp. 
16. Screw and washer for fastening 

grounding clip to pole structure. 
17. Rotor or armature shaft. 
18. Woodrutr key. 

19. Back plat-e. 
20. Oil-hole cover, back. 
21. Grounding clip. 
22. Screw and washer for fasteninr 

grounding clip to winding. 
23. Winding. 
24. Screw and washer for fastenini,. 

winding to pole structure (Fig. 31). 
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To Oil Dixie Magneto 
After 200 hours of operation put oil at the ooint 

marked "OIL." 

& 
-~' 

Fig. 29. Places to oil on Dixie magneto. 

After every 20 hours of operation put two drops 
at (A). 

After every 20 hours of operation put iour drops 
at (B). 

Fig 27. External wiring for an eight-cylinder engine. 
Fig. 30 

Fig. 28. Internal wiring for an eight-cylinder engine. See 
Figs. 11 and 13, which will assist in makin11 this diagram clear. 
Note that (CW) in Fig. 28 is the coil winding and connect.ions. 
Above it is the internal wiring as an explanation. 

Fig. 30. Pole structure in which rotating poles re-.olvc and 
to which the condenser and coil winding attn.ch t.:> it.s upper 
part. See (24) and (16) in Fig. 261 showing how connections 
are made to it. 

11 

I. Distributor gear. 
2 Distributor disk. 

14 

12 

Fig. 31. 

3. Finger spring for breaker bar. 
4. Cam screw. 
5. Breaker bar with platinum point. 

~--1 

--2 

10 

Front view of parts of Dixie Magneto (4. cylinder). 
6. Contact screw bracket with insula- 10. Cam. 

tion bushings. 11. Distributor block. 
7. Platinum contact screw. 12. Thumb nut for distributor block. 
8. Breaker-box cover. 13. Breaker advance and retard lever 
0. Grounding stud or terminal post. 14. Breaker bar ~prin~. 
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Fig. 32 

Fig. 32. Rotating poles on t,he Dixie model "120" for 8 and 
12-oylindcr engines. Note that there ate four rotating poles. 
On the 4 and 6-cylinder there are two. 

Fig. 33 

Fig. 33. Showing method of raising or lowering the plati· 
nHm point screw in (7) Fig. 31. The usual distance to set these 
points is .020" or 1/50". This adjustment can be made with a 
screwdriver. The spark-plug gap is set .02.5". 

Note. The contact breaker box is permanently attached to 
t lie pcle structure or part (Fig. 30). ,.,.·hich carrie.s the coil and 
condenser. When moving the breaker to retard or advance, 
all the parts (Fig. 261 l, 3, 24_, 22, 21. \6, 15, 14, 13, 12 move 
wit.hit {also shown in Fig. 15, page 274). 

Fig. 34. Front view of Pixie model "120" 12-cylioder mag­
neto. Note the distributor to the left and the distributor rot.or 
and gear which is placed behind it and which drives the dist.rib· 
utor rotor and which is driven from a gear on a rotating pole 
shaft. Note that the distributor rotor is arranged differently 
from (2) in Fig. 31, a 4-cylinder rotor. 

Fig. 35. Rear view of magneto. Note that by taking out 
four screws, the winding coil (23) and condenser {I) (Fig. 26) 
can be removed. Tho magnets (2) (Fig. 26) are exposed tmd 
removed when taking off tbe cover. 

REMY HIGH-TENSION MAGNETO "SERIES 1500" 

This magneto -is a double-wound high-tension 
"armature-type" of magneto. The design of this 
magneto has been towards accessibility. 

The circuit breaker, cam, and distributor rotor 
are mounted on a vertical shaft driven by hardened 
spiral gears which run in grease. 

The circuit. breaker and distributor parts form a 
complete and independent assembly which may be 
removed from the magneto by simply loosening one 
screw. 

The circuit diagram(Fig. 2)shows clearly how short 
and direct both primary and secondary circuits are, 
and how accessible are all parts of these circuits. 

The inner end of the primary winding is grounded 
to the core (G2) and from this point the current flows 
through the primary wire to a collector ring which is 
of copper and insulated from the armature head. 
Here 1t is picked up by a brush (B) carried by means 
of a copper pig-tail to the primary brush-holder 

Fig. 1. 
magneto. 

DISTRIBUTOR ANO 
• CIRCUIT· 

8REAXE.R. 

.I 

Side vie" of t.ho Remy "Series 1.500" high-tensi?o 
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911',UIIC PLUCI 

DISl'RIBIJTOR \• 
,-----,-

P~IM,O:Y "INDINC 

CIRCUIT 
BREAKER 

11'i,:. 2. Wiring diagram of the Remy "series 1500" high­
tension magneto. 

terminal, from which it passes through an insulated 
cable to the circuit breaker, condenser, and ground 
(G) and (GI) to ground (G2) on the magneto arma­
ture core. 

the ground circuit is more fully completed, as, for 
instance, oily or gummed bearings would prevent good 
contact, hence the reason for using a ground brush. 

The secondary or high-tension circui, is from 
grounded end (N), through the secondary winding, 
which consists of a great many turns of very fine 
copper wire, to the high-tension collector ring. This 
collector ring is bronze moulded between two flanges 
of hard rubber and the current is picked up from 
this ring by a carbon brush in the high-tension 
brush holder. 

From the brush holder the current goes direct 
through a heavily insulated cable to the center 
terminal on the distributor cap. From here it is 
distributed by the rotor under the cap by means of D 
wipe contact to the segments. The distributor c::i,p 
is of molded material with a hard-rubber track over 
which the distributor brush travels. From the dis­
tributor, the secondary current goes to the spark 
plug, to ground, to ground (G2) on the armature, to 
(N) where the secondary connects with the primary, 
thus completing the circuit. 

The drive gear is fitted to a taper on the armature 
shaft. 

Interrupter-gap clearance: Contact points on 
the interrupter should have a ma.ximum opening of 
. 02011 tO , 025 II• 

Spark-plug gap: The spark-plug- gap clearance 
should be .030". 

Safety gap: The safety-gap clearance should be 
slightly more than the spark-plug gap clearance. Ground brush: Immediately under the primary 

brush holder is a brass plate grounded to the mag- The safety gap on this magneto is formed between the end 
neto frame, to which is connected a collector or of the pointed screw whieh projects from the magneto housing 
, h and the high-tension collector ring. When this screw is in 
'ground brush" which makes contact with t e place and properly t-ightened, the oafet.y gap will automatically 

bronze head of the armature a.nd by means of whi_ch be adjusted to the proper distance which is 7 m.m. or .275." 

THE K-W MAGNETOS1 

The K. W. magneto is of an "inductor" type, t-hc 
principle of which is explained on page 246, and 
below. Unlike other magnetos, it generates four 
impulses per revolution instead of two, as explained 
on page 246. The K. W. magneto is used exten­
sively on truck, tractor, marine, and stationary 
engines. The K. \V. magnetos are made with two 
windings for high-tension work (A) and with a 
single winding for low-tension worlc (J). They 
both generate and deliver alternating current. 

K.W. High-Tension :Magneto 
The IC W. magneto differs from other magnetos 

in many ways, and possibly the clearest information 
that can be given, is to assist in a careful study of 

. the diagrams and accompanying explanation. 
Diagram "A" shows a longitudinal sectional 

elevation of the model "HK" high-tension magneto. 
By referring to the numbers in the following de­
scription, a clear idea may be obtained of the function 
of the various parts. 

Diagram "B" shows the rotor (which is the 
only revolving part in the K. W. magneto) and the 
complete assembled winding. The rotor is made 
up of soft Norway sheet-iron stampings, which 
are riveted together and very accurately machined, 
as these rotor blocks, which run on high-grade 
annular ball bearings; have only .003" space between 
their face and the face of the pole-pieces. The rotor 
blocks are made in two halves and are held on the 
shaft by a taper pin, and are mounted at right 
an~ies to each other. 

in mounting the winding between these rotor 
blocks, the pin is taken out of one half, and the rotor 

block is withdrawn from the shaft to allow the wind 
ing to be placed in the center. 

11/u.l_-----73 
9G 
100 
I 
i:' 
119 
li:'O 
99 
5G 
i:':T 
G!I 
G7 
79 

L-8F"'~--.G4 
/0 

Diagram A, showing sce~ional view of the K. W, high-tension 
magneto, model "HK.u 

1 Bridge or spider. 98 Distributor brush holder. 
2 Distributor gear. 100 High-tension lead. 

10 Base. ll3 Secondnry winding. 
14 Low-tension bus bar. 114 Primary winding. 
24 Dust_ cap or _cover. 118 Safety Rpark gap. 
20 Reta1per spring. ll9 Secondary distributor 
66 Switch binding post. brush. 
64 Driving pinion. 120 Secondary contact plun--
67 Cam. gcr. 
69 Rocker-arm roller shaft. 126 Condenser. 
73 Magne~. 180 Rotor. 
79 Plunger for primary circuit. 186 High-tension bus bar. 
96 Distributor block. 

1 See page 300 for wiring diagram of K. \V. high-tension 
magneto circuit. 
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Diagram B, showing the stationary secondary and primary 
windin11 (113 and 114) (as in Diagram AJ mounted between the 
rotors (180) which revolve. 

The winding: Complete assembled winding (dia­
gram C) consist.s of a primary winding of heavy 
copper wire and a secondary winding (see also dia­
gram A) ,which is made up of a great number of 
turns of very fine wire, these coils being wound 
circular in shape, assuring the largest number of 
turns with the least length of wire, which makes the 
most efficient type of coil. 

Diagram C, showing the windinl:'3 (113 and 114) (as in Dia­
gram A) and also shown in (B). 

These windings are given an impregnation of 
high-grade insulating compound by the vacuum 
process, and the secondary winding is given 27 
separate coats of varnish, each one being baked 
twenty-four hours, which thoroughly insulates it 
from the primary winding and also assures it being 
as near water and oil proof as it is possible to make 
any high-tension coil. These windings are assem­
bled with the secondary outside of the primary 1 
and then enclosed in a hrass housing with a hara 
rubber plug, through which the high-voltage second­
ary is carried through parts 186 and 100 to the 
distributor brush of the magneto. 

The condenser, No. 126, in diagram A, is made 
up of a number of alternating sheets of tinfoil and 
mica, every other sheet of tinfoil bein~ connected 
together, which makes two series of tinfoil layers 
separated from each other by sheet mica. Each 
sheet of mica is tested separately, before being used, 
with 5,000 volts for breakdown and after it is 
assembled, it is given a test of five to six times the 
normal worldn~ voltage to uhich it is subjected, 
assuring reliability under adverse conditions. 

The safety gap, No. 118, diagram A, is a necessary 
part of any high-tension magneto, its object being 
to form a path for the high-tension current to jump 
across in case a secondary cable, that leads to the 
spark plugs, should be off when the engine is mnning. 
This safety gap, as its name implies, prevents the 
winding from burning out, for as long as there is a 
path for the high-tension current to pass through, 
it will never puncture the insulation of the secondary 
winding. 

The magnetic field of the magneto is composed of 
four horseshoe magnets, No. 73, shown in diagram 
A, which are mounted on two cast-iron pole-pieces, 
spaced 90° apart. The rotor, No. 180, revolves 
within this m~netic field1 and as the rotor blocks 
are spaced 90 apart, tney create four current 
waves for each revolution of the magneto shaft. 

When the rotor is revolved within this magnetic 
field, the magnetic lines-of-force are caused to 
alternate through the center of the rotor, producing 
an electric current in the primary winding, which is 
carried up through part No. 14 to bridge No. 1, then 
through spring No. 29 to the circuit-breaker caµ, 
and through the contact points in the circuit breaker 
back to the other side of the winding, completing 
the circuit. 

When the current has reached its highest point, 
the circuit-breaker points are open, and the change 
of the magnetic flux causes a high voltage to be set 
up in the fine wire secondary winding. This induc­
tion is assisted by the condenser, which is connected 
across the circuit-breaker points, absorbing the 
spark which would occur if the condenser were not 
in circuit, and also assisting by the discharge which 
takes place immediately after it is loaded. 

The high-tension current is carried up through 
the hard rubber plug to the bus bar, No. 186, then 
through lead No. 100 to the distributing brush, 
which distributes it to the clifferent segments 011 
the distributor block, these segments being con­
nected by high-tension cables to the different spark 
plugs on the engine. 

The distributor block is made of hard rubber into 
which are molded brass segments, one for each 
cylinder. The distributor brush holder which turns 
w:ith the gear of the magneto is also molded of hard 
rubber and carries a carbon brush, which bears 
lightly on these segments as it passes, and the mag­
neto is tirµed so that the circuit-breaker points open 
and the high-tension current is generated just at 
the instant this brush goes to the segment. 

The K.W. CiJ:cuit Breaker 

The entire circuit breaker is removable. Release 
spring No. 29 by pushing it aside. Pull out com­
plete breaker box and remove cover nut No. 79. 
Thls allows removal of the circuit-breaker cap and 
gives access to the breaker parts. The same type 
of circuit breaker is used on all K. W. high-tension 
magnetos, and is shown by diagram D. It is 
arranged to have 30° of advance or retard for regular 
work. 
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Diagram D, showing the circuit-breaker (also termed contact- m, 
breaker). 

When the points fail to separate, or when the 
rlistance is too far apart, adjust part 194 with a 
small screwdriver inserted through the hole for that 
purpose in the housing. The proper distance apart 
is 1/64". A gauge is sent with every magneto. 
Spark plug 1/64". 

The firing point of the magneto is just when the 
points are beginning to open or break the circuit, 
not when they touch. 

To Open Distributor 
Remove the high-tension lead No. 100, by turn­

ing it to the right, which releases it at the bottom. 
Unscrew nut at top of spider1 and remove the bridge 
or spider No. 1, thus releasmi the cap on the dis­
tributor block and giving a view of the distributor 
and brush No. 119. 

Impulse Starter 
Diagram E shows the impulse starter as 11cpplied 

to the model "HK" ma.gneto and diagram F shows 
a sectional view of the 1mp~se starter only. 

The impulse starter consists of two separate mem­
bers, one of which is called the ratchet, and one tho 
starter case. The ratchet is fastened directly to 
the rotor shaft of the magneto, and the case connects 

Diagram E, showing impulse starter mounted on the K. W. 
high-tension magneto. 

to the coupling, which is fastened to the shaft that 
drives the magneto. Interposed between these two 
members is a clock spring which performs the func­
tion of driving the rotor when the starting mechan­
ism is used. 

When the engine is to be started, the ratchet 
catch lock (ST-14) is pressed down, which allows 
the ratchet catch (ST-13) to engage with a notch 
on ratchet (ST--6). Thus while the starter case 
(ST-2) is turned by the drive shaft, the ratchet 
(ST--6) remains stationary and the spring inside of 
the case is wound up. After the case (ST-2) has 
turned 80°, trip cam (ST-11) comes up into such a 
position as to disengage ratchet catch (ST-13). 

Diagram F, showing parts of the impulse starter. 

As soon as the ratchet is released, it is thrown 
forward to its original position relative to the 
starter case (ST-2). In doing this, it carries the 
rotor of the magneto with it, and as the circuit.­
breaker point-s open during this period, an intensely 
hot spark is produced at the proper moment, regard­
less of how slowly the engine is turned over. 

The starter continues to operate until a pre­
determined speed has been reached, when the 
ratchet catch is thrown up and latched, and the mag­
neto is driven direct. The speed at which the 
starter throws out of engagement is determined by 
the tension of the cushion spring on the hook dog. 

To Time Magneto to the Engine 
First, 'furn over crank shaft of engine, placing 

No. 1 cylinder from 3° to 5° past top dead center on 
firing stroke. 

Second, Mount the magneto and turn the impulse 
starter case until it is just ready to disengage the 
ratchet catch. In this position couple it securely 
to the drive shaft of the engine. 

DiagrQm G, showing K. W, high-teneion wagneto, model 
"TK." 

Diagram G shows IC W. high-tension magneto, 
known as model "TK." while diagram H shows a 
cross-sectional view of this magneto. It will be 
noted that the principle of the model "HK" and 
"TK" ma~etos is exactly the same, the only dif­
ference bemg in the size of the magnetos and their 
appearance. The same principles of design and 
construction, are employed in both. Model "TK," 
however, has flat magnets. 

Both magnetos are of the inductor-type con­
struction, having a stationary winding and revolving 
rotor. This does away with all moving wires, 
collector rings, special contacts, etc., and is con­
sidered by the manufacturers the simplast form of 
construction. 



282 DYKE'S INSTRUCTION No. 26 

Diagram H, showing sectional view of model "TK" hii:h­
tcnsion magneto. 

K.W. Low-Tension Magnelo 

These generators are made for ignition, using a 
vibrating spark coil and low-tension timer, and are 
made in several models, for either friction or belt 
drive. 

They are also made for tractor and motor-boat 
electric-lighting systems, feeding the current direct 
to the lamps. These generators will not charge 
a storage battery, as they produce alternating 
cun-ent. 

Internal Const1·uction 

Diagram I, showing bottom ,~ew of the K. W. low-tensioc 
ma.gneto and Riso showing rotor and primary winding. 

Diagram J, showing rotor and stationary winding with a 
single primary winding of the K. W. low-tension magneto. 

The terminals of the winding extend through the 
top of the pole pieces in which the rotor revolves, 
and are securely connected to the winding posts, 
which are located at the end of the magneto. 

Diagram I shows the internal construction and 
extreme simplicity of tha !CW. low-tension magneto, 
designed somewhat similar to the IC W. high-tension 
m:1gneto, except that there is but one winding: the 
primary. This magneto is also termed an induct.or 
type, designed on entirely different principles from The electrical part is. housed in a case, making 
othermakesofmagnetos,andpatimtedbythemakers. the magneto practic11lly waterproof. It will stand 
Instead of having wires wound longitudinally around any amount of spray or rain. 
a revolving armature, it has a stationary spiral wind- All models of K. w. lighting magnetos or genera­
ing of copper ribbon, as is shown in th e centei of dia- tors, in addition to having a special winding suitable 
gram J and also in diagram .I, which is a view of the f 1-inside of a low-tension magneto. The rotor changes or 1ghts, are _so constructed and designed that 
the direction of magnetic flux through the winding, the voltage can never exceed that actually required, 
four times per revolution, and thus produces the regardless of speed. This takes care of various 
electric current. This rotor revolves in two sets of engine speeds, and entirely eliminates the use of 
high-grade ball bearings, and does not rub against automatic cutouts or other regulating devices. 
or touch any other··pary,.,9Jl the entire mag1,1eto, as The manufacturers of IC. W. magnetos are the 
all other parts stand st1_l}; K. W. Ignition Co., Cleveland, Ohio. 

REMARKS RELATIVE TO THE DIFFERENT MAGNETOS 

If the reader will master the purpose and principle 
of the following, it will then be easy to analyze any 
system of ignition he may come across. For 
instance, learn the difference between: low-tension 
coils; high-tension coils; low-tension magnetos; 
high-tension magnetos. 

Other details to classify would be: the difference 
between the ignition commutator, timer and inter­
rupter, and sources of electric supply, as direct-cur­
rent chemical generators (dry cells and storage 
batteries); direct-current, mechanical generators 
(dyna os); alternating-current, mechanical genem­
tors (magnetos); methods for distributing the 
secondary current to the spark plugs, by a distrib­
utor as used on a magneto, or by an ignition com­
mutator in connection with a vibrator coil. 

In other words, very nea.rly all of the systems 
comprise one or more of the parts of the four prin­
ciples of ignition. 

Diffe1·cnce in Makes of Magnetos 

An inspection of the illustrations of the different 
leading makes of magnetos will give the reader an 
idea of the variance in construction. • In these pages 
we illustrate magnetos of low-tension type and 
magnetos. of high-tension type. 

As previously explained, the low-tension type of 
magneto employs an armature wound with only one 
winding of wire, which is called the primary winding. 
We learned in a previou~ instruct.ion that when a 
magneto employs a single pritnary wound armature, 
then a transformer (high-tension coil), separate and 
distinct from the magneto, is necessary in order to 
step up or transform the low-tension voltage (pres­
sure) up to a high pressure. 

By referring to pages 247,254, we find that the Remy 
and Splitdorf (in the models shown) have primary 
wound armatures and need separate coils or trans• 
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formers. But going a little further into detail, ,Ye 
find that the Splitdorf, Eisemann, Bosch, Mea, and 
the pivoting magnetos all have armatures which 
revolve with the winding wound on the revolving 
part. 

In the Remy model "RL," page 247, and IC.W., 
as 'IVell as the Dixie and Ford inductor-type mag­
netos, we find that the winding does not revolve, 
but is stationary. 

"Arma. ture" and "Inductor" Type; "Primary" 
and "Compound" Wound l\'lagnetos 

The revolving type of armature, with the wire 
wound thereon, is called the "armature" type, and 
the type where the wire is stationary is called the 
"inductor" type. 

If there is only one winding it is called a "pri­
mary" wound armature. If there are two windings, 
then it is called the "compound" type. 

The primary wound armatures are low-tension, 
and require separate coils. 

The compound wound armatures are high-tension, 
and do not require separate coils--except as a matter 
of convenience for easy starting or dual systems of 
ignition. 

By referring to the IC. W. magneto, in Fig. 6, 
page 284, we find that the winding on this type is 
also stationary, but instead of being a single pri­
mary winding, as on the Remy, it is a double or 
compound wound armature like the Bosch, Eise­
mann, and Mea-but differs from the last-mentioned 
in that the winding does not revolve. 

In the Bosch, Mea, and Eisemann the armature 
is compound wound, and of the "armature" 01· 
revolving type. The principles of the magnetos 
are about the same, with some few minor differences 
in construction. 

"Pivoting" or '.'Rocking" Type of Magneto 
The Mea magneto (Fig. 2, this page) differs in 

that the ma!1jnets can be turned from side to side 
(called pivotmg type)· they are bell-shaped, and 
placed horizontally; ti1erefore, unlike the custom­
ary horseshoe type, are mounted vertically. 1n 
this construction the magnets and breaker are 
moved sirnul.t.aneouslv instead of the advance and 
retard of tbe contact:breaker alone. 

This style of magneto, owing to the fact that it is 
rocked from side to side, gives an unlimited range of 
advance, and thus adds wonderfully to the flexibility 
of the car on which it is mounted. This great 
range of advance makes this instrument especially 
suitable for two-cycle engines, which require a much 
greater degree of advance and retard than the four­
cycle type. 

Magneto; Automatic Advance 
The Eisemann automatic advance of spark (page 

270): With all magnetos treated up to. the present 
time, the advance and retarding of the time of spark 
is accomplished by hand, called "manual" advance 
by means of a spark lever on the steering wheel. 
With the Eisemann automatic advance, the same 
thing is accomplished by a governor arrangement 
automatically. This type of magneto is extensively 
used on commercial cars. 

illustrations of Some of the Different High 
and Low-Tension Magnetos 

Note that while the magnetos may vary in con­
struction, the principle is very much the same. 

Note: The magnetos shown here are not intended to repre­
sent the latest models of manufacturers mentioned, but are 
intended to show the different constructions. 

Fig. I. The Bosch high-tension mngncto. Armnture 
revolves. The Simms, Eisemann, nnd other types are similar. 

(M) ma~nets; (D), distributor: (PW), primary winding; 
over this winding is (S) the secondary winding; (H), is the 
terminal whi~h conneots with the s,yit.ch. 

Fig. 2. The Mea high-tensidn magneto. Pivoting type. 
Revolvini: arm11ture. Note th11t the 11rrnature is of the double­
wound, shutUe-revolving type. Instcncl of shifting the inter­
rupter housing, in order to adva.nce or retard, the field magnets 
with the interrupter are shifted. 

Fig. 3. The Eisemnnn hi11;h-lension magneto, pivoting or 
rocking advance mn.gnet.o. Tho advance and retard are ob­
tained by rocking the magneto bodily on its cradle. Otherwise 
the magneio is the sn.n1e ns other ma!tnctos. Tbe armature 
revolves. (Not now manufactured. It is shown in order to 
exemplify the meaning of a "pivoting or rocking" method o( 
advance and retard.} 

Fig. 4. The Splitdorf low-tension mni;neto. Armature ie 
primary wound. Armature rc,,olves and is of the "armature" 
type. A separate high-tension coil, called a transformer, must 
be used with this magneto. The Splitdorl Co. l\lso manufac­
tures a high-teuion type magneto. 
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Fig. 5. The low-tension magneto armu.ture is primarr, 
wound-only one winding. The magneto is of the "inductor ' 
type. Armature docs not revolve. The winding (W) is 
stationary, and rot.a.ting magnets (L) revolve. Separate high­
t-en.sion coil (called a transformer) must be used with this 
magneto. The breaker gaps are set .025" apart. 

"DISTRIBUTOR 

5ECONDAR'( TERMINALS 

OIL CUP➔ 1 

·--~BASE 
Cl RCU IT BREAKER CAM 
CIRCUIT BREAKER ROLLER 

Fig. 6. The K.W. high-ten.sion magneto with an inductor­
type rotor. There are two windings on this type: a primary 
and a secondary. The windings are stationary, however, 
and the inductor :rotors revolve. The prindple of inductol""' 
type magnetos was explained on page 246. The same principle 
applies here, with the exception that the two windings obviate 
the necessity of a sepa.rate high-tension coil, as it is here pr<>­
vided for in the secondary winding of the stationary coil wmd· 
ing. By referring to the Index under "Impulse and waves of 
current," and also on page 246, you will note that the K.W. 
gives four waves or impulses per revolution. However, either 
one, two, or four sparks per revolution can be obtained by using 
a single or a double cam. 

On the K.W. there are four sparks per revolution, with a two· 
point cam therefore the magneto would be driven at crank­
shaft speed for an eight-cylinder engine, and at 1 ½ times crank-
shaft speed for a, twelve-cylinder. • 

The setting of the inductor-type armature is similar to the 
setting of any other type. The fact of its having two induct-ots, 

placed crosswise, is a bit confusing, but in tho setting, only ono 
1s taken into consideration, and i• therefore as simple to set as 
the ordinary type. The breaker and plug gap are s~t to 1/64" 

flll\lSH KIJlOat 

, __ ~.: 
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Fig. 7. Berling type D-81x-2, high-tension 8-cylinder 
single-spark, high-tension, revolving type of armature mag­
neto, as used on the Curtiss training planes. 

Fig. 7 A. Interrupter or contact-breaker as used on the 
Berling magneto shown above. 

Adjusting interrupter: With the fiber lever in the center of 
one of the embossed cams, the opening between the platinum 
contacts should be not less tban .016" and not more than .020''. 
The gauge riveted to the ad.iusting wrench should barely bLJ 
able to pass between the contacts when fully open. The 
platinum contacts must be smooth, and if pitting of the con­
t.a.els is in evidence, they should be smoothed off with " very 
fine file. ,,'hen in closed position, the platinum contacts should 
make contact with each other over their entire surfaces. 

Addresses of Magneto Manufacturers 
K. W. Ignition Co., Cleveland, Ohio. 

American Bosch Magneto Corporation, Springfield, Mass., 
"Dosch" Magneto. 

Ericsson Mfg. Co., Buffalo, N.Y., "Berling" Magneto. 
The Eisemann Magneto Co., Brooklyn, N.Y. 1 "Eisemann 11 

i\Iagncto. 

Splitclorf Electrical Co., Newa.rk, N.J., 11 Aero" and "Dixie" 
.Magnet<>s. 

"COMBINING" THE HIGH-TENSION MAGNETO AND COIL AND BATTERY SYSTEM INTO 
"DUAL" AND "DOUBLE" SYSTEMS 

We have now explained the different leading 
low and high-tension ignition systems for firing 
the charge of gas in the gasoline engine. In order 
to explain more clearly the four systems of bigh­
tension ignition, we will now place the four ignition 
systems (high-tension) on one four-cylinder engine. 

Some of these systems (see Fig. 8) are out of date, 
but are shown in order that the reader will under­
stand the different principles. The modern batter_y 
and coil-igrutioo system, using a closed-circuit 
interrupter, as explained on page 197, is not shown. 

The system of using four ~ition systems on one 
fnur-cylinder engine is not m actual use, but is 
intended fo make the combination of "dual" and 
"double" systems clear to the reader, by showing 
how i.beJ can be combined. 

Fig. 8. Four high-tension ignition systems connected to one 
four-cylinder engine. Only two systems are usually placed on 
an engine. The idea is merely to show how the various systems 
can be eombined into "dual'' or "doublo" ie;nition sy.qt,emv 
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The vibrating coil is seldom used. The low-tension magneto 
is seldom used. A modern "dual" and "double" system is 
shown on page 263. A modern "battery and coil" system is 
shown on pages 197, 211. 

We shall first explain each system separately, 
showing how each would be connected. 

First, The "single" high-tension magneto system: 
By referring to Fig. 8, .we will put our pencil on the 
switch on the dash coil box {Sl). If this lever is 
thrown to the left with all other switches "off," 
this high-tension magneto system will supply cur­
rent for sparking the lower set of spark plugs {Ml, 
M2, M3, M4). Note that these wires run from the 
distributor on the magneto. 

Second, The high-tension coil, battery and com­
mutator system: If switch (S) is thro,vn to the left, 
the four high-tension vibrating coils will spark the 
plugs (Hl to H4). The battery of either storage or 
dry cells (usually storage) will supply the electric 
current in this instance. The co=utator, operated 
from one of the cam shafts through a system of bevel 
gears, will control the time of spark in each cylinder. 

Third, A non-vibrating single high-tension coil 
with battery, using the circuit-breaker on the low­
tension magneto as the timer, and the distributor 
on the magneto to distribute the current to the 
spark plugs: If the switch on the non-vibrating 
coil is on (B), the battery will supply the electric 
current, passing through the primary winding of 
the non-vibrating coil. The circuit-breaker (Bl) 
on the low-tension magneto will take the place of 
the timer and vibrator. The secondary current 
from the coil will be d.ist.ributed to the spark plugs 
(Wl to W4), through the distributor (D) on the low­
tension magneto. 

Fourth, Low-tension magneto and separate high­
tension coil: If the switch is on (M) on the non­
vibrating coil, the ~ow-tension magneto will pass its 

current through this non-vibrating coil increase it 
to high pressure, and then distribute tl1e high-ten­
sion current through the distributor (D) to the 
spark plugs (Wl to W4), the circuit-breaker opening 
and closing the primary circuit of the magneto. 

Combining into Dual Systems 

If we were to combine the two last-mentioned 
systems, we should have two systems of ignition 
using one set of spark plugs-but only one system 
sparking the plugs at the time. 

The single non-vibrating coil and battery would 
be used to start on, by throwing the switch to (B), 
and after the engine was started; then, by throwing 
the switch to (M), the low-tension magneto would 
take the place of the battery. 

Another dual system: A vibrating coil with 
switch (Sl), storage battery and co=utator 
(timer), with secondary wires (HI to H4), con­
nected to the spark plugs (Ml to M4), in connection 
with high-tension magneto, connected to same spark 
plugs, would give another form of dual system. 

Combining into Double Systems 

The vibrating coil, timer, and battery with spark 
plugs (Hl to H4) would constitute one independent 
system. The hi~h-tension magneto with its spark 
plugs (Ml to M4) would constitute the other. This 
would be called a double system. 

Another double system could be formed by using 
the low-tension magneto aud separate non-vibrating 
coil and spark plugs {Ml to M4). The vibratin~ 
coil, timer, and battery with spark plugs (Hl to H4) 
would constitute the other system. 

There are many methods employed to combine 
the different ignition systems into "dual" and 
"double" systems. 

A BRIEF REVIEW OF THE VARlOUS IGNITION SYSTEMS: ADVANTAGES AND 
DIS ADV ANT AGES 

We have now mastered the various methods of 
producing an electric spark for igniting the gas; 
with a "primary" or low-tension coil, and a "second­
ary" or high-t.ension coil, and a low-tension magneto; 
a low-tension magneto and a high-tension coil, and a 
high-tension magneto alone, or a high-tension mag­
neto and a coil-and-battery ignition, as a "dual" 
system, also the "double" ignition system. 

'We shall now review the different systems as to 
their relative advantages and disadvantages. 

Low-tension coil systems: The disadvantage of 
the "make-and-break" is its lack of "flexibility" 
and slow ~park. It would be considered fairly good 
for a slow-running constant-speed stationary or 
marine engine. 

Coil with vibrator: The disadvantage of a vibrator 
coil is_its tendency to miss; if the battery is weak, 
the vibrator will not operate. If too strong, the 
points on the vibrator will weld together and stick, 
causing missing. The spark is not fast enough. 
The consumption of current is rather heavy. 

Master vibrator coil: Where a system is already 
equipped with a multiple of vibrator coils, this 
would be an excellent method to improve it. Its 
disadvantage is a sticking vibrator, with all work 
on one vibrator and a succession of sparks. 

Dry battery as a source of electric supply: Its 
disadvantage is unreliability. A battery of 5 or 6 
dry cells will do fairly good work when fresh for 
51hort periods of time-provided two sets are used 

and the use alternates from one to the other. It 
gets weaker .as used, however, and is unreliable. 
Intended for "intermittent" work-as ringing door 
bells, etc., where used only for a few seconds at a 
time. 

Storage batteries are better, as they maintain 
their pressure until exhausted. They contain a 
greater quantity of current and are far more satis­
factory. Their disadvantage lies in the fact that 
they must be recharged when exhausted, and the 
operator must watch it for fear of running down. 

Battery, coil, and magneto: The battery and coil 
ignition, using dry cells or a stora.ge battery, could 
be used for starting the engine and the magneto 
can be used for ignition after starting. The dis­
advantage would be that dry cells would soon get 
weak and the storage battery would require charging 
in time. If a generator or dynamo (direct current) 
was connected to the engine to charge the battery 1 this would be an improvement, but would ada 
another piece of machinery. The magneto gener­
ates "alternating" current; therefore it is not suit­
able for charging a battery and can be used only 
independently for ignition. 

• High-tension magneto alone: The magneto gener­
ates a very hot and voluminous spark which is 
desirable as the time between ignition and actual 
combustion is less, with the result that more power 
is obtained (for the same reason that "double" and 
'two-spark" ignition is an· advantage). The dis­
advantage is that the magneto must be turned last 
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enough to generate current when starting, and this 
cannot always be relied upon when cranking by 
hand. Therefore some form of starter must be 
employed. The popular type of magneto starter is 
the "impulse starter," as explained on page 281. It 
is used extensively on truck and tractor en(;ines. 
This overcomes the starting disadvantage, but 1s not 
altogether desirable for pleasure cars. 

The low-tension magneto and separate high-ten­
sion coil are now seldom used, because the high­
tension mag;neto is simpler, and thus the separate 
~oil and wirmg are dispensed with. 

The high-tension magneto is a very desirable 
system of ignition. The spark is hotter, fatter, and 
exists across the spark-plug gap for a longer period 
of time than in other systems. Thus it fires all of 
the gas in each cylinder. The high-tension magneto 
is several times hotter than any other spark, and thus 
the gas is ignited more quickly. For reasons stated 
below, however, the magneto is not used on pleasure 
cars to as great an extent as formerly, and now that 
great improvements have been made with coi!-and­
battery ignition, this latter system is in general use. 

The double system of ignition is an advantage. 
See pages 263, 264, explaining why. 

The Electric System in General Use 

Battery, coil, generator and electric starting 
motor: A very satisfactory system and one which is 
now generally used for pleasure cars is an ignition 
system using a high-tension coil without a vibrator, 
and a "closed circuit," "single spark" interrupter. 
The source of the electric supply for ignition and 
starting the motoc is taken from the storage battery 
when starting the engine, and after the engine is up, 
speeding the "direct current" generator charges the 
battery and supplies current for ignition and lights. 
The advantages of this system would be a constant 
source of electric supply, a hot spark regardless of 
the speed of the engine, ease of starting the engine, 
and a constant source of electric current for lights 
when the car was idle or running. 

The question then arises, Why use only a magneto 
on a truck, and this system on a pleasure car'? The 
answer is to avoid complication. The driver of a 
truck seldom runs the truck after dark, and seldom 

at a high rate of speed. A truck must be operated 
on an efficient basis, and for this reason the added 
complication of battery and starter is eliminated. 

On the other hand, the pleasure car is driven con­
siderably at night, and quite often at a hi~h rate of 
speed. Therefore strong lights are essential. The 
pleasure-car driver also demands an easy method of 
starting. Inasmuch as a starting motor and strong 
lights consume a great deal of current, it is necessary 
that a generator be supplied that will continually 
charge the battery while running. Therefore, if a 
battery ·is required, and a generator to charge 
the battery, then by adding a timer. distributor, 
and non-vibrating high-tension coil, we have added 
an ideal ignition system, combining all the desirable 
features and eliminating entirely the magneto. 

The disadvantage of the battery, coil, generator, 
and electric starting motor system would appear 
to be: (1) the probabilities of the dynamo at hirh 
speed burning out the ignition coil, as the voltage 
increases with the speed of the dynamo, or, (2) when 
running slow, the connection being between the 
storage battery and field coils, the curre11t would 
flow from the battery into the generator. This, 
however, is all taken care of: (1) by "regulation" 
of the dynamo field windings, so that the output 
remains constant at low or high speeds; (2) by a 
"cut out" arrangement, which is explained farther 
on. 

The greatest source of trouble with this system is 
the storage battery, as it requires careful watching. 
But by having the battery tested about every two 
weeks and seeing that the generator is charging the 
battery while running, which is a simple operation, 
battery troubles can be eliminated. 

The Mode1·n Battery and Coil Ignition System 

• The ignition system in general use today is the 
closed-circuit coil and battery system, illustrated 
on page 197. 

The current is taken from a storage battery or 
the generator, then passed through the P.ri.rnary 
winding of a high-tension non-vibrating coil, using 
an interrupter and a distributor to make and break 
the primary current and distribute the secondary 
current to the spark plugs. . 

WHAT IS A GOOD SPARK? 

A good ignition spark is a hot, intense spark which 
will quickly ignite the mixture and penetrate a 
compressed mixture. 

What is the color of a good ignition spark? This question ia 
often asked. The color of the ignition spark will not always 
verify its value because the color depends more on what the 
electrodes are made of, than the actual amperage and voltage 
it, represents. 

For example, assume that the svark is to jump between two 
carbon electrodes. In this case 1t will make three times as 
much light and appear to have a great deal more volume and 
heat than if the same spa.rk were to jump the same gap made of 
steel electrodes. 

A spark existing between two steel ball electrodes would 
ha.ve an intense white appearance and a purplish corona which 
would represent intense heat. 

A fat, voluminous spark usually indicates high current value 
(amperage). 

A thin intense spark usually indicates high potential (voltage). 

A spark of high current value is hotter than a spark of high 
potential. A spark of high potential is more penetrating. 
A combination of the two factors is the spark desired, that is, 
a hot intense spark. 

An ignition spark. ii examined closely, will be found to have 
a snappy center (N, Fig. 10). called the nucleus, which indicates 

Fig. 10 

·intensity, and a corona (C) surrounding the nucleus which 
indicates volume or heat-radiating qualities. Ordinarily, if 
tbe nucleus is snappy and the corona. is a voluminous blue or 
purplish-red, it is considered intense and hot. 

Therefore, the heat from an ignition spark is dependent upon 
the current value (amperes), and t.be intensity is dependent upon 
the potential value (volt.age). This combination effect depends 
upon the voltage of the battery, the winding of the coil, absence 
o( any form of resist.a.nee in the primary circuit which is not 
intended, such as loose connections. insufficient tension at 
interrupter points, oxidized interrupter points, uneven aurfo.ces, 
pitted points. etc., and also th" time the interruption takes 
place and quick opening of the interrupter points, and the 
lengt.!1 of time the contact points are closed so that the coil 
magnetism can build up to its proper value. 

For example, if the contact points of the interrupter are 
separated so that they open too wide, the points would be hue 
in closing and thus would not give sufficient time for the bwld­
ing up of the coil magnetism, thus causinc; missing at higher 
speeds. The best practice is to set the points as close as 
possible without arcing: about .01511 to .025" is t.he average. 
See pages 290 and 304 for the subject of "Flame Propagation.' 



INSTRUCTION No. 27 
MAGNETO INSTALLATION: Driving the Magneto; Magneto Speeds 

Fitting the Magneto 

One method of fitting a magneto to the engine 
5rrune is by means of pins, and is held down on its 
1Jase by a strap of metal passing over the magneto, 
:is in Pig. 1. The band 1s usually in two sections, 
as illustrated in Fig. 1, thus bringing the nut (A), 
which tightens 01· loosens the band at a point which 
is easily gotten at. In other instances, however, 
the magneto is bolted direct to its base, and since 
the nuts are below, it is almost impossible to remove 
the magneto after the engine has been placed in the 
chassis. It might also be worth mentioning, at 
this point, that some magnetos are strapped down 
on iron or steel brackets and no precaution taken to 
see that brass or non-magnetic fittings are used at 
the point where the tightening bolts join the straps. 
A little tho11ght will show that, as illustrated, a 
portion of the lines-of-force will return by way of 
the bolts and base instead of through the armature; 
Although the effect of this may not be noticed at 
ordinary speeds, it will have much to do with deter­
mining the lowest speed at which a .;ood spark is 
produced. Magnetos therefore must have a brass 
or aluminum base. 

TIMING 
BUTTON 

MA.Gt-lETO MA.Gt-lETO 
SHAFT SEARll'IO Fi!l- 1 (upper) 

Fi!,l, 2 Fig. 3 (lower) 

Figs. l to 3 apply to the tyJ)<',s of high-tension magnetos with· 
double-wound armatures. 

l\'Iagneto Loca lion 

The magneto is usually placed alongside of the 
engine (see Fig. 2), mounted on a separate base 
provided for it. The base of the magneto is usually 
made of brass, as brass will not become magnetized; 
therefore the magnetism is confined to the magnets, 
otherwise they would soon lose their magnetism. 

Magneto Drive 

The magneto armature shaft can be driven by 
gears (Fig. 4), or a silent chain (Fig. 5). The 
usual practice is to drive with gears (see Figs. 5A 
!.lld 5B). 

HIGH TE~SIOl-t 
MAGNETO 

Fig. 4. Simplified illustration showin!l how tho magnett 
i$ usually driven and how the interrupter, or contaet-breakor 
is connected with the spark lever. • 

The magneto which is timed to give a spark at a 
fixed time cannot be driven by a belt or friction, 
because the armature must be in a certain position 
in relation to the time of spark. A belt would slip 

!)RlVI 
MA8NU0 

Fig. 5. The silent-chain drive method on a six-cylinder 
engine. Note that tho sprocket driving the magneto gear is 
slightly smaller; therefore the magneto gear will turn l ½ 
revolutions to the crank shaft gear's l· revolution. (The 
magneto is usually driven by gears.) 

A coupling is usually provided between the drive 
shaft and armature shaft, as shown in Fig. 2. One 
type of coupling is the Oldham, shown in Fig. 3· 
another type is a flexible leather or fiber disk bol~ 
between two flanges. By the use of a coupling, the 
magneto can be uncoupled from its drive member 
and properly timed without removing the gear-case 
cover. 

The coupling and shaft are usually driven by a 
gear. This permits undue strain on the armature, 
if it is not exactly in line, and also reduces vibration 
to the armature shaft. The chain drive is the least 
desirable for magneto drive, but is a popular drive 
method for the interrupter of a coil and battery 
system of ignition. 

If a gear is used to drive the magneto direct to 
a gear on the armature shaft, suffici,.'lt clearance 
must be allowed between the gear OIi the magneto 
and the driving gear, in order to reduce strain on 
the armature shaft. 

The magneto must be• driven at a fixed speed~ 
because the armature must be in approximately a 

287 
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vertic!il position and with the interrupter point just 
break.in~ when the piston is in the correct position 
to receive the spark. The correct position for 
the piston to receive the spark is just an instant 
before it is at the end of its compression. stroke. 

Fig. 5A. Magneto driven by gears on a ""T"-bcad engine. 

Fig. 5B. Magnet.o driven by gears on an "L"-head engine. 

The armature is therefore set by meshing its 
drive gear in relation to the gear on the crank shaft, 
so that it will be in this position at this time. 

The magneto drive shaft is usually tapered, 
therefore the coupling should be tapered to corres­
pond. If driven by a gear, and teeth are meshed 
too tight, undue strain will result on the bearings. 

Magneto Connection with Spark Lever 

The method for advancing and retarding the 
time of spark is usually by means of a rod connected 
at one end wjth the spark lever on the steering 
wheel; the other end connects with the bell crank, 
thence by a rod to the interrupter or breaker-box 
housing (Fig. 4). 

By shifting this housing in the opposite direction 
of the rotation of the cam, the cam would m1se the 
interrupt.er arm and interrupt the flow of current 
earlier, or in "advance." 

By shiftmg this housing with the direction of 
rotation of the cam, the interruption would occur 
later, or "retarded." 

On some types of magnetosl such as the Mea, page 
271, the field magnets are 'advanced" and "re­
tarded" by rocking the magnets bodily around the 
armature (called "pivoting advance"). . 

The advance which can be obtained on a magneto 
is usually 22° to 35°. 

Clockwise and Counter-Clockwise Drive 

The drive-end of a magneto is the end where 
the drive gear or coupling connects with it. The 
direction of rotation of armature is always con­
sidered from the drive-end. 

Clockwise rotation of the armature would there­
fore be as in Figs. 6A and 7A. Note that the di.rec-

Fig. 6 Fig. 6A 

Fig. 6. Positions of full retai-d of the cam plate when looking 
at the driving end of the Simplex magneto. Fig. 6 is a view of 
the counter-clock";se settina and Fia. 6A. the clockwise set.tinz. 

tion of rotation of the armature is right hand, or as 
the hands of a clock move. 

Counter-clockwise rotation would be as in Figs. 
6 and 7. Note that the direction is a left-hand direc­
tion, or opposite to that of the movement of clock 
hands. 

DISTR. o,sr·~ 

Clarlruiiu 

Figs. 7 and 7A. Drive end of magneto which is opposite to 
the interrupter and distributor end. 

Note in Figs. 7 and 7 A that the distributor would 
revolve in the opposite direction to the armature. 

Note also in Figs. 7and7A the position where arma­
ture (A) should be placed when the contact-points 
should open, with the contact-breaker fully retarded. 
The illustration on the right shows a clockwise rota­
tion, a.nd the left-hand illustration shows it as 
counter-clockwise, both arma·ture positions being 
retarded. By this is meant that the contact­
breaker points are retarded from separating until 
the armature has reached a position as shown at (e). 

Figs. 6 and 6A show the drive-end of a magneto 
with the contact-breaker lever (L) retarded when 
running clockwise and counter-clockwise, as in Figs. 
7 and 7A. 

Meaning of "Advance" and "Retard" of Spai-k 
Since in regular operation of the engine the charge 

is ignited just an instant before the top of the com­
pression stroke, the magneto armature is so set, 
relative to the engine crank shaft, that the maxi­
mum induction effect occurs at this moment. 

It is, however, necessary to be able to vary the 
point in the cycle at which the ignition occurs, 
since, when the engine is cranked by hand, the 
spark must occur after the end of the compression 
stroke, or else the engine may kick back. 

If started by some form of self-starter, it is then 
possible to start with slightly more advance than 
when startine; by hand, because the self-starter 
turns the engme crank somewhat faster; however, 
even with a starter, if advanced too far it will cause 
a back-kick and may result in damage to the starter. 

The meaning of "advance" of spark is to cause the 
spark to occur earlier, before the piston is on top of 
compression stroke. 

The meaning of "retard" of spark is to cause the 
spark to occur later. On engines that are cranked 
by hand, the spark is usually set "retarded" after 
top, so that there will be no danger of a kick back. 

. The exact position to "advance" or "retard" is 
determined by running as far "advanced" as possible 
at all times until a knock is detected, and then 
"retard" until the knock disappears. The driver 
will then soon learn the exact position where the 
engine gives the greatest power. Remember also, 
':.i.iat a retarded spark heats up the engine. 
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Control of Spark 
Principle: As the spark occurs only when the 

primary circuit is broken by the opening of the 
platinum contacts, the timing of the spark can be 
controlled by having these platinum contacts open 
sooner or later. This latter is accomplished by 
the angular movement of the timing lever (L) (Figs. 
8 and SA). This movement gives a timing range of 
about 34°. The spark is fully retarded when the 
timing lever is pushed as far as possible in the direc­
tion of rotation of the armature, and is advanced 
when pushed in the opposite direction. 

Magneto spark control: In order to make it 
possible to vary the time of the spark on a magneto.J 
the circuit-breaker housing is so arranged that it 
can be rocked around its axis, being provided with 
a lever arm (L) (Fig. 8) for the purpose, from which 
connection can be made to a spark lever on the 
steering post, as in Fig 4. 

~e;:,-<"'--'-o:--iRETAROED 1,..0 __ --1-.,._a.:::c, 

CIRCUIT BREAKER HOUSING 
Fig. 8 Fig. SA 

Fig. 8. Tilustration showing circuit--brcaker in "advanced" 
position when magneto armature is running "counter-clock­
wise" (view from front of magneto). 

Fig. SA. Tilustrat.ion sho\l,dng circuit-breo.ker in 11 advanccd 
position" when magneto armature is running ''clockwise'' 
(view from front of magneto). 

It will readily be understood that if the armature 
shaft turns right-handedly (Fig. SA) (view is from 
the distributor end, not the drive end), and if then 
the circuit-breaker housing is moved through a 
certain angle in a ri~ht-haod direction, the contact 
points (A) and (B) Will separate later, or "retarded," 
with relation to the position of the engine crank 
shaft; while on the other hand, if the housing is 
moved in a ieft-hand direction, the circuit-breaker 
point will open earlier, or "advanced," the position 
in which it is now in Fig. SA. In this way the point 
at which the spark occurs can be shifted through 
an angle of about 34°. 

Coil and battery system control: On the Delco 
and Atwater-Kent or similar systems, the advance 
and retard is obtained by shifting the housing sur­
rounding the timer and distributor and also by 
governor action (see pages 202, 214). 

Spark-Control Methods 
There are three general principles used for con­

trol of spark: (1) by hand, to vary the spark posi­
tion, which would be termed "variable spark"; (2) 
by a governor, which would also vary the spark 
according to speed; (3) by a fixed spark. 

(1) By hand means that the spark lever on the 
steering post shifts the commutator or interrupter 
(see Fig. 4, page 287). 

Where magneto ignition is used, the housing 
on which the interrupter arm is plar.ed is shifted in 

the opposite direction of rotation to the armature to 
"advance," or cause the spark to occur earlier, or, 
in the direction of rotation to cause the spark to 
occur later. 

When the spark 1s advanced or retarded by hand, 
it is left to the good judgment of the driver to manip­
ulate the spark lever, except "·here the system is 
equipped with an "automatic" advance. The auto­
matic advance is seldom used with magneto ignition. 

(2) The automatic advance is probably the most 
satisfactory with a battery and coil system of i~ni­
tion, because the spark occurs just at the right time 
automatically, and there is no guessing as .to just 
how far to advance or retard at various speeds. See 
Index. 

(3) The fixed spark is sometimes used with a 
high-tension magneto, which means that the time of 
spark is fixed at one position, usually advanced, and 
the contact-breaker breaks at one position, regard­
less of speed. This system has not proved very 
satisfactory on engines where speed varies, but 
would be satisfactory if the speed of the engine 
was constant and did not vary. The objection, 
however, would be in starting-liability of a kick­
for the spark would necessarily be placed advanced 
for proper running. 

The disadvantage in one instance: Suppose the 
car was running up hill, the charge of gas would be 
heavy and the throttle would be open, consequently 

. there would be a high compression. If the spark 
was advanced, which it usually is with a fixed spark, 
the spark would occur at such a time that the com­
bustion would take place before the piston reached 
the top, because the piston would be moving slow 
at, say, ten miles an hour; the result would be that 
the force would be exerted on the head of the piston 
causing the momentum of the piston to buck against 
the force of the combustion, which would invariably 
cause a knock and loss of power. 

The fixed spark, however, is not at all advisable 
on variable speed engines. 

Relation between Position of Armature to 
Contact-Breaker when Advanced or Retarded 

Advanced position: Referring to (M), the arma­
ture cheek is just bren,king from the pole tip {e), 
in the direction of rotation. This is the maximum 
position, or when current strength is strong~t. At 
this time the contact-points (P) /Fig. 9) should 
separate. 

Armature In Annatun, In 
ma:dmum po81tlou reta:tded pos!Uon 

Fig. O Fig. 10 

Fig. 9. Conta~L-breaker advance<i. 
Fig. 10. Contact-breaker retarded. 

s 
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The magneto is set at the factory with armature 
in maximum position (M), and the contact-breaker 
housing (Fi~. 9) is placed in an advanced position. 
That is, it 1s moved opposite to the direction of 
rotation of cam (c). The cam (c) is set so that it 
causes points (P) to separate when the contact­
breaker housing is in the advanced position. 

Retarded position: Suppose the contact-breaker 
• housing is retarded, or moved with the direction of 
the cam rotation as far as it will go (Fig. 10) (28° 
is average range),1 then points (P) of the contact­
breaker would not separate until the armature had 
traveled farther 2 in the direction of rotation, approx­
imately the position shown in (R). At tlus point 
the armature has passed the maximum position and 
is where the current strength is weaker. By referring 
to pages 253, 254, we learn that the current strength 
begins to weaken the nearer the armature travels to 
zero position after maximum position. 

From this we learn that the spark is strongest at 
maximum position of the armature (M), with the 
contact-breaker in advanced position (Fig. 9), and 
that the spark is weaker when the contact-breaker is 
in retarded position (Fig. 10), because the armature 
bas passed the maximum position. 

Let us see what happens when we follow out the 
magneto-setting given on page 297, which says: 
Place piston on top of compression stroke, place 
contact-breaker in retarded position, then turn 
armature m direction of rotation until contact-points 
just start to separate. 

This would place the armature in position (R), 
and the contact-brnaker in position shown in Fig. 10; 
both retarded. In this position the spark would 

occur when the piston was on top of the stroke-but 
we must remember that the combustion is not 
instantaneous; therefore allowing for this lag, the 
spark would occur when the piston had moved 
slightly down after top-which at slow speed is 
desirable, but which is a weaker position of the 
armature for starting the engine on. 

This is why spark-plug points ought to set close 
together, and why magnetos do not permit the 
engine to throttle down as slow as a constant source 
of electric supply, such as a battery. The contact­
breaker is usually retarded when the engine is run• 
ning slow and the magneto armature is turning over 
slowly. Therefore both actions tend to weaken the 
spark. Always run as far advanced on magneto 
ignition as possible. 

As the speed of the engine increases, if the con­
tact-breaker was retarded and combustion was not 
instantaneous, as explained above, then the piston, 
traveling fast, would move farther down after top 
before the spark occurred. Therefore as we have 
a range of 28° in which we can move the contact­
breaker housing so that the spark will occur earlier, 
we then advance the contact-breaker more and more 
as the speed of the engine increases, so that the spark 
will occur before top of compression, thereby giving 
the combustion time to take place, when the piston 
is on top, or just starting down. The more we 
advance the breaker, the nearer we reach maximum 
or the strongest position of the armature. There­
fore the current strength is greatest at high speeds. 

When setting a magneto, the only point to con­
sider is whether the breaker housing is to be retarded 
or· advanced when interruption takes place, and 
the position of the piston. 

FLAME PROPAGATION 

In a gasoline engine the piston is caused to move 
by the expansion of the combusted gases. The 
greater the heat produced by the combusted gases, 
the greater the expansion, and thus the greater the 
power delivered. 

The combusted gases will produce greater heat if flame 
propagation (travel) is rapid, which is produced by having a 
combustible mixture and a hot, intense spark (sec also pages 
2S6 and 304). 

To be combustible, the gasoline must be heated just enough 
so that it vaporizes, and this vapor is mixed with air in the 
proper proportion, that is from 14 to 17 parts of air to I of 
gasoline vapor (by weight). There should be iust enough air 
to completely burn or oxidize the gasoline vapor. 

Take for example, i;unpowder. 'If this is ignit.ed when damp, 
flame propagation is slow. If ignited when dry, flame propap:a,. 
tion would be more rapid; in fa<:t, an explosion results, if under 
compr~sion. 

Likewise, if the _gas mixt~re is cold a11:d m_ost-1y ,;i:asoline is 
taken jnto the cylinder, as m a cold engine, 1t gives off very 
little vapor, the balance either pat;sing out the exhaust to be 
wasted, or condensing on the cylinder walls, diluting the lubri­
cating oil. Thus fl.a.me propagation would _be much slower 
t,han if the gasoline were heated enough to give off vapor and 
were properly mixed with a.ir. 

1 The average advance range of the i:n-mature is 22° to 34 °­
many magnetos actually having but 22° or 2S0 in which the 
breaker moves from full a.dvancc to full retard. The Bosch Co. 
states that the Bosch four-cylinder standard average speed (less 
than 2,000 r.p.m.) bas a timing range of 35° figured on the 
magneto a,xjs. On a.timer or commutator, it is possi~le to get 
as high as 4~0

; for instance on, the Atwater:Kent !,mer, the 
timer shaft will advance automatically about lo 0 at high speed, 
and the housing itself c'l,n be advanced about 33°. 

'About 1/16" break from cheek of armature to pole~piece (e) 
when advanced, is the. average break. The distance at full 
retard would be about 23/32". 

A four-cylinder engine, with a speed of 2,000 or less, is termed 
an average~speed engine, and the ga.p between pole-piece and 
armature cheek is 1/16". An engine with speed of 2,000 to 
3 500 r.p.m. would be termed a higb•speed engine, and in this 
c~e the gap opening i~ iocrea...c;;ed t,o 5/32" or 3/16". 

A very hot spark is necessary lo ignite a cold, unvaporized 
mixture, and also for a dense mixture, when running .slowly 
with ha.rd pulling and the throttle well opened. 

When SJ!eeding, the throttle is opened wider, admitting more 
gas which increases compression. Thus an intense, hot spark 
and combustible mixture are necessary for the following rea­
sons: (1) because the greater the compression the greater the 
resistance offered to the spark; (2) at lligh speeds flame prop­
agation must be rapid, otherwise the exhaust valve would open 
before the gases were completely combusted, and thus power 
and gasoline would be lost by part of the unburned gases pass­
ing out the exhnust valve port. 

The average engine requires approximately 1/25th part of 
~ s_econd at a car speed of 30 m.p.h. to vaporize, 'compress, 
1gn1te, combust, and expand one charge. Thus the necessity 
of quick vaporization. hot spark, quick opening of interrupter 
points, and quick combustiun {flame propagation). 

The time at which the spark should occur would be far more 
advanced if flame propagation was slow, than if flame propaga­
tion was rapid. The hotter the spark and more combustible 
the nlil<ture. the less the advance at a given speed (see also 
"Hange of Spark advance and Retard," page 305, and "Spark 
Control and Overheating," page 304). 

With double ignition, less spark advance is necessary, 
because flame propagation is more rapid (if the mi>.-ture is of the 
proper combustible nature). We might make a comparison 
of a double .._,ark with that of st.arting a fire. If a bundle of 
kindling wood is ignited ,-;th two matches, its flame propaga­
tion would be more rapid than if ignited -with one. Where 
double ignition is used, this permits more rapid combustion, 
or flame propagation, and thus o. wider speed range on high and 
less detonat.ion (sudden pressure), and consequently more silent 
operation. 

Advantage of double ignition: (l) gas burns much quicker, 
thll.'! causing more rapid flame propagation; (2) less advance of 
spark lever, permitting the gru, to combust at the highest point 
of compression and not after it bru, started expanding; (3) burn­
ing of all the mixture, thus more power o.nd saving of gasoline; 
(4) tendency to prevent sooty spark _plugs, acoumulahon of 
carbon on pistons, J'itted valves. etc., because the ga., is com­
pletely burned an not aflame when valves open. which is 
often t.be case wit.h slow flame propae;ation. 

The magneto gives a very intense, bot spark, especially at 
high speeds, but at low speeds the spark is weaker; thus it is 
somHimes difficult to start the enb,ine, especially if the engine 
i~ eold and the gasoline uot, vaporized. 
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is com1ected across the interrupter points (P, Fig. 3), 
we can absorb or suppress the spark across the 
interrupter points (P) of the primary circuit and 
stop the flow of self-induced current which is still 
trying to build up lines-of-force in the core, and 
thus aid the primary current to foll to zero value 
more quickly. Hence the reason for placing the 
condenser (Fii;. 3) across interrupter points (P) of 
the primary c1rcuit. 

Purpose of the Condenser 

1. To absorb the self-induced current of the pri, 
mary, thereby allowing the magnetic field to 
collapse with the greatest possible speed, and 
also eliminating the spark at the contact points. 

2. To discharge in an [oscillating (nltemating) 
manner back and forth into the primary circuit, 
thus completely neutralizing or dem,ignetizing 
the iron core and thereby preparing it for 1,cpeated 
action. 

Condenser Construction 

The condenser consists of n series of sheets of 
tinfoil sepamted from each other by a good insulator, 
such as mica, or several sheets of wax paper. 1 These 

Fig. 4 Fig. 4A 

are built up in a pile, somewhat as shown in Fig. I. 
The even-numbered sheets of tinfoil, 2-4-G, etc., 
are connected, making one terminal (T) of the 
condenser. The odd-numbered sheets, 1-3-5, etc., 
are likewise connei:ted, making the second terminal 
(Tl) of the condenser. There is no connection 
between the two series of sheets. These connec­
tions are then made across the primary circuit at 
the contact points, as shown in Fig. 7. 

Condenser Action 

With contact points (P) closed (Fig. 5), the current 
flows as shown by arrows through the prim!\J'y 
winding. The condenser and secondary winding 
are not considered, as they are inactive. A current 
of low value is induced in the secondary in a direc­
tion opposite to that of the primary-current flow. 

With contact points (P) open (Fi1>, 6), the con­
denser is charging. The spark of highr,st value is 
now at the secondary terminals. Note that when 
points (P) open, the magnetic field of lines-of-force 
collapse, and the induced current in the secondary 
is then flowing in the same direction as that in 
the primary. This spark is greatest just as the 
points open, because the condenser absorbs the self­
rnduced current of the primary and thereby stops its 
flow, thus preventing 1t building up lines-of-force in 
the core. On the other hand, it neutralizes the 
core, and also eliminates any flow of current or of 
sparking at the contact points. 

1 Never attempt to open a condenser as this will destroy it. 
In the manufacturinj! process the tinfoil and insulating sheets, 
with the aid of an insuluting compound, are pressed closely 
together under heat, with high pressure (Fig. 4A). Obtain a 
new one when necessary. 

iron 

Fig. 5 
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Fig. 6 

On account of this action the lines-of-force or 
magnetic field can collapse with greater rupidity 
and cut the turns of wires faster, thus inducing a 
current in the secondary winding of a much higher 
voltage. 

The current flows into the condenser in one direc­
tion when charging, which aGtion takes place 
immediately the points are opened. 

When the condenser is charged with the ( +) 
positive current flowing into the ( +) side, it ~·111 
establish a (-) negative charge on the other side. 

PRACllCALLY HO AC1iOH 
~NACTIVC 

Fig.':" 

_ The condenser, after being charged, makes an 
oscillating discharge of high voltage and frequency 
through the primary winding and battery (Fig. 7). 
That 1s, the discharge is first in one direction and 
then in the other1 the strength of this current gradu­
ally decreasing towing to ·the resistance of the cir­
cuit) until it dies down to zero. This alternation 
or reversal of the current flow is very rapid, some­
times reversing from one direction to the other as 
many as two hundred thousand times every second, 
and its discharge can therefore be considered almost 
instantaneous. 

The main purpose of the alternate discharges 
shown in Fig. 7 is to completely demagnet-ize or 
neutralize the iron core, thereby preparing the core 
for a repeated action of building-up again as shown 
in Fig. 5, and collapsing, as shown in Fig. 6. 

As this is written out, or as it is read. it seems a 
rather long acUon. The process, ho,vever, does 
not require one-thousandth of a second, inasmuch as 
the current alternates at an extremely high fre­
quency, sometimes having as many as 100,000 cycles 
per second. 
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.Meaning of Cycle and Frequency 

A cycle means a series of events which continually 
reoccur. In the case of a condenser

1 
for example, 

the current discharge at one instru1t 1s a maximum 
(+), as shown at (C) (Fig. 7A). It gradually 
declines to O at (A), then builds up to a maximum 
(-) as shown at (D), again declining to O at (B), 
reversing in direction and building up to a ma:,,.-imum 
(+) at (E), which is the same condition as at (C), 
thus reversing the direction twice at (A) and (B) 
und completing the cycle evolution, which is 
repeated over and over again until the discharge 
dies down to O (zero). 

+ 
C 

M,'I.K/ fv1 VM (+) M,'/XIMI.IM (+) 

0 1----4-A.::!.. ______ _.s"-,L. ___ __.O 

0 
1'/AXIMUM /-/ 

Fig. 7 A. Explanation or the meaning- of cycle. 

Frequency means the number of cycles completed 
per second. As mentioned above, it is 100,000. 

The lgnit:ion Commutatol' 
Because the secondary current is only needed 

when it is tinle for the spark to pass and ignite the 
mixture, the primary cuncnt is switched into the 
primary windmg only once during two l'Cvolutions 
on a single-cylinder e1:gine. The switching is don·e 
by a commutator, which might be termed a revolv­
ing switch. 

VIBRAiOR 

Where there are four cylinders to an ·engine, 
then it would be necessary to have four segment.s 
(S) on the commutator, because four sparks are 
required during two revolutions of the crank shaft. 

A four-cylinder ignition commutator is shown in 
Fig. 8. An ignition commutator is used only 
with a vibrator-type coil, as on the Ford. The 
vibrator-type coil and commutator are seldom used 
on any other make of car. 

The spark tinling device (commutator) is so 
named because it "times" the spark at the right 
time. In other words, the roller makes contact 
with one of t_he segments (1, 2, 3, or 4 o.n a four­
cylinder engine). Each segment controls one of 
the spark plugs (through a coil) in one of the four 
cylinaers. When the right cylinder is ready to 
fire, the timer makes contact and starts the vibrator 
on the coil, which causes a spa.rk at the .J?Oints of 
the spade plug. This device is called a 'commu­
tator," and is used only with a high-tension coil 
using a vibrator. 

Fig. 8. A four-cylinder ignition commutator. 

PRIMARY WIRES _TIMEi.? To 'C.OILS 

PRIMARY CIRCUIT IS BROKEN 
i--lERE 6'<' RAPID YIBAA"T\O"NS 

PRIMAR'<' ANO SECONDARY 
CONNECi HERE 

CIRCUIT 

Fig. 9. Circuit or a four.cylinder vibrator coil ignition syst.em using a commutator (exaggerated) and two set.s of batt,ories. 
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Commutator construction: There are many dif­
ferent constructions. One which will explain the 
principle of a commutator is shown in Fig. 8. 

The metal roller hub is connected to the cam 
shaft of the engine. A roller (R) revolves in a 
housing lined with an insulated, non-conducting 
material, usually fiber. Metal segments (S) are 
placed 90° apart for a four-cylinder engine. These 
segments are connected with one terminal of the 
primary winding of the coil. There are as many 
segments on the commutator and as many coils as 
there are cylinders. Since the cam shaft makes 
one revolution while the crank shaft makes two 
revolutions, then the roller (R) would revolve the 
same number of times as the cam shaft, because it 
is connected with it." Thus roller (R) would make 
contact with each of the four segments during 
one revolution, a:nd so would produce four sparks 
in the engine cylinders, or one spark for each 
cylinder during one revolution of the roller (R), or 
two revolutions of the crank shaft of the engine 

Electric Circuit of a Four-Cylinde1· Vibrator 
Coil Ignition System 

The illustration (Fig. 9) explnins how a commuta­
tor is ch-iven from the cam shaft of a four-cylinder 
engine a.nd how it is connected with the primary 
windings of four-vibrator type coils contained in 
one coil box. 

The illustration also shows the primary wiring 
connection from the battery, through one of the 
coils and connections to the other three coils and 
to the commutator, back to the battery; also the 
secondary circuit from coil to spark plugs, back to 
the coil. 

Primary circuit: Place your pencil on the drawing 
at the positive pole (P+) of No. 1 battery, a.ncl 
follow out the circuit. • 

We will begin with the positive pole connection 
of No. 1 battery; there are two sets of batteries, but 
only one set is used at the time. If one runs down, 
the other one is thrown into service by a switch on 
the coil. 

The switch is now on No. 1 contact, and the 
circuit is from No. 1 battery to the switch, through 
the switch lever to the bus-bar on the front of the 
coil, which connects to the contact screw (V) of 
the coil, thence through the platinum points, through 
the magnetic vibrator spring, to the primary wind­
ing :Vhich _is wrapped around a core or bundle of 
soft iron wires. 

The other end of this primary wire of coil connects 
with the segment on the commutator; the current 
is closed here at the proper time. The commutator 
roller-contact revolves as explained previously. 
,\ 7hen this contact is completed, the primary circuit 
is closed on one of the four coils (it is now closed on 
No. 1 coil). When this circuit is closed, the bundle 
of il'on wires (core) becomes magnetized and draws 
the vibrator down, but the moment the vibrator is 
drawn away from the contact with the vibrator 
screw, the circuit is broken and the vibrator springs 
back and makes contact again, but is immediately 
drawn down again; this, of course, is quick and 
rapid. This vibration is kept up as long as the 
contact is made on the timer, which, of course, is 
only for a moment, but during that time the vibrator 
makes several vibrations or "buzzes" as explained 
previously. 

Secondary circuit: \\"hen the~e vibrations, or 
interruption of current 1 occur, a current is "induced" 
into the secondnry wmding of fine insulated wire 

. wrapped around the primarx winding of the coil, 
called a "secondary winding. ' (How and why this 
current is induced into the secondary winding 
without any metallic connection was explained. 

This secondary winding, of course, has two 
terminals; one end goes to a spark plug, and the 
other end connects to one side of the primary wire, 
which grounds it through the commutator roller to 
the engine, when the roller makes contact; thence 
the circuit is to the metal shell of the spark plug in 
the engine, across the spark-plug gap, to the 
insulated part of the spark plug, back to the coil. 
A separate coil unit is provided for each cylinder. 

The duty of the commutator, therefore, is to make 
contact at a certain time in order that the right coi1 
will operate and supply an electric spark to the right 
cylinder at the right time. 

Note. When one wire (on any wiring <liagra.rn) passes over 
another wire without ma.king contact, a half-circle is mo.de, as 
shown o.bove. 

How the Commutato1· Helps Control the Speed 

The commutator is connected to the spark lever 
on the steering wheel (Fig. 10). When the spark­
lever is pushed forward, the commutator is shifted 
forward so that the metal roller makes contact earlier 
with the contact segment. This is called "advanc­
ing" the spark. 

If the commutator is shifted back instead of for­
ward, the contact is made later. This is called 
"retarding" the spark. 

Fig. 10. Note the manual (hand) method of "advuncin1;,:11 

and "retarding" the commutator. (li'our-cylinder engine a~ 
example.) 11 the roller is revolving to the left, by shifting 
the commutator housing to the right, cont-act would be made 
earlier. This would bo called '"advancing" the spark. If 
the commutator is shifted to the left. contact would be made 
later-called "reto.rdin11:." 

When using o. vibrator coil (which is the case here), the time 
of the spark is set earlier than when using the 5in~le-spprk 
system, because plenty of tirne must be given the spark to 
ignite the gas so thnt it will ignite and cornbust when the 
piston is at the top of its stroke instead of aft.er the top. (Note 
the connections to the commutator for firing order of l, 2, 4. 3.) 

The setting for the time of spark to occur is done 
by pla.cing the contact roller at a certain position, 
as will be explained under "Ignition timing." • 

The gas-throttle lever is the lever used to run on, 
and is used to increase or decrease the speed of an 
engine. This is done by opening and closing the 
throttle, as explained under the subject of Carbure­
tors. 

It is well to run with the spark lever as well for­
ward, or advanced, as possible, as it will tend t.o 
keep the speed of the engine up and consume less 
gasoline and create Jess heat. If the spark lever is 
t.oo far advanced, 1,hen the engine will pound. or 
knock, because the ign.it,ion will take place before 
the piston is over tlie center. A retarded spark 
produces heat. 
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The amount of advancing and reuirding of the 
spark by hand must be learned by actual practice, 
in order to get the best results. 

liigh-Tension Vibrator Coil Using a Commu­
tator as Used on One, Two, and Four­

Cylinder Engines 

As previously stated, the vibrator-type coil i~ 
now seldom used on automobile engines. It "·ill 
often be found on small marine and stationary 
engines. A few examples of connections are shown 
below. 

There are ns many coil units and as many com­
mutator segments as there are cylinders. 

Fig. l l. One-cylinder engine with a vibrator type of jump­
spark coil and two sets of dry bnt.teries for ignition. Only 
one set of batteries is in use at the t-ime. The commutat.or 
revolves nt, one-half the speed of the crank shaft. Note thnt 
there is one commutator segment.. 

Fi1;. 12. Two-cylinder vcrtiml engine (180° crank shaft) 
with "vibrator-type of jump spark coil and t.wosets of dry cells 
for ignition. Note the position of the segments on the com­
mutator. The commutator revolves nt one•half t.he .speed of 
the crank shaft. (This t.ype of engine is seldom used.) 

Fig. 13. A two-cylinder opposed-type of engine with a two­
cylinder jump-spark coil and a set of clrr, cells and n storage 
b'a.ttery, eil11er of whi<·h mny be used. fhe t.wo contacts on 
the commutator are p)a,.ed opposite. •rhis revokes nt one­
half the spee<l of the crank shaft. 

Fig. l·l. A fuur•cylindcr vibralor-t.ype coil. using a cm11• 
mutator with four segments and a set of dry cells and a storage 
battery, either of which may be use<l. (S) are seconda,·y ter­
minal connections to the spark plugs. 

Fig. 15. A single-cylinder ,,ibr11tor-type of jump-spark coil. 
This type is usually called a "box coil," a)'ld is only used on 
small marine or stationary engines. Quite frequently a single· 
cylinder box coil has but one secondary connection on top. In 
this case the secondary connection shown at the front of the 
coil is connected inside of tho coil to the primary wire which 
connects t,o binding post (P). 

The Master Vibrator Coil 

With the ''high-tension" vibrator coil system, 
just described, as many coil units, each with vibra­
tors, would be provided as the engine had cylinders. 
lf a four-cylinder engine, four vibrator coil units 
would be necessary. If a six-cylinder engine, six 
vibrator coil units would be necessary. 

It will be noted that with this number of vibrators, 
one or more would be constantly sticking, unless u 
great deal of attention was given to them. 

Therefore, by using a master vibrator 1 only one 
vibrator coil is used1 which is connected with the 
other coils as shown m Fig. 16 (page 195). 

The master vibrator coil has but a single primary 
winding, a.nd is connected in series, so the primary 
current must travel through it before reaching any 
of the coils. The usual commutator is employed. 

The master-vibrator coil can be connected with a 
"multiple" of coils, by screwing down the vibrators 
on all coils and short-circuiting them, by connecting 
as shown in Fig. 16A. Note that the coils are the 
regular double-wound, high-tension coils. 

The advantage of such a system is that there is 
but one vibrator to keep in adjustment, since this 
vibrator serves for all the cylinders; whereas, with 
several vibrator-coil units the difficulty of keeping 
several adjustments is a considerable factor. 

The disadvantage is the great amount. of wiring 
necessary with the multiple-coil system. Although 
the master vibrator is easily connected and requires 
very little wiring, the "distributor" system, which 
will be explained next, requires considerably less 
wiring. The master vibrator is an excellent addi­
tion to be applied to a multiple system of ignition, 
already installed, which ttses vibrator-type coils. 
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Fig. 16. A simplified illustmtion of a master vibrator coil 
on a four-cylinder engine, as an example. (W) secondary 
winding; (PW) r.rimary winding; (P) primary wire; (VB) 
vibrator; (C) co1Js; (G) secondary ground wire; Pig. JOA, 
shows how the vibrator on t.J,e coils C 1, C2, C3, and C4 are 
short-circuited. 

•Pll'.T\NUt-1 C.Ofil"/\CT POttrr 

~-61 
WIRE SHU 

Fig. 16A. How to short-circuit vibrators on coils, 

The 6ring order is 1, 2, 4, 3. No. 1 segment of the com­
mutator is now connected; therefore coil (Cl) is firing No. l 
cylinder. Note that the master vibrator is in series with this 
coil. The primary circuit int-his instance is from (+)battery, 
through the winding of the master vibrator, throuu;h the 
vibrator points, through the primary winding of coil (Cl), to 
tho commutator segment, through the metal roller, through 
the ground of tho engine, !o the other terminal of the battery. 

The secondary circuit is from wire (S) to the spark plug, 
through the engine, back to the other end of the secondary 
wioding on the coil. 

The next cylinder to fire will be No. 2, and coil (C2) will ho 
the next one connected by the roller on the cornmutator. The 
next to fire will ho cylinder No. 1 through coil (C4), then 
cylinder No. 3. through coil (C3). 

The "Distributor" or Synchronous System 
of Ignition 

In the foregoing examples it will have been noted 
that the amount of wit-ing required for engines hav­
ing more than one cylinder becomes increasingly 
r.omplicated. A system now 9eneraUy used1 known 
as the "distributor system, ' very considerably 
simplifies the wiring, and at the same time a more 
accurate timing of firin~ of the respective cylinder 
is obtained. (See Fig. 17). 

One vibrator coil only is necessary, this having 
the high-tension terminal joined up to the "dis­
tributort" which is a special form of rotating switch 
highly 111sulated, which directs the high-tension 
current to the cylinder:s in the required order. 

The secondary distributor brush (B) rotates at 
0,e same speed as the commutator roller contact­
makcr, and in perfect unison with it; that is to sny, 
when the low-tension circuit is completed, the high­
tension circuit is completed likewise. The diagram 
should make the sysl.em clear, it being borne in mind 
that the distributor is rotating as well as the contact 
maker, and in perfect "synchronism" with it. 

The secondary distributor is made in combination 
with a commutator, each with as many contacts as 
the engine has cylinders, and with the mo~;ng parts 
of each attached to the same shaft and revolving. 
(See Fig. 18). 

The battery is connected to the single coil in the 
usual manner, and a 'l\·ire is run from the primary 
terminal of the coil to the commutator, where it is 

connected to the four seb'Illents of the commutator. 
Thus when the commutator revolves, the current is 
passed through the one coil every time that contact 
is made. 

If with this arrangement a wire was run from the 
secondary terminal of the coil to the four spark 
plugs, sparks would pass in all four cylinders when­
ever the timer made contact. Instead of this, one 
secondary wire is run from the secondary termina.l 
to the moving part of the distributor, termed the 
"distributor brush," or "rotor," and from each 
contact point, or distributor segment of the distrili­
utor to the proper spark plug. 

When the commutator makes contact, and the 
secondary current is formed, it flows to the second­
ary distributor, which at that instant has made con­
tact with one of its segments, so that that secondary 
current flows across the contact and to the spark 
plug that is connected. 

The advantage of this system is that there is only 
one vibrator to keep in adjustment, and only one 
coil, thus fewer parts. The disadvantage is that 
the constant action of the vibrator is liable to burn 
the vibrator points, and destroy them. Electrical 
lag is also a factor to be considered, as is also a 
greater consumption of cunent. 

The more modern ignition system uses a distribu­
tor for distributing the secondary current to the 
spark plugs in a similar manner, but instead of using 
a coil with a magnetic type of vibrator, or interrup­
ter, a coil 'l\ithout a vibrator, termed a "non-vibrat­
ing" high-tension double-wound coil, is used, and 
instead of using a commutator, a timer or "inter­
rupter," which is mechanically operated from the 
engine, is used. Tbis system will be treated in tLc 
next instruction. 

Fig. 17. A simplified illustration showing the principle of 
a high-tension distributor or synchronous system of ignition 
using a vibrator type of coil. Not in general use. (P) primary 
winding; (S) secondary. Note that one end grounds to the 
engine (usually grounded on the coil). (VS) vibrator screw. 

015TRl~OTOR 
PA.RT 

Fig. 18. Simplified illustrations to explain the principle of a 
distributor and commutator in one housing and operated by 
one drive shaft, used in connection with a. vibrator type of coH. 
Thia method is obsolete, but a similar principle, of different 
construction, is the modern method, as will be explained farther 
on. Note that the distributor and oornmutator are together. 
The wirin,g diagram (Fig. 17) shows tho two separated merely 
t.o expla.in the a.ction. 




