
INSTRUCTION No. 36 

A STUDY OF ELECTRICAL STARTING AND GENERATING SYSTEMS: 
Pointers for ·studying Electric Systems; Wiring Diagrams 1 

POINTERS FOR STUDYING ELECTRIC SYSTEMS 

The fundamental principle of the starting and 
generating systems has been treated in the pre­
ceding instructions. If the reader will master the 
principles as laid down in tbe foregoing pages, it 
will not be a difficult =tter to understand any and 
nil systems, because each system embodies one or 
more of the principles explained. Although the 
methods of operation or construction may vary, the 
purpose remains the same. 

The external parts of the electric system consist of: 
1. Battery. 
2. Generator. 
3. Ignition system. 
4. Starting motor. 
5. Switches: starting, ignition, and lighting. 
6. Lamps. 
7. ·wiring system: the "single-wire" or the "two­

wire" system. 
8. Horn (electric), and push button. 
9. Fuses. 

The "single-wire" system is where one insulated 
wire is used and the frame of the car is used for the 
return circuit. This system is used most, and hence 
it will be noted in diagrams following. 

The "two-wire" system is where there is no ground 
to the frame, but two insulated wires are used. 

Although there are many different makes of cars, 
there are only a comparatively few different make~ 

• Note: It is impossible to show in this book wiring diagrnms 
of the electrical systems of all cars. This requires a separate 
book and a very large one; see advertisements in the back of 
this book. 

The diagrams that are selected for this book begin with the 
early electrical systems, and step by step the reader is showI? 
the development from the very beginning, up to the point where 
electrical systems have become practically standardized. We 
advise those who intend to follow tbe automotive clec.trica1 
trade to obtain a wiring diagram book. 

of electric systems, and each of the different c,ars 
uses one or a combination of these systems. 

The specifications of leading cars (see Index) will 
g.ive the make of the particular electric systems that 
are used on the different cars. 

The ignition system on a car is usually one of the 
following makes: Delco, Remy, Westinghouse, 
North East, Atwater-Rent, Connecticut, Auto-Lite, 
Bosch, and Wagner all of which employ the battery 
and coil system, as explained under the head of 
"Ignition." 

If magneto ignition is used, it will be of one of 
the makes mentioned in the list of magneto manu­
facturers (see Index). Magneto ignition is more often 
found on trucks and tractors. 

The ignition system most used is the battery and 
coil system. The interrupter is either an "open­
circuit" or "closed-circuit" type, the latter being 
the most generally adopted system. Some few 
manufacturers of passenger cars use magneto 
ignition in addition to the coil and battery. .Mag­
netos itrc used extensively on trucks and tractors. 

Storage battery makes arc the Exide, Vesta, 
Willard, Prest-O-Lite, U.S.L., Philadelphia, and 
several others. Some of the motor-coach manu­
facturers use 12-volt or 24-volt batteries, but most 
of the systems are 6-voJt on passenger cars. 

Electric starting motors and generators are usu­
ally of the Delco, Remy, Auto-Lite, Westinghouse, 
Biiur, North East Dyneto, or other makes. The 
Delco and North East manufacture motor-genera­
tors as well as motors and generators separately. 

The generator is either a plain shunt-wound 
generator, with an external electromagnetic pi-iuciple 
of regulation, or a third-brush-regulated generator, 
or a combination of a third-brush ,ind eler.tromair­
netic regulation. 
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The Remy and Delco use a 
thermostatic control (see pages 362, 395) in connec­
tion with the third-brush regulation on some of their 
systems. 

Ground connection of generator and battery. If 
the positive ( +) terminal of the battery is groll.llded 
to the frame of the car, then the ( +) terminal of 

the generator must also be grounded. Likewise, ir 
the negative ( - ) terminal of the battery is grounded, 
then the ( - ) terminal of the generator must be 
grounded. Most manufacturers ground the nega­
tive ( - ) terminal of the battery and generator. 
The Westinghouse Co. grounds the positive ( +) 
terminal in a number of its systems. 

HOW TO STUDY WIBING DIAGRAMS 

Electrical symbols: Before studying the different 
diagrams, the reader should become thoroughly 
familial' with the electrical symbols and abbrevi­
ations\ as illustrated and described; for instance, the 
sign wnich denotes a "~round," or that which stands 
for a "storage battery,' or for the point where "wires 
connect" or "pass over each other." They will be 
used quite freely in these instructions, as will also 
many of the other signs. The symbols vary 
slightly ·with the different manufactures of cars. It 
is also advisable to refer to page 415 for the ad­
dresses of the leading manufacturers of electrical 
systems. If the explanations are not clear, their 
catalogs will no doubt be of assistance. 

In the illustration below, each symbol is num­
bered. The explanation of each is given with its 
appropriate number against it. 
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Fig. 2. Electrical symbols. 

38 

Electrical Symbols and tho Terms Applied to 
Them 

1. Positive terminal, the point at which the elec­
tric current starts to flow. 

2. Negative terminal, the point to which the elec­
trical current returns. 

3. Ground, where connection is made to metal, as 
the frame of the car, the engine or generator 
frame, etc. 

4. One cell of a battery: A term usually applied to 
cells of a storage battery_ The short black line 
represents the negative ( - ) terminal, and the 

long line the positive ( +) terminal. On a dry 
cell the positive plate is the carbon, and the 
negative, zinc. On a storage-battery cell there 
are usually several positive and several nega­
tive cellst but this symbol represents the ter­
minals 01 each group. Each storage-batten• 
cell gives 2 volts when charged. • 

,">. Three cells of a storage battery connected in 
series: Note that there are 'three sets of nega­
tive and positive terminals or cells. Thus thiti 
would represent a 6-volt storage battery. 

6. Six cells of a storage battery connected in series: 
12 volts. Not.e the ( +) terminal of this bat­
tery of six cells grounded at the end cell. 

7. Three cells of a storage battery connected in 
series: 6 volts. Note that the terminal of one 
end of this battery is grounded. 

8. Dry cells: The illustration shows three con­
nected in series. (C) is the carbon or ( +), and 
(Z) is the zinc or (- ). 

9. Wires connected. 
10. Wires crossing, but not connected. 
11.. Coil: Could represent a field-coil, or ignition 

coil. Supposed to surround an iron core . 
12, 13, 14. High and low-tension ignition coil wind­

ings: There are several methods of showing the 
primary winding (P) and the secondary winding 
(S), as, for instance, those shown by 12, 13, and 
14. The two windings are usually shown 
separate, although they are wound on one core. 
The current is induced into the secondary by 
lines-of-force produced by the primary winding, 
and there is no metallic connection between the 
primary and secondary windings. The second­
ary is a much finer wire, and consists of several 
thousand turns, whereas the primary has only 
a few hundred turns of heavy wire. 

17. 

18. 

19. 

20. 

16. Condenser: Placed across the coil points 
to absorb. the spark when the points separate, 
and to permit the discharge back through the 
primary coil to demagnetize the core. 
Contact-points: Usually refers to the cut-out 
or regulator points; also refers to the contact­
breaker points. 
Interrupter or contact points (as used by Delco): 
The Remy Co. uses this symbol to designatf! the 
spark jumping a gap at the spark-plug pomts, 
or at the safety-gap on an ignition coil. 
Interrupter or contact-breaker: A method used 
by Delco. Note the "interrupter points" (18); 
also the "condenser" (15), and the "ground" 
(3). 

Distributor of high-tension ignition current to 
spark plugs: (B) connects with the secondary 
terminal of the coil, and a high-tension current 
is distributed to the spark plugs and jumps the 
gap of the spark plugs (gap represented at ~), 
then flows through the metal part of the engme 
back to the grounded secondary terminal. 
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21. Lighting switch. 
22. Delco ignition and lighting switch, as used on 

some of the Delco systems. 
23. Double switch, of the same type. 
24. Remy lighting and ignition switch of the "pole­

changing" type. Lighting switches (L) at left, 
with dimming resistance (R). Ignition switch 
(I) at right represents a "pole-changing" type 
of switch (see Index. Note the "ground" on 
the side of the switch case. 

25. Starting-motor switches. 

26. Cut-out: Also called a relay with two wind­
ings. The "voltage or shunt 1• winding (V) is a 
winding, and is always P,1aced across the circuit. 
The "voltage winding ' of a cut-out can be 
found by noting that it has more turns of wire 
than the "series" or "current winding." The 
series or current winding (S) has a less number 
of turns and is a coarser wire and is always 
placed in series with the charging circmt. 
Cut-out windings are often on one core. 
Sometimes they are on two cores. The illus­
tration shows two coils, or windings, on two 
separate cores (model 264-D Remy). 
Regulator winding: This is usually on one 
core and is a single winding. It is always 
placed in series with the "shunt-field winding." 
lf it consists of a coarse heavy wire, this indi­
cates that it regulates the current output; if it 
consists of a fine wire winding, this indicates 
voltage regulation. 

27. Resistance coil. 

28, 29. Resistance coil for dimming lights. 

30. Resistance divided into two paths. 

31. Resistance which can be varied. 

32, 33. Lamp bulbs: Note that one side is grounded. 

34. Fuse· mounted on a fuse block. 

35. Commutator and brushes for either a generator 
or a mot;:ir. 

36. Series-connection of field-coils, with commu­
tator and brushes of a motor or generator (inter­
nal circuit). The series connection is generally 
used on motors. If (G) appears as shown, it 
means that the connection is for a generator; 
if (M) appears in place of (G), the connection 
is for a motor. 

37. Shunt-connection field-coils, with commutator 
and brushes (G) of a motor or a generator. 
(Internal circuit.) Shunt windings are gener­
ally used on generntors; they are seldom used 
on motors for automobile work. (G) indicates 
generator, and (M), motor. 

38. Magneto. 
39. Trailing pole tips are indicated by (TP). 

Leading pole tips are (LP). 
40. Same as 39; but since the armature (A) and the 

commutator (C) are in opposite positions, the 
order is changed. 
The "trailing" pole tip is the one (A) or (C) 
moves from. 
The "leading" pole tip is the one (A) or (C) 
moves to. 

Abbreviations Commonly Used to Represent 
Electrical Terms 

A: Ampere or Ammeter. 
AC: Alternating current. 
B: Brush; also used for Battery 
BAT: Battery. 
C: Current. 
C or COM: Commutator. 
CARB: Carburetor. 
C.E.M.F.: Counter-electromotive force. 
DC: Direct current (usually written d.c.). 
DIS. or DIST'R: Distributor, The word "distrib­

utor" is often used to express the inclusion of 
the interrupt.er and distributor in one unit. 

E.M.F.: Electromotive force. 
GB: Generator brush; also grounded brush. 
G or GEN: Generator. 
G or GRND or GR: Ground. 
HL: Headlights or lamps. 
H.P.: Horse power (746 watts) (usually written 

h.p.). 
I or IG: Ignition. 
IS. or IG.S: Ignition switch. 
INT: Interrupter. 
KW: I(ilowatt (1,000 watts). 
L: Light, or lamps. 
LS: Lighting switch. 
M: Motor. 
MB: Motor brush; also m;iin brush. 
N: North. 
RES: Resistance. 
S: South. 
Sor Sec: Secondary. 
ST.M.: Starting motor. 
SEF: Series field winding. 
SHF: Shunt field winding. 
3B: Third brush. 

TRACING CIRCUITS OF WIRING DIAGRAtvIS 

The electric system should be divided into 
circuits as follows: 
1. Starting-motor circuit. 
2. Generator circuit. 
3. Ignition circuit. 
4. Lighting circuit. 

When tracing circuits, remember that the positive 
( +) terminal at the source of current is where to 
start. If a battery supplies the current, start at the 
( +) terminal. If the generator supplies current, 
start at the ( +) brush or brushes of th\) generator. 

Tracing Starting-Motor Circuits 

See Fig. 3: The battery supplies the current, 
therefore start with the battery ( +) terminal,thence 
to startinl?i switch, to terminal (T) on the motor, to 
the field-circuit. In this instance the field-coils or 
windings on the four field-poles are connected in 
"series parallel." The current divides when pass­
ing into the field-coils, and flows through the two 
field-coils on each side, then to the ( +) main brushes, . 
through the armature, through the grounded ( - ) 
main brushes, to the grounded ( - ) terminal of the 
battery, thus completing the circuit. 
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Somet,imes the ( +) brushes are grounded instead 
of the ( - ) brushes. In this case, the ( +) terminal 
of the battery would be grounded instead of the ( - ) 
terminal, and the flow of current would then be 
from the ( +) grounded terminal of the battery to 
the ( +) grounded terminal of the motor !,rushes. 

Sometimes the fields are grounded. In every 
instance, however, start with the ( +) terminal of 
the battery where the source of cmrent for the 
motor starts. 

Fig. 3. Starting motor of the four-pole type, with the fieltl­
coils connected in "series paralleL" 
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Fig. 4. Starting mot.or with the field-coils connected iu 
''series.'' 

See Fi~. 4: This represents a four-pole motor with 
straight 'series" field-windin~. If the ( - ) brushes 
are grounded (they are, in this example), then start 
with the ( +) terminal of the battery. The ( +) 
brushes are sometimes grounded. The usual 
method, however, is to have the ( +) current How 
to the field-windings in a motor, although this is not 
always the case. 

Tracing Generator Circuits 

There are three circuits to consider always: 
1. Field-circuit. 
2. Voltage coil cut-out circuit. 
3. Battery. charging circuit. 

The field-circuit is the winding. around the field­
poles, and is the circuit through which current passes 
to build up the magnetic lines-of-force around the 
field-poles. There is a slight amount of magnetic 
lines-of-force in the iron poles to start with (called 
"residual magnetism"); therefore as the arm11turc 
revolves, it generates current from the lines-of-force 
and part (about 10 per cent) of the armatUI"e current 
flows through the field-windings. The faster the 
armature revolves the greater the strength of the 
current in the field-coils; therefore the regulation of 
the field-circuit at high speed by cutting down the 
current in the field-coils is important, otherwise 
t.he armature would generate too great an output.. 

Under the subject of "generator regulation" thi~ 
subject is fully treated. Three principles are 
involved: 

1. Compound field (two windings aud inhc.rnnt 
regulation). 

2. Shunt field, with external regulation system. 
3. Shunt field with a third-brush or inherent rc~uhL­

tion. 

1. The compound-field regulation is explained on 
pages 354, 355, 356. There would be two field­
circuits to trace. 

2. The straight "shunt-field" generator with an 
electromagnetic type of voltage1 regulator is shown in 
Fig. 5: The "shunt-field-circuit" would start with 
the source of current, which is the ( +) main brush 
of the generator, to the regulator blade (H), to 
points (E), through the field-coils, to the ( - ) brush 
of the generator. If the generator speed is high, 
the points (E) will operi and resistance (M) will be 
cut into the field-circuit, thus weakening it, through 
the generator speed producing a high voltage 
through the voltage winding (H). 
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Pig. 5. Shunt-6eld genera.tor using no clcctromagoctic 

voltage regulation. 

The cut-out "voltage winding" circuit (V) is from 
the ( +) main generator brush, back to the ( - ) 
main brush. This would be the next circuit. This 
builds up magnetism around the cut-out core. 

The charging circuit to the battery is the next cir­
cuit, which is from the (+)main brush of the gener­
ator, through the blade and points of the cut-out, to 
the cut-out series or "current" coils (S), to the ( +) 
terminal of the battery, to the ( - ) terminal of tbe 
battery, to the ( - ) main brush of the generator. At 
high speeds the voltage increases. Thus the regula­
tor winding (H) exerts a magnetic pull on the blade, 
opening points (E). The shunt-field-circuit then 
has resistance (M) inserted in its circuit which 
reduces its strength. 

3. A third-brush regulated generator with a cut­
out on top of the generator would have its circuits 
as follows: 

+ 

G~/'tlZRltTQ,lf 

Fig. G. 8Jiuutr-ficld generator usiuK a. lhird-L,l'ush regulation. 

Shunt-field-circuit: Start with the ( +) main 
brush of the generator, through the shunt-field­
windings (SHF), to the ( - ) third brush. The 
third brush is always connected to one end of the 

1 You can instantly tell when an electromagnetic regulator 
controls the voltage, because its winding is fine:r, a.nd it is 
plured arros.s t.ho circuit, n.s at (H) (Fii:. ,5), When the rel!ll· 
lat1,r windii1g i!":I in series with the ~ircuit, it controls the amper­
age or currcn_t, and i3 usually o( heavier wire. 
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field-windings and regulates the output of the gener­
ator at high speeds. It is sometimes on the ( +) 
side of the armature. 

The cut-out voltage winding circuit (V) is from 
the ( +) main gen~rator brush, to the cut-out fine 
wire volta~e winding (V), through the grounded end 
of this coil (V), back to the ( - ) grounded main 
generator brush. 

Charging circuit to battery: When the generator 
voltage reaches about 6.5 volts, or above battery 
voltage, the voltage coil (V) has sufficient magnetism 
in its core to close cut-out points (P). The charging 
circuit will then be from the ( +) main generator 
brush, through cut-out points (P) through the cut­
out series, or current winding (S), to the ammeter 
(not shown), to the ( +) terminal of the battery, to 
the ( - ) grounded terminal of the battery, to the 
( - ) grounded main brush of the generator. 

If the ( +) main brush of the generator was grounded, then 
the circuit would start at the grounded ( +) brush of the 
generator, which would be the reverse of tho circuit described. 
The ( +) terminal of the battery would then be grounded. 

Tracing Ignition Circuits 
This circuit includes: 
1. Ignition coil. 
2. Interrupter. 
3. Distributor. 

Coil windings: There are two windings, the pri­
mary a_nd the secondary (Fig. 7). The current must 
first flew through the primary winding. 
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l1'ig. 7. A simplified diagram expla.iuing how to trace the 
ignition system. 

Coil terminals: Some coils have 3 or 4 terminals 
(see page 209). Most of the coils use 2 terminals 
as in Fig. 7. 

Note. When referring to the number of the coil terminals 
the secondary terminal is not considered. ' 

Primary and interrupter circuit: Suppose the ( - ) 
terminal of the battery and generator was grounded. 
The flow of current would then be from the ( +) side 
of the ignition switch, which is usually connected to 
the circuit at the ammeter. The current path would 
then be from ( +) of the battery (or the generator if 
running fast enough to charge the battery), to the 
switch, through ignition resistance (R) on the coil 
through the primary winding, out terminal (2)

1 

th~ough the insulated and s~a.tionary interrupte; 
pomt, through the grounded mterrupter point and 
arm, to the ( - ) grounded terminal of the battery or 
generator. 

If the ( +) terminal of the battery and generator was 
grounded, then tbe circuit would be from ( +) of the battery 
to the ground~! arm !)f ~he interrupter, through points (P): 
through the primary wmdmg and resistance (R) to the switch 
to the ( - ) terminal of the battery or generator'. ' 

Note that the interrupter is for o. four-cylinder engine 
be.cause there are four high points on the cam. Thus it wili 
rmse the arm four times during one revolution. 

The condenser is across the circuit of the inter­
rupter points, as one end of the condenser is also 
grounded. (See Index for the construction and pur­
pose of the condenser.) Condensers are often 
placed in the interrupter housing. 

The secondary circuit is an induced current in the 
secondary winding from the primary winding and 
w_oul~ flow from the secondary terminal (3) ~ the 
distributor, through the spark-ph.:g po.ints through 
the engine frame which would be termed ~ ground 
to the grounded end of the secondary fint> wire wind~ 
ing (GRND) . 

. N<?te. !1_1 Fig. 7, owing to u.n error in drawin5 1 a 6-cylinder 
distributor 1s shown. It should be a 4-cylinder distributor. 

The primary and secondary coil windings are sup­
posed to be on one soft iron core. 

The foregoing explanation will give an idea as to 
the m_e~hod ?f procedure in tracing wiring diagrams. 
All wmng diagrams do not have arrow points show­
ing the path of the circuits. It is therefore neces­
sary to make a point of starting with the source of 
supply of electric current which is ( +) of the battery 
?r generator. If ( +) is grounded, then start at ( +) 
Just the same,. and go to the grounded end of the 
part of the circuit you are tracing. 

Tracing the Lighting Circuits 

Seo Index under "Wiring diagrams." 

advr.r!.i~omcnt of ~Vlrin~ :\Iauunl and $,;,rvicc ·Manuo..l~i: 
Lhc advcrt1s1ng pages of l,hi3 book. 
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REMY ELECTRIC SYSTEM ON STUDEBAKER "EM" 
Studebaker (Model "EM") Circuits (The "EJ" 

is Similar; See Under Fig. 8 Below) 

Starting motor: From the ( +) ground of the 
battery to the ( +) grounded motor brushes, to the 
( - ) brushes, to the field coils, to the starting switch, 
to the ( - ) of the battery. A Bendix drive is used. 

Generator field-circuit: From the ( +) brush of 
the generator, to ground (G) of the thermostat, to 
the field coils, to third brush (3B). 

Cut-out voltage circuit: From the ( +) grounded 
brush of the generator, to ground (G) of the voltage 
coil (V), through cut-out series coil (S), to the ( - ) 
main generator brush. 

Generator charging circuit: From the ( +) 
grounded brush (G) of the generator, to the ( +) 
ground of the battery (GB), to the starting switch, 

through the ammeter to cut-out points (P), to cut-out 
series coil (S), to the ( - ) main brush of the generator. 

Regulation of the shunt field of the generator is 
by means of a third brush. 

Ignition primary circuit: From the ( +) ground 
of the battery (GB), or the ( +) ground of the 
generator (G), to ground (G) of the contact-breaker, 
to arm (A), to points (P), to primary coil winding 
(PR), through ignition resistance unit (RES), to 
the switch, to the ammeter, to the generator ( - ) 
brush, through the cut-out if the generator is supply­
ing current, or from the ammeter to the ( - ) terminal 
of the battery, iI the battery is supplying current 
for ignition, as is the case when startrng. 

The secondary circuit is from the secondary wind­
ing of coil (SC), to the distril:>utor, to the spark plugs, to 
ground, to the grounded end of the secondary winding. 
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The "EJ" is similnr, except has slightly 

STUTZ SERIES ''K": REMY GENERATOR AND MOTOR; DELCO IGNITION 
Remy generator and startini motor with Delco coil (V), to cut-out series coil (S), to the ( - ) main 

ignition together constitute the system used on brush. 
this car. The distributor principle is similar to Generator charging circuit: From the ( +) main 
that on the Pierce-Arrow, explained on page 216. brush of the generator, to the (+)grounded terminal 

Stutz (Series "K") Circuits 
Starting-motor circuit: From ( +) ground (GB) 

of the battery, to ( +) ground (G) of the starting 
motor brushes, through the field coils, to the starting 
switch, to the ( - ) terminal of the battery. 

Generator field circuit: From the ( +) main brush 
of the generator, to ground (G2) of the cut-out 
(relay), through fuse (F), through the shunt-field 
winding, to the third brush. 

Cut-out voltage circuit: Fi·om the ( +) generator 
brush, to ground (G2), through cut-out voltage 

of battery (GB), through the ammeter, to cut-out 
closed points (P), through series coil (S), to the ( - ) 
main brush of the generator. 

Ignition primary circuit (intake coil): From ( +) 
ground of the battery, if starting, or ( +) ground of 
the generator, if the generator is running at proper 
speed to .ground (G) of contact-breaker points at 
top, through points (P), through ignition resistance 
unit (R), through primary coil (P), to switch (6), to 
(B), to the ammeter. If the current is from the bat­
tery, then through the ammeter, which will show 
"discharge," to ( - ) of the battery. If the current 
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Fig. 9. Circuit diagram of Stutz series '.'K.'' 1922, 1923. Delco ignition coils No. 21~9 (page 213) used 

is from the generator, then from the ammeter, to 
the cut-out, to the ( - ) brush of the generator. 

Ignition primary circuit (exhaust coil): The cir­
cuit is exactly the same as for that of the intake coil 
except that contact-breaker points for exhamct cod 
are at the lower part of the mterrupter, and circuit 
is through the lower, or exhaust coil, to (5) on switch. 
From this point it is the same as previously described. 

The secondary circuit from the secondary coil (S) 
on both coils can easily be traced to the center 
terminal of the distributor, to the spark plugs, to 
ground, to ground of the battery or generator, to (B) 

on the switch, then to (5) and (6), to the other end 
of the secondary winding. (The contact points on 
the interrupter are open when the secondary spink 
occurs at the spark plugs. The circuit could not, 
therefore, !)[lSS back through this side.) 

The Stutz engine is a dual-valve engine. The 
intake valves are on one side of the cylinder and the 
exhaust valves on the other. 

There are two spark plugs per cylinder: one on 
the intake side, and the other on the exhaust side. 
See explanation of the Pierce-Arrow (Delco) ignition 
distributor on page 216, which is similar. 

JEWETI: REMY GENERATOR AND STARTER AND ATWATER-KENT IGNITION 

Starting motor circuit: From ( +) ground battery (GB), t-o 
(+> grounded motor brushes, to (-) ma·n brushes, through 
field circuit, to starting switch, to (-) battery terminal. 

Generator field circuit: From(+) grounded generator brush 
(Gl), to (G) ground of thermostat, through closed p0ints. or 
through resistance (R), through field windings, to (-) third 
brush (3B). 

Cut-out voltage circuit: From ( +l grounded main brush 
(Gl), to ground (G) of voltage coil (V), through series coil 
(S), to(-) main generator brush. 

Generator charging circuit: From (+) grounded generator 
main brush (G 1), t-o (+)ground (GB) of battery. through batle,.y 
t-o ammet.~r, throul;':h ammeter to (closed) cut-out points (P), 
through series coil (S), to ( - ) main generator brush. 

Ignition primary circuit: (Atwater-Kent ignition system 
• used) .. From ( +) ground of ~•ncrntor (Gl), to ground (GC) of 

timcr1 through interrupter pomts to primary coil (PR), through 
primary coil winding, to switch, to ammeter, through eut.-out 
points (P) and winding (S) to (-) mnin generator brush. 
Condenser is in interrupter. If current for ignition is from 
battery, as when startini., it is from(+) ol battery (GB). 
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OAKLAND ''"(i-44" ELECTRIC_SYSTEM (REMY) 
Starting motor circuit: From ( +) of battery, to 

st.arting switch, through_ tbe series parallel windin!,rs, 
to ( +) motor brushes, to ( - ) grounded motor 
brushes, to (-) ground (GB) of battery. 

Generator field circuit: From ( +) third brush 
(3B), through shunt field windings, through (closed) 
thermostat points (P), to ground (G), to genera.tor 
( - ) ground ( GG), to ( - ) main brush. 

Cut-out voltage circuit: From ( +) main gen­
era.tor brush, to cut-out coil (C), to voltage coil (V), 
to ground (G), to (-) main grounded brush (GG). 

Generator charging circuit: From ( +) main 
g-:iuerator brush, through cut-out series coil (C), 
t.hrough (closed) cut-out points (P), to ammeter 
(A), through ammeter to (M), to (+)of battery, to 
(--) ground (GB) of battery, to (-) ground of 
~~ nern.tor ( GG), to ( - ) groµnded main brush. 

Ignition primary circuit: From (A) on ammeter, 
which takes current direct from generator without, 
passing through a=eter, if generator is supplying 
current, or from (M) to (A) through a=eter, which 
would show ''discharge,'' if current is taken from the 
battery, to switch (Bat), to (Ign), to ignition resist­
ance unit, to primary winding (PR), to insulated 
interrupter terminal, through interrupter points (P), 
through arm (A), to ground (G), to (-) ground of 
generator (GG), to generator main brush, or to 
battery ground (GB). 

Secondary ignition circuit: From secondary 
terminal of ignition coil (S), to distributor, to spark 
plugs, to ground, to grounded end of secondary 
coil winding (G). 

Condenser (CD) isin theintenupterhousingand is 
connected across the points (P) of contact-breaker. 

HO'i'N Oakland 6-44 
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Fig. 10. Wiring diagram of Oakland "'6---44" (Remy elect~ic system). 

OVERLAND "4'_' ELECTRIC SYSTEM 

Electric system: Auto-Lite two-unit, 6-volt start­
ing and lighting system, with Bendix drive. U.S.L. 
Battery, 6-volt, 80-amp. hour. Model GK 1001 
generator with third-brush regulation. Starting 
motor model MG 1001. 

8rushHoldDo,,. 
Spnng T n 8attn')' 

rt.mhW 

(l) 

GENERATOR 

Fig. 12. Generator, driven from the right side ol the engine, 
by bel'1cal gears, from the crank shaft. 

Ignition: Connecticut (Auto-Lite on Models 91 nucl 92) timer 
and distributor driven from tbeannature shaft of generator (Fil,"'-
12 and 13). Sec page 40 for engine illustration and description. 

Ignition timing Overland Models "4, 91 and 92": 
Advance spark Jeyer; crank engine until No. l piston is 

.P,~tact Points ~:::ibucor 

T"un« Sp,rk 
c.m· Con1J"OI 

L,v,, 

starting up on compression 
stroke ancl until the ignition 
timing mark on flywheel is in 
line with the mark on housing 
(this ignition timing mark is 
located 2 ½" ahead. or to the 
left of the mark "T-C-1-4" on 
flywheel, looking at it from the 
rear; the piston is then 15/64" 
fro,n top of cyl. block); at this 
position interrupter points 
should just start to open; the 
distributor rotor should be in 
lino with secondary terminal 
to spark plug of No. 1 cylinder. 

Fig. 13. Timer, driven from the armature shaft through 
opennig (B, Fig. 12) by helical drive gear. 
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Ovcl'ian<l "4"' Circuits 
Generator field-circuit: From the ( +) third 

brush of the generator, through the field windings, 
to the ( - ) main brush. 

Cut-out voltage circuit: From the ( +) main 
brush, to the fine wire voltage winding (V) on the 
cut-out (circuit-breaker), to ground, to the (-) main 
grounded brush of the generator. 

Generator charging circuit: From the ( +) main 
brush of the generator, through cut-out points (P), 
to cut-out series coil (S), through the ammeter 
to the ( +) terminal of the battery, to the grounded 
( - ) terminal of the battery, to the ( - ) grounded 
brush of the generator. 

Starting-motor circuit: From the ( +) terminal 
of the battery, through the closed starting switch, 
to the terminal on the starting motor, through the 
two "series parallel" windings on each side, to the 

( +) brushes, through the armature, to the ( - ) 
grounded brushes, to ( - ) ground of the battery. 

Primary ignition circuit (from battery when start­
ing): From ( +) of the battery, to (D), to the igni­
tion button switch, to the thermostat switch, 1 

through wire (I) to the prima,ry winding of the 
ignition coil, to tjie timer (contact-breaker of the 
closed-circuit type), through the timer points, to 
the ignition coil where the primary and secondary 
windings are grom1ded, thence to ground (G 1), to 
(-) ground of the battery. On the circuit just de­
scribed, the ammeter would not indicate, as the cur­
rent is flowing from the battery, but not through the 
ammeter. 

1 The ''Connecticut ignit.ion thermostat switch" is illustrated 
and described clscwhei-c. Sec Index. 

Overland Models "91 and 92" use Auto-Lile ignition. 
Thermostat switch is not use,d, See pages 10:,8-1059 for 
Speci6c...'\tions. 

Left Hand Head Lamp Right Hand llead Lamp 

f 

Circuit Breaker 

Fig. 11. Wiring diagram of the Overland "4" ;· Auto-Lite ele<:tric syst,em. Connecticut ;gnition. Models 91, 92 Overland use 
Auto-Lite ignition. Thermostat switch not used: 
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Pnmary ignition circuit (from generator): Prom 
point (D), which takes current from the generator 
which must pass through the ammeter. Thus the 
ammeter would read on the ·'charge" side, because 
the current would be fl.owing from the generator to 
the battery, and the ammeter is between point (D), 
~vhere the ignition is taken, and the generator. The 
rest ot the circuit would then be the same from point 
(D), as explained above. 

Light circuits, if from battery, would be from 
( +) of the battery, to the ammeter, then through 
the ammeter, to the inside wire at the rio-ht-hand 
connection of the ammeter, to the fuse, thence to 
the lighting switch, through the different lighting 
circuits. The ammeter would read on the "dis­
charge" side. 

If current for lights comes from the generator, 
then start with ( +) of the generator, to the cut-out, 
to the ammeter (but not throu~h the ammeter), to 
the wire from the same connection on the ammeter, 
to the fuse, and from tlus point on, as before. In 
this instance, the current for lights would not pass 
through the ammeter, but the generator would be 
charging the battery and supplying current for lights 
and ignition also. Thus the ammeter would read 
on the "charge" side, indicating the amount of cur­
rent flowing to the battery and used for ignition. 

Overland "4" electric equipment data: Auto-Lite generator 
third-brush regulated; Auto-Lite starting motor; Connecticut 
ignition. See also page 40. 

Lamps: Four; head lamps, single-bulb, siogle-contn.ct, 6-
volt, 16-candle power; dash and tail lamps, single-contact. 
3-volt, 2-candle power. (See page 1058 for later specifications.) 

DELCO ELECTRIC SYSTEM ON PACK.ARD "SIX," MODELS 116 (1921, 1922); 126-1, 133-1 (1923) 

The Delco ignition is used on this car, but Atwater­
Kent starting motor and generator are provided fo1· 
generating current and for starting. 

illustration) differ principally in a new type of combination 
switch and no separate interrupter points for feulfaer spark 
plug. The.re is only one coil and one set of interrupter points 
us shown. Fueliz.er plug is in series with spark plugs on engine; 
one end of secondary winding goes to tho distributor, and the 
other end to the fuelizer plug as shown. See also Packard 
single-eight ignition coil, pa.ge 407, which is sim.ilnr. 

SYORA.Gt J 
8AJTERV 

Packard (Model 116) Circuits (Below) 
Starting motor: From(+) ground of the battery, to (+) 

ground of tho starting motor, to the switeh, to (-) terminal 
of the battery. 

Generator ,..iarging circuit: From ( +) ground of the gen­
erator, to ( +) ground of the battery, to (6), through the 
ammeter, to (7), to(-) terminal of the generator. 

Primary ignition circuit (battery): From ( +) ground of the 
b<tttery, to grounded (G) contact-breaker points (on the left), 
through the ignition resistance unit. to primary winding {PR) 

, of the ignition coil No. 1, to (5) on the switch, to (6), through 
the nmmeter, to(-) terminal of the battery. 

Packard (Model 126-1, 133-1) (Above) Primary ignition circuit (generator): From (+) ground of 
the generator, to contact-breaker-point ground (G) on the left, 
and through the same path, but to the (-) generator terminal 
instead of to the battery. 

The wiring diagram of the Model 1·16 (1921, 1922) is shown 
in Fig. 15. Models 126-1, 183-1 (1923) (shown in smaller 

NQ7E_,._ 

6 

J1(JT0/l -$Wl"T<;J,/ 

1179 
2-2150 

5228 

Comb, Switch 
Ignition Coil 
Distributor 

$P/IRl(PLUG-

Ignition Coils 

I J'$~ - l?ES/S1AN -=- '!' t UNIT <.ONDEJISERS 

-1

1 

£...,._+ Motor t To SPA/iR Distributors 
_ -:= i Gen , PLUGS 

L - - - - - - - - - NOT DELCO ' 
IN{)ICATES JUNC,TIO/'I ,5LOCK TERMINA°iS NVMBE°iutii.E fl w Rl6Hr 

Fig. 15. Wiring diagram of the Delco-Packard (model 116) (1921, 1922) electric $YStern. 
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Secondary circuit to ignition spark plugs: From 
secondary winding (SC), on coil No. 1, to the dis­
tributor rotor, to the spark plugs in the engine, to 
ground, to ground (G) of the secondary winding. 

Fuelizer ignition coil is No. 2. This coil is used 
for the single spark plug used in the Fuelizer. (See 
pages 108 and 140 for an explanation of the Fuelizer.) 

The primary drcuit is the same as for the other 
coil, except that the contact-breaker points on the 
right of the contact-breaker are used. 

The contact-breaker and distributor for this sys­
tem are shO"lvn on page 219. Note that two sets of 
interrnpter contacts are provided, each set being 
connected in series with a separate ignition coil. 

PACKARD "TWIN-SIX" MODELS "325-335" (1921, 22, 23) ELECTRIC SYSTEM 

The Delco ignition is used on this car. Bijur 
generator and starting motor are used. See also 
pages 217, 84, 85, 86, for other illustrations pertain­
ing to the Packard "'I\vin-Si.x." 

Packard "Twin-Sh:" (Models 325, 335) Circuits 
Charging circuit: Start with the generator ( +) 

grounded terminal, to ( +) ground of the 6-volt, 120-
• ampere-hour battery, to combination switch (6), 
through the ammeter, to (-) terminal of the gener­
ator. 

Ignition circuit: Start with ( +) ground of the bat­
tery if the engine is running slow, or with (+)ground 
of the generator if the generator is charging the bat­
tery, to ground of interrupters (CP), but first 
through tlie resistance units. 

Note that there are three interrupter points (CP), 
1, 2, and 3. The Nos. 1 and 2 are for the No. 1 and 
No. 2 coils and distributors, and 3 is for the No. 3 
coil and spark plug (3P) for the fuelizer. See also

1 pages 140, 217, giving an explanation- of "Fuelfaer' 
and "Distributor." 

The engine ignition primary circuit of No. 1 dis­
tributor is through ignition resistance unit (Rl), 
through contact points (CP-1), through primary 
coil (1), to junction (J), to the ignition switch, to 
5 and 6, to ( - ) of the battery or generator. Note 
condenser (I) is connected across the points (CP-1). 

:s 
't 

BIJUR $TORAGE 
GENERATOR BATTERY R 

SWITCH 

If the current is from the battery, it will not pass 
back through the ammeter. If current is coming 
from the generator, it will pas'> through the ammeter, 
but a'> the generator would then be charging the 
battery, the am.meter would indicate the current 
flowing from generator to battery and the ignition, 
and would indicate on the "charge" side of the 
ammeter. 

Secondary circuit of No. 1: From the secondary 
winding on coil (1), to the distributor arm or rotor, 
to the spark plugs, to ground, to grounded secondary 
terminal (G) on No. 1 coil. 

Engine ignition primary circuit of No. 2 distributor 
is similar, except that the circuit is through resist­
ance (2R), through points (CP-2), through primary 
winding (P) of coil 2, to junction (J). 

The secondary circuit of No. 2 is similar to that of 
No. 1, except that it passes to No. 2 distributor. 

The fuelizer ignition primary circuit is from ( +) of 
the battery or generator, to ground (G3) of the inter­
rupter, through points (CP-3), through resistance 
(R3), to primary winding (P) of coil 3, to junction 
(J), to switches (5 and 6), to ( - ) terminal of the 
battery or generator. 

The secondary circuit for the fuelizer spark plug is 
from (S), coil 3, to spark plug (3P), to ground, to 
ground (G) of coil 3. 

2) IGNJTJ 
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I,---~-._. ..,, . 
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1092 • Combination'.Switch-Delco. 
3-2150 Ignition Coi,l 

5220-5238 Distributoi: 
Fig. 16. Packard "Twin-Six" wiring diagram: Note the twin or dual set of interrupters. The breaker arms are operated 

by one three-lobe cam. There are three hilj:h-tension coils, one used for ignition for the right block of the cylinders, .. nd the 
second, for t!ie left block. The third coil (3) is used in connection with a spark plug (3P) in the fuelizer. An awciliazy contact• 
breaker meobanism, mounted on top of the distributor, is connected with the lntter. 
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Starting-motor circuit: From ( +) of the battery, 
through ground, to the ground terminal of the start­
ing-motor switch, through the starting switch, 
through the sta.rting motor, to ( - ) terminal of the 
battery. 

The automatic gear-shift principle, connected with 
a flywheel is used. The starting motor is a 4-pole, 
series-wound motor. 

Regulation of the output of the generator consists 
of a constant voltage electromagnetic device which 
cuts resistance into the shunt-field circuit. The 
generator regulator keeps a constant electrical pres­
sure or voltage, slightly higher than the voltage 
maintained.by a folly charged battery, this pressure 
being maintamed regardless of speed. 

The voltage being constant, the current generated 
naturally varies, being small when the battery is 
fully charged and increasing as the lights are turned 
on or the battery is partially discharged. 

The cut-out is a reverse-current electromagnetic 
type of the usual cut-out principle. The generator 
field-winding is a straight shunt winding. 

The cut-out and regulator are wound on separate 
cores and mounted on top of the generator. The 
circuit is not shown but is shown in the Wiring Man­
ual, details of which will be found in. the advertising 
pages of this book. 

Fuse Boa1·d 
All lamp circuits and the horn circuit pass through the ruse 

board on the front side of the dash. When the born or lamp, 
fail, examine the fuses. rr the fuse is in proper order, then look 
r or loose '"-ires. 

Fuses are of the glass-tube type. If fuses continually blow, 
look Cor a short circuit as the cause. 

Ammeter 
The ammeter is located on "the instrument board. It is con­

nected between the generator and battery through the switch; 
thus, with the engine idle, the ammeter docs not indicate 
whether the lights are on or off. Should it register to the left. of 
zero with the engine icUe, remove the di$connect plug from t.he 
regulator, to prevent discharging the battery. 

Wben the eniine is running, the ammeter registers the 
amount of charging current passing from the generator to the 
storage battery and lights. 

If the ammeter fails to register when the engine is running at 
about 750 revolutions, or over 20 miles per hour, look for loose 
connections or broken wires between the generator and battery; 
also see that the generator commutator is clean and that the 
brushes are making good contact,. 

If the ammeter shows a high current continuously of 25 or 
30 amperc.s, it indicates a heavy ground or short circuit in ,.,.·ir­
ing or battery. Disconnect the battery to prevent discharging, 
and examine the wiring for short circuits. 

Electric Lighting 
Light circuits can be traced by starting with ( +) or the bat­

tery or generator, to ground of the la1nps, through tho fuses, 
through the switch terminals, to (-) of the.generator or battery 

Auxiliary headlights are smaller than the hendlights. They 
are placed in front, to be used in place of headlights. Tho 
hendlights are 24 c.p., 7-volt and the auxiliary headlights are 
6 c.p., 7-volt. See diagram of wiring. They are sometimes 
called dimmer lights. 

REMY ELECTRIC SYSTEM. ON OAKLAND "32" Al.'11D McLAUGHLIN "D-60" 

The Remy "relay-regulator" system, described on 
page 350, was used on these cars (1916). The sys­
tem is shown here in order to give an example of the 
Herny relay-regulator in connection with a plain 
shunt-wound four-pole generator using an "electro­
magnetic current regulation" of the shunt-field­
circuit. See Fig. 17 on the next page. 

Circuits 

Generator: Plain shunt wound, with an electro­
magnetic vibrating-current type of regulator (see 
also page 350). This regulator is operated by the 
amount of current flowing from the generator to the 
battery through the regulator winding (D). It 
would thus be termed an electromagnetic "constant­
current" regulation method. 

Generator shunt-field circuit: From the ( +) main 
brush of the generator, to the fuse, to (Y), to closed 
regulator points (E), to (H), to the shunt-field wind­
ings, to (-) main brush (G) of the generator. 

Note. This is not a third-brush regulated generator, 
:i.lthough there are three brushes. The brush on the left is 
used for p:rounding purposes. All brushes bear on neutral 
points of tbe commuta-tor, and are therefore "mnin brushes.'' 
See, also, page 359. 

Cut-out (relay) voltage circuit: From the ( +) 
main brush of the generator, to the fuse, to (Y), to 
cut-out voltage coil (J), to ground (Gl), to the (-) 
grounded generat-0r brush. 

Generator charging circuit: From the ( +) main 
brush, to the fuse, to (Y), to closed cut-out (relay) 
points (A), through cut-out series coil (C), throuih 
re~lator winding (D) (note that the charging c1r­
cu1t flows through the regulator winding), to (K)( to 
the fuse block, through the ammeter, to +) 
ferminal of the battery. 

When the generator speed is high, the regulator 
comes into action by cutting resistance (F) into the 
shunt-field circuit of the generator, thus reducing 

the magnetic strength of the field, and consequently 
also the output of the generator. The action is as 
follows: from the (+) brush to (Y). Points (E) 
are now open, because of the high charging current 
value flowing through regulator coil (D), drawi.ng 
points (E) ~part. Thus the field circuit must then 
pass from (X'), through resistance (F), to (H), to the 
other end of the field winding. 

Note. It will be noted in the diagram that half of the 
resistance coil {F) is shunted across one set of regula.t-Or points, 
and half across the other set (there .are two sets of regulator 
points). It is essential that the two sots be adjusted equally, 
so that the same current t.hrough regulator coil (DJ will separate 
both points at tho same time; otherwise tbe generator outpuc 
will be high. See lnde" for Remy "relay-regulator" adjust­
ments, etc. 

Ignition primary circuit (from battery, when start­
ing): From ( +) of the battery, to the ammeter, to 
the fuse block, to switch (Z), to (I), to primary 
winding (P) of the coil, to the contact-breaker 
(closed-circuit type), to the ri~ht terminal on the 
coil, to the switch, to ground (G3), to (-) ground 
of the battery. 

The ammeter would now read on the "discharge" 
side, as the current is coming from the battery. 

Note. This switch is termed a "pole-changing" switch. If 
switch blades (B) and (Bl) were reversed, the current would 
flow through the contact-breaker points in the opposite direc­
tion. See page 203, explaining this type of switch. 

• Ignition primary circuit (from generator): The cur­
rent would be taken from the fuse block, to (Z), and 
the same path would be followed. The ammetar 
would not indicate the.ignition current, but would 
indicate the amount of current going to the battery. 

Starting-motor circuit: From the ( +) terminal 
of the battery, to the starting-motor straight-series 
field-winding, through the field-windings, to the ( +) 
brushes, through the armature, to the grounded ( - ) 
brushes, to (-) ground of the battery (G2), 
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Fig. 17. Wiring dios;ram of tho Oakland 32 and t·lcLaughlin ••D-60 11 explaining the Remy 0 relay•regulstor" and the "pole­
changing" switch (see Index for these subjects). 

FRANKLIN (Up to July, 1921) ELECTRIC SYSTEM 

The Franklin air-cooled, six-cylinder enp,ine auto­
mobile electric system used on models '9A" and 
"9B" until July, 1921, is shown i11 the illustration 
(Fig. 18). Note that the ignition system is the 
Atwater-Kent open-circuit type. A master vibrator 
is used for starting purposes. 

Fig. 18. Franklin electric syst<'m. 

On later models, the Atw:i,ter-Kent closed-circuit 
ignition system is used, and the master vibrator is 
dispensed with. Instead, the switch is so arranged 
I.hat on starting position, it cuts out a part of the 
primary coil winding, thus lowering the resisl.ance of 
Lhe coil, so that in cold weather, when the battery 
is used excessively for starting and is more or less 

. weak during tbese periods, the ignition coil resistance 
is cut down, as mentioned above, and the spark is 

sure to occur. After starting, and when the battery 
is "boosted up" by the generator, the switch move­
ment cuts in the full primary coil winding. 

Motor-generator: The 12-volt single-unit Dyneto 
motor-generator is used. The fOOtor-generator is 
directly connected to the crank shaft of the engine. 
The motor-generat-0r acts as a generator at car 
speeds over 8½ m.p.h., and as a motor at speeds 
below this point. 

The current output is regulated by a compound 
winding "differential in action," consisting of a 
series and a shunt-field winding which oppose, 01· 
"buck," each other, as a generator. This is termed 
"differential action," and the windings assist each 
other as a motor, or "cumulative action." 

The regulation is also by a "third brush," which 
reduces the voltage through the shunt-field winding, 
which, in turn, is caused by "armature reaction" at 
high speeds. 

Starting motor: A Dyneto motor-generator con­
nected to the crank shaft of the engine by a silent 
chain; operated rom the cowl board by the sam<> 
switch that controls the ignition. 

Generator: A Dyneto motor-geuera;t-Or; shuut 
winding, and a series-field winding are both used for 
the generator. 

Ignition: Atwater-Kent noen-circuit 1,imer uud 
distributor, using a box type of coil, with a con­
denser in the coil. A master vibrator is used for 
starting, whicb gives a continuous series of sparks 
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instead of a single spark operat.ed by a switch on 
dash. The distributor rotor takes care of the time 
at which the spark occurs. This device is used only 
for starting purposes. 

Fig. 19. The diagram or curve shows the voltage and 
amperage at various speeds of the car. 

For instance. at a speed of 10 m.p.h. (lower line of figures), 
the amperage is 8 amperes; the voltage is 16 volts. At 18 
m.p.h., the highest amperage peak is reached, which is 15 
amperes, and at this speed, the voltage is 17 volt,a. The highest 
volt.age is reached at 15 m.p.h. 

The volt"J!e begins to drop at a car speed of 28 m.p.h. (from 
17 volts to slightly below 16 volts at 50 m.p.h.). The amperage 
begins to drop at 20 m.p.h,, from 15 amperes to 10 amperes, at 
50 m.p.h. 

Circuits 
Starting motor: From<+) of the battery, to the indicator, 1 

through the indicator. to the s";tch, to the ( +) terminal on tho 
motor-generator, through the field-windings, to the(+) brush, 
through the armature, to the ( - ) hrusb, to the ( - ) terminal of 
the battery. 

Genera.tor shunt-field circuit: From the(+) main brush, or 
terminal of the motor-generator, to the switch, to the connec,,, 
tion on tbelower right of the switch, through a fuse (not shown), 
to the terminal on the motor-generator connecting with the 
shunt-field winding, to the (-) main brush of the generator. 
A IO-ampere fuse is in series with the shunt-field circuit.. 

Generator charging circuit: From the ( +) main brush, to 
the switch, through the current indicator marked (AMM), to 
(+) of the battery, through the battery, to the(-) battery 
terminal, to the (-) brush of the motor-generator. 

Ignition master-vibrator circuit: This ignition system is 
equipped with a master-vibrator coil which is used for starting. 
There is only one winding (primary) on this coil. When the 
switch or starting circ)lit 1s closed, the current is from ( +) of 
the battery, to the switch, to tho right-band switch terminal, to 
the vibrator blade of the master vibrator, to the vibrator screw, 
to the primary winding of the master vibrator, to the lower 
center terminal of the coil, through the coil primary winding, to 
junction block (No. 17) which connects with (-) of the bat· 
tcry. Thls master vibrator gives a continuous succession of 
sparks to start with, and the distributor takes care of the time 
of the spark to the engine. The switch is thrown to the regular 
ignition alter the engine is under way, and when the generator 
is "boosting" the battery. 

The primary ignition circuit of the ignition coil is from the 
battery or generator dt the right-hand switch terminal in the 
illustration, to the left, to the first terminal on the coil, to the 
timer, through the points, to the center coil terminal, to the 

1 An ammeter of the usual construction generally used, cannot 
be connected in series witb a starting-motor , circujt. An 
"indicator/' however, which is used on the Fraoklin, is so 
designed that it is capable of carrying the starting current. See 
pages 469,468 for explanation of the construction of an "Indi­
cator" and also of an "Ammeter.'' 

primary winding of the coil, to the left-band coil terminal, to 
No. 17 on the junction block, to (-) of the battery. 

The s,condary ignition circuit is from tho secondary winding, 
to the d1str1butor, to the spark plugs, to ground, to ground of 
the secondary. 

The ignition timing (Atwater-Kent open-circuit type): The 
timer is set so that it fires at 1 ½" advance, measured on the 
rim of the flywheel. 

To check timing: Remove the distributor cover and turn the 
engine over slowly _until_ the cl!ck of the contact-maker is heard. 
Stop exacUy at this pomt, raise the toe-boards, and see ii any 
center line corresponds to the position of "C. L. l-6u shown on 
thefiywheel. 

To reset timer: Turn the flywheel until No. 1 cylinder com­
pletes its compression stroke and the 1--6 center line is 1 ½" 
ahead of the center point in the diaphragm (Fig. 20), Loosen 
the clamp screw in the aluminum base plate of the timer so 
that the body can be turned in its bearing. For accurate ~et 
ting, the body should be clamped tight enough to turn bard. 

01AP 
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Fig. 20. Flywheel markings for spark setting. 

Turn the distributor-timer body in a clockwise direction until 
the distributor arm is opposite the terminal on the cover leading 
to No. 5 spark-plug wire. Then turn the body slowly and 
steadily counter-clockwise until the click of the contact maker 
is heard. Stop exactly at th.is point, and tighten the clamp 
screw. 

Adi ustment should then be checked by moving the flywheel 
ba,ckwards about 16" on the flywheel rim, so that it is off tho 
firmg point. Then move ahead to the firing point again, and 
stop the moment a click is heard. If "C, L. 1-6" is then l ½'' 
ahead of the center pointer on the diaphragm, the timer is set 
right. Itewire the clamp-screw in the base plate. 

Timer contact points a.re set .010" apart on the open-circuit. 
type, and .007" on the closed-circuit type. To adjust the con• 
tact screw, take it out of the bolder and remove one of tho thin 
steel washers from under its head. This brinf!ll the points a 
little closer together (see also page 203). The points should be 
examined every 3,000 miles. The spark-plug gap should be 
set at .031". 

Firing order: 1, 4, 2, 6, 3, 5. 
Master vibrator adjustment: When operating properly, the 

vibrtl.tor should buzz on an 8-volt circuit, i.e., on 4 cells of a 
fully charged storage battery. A more accurate way of settini. 
the vibrator is to turn the ignition switch to "neutral' (the 
engine should not be running), take out whichever spark plug 
is firing at that time, and set the adjusting screw on the vibrator 
so tha~a spark of the higb~t possible frequency can be observed 
at the plug points. Wlien the vibrator draws about 1.l amperes 
on a fully charged battery, it will give the hottest spark. 

For Franklin gear shift and controls, see Index. See the 
Index also for the Franklin engine. 

Changes on Franklin Series 10 
On the "Series 10" car, the Atwater-Kent type "R" inter• 

rupter and type "N7" coil are used (see page 207). Inter­
rupter gap is .015". 

IIP.l!tion timing "Series 10." Advance spark. Turn· crank 
until No. 1 piston comes up on compression stroke-stop when 
the /\ slot in fan wheel rim is 1" from center line of engine. 
Straignten the spark control wire inserted in the ball clevis; 
put ignition switch "on/' and with center wire of distributor 
cover removed and ·its terminal held ¼" from enginet turn 
distributor counter-clockwise slightly,· then clockwise, until 
interrupter points open and spark iumps. At this position 
secure spark control wire in ball clevis. Spark tiuung ohould 
now be l" advanced. 

Note: It bas long been an established fact that in all branches of mechanical instruction work it is nece.sary to go back to the 
earlu•t examples and trace their de-,elopments and wurk v,-ith fundamentals, These wiring diagrams show different early principles; 
for example, the purpose of the wiring diagram of the early Franklin electric system is to explain bow the ma.ster-vibratur i1711ilion 
coil was used to assist in starting the engine. See Specifications, pages l060-62A, for specifications of later cars. 

Examples of lat-er wiring diagrams are shown on pages 424B, C, and D, and also in the Addenda. Attention is called to the fact 
that to keep wiring diagrams up to date is beyond the scope of this book. For those who propose to follow automotive electrical 
work, the Standard Auto-Electrician's Manual is recommended. It shows the v,-irinj diagrams, factory electrical specifications, 
data for electrical tests, and adjustments of the va.rious electrical units of all cars. l'his is a loose-leaf book and can be kept up 
to date yearly by purchasing Supplements from the publishers of this book. See advertisement in this book on page preceding the· 
Jndes. 
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BUICK SERIES 8-50, 8-60, 8-80 AND 8-90 ELECTRICAL SYSTEiW 
The Delco-Remy starting, lighting and ignition 

system is used on all models. See page 307 A for 
ignition sysfom. 

Starting motor, Fig. 21: The same sta.rting motor 
is used on all series 1931 models, e.,cept that used 
on series 8-50 has no inner bearing. 

These motors are of the mechanical shift over­
running clutch type, and for this reason it is im­
portant to release the pedal as soon as the engine 
1s running, to avoid excessive speed which may cause 
the over-running clutch to seize. 

'fhe flywheel teeth are cut in a heat-treated steel ring shrunk 
on the llywbeel and welded to it. Number flywbeel teeth 8-50 
series: 118; 8-60, 8-80 and 8-90 series: 123. Number pinion 
teeth 8-50, 8-60, 8-80 and 8-90 series: 9. Ratio 8-50 series: 
13.11 to l • 8-60, 8-80 and 8-90 series: 13.66 to l. The st.arter 
p~<ial should not be depre.ssed while the engine is running as this 
ma.yresultin burring the flywheel teeth~ If tbisoccursitmaybe 
possible to remove the burrs by filing. However. ii the teeth have 
been badly burred it may be necessary to repla.ce the flywheel. 

The !931 starting motors do not have an adjustment on the 
switch stem. This adjustment has been eliminated by holding 
closer manufacturing limits. 

The starting motor brushes are of a composition 
having sufficient abrasive action to ordinarily keep 
the commutator clean. 

If an examination indicates that commutator should be 
cleaned (can be inspected by removing cover band), it can be 
done by holdiul> a narrow strip ol No. 0 sand paper n1suinst the 
commutator with the finger and operating the starting motor 
by pressing on the starter switch button, or with enginerunninJ?: 
,it idling speed. Any escessive grease or oil should be cleaned 
from the commutator surface and brushes with a clean cloth. 

Starting motor lubrication: A few drops of engine 
oil should be placed in the oil cup on the commuta­
tor end bearin~ approximately every 1,000 miles. 
~o further lubrication is required. 

The starter shift pedal should work freely at all times. lf 
the pedal does not completely return to the disengaged posi­
tion, it may be necessa.ry to pla.ce a few drops of oil on the 
starter pedal cross shaft bearing, also on tbe various pins in tbe 
linkage. 

Generator: The same generator (Fig. 22) is used 
on all models, and is similar . in performance to 
preceding designs. The direction of the spiral on 
the distributor drive gear has been reversed to drive 
the distributor in opposite rotation to all previous 
models. This was required for proper operation of 
the Bowden wire spark control. 

Generator lubrication: The distributor and dis­
tributor drive gears are lubricated by grea.se in­
serted through a Zerk fitting on the distributor well. 
This should be done each 500 miles, using a good 
grade of eup grease. 

In order to make certain that a sufficient quantity of grease 
has been inserted, an overflow has been provided at the top Of 
the distributor well; this overflow is restricted and will not 
permit the passage of grea,e until the gcnr housing and distrib­
utor bearing has been filled. 

The commutator end of the generator shaft is supported by 
a ball bearing whicb should be lubricated with a few drops of 
engine oil, inserted in the oil cup located on top of the end bear­
ing. each 1,000 miles. An excess ol oil at this point should be 
guarded against to prevent the commutator surface from becom­
ing dirty. 

The drive end oil ring used on previous models has been 
eliminated, but ample lubrication is provided by the overflow of 
oil from the valve rocker arm shaft. 

Generator charging rate: The generator starts 
charging at car speeds of 8 to 10 rn.p.b., and is maxi­
mum (16 to 19 amperes at a=eter on instrument 
panels) at approximately 25 m.p.h. The charging 
rate should never be adjusted u11less the generator 
frame feels cool. This adjustment can be made by 
loosening the adjustment screw at commutator end 
of generator and moving the third-brush in the di­
rection of rotation of the armature for increasing the 
rate, and in the opposite direction for decreasing. If 
the generat-0r is functioning normally the proper 
charging rate will ordinarily be obtained without 
bringing the third-brush closer than two commutator 
bars from the adjacent main brush. 

Generator thermostat: The action of the thermo­
stat (Fig. 23) is as follows: If t.he engine is started 
cold, and the car is operated at approximately 25 
m.p.h., the charging rate as indicated by the dasli 
a=eter, should be approximately halfway between 
the 15 and 20 ampere points for a period of time de­
pending on outside air temperature, after which the 
charging rate will automatically reduce to approxi­
mately 10 amperes. This reduction in charging 
rate results from the heat inside the generator be­
coming sufficient to separate the thermostat points, 
which allows the field current of the generator to 
pass through a resistance coil mounted on the ther­
mostat frame. This makes it unnece...ssary to fre­
qu~ntly regulate the output for varying driving con­
ditions and seasonal changes. The charging rate 
will ~e _reduced in s~e:r after a very sh?rt peri~d 
·of dnvmg, whereas m wmter the rate wlll remam 
high for a much longer period of time. 

Caution: The adjustment of the thermostat is sealed and 
must not be changed. Never pry the tnermost,,_t points apart 
or clean the contacts, as this will alter the calibration. The 
wiping action obtoined by expansion of the thermostat metal 
automatically cleans the points. The resistance unit mounted 
on the th'."°mostnt frame, m addition to controlling the charging 

1 These pages, 424.A, B, C, D, E and F, exemplify later con­
struction and were added since the preceding pages wereJ're­
pared. Although it will be noticed thatjmpro. vements an re­
finements have been made, the fundamental principles of oper­
ation are similar in many respects.. 
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rate, also acts as a fuse and will not burn out unless subjected to 
severe overload, such n.s produced by an open circuit, loose or 
dirty connection in the charging circuit, A burned-out resist­
ance unit will be indicated by the dash ammeter showing charge 
when the engine is cold, and discharge nfter operating a short 
period of time. 

Whenever it is necessary to replace a thermostat resistance 
unit, the car wiring, particularly connectioru, to the cutout re• 
lay, ammeter, starting motor and battery posts, should be care­
fully inspected to see that they are clean and tight. 

Cut-out relay: The cut-out relay (Fig. 24), which 
is mounted on top of the generator, automatically 
connects the generator with the battery whenever 
the car speed is sufficient to cause the generator to 
charge, and likewise disconnects the generator from 
tile battery when the cai· speed is below that re-

3uired for charging. This prevents the battery from 
< ischarging through the genera.tor windings. 

CUT IN &. CUT OUT ADJUSTMENT 

Cut-out relay adjustments: The relay points should close be­
tween voltages of 6.7 and 7 .5, and should open when the gen• 
era tor discharge current is not more than 2 ½ amperes. If the 
relsy requires adjustment, first see that the contact point open· 
inQ is from .015" to .025". The point opening can be changed 
by beading the bnu,s stop, which bears a.gainst the relay arma• 

HORN BUTTON 

DOME LAMP 
DOOR SWITCH 

IGNITION SWITCH 

ture when the points are in open posit.ion. H the points are in 
proper adjustment and the relay still does not operate o,itis• 
factorily, the armature spring tension can be varied by bending 
the brass support for the flat steel spring which is riveted to the 
rela:y armature. If the relay cuts in at a voltage above 7 .5, the 
cut-in can he lowered by bending down the brass support. If 
the discharge current required to open the points exceeds 2½ 
amperes, the spring tension should be increased by bending the 
brass support upward. See Fig. 24. This will require an am­
meter connected between the generator feed wire and cut.-out 
relay because the dash ammeter includes the ignition curre11t. 

The current limit relay (Fig. 25) is mounted on 
the inside of the dash. The function of this unit 
is to protect the lighting system from damage due 
to short circuits. The horn and ignition circuits 
are not protected by the relay. The normal light­
ing current is not sufficient to operate the relay, but 
a short circuit in any of the lighting circuits, or the 
addition of too many electtical accessories, will 
cause the relay to function, giving forth a buzzing 
sound, which provides a distinctive warning. This 
will continue until the trouble is remedied, or the 
battery completely discharged. 

In addition to the foregoing, the current limit relay on the 
1931 models has.been provided with automatic wiping contacts. 
'l'his action is obtained by a strip of thermostut metal which 
causes the contact to slide whenever there is a change in tern• 
perature. The thermostat metal also reduces the current flow 
when a short circuit occurs by lessening the contact pressure as 
the relay heats up. 

Curre.nt limit relay adjustment: The relay should start to 
vforate at a load of from 30 to 35 am.peres, and on a dead short 
circuit the current should not exceed 15 amperes. The contact 
spring pressure measured directly above the plunger should not 
be less than 5 ounces. If it is nece..ssary to change the spring 
tension, this can be done by grasping the contact spring with a 
narrow pair of pliers and bouding in a direction to give the re­
quired tension. See Fig. 25. Never bend the theromostatic 
metal to obtain this adjustment. 

LIGHT SWITCH 

STARTER DISTRJBUTOR 

SIDE LAMP HEAD LAMP---"' 

V 

fig. 26, Wiring diagram o[ the ~uick. 8·60,_ ~-~0 an~ 8~90 series car. ~Vith the aid of this diagr~~. each circuit through 
;he vanous umts can be traced. Seespec,fioations, pages 105~J062, for the Buick o,ud other oars. 
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Fig. 27. \firing diagrnrn of the Buick 8-50 se·ries car. 

CADILLAC V-16, SERIES "452" ELECTRICAL SYSTEM 
The electrical system consists of a Delco-Remy 

gcrrerator, starting motor and ignition system. The 
cylinder blocks are mounted at 45°. 

Ignition system: Delco-Remy. Consists of two 
almost entirely separate circuit,s controlled by the 
same switch. Each circuit has a separate coil, 
breaker-contact points, condenser, [l,nd a separate set 
of distributor terminals. One circuit provides igni­
tion for the right-hand cylinders, the other for the 
left-hand cylinders. 

There are two sets of breaker-contact points, both 
breaker-arms being operated by a single eight-lobe 
breaker-cam. The V-16 breaker-contact gap is 
.01411 to .01811

• Each set of points has its own 
condenser mounted inside the distributor. The 
breaker-arms operate alternately .and are momited 
at an angle of 22½ 0

• The right-hand breaker-arm 
and the left-hand coil furnish ignition for the left­
hand or odd-numbered cylinders. This arm pivots 
on the stationary post and is timed by turning the 
ram. The left-hand breaker-arm and right-hand 
coil furnish ignition for the right-hand or even-num­
bered cylinders. This arm pivots on a post anchored 

to an adjustable plate and is timed by an eccentric 
adjustment which must be synchromzed with the 
other arm. 

The high-tension distributor has a special double­
end rotor which distributes the high-tension current 
to the right-hand cylinders from one end and to the 
left-hand cylinders from the other end. The end 
which takes care of the right-hand cylinders is con­
nected to a contact in the center of the rotor, which 
in turn is continually in contact with a brush in the 
center of the distributor head. The end of the rotor 
which provides for the left-hand cylinders is con­
nected to a brush making continual contact with a 
l"ing in the distributor head. This ring is connected 
to a separate terminal in the head. 

Firing order V-16: The cylinders are not num­
bered according to the same system as previously 
used on Cadillac cars. The cylinders of the V-16 
are numbered according to the location ratlrer than 
firing order. The numbering system is as follows: 
Front R.H.: 2-4-6-8-10-12-14-16; front L.H.: l-3-5-
7-9-11-13-15. The firing o,cler is as follows: 1-8-
9-14-3-6-ll-2-15-10-7-4-13-12-G-16. See Fig. 31. 

CADILLAC V-12, SERIES "370" ELECTRICAL SYSTEM 
The electrical system on the V-12 is very similar 

to the V-16 except t,bat it is arranged for a twelve­
<,ylinder engine instead of a sixteen. The cylinder 
blocks are mounted at 45°. • 

Ignition timer-distributor: Similar to the V-16 
type and has the same type of automatic advance 
mechanism. 

The contacts at the end of the distributor rotor 
are not exactly 180° apart, because of the alter­
nate 45° and• 75° firing interval.s of this engine. 
.-\. 45° interval (on the crankshaft) comes after 
ca,ch of the right-hand cylinders fires and a 75° 
interval comes after each of the left-hand cylinder,; 
!ires. • 

Firing order: Front R.H.: 2-4-6-8-lQ-12; front 
L.H.: 1-3-5-7-9-11. This firi_!l/f.o_rder is: _l-4-9-8-5-
2-11-10-3-6-7-12. • 
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Fig. 28, Tho firing order as well as the high-tension connec­
tious •,•uc shmvD or tha ~t.dbut-or bead. 
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Breaker mechanism: The breaker-cam has six 
lobes instead of eight, ·as on the V-16. The breaker 
contacts are arranged the same as on the V-16 and 
operate alternately. The right-hand arm and left­
hand coil furnish ignition for the left-hand or odd­
numbered cylinders. This arm is on the stationary 
post while the left-hand arm which, with the right­
hand coil furnishes ignition for the right-hand cyl­
inders, is carried on the adjustable plate. The gap 
between ·the breaker-contact points is .018" to .024". 
The condensers and breaker contacts are inter­
changeable with those on the V-16. 

Ignition timing: Before attempting to time the 
ignition, see that the contacts are in good condition 
and properly adjusted for a gap of .018" to .024." 
The distributor should be removed from the engine 
and the breaker-contacts synchronized. Synchro­
nizing tool No. 109224, for the eight-cylinder en­
gines, can be adapted to the V-12 as well as to the 
V-16, by marking the quadrant prope.rly. 

Fig. 29. The mn.rlongs shown on this sketch nre for the V-12 
nnd the V-16 as well as for the V-8 engines. 

When synchronizing the points on the V-12, ad­
just the synchronizing fixture so that the right-hand 
or stationary breaker-contacts just separate when 
the pointer is moved away from the farthest indica­
ting point on the quadrant. Synchronize the left­
hand contacts so tha-t they separate just as the 
pointer passes the "12 L.H." mark, which is 37½ 0 
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from the point at which the right-hand contacts 
separate. Moving the pointer still further, the right­
hand contacts should separate again at the "12 
R.H." mark, just below the center indicating point 
on the quadrant, Fig. 29. This mark is 60° from the 
farthest point. 

To insure accuracy in the synchronizing operation 
the test lamp should be used, connecting one lamp 
t-0 the ground and the other to the binding post for 
the contacts being timed. 

After synchronizing the points, reinstall the dis­
tributor and time the i~nition in the same manner as 
on the V-16. The IG/ A marks on the V-12 flywheel 
do not specify the cylinder numbers to which they 
apply. Each IG/ A mark is 127 /32" ahead of center 
and m bringing the JG/ A mark for No. 1 cylinder in 
line with the indicator at the timing inspection open• 

ing, turn the engine until the mark ~ 2 can be seen 
in the opening and No. 1 piston is coming up on the 
compression stroke. The IG/A mark for No. t 
cylinder is 3 11/16" beyond this mark. Continue to 
turn the engine very carefully until this IG/A mark 
appears in line with the indicator. 

When timing the ignition, the distributor should 
be at the fully advanced position. Be sure that the 
control rod is properly adjusted so that when the 
spark control button on the dash is pushed all the 
way in, the rear stop screw on the d1Stributor is at 
the extreme right-hand end of its slot in the quad• 
rant. Loosen the set screw in the middle of the 
breaker cam and turn the cam clockwise until the 
right-hand contacts just separate, with the terminal 
from the center of the rotor in line with No. 1 insert 
on the distributor head. 

tt !Te,m,npl Block I 

') r II ,---, 

Horns 

Fig_. 30. Wiring diagram of the Cadillac V-12, series "370," twelve--oylinder cnr showing the electrical circuits. The arrange­
ment of the V-16 chassis wiring circuits is similar except for the horn circuits, the fuel gauge and the connections at the terminal 
bloek on some of the earlier V-16 cars. See specifications, .pages 1055-1062, for the Cadillac and other cars. 
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The two ignition coils are mounted in recesses 
in the upper tank of the radiator, where they • 
are protected from moisture and excessive heat. 
They are of the same type as those on the 
V-16 but are not interchangeable with them be­
cause of the difference in the high-tension connec­
tions. 

Spark control: The manual control is the same as 

on the Cadillac V-16 and is operated by a rod and 
rocker arm mounted on the dash. 

The spark plugs and wires are concealed by a 
cover plate over the ''V" between the cylinder 
blocks, in the same manner as on the V-16. The 
same spark plugs AC type G-8, are used as on the 
V-16. The standard spark plug gap for these plugs 
is .025" to .028" on both cars. 

CADILLAC V-16, SERIES "452" FffilNG ORDER 4ND POWER LAP CHART 

The firing order is shown in the upper illustration 
(Fig. 31) and also on both sides of the power-lap 
chart. Note that odd numbers represent the cylin­
ders on the left-hand side and the even numbers rep­
resent the cylinders on the l'ightr-hand side. Also ob­
serve that the cylinders are staggered because the 
connecting rods are placed side-by-side. 

The power-lap chart is shown below the firing 
order chart (Fi~. 32). By laying a straight edge in 
a vertical position on the power-lap chart one can 
observe just what takes place in each of the 16 cyl­
inders at any instan,t during a complete cycle or 720°. 

Abbreviations: See illustra.tion at extreme bottom: 
P, JJOWer stroke represented by dark zone; PE, power 
and exhaust done while the valve is opening. There 
is considerable pressure on the piston at the begin-

ning of exhaust valve opening, but this pressure is 
gradually tapered down or reduced to zero by the 
time BDC has been reached. The dark zone repre­
senting the power stroke begins to taper down after 
141° travel, where the exhaust valve starts to open, 
and comes to a point at BDC. Just at the beginning 
of exhaust valve opening, four cylinders are working 
under full power but one gradually loses power for a 
distance of 39°; E, exhaust; EI, exhaust and intake 
at the same time; both valves being open at the same 
time, d1:e to the f,0 valve lap. Inertia of the mixture 
flowing through the intake manifold causes it to 
.enter the cylinders before suction be~s. S, suc­
tion; II, inertia intake caused by inertia of the mix­
ture due to its high velocity in the manifold; C, com­
pression; EO, exhaust opens; IO, inlet open~; EC, 
exhaust closes; IC, inlet closes. 

Valve timing of the V-16 
FIRING ORDER CHART Cadillac engine is as fol­

lows: intake op_ens TDC 
and closes 44° ABDC. Ex­
haust opens 39° BBDC 
and closes 5° ATDC. 

POWER I.AP CHART 
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During the four strokes, 
or two revolutions, of 
crankshaft (720°), four cyl­
inders are delivering power 
at all times. Prepared by 
Mr. P. J. McCullough. 

--------
- ---- 8 

3 

14 

3 

6 

II 

'Z 

15 

10 

7 
Fig. 
32 

4 

13 

12 

5 

16 

44°A8DC 

-----
IC 

C 
1~6° 



424F DYKE'S·INSTRUCTION To. 3G 

CHRYSLER "70" (1930) STARTING MOTOR AND GENERATOR 
The starting motor (Delco-Remy) is of reduction tor end cover band. The "third" brush rocker riug 

gear type and is mounted on the left side of the fly- clamp screw may then be loosened and the "third" 
wheel housing. It is held in place by a heavy set brush holder rotated in the direction of armature 
screw and lock nut. The starting motor pinion is rotation to increase the rate or against armature, 
shifted into mesh with the ~ear teeth on the flywheel rotation to decrease. 
by a foot-operated mechamsm. In connection with 
this gear-shifting mechanism is a switch which closes 
the electric circuit for the starting motor just after 
the gears have been meshed. 

The commutator should be kept clean and free from oil and 
grease; if it appears dirty or rough, it should be c.lenned with 
number 00 sandpaper.. Emery paper should never be used lor 
Lhis purpose. lf this treatment does not smooth the commutn­
tor, the armature should he removed and the commutator 
turned in a lathe. The mica should not be undercut on motor 
commutator. The brushes should move freely in the brusl, 
holders and the full contact area should bear on the commutator. 
The locations of the brushes should never be changed as they are 
properly set when the instrument is built. 

The oilers in each end of the starting motor housing should 
receive a few drops of light engine oil every 2,000 miles. ~1edi­
um cup grease should be forced into the gear case at the pipe 
plug bole (12, Fig. 33) at rear end or starting m6tor body. 
Grease should be inserted here about every 10,000 miles. The 
commutator should never be oiled. The connections of the 
gear-shifting mechanism should receive a few drops of oil each 
2,000 miles to maintain free action. • 

The starting motor is removed by first disconnecting the 
cables. Then the cotter pin and clevis pin, connecti ug the 
gear-shifting lever witli the foot rod, should be removed. The 
lock nut should be loosened and the set screw, cnterin~ the fly­
wheel housing above the starting motor, removed. The st.art· 
ing motor may then be pulled straight out of the flywheel hous­
ing toward the front of the car. 

The g.enerator is mounted on the left side of the 
engine at the front and driven by the fan belt. It 
generates current for the en tire electrical system and 
feeds it to the storage battery. The generatol· may 
be easily and quickly removed by removing the 
mounting bolts. The oil reservoirs at each end of 
the armature shaft should be filled with light engine 
oil every 2,000 miles. 

The generator (Delco-Remy) begins charging at 8 
to 10 miles per hour and r.eaches its maximum out­
put of 16 amperes (with cold generator) at 20 to 22 
miles per hour. For ordinary driving the rate should 
never exceed 12 amperes. The char~ing rate may be 
regulated by rotating the "third' brush holder. 
This is made accessible by removal of the commut:1-

If the generator charging rate is not up to the 
proper figure the difficulty may be due to a loose 
generator and fan drive belt. The belt should hn 
adjusted. 
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Fig. 34. Generator. Name of parts: 1, relay; 2, oiler; 3, 
bearing; 4, oil_ reservoir; 5, eommutato~; G, field coil; 7,_ficld pole; 
8, brush; 9, oiler; 10, pulley key; 11, oil seal; 12, bearmg. 

The relay, assembled on the top of t-he generator 
body, automatically breaks the circuit between the 
generator and the battery when the engine speed is 
too low for the generator to charge the battery. lt 
automatically closes the circuit at the proper engine 
speed so the generator can cha1·ge the battery. The 
relay requires no lubrication or other attention. 
The adjustment of the movable arm should not be 
disturbed. 

For ignition system and wiring dia.gram of the Chrysler ••70-• 
see pages 307C 11nd 3070. For specifications of Chrysler an<I 
other cars see pages 105:3-1062. 

, Fig. 3a. St.arting motor. Na-me of parts: I, fumer cable terminal post; 2, oil cup; 3, co_mmut:itor; 4! starter switch and 
plunger; 5, staner cable terminal post; 6, field coil; 7, armature; 8, reduction gea.r or center housmg; 9, reduction gear: 10, cout:i<H, 
arm; 11, oil oup; 12, lubricant hole plug; 13, shift yoke; 14, shilt spring; J.'i, pinion. 
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WI~ING OF A CAR: Ignition, Starting, Generating, and Lightit:ig 
KINDS OF WIRE USED FOR AUTOMOBILE ELECTRIC SYSTEMS 

\\"ire for connecting the different electrical units of 
a. car is usually called cable. There are five general 
classifications: low-tension or primary ignition 
cable; lighting cable; high-tension or secondary 
ignition cable; starting-motor cable; portable cord. 

Low-tension, or primary ignition cable is used for 
low tension (voltage) work, such as for the ignition 
circuit, from switch to coil, and from coil to timer. 
See 1 below and Fig. 8, page 426. It is flexible, 
consisting of several fine strands covered with a 
waterproof insulation and is usually Nos. 14 and 16. 
It can also be had in duplex form; see 2. 

Lighting cable is used from the switch to the head­
lights, side, dash, tail and dome lights, etc. It can 
he obtained in four sizes: 16, 14, 12 and 10. The 
amount of current to be carried determines the size. 
No. 16 gauge will answer for small tail and dash 
lights; No. 14 for headlights on most cars (see Fig. 8, 
page 426). Sometimes where there are very large 
lamp bulbs, No. 12 is used. Usually this lighting 
cable is of the armored type (3 below, and Fig. 15, 
page 428). Sometimes duplex cable is used (4 
below), and is usually encased in metal armor, or 
even as many as four cables can be together iri one 
metal armor. 
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STARTING MOTOR WIRB note 
heavy. wire 

LAMP CORD-twisted No. JS •• 

High-tension, or secondary ignition cable (see 
:3 above) is used for high-tension ignition current 
from coil to distributor and from distributor to 
spark plugs. The wil'e itself is small and fie},,ible, 
hut the insulation (usually rubber) is very heavy, 
:is it carries a high voltage, but a low amperage. lt 
is made usually in two sfaes: 7 mm. and 9 mm., the 
7 mm. being used most. 

Starting-motor wire, or cable (see 6 above): 
This wire must be ve~ large, because it carries a 
very heavy current. No. 1 size is generally used on 
small and medium-siied cars, and No. 0 is used if 
the distance is greater; as on a large car. The No. 0 
measures .32" diameter. This wire is flexible, being 
made up of a large number of copper wire strands 
heavily insulated with rnbber and with a braided 
cover over the rubber. This wire is much heavier 
than the secondary cable, as it carries a high 
amperage, but a low voltage. 

For example, the wire running from the storage 
battery to the starting motor, when it is first start­
ing, must carry from 80 to sometimes 400 amperes 
(the quantity of current depends on the size of 
the motor and condition of the engine). This is 
used only for a few seconds. But large wires must 
necessarily be used to carry this great quantity, even 
for a few seconds. Compare the size of the starting­
motor wire (6) with that of (5). Note the differ­
ence in size of the wire and insulation. (ii) carries 
a high voltage and low amperage, whereas (6) carries 
a high amperage and low voltage. 

The wires running from the generator to the stor­
age battery arc much smaller than (6) (see 3 and 4), 
as the quantity of current which passes through this 
wire is only 5 to 25 amperes. See Fig. 8, page 426 and 
note that No. 10 is generally used and is armored. 

By way of a comparison, imagine water pipes. If you 
desire to pass 150 gallons of water through a pipe in one hour 
it would require a larger pipe than one through which you 
passed only 25 gallons in an hour. 

Note: On most cars and a., shown in Fi~. 8, page 426, the 
live or feed wire which supplies current for ignition, lights and 
horn from battery to ammeter is taken from the battery side 
of the starting switch and should he hea,~er than the other 
lighting circuits, or No. 10. This wire a.lso carries the current. 
from generator to battery when tho battery is being charged: 
therefore the e11tirc circuit from generator to battery should 
be No. to nnd armored. 

Portable cable issimilnrtoiamp cord, but is hea, .. ier and better 
insulated. It is used for extension or trouble lamps, small 
port.able drills, etc. Lamp cord (7) should not be used for wiring 
n.uy part of a car. 

Voltage Drop and Wire Size 
When current flows through a wire (conductor), 

a certain amount of pressw·e (volt.age) is lost in over­
coming the resistance that the conductor offers to 
the flow of current (amperage). 

The greater the distance that cmrent flows 
through a concluct-0r, the greater the loss of pressure! 
This is known as "voltage drop." • 

The resistance of a wire depends upon two things: 
(1) the kind of metal in the wire (copper offers less 
resistancetotheflowof current than iron); (2) the area 
or size of the wire. The resistance of a small copper 
wire is greater than the resistance of a large wire; 
that is, the resistance decreases as the size increases. 

The size of wire to use depends upon the amount 
of current that must flow through it, and the length 
of the wire. The longer the wire, the greater tho 
resistance offered to the flow of current. Therefore 
there will be too much drop in voltage at the wire 
terminus, if the wire is not of sufficient size. 

A conductor must be large enough to carry the 
required amount of current to a certain point with 
less than 5 per cent drop. 

Ohms multiplied by Amperes equals Voltage Drop. 
Voltage Drop di,~ded by Ohms equals Amperes. 
Voltage Drop divided by Amperes equals Ohms. 
Almost all automobiles are using a single wire 

with a grounded return system of wiring, and the 
length of wire in one direction is seldom over 12 feet. 

Voltage Drop and Connections 
All connections should be bright and clean, for a 

dirty connection will add resistance, and conse­
quently will cause a voltage drop. Binding posts, 
screws, and the ends of the wire must be scraped 
clean before the wire is attached-tbis is very 
important, especially on low-voltage wiring. 

Grounded connections should be filed or scraped 
bright before attaching the wire, and the connection 
when made sbould be firm in position-and tightly 
drawn up, otherwise resistance will be added, thus 
resulting in a voltage drop. 

425 
See footnote, nexL page. See also footnote 3, page 555. 
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Ampere Capacity of Copper Wire 

The carrying capacity of copper wires (B & S 
gauge)1. as given by the National Board of Under­
writers for rubber-covered wfre, ~sshown opposite. 

The higher the number, the smaller the wires. 
No. 0 is many times larger than No. 18. No. 18 is 
.04 or 3/64" diameter; No. 0 is .32or5/16" diameter. 

1 B & S gauge means Brown & Sharpe gauge, and is a recog• 
nizcd standard. 

No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
Nos. 
Nos. 

18 

Carrying Capacity of Copper Wire 

B & S gauge. 3 amperes. 
6 amperes. 

15 amperes. 
20 amperes. 
25 ampere.,. 
35 amperes. 
50 amperes. 
70 amperes. 
80 amperes. 
90 amperes. 

100 amperes. 

16 
14 
12 
IO 
8 
6 
4 
3 
2 
1 
l&0 
2&0 

B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge. 
B & S gauge.• 

125 amperes. 
150 amperes. 

AVERAGE LF;NGTH AND SIZE OF wmE USED FOR WIRING A CAR 

An example of the size of wire used for wiring a 
car and the length for the different circuits of an 
average car is shown in the accompanying illustra­
tion, which is the wiring diagram of the Lexington 
Series "S" model (Fig. 8). Connections of the wires 
to the fuse block and other details are also shown. 

Generator: Third-brush regulated Gray & Davis; 
Starting motor: Gray & Davis· Ignition: Con­
necticut system using type 96Y switch; Wiring 
system: Single wire, grounded return. 

Eight External Circuits of an Electric System 

The diagram (Fig. 8) clearly shows the eight 
external circuits. The internal circuits of the 
generator, and its field-winding circuit and cut-out 
circuit are not shown. The cut-out is mounted on 
the generator, but is not shown. 
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Starting-motor circuit: From the grounded (+) 
terminal of t,he battery, to the grounded terminal of 
the motor, through the starting switch, to the ( - ) 
terminal of the battery. 

The ignition circuit, when starting, is from ground 
(G) of the ignition coil, to coil terminal (A), through 
the primary wire, to contact-breaker terminal (T), 
through the closed contact-breaker points, to (B), 
through the coil primary winding, to (C), through 
a jumper (J) on the fuse block, throu~h ignition 
thermostat (H) on the switch, to switch (lG), 
to ammeter (1), throu~h a jumper on the fuse 
block, to the ( - ) termmal of ·the battery at the 
starting switch. 

Note: Current for ignition and lights is taken from the 
battery side of starting switch. This wire should never be 
connected with the terminal on the battery, as it wm. corrode 
and offer resistance to current. 

Ii the generator is supplying the ignition current, 
the circuit is then from ( +) of the generator, through 
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Fig. 8. Wiring diagram of tho Lexington (Series "S"), showing the size of wire used, le~gth of wire, siie of lamp bulbs, fuse 
block, and the various circuits. Note ,._•here armored cable is used; also bow the connections a.re made to the ammeter, and 
where secondary cable is used. Note also the starting-motor cable and the size or it 

Note, too, that No.10 wire is used in the generator and battery circuit: No. 14 is used in ignition and lighting circuits. and 
No. O in the starting-motor circuit. The live or feed wire for lights, ignition and horn from battery, is the wire connecting 
to the battery side of starting switch. Note that it leads to the alJlllleter, thence to switch, and also serves for connection from 
generator to battery when the generator is charging the battery, and is No. 10 wire, or lighting cable. 'l'his is an important 
wire and should never be connected to the battery terminal direct for reasons stn.ted in the note above. 

NOTE: Refer to P"gc 690 under "Re-Wiring a Cnr" for a booklet entitled "The Certified Re-Wiring Manual." This booklet 
not only gives valuable information on checking the electrical system of a car but also gives the proper size of cable to use for 
re-wiring cars, buses, trucks, tractors and trailers. 
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the same circuit to (1) on the ammeter, through the 
ammeter to (2), to jumper (J) on the fuse block, to 
the ( - ) terminal of the generator. The condenser 
is in the coil. 

The secondary circuit is from the coil of the 
seconda.y terminal (S), through the secondary cable 
to the center, or rotor of the distributor, to the spark 
plugs, to ground, to ground (G) of the coil, to the 
grounded end of the secondary at (A). 

Generator charging circuit: From the ( +) ground 
of the generator, to the ( +) ground of the battery, 
to the fuse block, thro gh jumper (J) on the fuse 
block ("jumper" means that instead of a fuse, a 
straight connection is made), through No. 10 size 
green wire (BAT.), to (1) on the ammeter, through 
the ammeter to (2) through (GEN.) black wire 
(No. 10 size), to the fuse block, through jumper (J), 
to the ( - ) terminal of the generator. 

Headlight circuit: From the ( +) battery ground 
or (+)generator ground (whichever is in service), to 
ground of the headlights (HGL), through the lamp 
bulbs in parallel, to the fuse block, through a 15-
ampere fuse, through gree~ wire (No. 14) size, to 

one side of the c!.immer resistance. If connections 
are made at (BRT.), then resistance is cut out. If 
made at "Dim," then current must flow through 
the resistance and bright would be "off"; then to 
(Z), to (LTS), to (2) on the ammeter, and through 
the ammeter to (1), to the ( - ) battery through wire' 
(BAT.) (if the battery is supplying the current), or, 
if the generator is supplying the current, not through 
the ammeter but direct through wire (GEN.), to the 
(-) terminal of the generator. 

The other circuits, such as those of the horn, the 
tail light, and the dash light, can be traced in the 
same manner, starting with the ( +) (?;round of 
the battery, if engine is not running, or 1s running 
very slow; or at the ( +) ground of the generator, if 
the engine is driving the generator at sufficient speed 
to charge the battery, at which time all current is 
taken from the generator. (The starting-motor 
current, of course, is never taken from the genera­
tor.) From the ( +) of the generator, or battery, it 
is then necessary to start with ( +) ground of all 
circuits because the ( +) of the battery is grounded. 
For this reason the ( +) of the generator must be 
grounded, and the "lead" is from ( +) to all grounds, 
back to ( - ) of battery or generator. 

WffiING METHODS 
There are three methods for wiring a car: (1) the 

single-wire, or grounded, return system; (2) the 
two-wire, or fully instilated, system; (3) the three­
wire system. 

FtG.9:SIHGlE 1rhR£,GRQUNDiO 't.1RING SV51U1 

The single-wire or grounded return system (Fig. 
9): One insulated wire is insulated from the frame 
and is termed the "lead" wire. The frame serves as 
the return wire. However, when the ( +) terminals 
of the generator and battery are grounded, then the 
frame serves as the lead. The ground connection 
from the battery wire or cable to the frame is usually 
a heavy copper connection which is tightly bolted to 
a cleaned surface with copper or brass washers on 
each side. This connection, as well as all other 
grounded connections, must oe clean and secure, so 
that vibration will not jar it loose. This is the sys­
tem in general use. 

The two-wire, or insulated, system (Fig. 10): In 
this system, both insulated wires-the lead wires 
and return wires--are kept away from the frame and 
from all metal parts of the car. 

The three-wire system (Fig. 11): This system 
consists of three wires, one being known as the 
"neutral." Note in this illustration that the storage 
battery is a 6-cell or 12-volt battery and the third 
wire divides the three cells to a circuit, making 6 
volts for each side of the third wire. 

It is important that the lights or load be equalized, 
for if three of the six cells are worked more than the 
other three, and both sets are charged from the same 
source and at the same rate, one set wou1d get more 
charge than the other. When the load is properly 
balanced, there will be no flow of current throu~h 
the neutral, which is the reason for so calling 1t. 
This system is now seldom used. 

Wire Connections 
The connections in electric wiring should be 

soldered. The unsoldered connection may work as 
well as a soldered connection at the time of being 
made, but the resistance always increases. 

Soldering paste: Do not use acid when soldering 
electrical apparatus or wiring;, as acid is an electrical 
conductor and destroys the msulation. It is much 
better to use a non-corrosive soldering paste. 

Tape: Do not use friction tape on high-tension 
wiring or on other wiring where the grease or oil can 
get to it. It is much better to use linen tape and 
shellac. Friction tape will not insulate ignition cur­
rent, neither will it hold when oily. Repairmen 
often burn the alcohol out of the shellac after coating 
with it. This causes it to harden, and makes a hard­
coated insulation. 

When placing a wire terminal under a terminal 
nut, twist the wire in the direction in which the nut 
turns, as shown in Fig. 12. 

When connecting a wire under a screw or nut, use 
a brass washer. 

Note. When et.randed wire is used on any part of a car, 
sometimes one strand will play loose frmn the others aod ca.use 
a short circuit. Always twist and solder the ends nf stranded 
"'-ires. Use wjres with different colored insulation when wiring 
the car; then they can easily be tr»ced. 

Starting-1\•Iotor and Batte1·y-Cablc 
Connections 

Short circuits: Fuses, which will melt on a dead 
short circuit and open the circuit, are usually pro­
vided on all parts of the electric system, except from 
the battery to the starting motor. The current here 
is too great for a fuse. 

It is plain, therefore, that if the insulated cable 
(1, Fig. 14) should become frayed and touch the 
frame or any metal part of the car, a dead short 
circuit would result. If this were left shorted for 
several hours, the plates would be likely to become 
buckled inside of the battery and touch e3cb other 
and cause an internal short circuit which could not 
be repaired. A battery is on practically a dead 
short circuit each time the engine is started, but only 
for a moment. 
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F 

Fig. 12 Fig. 13 Fig. 14 (See text, p:ige ,127) 

Result of Open Connections between 
Generator and Battery 

Open circuits: If, on the other hand, the ground 
terminal (G) of the battery to the frame, or the wire 
from the battery to the generator, in fact all wires 
in the circuit from the generator to the battery and 
ground, are not in perfect contact, there will either 
be a resistance set up which will reduce the charge 
going to the battery and the discharge from the bat­
tery, or a complete open circuit. 

If a complete open circuit should exist between 
generator and battery, especially on a constant­
current-regulated generator, such as a third-brush­
regulated generator, then this would have the same 
effect as if the battery were disconnected from the 
circuit. The result would be that the generator 
would build up a hi~h-current value at high speeds 
and burn out the lights and possibly the cut-out 
winding, and might also damage the field windings. 

How to Make Connections 
Good connections from generator to battery and 

battery ground connection are, therefore, very 
important. The battery ground connection is not 
only used for the starting-motor circuit, but is used 
for the generator and all other circuits. 

The ends of wires or cables should be "tinned" 
by dipping them in molten solder and then cleaned, 
and strong copper terminals should then be soldered 
thereto for attaching to the motor and to the switch. 
The terminals themselves should also be cleaned 
before soldering. 

If the battery terminals are sulphated with a greeu 
corrosion, wash them off, as well a.s all surrounding 
parts, with carbonate of soda or some other alkali. 

Clean the battery terminals inside with a round 
file and the terminal itself with a flat file. The acid 
of the battery tends to corrode the terminals, and 
after cleaning, a little vaseline will help to prevent 
this (on the lead terminals and the lugs of the bat­
tery). 

The ends of wires connecting with the battery are 
fitted with copper terminals which are lead coated. 
On the cable leading from the battery to ground on 
the end of the cable which grounds to the frame, a 
heavy copper terminal is used. It is important that 
these lugs be properly scraped, cleaned, and soldered, 
and tl1at all connections be drawn tight. 

The frame, where the ground is made should be 
scraped clean, and the connection should be drawn 
tight with a bolt. • 

Poor connections at battery terminals, or ground, 
will often result in slow cranking of the starting 
motor, in dim 1ights1 and in a weak current supply 
in general from the oattery. 

Wiring Troubles 

Wiring troubles are numerous if the wiring is not 
properly done. All connections must be soldered. 
Oil and grease destroy insulation. Moving parts 
must not touch wires. Protect wires from chafing. 
A void frayed ends. Tape all connections. Connec­
tions and terminals must be kept tight. Vibration 
often jars them loose. 

WIRES AND ACCESSORIES FOR LIGHTS, HORN, ETC. 
These wires should be protected from oil and 

dampness and from the frame. There are two 
methods, either or both of which may be used. One 
method is to use armored wire (Fig. 15), where 
the wire remains permanently in the metal armor. 
The other method is to use a conduit, where it is 
possible for the wire to be withdrawn. 

Conduits (Fig. 16) provide a complete enclosed 
runway for wires from which they can be withdrawn 
if necessary and through which new wires can be 
installed. A conduit affords protection from 
mechanical injury, such as bruises, etc. The con­
duit is made of galvanized steel and is flexible. 
Conduit is now seldom used. 

Flexible-steel armored cable is very popular. It 
can be purchased containing one or more wires. 
The wire cannot be withdrawn. 

Dllllll~ 
Fig. 15 Fig. 16 

Fig. 15, Armored cable. 
Fig. 16. Showing wires run through metal, fiexible tubing 

or conduit. 

The coupling box (Fig. 17) provides a convenient 
and easily separable means for connecting together 
the wiring on the chassis and on the car bo<ly 
(seldom used). 

0 0 

Fig. 17 Fig. 1s Fig. 19 

Fig. 17. Coupling box;_ Fig. 18. Junction bo~; l~ig. 19. 
Lighting switch. 

. The junction box (Fig. 18) is for usi; wherever _a 
branch circuit is tapped off the main wiring. If it 1s 

used, no taping of joints is required, and propel' 
connection is assured without soldering. It also 
affords a junction from which to make tests. (Now 
seldom used.) 

Fig. 20. A junction box, as used on the Studebaker "Ili~ 
Six" car, is shown in Fig. 20. Noto tha.L the fuses arc inc11uJcU 
in t.he junction box. 
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Ignition switches are made in many different 
forms and are usually placed on the cowl (dash) of 
the car, and are operated with a key. The ignition 
switch must be "on" when the engine is started. 

Starting motor switches are usually operated by 
the foot. See Index. 

Lighting switches are usually placed on the cowl 
(dash) of the car, and are of the "push-button" 
type, usually termed "gang" switches as in Fig. 19 (a 
"two-gang" type), or of the "arm" type (Fig. 20D). 

A touring switch is $0metimes provided on .a car for the 
purpose of allowing the operator to cUscontinue the charge 
from the generator to the storage battery when tbe car is on a 
long t-0ur, running mostly during the day. 

Delco Combination Switches 
There are three types in general use: the "knife-blade type" 

(Fig. 20A); "drum and spring type" (Fig. 20B): the 'finger 
contact type" (Fig. 20C). Although the appearance may 
vary, their inteinal construction and operation in controlling 
tho current from battery or generator, to ignition and light.ing 
circuit is quite similar (see also, page 409 and different Delco 
wiring diagrams for connections). 

A circuit-breaker ,(see pages 39 I, 392, 409) is carried on the 
back of the majority of switches. 

Switch lock: A Y~le or Sargent look is provided which Jock's 
the switch levers I and L (Fig. 20D). 

Switch levers (I) and (L) are shown as a front view in Fig. 
20D. 'l'hcse levers move the parts marked (I) and (L) in 
l'igs. 20A, B, C; (I) being the ignition switch.lever and (L) for 
lights. 
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Fig. 20B 
F"ig. 20A. Delco "knife--type" switch. 

MU>IM 

Fig. 20B. Delco "drll.ttl and spring-type" switch (bor.h "off"). 

Points to bear in mind when tracing switch connections: 
First start with the source of current. In Fig 20A, this is at 
(5), thence to (I). If (I) is turned to the right, the current 
would then flow from (5J to (6), to ignition. 

Note that current flows from (5) through circuit-breaker, to 
(L) thence to a separate switch (WJ for the dash or cowl light. 
If (L) is turned clockwise (note that there are three positions 
3, 2, 1), then the different light circuits are .. on." ' 

In Fig, 20B the source of current is at (1), thence to (I 
bin ck metal part). If I is turned clockwise, this would connect 
(1) with ignitlon (3). 

Note that current flows from (1) through circuit-breaker 
(CB) to (7) and (OJ which a,c the horn and cowl light, which 
have separate switches: ($) is switch for cowl light (0) and a 
push button on the steering column is for the horn. Also 
note that current flows from (1) through circuit-breaker, to 
(L) at nil times. If (L) js turned to first position counter­
clockwise this would connect (l) with (4) and (5). If turned 
to the second position this would connect (l) with (4) and ((i) 
If turned to third position it would connect (1) with (,1) and (8): 

( 
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Fig. 20C 
ftG.200•FRONT \:1ew 
Fig. 20D 

~'ig. 20C. Delco "6n1,er-cv11tuct 1ype" switch. luwriul' 
view from seat. 

Fig. 20D. Front view-of 20C showing ignition switch lever 
(I) and light switch lever (L). (I) moves to left nnd turns (IJ 
(Fig. 20CJ. (L) moves to the right and turns (L) (Fig. 20C) 
in a counter-clockwise direction. (This is the Buick model 
switch.) 

In Fig. 20C. the source of current is at (I); note that 011 

almost all wiriug :jy:.-;tcrm; Lite ammeter 1s between battery and 

switch; also that in almost nil instances the lead w;re from 
battery to ammeter and switch is invariably connected to the 
battery side of the starting motor switch. 

If (I) is turned to the left, the fingers (PJ would connect 
with (1), (3), and (2): thus tho bat.tery would supply current 
for ignition (3) and for motorizing generator (2). to start. and 
after starting, the generator (2) would supply current and 
charge the battery, and the ammeter would of course read in 
the opposite direction. 

Note that current flows from battery at (1) through circuit­
breaker to (7), to dome and (9) cowl light which have separate 
switches (S) and (T). 

If (L) is turned to the right, the connections are as follows: 
First position, finger (Z) will then connect to (7) for current 

supply, and (Y) with (4); thus the rear light is on. 
Second position, (Z) to (7), (Y} to (8) (side lights) and (X) to 

(4) (rear light). 
Thiod position, (Z) to (7), (Y) to (6) (dim head lights) 

and (X) to (4) (rear light). 
Fourth position, (Z) to (7), (Y} to (5) (bright head lights) 

and (X) to (4) (rear light). 

Fuses 
Fuses are used on many systems, particularly· 

when the "grounded" or "single-wire system" is 
used.· The purpose of a fuse is to melt and open 
the circuit in case of a short circuit, and thus to pre­
vent discharge of the battery. 

A fuse is never placed in the circuit between bat­
tery and starting motor, as the current consumption 
is too great. 

Note. When a fuse "blows," it should not be replaced with 
a new one until the cause of its blowing (usually a short circuit 
or overload) is found. 

Fuse wires are made in different diameters. The 
fuse is made of lead alloy and will melt at a given 
temperature. 

If a lighting circuit required 10 amperes of current then a 
15-ampere fuse would be placed in the circuit. Therefore 
current up to 15 amperes could pass safely; but if more 
attempted to pass, which would naturally be the result if a 
short circuit existed, the fuse would melt and open the circuit. 

FUSE 

Fig. 21. Fuse block. 

Fuse blocks (Fig. 21) are usually placed inside of 
the cowl (dash), under the hood of the engine, or in 
the form shown in Fig. 22, which is placed on the 
cowl, and to which the different wires of different 
circuits are connected. 

The fuse is placed in series with the circuit. lf 
a fuse melts, or "blows," it is then an easy matter to 
insert another fuse, of which extras should be car­
ried. Extra fuses are usually carried in a fuse clip 
on the fuse block provided for the· purpose, and to 
ll'hich there are no wires connected. 

Fig. 22. Fuse b<Jx (round typo) used on the Studebaker 
"E.J.11 It is phiced on tho cowl and conta.ins three fuses: one 
for tho headlights, one for I.he tail light, and 0110 for the horn, 
an<l the <lnsh lathp. It is al,;o arrnngcd to hold one sparo fuse. 
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There are three types of fuses: (1) The cartridge, 
or enclosed type (Fig. 23) which consists of a fiber 
tube with the fuse enclosed, and which connects with 

fi;~ r~-. 
FIG.2.3 l~I 
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Fig. 24 Fig. 25A 

the metal ends. The metal ends are then slipped 
into the metal fuse clips which should make good 
contact. With this type of fuse, when it blows, a 
hole is usually blown in the thin fiber shell. 
. (2) The visible type (Fig. 24) is the type most 

used. The fuse is enclosed in a small glass tube, 
and connects with metal ends which are slipped into 
the fuse clips. 

(3) The open type (Fig. 25) is seldom used. The 
fuse block to accommodate ihis type is shown in 
Fig. 25A. A screwdriver is necessary to connect or 
to disconnect a fuse of this type. 

Capacity of Fuses 
The size of fuse to use is determined by the 

amount of current that is to pass through it. If the 
fuse is to be placed in the headlight circuit and 5 ½ 
amperes are required, then a IO-ampere fuse would 
be ample protection. 

On an average, a fuse of about IO-ampere capacity 
is used in the ignition circuit, if one is used in this 
circuit at all, which is seldom. 

Fuses in the lighting circuit are used on almost all 
cars, unless a circuit-breaker is used instead, as on 
the Delco systems. The capacity for headlight 
fuses is 15 to 20 amperes. The tail-light fuse is 
usually of a 5-ampere capacity, and the horn circuit 
of a 15-ampere capacity. 

On many cars where fuse blocks are used, it will 
be found that, although there are fuse clips provided 
for fuses, a "jumber" (J) (Fig. 21) of copper wire is 
placed in the clips instead of fuses, in all circuit-s 
except the horn and lighting circuits. 

Fig. 26. Testing a fuse. 

Testing a Fuse 

The enclosed type of fuse, if 
suspected of being blown, or the 
visible type, if connection of the 
fuse with the metal part is sus­
pected of being loose, can be 
tested with a test light (2 c.p.), 
and battery, as in Fig. 26. If the 
fuse is blown or the connection 
is loose, the light will not light, 
as the circuit is open. 

Fuse Clip Connections 
The importance of good· contact and clean fuse 

clips is very great. If the clips are corroded, or if 
the fuse is not making good contact in the fuse clips, 
resistance will be offered to the flow of current. 

Fuse Between Generator and Battery 
If a complete open circuit should exist between 

fuse clip and fuse, and this fuse should be in series 
with the main charging circuit, between the genera­
tor and hattery, this would have the same effect as 

disconnecting the battery from the generator. 1 And 
if the generator regulation was by means of a third 
brush, the result would be, at high speeds of the 
generator; that the generator would build up a high 
value ancl burn out the lamps and possibly the cut­
out voltage winding and shunt-field windings, if the 
generator was run for >l. long period of time at a high 
~p_eed. Thus the_importanc~ of occasionally exam-
1mng the fuse chps to see if they are clean and if 
they retain tight connection, must not be forgotten. 

If a fuse should blow in the "main charging cir­
cuit," between generator and battery, the same 
result would probably occur. For this reason the 
fuse is omitted in the maiu charging circuit on many 
of the electric systems using a third-brush regulated 
generator, unless there is a fuse in the "field-circuit" 
of the generator. 

Shunt-Field Fuse 
On almost all third-brush regulated generators, a 

fuse is placed in the "shunt-field circuit" of the 
generator, in order to protect the generator in case 
an open circuit occurs in the "main charging circuit." 

In other words, if an open circuit1 should occur in 
the "main charging circuit" when the generator was 
running at high speeds, the generator would build up 
a much higher output than normal. If a fuse 1s 
p,laced in the "shunt-field circuit," then the fuse will 
'blow" and open the "shunt-field circuit," thus pre-

venting the generator from reaching an abnormal 
value-providing the "shunt-field fuse" is of the 
proper capacity. If the fuse should be of a much 
higher value than required, it would not blow in 
time to prevent the generator building up, and the 
lights would be burned out. Hence the importance 
of using the correct capacity of fuse in the generator 
"shunt-field winding,' and a fuse of a large enough 
capacity, or none at all, in the "main charging cir­
cwt." As already stated, a fuse is seldom placed in 
the main charging circuit from the generator to the 
battery where a third-brush re&1-1lation system is 
used, and seldom in the ignition circuit. See Fig. 81 

page 426. 
Thermostat Resistance 

A thermostat resistance (pages S62, S63) is also used to 
protect the generator field winding in case the batte?,: becomes 
disconnected when the generator is in operation. rhe exce.':f.a 
sive current forced through tho field winding en.uses the temper­
ature of the genera.tor to rise rapidly, opening the thermost,at 
in a very short while, nnd this exe~ive current burns out tho 
resistance, thus opening the field circuit and preventing the 
generator from producing current. After the generator cools 
down, the thermostat points (X) (Fig. 37, page 362) close and 
the generator will deliver current ai,o.in until a. temperature is 
reached where they open, at which time no current is delivered. 
If resistance (R) is burned out, it should be rephiced as soon as 
possible to prevent burning of contaet<1 when they separate. 

Delco Circuit-Breaker 
A circuit-breaker is used on Delco electric sys­

tems in piace of fuses. This device opens the cir­
cuit when the current is above normal, as, for 
example, when a short circuit occurs. The circuit­
breaker is not placed in the generator "main 
charging circuit," however, but is usually placed in 
series with the lighting or horn circuit. See Index, 
"Delco circuit-breaker." 

Westinghouse Compensator 
A small cylindrically wound resistance unit is sometimes 

incorporated with the fuse block in some of the Westinghouse 
system$, and is termed a. "compensator" or Hballast-resistor." 
Its purpose is to protect the side lights from over-voltage, 
when the headlights are net )lght.ed. 

1 Loose or corroded battery terminals are often the cause 
of an open circuit in the charging circuit, and if there is no 
shunt field-fuse the generator would build up and bum out 
the lights. A short circuit would a.lso cause the fuse to blow. 
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SWITCHES 
These pages, 430A, B, C and D are added to point 

out to the reader briefly, the development in switches 
now being generally used on cars since the preced­
ing pages were prepared. 

Lighting switches on most all present-day cars 
are mounted on the lower end of the steering gear 
and operated by a lever in the center of the steering 
wheel. See wiring diagram, page 424B. 

In this example the switch has four positions, and from left 
to right nre: parking, off, dim, bright. The parking position 
lights the cowl lamps and tail lamp. The dim position lights 
the headlamp upper filament Oower beam) and t.ail lamp. The 
bright position lights the headlamp lower filament (upper beam) 
and tail lamp. 

Signal-lamp switch is usually mounted underneath 
the car and actuated by a rod connected wit,h the 
brake pedal. See Fig. 26A. The signal-lamp 
tihould light when brake pedal is depressed about 
one or two inches. 

Note: On some cars the combination of a signal-lamp, bnck· 
ing-lamp and tail-lamp nre mounted in one unit nt the rear. 
The signal-la?>P and backing-lamp operate _wh~n the foot-bral~e 
podal is npphed and also when the gear-sh1ftlever 1s placed m 
reverse position. The st-eering column lighting switch usually 
,·outrols the tail-lamp and license plate lenses. Some cars nre 
equipped "'-ith two tail-lamps, one on each side1 in which there 
:ire two lomp bulbs, one for the tail-lamp and one for the signnl• 
lamp. 

8 

Fig. 26A I eft. 
Fig. 2<JB right. 

Backing-lamp switch, for example, on the Buick 
8-60, 8-80 and 8-90 is mounted on the rear of the 
transmission cover. A vellumoid gasket is placed 
between the switch housing and transmission cover 

to prevent oil leaks. The back-up switch is con­
nected in parallel. with the signal switch so that both 
the signal and back-up lights are provided when the 
gear-shift lever is placed in reverse position. See 
Fig. 26B; 

Hom switches are usually placed on the top of 
the steering column. As an example, Fig. 26C illus­
trates the horn button connections on the Chevrolet 
"AD." Pressing the horn button closes the circuit, 
the horn button contact wire making the electrical 
contact against the mast jacket bushing, the lower 
end of which is connected to the horn wire. 

The ignition switch on many cars is of the switch­
lock type. On some cars the ignition switch is in 
combination with the steering gear, or transmission 
lock. 

The ignition switch is provided with a key lock 
built into the ignition coil, or separated from the coil 
in such a way that it is impossible to short-circuit 
the switch without sbort-c!l'cuiting the coil also. 
Examples of this type of switch follow, 

The Ignition Switch Lock 

As an example, the Electrolock, types 9-A, 9-B, 
5-A and 5-B, are used to eiqilai.n the principle of 
operation. 

Description and operation of the type 9-A and 
9-B: The Electrolock is a coincidental ignition 
switch lock approved by the Underwriters' Labora­
tories. When the key-way is in a vertical position, 
the ignition is shut off, and the car locked. To un­
lock, turn key ¼ tm·n to right, which closes the 
ignition switch. The key is not required to lock the 
car, and should be removed after the operation of 
unlocking is completed. To lock, turn locking cyl­
inder back with the handle so that the key-way is 
in a vertical position, after which try the handle to 
be sure that it cannot be turned to the unlocked posi­
tion. 

When the cylinder is in a locked position the 
ignition circuit 1s not only broken, but also grounded. 
Mechanical protection to the wire between the 
Electrolock and the timer-distributor is accom­
plished by enclosing this wire in a steel cable. The 
cable is attached to the ilistributor in such a way 
that it is difficult to remove. The grounding of the 
ignition switch takes place both through the lock 
casing and thxough the attachment at the distrib­
utor. 

JVMP~R 'TIMER JIJ~PlA T111£R 
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Fig. 27. Type 9-A Electrolock wiring diagram with one ter­
minal on the side of the lock c:>se. Fig. 27-A shows the switch 
in the unlocked position and Fig. 27-B, in the locked position. 
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_l'ig. 28. Typ~ 0-B Electrolock wiring diagram with three ter­
mmals on the s1do of lock case. Fig. 28-A shows the switch in 
the unlocked position and Fig. 28-B, in the looked position. 

The type Bis similar to the type A, except it employs a.switch 
mechanism which provides a double break required by a dif­
fe:ent wiring cix:cuit, wh:ich is necessary when the ear is equipped 
with an electric gasoline sauge operated from the ignition 
switch. To trace the circuit: assuming the negative (-) side 
of battery is grounded, start, at the positive {+) terminal of 
battery, to ammeter, to ewitch terminal, through switch (if in 
un.locked position) (as in Fig. 28-A), to and through primary 
winding of ignition coil, to terminal on switch, to breaker-con­
tact arm (A), breaker-points (B) to ground G, to negative 
grounded terminal (G) of battery, completing the circuit. 

Should ignition trouble develop, to ascertain i£ it 
exists in the Electrolock, the following tests should 
be applied: • 

First, the wire should be disconnected from the 
terminal on the lock case. The switch may then be 
tested in the following manner by using a six-volt 
circuit and the conventional insulated handle test 
points. 

Test for type 9-A lock: In making the following 
tests the interrupter or breaker-cont.act points should 
be open. 

First test: Place one test point on the insulated 
terminal of the interrupter, inside the distributor and 
the other test point on the lock terminal. With the 
switch unlocked, the lamp should burn. With the 
switch locked, the lamp should not burn. 

Second test: Place one test point on the insulated 
terminal of the interrupter, inside the distributor, as 
in the first test and the othe1· test point on the lock 
casing. With the switch locked, the lamp should 
burn. With the switch unlocked, the lamp should 
not burn. If the lamp burns, either there is a 
ground in Electrolock, or the distributor condenser 
is s.horted or grounded. It will be necessary to 
disconnect condenser from distributor to deter­
mine whether the trouble is in Electrolock or con­
denser. 

If the above tests show up satisfactorily and there 
js still ignition trouble evident, this ignition trouble 
must be located elsewhere in the ignition circuit. 

Should the above test indicate some trouble in 
the Electrolock switch, the lock should then be re­
moved from the mounting. The lock cylinder can 
be removed by turning to the unlocked position and 
removing the small screw in the side of the lock 
casing near the end. After the lock cylinder is re­
moved, any trouble due to broken parts will then 
be readily discovered. The necessary parts for re­
pairs can be obtained through the car dealer or serv­
ice stations. 

To make distributor repairs which cannot be ac­
complished on the car, the lock can be unlocked, 1·c­
moved from the mounting, and the distributor take!\ 
t.o the bench with the lock and cable attached. 

Should the lock cylinder not work freely on ac­
couu t of dirt or foreign matter getting into the lock 
case1 the cyliuder should be removed and cleaned off 
~o ttiat it ~vill w?rk freely. Never put grease or oil 
m lock cylinder if tumblers seem to stick; use graph­
ite. Replacement keys may be obtained from the 
service stations. 

All wire terminals should be insulated down to 
screw head, so as to eliminate possibility of shorti11g 
hy I.ouching one another or nearby metal pa.rts. 

Types 9-A and 9-B Electrolocks are provided wiLh 
r~ serviceable timer end which permits the removal of 
the snap terminal assembly from Electrolock with­
out destroying the Electrolock. 

In order to remove the snap terminal assembly 
from Electrolock, first remove the snap terminal 
assembly from the·distributor, cut the terminal post 
to remove grounding cup and insulating washer, then 
unscrew the timer end nut, which is staked in. This 
will permit the removal of the snap terminal assem­
bly with the timer end lock ring att.ached. The 
timer end contact spring assembly, which is fast.ened 
to the current-carrying wire, is also serviceable. ..\. 
tool with a hooked end may be used to remove this 
assembly. 

When replacing the timer end contact spring as­
sembly, insert in timer end and push in as far as 
possible, then insert the timer end lock ring, the 
timer end insulating washer, and then fasten these 
in with the timer end nut. Be sure to stake in the 
timer end nut so that it will not loosen in use. 

Test for type 9-B lock: All foregoing instructions 
apply to the 9-B as given in the 9-A, except the fol-
lowing: • 

First test: Place one test point on the insulated 
terminal of interrupter inside the ilistributor, and the 
other test point on the lock housing or wire con­
duit. With the switch locked, the lamp should 
burn. With the switch unlocked, the lamp should not 
burn. 

Second test: Place one test point on the terminal 
marked "coil," and the other test point on the lock 
casing: With the switch locked1 the lamp should 
burn. With the switch unlockect, the lamp should 
not burn. If the lamp burns, either there is a ground 
in Electrolock or the distributor condenser is short.eel 
or grounded. It will be neoessary to disconnect con­
dens01· from distributor to determine whether the 
trouble is in Electrolock or condenser. 

Description and operation of the type 6-A and 
5-B: An ignition SWitch lock carrying the highest 
classification of the Underwriters' Laboratories-a 
Group No. 1 coincidental lock. When the lock cyl­
inder is in, the ignition is shutoff, and the car locked. 
To unlock, turn key¼ turn to right, at which time 
the lock c~linder springs out and closes the ignition 
switch. 'Ihe key is not required to lock the car and 
should be removed after the operation of unlocking is 
completed. 

To lock, press the cylinder completely in. Be sure 
that it stays in to avoid the possibility of running 
down the battery, the same as with an ordinnry 
ignition switch. 
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Fig. 29. Type 5-A .Eleetrolock wiring dingrnm "1th o.ne ter­
minal on the aide of the lock case. Lower illustration shows the 
switch in the unlocked J)OSition; upper illustration in locked 
position. 

The type B is similar to type A, except it employs 
a switch mechanism which provides a double break 
required by a different wiring circuit, which is neces­
sary when the car is equipped with an electric gaso­
line gauge operated Ii.:om the ignition switch: T!ie 
ci..rcmt can be traced m the same manner as m Fig. 
2S, starting at the + terminal of battery. 

Tests for 6-A lock arc practically-the same as tbc 
0-A test, except the following: Should the tests (first 
and second tests) indicate some trouble in the Elec­
trolock switch, the lock should then be unlocked and 
removed from the mounting. The wire should then 
be disconnected from the terminal. The lock cylin­
der then can be removed by ta.kin~ out the small set 
screw on the side of the lock casmg. Remove the 
coil spring which is directly behind the lock cylinder 
aud pull out the metal wedge which holds the bake­
lite terminal block in position. With the terminal 
screws removed, that part of the bakelite piece in 
which the terminal screws are located can be pushed 
into the lock casing and the lock casin~ can then be 
slid back on the cable, allowing the SWltch to be in­
spected. 

Fig. 30. Type 5-B Eleetrolock wiring_ diagram with three ter­
minals on the nidc of the lock case. Lower illustmtio:i shows 
the switch in the unlocked position; upper illustr1>tion in locked 
position. 

Tests for 6-B lock are practically the same as the 
9-B test, except the following: 

Second test: Place one test point on the insulated 
terminal inside the distributor as in the first test and 
the other test point on the No. 2 terminal on the 
switch. Unlock the switch, push the lock barrel in 
about half way and: 1·elease it. The light should not 
bt::n or flash rn, thus operating the lock barrel .. 

Third test: Place one test point on the No. 3 
terminal, and the other test point on the lock casing. 
With the switch locked, the lamp should burn. 
With the switch unlocked the lamp should not burn. 
If the lamp burns either there is a ground in Electro­
lock or the distributor condensor is shorted or 
grounded. It will be necessary to disconnect con­
denser from distributor to detennine whether the 
trouble is in Electrolock or condenser. 

If the above tests show up satisfactorily and there 
is .:.till ignition trouble evident, this i~nition trouble 
must be located elsewhere in the ignition circuit. 

Should the tests indicate trouble in the Electrolock itahould 
be unlocked e.nd removed from the mounting wires disconnected 
from the terminals and lock cylinder remove~ as explained under 
5-B above. The Electrolock is manufactured by i\litohcll 
Specialty Co., Holmesbura, Philadelphia, Pa.) 
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RADIO FOR AUTOMOBILES 
Radio receiving equipment for automobiles is a 

desirable accessory and has reached a stage of per­
fection where it is reliable and efficient. The out­
fits being offered are compact and easily installed, 
usually under the cowl or hood out of sight. The 
control assembly is conveniently located on the in­
strument panel. The speaker is located to give best 
reception. The aerial 1s arransed so that reception 
is not affected by the direction m which the car may 
be traveling. l\'1any automobile manufactl)l'ers are 
installing aerial wires (usually in the roof of car) as 
standard factory equipment. The cur-

rent is taken from the automobile storage battery 

Ignition inter­
ference is overcome by shielding, thus ~rounding the 
static from the high-tension leads, which improves 
reception while engine is running. 

The engine on nil models of 
Marmon cars mentioned below 
is of the L-bead, eight-in-line 
cylinder type. The double­
dome high turbulence comb11&­
tion chamber providing high 
compression without detonation 
is shown above. The comprca­
sion ratio is 5.6 to 1 on all 
models except the "Eight-GO" 
which is 5.25. See specifica­
tions on pages 1055-1062 for 

other engines. 

As an example of a car equipped with radio receiving eq_uipment the Marmon ''Roosevelt" is shown above. Note the radio con­
trol assembly (16) on the instrument panel. Radio receiving eqwpment is available for installation on each of the four models o! 
l\iarmon cars: "Eii:ht.-69," "Eight.-79," "R0080vclt" and "Big J;;ight." 

Tho driving compartment of the Marmon "Roosevelt" is also shown in the illuotration above. The gear ohift is the S.A.E. 
standard, three-speeds forward and one reverse (also on tho 09, 79 and Roosevelt) Tho "Big Ei11ht" has four-speeds forward n11d 
one reverse, termed a four-range transmission-direct drive in fourth speed. Silent internal gear drive in third insures super-acceler­
ation. Second gear used for starting under all normal driving conditions. First speed for extreme road conditions. Three-speed or 
four-speed (the latter at extra cost) is optional on the "Eight,-79." 

Names of parts sho,vn in above illustration are: 1, g_ear-ahift lever; 2, hand-brake lever; 3, clutch pedal (the foot.-brake pedal is 
to tho rigllt of clutch pedal, as is also the accelerator pedal, both of whiob are not shown); 4, center of steering wbeol spider. The 
lights, born and starter are all operated by tho huUon in tho center of tho steering wheel. Turning tho button to the right operates 
the various lights. Pressure on tbis button operates the horn and, by pulling out on same, operates the starting motor. The 
switch assembly is at the base of the steering device: 5, heat indicator; 6, choke; 7, spark (pulling this out retards the timer-distrib­
utor); 8, hand throttle control; 9, ammeter; 10, oil pressure gauge: 11, speedometer; 12, gasoline gauge (electric); 13, ignition lock 
switch of the Electrolock make; 14, radio control assembly; 16, radio dial; 16, radio volume control; 17, radio station selector con­
trol; 18, radio lock on switch. 

See page 690 un<lcr "RADIO" for Literature and Books on t.b.is oubicct. 
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LIGHTING A CAR: Electric Lighting; Gas Lighting; Oil Lighting 

LIGHTING METHODS 
There are three methods for lighting a car: By 

acetylene gas, by electricity, and by kerosene oil. 
The gas light can be produced from carbide in a 

"generator," or it can be stored in a "gas tank" and 
carried on the car. 

Electric lights are supplied with electricity from a 
storage battery. When the storage battery runs 
down, it can be recharged from an outside source, or 
from a dynamo, run from the engine. 

The old-style "carbon filament" in the electric 

globe consumed so much current that it was difficult 
to obtain a storage battery of a reasonable size and 
weight which would supply current for any length of 
time. The carbon filament lamp used a filament 
chemically treated and in a vacuum. The gas-filled 
lamp increases brilliancy and uses less current and 
is now the approved type. 

Lights on the car may be divided into those which 
are required by law, namely: head, parking, tail and 
signal lamps and those which add to convenienrc 
and comfort. 

AUTOMOBILE ELECTR.IC LIGHTING SYSTEMS 
There are three methods of furnishing electric 

current for car lighting: 
(I) By independent storage battery system. 
(2. By the generator and battery system. 
(3) By an independent generator system. 

(1) Where an independent storage battery system 
is used, the capacity of the battery must be great 
enough to run the headlamps and rear lamps for a 
reasonable time before the battery has to be re­
charged. 

A current consumption of approximat,ely 7.85 
amperes is required for headlamps and for rear and 
dash lamps, the equipment of the average car. 

A 100-ampere-hour lighting battery would run 
these lights for about twelve hours of steady burning. 
Under average conditions this would mean that the 
battery "l\·ould have to be recharged about once a 
week. A 120 or 150-ampere-hour battery will not 
cost much more than a 100-ampere hour and will 
give longer service. 

(2) Generator and battery system: The advantage 
of this system is that it automatically keeps the bat­
tery charged, and permits more current to be used 
for lighting without danger of running down the 
battery while on the road. This is the method now 
generally used. The generator is driven by the 
engine and charges the battery. The battery sup­
plies electric current for the starting motor, ignition 
for starting, and also for lights, if the generator is 
not charging the battery. In such a case, current is 
supplied for ignition and for lights by the generator. 

(3) Independent generator system: The Ford 
Model "T" for example: The generator delivers 
alternating current which is used for both lighting 
and ignition. The battery cannot be charged with 
alternating current, and on this account the lights 
can be run only when the generator is running. Thus 
the strength of the light varies with the speed of the 
engine unless some type of regulator is installed. 

Another type of magneto which, if run fast enough, will light 
electric lamps, is tbeinductor type of magne.to, shown in l<'ig. 12, 
page 246. The "shuttle" type of armature magneto will not 
light lamps. 

Side-lamps.,.._A lighting unit mounted on either side of ~ 
vehicle and intended primarily as a marker to indicate t.he loca.­
tion of the vehicle. 

Tail-lamp.-A lighting unit u.sed to indicate the reftr end of a 
vehicle by means of a ruby light. 

Backing-lamp.-A lighting unit mounted on tbe rear end of 
a vehicle and intended to illuminate the road to the rear. 

Spot-lamp.-A ligbting unit, mounted on a manually operated 
ndj ustable bracket which has one foousing type reflector and one 
focusing type light source. 

Instrument-lamp.-A Jight.ing unit mounted on the instru­
ment board and intended to illumina,te the instruments. 

Dome-lamp.-An interior lighting unit mounted in the top 
of a vehicle. • 

Panel-lamp.-A lighting unit mounted either in tbe rear panel 
o.r in the corners of a closed veb.icle. 

Tonneau-lamp.-A lighting unit mounted in the back of the 
front seat in open or closed vehicles. 

Signal-lamp.-A device used to indicate the intention o! the 
operator of a motor-vehicle to diminish speed1 st-op, or change 
dirnction.*""" A stop-signalindication shall he either red or am­
ber, etc. (extracts from S.A.E. Specifications for laboratory 
tests of optical characteristics of electric signal lamps for mot-Or­
vehicles). 

Step-lamp.-A lighting unit mounted on the exterior of a 
vehicle and intended primarily toiUuminate the step or runniog­
board. 

Hood-lamp.-.-\ lighting unit mounted under tho hood of " 
vehicle to illuminate the engine compartment. 

Inspection-lamp.-A portable lighting unit connected by an 
extension cord to the lighting system of a vehicle 

Electric incandescent lamp bulbs of 21 cp. (gas-filled) :ire 
commonly used for head-lamps; 15 or 21 cp. for the signal-lamp 
and backini;-lamp; 6 cp. for dome-lamp; 3 cp. for tail-lamp, 
side-lamps, J~trument-lnmps, panel-lamp, tonneau-lamp and 
step-lamp. The select.ion of candle powers, aside from the 
head-lamps, rests largely with each car manufacturer. The 
nominal voltage of electric incandesc;,nt lamps is usually 6-8, 
and in some-instances 12-10. 

The !ail-lamp and instrument-lamp are sometimes connected 
in se1ies. If tail-lamp should burn out, the instrument-lamp 
would not burn, and vice versa. The law requires tbn.t the 
tail-lamp burn during the night. Since it is impossible to tell 
from the seat if the tail-lamp should fail, U,is method is used. 
The voltage is just one-half of th,tt of the regular lighting circuit 
when connected in series. A lens giving a white light to 
illuminate license number is usuaUy provided on t.ail-lamp. 

It is advisable to use the best grade of lamp, of as 
low a candle power, and with as few lights as pos­
sible, if the battery does not get sufficient charging 
from the generator. 

Nomenclature fol' Automobile Lamps 1 

1 J,'romS.A.E. Handbook, 1930. •Head-lamps may he divided 
into three general types: single-sooket, a lamp having one focus­
ing type reflector and one focusing type light sour<:e; two-socket, 
a lamp bavin~ one focusing type reflector and one focusing type 

_ and one auxiliary light sources; and duJ?_lex, a larn:p having two 
Head-lamp.'-A lighting unit on the front of a vehicle in- foe.using type reflectors and two focusmg type light source~ 

tended primarily to illuminate the road ahead of the vehicle. • Side-lamps cover •\!ch types as ar~ generally known as bulle., 
cowl, fender or parkmg, pillar or windshield lamps. 

NOTE; Since this instruct.ion was written many improvements hnve been made, such as, prefocussed lamp bulbs which eliminate 
adjusting the foous; instead the hcaclliunp itself (or the reflector) is moved to properly "aim" the llqhl beams. A toot switch is use<l 
to shift to "passing" beams. The asymmetrical type headlamps which came into general u.se in 1938, applies to light beams that are 
not pamllcl to each other-not symmetrical, for example, one system provides that the beam from the left lamp project.s or "tocs­
in" tO\Vlml the right side ~f the ro,\d, and the beam from the right lamp _Proiect.s slightly !?ward t.he left side of the ro~d. Tb,• 
latter 1s depressed on passing to numm1zc glare. The sealed beam headlight system cume into general use in 1940. With this 
system, the reflector, lens and light source are hermetically seule<I as an assembled unit. When the filament burns out the whole 
unit is replaced. The life is said to be approximately two years of average driving service. The lamp provides two beams; the 
"traffic beam" ra.tcd at 30 watt and "country beam/' rntecl at 40 watt. A foot switch is used to select either. There are no focus9ing 
adjustme[!tS ns the light source is.precision focu~cd at the factory. T~e only adjustment ia. to assure correct aiming of the beam. 
By remo.ang the headlamp door nm two adJustment screws are acce.<sible from the front of the lamp. One screw is for lateral and 
the other for vertical adjustment. The headlight relay is another development now in general use. See footnote 5, p. 555, also 
"Lighting," p. 690. 431 
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Candlepower, Voltage, and Amperage of 
Electric Lamps 

The candle power of a lamp is expressed as c.p. 
Although we speak of a lamp as being 21 c.p., we 
really refer to the spherical c.p. This me.ans that 
21 c.p. ii, sent out in every direction. 

A reflector does not increase tl}e brilliancy of the 
light from the filament. It simply takes the total 
amount of light which is thrown in all directions, and 
concentrates it in one direction (see Figs. 20 and 21, 
page 436). For instance, with a "spreadinv; beam," 
the brilliancy is not as intense as from a 'straight 
beam" (see page 436). 

The voltage is usually that of the battery, but 
quite often, to save the lamp from burning out, a 
lamp of one or two volts higher is used. For 
instance, if a 6-volt lamp is used on a lighting cir­
cuit using a 6-volt battery, the li&ht would be bright 
as long as the battery was fu1ly charged. If a 
generator is used to charge the battery and supply 
current for the lights when the car is running over 
10 or 15 m.p.h., then the probabilities are that the 
gene ator would develop a slightly higher voltage 
thanr the battery. The result would be that the 
higher voltage would increase the brilliancy of the 
lamps and ca.use them to burn out quicker than if 
the voltage was the same as or less than that of the 
lamp. For this reason lamps of a voltage of, say, 
1 or 2 volts higher than the battery voltage are used. 

The amperage, or quantity of current consumed, 
is governed by the candle power of the lamp-the 
c.p. averages from 2 to 32. The higher the candle 
power, the more voluminous is the light-if voltage 
or pressure is in accordance with that of the lamp­
therefore the higher the c.p., the more current or 
amperes con,sumed per hour. 

Watts: If you multiply the volts by the amperes 
the result is expressed in "watts." For instance: 
6 volts multiplied by 2 amperes gives 12 watts (there 
are 746 watts to a horsepower). 

Automobile Electl'ic Lamp Bulbs 
Two types of lamps are used for car lighting: the 

vacuum type, usually known as Mazda B, and the 
nitrogen-gas-filled lamp, known as the Mazda C. 

The vacuum lamp uses a "Tungsten" filament 
instead of a "carbon" filament. The carbon fila­
ment lamp requires more current and is now seldom 
used. The air is withdrawn from the bulb of a 
vacuum lamp, hence a vacuum. 

The gas-filled lamp also uses a Tungsten filament, 
but the bulb is treated with nitrogen gas which 
increases the brilliancy by· increasing the heating 
intensity of the filament. • 

The source of light is the fine wire at the center of 
the la.mp bulb, known as the "filament." The cur­
rent heats this wire white hot. If a bulb was 
designed for 6 volts, and the circuit was 12 volts, 
then this wire would become so white it would burn 
up. If designed for 12 volts and the circuit was 6 
volts, the filament would be yellow and dim. 

Filaments of lamps are made in different shapes: 
(A) is the type used for house lighting, and is not 
suitable for automobile use on account of vibration. 
(B) is an old type, and (C) is the present type used 

for rear, speedometer, side, and auxiliary lights, as 
the Mazda B, 62, 63, 64, 81 and 82. This lamp does 
not require focusing. (D) is a type used for head­
light lamps, as Mazda B type lamps. (E) is of the 
V-type construction, and is the type of filament a;, that 
shown ir;i the Mazda. C lamps. All' bulbs for head­
light lamps must be focused. 

Mazda B lamps usually have this wire or "fila­
ment" ma.de up in the form ofa. spiral about 3/16" 
long, and ¼" io diameter. This gives a uniform 
distribution of light all around the spiral. 

Mazda C lamps usually have the filame1it made 
up in the form of an inverted "V." In most types 
of C lamps the V is about ¼'1 high and about the 
same distance across the base. Some makers of 
type Clamps make the V about 3/16" long and ½" 
across the bw,e. This form gives a much better 
distribution of light than the short V. 

The voltage lamp to use depends upon the voltage 
of the system. If you do not know this, count the 
cells of the storage battery. Each cell gives 2 volts. 

Use of the Mazda B and C Lamps 
The Mazda B lamp is designed for all lights, such 

as rear, side, and headlights. It is made in 6 to 8-
volt, 12 to lG-volt, and 18 to 24-volt. 

The Mazda C lamJ.> is designed for headlight lamps 
and spot lights, and 1s made in 6 to 8-volt, 12 to 16-
volt, and 18 to 24-volt. 

The candle power of these lamps is given in tabics 
farther on. 

The Mazda Clamp is brighter and gives more c.p. 
for the same amperage consumption. Not only iH 
a gain realized initially, but the advantage increase,; 
throughout the life of the lamp, for the candle-power 
of a gas-filled or Mazda C lamp is maintained close 
to the initial value, whereas ~he vacuum or Mazda 
B lamp gradually blackens. 

Note. As the l"mps become older, the current consumptio11 
increases. If the glass of the lamp bulb is blackened or the file. 
ment bends down, and if less than its rated c.p. is being used, 
it will be best to replace the lamp bulbs. 

In order to tell what class of base of lamp bulb is 
required on a car: If the wiring of the car is a single­
wire grounded system, then au "SC" base is re­
quired. If the wiring is a two-wire system, a "DC" 
base is required. (See page 1055, giving type lamp 
bulbs used on different cars.) 

To ascertain the voltage: Count the cells of the 
storage battery. If there are 3 cells, a 6-volt lamp 
is required; if 6 cells, a 12-volt lamp is required. 
Each cell is counted as 2 volts. The candlepower of 
an incandescent lamp varies materially with the 
voltage applied. Increasing the candlepower by 
operating the lamp above its normal or rated voltage, 
however, reduces the life materially. 

To determine the candle power to use: First 
determine the voltage. Then refer to the tables on 
next page. For instance, if there are three cells to 
the battery, then the voltage is 6 vol ts; refer to the 
table "6-8 volts." If six cells, the voltage is 12-
volts; refer to table "12-16 volts" (see page 434 
explaining). 

Refer to table on next page and note that head 
lamp and spot lamp bulbs are all Mazda C and are 
21 and 32 c.p. 

Rear, instrument and step lamp bulbs are Mazda 
B and are 3 c.p. Side and auxiliary head lamp 
bulbs are both of the B and C type and are 3 and 12 
c.p. Dome and panel lamps are of the Band C type 
and are 6 c.p. If rear and instrument lamp are in 
series, they are 3 volts (see Nos. 61 and 62). Double 
filament lamps are Nos. 1158 used on the Ford and 
1110 used on Cadillac, Buick, etc. (see next page). 
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Mazda Automobile Lamps 
How to read tables: There are four tables shown be­

low. See heading above each, which gives the subject. 
Next, read sub-headings above each column. Where 
abbreviations appear in some of the columns, the 
meaning is given under each tahle. The meaning 
of other abbreviations is also given on page 434. 

iiijjff~W 
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""-"" "-"··-"""·-·~ f .S.uo.,.-1143 Md.o1.-U33 ~l:::::~ M&mA-UO MllDA-1150 

Lamp bases: All odd numbers denote a single 
contact (SC) bayonet base, and all even numbers 
denote a double contact (DC) bayonet base. 

The corrugated glass bulb is now used on bead 
lamps for the purpose of breaking up filament second­
ary reflections. 'The plain glass bulb is used on tail, 
side, and instrument lamps. The illustrations are 
approximately one-fourth actual size. 

Voltage: Practically all cars now use 6-8 volts 
with SC base except the Ford. The Ford uses 6-8 
volts in the battery circuit and 18-24 in magneto 
circuit. The 1158 head lamp used on Fords has a 
DC base. The Dodge and Stearns-Knight use 12 
volts in the lighting circuit. See page 1055 for the 
numbers of lamps used on different makes of cars. 

Mazda Lamps for Automobile Service 
(Excluding Lamps for Ford Cars) 

Lamp Position M.uDA Dulb Volts Caodle• Amps. 
MAZDA I <•l I I I l I I Number B or C power 

* 61 } R-1 IS G-6 3-4 2 0,84 
62 

* :} R-I-St 
B 6-8 

* Si-A G-6 J 0.60 

* ~} R-I-St 
D 12-16 Si-A G-6 3 ... 

71} 
72 R-I IS G-6 18--24 3 M 

* 81 } D-P C G-8 6-8 6 82 
,.. 

:a Si-A C G-8 6-8 12 

:} D-P B G.S 12-16 6 O.SG 

1110 H C S-11 6-8 {;!} u, 

* 1120} 
*1130 H.Sp C S-11 6-8 21 ... , 

1133} 
1134 H.Sp C S-11 6-8 32 ,U8 

*1141} 
* 1142 H-Sp C S-ll 12-i6 21 1.16 

• 1143 ~ 
1144 H.Sp C S-11 12-16 32 1.7'1 

* llcprescnts over 90% of the demand. 
t~) H-Hcnd Lamp. Se-Side Car. 

R-Hear Lamp. A-Auxiliary Head Lau,p. 
Sp-Spot Lamp. I-Instrument Lamp. 
S1-Side Lamp. D-Domc Lamp. 
St.-Step Lamp. P-Panel Lamp. 

Mazda Lamps for Automobile Service 
(For Ford Cars) • 

MAZDA I p0\fl,00 / MA'DA I llulb I VoltB IC&0dl•-I AmP> J.~mp 
Number B or C power • 

*Cb) 63 R-I-A B G-6 6-S 3 ... 
(c) 72 R B C-6 18--24 3 O.! 

*Cb)1129l 
*(d)1130 

II C S-ll 6-8 21 'l,SI 

;c) 1138 H C S-11 9 27 2.H 
(c) 1146 Sp C S-11 18-24 27 0.98 

*bl 1158 H C S-11 6-S ! 2; l 
'l.81 

*f 0."47 

*(e)l160 H C S-11 0 21 

* Represents over 90% of the demand. See bottom of left 
column for meaning of abbreviations . 
(b) For cars equipped with 3-ccll (lead type) storage battery­

generator lighting system. 
(c) For use on mal:(neto lizbting system. 
(d) To insure satisfactory service, MAZDA 1130 should be 

operated two in series on rnagncto lighting- system equipped 
with reactance coil. 

(e) To be burned two in series on magneto lighting system not 
equipped with rcactnnce coil. 

(I) For use on Ford and other oars wired for two filament lamps. 
Note: A reactance or dimmer coil (Ford No. 8892) sells for 50 c. 
It is used with two 6--8 volt bulbs in series. Better results nre 
obtained by using two 9•volt lamps in series. 

Mazda Lamps for l\'Iotot·coach Service 

Lamp PGlitioD M,unA Bulb Voltt Co.a.die• 
MAZDA I (a) I I I I I Numbtr B or C power 

* 67 (b) ·B G-6 12-16 3 
89 (c) B G-8 12-16 6 

* 1141 (d) C S-11 12-16 21 

* 114.2 (e) C S-11 .12-16 21 

* Hepresents over 90% of the demand. 
(b) Tail1 Insf.rument, Side, Running or Marker, Fare Box, 

Signal Indicator. 
(c) Auxiliary Head, Sign. 
(d) Head, Signal, Spot, Backing, Trouble, Step. 
(e) Interior, Spot. 

Mazda Lamps for l\fotorcycle Service 

Nulllber I pJt/ioo I ~~~D~ I Bulb I Volts 
iCati.dlc-

-w•• 

* 63 A-R B G-6 6-S J 

* 64 SC B G-6 G-S 3 

* 1129 R-Sp C S-11 6-S 21 

* 1130 Sp C S-11 6-8 21 

* Represents over OJ% of the de~iand. See bottom of left. 
column for meaning of abbrcviatioil.$. 

Double-Filament Mazda Head Lamps 
The purpose of this lamp is to dispense with two lamps in 

the head lamps, and thus do away w:th the separate "dimmer," 
or aux,Lary head lamp. 

The No. 1158 double filament lamp is used on Ford cars for 
head lamps. It is a gas-filled lllaz<ln C built in the Sil t.ype 

I :_-_~-_,-:r,, ~-_-_-_-_ -_-, b,:lb. It hns a corrugated gla.ss 

l 
bulb and is a 6-8 volt lamp. 

z n- -A a· '1 One filament is 2 c.p. serving 
"'C c· as n. "dinuner" light, and the 

otl:er is 21 c.p. s~r"ing as 
a bl'ight bead lamp. It has a = DC base. Both filaments pass r through the focal areo. of the 
reflector. (This type lnmp i.s 
also niade special with 21 c.p. 

and 6 c.p.; also 32 c.p. and 6 c.p. filament and with a D.C. base.) 
Circuit diagram is sbo,•m in Fig. 6, an explanation being ns 

follows: Two wires are u.sed for connecting to the lamp socket 
from switches. (A) and (B) are terminals of the base and arc 
insulated: (C) is grounded. 

Reference to Ford cars applies to the model "T." See Supplementary Index "Mazda Lamps" for 1935 list. 
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When the 2 c.p. filament is used, the circuit is through (B) 
insulated, a,1u (C) grounded, and the switch is connected on 
terminal~-

When the 21 c.p. filament is used, the circuit is through (A) 
insulated, and (C) grounded, and the switch is connected on 
terminal 1. 

The No.1110 double filament lamp is used on several popular 
makes of cars for head lamps. It is a gas-filled i\fazda C built 
in the S11 type bulb. It bns" corrugated glass bulb and is" 
6-8 volt lamp with DC base. 

Both filaments arc 21 c.p. and each take 2.81 amperes. Both 
filaments are out of the focal center of the reflector. One is 
above this center and the other is below, there being a 0/64" 
separation between the filaments. 

The lower filament is used as o. long-range driving light, ant! 
being below the focnl center, it tends 1.0 bend the light rays up­
ward. The upper filament is a courtesy light which is used when 
passing_ another ca.r, and, being above the focal center, depresses 
or bends down the light rays for n short distance which keeps 
the light out of the eyes of the passing driver nnd yet gives a 
safe driving lii:ht. 

l\Iazda Lamps for Electric Vehicle Service 
There are only two lamps listed for electric 

vehicles as follows: 

Nu~OO I PoemoK I f~t>A I Bulb Volt. Cp, 
110 I R-I I B I G-10 40-44 6 

1150 H-Si C S-11 40-44 21 

.i\feaning of Abbreviations of Mazda 
Automobile Lamps 

The abbreviations used with the lamps, such as 
"G-6," "G-8," and "S-11," refer to the shape and 
size of the bulb. 

For instance, "G" indicates that the bulb is 
round or globular; 6 means that many eighths of an 
inch, or 6/8'' or 3/4" diameter. "G-8" would be a 
round bulb, 8/8" (or 1") in diameter. 

Where the designation "S_-11" appears, the "S" in­
dicates "straight side," and the 11 designates the di­
nmeter in eighths of an inch, or 11/8 = 11/s" diameter. 

Formerly all of the bulbs were round, but now 
only some are round, such as "G-6" and "G-8." 
The other bulbs are pear shaped and desi~nated as 
"S." They are not really straight, but this term is 
used in order to distinguish them from the round bulb. 

Where figures appear under the "voltage" of the 
lamp bulbs, as "6-8," or "12-16," this means that 
the lamp is intended for electric systems using a 
6-volt battery, but will stand a volt.age up to 8 volts 
for a small period of time, as it is designed to operate 
at a voltage of 6.35 volts for maximum efficiency. 
The lamp sometimes gets this-or near it-when 
the generator is charging the battery, as the generator 
voltage is slightly higher than the battery voltage. 

The "12-16" lamp is for a 12-volt system, such as 
a Dodge, and the lamp is capable of withstanding a 
generator voltage as high as 16 volts for a small 
period of time. It is designed to operate at 1-L5 
volts for maximum efficiency. 

Lamp Bases 
There are four types of these: (1) double-contact 

bayonet candelabra; (2) single-contact bayonet 
candelabra; (3) candelabra screw base; (4) minia­
ture screw base. Each of these is shown in the illus­
trations. 

The lamp base is that part which is fitted to the 
end of the bulb and fits into the socket. Only two 
of the types mentioned above are in general use for 
automobile work: the "S.C.," meaning "single 
contact," and the "D.C.," meaning "double con­
tact." The "S.C." is used most. 

The double-contact base (D.C.) (Fig. 7) has two 
contacts (note the top) insulated from the metal 
base. These contacts are connected with the ends 

I . 
Fig. 7 Fig. 8 Fig. 9 Fig. 10 

of the lamp filament; and when connected to the 
socket they make contact in the socket with the 
circuit. The "D.C." base and socket a.re used only 
for a "two-wire insulated" system of wiring. 

The single-contact base (S.C.) (Fig. 8) has one 
contact in the center which is msulated from the 
metal base. One filament of the la.mp connects 
with this center contact, and the other end of the 
filament connects with the metal base. When 
placed in the socket the center contact connects 
with an insulated terminal in the socket, which con­
nects with the single insulated wire of the light cir­
cuit, and the rest of the socket and outside part of 
the base are grounded. The "S.C." base and 
socket are used only for the "single-wire, grounded" 
system of wiring . 

The words "Bayonet" and "Candelabra," which 
appear in the tables to designate the type of base, 
are explained as folJows: 

Bayonet base: The "Candelabra·' screw type 
base (Fig. 9) was originally used on miniature lamps, 
but owing to the vibration of the automobile, the 
lamps would loosen. A type of base was then 
designed as sho,vn in Figs. 7 and 8, the single contact 
(Fig. 8) being used most and arr:u1ged as shown in 
the illustration (Fig. 11). The base (B) is thrust 
into the socket (S) through slot and is then given a 
turn or twist which locks (T) in place. The thrust­
ing effect wa,S what gave the base its name: "bayo­
net type." The word "candelabra" is also used 
with the word "bayonet," the candelabra base 
originally was a screw type, as shown in Fig. 9. 

W~-~ S 0~ H _ OT 
WI • 0 -- •1 

• G = G 

Fig. 11. (B) is the base, S. C. Type. The tip (T) looks in 
the opening of (S). Contact is made by (C) at (HJ, which 
conducts the current from (W) to one end of the filament, back 
to the grounded base, tbence to ground (GJ. or to (W1) which 
is grounded. (l) is insulated from the socket (S), and (Cl is 
insulated from the base (B). 

The candelabra screw base (Fig. 9) is not used for 
automobile work, because of the vibration. This 
type is often used on trouble lamps, flash lamps, etc. 

The min.iature screw base shown in Fig. 10 is a 
smaller size, used principally for decorating purposes. 

Lamps must be selected according to the type of 
sockets used on the car. On a single-wire grounded 
system, use an "S.C." base. On a double or two­
wire system, use a "D.C." base. 

Head Lamp Adjustment 
The light you get on the road will depend on the 

candle power you get from the lamp in the reflector; 
on the focus or adjustment of the lamp in relation to 
the reflector; and on the direction in which the 
headlamp itself points. 

Every device designed to prevent glare and properly dis­
tribute the light from head lamps is entirely dependent upon 
the proper focal position of the bulb in relaLion to the reflector 
and the proper inclination of the beam of li;:ht itself by adjust­
ment of the head lo.mp. 
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Different Focusing Adjustments 

Getting the lamp bulb in the proper relation to 
the reflector to give the best light on the road is 
called "focusing." All headlamps are provided 
with some means of moving the lamp bulb back and 
forth along the center line of the reflector, which 
line is called the aids. The four types of adjust­
ments (Figs. 12, 13, 14 and 15) shown, should cover 
practically all of the headlamps used. 

Fig. 12 Fig, 13 Fig. B Fig. 15 

Fig. 12 has an adjusting screw or knob near the center, on the 
rear of tbe headlight shell. The lamp bulb is moved forward b)' 
turuiny. the screw or knob (1) to the left, and backward by 
turning it to the right. 

Fig. 13. The lamp is held in place by a ratchet device (2). 
The lamp is moved forward or hack by grasping the bulb and 
either turning the bulb to the right or pressing it to one side 
or tbe other to disengage the ratchet, and then pulling or push­
ing the lamp in its socket to the next notch in the ratchet. If 
the ]amp docs not move easily, remove the reflector and see 
Dow the ratchet works. 

Fig. 14. The adjustment is made by turning the large screw 
(3) in the rim of the headlight front just at the edge of the 
reflector. ~ turning this._scrcw to the right, it will move the 
t~f,;~~d!n tl~ ;~ii.,';,e!~~tor. Turning it to the left moves it 

Fig. 15. The lamp is held in place by a set screw (4) in back 
of the reflector. When the set screw is loosened, the lamp 
may be moved backward or forward. The set screw must be 
tightened securely to hold the lamp in place. 

Examples of Headlamp Adjustments 

Observe the two methods of adjustment (Figs. 16, 
17); also the manner in which the door or rim is 
removed, etc. 

TO REMOVE LAMP DOOR\ PRESS IN ON RIM ~TWIST TO LEFT 

TO FOCUS: TURN . TO !"OCUS: PRESS DOWN 
FOOJSING-SCREW OIi BULB AND SLIDE 
'WHICH HOVE'S BULB AND 
LAMP BULB !:>OCKET 
IN OR INOR 
OUT OUT 

Fig. 16 ADJUST! NG CLAMP EIRAOIETTO 
FASTEN TO FENDER Fig. 17 

To remove, the door (Fig. 16): Press in hard 
against the rim of the lamp, and twist in a counter­
clockwise direction. The same applies to Fig. 17. 

To replace bu.med-out bulbs: Remove the door; 
then remove the bulb by pressing it into the socket 
and twisting it one way until it is released from the 
catch. See Index, for lamp siz;es for various cars. 

If a lens breaks, and a new one has to be ordered, 
the name and size will usually be found moulded into 
the lens. • 

The "door" to the headlamp on various makes 
may be fastened on in one of several ways. There 
may be a hinge at the top and a screw clamp at the 
bottom, or the hinge may be at one side and the 
clamp at the other. If no hinge shows, and the 
"door" overlaps the shell of the headlamp, the 
"door" can probably be removed by pressing it in, 
and at the same time turning it to the left, as de­
scribed above. 

In some headlamps, the glass is held in place by a 
retaining spring, which slips in between the head­
lamp shell and tl.e glass. 

In other headlamps, the rim which holds t,he glass 
is held up against the shell by a band which fits over 
shoulders on both rim and shell, and is drawn up by 
a screw at the bottom of the headlamp. 

Tilting Reflectors 
On some makes of lamps the reflectors are 

arra.nged so that the reflectors can be tilted. One 
method is as shown in Fig. 18, and another (Fig. 10). 
There is also an electric method (not shown). 

Bellows for Tilting the Reflector 
The operation of the reflectors (Fig. 18) is con­

trolled by a small three-way valve located on the 
instrument board, the partial vacuum created in 
the engine by the suction stroke of the piston being 
utilized to exhaust the air from the metal bellows 
connected to the reflectors when it is desired to 
illuminate the road for a long distance. 

When it is desired to lower the reflectors to their 
tilted, or normal, position1 ~he handle is turned to 
the letter (L) on the dial, which breaks the communi­
cation of the bellows with the engine and allows air 
to enter the bellows through a port in the valve. 
Communication is maintained between the inside 
of the headlights and the engine by ½" O.D. 
annealed copper tubing, and between the end of 
the tubing and the bellows by rubber tubing, in 
order that reflector unit may be easily removed. 

3WAYVAlVEMO.l 
LEVER 

CUT Off VN,.VE N0.2 

CUT OFF VA.LVE' 
N0.2 

HEAO!.IGHT WITH 
_!ILTINGR~:'.~[ 

LA~P;;;~~t 
CASTING~ 

RUBBER TUBING 

BELLOWS IN I.AMP 
WHICH OPERA1£S 
REA.ECTOR 

Fig. 18. Operation of tilting reflectors, shown above: Tue 
bellows has the appearance of a coil sprini;, and is iust back o: 
the center of the reflector. The bellows expands and pushes 
the reflector forward at the top, giving the focal point of the 
lamp a deflection of five dej!rees. This is what happens with 
the control lever at (L): When the lever is at (H), the bellows 
contra-0ts by aetion of the engine piston and thus deflates the 
bellows and pulls the reflector back at the top, giving t,o the 
focal point of the lamp an elevation of five de,:rces. 

A check valve is placed in the vacuum.line between 
the three-way valve and engine to prevent a quick 
change to the tilted position when the throttle is 
opened quickly. A cut-off valve is provided to 
render the system inoperative from the driver's scat 
when necessary. 
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If the system should become inoperative at any time, it may 

be the result of a break in the lineha leaky connect.ion, a break 
in the rubber tube connection to t e bellows, or the threo-way 
valve may have become dry, permitting air to leak in, destroy­
ing the vacuum. Tho threo-way valve may be taken apart for 
inspection and lubrication. Care must be used in reassembling 
not to disarrange any of the parts. Use a small amount or 
commercial va.seline for lubrication. 

Mechanical Shffting Method of Tilting the 
Head.la_m_p Reflectors 

The reflectors are pivoted, in order that they may 
be tilted by means of a button on the instrument 
board connected with an arm (A) projecting from the 
bottom and connected with the reflector (R). The 
lever pulls the reflector down (as indicated by dotted 
lines), thus tilting the reflector (Fig. 19). 

Fig. 19. Tilting reflector as used on model V-63 Cndiil,\c 

The advantage of tilting headlights is explained 
as follows: 

·when there is a clear road ahead, the illumination 
of the road for a distance is desirable. Thus the 
reflector is so focused that the light is projected 
ahead for the greatest distance. 

If a vehicle is approaching in an opposite direction, 
the reflector (R) can be tilted down by movement of 
the lever on the steering column coruiected to the 
arm (A), thus tilting the reflector at an angle as 
ilhown in the dotted lines. This deflects the rays 
below the level of vision of the occupants of the 
approaching car, and at the same time increases the 
illumination in front of the car, where it is needed 
most. 

Refteetors, Principle of 
A parabolic type of reflector, made of metal with a 

polished silver surface, is used in most head-lamps. 
If a lamp were used without a reflector, the light 

which leaves the lamp filament would be thrown in 
every direction (Fig. 20). 

When a reflector is used 1 the light from the lamp 
filament is concentrated all m one direction (Fig. 21). 
See also "Candle power" (page 432). 

l'ig. 20 li'ig. 21 

! 
A ray of light is the light which falls on any one 

point of the surface of the reflector, and is sent off 
from th.at point. 

A beam is the total mass of light rays leaving the 
opening in the reflector. 

One of the fundamental laws of light is, that the 
angle at which light leaves a surface is the same as 
t.he angle at which it strikes the surface. By refer­
ring to Figs. 22, 23, and 24, the angles which are 
made by the i:._ap of light leaving the surface of the 
reflectors at (H), (M), and (N) will be seen to be 
the same as the angles made by the rays of light 
striking the reflector at the same point. The angles 
at which the rays strike the reflector are called 
"angles of incidence," and those leaving the reflector 
are called "angles of reflection." 

.X.-Focus Point O-Light Source 

Fig. 22. Straight beam. Fig. 23. Spreading bearn. 

The distribution of light leaving the opening of 
the reflector when lamp filament (0) is at the focal 
point (X) of the reflector is shown in Fig. 22. The 
rays which start from point (X) and strilce the reflec­
tor at (H), (M), and (N) must be reflected parallel 
to each other to make the reflecting angles equal the 
strikinf angles. This gives a cylindrical or "strai~h t 
beam.' The beam is theoretically the same size 
(XY, Fig. 22) throughout its entire length. A 
"straight beam" gives a very narrow-streak of light 
down the center of the road, like a spotlight; but 
no light is thrown to the side of the road. 

The form of beam leaving the reflector when the 
filament ( 0) is back of the focal point (X). The rays 
srread or diverge from one another, and form a 
' spreading beam," with its narrowest point at the 
opening of the reflector (XY). Note that the light 
rays which leave tlie headlamp at a rising angle are 
those which come from the upper_ half of the reflect.or. 

Fig. 24. Crossed beam. 

The effect of bringing the filament (O) ahead of 
the focal point (X) is shown in Fig. 24. This forms 
what is termed a "crossed beam." Note that the 
light rays which leave the headlamp at a "rising 
angle" are those which come from the lower half of 
the reflector. 
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Anti-Glare Devices 
In most states, laws are being enforced to prevent 

glare. The light which produces glare is that part 
which leaves the headlamp at a "rising a.nglc" and 
so never hits the road, but does hit the eyes of 
approaching drivers or pedestrians. These rays 
may come from either the top or bottom of the 
reflector, depending upon the position of the lamp 
in the reflector. . 

(1) 

(2) 

Metltods for Reducing Glare 
By using a very low candle-power lamp, or dim­
ming the headlamps; using whiting, semitrans­
parent paint, or colored glass. Low-candle­
power lamps reduce the brilliancy, and colored 
glass or J?aint absorb part of the light and reduce 
the lightmg effect desired, and are unsatisfactory. 
By tilting the reflector down enough to brinp; 
the uppe1· edge of the beam below the average 
eye level (42 inches is the usual legal limit). 1 

Tlie distance along which the road will be lighted 
is very much shortened. If the reflector can be 
tilted back to normal position, as shown in Figs. 
18 and 19, then the distance will be greatly 
increased. 

(3) By diffusing the light by means of ground i;Jassf 
office-partition glass, or by a specially des1gnec 
"diffusing" lens, having its surface covered by a 
large number of small lenses or pyramids. With 
diffusing lenses there is a tendency to glare if 
the candle power of the lamp is sufficient to light 
the road, as the light is thrown in all directions. 

(4) By using "deflecting lenses" which bend or 
deflect that part of the beam which leaves the 
headlamp at a rising angle and direct this part 
of the beam back to the road level. Devices of 
this kind have the advantage of being able to 
limit the glare without cutting down the distance 
along which the light will be thrown on the road. 
Some of the deflecting lenses which are con­
structed so as to affect all of the light leaving 
the headlamp make it hit the road nearer to the 
car than it would with clear glass, and are not 
desirable. 

Classification of Some of the Anti-Glare 
Lenses 

In the accompanying illustration, A, B, C, and D, 
are "diffusing" type lenses. As these devices 
scatter the light in every direction, the adjustment 
of the headlamp has little effect on the road illumina­
tion. Both the light and the glare will be a little 
stronger if the focus is for a straight beam. 

A B C D 
A, Warner: Both sides of glass covered with small lenses: 

adjUllt focus for straight bea,ms for best lighting. 

1 The most common .. glare height" regulation in regard Lo 
headlamps is thatbat a point 75 feet or more ahead of the cur. 
the concentrated earn from the headlamp shall not rise more 
than 42 inches above the road level, when the car is st.andinl,, 011 
a level. In the latest beadlamp regulations, the height nns 
been raised to 60 inches from the road surface, and the intensity 
of the light is limited to a maKimum of 800 candle power nboYc 
this point. 

~ See page 442 for Bausch and Lomb lens. 

B, Prismolite: Front of glass covered with small pyramids 
except small spot near center; adjust focus for straight 
beam. • 

C, Morelight: Front of e;lass covered with short cylinders, 
nrranged in circles; adjust foc\lll for straight beam. 

D, Stewart: Cup fitting around bulb; outside covered with 
small lenses; inside with ribs; adjust for straight beam. 

F, G, H, I, shown below, are "deflecting" type of 
lenses, which are intended to be used with a straight 
beam. In making adjustments, adjust in accord­
ance with directions for plain glass adjustment, 
page 438, except that the lamp must be moved to 
the point in the reflector which gives the smallest 
point of light on the screen or wall, instead of making 
the spot 3 ft. in diameter. 

F G H I 

F, Patterson: Horizontn.1 prisms cicOect rays of light down• 
ward on the road, bringing entire light below po.rallcl of t.be 
headlamps. The cylindrical services on the back produce 
a spread of light over the entire road. Adjust focus for 
straight beam. 

G, Conaphore: Horizontal prisms throw light on the center of 
the road; cylinders in the center throw a soft light along 
the sides of the road. AdjUllt for straight beam. 

H, Macbeth: Horizontal prisms thro,v light on the center of 
the road, and cylinders on the inside spread the light to the 
side of the road. The hood at the top cuts off the light 
from that part of the lens. Adjust for straight beam. 

I, Holophane: Circular prisms at bottom throw light on the 
road and give quite a spread. Horizontal prisms and verti­
cal cylinders at the top throw diffused light nlong the sides 
of the road. Adjust for straight beam. 

J, K, L, M, are "deflecting" type lenses designed 
to be used with a spread or crossed beam, depending 
on whether a part of the lens which bends the glare 
rays down is located at the top or bottom of the lens. 
The focus is adjusted t-o give a beam having somr, 
spread. 

J E 

L 
J, Roadlighter: A deflecting type of Jena. Adjustment is lor 

u. spreading beam. 

1,, Osgood: Horizontal prisms on the back of the lens throw 
light down on the road. The cylindrical section on the 
center of the front of the lens is intended to add to the 
spread of the light. Adjust focus for spreading beam. 

L, Letts deflector: A deflecting device. The corrugated 
reflector is placed below the lamp and changes the angle of 
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t.be light strikini.: the reflector so that, an the rays are sent 
down on the road. Adjust focus for crossed rays. 

M, Fractor: A deflecting device. The prisms on the i.:lass cup 
which is placed below the lamp change the angle of the light. 

' striking the reflector. so that. an of it is sent down on the 
road. Adjust for crossed beam. 

With any of the deflecting devices it is best to 
make the adjustment for either spread, crossed, or 
straight beam, while the plain glass is still in place 
in the headlamp. 1 

Note: State headlight laws do not require or specify types or 
makes of lens, but in most states they specify a distribution of 
light which cannot be met by a diffusing lens and which can 
only be met by certain types of deflecting lenses. 

An Ideal Light 
An ideal light is one which will meet the following 

requirements: (I) sufficient light to illuminate the 
road such a distance ahead that the driver would 
have ample time to stop before reaching an object, 
and so that it would have penetrative powers in 
dust and fog; (2) very bright light at the edge of 
t;he road and close to the car so that the road could 
be clearly seen and followed in spite of glare from au 
approaching car; (3) full width of the road from fence 
to fence lighted for at least 200 feet ahead of the car. 

Fig. 25. One make of Jens designed to meet these conditious 
is shown. This illustration was furnished by the manufacturers 

who claim that this Jens 
meets the ideal requirements mentioned above and have cor­
roborated the atatement with a photograph of the lens in use. 
Note that the prisms in the lower half of the Jena (see J. page 
~7) concentrate the distance light, at (A). The diagonal 
prisms int.he upper half of the Jens bend the light, which would 
otherwise cause glare, to light the sides of the road from fence 
to fence (BB), and give the bright light on the ed{;e of the road 
as shown at (CC). 

How 'to Focus Headlight Lamps 
In order to secure the best lighting effects\ head­

light or spotlight lamps s_hould be carefully ~justed 
in their reflectors every tnne new lamps are mserted, 
or, better still, at regular intervals. 

Focusing may easily be accomplished by standing 
the vehicle on level ground not less than 25 feet, and 
preferably 50 feet, from a flat vertical surface, such 
as the wall of a house, a garage, or a fence. For an 
automobile, two points should be marked on the 
wall the Mme distance apart and at the same, or 
slightly less,.height above the ground as the centers 
of the headlamps on the car. The cover glasses of 
lenses should be removed from the headlamps and 
the beams (preferably one at a time) trained on to 
the marked points on the wall. The lamps should 
then be adjust-ed in the reflectors by means of the 
focusing devices until the smallest possible spots of 

1 Addresses of some of the Jens maI1ufacturers: 

The Warner-Patterson Co., 914 So. 
:llicb. Ave. Chicago; i\lacbeth, by .Mnebeth-Evans Glass Co., 
Pit.tsburg Pa.; Legalite, by The Legahte Corp., Bost<?n, 
i\lnss.; ~un Ray, by Standard Corl'!·• Columbus, Ohio; 
Conaphor.e, by Corning Glass Works, C(!rmng, N.Y.; Holophanc, 
by Holopha.ne Glass Co .• New York City; Bausch & Lomb by 
.Bausch & Lomb ()ptica.l Co., Roch~ter, N.Y. . 

light are obtained. The headlamps should then be 
so set that the centers of these spots coincide with 
the marked points on the wall. 

The appearance of the spot from a well-focused 
headlamp is shown in Fig. 30. 

The spot from the same headlamp when the bulb 
is either drawn too far back into the reflector or not 
far enough, i.e., is behind or ahead of the focal point 
(either condition produces a similar effect), is shown 
in Fig. 31. 

The same effect as shown in Fig. 30 is shown in 
Fig. 31, except that the glare-reducing lenses arc 
now supposed to be placed in the lamp door. The 
illustration in Fig. 32 shows how the upward rays 
of light are turned down below the horizontal. 

What actually happens to the light rays from the 
light som·ce in a parabolic reflector, such as is gener­
allyusedforautomobile headlamps,isshown in Fig.33. 

When that source is as shown at (A), (Fig. 33) 
the lamp bulb is at the focal point of the reflector. 
When the source is in position (B), the lamp bulb is 
behind the focal point. When the source is in posi­
tion (C), the lamp bulb is ahead of the focal point. 

Position (A) is the correct position for the lamp 
filament, and produces the smallest spot of li1?ht, or 
the most highly concentrated beam, as in Fig. 30. 

When focusing headlamps with plain lenses, adjust 
to get the result shown in Fig. 30. 

Lights on the Road, C.P., and Lamp Brackets 
In some states the law requires that headlamps 

be tilted so that the brightest part of the light 
strikes the road about 60 to -76 feet ahead of lamp. 

If lamp brackets cannot be tilted by loosening 
the clamp bolts, then use a large monkey wrench 
and bend cold (if of wrought iron or steel). If of 
malleable iron, they caJlllot be bent at all, and the 
only course is to file the holes larger and to wedge. 
One can tell steel or wrought iron because it files 
soft, and malleable iron is hard 1 brittle, and uneven 
castings. 

In some states the headlamp bulbs must be of sufficient 
candle power to reveal objects 200 feet ahead, but the candle 
power of a lamp bulb must not exceed 36 c.p. for the diffusing 
type lens etched or ground; 32 c.p. for the diffusing type Ions 
which are moulded (such as A, B, and C, page 437), and 21 c.p. 
for the deflecting type lens. 

In some states the law requires lights to be dimmed when 
passing vehicles going in opposite direction on highways at 
night, and 6 c.p. dilll, and 21 c.p. bright lights aro generally 
used. Write to the Secretary of your State and obtain a copy 
of the st.ate automobile laws . 

Thie instruction has not been rcV1sed for some time. 
NOTE: Instead of moving the lamp to adi11st the focus, the be:1111 is now "aimed'". Sec Note, page 431. 
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Focal Adjustment for Difl'erent Lenses 
There are three general types of anti-glare or 

glare-reducing lenses: 
(1) The diffusing type, as A B, C, and D, page 437, 

which requires a focal adjustment for a "straight 
beam," or where the lamp filament is at the focal 
point, as shown in Fig. 22, page 436. 

(2) The deflecting type of lenses which require a 
focal adjustment for a "straight beam," the 
same as the diffusing type, are F. G, H, and 1, 
page 437. • 

(3) The deflecting type of lenses which require. a 
focal adjustment for a "crossed be~," as m 
Fig. 24, page 436, where the filament is ahead of 
focal point, are J, K, L, and M, page 437. . 

Therefore, when fitting lenses of either of th~e 
types, it is necessary to. adjust t~e focal po~t 
accordingly, after first makmg the adiustments with 
the lenses removed, as shown in Figs. 30 and 31. 

'When a "diffusing" type of lens is used it makes no 
difference whether you have a crossed beam, a 
spreading beam, or a straight beam, except that 
where a straight beam is used there will be less dii­
fusion, and consequently a stronger light ahead ot 
the car. 

When a "deflecting" type of lens is used it 1s 
absolutely necessary to know whether it is intendect 
for use with a spreading, a crossed, or a straight 
beam before the focus can be made to insure satis­
factory results. Therefore the manufacturer's 
instructions should be followed carefully. 

If that part of the deflecting lens which is designed 
to bend the "glare rays" down towards the roa~ is 
located in the upper hall of the lens, a "spreadmg 
beam" must be used; if located on the lower half, a 
"crossed beam" must be used. 

If the device is made of prisms having a uniform 
angle on both upper and lower halves of the device, 
a "straight beam" must be used. 

Checking Lamp Adjustment 
To find out whether the lamp is set for a "spread" 

or a "crossed beam" pass a screen, such as a piece of 
:lOard or paper, down in front of the headlamp. If 
the shadow caused by the screen moves up as the 
,creen moves down, the filament of the lamp is in 
front of the focal point (Fig. 34), and you have a 

.,J ..... _ .... .::::_ ...... --n 
~ ------Fig. 34 

"crossed beam." If the shadow moves down with 
the screen, the lamp is set for a "spreading beam." 

Another method of testing whether the light is a 
crossed beam or a spreading beam: Let the light 
from the headlight shine on a wall or screen 10 or 
15 feet ahead of the lamp. Then move the lamp 
bulb back iu the reflector. 

If the spot on the wall grows larger as the lamp 
bulb is moved town.rd the back of the reflector, the 
lamp is adjusted.for a spreading beam and the fila­
ment is back of the focal point. 

If the spot on the wall grows smaller as the lamp 
is moved back towards the reflector, the adjustment 
is for a crossed beam, and the filament is ahead of 
the focal point. 

If the filament is moved from as far back in the 
reflector as it will go, to a point as f~ ahea~ as it 
will go, you will find that the spot of hg~t will first 

grow smaller and then grow lar~er, as the filament 
passes the focal point. The pomt where the spot 
is smallest is the point where the filament is prac­
tically at the focal point (X), and the adjustment is 
for a straight beam. 

These test-s are, of course, made with plain lenses. 

To Clean ReBector 
Do not forget that dust or dirt on the reflector or 

on the glass lens may cut down the light on the road 
by more than half. The reflectors of head and side 
lamps are plated with pure silver. 

To clean reflector, use a very soft, clean cloth, or 
powdered dry rouge and a chamois skin, without 
using pressure and rub in a circular motion. Never 
rub a reflector with a cloth or chamois skin which is 
covered ·with dust or grit. It will scra.tch the reflec­
tor and ruin it for service. 

Fig. <!5 

If a reflector becomes tarnished or scratched, take 
it to a silver plater and have it buffed. It cannot 
be properly polished in any other way. An improve­
ment can be made, however, where reflectors are 
tarnished, by moistening the rouge with alcohol 
and applying with a soft chamois. Do not use the 
chamo15 for any other purpose. Putz pomade 
applied with a very soft, clean chamois may also 
be used. 

To Clean the Glass Lens. 
Absorbent cotton, dipped in alcohol and lightly 

rubbed in a circular motion over the surface, will be 
found efficient. See also page 646 for cleaninp. 
glass, polishing nickel and brass, etc. 

Dimming Headlights 
There are four methods for reducing the brilliancy 

of headlights, which is required by law in most cities. 
One method is to use resistance wire which is in 

series with the circuit, as shown in the Lexington 
(Fig. 8, page 426). See also Fig. 14 of Hudson, page 
390. 

To vary the intensity of the headlights when the 
dimmer is in circuit (Delco Hudson system) is merely 
a matter of shortening the path of the flow of current 
(the di=er "resistarwe" wire, Fig. 36), which can 
be done by tying one coil together. This will make 
considerable difference. 

To do this, it is necessary to remove the switch. Remo,·e the 
four bolts passing through the housing at the back of the switch. 
The housing will then come apart. Remove No. 1 wire which 
connects with tho generator, before dismantling the s"~tch, 
otherwise a short circuit will result. 
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Another method (seldom used) is to have the 
s·witch connections so arranged that the two head­
lights which are always connected in parallel will be 
connected in series, thus reducing the voltage of 
each lamp one-half. 

For instance, if the two lamp,, are connected in parallel on a 
6-volt circuit, ea.ch lamp would get 6 volts. If connected in 
series, each lamp would get 3 volts, thus dimming lamps. 

The method in general use is to use auxiliary 
headlight bulbs (also called dimmer bulbs). They 
are placed in the headlamps in addition to the regular 
headlight bulbs. See Olds diagram, page 402, and 
note that (5) are bright headlight bulbs, usi.ially 
21 c.p., and (6) are dim, or auxiliary headlight bulbs 
of 2 c.p. See also pages 4.00 and 407. 

In some states the law requires that lights be dimmed when 
passing vehicles on the highway at night, and 6 c.p. auxiliary 
and 21 c.p. bright headlight bulbs are generally usccl. 

Headlamps also come equipped with three lights: parking 
lights (2 c.p.), driving lights (21 c.p.), and bright lights (32 c.p.J. 
All three are in each headlamp, and are operated by movement 
of the switch lever, so tha,t either set of lights can be used. 
FigS. 5, 6, 8 in the Packard diagram, page 407, show the three 
lights in each headlamp and switch connections. The driving 
and parking lights are not in focal point of reflector. 

A double-filament lamp bulb (Fig. 6, page 433) 
is another method of dimming. These bulbs can be 
had in 2 c.p. and 21 c.p., also 6 c.p, arid 21 c.p. 

A headlamp leos can be frosted with eps9m salts dissolved 
in a teacup of water and then used on the inside of the headlight 

glass, where it is allowed to evaporate. This produces a diffus• 
ing type of lens wltich, however, in some stnte.s is prohibited. 

A "Spot-Ligbt" 
The spot-light is a type of lamp which can be 

placed on the wind-shield, and turned in any direction 
by hand. Where a great deal of night driving is done, 
or where a cross-country trip is made, a spotlight is 
of great convenience. It is fastened close to the 
driver's hand, and can be directed at any spot desired. 

Adjustment is for a "straight-beam," with the filament 
cxa-cUy at focal point. On the Fyrac spot-light (made by Fyrnc 
.l\Innufacturiug Co., Rockford, Ill.) there is a screw b~ck of 
reflector iu the neck. Loosen screw and slip reflector backward 
or forw .. rd on tube until a bright small clear spot appears. 
There is a point in the foc\1Sing where several black spots 
appear; focus so that the black spots are elhninated. 

Spot-lights are prohibited in some states, and in others the 
law requires thnt the light be thrown on the ground, not moo-e 
than 60, 75, or 100 feet ahead of the car, and it must not be 
directed in the faces of p~ons approaohlog. 

Electric bulbs used with spot-lights are usually of tbo 
nitrogen t,ype, and 21 and 32 c.p. The Jiniit allowed in some 
st.ates is 21 c.p. 

Stop Light 
In most states the law requires that a stop light 

be placed at rear of car so that a red or yellow light 
be flashed when slowing down or stopping. This 
light is usually operated by a switch connected with 
foot-brake pedal. 'l'he lamp is usually 21 c.p. See 
Nash diagram, page 402, and Packard, page 407. 
showing circuit. See also page 654. 

GAS LIGHTING (ACETYLENE) 
Gas lighting is now seldom used,1 but it is ex­

plained here for the benefit of the reader. There are 
two methods of supplying the acetylene gas to the 
gas burners. One method is by means of a carbide 
gas generator, and the other by means of a tank con­
tfl.iuing compressed acetylene gas. The method 
whereby the gas is supplied to the gas jet by a gns 
generator is shown in Fig. 37. 

rubber 
tubing 

',, 

Cao carbide 
generator. 

Fig. 37. Showing how small W' copper tubing and rubber 
tubing connects from generator to lamps. Note that the rub­
beF tubing connected from the copper tubing to the lamp drops 
in a curve. This places the rubber tubing at the lowest point. 
The gas condenses and turns to water, and the water clngs the 
pipes and gas tips. If this rubber tubing is disconnected occa­
sionally, the condensed water will drain out. 

It is always necessary that the line or leads from the gas 
!lenerator to the lamps be on as mu.ch of an incline as possible. 
In fact, a draincock could be placed at the lowest point to 
advantage. l'ines to each lamp should be independent if 
possible. 

There are two types of gas or carbide generators: 
the "drip" type, and the "automatic" type. 

With the "drip" principle of generation, the water 
is usually arranged to drip directly on the carbide, 
and the amount of gas formed is regulated by a tap 
which allows more or less water to come in contact 
with carbide (Fig. 38). 

A modification of this system allows the water to 
drip down a perforated· metal tube, surrounded with 
carbide, and thus the water gradually soaks through 
the carbide. 

• The Prest-0-Lite gas tank is used considerably for truck 
and motorcycle lighting nnd automotive shop use, such as 
soldering, brazing, etc. 

Fig. 
39 

Fig. 38. Explanation of the "drip" type of carbide genera­
tor: The tank (E) being filled with wnter at (Dl, the water 
saturates the cotton wick (H) in the tube {J) and the valve (FJ 
being turned on, i tdrops into the screen tube (l) ,passing out of the 
holes at the bottom. As it comes in contact with the carbide, it 
forms gas which passes out at the top of the generator through 
pipe. The unused carbide held in the cage is separnted by 
the screen in the bot.tom, and the dust or used carbide falls to 
the bottom (T) perfectly dry. Consequently the chari,e is 
nlways fresh while it lasts and is ready to light or extinguish. 
Cleaning siinply means emptying the dry dust n.t the bottom 
and refilling the cage with carbide, and the tank with water. 
To shut off the light turn the valve (F) off. (F) being a two­
way valve on the side (not lettered), the gas then coniained in 
the generator passes out of the two-way valve into the air, thus 
insuriug perfect safety. 

Fig. 39. The automatic type of generator: In some respects 
this is simpler and gives a better regulation of the gas, but it 
does not seem to be al ways rcli,ible. 

The operation is as follows: The carbide is contained in a 
bell or chamber with JJ<lrforatccl sides and bottom, to admit 
water freely. This bell has a suitable outlet for the gas. It is 
supported inside an outer vessel or tank to hold the water. 
Immediately the water comes in contact with the carbide, gas 
is generated and, if the supply tap (A) is open, this gas will pass 
on to the lamps. Should the tap be closed, the pressure 
exerted by the gas then acts inside the bell, and drives the water 
away from the carbide. 

Should the generation of gas still continue, it will force its 
,,,ay through the water and escape into the atmosphere, •,hrough 
a small vent hole (L), so that no dangerous pressure can Jevelop 
within the generator. 

It will be seen that an automatic regulation of the ga, is 
thereby obtained, because immmediate]y that more is beinL 
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generated than can be used, !,he water is d.riven away from t-he 
carbide, but as soon as there is a demand for more gas the pres• 
sure inside the bell falls and water re-enters. 

The gas out.let pipe and cotton wool or horsehair filter, whence 
the gas reaches the top. or to which the tubes are connected to 
the lamps is shown at (AA). 

A gas bag is provided on the g!\<l outlet pipe inside the 
geJJerator to steady tho pressure. 

The carbide container lifts out of the tank by unscrewing the 
nuts (DD). 

The tank is filled from the aperture (K), in the plug of which 
is a small vent acting as a safety valve. In this, as in other 
forms, the gas can be turned on and off any number of times 
till the carbide is all used up. 

Gas Burners-Also Called Gas Tips 

The gas burner is made up in various styles and 
consumes from .25 to 1.5 cubic feet of gas per i1our. 
By referring to Figs. 40 and 41, the reader will 
observe the construction. 

Fig. 40 Fig. 41 Fig. 42 

Fig. 40. Interior of a gas tip or acetylene burner. Tips 
are generally made of lava .. Two small holes are in ea.ch end, 
only one of these being discernible to the eye. The hole, how­
ever, which becomes clogged is the small hole inside the large 
one. 

Fig. 41. Showing end and side vfow of the flame when 
burner is in good order. Fig. 42. Showing how to clean a gas 
tip. 

If acetylene gas was used with an ordinary jet, it 
would have a yellow tint, but the oxygen drawn into 
the tip through the large hole raises the temperature 
of the flame to a point where a white blaze is 
obtained. It is therefore necessary that the smaller 
hole in the burner be kept clean. 

Ii the flame is yellow and dim, the lack of oxygen 
is probably the cause, or the pipe line needs blowing 
out, or the generator needs cleaning. 

If the independent generator is used, it is impor­
tant that all parts be perfectly clean and fresh caroide 
be added daily, using whatever quantity is required. 

The average gas tip consumes one--half foot of gas 
per hour. Gas tips are made in standard sizes as 
follows: ¾ foot; ½ foot; ¾ foot, and 1 foot. 

Lighting the Gas 
The usual method for lighting the gas is to turn on 

the gas at the generator or tank, and to light the 
gas at the burners with a match. • 

Another method is to turn on and light the gas 
from the seat. This is accomplished by a valve and 
electric spark (Fig. 43). 

K . 
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Fig. 43. Lighting the gas by an electric spark: This system 
oonsists of a special valve and switch placed on the dash-board 
(D), a high-tension coil (C), and a special gas lighting attach­
ment shown in the cut.· 

The connections are as follows: The gas tank is piped to the 
valve and connected to a union under it. After gas passes 
through t.he valve it is then carried to the lamps. A wire run• 
from switch to coil and from there through primary winding to 
battery; through battery to ground. 

An attachment (Bl) is plMed on each gas tip to be lighted. 
When lever (L) is pressed down, this op,,ns the i;us and also 
makes a temporary electric contact, and a spa.rk Jumps acros.~ 
points (S) and lights t,he l,'(as. An ii,:nit.ion bo.t,tery or dry cells 
will do thia work. 

Non-Freezing Solution for Gas Generators 
Use pl1tin alcohol in the proportion here given, Alcohol is a 

fuel, but not explosive. It will, therefore, probably give a 
slightly stronger gas than waler, and for this reason le.'!S will 
be required. Do not use glycerine, as this is an explosive. 

Percentage of alcohol to water: At 18 degrees, 10 per cent: 
at 5 degrees, 20 per cent; at -2 degrees. 25 per cont; at -9 
degrees, 80 per cent: at -15 degrees. 35 per cent; at -24 
degrees, 40 per cent. Note: The-in front of the figures are 
minus signs, meaning below zero. 

Carbide-Used in the Generators 

The chemical formula for Acetylene is C,H, (i.e., a 
compound of carbon and hydrogen). It has a char­
acteristic pungent odor-which at once gives 
evidence of any leakage-and is a poison if inhaled 
in any quantity. 

Approximately one pound of good quality calcium 
carbide.will generate six cubic feet of acetylene gas. 
It can readily be liquified or compressed, but in this 
state it is highly explosive, and its use finds no favor 
in this country. What is known as dissolved 
acetylene, however, is safe. 

rrhc gas in a moist or impure state n.tta.cks copper or brass. 
forming acetylene of copperbwhicb is exceedingly explos.ive: so 
much so that it will go off y slight friction or a blow. This 
accounts for the small explosions that arc sometimes experfonced 
when cleaning a generator. 

The Pressure-Gas (Acel"ylene) Storage Tauk 

This tank is used instead of a gas generator, and 
is charged at the factory. When the tank is 
exhausted it is taken to the local agent and 
exchanged for a fully charged tank. 

The gas used in the tank is acetylene gas, made 
from carbide-the same kind of gas used in a 
generator. Fig. 44 illustrates the Prestolite gas 
tank. The amount of gas in the tank is indi­
cated by the pressure ~auge. In this way the motor­
ist can tell the quantity of gas in the tank. A key 
opens the valve which allows only a low pressure of 
gas to feed the lamps. 

Piping of gas from gas tank to lamps is similar to 
that used with generator. 

The Prestolite gas tank is made in three styles: 
Style E, which weighs 23 lbs.; style B, 30 lbs., and 
style A, 50 lbs. 

The pressure inside the tank (E) is based on a 
pressure of 15 atmospheres, or about 50 cubic foot 
of gas, which will supply gas for two ½-foot burners 
for 50 hours. 

Fig. 44. The pressure gas tank is used considerably for 
truck lighting, and also some motorcycles. 'l'he fact that a 
great share of the I-ruck hauling is done at night makes it very 
desirable and dependable for this class of work. The tank is 
usually suspended from frame or supported on running board. 

Fittings and tubing used nre usually of the size shown on 
illustration. The reducing valve can be used or not. It re­
duces the pressure to the proper burning pressure of 2 ouncest 

J<,·c011f«FSS-
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insuringa.f ull even flame and elimi• 
na tes die necessity of adjusting the 
flame height from tank valve and 
ulso permits individual control of 
head and tail lamps by means of 
gas cocks in the Imes. 

A~C.£ 
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The tank should be placed on the car in such a 
way that it can be easily removed. The running 
board is a convenient place. Always place the 
tank top side up. 

Prestolite Gas Tank Pointers 
Prestolite gauges, how to read them: Several 

styles of gauges are used. Some register in atmos­
pheres, some in pounds and some in both (see Figs. 
45, 46, 47). If you wish to determine the number 
of poWlds of pressure in your t.ank, reading from a 
gauge showing only atmospheric pressure, multipl,Y 
the number of atmospheres shown by 14.7, which 1s 
the number of pounds to which one atmosphere is 
equal. The result will give you the number of 
pounds of pressure in your tank. All atmosphere 
gauges are marked "ATM." An atmosphere equals 
14.7 lbs. at sea-level. 

Fig. 45 Fig. 46 

Fig. 45. Gau1:e reading in atmospheres. 
Fig. 46. Gauge reading in pounds. 

Fig. 47 

Fig. 47. Combination i:a,us:e reading in pouods and at.mos• 
phcres. 

Prestolite tanks are charged to a pressure of 225 
pounds (equal to approximately fifteen atmospheres) 
at 65° Fahrenheit. If the temperature of a tank be 
increased 10° to 20° F., the pressure will be raised 
25 to 50 pounds. If the temperature be lowered, 
the pressure will be reduced in about the same ratio. 
This accounts for the rapid fall in the gauge pressure 
when a tank is taken from a warm garage into the 
cold air of the street. Change in temperature does 
not affect either the quantity or the quality of the 
gas. Consequently, when the outside temperature 

is 65° F., a properly filled Prestolite tank will show a 
pressure of about 15 ATM (atmospheres) when 
using the atmospheric type of gauge, and 225 
pounds when using the gauge reading in pounds, 
while the gauge showing both pounds and atmos­
pheres will indicate a pressure of 221 pounds or 15 
ATM, with corresponding variations accorJu';g to 
the outside settled temperature, despite the fact that 
the first two mentioned gauges show a capacity of 
40 ATM and 500 pounds, respectively. 

Where to look for lel!ks· Rub soap-suds along the pipe lines 
and over all joints and conneotion.s. Do not Ulle a match any 
more readily than you would use one to hunt for a gas leak in 
your cellar. 

The following may be the source of a leak: (1) union where 
attached to tank; (2) rubber hose connecting union with brass 
piping of car; (3) joints where rubber hose connects with union 
and "ith piping of car; (4) joints, T's, or crosses where piping 
branches; (5) where rubber hose connects piping with lamps: 
(6) part of lamp to which burners are attached; (7) any point 
on piping where there is a liability of chafing. 

Sizes and capacities of Prestolite tanks: "A"-22 inch .. 
long, 7 ¼ inches in diameter; contain.s 70 cubic feet of gas. 

Using two ½-ft. burners, 70 hours lighting 
Using two ¾-ft. burners, 56 hours lighting 
Using two ¾-ft. burners, 46 hours lighting 
''B"-20 inches longt 6 inches in diameter; contains 40 cubio 

feet of gas. 
Using two ½-ft. burners, 40 hours lighting 
Using two %-ft. bu.rners, 32 hours lightino: 
Using two ¼-ft. burners, 26 hours lighting 
"E"-16 inches long, 6 inches in diameter; contai.llS 30 cubic 

feet of gas. 
Using two ¾-ft. burners, 60 hours lighting 
Using two ½-ft. burners, 30 hours lighting 

Oil Lighting 
Inasmuch as electricity for lighting is now the adopted stand­

ard 1 and is almost universally used, it is hardly worth while to 
deat with the kerosene oil lamp. The oil lamp, when used in 
place of electric lights, is generally placed as a tail or rear lamp, 
to illuminate the license number and as required by law for 
protection of the fire department. 

The brilliancy of oil lights can be improved by using a hard 
wick and placing cotton in the bowl of lamp. Then use gasoline 
or half gasoline and light cylinder oil instead of kerosene. 

BAUSCH & LOMB LENS FOR AUTOMOBILE ELECTRIC LAMPS 

The diagrams (Figg. 1 and 2) illustrate the path of light from 
n lamp fitted with the Bausch & Lomb deflecting type of lens. 

Fig. 2 

The illustration in Fig. 1 shows a horizontal cross-section 
and how the vertical cylinders (placed in front and rear of lens) 
throw or spread rays outward sufficiently to illuminate a lateral 
area of about 50 feet at a distance of 100 feet. 

Note: The word "cylinders" used above refers to the flutings 
which are in both the front and back of the lens. The whole 
le.D.$ is in reality a. 0 prism," and in tbis example it is somewhat 
thicker at the bottom than it is at the top. 

The illustration in Fig. 2 shows a single or solid vertical 
prism which deflects the light downward, or below the level 
prescribed by law. 

In order to secure maximum satisfaction from these lenses 
it is necessary to adjust them properly, and this is explained 
aa follows: • 

The adjustment of a lamp con.sists in moving the lamp bulb 
forward or backward (see pages 435, 436). Some lamps have 
external adjustments whereby the adjustment can be made 
with the lens in place, and others where the !&.ml? door must be 
opened. Adjustment should be made each tune the lamp 
bulbs are changed. 

For adjustment with the lens in the Lamp, have the light on a 
wall 25 or 50 feet away. Cover or disconnect the other light. 

Cut out a circular tiece of lighe-weight cardboard as in 
Fig. 3, with holes in it ¼" in diameter and 4½" from center to 
center of holes. Hold it in front of the lamp so that the centers 
of the two holes in the card lie in a. vertical line as shown. 

If the bulb is properly set {focused or adjusted), the light on 
the wall will appear as one solid band, as shown in Fig. 4. 

If the lamp bulb is too far away or too close from the reflector, 
two ba.nds will appear, and the lamp bulb should be moved 
forward or backward until n. single band is obtained n.s shown 
in Fig. 4. • 

Fig.3 

For adjustment with lamp dot>rs open, which is necessar~· 
when the adjustment is inside of the lamp, the same pro• 
cedurc is followed. If the lamp bulb is properly focused with 
the reflector, a solid spot or patch of light will appear, as shown 
in Fig. 5. 

If the lamp bulb is not properly focuse<I, two images or spots 
will appear, "\nd adjustment of the bulb should be made until 
only o. single patch of light appears, as in Fig. 5. This adjust· 
1nent is !or a straight beam. 

Next, place the lens in place in the door and. then close it. 
and see if the adjustment is now as in Fig. 4. 

The tilting of the lamps should be made in accordance with 
local requirement.,. 

(Manufacturers are Bausch & Lomb Optical Co., Rochester; 
N.Y.) 
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SIGNAL ALARMS; SPEEDOMETERS 

SIGNAL ALARMS 

There are a variety of devices properly designated 
as sign.al alarms, including: bells, bulb horns, elec­
tric liorns, exhaust whistles, compression whistles, 
etc. 

. In the early days the mer.banical electric bell, 
operated by the foot, was the applied method for 
warning the pedestrian-although possibly this was 
not necessary, as the cars in those days made suffi­
cient noise to give warning a block ahead. 

Then came the bulb horn, but the old-style bulb 
horn has about seen its day. It is seldom used 
because of its difficult method of bulb operation and 
because of a tendency to get out of adjustment at 
the reed. 

The compression whistle is the type shown in 
Fig. 1. It is desirable for use where there is no 
battery, or where the battery is not of sufficient size 
to opemte an electric hor~ or where it is desired to 
save battery current. 1t is screwed into tl1e 
cylinder instead of into the relief cock. The pres­
sure is obtained from the compression in the cylinder. 

~$ EXHAUST 

Fig. 1 Fig. 2 

The exhaust horn or whistle (Fig. 2) was used ex­
tensively at one time, but is now seldom used. It 
is connected to the exhaust pipe by means of a 
valve which is opened and closed by a foot pedal 
connection, which when depressed admita the exhaust 
gases to the horn. See Index, for "Fitting an 
exhaust horn." 

The hand-operated horn (Figs. 3, and 3A) is not 
altogether desirable because it is operated by hand at 
an inconvenient place. It is usually placed too 
near the driver, whereas it ought to be nearer the 
front of the ca.r. 

Fig. 3 Fig. 3A 

Fig. 3A. Iaaxon type 3, band-actuated horn. Klai<on S-3 
type is similar, except that it has a vertical push rack. 

The hand-actuated horn is operated by pressing on tbe knob 
(H) (Fi1,. 3) connected with a toothed rod (R), thus actuating 
gear (GJ. This type of horn is used extensively on motor 
tru':ks. 

Hom brackets for automobile use, as shown in Fig. 3B, are 
arranged so that the horn csn be mounted at different angl~s. 
(M) and (83) nre for motor-boat use. American Electric Co., 
Cbicago, supplies the brackets. 

Handles for hand-actuated horns (Fig. 3C) can be had of 
some of the born manufacturers. They are suitable for long­
continued blasts when used on boat,s. 

Fig. 3B Fig. ac 

The Electric Horn 
The electric horn is the most popular type, and is 

classified und~r two types of general constructic•"1: 
(1) vibrating type; (2) motor type. 

The Vibrating Type of Electric Horn 
The vibrating type of electric horn produces a 

sound resulting from the action of a vibrating arma­
ture (B) (Fig. 4) magnetically operated by the 
magnet cores (R). The vibrations are transmitted 
through rod (A) to a diaphragm (D), thus producing 
a sound which is greatly magnified by havmg a horn 
or trumpet attached as in Fig. 4B. 

H 

-VlBAATING 
SPRING 
CONTACT 

F 

The electric circuit is to {F) from (+) of the battery (or 
generator), through the blade, through platinum iridium points 
(E and C), through armature (B), to lower connection (G) of 
the lower magnet coil, through the upper coil, to (H), to the 
push-button, to the (-) connection of the battery. When 
the push-button ls depre..ssed. the circuit is closed, and armature 
(B) 1sdrawn to coil (R), st-riking against rod (A). The moment 
this occurs, the circuit is opened and armature (B) i~ released; 
thus contact is made again at the points (E and CJ, and the 
armature vibrates back and forth as long as the push-button 
closes th~ ci~c).lit. ~he action i~ similar to that of a vibratil)g 
type of 1gmt1on coil or electr,c bell. The consumption is 
from 4 to 6 amperes. 

Points (EC) ehould be of iridium platinum, otherwise they 
will wear down and stick. (On the Bosch horn a condenser is 
connected parallel to tbe breaker points.) 

Adjustment is made by adjusting the rod (A) (Fig. 4) 
in relation to (B), to obtain a greater or lesa number of 

""""' vjbrations, which increases or 

10 
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decreases the sound trans­
ml tted through diaphragm 
(D). This adjustment on 
Pi,:. 4B is made by screwing 
(S) in or out with current on 
until the sound is as desired. 

The Robert Bosch hon, 
(vibrating type, sectional 

3 
view) is shown belo,v. Names 
of parts are: (1) diaphragm; 
(2) vibrating disk; (3) electro-

? magnet; (4) pole pieces; (5) 
buz,er; (6) housing; (7) 
condenser; (8) trumpet; (9) 
'";n cable; (10) flexible tub­
ing; (11) fastening strap. 
'.\If'd by Robt. Bosch Mag­
neto Co., 123 W. 64th St., 
New York. 
9 
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The ·Motor Type of Electric Horn 
The motor type of electric hom also produces a 

sound transmitted through a diaphragm, but in a 
manner different from that of the vibrating type. 

FIE.lD POLE 

Fig. 5. Motor type of electric horn. 

Construction: An electric motor (M) (Fig. 5) of 
small size is enclosed in one end of the horn. On 
the right end of the armature shaft a case-hardened 
steel-toothed wheel (W) operates against a case­
hardened steel button (B) securely attached to the 
metal diaphragm (D) (see also Fig. 6). The sound 
produced by the wheel (W) operating against (B) is 
transmitted through the diaphragm (D) and greatly 
magnified through the horn which encloses the dia­
phragm. 

The intensity of this sound can be increased or 
decreased by moving the armature shaft so that (W) 
will make closer contact with (B) to increase the 
sound, or so that they will back away from each 
other, to reduce the sound. 

This adjustment is made by loosening the lock­
nut (A) and screwing the adjusting screw (S) in or 
out, which moves the armature, as explained above. 
Do not adjust too tight at (B) and (W). 

The motor is a series-wound motor. Note the 
field-windings (shown in section), also the armature 
and brushes and the co=utator on which the 
brushes rest. 

Fig. 7 

Fig. 6. Explaining how the wheel 011) actuates (B) Oil the 
Jiaphragm, and thus produces the sound. 

Fig. 7. A ,"two-wire system" horn circuit. 
Fig. 7 A. A .. single-wire grounded-return" horn circuit; t.he 

frame is used as a ground or return. _ 

The circuit is from ( +) of battery (or generator) 
to ground, to one end of the field-winding, through 
the two field-windin!,rs to one of the brushes, th1·ough 
the armature, out the other brush, through push­
button (P) (Fig. 7A), to (-) of the battery or 
generator. 

Fitting an Electric Horn to Car 
When fitting the electric horn to a car, the horn 

should be placed on the opposite side from the 
driver and as far away in front of the car as possible. 
The reason for this is that the noise is then away 
from the occupants of the car, and the signal is 
placed where it is most effective, usually under the 
hood, to the front. Being under the hood, it is pro­
tected from water when car is washed, and from rain. 

Klaxon Electric Motor Horn 1 

The Klaxon is used extensively on various makes 
of leading cars, and its principle of construction is 
that explained in Figs. 5 and 6. Several different 
types of Klaxon horns are manufactured. Some of 
the leading types for automobile use are sho;n,n in 
Figs. 8, 9, 10, and 11. 

Klaxon horns are made for various voltages. If 
the battery is a 6-volt battery, the voltage of the 
horn should be 6 to 8 volts. Dry cells can be used 
if necessary, about 6 to 8 dry cells being required. 

The amperage, or current consumption, is fixed 
for each size horn see under illustrations. 

To adjust Klaxon 20L (Fig. 8): Loosen the lock­
nut (A), and start the current by pressing the push­
button. While it is sounding, twist the motor case 
until no sound is heard except the buzzing of the 
motor. Continue twisting, in either direction, until 
the note is loud and clear, When the note is as 
desired, tighten the locknut. 

~ 
~ 

6 

Fig. 8. Klaxon 20-L uses 7 amperes. It is a large, deep· 
toned born; Fig. 9. Klaxon 12L uses 8 amperes. A medium­
sized and popular t.ype; also a deep-toned horn; Fig. 10. 
J(laxon-6 uses 5 amperes; Klaxette, (not shown) 3 amp. 

To adjust the Klaxon 12-L and KJaxon•6 (Figs. 9 
:ind 10): Loosen the screws and remove cover. 
You will find a locknut (A) (F~. 5). While the 
motor is runnin~ adjust screw (S) until the note is 
as desired. This action forces the armature shaft 
with its wheel (W) against the button (B). Replace 
cover and tighten rnrews. 

Care of EJectric Horn 
Clean and lubricate commutator once a month, 

as follows: With a dry cloth wipe the commutator 
ciean. Apply a little vaseline with a clean cloth. 
Use thln oil in ~inter. Apply this to the com­
mutator. The slightest film is all that is necessary. 
Every three or four months a little vaseline should 
be applied to tbe toothed wheel (W). Oil the 
shaft bearing once a month. 

1 Write the Klaxon Co., Anderson. Intl., for instruction pam­
phlet on adjusting and caring for the Klaxon. 

Write the Sparks-Withington Co., Jackson. Mich., for in­
struction pamphlet on adjusting and caring for the Sparton 
motor horn (a popular make). Adjustment of tone of Spart on 
horn is made by turning adj. screw in rear of motor cover. 
To oil, remove motor cover in rear and drop in a few drops of 
light oil at each end of the armature shaft in oil groove. 

The LeClaire electric born vibrates a tuning fork against a 
,-iolin spruce wood diaphragm. The manufacturers state that 
t.here are no part.s to adjust or oil. New Era Sprini: & Specialtv 
Co., Grand Rapids, Mich. c-
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On the Klaxon 20-L, oil once a week through oil 
hole (0) (Fig. 8). Give two drops of "3 in l" oil. 

If the horn starts with the right tone and suddenly jumps 
to a higher pitch or screech, it indicates too light a contact 
between rotor and diaphragm. This can nsunlly be remedied 
by tightening screws (6). 

tf the tone falls off, look to voltage of battery first, then 
to adjustment, then to lubricntion, and clean and lubricate 
commutator. 

Electric Horn Adjustments 
As an example, the North East electric horn 

(Fig. 11) will be used. 
Tone adjustment: First be sure that the horn 

needs adjustment; trouble may be due to other 
causes (see "Troubles"). Adjust by turning the 
tone adju~ting screw slightly in or out, as the case 
may reqwre. 

The speed at whkh the motor can revolve is also an important 
factor in producjng n. loud clear tone-this is dependent upon 
the condition of the motor and horn. 

Vlhen replacing diaphragm, always fit n new gasket on each 
side. Tighten nuts and bump horn (projector end down) on 
soft felt or waste, then draw up slack by again tightening nuts. 

Horn Trouble Diagnosis 
Tone irref;Ular or weak: (1) battery weak; (2) loose conncc• 

tions at switch, horn, or grounded. connection, or ground or 
partial open circuit; (3) diaphragm screws or nuts loose; 
(4) bearings need oil; (5) brushes gummy or worn, not making 
good contact; (6) armature thrust spring too stiff or weak; 
(7) out of adjustment. 

Horn fails to operate: (1) battery weak· (2) ground or open 
circuit in wiring, button, or horn; (3) brushes not making good 
contact; (4.) field-coil lead broken; (5) armature binds; (6> 
ground in brush-holder, field coil, or armature; (7) open 01 
short circuit in armature; (8) out of adjustment; (9) oil on 
commutator. 

Hom blows continuously: (1) horn switch or button sturk, 
(2) short circuit in horn b11tton or wiring; (3) ground in horn 
or in wiring between horn and button. 

For testing electric hom 1 see pages 453, 451, 485. 
\.OCI~ NUT BINDING POST 

"' 

BRUSfY =..,..,b.,.;;;.;;_=19 
/PIGl,'\\L COl'IM\JTA"TOR / 

~'6~5~R BRUSH ARMA,"rURI'. / 

PACKING Jf~~'ii 'lliRUS"r SPRIH6 
TONE ADJ.SCREW Fl/I. l I. 

SOUND BOX 

Fig. 11. Sectional view of the North Enst electric horn. 

SPEEDOMETERS AND .ODOMETERS 

Purpose of a speedometer: The speedometer for 
automobiles is an instrument for measuring and 
indicating-in miles per hour-the exact speed at 
which a car is being driven. The number of miles 
per hour shown at the dial of the speedometer is the 
actual speed at wh.ich the car is traveling at the 
instant of indication. For this reason the numbers 
shown constantly change as the car is driven faster 
or slower. 

Necessity of a speedometer: A speedometer is 
necessary in testing a car, to learn its speed capabili­
ties under various conditions: in order to time trips 
over various distances, or to avoid violation of the 
speed limit laws; the penalty for which is u.rrest and 
fine. 

Purpose of an odometer: The odometer (com­
bined with the speedometer) is an instrument for 
measw-ing and recording-in miles and tenths of 
miles-the distance a car travels in making a trip. 
It also records the entire or total distance traveled 
during an entire season. 

Necessity of an odometer: The odometer is usu­
ally embodied in the same case with the speedom­
eter. It is necessary in auditing the cost of oper­
a.ting and maintaining a car. It enables the owner 
to tell how much gasoline is used per mile; how 
much his tire expense per mile amounts to; how 
rnuch mileage he gets out of his car. Thus it 
enables the owner to make comparison of the cost 
of operating and maintaining bis car, with the cost 
of operating and maintaining a car of another make. 
The recording and resetting features of the trip­
register part of the odometer a,re a necessity in fol­
lowing a guide book when touring. 

Speedometer Principles 
The magnetic principle (Fig. I), as employed in 

Stewart-Warner instruments, utilizes a revolving 
magnet positively driven from the car wheel or 
other part. The magnet exerts its influence on a 
metal part which is separated from it by an air 

gap, which in turn is connected with the indicating 
mechanism. The metal part is generally aluminum, 
as the inertia of the part must be kept as low as 
possible to make the speedometer quickly sensible 
to speed changes. A feati1re of the magnetic design 
is that the travel of the dial bears a direct ratio to 
the speed of travel of the magnet, and in order to 
compensate for changes in the drag, due to temper­
itture differences, a compensating unit is fitted. 

.. 
',. 

'-!A~NtTJC Cttii'2IPUGAt. 

Fi;. l Fig. 2 Fig. 3 

The four principles of speedometer operation: Juagnet-ic, in 
which a. revolving ma~net exerts its drag on the dial; cent,rif­
ugal, in which revolvmg weights supply the energy due to 
centrifugal forcei air, in which a current of air flows age.in.st a 
vane carrving the dfal, nnd liquid, in which a column of liquid 
is lifted a 'height proportional to the speed of the pump drive. 

Centrifugal control (Fig. 2), as utilized in speed­
ometers, is very much the same as that on a fly-ball 
engine governor. Standard, Johns-Manville, Sears­
Cross, Corbin-Brown, Hoffeker and Garford use 
this principle. Weights are mounted on the revolv­
ing shaft by bell crank levers which allow them t" 
travel farther from the a.xis of the shaft as the SJJeGd 
of the drive increases. The centrifugal force of tl;e 
weights increases as the square of the velocity of 
the shaft, meaning that at four times the speed the 
force doubles. 

This tendency of the weights to fly from the axial 
center of the shaft under the influence of centrifugal 
force furnishes the basis of the indicating needle 
movement. An ingenious feature in centrifugal 
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design is that although the movement of the weights 
would naturally vary as the square of the speed, the 
levers or cams governing the movement are so calcu­
lated that calibrations on the dial are uniform, or 
nearly so. Another feature which is carefully 
watched is the balance of the weights. The gover­
nors are made very sensitive, so that even at low 
speeds the correct rate of travel may be indicated. 

The air principle (Fig. 3) is an instrument which 
calibrates an air current and translates the result 
into miles per hour. The air circulator (A) consists 
of two intermeshing aluminum gears housed in :l 

chamber in which there are two openings, one from 
the outside and away frotn which the gears rot.ate, 
t.he other opening conducting the air into the speed 
dial chamber where the air is directed against a 
light vane attached to the inside of the speed dial. 

The speed dial is an inverted aluminum cup (C) 
inounted on a pivot set in jeweled bearings. The 
amount of air directed against the vane in the 
speed dial is ~overned by the speed at which the air 
eirculator (A) is driven by the flexible shaft. The 
speed dial, when the ca.r is at rest, is held at zero by 
the action of a nickeled steel hairspring. 

The liquid or hydraulic principle (Fig. 4): One 
instrument, the Veeder, which employs the hydraulic 
system, uses a centrifugal pump which is connected 
with the drive and which lifts a liquid to a height 
proportionate to the speed of the drive. The tube 
in which the colored liquid is lifted is calibrated to 
register speed. See illustration. (Mawr Age.) 

Speedometer Ddve Methods 
Front wheel drive: The speedometer can be 

driven from the front wheel (Fig. 5), or off the pro­
peller or transmission shaft, as in Fig. 6. The usual 
plan is to drive with gears. • 

SPEEDOMETER 
t1EAD 

)S1-\AFTC.Ott 

Transmission drive: Instead of placing the speed­
ometer drive on the front wheel, which has been 
the standard former method, it is now quite often 
placed just in the rear of the transmission, on the 

TRANS.-

FL£lOBLE SHAH 

..,_MAl~ORRlNG 
Gt:AA-THE 
ORl'IIMG 
GEAR 

Fig. 6. Stewart speedometer, propeller-shaft drive. 

transmission main shaft. Fig. 6 shows how the 
driving gear is attached to the front of the forward 
universal joint. The swivel joint and gear section 
are clearly depicted. Other manufacturers are now 
adopting a set of gears inside of the transmission 
case, to drive the speedometer shaft. 

The speedometer flexible shaft is shown in 1''ig. 7. 

.;-"TO SPE.EDOMETER 

~~Ei-l't,: 
swwa rOINT HERE J 

,:;;,,,~~"" 

H -·~(fj 
~ ✓, V\N 
I ,i.:-L 

~~M 
Fig. 7. The speedometer flexible shaft (Wallham. as nn 

example) is made up of a series of links (L), which are held i11 
position by a series of steel collars (M). The links (L) are 
covered with flexible tubing (T). The illustration shows the 
flexible shnft together with other fittings, including swivel and 
angle joints. 

Ratio of Gearing 
The ratio of gears for a speedometer when driven 

from front wheels is found by doubling the diameter 
of the tire. This gives the number of teeth neces­
sary in the large driving or road wheel gear. For 
example, a 30 x 4 tire would require a 60-tooth gear, 
etc. Driven pinions (small) on all Stewart-Warner 
speedometers, for front axle drive, have the same 
number of teeth, viz., 16, and drive through a 2½ 
to 1 swivel-joint reduction. 

The gear reduction in the swivel joint is mounted 
close to th\l driven pinion, as shown in Figs. 5 and 7 
When installed on the Jeft,-hand wheell a swivel joint 
is used which reverses the direction ot rotation. 

Calibration: The Stewart-Warner speedometer 
flexible shaft travels 1,009 revolutions per minute 
when the car is traveling 60 miles per hour. 

On all Stewart speedometers the space between the main gear 
(l, Fig. 5) and the pinion gear (2), should be 1/16". Also note 
that the 01ain gear should have twice the number of teeth that· 
there are inches in the diameter of the tire. 

When tires are changed to oversize, the car should be taken 
to the speedometer service station and gears changed. 

Speedometer Care and Troubles 
The following matter refers to the Stewart speed­

ometer, some of the instructions and illustrations 
being taken from the Studebaker instruction book. 

Fig, 8. Front view of specciometer, . 
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Resetting odometer: Pull out the trip odometer, 
resetting the plunger (Fig. 8), after which turn to 
right or left as much as necessary to show the figures 
you desire to have appea.r. After resetting the odom­
eter, do not fail to push the resetting plunger in as 
far as possible, or else the trip odometer will not 
re~ster. The speedometer is a very delicately 
,ldJusted instrument, and must be handled carefully 
to insure continued satisfactory service. 

"TRIP 
ODOMl:liR 
llESETTI NG 
PI.UN~R 

U I 
U I 

:;_ __ , •• .; Fl,EXIBl,E 
S~FT CONNECTION 

Fig. 9. Side view of speedometer. 

Lubrication: Do not attempt to lubricate the 
speedometer head under any circumstances. 

To lubricate the shaft, disconnect upper end tip, and pull 
chain out o! en.sing from lower end. Cover the links liberally 
wit.h Stc,\1n.rt Lubricant, and insert lubricant which can be 
obtainccl of Stewart service stations or Stewart-Warner Corp., 
Chicago, Ill. 

Speedometer Troubles 

If the speedometer is not operatin~ satisfactorily, 
look over the installation and see if it 1s in accordance 
with the following instructions: 

Flexible shaft connection: Make sure that the 
clutch in the flexible shaft enters the slot in the neck 
of the speedometer (shown in Fig. 9, "Flexible Shaft 
Connection"). The sliding bar on the other end of 
the flexible shaft enters the slot in the driving shaft 
at ti,:ansmission. 

Speedometer Adjustments 

Dial vibration results in failure to indicate speed 
and mileage. Noisy instruments are caused by any 
of the following: 
1. Loose union connection between speedometer and 

flexible shaft connection. 
2. Loose union connection between driving sbaft at 

transmission ru1d flmdble shaft. (These unions 
on flexible shaft should always be kept as tight 
as possible.) 

3. The :tle.xible shaft may be bent at a sharp angle. 
This condition causes the shaft at times to bind, 
ma.king the dial unsteady. 

4. The worm gear and pinion at the drive end may 
be either meshed in part only or entirely out of 
mesh, due to speedometer pinion gear sleeve at 
the rea.r of the transmission being loose. The 
shaft should be shoved in the housing as far a.s 
possible, and the nut tightened. 

5. The fle.xible shaft may not be well lubricated, 
which causes erratic shaft movement and 
unsteady indication. The manufacturer has a 
special grease for this purpose. 

0. The chain iil the flexible shaft may have broken. 
If so, it can be guickly repaired by replacing the 

broken link. If the chain breaks, unscrew bot-h 
shaft connections and remove the chain from the 
outer casing. Then repair the break by booking 
into place a new link-a very simple operation­
replace the chain, and screw both shaft ends into 
place. Extra. links may be obtained from 
Stewart-Warner Corporation branches or service 
stations at a nominal cost. 
When speedometer pointers vibrate, look for 

loose unions, connection, flexible shaft bent too 
sharp, lack of lubrication, gearsn0t properly meshing. 

Failure to indicate speed: Look for the same 
causes as above; also for a broken link in the shaft. 

Noise may be due to lack of lubrication or any of 
the causes described above. 

Checking a Speedometer 
A simple test worked out by Mr. S. T. Williams 

of the Motor World is shown in the table below, and 
is as follows: 

When the drive is from the front wheel, jack up 
the wheel. A chalk mark is then placed on the rim 
of the wheel, and the wheel is turned as fast as pos­
sible. 

At a signal, oi1e person reads the speedometer, and 
another counts the revolutions for one minute, as 
timed by a stop watch, or the second hand or a 
watch. The number of revolutions of the wheel, 
and the speedometer reading at the start and finish 
are noted. (By adding the two speedometer read­
ings, and dividing them by two, the average speed 
as recorded by the speedometer is determined.) 
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Fig. 10 

The actual speed may be obtained from the cha.rt 
in Fig. 10. Supposing the revolutions in the minute 
to have been 94, a horizontal line is followed until it 
meets the slanting line representing the diameter at 
the front wheel, assume it to be 34". Dropping 
down vertically, the speed is seen to be 9.6 miles per 
hour-which should correspond to the speedometer 
readings. If carefully made, this tf-,st is quite 
accurate, and requires little time. 



INSTRUCTION No. 40 
ELECTRIC PARTS OF A CAR: Preliminary Instructions for Locating 

Troubles of the Electric System 

DIVIDING THE E.LECTRIC SYSTEM INTO PARTS AND TROUBLES THAT COULD OCCUR 
Before it is possible to diagnose properly, or to 

test for any trouble in the electric system of a car, 
it is first necessry to know the fundamental principles 
imderlying all the parts, their location, and the 
relation of one part or another. 

Th~ fundamental principles of all parts of the 
electric system have been dealt with in preceding 
instructions. We shall now deal with the division 
of the parts, the troubles that are likely to occur in 
each part, together with the effect that these may 
have on some other part, and also with the devices, 
instruments, and tools necessary t-0 locate troubles 
and t0 remedy them. 

Electric troubles may be in the external parts, or 
in the internal parts. If trouble occurs in the igni­
tion system, then the point to begin at would be 
the source of electric supply of the ignition system, 
trarinlf through the external parts of this system. 
Then if the trouble is not located, the test should 
extend to the internal parts, such as the winding of 
the ignition coil, the condenser, etc. The same pro­
cedure would apply to the starting motor, the 
generator, the battery, the cut-out, etc. 

Hence the necessity of dividing the electric sys­
tem into component parts and testing the circuits 
of each part, and at the same time considering the 
relation of that part to some othe1· part. In other 
words, intelligently to diagnose electric troubles 
requires a knowledge of the fundamental principles 
of all the parts and their relation to each other. The 
importance of separating the pa.rts, in order def­
initely to be able to locate the trouble is the point to 
consider in this instruction. 

If we separate the electric system· of a car into its 
main external parts, we have: 
I. The storage battery. 4. The wiring system. 
2. The generator. 5. Dash ammeter. 
3. The starting motor. 

(I) Storage Battery 
If we take the storage battery and divide it into 

its component and internal parts, we have: 
(a) The storage battery plates. 
(b) The storage battery separators. 
(c) The storage battery jars. 
(d) The storage battery electrolyte. 
(e) The storage battery connectors and lugs. 
(f) The storage battery ground connection. 
(g) The storage battery terminals. 

Any of the parts of a storage battery mentioned 
above could cause trouble, such as plates being 
internally short-circuited, separators becoming 
rotted, jars leaking, electrolyte falling below the level 
of the plates, connectors or lugs not being burned 
properly.and thus making poor contact or open cir­
cuits, ground connection loose, and making poor 
contact or open circuits, and terminals also. 

The constn1ction, care, troubles, tests, and repairs 
of storage batteries are treated under the storage 
battery subject. 

Usually, when automotive electrical troubles occur, the bat­
tery is tested first (the.source of electrical supply). If in good 
condition, then attention is directed to the current-consuming 
devices. If not m gdod. condition, then the next step is to 
determine if the trouble is due to discharged or defective 

battery. Tests on pages 545-553 will determine this. If 
discharged, then the next step is to determine if the discharged 
condition is due to the genera.ting system. or excessive current 
consllmption, and thus step by step to locate the cause of the 
trouble. 

(2) Generator 
If we take the generator and divide it into its 

component and internal parts, we have: 
(a) The field poles and frame. 
(b) The shunt-field windings. 
(c) The regulation of the shunt-field windi.ng circuit. 
(d) The l!,rmature 
(e) The co=utator. 
(f) The brushes. 
(t) The cut-out. 

Any of the parts mentioned, if defective, would 
interfere with the proper operation of the generator, 
for instance: 
(a) The field poles, if loose where they are held to 

the frame by screws, would probably result in 
damage to the armature. The proper clearance 
between the ends of the field poles and the arma­
ture is a. point to consider. 

(b) Field windings, if grounded with the field pole, or 
if one coil is grounded with another, or if short­
circuited, would either carry no current at all, or, 
at best, a weak current. 

(c) The regulation system, such as the electromag­
netic "volta.ge regulator," or the "current 
regulator," may not be properly adjusted. 
These regulators are usually connected with the 
shunt-field winding of the generator, and if not 
properly adjusted, they would perm.it too high 
or too low an output of the generator. 

Flll"thermore, the regulator windings may be 
open-circuited or short-circuited, thus necessi­
tating a test of the windings. Or the points of 
the regulator may be bw·ned together and fail to 
open, or the resistance, usually connected with 
the points, may be burned out. 

If the regulation is of the "third-brush" type, 
the brush may not be seating properly, or the 
brush may be worn too short, or there may be 
poor connection of the brush with the wire con­
necting with it, or an improperly adjusted brush. 

All or any one of these troubles in the regulation 
system would prevent the shunt-field winding 
from building up lines-of-force properly and 
would thus affect the output of the generator. 

(d) The armature troubles are principally either in a 
short-circuited or in a grounded armature coil; 
that is, one wire may be shorted to another wire 
internally of the armature, or one wire may be 
grounded with the core of the armature, or there 
may be open circuits, where the wire is broken, 
or loose at the commutator. 

(e) The commutator gives more trouble than any 
other part of the generator. Eighty per cent of 
the. generator troubles are indicated by the con• 
dition of the commutator. 

A commutator blackened over its entire sur­
face indicates too much grease and carbon dust. 
Rough commutators require turning down in a 

448 
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lathe 01· being sanded. rvlica insulation, which 
is placed between each commutator segment, 
will protrude in time, as the copper, being soft, 
wears. As a consequence, the mica protrudes 
and prevents the brushes from making good 
contact, thus causing arcing at the brushes 
which, in turning, burns the commutator. 
There are other causes of commutator troubles, 
such as loose segments, loose wires to segments, 
etc., all of which will be taken up farther on. 
Oil should never be placed on a commutator. 

,f) The brushes are a source of trouble, principally 
when they fail to make good contact, when there 
is improper spring pressure, when tlw brushes 
are stuck in the brush-holder or are worn short, 
when the brush-holder is loose or when there are 
loose connections. All these affect the operation 
of a generator. When new brushes are fitted, it 
is important that they be seated to the curvature 
of the armature (explained farther on). 

(g) The cut-out has two windings: a "voltage wind­
ing" and a "series winding." The voltage fine 
wire winding connects across the ma.in circuit 
of the generator. In some instances the cut-out 
points burn together and permit the current 
to flow back through this fine wire winding, 
which burns it out. 

The cut-out series winding is connected in 
series with the charging circuit from the genera­
tor to the battery, and is a larger wire. It sel­
dom burns out, but may become short-circuited, 
or open-circuited. The windings can be tested 
for open circuits, short circuits, and grounds, 
just the same as the generator field-windings, 
the armature coil ,vindings, and the regulator 
windings; explained farther on. 

The cut-out points sometimes stick together, 
thus permitting the battery to discharge back 
through the generator, which is usually indi­
cated in the ammeter on the "discharge" side. 
Thi~ necessitates cleaning and a.djusting points. 

(3) Starting Motor 
If we take the starting motor and divide it into its 

component and internal parts, we have: 
(a) The field poles and frame. 
(b) The field windings: straight "series" or "series 

parallel." 
(c) The armature. 
(d) The commutator. 
(e) The brushes. 
(f) The bearings. 
(g) The starting switch. 
(h) The ground connections. 
(a) Field pole troubles are not common, but it is 

well occasionally to tighten the screws holding 
field poles to the frame, with a screwdriver. 

(b) The field windings, like the generator field­
windings, can be tested for open circuits, short 
circuits, or grounds, explained farther on. 

le) The armature troubles of a starting motor arc 
usually due to the bearings giving way and 
permitting the armature to strike the pole pieces, 
thus injuring the armature windings. 

The armature windings can be tested for open 
circuits, short circuits, and grounds, in the same 
manner as a generator armature, as will be 
explamed farther on. 

The armature shaft is sometimes bent or 
twisted, because of the back firing of the engine 
and hard strains. How to test and straighten 
this is explained farther on. 

( d) The commutator on starting motor is subjected 
to a great amount of current passing through it. 
Thus if it is roughened, it should be turned 
down in a lathe. It is seldom that the mica 
protrudes, as in a generator commutator, 
because the starting motor is not used as much 
as the generator. Loose wires from the arma­
ture coils to the commutator segments some­
times come loose and require soldering. 

\e) Brush troubles on a starting motor are usually 
due to poor contact on commutator, or to loose 
brush-holders. Brushes should seat properly. 

(f) Bearings of a starting motor are usually plain 
bronze bearings which may become worn from 
the lack of oil and long service. Thus when a 
heavy charge of current (150 to 300 amperes) 
passes through the armature and the field­
windings, a.s the armature revolves, it is forcibly 
drawn to the pole pieces! since the air-gap or 
clearance is very slight, Wlth the result that the 
armature strikes the pole pieces and damages 
them. This usually necessitates a new arma­
ture and end-plates with new bearings. 

(g) Starting; switch troubles u~ually result from poor 
connections, loose parts, or burned contacts. 

(h) The ground connection from battery to frame, 
which is a part of the st-arting circuit, should 
occasionally be examined. If not properly made 
when first installed, the connections will corrode 
and cut down the current supply not only to the 
starting motor, but to all of the other circuits. Vi­
bration often causes this contact to become loose. 

(4) Wiring System 

If we take the wiring system and divide it into its 
various circuits, we have: 
(a) The starting-motor circuit. 
(b) The generator charging circuit. 
(c) The ignition circuit. 
( d) The lighting circuit. 
(e) The horn circuit. 
(f) The ground connections. 

111 1ft 
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Fig. ,l. Dia,gran, of a Remy electric system as an example. 
The ob1ect of tliis diagram and the explanations is to point out 
where to start when tracing different circuit.i in order to locata 
troubles intelligently. Note the arrow points. 

Single arrow: starting-motor circuit. 
Two arrows: genera tor charging circuit. 
Three arrows: ignition circuit (primary). 
Four arrows: headlight circuit. 
Five arrows: tail-light circuit 
Six arrows: horn circuit. 
Seven arrows: cowl-light circuit. 
Single arrow to the side of '\\ires: secondary i1<nition circuit. 
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Where to Start Tracing When Trouble Occurs 
(a) The starting-motor circuit: The circuit in 

this example would start from ( +) of the battery • 
thence to the stal'ting switch, to the motor t~ 
~ound, to ( - ) ground of the battery, as show~ by 
smgle arrows on the wires. 

If _the ( +) termi',lal of the battery is grounded, then the 
start,!'\ of the circmt would be at the grounded ( +) terminal 
~~o!~:. attery, to the (+) irrouoded brushes of the starting 

The (?art~ included, therefore, in the starting­
moto~ crrcu1t_ are the battery, the heavy wire, the 
start1ng switch, the motor field-windings the 
brushes

1 
the commutator, the armature the gr~und 

con.nect1on of the motor, and the ground connection 
of the battery. 

(b) _The gener~tor charging circuit: The point 
at which to start m the example (Fig. 1) is with the 
( t) _brush of the generator, to the cut-out series 
wmding, through the closed cut-out points, to the 
ammeter, as shown by two arrows on the wil'es. 

If the(+) brushes are grounded, then the(+) terminal of 
the battery would also be grounded

1 
and the start would be 

from_ the ( +) grounded brushes, to t e ( +) grounded battery 
te_rm1nal, thence to tho starting switch, ,vhere the main charging 
wue usually connects, to the ammeter. 

Thus the parts of the generator main charging 
circuit include the generator armature, the brushes 
the cut-<>ut, the ammeter, the connection to on~ 
sicl.e of the starting switch, the battery, and the bat­
tery ground connection. 

Troubles which are common in this circuit are 
opell: circuits, grounds, short circ_uits, and poor con­
nections; and the poor connections would include 
poor brush contact, loose terminal~, and loose or 
coi:roded J:?att.cry terminals and _ground connections. 
It 1s very unportant that the third brush of a third­
brush-regulttted generator be properly seated. 

(c) The ignition circuit takes its current from 
the battery, a.t switch connection (B), when the 
engine is first started, or when it is running, slow. 
When the engine is speeded up, the generator 
generates sufficient voltage to charge the bat.tery 
and the current for ignition is then taken from th~ 
generator at switch connection (G). 

In the example shown in the illustration (Fig. 1) 
the ( - ) terminals are grounded; therefore the start 
for the ignition circuit is at the ( +) terminal of the 
batter¥ or at the ( +) terminal of the generator, to 
thesw1tchat (B) or (G), to (I), to the resistance unit 
on the coil, through the primary winding, to (T), 
to the contact-breaker, to ground (G), to the (-) 
ground of the battery or generator. 

If the ( +) terminal of the battery and generator arc grounded 
then the start would be from ( +) of the battery or generator 
to the grounded terminal of the contact-breaker. 

The ignition circuit is divided into two circuits, 
the primary low-tension circuit and the secondary 
high-tension circuit. 

The primary or low-tension circuit includes the 
ignition switch, the ignition resistance unit, the pri­
mary winding and the contact-breaker, ana also the 
condenser, which is always placed across the contact­
breaker points. 

The condenser is sometimes placed in the coil, and 
~ometime~ on or in ~e contact-breaker housing, but 
m every instance 1t connects across the contact­
breaker points. 

The resistance unit is sometimes placed on the coil 
and sometimes on the contact-breaker housing, and 
is always in series with the primarv circuit. 

The secondary circuit is an independent circuit 
termed the "high-tension" circuit. It starts wit!; 
t.he second~ry winding in the coil, through a very 
heavy terrrunal, thence to the center of the distribu­
tor, to _th_e r~tor 1 thence to the segments or points, 
where 1t 1s distributed to the spark plugs in their 
regular firing order, thence to ground to the 
grounded terminal of the secondary. ' 

The parts therefore include the secondary wind­
ing, the distributor, and the spark plugs. 

The primary ignition circuit usually takes it,s cur­
rent supply from the switch (if ( - ) terminal is 
grounded~. N9te in the diagram that the connection 
to th(? switch 1s from the a=eter. If the batterv 
supplies the current, then the current must pas.~ 
through ~he ammeter on the "discharge" side, 
whereas! 1£ the ge~erator supplies the current, it is 
taken direct at switch terminal (G), and thus does 
not pass through the ammeter. 

. Tr~mbles which ~e _common with the i~nition 
crrcmt are: ~pen crrcU1ts, grounds, short circuits, 
poor c~mnect1ons, both externally and internally of 
the coil, also burned-out resistance units loose con­
denser connections, defective or short-circuited 
co1_1densel'S, incorrec_t adjustment of contact-breaker 
pom~s. burne<!, or pitted points, incorrect timing or 
openmg of pomts of contact-breaker, defective dis­
tributor, incorrect spark-plug gap, leaky spa.rk plugs, 
fouled spark plugs. 

. (d)_ The li~hting circuit includes the headlight 
cu:cu!t, th~ ch!11ille1· or auxiliary light circuit, the 
t~1l-l!ght c1rc_u1t, the cowl board or instrument light 
crrcmt1_and, ma closed car, there will probably be a 
dome ught. and to!meau lig~t. ~ thi:3 example a 
dimmer resistance 1s thrown 1n senes with the head­
lights to dim the headlights. If switch connection is 
made at (5~ (Fig. I}, the dimmer resistance is in series 
w_,t,h he~dhgh~s. _If ~onnection is ?Dade at (4), the 
chmmer 1s not m circuit, and headlights arc bright. 

'!he light~g circuit starts at the ammeter (1), to 
switch (B), ? the batte!'Y supplies the current, an<l 
from the switch at (G) 1f the generator supplies the 
current; that is, on the assumption that the ( - ) 
terminal of the battery and generator are grounded 
which they are in the example shown on page 449'. 

If the ( +) terminals a,e grounded, then the circuit would 
stnrt from the ( +} ground of the battery and generator to 
ground of tho lamps. 

If current for lights is taken from the battery, the 
current in the example (Fig. 1) (and on many other 
systems) must pass through the ammeter (2) to (1) 
and thus it shows "discharge." ' 
. If c~re;11t is being taken from the generator for 

lights, 1t 1s taken from (G) on the switch for the 
headlights, and one side of the ammeter (1) for the 
other lights, but does not usually pass through the 
ammeter. 

The current rasses through ammeter however 
from _(l) _to (2) (or in the opposite direction to that 
m which 1t passed when the battery was discharging). 
When the generator is charging the battery the 
needle will show "charge." 

If the ( +) of the batterr and generator a.re grounded, then 
the start would be. fro~ this ground to the ground of all light 
c1rcU1ts, as shown in F1g. 8, page 426. 

Either a fuse (page 426, Fig. 8), or a circuit­
breaker (see Delco system1 Fig. 15, page 392) is 
a~wa~s placed _in the li~hting circuit. A fUs<> or 
CJrcmt-breaker 1s seldom Ill any of the other circuits 
except the horn, which always has a fuse or circuit­
breaker in series with the circuit. 
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Troubles which are common in the lighting cir­
cuits are open circuits, grounds, short circuits, poor 
connections, burned-out bulbs, and blown fuses. 

If all of the lights fail to burn, the indications are 
a blown fuse. Therefore the first place to look is at 
the fuse; if the fuse is not blown, then an open cir­
cuit exists. 

If only one of the lights fails to burn, the indica­
tions are that the bulb is burned out or an open cir­
cuit exists on that line. 

If the ammeter shows "discharge" with all 
switches off, then the indications are a "ground." 
lithe discharge is heavy, a short circuit in the wiring 
exists at some point 1 and the fuse should "blow" if 
there is one in the circuit. 

When troubles of this natw-e occur, the trouble 
should be located before a new fuse is installed. 

(i,) The horn circuit is usually taken from the 
a=eter (1), in the same manner as described under 
the subject of lights. A push-button is usually 
placed in the top of the steering column. A fuse is 
always connected·in the horn circuit, or else in the 
circuit-breaker circuit, as on Delco systems. 

Troubles of the horn circuit are open circuits 
grounds, short circuits, rush-button defects, and 
also troubles internally o the horn. See Index for 
"Electric horns." 

(/) Grounded connections: By referring to 
Fig. 1, and to Fig. 8, page 426, and to all other 
wiring diagrams of the single-wire, ground-return 
systems, it is to be observed that the grounded 
connection of the battery not only serves for the 
generator charging circuitJ>ut is also a return path 
or lead for all circuits. lience the importance of 
seeing that this o.ud all ground connections are tight. 

(5) The Dash Ammeter 

The dash ammeter might more properly be termed 
the cowl ammeter, as it is placed on the cowl or 
instrument board of the car. 

The purpose of this instrument is to indicate the 
amount of current passing from the generator to the 
battery, and indicates on the "charge" side of the 
.1ero (0) of the ammeter. 

When current is being taken fron;i. the battery for 
lights and ignition (not for the starting motor), the 
cun-ent is from (2) to (1)1 and t}).e needle of the 
ammeter indicates on the ' discharge" side (see also 
page 334). Thus it is clear that if the ammeter 
shows "discharge" when it should show "charge " 
or if it shows "discharge" when all switches are off, 
it indicates something is wrong. This subject is 
treated on pages 471 and 472. 

On some cars, for instance the Franklin, an indi­
cator is used instead of an ammeter. This device 
indicates when the battery is "discha1·ging" or beinl!; 
"charged." Unlike the a=eter in one respect,, 
although it, serves the same purpose, it can be pbced 
in the circuit of the battery to the starting motor. 
Owing to its construction, 1t will show "charge" or 

"discharge" on 2 amperes of current, yet it is ca.pable 
of withstanding 300 amperes and any voltage. The 
ammeter, however, is universally used. 

If the ammeter should be connected wrong, or if 
the battery is connected wrong, the ammeter needle 
will read in the opposite direction. 

The point to note is this: Usually the ammeter is 
the point from where the ignition, lighting circuits, 
and horn derive their source of electric supply for 
either the battery or generator, and that the current 
runs thence to the switch. 

Summary 

The various parts and circuits of the electric sys­
tem have now been fully dissected. The reader 
should bear in mind that the only succe~sful method 
of diagnosing electric trouble is to locate the circuit 
or the part the trouble is in, and to eliminate one 
possible cause after anotheri until the probable 
cause is arrived at. We cou d fill this book with 
an enumeration of possible troubles, their cause and 
remedy, but the simplest method is to learn the 
fundamental principles of each part, the circuits, 
and the relation of one circuit and part to another, 
and then to THlNK-and to use intelligent thought 
before deciding, or even starting to locate a trouble. 

W'hen making tests, first determine which one of 
the parts or circuits the trouble is in, and then test 
that part from the beginning to the end. 

For instance, if the generator fails to show 
"charge" on the ammeter, start at the ( +) of the 
generator, then the fuse (field fuse), then the cut-out, 
then the circuit. lf the fuse is blown, there must be 
a short circuit. Find the cause. 

If lights fail to burn, first examine the lamp-bulb 
to see if it is burned out; if not, then the lamp-socket, 
then the fuse; then start at the switch and then 
test the wiring. lf the fuse is blown, find the cause. 

Points to Remember 
Remember this same principle applies to a two-wire system. 

Remember that when a fuse-block is used in a circuit, the fuses 
are merely cut into each circuit, which will melt and open 
the circuit i£ a wire or part becomes short-circuited. The cause 
of the "blowing" should always bo learned . 

Remember that a fuse is never used in the starting-motor 
circuit, but a fuse is used in the field-circuit in nearly all thlrd­
brush regulated generators. If the fuse is blown, the generator 
will not generate current. Also remember that the ammeter 
is never connected into the starter circuit unless it is connected 
..:\·ith a "shunt." 

Remember that the cut-out is often placed integrally with 
tho -generator. For instance, on the illustration, page 364. 
the cut-out is in the generator housing nnd is connected inter­
nally with the genera tor. 

Remember thnt the regulation of the output of a third-brush 
generator does not have a separat<a mechanism t-0 regulate tho 
current. and that it is important that the thlrd-brusb, as well 
as all other brushes, should be properly scat rd t.o the commuta­
tor. 

llcmen•ber thn.t a generator which hll.S a voltag<? regulation 
system dot.'S huve a mechanism rnlled :-1. "volt.ago regulator ' 1 

which cont~ols the output. ' 

Remember that a Wiring Diagram Book will tell you iust 
what kind of a regulation system a generator has, and will also 
show t.he external and internal circuit:!. 

OPEN CffiCUITS, POOR CONNECTIONS, GROUNDS, AND SHORT CIRCUITS 

Throughout the !)receding instructions, frequent 
reference is made to the subjects in this heading. 
We shall now analyze the meaning of these and their 
relation. In fact, practically all of electric troubles 
are due to open circuits, poor connections, grounds, 
t'r short circuits in some part of the electric system. 

Open Circuits 

Open circuits, as the name indicates, is a point 
where any part of a circuit is opened. It is an 
incomplete circuit, and thus it does not offer a pas­
sage for the current. 
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Low-tension (voltage) direct current is used in all 
circuits of the automobile, except in the secondary 
ignition circuit, which is an independent circuit of a 
high tension. The secondary circuit, however, is 
~epen_dent upon the low-tension primary circuit for 
1 ts ex1Stence. 

In order that electricity may flow, it must .nave 
1~ complete circuit to flow in, even though it is not a 
copper path all the way. For instance, the steel 
frame of the car can be, and is, used for a part of the 
path. 

Electricity starts at the positive or ( +) terminal 
of the generator or battery, and returns to the nega­
tive or ( - ) terminal. 

Thus if the circuit or path is open, the low-tension 
current cannot pass or jump across a gap, and this is 
termed an "open circuit." 

Causes of open-circuits may be said to be loose 
connections or blown fuses, broken wires, or the 
fact that brushes on the generator or motor do not 
make contact; also open circuits may occur at the 
commutator where the armature coils are soldered 
to the commutator segments, or possibly on the 
armature coils themselves, or in the field windings, or 
in loose or poor connections at the battery or ground 
wire. 

Indications of open circuits are: Lamps failing to 
light, ammeter failing to indicate "charge" or "dis­
charge," the starting motor failing to start, absence 
of spark at the spark-plug points. In fact, an open 
circuit could exist in any one of the circuits, but sel­
dom in all circuits at one time; hence the importance 
of knowing the different circuits and their relation 
one to the other. 

There are several methods of testing for open 
circuits, all of which will be f'Xplained farther on. A 
few pointers are given below. 

If any one lamp fails to light, it indicates an open 
circuit in that line. "Blown" fuses, a brnken lamp 
filament, or a broken lamp wire may be responsible. 

If all lamps fail to light when the engine and 
dynamo are speeded up, the open circuit is most 
likely located between the battery and the dynamo, 
or between the dynamo and the lighting switch. 

The "blowing" or melting of a fuse opens the 
circuit and disconnects from the system the short­
circuited wire which caused the fuse to blow. There­
fore the cause should be located, before replacing a 
fuse. 

An open circuit that often occurs, and that is diffi­
cult to find, is a broken wire inside of the insulation 
of the lighting wiring. The easiest •way to find the 
break is first to determine which one of the wires is 
open and then temporarily to run another wire in its 
place and note if it remedies the trouble. 

Testing current flow: Whether or not current is 
flowing in a given circuit may be determined by 
removing one of the wires forming the circuit, and 
then touching it to its terminal. If a spark occurs, 
current is passing through the line. 

Loose and Poor Connections 

It is also well to notice the close relation of open 
circuits and loose connections. If connections are 
poorly made, but not completely loosened from 
the terminal, then there will very likely be an 
"intermittent open circuit," that is, the circuit will 

Grounds 

There are two kinds of grounds: oue which is 
intended to ground the circuit, as from the battery 
to the frame of the car, and one which is not intended 
to ground, but does so for various reasons. It is 
with this latter ground that we shall deal here. 

In speaking of an intended ground, bear in mind 
that it has no connecUon whatever with the ground 
or earth. It is merely a term used to indicate that a 
part of tl1e circuit is connected to some metal part 
of the car, thus saving the necessity of using two 
wires for a circuit. 

Wires that are grounded, but not intended to be 
grounded; can be the result of numerous causes. 
l<'or instance, if the insulation on one or more of 
the armature coils is in such a condition that there 
is a leak of cunent th.rough the insulation to the 
metal core of the armature, it would be termed 
"gi·ounded." 

Or if two 'l\'lres are oil-soaked and close together, 
and it' they leak current from one to the other, the 
circuit may not be completely short-circ 1.uted, but 
it will be "grounded " and thus reduced in value, 
owing to the leak, whlch results in a weak current 
supply. 

A FRAME OF CAR~ 

lcig. 2. A i:,ouncl. 

Another example of a ground is shown in Fig. 2, 
where a two-wire system from a battery is shown 
connected to two lights.. If the wire was grounded 
to the frame at (A), the current could still flow to 
the lamps. Therefore, a·"ground" might be termed 
an electrical "leak." 

Short Circuits 

A short circuit means that two conductors of cur­
rent are in metallic contact when they should not be. 

~-,, 

Fig. 3. A short circuit with wires which are supposed to be 
insulated from the fra,me. 

For example, on a two-wire system, as in Fig. 3, 
if one wire was "grounded" to the frame of the car, 
as at (A), and the other wire of the circuit was 
grounded at (B), a "dead short circuit" would be 
the result, and the lights would not burn at all. The 
path of the current from the battery would be 
shortened, and as electricity takes the path of least 
resistance,* it would flow freely through the frame of 
the car instead of through tli.e lamps, which are of 
higher resistance. The result would be that the 
battery would discharge at a very high rate. In 
fact, the effect in this instn.nce would be the same as 
connecting aw-ire across the ¼rmiuals of the battery! 
and unless the wire W:¼S of very large size, it wouk 
get very hot, or burn mto and thus damage battery 
internally. For this reason fuses or circuit-breakers 
are used in some of the circuits such as the lighting 
and horn circuits, which are longer and are more 
exposed, and nearer to the frame. to dampness, etc. be complete at times, and at time!: open. 

• See footnote, p. Z.37. 
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Fig. 4. A short circuit where one "1re is insulated and 
the other grounded. . 

An example of a short circuit on a single wire or 
grounded return system of wiring is shown in Fig. 
4. Under these conditions we should have the 
same result as in Fig. 3. 

Note1 for instance, that the circuit (when not 
short-circuited) is from the positive terminal of the 
battery, to the grounded connection to the frame, 
to the grounded connection at the end of the frame 
(which is intended), through the lamp, to the nega­
tive terminal of the battery. 

Suppose the wire, as shown, becomes short-cir­
cuited or in contact with the frame at (A): the 
result is that the path is shortened and the current 
would flow from the positive terminal of the battery, 
through the ground connection, to the frame, 
through the wu:e in contact with the frame at (A), 
to the negative of the battery. Thus the current 
is short-circuited and would not pass through the 
la.mp, since the easier path is through the wire where 
it makes contact with the frame. The effect on 
the battery would be the same as placing a wire 
directly across the battery terminals, which would 
be termed a "dead short circuit" across the battery 
terminals: 

Indications of Grounds 

If there is an ammeter on the car, it will show a 
"discharge'.' with all switches off. The needle 
should stand at "0" when all switches are "off." 

Lamps when turned on will burn dimly, in case of 
a ground. 

Testing for a ground i.s made by several different 
methods, but if the ammeter shows "dischar~e" 

. wit_h the ~wit~hes "off," then it_1_·s a ~atter of finding 
whwh Wlre 1s grounded. This Will he explained 
farther on. 

If there is no ammeter on the car, and a ground is 
suspected, then turn all switches "off" and discon­
nect the wire at the terminal of the battery (as in 

SPARK 

Fig. 5. One method of testing for a ground. 

Fig. 5), and strike the terminal in quick succession. 
If a spark occurs1 even though very slight, it indi­
cate~ a "ground.' Grounds will cause the battery 
to discharge. The rate of discharge will depend 
upon the intensity of the ground. 

Indications of Short Circuits 
If there is an ammeter on the car, the needle will 

probably go to the limit of the scale on the "dis­
charge" side. 

Fuses will blow repeatedly. 
~ ~ sh~rt circuit exist~ ill: the starting-motor cir­

C?,lt, it ml! probably be mdicated by the wires get­
tmg very hot, and the smell of burned insulation can 
be noticed. In fact, a "dead short circuit" would 
cause the insulation to burn and smoke. This 
w9uld seriouslr injure the battery internally if per­
IDJtted to contmue for a long period of time. 

As previ~usly state~, ~rounds, short circuits, and 
open Cll'CllltS may exist m any part of the circuit 
~ve!1 t_o the armature and field-windings. Th~ 
mdicat1ons and appropriate tests will be taken up 
in their respective order farther on. 

Before taking up the subjects of electrical tests 
and tools a_nd devi?es t~ test with, a Digest of 
Troubles Wlll be given m the next instruction 
which is to be used as a reference. ' 

TESTING ELECTRIC HORN AND CffiCUIT 

Testing horn circuit: Test with ammeter, using 
30 ampere shunt (Fig. 6). Adjust born to take 
least amount of current. The average horn takes 
from 3 to 8 amperes, depending on size. If am­
perage is very high, it is probably due to dry or 
dirty bearings, commutator, brushes, or sho1·t 
circuits or grounds internally (see also pages 451, 
485, for other tests, and page 445 for "Hom trouble 
diagnosis"). 

Fig. 6 

Testing Horn Moto•· 
Use a test light and look for indications as men­

tioned below. Before making test, disconnect 

wires from horn terminals (see Fig. 11, of the 
North-East horn, page 445). 

T~sting for ground in brush holder or field coil: 
(I) msulate brushes from commutator (in grounded 
type, remove ground connection first); (2) test from 
each brush liolder to frame. Light indicates a 
ground. 

Testing for ground in armature: (1) insulate 
brushes from commutator; (2) test from commuta­
tor to frame.. Light indicates a ground. 

Testing for short circuit in armature: (I) use a 
growler (see page 499). 

Testing for open circuits in field coils: (1) insulate 
brus~es from C?~mutator· (2) test from positive 
ter~na.l to pos1t1ve_brush holder and from negative 
termrnal to negative brush holder. Failure oF 
test light indicates open circuit between par~ 
tested. 



INSTRUCTION No. 41 
DIGEST OF TROUBLES: Electrical Troubles; Engine Troubles; 

Miscellaneous Troubles 

MAKING A DIAGNOSIS 

Diagnosing automobile troubles requires thought 
and reasoning. If a person understands the princi­
ple and construction of the various parts of a car 
and one of the hundreds of possible troubles occurs, 
then simply reason it out; ask yourself what the 
t.rouble is, what could cause that trouble, and why 
the trouble is there. Find out if it is ignition, car­
buretion, cooling, or just what the trouble is, and 
then figure it out the best you can before proceeding. 

It is of little use to turn the engine over and over 
by the starting handle or by means of the engiue 
,tarter, in an effort to get it going. • If the engine 
will not start with a few turns, the chances are that 
there is something radically out of order, requiring 
intelligent attention. With the carburetor giving a 
correct mixture, the ignition system affording a hot 
and effective sparkJ and everything else apparently 
all right, it should oe as easy to secure an explosion 
on the second stroke as on the sixtieth. So if the 
engine will not start with the second or third 
attempt, it is not likely to start with three or four 
hundred attempts; consequently it is better to find 
out the cause of the trouble than to turn·the engine 
over indefinitely and run the battery down. 

To Make an Engine Run Two Things 
Are Essential 

Always remember, when diagnosing troubles, 
that there are two essentials to the running of an 
engine: first, gasoline; second, a spark. 

The gasoline must reach the inside of the cylin­
ders, and the spark must be there at the proper time 
to ignite the gas. If you have both, something is 
bound to happen, even though it is but a single 
explosion. 

Next, remember that even though you have a 
spark and gasoline-the engine will not run properly 
if the gas does not enter the cylinder at the right 
time "and stay there," and be in a proper gaseo,1s 
form. 

The gas cannot be ignited regularly if there is not 
n. good, hot spark at the correct time. 

Next, remember that if an engine is not properly 
lubricated and cooled it will heat. If the engine is 
too cold, heat must be applied for proper earbure-
1,ion. 

Therefore, speaking generally, we find that most 
troubles are found to originate in ignition, carbure­
tion, and lubrication. 

lf trouble occw·s, first find which of the three 
headings the trouble ~omes under and then reason it 
out. 

The object of this digest or condensed account 
of troubles and remedies is simply to give you im 

idea of what would be likely to cause certain troubles 
and what would be likely to remedy them. The 
reader will then decide which one is most probably 
the trouble confronting him, and if he does not know 

the meaning of certain adjustments called for, he will 
then turn to the Index, find the subject mentioned, 
and read up on that s~oject. 

Systematic Trouble Hunting by a Process 
of EliminationL 

In dealing with engine troubles, one should always 
try to figure out the possible cause of a trouble 
before starting to adjust something that does not 
need adjusting. 

An adjustment never should be changed without 
a knowledge of why the change is made, the effect 
the cha.nge should haveJ and how to restore the 
mechanism to its original adjustment. 

If one will first reason out the probable causes 
of a trouble, the real cause can be quickly located. 
For instance, if a single lamp fails to burn, you will 
know that the trouble is not in the battery or the 
generator if all the other lamps bum. Therefore 
the cause must be in that particular lamp in the 
socket, or in the wiring of that particular lamp. 

Similarly, if the starting motor fails to start the 
engine, yet you know that it is turning the engine 
crank shaft, and your lights burn brightly, you 
would not look to the battery for the trouble, but 
you would know that the trouble must be with the 
ignition or carburetion. It is then a inatter of 
applying the process of elimination-that is, test 
each of the remaining probable causes until the final 
cause is the only one left. 

When the possible cause of trouble cam1ot be 
imagined, then begin with a careful examination of 
all the features of the engine that are likely to give 
rise to the trouble. 

If nothing out of order is found, then begin test­
ing out the various features, beginning ,Vith the 
easiest and most accessible, and thoroughly com­
plete each test before starting on another possible 
cause. 

· For example: If your ignition system is suspected, 
the easiest thing to test would be the spark plugs. 
First find the faulty plug; then proceed from the 
spark plugs to the wiring between the plug and the 
distributor; then examine the battery connections, 
the switch connections and 1 last of all, the adjust­
ment,:; of either the timer, tne coil, or the magnet-0. 

Do not examine a spark plug and then leave it 
nnd try a few carburetor adjustments, and later 
come back for another spell of tinkering with the 
ig11ition, etc. 

If you suspect the ignition syst,em, go to it from 
beginning to end in a systematic manner before 
proceeding with the carburetor, and likewise with all 
other parts. 

'Sec Index for "Digest ol lighting troubles" and see Index 
for •1 Storage battery troubles" and" Tire troubles," as well as 
for subordinate subieots involving "troubles." See also pages 
512 lo 519. 
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DIGEST OF TROUBLES 

DIGEST OF GENERATOR TROUBLES1 

When troubles occur in the electric system of a 
car, remember that the electric system is divided 
into four parts: the lighting circuit, the generating 
circuit, the startin~-motor circuit, and the ignition 
circuit. The idea 1s then to determine in which of 
the circuits the trouble is, and then to test it from 
beginning to end, as previously explained. 

The troubles and the indications and causes of 
generator troubles can be classed under two heads: 
t,hoi-e which are due to mechanical defects and those 
due t,o electrical defects. 

Mechanical Generator Troubles 
Indications: Noise; low current generated, or no 

current at all. 
Causes: (1) Broken bearing (examine by turning 

armature by hand. If it sticks or turns hard, look 
to ball bearings and replace); (2) loose driving gear 
or pinion (if loose, key to shaft); (3) armature off 
center (may be due to loose pole pieces. See that 
the screws with counter-sunk heads on outside 0f 
generator are tight); (4) shaft bent (this is more 
common on starting motors than on generators. A 
new armature is required if shaft is bent); (5) 
commutator burst (when th.is happens the br-ushes 
and brush-holders, etc., are also damaged. A new 
armature, brushes and brush-holders are required\, 

Electrical Generator Troubles 
Electrical troubles can be classified as: (a) open 

circuits; (b) groundedorshortcircuits; (c) defective 
regulation system; (d) defective cut-out. 
(a; Open-circuit indications would be a low current 

generated, or none at all. 
Causes: (1) Brush counections poor; (2) 
brushes stuck; (3) brushes worn too short; (4) 

brush spring brokeni with consequently no 
sprin~ pressure to ho d brush to commut-ator; 
(5) dirty commutatori (6) if the armature is 
open by connect.ion bemg loose at commutator, 
or owing to a broken coil, it would cause intense 
blue sparking at commutator and flattened 
commutator bars; (7) field coils, if open, will 
show no current at all, or if partially open, a low 
current generated. 

(b) Ground or short circuits may be (1) at main 
terminals; (2) at brush connections; (3) at brush 
holders; (4) armature, if short-circuited, will 
cause excessive heating of armature burned 
insulation, and low current; (5) field .coils, if 
short-circuited, will cause field coils to heat and 
low current to be generated: (6) commutator, if 
short-circuit.ed, will produce no current at. all, 
or a low current output. 

(c) Regulation: In this instance we shat! deal ·with 
the "third-brush" system of regulation. If a 
"voltage-regulated" system is used, see lndex. 
Indications will be that tbe charging current 
is too low or too high, and does not remain con­
stant at high speeds. 
Causes: (1) Incorrect setting .)/ third brush; 
(2) brush not sanded in; (3) spring pressure on 
brush not sufficient. 

ld) Cut-out remaining open at all times: Result 
will be: (1) no current to battery; (2) generator 
will get very hot; (3) generator will burn out. 

(e) Cut-out remaining closed at all times: Result 
will be: (1) battery will discharge back through 
generator at about 20 amperes (on the Ford), 
when the engine is not running or not running 
fast enough. This will discharge the battery. 

GENERATOR TROUBLE CHART 
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DIGEST OF STARTING-MOTOR TROUBLES 2 

Starting-motor troubles, their indications and 
c:auses may also be classified under two heads: 

1 Tho "Generator Trouble Chart" is reproduced here t-hrough 
courtesy of the. Service Station Equipment Co. 

'The "l\Iotor Trouble Chart" (page 456) is reproduced 
throush courtesy of Service Station Equipment Co. 

those which. are due to mechanical detects and those 
due to electrical defects. 

J\leehankal Starting-:\Iotor Troubles 

Indications: Excessive current draw, slow crank­
ing or complete failure to crank, and excessive noise. 
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Causes: (1) Worn bearings; (2) shaft bent; (3) 
co=utator burst; (4) loose pole-pieces; (5) broken 
Bendix drive system; (6) armature off center (may 
be due to loose pole-pieces, in which case tighten 
screws). 

Gummed oil on Bendix drive: It sometimes hap­
pens that oil has come in contact with the Bendix 
drive shaft and becomes gummed, thus preventing 
the drive pinion from moving to its P.osition and 
engaging the fly-wheel gear. This condition can be 
remedied by squirting some gasoline with an oil gun 
upon the Bendix dnve shaft through the opening at 
the rear of the starting motor. 

Electrical Starting-Motor Troubles 

Elect~ical troubles are classified under (a) open 
circuits; (b) ground or short circuits. 

Open-circuit indications would be suggested by 
low current or no current, and by failure of starting 
motor to operate. If a partially open circuit is 

found to exist, the current draw will be low and 
cranking slow. 

Open-circuit causes: (1) Brush pigtails loose; 
poor brush-spring pressure; brushes too short; 
dirty or burned commutator; (2) armature com­
mutator blue sparkinp:, or flattened commutator 
with slow cranking; (3) fields open; (4) starting 
switch open; (5) loose cc;mnections at battery, 
ground, or switch. 

Ground or short-circuit indications are excessive 
current required, no cranking, or slow cranking. 

Grounds or short-circuit causes: (1) Shorted 
fields cause excessive current and s'ow cranking; 
(2) armature shorted causes excessive current, 
burned insulation, slow cranking; (3) commutator 
shorted causes excessive current, no cranking; (4) 
when the brush rigging is shorted, the causes may 
be in the main terminal, in the brush holders, or the 
pigtails may be loose. 

MOTOR TROUBLE CHART 
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STORAGE-BATTERY TROUBLES 
This subject is treated under the discussion on the 

"Storage Battery.'' See Instruction No. 49: "Digest 
of Storage Battery Troubles; External and Internal." 

See also, Instruction No. 48: "Testing Storage Batr 
teries.'' 

LOCATING TROUBLES OF THE ELECTRIC SYSTEM IN GENERAL 

In addition to the electrical troubles enumerated 
above, the following data, graphically presented, 
will assist in quickly locating troubles in the electric 
system. 

Assume That Battery Is Fully Charged 
Trouble: Motor will not crank engine. 

Possible causes: 
1. Bendix drive or starting mechanism out of ora'er. 
2. Engine too stiff. 
3. Open circuit in wiring. 
4. Ground in wiring. 
5. Defective starting motor. 
8. Broken or loose wiring connection in starting-

motor circuit or ground. • 
7. Starting switch does not close, or contacts 

burned out. 
8. Open circuit internal to the motor: field, arma­

ture, or brush rigging. 

9. Ground or short in motor: field, armature, or 
brush rigging. 

10. See Motor Trouble Chart, under "Electrical 
Troubles." 

11. See Motor Trouble Chart, under "Mechanical 
Troubles." 

Asswne That Battery Is in a Discharged 
Condition 

Trouble: Battery not being charged at proper rate. 
Possible causes: 

1. Generator not working properly. 
2. Generator charging at a low rate, or not at all. 
3. Open generator circuit. 
4. Grounded generator circuit. 
5. Defective cut-out; will not close. 
6. Broken or loose connection on generator line. 
7. Shorted or open coil in cut-out windings. 
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8. Cut-out contact points defective, or improper 
spring tension. 

9. Low charging rate. 
10. Third brush not set properly. 
11. No charging current. 
12. Generator may be new, or perhaps has been 

operated for some time with field fuse removed. 
Field can be excited by momentarily connecting 
one side of the fuse clip with the metal part of 
the generator when the engine is running slightly 
above idling speed. 

frouble: Battery being charged at proper rate, but 
will not hold charge. 

Possible causes: 
1. No water over plates. 
2. Battery has internal or external ground. 
3. Excessive use of current in starting and for 

lights; very little ·day driving with lights off; 
mostly night driving with lights on. 

4. Cut-out stuck. 
5. Wiring defective. 
6. Added electrical equipment using too much cur-

rent. 
7. Bulbs with too high a candle power. 
8. Bulbs old and using too much current. 
9. Stiff engine, using excess current, especially 

during cold weather. 

Starting-Motor Trouble Tests 
Trouble: Motor will not start: 

Turn on the lights and try the starter. If the 
lights do not dim, then the battery is probably 
charged, as the condition of the battery is the first 
thing to test when the starting motor does not 
operate. Then examine: 
(1) For an open circuit in the starting switch. 
(2) For an open circuit at the motor terminals. 
(3) For an open circuit at the ground connection 

to the frame of the car. 

(4) The commutator; examine, and see if glazed. 
(5) The brushes; see if they are bearing on the 

commutator, and if they are seating properly. 
(6) The brushes; remove and inspect-they may 

be worn or stuck, or one of the brush-holders 
may be loose. 

(7) The brush material; it may be of too high a re­
sistance. 

Trouble: If the ammeter shows no reading when 
lights are switched on; if the starting motor 
kicks over spasmodically or not at all; or if the 
lights do or do not dim when the star.ting button 
is depressed, examine the inside of the motor 
as follows: 

(1) For a short circuit in the field or armature coils. 
This will cause the lights to dim, or the am­
meter will show no reading when the starting 
switch is closed. The ammeter referred to is 
in the lighting circuit, not the starting-motor 
circuit.) 

(2) For an open circuit in the armature where the 
coils are soldered to the co=utator segments. 
(This will cause the motor to kick O"er spas­
modically or not at all.) 

Next, check the external motor circuit: 
(1) To the frame. (If open, slow cranking or none 

at all will result.) 

(2) To the switch. (If open, the light.s wiJI not 
dim; if grounded, the lights will dim excessively 
or the ammeter will show no reading when the 
starting switch is closed and lights are turned on.) 

(3) To the battery. (Same indications as 2.) 
Trouble: Starting motor starts, but not enough to 

turn engine over 

(1) Crank the engine by hand to see if it is.unusu­
ally stiff. 

(2) If the engine will not start readily by hand 
cranking, then look for engine trouble. 

(3) Bendix drive may be stuck, or th.ere may be a 
broken Bendix spring. • 

Next, if the engine, the ignition, the carburetion, 
etc., are in order, then look for: 

(1) Poor contact at battery terminals. 
(2) High resistance contact at brushes. 
(3) Poor connection between brush and shunt-field. 
(4) Poor connection between brush and brush-

holder. 
(5) 

(6) 

(7) 

(8) 

All brushes not bearing on commutator. 
Brushes stuck in brush-holder. 
Grounded brush-holder. 

Loose ground connection (if car has a ground­
return system). 

(9) Battery below cranking capacity. 
(10) Open circuit in armature coils. 

Next, disconnect battery, and make a temporary 
connection to a fully charged storage battery. 
If the starting motor will then tum the engine 
over, the battery in the car is at fault. 

Test storage battery with hydrometer. If the stor­
age battery is low1 look to the genera.tor. 
(Note. Always make a hydrometer reading 
before adding distilled water. See "Storage 
Battery'' instruction.) 

If battery is low or lights are dim, test out the 
ampere charging rate of the generator. (Do 
not rely upon the ammeter on the car.) 

Trouble: Lights and ignition are cut off entirely 
when the starting switch is depressed. 

(1) Starting switch may be loose, where the wire 
connect.s from one side of the starting switch 
to .Jead to the ammeter, ignition, and lighting 
switch. 

(2) A short circuit may exist at the switch, which 
will short this circuit. 

Generator Trouble Tests 

The following will explain where to test a genera­
tor for open circuits, short circuits and grounds. 

Test for open circuit in: 

(1) Generator terminals. 

(2) Battery connection. 

(3) Ground connection to car frame (if car has a 
grounded return system). 

(4) Fuse. 
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(5) "Cut-out" or ignition and lighting switch. 
(6) :Field windings and armature coils. 

Test for short circuit in: 
(1) Generator itself; field windings and armature 

coils. 
(2) In eirternal wiring. 

Examine brushes and commutator for: 
(1) Pitted or burned segment surfa<'cs and brush 

seats. 
(2) Dirty or glazed commutat.or, high wired, rough 

commutator. 
(3) High resistance contact at brushes. 
(4) Worn-out brushes. 
(5) Poor connections. 

(6) Brushes not bearing on commutator (faulty 
spring or holder). 

Examine generator for: 
(1) Worn bearings causing unequal air-gap. 
(2) Reversed polarity. (Storage battery is some­

times reversed in position in car.) 
Examine regulator and cut-out for: 

(1) Dirty or pitted contact points. 
(2) Contacts out of adjustment. 
(3) Regulator cuts out too soon or not soon enough, 

owing to gummed mechanical parts. 

(4) If in a third-brush regulation, see brush conneC'­
tion or look for defective mechanism. The third 
brus;1 failing to seat properly is a common cause 
of an open circuit and a low charging rate. 

DIGEST OF ENGINE TROUBLES: CAUSE AND REMEDY1 

Ordinary 
kinds: 

engine troubles are generally of three 

(i) 
(2) 
(3) 

Engine will not start. 
Engine starts but misses. 
Engine starts and runs regularly but has no 
power. 

The following matter refers principally to ignition 
and carburetion troubles. 

ENGINE FAILS TO START. 
(1) Lack of gasoline: See that there is ~asoline 

in the tank and that the shut-off cock IB open. 
Make sure that gasoline is flowing to the car­
buretor by _priming or pushing down the 
carburetor float. If the carburetor is too 
full, the gasoline will drip. If the carburetor 
is not full enough, look for a stoppage in the 
gasoline pipe and see that the vent hole in 
the tank cap is open. 

(IA) Carburetor needs priming: Either prime 
carburetor or close air intake valve. 

(2) Poor quality of gasoline: Some of the gaso­
line offered for sale is of such poor quality 
that it will not vaporize when the engine 1s 
cold.2 The gasoline may contain water, 
which will freeze in cold weather and clog 
the gasoline pipe. Old or stale gasoline may 
also cause difficult starting. 

(3) Too much gasoline: The cylinder may be 
flooded with gasoline; the spark plug may be 
soaked. Open the relief cocks, cut off the 
throttle, and crank the engine until the 
excess is eliminated and an e;,,.-plosion occurs. 
Then close relief cocks, open throttle only 
partially and try cranking again; engine 
ought to start. Float may be loose; or a 
grain of dirt may be under the needle valve. 

(4) No pressure in fuel tank: If the system is a 
pressure fuel system, then use the hand pump 
and try primmg carburetor. See that the 
gasoline tank filler cap is tightly screwed on. 

(5) Lack of ignition current: If battery igvition, 
see if battery is strong. Remove one of the 
spark-plug wires and hold it about %" away 
from plug and terminal, and see if the spark 

1 See "Digest of Lighting Troubles," and "Stomgc Battery 
Troublea. '' 

'Very common in cool weather. See Index under "Carburc­
tion troubles." 

jumps the gap when the engine is cranked. 
If there is no current at all, then look for 
broken or loose wires at the switch and on the 
battery and the battery ground connection; 
Also on th.e connections on the coil and dis­
t.ributor and timer. If the spark is verr. 
weak, then look to the battery and test cot! 
and the ignition resistance unit and the 
condenser. 

(6) If starting motor fails: See Index under 
"Starting motor fails to start." 

(7) Spark plugs: Spark plugs may have become 
sooted from over-lubrication, or if they have 
seen considerable usage the points may be 
burned and corroded. If water has been 
splashed on the engine when it was hot, the 
porcelain of the plugs may be cracked. See 
that the sparking points are perfectly clean 
and that the gap does not exceed .020" to 
.031". 

ENGINE STARTS BUT MISSES. 
(8) Carburetion adjustments: If on a cold clay 

and engine bas just been started, wait a few 
minutes for engine to warm up-closing air 
intake. 

If missing still occurs, with popping back 
or "sneezing," this indicates that the mixture 
is too lean; give the needle valve of the car­
buretor a slight opening until the engine runs 
smooth. If no needle valve is provided, give 
less air in the auxiliary air valve. 

(9) Ignition: If missing continues after engine 
is warmed up, and more gasoline is fed as 
directed in (8), examhae the spark plugs and 
test as suggested in (7). Weak battery may 
be the cause, if coil and battery ignition. 

ENGINE STARTS, BUT "POPS" AND 
"SNEEZES" IN CARBURETOR. 
(10) Carburetion: See Index under "Carburetion 

troubles." 
ENGINE STARTS, BUT WILL NOT PULL. 

(11) Carburetion: See (8); or there may be an 
over-rich mixture. 'This would be indicated 
by black smoke. 

(12) The valves: May be leaking, and there 
might be poor compression. 

(13) Ignition: The spark may be weak. This, 
however, would be indicated by missing. 
Test battery. 



DIGEST OF TROUBLES 459 

ENGINE RUNS REGULARLY FOR A FEW 
MINUTES AND THEN STOPS. 

(14) Carburetion: In cold weather this is more 
liable to occur until engine is warm; give 
slightly more gasoline by closing air valve 
(if one is provided); gasoline mayuot be flow­
ing freely to carburetor. Prime carburetor 
and see if it drips. There may not be 
enough gasoline; closing air valve will deter­
mine. May be too much gasoline (see 3). 

(15) Ignition: Battery may be weak, Ignition 
may be retarded too much. If there are 
two systems of ignition, try the other one. 

ENGINE STOPS SUDDENLY. 
(16) Carburetion: Lack of gasoline. Stopr.age 

of gasoline pipe (prime carburetor, and if no 
gasoline, examine tank, then fuel strainer). 
See (73). 

(17) Ignition: Loose wire. Short circuit, loose 
switch connection. If magneto ignition, 
switch to coil and battery. Weak battery. 
Points of interrupter may be closed by pit­
ting. 

(18) A sudden stoppage is almost always due to 
ignition trouble, for gasoline trouble will stop 
engine slowly. 

ENGINE STOPS SLOWLY WITH MISFIRING. 
(19) Carburetion: See (16). The needle valve 

sometimes jars itself closed. 
(20) When an engine stops slowly, the explosions 

becoming weaker and weaker until they 
cease, it is likely due to gasoline trouble. 
The fault will be found in the failure of the 
mixture to reach the cylinder. (See 73.) 

(21) Ignition: Batteries exhausted; plugs fouled 
through over lubrication. 

ENGINE LOPES OR LOADS UP. 
(22) Carburetion: Vi'hen the engine slows clown 

irregularly, speeding up and then slowing 
down again as though fitted with a governor, 
and if throttle be closed further in order to 
slow down more, engine stops. Air has 
leaked in between carburetor and cylinders. 
Examine gaskets around the joints of inlet 
pipe or where carburetor is attached to in­
take mn.nifold. Too much gasoline will also 
cause "loping." Cut down on the carbure­
tor gasoline feed. 

(23) Ignition: The spark may be set too far 
advanced. If this is.the case, loping is likely 
to occur when • spark is fully advanced. 
Therefore test the time of ignition. 

LACK OF FLEXIBILITY. 
(24) Carburetion: This trouble is almost exclu­

sively a carburetor fault, and is due to the 
fact that the auxiliary air intake is so con­
structed thatitfurnishes n.n abundance of air 
on high speed, and is not sensitive enough on 
low. When the throttle is nea.rly closed the 
engine stalls; or when the throttle is suddenly 
ope~~d there _is no "get away," because the 
auxiliary air inlet valve allows an inrush of 
air forming a mixture good enough for high 
speed running, but too weak for "pick up" 
purposes. This calls for careful adjustment 
of the a.uxiliary air valve and gasoline needle 
valve, or for more gasoline. 

ENGINE MISSES EXPLOSION. 
(25) Defective or dirty spark plug: With the 

engine running idle, short-circuit the spark 
plugs one at a time by touching a screw­
driver from the metal of the cylinders to the 
terminals of the plugs. (See page 238.J 
This prevents the plug from firing, and when 
one is short-circuited-that makes no differ­
ence in the running of the engine-you have 
probably located the plug at fault. If the 
spark-plug wire is properly connected to the 
distributor, either clean or install a new plug 
in place of the one that has been found defec­
tive. If a vibrator coil, see page 222 (also 
see 17). 

(26) Spark-plug gap too wide: The distance 
between the spark-plug points should not 
exceed .025". (See 7.) 

(27) Examine interrupter points. Weak battery. 
(28) Too lean a gasoline mixture: If the engine 

misses with a popping noise in the carburetor, 
the indications are that too much cold air is 
being admitted through the air-regulating 
valve; the carburetor jets have become 
clogged with dirt, or there is a partial stop­
page somewhere in the gasoline pipe connec­
tions. See that carburetor intake header 
gaskets are perfectly tight, and do not admit 
air, which would thin the mixture. 

(29) Look for gasoline trouble: Dirt in gasoline 
tank over outlet; dirt or water in carburetor; 
float leaking; jet in carburetor clogged up; 
supply cock loose; inlet valve sticking or 
leak in inlet pipe; weak exhaust valve spring; 
may be a leak of air in inlet pipe. 

(30) If the engine misses, and the following explo­
sion is accompanied by an explosion in the 
muffler, ignition is at fault, for the charge has 
reached the cylinder correctly, but has been 
exhausted without being exploded. 

ENGINE MISSES ON IDGH SPEED. 
(31) Ignition: Weak battery (if coil and battery 

ignition). If the engine misses at high, but 
not on low, or on a hard pull, then it is evi­
dent the spark plugs are in proper order but 
the contact-breaker needs adjusting. 

A word of ei-.1)lanation on this: the engine 
may fire all right at lesser speeds, beca-use the 
speed is slow enough and the contact is long 
enough to allow the coil to build up, but at 
high speeds the time of contact is .so short 
that the coil does not have sufficient time to 
build up, tlrns indicating that the contact­
breaker gap is too wide. See pages 296-303. 

Try switching to the other ignition sys­
tem, if a dual system is provided. This will 
determine which ignition system is at fault. 

The coil may be defective internally, in its 
winding. or the resistance unit or condenser 
may be defective. See Index for "Testing a 
coil." 

(32) Carburetion: The carburetor may have been 
adjusted for slow speed, but requires more 
gasoline on high speed, or it may be getting 
too much gasoline. Proper adjustment of 
carburetor ought to suffice. 

ENGINE MISSES ON LOW SPEED. 
(33) Ignition: If magneto ignition, the cause may 

be the slow speed of magneto, and weak cur-



460 DYKE'S INSTRUCTION No. 41 

(34) 

rent generated. Try advancing the spark 
more. Also examine the interrupter points. 

Examine spark-plug points (see 7). If not 
remedied, try switching to the other system 
of ignition. If missing still occurs, there are 
two other points to consider: loose connec­
tion, or a broken-down coil, if one coil is 
used for both systems, such as a low-tension 
magneto. 
A spark plug may be foule'd: It has ~een 
known that often a bad plug will not cause 
missing at all speeds, but will miss at high 
speeds. 

(35) Carburetion: Mixture at fault-readjust 
slow-speed adjustment. The float may be 
too low, giving over-rich mixture. 

(36) There may be a leak in the intake l'ipe: This 
is a very common cause for missrng at low 
speeds, and is best detected by allowing the 
engine to run at the missing speed. Take a 

. squirt can full of gasoline and squirt around 
all the intake pipe joints. If you detect any 
difference whatsoever in the running, there is 
a leak. The remedy is obvious. 

ENGINE MISSES AT ALL SPEEDS. 
(37) Ignition: Defective spark plug (see 7 and 25). 

Loose connection. Weak battery. Loose 
switch parts. Broken wire. Slight short 
circuit. Detective coil, ignition resistance 
unit or condenser, pitted or incorrectly 
adjusted breaker points. 

(38) Carburetion: See Index under "Carburetion 
mixture." 

FNGINE DOES NOT DELIVER FULL 
POWER.l 
(39) Compression: Leaky exhaust valves, scored 

cylinder, worn or loose rings, cause loss of 
compression. Timing of valve may be wrong. 
Exhaust and inlet may not open at correct 
time. See Index, under "Checking valve 
timing," "Valve grinding," "Valve c)ear­
ance." Weak inlet or exhaust spnngs. 
Examine cams for wear. 

The spark plugs will indicate condition of 
engine, as follows: If the end of the spark 
plug is oily it indicates too much lubricating 
oil or leaky piston rings. If black soft soot, 
like that which accumulates in a lamp chim­
ney, this indicates that too much gasoline is 
beine; fed to the cylinder through intake, 
causmg too' rich a mixture. This may come 
from imJ?roper carburetor adjustment or an 
air leak m mtake manifold. If the ends of 
the plugs are oily and sooty, this would indi­
cate that the valves leak, as this permits 
burned gases being drawn into the mixture, 
which would result in poor combustion and 
lack of pressure in cylinder, which would per­
mit oil to pass and foul plug. 

l40) Carburetion: Too rich a mixture (see Index 
under "Carburetion mixture." 

(41) Overheating of engine: Lack of oil. Circu­
lation system defective (see Index under 
"Engine overheats; cause of." 

(42) Ignition: Timing of ignition may be wrong­
set too far retarded or too far advanced. 
Weak ignition. Defect in distributor. 

• See Index under HEngine. Why It Loses Power.0 

(43) Miscellaneous causes: Dragging brakes, 
leaky piston rings, la~k of lubrication. 
Tight bearings. Flat tires. If new piston 
rings fitted, they may be not fully set. Use 
.olenty of oil. 

ENGINE OVERHEATS.1 

(44) Valves: The exhaust valve may not open 
early enough to permit the burned gas to 
pass out. 

(45) Carburetion: Too rich a mixture (see Index 
under "Carburetion mixture"), or driving 
with throttle open too far and spark retarded 
too much. 

(46) Ignition: Running on retarded spark invari­
ably causes heating. Test the ignition tim­
ing. 

The spark lever should be raised up or 
advanced as far as possible at all times with­
out causing the engine to knock. See Index 
"Spark control and over-heating." 

(47) Lack of lubrication: Examine the oiling 
system. 

(48) Cooling: Constricted water circulation; ex­
amine the water circulation and pump. 
Under-sized radiator. 

(49) Carbon deposit: See Index under "Relation 
of carbon deposit to lubricating oil." 
Choked exhaust. 

(50) Slipping fan belt: Tighten the belt. 

(51) Brakes dragging: Examine the brakes with 
• rear wheels jacked up. 

(52) Bearings: If engine is new or just over­
hauled, the bearings may be too tight. Put 
in plenty of oil and run the engine until 
loosened up. 

(53) Driving too long on low gear: This is bad 
practice and should be avoided. 

Note. Refer to page 148 and note thl 
"motometer." This is an excellent device 
to assist in diagnosing overheating troubles. 
Overheating is always manifest when engine 
begins to run slow and pounds. 

ENGINE KNOCKS. 

(54) Ignition: The most co=on .knock is the 
ignition knock, caused by too much advance 
of spark. Back lash in timing wheel teeth. 
See Index for "Knocks.'' 

(55) Bearings: The connecting rod or ma.in bear­
ings. may be loose. Lubrication may- be 
poor. (See Index for "Test.ing," also "Tight­
ening bearings.") 

(56) Carbon deposit: This is also a frequent 
cause of knocking; see Index for "Carbon 
troubles.'' 

(57) Loose or worn pistons: Will cause a "piston­
slap.'' See Index. Loose piston pin also 
causes knocks. 

(58) Carburetion: Too rich a mixture will cause a 
gas knock. 

(59) Engine overload on hill: Shift to lower speed. 

1 When the engine overheats by steaming, owing to frozen 
water, feel the radiator at bottom. If cold, it is frozen; it 
warm, then the circulation is right, and the trouble is due to 
Jack of water or something else. See also pages 154, 150, 153, 



DIGEST OF TROUBLES 461 

ENGINE WILL NOT STOP WHEN 
SWITCHED OFF. 

(60) Ignition: If firing is regular, the switch is de­
fective. li firing is irregular1 pre-i~tion is 
the cause. Caused by poor oil. This carbon 
hardens and becomes red hot, hence "pre­
ignition." (See Index un1er "Pre-ignition.") 

Stop engine by closing throttle, and as 
soon as the engine cools, locate the cause. 

(61) Miscellaneous other causes: Overheating, 
as explained from (44) to (53), may be the 
cause. 

DIGEST OF ENGINE AND CHASSIS TROUBLES: CAUSE AND REMEDY 

i!:NGINE RUNS WELL, BUT CAR DRAGS. 
(62) Clutch is probably slipping: The spring 

needs tightening. If leather-faced cone 
type, too much oil on the leather. Clean 
with gasoline squirted on with an oil gun. 
If this does not hold, use Fuller's earth (last 
resort). If multiple disk type, clutch spring 
at fauit or plates worn. 

A slipping clutch is detected by the engine 
speed not conforming with speed of car when 
throttle is opened. This ratio between car 
and engine is soon learned by experience. 

Brakes may be dragging. See test, page 
838. 

CLUTCH DRAGS. 
(63) If cone type: The clutch may not clear the 

flywheel when thrown out. If multiple 
disk type, the oil may be too heavy and 
sticks to plates. 

CLUTCH GRABS, OR IS FIERCE . . 
(64) If cone type: Leather too dry. Clean with 

gasoline (see 62); then put on castor oil or 
neats-foot oil to soften. 

If multiple disk, use lighter oil after clean­
ing. Spring may be too tight (see repair 
subject, "Oare of clutch," and Index under 
"Borg & Beck clutch"). 

CLUTCH; SLIPS (Ford) 
(65) See Ford instruction and Index. See also 

(62). 

CLUTCH BRAKE WORN, CAUSES 
TROUBLE IN SHIFTING GEARS 
(66) See Index: "Borg &. Beck, single-plate 

clutch." 

OIL ON CLUTCH LEATHER (cone type). See 
Index "Clutch repairing." 

(67) Cause: Too much oil in crank case-oil 
works out of engine bearing. 

ENGINE BACK FIRES IN MUFFLER. 
(68) Ignition: Usually occurs when coasting 

with spark off and retarded, and suddenly 
throwing on switch, thereby firing charges 
which have entered muffler unfired. 

!69) Carburetion: Mixture too weak to fire, or 
mixture right but sparking wrong. One 
cylinder missing fire and pumping explosive 
charges into muffler which ignites from heat 
of the nexi. exhaust charge. Missing of 
ignition, valves leaking. Gasoline supply 
failing. 

Remedy: (1) Examine as in sections (25) 
to (30); pa-rticularly see if the plug points arc 
too far apart. (2) See that all cylinders arc 
firing regularly. (3) Adjust carburetor. 
(4) See if plenty of gasoline is in tank. 

CRANK CASE BECOMES VERY 
HOT AND ENGINE WEAK. 

(70) Cause: Serious leak of exploded gas past 
piston ringsi rings worn or broken; crack 
in head of pISton ~ piston pin loose in piston 
and allowing gas to escape along bearing. 
See Index under "Testing piston ring leaks." 

OVERHEATING OF EXHAUST PIPE 
AND MUFFLER. 

(71) Cause: Carburetor trouble; over-rich mix­
ture; valves out of time; very late spark; 
running too long on low gear; using too 
much gas; exhaust throttled; insufficient 
lift on valve or choked muffler. 

This condition is the result of the mixture 
not being completely burned in the combus­
tion space, but continuing to burn in the 
exhaust pipe and muffler. 

A mixture that is too rich or too poor, 
usually the former, will burn slowly and will 
still be burning during the exhaust stroke. 

If the exhaust valve opens too soon, the 
charge will escape before it has done its 
work. 

Very late ignition will not give enough time 
to permit the charge to be burned before 
the exhaust valve opens. 

ENGINE MAKES AN UNUSUAL 
HISSING NOISE. 

(72) Cause: Spark-plug porcelain broken; joint 
between engine and exhaust piJ?e loose; 
exhaust pipe cracked; compress10n cock 
worked loose; spark plug not tightly screwed 

. into cylinder; valve caps zray be loose; 
cylinder head may be loose. Probabilities 
are that the exhaust pipe or a spark plug is 
loose. 

GASOLINE FAILS TO REACH THE 
CARBURETOR. 

(73) Cause: Gauze strainer in base of carburetor 
choked; obstruction in the supply pipe; air 
lock at a bend in sur.ply pipe; pressure leak­
age from tank, or, 1f a gravity tank, it ma.y 
be air-bound; floating obstruction in gasoline 
tank covering the gasoline outlet; gasoline 
pipe near exhaust pipe causing a vapor lock; 
vent hole in filler cap clogged. See Index: 
"Vacm1m-tank troubles." 

CONTINUAL EMISSION OF SMOKE 
FROM MUFFLER. 

(74) Cause: Engine veing over-lubricated. Re­
adjust lubrication to give a slower rate of oil 
flow. The emission of black smoke indicates 
that the carbm·etion is too rich. Piston 
rings leak. Cylinders may be "scored." 
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CRACK IN CYLINDER. 
(7fi) Effect: Water in combustion chamber or in 

crank ch[l.mber; air bubbling through radi­
ator on pulling engine over compression. 
(See Index.) 

CARBURETOR DRIPS. 
(76) Cause: Float-valve mechanism out of order. 

Examine float and reseat the float needle 
valve. Usual cause is dirt under needle 
valve, or float set too high. (See also Index.) 

ABNORMAL NOISE FROM 
TRANSMISSION GEAR. 
(77) Cause: (Other than unskillful changing of 

the gears)-want of lubrication of gears in 
change-gear box or bevel drive 01_1 back axle; 
pinions damaged; teeth broken or worn 
down; nut loose in gear box and fouling 
gears- clutch drum or flywheel loose; uni­
versal joints on transmission shaft badly 
worn or damaged; bearings in gear box 
worn

1 
allowing shafts to rock about; sliding 

memoer of clutch out of alignment with cone 
(sets up harsh ,rrating noise); wear of jaws of 
positive clutch in gear box. 

SQUEAKS AND SIMILAR NOISES. 
(78) Cause: Fork actuating the clutch throw-out 

collar needs lubrication; one or more bear­
ings overheating and want of lubrication; 
one or more of the brakes partly on; bear­
ings of spring shackles want lubricating (on 
some cars the spring ends work in a slide, 
which requires occasional lubricating); valve 
stems Tunning dry in the guides. Fende1·s 
and hoods are usua.lly the cause of most 
noises. Spring leaves require lubrication 
between them. Spokes in wheels loose. (See 
pages 3 and 1138); rim bolts loose, producing 
rim squeaks (see page 610). 

A rattling noise can often be traced to the hood 
where it rests on its seat. Strips of rawhide or other 
anti-friction material should be instolled to prevent 
any squeaks or rattle. 

Brakes squeaks may be due to ca.uses such as ex­
posed rivets (re-rivet or reline); cccontric drum 
(true up drnm on lathe); eccentric brake band (true 

up band); points of hand touch first (bend out points): 
glazed or hood lining (reline. Glazed lining should 
not be treated with compounds ~ the cure is only 
l.empora~y); 1me<1unl brake adJustmcnt (adjust 
brakes); loose rear anchor bolt (tighten or replace): 
band frozen on rear anchor (lubricate so that band 
moves freely) • scored drums (renew or refinish drum$) : 
metal or grit imbedded (remove); imperfect rounding 
of.bands (round to equal clearance-usefeelcrgnuge). 

Brakes chatter: This may be due to 3ucb cause.~ 
as weak rear springs (cannot be cured exe<lpt by addin,r 
extra leaves or stronger springs. Install hard lining. 
On some cars with weak rear springs aud stron~ 
leverage chatter will result just before the car comes 
to a stop. Decrea•ing the leverage by some method 
helps in.certain cases) i loose rear anchor bolt (tighten 
or replace); worn rear anchor (build up t,y brazing 
or shim): loose dust shield and bra.kc supports 
(re-rivet); lining loose on rivets (reline) i eccentric 
drum (turn drwn); weak release springs (replace with 
stronger spring or insert washer below it to increase 
tension). 'rhis material on brake troubles is from 
Silt..,. Edge, published by the Raybestos Company, 
Bridgeport, Conn. 

LUBRICATOR STOPS WORKING. 
(79) Cause: Oil pipe choked; feed nipples choked; 

pump shaft may be broken, usually due to 
clogged pipes-may need priming; loose con­
nections. 

OIL-FEED GAUGE D.OES NOT 
SHOW FLOW OF OIL. 
(80) See if oil in crank case. Clean strainer. 

Air leak. Examine pump and pipe connec­
tions. Oil may be too cold to flow (see page 
164). Oil pump may need priming. When 
testing an oil-feed pipe for an air leak, 
remove and test with air pressure, submerg­
ing pipe in water to make the test. 

OIL LEAKAGE FROM ENGINE. 

(81) Cause: Bearings badly worn and passing 
out bearing journal; gaskets not tight; 
screws loose; crank case flooded with oil 
(lubricator working too rapidly); cap screws 
holding lower crank case not tight; gaskets 
leaking. 

For "Iunition. troubles.'' .. Mauneto troubles.'' 
" Carburetor troubles,'" "Starting-motor troubles/' 
"Cooling troubles," ''Ge-nerator troubles,' "Carbon 
troubles," '' Stm-a.oe-.battery troubles,' •• Jlf isctllaneou, 
repairs and adjustments.'' "Ti-r troubles/'·• L'lr1hti,ig 
troubles."' see Index. 
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RELATION BETWEEN IGNITION AND CAUBURETION 
For an engine to start easily, pull at low speeds, 

and develop maximum power at high speeds, three 
major factors are necessary as follows: 
1. A good spark . 
2. A combustible mixture 
3. Good compression 

1. A good spark is a hot, voluminous, and intense 
spark, as explained on page 286. 

To insure a good SJ?ark, the primary, or low­
tension circuit (shown ll1 black and dark shade on 
the ignition chart', page 462-D) and the secondary, or 
high-tension circuit (shown in red) must function 
properly. The cause and effect of either circuit 
not functioning properly can be determined by refer­
ring to the Ignition Chart Key, page 462-E. 

2. A combustible mixture is a mixture of gasoline 
vapor and air in the proper proportions (usually 
14 to 17 part.~ air to 1 of gasoline by weight) which 
is drawn into the cylinder. It is the heat (which 
is energy) from combustion which expands the gas 
between the head of the cylinder a.nd piston a.nd 
produces pressure on the head of the piston. The 
more combustible the mixture and the hotter the 
spark, the greater the expansion and pressure 
because more beat is produced in a given time and 
all of the charge is burned. 

3. Good compression applies to the mixture being 
compressed in the cylinder as the piston ascends on 
its compression stroke, and the power produced 
depends upon the amount of presssure which is 
exerted upon the piston head. The more highly 
the gas is compressed, the more quickly and com­
pletely it will burn. Good compression is dependent 
upon the combustion chamber being air tight at this 
time. Factors which would prevent good compres­
sion are: loose or worn piston rings, leaky valves, 
:,cored cylinders, air leaks at spark plugs, valve guides, 
valve stem bushings and cylinder head gaskets, and 
last, but not least, proper opening of the valves, 
termed valve timing. 

The volumetric efficiency of an engine refers 
to the quantity of gas drawn int-0 the cylinder; the 
greater the quantity, the greater the compression 
and power. Consequently, if the valves do not 
open and close at the proper time, the volumetric 
efficiency is correspondingly less, as is also the 
mean effective pressure (see page 765). Compres­
sion pressure is an important factor, but there is of 
course a limit. The only reason all engines are not 
of the high-compression type is that such engines 
are likely to self-ignite, detonate, or pre-ignite the 
mixture and cause knocks. 

lf we should have a good spark and a non­
combustible mixture, or a combustible mixture and 
a weak spark, the effect is a loss of power. 

Likewise if we have a good spark and a com­
~ustible mixture and, poor compression, the effect 
1s a loss of power. 
: Likewise if we have a good spark, combustible 
mixture, good compression and the spark occurs too 
early or too late, the effect is a loss of power. 

Likewise if we have a good spark occurring at the 
C?rrect time, a combustible mixture, good compres­
sion, but the valves do not open at the correct time, 
the effect is a loss of power. 

If, however, we have a good spark at the correct 
time, a combustible mixture entering the cylinder 
at the correct time, and good compression, the result 
is rapid flame propagation, or spread of the flame 
(see pages 290,304), and a maximum of power. 

The three chief factors which make rapid flame 
propagation possible are a good spark, combustible 
mixture and good compression. 
· If the spark is weak and the mixture non­

combustible, the flame propagation will be slow 
with the result that a greater portion of the mixtur~ 
will pass out of the exhaust valve port unburned 
or into the crank case, diluting the lubricating oil' 
with the result of a. greater loss of power as well a~ 
of fuel. 

We have defined the meaning of a good spark 
(page 286) and rapid flame propagation (page 290). 
We will now consider the combustible mixture, 
which is a very important factor. 

Factors Which Help Produce a Combustible 
]\fixture 

We stated under 2 above that a combustible 
mixture of gasoline vapor and air in the proper 
proportipn "'.as desired. T!ieref?re, the point now 
to consider 1s how to obtain this vapor and air in 
the proper proportion. We cannot measure it. 
How, therefore, arc we going to tell? There is no 
method of determining this accurately, outside of a 
la~oratory; therefore we must depend upon the 
adJustment of the carburetor. But first it is well 
to mention the fact that all other factors should 
first-be checked as follows: 

Firstt see that there is a good hot spark, which of 
course lllcludes the battery being in good condition. 

Second, see that the ignition is properly timed 
(see pages 301-303, 232). 

Third, see that the interrupter points make a 
Relation of Spark, Mixture, and smooth, firm contact and that they are adjusted 

Compression properly. 
It is thus clear that a close relation exists be- Fourth, see that the compression is good (see 

tween the following factors that determine the power pages 765, 767) • 
efficiency of an engine, assuming that the mechanical Fifth, see that th_e valves are opening and closing 
features, such as proper bearing adjustment, cooling, properly by checkmg the valve timing (see page 
a.nd lubrication are correct: 67), and also by checking the valve clearance 
(a) A good spark, correctly timed. (see page 775). 

• Sixth, adjust· the carburetor when the engine is 
(b) A combustible mixture, which enters the warm. Make the adjustment both with the engine 

cylinder at the ~-0rrec~. time. . idling and at high speeds. See Index for "Car-
f c) Good compression, wnh valves properly timed. bw·etor adjustme;its.'' 

462-A 
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The -:hief factors in producing a combustible 
mixture are gasoline vapor and air. The air absorbs 
the gasoline vapor like a sponl;"le absorbs water, but 
if the gasoline is not vaponzed, the air cannot 
rtbsorb it rapidly enough. Gasoline vapor de'{>ends 
upon the heating of the gasoline and the quality of 
the gasoline. The present-day gasoline requires 
heating, especially during cold weather, and this 
f;an be accomplished by quickly heating the engine, 
or beating the air drawn into the carburetor, or 
hl'.ating the mixture as it is drawn from the car­
buretor, or a combination of all three methods, 
,'!O that it will give off a vapor which will more 
readily be absorbed by the air, or will more readily 
mix with the air. 

The engine can quickly be heated by covering the 
radfator t-0 prevent cold air being drawn through 
tJie radiator core until the motometer indicates 
:ibout 150° and by means of a water thermostat 
(pa~o 149), which prevents the water circulating 
•mt1l it is heated to about 150° J?. See also pages 
149, 150, 105. 

The air drawn into the carburetor can be heated 
as explained on pa~e 106; the mixture can be heateci 
by methods cxplamcd on page 106. Sec also the 
Franklin methorl (page 142). 

There is, however, a possibility of overheating. 
The mixture entering the cylinder should be heated 
until it is in the first stages of a cool vapor, or, in 
other words, heated until it will enter the cylinder, 
not in a liquid state, but as a vapor. 

Too much heat produces a dry, lean mixture which 
produces a knock, due to detonation, or too sudden 
an c>.-plosion, and also to self-ignition due to the 
extremely heated gas and pre-ignition from red-hot 
particles in the combustion chamber, whereas in a 
mixture properly heated, while flame propagation 
should be rapid, the burning of the mixture will take 
place during the time tho piston is traveling down 
on power stroke. 

Why More Gasoline on a Cold Day 
On a cold day, when the engine is cold, a very 

la.rge quantity of gasoline must be drawn into the 
cylinder in order that the engine start at all. This 
is accomplished by closing the air-valve choker 
(J'lal,(c 462-H). The reason for this is the fact tbata 
<:ertain proportion of vapor must be in the cylinder 
in order that it can be ignited. Cold gasoline gives 
off a verysmall percentage of vapor, and that percent­
age is further decreased as the vapor comes in contact 
with the cold cylinder walls, causinis it to condense 
back to a liquid state of heavy particles of gasoline 
which is non-combustible. Thus a very great quan­
tity of gasoline is nece.ssary under these conditions. 

The result is that only the vapor is ignited and :i. 
part of the raw gasoline, or the heavy particles 
drawn into tho cylinder, settles in the inlet manifold; 
part passes into the cylinder out the exhaust valve 

in an unburned state; part also passes down the 
cylinder walls, ·1,;ashing off the oil lubrica:tion, into 
the crank case, diluting the lubricating oil. Thus 
the importance of quickly heating and vaporizing 
the gasoline and the opemng of the choker valve as 
soon as it is possible to do so without back-firing. 

Cause of Back-Firing in Carburetor 
Often, when starting, back-firing in the inlet 

manifold and carburetor takes place. This is due 
to an insufficient amount of gasoline to produce the 
proper waportion of vapor (lean mixture), which 
burns slowly. with the result that the flame continues 
until the opening of the inlet valve agaw at which 
time the flame enters the inlet manifold, heats the 
heavy particles of gasoline, which on the previous 
stroke settled there unburned, and is ignited and 
thus fires back through air opening of carburetor. 

To Reduce Excessive Fuel Consumption 
I. Use the "choke" valve sparingly; make economical 

"choker" adiW1tmenlB. For ext.remely cold weather, when 
atartina, close the "choker" valve entirely, but open it ltf1ldu• 
11lly nna as quickly as the engine will run without miasini< 
until fully open, 

For fairly warm weather, close the "choker" only two­
thirds of the way, nnd open a., soon as the engine will ruu 
,-;thout missing. (At least 100 per cent more gasoline is 
consumed when the choker valve 1s closed. A percentage of 
this PMSCS into the crank C"-"8 thinning the lubricnting oil, ace 
page 104 and "dilution test" pa&e 1075.) 

Note: Don't open throttle too wide in either case, nnd retard 
spark. When starting with hand crank in cold weather fully closo 
choker with throttle barely open for two or three turns of crank. 
then l!et choker½ to f open nnd crnnk two or three times until 
engine starts. 

2. For extremely cold weather, when starting the en,ine, 
keel? the radiator cover over the entire front of the radiator 
tmbl the motometer shows about 150°. Then place the cover 
on t.bc lower part of the radiator, and keep it there. providing 
tho temperature as shown by the mot.ometer does not rise 
nbove 170- to 180". When leaving the car standing, co,•er 
tho entire front of the radiator (see p. 650; automatic tem­
perature regulator). 

If a denatured alcohol mixture is usec.l as a non-freezing 
solution, the alcohol begins to evaporate readily above 175°. 

3. The "heating of the mixture," or "heating of tho air" 
drawn into t.be CArburet.or main air inlet, will reduce fuel 
consumption. 

4. A good hot ignition spark will cause more rapid Bame 
propagation and t.bus assist in reducing fuel eonsumpUon. 
Keep the battery voltage up by keeping the battery fully 
charged, either by increasing tho gMerat.or charg!Jlg rate or by 
having it. charged at an outside source occasionally. 

5. Running on a retarded spark nt high speeds consum"" 
gnsoline, due to part of the unburned mixture passing out tho 
exhaust valve, not h"ving time for complete flame propagation. 

6. Sec that the brakes do not drag (to test, nllow the car to 
coast to a. standstill and see if hot). 

7. Test the compression of the engine. Leaks past the 
piston rings and leaky valves allow a large percMtage ol 
gasoline and power to escape. 

8. Avoid unnecessary variation in speed or racing of the 
engine. Strong "-"CCleration io usually obtained by an unduly rich 
mixture, with a coru,cqucnt increase of gasoline consumption. 

9. Disengage clutch when coasting. 
10. When approaching a heavy grade, obtain sufficient 

momentum to carry vehicle a considerable d1st1tnce up the grudo 
before making it noccssnry to ohango gea,., 

IGNITION TROUBLE-SHOOTING CHART-EXPLANATION 
See Index for Principles, 'l'csts, Adjustments, and Repain,. 

The ignition system is divided into two ma)or 
circuits (seepage462-D): (1) theprimarylow-tens1on 
circuit (black and dark shade); (2) the secondary, 
or high-tension circmt (red). The secoodar_y cir­
cuit 1s entirely dependent upon tho condition of 
the primary circuit. 

Major tests: If the engine fails to start, try test 
57B. If a ~ood spark occurs, both primary and 
secondary circuits are in proper condition, and the 
trouble is in the spark plug, providing the ignitio.o 
is at fault. 

If nosparkat57B, trytest42T. lf ast,>arkoccursat 
42T but not at 57B, the secondary circu1 tis grounded 
or there is a static leak between spark plug cables 56. 

Now disconnect the terminal of wire 42 from coil 
terminal 41; take a wood handle screwdriver and 
touch its point to ground (G) (of any part of the 
engine), at the same time bnuging the metal part 
to within a¼" gap from 41, as shown at 41T. If a. 
spark occurs in test 41T, but not 42T{ the primary 
CU'Cuit and the secondary winding o the coil are 
in proper shape, but the secondary circuit is open 
somewhere between 41 to 62. 
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Use of a 6-volt test light in shooting wiring 
troubles: A handy test light may be constructed as 
shown on page 464, Fig. 10. 

To find an open circuit in a wire lead, disconnect 
one end of the wire lead (the end farthest from the 
battery); connect ono end of the test light to this 
end of the wire and the other end of tho test light 
to ground. 

For example, consider testing wire 14 in the igni­
tion chart (page 46i-D). Disconnect at 15; attach 
one end of the test light t-0 the free end of 14 and 
the other end of the test light to ground. Turn on 
the ignition switch. If the lamp lights, there is no 
open circuit. If the lamp does not light, connect 
one end of the test light to terminal 20 and the other 
r.nd to ground (wire 14 being disconnected); if the 
lamp now lights, this proves conclusively that there 
is an open circuit or ground in wire 14, but if the 
lamp still fails to light, the open circuit or ground 
is nearer to the battery. 

To test the ignition coil primary circuit to see if 
it is open-circuited, with a 110-volt A.C. test light: 
Place one test lead on terminal 24, the other on 
terminal 20. If the lamp lights, the primary circuit 
of the coil is not open. 

If the lamp does not light, place ol\8 lead on 22, • 
the other on 20. If the lamp lights, the primary 
winding 21 is in proper shape, but resistance unit 23 
is burned out or open. If the lamp docs not light, 
primary 21 is open. 

To test the ignition secondary circuit with a 
110-volt A.C. test light: Place one test lead on 41, 
the other on the grounded base of coil 66. If the 
lamp lights, the secondary is short-circuited, 
bPcause part of the winding is cut out and the 
resistance of the winding 1s thus decreased. 

If the lamp does not liclit, try moving the test 
lead by rubbing it on 66. A very faint spark should 
occur, because, if the secondary winding is in proper 
condition, the fine wire winding offers considerable 
resistance. If no spark at all, secondary is open 
circuited. 

Ignition Interrupter Troubles 

Factors which produce ignition missing due to the 
ignition interrupter, as used on the non-vibrator 
c:oil typo of ignition (sec page 462-D), are as follows: 
1. Resistance at the points 
2. Sparking or arcing at the points 
3. Improperly set and uneven contact of points 
4. Mechan.ical troubles 

1. Resistance at the points (101 is caused by 
clirty points, burned, oxidized, or pitted points, or 
poor surface contact of points, all of which t.end to 
offer resistance to the flow of the primary current, 
thus weakening the spark (see page 225 for cleaning 
and dressing points). 

Appearance of Tungsten points: A silver gTay nppeura,u.:,, 
with pebbled surface at point of contact is OK. New points 
1nay abow only " small spot,, usually near tbc edge; when in 
obis condition do nc:t disturb. II points nro blackened, clean 
3nd adjust. 

2. Spa.ricing or arcing at the points, which pits 
and burns them and increases the resistance of tho 
primary current and causes weak or missing spark 
1s due to: (a) points set too close; (b) condenser (18) 
connections loose, or defective condenser (see page 
191 for the reason why the condenser prevents arcing 
att the opening of the primary circuit at the points); 
{c) the secondary winding (40) being shorted, it 
will lack intensity enouEh to jump the spark-plug 
gap (61), especially at bigh compression, with the 
result that it reacts through the primary circuit, the 

easiest path
1
_ and arcs across the interrupter points; 

(d) the sparK plug gap being too wide will sometimes 
cause the same effect; (e) spark overloaded, that is, 
n. coil or magneto system, designed for a medium 
compression engine, will not produce a spark of 
sufficient intensity or voltage for an extremely bigb­
comprcssion engine. Thus the spark will be over­
loaded, and will react through the primary circuit 
and arc at the interrupter points and cause missing. 
The missing will be noticeable at low speeds with 
hard pulling with the throttle well opened, and at. 
high speeds with the throttle well opened, at which 
time tho compression is very high. 

3. Improperly set interrupter points means that 
they are either too close or too far apart, or not 
rnakmg full-face, flat, even contact. 

Points set too far apart cause mis.~ing, probably 
more at high than low speeds because the point\; 
do not have trme to make good contact for the coil 
to build up; thus flame propagation is retarded. 
Contact is broken early with wide points. 

Points set too close together cause missin1,:, 
probably at low speeds more than at high speed. 
Contact is broken late, as cam (9) must travel to its 
highest point before making contact with bumper 
(8), or roller. Sparking or arcir.g occurs at the 
points whon set too close. 

Where condensers ar-e placed in a coil at a distance away from 
the interrupter points, the spnrkin11 is more pronounced. nnd 
usually n greater condenser capacity is provided. In this 
instnnce the contMt point.s nre usually pluccd farther apart 
When tho condenser is defective."" being loose, open, or short• 
circuited. the sparking will be cxcessi,•e at points (10) and will 
be blue, and o. milky white corrosion will form on tho points. 

4. Mechanical troubles of the interrupter are: 
(a) worn fibre (8), or roller on the contact arm which 
does not permit sufficient opening of the point.~ 
and causes late opeuin~; (b) looseness in the contact 
arm due to worn bearmg at the pivot pin (6); (c) 
looseness in contact screw or lock nut (11, 16); 
(d) looseness in cam (9), or cam-shaft bearing, 
permitting wobbling (give the gap slightly more play 
in this instance if not remedied by puttmg in new 
bearing); (e) Jack of sufficient spring tension (5) for 
good contact at the points. Noisy distributors arc 
sometimes due to wear from lack of lubrication. 
See pages 219 and 307 about grease to be carried in 
lower part of distributor housing of certain types. 

Pointei:s on Adjusting Interrupter 
Adjustment of interrupter points is made by mov­

in~ the adjustable screw on the stationary contact 
pomt (11) in or out. Never bend the arm. 

When setting interrupter points the main object 
is to set the gap as close as {)OSsible just so that it 
does not spark across the pomts (10), and to have 
a good smooth and full flat-face surface contact, 
with sufficient spring tension (5) tu close the contact 
points firmly so that this contact will allow time for 
the primary circuit to build up. 

See pagca 238. 239 for testing ignition system for missing; 
pago 227 for testing interrupter for grounds; page 24 l for dis­
tributor troubles; page 232 for testing coils, and pages 2ao. 
231 for testing condenser. 

If the engine will not start, this may be due tc, 
any cause in the following chart key which will 
r.revent a spark occurring at spark-plug points; or 
if the spark is so weak that it fails to igmte the ga.~ 
(see Index for "Carburetion troubles" and "Start­
ing motor troubles") 

The engine missing explosion may be due to any 
• cause in the following chart key which will cause 11 
weak spark or an irregular spark or incorrecth· 
timed spark at spark plug pomts (61), which ol 
course would be caused by a weak battery, genern. 
tor, defective coil, improperly adjusted conta.c, 
points, etc., as given in the chart key. 
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IGNITION TROUBLE-SIIOOTING CHAUT-KEY 
See Index·for principles,. test.s, adjustments, and repairs. 
J. Battery-Troubie: (a) ciischarged· .• Effect (a) 

weak or no primary current. Test (a) test with 
hydrometer, or use voltmeter. See pages 531, ,545, 
547. Remedy (a) recharge battery. 

1A. Battery terminal-Trouble: (a) loose; (b) 
corroded. Effect: (a) low reading at dash a=eter 
when switch is turned on, weak spark or none at 
all; (b) low readin~ at dash ammeter when switch 
is turned on and mterrupter points are together. 
Test: (a) examine; (b) green, yellow, or white 
,·orrosion appears at termi.nals. Remedy: (a) 
tighten terminal clamps; (b) clean terminals with 
wire brush, wash with ammonia solution, coat with 
vaseline, and tighten terminals. 

2. Battery cell connectors-Trouble: (a) loo~e. 
Effect: (a) low l'P,ading at. dash ammeter. Test: 
(a) examine. Remedy: (a) burn connectors on again. 

3. Battery ground connection-Trouble: (a) 
loose; (b) corroded; (c) broken. Effect: (a) 
irregular spark or none at all; (b) ( c) no prirriary 
<.,urrent; dash a=eter fails to indicate. Test: (a) 
examine; (b) examine for rust at connection to 
frame; (c) examine for bl'Oken wire cable. Remedy: 
(a) tighten bolt, or, if riveted, install new rivet; (b) 
file off corrosion and tighten connection at frame; 
(cl install new ground cable. 

4. Interrupter arm ground-see 7. 
5. Interrupter spring-Trouble: (a) weak; (b) 

hroken. Effect: (a) (b) interrupter points will not 
make firm contact. Test: (a) (b) separate inter­
rupter points with finger, thus feeling spring tension. 
Remedy: (a) (b) install new interrupter spring. 

6. Interrupter pivot-Trouble: (a) worn; (b) 
stuck. Effect: (a) wobbly interrupter arm; thus 
points do not meet squarely; (b) interrupter points 
fail to close. Test: (a) examine for looseness; 
(b) examine. Remedy: (a) install new breaker 
plate; (bJ dress pivot with fine file. 

7. Interrupter grounded movable contact ann­
Trouble: (a) wobbly; (b) stuck. Effect: (a) points 
do not meet squarely, and pit; (b) interrupter points 
fail to close. Test: (a) examine for looseness; 
(b) examine. Remedy: (a) install new interrupter 
arm; (b) remove rust, clean, lubricate. 

8. Interrupter fibre cam contact-Trouble: (a) • 
worn too far; (b) loose. Effect: (aJ if points are 
set at correct gap they will remain in contact too 
long, thus causing pitting; (b) imperfect OJJenin~ 
of interrupter points. Test: (a) examine; (b) 
examine for looseness. Remedy: (a) install new 
movable arm (7), and adjust points; (b) re~et clamps 
~nd rivet or install new arm (7), and adjust points. 

9. Interrupter cam-Trouble: (a) worn; (b) 
wobbly; (c) loose; (dJ out of time.. Effect: (a) if 
set at correct gap, point will not remain in co_n~ct 
long enough; therefore weak spark; (b) tunmg 
irregular· (c) continually shifts out of time; (d) 
ignition bock if too far advanced; lack of speed 
and overheating of engine if too late. Test: (a) 
examine cam for wear; (b) (c) examine for loose­
ness; (d) check timing. Remedy: (a) install new 
cam; (b) tighten adjusting screw (9A); if this does 
not overcome difficulty, a new cam must be installed, 
or perhaps the timer f;haft bearing is worn from 
lack of oil; (c) tighten adjusting screw or nut (9A); 
Id) re-time. 

9A, Cam nut or screw-Trouble: (a) loose. 
Effect: ta) cam shifts out of time. Test: (a) 
examine. Remedy: (a) re-time and tighten. 

10. Inte.rrupter points-Trouble: (a) worn; lb) 
too far apart; (c) too close; (d) pitted: (e) poor 
contact; (f) ox.idfaed (white); (g) uneven; (h) 
burned or oxidized (black). Effect: (a) weak 
spark at plugs; (b) engine misses at all speeds; 
(c) engine misses at low or i<lling speeds; (d) 
engine fails to start or misses at all speeds; (e) 
(f) (g) (h) engine misses. Test: (a) examine to 
sec if sufficient amount of tungsten is on point5; 
(b) measure gap when points are fully separated 
11nd compare with manufacturer's specifications; 
(c) measure gap when points are fully separated; 
(d) examine surface of points for pits; (e) see that 
surfaces meet squarely; (fl look for milky white 
substance on surface of points; (g) see that poiuts 
line up; (h) see that generator voltage is not too 
high, and test condenser. (Be sure the proper type 
of ignition coil is being used. Cases have been 
known where a coil has been substituted with a 
coarse primary winding, which draws a high amper­
age, thus burning the points. A coil which draws 
over 5 amperes may be suspected). Remedy: (a) 
renew interrupter points; (b) set gap to manu­
facturer's specifications; (c) set points farther apart; 
(d) dress points on oil stone, and test condenser; 
(e) dress points on oil stone • ::nti! surfaces meet 
squarely; (f) remove oxide with file or oilstone; 
test condenser; (g) bend interrupter points to 
line up evenly; (h) remove oxidation with file or 
oilstone; locate open in generator circuit; install 
new condenser. 

11. Interrupter insulated stationary contact­
Trouble: (a) loose; (b) grounded. Effect: (a) 
engine misses, owrng to incorrect ~ap; (b) no spark 
at spark plug. Test: (a) examrne for looseness; 
(b) ammeter registers discharge when interrupter 
point~ are open. Remedy: (a) tighten lock nut 
on stationary contact; (b) reinsulate and clean. 

14. Interrupter lead to coil primary winding­
Trouble: (a) open; (b) grounded; (c) loose at 15. 
Effect: (a) no current in primary; engine fails to 
~tart; (b) primary current will not be br?ken by 
m~rrupter; battery _runs _down; (c) 1ncgular 
pnmary current; engme misses. Test: (a) di&­
connect at 15; connect test light, which should 
burn when the other lead is touched to ground j if 
light burns from 20 to i;round, but not from l 4 to 
ground, leact 1s open; (b) ammeter reads discharge 
when points are separated; (c) examine. Remedy: 
(a) fix break in wire or install new wire; (b) instnll 
new wire or reinsulatc at bare spot; (c) tighten. 

15. Connection to insulated contact of interrup­
ter-Trouble: (a) loose; (b) grounded. Effect: 
(a) engine misses; (b) engine will not start. Test: 
(a) examine; (b) ammeter registers discharge when 
interrupter point$ arc open, Remedy: (a) tighten· 
(b) insulate. ' 

16. Adjustment screw for insulated contact (l J )­
Trouble: (a) loose; (b) grounded, n·'.; insulated. 
Effect: (a) cngiue misses owing to incorrect gap; 
(b) no spark at _spark plug; battery runs clown. 
Te~t: (a) . examme for lo?seness; (b) all!meter 
registers discharge when mterruptcr points are 
open. Remedy: (a) adjust to correct gap and 
tighten lock nut; (b) re-insulate and clean. 

17. Condenser lead-Trouble: (a) loose at 15: 
(b) grounded; (c) open. Effect: (a) engine fail~ 
t<? start or misse.5; interrupter points become• 
pitted; (~) same as 16/b); (c) same as 17(a). Test: 
(a) e;:-arn.me for lo~seness; (b) same as 16(b)· (c) 
examme for break m lead. Remedy: (a) tighten: 
(b) same as 16(b); (c) solder break in lead. • 
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18. Condenser-Trouble: (a) open; (b) short­
circuited internally. Effect: (a) pitting of inter• 
rupter points; weak spark a.t spark plug; engine 
1n1Sses; (b) primary circuit will not oe broken by 
interrupter. Test: (a) trr, new condenser (see 
Index for "Condenser test'); (b) disconnect con• 
denser leads and test with test light; if light burns, 
condenser is shorted. Remedy: (a) (b) install new 
,·ondenser. 

19. Condenser ground connection-Trouble: (a) 
poor ground connection. Effect: (a) pitting of 
interrupter point.s; weak spark at plugs. Test: 
(a) examine for dirt, rust. looseness, or dampness. 
Remedy: (a) clean connection and tighten. 

20. Coil terminal-Trouble: (a) loose connection. 
Effect: (a) no primary current. Test: (a) examine) 
for loosene..,"S. Remedy: (a) tighten. 

21. Coil primary winding-Trouble: (a) open; (b) 
shorted; (c) water soaked. Effect: (a) no primary 
current; engine fails to start; (b) (c) weak spark 
or none at all. Test: (a) (b) see ignition coil tests; 
(c) examine coil for moisture. Remedy: (a) (b) 
install new coil; (c) dry out coil. 

22. Coil primary connection to resistance unit­
Trouble: (a) loose. Effect: (a) no primary current; 
no spatl,; engine fails to start. Test: (a) examine 
for looseness. Remedy: (a) tighten connection. 

23. Resistance unit-Trouble: (a) burned thin; 
(b) open. Effect: (a) low primary current; engine 
misses; (b) no primary current; engine fails to 
start. Test: (a) resistance wire appears thin; (b) 
examine resistance wire for break, (see also ignition 
coil test). Remedy: (a) install new resistance uni.t; 
(b) install new resistance unit; in emergency, coll­
nect wire 25 to terminal 22. 

24 .. Coil terminal-Trouble: (a) loose. Effect: 
(a) no primary current. Test: (a) examine for 
looseness. Remedy: (a) tighten. 

25. Wire lead-Trouble: (a) open; (b) grounded. 
Effect: (a) no primary current; (b) no current 
through primary of coil; battery runs down. 
Test: (a) disconnect at 24; attach test light from 
wire to ground; if light burns lead is all right; if 
light fails to burn, but will burn .from 26 to gro.und, 
the lead is open; (b) dash ammeter reads excessive 
discharge. Remedy: (a) install new wire; (b) 
insulate from gi·ound, or inst!tll new wire. 

26. Ignition switch terminal-Trouble: (a) open; 
(b) grounded to base of switch. Effect: (a) no 
primary current; (b) no current through primary of 
coil; batterv runs down. Test: (a) test light will 
not burn from 26 to ground, but will burn from Z'l to 
ground; (b) dash ammeter reads excessive dis• 
charge. Remedy: (a) clean switch contacts and 
hend to make firmer contact; see that switch is 
turned on; (b) insulate from base of switch. 

27. Ignition switch terminal-Trouble: (a) open; 
(b) grounded. Effect: (a) no primary current; 
(b) no current through primary of coil. Test: (a) 
test light will not burn from 26 to ground, but will 
burn from 27 to ground; (b) dash ammeter reads 
excessive discharge. Remedy: (a) clean switch 
contacts and bend to make firmer contact; (b) 
insulate from base of switch. 

28. Switch handle-Trouble: (a) loose. Effect: 
(a) fails to turn switch on or off. Test: (a) examine 
for looseness. Remedy: (a) fasten to switch by 
set screw or other means. 

29. Wire lead-Trouble: (a) open; (b) grounded. 
l!:ffect: (a) no primary current; (b) no current 
through primary of coil; battery runs down. 

Test: (a) test light ,vill not burn £rom 27 to ground, 
but will burn from 30 to ground; (b) dash ammeter 
reads excessive discharge. Remedy: (a) install 
new wire; (b) insulate wire from ground or install 
new wire. 

30. Ammeter terminal-Trouble: (a) loose; (b) 
grounded. Effect: (a) irregular or no primary 
current; (b) no current through primary of coil; 
battery runs down. Test: (a) examine for loose­
ness; (b) examine for ground; ammeter reads 
~xgessive discharge. Remedy: (a) tighten; (b) 
tnsulate from ground. 

31. Ammeter terminal-Trouble: (a) loose; (b) 
grounded. Effect: (a) irregular or no primary 
current; (b) no current through primary of coil; 
battery runs down. Test: (a) examine for loose­
ness; (b) examine for ground. Remedy: (a) 
tighten; (b) insulate from ground. 

32. Wire lead-Trouble: (a) open; (b) grounded. 
Effect: (a) no primary current; (b) no current 
through primary of coil; batterv runs down. Test: 
(a) test light will not burn from 31 to wound, but 
will burn from 32A to ground; (b) examrne for worn 
insulation. Remedy: (a) install new wire; (b) 
insulate or install new wire. 

32A. Ignition and lighting wire connection with 
battery at starting motor switch-Trouble: (a) 
loose; (b) corroded. Effect: (a) irregular or no 
primary current; (b) low primary current or none 
at all. Test: (a) examine for looseness; (b) dis­
connect and examine for corrosion. Remedy: (a) 
tighten; (b) file, clean, and tighten. 

33. Battery terminal-Trouble: (a) loose; (b) 
corroded. Effect: (a) (b) same as IA. Test: (a) 
(b) same as lA. Remedy: (a) (b) same as lA. 

40. Secondary winding-Trouble: (a) open; (b) 
shorted; (c) water soaked. Effect: (a) no spark 
at plug; (b) (c) weak or no spark at plug. Test: 
(a) (b) seeignition coil tests page 462-C; (c) examine 
coil for moisture. Remedy: (a) (b) install new coil; 
( c) dry out coil. 

41. Coil secondary terminal-Trouble: (a) loose. 
Effect: (a) may cause missing; Test: (a) with 
engine running; look for sparks at 41. Remedy: 
(a) tighten connection. 

41T. Coil secondary winding test-see major 
W$ts and explanations page 462-B. 

42T. Coil secondary terminal test-see major 
tests and explanations page 462-B. 

42. Cable lead from secondary tenninal to center 
part of distributor-Trouble: (a) open; (b) 
grounded. Effect: (a) no secondary current to 
distributor; (b) high-tension current leaks here; 
therefore no spark at plug. Test: (a) t.est with 
screwdriver; when engine is cranked, spark will 
jump from 41 to ground, but not from 44 to ground; 
(b) examine for worn or rotted insulation. Remedy: 
(a) (b) install new high-tension wire. 

43. Distributor center terminal-Trouble: (a) 
loose connection. Effect: (a) may cause missing. 
Test: (a) examine for loosene...ss. Remedy: (a) tighten. 

44. Distributor contact to 46--Trouble: (a) loose; 
(b) shorted, owing to dirt or moisture in distributor 
cap. Effect: (a) may cause missing; (b) engine 
rrusses. Test: (a) examine for looseness; (b) 
examine for dirt and cracks in distributor cap. 
Remedy: (a) if brush tYP.e, repla-ee brush and spring, 
otherwt.Se replace distributor cap; (b) clean dis­
tributor cap; if cracked, replace. 

45. Rotor spring contact-Trouble: (a) po01 
contact with 44; (b) weak tension; (c) broken 



DYKE'S TROUBLE-SHOOTlNG CHARTS 462-C 

Effect: (aJ (b) may cause missing; (c) no spark; 
engine fails to start. Test: (a) e.-xamine spring 
contact for dirt; (b) examine spring; (c) examine. 
Remedy: (a) clean contact and bend spring 
upwards; (b) bend upwards or tighten screw (S); 
(c) install new rotor 46, or new spring 45. 

46. Rotor-Trouble: (a) shorted; (b) wobbly. 
Effect: (a) no spark; engine fails to start; (b) 
irregular spark. Test: (a) examine rbt-0r for cracks 
and dirt; (b) examine for looseness on distributor 
shaft; may be due to distributor shaft bearing 50 
being worn from lack of lubrication. 1 Remedy: 
(a) clean rotor; if cracked, replace with new rotor; 
(b) install new rotor, or rebush shaft-if bearing is 
worn, or replace housing. • • 

47. Distributor cap spring-Trouble: (a) loose; 
(b) broken. Effect: (a) distributor cap wobbles; 
(b) too large a gap between 53 and 54. Test: (a) 
examine for looseness; (b) examine. Remedy: 
(a) bend to tighten; (b) ins_tall new spring. 

48. Automatic governor spring-Trouble: (a) 
weak; (b) loose. Effect: (a) spark advances at 
low speed and causes pre-ignition, knock, or kick­
back; (b) same as 48(a). Test: (a) (b) examine 
spring. Remedy: (a) install new spring; (b) tighten. 

49. Automatic governor spider-Trouble: (a) 
tight; (b) rusty and stuck. Effect: (a) (b) does 
not advance spark; engine will not develop power 
at high speed. Test: (a) (b} examine spider. 
Remedy: (a) (b} clean, loosen, and lubricate. 1 

50. Distributor-interrupter shaft and bearing­
Trouble: (a) worn. Effect: (a) interrupter shaft wob­
bles and causes missing. Test: (aJ examine. Remedy: 
(a) install new bearing and shaft if both are worn.' 

51. Advance arm clamp screw-Trouble: (a) 
loose. Effect: (a) advance arm shifts to improper 
ignition timing position. Test: (a) examine to see 
if advance arm is tight on distributor. Remedy: 
(a) check ignition timing and tighten screw. 

52. Advance arm-Trouble: (a) improperly set. 
Effect: (a) ignition out of time. Test: (a) check 
ignition timing. Remedy: (a) loosen screw 51; 
reset advance arm 52, and tighten screw (see also 
pages 301, 302 for other timing methods). 

52A. Advance a.rm hole-Trouble: (a) worn. 
Effect: (a) too much play in ignition rod. Test: 
(a) examine for looseness. Remedy: (a) replace 
arm, or bush hole. 

53. Rotor secondary point-Trouble: . (a) 
burned; (b) gap too wide; (c) poor contact w~th 45. 
Effect: (a) weak spark at plug; engine misses; (b) 
spark thin; engine misses; (c) no spark at all. 
Test: (a) (b} (c) examine. Remedy: (a) install 
new rotor spring!· (b) adjust 54 closer to 53 (about 
. 010",l; (c) insta l new rotor spring. 

54. Spark plug terminal-Trouble: (a) loose; 
(b) gap too wide. E· ect: (a) may strike 53, or 
have too wide a gap; (b) same as 53(b). Test: (a} 
examine for looseness; (b} same as 53(b). Remedy: 
(a) install new terminal vr new distributor cap; 
(b) same as 53(b). 

55. Spark plug cable terminal-Trouble: (a) 
loose. Effect: (a) poor c~mtact; irregular spark 
at plug. Test: (a) examine for looseness. 
Remedy: (a) tighten terminal. 

56. Spark plug cable-Trouble: (a) open, (b) 
grounded; (c) static discharge. Effect: (a) irreg­
ular or no spark at plug; (b) no spark at plug; (c) 
missing. Test: (a) see major tests; (b} (c) notice 
spark jumping through insulation or bare wire. 
Remedy: (a) (b) install new wire; (c) separate 
wires; if this does not remedy trouble, the rubber 
insulation may be hard and porous; install new wires. 

57. Spark plug cable connection to plug-Trouble: 
(a) loose; (b) spark plug cables not connected 
according to firing order of engine. Effect: (a; 
irregular firing of plug; (b) engine misses, sometime:;­
backfires. Test: (a) examine for looseness; (b) 
check cable connections. Remedy: (a) tighten; 
(b) ronnect properly according to firing order. 

57B. Spark plug terminal test-see major test<: 
and explanations. 

58. Electrode-Trouble: (a} cement loose; (b) 
broken; (c) shorted with moisture. Effect: (a) 
irregular firing and air leak; (b) no spark at plug; 
(c) no spark at gap 61. Test: (a) hissing sound; 
(b) exarmne electrode; (c) examine for moisture. 
Remedy: (a) install new porcelain or plug; (b) 
install new porcelain or new spark plug; (c) dry 
the spark plug. • 

59. Porcelain-Trouble: (a) broken or cracked; 
(b) carbonized; (c) air leak in shell. Effect: (a) 
spark jumps through crack, termed an electrical 
leak; no spark at 61; (b) short circuits high-tension • 
current; cylinder misfires; (c) compression leak; 
loss of power, perhaps misfiring. Test: (a) examine 
plug; (b) examine for carbon deposit; (c) hissing 
sound. Remedy: (a) replace porcelain or spark 
plug; (b) clean with muriatic acid or alcohol; (c1 
tighten lock nut or install new gasket, if of sep­
arable type; if a one-piece type of spark plug, as 
shown in illustration, replace plug. 

60. Spark plug gasket-Trouble: (a) air leak. 
Effect: (a) same as 59(c). Test: (a) hissing sound. 
Remedy: (a) tighten spark plug or install nev. 
gasket. 

61. Spark plug gap-Trouble: (a) too wide; (b) 
too close; (c) burned; (d) carbonized. Effect: 
(a) missing at high speed; (b) missing at low speed 
and when idling; (c) engine misses; (d) no spark 
at 61. Test: (a) (b) measure gap with thickness 
gauge (should be about .025"); (c) examine; (d) 
examine for carbon. Remedy: (a) set closer; (b) 
set farther apart; (c) install new spark plug; (d) 
remove carbon. 

62. Spark plug shell electrode-Trouble: (a) 
loos_e; (b~ barned. Effect: (a) ~ap changes; (b) 
engme misses. Test: (a) examme for looseness; 
(b) e.-xamine. Remedy: (a) (b) install new shell 01· 
plug. 

63. Spark plug shell threads-Trouble: (a) air 
leaks; (b) too long. Effect: (a) compression poor; 
loss of power; (b) preignition causing knock. Test 
(a) . hissing sound; bubbles will appear if oil is 
sqU1rted around threads; (b) compare length of 
plug to thickness of cylinder wall; should be about 
the same (~ee page 235). Remedy: (a) tighte" 
spark plug; (b) install proper length of spark plug . 

64. Valve cap into which spark plug is sO:metimes 
screwed;-Trouble: (a) cracked; (b) air leak. 
Effect: (a) . (~) loss of compression and missing, 
usually at idling speed. Test: (a) (b) examine. 
Remedy: (a) replace with new cap; (b) tighten 
cap and replace gasket 65, if necessm-y. 

65. Valve cap gasket-Trouble: (a) valve cap 
not drawn down tight; (b) gasket leaks. Effect: 
(a) (b) loss of compression and missing. Test: 
(a) (b) examine. Remedy: (a) draw vr.lve cap 
tight; (b) replace gasket. 

66. Secondary ground to base of coil-Trouble: 
(a) open. Effect: (a) no spark at plugs. Test: (a) 
see coil and examme connection from base of coil 
to ground. Remedy: (a) if open in coil, replacr­
coil; clean base of coil and coil bracket. 

1 See "Noisy clistributor." page 46Z-C. 
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FUEL FEED AND CARBURETION TROUBLE-SHOOTING CHART-EXPLANATION 
(See page 462-H) 

The fuel feed system is divided into four major 
1_>arts: 
I. The vacuum feed (D) from main gasoline tank to 

the upper or vacuum chamber (sw page 113 for 
principle of operation). 

2. The gravity feed (14) from lower or gravity 
chamber to carburetor. 

3. The suction line (C) from inlet manifold to 
vacuum t.n.nk. 

4. The inlet manifold leading from carblU'etor to 
inlet valve ports of engine. • 
The major troubles which are usually the result 

of defects in the fuel system are: 
1. Engine fails to start. 
2. Engine slows down, lacks power, and back­

firing or popping occurs in the carburetor. 
3. Engine stops, with back-firing or popping in 

carburetor. 
1. Engine Fails to Start 

Cause of engine failing to start may be lack of 
gasoline, due to: (a) no .gasolinein tank; (b) choker 
valve (47) not being closed; (c) fuel line clogged. 

Test (a): See if there is gasoline in the main 
gasoline tank (do not depend upon the gasoline 
gauge; it does not always indicate correctly). If 
there is {!asoline, the next procedure is to see if 
gasoline reaches the float chamber (18A) of car­
buretor, by unscrewing cap (21) and lifting needle 
valve (20), and seeing if gasoline drips at (25A). 
If so, you know that gasoline is reaching the car­
huretor, as it must run out of jet (25) in order to 
reach (25A). 

Test (b): If on test (a) gasoline drips at (25A) 
then by closing choker valve (47), by pulling button 
(52) out, the engine should start, assuming that 
ignition is good. 

If gasoline does not drip out at (25A), then open 
drain cock (J) at the bottom of the vacuum tank to 
see if there is gasoline in the lower chamber. If so, 
then the trouble lies between (KJ and the carburetor. 

If gasoline does not drip out at (25A) on making 
test (a), then run a wire through (J); if gasoline 
does not then flow, there is probably no gasoline 
in the lower or gravity chamber, and the trouble 
is either in the vacuum tank (see chart key), or the 
fuel line is clogged. (See a.lso "Vacuum gauge test," 
page 10:ll.) 

Usually, when there is no gasoline in the vacuum 
tank, the first place to look is at the air vent in the 
filler cap (2), to see if it is clogged. Next, examine 
strainer (V) in vacuum tank. Next, examineflapJ?er 
valve (H); it may be held open by sediment which 

can be removed by shaking. Next, see if cc:,nnec­
tions at unions (5) (7) (8) and union (N) on pipe 
(C) and at (29) are loose; or valves (A) and (B) 
may be leaking. 

Test (c): If pipes are suspected of being cl<>gged, 
remove and blow them out or run a wire through. 

If gasoline drains from drain cock (J), but does 
not drip at (25A) when the float needle valve is lifted, 
then remove the pipe at union (15) and see if gasoline 
mns out of pipe (14); if so, then the trouble is 
either in the carburetor stra.iner (16) being clogged, 
or the openings, or jets (24) (25) are clogged. 

2. Engine Slows Down; Back-Fires in 
Carburetor 

When the engine slows down, lacks power, 'and 
popping occurs in the carburetor, it is usually due 
to lack of gasoline and may be ca-used by the 
vacuum tank strainer (V), or carburetor strainer 
(16), or fuel pipes beingpartiallyclogged, or air or gas­
oline leaks in the fuel pipe lines (sometimes an incor­
rect valve clearance will cause back-firing; see pages 
57-59, 61, 118, 765). (See also pp. 1041, 114-115.) 

3. Engine Stops; Back-Fires in Carburetor 
When the engine slows down,. lacks power, and 

popping occurs in the carburetor and the engine 
stops, the trouble is likely due to lack of gasoline, 
either in the main gasoline tank, to clogged strainers 
(VJ or (16), or the vacuum system is out of order 
or there are clogged or leaky pipes, or clogged 
openings in the carburetor. (See also pages 114, 
115, 122, 1041.) 

Indications that the gasoline supply is less than 
normal are the sloW1J1g down of the engine, lack of 
pov,er, and popping in the carburetor. 

Indications that the gasoline supply is completely 
cut off, or that the supply is running out, are first, 
as above; then the engine stops. 

If it is impossible to get gasoline from the main 
gasoline tank to the vacuum tank, draw some gaso­
line from the ma.in tank, either at the drain cock or 
by means of an oil gun or rubber tube syphon, and 
remove plug (W) and put it into the vacuum tank 
(see page 115). This will get the car home or to a 
garage, where time can be taken to locate the 
trouble properly. (See also pages 1041, 115.) 

A simple test, when the engine will not idle 
properly, is to close the choker valve slightly, 
givini the engine more gasoline, and to note if 
this improves the running conditions. If so, cut 
down slightly on the air adjustment; if not, try 
opening the air adjustment slightly. Make this 
test when the.engine is warm. 

FUEL FEED AND CARBURETION TROUBLE-SHOOTING CHART-KEY 
(Sec page 462-H) • 

1. Gasoline in main gasoline tank-Trouble: (a) 
poor grade; (b) old; (cl no gasoline; (d) leak in 
tank; (e) water in gasoline. Effect: (a) engine 
fails to start or lacks power; (b) volatility lost; will 
not vaporize; engine fails to sta1·t 01· lacks power; 
( c) engine fails to start; ( d) fuel consumption 
uppears unduly high; (e) popping back through car­
buretor. Test: (a) gasoline smells like kerosene· 
(b) gasoline has very little odor;· (c) examine fuei 
tank; (d) examine tank for leak; (e) slightly open 
1lrain plug in bottom of tank; water will emerge. 
Remedy: (a) refill with good grade of gasoline; (b) 
refill t.nnk with frei:11 gasoline; (c) fill tank \\-;th ~as-

oline; (d) solder leak in tank; (e) drain water from 
bottom of tan}, through drain plug. 

2. Air vent in filler cap of main gasoline tank­
Trouble: (a) clogged (a co=on trouble); (b) too 
small. Effect: (a) gasoline will not flow to vacuum 
tank; engine stops; (b) flow of gasoline to vacuum 
tank retarded. Test: (a) examine hole in filler cap; 
(b) examine hole (should be½" diameter). Remedy: 
(a) clean out hole; (b) drill out with ½'' drill. 

3. Strainer at end of standpipe in main gasoline 
tank-Trouble: (a) clogged. Effect: (a) gasoline 
fails to rel\Ch vacuum tank. Test: (a) examine. 
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Re~edy:. (a) clean !'trainer (not all standpipes 
have strainers on them; in fact, only a few tanks 
have strainers at all m the gasoline tank; the 
strainers are usually in the vacuum tank and the 
carburetor). 

4. Standpipe in main gasoline tank through which 
gasoline is drawn to vacuum tank (upper chamber)­
Trouble: (a) clogged; (b) seam cracked. Effect: 
'.a) gasoline fails to reach vacuum tank; (b) gasoline 
fails to reach vacuum tank when level of fuel is 
beJ:ow crack. Test: (a) (b) remove standpipe and 
examine. Remedy: fa) remove the obstruction 
with wiJ:e or compressed air; (b) solder up crack in 
~earn. (This standpipe can usually be removed by 
unscrewing the nut -and drawing it out from the top. 
Sometimes rubber from the filler hose gets into the 
tank and is drawn t-0 thestandpipeopening,closingit.) 

5. Union and connection-Trouble: (a) loose; 
<.b) air leak; (c) clogged. Effect: (a) (b) admit,s 
air, thus reducing flow of gasoline to vacuum tank; 
(c) gasoline fails to reach vacuum tank. Test: 
(a) examineforlooseness; (b) sguirt ga~olinearound 
union; crank engine, and see if gasoline is sucked 
in through union; (c) disconnect union and examine. 
Remedy: (a) tighten; (b) unfasten union, coat with 
soap, then tighten; (c) remove obstruction. 

6. Pipe from main gasoline tank to vacuum tank­
Trouble: (a) clogged; (b) bent; (c) cracked or 
perforated; (d) frozen, owing to water in gasoline. 
Effect: (a) (b) (c) (d) gasoline fails to reach vacuum 
tank. Test: (a) disconnect at 7 and blow through 
pipe to see if free; (b) examine for bends or kinks; 
(c) disconnect at 5 and 7; have someone bold 
finger over end at 5, then blow at 7 and examine 
for leaks; (d) same as 6 (a). Remedy: (a) blow 
1JUt with compressed air; (b) install new pipe; (c) 
solder up leaks or install new pipe; (d) remove pipe 
and thaw out in hot water. 

7. Union and connection-Trouble: (a) loose; 
(b) air leak. Effect: (a) (b) leaks afr; gasoline 
fails to reach vacuum tank. Test: (a) examine for 
looseness; (b) disconnect at 8; squirt gasoline 
around 7, and blow at 8; bubbles mdicate leak. 
Remedy: (a) tighten; (b) tighten pipe D at 7; 
coat threads of union with soap. 

8. Nut-Trouble: (a) loose; (b) air leak. Effect: 
\a) (b) leaks air; gasoline fails to reach vacuum 
tank. Test: (a) examine for looseness; (b) squirt 
gasoline around 8; crank engine; if gasoline is 
sucked in, a leak exists. Remedy: (a) tighten; 
(b) coat threads with soap and tighten. 

9. Vacuum tank &asket-Trouble: (a) loose, 
causing air leak; (b) torn. Effect: (a) gasoline 
fails to reach vacuum tank; (b) air leak; gasoline 
fails to reach vacuum tank. Test: (a) examine for 
looseness of vacuum tank head; (b) remove vacuum 
tank head and examine. Remedy: (a) tighten 
screws in vacuum tank head; (b) install new gasket. 
Do not shellac (see page 114). 

A. Vacuum tank suction valve-Trouble: (a) 
leaks; (b) valve seat bushing loose. Effect: (a) 
(b) gasoline is drawn to inlet manifold through pipe 
C. Test: (a) see page 1041, or loosen pipe Cat 29; 
remove head of vacuum tank, raise float, and blow 
through pipe C; (b) see page 1041 .. Remedy: (a) 
have new valve installed at Stewart-Warner servrne 
station; (b) tighten bushing. 

B. Vacuum tank air valve-Trouble: (a) leaks. 
Effect: (a) gasoline fails to reach vacuum tank. 
Test: (a) remove head of vacuum tank, lower 
float, stop passage to L with finger, and try to blow 
through air vent. Remedy: (a) have new valve 
frist.alled at StewartrWarner service station. 

C. Vacuum tank suction pipe to inlet manifold-­
Trouble: (a) loose at N or at 29j (b) clogged, 
(c) gasoline passing through pipe (.;. Effect: (a) 
air leak; gasoline fails t.o reach vacuum tank; (b) 
no suction; gasoline fails to reach vacuum tank; 
(c) engine loads up. Test: (a) with engine running, 
apply light oil at these points; if oil is drawn 
in, a leak exists; (b) disconnect at N and 29, and 
lilow through pipe; (c) see page 1041, or disconnect 
at 29; hold finger over opening, if engine cease~ 
loading up, this is the trouble. Remet\y: (a) 
tighten or apply soap to threads; (15) blow OJt with 
compressed air; (c) fix valve A or float G. 

D. Same as 6. (See also "Vacuum gauge test," 
page 1041.) 

E. Vacuum tank lever to which the two coil 
springs (SJ are attached-Trouble: (a) out of order. 
Effect: (a) valves A and B do not operate properly. 
Test: same as A and B. Remedy: (a) take head 
of vacuum tank to Stewart-Warner service station 
for repairs. 

F. Vacuum tank lever operated by springs 
attached to E-Trouble: (a) out of order. Effect: 
(a) same as E. Test: (a) same as A and B. 
Remedy: (a) same as E. 

G. Vacuum tank float-Trouble: (a) leaks and 
fills up. Effect: (a) fails to close A or open B; 
gasoline is drawn through C. Test: (a) examine 
float for leaks by immersing in hot water. See 
page 114. Remedy: (a) see page 114. 

GI. Vacuum tank float guide rod-Trouble: (a) 
bent. Effect: (a) float sticks, causing same trouble 
as G. Test: (a) examine rod. Remedy: (a) 
straighten. 

H. Vacuum tank flapper valve-Trouble: (a) 
dirt under valve. Effect: (a) gasoline fails to reach 
vacuum tank. Test: (a) plug up air vent; dis­
connect at 13; hold finger over opening while 
cranking engine; suction at 13 indicates H is leak­
ing. Remedy: (aJ tap on side of tank to remove 
dirt, or remove upper chamber and clean. 

J. Petcock for draining or cleaning tank­
Trouble: (a) clogged. Effect: (a) will not drain. 
Test: (a) open. Remedy: (a) run wire through 
opening. 

K. Outlet of lower chamber or gravity tank to 
carburetor-Trouble: (aJ clogged. Effect: (a) gas­
oline fails to reaeh float chamber ISA. Test: 
(a) disconnect at 13; gasoline fails to run out freely 
but will run out of J. Remedy: {a) clean with 
wire. 

L. Space between outer shell and vacuum tank­
Trouble: (a) air vent clogged. Effect: (a) gasoline 
fails to flow from lower chamber to carburetor. 
Test: (a) remove air vent tube and try to blow 
through it. Remedy: (a) blow out air vent with 
compressed air, or run wire through it. 

N. Union-Trouble: fa) see C. 
R. Air vent-Trouble: (a) overflows rero.tla.rly. 

Effect: (a) too rich mixture in engine, whicn loa& 
up. Test: (a) examine for overflow. Remedy: (a) 
clean out air vent (2) in main gasoline tank; (b) 
vacuum tank may be too close to hot engine; (c) 
bottom of vacuum tank must be at least 3" above 
carburetor; (d) attach length of tubing to air vent, 
and run up higher under hood. 

S. Two coil springs-Trouble: (a) loose; (b) 
broken·. Effect: (a) (b) valves A and B not properly 
operated. Test: (a) (b) see test on page 1041, 
and also examine springs. Remedy: (a_l tighten; 
(b) install new sprinp;s. 
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T. Outlet passage from upper to lower chamber. 
U. Washer for float guide rod (fibre or metal). 
V. Vacuum tank wire screen strainer-Trouble: 

r a) clogged. Effect: (a) gasoline fails to flow to 
vacuum tank. Test: (a) this is one of the first 
places to examine when vacuwn tank fails. 
Remedy: (a) loosen nut 8; remove strainer, and 
dean. (See also "Vacuum gauge test," p. 1041.) 

W. Flushing plug-to be used forfillin~ tank when 
vacuum fails. Remove and pour gasoline through 
opening; engine can be run to garage by repeated 
fillings. Also used for flushing sediment from H. 
See also, page 115. 

Vacuum tank empty-Trouble: (a) carburetor 
throttle valve 26 opened wide for too long a period. 
Effect: (a) engine receives lean mixture or no 
gasoline. Test: (a) engine misses or gradually 
stops. Remedy: (a) operate engine for a short 
time with closed throttle (see also page 115). 

12. Connection from lower gravity tank-Trouble: 
(a) loose; (b) clog~ed. Effect: (a) gasoline drips 
out; (b) gasoline fruls to reach carburetor properly. 
Test: (a) exa-mine for looseness; (b) gasoline runs 
out of J when opened, but no gasoline in 18A, or 
gasoline flows very slowly to 18A. Remedy: (a) 
tighten; if necessary, coat threads with soap; (b) 
remove connection, and clean. • 

13. Union connecting pipe 14 with connection 
12-Trouble: (a) loose; (b) clogged. Effect1 (a) 
same as 12(a); (b) same as 12(b). Test: (a) (b) 
examine. Remedy: (a) tighten; (b) remove and 
blow out, or run wire through 1t. 

14. Feed pipe from gravity chamber to carburetor• 
-Trouble: (a) clogged or bent at sharp angle; (b) 
cracked seam or perforations; (c) froien, as a result 
of wnter in gasoline. Effect: (a) gasoline fails to 
reach carburetor properly; (b) gasoline leaks; ( c) 
gasoline fails to reach carburetor. Test: (a) gaso­
line runs out of J, but does not flow freely into 18A; 
(b) examine for leaks; (c) gasoline runs out of J, 
but does not enter 18A. R.emedy: (a) disconnect 
at 13 and 15, and blow out with compressed air 
or tire pump, or straighten; (b) solder leaks or 
install new pipe; (c) remove pipe and thaw out in 
hot water. 

15. Union connection at carburetor-Trouble: 
(a) loose. Effect: (a) gasoline leaks. Test: (a) 
examine for looseness. Remedy: (a) tighten; if 
necessary, coat threads with soap. 

16. Carburetor strainer-Trouble: (a) clogged. 
Effect: ( a) gasoline fails to reach carburetor 
properly. Test: (a) gasoline runs out of J, but 
-:mters 18A slowly or not"'t!tt all. Remedy: (a) 
remov~ strainer and clean. 

17. Carburetor float needle valve seat-Trouble: 
(a) sediment collected on seat; (b) out of adjust­
ment; (c) rough; (d) burr on seat. Effect: (a) 
float valve fails to cut off flow of gasoline; (b) 
causes float valve to cut off too quickly or too late; 
(c) ·(d) Boat valve fails to cut off flow of gasoline. 
Test: (a) overflowing of gasoline in 18A or at 25A; 
(b) check gasoline level, which should be slightly 
below jet 25; (c) (d) overflowing of gasoline in 18A 
or at 25A. Remedy: (a) remove cap 21 and raise 
u.nd lower valve 20 in its seat several times to dis­
lodge sediment; (b) readjust valv~ seat by screwing 

1 The carburetor used in the chart is the Zenith Model "U" as 
•xplained on page 131. ln the Zenith carburetor, adjustment 
of the mixture for high speeds is made t,y means of replacing 
jet with one of another size. The various adjustments of other 
ro.ak~.s of ~a.rburetors nrc gh-en on pagc6 117-1 1-4, 

in or out (see pages 123, 144); (c) replace with new 
valve seat; (d) remove cap 21 and tap gently on 
float needle valve 20. 

18. Carburetor float-Trouble: (a) hQle in it; 
(b) stuck due to mechanism. Effect: (a) fills up 
and sinks, therefore does not cut off ·flow; (b) 
either will not fill up or will overflow, owing to 
position where float sticks. Test: (a) overflowin!! 
of gasoline in 18A or at 25A; immerse float in hot 
water, and bubbles will appear at hole. Remedy: 
(a) punch another hole, drain out gasoline, solder 
bole (see page~ 122; 123); (b) examine mechanism. 

18A. Carburetor float chamber-Trouble: (a) 
frozen, owing to water in gasoline; {'b) sandholes 
in casting. Effect: (a) gasoliuefails to reach engine; 
(b) gasoline leaks. Test: (a) remove float chamber 
cover, and examine; (b) examine. Remedy: 
(a) thaw out with hot water; (b) renew float 
chamber. 

19. Carburetor float needle valve mechanism­
Trouble: (a) cuts off too late; (b) cuts off too early; 
(c) stuck. Effect: (a) gasoline level too high; 
engine loads up as mixture is too rich; (b) level too 
low, mixture too lean, engine misses; (c) will cut 
off too late-or too early, owing to position when 
stuck. Test: (a) overflowing of gasoline at 18A 
or at 25A; (b) test level of gasoline; (c) examine. 
Remedy: (a) adjust to cause proper level of gasoline 
slightly below level of jet 25; (b) adjust to proper 
level; (c) adjust, or put in new parts. 

20. Carburetor float needle valve-Trouble: (a) 
loose from collar; (b) bent. Effect: (a) mechanism 
fails to operate valve; (b) fails to cut off flow of 
gasoline. Test: (a) examine for looseness; (b) 
examine to see if it operates freely. Remedy: (a) 
refasten to collar; (b) straighten. 

21. Carburetor needle valve cap-Trouble: (a) 
binds against needle valve 20. Effect: (a) needle 
valve 20 fails to admit gasoline or fails to cut off 
flow. Test: (a) no gasoline to engine or overflow­
ing at 18A or 25A; trouble stops when 21 is removed. 
Remedy: (a) straighten 20 or put washers under 21. 

22. Carburetor fuel passage to compensator jet 
(compensatorisabove22,p.462-H; seealsop.131)­
Trouble: (a) water in gasoline or clogged compen­
sator; (b) compensator jet too lar~e; (c) compensa­
tor jet too small. Effect: (a) nuxture lean, back­
firing; (b) too rich a mi\.-ture on a hard pull (see 
page 132); (c) too lean a mi'<ture, missing and jerky 
motion of car on a hard pull (see pages 131, 132). 
Test: (a) unscrew plug below 22 and drain. Com­
pensator may be clogged; unscrew and clean; (b) 
(c) see page 131. Remedy: (a) (b) (c) see page 132 
and462-I. 

Thein6uence of the compensator jet, is strongest at low speeds 
and hard pullll. A hard pull on high ,;ear on a hill with the 
throttle ~•l! OP."n taxes t.he efficiency _of the compensator and 
will readily mclicate the correctness of its size. 

23. Carburetor fuel passage to main jet (main jet 
is directly above 23 and is Fig. 25)-Trouble: (a) 
I_V~ter in gasoline. Effect: (a) mixture lean, ba-ek­
firmg. Test: (a) unscrew plug below 23 and drain. 

24. Carburetor cap jet. This is an outside cap 
surrounding the spray nozzles (not clearly shown) 
or passages leading from the idling well and corn~ 
pe~sa~or jet. Trouble: (a) passages to the side of 
rnam Jet may be clogged. Effect: (a) engine will 
not pick up on accelerating and misses at high speed. 
Test and Rei.nedy: (a) unscrew and clean, 

Note. On the Model "U" Zenith, sho..,-n In the chart 
~nd page 131, there are two passages to the side of the mai~ 
iet (not clearly sbowu), whereas on the Model "L" (olde. 
mod~I) there is one PMSa£e to tho •id~ of tho main iet. 
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24A. Carburetor choke tube or venturi-Trouble: 
(a) too large; (b) too sma.11. Effect: (a) (b) see 
pages 131 and 132. 

Bear in mind that when inside diameter of the choke tube 
is increased: more air is admitted and t,hc mixture is cor~ 
responclingly thinned, Md vice versa. 

25. Carburetor main jet-Trouble: (a) clogged; 
1b) too large; (cJ too small. Effect and Remedy: 
(a) unscrew and clean; (b) (c) see page 131. 

The influence of the main jct is mostly felt at high speeds. 
Note. When testing: Pirst determine the size of the choke 

(the size is stamped on each part), then of the main ict, then 
,,{ the cornncnsator. . 

0. Carburetor idling adjustment. Note. 
,~!though air is shown to enter at the screw on the 

• chart, the air really enters through an adjusting 
screw (0, Fig. 21, page 131) directly below and to 
t.he side of the screw shown on the chart,.-Trouble: 
(a) mixture too rich at idling speed; (b) mixtU1·c 
too lean at idling speed. Effect: (a) engine runs 
in a jerky or irregular manner; (b) same as (a) and 
will also miss, and in extreme cases the engine will 
stop. Test and Remedy: (a) open throttle to 
clear the passages of the rich mixture, and then 
bring back to idling position, and screw out idling 
adjusting screw (0, Fig. 21, page 131) to lean the 
mixture, until regular running is attained. If it is 
necessary to screw this out more than four or five 
turns from its seat, put in a smaller idling tube; 
(b) screw in on idling adjusting screw to enrich 
the mixture until missing stops and engine idles 
properly. If it is necess..'try to screw O in to within 
-1 to 1 turn from its seat, put in a larger idling tube. 

Note. When making idling adjustment, have it on the 
"rich" side; t,hn.t is, h:1vc tho ::uljusting screw O adjusted to u. 
point where a slight "turn in'' would result in a rich mixture. 

25A. Gasoline dripping from carburetor­
Trouble: (a) g:rnoline level in float chamber 18A 
loo high· (b) needle valve 20 does not seat at 17. 
Effect: {a) (b) overflows at 25 and 25A. Test: (a) 
(b) examine for drip. Remedy: (a) adjust level 
of gasoline (sec 19(a); (b) see 17(a), 17(b) and 17(c). 

26. Carburetor throttle valve-Trouble: (a) 
.-;crew loose on pin; (b) lever loose (see Tl, Fig. 21, 
page 131); (c) st-0p screw not adjusted properly 
(this stop-screw can be seen on Fig. 21, page 131, 
:1t "T2"J; (d) spring which pulls throttle valve 
dosed, weak, or broken; (e) rods from throttle 
lever to accelerator or hand throttle on steering 
wheel out of adjustment; (f) connection between 
throttle shaft and body of carburetor worn. Effect: 
(a) (b) does not open and close properly; (c) engine 
does not idle properly; (d) throttle does not close 
properly; (e) throttle does not open and close 
pi-operly; (f) admits air giving lean mixture. Test: 
(a) remove ca1:):mret-0r and examine for looseness; 
(b) e,xamine for looseness; (c) idle engine; if it 
stops, screw in; if it runs too fast, screw out; (d) 
:1ccelerator-pedal does not rapidly return to proper 
position when released; (e) examine for looseness. 
Remedy: (a) tighten screw; (b) tighten; (c) 
readjust; (d) increase tension of spring or install 
new one; (e) lengthen or shorten rods; (fJ replace 
parts with new ones. 

27. Carburetor gasket-Trouble: (a) loose; (b) 
air leak into inlet manifold; (c) projects into inlet 
manifold. Effect: (a) (b) admits air and causes 
too lean a mixture; (c) obstructs passage of mixture. 
Test: (a) examine for looseness; (b) with engine 
running, squirt gasoline around gasket; if engine 
speeds up, there is an air leak; (c) remove carburetor 
and examine fit of gasket. Remedy:· (a) tighten 
bolt.s 28; (b) install new gasket or shella.c old gasket, 
being sure to scrape clean first; (c) cut opening to 
fit,, 01· iMt.~ 11 new gasket. 

28. Carburetor manifold bolt-Trouble: (a) loose. 
Effect: (a) admits air; too lean a mixture. Test: 
(a) examine for looseness. Remedy: (a) tighten. 

29. Vacuum tank suction pipe connection to inlet 
manifold-Trouble: (a) loose (see also C); (b) air 
leak. Effect: (a) gasoline fails to reach vacuum 
tank; (b) gasoline fails to reach vacuum tank; lean 
mixture. Test: (a) examine for looseness; (b) 
with engine running, squirt gasoline around 29; 
if it is drawn in a leak exists. Remedy: (a) 
tighten; (b) coat tbreads with soap and tighten. 

Inlet manifold-Trouble: (a) carburetor too small 
or too large an opening. Effect: see pages 109, 
115, 1050. 

30. Inlet manifold cap screw-Trouble: (a) loose. 
Effect: (a) admits air; mixture too lean. Test: 
(a) e.xamine for looseness. Remedy: (a) tighten. 

31. Inlet manifold gasket-Trouble: (a) loose; 
(b) air leak; (c) projects into inlet manifold. 
Effect: (a) (b) admits air; too Jean a mixture; (c) 
obstructs passage of mixture. Test: (a) e.xamine 
for looseness; (b) whistling sound when engine is 
running; (c) remove manifold and examine fit of 
gasket. Remedy: (a) tighten cap screw 30; (b) 
install new gasket, or shellac old one; (c) cut 
opening to fit, or install new gasket. 

32. Inlet valve head and seat-Trouble: (a) dirt 
or carbon under seat; (b) pitted. Effect: (a) valve 
does not seat; poor compression; loss of power; 
(b) valve leaks compression; loss of power. Test: 
(a) unequal compression noticed when cranking 
engine by hand. (b) unequal or poor compression 
noticed when cranking engine by hand. Remedy: 
(a) (L) grind valves. 

33. Inletvalvecap-Trouble: (a)loose; (b)gasket 
leaks. Effect: (a) (b) leaks air and compression; 
loss of power. Test: (a) examine for looseness; 
whistling sound; (b) whistling sound; remove cap 
and examine gasket. Remedy: (a) tighten; (bJ 
install new gasket. 

34. Cylinder head gasket 1-Trouble: (a) leaks 
air and compression; (b) leaks water. Effect: (a) 
loss of power; (b) water enters cylinder. Test: 
(aJ whistling sound; (b) popping back through 
carburetor. Remedy (a) (b) tighten cylinder head 
bolts, or install new gasket. 

35. Inlet valve guide-Trouble: (a) worn. 
Effect: (a) leaks air on suction stroke; mixture too 
lean. Test: (a) with engine running, squirt 
gasoline around 3,5; if engine. speeds up a leak 
exists. Remedy: (a) install new guide or ream out 
and install oversize valve. 

36. Inlet valve spring-Trouble: (a) weak ten­
sion; (b) broken; (c) same troubles with exhaust 
valve spring. Effect: (a) (b) valve does not seat 
propel'ly; loss of power popping through carburetor; 
(c) exhaust valve sucked open admits burned charge 
back into cylinder; engine misses. Test: (a) twist. 
screwdriver between coils of spring to increase 
tension; if operation is improved, this indicates 
weak tension; spring tension can also be increased 
by adding washers (see also page 776); (b) examine 
spring; (c) same as (a) and (b). Remedy: (a) 
stretch s_pring or install new one; (b) install new 
spring; (c) same as 36(a) and 36(b). Note: When 
increasi:ng spring tension, if the tension is increased 
too much the valve will be VP,ry noisy. 

•·' 1 Tl,e :inustro.tion ohows both a valve cap (33) as used 
with non-detachable cylinder head, and a gasket (34) used 
when the cylinder bead is detachable. Both are not used on 
the same engine, but arc shown here to coyer both type., or 
on,:cine.-s. 
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37. Inlet valve spring retainer washer-Trouble: 
;a) loose. Effect: (a) same as 36(a) and 36(b). 
Test: (a) examine fo1· looseness. Remedy: (a) 
install new pin or collar under w1tsher. 

38. Inlet valve clearance-Trouble: (a)° none 
at all; (b) too much clearance; (c) not enough 
clearance; (d) no clearance at exhaust valve. 
Effect: (a) valve fails to seat; back-fires through 
carburetor; (b) valve opens late, closes early; noisy, 
loss of power; (c) valve does not seat when engine 
is hot; loss of power; (d) exhaust valve becomes 
red hotj fre-ignition knock (see also pages 170,820). 
Test: \a (b) (c) (d) test clearance with thickness 
gauge (pages 58, 775). Remedy: (a) (b) (c) (d) 
adjust valve tappet (page 775). 

39. Inlet valve clearance adjusting nuts­
Trouble: (a) loo1>e. Effect: (a) same as 38(a), 38(b), 
38(c). Test: (a) examine for looseness. Remedy: 
(a) adjust valve ta.ppet and tighten. 

39A. Cam-Trouble: (a) out of time; (b) worn 
,:ontom-. Effect: (a) loss of power; engine may 
fail to start; (b) valve lift too short; loss of power. 
Test: (a) check valve timing (pages 65-67); (b) 
measure valve lift after checking clearance 38. 
Remedy: (a) remesh timing gears properly{· (b) in­
stall new camshaft (see Index under "Valve ift"). 

39B. Valve tappet guide-Trouble: (a) worn. 
Effect: (a) when cam nose strikes the tappet (39C), 
:1, tapping noise will be produced, owing to the side 
t,hrust of tappet against its guide. Test: (a) 
examine tappet and see if it fits snugly in it,s guide. 
Remedy: first try lubricating; if too badly worn, 
ream guide and put in an oversize tappet, or install 
a new guide and tappet. 

39C. Valve tappet-Trouble: (a) worn. Effect: 
(a) same as with 39B. Test: (a) same as with 
39B. Remedy: (a) same as with 39B. 

40. Piston rings-Trouble: (a) worn; (b) too 
loose a fit. Effect: (a) (b) comP.ression leaks to 
crankcase; gasoline dilutes oili oil enters combus­
tion_ chamber 41, forming cal'Oon. Test: (a) (b) 
smoke emerges from crankcase, whistle heard from 
oil filler or breather pipe when engine is cranked; 

. smoke is also emitted from exhaust, owing to exces-
sive oil in combustion chamber, and spark plu~s wet 
with oil, which causes missing. Remedy: (a) mstall 
uew rings (sometimes a smaller ring gap clearance 
is necessary; see page 827); (b) mstall oversize 
rings (see pages 825-834). 

41. Combustion chamber-Trouble: (a) carbon­
r.oated, owing to poor grade of fuel; (b) carbon­
coated, owing to piston pumping oil; (c) carbon­
coated, owing to excessive use of choker ·52; (d) 
carbon-coated owing to compression leaks. Effect: 
(a) (b) pre-ignition knock (see pages 170,780,820); 
loss of power; (c) pre-ignition knock; loss of power; 
high gasoline consumption; (d) pre-ignition knock; 
loss of power. Test: (a) remove spark plug and 
examine for carbon; (b) remove S_Park plug and 
examine for oil deposit.<i; (c) examme combustion. 
.~pace for carbon; (d) examine for leaks at 32, 33, 
130, 34, 40. Remedy: (a) remove carbon and use 
better grade of fuel; (b) remove carbon and install 
new piston rings; (c) remove carbon and use choker 
moderately; ( d) remove carbon and fix leak (see page 
763 for removing carbon by scraping, and page 764 
for removing with oxygen decarbonizing outfit. 

42. Piston-Trouble: (a) t-Oo loose; (b) carbon 
accumulation ou head. Effect: (a) piston slap; 
excess oii in combustion chamber; (b) carbon knock; 
loss of power. Test: (a) see pa~es 778, 779; (b) 
examine for carbon. Remedy: (a) install new or 
oversize piston (see page 809); (b) remove carbon. 

----------
42A. Carbon accumulation on piston, combustion 

chamber walls, and valves-Trouble: (a) mixture 
too rich; not enough air; (b) poor grade of fuel; 
(c) piston pumps oil. Effect: (a) excess gasoline 
forms cinbon; (b) unvapori7,ed fuel forms carbon; 
(c) see 4l(a), 4l(b), 42(a), and 42(b). Test: (a) Se<: 
24(b) and 25(b); (b) see page 103; (c) testcomprt>.s­
sion of each cylinder and see if piston rings leak (seP 
also pages 168, 169). Remedy: (a) adjust mixtur!.' 
leaner and remove carbon; (b) use better grade nf 
fuel or heat thoroughly; (c) see pages 168, 169. 

43. Piston pin and bushing-Trouble: (a) won, 
or loose. Effect: (a) noisy operation. Test: (a.• 
dull metallic knock, more noticeable when idlin!,". 
(see also page 777). Remedy: (aJ renew bushing, 
or piston pin, or both. 

:14. Connecting rod-see page 796. 
45. Carburetor main air inlet-see pages 131, 

106, 107 for methods of heating the air drawn into 
the carburetor. 

46. Carburetor hot-air pipe (this pipe extends t-0 
exhaust pipe, to draw in warm air)-Trouble: (a) 
too much hot air after e1!gine is warm; (b) dis­
connected; (c) obstructed. Effect: (a) ell."J)ands 
charge; loss of engine pow.er (see also page 106)· 
(b) insufficient heat; spitting through carburetoi 
(see also page 118); ( c) not sufficient air to absorb 
the gasolipe vapor; mi::,:ture too _rich.. Test: (a) try 
colde~ !l.lr and . see if opera~10n nnproves; (bj 
examine connections; (c) examine pipe for obstruc­
tio?, Remedy: (a) open temperature regulator 
(Figs. 21, 22, page 131); (b) connect hot-air pipe tr, 
exhaust stove and to carburetor; (c) clean out pipe 
or remove obstruction. 

47. Carburetor air valve (chokervalve)-Trouble: 
(a) loose. Effect: 'a) does not open and close 
properly. Test: (a) examine for looseness on 
shaft. Remedy: (a) tighten. 

48. Carburetor air valve (choker) lever-Trouble: 
(a) loose. Effect: (a) does not opeu and close 
valve properly. Test: (a) examine for looseness 
on shaft. Remedy: (a) tighten. 

49. Carburetor choker valve wire (runs inside 
tube 50)-Trouble: (a) Sticks. Effect: (a) choker 
button (52) hard to operate. Test: (a) see that 
choker button (52) moves freelv. Remedy: (a} 
lubricate with oil. • 

50. Carburetor choker valve tube-Trouble: (a) 
too sharp a bend. Effect: (aJ binds on wire 49. 
Test: (a) button 52 hard to operate; examine 
tube for sharp bend. Remedy: (a) make bend 
more gradual. 

51. Dash or cowl. 
52. Carburetor choker valve button-Trouble: 

~a) loose; (b) stuck; (c) pulled out when engine 
1s_ warm. Effect: (a) do~ not pull wire 49; (b) 
will not pull out or push m; (c) too rich mixture 
e!1gine loads up; exc~ gasoline dilutes lubricating 
011. T~st: (a) CJ:11,ID.llle for looseness; (b) examine 
to see 1f hen t or tf rusted from the lack of oil· ( c) 
see if valve 47 is fully open when choker butt.C:n 52 
is push~d in. Remedy: (a) refasten to wire 4v: 
~~),,straighten or l~osen . and oil; ( c) push bu tto1; 
m as soon as engme will operate Without missing 

(see page 462-BJ. 
60. ~park plug gasket-Trou~le: (a) loose; (b) 

lealcs arr. Effect (a) (b) leaks air and compression· 
missing and loss of power .. T_est: (a) (b) sq·rirt oii 
arou~d gasket; bubbles md1cate leak. Remedy: 
(a) tighten spark plug; (b) install new gasket. 

61. Spark plug point gap-Trouble: (a) incorrectly 
set. Effect: (a) see ignition chart key, 61(a), 6l(b). 
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NAMES OF PARTS AND TROUBLES WHICH COULD OCCUR IN THE GENERATOR 
AND ITS CIRCUIT. 

The generator circuit consists of: 
l. Generator 
2. Drive method 
3. Cut-out 
4. Ammeter 
!\. Storage battery 

Generator T1·oubles Electrical and Mechanical 

1. Fuse: usually in field circuit; (a) blown, thus 
opening circuit; (b) poor connection; (c) wrong 
capacity. A corroded or loose battery connection 
will permit the generator output to increase and t.o 
blow the fuse, thus protecting the generator and 
lights. See also page 430. 

2. Third brush: (a) adjustment for output not 
enough or too much; (b) brush not making good 
contact; (c) worn short; (d) loose brush spring; 
insufficient tension; (e) loose pig tail connection 

OUT· 

--21 
---<22 

Field fuse 

3 
(-) M.a" 

T bird-brush 6A ! O + 
GENERATOR ~11 

Cor,,yrltbt, I02S. b7 ),,, X., Dyke, St>. l,ouI,, Mo, 

to brush;. (f) brush stuck in holder; (g) charging 
rate too nigh causes sparking. 

3. Main brush: (a) poor contact; (b) worn short; 
(c) loose spring, insufficient tension; (d) loose pig 
tail connection; ( e) brushes stuck in b0!Jer. 

4. Brush-holder assembly: (a) loose; (b) 
grounded. 

5. Commutator: (a) dirty; (b) pitted; (c) 
high mica; (d) segments loose; (e) armature coil 
leads to segments loose; need soldering (see also, 
pages 491, 480); (f) out of round. • 

6. Housing end-plate screw: (a) loose. 

7. Field pole screws: (a) loose. 

8. Bearings: (a) worn; (b) ball broken; (c) dry; 
lack of lubrication; (d) out of alignment. 

9. Armature shaft: (a) scored or cut from lar.l; 
of lubrication; (b) bent. 

t 
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GENERATOR, BATTERY, CUT-OUT TROUBLE-SHOOTING CHART. The chart ab<>ve shows two circuits of the gen­
erator electrical system: (1) the cut-out voltage or shunt winding circuit; (2) the "generator charging circuit." 

The cut-out voltage winding causes cut-out points (P) to close when the generator armature attains a speed of usually 6 
to 8 m.p.h. car speed. Sufficient current at this speed is produced through this windin~ (V-22) to cause the cut-out core 
to become magnetized, which draws the cut-out armature (19) towa.rd the core, closing points (P), thus closing the generator charg• 
ing circuit (red) to battery. · 

The cut-out voltage winding circuit starts at ( +) main brush, which is grounded, thence from (U) to ground, to ground of cut• 
out winding (16), th,oua-h the fine wire voltage winding (V-22), to core, through core and out-out frame (insult,ted from ground), 
to (15), to(-) main generator brush. 

The generator charging circuit (shown in red) charges the storage battery when cut-out points (P) are closed by action of 
cut-out winding (V-22), as stated above; the generator then charges the battery and the ammeter needle shoJld indicate on the 
1 ·chargen side. 

The ,enerator charging circuit starts at the ( +> ttrounded generator main brush, to ground (11). to (29), to (26), to 24A), to 
(24), to (23), to (17), through cut-out series or coarse wire winding (S-21), through olo-sed cut-out points (P), through out-
out armature (19) and cut-out frame, to Cl5), to (-) main generator brush. See also, J)411e 333. . ' 
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10. Field lead: (a) loose; (b) grounded. 
11. Ground: (a) oil soaked; not good contact. 
12. Field winding: (a) grounded, shorted, or open. 
13. Armature windings: (a) grounded, shorted, 

,r open (see pages 496-504). . 
See pages 563 and 506 as to when a battery needs ch11rging, 

ond when to adjust generator output. 

Cut-Out Tr~ubles Electrical and Mechanical 
15. Cut-out terminal: (a) loose; (b) grounded; 

(c) connected to wrong lead (see page 506). 
16. Cut-out terminal: (a) loose; (b) fails to 

ground; (c) connected to wrong lead. 
17. Cut-out terminal: (a) loose; (b) grounded; 

(c) connected to wrong lead. 
18. Cut-out spring tension: (a) weak; docs not 

open points; permits current to discharge to gen­
erator from battery (bend lug L down to increase 
tension); (b) weak; does not open p_oin~ early 
enough; (c) too strong; does not permit pomts to 
close fully; (d) too strong; does not close early 
enough (bend lug L up to decrease tension). 

19. Cut-out armature: (a) bent up; closes late; 
(b) bent down; closes early. 

20. Cut-out points: (a) pitted; do not make good 
contact; (b) stuck, owing to too much current or 
not opening q_uickly and arcing; (c) _points do not 
close fully owmg ·to open shunt winding (V-22)1 or 
too strong a spring (18) tension (see that pomt,s 
make a full, even surface contact). 

21. Cut-out series winding: (a) grounded; (b) 
open; (c) loose connection (seepages505,519, to test). 

22. Cut-out shunt winding: (a) grounded; (b) 
open; (c) loose connection (see page 505 to test). 

Dash Anu:neter Troubles 
23. Ammeter connection: (a) loose. 
24. Ammeter connection: (a) loose. 
24A. Generator wire connection with battery at 

starting motor switch: (a) loose; corroded. 
25. Ammeter needle: (a) bent; (b) out of 

calibration; (c) spring broken. 
It is advisable t<> check the dash ammer~ith one known to 

be accurate, as, for instance, n. testing ammeter. by placing the 
two in series and observing if bot b read alike (see also, page 
471). 

... 
Storage-Battery 'll'rou.bles 

Troubles of a storage batte_ry are e.,cplained on 
pages 448, 532, 542, 559, 562, 566-559, 563, 606. 

Tests of a storage battery are explained on page.~ 
i,31, 5':t5, 

26. Terminal: (a) loose; (b) corroded. 

27. Connectors: (a) loose, not burned properl:y, 
grounded, owing _to acid-soaked battery box (see 
page 557). 

28. Terminal: (a) loose; (b) corroded. 
29. Ground connection: (a) loose; (b) corroded 

(see also page 428). 

Generator Circuit Trouble Tests 
(First test on car.) (1) With the en~ine idle, 

the ammeter should be at i1ero with all switches off. 
If the ammeter indicates anything at all with all 
switches off, then the cut-out points (P) are probabl;y 
stuck together. Open them and see if the ammetel' 
needle goes back to zero; if not, the ammeter i~ 
defective, or there is a ground in the circuit. 

2. If the ammeter needle is at zero, turn on the 
light switch. The ammeter should then indicate the 
amount of current the lights draw from the battery, 
and should indicate on the "discharge" side. 

3. Next, start the engine, by turning on the 
ignition switch, and crank the engine and run it 
slowly. With lights and i~n.ition "on," the ammeter 
should indicate on the "discharge" side, as current 
is being taken from battery. 

4. Next, speed the engine up, and at about 6 to 
10 m.p.h. car speed of the engine, the cut-out point.• 
should close and the ammeter should indicate 011 
the "charge" side. 

If it does not, then the cut-out points (20) are 
not closed, owing to defects in the generator 01 
cut-out. A good method of procedure is as follows: 

(a) Keep the engine running at about 20 m.p.h. 
car speed; close the cutrout points by hand; if 
the ammeter now reads "charge" from 9 to 20 
amperes (according to the type), the genera.tori~ 
in good order but the cut-out is defective. Sec 
pages 504-506 for cutrout test.~. 

(b) If the ammeter fails to read "charge" 
when cut-out points (20) are closed, the generator 
is at fault and must be e.xamined. 

(c) Examine all connections in the generator 
circuit and see that the)' are tight and clean, and 
that no grounds exist. 

(d) Shift third brush (2) in the direction of 
the commutator rotation and see if the difficulty 
is overcome; a,lso examine the third brush for 
wear, poor contact, weak spring tension, stuck in 
holder, loose brlish holder. 

(e) Examine all brushes fot· items listed 
under (d). See also pages 430, 506, 563, 363 . 

(f) Examine for dirty commutator (5). 
(g) Examine for wor!l bearing, 3 (8). 
(h) If the trouble ha~ not bee11 located by this 

time, the generator sh6uld be rernoved from the 
car and tested as explained in the text. Se,, 
Index under "Testing generator." 

NAMES OF PARTS AND TROUBLES WHICH COULD OCCUR IN THE STARTING 
MOTOR AND ITS CIRCUIT 

1. Battery terminal: (a) loose; (b) corroded. 
2. Co.nnector from cell to cell: (a) loose; not 

burned tightly (b) internal short circuit in one 
cell (see also page 558). 

3. Battery ground to frame of car: (a) loose; (b) 
corroded (see also page 428). 

4. Starting motor ground: Usually grounded 
through frame of motor: (a) rusty; not good contact. 

. />. ~rush: (a) brushes worn short; ,do not 
make good contact; (b) stuck in brush holder; 
(c) brush holder. grounded; (d) loose pig tails; 
( e J weak spring tension (see also pages 493, 494, 496, 
329). 

6. Commutator: (a) high mica; (b) loose or 
pitted commutator segments-; (c) loose armature 
wires to commutator; (d) commutator ou, of mund 
(see also page 449). 
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7. Brush: (a) brushes worn short; do not make 
good contact; (b) stuck in brush holders; (c) brush 
holder grounded; (d) loose pig tails. 

8. Field winding: (a) open; (b) shorted; (c) 
grounded (see also pages 486, 518). 

9. Terminal: (a) loose; (b) grounded. 
10. Lead to switch: (a) open; (b) grounded; 

(c) terminal to wire loose. • 
11. Switch terminal: (a) loose; (1:>) grounded. 
12. Switch contact spring: (a) broken; (b) 

burned; (c) grounded; (d) open. 
13. Switch plunger: (a) stuck; (b) grounded 

with (14). 
14. Switch terminal and contact: (a) loose; (b) 

burned; (c) grounded. 
14A. Ignition, light and generator connection to 

battery at starting motor switch: (a) loose; corroded. 
15. Wire lead to battery: (a) open; (b) grounded. 
16. Battery terminal: (a) loose; (b) corroded. 
A. Bendix inertia gear (travels toward flywheel; 

in this example, termed "in-board" type): (a) 
meshes too tight or too loose with (D); (b) counter­
weight loose; (c) improper tension of anti-drift pin. 

B. Thread for A: (a) oil gummed; (b) rusty 
(see also page 320). 

C. Bendix spring: (a) broken; (b) loose at K 
or R; (c) flexibility lost owing to engine back-firing 
and wrapping spring tightly around shaft S. 

D. Flywheel gear: (a) broken teeth; (bJ teeth not 
chamfered; (c) improper backlash; should be 
about -r/'. 

F. Chamfered edge of inertia gear: (a) worn; 
(b) broken. 

K. Bendix spring bolt: (a) broken; (b) loose. 
L. Bolts supporting motor: (a) loose, thus 

throwing gears A and D out of alignment. 
M. Screws holding pole pieces: (a) loose; may 

damage armature winding. 
Toig,& Lt. 

Ammeter Switchnnd 
Generator 

15 
1 

P. Stop collar for checking travel of gear A. 
R. Bendix spring bolt: (a) broken; (b) loose. 
S. Motor armature shaft: (a) bent; (b) rusty. 

The starting motor troubles are either electrical or mechanical 
(see also pages 330, 449, 456, 563). 

Mechanical troubles would· refer to the Bendix drive, to 
bent arlllature shaft, worn bearings, etc. (see also pages 
456,517,320). 

Note: Sometimes when pinion A meshes too tight with 
flywheel ring gear D, it will cause jamming, difficult engage­
ment, and wear of teeth. 

If engagement of the teeth is too tight and there is no back­
lash it will be necessary either to file out the bolt holes L, or 
to shim up the motor so that the starting motor can be moved 
slightly away. The backlash between the teeth o( the gears 
A and D is about l/64" clearance. 

Worn bearings, resulting from lack of oii, will also cause 
improper engagement of gear teeth. Drivo pinion A can be 
checked by noticing if, when motored, it spins freely and does 
not stick or bind in its travel and meshes freely with about 
1/64" ba.cklash. 

Starting Motor -Cii·cuit Trouble Tests 
1. If the "whir" ot the starting motor is heard 

but the engine is not cranked, examine for gummed 
or rusty threads B, broken spring C, or a broken bolt 
R (a Woodruff key is sometimes in the end of the 
shaft S, under R and it may be sheared off), gears 
A and D may not be meshing owing to incorrect 
alignment. 

2. If the starting motor fails to tum when gear 
A is engaged with gear D examine for: 

(a) Discharged battery (try another charged battery ii 
a.vailable). 

(b) Engine too stiff (try cranking by band to determine). 
See also page 320. 

(c) Loose connections, open circuits or accidental ground.9 
at (1), (2), (3), (4), (9), (10), (ll), (12), (14), (15), (16). 

(d) Brushes (see 5 and 7). 
(e) Commutator (see 6). 

3. If the trouble has not been located by this time, 
the starting motor must be removed from the car 
and tested (see Index under "Testing startin~ 
motor"). (See also, pages 319-320, and 834-837.) 

10 CABLE - .t, 

Copy-tlKbt, 1V26, by A.1,. J)yke. St.. J..ow •• Mo. 

D 
L 
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R 

STARTING MOTOR TROUBLE-&HOOTING CHART. The above chart of the starting motor electrical system showc 
two principal parts: (1) the "starting mot<ir circuit" (in red); (2) the "Bendix drive mechanism," as shown on the end of 
the starting motor armature shart. 

The starting motor derives its current solely from tbe storage battery and has no direct connection with the generator. 
The starting-motor circuit (red) starts at the ( +) terrninal ol batter~· (1), to ground (3), to ground (4) of starting motor, t,, 

(+) main grounded starting motor brush (5), through cor:::11utator (6), through armi>ture coil, to main(-) brush (7), throug!. 
field windingS (8), to terminal (9), to starting motor switch terminal (11), throui_h s_pring contact (12) (shown open), to (14) 
to (-) terminal of battery (16). (Note: There are usually four field poles and "~11d1ngs and four brushes on a starting motor; 
eee pages 326-328, 400, 1125.) 

The Bondi:,: drive construction and principle are e:,;plained on paiie 320. Sec also, pages 814-837. 
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TESTING DEVICES FOR ELECTRICAL TESTS: Ammeter and 

Voltmeter Construction and Tests 

ELECTRICAL TESTING DEVICES 

To test the electrical part of a car, or "trouble 
shootin,g," requires the proper _in~truments_ and 
devices to locate the trouble, and 1 t 1s also desirable 
t.o follow a logical order or system of testing, instead 
of gue,ssing. See also pages 448, 482, 507, 545-553. 

Some of the concerns supplying volt and ammeters 
and electrical testing devices are mentioned at the 
bottom of page 464 and on page 481. 

Most tests of any part of an electric system are for 
"open circuits," "grounds," or '•'short circuits''­
that is, electrical troubles. _There are, of cour~e, 
many mechanical troubles which are not tested. with 
instruments. 

Devices used for testing circuits can be classified 
under two headings: 
1. Visible circuit-testing devices. 
2. Audible circuit-testing devices. 

110 Volt Fig, 1 
Test 1.ight 

110-Volt 

Fig. 8 

Vollmel4!r 

~­
Visible circuit-testing devices include such devices 

as are mentioned below: 
(a) Test-light and test-points in series with a 110 or 

220-volt lighting circuit (Fig. 1), termed a 
"high-voltage test-light." 

(b) Test-light and test-points in series with a set of 
dry cells or a storage battery (Fig. 2), termed a 
"low-voltage test-light." • 

Fig. 6 

Fip;. i 

Test Pointa 

Phone M3&neto Tes«, 

Fig. 7A 

(c) A voltmeter (Fig. 3). 
(d) An ammeter (Fig 4). 

Frequently the voltmeter and 
combined in one instrument. 

ammeter ar~ 

Audible circuit-testing devices include sucL 
devices as a growler (Fig. 5) for testing armatures; 
a buzzer and test-points- (Fig. 6); a phone rece\ver 
and test-points (Fig. 7); a magneto and test-pomts 
(Fig. 7A). 

Test-Lights 
The test-light and test-points can be us~d f_or 

testing for open circuits, grounds, and short circmts 
in the lighting, the horn, ignition, the generat(!r, ~rid, 
in fact, in all circuits, including the field-wmdmgs 
and armature. Tests will be explained farther on. 

Next to the combination volt-ammeter, the most 
important testing arrangement for th~ electric 
mechanic is a set of "test-points," to use m connec­
tion with the electric light circuit. This is very 
easily made by tapping_ one wir_e of :m or~inary 
extension lamp, and splicmg the wires on to smtable 
points with insula~ed handles, in order ~hat ~hese 
may be handled with no danger of electr1cal sl:iock. 
ns explained belo,L 

110 OR c?20 VOLT SERVICE LINE 

IN!UL.ATINO 
~LECVING 

I'ig. S. High-voltage test-lamp with fuses in the circuit 

High-voltage test-lamp: The circuit shown in 
Fig. 8 is for a 110 or 220-volt circuit. Carbon fila­
ment lamps are used as they stand more vibratioi.:. 

With a set of test-points as described, the lamp 
will burn when the test-points are together, or when 
there is an electricaI connection between the points. 

This will give more satisfactory results for testing 
for grounds, leaks, or open connections than will a 
hell or buzze!' used with dry batteries, as the voltage 
is higher and it requires a small amount of current 
t:o operate the lamp. 

With a bell or buzzer, a ground may exist, but the 
rt>.sistimce is so high that enough current will not 
be forced through it by the dry batteries, to operate 
the bell or buzzer. j 

-;:::}----· 
fES1 POINTS 

Fig. 8A. High-volt~ge test-lamp without fuses. 
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No harm can be done to any part of the apparatus 
by test-points as described above, when the ordinary 
carbon or tungsten lamp is used for testing purposes. 

Test Points 

,-~::::::>-/.c_,--=== 
A TestPoin~ 

l 

1-·{' ::G> 
Tubing 

Fig. 0 Fig. 9A 

Fig. 9. Low-voltage testing lamp. 
Fig. 9A. Coru,truction of the test-points. 

A low-voltage test-lamp is shown in Fig. 9. In 
many instances it is advisable to use a small 2 c.p. 
lamp and a storage battery. Note that the la.mp is 
in series with the circuit. The voltage of the lamp 
is the voltage of the battery used. Usually, a 2 c.p. 
lamp is used. 

Test-points: An example of how the test-points 
can b.e made is shown in Fig. 9A. The end of the 
wire is scraped clean and inserted into a hole drilled 

into a brass rod about 6" long, and soldered securely. 
The rod must· have a very sharp point, so that it 
will make good contact.• -A fiber tube is then tightl:y 
fitted over the pointed brass rod and wire (Fig. 9A.) 
OOUBLE COl<T.-.cT 8/WONET TEST CLIPS 
soc.><ET /'~ 

2 C.P, ~OR_~ LAM!' C.O~ 
VOL, LAMP oauaLt COl•l"TACT PLU~· 

Fig. 10. Test-lnmp for timini:i; tho ignition, or for making 
ot,her elcctricnl tests. . 

A test-lamp for testing the opening and closing of 
the contact-breaker points of the primary ignition 
circuit when timing the ignition is shown in Fig. 10. 
See page 371 for directions for use. See also page 301. 

Buzzer, Phone Receiver, and Magneto Tester 
The buzzer or bell (Fig. 6) and the phone receiver 

(Fig. 7) can be used with the test-points for testing 
out different sections of the armature coils. 

The magneto tester (Fig. 7 A) generates a high 
voltage and is adapted for testa which will force a 
current through a high degree of insulation, such as 
poor connections or a leaky path and coil windings. 
This device is nothing more than a telephone mag­
neto generator with a bell, test-cords, and test­
points. It is cranked by hand (seldom used). 

AMMETER AND VOLT.METER FOR DIRECT CURRENT TESTS 1 

The ammeter and voltmeter can be used in many 
instances where a test-light can be used, and vice­
versa. In fact, the voltmeter and ammeter are 
more often used for all general electric tests than any 
other type of testing device. Therefore, before 
taking up the subject of tests of the various parts 
and circuits, an explanation of these will be given. 

A voltmeter is always placed across, or parallel 
with, a circuit to be tested, as in Fig. 12A. 

An ammeter is always placed in series with a cir­
cuit to be tested, as in Fig. 13. 

The positive or ( +) terminal of each instrument is 
placed on the ( +) side of the line, otherwise the 
instrument would read backwards. 

Combination Voltmeter and Ammeter for 
Electrical Testing Purposes 

Instead of having a separate voltmeter and 
ammeter, it is possible to combine both in one in.stru­
men t using the same scale and moving coil. The 
Weston model 280 garage testing voltammeter will 
be used as an example (Fig. 12). 

Fig. 12. Showing the three scales on the volt an,meter. 
Tbe contact butLOn (PB) is pressed when making readings. If 
it is desired to obtain B continuous deflection, the key (PB) 
should be given a turn, which locks it. When starting to use the 
iostrume11t, see that the needle is at zero; if not, adjust with 
(Z). 

As a Voltmeter 
When using the instrument for voltage tests: See 

Fig. 12, and note terminals are marked .1, 3, 30, +. 
The positive or ( +) terminal of the instrument is 

always connected with the positive ( +) wire of the 
circuit being tested. When making connections 
where the r.olarity is not known, the needle will deflect 
to the left if wrongly connected-reverse connections. 

To Ligbt.s, , 
S~r. Et,c! __,,_..__ 

Electric Source. 
Ge11. or BaUVJ 

~'"-™ 
. PB lndlcatiOII 

Fig. 12A. When used as a voltmeter, the connections are 
always made across tho line. The circuit of this is from ( +) 
of the ba,ttery, to lights, to (-) of the battery. Note that ( +) 
of the meter is connected to the ( +) side of the line. Thus if 
the circuit, is 3 to 30 volts, connect the other side of the hne 
with ,w,ter terminal 30. if the voltage is from O to 3 volts. 
conne(!t with terminal 3. 

If the voltage to be tested is known to be between 
3 and 30 volts, then connect the other, or negative 
( - ) wire to terminal marked 30, and use the scale 
0 to 30, the divisions of the scale being 0.5 volt for 
each line (the scale has 60 divisions). 

If the voltage is known to be between 1 and 3 
volts, connect the negative wire with terminal 
marked 3, and use scale O to 3, the divisions of the • 
scale being 0.05 volt for each line. 

If the voltage is known to be less than 1 volt, con­
nect the negative wire with terminal marked .1, and 
use scale O to 3. 

1 Manufacturers and distributors of volt and ammeters are: 
WcsLOn Electrical Inst., Corpn., Newark, N.J.; Mann & Briggs 
(Jewel "Hyrate" instruments), Chicago. Ill.; Burton & Rogers 
(Hoyt insu-umcnts), BosLOn, Mos.s. (see also page 481). 
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When making voltage or ampere tests, the button 
(PB) is pressed for indication. 

The zero adjustment (Z), is merely used to line up 
the needle with zero or 0, when starting to use the 
instrument. 

A voltmeter is always connected across the line, as 
~hown at (Vl) and (V2), page 470, and in Fig. 12A. 
ft is used to indicate t,he voltage pressure of an elec­
tric circuit. 

As an Ammeter 
When using the instrument for measuring am­

peres, it is connected in series (that is, the shunt is 
in series) with the circuit, and is intended to indicate 
the quantity or rate of flow of current. 

It is important to note that a "shunt" (Fig. 14) 
must be connected as shown in Fig. 13. The reason 
for this is explained farther on. A shunt is not used 
with the voltage tests. 

\....i::!:!:::~~#:!:...J-::_!:::::-.+ 

:= ... 

Fig. .J. When used as au ammeter, a shunt is placed in 
St?ries with the line and the met.er is connected to the shunt. 
The circuit is from ( +) of the battery, to shunt, to light, to 
( - ) of the battery. Note that the ammeter is connected to 
~acb side of the shunt. 

An ammeter is a millivolt meter, adjusted to a 
known drop in t-he shunts used with it. 

Sbunt!< 
Construction: A shunt consisU: of a special alloy, 

called manganin (Fig. 14), which, in thii:< instance, is 
placed J:;,etween two copper bars mounted on a wood 
or hard rubber base. The shunt is placed in series 
with the circuit being tested. ' 

The meter is connected at each end of the manga­
nin at (M) and (Ml) (Fig. 14). Thus the manganin 
is shunted across the meter terminals, and this is 
why it is termed a "shunt." A shunt is used with 
the meter for ampere tests and not for voltmet,er 
tests. 

E MADE OF ANON'CONDUCTtl'lG MATERIA.L 
Fig. 14. A shunt used in connection with the Weston 

ammeter. 

The manganin alloy was discovered by Dr. Wes­
ton. It possesses the faculty of holding a constant 
resistance, whether it is hot or cold, and directly 
proportional to the current fl.owing through it. 

It is a well-known fact that other metals which are 
used for resistance purposes when cold, offer less 
r~sistance than when hot. In other words, other 

resistance metals when heated offer grea-ter resist-­
ance to the flow of current (some metals more or less 
than others). 

The shunts which are used with this model 280 
instrument are designed to give a 100-millivolt dro1 
bet.ween the terminals (M) and (Ml), (Fig. 14A). 

Explanation of Millivolt Drop 
A millivolt is a one-thousandth part of a volt 

One hundred millivolts would then be one hundred 
times more, or one-tenth of a volt, expressed deci­
mally as .1. The terminal of the meter (Fig. 12), 
at the left, which is marked .1, is then, the one-tenth 
of a volt, or 100-millivolt terminal of the meter. 

The moving coil of model 280 voltmeter and 
ammeter is designed for a passage of 100 millivolts 
(or .1 of a volt) through the coil. If this amount of 
voltage passes through the moving coil (K) (Fig. 15), 
it will cause the coil to move its maximum distance 
of travel across the scale. As the needle moves 
with the coil, it would give a full-scale deflection of 
the needle, that is, the needle would move from 0 
at the left of the scale, to the extreme right. Thus 
it will be noted that one-tenth of a volt (.1), or 100 
millivolts, which is the same, is the voltage required 
to cause the needle to give its maximum or full-scale 
reading. This voltage is used for the instrument 
when it is used as an ammeter or as a voltmeter. 

If less than one-tenth of a volt (.1) (or 100 milli­
volts) is passed through the coil of the meter, then 
the needle will not move as far on the scale. The 
scale is graduated to show in volts or amperes, 
although the actual voltage which is permitted to 
pass through the coil of the meter is only 100 milli-
volts, or one-tenth (.1) of a volt, or less. . 

This drop in voltage depends on the size or quan­
tity of the mangauin used in the shunt, when the 
instrument is used as an ammeter. 

When the 'instrument is used as a voltmeter, the 
shunt is not used, but resistance is used as shown in 
the figure of the meter in Fig. 15. 

For example: Let us assume that the instrument 
is to be used as an ammeter to test the rate of flow 
of amperes passing from the ( +) brush of the genera­
tor to the ( +) terminal of the battery, as shown in 
Fig. 14A. We will also assume that 30 amperes will 

30M-1PS. 
8VOLTS 
FROM 
GEN. 

Fig. 14A. Illustrating bow the ,·oltoge is dropped one-tenth 
of a volt (100 millivolts). when 30 amperes are passed through 
the shunt. Only one-tenth (.1) of a volt, or 100 millivolts. "' 
less. na~J.OO thro11~h the 'lleter~uever an, more. 
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pass from f?enerator to battery when the former is 
generating. its maximum current output,• and about 
10 amperes when it is generating its minimum output. 

A SO-ampere shunt is then placed in series with 
the main charging circuit, as shown in Fig. 14A. 
We use the SO-ampere size because we know the 
maximum current is not over 30 amperes, or is less. 
If it was more, then a shunt with a greater capacity 
should be used. 

The main circuit is then as follows: The ( +) cur­
l'ent starts at (+)of the generator brush, to a copper 
bar terminal (T), through the manganin, to the 
other copper bar terminal (Tl), to the ( +) terminal 
of the battery, through the batttery, to the ( - ) 
terminal of the battery, to the ( - ) brush of the 
generator. 

Thu.s we have, say, 30 amperes flowing in the main 
circuit and through the shunt. Therefore, 30 
amperes will flow through the mariganin from the 
( +) brush of the generator, and will not be reduced, 
and thus 30 amperes reach the battery. 

The ammeter circuit: The meter terminals (when 
used as an ammeter) are always connected from one 
terminal (M) of the shunt, which is the ( +) side, 
where the connection of the copper bar makes con­
tact with the manganin, thence to the ( +) terminal 
of the meter, through the moving coil in the meter 
(Fig. 15), to the 100-millivolt terminal, or .1 termi­
nal, of the meter, to the terminal (Ml) on the shunt 
(Fig. HA) which is the ( - ) or other end of the man­
ganin. 

We will now see what would cause the needle to 
deflect a full-scale deflection and show 30 amperes. 
The.reading is made on the second scale, 0 to 30 
(Fig. 15), because we are using a 30-ampere shunt. 

In the preceding paragraphs, it was stated that if 
one-tenth (.1) of a volt, or 100 millivolts, passed 
through the meter coil, this would cause ·the coil to 
tmvel such a distance in the direction of rotation as 
to cause the needle to make a full-scale deflection. 
Therefore we must now P.ass .1 of a volt (or 100 
millivolts) through the c01!, which is the purpose of 
the shunt. 

For instance: If the voltage was 8 volts from the 
genera.tor, then 8 volts would start into the manga­
oin at (M), but after passing through the manganin, 
the voltage would have dropped 100 millivolts, or 
:me-tenth (.1) of a volt, or to 7 9/10 volts at (Ml). 

Therefore, as the meter terminals are connected 
with the manganin at each end (M) and (MI), this 
difference of one-tenth (.1) of a volt, which repre­
sents the millivolt drop, would pass through the 
coil of the meter, and the needle would have moved 
to the extreme right and would read 30 amperes on 
the scale (Fig. 15). 

Thus the shunts used with this meter are designed 
for a 100-millivolt drop, and it is this voltage drop 
which is used to operate the meter. It will be clear, 
therefore, that if the meter was connected in series 
with the circuit without the shunt, the full voltage 
(8 volts) would pass through it and damage it. 

We will now assume that the output of the genera­
tor is but 10 amperes, instead of 30 amperes. 

If it required 30 amperes of current to pass 
through the shunt to cause a drop in voltage of 100 

1 A generator seldom delivers more than 20 or 22 amperes 
maximum:· We have arbitrarily taken 30 amperes to illustrate 
our explanation of how the needle will make a full-scale deOec­
tion from O to 80 when a 80-ampere shunt is used and 30 
amperea are. passing through it. 

millivolts, or one-tenth (.1) of a volt, then if only 
10 amperes passed through the shunt, the millivolt. 
drop would be proportionately less. Therefore; as 
only one-third of the current is passing through the 
shunt, only one-third of the 100 millivolts would 
drop. Instead of the voltage dropping to 100 milli­
volts at (Ml), it would drop only one-third as much, 
and only one-third of 100 millivolts would fass 
through the coil of the meter. Thus t.he coil o the 
meter would move but one-third of the distance, and 
as the needle moves with the coil1 it would move but 
one-third the distance on the scale, or to the reading 
of 10 amperes, as calibrated on the scale. • 

The same rule applies to all the other shunts. If 
a 3-ampere shunt is used, only 3 amperes must pass 
through it, and consequently it contains a propor­
tionally less amount of manganin. If full 3 amperes 
pass through the shunt, the result will be a voltage 
drop of 100 millivolts, or one-tenth (.1) of a volt. 
The same applies to the 300-ampere shunt, or to any 
shunt designed for this instrument. 

The point to bear in mind is that one-tenth (.1) of 
a volt, which is 100 millivolts, is what is required to 
give a full deflection of the needle on the scale, and 
that a shunt must be used, which will give a drop of 
100 millivolts if the full amperage for which 1t is 
designed, is passing through it, or that it will give 
a proportionally less drop, if less amperage than that 
for which it is designed IS passing through it. 

·Thus the shunt, which is shunted between the two 
terminals ( +) and .1 of the meter, when used as an 
ammeter, is for the purpose of giving this 100-milli­
volt, or oµe-tenth (.1) of a volt drop, or less, in pro­
portion to the current passing through it. 

Internal and external shunts: Where cunents arc 
small, as on a dash ammeter, the shunts are usually 
internal, or contained in the meter case. But for 
large currents or for testing instruments, external 
shunts are used, so as to keep the heat developed in 
the shunts outside of the meter as well as fo1· con­
venience, as the shunt can be located.in the circuit 
wherever it is easiest, and can be connected with the 
meter by a small cable, thus saving the running of 
heavy wires to the instrument. 

Note. When testing amperes, use the testing cables which 
come with the instrument, from the meter to the shunt, as tlll' 
cable is figured out for the exact length and size. From the 
shunt to the part being tested, use a wire of sufficient size to 
carry the load or amperes which will pass through it; for 
instance, if 30 amperes, use No. 10 or 8 wire. 

Capacity of Shunt to Use with the Model 280 
Instrument, and Range of Scale 

Shunts to use with this instrument: 1 There are 
three external shunts figured on a 100-millivolt drop 
between terminals. 
1. A 300-ampere shunt with which use the scale O to 

300. Each division or mark on the scale reprr­
sents 5 amperes (see Figs. 12 and 15). 

2. A 30-ampere shunt, with which use the scale O to 
30. Each division or mark represents 0.5 amperes. 

3. A 3-am\)eFe shunt, with which use the scale Oto 3. 
Each division or mark represents 0.05 amperes. 

When testing where you do not know what the 
amperage is likely to be, as when testing for short 
circuits, it is advisable to assume that the highest 
possible amperage is to pass through the meter. In 
such cases use the 300-ampere shunt. If ihe deflec­
tion obtained is less than 30 amperes, then use lhe 
30-ampere shunt and scale, to gain ;i. more accurat,e 

t ◊ther sizes co.n be obtained. 
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reading. Should the indication now be less than 
3 amperes, use the 3-ampere shunt. 

The 3-ampere shunt and range are convenient for 
measuring single lights and ignition. 

The SO-ampere shunt and range are convenient 
to measure current delivered by a generator to the 
battery as sho"''Il at (Al), page 470; for measuring 
current required by the lights, horn, etc., and also 
for testing short circuits and open circuits. 

The 300-ampere shunt and range are convenient, 
for measuring the current required by the starting 
motor, as shown at (A2) page 470 and also for testing 
for short circuit-s. 

Shunts Not Used with Instrlllllent as a 
Voltmeter 

When the instrument is used as a voltmeter, the 
same coil 'l'l'lllding as shown in Fig. 15 is used, and 
it is necessary to have the same 100 millivolts or .1 
volt drop, just the same as when it is used as an 
ammeter, but the shunts are not used to obtain this 
drop. Resistances (C), (B), and (A) are used (Fig. 
15). This resistance is in series with the meter cir­
emit and its connections to the main circuit being 
tested. Note, however, that the voltmeter connec­
t,ions. are across the line of the main circuit. 

The ( +) terminal of the meter is always connected 
to the ( +) side of the circuit being tested, and the 
terminal .1, 3, or 30 is connected to the other side of 
the circuit. 

This instrument is designed for testing the voltage 
of a circuit, from Oto .1 volt (100 millivolts); 0 to 3 
volts; and O to 30 volt-s. 

By means of a multiplier, used in conjunction with the 30-volt 
range, the range is extended t-0 150 volts. This multiplier can 
he obtained of the Weston Electrical Inst-rument Co., Newark, 
:-..J. (or of A. L. Dyke, Electrical Dept., St. Louis, Mo.). 

l\-1illivolt Reading 

When testing a circuit of 100 millivolts or less, the 
connections are made for the ( +) side of the circuit, 
to the ( +) terminal of the meter, through the mov­
ing coil, to. the .1 (100-millivolt) terminal on the 
extreme left. 

If 100 millivolts (1/10 volt) pass through the 
moving coil, then the needle will deflect from Oto the 
extreme right. 

If 50 millivolts pass through the meter coil, then 
the needle will deflect half-way of the scale, and so 
on. 

The millivolt connections are used for testing the 
..,.oltage drop in armature and field coils. 

The scale O to 30 is used, and it will be noticed 
that this scale has 60 divisions. The scale, however, 
is not calibrated for millivolt readings. Therefore a 
comparative test is usually made when using it. 

For example: If each armature coil is being tested 
for short or open circuits, the procedure would be to 
test an armature coil that is known to be in good 
condition, and then to note where the needle goes on 
the scale. Then test all of the other armature coils, 
which should compare with the good coil in the read­
.in~. There will~~f course, probably be a slight vari­
·at1on in the reaaings of the different coils, owing to 
the fact that they may not all be exactly the same 
length, but the variation should be very slight. 

If there is a noticeable difference, where the read­
in!( i~ greater t.lrnn in t.he: goor! Mil, t.he:n t.he roil i.s 

probably open-circuited. If the reading is notice­
ably less, then there is probably a short circuit in 
the coil. 

As previously stated, the scale is not calibrated for 
readings in mi.Uivolts, but if the needle moves from 
0 to the right of the scale, then we know that 100 
millivolts are passing through the meter coil. Th(' 
scale has 60 divisions, therefore one division would 
equal one-sixteent4 of one hundred, or 1 2/3 milli­
volt. 

Purpose of resistance in the circuit when testing 
armature or field-coils: It will be obsel'ved by refer­
ring to the subject of: "Testing armature or field coils 
with a meter" (page 488), that resistance, termed a 
resistor, is used in series with the circuit. 

If the millivolt connections of the meter were 
made to an armature coil in good condition, the drop 
would be very slight and difficult to read, unless a 
meter with a millivolt scale was used. 

The object is to place enough resistance in the 
armature or field-coil circuit to cause a voltage drop 
sufficient to obtain a millivolt drop which will b<: 
easy to read. A good armature coil is then tested, 
and the needle is deflected to a certain distance on 
the scale. This reading is then taken as a standard 
to go by; tl~en the tests of all the other coils should 
compare with it, as previously explained. 

This resistance is variable, that is, more or less 
can be used, in order to obtain the deflection of the 
needle to a distance on the scale where it can most 
easily be read. 

This resistor can be purchased of Ward-Leonard Electric 
Co., Bronx-ville, N.Y., at a cost of $5.00. It is designated as 
"Weston Special 6-10." (It can also be obtained of A. I.. 
Dyke, Electrical Dept.., St. Louis, Mo.) 

Sometimes a lamp is used in series with a 6-volt 
battery for the same purpose. 

Readings O to 3 Volts 

When testing a circuit of 3 volts or less, the <:On­
nection is made at the ( +) of the meter with the ( +) 
side of the circuit, then from terminal 3, to the ( - ) 
side of the circuit. 

The lower scale O to 3 is used, and if 3 volts are 
passing through the circuit, then 100 millivolts, or 
.1 of a volt will pass through the meter coil, because 
the resistance (C) and (B) will reduce the 3 volts to 
one-tenth (.1) of a volt. Therefore the needle 
would make a full-scale deflection from O to 3. 

If less than 3 volts is passing through the circuit 
being tested, then the volta~e passing through the 
meter coil would be proportionately less. 

Readings O to 30 Volts 

When testing a circuit of 30 volts or less, the same 
connections are made as in the 3-volt test, except 
that the 30-volt terminal of the meter is used 
instead of the 3-volt terminal, and the scale O to 30 
is used. 

The resistance (C), (B), and (A) would be in the 
circuit, and it would therefore be reduced to .1 of a 
volt, which amount would pass through the meter 
coil; and this amount would be required to give a 
full-scale deflection of the needle from O to 30. 

If less current than 30 volts is passing in the cir­
cuit, then a proportionately less voltage than .J 
of a volt will pa~~ 1,hrouv;h t.hc mete:r coil. 
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Internal Connections of Model 280 Combi­
nation Volt-Anuneter 

Note on Fig. 15: When button (PB) is pressed 
down, the circuit is from the ( +) terminal of the 
meter, through the moving coil (K), t,o the terminal 
being used. 

Fig. 15. Internal connections of the Weston model 280. 
The D' A,sonval or moving-coil principle. 

Resistance (C) is the adjusting resistor for the 
100-millivolt range; (C) and (B) are in series for the 
3-volt range, and (C), (B), and (A) in series for the 
30-volt range. 

The scale is divided into three sections, and, 
unlike the dash ammeter, the O (zero) is placed at 
the extreme left, instead of being in the center. 
Therefore the needle and coil move to the right. It 
is well to mention that the scale of this instrument 
is carefully drawn and calibrated by hand. In order 
to do this and check the instrument with a master 
meter, three weeks' time is required. This instru­
ment is guaranteed to be accurate within 1 per cent. 

When connecting the meter, care must be taken 
to see that the connections are correctly made; tha1; 
is, the ( +) terminal of instrument should be connec­
ted with the ( +) side of the circuit being tested, 
otherwise the needle will deflect to the left, indicating 
that the ( +) terminal of the meter is connected 
with the ( - ) side of the circuit. 

Cadmium scale: A scale for r:naking cadmium tests of a stor­
age battery, o.s explained in the storage battery instruction1 has 
been added to the Weston model 280 instrument. This is not 
shown in the illustration (Fig. 15). 

The scale in Fig. 15 has added to it lour lines to the left of 
"0," the first line being one-half of one-tenth of a volt, or .05 
of a volt, or 1/20 volt. The second line would be .1 (one-tenth) 
of a volt; the third line would be .15, or 3/20 volt, and the 
fourth line would be .2 or 1/5 volt. This scale is usea for cad­
mium readings when testing a. storage battery, and is explained 
in the storage battery instruct.ion. 

Principles of the Am.meter 

Two principles are in general. use: one is the 
"D'Arsonval type,'' which is termed a "moving-coil 
type," and which 1s the principle on which the Wes­
ton model 280 instrument is constructed. 

The other type is the "polarized vane" type, which 
has a "stationary coil." 

l\Ioving-Coil Principle 

D'Arsonval type: Refer to Fig. 15. Note the 
permanent magnet (M) which has a permanent 
N and S pole polarity. A fine, light spiral' spring 
(not shown) serves to lead the current into and_o1:1t 
of the moving coil (K), and also to keep the coil m 
its zero position and to provide a force against which 
the magnetic action of the current in the coil acts. 

The electric current to be measured is passed 
through the moving coil (K) and magnetic lines-of­
force are set up ai:ound the coil which becomes an 
electromagnet, 1 with the N pole a•, one end and the 
S pole at the other, depending upon the direction of 
flow. Therefore, as a N pole will atttract a S pole, 
or repel the N pole,1 this principle is utilized. The 
coil endeavors to place itself in line with the mag­
netic circuit flowing from N to S from the permanent, 
magnet. The coil is pivoted so that it can move, 
and the needle, being connected with the coil, 
moves with it. 

The D' Arson val, or moving-coil principle, is the 
type of ammeter and voltmeter in general use, espe­
cially for testing purposes, where close accuracy is 
required. This type of instrument is designed for 
only a fraction of a voltage to pass through it, and 
if a greater amount than a 50 per cent overload is 
passed. it will damage the instrument. 

Stationary-Coil Principle 
The polarized vane type of ammeter uses a fixed 

or "stationary coil." This type is more rugged and 
will withstand severe strains and shocks without 
damage, but it is not as accurate in its readings. 
This principle is often used for dash ammeters anil 
indicators, but not for testing purposes. 

Fig. 16 Fig. 17 

The principle of its operation is shown in Figs. 16 
and 17. A piece of soft iron, rigidly attached to a 
steel pivot placed equally distant from the poles of a 
permanent magnet, is attracted or repelled by the 
passing of an electric current in one direetion 
through the coil of wire (C) fixed or stationary in 
the plane of the iron. The magnet, being of the 
permanent-magnet type, holds the piece of iron 
(called the armature) exactly in position, so that 
the pointer attached to the pivot 1s held at zero. 

As current is admitted to the coil, it becomes an 
electromagnet, the N po)e being at one end and S 
pole at the other, dependent on the direction of flow. 

When the end nearer the armature is North, it. 
repels the North end of the armature and attracts 
the South end, with the result that the needle moves 
across the scale. 

As a result of the manner of the construction of 
this instrument it is capable of withstanding the 
current from the battery to the starting motor 
without damage, as the coil (C) is of very heavy 
construction. 

Dash Ammeter 
The dash ammeter of the moving-coil type (for 

direct current) is similar in principle to that shown 
in Fig. 15, except that it has internal shunts and it~ 
dial is calibrated to read in two directions. That is, 
the zero (0) is pla.ced in the center of the dial, as 
shown in Fig. 18. ·: • 

1 Why the N pole attracta the S pole and repels the N pole i• 
exv.lained on page 179, See also. page 183, e,cplailllllg how n 
coil becomes nn clcotromllj!net with a N ~nd S pole pol&rity. 
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Fig. 18 Fig. 18A 

If the moving-coil type of instrument is used ou tL 
1•:rcuit of more than 30 amperes, it will be damaged. 
The star-ting-motor current is never taken through a 
dash ammeter of this type. The generator charging 
current is carried through it and as the generator 
~eldom delivers over 22 amperes, the 30-ampere 
range is sufficient. 

Meaning of Zero Center 
Note that the "0" is in the center, and when no 

~urrent is flowing the needle will remain at O or ~er.,. 
fhe needle can read up to 30 amperes on the 
"charge" side1 to the right, or to 30 amperes ·on the 
"discharge" side, to the left, and is termed a "30-0-
30" scale. 

If the generator is running at sufficient speed to 
charge the battery, the cut-out points will close 
and connect the generator with the battery and 
charge the battery. Then the needle will move to 
the right or "charge" side of 0-if correctly con­
nected. 

If the engine slows down, and the cut~.mt points 
open, then the battery is disconnected from the 
~enerator, and as ignition is being consumed from 
the battery the needle will move slightly to the left 
of 0, or "discharge" side of zero-as the battery 
would be discharging instead of taking a charge. If 
lights were on, then the needle would go farther on 
the discharge side, as more current will be discharg­
ing from the battery. 

This shows that the needle moves in one direction 
when current is flowing from the positive connection 
( +) of the generator to ( +) of the meter, to ( +) of 
the battery. But the needle operates in an opposite 
direction, when current is flowin~ back from the bat­
tery to the meter, as connection 1s with the negative 
side ( - ) of the meter in this instance. This is the 
reason for zero (0) being in the cent.er on the dash 
:unmeter. 

Note. The instrument just described, as is the case also 
with the other instruments illust.ra.te,1 in these instructions. 
shows the ''charge" side on the right of "O" and the "discharge" 
side on the left of "O." 

The standard now adopted by manufacturers of dn.sh 
ammeters is to have the "cbnrRe" side on the left and the "dis­
charge" side on the right of "O" (see Fig. 18AJ. There are 
many instruments which came into use before this recent stand­
Md was adopted, which read as shown in the illustration (Fig. 
18). This makes no particular difference, however. 

An Indicator 

A battery indicator (Fig. 19) is used for the same 
purpose as a dash ammeter, that is, to show whe1• 
the battery is being "charged" by the generator and 
when it is being "discharged." Instead of showing 
the rate of charge or discharge, it merely indicates 
what is taking place, by the movement of a cylinder 

Fig. 19. Battery indicator showing its three indfoa.tions. 

inside of the instrument bearing the wordings, "off," 
"charge," and "discharge," which appear at an 
opening in the dial of the instrument. 

This instrument will operate on as low as 2 
amperes and, unlike the dash ammeter of the mov­
ing-coil type, it is capable of withstanding any volt­
n.ge or amperage without damage. 

This type of instrument can be placed in series 
with even the starting-motor circuit without injury, 
and will show "discharge" when current is flowing 
to the starting motor from the battery. • 

This type of instrument is used on the Franklin 
(see footnote bottom of page 424), and is placed in 
the motor circuit as shown in this diagram. The 
same type was also formerly used on the Dodge. 

This type of indicator is termed the "polarized 
vane" type, with a "stationary coil" (of a principle 
similar to that shown in Fig. 16). 

The Roller Smith Co., Woolworth Bldg., New York, manu­
factures a dash-type ammeter of the polarized vane type which 
can be placed in the starting-motor ctrcuit. The same concern 
also manufactures inst.ruments of the moving-coil type. An­
other concern manufacturing the moving coil or rotary type, 
as well as stationary-coil type instruments, is the Hoyt Co., 
the instruments being sold by Burton-Rogers, Boston, Mass. 

HOW THE VOLTMETER AND AMMETER ARE USED FOR TESTING THE ELECTRIC SYSTEM 
OF A CAR; EXTERNAL TESTS 

.As an example we shall use the Weston, model 280 
combination volt-ammeter. The tests shown in 
Fig. 20, can usually be made on the car without 
removing any of the parts. Internal tests of the 
different parts, or "bench test-s," will be treated 
farther on. 

The idea f.lf this combination electric system is 
to show where and how a voltmeter and anipere­
meter can be used on the average electric system 
for testing circuits on the car. It is unde_rstood 
that the battery is a 6-volt, 3-cell battery· and also 
that the only instrument which is a regular :equip­
ment of the electric system in this example is the 
"dash ammeter." The other instruments (Vl), 
(V2), (V3), (Al), (A2), are testing instruments, the 
use of which will he explained. 

Voltmeter Tests 
The voltmeter is always placed across the line, 

and shows the voltage or pressure of a circuit. The 
instrument used is the 'Weston, described on page 
464 (Fig. 12), which read carefully. 

Test V1: To test voltage of generator: Use the 
"Oto 30 connections" and "0 to 30 scale" of instru~ 
ment. Place the test points (TP) on the connection& 
leading from the two main brushes. The brush to 
the left leading to the shunt fields is the third brush 
and is a part of the shunt-field circuit, or the source 
of the shunt-field current supply. This test does 
not include the field circuit, but is for the voltage of 
the "charging circuit." The maximum voltage of 
the generator from its "main brushes" will be indi­
C.<tted when the generntor is operating at. from 7 to IC 
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~§ 
\:l f'~ z .. 0 ~6 z: 

:, ... ~ % .,, 
Vl TP 

Fig. 20. The dash ammeter is so connected that it shows all current which would "discharge" from the battery except starting• 
mo.tor C)Jrrent. ,_Aµ curre~~ passing from the. ba.ttery to the ignition or lig~ting circuit must first pass through the ammeter, 
which ,~1!1 sho,~ d•s~harg~ on the left of •~ro .''! this. exa,mple .. Curr~nt pass!ng froo the generator to the battery will be indicate,! 
on the charge or right side of zero. The 1gmt1on circuit and light circuit w,11 reduce the amount of charge going to the battery 

The t-esting meters (VI), (V2), (Al), (A2), and (A3), are not connected permanently in the circuits, but are intended to show 
how various tests can he mnde ns explained in the text, and only one test is made at a time. 

m.p.h. car speed, and the cut-out points (P) should 
be closed. The voltage of the generator should be 
slightly more than that of the battery, otherwise 
the generator will not have pressure enough to over­
come the battery voltage. The battery voltage 
can be tested a.s shown at (V2). 

If the generator voltage is found to be less than 
the battery voltage, then the cut-out points (P) will 
probably not close, because the purpose of the fine 
wire voltage winding (V) of the cut-out is to mag­
netize the core (C), thus drawin~ (A) to it and caus­
ing the points (P) to close. This winding is so 
wound that it does not exert sufficient magnetizing 
effect to draw the points (P) so that they are closed, 
until the generator voltage is slightly more than 
the battery voltage. 

If the generator voltage is lower than the battery 
voltage, then the first place to examine is the "third 
brush" to see if it is seating properly. If it is seating 
only enough to make sli~ht contact, or if a new third 
brush has been fitted without properly seating it to 
the curvature of the armature, the field strength 
cannot build up sufficiently to assist the armature in 
building up its full voltage. 

The proper seating of the "main brushes" is also 
important. The co=utator may have the mica 
protruding, or dirty, or the commutator may be 
rough, or the armature or field windings may be 
grounded. 

If there is no indication of voltage at all, at the 
generator, then loose connections or open circuits 
exist, either at the brush-holders, the brushes, or 
the field-windings. 

It is seldom that there will be no indication of 
current at all, if one armature coil is OP.en, because, 
they are connected in parallel, and while one arma­
ture coil may be open, some indication would come 
from the other coils. Tests for internal troubles of 
the generator will be shown farther on. 

If the generator voltage is above that of the 6-volt 
battery, and cut-out points (P) fail to close, then 
the cut-out spring tension may be too strong, or 
the cut-out voltage winding may be open-circuited 
or grounded, or there may be loose connections. 

If the cut-out armature (A) makes a feeble effort 
to close, but does not close tight, when the generator 

voltage is 6+, then it indicates that the spring ten­
sion is too strong, or that there is a ground, or a par­
tial short circuit in the windings. 

If the generator voltage is over 6 volts and the 
cut-out armature (A) makes no attempt to close at 
a111 then the cut-out windings should be tested, pro­
viding the spring tension is not too great. 

Sometimes the cut-out points (P) fail to open 
when the engine slows down or stops. This is 
caused by the points burning together, and thus 
the battery will discharge back through the genera­
tor, but the "discharge" would show on the "dis­
charge" side of the dash ammeter when all switches 
are "off." 

Tests of the cut-out windings are explained far-
ther on. • 

Test V2: To test voltage of battery when dis­
~harging with lights on only, use the O to 30-volt 
connections and scale. The voltage, if charged for a 
3-cell battery, will be 6 to 6.3 volts, or 2 to 2.1 per 
cell. If discharged, it will be 5.4 volts, or 1.7 volts 
per cell. 

If tested when the starter is on, a charged battery 
will drop to 5.4, or 1.7 volts pet cell, but will regain 
its normal volta.ge after a short while. If it drop8 
to 5 volts or less, or 1.6 volts per cell, it is discharged; 
or, if fully charged, and it drops as low as this, then 
the plates are sulphated or an internal short circuit 
exists. See also the instruction on storage battery. 

On testing the voltage of the generator (Vl), and 
the voltage of the battery (V2), when the genera.tor 
is charging the battery, if any difference is found, or 
a drop in voltage occurs, it will be the difference 
between the two readings. 

Test V3: To test the voltage which reaches 
the starting motor from the battery, to see how much 
drop there is in voltage at the starting motor when 
operating, close the starter switch for an instant. 
There will be some drop. If the engine is cold and 
stiff, it will cause the motor to draw more current. 
The more current that is drawn, the greater the drop. 

If the starting motor should fail fa start when 
the starting switch is depressed, then test to see if 
t,here is an open circuit in the armatme of the motor, 
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or in the brushes or the brush-holders. This test 
will determine if the current is reaching the motor. 

If there is an open circuit in the armature, then 
the meter would indicate the voltage of the battery, 
because the top test-point would connect with the 
( +) of the battery, and the lower (TP) would con­
ne-::t with (-) of the battery. The armature being 
open, there would be a break at this point. 

If the :field-circuit is open, there would be no 
indication at all, because the field is in series with 
t,he brushes of the armature. • 

When a battery is supplying current to a motor 
and the amperage draw is heavy, there is a drop in 
•:oltage at the metor and also at the battery itself, 
which delivers the current. 

Ammeter Tests 

Ampere tests are to ascertain the quantity of cur­
rent flowing. A "shunt" must be used (see page 
465). Connect the shunt in the circuit as shown at 
tests (Al) and (A2), being sure that the positive ( +) 
wire of the circuit is connected to the ( +) connec­
tion of the meter, and the negative ( - ) wire of 
the circuit to .1 binding post of the meter. 

Should the charging rate appear to be abnormally. 
low with no apparent reason, it is a good plan to 
check the ammeter by connecting the test meter 
(Al) in series with it. 

Reliable meters may become defective, as auto­
mobile service is extremely hard on a sensitive 
ammeter. 

Test A1: To test the accuracy of the dash am­
meter, use the 30-ampere shunt and connect as 
shown. Speed the engine up and note if the reading 
is the same on the dash ammeter as on the testing 
instrument. 

A rough check on the accuracy of the ammeter 
may be obtained by noting the ampere readings of 
the various lights on the car, and then switching 
them on one at a. time. The reading of the ammeter 
should correspond to the total amperage required 
for the lights. 

With the engine running and the lamps on, the 
ammeter may register either "dischar~e" or 
"<lharge," depending on the speed of the engme, the 

capacity of the generator with respect to the lamps, 
and the condition of the battery, that is, whether it 
is charged or not. 

Unsteady reading of the ammeter may be due to a 
defect in the instrument, or to loose contact, or to 
intermittent ground. • 

Tapping the ammeter should jar the hand loose 
if it is only stuck. If it still refuses to register, 
examine the connections, and if these are all right, 
look at the cut-out points and see if they are closed. 
Finally, disconnect one of the main wires from tbP. 
generator terminal to see whether any current i::: 
fl.owing from the generator, and follow the wires 
thence to the ammeter, examining them at eacl: 
terminal to see whether cunent is flowjng, by touch­
ing the disconnected wire to its terminal. 

Test A1: To test cut-out: Use Q to 30 shunt and 
scale. At a car speed of 7 to 10 miles per hour, cut­
out points (P) should close, and at 15 or 20 miles car 
speed, the generator should be charging the battery 
at 10 to 20 amperes, if lights are off (this varies on 
different systems). If it shows less than 9 or 10 
amperes, the "regulator" or "third brush" should be 
regulated to bring the current up to at least 10 am­
peres, 15 amperes being the average. 

Throttle the engine slowly, and note that the 
needle will drop back towards zero. When it 
reaches zero, note whether cut-out points (P) open, 
and at what car speed. 

Test A2: To test the amperage required by the 
starting motor: Use the 300-ampere shunt and con­
nect as shown. Test with engine idle. It is 
assumed that the battery shows 1,275 to 1,300 
hydrometer test, and is supposed to be charged. 

The average starting motor requires 160 to 200 
amperes, if the engine is warm and flexible, or 250 
to 300 amperes, or even more, if cold and stiff.· If 
the engine is flexible and an excessive current dis­
charge is shown, then there may be a short circuit 
in the motor or brush-holders, or possibly the 
starter mechanism is out of order. 

Note. The actual amount of current required by a starting 
motor varies o.ccording to the temperature, condition and size 
and compression of tbe engine. If it is extremely cold, tho oil 
is congealed and all parts are stiff; thus a great deal more 
current is required than when the engine is warm and flexible. 

If an engine has been standing for a long time, or out of use, 
it ie likeJy that tb_e motor will require more current than if in 
daily use. 

HOW THE DASH AMMETER INDICATES TROUBLES 

In this instance we refer to the ammeter as usu­
:1.lly attached to the dash (cowl) of a car. 

The dash ammeter indicates when the generator 
"charges" the battery, and at what rate. It indi­
<lates the rate of "discharge" from the battery to 
the lamps. It also :indicates whether or not the 
;;ystem is working properly. When the battery is . 
neither "charging" nor "discharging," the pointer 
should indicate "0." 

Ammeter troubles may be divided into two 
classes: those that manifest themselves when the 
engine is idle and those that show only when it is 
running. Both classes have two subdivisions, with 
lamps on and with lamps off. 

Remember that the ammeter should show 
"charge" at speeds above 8 or 10 miles per hour; 
and that when the engine is at rest with lights 
turned off, the ?leedie shoul,:! stand at "zero," and 
should not show "discharg1< " 

It shows "discharge" when lights are on and the 
engine is idle, or at a speed of less than 8 miles per 
hour. In other words, the battery is then dis­
charging, and is not being charged. 

With these points always in mind, it is possible 
to diagnose many troubles by noting the action of 
the ammeter, for if it var.ies from its intended pm­
pose, or its usual action, something is wrong. 

When the generator is not charging the battery, 
and if the battery is being used for lights, ignition, 
or horn, the nee(lle will be on the "discharge" side of 
(0) and the amciunt of current being consumed will 
be shown in figures on the dial. 

When the car is running 10 or 12 miles or more 
per hour, the ammeter should indicate "charge." 

If on connecting an ammeter to the circuit, the 
needle should go to the "discharge" side, when the 
engine is running at sufficient speed for the generatoi­
to charge the battery, then it indicates that the 
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terminals have been wrongly connected. Reverse 
the connections. 

If the battery is wrongly connected, when the 
genera.tor is running the ammeter will read in the 
opposite direction, or the cut-out points will vibrate 
back a.nd forth, opening and closmg the points and 
causing the needle to swing back and forth as it 
opens and closE',s. 

On most of the third-brush regula.ted generators 
now in use, the cut-out would soon close, however, 
as the polarity of the generator would adapt itself 
to the battery polarity. In such case the needle of 
the ammeter would be steady, but it would read in 
an opposite direction to its former reading. 

Uthe ammeter indicates zero when the generator 
should be charging the battery, it shows that the 
circuit is open, that cut-out points are stuck open, 
or that the generator is at fault. 

U the ammeter does not indicate "charge" when 
the engine speeds up, but indicates "discharge" 
when the lights are turned on, then the generator is 
not delivering its proper output. Look to the 
"third-brush" or other regulation system, and see 
if it is properly adjusted; also see if the brushes seat 
properly; or there may be a short circuit in the 
lighting wiring. 

If the needle is forced to the scale limit on the 
"discharge" side, it indicates an overload or a short 
circuit. 

When the engine is running and lamps are burn­
ing and the ammeter hand stands at zero, it indi­
cates that the generator is producing exactly the 
same amount of current that the lamps are consum­
ing. Thus the battery is "floating on the line" and 
is not receiving a charge, nor is it discharging. 

If the ammeter shows excessive "discharge" 
at low speeds, or when the engine is idle, this is 
caused by the cut-out contacts being held closed or 
"stuck." Thus current is flowing from the batteiy 
through the generator. This must be corrected at 
once by disconnecting the points. If the light 
switch is "on," then a ground or short may be in 
this circuit. 

The ammeter will always indicate if a short cir­
cuit exists in any part of the wiring, except from the 
battery to the switch bus bar, and in the starting­
motor circuit. 

If the ammeter does not indicate "charge" with 
the engine speeded up, and does not indicate "dis­
charge" with the lights on, and the engine at rest, 
there is an open or loose connection in the battery 
circuit; or the battery terminals ma:y be loose: or 

the generator terminals are loose; or the a,=eter 
may be at fault. 

If the ammeter indicates "discharge" with the 
lights turned off, and the engine at rest: the ammeter 
pointer may be bent; insulation on tne wires may 
be injured, permitting contact with frame, causing 
ground or short circuit, or the cut-out points may be 
stuck. 

If tho trouble seems to be in the ammeter, it is well to place 
a. test ammeter in circuit, to cheek the first instrument. If 
the instrument registers incorrectly it should be returned to its 
makers for,rcpa..ir. 

If the ammeter indicates "charge," with the 
engine at rest, the ammeter pointer may be bent. 

When the ammeter "charge" indications are 
below normal, the generator output varies with the 
condition of the battery on some gene~ators. This 
may also be due to the regulation of the generator 
not being properly adjusted. For instance, the 
third brush may need resetting, or the brushes may 
not be making good contact, or the commutator 
may be dirty or rough, or may have high mica. 

When the ammeter "discharge" indications are 
above normal, the lamp load may be excessive or the 
lamps may be old; wires may be grounded or shorted. 

Ammeter needle unsteady and low charging rate 
with generator running. Look for carbon between 
commutator segments, and clean with a pointed 
instrument. This is usually due to too much oil, 
causing carbon. Also look for weak brush springs 
loose brush leads a.nd short brushes or high mica. 

If the ammeter pointer jerks intermittently to 
"discharge," limit of scale while engine is speeding 
up, there is a short circuit or a ground in the system 
or in the field-windings. 

If fuses blow out repeatedly, look for a heavy 
ground, or the fuse may be too small for the current 
required, or a short circuit may exist in the system. 

If larger bulbs than standard or extra lamps are 
used, "discharge" indications will be higher. The 
generator may not be capable of charging the battery 
sufficiently to overcome the excess load, especially 
if there is insufficient day driving or excessive use of 
lamps at night, thereby permitting the battery to 
discharge more rapidly. Therefore, before adding 
more lights or appliances to the electric system, the 
amount of charge that the battery receives should be 
considered, especially during cold weather, when the 
starting motor is used more and the drain on the 
battery is greater. If the battery receives less than 
10 to 15 amperes on an average, 1t will be necessary 
to have it charged at an outside source occasionally. 
See also pages 563 and 506. 

A VOLTMETER AND AMMETER FOR A VER AGE ELECTRICAL TESTING 
To those who do not have sufficient electrical work to justify 

the purchase of the model 280 instrument mentioned on pages 
465and 701, or the model 45, page 545, the followini, instrument~ 
nrc rccornmcnded. 

Model 301 Weston voltmeter, 1 with a scale rearung of O to 
l 5 volts with divisions on scale o( ½ volt (.5) each division, 
!'rice $8.00. 

Model 301 Weston ammeter,• with a scale reading 0 to 30 
amperes with divisions on scale ½ ampere (.6) en.ch division. 
Price $8.00. 

With these two instruments mounted on a base a ,·cry service. 
nble poru,ble electrical testing outfit can bo mncle. 

The voltmeter can be used for testing the voltage of all cell• 
of a 6- or 12-volt storage battery, or each cell, also for testing 
the voltage of genera.tor at speeds at which the generator cuts 
in and cuts out, grounds, short circuits, and many other t~sts as 
shown on pnge 470 and elsewhere. 

The ammeter can be used for testing the ampere rnte of cur• 
rent output from generator to battery, or the current co!L'lumed 
by all the lights or individual circuit.s, horn, ignition, coils, etc. 
The current consumed by the starting motor of course cannot be 
tested with this instrument. The manufacturers are Weston 
Electrical Instrument Corpn., Newark, N.J. 

Other concerns supplying electrical testing instrument.s arc 
listed on page 545. See nlso pgs. 481 and 687. 

, Can be obtained of A. L. Dyke Elect. Dept .. Granite Bldg .. 
St. Louis, 010. We repair Magnetos1 Coils, Generators, and 
Starting Motors-send your repairs to us, if you are noi 
equipped. 



INSTRUCTION No. 43 
TOOLS AND EQUIPMENT FOR THE AUTOMOTIVE ELECTRICAL 

REPAIR SHOP:' When to Test on the Car and on the Bench 

TOOLS FOR ELECTRICAL WORK'l 

This subject is a broad one. The amount of 
repair work to be done would determine the equip­
ment in each case. Therefore only a few of the 
really necessary tools are mentioned here. 

Pliers: An assortment of about 5" long-nose, 
short-nose, and cutting pliers. 

Screwdrivers: An assortment of about five or six, 
from very small ones to larger ones. 

Chisels: Two or three sizes, and also a center 
punch for locking and unlocking pole screws in 
generator frames. 

Files: One very fine jeweler's file for contact 
points, and a mill file and round for cleaning wires 
and battery terminals. 

Thickness gauge to adjust contact-breaker points, 
cut-out, regular points, and spark plugs. 

Flat wrenches: Various sizes; these can usually 
be purchased in sets or with tool kits. 

~ 
SOLOoil 

Fig. 2. Illustration at left shows a simple and handy method 
for soldering. The wire solder is inserted in a hole drilled in 
the soldering copper. A blowpipe torch is shown on the right. 

Soldering irons: Three sizes, a pair each of½ lb., 
1 lb., and 2 lbs., for soldering coil terminals, wire con­
nections in field coils, commutator wires, annature 
wires, terminals, cut-out and regulator points, etc. 
The electric soldering iron is used extensively also. 

Soldering flux for electrical work. Wire solder 
with flux inside is used extensively. 

Blow-pipe torch: Very essential. 
Tape: For taping inside of generators, etc. 

Where there is excessive heat, a tape called "English 
superfine twilled tape" is used. It is then coated 
with sheIJac and the alcohol is burned off by lighting 
with a match. Friction tape is the kind generally 
used for outside wire connections. 

Shellac is used for armature work, connections, 
etc. See Index, "Shellac, how to mix and keep." 

Note. When grounding a wire to the frame or to the engine, 
olean off all paint. Scrape thoroughly. After making tho 

1 Tbis subject does not include storage-battery equipment. 
This is fully treated under instruction on Storage Batteries. 

• See pages 481 and 687 for firms who can supply tools for 
aleotrical work. 

connection, coat with vaseline to keep tho connection froia 
corroding or rusting. 

When soldering a wire into a lead terminal, such as a heavy 
storage battery connection, clean well. Add flux, and then melt 
the solder in the terminal by means of a torch. When bot, 
insert the wire and let cool; this i$ termed ··sweating." 

D j 
Fig. :J. 'l'his hook, 4" long, is used for pulling brush springs. 

~ 
Fig. 4. Socket wrench for brush mechanism and coil nuts. 

A brush lifter for lifting brush springs on genera­
tors and motors is shown in Fig. 3. 

A socket wrench suitable for the nuts on brush­
holders, coils, etc., is shown in Fig. 4. Several sizes 
can be made. 

A fine-pointed scratch awl to dig out copper dust 
and material that will short-circuit between commu­
tator segments is another necessary tool. A tool 
made on the order of that in Fig. 3 would be suitable 
for this work. 

Tools for undercutting mica are explained farther 
on. 

Cll l I] ~ 
Fig. 5 Fig. 7 

[IE} ~ 
Fig. 6 Fig. 8 

Pole-piece double gauge: It often happens that it 
is necessary to put new field-coils in the generator or 
motor, owing to the fact that they become shorted 
or grounded. In order to do this, it is necessary 
chat the polar diameter be exactly right-that is, 
the distance between the faces of the )?Ole-pieces. 
This distance is measured with a pole-piece double 
gauge (Fig. 5); one end of the gauge being a "Go" 
indicator, and the other end a "No Go" indicator. 

Pole-piece spreader: If the gauge does not slip 
into the polar diameter on one end and fails to go on 
the other, the dimension is wrong, Generally it is 
t.oo small, and the pole-piece must be spread farther 
apart and the tool (Fig. 61 pole-piece spreader) 
is used for th.is work. There is no possible way for 
spreading the pole-pieces so as to get the proper 
clearance between the ar.:nature and the poles with­
out this tool. In other words, the object of these 
tools is, first, to spread 'the pole-pieces and frame to 
give the right air gap between the armature and 
pole-pieces with tool No. 6, and then to measure 
these dimensions with No. 5 after the work has 
been done, to see that it is right and, if not, to cor­
rect it. 

473 
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A pinion puller, used for pulling the generator­
drive pinions off the armature shaft (Ford), is 
'!hown in Fig. 71. 

A bearing puller, used for pulling ball bearings 
off the armature shaft, is shown in Fig. 8. 

Lathe for Electrical Repair Work2 

A lathe suitable for turning down armature com­
mutators, and for making motor repairs and elec­
trical work in general, suitable also for cutting 
screws and other small work, such a.s tools, gauges, 
taps, etc., and for making battery and ignition parts, 
is shown in the illustration below. 

Fig. 9. This lathe 
can also be 

supplied with milling att-achrnents, and keyway cutting 
attachments. 

Bench Lathe for Commutator Work 8 

The illustration below is that of the Onan Lathe 1 whick can be placed on a work bench and operatea. 
from a line shaft. 

With this lathe it is possible to true up and turn 
the commutator of any starter or generator arma­
ture. Without removmg the armature from. the 
lathe, it is possible to undercut the mica between 
the bars. 

Fig. 10. The turning tool is controlled by a hand-wheel 
screw feed-the carriage is operated lengthwise by a drop-forged 
handle with suitable adjustment for every commutator. The 
lathe is built with 7" swing; bed 22'' long; furnished with two 
ArmstrODlj: high-speed tool bi ts, lat.he dog, suitable wrenches, 
etc., and 1s complete, ready for operating. It is driven from 
any available power. Shipping weight complete, 35 lbs. 

The subjects of commutator troubles, tests, and 
repairs, and also brush troubles (fitting and seating 
brushes, etc.) are treated on pages 491 to 496. 

INSTRUCTIONS FOR CLEANING REPAffi PARTS OF ELECTRICAL APPARATUS 

The cleaning outfit should consist of three sheet­
steel tanks of suitable size (preferably about 35 
gallons), which are mounted in such a manner that 
the contents may be kept heated to the desired 
temperature; three stone jars of approximately 15 
~allons capacity; and a sawdust box. 
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Fig. 11. Plan of arrangement of tanks and jars for cleaning. 

Two of the steel tanks should be equipped with 
overflow pipes so that thei can be kept about two­
thirds full at all times. 'Ihese will be spoken of as 
tank No. 1 and tank No. 2. They are used for 
clear, hot water for rinsing the apparatus after it has 
been cleaned. A supply of water should be avail­
able, so that this water can be kept clear. 

The third tank does not need either a drain or 
overflow pipe, and should be used for the potash or 
caustic soda solution. This solution can be used for 
a Jong time without changing it by simply adding a 

1 See page 481 for Automotive Electric Service Station 
Equipment concerns. 

'Illustration is that of a screw cutting lathe, espe-
cially adapted for electrical repair ahops, manufactured by The 
South Bend Le.tho Works, South Bend, Ind. 

small amount of potash or soda as the solution is 
found to be weakened. All three tanks are main­
tained at a temperature of from 180° to 212° Fahren• 
heit, or approximately at boiling point. 

The three jars mentioned above are to be used for 
the acid solutions, and will be spoken of as jar No. 1, 
jar No. 2, and jar No. 3, respectively. 

A wooden tank should be provided which is large 
enough to permit the three jars to be set in it, .and 
also to carry a supply of clear, cold water. This 
tank should also be divided so that jars No. 1 and 
No. 2 are in one division, and jar No. 3 in the other. 
This is very important, as the work cannot be rinsed 
in the same cold-water bath after being immersed 
in these various solutions. The sketch shown in 
the figure will give an idea of the outfit. See also 
pages 761 and 1039. 

Note: A free pamphlet," Modem Cleaning Methods," which 
gives instr ictions on cleaning metal surfaces of nil kinds of 
small part, nlso engines, a,les, etc., is issued by Oakley Chem­
ical Co., 2: Thames St., New York (also deals with solutions 
to use nnd gas burners for heating the solution, etc.). 

Cleaning Solutions 
The solutions recommended are as follows: 

In tanks Nos. 1 and 2, place clear, hot water. 
In tank No. 31 place a solution of potash or caustic 

soda, maa.e by mixing 1 lb. of potash or caustic 
soda with one gallon of water. 

Jar No.1 is filled with a solution made up carefully 
from the following formula: four gallons of nitric 
acid; one ~allon water; six gallons sulphuric acid. 
The water 1S placed in the jar first, the nitric acid i& 
added slowly, and the sulphuric acid is poured in 
last. This order should be very strictly observed, 
as it is dangerous to attempt to mix up a solution of 
these acids in any other manner. 

3 Can be secured of Allen 
Electric Mfg. Co., Detroit, Mich., suppliCll 11 combination lathe 
and mica undercutter and other electrical equipment. Free 
printed matter to those mentioning this book. 
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The solution in jar No. 2 is made up from the 
following formula: one gallon hydrochloric acid to 
t,hree gallons of water. 

Jar No. 3 is filled with the following solution: ½ 
lb. of cyanide to one gallon of water. 

Tank No. 2 should be used for parts which have 
been in the potash solution, and for no other pur­
pose; tank No. 1 is for general rinsing. 

Cleaning Various Metals 
Steel is boiled in the potash solution until the dirt 

is removed. This should take only a few minutes. 
Jt is then rinsed in tank No. 2, and dried in sawdust. 

Cast iron is boiled in the potash solution until the 
dirt is removed, rinsed in tank No. 2, dipped in the 
acid solution in jar No. 2, rinsed in cold water, then 
rinsed in tank No. 1, and dried in sawdust. 

Brass is boiled in the potash solution until the dirt 
is removed, rinsed in tank No. 2, dipped in the acid 
solution in jar No. 1, rinsed thoroughly in clear, cold 
water, dipped in the cyanide solution, rinsed in clear, 
cold water, rinsed in ta.nk No. 1, dried in sawdust. 
Copper can be cleaned in the same ma.nner. 

Polished aluminum should first be thoroughly 
washed in benzine or gasoline, rinsed in tank No. 1, 
dipped in the acid solution in jar No. 1, rinsed thor­
oughly in clear, cold water, rinsed in tank No. 1, 
a.nd dried in sawdust. 

Plain aluminum (polished) should be dipped in 
the potash solution, rinsed in tank No. 2, dipped 
in jar No, 1, rinsed thoroughly in clear, cold water, 
rinsed in tank No. 1, and dried in sawdust. 

Plain aluminum (not polished) should be dipped 
in the potash solution, rinsed in tank No. 2 dipped 
for a few seconds in the acid solution, rinsed in tank 
No. 2, dipped for a few seconds in the acid solution 
in jar No. 1, rinsed thoroughly in clear, cold water, 
rinsed in tank No. 1, and dried in sawdust. 

It will be noticed that when the aluminum is put in 
the potash solution the metal is attacked or eaten 
away very rapidly. Care should therefore be taken 
not to leave the work in this solution any longer than 
is absolutely necessary. In cases where the work is 
covered with caked grease or has hard grease de­
posits on it, these pieces should first be washed in 
benzine or gasoline. Aluminwn parts should never 
be washed in the potash or soda solution unless they 
can be put through the acid immediately after. Thf' 
acid dip is used to neutralize the effects of the potash 
solution. Parts should be held in the acid solution 
for only a few seconds. 

Paint on aluminum should be removed wHh a 
good varnish or paint remover, unless it is a very 
small quantity" and the work is to go through the 
potash solution. 

For enameled work, it is recommended that it be 
washed with soap and water, dried thoroughly, and 
then polished with a cloth dampened with Three-in­
One or O'Cedar oil. 

The methods described above are for solid metals 
only, and should not be used on any plated materials. 
Practically all Delco clips are tinned, and should be 
cleaned, therefore, in benzine or gasoline. All 
plated parts should be cleaned in benzine or gasoline. 

A HOME-MADE ELECTRICAL TEST STANP 

Tests for the internal parts of a generator, motor, 
cut-out, etc., will be explained in what follows. 
These tests might be termed "bench tests," and 
are usually for internal troubles. They are such 
tests as are necessary when the troubles are such that 
they cannot be remedied on the car, such as testing 
armatures, field windings, etc. Therefore some sort 
of testing apparatU3 is necessary in such cases. 

Fig. 12. Electrical test bench. 

The bench (Fig. 12) can be made about 36" high 
and about 5' or 6' long, with a lower shelf about 611 

or 711 from the floor. 
A vise, with jaws opening to about 8", can be 

used to hold the generator when being driven by a 
motor. The vise is also handy for other work. 

Note that the test leads, or cables, are of flexible 
wire and run through pulleys with weights (Fig. 12A), 
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similar to pulleys and weights on a telephone switch­
board, thus keeping the wires off the bench. 

Necessary Parts and Wiring Circuits 
Volt and ammeter: Model 280 Weston, combina­

tion volt and ammeter, as described on page 464, is 
recommended. This instrument is also fitted with a 
scale for cadmium tests of storage batteries (explained 
under the•instruction on Storage Batteries). 

If this represents too great an outlay of cash, then 
Model 301 Weston voltmeter and Model 301 Weston 
ammeter are recommended (see page 472). These 
instrument£ are suitable for readings up to 30 am• 
peres or 30 volts. 2 

!! These mstruments can be furnished by A. L. Dyke, Elco• 
trica.l Dept,., St,. Louis, 1\-lo. 



476 DYKE'S INSTRUCTION No. 43 

The wiring of the different circuits is shown in 
Fig. 12B, as follows: 
1,1) Voltmeter (Model 301 Weston) with test points. 
(2) Armature rack for testing for open and short 

circuits in armature. Dry cells can be used. 
Note that the ammeter (Model 301 Weston) is 
in series with the circuit. 

(3) Test-light and points (high voltage) for use with 
110-volt circuit through a double pole switch. 
For testing for short and open circuits. The 
110-volt lamp is in series. A tungsten carbon 
filament lamp c-f about 15 watts can be used. 

(5) 

(6) 

Remagnetizer for remagnetizing magnets. 
Connected with the battery by a double-pole 
switeh and with fuses in the circuit. 
Growler connected with a 110-volt alternating­
current line for testing armatures for open and 
i-hort circuits (explained farther on). 

(4) Battery test-light and points (low voltage) are 
connected with a storage battery. Note that in 
(4) I di 1 • • • th Fig. 13. A method of making an adjustable armature rack. 

a ow-can e-power amp lS Ill series, C This can be substituted for the one shown in Fig. 12. as it i• 
voltage being same as battery (6 or 12 volts). more serviceable, being adjustable. 

NORTH EAST TEST-BOARD 
The test-board shown in Fig 14 below, is 

for testing the motor-
generators and ignitio.n units. It is shown in order 
to give the reader an idea of its construction. 

tYP£ 8i01--0, Sll()I-(: o• UOl•O Tts'T 8!:HC:K 

Note that the voltmeter is connected across this circuit a, 
switch (A) (on the left), and by the small wire at (-3) terminal. 
The ammeter is not in the circuit, as it is open at the cut•out 
points of the cut-out (upper left corner). 

Cut-out voltage circuit: Start from the motor­
generator, which we will assume is being driven as a 
generator. Start at (+2) terminal of the board, 
which connects with the (+) main brush of the 
generator, to voltmeter (switch A is open), above 
the voltmeter to the cut-out, then through the fine 
wire voltage winding (small dotted lines), through 
the smaller or lighter wire to the voltmeter, to 
terminal (-3) of the board, to (-) main brush of 
the generator. 

Note that the voltmeter 1s connected directly across this cir­
cuit and will indicate at what voltage and speed of the generator 
I.he cut-out points will close the charging circuit. 

Generator charging circuit: We will assume the 
cut-out points close at a certain speed of the gener­
ator when a certain voltage was reached 

The charging circuit would 
then be from (+2), to the voltmeter, above the volt­
meter to the cut-out, through the closed points of 
the cut-out, through the cut-out series winding, to 
the fuse, through the ammeter, through switch (C) 
(switch A is open), to the (+) terminal of the board 
to the (+) terminal of the battery, out the (-) 
terminal of the battery, to the (-) terminal of the 
board, to the (-) terminal of the generator. 

Fig. 14. Tl!llt-board. Note that the voltmeter is across the circuit, and tho am.meter 
is in series with the circuit. Thus the voltage and amperage 

With this test-board it is possible to operate the generated at various speeds .of the generator can be observed. 
motor-generator and all its parts as if connected on k'or instance, at maximum speed, the generator should show 
the car. It will, of course, be necessary to drive the a certain amperago and voltage and the third-brush regulation 

can be set accordinc:ly. 
motor-generator by some means, when used as n 

Th diff • • f ll At a certain low speed the cut-out points should open at n generator. e erent c1rcmts are as o ows: certain voltage when a certain amperage discharges baok 
Starting-motor circuit: Fro1n ( +) of the battery, tbrough the aeries winding of the cut-out (see _page 370 for these 

to and through switch (C), through heavy black ~~;tei'~~~e~~:i ~~h bt1e°:,~~i: with th e voltmeter and 
wires to switch (A), to terminal of board <+2), to The device on the left of Fig. H is for testing the ignition. 
and through the motor, to (-3), to (-) of battery. See also, pages 228,226,371, 230. 

HOME-MADE :METHODS OF DRIVING A GENERATOR FOR TESTING 
Various methods are used for driving a generator 

,;o cut-out and output of the generator can be tested. 
We suggest three simplified methods, as follows: 
l. By using a ½ h.p. electric motor, (Fig. 15), 

with a constant speed of about 1,800 r.p.m. and 
cone pulleys used to vary the speed. 

Cone pulleys can be placed on the motor (Fig. 
15), to drive the generator, on which there are two 
,izes of cone pulleys. The cone pulley on the motor, 

of which there are five sizes, and also the one on the 
generator, of two sizes1 can be made in one piece 
of hard maple or meta.I, by turning them up on a 
lathe. A ½" round belt is used to transmit power. 

Sizes of motor pulleys: 2•, a•, 4¾', 6' and 8'. 
Sizes of generator pulleys: 6' and 8'. 

The variations of speed of the generator which ·~n 
be obtained with these pulleys are a-s follows: 

8" motor pulley to 6" gen. =2,400 r.p.m. 
6" motor pulley to 6" gen.= 1,800 r.p.m. 
4},'" motor pulley to 6" gen.= 1,425 r.p.m. 
3' motor pulley to 8" gen.= 675 r.p.m. 
2" motor pulley to 8" gen.= 450 r.p.m. 

To figure the speed and size of pulleys to use for other speeds 
than those g1vent see Index under· "Speed of pulleys, how to 
fi1iurc.'' • 
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On different generators there are different sizes of shafts. 
Some are tapered .• but most shafts on ln~r gen;r.ators aro 
straight keyed shafts, and nveroge about l~' to 2' tn length. 
The average dfa!lleter is 11/16", ¾" and ¾". Therefore 
bronze bushings should be. provided for the generator P!'lley 
which can be removP<!, and 1n time a valuable collection will be 
ot band ready to use on subsequent tests. 

Some sort of ~tiding base (V, Fig. 15), with a screw (S) to 
adjust the tension of the ½" round belt, sbould be provuled. 
A clamp. oimilar to a wood,vorkcr's clamp, can be used to holcl 
the generator to the base. 

Motor electric 
source 

Motor. (electric) 

Wtsto11 volt 
and ammeter 

~-Inch 
ltound 
Belt'\-

Bench 

l'ig. 15. ~letbod suggested for rig­
"ing up 11 constant-speed electric 
motor with cone pulleys for driving 
a generator at. vnrious speeds. 

8atterv 
terminals 

Meter 
T~sl 
points. 

I 

I 

Generator 

2. Another method of driving the generator (Fig. !U) is 
by means of a constant-speed line shaft (300 r.p.m.). With 
cone pulleys to vary the speed. 

Use a ,1" face pulley, 18" diameter. This will gi,·e 11 speed 
Lo the countershaft of 1,800 r.p.m. if a 3" diameter 2'' face 
pulley is used on the counten!haft. Nole that two pulleys arc 
used on the countershaft. one with a 2'' face by 3' diameter, 
whieh is tight t.o the shaft; the other is of the same size, but is 
loose, thus permitting l'he 2" flat belt. to shift from one to tho 
other, to start,. or stop tho lino countershnft. 

As we have the same number of revolutions of the counter­
shaft in l'i11. 16, as we lul\'O of the motor in Fig. 15, we cnn 
Lhereforo use the s11mc dinmeter of cone pulleys. 

2" 
Plat 
Bell 

Fig. 16. One method 
of drivina generator 
from a constant-speed 
line shaft with cone puJ. 
leys to vary the speed. 

Lha abaft 300 Revohdlooa 

,;,~•~---~u 
3. A better method for a" v 

driving generator than 
either of the foregoing methods is by the ~se of a 
variable-speed alternating current motor (F1g. l6A). 

Motor speed is from O lo 3600 r.p.m. in either direction 
~farketed by the Kimble Electric Co., Chicago. 

A universal drive, universal vise, and tachometer are also 
supplied !or assembling a testing outfit at": low cost. A bhw 
pnnt showing " plan for making a model Universal Test Bench 
,s furnished with motor. 

The Model 280 Weston combination ,·olt and ammeter 
(Fig. 12, page 464) could be used with this outfit. 

Other methods can be employed. The.~c nre 
suggestions only. Sec 
also -page 507, for an~ 
electric test stand. cH:) e) 

-a I -a 
-c: 

motor -c: 99 
5 7 

Fig.16A. Planofdrh~nggeneratorwitha 
variable-speedaltematingcurrentmotor: (I) 
Basoof motor; (2) t.acbomerer; (3) controls 
speed nnd direction of rotation of motor; (4) 
push button switch con be att.; \6) band 
wheel for aligoing gen.; (6) fioxib e coup­

liug of universal drive; (7) chuck; (8) adjusting posts; (9) vis~ 
cross bar; (10) acUust11ole V-jack,supports generator; (11) band 
wheel adjusts bcigM of (10); (12) slots in base to give adjust­
ment for ahaft lengths, 

HOW TO START TO l\IAKE ELECTRIC TESTS AND HOW TO LOCATE ELECTRICAL 
INFORMATION IN THIS BOOK 

The greatest difficulty that the electrical repairman 
experiences in starting into this line of work is to 
know just how to start and where to obtain parts, 
etc. The object of these next few pages is to ac­
quaint him with the details of making tests on the 
car and on the bench, and to furnish suggestions as 
to how and where he may obtain data and informa­
tion. Refer to the Index often. 

See Digest of Troubles, page -154, BUIO pages 512 lo 518, for 
locating other motor and generator troubles. 

IL ... 111 be noted that reference is frequently made to the fact 
that A. L. Dyke, Electrical Dept., St. Louis, Mo., is in n posi­
tion to furnish testing instruments and books of data, eto., and 
also to do electrical repair work. This service is not so much 
conducted for pr~fit as it is to Msist the studont in gettina; bis 
init.i&.1 su,,t. 'l'he parts we purchase for 6lling orders arc pur­
tha.sed of the local branches of the different manufacturers. 
Late o.n, aft.er the student is established and actively in busi­
ness, be can no doubt purchase direct. 

The books and instruments that we recommend arc those 
<>•e know aro needed. It is impossible to iiive all data in this 
one book; hence the neccS11it¥ of purchasing a few others, such 
as a Wiring Manual and Servtce ~1snuals. See ad•.·ertise,ncnts 
1n the b!lck of the book. 

When a car owner drives to your shop and tells 
you that his generator fails to generate current, or 
that the generator fails t-0 charge properly, or that 
the lights burn dim, or that the battery constantly 
runs down, you must, like a good physician, make 
careful note of the troubles and then in your own 
mind analyze the symptoms and formulate a plan 
for your tests and diagnosis of the case. 

The first procedure is to endeavor to make tests 
on the car without removing any of the parts. 
These tests are given under various headings in this 
book. Before any tests are made, however, turn 
t.o the "Digest of Troubles" and find the probable 
cause, and figure out in your mind which one of the 
caw;es would most likely apply to the case. Some­
times troubles are attributed to the electric system, 
when in reality they are engine troubles, or ignition 
troubles. 

Then make the tests, first one, then another, thue 
eliminating one cause after another, until the real 
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cause is finally found. This is termed the "process 
of elimination," and is a mighty ~ood term to mem­
orize and keep in mind. See "Digest of Troubles.'' 
The good electrical repairman is classed as a very 
intelligent man, just as a good physician is, and he 
must study and be able to concentrate in order to do 
his work intelligently. 

If, after making the tests, it is found that the 
internal parts are defective, such as a defective igni­
tion coil, generator, cut-out, or battery, then it is 
time to remove the part to the bench and to make 
the te.~ts. 

Procedure of Tests, and Diagnosis 
When starting to locate troubles in the electrical 

system of a car, first divide the electrical system into 
parts, as explained on pages 448, 455. 

If the trouble is in the lighting circuit, see page 
482. " 

The large Wiring Manual is very necessary in tracing circuits. 

If the trouble is in the ignition system or circuit, 
determine the make of the system, see Index, anc;l 
study up on that system. Refer to the Index for 
testing for ignition troubles. 

If the trouble is in the storage battery, see the 
instructions on Storage Battery, and the "Digest of 
Troubles." 

For battery work, we recommend the test outfit on pages 
r,52 to 554, a.nd the combination voltameter, Fig. 12, page 
-164 (see also page 701), also a book entitled, "The Automobile 
.-Storage Uattery," price $5.00. 

If the trouble is in the generator or cut-out, turn 
to the Index and the "Digest of Trouble~:• 

Starting Motor 
If the trouble is in the starting motor1 refer to the 

"Digest of Troubles" page 454'";'-•and tne Index on 
'·Starting motors." The troubles with a starting 
motor are either electrical or mechanical. See also, 
pages 455,517 and 486 to 490. 

Mechanical troubles with the starting motor that 
are most common are as follows: 

1. Worn bearings: Many starters have plain 
bronze bearings which become worn from lack of oil 
and long service. Thus when heavy charges of 
current of 200 to 300 amperes pass through the 
starter,·the a.nnature revolving is forcibly drawn to 
the pole pieces, as the air gap is very slight, thus 
damaging. the armature. Worn bearings can be 
replaced if you are equipped with a lathe for turning 
up and boring out a new bushing. • 

The end plate can be returned to the manufacturer or to 
_\, L. Dyke, Elcctri.cal Dept., St. Louis, Mo., and an end plate 
with bushing fitted will be supplied. 

2. The starter armature shaft is sometimes bent 
or twisted out of true, as a result of back-firing of 
the engine and of hard strains. To test, place in 
lathe centers and straighten ,with a forked bar or 
otherwise. This trouble is more common with 
starters than with generators. See also, pages 455, 
486, 489, 320. 

Electrical troubles, most common with the start­
ing motor are described below. But before making 
any tests of the starting motor electric system, the 
engine should be tested first to see if it is stiff or 
hard to c.rank. The'next test is of the battery. 

1. Examine battery:· See if the electrolyte is above 
the top of the plates If not the battery is probably 
discharged, or nearly so. If the electrolyte covers 
the top of the pla.tes, then test the electrolyte with 
a hydrometer to see if it is charged. 

If the hydrometer shows 1.200 s.g'.1 • or less, it 
indicates that the battery is fairly well discharged. 
If it shows 1.225, it is fairly well charged, but not 
fully charged. The hydrometer should show 1.250 
to 1.300. When testing the battery with a hydrom­
eter, the temperature of the electrolyte should be 
about 70°, otherwise the readings will not be correct. 
8ee Index under "Testing battery, temperature," 

2. Loose or poor connections: These are usually 
at the ground connection of the battery or on the 
starter switch. The starting switch blades may be 
bent or burned and corroded. These connections 
as well as all internal connections should be clean 
and tight. 

3. Poor brush contact. Usually the result of 
lack of spring tension or worn brushes. • Carbon 
brushes have a tendency to stick in the holders, 
especially if gummed with carbon dust and oil. 
Gauze brushes are sometimes used on starters, and 
should seat perfectly. See Index under "Brushes, 
seating of. 11 

4. Rough commutator: This will necessitate 
removing the armature and turnin 8 the commutator 
down on a lathe (see Index under 'Commutators"). 
Do not undercut mica on the stat·ting-motor com­
mutator. 

5. Soldered. armature coil terminals loose from 
commutator. R~older. Loose terminals are often 
the result of heat produced by excessive current; 
also of poor sold~ring in the .first instance. See 
Index under "Conunutators." 

The average speed of a starting motor, fitted with a Bendi, 
drive, on a. .. !r.ee running test," or no load is: 3,725 r.p.m. mini­
mum and 4,950 r.p.m. maximum. The amperage is about 70. 
Under load, the speed varies 1,000 to 2,300 "~th 8 lb. pull on" 
!l" pulley. The average amperage of starters when starting is 
«iven on page 471. This varies, ho\vever, as starters arc 
designed in different sizes to start different sizes of engines. See 
page 489, giving an example of how starting motors are tested 
according to data given in the "Service Manuals." 

Generator 
The generator circuit is divided into parts as 

follows: 
1. Generator. 
2. Generator regulation system. 
3. Cut-out. 
4. Storage battery. 
5. Wiring system connecting the above. 

Generators are usually shunt-wound, and there 
• are three different regulation methods in general use: 

1. Third-brush (inherent constant current) regu­
lated. 

2. Voltage regulated; where resistance is inserted 
in the shunt-field winding by an electromagnetic 
regulation system (see Index under "Voltage 
regulation"). 

3. Current regulated; where resistance is cut into 
the shunt-field winding by an electromagnet (see 
Index under "Current regulation, electromag-
netic"). . 

4. Compound winding with a "differential" action 
(see Index). . 

The third-!!rush regtilation is used most, The 
output of the generator can be increased by moving 
the third brush in .the direction of the rotation of 
the armature, or decreas.e,d by moving it in the oppo­
site direction. See Index under "Adjusting third 
brush." 
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The principle of the third-brush regulation is 
explained on pages 357, 361. After an a.pproxirnate 
speed of about 1,800 r.p.m. is reached, the output. 
begins to drop off, for the reason explai11ed under 
'"Armature reaction." See Index. It is important. 
to see that the third brush always makes good 
contact with the commutator. 

The output of the generator with the voltage or 
current-regulation method, using an electromagnetic 
principle, can be increased or decreased by decreas­
ing or increasing the spring tension. See Index 
under "Adjusting regulatoi·s, electromagnetic." 

A compound-wound generator, which is an inher­
ent method of regulation, with constant current, 
has the two windings on fields opposing each other at 
high speeds of the generator, such as the "buckinf;­
series" winding, and the "cumulative-compound ' 
winding, explained under this subject; see Index. 

With the compound-wound generator, not using a 
third-brush or electromagnetic principle of regula­
tion, but depending upon the differential action of 
the two windings, there is no provision made for 
increasing or decreasing the output. Sometimes 
the series winding can be shortened, or lengthened, 
as explained on page 356. 

The cut-out opens and closes the circuit between 
the generator and battery, the function of which is 
explained under this heading; see Index, generally, 
(l.lld also under "Testing and adjusting cut.-out." 

(.;enerator Troubles 

Conditions which necessitate tests of a generator 
are as follows: 
1. When the gen~rator fails to charge the battery. 
2. When the generator output is low or excessive. 
3. "When the ammeter fails io indicate properly. 
,1. When the ammeter is not steady. 

1'here are many other conditions but those just 
mentioned are the usual nr most common causes for 
die necessity of testin~. See also "Digest of 
Troubles." 

r'irst, test the generator on the car. 
Before removing the generator, study out the 

L'lternal circuits of the s7cstem by referring to your 
"1Niring Manual" and ' Service Manual." 

Then make the following tests while the generator 
is on the car: 
1. There is a fuse which is sometimes placed in the 

shunt-field circuit of the generator. See if it is 
making good contact 'and is not blown. 

2. Examine the brushes and see if they are making 
good contact. 

3. Examine the cut-out points and see if they close 
at about 650 to 1,000 r.p.m. of the generator, and 
if they open at lower speeds. A "Service Man­
ual," which gives all these data for all generators 
is advised. For cut-out troubles, see Index. 

1. See that all connections are tight from the genera­
tor field connection of the brushes and from 
the generator to the cut-out, to the ground con­
nection of the generator and the battery. The 
"Wiring Manual" will assist you ill tracing. 
Examine the commutator-see whether it has 
thrown solder, that i.s, whether the solder which 
binds the ends of armature windings to the com­
mutator bars is loosened. If so, the generator 
•r.mst, be removed and resoldered. • 

6. Examine the commutator and see whether it is 
rough or whether mica protrudes. If so, there 
will be sparking at the brushes. This ,viii require 
removal of the generatord so that the commutator 
can be turned down an the mica underrut and 
the brushes made to fit properly. See Index 
under "Undercutting mico.." 

7. Place your testing ammeter in the generator cir­
cuit, as explained on page 470, at test Al, to see 
if the dash ammeter 1s reading properly. Then 
run the engine and check the readings. 

8. If the generator output is lower or higher at 
maximum speed than the "Service Manuals" 
give for the type of generator being tested, then 
increase or decrease the output. See Index under 
"Regulation methods." See also "Di.gest of 
Troubles." 

Generator Bench Test 
Conditions which necessitate removal of the gen­

erator from the car o.re as follows: 
1. If no current is indicated by the ammeter t~sts. 
2. If the ammeter needle is not steady. 
3. If the generator will not produce its proper output 

after adjusting the third brush or other regulation 
method. Fallure of the third brush to seat 
properly is the cause of many generators not giv­
ing their proper output, or even giving none at all, 
or intermittently. 

4. If there is excessive sparking at the brushes, and 
it cannot be remedied by proper brush adjust­
ment. 

5. If the commutator is rough and mica protrudes. 
6. If there is noise. 

After removal of the generator to the bench, tber~. 
are four methods of testing: 
1. By motoring the generator. 
2. By examining the commutator. 
3. By driving the generator. 
4. By testing the armature and field windings. 

Testing Generator by Motodng It 
Connect the generator with a fully charged bat­

tery: It makes no difference which wire is connected, 
as most generators will automatically reverse theii· 
polarity. If, however, you know the (+) terminal 
of the generator use it. The motoring test will 
determine if trouble is in the armature or the field. 

Running the generator as a motor is a quick 
method of determining the general condition, and is 
easily and quickly tested out. See also page 491. 

An ammeter with the 30-amp'lre shunt is con­
nected in the line; the ammeter must be connected 
through the (+) pole of the meter to (+) of the cir­
cuit. See page 465 for description of the Weston 
meter, which we assume is being used for the tests. 

The cut-out is not in the circuit in this test. If, 
however, the cut-out is in the generator, close the 
points, otherwise the generator will not motor. The 
generator should run in the driven direction, unless 
the field connections are "_ ·rong. In this case change 
the internal wires at the brushes. • 

If the generator fails to motor, the trouble is 
probabl.v due to an open field circuit or to absence o: 
brush contact. 

If the generator motors, it should do so without 
undue sparking at the brushes or any unusual noise. 
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It shoul(l draw approximately from 3 to 5 amperes. 
On the Ford, the amperage is 4, and on a N .E. 
motor-generator (model G)i it is about 5 amperes 
with the 12-volt battery. f it is over 8 amperes, 
then there is evidence of a short-circuited armature, 
providing"the machine is free of mechanical defects. 

The "Service Manuals" give these data for all generators. 

The average speed of a generator when being 
motored is 400 r.p.m. with a voltage or relay type 
of regulation, and 350 r.p.m. with a third-brush type 
of regulation. 

If the generator draws too much current when be­
ing motored, the trouble is very probably to be 
found in the armature. 

If the needle of the am.meter vibrates, there is 
probably a short circuit. 

The armature should then be removed, and 
placed in the stand (Fig. 13, page 476). Separate 
tests should then be made. See Index for "Arma­
ture tests." 

Testing Generator by Examining Com:mutator 
• Eighty per cent of generator troubles are indicated 

by the condition of the commutator. Remove the 
cover (Fig. 17), and examine for the following: 

OIR"N' OR ROUG~ 
COMMUTATOR 

loose PIGTAILS 

STICKING 
BRUSH~ 

Fig. 17. Commutator and brush inspection. 

l. If the commutator is burned black over its entire 
surface, it is usually due to grease, or carbon dust 
from the brushes. If caused by carbon dust; the 
commutator is probably rough, and should either 
be turned down on a lathe or sanded in (explained 
under "Commutator troubles"; see Index). It 
is best to turn the commutator down, but sand­
ing will do in an emergency. Blow carbon dust 
out of the generator housing with air pressure. 

2. Improper brush-spring pressure, which permits 
arcing, will also produce a rough commutator. 

3. If there is an open circuit in the armature, there 
will in all probability be a flat place on the com­
mutator segment or bar, the result of a heavy 
spark at the brush occurring on the open commu­
tator bar when the brush makes contact with it. 
The cause of such an open circuit in the armature 
coil is usually a loose connection where it is 
soldered to commutator bar. Examine connec­
tions. 

Troubles of this nature usually occur only when 
the armature is revolving at high speed, which 
causes the wire to fly loose, through centrifugal 
action of rotation. Commutator out of round will 
also cause weak generator current at high speeds. 

4. If the mica protrudes above the commutator bar~, 
or if the brushes or brush holders are loose, or if 
the brushes are worn, this indicates that there has 
been excessive sparking at the brushes. These 
parts should be examined carefully and reme­
died. See Index under "Commutator and brush 
troubles.'' 

Testing Gene.rator on the Bench by Driving It 
Various methods are used for driving a generator 

so that the cut-out and output of the generator can 
be tested. A home-made outfit is shown on page 
477. See also Index under "Electrical testing outfit." 

Additional Pointers 
If a generator fails to deliver its proper output, or 

if the cut-out fails to operate, the first step is to 
find out why. If the tests suggested above deter­
mine the fact that the generator armature coils, or 
the field coils, or the cut-out windings are ·defective, 
it does not pay to attempt to repair them, as arma­
ture winding is a trade learned only by careful study 
and long experience. It is best to return the part 
to the factory 1 and order a new part. In many 
instances an ahowance will be made on defective 
armatures toward a new one. 

The electrical repairman can, however, do such 
work as testing, cleaning, and sanding the commu­
tator, under-cut mica, fit or seat and adjust brushes, 
solder loose wires at commutator segments, etc., as 
explained under these different subjects. 

He can also adjust an.d regulate the output of 
generators. Most generators now have the third­
brush regulation. It is therefor!:! a simple matter 
to increase or decrease the output by moving the 
third brush, after determining what mal{e of electric 
system is used, and then referring to the Index of this 
book, or to the Service Manuals. 

A Data Book or Service Manual giving the speed of different 
generators at whieh the cut-out should cut in and cut out, the 
amperage at various speeds, eto., is very necessary. 

Bearings· and Brushes 
Bearings: Many ger.erators had ball and roller 

bearings. Delco still uses ball and roller bearings. 
Most of the other generators and starters now use 
plain bronze bea.rin~. You can fit ne,v bearings if 
you are equipped with a lathe and can do the work 
accurately. It is aavisable to send the end plate to 
the factory, and obtain a new bearing fitted into the 
end plate. 

Many bearin.~s become noisy or broken from incorrect line­
up on engine mth drivinlj' shaft and coupling. Exc .. sive side 
or end pressure on bearings, especially a tight drive chain, 
produces noise and wear. 

If the shaft is worn, then it is best to true it up on 
a lathe and to fit new bearing bushings and ream 
them out, so as to have the shaft correspond with the 
bore of the bearing bushing, or else to send the entire 
generator or motor to the factory. 

Do not get oil or grease on Commutator, but oil generator and 
motor bearings often with 8 or 10 drops of engine oil. 

Brushes: Generators usually use carbon brushes 
copper plated. Starting motors use a composition 
of graphite and carbon or some similar substance 
which is softer than generator brushes. Some 
sta.rtin~ motors use gauze brushes. See Index 
under 'Brushes.'' It is best to obtain brushes as 
recommended by the manufacturer. 

On page 494 we advise how to sand brushes. On 
some generators this is not possible, as the brush 
arm is too short. In this case, the brush should be 
placed on the generator, the generator should be 
"motored," and thus the high spots on the brushes 
will show. Scrape high spot.5 of brushes down. 

Good brush . contact is very essential on both 
generator and starter. 

1 A. L. Dyke, EIMtrical Dept., St. Louis, Mo., is in a positio;, 
to supply these parts and advise you where the nearest repr&­
sentatlve of the dilferent electric companies is located. Thi• 
service on our part is rendered not so much for the small profit, 
as for the benefit of our readers, in order to assfat tbem in 11ettin3 
started. 
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Starting in the Electrical Repail: Business 
The most important essential of a successful auto­

motive electrician is a thorough knowledge of the 
fundamental principles, tr.oubles, tests, adjustments, 
and repairs of the various electrical units of an 
automobile. The automotive electrician depends 
less on skill, but more on knowledge, than other auto­
motive repair specialists. 

After obtaining knowledge by reading, and, if 
possible, attendance at school, it is advisable to 
work as a helper in an automotive electrical repair 
shop to gain practical experience. The helper 
should advance to the position of auunnotive elec­
trician and serve in this capacity for a reasonable 
time and should obtain some knowledge of account­
ing before engaging in business for himself. 

To start an electrical repair business, the auto­
motive electrician should first endeavor to obtain 
contracts as an authorized service station or dealer 
for one or more of the manufacturers of automotive 
electrical parts as listed on· this page. It then be­
comes necessary to obtain electrical data, stock of 
parts and supplies, testinginstrnments, and electrical 
service station equipment. 

Electrical Data 
The various electrical manufacturers publish 

manuals available to their authorized service sta­
tions and dealers. 

A wiring manual showing the car wiring diagrams, 
factory electrical specifications, data for electrical 
tests and adjustments of the various electrical units 
should be in the possession of automotive elec­
tricians engaged in general automotive electrical 
work. See advertisement in this book on page pre­
ceding the index. 

Electrical Parts to Cany in Stock 
The amount or kind of parts to be carried in stock will depend 

on the conditions surrounding the business. 
Advice may be obtained from one of the distributors or fac­

tory brunches of the manufacturers who supply 'P')pular parts 
assortments. 

Some of the most generally used parts and supplies are: 
lamp bulbs, spark plugs, fuses, ignition condensers, contact.­
breaker a.rms and points, coil resistunee unit.s, ignition coils, 
generator and st-art-er brushes and springs, bushings and bear• 
i ng~, distributor rotor arms and caps, miscellaneous wire 
t.erminn1s, low-tension wire, high-tension wire, ignition cable 
sets, friction tape, miscellaneous fibre washers nnd smal I screws, 
solder. soldering paste, etc. As the business expands the follow­
ing should be added: generator and stnrter armatures, relays 
(out.-outs), st.Rrter t ignition and lighting switches, head.la.mp 
I enses and reflect.ors, etc. 

It is advisable to find out the make of cars in your vicinity 
and the electric systems used on the cars, in order to have ap­
propriate parts on hand. By referring_ to ''Spec-ificatfons of 
PMscnoer 1lutomobiles, 1.lfotorcoaches and Trucks" in this book, 
you will find the specific make of electric SyStem listed with 
each make of car. • 

When replacing an electrical part, be sure to get the same 
make and type, or the one recommended by the manufacturer 
to take il.s pla.ce, because otherwise it may not be suitable for 
the engine or elecrtical system. 

Where To Obtain Automotive Electrical Parts 
Genuine original equipment parts for the electrical 

systems on passenger cars, motorcoaches, trucks, 
and tractors, such as generators, cut-outs, regulators, 
starting motors, switches, ignition distributors, coils, 
magnetos, etc., may be obtained from authorized 
service stations and dealers of the various electrical 
manufacturers. The address of the nearest dealer 
may be obtained from the manufacturers (or dis­
tributors), some of whom are listed below: 

The Electric Auto-Lite Co., Toledo, Ohio, through their 
br:inches and authodzed service stations, provide official repair 

parts service for "Auto-Lite" and "Dyneto'' generator~. stnrt.ing 
motors, ignition coils, and distributors. 

United 1'1otors Service, Inc., through their branches and au­
thorized service stat.ions, provide official repair parts service 
£or ''De1co•Remy," 0 Nortb East" and "K)axo.n'' ("Overseas 
Motor Service Corp." in foreign countries). 

Scintilla lvl,igneto Company, Sidney, N.Y., through their 
branches and authorized service stations, provide official repair 
parts service for magnetos. 

The Leece-Neville Company, Cleveland, Ohio, through their 
branches and authorized service stations, provide official repair 
pa.rts service for generat,ors, volta~e regulators, starting motors, 
and switches for gasoline and Diesel engines. 

United American Bosch Corp., Springfield, Mass., through 
their nuthorized service stations, pro,ride officio.I repnir parts 
service for "Bosch" magnetos, generators, starting motors, igni­
tion coils, distributors, windshield wipers, horns; "American­
Bosch" magnetos, Diesel fuel injection equipment; Pyro•Action 
spark plugs. 

Mallory Electric Corp., Detroit, Mich., through their 
branches and authorized service stations, provide official repair 
parts service for ignition coils and distributors. 

Where To Obtain Automotive EfectJ:ical 
Service Station Equipment 

Electrical service station equipment, tools, elec­
trical testing devices and stands, battery charging 
and testing equipment, engine tune-up equipment, 
and other types of testing devices may be obtained 
from authorized dealers of the various manufac­
turers. 1 The address of the nearest dealer may be ob­
tained from the manufacturer or distributor, some of 
whom are listed below: 

Allen Electric and Equipment Co., Kalamazoo, Mich. 

Hinckley-Myers Co., Jackson, l\'lich. 

Hobart Brothers, Troy, Ohio. 
Stromberg Motoscope Corp., Chicago, Ill. 

The Electric Heat Control Co., Cleveland, Ohio. 
United Motors Service, Inc. (branches in 24 cities). 

Joseph WeidenhofI, Inc., Chicago, Ill. 

Automotive Supply Jobbers also handle service-station 
equipment. 

Armature Replacc1Dc11ts 
When returning an armature to be replaced, alwnys remove 

,bearings and races and state clearly the make and model of 
car; also make and model and serial number of generator or 
starting motor from which armature was removed. ,vbeu re• 
turning old armature to secure exchange ullownnce, consult 
your source of supply as t.o the proper routine to follow. 

Genuine orjginal equipment armatures are sold on an ex­
change basis at nominal prices and are available from the 
branches, authorized service stations, or dealers of United 
Motors Service; Auto-Lite distributors and authorized service 
stations; and other manufacturers' djscributots and st.11tions. 

A few suggestions for proper installation of armatures follow: 

I. Be sure that bearings are fitted properly. 
2. See that there arc no loose connections in the generator or 

starting motor circuit. 

3. Be sure that brushes work freely iu holders. 

4. Be sure that armature .core does not rub on pole pieces. 
5. If armatw-e rotates in reverse direction, be sure that field 

leads were not reversed. 

6. Sand-in brushes so that they fit the circumference of the 
commutator. 

7. Be sure to have enou.gN. spring tension so that brushes will 
be held to commutator (ace, otherwise there will be an arc 
which may burn up the armature. 

S. Never tum down an armature core, as this will enlarge 
the air gap, and you will not get the proper amperage aL low 
speeds. 

0. Where there are plain bearings, be sure they are pinned 
so tbat they do not shift and allow winding to strike housing. 

10. Never install an armature in a unit where bearings show 
signs of wear. Install new bearings. 

1 See also ADDENDA, pages 40-43, for engine testing and 
checking devices. 



INSTRUCTION No. 44 
DIFFERENT METHODS FOR TESTING THE ELECTRICAL PARTS OF 

A CAR: Lighting Tests; Armature Tests; Field Tests; Generator Tests; 
Starting Motor Tests; Cut-Out Tests 

This instruction will deal with the subject of vari­
ous methods of making tests. For instance, grounds 
are usually tested with the test light, although a 
meter can be used. (See also pages 448, 463, and 
545-555.) 

Armature and field ground tests ·are also usually 
tested with a test light, but a meter can also be used. 

Armature tests for open circuits and short circuits 
are usually tested with a meter, using the millivolt 
drop test. 

An ammeter of a 30-range capacity can be used 
for testing generator armatures for short circuits and 

open circuits, as explained under the F. B. test­
stand tests. 

The "growler" is best for testing motor armatures, 
owing to the very low resistance of the motor coils. 
Torque tests and free-running tests can also be 
made of the motor, but the object of a "free-running 
test" of a motor, or a "torque test," is to find out if 
the trouble is in the field or in the armature. 

Likewise, the "motoring test of a generator" is 
for the purpose of localizing the trouble: to dis­
cover whether it is in the armature or the fields, and 
whether it is an open circuit, a short circuit, or a 
ground. 

LIGHTING TROUBLES 

Lighting troubles are attributed to one or more of 
the following causes: 
1. Poor connections. 
2. Open circuits or broken connections. 
3. Grounds. 
4. Short circuits. 
5. Weak battery. 

Poor connections and open circuits may exist at 
any point on the lighting circuit, from the battery 
to the lamp bulb. 

Grounds and short circuits may exist at any 
point on the lighting circuit. 

Lighting Tt·oublo Indications 

If lamps do not light up: 
l . Examine the fuse block for blown fuses. If the 

fuse is blown, do not replace it immediately, but 
look over the wiring £or an accidental ground or 
short circuit. If the fuse in the headlight circuit 
blows, turn off the headlight switch until the 
trouble is located and removed. In looking for 
grounds, any abrasion of the insulation on the 
wire, or a metallic contact between the wires or 
between the current-carrying part of the wiring 
devices and the metal of the car should be 
watched for. 

When the trouble has been located and cor­
rected, then replace the blown fuse with another 
of the same capacity, making sure that it is of 
the proper size. 

2. If the fuse is not blown, look for burned-out lamp 
bulbs, open circuits, loose contacts; or the light­
ing wire to the battery may be loose, or discon­
nected, or the battery may be run down, or dis­
charged. 

3. In case the battery is discharged, recharge it 
immediately, and if possible, give it a gassing 
charge. See lndex_uncter "Hydrometer test." 

If lamps in one circuit do not burn: 
1. The lamp may be burned out. Try another 

lamp in the same socket. 

2. If the fuse is thought to be blown, try the same 
fuse in another circuit. If the fuse is blown do 
not replace it immediately, but look over the 
wiring for a ground or short circuit. 

If the trouble cannot be located immediately, 
turn off the switch on the damaged circuit until 
the trouble has been located. 

If the trouble is in a particular lamp socket, 
disconnect the attachment plug from this socket 
until the trouble can be removed, and see that 
the removed attachment plug does not dangle in 
such a way as to make a short circuit on the 
metal of the car. 

3. There may be an open circuit or a broken connec­
tion in the wiring. Examine the places where 
the connections are made on that particular cir­
cuit. 

4. In case the trouble is due to a short circuit on 
some particluar lamp socket, disconnect the 
attachment plug leading to this socket until the 
difficulty can be remedied. 

If none of the lamps will burn-and no spark is 
obtained for ignition: 
1. Terminals of the battery may be disconnected or 

corroded, so that they do not make good contact. 
2. Ground wire, from the battery to fra.me of car., 

may be disconnected or broken. 
If the ignition is all right, the trouble may be 

due to: 
la. The lead wire from the switch to the lights may 

be disconnected or broken. 
lb. 

le. 
ld. 

The lead from the generator terminal to the 
fuse box may be disconnected or· broken, or the 
fuses blown, owing to a short circuit. 
The lamps may be burned out. 
The battery may be run down. 

If there are no lights or dim lights, with the en!l:ine 
running: There is a group of troubles which can be 
classified under the general head of open circuits. 
There are seven of these which are prominent: 

1. The generator terminal or brush connections 
may be loose, or may make poor contact. If, how-

482 
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ever, the generator is charging the battery-which 
is indicated by the a=eter showing "charge"­
then the trouble is not in the generator. 

2. The wire connections to the switch may be 
defective. 

3. The wire connections to the lamp connector 
terminals may be defective. 

4. Lamp-socket terminal may be loose. 
5. Bulbs may be burned out. 
6. Bulb bases may be out of contact with lamp 

sockets. 
7. There may be broken wires, especially where 

connections are made to the lamp sockets. 
If lamps go out fQr an instant only: When the 

lamps in one circuit act this way, there is probably 
a loose connection on the circuit so affected. It may 
be in any part of the system, and the first place to 
look is at the fuse connection. 

A slight short circuit which occurs at intermittent 
periods would also cause this trouble, but in this 
instance, a higher "discharge" rate will be shown on 
the "ammeter." 

If lamps flicker: This trouble is attributable to 
loose connections, usually at the lamp socket or fuse. 

It can a.Isa be .caused by bad contact or an inter­
mittent ground. For instance, a contact might be 
just loose enough so that vibration would cause the 
circuit to be made and broken repeatedly. 

A grounded wire would cause this trouble by 
alternately making and breaking the ground connec­
tion. Every time the ground is made, the light 
goes out because the current flows through the 
ground instead of through the lamp. 

Obviously the trouble may be roughly located 
by noting whether all the lamps flicker, or only one. 
If all do, then the test should start at the ammeter; 
then at the switch; then at the circuit. If only one 
light flickers, then the trouble is in this individual 
circuit. 

If lamps flicker and the ammeter is unsteady: 
This may be due to a loose connection in the light 
wires; a loose connection between battery and gen­
erator; a loose contact at lamp bulb; or, finally, 
to an exposed wire touching the frame rntermit­
tently, causing a short circuit. 

If one lamp burns dim: Change the bulb; it may 
be old and blackened, or partially short-circuited in 
the filament. If the same lamp is still dim, test 
the wiring to the lamp. Examine the lamp socket. 
A great many of these troubles are found in poor 
connections in the lamp socket, or in a slight ground 
in this circuit. 

If all lights burn dim: The usual trouble in this 
case is loose or slightly grounded connections, or 
poor or corroded connection a.t the battery. More 
likely the battery simply has not had sufficient 
charging. Thi$ can be determined by watching 
whether the lights brighten up when engine is 

speeded up, at which time generator is supplying 
current. 

If the wiring is all right, run as much as possible 
with lights off, so that the dynamo will charge the 
battery at a higher rate. Or it may be necessary to 
set the charging rate of the generator higher. 

If the battery continues to run down, examine 
the cut-out. If the cut-out is in good order, then 
test battery with switch off, for a "ground" or slight 
"short circuit" in the sockets, or switch. 

If there is no ground, then test the battery electro­
lyte, and also each cell separately, as directed in the 
instructions given under "Stora.ge Battery." 

Lamps may also be old and blackened, in which 
case, try new bulbs. 

If the lamps are bright with the engine speeded 
up, and dim when the engine slows down or is idle: 

In this case the battery is discharged, because, 
when the engine is speeded up, the generator current 
is used, and if the lights brighten up, then it is 
clear that if the engine slows down and the battery 
supplies current and the lights are dim, the battery 
itself is weak. Loose or poor contact of the battery 
terminals might also cause this trouble, or probably 
the battery terminal is sulphated. 

If possible, have the battery charged at once from 
an outside source. If this cannot be done, endeavor 
to run with fewer lamps than normal turned on for 
a few days, or until the battery voltage picks up 
again. 

If the lights grow dim when the engine is speeded 
up, the wires are probably reversed at the generator. 

If lamps burn very dimly when the starting pedal 
is used: The battery is weak1 and probably almost 
discharged; or the battery is injured in one or more 
cells, probably due to lack of water; or battery 
terminals or ground wire is not tight. 

Ii lamps will not light, but the starter cranks the 
engine: Lamps are burned out, or the filament is 
broken; or the system is short-circuited, or there is 
an open circuit at the fuse or the switch or the wiring. 

Ii lamps seem to burn brightly, but fail to illumi­
nate the road sufficiently: Lamps are out of focus. 
The rays of light are directed too far upward. (See 
"Focusing of lawps and reflectors.") 

If lamps are too bright: The regulation of the 
generator is evidently set for a higher voltage. Use 
lamps of higher voltage. 

If lamps burn out often: This may be due either 
to a poor grade of lamps, or to improper voltage of 
lamps; also to sulphated or corroded battery 
terminals, or to loose battery connections. If gen­
erator should be generating a high amperage, and 
an open circuit should occur suddenly, this would 
cause a greatly increased voltage. For this reason 
fuses are usually ]?laced in the generator field 
circuit ( see page 430) . • 

Ii fuses blow repeatedly: Lamp sockets or wirir,g 
are defective-probably with short circuits. First 
try new bulbs. The fuse may not be of large enough 
capacity. 

TESTING THE LIGHTING cmcuIT FOR OPEN CIRCUITS, GROUNDS, AND 
SHORT CIRCUITS WITH A TEST LIGHT 

In this example we shall use a test lamp ·and test 
points from a 110-volt lighting circuit of either direct 
or alternating current. A voltmeter could be used. 

A point to remember1 when testing any circuit, is 
that a complete circuit 1s necessary in order to have 
the electric current do its work. 

When using a test light, it is advisable occasionally to bring 
both test points together or to touch one with tbe other, to 
make sure that the u,st light is still in working order, as very 
often the filament of a lamp breaks, owing to the rough nature 
of test work. When this happens, one is led to erroneous con­
clusions. 

It is a good plan to inclose the test lamp in a wire cage to 
prevent excess vibration to the lamp bulb and also to avoid 
,njury to the small gla.."8 tip on the end of the lamp bulb. 
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Wiring-System Troubles 

Wiring troubles are: 
1. All lights out; none burn. 
2. Only one branch of lights burns. 

Cause of 1: Fuses blown; battery discharged or 
disconnected; poor connection at battery terminal 
or ground wire; open circuit; short circuit. Test 
the battery; examine connections. 

Causes of 2: Open circuit; short circuit or ground 
in this branch. Test as suggested below. May be 
due to burned-out lamp bulbs or poor contact at 
lamp sockets. 

A single-unit Delco electric system, using a single­
wire grounded return wiring circuit is shown in Fig. 
1 as an example. The tests however will apply 
to many of the other systems. The idea here 1s to 
point out how to make the tests for the different 
external circuits. 
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To Test for Grounds 

See test No. 4; place one of the test points (Tj on 
the frame of the car and the other test point (Tl) 
on the negative (-) terminal of the battery (A). 

If the test lamp lights, then a ground is indicated, 
• and will likely be on the switch or in the motor wind­
ings (if all the switch buttons are pushed in). 

Note. If the battery bo,c becomes badly acid soaked, it may 
cause the lamp to light, owing to grounding through the !lox. 
Disconnect tbe (+) terminal of the battery from the wiring 
system, and test as before. If the lamp lights now, the battery 
box should be insulated from the frame of the car with a piece 
of dry wood and the battery should be cleaned and dried, and 
the battery bo< should bo painted. See Index under "Batt~ry 
box acid•soa..ked." 

4. Now with one of the points still grounded to 
the frame of the car, touch with the other point dif­
ferent terminals of the combination switch. 

If the lamp lights, then a gi·ound is indicated. It 
should be found and removed. 

IJJSTlrl6VTOh 

IICVOLT l>.C, 
CR DC.Lil.MP 
ANO CIRCUIT 

Fig. 1. Diagram explaining how to use a test light for testing for open circuit,i, grounds, and short circuits in the lighting 
circuit of a ca.r -or wiring system. 

• Most of the troubles in the wiring system arc 
grounds, short circuits, and open circuits. 

It will be observed that certain portions of this 
circuit are intentionally grounded to the frame of the 
car. The battery terminal, the lamp return wires, 
one motor and one generator brush, one of the timer 
contacts, one·termina.l of the horn push-button, and 
one terminal of the condenser in the coil are 
grounded. 

When Testing for Grounds 

1. Remove these grounded connections by dis­
connecting the battery tPrminal (negative [-] in 
this instance) from the batt~• y which is grounded 
to the frame of the car, and remove all lamp 
bulbs. 

2. Pia.cc a piece of cardboard between the commu­
tator and the brushes of the motor and the generator 
(third brush also). See Fig. 1. 

3. Disconnect the lead wire from the horn button 
and distributor and raise the base of the ignition 
coil so that it is insulated from the top cover of the 
motor-generator. 

To Test for Short Circuits 
For testing for :;hort circuits between two wires 

which are supposed to be insulated from each other 
-see test No. 5; place one test point (TP) on one 
wire and the other point on the other wire. 

If the lamp lights, a short circuit is indicated be­
tween the two wires. 

If the lamp does not light, then this portion of the 
circuit is in proper condition. 

To Test for a Broken Wire 
To test for a broken wire-see test No. 6; place 

the test point at each end of the wire as shown. 
If the lamp lig~ts, the circuit is complete. 
If the lamp does not light, then there is a break 

somewhere between the two points. By gradually 
moving the test points toward one another, the 
break can be definitely located. 

If Lights Bm·n Out Often 
This is likely due to using a lower-voltage lamp 

than is used on the genera.tor circuit. Test the volt­
age at the lamp socket with the voltmeter when the 
generator is running at normal speed, and use lamp 
bulbs accordingly. 
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TESTING THE LIGHTING, HORN, AND IGNITION CIBCUITS WITH A; METER 

Lights 

Causes: If all the lights do not operate the 
trouble may be due to the lighting system being 
short-circuited, open-circuited, or grounded. 

If individual lights do not operate, the branch 
systems may have any of the defects mentioned, 
and, in addition, that of burned-out lights. · 

Testing Lighting System 1 

Short circuit: To test for a short circuit in the 
general lighting system, insert the 300-ampere range 
shunt in the circuit. Connect the instrument to 
the shunt. An indication will be obtained if a 
short circuit e:dsts. (An indication may also show 
aground.) 

If some of the lights only do not operate, connect 
the instrument as just described and close the 
switch for the branch containing those lights, for 
instance, between switch 7, Fig 1, and the light 
circuit. An indication will be obtained if the branch 
contains a short circuit or ground. If a short cir­
cuit is indicated, the wiring and light sockets should 
be carefully examined. 

Note. If the indication obtained is less than 30 amperes, 
the 30-ampere range shunt may replace the 300-ampere range 
shunt. 

If any lights are burned out, measure the voltage 
at the socket, usinil: the 30-volt range. This should 
be done for various engine speeds. 

If a voltage is indicated which is higher than is 
proper for the particular system being considered, 
examine the generator regulator system to locate 
the trouble. 

Open circuit: If all lights do not operate, and the 
instrument does not show a short circuit or ground, 
the general lighting system is open-circuited. This 
is probably due to a disconnected wire. 

If some lights only do not operate and no short 
circuits or grounds are indicated, the branch systems 
which contain these lights are open-circuited. Th.is 
may be in the wiring, or because the lights are 
burned out. 

Grounds: Disconnect all wires from the battery 
and all intentional ground connections. Then pro­
ceed as described under "Short Circuits." 

Testing the Electric Horn 2 

The causes for the horn failing to operate may be 
similar to those affecting the operation of the lights. 

Open circuit: Connect the 30-ampere range shunt 
and instrument in the horn circuit, between the 
switch terminal 3 (Fig. 1) and the horn circuit. 
Close the horn switch. If no indication is obtained, 
the horn circuit is open-circuited. By inspection, 
the place at which trouble exists can readily be 
found. 

Short circuit: If a test for an open circuit does 
give an indication, the horn circuit is short-circuited 
or grounded. 

Note. If the indication is 1 .. s than 3 aml)<lr .. , the 3-ampere 
shunt may replace the 30-ampere shunt on' the am.meter. 

• The Weston "model 280" instrument is used as an example 
in these tests. See page 464. 

'See also pnges 445, 451, 458. 

Ignition Troubles 

Causes of trouble: Ignition troubles may be 
caused by loose connections, open circuits, grounded 
wires or spark plugs, short-circuited wires or spark 
plugs, improper adjustment of spark gap of plugs, 
incorrect order of cylinder firing, broken-down or 
short-circuited spark coil, and broken-down or 
grounded condenser. . 

If a magneto is supplied, trouble.may be in the 
magneto. 

Ignition troubles and tests are treated under the 
ignition instructions. See Index. 

A visual inspection and the application of tests 
already q.escribed will undoubtedly enable one to 
locate the fault. 

VOLTMETER 

Fig. 2 Fig. 3 

Condenser broken down: Connect the negative 
(-) binding post of the battery to one terminal of 

• the condenser (Fig. 2). Connect the positive (+) 
~rminal of a battery to the (+) binding post of the 
mstrument. Then, finally, complete the circuit 
from the 30-volt binding post to the other con­
denser terminal. 

If the condenser is good, no indication will be 
obtained. If it is broken down, an indication will 
be obtained. 

Condenser grounded: Remove one connection 
from a condenser terminal and touch it to the con­
denser case (Fig. 3). If an indication is obtained, 
that section of the condenser is grounded. Replace 
the connection to the condenser terminal and repeat, 
removing the connection from the other terminal 
and touching it to the case. See also Index, under 
"Condenser tests." 

General Wiring Troubles 

Causes of tro~ble: Troubles in the general wiring 
of an automobile may be due to short circuits 
grounds, open circuits, and poor connections'. 
These faults can result from oil and water-soaked 
insulation, from damaged insulation caused by rub­
bing of t~e wires agains~ the_ metallic parts of the 
automobile, .and from V1brat1on of the automobile 
when in service. 

These faults can be located by visual inspection 
and by the application of the various tests already 
described. 

It is well to consult the manufacturer's wiring 
~agram~ ~efore attempting to make any llha.nges 
m the wmng. 
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TESTS OF A STARTING MOTOR WITH A METER (ALSO APPLICABLE TO THE GENERA TOR 
EXCEPT THE OPEN-CIRCUIT FIELD TEST) 1 

The subject of starting-motor troubles is als0 
trea.t,ed on pages 455, 517, 518. The purpose here is 
to explain first the co~on troubles of a starting 
motor and then how ~o make the tests. 

Starting-Motor Troubles 

Starting-motor troubles can be divided under two 
headings: • 

l. Failure to operate. 
2. Operates slowly and without sufficient power to 

<;rank the engine. 
Causes of 1: Battery we>1k; open or short cir­

cuits, or grounds may exist, in wiring from battery 
to starter switch; sticking of starting switch (com­
rnon); mechanical troubles, such as a stuck Bendix 
drive gear, worn bearings, waste or foreign substance 
between annatuJe and pole pieces; trouble with 
starter mechanism. 

Test by examining each carefully. lf none of 
these causes exist, then the trnuble is an internal 
one of the motor, and may be due to an open cir­
cuit in the motor armature or field. Tests arc 
shown elsewhere. 

The trouble may also be due to a dirty commuta­
tor, to grounded brushes, or to the fact that the 
brushes are not making good contact. Tests are 
shown elsewhere. 

Causes of 2: • Battery discharged-test battery; 
poor contact at battery terminal or ground wire from 
battery to frame; poor brush contact; dirty com­
mutator. Test. See also "Digest of Troubles." 

The first test, however, which should be made, 
before mal<i:ng other tests, is to test the engine, to 
see if it cranks easily when cranked by hand. If 
the engine is stiff, it is probably using more than the 
normal amount of current, thus rapidly discharging 
the battery; Ol' the engine may not start easily owing 
to carburetion or ignition trouble. 

The second test should be that of the battery 
(see Index under "Testing the storage battery"). 

Failure of the engine· to start when the starting 
motor is working satisfactorily: This may be due 
to failure of gasohne or spark. Test out a,s follows: 

(1) Ignition switch: Examine to see if "on." 
(2) See that there is gasoline in the carburetor, 

and that it reaches the engine, by priming. If there 
is no gasoline in the carburetor, which can be deter­
mined by depressing or raising the float to see if 
gasoline drips, then it is useless to waste cunent try­
ing to start the engine with the starting motor. The 
gasoline may be used up, it may not be turned on, 
or the gasoline feed pipe or valve may be stopped up. 
If the system involves gravity feed, the gasoline may 
not fl.ow into the carburetor on steep hills. 

(3) If there is gasoline in the carburetor, take 
out one of the spark plugs and lay it on the engine 
with the sparking point in the air while the engine is 
turned over by hand or by the starting motor. Also 
examine the spark plug points-they may be too far 
apart. n" to n" apart is about right. If a spark 
passes, the trouble is not in the electric system, but 
is probably caused by cold gasoline or the need of 
priming. 

(4) If there is no spark, then see "Digest of 
Troubles" and Index, and follow the diagnos.is. 

• Taken bi- permission from the Weston Instruction Dook. 
C.,pyrightcd, Hl20. 

Before an engine will start, there must be gasoline 
and a spark. 

If sometimes the gears mesh and the motor runs 
satisfactorily, and at other times it is impossible to 
mesh the gears, the motor refusing to turn when the 
contacts are closed, it indicates the possibility of an 
open circuit in the switch or starting motor. 

If the engine does not pick up immediately after 
two or three trials, even though the motor turns the 
engine over, the trouble is in either the gasoline sup­
ply; the spark plugs; the carburetor; or the igni­
tion system. 

If the starting motor continues to run after the 
switch lever is released, see that the return spring 
on the switch, or switch lever, is strong enou9h to 
return the parts posit,ively and fully to the 'off" 
position. 

If the starting motor cranks the engine very 
slowly: Battery is almost discharged; battery may 
be .sulphated; engine may be stiff; brushes may be 
loose or may make poor contact. 

If the starting motor does not rotate at all: Bat­
tery may be discharged; starting switch may not be 
making good contact; the motor brush may not 
make contact with the commutator; the ,battery 
terminals may not make good contact; switch con­
tact may be poor. 

Owing to the high volume of current carried throu~h starting 
motor brushes, if they are worn or not properly a<IJusted, tho 
commut:itor may become pitted and ca.use excessive wear-­
result: failui"C of starting motor to operat.e properly or cxcessivo 
sparking aud weak motor. Remedy: Take the armature out 
and true up the commutator on a lathe. 

If the starting motor rotates but does not crank 
the engine: Roller clutch does not work properly 
(Delco system), or the Bendix drive is out of order; 
gears may be improperly meshed; if a Bendix auto­
matic, spring may be broken. See pages 32-0, 456. 

If the starting motor cranks the engine a few 
revolutions and then stops: Battery may be weak­
almost discharged; a loose switch contact may 
exist. • 

If the starting motor cranks the engine and the 
engine does not start: These symptoms indicate 
that trouble is not in the starting system. 

If the battery is all right proceed to examine the 
connections, beginning with the battery. The cur­
rent may be shorted, because of electrolyte spilled 
over the top of it; or the terminals may be sul­
phated, in which case enough resistance will be 
offered to t.he current to prevent proper operation. 

Scrape off the sulphate, wash surrounding metal 
parts in carbonate of soda or some other allcali. 

Clea11 the battery terminals inside with a round 
file; clec.n the wire terminal with a flat file; replaae 
the wire, and draw connections tight. 

Next examine the ground connection of the bat­
tery to the i'n.me. This should be cleaned and 
tightened, if not soldered. Looseness here is a 
frequent cause of open circuit. Then examine the 
connections frtm battery to starting motor switch; 
thence the brushes to the commutator. Good 
battery and ground connections are very important. 

See "Digest of Troubles" for other starting-motor 
troubles. both "electrical" and "mechanical." 
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Starting-MolOl' Troubles in Relation lo 
Testing "ith a l\1etcr 

The following tests are made with a Weston 
"model 280" instrument. 

Causes: If the starting motor does not operate, 
the fault may arise from several causes, acting 
separately or collectively. The more important 
causes are fully discussed in the following text: 

The battery: The battery is generally the most 
abused part of the starting and lighting system, and 
consequently may easily become discharged. In 
this condition it is not capable of supplying sufficient 
current to operate the starting motor. The hydrom­
et,er test should be applied, and if this condition 
exists, the battery should be investigated. See 
Index for "Storage battery tests." 

Wiring and starting switch: Open circuits, short 
circuits, or grounds may exist in the wiring from the 
battery to the motor, including the st:i.rting switch. 
A common cause is sticking of the starting switch. 

Defective motor: The motor may not operate 
because of internal troubles. These may be an 
open-circuited or short-circuited armature or field, 
dirty commutator, brushes not bearing on the com­
mutator, or grounded brush holders, armature, and 
field. 

Mechanical troubles are not included in these 
tests. See "Digest of Troubles." 

Testing ror Trouble: Motor Will not Operate 

To locate trouble: If the battery is in good con­
dition and the starting motor does not operate, 
connect the 30-volt range of the instrnment to the 
terminals of the motor as directed in test V3, page 
470. Press down the starting switch. Quickly 
observe the indication of the instrmnent. 

Caution: Do not hold the st.arting swit.ch down nny longer 
than absolutely necessary to obtain a rending, as the battery is 
uuder a heavy strain which may damage it. 

Open circuit in wiring or starting switch: If no 
indication is obtained, an open circuit exists either 
in the wirmg from the battery to the motor or in the 
starting switch. A visual inspection will locate the 
cause. 

Short circuits and grounds in wiring or starting 
switch: If an indication is obtained when the volt­
meter is connected to the motor terminals, but the 
indication is much less than the normal voltage of 
the battery (test battery as directed in test V2, page 
470), the trouble may be clue to loose connections 
at the battery, starting switch, or motor; or to 
grounded or partially short-circuited wiring. A. 
visual inspection will locate these causes. 

Short circuits and grounds in motor: If no 
!,roubles are found to exist in the wiring, the cause 
must be in the motor. The fault:s as indicated by 
the instrument would be short-circuited or grounded 
,1rmature and field, or grounded brnsh-holders. See 
under "Short Circuit:s" and "Grotmds" for details 
of tests. 

Open circuits in motor: If an indication approxi­
mately equal to the battery voltage is obtained with 
the voltmeter connected to the motor terminals, the 
motor is open-circuited. An open circuit may exist 
in the armature or field, or it may be due to the com­
mutator being dirty or the brushes not bearing on 
the commutator. A visual inspection will elimi­
nate the last two fa.ult:s. See under "Opeo Circuits'' 
for details of tests on other faults. 

s IF OPEN FIELD 
A 

VOLTMETER 

D 

Fig_. 4. Test for an open circuit in the motor field which 
'"'ould cnuso the motor not to operate. Use 30-volt terminal 
and scale. 

To test for an open circuit in the motor field: See 
Fig. 4. Connect meter with the 30-volt terminal. 
Place voltmeter connections on one encl of the field 
at (A) and the other at brush (B). Press starting 
switch (S). 

If an indication shows on the meter that is ap­
proximately equal to the battery voltage, then there 
is probably an open circuit in the field, because the 
circuit would then be from (A), through the meter 
to (B), through the armature, to (Bl), through the 
other field, to ground (G), to (-) of the battery. 

If no indication is obtained, then the field is good 
and the motor should operate if the battery is 
strong. If it does not operate, then the armature 
may be open, and this is discovered by anothe1· test. 
If the field is good, there would be (approximately) 
no reading, because the meter would be connected 
on one side of the line. Therefore this test would 
not tell definitely if the armature is open, but it 
would be sufficient reason to test for an open arma­
ture. 

This motor-field test is not applicable to the 
generator-field test. 

Testing for Trouble: Motor Operates, but 
Slowly 

If the motor will turn over, but too slowly to start 
the engine, any one or more of the troubles already 
mentioned may exist, except the open circuit in 
fields. In other words, an open circuit could be in 
one or two armature coils, or a short in one or two 
armature coils, and the motor would operate to a 
certain extent. Therefore tests of armature and 
field troubles will be given, which are also applicable 
to the generator, except the meter test of the open­
circuit field of a generator, which is given on page 
502. 

Testing for open circuits in the armature: Con­
nect the 30-volt range of the meter to the brushes, 
as shown iu Fig. 5. Be sure that the brushes are 
bearing on the commutator. Press the starting 
switch. 

If an indication shows on the meter and it is 
(approximately) equal to the battery voltage, then 
the armature is probably open. The current would 
then flow through the meter from the battery around 
the armature. All of the armature coils may not-be 
open; turn the armatu!e slowly and observe. 
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To test each individual armature coil to localize or 
find the open-circuited coil, is then the next pro­
cedure, if the armature is suspected of being open. 

Sl.SWlTCH 

MOTOR 

VOLTME.TER 

Fig. 5. Testing for open circuit in armature. Use the 30-
volt terminal a.nd scale. 

Proceed as follows: Disconnect the :fields from 
the armature, as in Fig. 6. Connect the brushes to 
a source of current, such as a single cell, and have 
a controlling resistor' in series to increase or decrease 
the current flow (see R, Fig. 6). Using the 3-volt 
range of voltmeter, measure between adjacent seg­
ments of the commutator. 

SERIES FIELD 

+ 

Fig. 6. Testing for open-circuited armature coils. Use the 
3-volt terminal and scale. When testing for short circuits in 
armature coils, u,e the .1-volt terminals and scale. This test is 
what is termed a. "comparative test," that is, the test points of 
t.he meter are placed on two adjacent bars all the way around 
the commutator. and the readings on ea.ch pair should be the 
same. Note resistor. 

If an open-circuited coil is across the ends of th,, 
meter test-points, then an indication will be ob­
tained which is relatively large as compared to that 
obtained from a good coil (see page 498 for the rea­
so11 of this). 

It is absolutely necessary that good contact should 
be had at the commutator segments in order to 
obtain reliable results. 

Note. This method can also be used when-testing the gener­
a.tor a.rma.ture for opeJJ cfrcuita. 

Testing the armature for short circuits: Discon­
nect the field from the armature. Connect for test 
to determine open circuits in the armature (Fig. 6), 
and try the armature for open circuits as already 
described. Now change the connection from the 
3-volt ra.nge to the .I-volt range and measure be­
tween commutator segments. 

If a short circuit exists in any of the armature 
coils, the indication obtained, when the voltmeter 
test-points are connected to the ends of that coil, 
will be very much less than the indication obtained 
from a good coil (see page 498 for the reason). 

Note: This is one of the special cases when the .1-volt range 
should be used. 

If the indication is too large, decrease the current supplied 
through the brushes by increasing the controlling resistance. 1 

This method is applicable to the generator. 

Caution: Good contact must be bad at the commutator se.g­
ments in order to get reliable results. 

Testing fields for short circuits: Connect one 
cell with a regulating resistor (R.) in series to the 
ends of the entire field, as in Fig. 7. (The !ield is 
usually made in two or ~ore sections.) 

\/Ol.iME·T~R 

ARMAlURE' 
OlSCONNECTf'I,) 

a 
6 
IU ,.,, 
0 
-I 
I.II 

~ 

Fig. 7. Testing the fields for short-circuit.s. Use t.he 3-vol;; 
range to start with. 

Using the 3-volt range, measure the voltage 
across one field section. Transfer the voltmeter 
leads to the other section in turn. 

If on one of the sections no indication is obtained, 
that section is short-circuited, because there is no 
resistance offered by the field which is short-cir­
cuited. If it were not short-circuited, then the 
reading would be that of the voltage drop, due to 
the resistance offered to the flow of current passing 
through the coil winding. The greater the number 
of turns and the smaller the size of wire, the greater 
is the resistance. Therefore if a short circuit exists, 
there would be less resistance, depending upon the 
number of turns short-circuited. 

1 The purpose of the resistor is to furnish enough resistance 
in the circuit to ca.use sufficient voltage drop to obtain a satis­
factory reading. The a.mount of resistance cut into the circuit. 
can be varied with the resistor shown in Fig. 6; for instance, (R) 
is the resists.nee. By moving (A) down, more resistance is cutintc, 
the circuit; by mo,~ng (A) up, resistance (R) is cut out or th" 
circuit. See page 467 for explanation, and for information M 
to where resisr-0.r P-S.D he obtained. 
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If on one section the indication is very much less 
than on the other section, a short circuit very likely 
exists in that section, because these tests are in­
tended to compare one coil with another, and, if 
good, they should have approximately the same 
readings. 

Note. If the indications obtained are less than .1 volt, the 
connection may be changed from the 3-volt range to the .1-volt 
range. This is the second special cnse where the .1-volt range 
can be used. 

This method is applicable to the generator. 

Testing the armature for grounds: Disconnect 
all intentional ground connections to the motor. 
Also disconnect the field from the armature. Lift 
the brushes off the commutator. 

VOL1METER 
Fig. 8. Connections for testing for a ground in an armature. 

Use the 3-volt terminals and scale. 

Connect the negative (-) terminal of a cell (Fig. 
8) to a commutator segment, and the positive (+) 
terminal to the (+) binding post of the instrument. 
Complete the circuit from the 3-volt binding post 
to the armature shaft or motor frame. . 

If an indication is obtained, the armature is 
grounded. The cause of the ground is very likely 
due to damaged insulation on the armature con­
ductors. The armature should be carefully ex­
ttmined for this. 

On one-wire systems of the two-unit type, a 
grounded coil will result in slow cranking and a 
materially reduced charging rate. 

In some starting and lighting outfits using motor­
generators, two windings are placed on a single 
armature, each bei11g brought out to a separate 

commutator. One winding is for the motor and 
the other for the generator. A ground may develop 
between these windings. 

To test for such a ground the terminal of the 
instrument which was attached to the shaft or 
frame of the car should be transferred to the second 
commutator and the genera.I directions followed. 
See also test-light test, page 497, Fig. 28. 

Testing the fields for grounds: Transfer the con­
nection from the commutator segment to one end 
of the field. If an indication is obtained, the field 
is grounded. 

When the system is of the single-unit type, such 
as a motor-generator, both motor and generator 
fields are wound on the same field frame. It is pos­
sible for these windings to develop a ground to one 
anoth.er. 

The method of testing for such a ground is to 
interpose the instrument and a cell between one end 
of each wmding. If a ground exists an indication 
will be obtained. 

Caution: Be certain that the ends of the field coil are not 
touching the motor frame. 

When testing the field for a ground, be sure both 
field coil ends (E) and (EE) are disconnected from 
all terminals. Use the 30-volt connection as shown 
in Fig. 9. Place one test-point on (EE) and the 
other on the frame at (G). If deflection is shown, 
the coil is grounded and a new one must be supplied. 

Testing grounded brush-holders: This test is 
made in the same manner as the test for a grounded 
armature, except that the connections should be 
made between the shaft of the armature or frame of 
the car and each brush-holder. Insert a piece of 
cardboard between the brushes and the commutator 
before making this test. If an indication is ob­
tained, the brush-holder is grounded. 

These tests are applicable to the generator. 

EXAMPLE OF HOW A STARTING MOTOR IS TESTED ACCORDING TO IJATA GIVEN IN 
THE SERVICE MANUALS 1 

In order to make certain facts clear to the reader, 
which are usually found in Service Manuals, we 
shall use some data 
on the test of a starting motor, model 118-A: 

Speed, Torque, Current Data Table 
Starting Motor. Model 118-A, with Bendix drive. 

Torque 
(Pull with 6" Pulley) R.P.l\I. 

0 lbs ........... 375CH250 
6 lbs ........... 1500-1540 
9 lbs ........... 1200-1400 

12 lbs ........... 1020-1150 
16 lbs ........... 800-1000 

Amperes 
32-40 
88-98 

110-120 
130-145 
158-175 

Volts 
6.0 

5.7-5.8 
5.o-5.7 
5.4-5.5 
5.3-5.4 

Torque of an armature is the momentum tending 
to turn it. In a generator, it is the momentum 

which must be applied to the armature to turn it in 
order to produce current. ln a motor it is the 
turning momentum which the armature gives to the 
pulley or gear. The torque is greatest when start• 
ing, and is in proportion to the load. 

Observe that t,he data given above are for a torque 
test of a starting motor. Therefore we shall use a 
simplified torque test apparatus, consisting of part.s 
shown in Fig. 10. 

1 See advertisement on wiring manual in the back of this book, 
and notice a sample page of data (reduced size). This will 
give an idea as to the testinir data given for generators, starting 
motors, battery, cut-out, ignition, lighting, ignition timing, Fig. 10. Simplified illustration showing holV a torque t.es1 
firing orders, generator chatgiog rates, eto. of a starting motor is made. 
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The starting motor is placed in the stand (Fig 10) 
with a 6" pulley on it, and is first given a ''free 
running test" and then connected with an adjust­
able belt and two spring scales for making the 
"torque test." 

The starting motor is then connected with a fully 
charged battery known to be in good condition (a 
6-volt battery in this instance), and an ampere­
meter with a 300-ampere shunt is connected in the 
circuit as shown. A voltmeter is placed across line. 

19A. Speed Indicator. 

A speed indicator is used to indicate the speed. 
On modern test stands, as shown on page 507, a 
tachometer indicates the speed, but in this instance 
a hand-type speed indicator (Fig. lOA) is used. The 
point of the speed indicator is placed in the end of 
the motor armature shaft, and the number of revo­
lutions per minute is counted. 

Motor Free Running Test 
Note on the first line of the table, on page 489, 

that the torque is given as O lbs. at 3,750 to 4,250 
r.p.m., and 32 to 40 amperes at 6 volts. 

Procedure of test: The motor is placed on the 
stand with belt detached, that is, the motor is per­
mitted to run "free." According to the second 
column of the table, the motor should develop 3,750 
to 4,250 r.p.m.; according to the third column of 
the table, the ammeter should indicate 32 to 40 
amperes under these conditions; according to the 
fourth column of the table, the voltmeter should 
indicate 6 vol ts. 

Motor Torque Test 

Note on the second line of the table (page 489), 
that the torque is given as 6 lbs. at 1,500 to 1,540 
r.p.m., and at 88 to 98 amperes at 5.7 to 5.8 volts. 

Procedure of test: The belt is now attached, the 
motor started, and the wing nut tightened until 
the difference between the readings of the two 
scales is 6 lbs. (that is, a pull of 6 lbs. is exerted by 
the motor). The speed should then be 1,500 to 
1,540 r.p.m.; the ammeter should indicate 88 to 98 
amperes, and the voltmeter should indicate 5.7 to 
5.8 volts. The test should be continued, using the 
various' values of torque as given in the table. Note 
that the "value of the torque" refers to the difference 
between the readings of the two scales. 

An Explanation of Difference in Scale 
Readings 

Suppose that the upper scale in Fig. 10 reads 26 
lbs., and that the lower one reads 20 lbs. It seems 
at first that the motor is exerting a pull of 26 lbs. on 
the top scale; note, however, that the bottom scale 
is helping the motor by pulling with a force of 20 
lbs., and that therefore the motor itself is only pull­
ing 6 lbs., or the difference between 26 lbs. and 20 lbs. 

Stalling or Locked Torque Test 

Procedure of test: Tight.en the wing nut until 
the motor comes to a dead stop: this is termed 
"stalling" or "locked." The difference in scale 
readings at this time gives the pull exerted by the 
motor. This pull should be very high, as it is the 
force which! ,vhen the motor first starts a cold 
engine, brea {S the oil film. The amperage will also 
be very high. 

Therefore, not.e that with a series-wound motor, 
the greater the load, the greater the amperage 
consumption and the less the speed. Also note 
that the greater the load, the greater the voltage 
drop. • 

Such data as these are given in the Service Man­
uals referred to in the advertisement in the back of 
this book. 

EXAMPLE OF HOW A GENERATOR IS TESTED ACCORDING TO DATA GIVEN IN THE 
• SERVICE MANUALS 

The Rem7, generator (relay regulated type) 
model "16-A ' is used as an example. 

Speed, Cunent Data Table 
Generator without ignition. 1'1odel 16-A, using relay regu­

lator regulation. 
Amperes 

o. 
7. 

14.2 

R.P.M. 
370 
490 

2200 

Volt 
6.0 
6.5 
6.9 

On "battery test," field draws 3 to 3.5 amperes at 5.9 volts. 
"Generator motoring," draws 4 to 4.5 amperes, 5.8 volts and 

runs at 430 R.P.M. 

Note that in the table there are given three 
methods of testing: 

1. By driving the generator on the test stand and 
connecting it to the battery through the cut-out, 
as if on the car (Fig. 11). 

2. By making a "battery test" of the amount of cur­
rent drawn by the shunt-field windings, by con­
necting a battery across the shunt-field circuit • 
with armature disconnect.ed (Fig. 12). 

~- By "motoring the generator," that is, by running 
the generator by the battery free, without a load, 
i.e., with no tight bearings or binding at any 
ooint (Fig. 13). 

Cutout 
p 

V 
'Battery 

+ 

Fig. 11. Testing a generator by driving the generator. 

Method 1:. By driving the generator at a speed 
of 370 r.p.m., "0," or zero amperage, would be indi­
cated tsee table); but 6 volts is the voltaie that 
should be indicated. The cut-out points (PJ (Fig. 
11) would be open, as the speed is not great enough 
to produce pressure sufficient to close contact-points 
(P). At 490 r.p.m., 7 amperes and 6.5 (6½) volts 
should be indicated. The cut-out points (P) should 
close, and the generator would charge the battery. 
At 2,200 r.p.m., 14.2 amperes (maximum) and 6.9 
volts would be indicated. The amJ,>0re-meter is 
placed in series with the circuit indicated above, 
as in Fi~. 11. A voltmeter is placed across the cir­
cuit, t.o mdicate the voltag6. 
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TEST POINT .Ammeter 
Fig. 12. Testing a genera.tor by observing the amount of 

,urrent taken by the shunt-field winding. 

Method 2: By connecting a battery to the shunt­
field winding terminals (Fig. 12) with an ammeter in 
series ,vi.th the circuit, the ammeter should show 3 
t-0 3.5 amperes. With a voltmeter across the cir­
cuit, as shown in Fig. 12, it should indicate 5.9 volts. 

Fig. 13. Testing a generator by "motoring" it. 

Method 3: By connecting this shunt-wound 
generator to a fully charged battery (Fig. 13) with 
the armature and all brush connections complete1 and with an ammeter in series with the circuit anct 
a voltmeter across the circuit, the generator running 
as a motor (termed "motoring-generator") should 
draw 4.0 to 4.5 amperes, and the voltmeter should 
indicate 5.8 volts; the generator operating as a 
motor should run at a speed of 430 r.p.i;o. 

Generator Trouble Indications when "Motor­
ing" a Generator on the Test Stand 

(Ford Generator as an Example) 
The following tests and determinations may be 

made with an ammeter in the circuit and a generator 
connected with the 6-volt battery. Preferably 
one which has been in use is used, and the connec­
tions are made as shown in Fig. 14. 

Fig. 14. Connect.ions for motoring generator. 

1. The correct reading is from 2 to 4 amperes, the 
generator runµing at a slow, steady speed, with no 
arcing at the brushes (see also page 51U). 

2. A • heavy discharge, with the hands going 
beyond the limit of the instrument, indicates trouble 
in the head, such as the third brush not seated, fields 
open probably at the third brush or ground connec­
tion, the third or positive brush-holder or pigtail 
shorted. To prove an open field, raise the third 
. brush and connect (A) to it. If open, no reading 
will be shown on the ammeter. 

3. No reading on the ammeter indicates a dirty 
commutator or the brushes not seated upon it, 
because of the brushes sticking in the holders, or being 
worn too short to make proper contact, or sprung 
out of shape so one or both press against holder. 

4. The ammeter fluctuating between 18 and 20 
amperes, indicates short circuits in the armature .. 

5. The ammeter reading 6, with a higher r.p.m., 
indicates a shorted field. 

6. If the ammeter is normal, but there is a decided 
flash at one point on the commutator, an open arma­
ture is indicated. Turn the armature over by hand, 
one segment at a time; if there is a point where the 
armature will not start to rotate, that coil is open. 

COMI\UJTATOR TROUBLES AND TESTS 

Commutator troubles can be classed under three 
headings: (1) those due to defective manufacture; 
(2) those due to surface wear or deterioration in 
service; (3) those due to a dirty or burned commu­
tator. 

Defective commutators may be grounded, may 
have a short circuit between the segments, or may 
have loose segments or high mica, or loose brush­
holder springs. 

Sparking at the brushes will be caused by any of 
the causes mentioned above, or by loose pigtails, or 
by loose connections of wires to the~ brushes, by 
)ticking brushes, by overloading of the generator, 
rmd by short circuits in the armature windings. 

If the commutator is dirty, and if grease and car­
bon dust have accumulated between the e-0mmuta.tor 
&egments, to such an extent that the bars are 
shorted, excessive sparking will be the result, and 
no current, or very weak current, will be allowed to 
pass. 

Examine the Commutator 

First 1 examine the commutator to see if it is dirty, 
and if 1t consequently prevents proper contact be-

tween the brushes and the commutator bars. If it 
is all blackened and covered with grease, no cur­
rent, or a very small current only,will be allowed 
to pass. Or if copper dust has coat~d the insulation 
between bars, this will short circuit the com­
mutator (see also pages 500, 508). This can be 
removed usually by cleaning or scraping. See also 
pages 515, 519, for testing co=uta.tor for grounds. 

Cleaning Commutator 
If the trouble is due to grease and dirt only, it 

can easily be cleaned. Start the generator, and 
while it is running, hold a piece of cloth dampened 
with gasoline against the commutator bars to 
remove the grease. 

Next, use a finely pointed tool and clean out any 
dirt or grease that may have accumulated between 
the commutator bars. 

Sanding the Commutator 
If the commutator is dirty, caused by excessive 

sparking, it will be necessary to sand it by the use of 
a very fine piece of sandpaper, not coarser than No. 
00, held against the co=utator (rough side down) 
while the generator is running. Never use emery 
cloth. 
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Fig. 15. Right and wrong way to sand a commutatOL 

The strips of sandpaper should be a little wider 
than the brush (Fig. 15) and wrapped around the 
commutator so as to make contact with at least, 
half of its circumference. Fig. 15 shows the correct 
method on the left and the incorrect on the right. 

Worn Commutator Bars 
The next source of trouble may be a very badly 

wom commutator, which would allow the mica 
between the ba:rs to become flush with the surface 
of the bars. The mica should be kept slightly below 
the surface of the bar (which is done by undercutting 
the mica as explained farther on). 

Mica Pl·Otruding . 
If the mica insulation between the commutator 

bars becomes flush with the bars, the brushes can­
not make good contact, and this causes arcing or 
sparking, which burns away the bars until they are 
below the level of the mica which then protrudes. 
This not only prevents the brushes from making good 
contact, but the bars are pitted and become very 
rough. Fig. 16A shows the appearance of u commu­
tator with protruding mica. 

@@ 
Fig 16 Fig. 16A 

Fig. 16. Mica correctly undercut. 
Fig. 16A. High mica. before cutting. 

This trouble is more common on generators. On 
starting motors, where brushes do not make con­
tact, the commutator becomes rough and causes 
arcing. The mica is not undercut on a motor 
commutator, but if rough, it is put in the lathe and 
turned down with a very sharp lathe tool to take a 
very fine cut off the surface of the commutator. 

Dressing Com.mutator Down and Undercutting 
the Mica 

To remedy protruding mica: Remove the arma­
ture and very carefully true or dress it up on a lathe, 1 

as in F:ig. 17. Then cut out t.he mica between the 
bars with a hack-saw blade, the sides of its teeth 
having been ground off so that it will cut a groove 
slightly wider than the mica insulation, as in Figs. 
18A and 19. This will leave a rectangular groove 
free from mica; the depth should be about 1/32". 
It is important that these spaces be free and clear of 
all foreign matter. 

The edges of the slots should then be slightly 
beveled, using a three-cornered file (Fig, 18) in order 
to prevent any burrs remaining, which would cause 
excessive brush wear. 

'When properly finished, the commutator will 
have the appeara.nce shown in Figs. 16 and 19. 

Not.e. The mica can also be cut by pla.cing a. special tool in 
the lathe and mo,~ng it laterally as a, pla.ner (Fig. 17). 

• Small lathes and mica undercutters and other electrical 
servic~stati_on equipment. supplied by _Allen Electric Mfg. Co., 
Detro!t, Mich.; Jos .. We,d"!'hoff, Chicago, Ill.; The Electric 
Machine Corpn., Ind1anapohs, Ind, Free descripUve circulars 
on request. 

Fig. 17. Dressing down a commutator on a lathe when it is 
very rough or pitted, or when mica. protrudes above th_• com­
mutator bars. Use a sharp tool and fine feed and take light 
cuts. Remove all copper or solder which may bridge seg­
!"•nts and polish with sandpaper (not emery cloth). Holes 
in commutat.or segments can be filled with a paste made of 
glycerin and litharge, which will harden in a few hours. 
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Fig. ISA Fig. 19A 

The blackened and burned appearance of the 
commutator is not always caused by high mica. 
The same effect muy be caused by having brushes of 
improper size or material, by an insufficient spring' 
tension on the brushes, by an overload on generator. 
and by an open or sho:rt circuit in generator wind­
ings; or, where there are two windings on one 
armature with two commutators, by a short circuit 
between motor and generator windings. 

Commutator and Other Noises 
Protruding mica and improperly seated brushes 

produce a noise which can easily be detected. 
Noises are sometimes due to bent armature shafts, 

broken balls, or worn bearings. If an improperly 
seated brush causes the noise, it can sometimes be 
eliminated by setting the brush to one side with a 
small stick. Do not use a screwdriver. 

Do Not Use Grease on the Commutator 
It is unnecessary to lubricate either a generator or 

a motor commutator, as the grease or oil mixes with 
the carbon dust from the brushes. This will soon 
soak into the mica insulation ·and form a path be• 
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tween the commutator bars or segments, thus short­
circuiting the commutator bars, and 1 consequently, 
the armature coils connected with tnem. This will 
likely result in the generator charging rate being 
reduced, and the ammeter will be unsteady. Clean 
between the segments with a fine tool, and examine 
brush-spring tension and sand commutator. This is 
common on old generators where the bearings wear 
and permit oil to pass into and on the commutator. 

Loose Commutator Connections 
One can tell if the generator is generating its 

proper output by observing the dash ammeter. One 
should learn just what the maximum output should 
be. If it generates a very low amperage, say about 
2 amperes, and then at times none at all, the trouble 
may be due to a loose connection and sometimes that 
loose connection is at the point where the end of the 
armature coil is soldered to the segment of the com­
mutator, which, although apparently securely sol­
dered, may be loose. Furthermore, it may not 
be loose when stationary, but when it is revolving, 
the connection is thrown loose by centrifugal force. 

One method of testing is to use a test light and 
test points. Place one test point on the commutator 
segment connected with the suspected loose arma­
ture coil and the other on the segment 180° apart, 
or on the extreme opposite side of the commutator, 
which is the other end. On passing the current 
through the armature coil in this manner, there will 
probably be a slight spark or arc at the point where 
loose. Test all segments in like manner, and 
resolder any that are loose. 

Another Commutator Trouble 
High segments in a commutator, the result of the 

commutator having been turned or dressed down 
eccentrically with the armature shaft (out of round), 
will cause the generator to produce weak current or 
none at all, especially at high speeds, owing to the 
brushes not making good contact. 

The test for these two conditions is to press on 
each of the eommutator segments at both ends with 
some blunt instrument. If there is the slightest 
movement at either end of a segment it is loose, and 
a new commutator will have to be installed. 

To determine whether or not the commutator is 
running true with the armature shaft center, whittle 
a piece of crayon to a point and, with the generator 
running, bring it slowly up against the surface of 
the co=utator. If it is out of round with the 
armature center the chalk will mark the high spot 
and leave the low side unmarked, provided the test 
is carefully made. 

If commutator is out of true, re-turning, using cor• 
rect size of ball bearings as supports, will be nec­
essary. 

Besides the foregoing a few other causes will give 
rise to the same effect. Among these are weak 
brush springs sticking brush-holders or brushes, 
connections whlch are not tight enough and which, • 
vibrating at certain critical engine speeds, introduce 
a resistance into the exterior line. 

It may also be possible that the armature windings 
are not secure in the slots, and that, at high speeds, 
one of the coils moves a trifle and, coµung in contact 
with the iron of 'the armature coil, forms a ground. 
As the armature slows down, the natural spring of 
the coil brings it back to a normal position in slot 
and causes the armature to show "clear" wh_en tested. 

Testing for a Dirty or Rough Commutator 
with a Voltmeter 

Connect the voltmeter terminals so that the volt­
meter will read O to 30 volts as shown in Fig. 20. 
(This voltmeter is shown on pages 464 and 46&.) 

t X 

Fig. 20. Testing for a dirty or rough commutator with 
a voltmeter. 

The positive (+) terminat of the voltmeter is con­
nected to the positive (+) wire of the generator. 
The other terminal from the voltmeter which has a 
test point (TP) at its end, makes contact with the 
frame of the generator at (Y) (this being a grounded 
or return-wire system). 

Then speed the engine up to a speed correspond­
ing to a car speed of 10 to 15 miles per hour. The 
voltmeter should show slightly over 6 volts and the 
cut-out (V) should be closed, showing "charge" on 
the dash a=eter or indicator. 

If the voltmeter does not show slightly more than 
6 volts, this indicates a dirty or rough commutator, 
or else an open circuit in the shunt field. Press 
down lightly on the brushes while the genera-tor is 
.running, and if this causes voltmeter to indicate and 
cut-out to close, the trouble is due to bad brush con­
tact, which can ne remedied as just mentioned. 

If the voltmeter cannot be made to indicate and 
the cut-out point (P) fails to close by cleaning the 
commutator and pressing on the brushes, the trouble 
is probably an open circuit in the shunt-field winding, 
which will have t-o be repaired locally or sent to the 
factory. 

If the voltmeter does show 6 volts or more, by 
pressing down on the brushes, or by cleaning the 
commutator and brushes, but the cut-out will not 
close, it means that the cut-out is not in proper 
adjustment, and a new one should be provided if it 
is defective internally. The trouble ma.y be due to 
loose connections on the cut-out, or to disarrange­
ment of the contact-points, which can be examined 
and tested. See Index under "Testing cut-outs." 

If the commutator is dirty then clean it. The 
probabilities are that the mica is protruding. This 
can beremedied as explained in preceding paragraphs. 

BRUSH TROUBLES AND TESTS 
Brush troubles are very common. Some oi the 

troubles are: brushes sticking on their holders, 
brush springs not pressing on brushes with proper 

• tension, loose brush-holders, loose connections to 
brushes, improperly seated brushes. 

Brush and Brush Rigging 
The open circuit is often caused by one of the 

brushes sticking in the brush-holder, from dirt. 
The remedy is obvious, that is, to clean the brush 

thoroughly and see thatitmoves easily in the brush­
holder and that the springs press firmly and squarely 
on the top of the brush. An open circuit will also 
be caused by a poor or broken brush lead, or 
pigtail connection. 

No Spring Pressure 
The brush spring may not have sufficient tension 

to hold the brush in contact with the commutator 
with sufficient force to give a 11,vod contact. This 
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not only will show a partial or full open circuit, due 
to insufficient contact pressure, but it will be the 
cause of serious_ sparking between the commutator 
and the brush, and will soon burn and blacken the 
commutator so badly that a full open circuit will 
result, and no current will be generated at all. 

A new spring with sufficient tension is the best way 
of repairing this trouble. The brush spring tension 
should be strong enough so that when the brush 
is pulled off the co=utator by means of the pigtail 
nnd then released, the spring pressure snaps it back 
freely on the commutator and should be of sufficient 
tension 1 o press brush to commutator, yet move 
freely. Too much spring pressure has the effect 
of rapidly wearing out both commutator and brush, 
but is better t-han too little pressure. 

The approximate average brush-spring tension on starting 
motora is 1 to 1 ¼ lbs., and from 12 to 18 oz. on generators. 

Brushes Too Short 
If the brushes are allowed to go too long without 

replacement, and are worn so short that the spring 
pressure is reduced very considerably, the same 
troubles will result. Be sure in replacing brushes to 
use only those of such a make as are recommended 
by the manufacturer; otherwise you are likely to 
have repeated troubles with both brush and com­
mutator. 

Squeaking and Noisy Brushes 
Squeaking brushes may be overcome in most cases 

"by sanding-in" the brushes with sand-cloth or 
sandpaper. The squeaking may be due either to 
a poorly seated brush, improper brush spring ten­
i;ion, or to a hard spot in the surface of the brush. 
If commutator surface is rough or irregular, it 
should be made smooth before seating the brushes. 
This may require a turning in a lathe (see pages 
491, 492). Noisy and singing brushes may some­
times be caused by brush not being in line with 
commutator, or brush surface not bearing evenly on 
commutator. 

Importance of Correct Brush Seat 
In order to obtain a correct generator charging 

rate at any given position of the third-brush, all 
brushes must be well seated on the commutator. 
Poorly seated brushes not only reduce the output 
and produce sparking and other troubles, but they 
are also noisy. See "sanding-in" brushes below, 
and on page 408, how to tell when brushes are not 
properly seated. 

Fitting New Bn1shes 
When fitting new generator brushes, it often 

happens that they do not always fit the commutator 
perfectly, that is, they are not rowided to the curva­
ture of the commutator surface and should be 
"sanded-in" in order to form a perfect seat to the 
commutator. At least 50 per cent of the brush end 
surface should bear on the commutator curvature. 

Sanding-In or Seating Brushes 
Place a strip of No. 00 sandpaper or sand-cloth 

arowid commutator (slightly _wider than brush) and 
with rough side next to the brush, when it is in the 
brush holder (each brush separately), and work this 
strip back and forth, holding the ends close together 
as in Fig. 21, so that it will conform with the curva­
ture of the commutator. The entire surface of 
the brush mu9t be treated, otherwise it will be 
uneven. The "pigtails," or brush connections, must 
also be kept tightened. 

Another method is to wrap a strip of sandpaper 
or sand-cloth snugly arowid the commutator, gluing 
the overlapping ed5es of the sandpaper to secure it. 

Time can be saved by placing a heated soldering 
iron over the paper to dry the glue. The end 
housing may then be replaced and all three brushes 
sanded at the same time. 

M:s~~~ 
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Fig. 21. Correct u,ethod of sauding brushes so that they 
will seat to curvature of commutator. Place rough side of 
sandpaper up, and use a strip slightly wider than brush. 

Fig. 22. Incorrect method. Only part of brush is being 
seated (illustration to left); brush not being seated to curvature 
.of commutator (illustration to right), it may be pulled otf 
commutator while sanding. 

When fitting "motor" brushes, the same method 
is applicable, but something harder than sandpaper 
must be used. A strip of carborundum cloth can 
be used on the "motor brushes," but sand-cloth 
should be used on the "motor commutator." It 
is seldom necessary to cut mica down on the motor 
commutator. 

The motor brushes should be "sanded in," to 
avoid brush squeak which occurs sometimes as a 
result of a rough or irregular commutator surface, 
or grooves in the brushes. If the motor commutator 
is rough, smooth it up, and then "sand in" the 
brushes. If it is excessively rough, turn the com­
mutator down in a lathe, being careful not to remove 
any more copper than is absolutely necessaiy. 

Ou most of the Delco machiue., (motor generators)it will be 
found possible to "saud in" the upper and lower brusbe,, 
separately; but in a. number of cascst on account of the con~ 
struction of the machine, it is advisable to ''sand in" both 
motor brushes, as well as both generator brushes, at the same 
time. 

Spotting in Brushes 
On some generators it is not possible to "sand in" 

the brushes in the manner ei.plained above, because 
the brush arm is too short. In this case, the brush 
should be placed in a brush-holder a.nd let down 
firmly on the commutator. Then "motor" the 
generator by running it from the battery as a motor-. 
Then disconnect battery and remove brushes, leav­
ing the "high spots." These can be scraped down. 

Seating the Delco Flexible Brush 
The design of the flexible generator brush arms 

and the third brush carrying a thermostat, used on 
many Delco four-pole rowid types of motor-genera­
tors and generators is shown in Fig. 23 (a later 
design is shown in Figs. 23B and 23C). Instead of 
the brush ai·m being; rigid, it is made quite flexible 
by the use of a thin piece of phosphor bronze between 
the body of the brush arm and the carbon brush. 
Damage to the co=utator is prevented, in case oi 
brush breakage, by the insulating safety plate on 

Fig. 23 Fig. 23A 

Fig. 23. Front, or commutator end view of Delco generator 
showing t.be flexible brush arms. 

Fig. 23A. A side view ah owing brush seated on commutator. 
This model is now replaced by those shown on the next page. 
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the end of the brush a:rm, this plate being loosely 
mounted by the special heads of the screws securing 
the brush to the brush arm. 

It is very important to have this type of brush 
fully seated on the commutator, The brush cannot 
be properly sanded in by the usual methods of sand­
ing brushes. It is necessary to place wedges be­
tween the brush arm body a.nd the phosphor bronze, 
as shown in Fig. 23A, to prevent the flexible action of 
the brush arm during sanding. These wedges 
should be just thick enough to fit in place without 
falling out, approximately .075". A strip of fine 
sandpaper or sand-cloth may then be used to seat 
properly one brush at a time. 

An.other very successful method is to remove the 
end housing carrying the brush arms, so that a strip 
of fine sandpaper may be wrapped snugly once or 
twice around the commutator, gluing the overlap­
ping edges of the sandpaper to secure it. The end 
housing may then be replaced and all three brushes 
properly sanded at the same time. This operation 
should cause the brushes to have a full seat on the 
commutator. 

Remove the wedges in the brush arms and the 
sandpaper after the operation is completed. 

The Delco Later Design of Flexible Bl'ush 
Arms with Stops 

A later design of Delco flexible brush arm with 
stops is shown in Figs. 23B and 23C. The brush 
should always be assembled on the inside of the 
arm as shown. 

When installing new flexible brush arms, the stops should 
be inspected to sec that they come into action so that the 
brush arm is not permitted to come closer thn.n r." from tho 
commutator. Remove brushes to check this. It is advisable 
to adjust stops so· tho.t the st.op of grounded brush comes into 
action after that of one of the other brushes, thus preventing 
overheating of armature and field coils. 

238 
third 
brush 

2SC main brush 

Figs. 23B, 23C. Later design of Delco flexible brush ariru, 
with stops. 

Fig. 23D. Showing how the brush should be seated. 

Always replace all three brushes whenever inspec­
tion shows that the grounded brush has worn so 
short that its brush stop, coming into action, may 
soon keep the brush from contact with the com­
mutator. This is the brush (on the Cadillac using 
No. 162 Delco motor-generator) which is on the 
right side of the co=utator viewed from the front 
of the car. 

It is very important to have this type of brush 
seated on the commutator, at least to the extent 
shown in Fi8. 23D. The brush cannot be properly 
"sanded in' by the usual method of sanding 
brushes. 

It is necessary to place wedges between the brush 
arm body and the bronze blade to which is attached 
the brush. Two si1,es of wedges are necessary, one 
size for tne main-brush arms, and the other for 
the third-brush arm, owing to the difference in 
space between the body of the arm and the bronze 
blade. 
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Fig. 23E. Dimensions of wedge for tho third-brush arm. 

Fig. 23F. Dimensions of wedge for the main•brush arms. 

These wed.ges are shown in Figs. 23E and 23F. 
Figs 23B and 23C show their application to the 
brush arms. These wedges prevect the flexible 
action of the brush arms during the sanding opera­
tion, keeping them rigid, and giving a seat more 
nearly over the entire brush. 

These wedges should be just thick enough to fit in place 
without falling out, approximately .080" for the main-brush 
arms (2.:JF), and .125" for the third-brush arm (23E). It will 
be found that the distance between the body of the arm and 
the bronze blade varies in some assemblies. It will be nec­
essary in these cases to make the thickness of the wedges a 
little less by filing, or a little more than specified above by wrap­
ping a couple of turns of paper around the wedges. 

To sand the brushes after the wedges are properly 
fitted to the brush arms, wrap a l" strip of sand­
paper, or sand cloth, snugly once or twice around 
the commutator, glueing the overlapping end to 
secure it. A drop or two of glue should be put on 
the commutator previous to putting on the sand­
paper to hold the paper in place and prevent it 
from slipping during the sanding operation. The 
sandpaper should be wrapped around the com­
mutator in a counter-cJ.ockwi8e direction, looking 
at the armature from the generator-commutator end. 

After the glue hac dried a few minutes, place the end hous­
ing carrying the generator brushes on the armature sh.aft and 
lower the brushes down on the sandpaper which is around 
the commutator. 'l'o prevent chipping of the edges, do not 
snap the brushes down on the commutator. Hold the arma­
ture in a vertical position with the housing at the tol_) and 
revolve the housing in a counter-clockwise direction. This ,..,.m 
~and all three brushes at the same time. When proper seating 
1s accomplished, ra1se the brushes, remove the housing from the 
armature shaft and the soodpaper • from the commutator. 
Avoid waste of brush material by bei111: careful with this opera­
t100. Remo,•e all glue from the commutator by sanding and 
remove the wedges from each of the brush arms. 

To determine the seating of the brushes, mount 
the housing on the armature again as was done in 
sanding; revolve the housing several times with 
the brushes on the commutator. Then remove the 
housing as after the sanding operation, and inspect 
each brush seat, which is shown by a polished surface. 

If at least a 75 per cent brush seat is not obtained, 
the wedges should be inserted again and the brushes 
reseated until a good seat is obtained. It may be 
necessary to make the wedges slightly thinner, or 
thicker, according to whether the seat 1s on the heel 
01· toe of the brush. 

It is very important tha.t good brush seats be 
obtained before instaUin~ the ~enerator on the car. 
If good seats are not ob tamed, a change in the charg­
ing rate will result as soon ·as the brushes become 
thoroughly seated. 



496 DYKE'S INSTRUCTION No. 44 

Setting Motor Brushes 
Motor brushes should be set at the position of 

least sparking when the machine is carrying full load. 
This position will be located a short distance jack 
(in the direction opposite to rotation, instead of with 
direction, as on a generator) from the neutral plane. • 

To set motor brushes in the correct position, place 
the machine on a block test and apply a load approx­
imately equal to that which it fo normally required 
to carry. (This load will be about 40 lbs., on a 
pulley of 611 diameter, or IO ft. lbs. for starting 
motors.) 

The speed of a motor is greatest when the brushes 
are at the neutral plane, and decreases as they are 
moved away from that position. The voltage of a 
generator and speed of a motor can be changed con­
siderably by moving the brushes, providing the 
machine is not too heavily loaded so that it will not 
spark badly. 

Fig, 24 

TO 
BAT\ 

In the absence of a torque-testing device, a good 
method for setting brushes on a starting motor is 
to place the motor on a "free running" test, no load 
(connected with battery) 1 and to hold the shaft by 
hand, with a rag (Fig. 24J, so as to offer more or less 
resistance; then shift the brushes to a point where 
they do not spark. 

Setting Generator Brushes 
If the generator will not come up to voltage, and 

the trouble is not due to improperly seated brushes, 
and the third brush is properly adjusted, set the 
brushes on "neutral" and then shift to the best posi­
tion. See page 360, relative to neutral position. 

Note. Use only brushes recommended by the 
manufacturer. 

Fig. 25. Showing incorrect setting of brush on commutator. 

Brushes should be set parallel to the commutator 
segments. Improperly seated brushes will act like 
a cut-out which is not working properly. 

Brush Care 
Once or twice a. season the springs holding the 

brushes against the commutator should be raised 
and the brushes examined, to see that they operate 
freely in their holders. Oil or dirt should be re­
moved with a stiff bristle brush and gasoline. 

To Clean the Brusbes 
It is not necessary to remove them from the 

holders. Lift the brushes and wip,i off the surface 
with a piece of cloth dampened with gasoline. 

If the brush surface is apparently rough, then use 
sand_paper to fit them to the co=c,vator, as shown 
in Fig. 21. 

No lubricant is to be used on commutators, as the 
brushes are usually self-lubricating. Application of 
vaseline or grease is harmful, as all forms of grease 
possess insulating qualities to a great,er or Jess extent. 

Miscellaneous Brush Troubles 
When spring tension fails, the brushes are worn 

too short, the tension is not adjusted or has been 
thrown out, through heat, or the sp:rings themselves 
may be broken. 

When the brushes stick, it may be due to binding 
or to dirt and grease. A little gasoline may tend 
to loosen them. • When the brushes do not fit the 
brush-holders it is a matter of manufacture. 

Overheating of brush-holders is caused by the 
sparking due to ill-fitting brushes or to the absence 
of brush lead connection and to lack of sufficient 
pressure on the brush. 

Sparking at the brushes: If there is any sparking, 
or if the commutator becomes dull, it may be that 
the brush-bolder springs are too loose, or there is 
excessive vibration, which may be due to a bent 
shaft, an unbalanced gear pinion, or to defective 
mounting. Brushes should be kept in perfect con­
tact with the co=utator, and it is advisable to use 
only the kind recommended by the manufacturer. 

It may be found that where the generator is•aJso 
used as a starting motor (on motor-generators), 
sparking will in time develop at ihe commutator. 
This is due to the arcing of the hee.vy starting cur­
rent at the trailing edges of the brushes, and the 
trouble may be eliminated by filing down their 
contact surfaces. 

Carbon dust (providing carbon brushes are used) 
may be worn from brushes by the •)ommutator and 
deposited in the lower part of the itenerator. This 
ought to be blown out with air, ot:nerwise it might 
cause a ground. 

ARMATURE TROUBLES AND TESTS 

In the preceding pages, the subject of "commu­
tators and brushes" was treated. This is usually 
the first place to look for generator troubles. 

Other troubles. are: 
Evidence of trouble: In all probability, trouble 

in the generator will be clearly shown by failure 
to generate a terminal voltage. The first warning 
of such a trouble would be the absence of an indica­
tion on the ammeter or indicator on the dash of 
the automobile, provided one is furnished with the 
automobile. 

Causes: The causes of failure to generate a volt­
age may be due to (1) open circuits, short circuits 

and grounds in the field or armature of the generator; 
(2) the commutator may be dirty, or the brushes 
may not bear on the commutator, or the commutator 
may be worn; (3) the brushes may be grounded. 

Locating Armature Troubles 
Armature windings may be burned out or 

grounded. When burned out, the trouble may be 
due to a current overload, caused by improper regu­
lation, a soaked winding, or a steady and prolonged 
return flow from the battery, due to failure of the 
cut-out contact points to open. A grounded arma­
ture winding is due to defective insulation. 

Armature troubles are sometimes found in the 
attaching leads at the commutator segments. The 
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THE REPAIR SHOP OR SERVICE STATION, and Its Equipment 

AUTOMOTIVE SERVICE STATION AND REPAIR SHOP 

A garage is a place where cars are stored. A gen­
eral service station supplies gasoline, lubricates cars, 
cleans and washes; and performs ot.her types of sim­
pler services that are required almost daily. A re­
pair shop and mechanical service department can be 
mcorporated as a part of the garage business or as a 
separate enterprise. 

Service Department or Service Station 
A mechanical service department or station is 

more particularly concerned with mechanical serv­
ice and minor repairs, for example: (1) engine tcs~ 
ing and "tune-up" service, which includes compres­
sion and vacuum tests, tests and adjustments of car­
buretion, fuel-pump, ignition! timing, spark plugs, 
nnd valve mechanism, etc.; ~2) valve refacing, re­
seating or grinding, carbon removal, testing, clean­
ing and adjusting lamps, testing the electrical parts 
of the car, brake service, fron~axle and steering-gear 
adjustments, wheel alignment, wheel and tire balanc­
ing, etc.; (3) "winter condH.ioning," which includes 
cooling-sy.stem service (flushing, installing new hose 
and making Jeakproof, adding antifreeze, checking 
fan belt, water thermostat, water pump, etc.), cha.n"c 
ing lubrica.nts in engine, transmission, and rear axle 
to lighter viscosity, checking battery and ground, 
ignition cables, automatic choke, g~nera~or ch~g­
ing-rate, brushes and commutator, wmdshield-w1per 
hlades, lights, heater, defroster, tire chains, etc., and 
"tuning-up" engine. 

A service station is an indefinite term that may 
include any number of departments, such as: ga­
raie, general service, mechanical service, major re­
pair shop, tire shop, paint shop, body shop, etc. 
A super-service station is a term that could be ap­
plied to a service station in which all kinds of serv­
ice can be obtained. 

Repair Shop 
The repair shop usually undertakes major repairs, 

overhauling, or reconditioning of units, such as en­
gines, rear axles, transmissions, clutches, etc. (see 

SUPPLIES 

6d 

DRIVE 
00T 

also p. 665). The repair shop, if completely 
equipped, may have a machine shop, where sui~ 
able lathes are provided to true up brake drums, and 
cylinder grinders for enlarging cylinders, etc. More 
likely, portable cylinder-boring and honing machines 
will be found in the average shop. Machine shop 
work, however, is usually handled by specialists, 
who obtain sucn work from the mechanical service 
stations. 

A body and fender repair department, including 
painting (lacquer or synthetic enamel spraying), is 
often added to the repair shop. 

Equipment for Service Station 
and Repair Shop 

Service stations and repair shops that are pre­
pared to do efficient service should have modern 
equipment. To obtain information on modern 
equipment, get in touch with the nearest auto equip­
ment jobbing house. See also pages 690, 691, 694. 

The following is needed in almost every service 
station or repair shop, large or small, namely: a 
cash register, adding machine, and a good bookkeeping 
system (see p. 1040 on the latter). Three other 
items of equipment which every service station 
should have are: modern air compressor, a good 
hydraulic lift, and car-lifting jacks. 

The air compressor is used not only for inflating 
tires but also for operating other equipment, such 
ns hydraulic lifts, lubrica.ti.ng guns, spark-plug clean­
ers and testers, tire changers and spreaders, paint 
spray guns, solder guns, pneumatic hammers and 
drills, spring spray guns, gai·age and service station 
door-openers, and for blowing out fuel lines, valve 
seat chambers, carburetor parts, testing radiators, 
etc. See page 691 for listing of manufacturers. 

The hydra1tlic lift is ideal for service work, such as 
lubrication, brake and wheel service, spring replace-

Note: The subject: '"l'o Find Diameter of Pulleys," formerly 
on this page, is now on page 10,10. • 
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fig. 1. This design illustrates the layout for a one-floor service station with an accessory snd parts department., show room, 
office, repair shop, tire-rcpo.ir and electrical-repair department, also o. cnr wash. The gasoline pumps and lubrication depart.ment 
(not shown) could be added in front of the building. For greasing and general lubrication the hydraulic lift would be ideal, althoui,:h 
a gre:1serack could be used. The layout shown in the illustration is not a recommended plan, but it will give a gcnern.1 iden whic·h 
can be improved upon. 

'rherc a.re a great many different designs for service stations. Before deciding, one should obtain plans frnm t,ho.c:e who spcrinlizc 
m t,bis work. The location, size of lot, line of scn·icc, and other fact.ors will have a grea.t dcnl to do with tbc desii;,n. 

G9Z 
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TESTP.RS, VARIOUS KINDS. See the last four lines under 
''TesLing lnst.ruments" below. 

TESTr:-,,,G E'l'GINE. Booklet: "Instruction~ on the Use 
of .llc(Jwi.,1•:Vorris Compre8sion-Vac1tum. Tester.'' Write :Mc­
Quay-Norris i\Hg. Co., St. Louis, Mo. See also "Testin1 
lnstrumeilts." 

TESTl:\'G INSTRUMENTS-FOR ENGINE TU:\'E-UP 
\VORK (compression, ioni.t:t-On, car&uretion) such ns compression 
testers, vacuum t-esters, ignition distributor, condenser and coil 
testers, spark-plug test.er.s, ignition timing light (stroboscopic 
type), c,un ttngle meters, battery testers, mileage testers, ex­
bau.,t.gns nnalyzcrs, elect.ro-tachornctcr (r.p.m. indica,t,or), fuel­
pump testers, generator test,ers:, u.nnature testers (gr,owlers)i 
complete elect.rital test benches or stands, etc. Wr-ite for 
literature to the /olloun'.no coucenis. ~Mention specifically tlie 
der;ices on wMcJi.. uou desire lilcr(lture: A_Hcn Elect.ric and Equip­
ment Co., Rnlumnzoo, Mic_h.; Burt.on-H.ogers Co., ti.sics Div. of 
Hoyt Electrical Instrument Works, 857 Boylst.ou St., Boston, 
Mass. (voltmeters, ammeters, battery cell and cable testers); 
E. Edelrnanu & Co., 2332 Logan Blvd., Cliicago, ru._ (ignition 
t,mmg light, hydrometers, fuel-pump testers)· Joseph Weiden­
hofl, Inc., 4:3~0 Hoosevelt Road, c.;hi<'ngo, J-11.: Kent-i\Ioore 
Orga.n.ization, Detroit, l\-Iich.; i\IcQuay-Norris Mfg. Co., St. 
Louis, i\'Io. {compression-vacuum tester); Rinck-l\1cflwane, 
Inc., 16 Hudson St., New York, N.Y. (tompression tester, valve 
~pring tester); The Electric Heat Control Co., 9123 Inmuu Ave., 
Cleveland, Ohio; The Lautz-Phelps Gorp., Dayton, Ohio 
(operating inst.ructions fo1· ignition electrical circuit tester); 
Warne,·-Pattersou Co .. Chicago, Ill. (portable motor annlyzer). 
Seo also, on these pag_cs: "Battery Chargers and Testers," 
··Engine Tu_ne-Up/' "Exhaust Gas Analyzers/' "Fuel-Pump 
1~es:t.ers," ••Ignition 'riming Light.,11 "Testing Engine," "Vacuum 
Test-er (lVlercury Column)." See also pages 4D--44 Addenda. 

TIRES. Display posters: "Tread Wco.r" and "Truck Tire 
Service/' gives practical suggestions for improving tire wea.r and 
effect of load and speed on ti1·e service. "Fabr-ic Brcal~s" an• 
other display poster which describes and illustrates how tire 
carcasses nre injured prin1arily due to underinflation and lack 
of reasonable care in driving (r,rice 40 cents for the three above­
mentioned posters). Write fhe Rubber Munufactw-ers As­
sociation, Inc., 44·4 l\(adfao1~ Ave., New York, N.Y. 

TIRES. Service Bulletins: Deals with tire care n.nd com­
mon abuse of tire equipment, giviug the trouble or failure, and 
its cause and prevention as enumerated: Bulletin No.1: "llim 
Bruise"; No. 2: "J,'a,t Tread Wear"; No. 3: "Rtm l'lat or Al­
most Fl.at'1

; No. 4: "1lfisalion.mcnt"; No. 5: "ilfism.atched 
Duals"; No. 6: "Correct 111ethod of .Afounling Tires on Drop 
Center ~limsn; No. 7: ",Bead Pai.lure from Damaqed Rims"; 
No. 8: "lleat and Impact Breaks (1'ruck Tir,s)"; No. 9: 
"Orer/oad Pail1tr/!$ (Truck Tirts)"; No. 10: "C-uts"; No .. 11: 
"Reqular m,d C'«pped Tread Wear (Trucl, Tires)"; No. 12: 
"IVheel Balance"; No. 13: 11 0verfojlafion, in, 'Prucl;; 'Pires" 
(price 15 cents for.complete set of bulletins mentioned above). 
Manuals: ;, 1\fanual of Tire Repa'I.Tinu" (price 10 cents). 
"ill<imwl of 'l'ire Retreading and Recapving" contains 20 pages 
and 1-1 illustmtions (price 10 cents). Write The Rubber Manu­
f-:tcturets Associn.tion, Inc., 444 lVIa.dison Ave., New York, 
N.Y. Booklet: "Operators lfandboo!.:." Deals with truck, 
bus, farm, and industrial tractor tires. \Vrite Il. F. Goodrich 
Co., l'ublic Relations Department, Akron, Ohio. 

TIRES AND RIM. Book: "'l'irc and Rim- A~soci<,,r:o,, 
Year Book" (price $2.00). Write The Tire and Him Associa­
tion, lne., Akron, Ohio. 

TIH.ES, REPAIH. AND RETREAD. Manual: "G,,,,<111cw· 
'J'-ire Repair tinrl Retrea(l ilfanual"-48 pages, over 100 illustra­
tions. Write Goodyear 'riro & Rubber Co. Inc .. Accessories & 
Repair Materials Division, Akron, Ohio. See nlso, footnote 2, 
page 618. 

TOOLS. Cataloi:oe: Auto mechanics' hnnd tools, flat nnd 
socket wrenchesi special service tools for carburetor, ignition, 
valve, carbon removal, brake work, etc.; wrenches for Allen hol.: 
low set scre,"·s, screwdrivers for Phillips screws, and specialfacd 
service too~ for popular cars. See footnote, page (i08. See 
also pages 063, 69·1. Another inanufu.cturer 11ot mendoned on 
pugc.s 698, 063 is Lhc Duro 11-Ictal Products Co., 26.19 N. Kildare 
Ave., Chicago, Ill. 

TOOLS. Literature: Tube benders, flnring nnd ('ul(ing twls. 
Write J,:. Edelmann & Co., 23~2 Logan rnvd., Chicago, JII.: 
J\'.cnt--i\Loore Organization, Inc., Detroit, l\Iich.; The Imperial 
nrm;.s ~Ug. Co., 1200 W. llarrison St., Chicago, Ill. Literature: 
Di~el eugine service tools. Sc-0 '' DiCBel Engine.'' 

TOOLS. Manuals: "Ma11u.al$ of Appro,ed Servi.cc 7'ool•" 
for Chevrolet, Nash. Write l(ent-Moore Organjzation, Inc., 
Detroit, Mich. For Cadillac-LaSalle, Buick, Oldsmobile, 
Pontiur. nnd Hudson, write Hinckley-:'\•Iyers Divi$ion l{ent­
i\loore 6rganization, Jncks:on, i\tich. Complete mt\nuais cover 
everything: from specia1ly designed Flat.-lb.te Service Tools., 
Engine Tune-Up, Ilrakes, Wheel Alignment, Body Condition­
ing, etc. Available LO all garages, service stations, and me­
c;h:1.nics. Ot-hers send 25 cent..-i: in $tamps. 

TOOl.S, BODY AND FENDER REPAIRl:\'G. Sec 
"Body nnd Pender Repairing Tools " 

TORQUE-I:--IDICATING WRENCITES. Literature: Deals 
with vurvosc, vrcs~rnre.s, how to t-iqlilcn aluudnv.m, aud cast-fron 
c11li1ulrr /muds, etc. \VJ'itc Automotive 1\fa.intcnnncc lHuchinery 
Co., 2100 Commonwealth Ave., No1:th Chicago, Ill.; Illack-

bawk Mfg. Co .. Milwaukee, Wis.; Bonney Forge & Tool Works, 
Allentown, Pn.; Cedar Rapids Engineering Co., Cedar Rapids, 
Iowa; Duro l\leto.l Products Co., 2649 N. Kildare Ave., Chi­
cago, IU.; Herbrand Corp., Fremont, Ohio; Snap-On Tools 
Corporation, 1".euosha, Wis. See also page 733. 

VACUUM TESTER. (:\iERCUllY COLUMN). Literature: 
"011er-al-ino 1"structio11s." Write The Lantz-Phelps Corp., 
Dayton, Ohio; Wcnver Mfg. Co., Springfield, Ill. See also 
"Testing Instruruents. 1

' 

VALVES·. Booklet: "The A1<tomotive Enqine Valte and 
Its SerricinQ," 92 pages, 00 illustrations, by Walter Trefz (price 
25 cent:-s). \\Trite Aluminum Industries, Inc., Cincinnati, Ohio. 
makers of Permite Products. Booklet: "Vol« Functions." 
Write Cc<lnr Rapids Engineering Co. of Delaware, Cedar 
Ru.pids, Iowa. Booklet: "l)t1nchro,iizcd Valve Servicing" by 
E. A. Hall. Write The Hall lllfg. Co.1 Toledo, Ohio. Litera­
ture: footnote., page 772. Booklet: • Seroicc Bulletin" l'orm 
No. 739. Write K-D Mfg. Co., Lnncaster, l'a. See also, p. 69.J.. 

VOLTAGE REGULATOIIB. See "Generator." 

WELDING ALUMINU:\l. Booklet: "'l'he Welding of 
Aluminu.,n." Write Aluminum Company of America, 801 
Gulf Illdg., l'ittsburgb, Pa. 

WELDING AN1) CUTTING BY OXY-ACETYLENE 
Book: "The Oxwelders lfandbook," 330 pages fully illustrat"d 
(price S1.00). Write The Linde 1\il' Products Company, 30 
East 42d St., New York, N.Y. Literature on oxy-acetylene 
welding nnd cuttillg is also available from the so.me address or 
from a.ny of their dist.rict offices located in n.1a.jor cities of 
U.uted StaLes. Booklet: "Tor-chu·eld Instruction Book 011 the 
Use <md ilssembly ofOxy-Acetylene Welding and Cuttino Appa­
ratus," 80 pages fully illu,,t.rated (price 50 cents). Literature: 
Write Torchwcld Equipment Co., 1035 W. Lake St., Chicago. 
111. Book: "J,,struttion Book Ox11-Acctylenc Welding mul 
Cutting,'.' 250 pages (price $] .O0). Manual: 31 pages (15 
cents). Literature: . Write Tho Superior Oxy-Acetyleue 
llfachine Co., Hamilton, Ohio. Literature: Welding, cutting 
brazing and lead-burning equipment (o1'y-acetylene nnd oxy­
hydrogen process). Write The Iml)Crial Brass Mfg. Co., 1200 
W. H,,rrison St., Chicago, Ill. Literature: Write Alexander 
Milburn Co., 1416 W. Baltimore St., Baltimore, Md. Catalog: 
Write Smitl1 Welding Equipment Corp., Minneapolis, Minn. 
Catalog: R-120. Write The Bastian-l3lcssing Co., Chicago. 

WELDING-ELECTRIC ARC WELDERS. Book: "Arc 
Welding e,nd How 'l'o Use It/' 340 pages, 820 ill~trations 
(price Sl.50); Booklet: j'Practical Less.ans in Arc Weldinu, 11 

100 p<>(!;CS, 78 illustmtions (price 50 cents). Literature: "How 
To Build Your Ow11, Arc lVclde.r/'." Carbon ilrc Welding a.nd 
C'1<Ui110." For any of the above write Hobart Brothers Co., 
Troy, Ohio. Booklet: "Jlow To Weld 29 Metals," by Chas. H. 
Jennings, 108 pages, 12 illust.ra.tions and numerous tabulations 
and diagrams illustrating types of welded joints (price 50ccnts). 
Literature on equipment: \Vrite Westinghouse Electric and 
i\lfg. Co., Advertising Dept., East Pittsburgh, Pa., or their 
nearest district office. Literature: "AC Arc Welders." Write 
The Electric Heat Control Co., 912:l Inman Ave., Clevc­
lund, Ohio. Literature: Write Smith Welding Corp., i\linne­
n.polis, l\1Liun. Literature: "Electric Arc, and Spot Welders.'' 
\Vrite Allen Electric and Equipment Co., l{nlnma.zoo, .l'llic.h. 
Literature: Write The Superior Oxy-Acetylcnc Machine Co., 
Hamilton, Ohio. Books and Booklets: "Procedure Hand­
book of Arc Welding Desio,1 an.d Practice," 8 ehapt,,rs, 1012 
I?a~es, 12'l3 illustrations (price 81.50; foreign S2.00); "Lessons 
in Weld,;nu," 44 lessons mimeographed (price 50 cents; foreign 
75 cents); 11 Simple Bueprint Ileadino" with particular refer­
ence to welding and welding symbols, 140 pngos (mimeo­
grnphed) with ovel' 85 drawings (price 50 cents; foreign 75 
cents); ''Arc Wel.<tin{I in Deaiyn, J'l-J(l,nu./octurc ancl Con~lna;­
t.:On," 1018 pages, fully illustraLed (price 81.50; foreign S2.0U). 
Write The Lincoln Electric Co., Clevel:md, 0. Literature free. 

WELDING ENCYCLOPEDIA. A book bearing this title 
containing 63S pngcs, 6-15 illustrations. Tells how to weld 
every wclda.ble rnotal by each of the welding procc~-sc.-.. Tell:;: 
how to prepare par~ for welding; how to in.:i;tall und tnrc f~)r 
weldiug equipment; rncauing of all wonb and lerms fo\111cl. 111 
welding lilcrnturc; where to buy all .st..tudnrcl mnkes of weldrng 
apparatus and supplies (price S5.00). Write The GoodhcarL· 
Willcox Co., Inc., 2000 South Michigan Ave., Chicago, Ill. 

WELDI:\'G-Sl'OT WI,;LDEllS. Literature: Write Alim 
.I:.:lcctric & Equiprueut Co., Kalamazoo, l\lich. 

WIND-DRIVE:-s'ELECTRIC-LIGHTING PLANTS. Lit­
erature: Sec page 1002. 

WIRE (CABLR). Literature: Buttery cable, spal'lt-plug 
cnble. prirn.ary cable, automotive wire, ignition cable set..~. 
trailer lighting cable$ nnd connectors, wiring assem~lies,. re· 
wiring kits,. etc. Write Belden Mfg. Co., J607 \, est \'nn 
Buren St., Chicago, 111.; Crescent Cable Co., Pawtucket, 
It.I.; Packard Electric Division, General Mot.ors Corp .. Dept. 
I), Warren, Ohio; Sterling Cable Division of the Electric Auto­
Lite Company, Port Huron, Mich.; Triple-A-Specialty Co., 
2101 Walnut St., Chicago, Ill. 

WIRING. See "Re-Wit·ing a Car," and "Wire (Cable)." 

WIRING DIAGRAMS. See "Electrical." 
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LUBRICATION SERVICE EQl'IP:.IP.NT. Literature: 
Write Cincinnati Ball Crank Co., Cincinnati, Ohio; St~wart­
,varner Coq>., Alemite Div., 182[3 Diversey Pnrkway, Ch1c~go, 
Ill.; The United States Air Compres.,or Co., Cleveland, Ohio. 

LUBRICATI0:-1"-PANORA1vIA OT•' LUBRICATION. 
Books: A nonadvertising __ educational series of five issues as 
itemized. No. 1: '"The Fimdamentals of L1~bricaiion''; No. 2: 
"Lu.bricati:no Friction T11pc Bcarinos"i No. 3: ''Golden Shell: 
The Modern. Motor Oil'"; Ko. ,1: "Duu;el E11qines a11d Their 
Lubricat·ion"; No. 5: '"l'hc F-tmda:mentuls of .. 1·ulomotit:e 
Engine LubricaH<m." These books are expensively prepared!· 
and the Shell Companies have advised that, while they will fil 
modest requests for copies, it will be neccssnJ'y to state occupa­
tion or business connections and mention Dyke's .titdomobilc 
Et!cyclopedi" . . Write nenrest h_cndquarters. S_hell Petrole_um 
Corp., St. Loms, Mo.: Shell Union Oil Corp., l\ew York City, 
N.Y.; Shell Oil Co., Sttn Francisco, Calif. 

~1.-1.CHI.NISTS AND REPAIRMEN. Books: Seep. 71S. 

l\L•\GJ\'"ETOS. Literature: General information and 1nai,i­
le1m1lco data. State model of which literature is desired. •Yrite 
American Bosch Corp., Service Dept., Sprin_gfield, Mass. 
•· User Operatina Instru,et.ions11 on type C, CR, PC, and Vertex 
magnetos. State the one desired. Write Scintilla i\'Iagneto 
Div., Bendb.: Aviation Corp., Service Dept., Sidney, N.Y. 
"Ser.ice Parts List, Descriptio" and Brief I11structions for All 
TYico 'Afaonetos" (price 25 cents). 1\7rite Wico Electric Co., 
Springfield, i\.Iass. "Paitbanks, ,liorsc Map,ieto Service Ma1111al 
-No. !3807" (price 50 cents). Write Fairbanks, Morse & Co., 
Jllfg. Division, Magneto Sales, Beloit, Wis. Manual: "Ei,e-
1,iann Service 1ll ant.tal" covering all Eisemann models (price 
$2.50). Write Eisemann Magneto Corp., 60 East 42nd St., 
New York, N.Y. 

MUFFLERS. Literature: Write Walker :.VIfg. Co., Racine, 
\Vis. See also '1Gaskets." 

PAINT-SPRAYING EQUIPMENT. Literature: Write 
Rinks i\Ifg. Co., Chicago, 111.; The DeVilbiss Co., Toledo, 
Ohio; The Imperial Brass Mfg. Co., 1200 W .. Harrison St., 
Chicago, Ill.; The Wold Air Ilrusb Mfg. Co., Clucago, lll. 

PAINTING. Manual: '"Ditzler Repaint illa,i"Ut,1" contain­
ing M pa.gcs with over 200 illuscmtions. Write Ditzle_r yolor 
Co. Detroit, i\licb. Booklet: "Modern Automobile F,mslnnu 
Meih.ods." Write The Sherwin-Williams Co., Cleveland, Ohio. 
Booklet: "ln$lru.ctfons for Using Du Pont Refinishing J.Ua­
tcrials." \Vrite E. I. duPont De Nemours & Co., Finishes 
Division, Wilmington, Del. See also page 648. 

PISTO:-1" SKIRT AND PISTON-RING EXPANDERS. 
Literature: Wrjte list of manufacturers under "Piston Rings." 

PISTON RINGS. Booklet: "Hastings Piston Ring 
Engineering Course." Write Hastings 1\Hg. Co., Hnstings

1 Mich. Literature: Write Koppers Co., American Hammerca 
Piston Ring Division, Ilox 626, Baltimore, Md.; The Perfect 
Circle Co., Hagerstown, Ind. Sen>ice Manual: "Pedrick 
Technical Serr,ice Afamu,l." '\Yrite Wilkening Mfg. Co., 
Philadelphia, Pa. Service Manuals: See McQuay-Norris Mfg. 
Co.; Ramsey Accessories lVUg. Corp.; Sroled Power Corp. 
under "Engine Hcconclitioning." 

PISTONS. Booklet: "The Pisto>t and Its Fin·i.,hi71fl-Ca.m 
Grinilino." 49 pnges, 31 _illustrations b_y Walter Trefz_ (price 
25 cents). Write Aluminum Industries, Inc., Cincnuint.1, 
Ohio, makers of Permite Products. Service Manuals: See 
Sealed Power Corp.; i\icQuuy-Norris Mlg. Co. under "'Engine 
Reconditioning.'' 

RADIATOR CORES. See "'Gaskets."' 

RADIATOR f:OLOER. Literature: Write Kester Sol<lcr 
Co., -.1201 \\'rightwood Ave., Chicngo, Ill. 

RADIO (AUTO). Book: "Rudio Pl,ysic, Course," o;z 
pages, 508 diagrams and illustrations. Just the book for the 
auto mechanic who knows nothing about radio fundamentals. 
Starts ";ili elementary eleclricitf nnd radio fundamentals, 
then gives a com)?lete course on nl type.s of radio construction 
and opcrn,tion. Contains large chnpter on auto radio. Price 
S4.00 prepaid in U.S.A. (S4.50 foreii;n). Write The Good­
heart-Willcox Co., Inc., 2009 $. Michigan Ave., Chicago, Ill., 
for descriptive circular. Book: "J\fodern Radio Servicina," 
1300 pages, 706 illustrations. A complete course in radio 
servicing, test instruments u.nd servicing procedure. 115 pages 
devoted to installing and servicing auto radio receivers. Par­
ticularly adaptable for one who desires to rnnke ~ specialized 
study of radio servicing, equipment and methods. Price l,4.00 
prepaid in U.S.A. (S4.50 foreign). Write Tho Goodhenrtr 
Willcox Co., Inc., for descriptive circular. 

RADIO (AUTO). Service literature: Write Gnl\'in Mfg. 
Corp., Service Dept., 115,l0 Augustn. Blvd., Chicago, 111. 
"J\:(otcrola Ra.dio" (specify ruodel number of receiver on which 
service informntion is de.sired); Noblitt-Sparka Indll.'ltrics, lnc., 
Columbus, Ind. ·•An,in Cm· Radios" (sales liternture; specify 
model of radio for installation a.nd servicing litcruture); The 
Crosley Corp., Cincinnoti, Ohio. "'Croslcu R,,dios" (specify 
model number on which service information is desired). Liter-

ature: Enrl Webber Co .. 1313 W. Randolph St., Chicago, IU. 
(testing equipment); .Joseph Wcidenhoff, Jnr .. , 4340 Roosevelt 
Road, Chicago, Ill. (tes\ing equipmen~); The_Clough-lir nglo 
Co., 5501 Ilroadway, Clueago, 111. (testmg eqmpment). 

RECO:-l"DITIONI:-l"G A USED CAR. See "Body and 
Fender Repairing" book. 

RE-WIRING A CAR. Manual: "'Co7>r,cr Ner,, 0 s: Tl,e 
Certified Re-Wiring Ma11ual" by the roukers of Packard cable. 
liree to readers of Dyke's Atlto~nobil.c ~ncyclf>pcdia_. Contamli> 
24 pages and more than 70 illus1rat10ns mcludma a chart 
"Packard Wiring G1lide." Shows how to check an~ test tho 
stornge battery, battery cables and ground strap_ with "-l~w­
readin,g voltmeter; how to check and _test the_st,a~tm.g? 1g01twn, 
nod lighting circuits· how to in.stall b1g!Hens1on 1gmt.ion cable: 
candlepower and life of lamp hulb_s: testing lighting circuit~ for 
"'volt.age drop"; purpose of headlight relay and bow rnstalled; 
how to determine gn11!le of cable and how to select the proper 
size cable for re--wirrng service: wiring guide; etc. '\Vritc 
Packard Electric Division, General l\lotorS Corp., Department 
D, Warren, Ohio. See also "Wire (Cable)." 

S.A.E. 11 Handbook.'' "Journo,,l": See footnote Insert. No. 1. 

SERVICE BULLETINS. Write South Bend Lathe Works, 
South Bend Ind. ?v!ention D!!ke's Automobile E11cyclopedfo. 
Bulletin No'. 1: "How To Gri11d Valvo,"; No. 2: "flow 7'o 
Service Armatures"; No. 4: "flow 'J.'o True Brake Dru.ms''; 
No. 5: "/low 'l'o Ser1Jice Differentials"; No. 6: "Ilow 'l'o Barf: 
Com,cctino Rods"· No. 7: "/low To 1lfake B·ushinus"; No. 0: 
"1/o-w To Finish .Pi.slons"; No. 64: .,Jl/otqr Jlltchanics Hroul­
bock"-how to service flywheels, pistoD.$1 brake drums, cow1crt.• 
ing rods, va.lve.,1 crankshafts, clutches, differentials, etc.; No. 
36•A: "Row '110 Cut Screw 'l.'hreru.ls"; No. 33-JE: "Soutli Bend 
9-inch ,luto Tl' orkshov Lathe Bulletin." 

SERVICE INFORMATION (Ford V-8, Chevrolet, Plym­
outh 1937-38). Manual: "'NAP ,1 Meclim,iC11' Repair 
Jlfan~wl." Over 130 illustrations (price, Sl.25). Literature 
gratis on this und other public!_Ltions. Write Nal.ion,<l ,\,!io­
motive Parts Association, 70;;, Fox Bldg., Detroit, Mich. 
Tune-Up Service Manual: See "A.E.A." 

SERVICE STATION EQUIPMENT. See "Equipment." 

SHOCK-ABSOR.IlER SERVICE TOOLS. Literature: 
Write Kent-~·Ioore Orsaniza.tion, Inc., Detroit, l\'.lich. 

SILVER SOLDERING. Literature: ·write Handy and 
Harman, 82 Fulton St., New York, N.Y. 

SOLDER AND FLUX. For soldering aJu,njnum, stainless 
steeJ1 cast iron, zinc bnsc die cast metal, moncl n'1etal, and 
chromium plated met.als, rndintors, etc. Literature: Write 
Kest.er Solder Co., ,4201 Wrightwood Ave., Chicago, Ill.; L. B. 
Allen Co., Inc., 6719 Bryn Mawr Ave., Chicago, ill.· Lloyd S. 
Johnson Co., 2241 Indiana Ave., Chicago, 111. (formerly Aluma­
weld Co. of America). 

SOLDERING. Booklet: "How To Solder Perfectly." 
\Vrilc Vulcan Electric Co., Lynn, Mass. Booklet: "Facts 01' 
Solderinq." Write Kester Solder Co., 4201 Wrightwood Ave., 
Chicago, Jll. Literature: "ExporL Soldering." Write Stunlcy 
Tools, New Britain, Conn. Literature: Ask for chart giving 
English wire gauge.<:> in decimals and frnctions and melting points 
of metals and solder. Write Gardiner l\lctal Co., 4S20 8. 
Campbell Ave., Chicago, 111. 

SOLDERING ALUMlNU~I. Literature: Write Kester 
Solder Co., 4201 Wri~htwood Ave., Chicago, Ill.; L. B. Allen 
Co., Inc., 6717 Bryn i\Iawr Ave., Chicago, Ill.; Lloyd S. John­
son Co., 2241 Indiana Ave., Cbirogo, Ill. (formerly Alumaweld 
Co. of Americ£s). 

SOLDER.ING BODmS AND FENDERS. Literature: 
\Vrite Albcrt.8on & Co., SiOlL"'i: City, Iowa (solder spray gun): 
Ernest Holmes Co., ChaU:rnooga, Tenn. (spray method); 
Gardiner Metal Co., 4820 S. Cnmpbell Ave., Chicago, Ill. 
(solder and flux); John llcon i\'llg. Co., Lansing, Mich. (sold,·r 
spray gun); Kesler Solder Co., 4201 Wrightwood Ave., Chicag,,. 
Tll. (solder and flux); Lloyd S. Joh11$on Co., 2241 Indiana Ave., 
Chiengo, Ill. (solde1· and flux "7'·i,i-Ezy"). 

SOLDERING, BRAZTNG, LEAD BURNING. Literature: 
"'Prcst-0-Lito Torche&" (used with Prest-0-Lite acetylene gas). 
Write Tho Linde Air Products Co., 30 East 42d St., New York, 
N. Y. Literature: Write 'l'he Imperial Brass Mfg. Co., 1200 
W. Harrison St., Chicago, Ill. Literature: "The Haruly Torit 
Outfit" (used with Prest-O-Lite acetylene gas). Write Torit 
lllfg. Co., St. Paul, l\linn. 

SPARK PLUGS. Booklets giving instructive an,l valuable 
information. Write: AC ~park Plug Division, Generul Motors 
Corp., Flint. Mich., for "Today's Etioincs D'.]mand Jlfore from. 
Spark Plugs"; Champion Spark Plug Co., 'l'oledo, Ohio, for 
"Pacls about Spark Plugs and Engines''; Electric Auto•Liw 
Co., itercbandising Division, Toledo, Ohio, for .. .,-h,.to-Lite 
Spa:rk Pluq Data Boo!;:." Literature: 14 S1)ark Pluq Cleaner.'/.·• 
\Vrite above concerns. Literature: .. Torl.:./1.usl;, 'Tens-ion 
Wrc11ch" for tightening spark plugs as well as U.S.S. and S.A.E. 
bolts." Write Dlackhawk Mfg. Co., Milwaukee, Wis. 

STORAGE BATTERY. Sec "lhttery." 
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ELECTRICAL TESTING DATA AND WIRING DIA­
GRAMS. Book: See page 1152. ELECTRfCAL TESTING 
!NSTRU!\-mNTS. See "Testing Instruments." 

ENGINE BEARINGS. Manual: "Federol-Mouul E11qinc 
Bearfog Seruice 11'lanual.'' see footnote 6, page 786. Literature: 
"Pederal-Mor;ul Bearino Oil Leak Detecwr." Write Federal­
'.\logul Service, Division of Federal-Mogul Corp., 4809 John R. 
i:;t., Detroit, Mich. 

E'.\"Gl),"E COOLING SYSTEM. Sec "Anti-Freeze." 

ENGINl, RECONDITIONING. Manual: "E»uin~ered 
.llolor Rep<>irinu," Some of the subjects are: Reringing; 
H.econditioningi Rebuilding; PistOn; Piston ring; Bearing and 
valve st.eam clearances. Write McQuay-Norris Mfg. Co., St. 
l..oui~, l\1o. Manual: "RamcoJ{olorOrcrha1,lSen,iccA1mntal.'' 
8ome of the subjects are: Motor overhaul check-up chart; 
Characteristics of engine knocks nnd noises; l\'lctbods of engine 
overbasul; Cylinder weur a_nd distortion; Correct installation of 
(•_vlinder head gasketsi l'istons; Piston rings; Piston skirt 
Pxp:rnders: etc. (price SI.00). Write Jlnmsey Accessories 
:llf.o:. Corp., 3693 Forest Park Blvd., St. Louis, i\Io. Manual: 
··oi1 aud Gasoline Economy utith Beller Performance." Write 
Scaled Power Corp., lVlu:skegon, 1\-Iich. See uTool.s," nlsop. 694. 

ENGINE TUNE-UP. Course: "Alie" Cour,e of Modem 
l~u(line 'l'u.m~-Uv" spol'l$ored by Allen distributors. Devoted 
to both theory and actual shop practice. Denis with ignition, 
i;!"cnera.tors, cnrburetol'$, g,:isoline, etc. (price $15). For details, 
write Allen Blectric and Equipment Co"' l<ala.mazoo, !\'1icb. 

ENGINE TUNE-UP TF'.sTING EQUIPMENT. See 
"Testing Instruments" and "Testing Engine." 

ENGINE, TWO-CYCLE as applied to outboard motorboat 
~ngines. Literature: Write Bendix Aviation Corp., Marine 
J >ivision, 754 Lexington Ave., BrookJyn, N.Y. • Evinrude 
'.\lotors, Div. of Outboard, Marine & Mfg. Co .. \\mwaukce, 
Wis.; Johnson Motors, Div. of Outboard, l'lforine & Mfg. Co., 
Waukegan, Ill.; :11-luncie Gear Works, Inc., Muncie, Ind. See 
:ilso, page 990. 

EQUIPMENT FORAUTO;,,IOTIVE SERVICE STATION 
,\ND REPAIR SHOP. See pages 692-694, 585. 

EXHAUST GAS ANALYZERS (nlso sometimes termed 
"Combustjou Analyzer" nnd "Carburetion Analyzer"). Liter­
ature: Write Allen Electric and Equipment Co., Kalamazoo, 
l\lich.; Charles Engelhard, Inc .. Newark. N.J.; Joseph Weiden­
hoff, Inc., 4:340 Roosevelt ltoud, Chi<:ugo, Ill.; The Electric 
Auto-Lite Co., Toledo, Obfo; The ElecLric Bent Control Co., 
9123 Inman Ave., Cleveland, Ohio; The Lantz-Phelps Corp., 
Oayton, Ohio (nlso ask for operating instructions) (also mer­
cury column vacuum tester); Weaver Mfg. Co., Springfield, 
!II. (also mercury column vacuum tester). See also page 43 of 
Addenda, "Carburetor Tester,." 

FITTINGS. Brass replacement, for fuel and oil lines, et.c. 
Literature: Write£. Edelmann & Co., 2332 Lognn Blvd., Chi­
cago, Ill. Literature: .. U scful I n,Jormal.Wn on Hra$8 Fittings." 
Write Tbe Imperial Brn.'IS Ml1s, Co., 1200 W. Harrison St., 
Chicago, Ill. See also "Tools." 

FUEL AND OIL LINES, FLEXIBLE. Literature (for 
most of tbe cars, trucks, and tractors). Write E. Edelmann & 
Co., 2332 Logan Blvd., Chicago, Ill. 

FUEL PUJl,IPS AND PA ll1'S. Literature: Write AC Spark 
Plug Division, General Moton, Corp., )?lint, Mich.; Chcfford 
Master Mfg. Co. Inc., Fairfield, JJI. Catalogues: "l<'-30" 
deals with fuel-pumr. parts, testers, etc.; "M-38" with ~as- and 
oil-line fittings oab es, wire, aud speedometer parta; • I-39-S" 
with starting, li$::bting, and i~nition pn.rts. Write l{cm Jvlfg. 
Co., Inc., 601 W. 26th St., N'ew York, N.Y. (mention Duke's 
A uumwbil• E11c11clopedia). 

FUEL-PUMP TESTERS. Literature: Write AC Spark 
Plug Di\~sion, General i\<lotors Corp., Flint, Mich.; E. Edel­
mann & Co., 2332 Logan Blvd., Chicago, Ill . .,_~oseph Weiden­
hoff, lnc., 4340 Roosevelt Road, Chicago ill.; Kent-i\foore 
Organization, Inc., Detroit, Mich.; Kem \\Hg. Co., 601 W. 
26th St., New York, N.Y. 

GASKETS, OIL SEALS, ETC. Catalogue: "McCqrcl 
Gasket Guide" includ.i~ service information, also "McCord 

~:,!ii~s ~tOilS'!af};utd ,Pc~11·;~~~~raw~~~ ~.ltc:::J 
Radiator & Mfg. Co., Detroit, Micb. Literature: "Correct 
h18tallalion of Gaskets." Write The Fitzgerald Mfg. Co., 
Torrington, Conn., for forms 3228, 3205, 3226, 3278, 3279, 3283. 

GASOLINE. Booklet: "Sparks, Octanes, • and Perf<mn­
ance." Instructive as well as interesting. Write Ethyl Gaso­
line Corp., Chrysler Bldg., New York, N.Y. 

GASOLINE MILEAGE TESTERS. Literature: Write 
Houser Engineering & Mfg. Co., Bluffton, Ind.; l(ent-Moore 
Organization, Inc., Detroit, Mich.; Tho Lantz-Phelps Corp., 
D:iyton, Objo. 

GENERATOR VOLTAGE REGULA1'O1t (checking of) 
See "Ignition, High Speed" (No. 6!. 

GENERATORS, WIND DR1VEN. See page 1002. 

GRINDER AND BUFFER. Literature: Write Baldor 
Electric Co., St,. Louis, Mo.; Hobart Brothers Co., Troy, Ohio. 

HEADLIGHT RELAYS. Literature: Write Packard Elec­
t,ric Division, General ~1otors Corp., Department D 1 Warren, 
Ohio; l<em Mfg. Co .. Inc., 601 W. 26th St., New York, N.Y. 

HEADLIGHT TESTERS. Literature: Write Bear Mfg. 
Co., Rock lsln.nd, Ill.; Kent-Moore Organization, Inc., De­
troit, Mich.; The Electric Bent Control Co., Cleveland, Ohio 
(headlight meter); Weaver Mfg. Co., Springfield, Ill. 

HYDRAULIC LlFTS. Sec "Lifts." 

HYO!'l.0?1•!F;TERS AND ANTI-FREEZE TESTERS. 
Literature: Write E. Edelmann & Co .. 2332 Logan Blvd., Chi­
cago, Ill.; Tho Imperial llrass Mfg. Co., Chicago, Ill. 

IGNITION. Booklet: "Questions a"'l Answers M ](Jn.i­
ti.on." Write Tbe Electric Heat Control Co., 9123 Inman Ave., 
Cleveland Ohio. Course: "J\Iallor11 Ioniti,,n Course." A 
simple and fundamental study of the difficult subject of ign.itio11. 
Recommended for all those interested and who wish to become 
ignition experts. Twenty-seven complete lessons a..ssembled in 
:t hinder. Free, except for small enrolment fee of S2.00. 
Write Mallory Electric Corp., Detroit, Mich. 

IGNITION, ETC. Manual: "What E,cry Automobile 
J'lfechanic Should Know about Ionition. Coils and lqnUWn." 
101 pages of simplified, up-to-date information on such subjects 
as Ignition Coils, Interrupter Contn.ct-Point.s, Condensers, 
Synchronizing, Cnm Angle, Octane SeJectors, Vacuum Control, 
Spark Plugs, Timing l•'ord V-8 Ignition, Voltage Regulation, 
Cutouts, etc., with Questions and Answers (price S1.00). 
Write ll'lachioed Parts Corp., Detroit, Mich. 

IGNITION, HIGH SPEED. Booklets (lectures) by W. A. 
Roberts, de.aling with "Trouble..,,booting on H.igh Speed 
ll<lotors." Write Kem Manufacturing Co., Inc., 601 West 26th 
St., New York Cit.y, N.Y., and inclose 10 cents for each. No. 
1: "U,c of the Volt MetC" and Ammeter"; No. 2: "Iliqh-Spee,1 
IqniLion Distn"'bu..tors. Coils mad Condensers"; No. 3: "'l'esti110 
Zuni.ti-On Circ,"its: Prirn.arJJ a,nd Seamdary Tests"; No. 4: 
"U•• and Abuse of the Vaeuum Gauge in Motqr Analyris. 
Checkin(l V alte A ct'ion, Cornpressi.on Checks" (also Testint1 
Fuel Pu.mps, Gasoline Lfoes, Vacuum Pump, Etc.); No. 5: 
"Wlt11 Do We Time a Mot01'. Detonation Knocks, Pings": 
No. 6: "ClteckiwJ Voltage Reou!alors." 

IGNITION TIMING LIGHT (Stroboscopic type). Litera­
ture: Write Allen Elect.ric & Equipment Co.1 l{nlamazoo, 
1\'lich.; "bu;trur1,:ons for Usina Edelmann Timinq lft{Jht . .'' 
Write E. Edelmann & Co .. 2332 Logan Blvd., Chicago Ill.; 
Joseph Weidenhoff, lno., 4340 Roosevelt Road, Chicago, Ill. 

JACKS, CAR LIFTING. Literature: See page 69,i. 

LATHES. Catalogue: "Modern. Scroice Shop Equipmenl 
Catalog." Write South Bend Lathe Works, South Bend. 
Ind. Catalogue: Write Atlns Press Co., Kalamazoo, Mich., 
Book: "How To Run. a. Lothe, 11 128 p~ges, 350 illustrations: 
(price 2,:; cents). Writ,e South Bend L:1the Works, South 
Bend, Jud. Book: "Manual of Latlic Operation," 234 pages, 
304 illustnttions (price Sl.00). Write Atlas Press Co., I,ala­
mazoo, l\ilich. 1\·'lention Dyke's Atttom.obile Encyclopedia. Sec 
also pa.ge 694, and ··service Bulletins.'' next page. 

LEAD BURNI),"G. See "Soldering," and pages 585, 5$2. 

LIFTS, ELEC'l'lUC (AUTO). Literature: Write Curtis 
Pneumatic Machinery Co., 1987 Kienlen Ave., St. Louis, Mo.; 
The United States Air Compressor Co., Cleveland, Ohio; The 
Wayne Pump Co., Fort Wayne, Ind.; Walker Mfg. Co., Racine, 
Wis. 

LIFTS, HYDRAULIC (AUTO). Literature: Write Curtis 
Pneumatic Machlnery Co., 1987 J{ienlen Ave., St. Louis, i\!o.; 
,Tohn Bean Mfg. Co., Lansing, Mich.; The United States Air 
Compressor Co., CleYeland, Ohio; Weaver Mfg. Co., Spring­
field, Ill. 

LIGHTING. Booklet: "Safety Lightino S,:n;ice Manual." 
Write General Electric Co., Nela Park, Cleveland, Ohlo. 

LUBRICANT. Literature: "Orel for Rubber and Chassis 
:Bearings." Write E. I. dtll'ont de Nemours & Co., Inc., 
"Zerone0 Division, Wilmincton, Dela.ware. 

LUBRICATION; COMBUSTION CHAMBER or UPPER 
CYLINDER. Literature: Write Acheson Colloids Corp., 
Port Huron, Mich. 

Sul>jcct."S formerly on t.his page n.rc now on pages G02, 69:J. 
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AUTOMOTIVE SERVICE AND OTHER LITERATURE (Alphabetically Arranged) 
A continuation of self-education is always ad- nATTERY. Manual: "Globe Balwry Smict Manual." 

• bl Tl dito d bl' h f th· b I Write Globe-Union Ine., !vlilwnukee, Wis. Manual: .. USl, Visa e. 1e e I' an J)U IS ers O IS 00;: are Battery Seri-ice ,lfa.nrml." Write USL Battery Corp., Adv<.>r-
a!ways anxious to commend, encourage, and assist tising Dept., Niagara Falls, N.Y. Manual: "A Comp/eta 
those seeking proper automotive knowledge. Manual of Technical 111.formation." Write Thomas J\. Edi-

son, Inc., Emark Battery Division. Kearny, N.J. Manual: 
Below are listed firms from whom up-to-date and "The Starting <tncl Lighting B~tery.'' Write Willard Storage 

Battery Co., Cleveland, Ohio. Literature: Write The J, lee­
valuable literature can be obtained on the subjects trio Storage Battery Co., 19th St. and Allegheny Ave., Phila­
mentioned. In writing to the various concerns, delphin, Pa. 
mention Dyke's Jlt,lornol>ile and Gasoline Engine BATTERY CHARGERS, TESTERS, Al'<'TI SER\'ICI•: 
Encyclopedia, as they have agreed to serve our EQUIP:\1ENT. See pages 585, ,;55_ 
readers. Literature is gratis unless a price is given. BODY AND FENDER REPAIRING. Book: "'.{uto-

The list was prepared in 1939 and literature bearing other 
titles may now be available instead. In calling for a specific 
title, we suggest adding to your letter the words, "or $"i-,m·tar 
literature.'' 

If in writing for literature, no reply is received, we will t,hank 
our readers to notify A. L. Dyke, 400 lllarket St., St. Louis, Mo. 

To obtain literature on subjects not mentioned below, 
nddress A. L. Dyke, 406 Market Street, St. Louis, l\lo. ::1-len­
tion the subject in which you are interested, and directions for 
i',,b!~\~tt!~• literature will be furnishod you if the information 

ACETYLENE. Literature: "Prest-O-L,1e lJissoZ.ed ,1cety• 
lene" giving information such as rated capacities of Prest-0-
Lite cylinders, where obtainable, etc. Write The Linde Air 
Products Co., 30 East 42d St., New York, l\.Y. 

A.E.A. TUNE-UP SERVICE MA:-ICAL (price S2.00). 
Write Automotive Electric Association, 800 Mfobigan Bldg., 
Detroit, !VIich., for descriptive literature, ·which includes infor­
mation on the .4EA Tune-Up Syste-111. 

AIR BRAKES. Manual: "Mai11te11crncc Ma11ua/'' dealing 
with description, 01,cration, maintenance, nod fitting of BendiJ<­
Westing.house automotive air-brake equipment. \Vrite Ben­
dix-Westinghou,se Automotive Air Brake Co., 5001 Centre 
Ave., Pittsburp;h, Pa., aud incl<)$e 25 cent:$ in stamps and ask 
for "D.W. 1027."' Be sure and mention Dyke's Automooilc 
E1icyclo1,edfo,. Book.let: ''Service a-nd ~A1ai11tenance 111/orm.a­
tion on Wagner Ai,· !Jmkes" (SD-377E). Write Wagner 
l"ectrio Corp., Automotive l"urts Division, EHOO Plymouth 
Ave., St. Louis, lllo. Descriptive Bulletin: "Wayner Air 
Brakes" (KU-12) describes rotary compre.ssor. Write Wagner. 

AIR COMPRESSORS. Literature: Write Brunner lVIfg. 
Co., Uticn., N.Y.; Curtis Pnewna.tic iJ,\chinery Co., 19&7 
J<ienlen Ave., St. Louis, Mo.; Hobart llrothcrs Co., Trov, 
Ohio; The Imperial llross Mfg. Co., Chicago, UI. (compressor 
for paint spray work only); The United Stutes Air Compressor 
Co., Cleveland, Ohio; 'I'he Wayne Pump Co., Fort Wayne, 
Ind. 

ALIGNi\ffiNT OF WHEELS AND AXLES. (Also brake 
service equipment nnd wbeel balancers.) Literature: See page 
11 JO. See also page 694. 

ALU).'lINU!\1. Booklet: 1'1lfachininq Alwminum.," 32 
pnges. Write Aluminum Company of America, 801 Gulf Bldg., 
J'it,tsburgh, Pa. 

"ANTI-FREEZE AND COOLING SYSTEM. Manual: 
''Tlie Ei:eready Jfanual of Coolin(J System Sen-ice.'' \\trite 
National Carbon Co., Inc., 30 I,;. 42d St., New York, N.Y. 
Manual: '' Coo1'ino System Service J1anual.'' Write Willard 
Storage Battery Co., Cleveland, Ohio. Booklet: "A New Wa11 
1'0 Gi"t 1.Yfore Powl!t' from, Your CCLr." \Vrite E. I. duPont de 
~emours & Co., Inc., "Zerone" Division, \\'ilmington, Del. 

/\:-;TI-FREEZE TESTERS. See "'Hydrometers.'' 

ARMATURE WINDING BOOKS. Write The Goodheart­
Willcox Co., Inc., 2009 South Michigan Ave., Chicago, Ill. 

ARMATURES, GENERATORS, AND FIELD COILS. 
Catalog: "Automotiv-6 Replacement Armatures." i\lso con­
tains questions and nnswcrs prc_pnred by an ignition expert. 
Write E. Edelmann &: Co., 2332 Logan Blvd., Chicago, Ill. 

AUTOMOTJVE HOME STUDY COUnsK Q,restions 
and Answers on elementary and advanced /undanumlal pri11ci-­
ples. Seo advertisement in bnck of this book on Dyke's Self­
Starl.er. 

BALL BEARINGS. Booklets: "How To Serrice.'' Very 
instructive. Write M-R-C Bearings Service Co., Jamestown, 
N.Y. 

BATTE!tY. Book: See advertisement in back of this book. 

BATTERY. Magazine: "The B~tcru .~fan.'' In addi­
tion to containing general information. each monthly issue con­
tains 11n up-to-date dfrcclory of where to buy battery pa.rts, 
equipment, supplies, etc. Sample copy will bese11t free to read­
ers of Dyke's Automolrile Encyclopedia. Write The Battery 
Mnn Publishing Co., Terre Haute, Ind. 

11wtr:,e Body and Fcndi:r Rep<Lirs" by C. E. Packer. 325 pages. 
232 illustrations. Everything from laying out 11 shop 1tnd 
selection of tools to refinishing cur (price S3.00). Descrip­
tive circular free. Write The Goodheart-Willcox Co., Inc., 
2009 S. lllichigan Ave., Chicago, lll. 

DODY AND FENDER REPAIRING TOOLS. Catalogue 
or Literature: Write Albertson & Co., Inc., Sioux City, lown 
(solder s1m1y gun and sander); Blackhawk l\Hg. Co., Mil­
waukee, Wis. ("Porto-Power" nydruulic unit for all kinda of 
straightelling work); Bonney Forge & Tool Work.,, Allentown, 
Pa. (tools); Duro Metal Product-s Co., 2649 N. l(ildare Ave., 
Chicago, Ill. (tools); Ernest Holmes Co., Chattanooga, Tenn. 
(solder spray gun); Herbrand Cor_p., Fremont, Ohio (tools); 
Rent-i\1oorc Organization, foe., Detroit, Mich. (tools and 
equipment); Snap-On Tools Corporation, Kenosha, Wiis. 
(tools); Stanley Tools, New Britain, Conn. (tools); United 
Stat-es Electrical Tool Co., Cincinnati, Ohio (sander); Vlchek 
Tool Co., Cleveland, Ohio (tools); Weaver :\-lrg. Co., Spring­
field, Ill. (pneurnat.ic hammer). 

BRA ll.'ES. Literature: See footnotes, page 1083 (Lock­
heed) and page 108S (Bendix) BRAKES,AIR. See "Air Brakes." 

BRAKES, HYDRAULIC. Booklet: "How 7'o Bleed a»d 
Refill Hydraulic • Bmke Sysl<'ms" (HU-17). Write Wagner 
Electric Corp., Automotive Parts Di\,ision, 6400 Plymouth 
Ave., St. Louis, i\lo. See also footnotes, pages 108:J, 1088. 
Literature: (NU-19) cx\Jlaining the i;rinci71le of operat;on of 
the NoRoL os applied to >ydraulie br:ikes to prevent car rolling 
backward during a momentary stop. Write Wagner Electric 
Corp. Service Tool Catalog (fIU-9), describes nil tools needed 
in servicing hydraulic brakes. Write Wagner Electric Corp. 

BRAZING. See "Soldering." 

CARWASHER EQUIPMENT. Literature: Write Curtis 
Pneumatic l\Iachinery Co., 1987 Kienlen Ave., St. Louis, Mo.; 
Hobart Brothers Co., Troy, Ohio; The Imperial Bross Mfg. 
Co., Chicago, Ill.; The Rot:.washer Corp., Cleveland, Ohio; The 
Wayne Pump Co., Fort Wayne, Ind.; Weaver Mfg. Co., Spring­
field, Ill. 

CARBGRETION AND CARBURETORS. See advertise­
ment of Dy~•• CCJ1"b1trewr Book in the back of this book. 

CARBURETOR TESTERS. See "Vacuum Tester (Mer­
cury Column),'' ''Testing lnstrun:1.ent~'' and "Exhaust Oas 
Analyzers." 

CARBURETORS. Manual: "lvlotor Tune-up a11d Carbu­
retor lnstruct1·on.," (price Sl.00). "'rite Carter Carburetor 
Corp., Sales Department, 28J4 N. Spring Ave., St. Louis, Mo. 

CARE OF CAR; POLISHING, UPHOLSTERY, ETC. 
Literature: Write E. I. duPont de Nemours & Co., Inc., 
Finishes Division, Wilmington, Del. 

CLEANING. Booklet: "Tl,e Automotive Cleaning Hand­
book." Write Magnus Chemical Co., Inc., Garwood, N.J. 
Booklet: "Modern Oakite Cleanillo Methods.'' Information on 
t.ank, automatic washing machine or steam cleaning for every 
part of a. car; includes dntn. on reverse flushing of radiators and 
removal of scale, rust from water jackets of engines (including 
Diesel engine water jackets), clogged radiators, etc. Write 
Oakite Products, Inc,, 22 Thnmes St., New York, N.Y. Book­
let: "Ki-Sol No. 8" (a solvent) for cleaning carburetors and 
fuel pumps. Write Ki-Sol' Corp., St,. Louis, Mo. 

CONNECTING RODS. Literature: Exchan~e nnd bab­
bitting service. Write Clawson & Bnts, Inc., 4701 W. Lnke St .. 
Chicago, Ill.; Federal-Mogul Service, Division of Federal­
Mogul Corp., 4809 John R. SL, Detroit, Mich. (See also 
"Engine Bearings" footnote 6, ptlge 786.) 

COURSE. See "Automotive Home St-ucly Courst," "Eno1·11e 
Tune-Up Course/' "lonition Course.'' 

DIESEL ENGINE. Booklet: "Diesel-the llfodern Power." 
Developments from Dr. Diesel's mysterious clisappearnnce to 
the modern strenmlino trains. Operation of tho Diesel engine 
nnd wherein it differs from the gasoline engine. Write Depart• 
ment of Public Relations, General Motors Corp., Detroit, 
Mich. See also "Lubrication-Panorama of· Lubrication." 
Literature: "Special Diesel Serrice 1'ools.'' Write Kent-Moore 
Organization, Inc., Detroit, l\Hch. Book: Write Tbc Good­
heart-Willcox Co., Inc., 2009 S. Michigan Ave., Chicago, UJ. 

See index, page 123-1, for book• nnd bookl~ts dealing with various subjects. Subjects formerly on this pnge are no\\· on page 689. 
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Fig. 30. End elevation, showing the rafter construction 
and the finishing facia boards on the caves. 

The rafters nre built up in a manner similar to thnt used on 
large garages now so popular. Each one, or each pair, consists 
of a cross-piece that rests ort top of tho plates M the sides and 
is notched at the ends, to receive the ends of the convex rafter 
pieces. The pattern for one of these pieces, with dimensions, is 
shown in the drawing (Fig. 31). After the three main parts 
are fitted to form one mfter o.cro"5 the building, they are 
fastened together with short pieces of boards, which can be cut 
from scrap. The rafters arc set on the plates 16 inches apart 
from <:enter to center. 

k?? =t9 
Fig. 31. Pattern layout for the rafter pieces and tho finish­

ing facia boards for the eaves at the ends. 

The sheathing boards are nailed to the curved edges of the 
rafters lengt.hwise, noel as the material list calls for boards 12 
feet Jong, one and one-ha1f lengths will co,•er the rafters and 
allow I foot projection at each end for the eave. The facia 
boards are cut on a curve in the same manner ns the rafter -
pieces, and the under side is cut as shown in the detail, so as to 
make a ncat-Bppcaring connection to the end of the frieze 
boards. Straight facia boards are fastened ·on the eaves, at 
the sides, in the same manner, and a frieze board is nailed to 

the under side, the ends being finished, as shown in the detail 
drawing (Fig. 31). 

Prepared roofing is fastened to the sheathing in the usual 
manner, beginning the layers at the cave and finishing in the 
center, allowing the center piece to overlap on both sides. 

The windows consist of four single casements, two being 
placed on each side. These can be of any si,e to suit the 
builder, and can be bought from a mill ready to be set into the 
openings cut for them. 

The doors can be made up of the same material as that used 
for the siding and battened together, or, if a. more elaborate door 
is desired, they can be purchased at a reasonable price, paneled 
nnd with a 1dass in the upper part. If paneled doors are used, 
18 boards can be deducted from the siding-material list. The 
double doors will require fastenings at the center and, in 
placing tile concret<> floor, a keeper should be set in the smfnce 
cement for the foot latch. The upper keeper can be at.tnched 
to the encl rafter cross-piece. The usual hardware is necessary 
for the srnnll door at the opposite end. 

Material List 
Concrete floors: 2 bbls. cement; •1.f> cu. yd. cinders; 2.2 cu. yd. 

sand; •i.3 cu. yd. gravel. 

S111s, plates. and st,.,/s: 6 pieces, 1G ft. long, 2X4 in.; 4 pieces, 
12 ft. long 2X-l in.; 20 pieces, 8 ft. long, 2X4 in. 

Sidinu: 00 boards, 8 ft. long, 7 /8XS in.; 90 battens, 8 ft. 
long. 

Rafter.: 10 boards, 14 ft. long, 7 /8X8 it1.; 10 botirds, 14 ft. 
long, 7 /8X4 in. 

Roofing: Enough sheathing boards, 12 ft. long to cover 260 
sq. ft.; enough prepared roofing to cover 260 sq. ft. 

Windows: 4 single casements. 
Finuhinu pieces: 2 frieze boards, 18 ft. long, 7/S"Xl ft.: 

2 facia boards, 18 ft. long, 7 /8"X4 in.; 4 fa-0ia boards, 8 ft. long, 
7/8"Xl ft.; 8 corner boards, 8 ft. long, 7/S"X,1 in.; 6 door-
facing boards, 8 ft. long, 7/8"X4". . 

Ho:rdware: I pair of door binges; 1 door lock; 3 pnirs of 
heavy door hinges; 1 foot latch; 1 upper latch; 1 large door lock; 
10 lb. 20-penny nails; 20 lb. $-penny nails; lO bolts, with double 
washers, 1/2"X5 in. 

A garage built up in this manner and well pa.inlcd will last 
for years, and if it becomes necessary t,o move it, nothing will 
be lost except the concrete floor, n.s the building can be lifood 
from the bolts nod taken away bodily. (Poplllar Mechanics.) 

Galvanized iron garages for home use can be rurohnsed ready 
to assemble; likewise sectional garages made o wood. 

Fig. 1. Service department paint and color combinations.• Three color combinations $Uggestcd for dealers' service depart­
ments. 

(1) Upper side walls and ceilings, aluminum; side wall stripe, red; lower side wall, tan; floor, light gray; lubrication lift, orange; 
lubrication lift trim, black; equipment, gray; entrance doors1 cream; entrance door panels, whlte; entrance door push plate, black. 

(2) Upper side walls and ceilings, glossy ivory; floor, dust gray; equipment, red; entrance doors, gray; otherwise same as(!). 
(3) Upper side walls and ceilings, gloss white; lower side ,mils, gray; floor, dust gray; equipment, red; entrance doors, yellow; 

otherwise same as (1). 

1 Excerpts and illustration from Ford Service Bulletin, March, 1935, in which the three combination colors were shown. 
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West Virginia 
A. E. Supply Co ........................... Parkersburg 
T. T. Hutohisson & Co ..................... Wheeling 
M<>t?r Car Supply Co ...................... Charleston 
Williama Hardware Co ..... ,.,.,.,, ...... , .Clarksburg 
Van Zandt Leftwich Auto Supply Co ......... Huntingto11 
Baldwin Supply Co ........................ Parkersburg 

Wisconsin 
Andrae & Sons Co., Julius ................... Milwaukee 
Clemons Auto Supply Co ................... Eau Claire 
Phillip Gross Hardware Co .................. Milwaukee 
Shadbolt & Boyd Iron Co ................... Milwaukee 
Wisconsin Auto Sup. Co .................... Wausau 

Wyoming 
Casper Supply Co.. . . . . . . . . . . . .. . . .. . . .... Cnspcr 
\Vyou'\illg Autornot..ivc Co., ... ,.. . .... Cn~pN' 

Canada 
Bennet & Elliott, Ltd. . . . . . . . . . . . . . . Toronto, Ont 
Bowman Bros .. Ltd . ....................... Saskatoon,Sa..'"{k. 
Canadian Fairbanks-Morse Co., Lt.cl .......... ?\1ontreal. Que. 
.las. Cowan & Co., Ltd ..................... l,ondon, Ont .. 
Canadian General Electric Co ............... Toronto, Ont. 
Cutten & Fost.er, Ltd ...................... Toronto, Ont. 
It. G. Edgcombe Co., Ltd ...... , ... , ........ London, Ont. 
Garage Supply Co ......................... Toronto, Ont. 
Ludger Gravel & Fils ...................... Montreal, Que. 
Hyslop Bros., Ltd .... , ....... , ............. 'l'oront.o, Ont. 
Keyes Surply C<>., Ltd., .... ·.· ............. Ottawa, Ont. 
MacKenzie, White & Dunsmuir, Lid .. , ...... Vancouvcr,B.C. 
.John Millen & Son, Ltd .................... Montreal, Que. 
l\fotor Car Supply Co. of Canada, Ltd ..... , . Calgary; Alb. 
Toronto Auto Accessories Co., Ltd ........... Toront-0, Ont, 
Uowinan-Anthony Co: . .................... \Vindsor, Out. 
l\laritime Acccssoric.s, Ltd .................. lfolifax, N .8. 

MANUFACTUREHS OF (GASOLINE) PASSENGER AUTOMOBILES 
Ajax Motors Co., Racine, Wis. 
American Motors Corp. or N.J., Plainfield, N . .I. 
Apperson Automobile Co., Kokomo, Ind. 
Auburn Automobile Co., Auburn, Ind. 
lhy State Motor Co., Frarningharn, l\foss. 
Beggs Motor Car Co., Kansas City, 11-lo. 
Buick Motor Co., Flint, Mich. 
Cadillac Motor Car Co., Detroit, Mich. 
Case T. 111. Co., J. I., Racine, Wis. 
Chandler :Motor Car Co., Cleveland, Ohio. 
Chevrolet Motor Co., Detroit, Mich. 
Chrysler Sal"" Corp., Detroit, Mich. 
Cleveland Automobile Co., Cleveland, Ohio. 
Cole Motor Car Co., Indianapolis, Incl 
Courier Motors Co., Sandusky, Ohio. 
Cunningham, Son & Co., Jamee, Rochester, N.Y. 
Davis Motor Car Co., Geo. W., Richmond, Tn<I. 
Diana. Motors Co., St. Louis, Mo. 
Dod11e Brothers, Inc.1.Detroit, Mich. 
Dorris Motors, Inc., i::5t. Louis, l\1o. 
Dusenberg Motors Co., Indianapolis, Ind. 
Durant Mot.ors, Inc., Lansing, l\llich. (Star). 
Durant Motors, Inc., New York, N.Y. (Star, Flint, Locomobile) 
Elcar Motor Co., Elkhart, Ind. 
Essex-See Hudson Motor Car Co. 

• Flint Motor Co., Flint, Mich. 
Ford Motor Co. (Highland Park), Detroit,, Mich. 
Franklin Mfg. Co., H. H., Syracuse, N.Y. 
Gardner Motor Co., St. Louls, Mo. 
Gray iVIfg. Co., Detroit, Mich. 
H. C. S. Cab Mfg. Co., Indiannpolis, Ind. 
Hertz (See Yellow Truck & Coach Mfg. Co.) 
Hudson Motor Car Co., Detroit, Mich. (Essex, Hudson). 
Hupp Motor Car Corp., Detroit, Mich. (Hupmobilc), 
Jewett (see Paige-Detroit Motor Cnr Co.) 

Jordan Motor Car Co., Cleveland, Ohio. 
J(issel Motor Car Co., Hartford, Wis. 
Lincoln Motor Co. (Div. of Fore! Motor Co.), Detroit, Mich, 
Locomobile Co. of America, Inc., Bridgeport, Conn. 
McFarlan Motor Corp., Connersville, Ind. 
Mercer Motor Car Co., Trenton, N .J. 
Ml)ller Motor Car Co., M. P., Hagerstown, :11d. (Dagrnnr). 
Moon Motor Car Co., St. Louis, l\lo. 
Nash Motors Co., I<enosha, Wis. 
Nordyke & Marmon Co., Indianapolis, Ind. (:11armon). 
Oakland Motor Car Co., Pontiac, Mich. (Oakland, Pontiac). 
Olds Motor Works, Lansing, Mich. (Oldsmobile). 
Overland (See Willys-Overland, Inc.) 
Packard Motor Car Co., Detroit, Mich. 
Paige-Detroit Motor Car Co., Detroit, Mich. (.Jewett, Pai~o). 
Peerless Motor Car Co., Cleveland, Ohio. 
Pierce-Arrow Motor Car Co., Buffalo, N.Y. 
Pontin.c (see Oakland Motor Car Co.) 
Reo Motor Car Co., Lansing, Mich. 
Rickenbacker Motor Co., Detroit, Mich. 
Roa.mer Motor Car Co., (Canada) Ltd., Kalamnzoo. :llich. 

(Barley). 
Rollin Motors Co., Cleveland, Ohio. 
Rolls-Royce of America, Inc., Springfield, llfass. 
Star (see Durnnt Motors, Inc.) 
Stearns Co., F. B., Cleveland, Ohio (Stearns-Knight). 
Sterling Knight Co., Warren, Ohio. 
Stevens-Duryea Motors, Inc., Chicopee Falls, Mass. 
Studebaker Corp. of America, South Bend, Ind. 
Stutz Motor Car Co. of America, Inc., Indianapolis, Ind. 
Velie Motors Corp., Moline, Ill. 
Wills Sainte Claire, Inc., Marysville, Mich. 
Willys-Ovcrland, Inc., Toledo, Ohio (Overland, Willys-Knight). 
Yellow Truck & Coach Mfg. Co., Chicago, rn. (Hertz). 

A HOME GARAGE FOR ONE MACHINE 
The home garage shown in Fig. 27 is designed for housing 

one machine, and to given. little space about. it so that a person 
can clean the exterior of the automobile aod do small repairs. 

Tbe fu:st thing to be considered is the foundation, or base, 
which is ,nade of concrete (Fig. 28). Tho earth should be 
excavated for a. depth of 6 incb"'3, and to the exact dimensions 
given for the floorJ'lan. The hole is then filled with cinders, 
well tnmpcd in an leveled on top. A frame about 4 inches 
high, is built up of cheap lumber, so that the space within 
measures 12 ft. wide and 16 ft. long, except a.t the double-door 

opening ·where a. sloping runway is formed 
for the easy entrance of the automobile. 
A 2-inch layer of concrete-a mixture or 

• 1 part cement 2 parts aand, and 4 parts 
gravel, or crushed stone-is placed on top 
of the cinders, and a ne.at mixture of cement 

·.., and sane!, ½ inch thick, is placed on the 

t concrete arid made perfectly level. When 
putt.ing in the concrete, ½-inch bolts, about 

• 5 inches long, are set in the edge with the 

-

1
,. threaded end extendedabout3inchesabove 

the upper surface of the cement, and in line 
I""""'""",_.,..,.· with the cent<>r of the 2 by 4 inch timber 

$U. CO><$TRUCTIOK lL5ed as a sill. The det~il of this construc-
l•'i~. 28 lion is shown in the sketch. About four 

of these bolts should be set on ead1 side, three on the end, 
and one on each side of the double doors. 

The corner posts and studs are cut so that their length, 
togethe.r with the thickness of the sill and tbe two pieces for 
the plate, will measure 8 feet. This is the proper length to 
cut the boards without waste from standard lengths of lumber. 
Alter raising the corner posts nnd studs, and nailing the plate 
pieces on top, the siding boards are nailed on vertically to the 
plate and sill, and the battens are nailed over the join1s. 

_., 

'
/J 

·-- l 
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h--- ..... 
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Fig. 29. Floor plan, showing the location of the sills, studs, 
and corner posts on the concrete Boor. 
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Missouri 
Ayers Auto Supply Co ....................... St. Joseph 
Beck & Corbitt Co .......................... St. Louis 
Campbell Iron Co ........................... St. Louis 
Fred Campbell Auto Supply Co .... , ........ , St. Louis 
E9uipment Co., The .. , ................. , ... Kansas City 
Richards & Conover Hdw. Co ................ !{arums City 
The Faeth Co .................... , ......... Kansas City 
Joplin Supply Co ........................... Joplin 
Myers Tri-State Supply Co .................. Joplin 
Kansas City Automobile SupplJ)' Co ........... Kansas City 
Ozark l\fotor Supply Co ......... , ........... Springfield 
Peake Auto Supply Co ...................... Kansas City 
Herman Brownlow Co. , .. , . . . . . . . . . . . . ..... Springfield 
The Straus Company ....................... St. Louis 

Montana 
:-iorthwestern Auto Supply Co ..... . ....... Billings 

Nebraska 
W. M. Dutton & Sons Co ........... , ....... Hastings 
Nebraska-Buick Auto Co .................... Lincoln 
Storz-Western Auto $up. Co ................. Omaha 

Nevada 
Nevada Auto Supply Co., ..... . 

New Jersey 
Economy Auto Supply Co . ........ . 
Elin Auto Supply Co .............. . 

New York 

. . . Reno 

.. . Newark 
. .Ne'"''ark-

Albana. Hdwc. & Iron Co ........ , ...... , .. , . Albany 
Auto Hardware & Equipment Co ..... , ....... New York 
Bushwick Auto Supply Co ....... , ......... , .Brooklyn 
Chapin-Owen Company ..... , ...... , ...... , . Rochester 
Farrell Auto Supply Co ...................... Brooklyn 
E. Krieger & Son .... , ..................... Brook_lyn 
I.owe Motor Supplies Co .................... New York 
Martin-Evans Company .......•............. Brooklyn 
Miller Auto Supply Co ...................... New York 
James Martin ............ , ............... ,. New York 
H. A. McRae & Co., Inc .......•............. T.roy 
Thos. J. Northway, Inc ...................... Rqchester 
Olmsted Company, The ..................... Syracuse 
Onondaga Auto Sup. Co ...............•..... Syracuse 
Perry & Sherman ........ , ... , ............. Utica 
W. E. Pruden Hdw. Co ..............•....... New York 
Rappole & Robbins, Inc ..................... Jamestown 
The Ready Auto Sup. Co., Inc ............... Brooklyn 
S. B. Roby Co ............................. Rochester 
W. H. Rowerdink & Son .................... Rochester 
Strauss Co., Jos., Inc ........................ Buffalo 
Superior Lamp & Automotive Equipment Co ... New York 
H. D. Taylor Co ............................ Buffalo 
Utica Cycle & Supply Co .................... Utica 
Weaver-Ebling Automobile Company ......... N!)w York 
Whipple's ................................. Brngbampton 
Whittemore-Sim Co., Inc .................... New York 
Barker, Rose & Clinton Co .................. Elmira 
Automobile Necessities Co ................... New York 
Walters Rubber Co ......................... Mineola. L.l. 
Lehr Auto Supp}x Co ........................ New York 
Pyramid Motor Equip. Co ................... New York 

North Carolina 
Boylan ·s, Inc ............................... Raleigh 
Carolinas Auto Supply House ................ Charlotte 
Glasgow-Stewart & Co. . . . . ................ Charlotte 
Odell Hardware Co.. . . . . . . . . ........ Greensboro 
Brown-Rogers-Dixson Co .... , ............... Winston Salem 

North Dakota 
Quanrud, Brink & Ileibold, Inc ............... Bismarck 

Oh.io 
Julius J. Bantlin Co... . . . . . . . . . _. ..... Cincinnati 
C. & D. Auto Supply Co.. . . . . . . . . . ....... Cincinnati 
Canton Hdwe. Co.. . . . . . . . . . . . . . . , .... Canton 
Dine-DeWees Company ..................... Canton 
Griswold-Sohl Co ........................... Colum.bus 
Hardware & Supply Co ...................... Akron 
Lewis Motor Mart Co ....................... Dayton 
Justus & Parker Co ......................... Columbus 
M. & M. Company ........................ , Cleveland 
Pennsylvania Rubber & Supply Co ........... Cleveland 
Roberts-Toledo Co .......................... Toledo 
Sells Company, J. H. and F. A ............... Columbus 
Toledo Rubber Company .........•...•...... Toledo 
Union Supply Company ..................... Toledo. 
York Supply Co .................•.......... Gree_nv,lle_ 
I. J. Cooper Rubber Co, .................... Cmcmna11 
The M. D. Larkin Co ....................... Dayton 

Oklahoma 
J.B. Burwell Supply Co ..................... Oklahoma City 
Severin 'rire & Supply Co ................... Oklahoma City 
R. V. Smith Supply Co ...................... OkfahomaC,ty 

Southern Motor Sup. Co ................ , .... Oklahoma City 
Wollf-Eagen Motor Supply Co ............... OklahomaCity 
Sharp Auto Supply Co ....................... OklahomaCity 
Shawnee Motor Sup. Co ............ , ........ Shawnee 

Oregon 
Ballou & Wright ........................... Port.land 
P. J. Cronin Co ............................ Portland 
Wiggins Co., Inc.. . . . . . . . . . . . . . . . . ... Portland 

Pennsylvania 
Berrodin Auto Supply Co. . . ......... , . . . . Philadelphia 
Cahall Motor Supply Co.. . . .. Philadelphia 
Casanave Supply Co...... . .............. Philadelphia 
Gaul, Derr & Shearer Co .................... Philadelphia 
General Automotive Sup. Co .. , ........ , . . . . Harrisburg 
Jackson Motor Supply Co ................... Pittsburgh 
Johnstown Automobile Co .. , ................ Johnstown 
D. T. Lansing Co., Inc ...................... Scranton 
J. H. McCullough & Son .................... Philadelphia 
C. H. Miller Hardwo.re Co ............. , ..... Huntingdon 
Motor Acceasories Co ........................ Allentown 
Geo. W. Nock, Inc ........... , ... , .......... Philadelphia 
Philadelphia Motor Accessories Co ............ Philadelphia 
Pittsburgh Auto Equipment Company ........ Pittsburgh 
H. C. Roberts Electrical Supply Company ..... Philadelphia 
Supplee-Biddle Ho.rdwo.re Co ................. Philadelphia 
E. Mather Co .............................. Harrisburg 

Rhode Island 
Belcher & Loomis Hdw. Co ................. , Providence 
Good by-Rankin Company ................... Providence 
Providence Auto Equipment Company. , ...... Providence 
Waite Auto Supply Co.. . . ... Providence 

South Carolina 
D. W. Alderman, Jr .. Inc ........ . 
Cameron & Barkley Co ... . 

. .Florence 

. , Charleston 

South Dakota 
Graff Motor Supply Co.. . . . . . . . . . . . . ...... Sioux Falls 
\\Tatertown ?\-lot.or Accessories Co... . .... , Watertown 

Tennessee 
l\foClung & Co., C. M ...................... Knoxville 
M.ills-Morris Company ...................... Memphis 
Orgill Bros ............ , .................... Memphis 
Ozburn-Abston & Co ..................... , .. Memphis 
Southern Auto Supply Co., ....... , .......... Chattanooga 
Keith Simmons Co., Inc.. . . . . . Nashville 
Duford Bros .................. , ............. Nash ville 

Texas 
Archenhold Automobile Supply Company ..... Waco 
Borderland Auto Supply Company ........... El Paso 
Corpus Christi Hdw. Co. . . . . . . . . . . . . . ... Corpus Christ,i 
Automotive Appliance Co ......... , .... Dallas 
Equipment Co. of Texas .............•...... Ft. Worth 
Ferris Simpson Auto Supply Co .... , .......... Dallas 
General Auto Supply Co ..................... Amarillo 
Herrick Hdwe. Co .......................... Waco 
Hans Johnsen ....................... , ...... Dallas 
McCauley- Ward Motor Supply Company ..... Waco 
McLcndon Hardware Co .............. , ...... Waco 
Miller Company. The ....................... Waco 
M6rrcm•, Wm, L ................•.......... San Antonio 
Roper, Harris & Dunn Co ................... Greenville 
Southern Equipment Co .. ........... , .. , .... San Antonio 
Straus-Frank Company . .................... San Antonio 
Tips Company. The Walter .................. Austin 
Tri-State Motor Company ................... El Paso 
Wilson Hdwe. Co., E. L ...... , .............. Beaumont 
J.P. WootenCo .................•......... Abilene 
Schoellkopf Co ............................. Dallas 
Auto Equipment Co ......................... Wichita Fall, 
Peden· Iron & Steel Co.. . . . . . . . . . . . Houston 

Utah 
Inter-Mountain Electric Co .................. Salt Lake City 
Geor1:e A. Lowe Co .............. , ...•...... Ogden 
Motor Mercantile Co ........................ Salt Lake City 
Salt Lake Hardware Co ........... , .......... Salt Lake City 

Vermont 
Vermont Hardware Co ...................... Burlin~ton 
Hagar Hdwe. & Paint Co ......... , ... , . Burlington 

Virginia 
Benj. T. Crump Co .. Inc ...... , . Richmond 
Norfolk Motor Equipment Co ................ Norfolk 
Owens-Merritt Co., Inc ...................... Danville 
Piedmont Hardware Co ................. , . . . Danville 
E. L. Taylor & Co., Inc ..................... Richmond 
Benton Bailey Co ........................... Richmond 
Ricl!mond Hardware Co ..................... Richmond 

Washington 
Child, Day & Clrurchill, Inc ..... . 
Reynolds & IGng. Inc ... , 
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If you are a dealer doing repair work, send for catalogue of 
firm nP.arest to you. 

Alabama 
Johnson Tire & Auto Co ... ............ , .. ).lontgomery 
Long Lewis Hd"e· Co.. . ... , ,., ........ B05SCll\er 

Arizona 
;'\lotor Supply Co ..... ........ Phoenix 

Arkansas 
Atkinson-Williams Hdw. Co ... , .............. F?rt. Smith 
Crow-Burlingame Co ........................ Little R9ck. 
Ft. Smith Auto Sup. Co ............ , ........ Fort Smith 
Turner Auto Supply Co..... . . . . . . . . . . . . . . . . Texarkana 
Voss-Hutton Mfg. Co..................... . Little Roek 

Californ:a 
-rhe Banta Company ...................... Los Angeles 
California Auto Supply Co ................... Stockton 
Chanslor & Lyon Co .............. , ......... San Francisco, 
Fr. A. Fea.tberstone, Inc .. ................. , .. Los A i:tgeles 
p, W. Gavin Company......... . ... San Diego 
Kay Motor Supply Co.. . . . . . . . . . ... Los Angeles 
Kimball Upson Co....... . ... Sacrament? 
McCoy Motor Supply Co. . . . . . . . ........... San Francisco 
Motor Hardware & Equipment Co ............ San Diego 
James S. Remick Co., Inc.. . ... Sacra~ent!'.) 
Waterhouse & Lester Co.. . . ... San }, ranc,sco 
Weinstock-Nichols Co. . . . . . . ... San Francisco 

Colorado 
Auto Equipment Company .................. Dell\'Cr 
Foster A.uto Supply Co .......... , ........... Denver 
Hendrie & Bolthoff Mfg. & Supply Co . . .... Denver 
Moore Hdwe. & Iron Co ..................... Denver 
M~tor Accessory & Tire Co ..... .- ............ Pueblo 
Qu,nn & McGill Mo½>r Supply Co ............ Denver 
D. K. Sweeney Electrical Co ................. Denver 

Connecticut 
Horton-Gallo-Creamer Co .......... , ......... New Haven 
Magic Auto Supply Co.. . . . . . . . . ... Hartford 
The C. S. l\'1ers1ck & Co ..................... New Haven 
Post & Lester Company ..................... Hartford 
Hessell & Happen ................... , , ..... New Haven 

District of Columb:a 
Chas. Rubel & Company. . . . . . . . . . . . . . . . Wasrungton 
Rudolph & West qompa.ny .................. Washington 
Southern Automobile Supply Co ....... , ...... Washington 

Florida 
Berner Peru,e Co ................. , .. , .. , .... ;vliami 
Bunny Supply Co., Inc........ . .1\1iami 
G. Norman Baughman Co ................... Tampa 
Consolidated Automotive Co.. . . . . . . . . . . . . . . Jacksonville 
C. W. Greene Co ........................... Tampa 
Knight & Wall Co.. . . . . . . . . . . . . . . . . • . Tnmpa 
Tampa Hdwe. Co. . .. , . . . . . . . . . . Tampa 
Wholesale Auto Supply House. . . . . . . . . . . .. Tampa 
Owen-Nicholas Co , Inc... . . . . . . . . Tampa 
Patrick'a Inc.......... . .. Jac.ksonville 

Georgia 
Alexander-Seewald Co... . . . . . . . . . . . .. Atlanta 
The Motor Supply Co., Inc ............ , ..... Savannah 
A. S. Hatcher Co .. , . . . . . . . . . .. Macon 
Butler Bros. Co., Inc.. . . . . . . . . . . . . .. Columbus 

Dlinois 
Automobile Supply Co ...................... Chicago 
Barrett Hdwe. Co ........................... Joliet 
Central Auto Equipment Co ................. Spr_ingficld 
Chicago Auto Equipment Co ................. Chicago 
Chicago Automobile Supply House. . . . . . . . . Chic!'go 
Clark-Smith Hardware Co....... . . . . . . . . . . . Peoria 

8. B. Collins Company .............. , ....... Danville 
Cumminga & Emerson .............. , ....... Peoria 
Electric Appliance Co ....................... Chicago 
Graham-Seltzer Company ................... Peoria 
E. D. Kimball & Co ........................ Chicago 
11:Io~r Car Supply Co ........................ Chic~go 
National Electric & Auto Supply Co .......... Pcona 
Sheridan Auto Supply, Inc .................. , Chicago 
Tenk Hardware Co ..... ..................... Quincy 
Universal Automotive Supply Company .... , .. Chicago 
Washington Auto Supply Co... . . . . . . ... Washington 

Idaho 
Bert.ram Motor Supply Co .. ........ . Boise 

Indiana 
Fort Wayne Iron Stores Company ............ Fort Wayue 
Mossman-Yarnelle Co ....................... Fort Wayne 
Orr Iron Company .......................... Evansville 
Wayne Auto Equipment Co .................. Fort Wayne 
The Gibson Co ............................. Indianapolis 
Central Rubber & Sup. Co ................... Indianapolis 

Iowa 
Robt. Donahue Company .................... Burlington 
R. F. & W. B. Fitch Co ..................... Oskaloosa 
Beeb Company ............................ Dubuque 
H~rring Motor Company. , ................. , Des Moines 
Mid-Wcot Auto Supply Co ................... Dubuque 
Repass Auto Company .......... , ........... Waterloo 
Sieg Company, ............................ ~avenporl 
Wm. Wsrnock Co., Inc ...................... S10ux City 

Kansas 
Johnson Bros. Auto Sup. Co .......... , .. , .. ,. Wichita 
M"""ey Hardware Co.... . . ... Wichita 
Motor Equipment Co ....................... Wichita 
Southwick Auto Supply Co ................... Topeka 

Kentucky 
Louisville Auto Supply Company ............. Louisville 
Pcaslee-Gaulbert Co.,.. . . . . . . . . . . . . . . . . J,.ouisville 

Louisiana 
Borden-Aicklen Auto Supply Co., Ine .......... New Orleans 
Electric AJ>plian~e Co ....................... New Orleans 
Interstate Electric Co ...... , ................ New Orleans 
,Jos. Schwartz Co .. ......................... New Orleans 
Southern Hardware & Woodstock Co .......... New Orleans 
Monroe Auto & Supply Co., Inc .............. Monroe 

Maine 
The James Dailey Co... . . . . , , .. . 
Darling Automobile Co ............ . 

. ....... Portland 
. . . . , ... Auburn 

Maryland 
Aut,o SuP,pl_y Company ........ , ... . 
R. W. Norris & Sons .............. . 
Holland, Baden & Ramsey ......... . 

. ...... , Baltimore 
. , ...... Baltimore 

.Baltimore 

Massachusetts 
Alsten-Gould.ing Co. . . . . . . . . . . . . . . . . . . Worcester 
American Motor Equipment Co .......... , ... Boston 
Bigelow & Dowse Co ...... , .. , ... , ... , ...... Boston 
Butts-Ordway Company ..................... Boston 
George Collins Co ........................... Boston 
Duncan-Goodell ............................ Worcester 
Hub Cycle & Auto Supply Co ................ Boston 
Lewis Automotive Equipment Co .. , ... , .. , ... Worcester 
Linscott Supply Co ......................... Boston 
Tarbell-Waters Company .................... Springfield 
Wetmore Savage Automotive Equipment Co .... Boston 
J. V, Wilson Co ............................ Boston 

Michigan 
Automobile Equipment Co.. . ......... , ... Detroit 
Automobile Supply Co ...................... Detroit 
Cumings Brothers ............... , .......... Flint 
General Sales Company ..................... Detroit 
L. M. llengesbaugb & Co ................... , Flint 
Tisch Auto Supply Co .. , ......•............. Grand Rapills 
Watkins & Radcliffe Co ..................... Detroit 
Tyler-Lowery Co .................... , .. , ... Bay City 
Sherwood Hall Co .......................... Grand Rapid• 
Forncrook Auto Supply ..................... Flint 

, Grier Sutherland Co ........................ Detroit 

Minnesota 
Duluth Auto Supply Co ..................... Duluth 
Minneapolis Iron Store Co ................... Minneapolis 
Nicols Dean & Gregg ....................... St. Paul 
Reinhard Bros. Company ......... , . . . . . . .. Minneapolis 
C. J. Smith & Company. . . . . . . . . . . . . . . . ... St. Paul 
W~~ern Motor Supply Co ................... Minneapolis 
Williams Hardware Co. . ........ 11-Iioneapolie 

1 Note: We are not responsible for wrong addresses or responsibility of concerns listed. These and •ome other lists in this book 
hnve. not. bP.P.n rP.vi~ed for som·e time. See footnote p. 685. 
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Marion: Ainerican Motori, Parts Co., Indianapolis, Ind.; 
Puritan Autoparts Co., Detroit, Mich.; Mid-West Auto 
Parts Co., Council Bluffs, Iowa. 

Marion-Handley: Mid-West Auto Parts Co., Council Bluffs, 
Io,"·a.. 

Mason: Puritan Autoparts Co., Detroit, lllich.; Mid-West 
Auto Parts Co., Council Bluffs, !own. 

Matheson: Matheson Co .. Frankl:"., Wilkes Barre, Pa.; Pu.ritan 
Autoparts Co., Detroit, Mich. 

Maytag: Puritan Autoparts Co., Detroit, )Iich.; Wichita Auto 
Wrecking Co., Wichita, Kans. 

Maxwell-Briscoe: l\llid-West Auto Parts Co., Council Bluffs, 
Iowa. 

Mercedes: Connecticut Auto Parts Co., Hartford
0

~onn. 
Meteor: Auto Gear Co., 844. Eighth Ave., New xork, N.Y.; 

Auto Gear & Parts Co., Atlant.~, Ga.; Meteor Car Co., 
Piqua, Ohio. 

Michigan: Puritan Autoparts Co., Detroit, Mich.; Standard 
l\fotor Parts Co., Detroit, Mich.; Mid-West Auto Parts 
Co., Council Bluffs, Iowa. 

Midland: Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 
Auto Gear and Parts Co., Atlanta, Ga.; Auto Parts Co., 
Houston, Tex.; Midland Motor Co., Philadelphia, Pa.; 
Puritan Autoparts Co., Detroit, Mich. 

Miller: Puritan Autoparts Co., Detroit, Mich. 
Milwaukee: Erbes, L. C., St. Paul, Minn.; Smith A. 0. Corp., 

Milwaukee, Wis. 
Mitchelf: Mitchell Motor Car Co., Racine, Wis.; Puritan Auto 

Parts Co. Detroit, Mich. 
Mogul: Auto Salvage Co., I{ansas City, Mo. 
Moline: Standard Motor Parts Co"- Freeport, Ill. 
Monarch: Puritan Autoparts Co., uetroit, Mich. 
Mora: Philadelphia Machine Works, Philadelphia, Pu.; 

Puritan Autoparts Co., Detroit Mich. 
Morgan: Steele, W. M., Worcester, 1\'lass. 
Moyer: Auto Salvage and Exchanc-e Co., Des '.i\1oines. Iown-: 

Puritan Autopurts Co., Detroit, Mich. 
Nance: Gorey & Co., Jos. C., 354 W. Fiftieth St., New York, 

N.Y. 
Niagara: Auto Gear & Parts Co., Atlanta, Ga. 
Northern: Puritan Autoparts Co., Detroit, Mich. 
Northwestern: Puritan Autoparts Co., Detroit,, Mio_h. 
Nyberg_: Puritan Autoparts Co., Detroit, .l';licb. 
Ohio: Puritan Autoparts Co., Detroit, Mich. 
Omaha: Puritan Autoparts Co., Detroit, Mich. 
Owen: Puritan Autoparts Co., Detroit, Mich. 
Owen Magnetic: Magr,eticAuto_Parts Co., 5th Ave. and l4~d 

St., New York, N.Y.; Puritan Autoparts Co., Detroit, 
Mich.; United Parts Co., Muncie, Ind. 

Palmer-Moore: Dayton Auto Parts Co., 1777 Broadway, New 
York, N.Y. 

Palmer-Singer: Auto Gear Co., 844 Eighth Ave., New York, 
N.Y.;,._Auto Pai-ts Co., St. Louis, Mo.; Puritan Autoparts 
Co., uetrott, Mich.; Singer Motor Co., 102 West End 
Ave., New :rork, N.Y. 

Parry: Puritan Autoparts Co.; Detroit, Mich. 
Partm-Pa!mer: Puritan Autoparts Co., Detroi.t, 11-Iich. 
Pathfinder: American Motor Parts Co., Indianapolis, Ind. 
Patterson: Patterson Motor Car Co., Flint, Mich.; Puritan 

Autoparts Co. Detroit, Mich. 
Penn: Buda Co., Harvey, Ill,; Puritan Autoparts Co., Detroit, 

Mich. 
Penn-Thirty: Puritan Autoparts Co., Detroit, Mich. 
Pennsylvania: Central Auto Supplv Co., Philadelphia, Pa.: 

Dougherty, Philadelphia, Pa.; Gorey & Co., Jos. C., 354 
W, l<'iftieth St., New York, N.Y.; Puritan Autoparts Co., 
Detroit, Mich.; Stehle, Remy W., Philadelphia, Pa. 

Peru: Puritan Autoparts Co., Detroit, Mich., 
Petrel: Filer & Stowell, Milwaukee, Wis., 
Pierce-Racine: J. I. Case T. M. Co., Racine, Wis.; Puritan 

Autoparts Co., Detroit, Mich. 
Pope-Hartford: Boulevard Motor Co.J.. Cambridi;e, Mass.; 

Hartford Motor Car Co., Hartford, u,nn.; Puritan Auto­
parts Co., Detroit, Mich.; Roseniield, J., Boston, Mass.; 
Walker & Barkman Mfg. Co., Hart.ford, Conn. 

Pope-Toledo: auto Salvag_e Parts Co., Chicago, Ill.; Connccti-· 
cut Auto Parts Co., Hartford, Conn.; Puritan Autoparts 
Co., Detroit, Mich. 

Pope-Tribune: Puritan Autc:,pn.rts Co., Detroit, l\•lich.; Walker 
& Barkman Mfg. Co., Ha-rtford, Conn. 

Poss: Puritan Aut.oparts Co,f Detroit, Mich. 
Pratt: Elkhart Carriage & lY otor Co., Elkhart, lnd, 
Princess: Auto Gear and Parts Co. Atlanta, Ga. 
Pullma,:.: Pullman Motor Car Co., York, Pa.; Auto Parts Co., 

St. Louis, Mo.; Puritan Autoparts Co., Detroit, 11,lich. 
Queen.: Puritan Autoparts Co., Detroit, Mich. 
ruunier: Puritan Autoparts Co., Detroit, Mich. 

Rambler: Nash Motors Co., I<cnosha, Wis.; Wycoff Auto 
Salvage Co., Sioux City, Iowa.; Mid-West Auto Parts Co., 
Council Bluffs, Iowa. 

Randolph: DeKalb Wagon Co., DeKalb, Ill.; Puritan Autc­
parts Co., Detroit, Mich. 

Rapid: Auto Parts Co., Houston, Tex.; Purita.n Autoparts Co., 
Detroit, Mich. 

R. C. H.: Puritan Autoparts Cc,., Detroit, Micb.: R. C. H. 
Corp., Detroit, Mich.; Mid-West Auto Parts Co., Council 
Bluffs, Iowa. 

Read: American Motors Parts Co., Indianapolis, Ind. 
Regal: Puritan Autoparts Co., Detroit, Mich. 
Reliable-Dayton: Puritan Autoparts Co., Detroit, Mich. 
Republic: Republic Motor Car Co., Youngstown, Ohio; 

Puritan Aut<>parts Co., Detroit, Mich. 
Revere: Polaris Electric Refrigerator Co., Logansport, Ind. 
Rider-Lewis: American Motors Parts Co., Indianapolis, Ind.; 

Autoparts Mfg. c~., Detroit, Mich.; Longaker Co., V. A., 
Indianapolis, Ind.; Puritan Autopa,·ts Co., Detroit, Mich.; 
Wichita Auto Wrecking Co., Wichita, Kun. 

Richmond: Mid-West Auto Parts Co. Council Bluffs, Iowa. 
Ross: General Parts Co., Detroit, Mich.; Puritan Autoparts 

Co., Detroit, Mich. 
Royal Tourist: Auto Parts Co., St. Louis, Mo.; Puritan Auto­

parts Co., Detroit, Mich. 
Rush: Diehl Motor Truck Works, Philadelphia, Pa.; Levene­

Motor Co., Philadelphia, Pa. 
Sampson: Puritan Autoparts Co., Detroit, Mich. 
Saxon: Puritan Autoparts Co., Dekoit, Mich.; Auto Parts Co., 

St. Louis, Mo. • 
Schacht: Puritan Autc:,parts yo., De?"oit,_ Mich.; ScbacM 

Motor Truck Co., G. A., Cmcmnat,, Ohio. 
Selden: Auto Parl-s Co., Houston, Tex.; Puritan Autoparts 

Co,
1 

Detro!t, Mich.i Snttler's Ma-0hine Shops and Works, 
Ph, a<lelphia, Pa.; Snepard Aut:, Co., Brooklyn, N.Y. 

Scripps Booth: Puritan Autoparts Co., Detroit, Mich.; Auto 
, Parts Co.1 St. Lo'ws, ·Mo. . . 
l:i. G. V.: Service Gear and Mach me Co., Reading, Pa.; Puritan 

Autoparts Co., Detroit, Mich. 
Speedwell: Puritan Autoparts Co., Detroit, Mioh. 
Sphinx: Dayton Auto Parts Co., 1777 Broadway, New York, 

N.Y.; Sattler'• Machine Shops and Works, Philadelphia, 
Pa.; Service.Gear :,,nd Machine Co., Readi,'g, Pa. 

Standard-8: Standard-8 Motor Car Co., Flint, Mich. 
States: Auto Auction Co., Chicago, Ill .. 
Stuer: Puritan Autopurts Co., Detroit, Mich.; Mid-West 

Auto Parts Co., Council Bluffs, Iowa. 
Sterling: Puritan Autoparts Co., Detroit, Mich. 
Stevens-Duryea: Stevens-Duryea Co., Chicopee Falls, lllass.; 

Boulevard Motor Co., Cambridge, Mass.:· Colwell, F. C., 
Philadelphia, Pa.; Walk l:Iill Garage, Mattapan, Mass.; 
l'uritan Autoparts Co., Detroit, Mich.; Mid-West Auto 
Parts Co., Council Bluffs, Iowri. 

Stephens: Standard Motor Parts Co., Freeport, Ills.; Auto 
Parts Co., St. Louis Mo. 

Stoddard-Dayton: Mid-West Auto Parts Co., Council Bluffs, 
Iowa.. 

Suburban: Dayton Auto Parts Co., 1777Broadwny, New York, 
N.Y.; Puritan Autoparts Co., Detroit, Mich. 

Sultan: Puritan Autoparts Co., Detroit, Mich. 
Thomas: Thomas Motor Car, Co., Buffalo, N.Y.; Puritan 

Autoparts Co., Detroit, Mich. 
Thomas-Detroit: Purit.an Autoparts Co., Detroit, Mich. 
Toled<?: Da,Yton Auto Parts Co., 1777 Broad,~ay, New Y ork._N. Y. 
Toura.me: Gorey &Co., Jos. C., 354 W. Fiftieth St., New York, 

N.Y. 
Traveler: Single Center Buggy Co., Evansville, Ind. 
Trumbull: Puritan Autoparts Co., Detroit, Mich. 
Victor: Auto Gear & Parts Co., Atlanta, Ga.; Adams Gear Co., 

New York, N.Y. 
Virginian: Auto Salvage & Exchange Co., Des Moines, Ia. 
Vulcan: Savage Arms Corp., Sharon, P:,,, 
Wagenhall: Puritan Autoparts Co., Detroit, Mich. 
Wahl: Puritan Autoparts Co., Detroit, Mich. 
Warren: Puritan Autopnrts Co., Detroit, Mich. 
Washington: Davis, Carey A., Washington, D.C. 
Waverly Electric: Longaker Co., V. A., Indianapolis, Ind. 
Wayne: Puritan Autopart8 Co., Detroit, Mich. 
Welch-Detroit: Puritan Autoparts Co., Detroit, Mich. 
Welch-Pontiac: Puritan Autoparts Co., Detroit, Mich. 
Westcott: Westcott .Motor Car Co.; Cleveland, Ohio. 
Whiting: Puritan Autopart,i Co .. Detroit, Mich. 
Winton: Winton Service, Inc. Cleveland Ohio. 
Woods-Mobilette: Fohrman-Lcterst.one Co., Chicago, Ill. 
Yale: Puritan Autoparts Co., Detroit, Mich. 
Zimmerman: Auto Gear & Parts Co., Atlanta, Ga.; Auto 

Salvage and Exchange Co., Des llfoincs, Ia. 

• Note: This list and some of the other list-s of concerns in this book have not been revised for some time. To keep directory lists 
of this kind up to date is beyond the scope of this book. The idea in showing these lists is to inform the reader that there are such 
firms in existence. If the render desires such information and will be specific in writing, the publisher of this book will supply 
more recent :i.ddresses. We are not responsible for wrong addresses or respon~ibility of concerns listed. 
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Blomstrom: Puritan Autoparts Co., Detroit, Mich. 
Borland: Puritan Autoparts Co., Detroit, Mich. 
Bour-Davis: Puritan Auto Parts Co., Detroit, Mich. 
Briggs-Detroiter: Levene Motor Co., Philadelphia, Pa. 
Briscoe: Earl Motors Mfg. Service Co., Jackson, ::'llich.; 

Puritan Autoparts Co., Detroit, Mich..; Auto Parts Co., 
St. Lou.is, Mo. 

Broe Electric: Puritan Autopart.~ Co., Detroit, Mich. 
Brown: Great Western Automobile Co., Kalamazoo, Mich. 
Brush: Auto Parts Co. St. Louis, Mo.; Davidson Repair 

Shop, 227 W. Sixty-fourth St., New York, N.Y.; Puritan 
Autoparts Co., Detroit, J\'Iicb.; Standard Mot.or Parts Co., 
Detroit, Mich. 

Burg: Wichita Auto Wrecking Co., Wichita, Kan. 
Bush: Victor Motor Co., York, Pa.; American Gear Co., 

Jackson, Mich.. 
California: Purit.an Autoparts Co., Detroit, Mich. 
Cartercar: Puritan Autoparts Co., Detroit, Mich. 
Carthage: Purit.an Autoparts Co., Detroit, Mich. 
Cavac: Puritan Autoparts Co., Detroit, Mich. 
Century: Puritan Autoparts Co., Detroit, Mich. 
Chadwick: Auto Salvage Co., Kansas City, Mo. 
Chase: Auto Parts Co., St. Louis, Mo. 
Cinco: Purit:m Autoparts Co., Detroit, ll'lich.; Queen City 

Auto Parts Co.:,. Cincinnati, Ohio; Cincinnati Auto Parts 
and Wrecking 1.,;o., Cincinnati, Ohio. . . . . 

Cino: Northway Auto Parts & Sales Co., Cmcmnat1, Oh1oi 
Puritan Auto ParLs Co., Detroit, Mich. 

~lark: Puritan Autoparts Co., Detroit, :Mich.; Wichita Auto 
Wrecking Co., Wichita, Kan. 

Coates-Goshen: Coates, J. S., Goshen, N.Y. 
Colburn: Colburn Automobile Co., Denver, Colo.; Puritan 

Autopnrts Co., Detroit, i\'iicb. 
Colby: Auto Gear Co .. Minne.apolis, Minn.; Puritan Autoparts 

Colt1~'{;;aP'<5~t~tf!
0
R,i:otors Co., Detroit, Mich. 

Columbus Electric: Butler Mfg. Co. Knightstown, Ind. 
Continental: Puritan Autopa.rts Co., Detroit, ~li~h. 
Corbin: Barney's Auto Parts Co., 236 W. Fiftieth St., New 

York, N.Y.; Puritan Autoparts Co., Detroit, Mich. 
Courier: Puritan Autoparts Co., Detroit, Mich.; Standard 

Motor Parts Co., Detroit, Mich. 
Courier-Clermont: Puritan Autoparts Co., Detroit, Mich.; 

Standard Motor Parts Co., Detroit, Mich. 
Crescent: Puritan Autoparts Co., Detroit, J\.lic.h.; St. Bernard 

Garage, St. Bernard, Ohio. 
Croxton: Puritan Autoparts Co., Detroit, llfich.; United Parts 

Co., J\foncie, Ind. 
Croxton-Keeton: Dayton Auto Parts Co., 1777 Broad way, New 

York, N.Y.; Puritan Autopar_ts Co., Detroit, _Mic~.; 
Cincinnati Autopart.s and "\Vrecking Co.,_Cmcu~nn.tJ, Oh10. 

Crow-Elkhart: Crow-Elkhart Motors Co., Fhnt, Mich. 
Cutting: Puritan Autoparts Co., Detroit, Mich. 
Dart: Auto Salvage Co., Kansas City, Mo.; Puritan Autopnrts 

Co., Detroit, lllicb. 
Davis: Dayton Auto Parts Co., 351-55 W. Fifty-second St., 

New York, N.Y. 
Dearborn-Detroit: Puritan Autoparls Co., Detroit, Micb. 
Decauville: Gorey & Co., Jos. C., 3M W, Fiftieth St., New 

York, N.Y. 
DeKalb: Dayton Auto Parts Co., 1777 Broadway, New York, 

N.Y. 
Demot: Puritan Autopnrts Co., Detroit, Mich. 
De Tamble: American Motors Parts Co., Indianapolis, Ind.; 

Puritan Autoparts Co., Detroit, Mich. 
Detroiter: lllid-West. Auto Part,, Co., Council Bluff_•; Iowa. 
Diamond: Auto Gear Co., 844 Eighth Ave., New xork, N.Y. 
Dolson: Dayton Auto Parhs Co., 1777 Broadway, New York, 

N.Y. 
Dort: Puritan Autoparts Co., Detroit, Mich.; General Parts 

Corp., Flint, J\.'lich.; Auto Parts C.o.,St. Louis, i\I-o.; Dort 
i\1Iotor$ Inc., Flint1 ~Iicb. . 

Dragon: Piiiladelphia Machine Works, Philadclpl,ia, Pa.; 
Puritan Autopads Co., Detroit, i\lich. 

Drexel: Aut.o Gear and Parts Co., Atlanta, Ga. 
Drummond: Auto Gear and Parts Co .. Atlanta, Ga. 
Dupont: Auto Gear and Parts Co., At.Jant:i., Ga.; Victor .Motor 

Co., York, Pa. 
Durocar: Auto Gear Co., Minneapolis, lllinu.; Auto Parts Co., 

St. Louis, Mo. 
Earl: Earl Motors Mfg. Ser\•ice Co., Jackson, 11-Iich.; Jackson 

Motor Parts Co., Boston, i\lass. 
E.M.F.: Puritan Autoparts Co., Detroit, Mich.; Studebaker 

Corp., of America, Detroit, ivlicb. 
Edwards-Knight: Dayton Auto Parts Co., 1777 Broadway; 

New York, N.Y.; WiUys-Overland, Ine., Toledo, Ohio.· 
Elgin: Elgin l\Iotor Service Co., Flint, Mich.; Auto Parts Co., 

St. Louis, Mo.; Puritan Autoparts Co., Dekoit, Mich.; 
Jackson Motor Part,, Co., Boston, Mass.; United Parts 
Co., Muncie, Ind. 

Elmore: Puritan Auto_parts Co., Detroit, Mich. 
Empire: Gibson Co., Inclianapolis, Incl. 
Enger: Enger Motor Car Co .. Indianapolis, Ind. 
Everett: Puritan AutoJ,>arts Co., Detroit, Mich. 
Ewing: Gorey & Co .. Jos. C., 354 W. Fiftieth St., Kew York, 

N.Y.; PuritaIY Autoparts Co., Detroit, Mich. 
f.A,,L,: Puritan Autopartll Co., Detroit., Mich. 

Fisher: Auto Gear & Parts Co. Atlanta, Ga. 
Flaoders: Auto Parts Co., St. iouis, Mo.; Auto Salvage Co., 

Tulsa, Okla.; Dayton Auto Parts Co., 1777 Broadway, 
New York, N.Y.; Puritan Autoparls Co .. ;Detroit, Mich.; 
Battler's Machine ShOJ?S and Works, Philadelplua, Pa.; 
Service Gear and Machine Co., Reacting, Pa. 

Flanders Electric: Levene Motor Co., Philadelphia, Pa. • 
Fuller: Jackson Auto Co., Jackson, Mich..; Puritan Autoparts 

Co., Detroit, Mich. 
Gaeth: Gaeth Motor Car Co .. Cleveland, Ohio. 
Garford: Puritan Autoparts Co., Detroit, lVlich. 
G-J-G,: Grossman Auto Parts Co., White Plains, N.Y. 
Gleason: Auto Salvage Co., Kansas City, Mo.; Bauer Machine 

Works Co., Kansas City, Mo. 
Glide: Auto Gear Co., 844 Eighth Ave., New York, N.Y.; 

Auto Parts Co., Houston, Tex. 
Grabowsky: Putitan Autoparts Co., Detroit, Mich. 
Gramm: Puritan Autoparts Co., Detroit, Mich. 
Gramm-Logan: Garlord Motor Truck Co., Lima, Ohio. 
Grant: Grant Motor Service Co., .. __Dctroit, i\:lich. 
Great Eagle: Auto Salvage Co., ru,.nsas City, Mo. 
Great Smith: Auto Salvage Co., Ifansas City, Mo. 
Great Western: Puritan Autoparts Co., Detroit, ll'iich. 
Grout: Red Arrow Auto Co., Orange, i\Iass. -
H.A .. L.: United Parts Co. Muncie, Ind. 
Halladay: Barley Motor Car Co., Kalamazoo, ::'IIich. 
Haynes: Haynes Automobile Co., I{okomo, Ind.; Puritan 

Autoparts Co., Detroit,, Mich. 
Hatfield: Auto Gear & Part.'i Co., Atlanta. Ga. 
Havers: Gorey & Co., Jos. C., 354 W. Fiftieth St., Xew York, 

N .Y.; Puritan Autoparts Co., Detroit, Mich. 
Hazard: Puritan Autoparts Co., Detroit, Mich.. 
Henderson: Purit.an Autoparts Co., Detroit, Mich. 
Henry: Gorey & Co., Jos. C., 354 W. Fiftieth. St., Kew York, 

N.Y.; Puritan Auto!)arts Co., Detroit., Mich. 
Hercules: Auto Gear & Parts Co.,, Atlanta, Ga. 
Herff-Brooks: Auto Salvage Co., Kansas City, Mo.; "'IVayne 

Works, Richmond, Ind.; Puritan Autoparts Co., Detroit, 
i\lich. 

Herresboff: American Motors Parts Co., Indianapolis, Ind.; 
Puritan Autoparts Co., Detroit, Mich. 

Hewitt: International Motor Co., Sixty-fourth St. and "'IVest 
End Ave., New York, N.Y. 

Houpt RockweJJ: New Depa.rture Mfg. Co., Bristol, Conn. 
Hudson Franklin: Boston Auto Parts Co., Boston, illas.s. 
Imperial: Puritan Autoparts Co., Detroit, Mich.; i\Iid-W.,,t 

Aut.o Parts CQ., Council Bluffs, Iowa. 
Indiana: Dayton Auto Parts Co., 1777 Broadway, i\ew York, 

N.Y. 
Inter-State: Inter-State Motor Service Co., Detroit, l\Iich.; 

Mid-West Auto Parts Co., Council Bluffs, Iowa. 
Jackson: Jackson Motor Service Co., Detroit, Mich.; Auto 

Sah•ai;e Co., Ransas City, Mo.; Puritan Auto Parts Co., 
Det.ro1t, Mich. 

Je.fl'ery: Nash Motors Co., I{enosba, Wis.; Brown Auto Wreck­
ing Co., Kansas City, Mo.; United Parts Co., Muncie, Ind.; 
Mid-West Auto Parts Co., Council Bluffs, Iowa. • 

Jenkins: Dayton Auto Parts Co., 1777 Broadway, New York, 
N.Y.; Puritan Autoparhs Co., Detroit, Mich. 

Keeton: Puritan Autoparts Co., DetrQit, Mich. 
Kermath: Puritan Autoparts Co., Detroit, illich. 
Kermet: I<nox Motor Co., Springfield, l\foss.; Puritan Auto• 

parts Co., Detroit, Mich. 
Knox: Knox Motors Association, Springtield, l\Iass.; Wycoff 

Auto Salvage Co., Sioux City, Iowa. . 
Krebs: Dayton Auto Parts Co., 1777 Broadway, :-;ew York, 

N.Y. 
Krit: Puritan Autoparts Co., Detroit, l\Iieh.; Wycoff Auto 

Salvage Co., Sioux City, Iowa; illid-Wcst Auto Parts Co., 
Council Bluffs, Iowa. 

Lambert: Great Western Auto Co., T,ala1r1azoo, 1\Iich.; 
Lambert Auto Scn•icc Co., Indianapolis, Ind.; Wichita 
Auto Wrecking Co., Wichita, l(an. 

Lansden-Electric: Kelland Motor Car Co:.,. Newark, ::-:1.J. 
Laurel: Auto Gear & Parts Co., Atlanta, ua.. 
Lenox: Puritan Autoparts Co. Detroit, l\iicb. 
Lewis: Puritan Autoparts Co., Detroit, Mich.; illiJ-West 

Auto Parts Co., Council Bluffs, Iowa. 
Lexington: Lexington Motor Co., Connersville, Ind. 
Lion: Puritan Autoparts Co., Detroit, Mich. 
Liberty: Liberty Motor Car Co., Detroit, Mich.; Puritan 

Autoparts Co., Detroit, Mich.; Mitchell Service and Parts 
Co. 419 W. 55th St., New York, N.Y.; Columbia Motors 
Co., Detroit, Mich. 

Lippard: General Parts Co., Detroit, Mich.; American Gear 
Co., Jackson, Mich. 

Little: Puritan Autoparts Co., Detroit, illich. 
Logan: Gramm Motor Truck Co., Lima, Ohio. 
Lozier: Puritan Autopart.'i Co., Detroit., Mich. 
Lyons-Knight: Service Geur and Machine Co., Reading, Pa.; 

Wolf Auto Parts & Tire Co., Indianapolis, Ind. 
McIntyre: Puritan Autoparts Co., Detroit, Mich. 
Marathon: Puritan Autoparts Co., Detroit, lllieh.; Woll Auto 

Parts and Tire Co., Indianapolis, Int.. 
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Differential ring gears and pinions can be obtained from the 
manufactW'ers of the earo or their dealers. 

When ordering gears, in addition to the part number, rurnish 
the name, year, and model of car and, if possible, the serial 
number and the number of teeth in the ring gear and pinion. 

Fender Replaccmen t 

There are several concerns who manufacture fender$. A 0011· 
cern with fender replacements for several makes of_popular cars 
and who has distributors in different_parts of the United St<ttcs 
is the Fo.storia. Pressed Steel Corp., Fostoria, Ohio. 

Rims and Wheels 

I1'or concerns who carry a comp.letc line of rims, wheels, rini 
bolt.s, lu.gs, nuts, etc., see pn.ge 603. 

Radialor Replacements 

F()r rcplacen1cnt of radiator cores, sec page 740. 

Electrical Service and Parts 

There are a number of concerns specializing in electrical 
service. By referring to page 481, a listing of the different 
manufacturers of electrical apparatus will be found. The name 
and address of their nearest distributor or authorited service 
station will be furnished on request. 

See also page 481 relative to armature exchange service. 

United )Motors Service, Inc. (Overseas Motor Service Corp. 
in foreign countries), through their several branches and au­
thorized dealers, prov'ide official repair and parts service on: 
A,C a.ir cleaners, silencers, fuel pumps, gauges, speedometers; 
Bendix drives; Delco auto radios, batteries, car beiiters; Delco­
Lo•eioy shock absorbers; Delco-Remy electrical apl'aratus, car­
buretor controls; Gttide lamps, lensesi Harrison rad1ators, cores. 
car heaters; 1/yaU roller bearings; Klaxon horns; New De­
parture ball bearings; North Ea,;t electrical apparatus, speed­
ometers, horns. 

Electrical service and parts can be obtained from the a.utbor­
iz.cd service stations of manufa.ct.urcrs listed on page 481. 

Specialized Automotive Sei·vices fo1· 
Reconditioning a Cai· 

There are concerns who specialize in reconditioning different 
parts of a car and some who are equipped to recondition all parts 
of a car. Many of the repair shops and i;arages send work that 
requires special equipment to these spepalists. 

An ltemized list of some of the kinds of work requiring special 
equipment follows. 

Engine 

Bearings fitted, main and connecting rod 
Bea.rings align reamed or bored to fit reground cranksbaft,a 

Camshafts straightened 
ConnecLing rods aligned aod straightened 

Crankcases welded and repaired 

Crankshafts reground 
Crankshafts straightened 

Cylinder-block tops resurfaced 

Cylinder-block water jackets repaired 

Cylinder, cracked, fitted with sleeves 
(;ylinder heads resurfaced 

Cylinders reground 

Cylinders :rebored and honed 

Cylinder scores repaired 

Engines chemically cleaned 

Pistons reamed for oversize piston pins 

Pistons regroovcd 

Pistons turned and ground to fit overs••• cylinders 
Tappet screws refaced 

Tappets or valve lifters refaced 

Valve stem-g11ides reamed oversize 

Valve sea.t,i reseated 

Valves refaced and reseated 
Valve-tappet guides; reamed oversize 

Engine Rebuilding 

Some car manufact11rers exchange rebuilt engines for worn 
engines on a. fixed price basis. Some provide engine rebuildin,:t 
service. Several inaependent concerns in different sections of 
the United States specialize on regrinding crankshaft,,, cam• 
shafts, cylinder blocks, and rebuilding engines. 

Rebabbilting Service 

A connecting-rod rebabbitting exchange service is explained 
in the. section on engine benring:s. Old con.necting rods rue ex­
changed for rebabbit.ted rods. 

Alignment of wheels and ax.les 

Axle housings and tor<111e tubes straightened 

Drake dmms refaced 

Disc wheels straightened 
Orivc and axle shaft.s straightened 

Drive sha.rts and drive pinions fitted 

Frout axles straightened 

Special chassis parts made and machined 

J\'lisccllaneous 

Drake lining installed (sometimes handled by eschangiug shoes) 

Air brake equipment repaired 

Hydraulic brake equipment repaired 

Vacuum brake equipment repaired 
CarbW'etors repaired 
f'y~I p,;m p$ repaired 

Windshield wipers repaired 

Radiators repaired 
Universal ioint yokes welded to propeller shafts 

Oxy-acetylene and arc welding 

Frames straightened 

Dody and fender dents ren1oved 

Body and fenders repaired 

Tops repaired 

Upholstering 

Glass fitted 
Painting 

NOTE: For a book :.nd literature on body and fender re­
pairing see page 690 under "Body and Fender Repairing." 
See a.Jso, pp. 690-69.lB for automotive service literatW'e on 
many other subjects. 
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a parts book by the car manufacturer and the price 
of each part is given. 

The car manufacturer does not alwa:ys make all 
parts of the car, but is supplied with many of them 
by other manufacturers, and in many instances some 
of the same parts the manufacturer used in his car 
can be obtained of replacement-parts houses. 

When the manufacture of cars is discontinued 
and the manufacturer goes out of business, some 
concerns usually purchase the parts of the manufac­
turer and they are usually new parts. 

Some of the automobile parts concerns also salvage 
cars of different makes and sell the parts, and very 
often a _part can be secured at a very reasonable 
figure. Concerns in this line issue circulars giving 
the description of such parts and their condition. 

It is a good plan, however, always to ask your 
customer if be wants genuine parts, standard 
brands, or used parts, and never to substitute. 

Remember that it is false economy to try to save 
a few cents on the cost of the particular part that 
is to be replaced. The repairman should guarantee 
his work by using only quality guaranteed standard 
brands and the parts should conform to the car 
manufacturer's specifications, and should be secured 
from a reputable concern or manufacturer. 

Parts 
can be classified in general as 

Axle shafts 
Bearings; engine 
llcaringa: chassis 
Bearing shims 
Brake lining 
Chassis bearings: plain, roller and ball, for wbeels, rear a::dc~. 

transmission, generator and starter bearings, etc. 
Connecting-rod bearings 
Connecting-rod bolts and nuts 
Clutch facings 
Drive shafts 
Differential gears and parts 
Fan belts 
Flywheel starter ring gears (see ""Gears'' below) 
GaBkets 
Ignition coils 
Ignition cahle 
Main bearings 
Pistons 
Piston rings 
Piston p_ins 
Pump packing 
Pinion drive gears and shafts 
Ra<liator hose 
Silent chains 
Steering knuckle king bolts and king pins 
Spring bolts 
Springs 
Starter rin,: gears (steel for replacement) 
Tie-rod bolts 
Timing chains 
Timing gears 
Universal joints 
Valves 
Water pumps, etc. 

A great many parts that arc carried hy the automotive re· 
placement parts concerns can also be obtained of the automotive 
equipment or supply jobber. as listed on page 687. 

The&e concerns distribute repl.accmcnt part.s: 
Atla:nta, Ga., Automobile Piston Co. 
Atlanta, Ga., Southern Bearing and Parts Co. 
l;lirm.ingham, Ala., Southern Bearing and Parts Co. 
Boston, Mass., Standard Auto Gear Co., Inc. 
Buffalo, N.Y., Great Lakes Motor Parts Co. 
Chicago, Ill., Motive Parts Co. o( America. Inc. 
Chicago, Ill .. Smith Bgs. Co .. Ioc. L.C. 
Cincinnati, Ohio, Dorman Automotive Parts and Gear Co. 

Cincinnati, Ohio, Motive Parts Co. of America. Inc. 
Denver, Colo., Denver Gear and Parts Co. 
Des Moines, Iowa., Wm. H. Metz Co. 
Detroit, I'vlich., 1\1:ichigan Replacement Parts Corp. 
Detroit, Mich., Purita,n Auto Parts Co. 
Duluth, Minn., S. &: S. Auto Parts Co. 
Indianapolis, Ind., Motive Parts Co. of America, Inc. 
I(ansas City, Mo., Auto Parts Distributing Co. 
Ransal! City, Mo., The Dayton Auto Parts Co. 
Los Angeles. Cal., John H. Dielmann Co. 
Memphis. Tenn., J. B. Cook Auto and Mach. Co., Inc. 
I\1inncapolis, Minn., Automotive Service Co. 
New Orie.ans, La., New Orleans Auto Supply Co., Inc. 
New Orleans, La., 11'1. H. Rykoski 
New York, N.Y., Barncys Auto Parts Co .. Tnc. 
New York, N.Y., G & B Motor Parts. Inc. 
Philadelphia. Pa.., P. D. Q. Company. 
Portland, Oregon, West Bearing Co. 
Sacramento., Cal. 1 Henderson Bros. 
Sacmmento. Cal., Triangle Parts Co. 
San Francisco, Cal., Triangle Parts Co. 
San Francisco, Cal., Patterson Parts, Inc. 
Seatt.le, Wash., Piston Service. Inc. 
Seattle, Wash .. The Northwest Bearing Co. 
Springfield, Mass., L. L. Bousquet. 
St. Louis, l\fo., Auto Parts Co. 
St. Louis, Mo .. Standard Auto Parts Co. 
St. Paul. Minn.,_Automotive Service Co. 
Stockton, Cal., niangle Parts Co. 

These concer:;s ar--: d!sr.rib-..itur.s of parts: 

Allentown, Pa., Quaker City Motor Pa.rte Co. 
Atlanta, Ga .. Motor Parts Corp. 
Baltimore. Md., Quaker City Motor Parts Co. 
Boston. !\lass .. Campbell Motor Parts Corp. 
Buffalo, N.Y., Unit Parts Corp. 
Calgary, Ont .. Canada, Vancouver Part& Co., Ltd. 
Chicago, Ill., Standard Unit Parts Corp. 
Cleveland, Ohio. The Automotive Part• Co. of Ohio. 
Columbia, S.C., Whitton Automocive Parts Co. 
Columbus, Ohio, The Automotive Parts Co. of Ohio. 
Dallas, Tex., Motor Pn.rts Depot .. Inc. 
Denver. Colo., The Ga.II Auto Specialty Co. 
Des Moines. Ia., Standard Motor Parts Co. 
Detroit, Mich .. Automoth•e Parts Corp. of Illich. 
Fresno, Cal., Colyear Motor Sales Co. 
Grand Rapids, Mich .. Automotive Parts Corp. of Mi,h. 
Harrisburp;, Pa .. Quaker City Motor Parts Co. 
Indianapolis, Tnd., Central Motor Parts Co. 
Kansas City, l\Io., General Auto Parts Co. 
Los An~eles, Cal.. Colyear Motor Sales Co. 
Louisville. Ky., Edinger 1\1otor Parts Co. 
Memphis, Tenn., Standardized Parts Corp. 
Milwaukee. Wis .. Standard Unit Parts Corp. 
Minneapolis, l'l·finn., Standard Unit Parts Corp. 
New Orleans. La. .. Sta.ndard Motor Parts Co. 
New York, N.Y., Chadick, De Lamat.er Corp. 
Oakland Cal., Colyear Motor Sales Co. 
Omaha, Nebr., Omaha Motor Parts Co., Inc. 
Philadelphia, Pa .. Quaker City Motor Parts Co. 
Pittsburgh. Pa., Superior Motor Parts Co. 
Portland, Ore .. Colycar Motor Sales Co. 
Richmond, Va., Standard Motor Parts Corp. 
Salt Lake City, Utah, l'llenclenhall Auto Parts Co. 
San Francisco, Ca1., Colyear iVIotor Sales Co. 
Seattle. Wnsh., Colyear Motor Sales Co. 
Spokane. Wash., Colyear Motor Sales Co. 
Springfield, Ohio., The Automotive Parts Co. o( 0. 
St. Louis, Mo., Authorized Motor Parts Co. 
St. Paul, Minn., St,anclard Unit Parts Corp. 
Toledo, Ohio, Automotive Parts Corp. o( Mich. 
Toronto, Ont., Canada. Natfonal Automotive Parts, Ltd 
Va,ncouver, B.C., Vancouver Parts Co .. Ltd. 
Washington, D.C .. Quaker City Motor Parts Co. 
Winnipeg. Man., Canada, Moncrieff & Endress, Ltd. 

Gears 
Some of the manufacturers of starter flywheel ring gears and 

other gears are as follows: 
Accura.te Gear Co .. Springfield, Ohio. 
American Gear Co., Jackson. Mich. 
Automotive Gear Vlorka, Richmond, Ind. 
Huetter Machine & Tool Co .. Indianapolis, Iu,I. 
Kaufman Metal Products Co., Toledo, Ohio. 
§pringfield Mfg_. Co., Springfield. Ohio. 
Western Gear Co., Detroit, Mich. 

Note; We a.re not responsible for wrong addresses or re- Warren Gear Products Co .. Warren, Pa. 
opow,ihility of concerw, listed. Note: See page 837 relative to fitting starter riru, .cearo for 

For Orpba,o cars formerly on this page. see page 684. Bendix drive. 
These and some other lists in this book h11Ye not been revised for some time. ,;,e footnote p.685. 
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Fig. 22. Armored cable: This type or cable is used in all 
bigh-grade wiring installations. Conductor is standard copper 

No. 16 gauge insulated with rubber and va-rnisheci fabric. 
Sherardiz.cd protecting cover on outside. Diameter, 3/16''. 

Figs. 23, 24. Spark and throttle ball-joints, used for connee· 
ting magneto timer levers and carburetor throttle lever, with 
levers on steering wheel. 'l'hcy eliminate all lost motion and 
give more perfect control. The screw end fits the timer and car­
buretor lever; the tapped hole fits the connecting rod. They 
conie 25 iu a. box, as.~ortcd. 

MONEY-MAKING ADDITIONS TO THE GARAGE 
There are several departments which can be 

added to the garage, all necessary and well worth 
the investment. 

A supply and parts department is vel'y remunera­
tive, providing the proper supplies are carried. 

It is necessary, however, to display the goods so 
that customers can see them and ask for them. 
Sales follow as a natural sequence. A very service­
able and attractive display bin is shown in Fig. 25. 
Fireproof metal bins are of course preferable to 
wood construction. 

I 
Fig. 25. Steel dis­

play counter and 
shelving for accessory 
stores, service sta-

• tions, dealers, etc. 

Fig. 25A. Tool unit 
• made of steel, for 

keeping tools handy in the shop or 
displaying them in the parts depart­
ment. 

Fig. 25B. Accessory display 
unit made of steel for convenient 
storage and ct;sp]ay of accessories, 
etc. (Illustration from David Lup-
1:<>n's Sons Co.) 

Fig. 25C. Accessory display unit, 
size 8411 high, 12" deep, 48" wide. 
The case of three drawers contains 
51 small compartments. Other Units 
can be added (The Berger Mfg. Co., 
Canton, Ohio).• 

A sales and service chart is shown in Fig. 26. W~en the_m~tor­
ist drives up to your garage for gas or oil, ~r for air for h1s hr~s, 
give his car the quick once-over and see if you can't sell him 
some accessories. 

Wben a nlotorist a.ska for an acGessory, this should suggest 
something else that you can sell him. But it ,is not enough to 
ask him il be wants it. You have got to tell him why he ought 
to have it. That's what these selling arguments are for. Use 
them! 

Tire department: A small or large vulcani7,er for 
repairing tires. See discussion of the subject "Tires." 

i Fil\. GREASE CIJP9 
7 ~TOP ilATTLES 

Fig, 26 shows a brief list of merchandi.se or auto supplies 1 etc .. 
which the garage dealer ought to sell to his customers. 

A battery charging and repair department: For 
recharging, starting, lighting, and ignition batteries. 
See "Storage Battery" Instruction. 

During the winter months, there is much more of such bat­
tory recharging work brought to the garages because the cold 
weather reduces the chargc-ho1ding capacity of the storage 
batteries, while at tbo same time the cold engines require more 
current from the batteries to start them. 

Electric testing and repair department. See 
Index under "Electric testing a.nd repairs." 

Engine reconditioning, such as crankshaft and 
cylinder grinding, bearings aligned, pistons and 
rings fitted, etc. 

Oxy-acetylene outfit: For welding and carbon 
cleaning, see Index. 

Carbon removing outfits for removing carbon from 
engine. See Index. 

Radiator Repairs. See Index. 
A lubricating service station. See page 673. 
The car rental and towing service is something 

worth considering, and can be added in time. See 
page 676. 

Lacquering cars does not take a very large invest­
ment, and one or two men could be kept busy; see 
pages 648, 756. 

Of course, with all this, more room will be neces­
sary, but it is surprising in how small a. space all 
these departments can be catTic<l on, if properly 
planned. 

EQUIPMENT, PARTS AND SUPPLIES 

Equipment and Maintenance Tools 

The repairman or garage owner obtains his 1;1quip­
ment from automotive equipment concerns, such as 
those listed on pages 687, 672, 803. Maintenance 
tools, material and supplies are also obtaine::l from 
these sources. 

, Some of the concerns who supply metal bins and racks for 
displaying and st-Oring all kinds of aut?motive parts,. accessories 
material, etc., for garages, service stat.ions and rep:ur shoJ?S, not 
only for small parl3 but bulky parl3 such ~s fenders, radi_atoro, 
etc. They also supply racks for automobile glnss and display 
shelving aud counters for dealers, garages ~nd accessory stores. 
Some of these are as follows: Lyon Metallic Mfg. Co., Aurora, 
Ill.; The Berger Mfg. Co., Canton, 9hio._; David Lupton's 
Sons Co., Philadelphia, Pa., and Detroit, Mich. 

Automotive equipment or automotive supply job­
bers carry ·all kinds of equipment for garage and 
shop use and also supplies and some lines of replace­
ment parts. On page 687 is a list 

It is a good idea for a repairman to get in touch with 
a good supply house nearest to him. Note: Don't 
feel offended when a business house requests refer­
ences and asks that you give them a report as to 
your assets and liabilities. They are establishing 
your credit rating. • 

When it is necessary for a.repairman to replace 
the parts of a car, he can obtain them through the 
agent of the car in the locality, who is supplied with 
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S. A. E. Fuel and Lubrication Tube Fittings: 
Flared Type• 

These are made of cast brass for use on carbu­
retors, oil and gasoline pipe lines, etc., and are to 
fit tubing with out.,;ide diameter as listed. 

UN.ION NuT 

Size tube (o. dia .. ) ., ¼" 5/16" ½" 7 /16" ½" 
S. A. E. thread .. , 7 /16x20 ½x20 ¼xi8 11/16xl6 ¾x16 
Leugth.,.... 15/16" l ½" 1 5/16" l½" 1 %" 

StN'OL8 U :-:10-x 

Size tube (o. dia.). ¼" 5/16" 
I. P. threacl. , , , . , ½" ½" 
S. A. E. thread ... 7 /1Gx20 ½x20 

½" 
¼" 
%x18 

DOUlJLJ~ Ul\'.10~ 

Size tube (o. dia.,). ¼" 
S. A. E. thread .. , 7 /16x20 

5/16" 
½x20 

¾"' 
%x1S 

BALL CHECK VALVJ.,; 

Size tube (o. dia.). ¼" 5/16" ¾" 
I. P. thread, ..... ¾" ¼" ¼,, 

' S. A. E. thread ... 7 /16x20 ½x20 %xl8 

ELBOW 

Size tube (o. dia.). ¼" 5/16" ti¾" 
I. P. thread ...... ¼" .Vs" " S. A. E. thread. , 7 /16x20 ½x2-0 %x18 

7 /16" ½" 
¾" ¾" 

11/l0x!O ¾xl6 

7 /16" 
I l/16x16 

½" 
¾xl6 

7 /16" ½" 
½" ¾" 

ll/16xl6 ¾x16 

7 /16" ½" 
¼'' ½" 

11/16x16 ¾xl6 

Tt11u;E-WAY TE& P1P0 Tt1n&.<1> 

Size tube (o. dia.). ¼" 5/16" ¾" 7 /16" ½" 
I. P. thread.. . . . . ½" ½" ¼" ¾" ~/&" 
S. A. E. thread . . 7 /16x20 ½x20 ½:tlS ll/16x16 ¾xl6 

THREB-W;.y TEE; ALL Srn0s S.A.E. THREAD 

Size tube (o. dia..). ¼" 5/16" ¾" 7 /16" ½" 
S, A. E. thread,,, 7 /16x20 ½x20 ½xlS ll/16xl6 ¾x16 

Brass Pipe Fittings• 

See Index for "Pipe specifications," and for 
"pipe threads.2'' 

I:;1.,oow 
Size ................... , Y8'1 ¼" . 

Size.,. ¼" 

TEE-STRAlGH'r S11.0 

Siw ... ,, ........ , ..... . ¼" 

½" 

½" 

¾" 

1 Can be secured of uutomobile supply houses. Sm;ne or_ the 
manufacturers are Commonwealth Brass Corp., Detroit, Mich.; 
E. Edelmann & Co., Chicago, TTL; The Tmperinl Brass i\lfg. 
Co., Chicago., Ill. 

i I. P. inc.ans iron pipe size, 

'Outside diameter. 

S'.l'RE&T ELnow 
Size .... , .. , ....... ,,.,, ½" 

Size. 

Size .... , ... , .. ,,. 

DOODLE :'\lALE ELBOW 

½" 
CLOS& )llf•f'LE 

½" 
Covnr~Gs 

Size..... .. . .... .. . . . . . ½" ¼" 

Size .. , ....... . 
PLUG 

¼" ¼" 
REnuc,,w BusmNa 

Size ......... , ... , ¼" 

½" ½'. 

½" 

½" 

½" 

¼" ½" 

Solderless Compression Couplings' 
Solderless fittings for gasoline and oil lines,' used for connect­

ing tubing on gasoline a.nd oiling systems ·without swaging or 
soldering. 

'!'hoy nre made for 3/16", ¼", 5/16", ¾" and ½" ouwide 
diameter tubing; ¼" s1Ze is generally used. 

(1) Showing how ends are drawn together. (2) Check valve, 
st,raight. (3) Tapered female ¼" or ¾" pipe, one end, (4) 
Nipple union male ¼" or ¼" pipe, one end. (5) Elbow m_ale: 
(6) Elbow coupling. (7) Tee coupling on opposite ends, ¼" or 
¼" pipe thread (male) on other. (8) Tee angle coupling, male 
thread one end. (9) Tee angle on three ends. (JO) Elbow 
coupling on one end, female pipe thread on other. 

liil!!i,;-,.,~,"11/-i::, ~ The size threads on the 
~i;,~>;ju\:,,!'V • solderless compression cou-

r. • i4':t pHngs are as follows: ¾"-

9 A ~ ~ 7 /16X24 thread: 5/16"­
- • • ½X24 thread; ¾"-17/32 

, X24 thread. 

,, "•" ,..,. , All ¼" and 5/16" tubing 
Fio.

4 ~ manufactured with iron pipe 
1 ~ th,·ead nipples ha,•e a ¼" iron 

-- • pipe th.read. The ¾" cou-
• plrngS with iron pipe thread 

,ia. ,~~ i~~f~d~ have a. ¼ 1

' iron pipe 

Fig. 11. Shut-off cocks; Fig. 12. Priming c•1ps; Fig. 13. 
Priming cups for Y·tY)le engine. 

Fig. 15. Rubber hose for radiators should be carried in all 
stock rooms. (See page 1055 for size for different cars.) 

Fig. 16. Hose clamps are necessary. 'l'his type is the 
Shel'rnan wrought. brass cla1np to fit radiator hose. 

4-ply hose 4-ply hose 4-ply hose 
¾" inside diam. I½" inside diam. 2½" inside diam. 

1 "inside dia,n,. 1 ¾"inside diam. 2¾" inside diam. 
1 ½" in.~idc diam. 2 "inside diam. 3 "inside diam. 
1 ¼" inside diam. 2¼" inside diam. 

Fig. 17. Grease cups ought to be car,ried in every stock 
r·oom. • Tbe sites of grease cups run as follows: 000--¼" i:,ipe 
thread; 00-½"pipethread: 0-½"or ¼"p\Pe thread. The 
diameter o[ 000 is ¾"; 00 is l": and O is l ¼' . 

Fig. 18. Oil cups run as follows: No, 1-¼ x 32 thread, 
¾" diameter. No. 2-5/16 x 32 thread, 7/16" diameter. 
No. 3-¼ x 24 thread, h" diameter. No. 4-7/16 x 2-1 
thread, 9/16" diameter. 

Fig. 19. Oil cans which arc iu <lemanJ. 

Fig. 20. Cotter pins: An a..'t.Sortme.nt o! coUer pins. ¾", l", 
1 ¼", 1 ¾", and 2" lengths. 

Fig, 21. Brass tubing: Annealed seaml~~~ Jir~ss, site ¼''. 
5/16 , and ½". 
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Some of the Small Supplies and Fittings for 
. Stock Room 

The assortment listed below, as well as all other 
supplies, can be secured of automobile supply 
houses, such as listed on page 687. See also page 682. 
Asbestos-sheet and wicking. 
Babbit metal-for bearings. 
Blue, Prussian, for "spotting in" bearings. 
Body polish-brass and nickel. 
Bolts-st,ove and carriage, assorted sizes. 
Brake band rivets, Nos. 7, 8, 9, and IO (copper). 
Brake lining-see Index. 
Brushes-for generator and motor. 
Brushes-paint, scratch, file. 
Bushings-for crank shaf: s. 
Candle wicking-[or pump packing. 
Carbide-in cans. 

CAP SCREWS 
U. I.. 5. ANO t,. A, C:. 1~111.AOS 

S. A. C. CASTELLATED 
H.EXAQON NUTS 

An a._.._~tnm11 or J5 in a boll'. Four 

½~;,.t:;J•-iM1~~~?~'r~i:~ :C~: 

$TAN0-'RD H£XACON NUTS LOCK WASHERS 

CAMPBtl.L $PRING COTT£~$ 

100 .!!pl'ing ~1tt 11in! nsorted ,lit,.; 
•II ai;iq '°' ;\\ltomobile-WOfk Jlllt I.IP ID 
b()'(ti&, 

Celluloid sheets-for top curtains. 
Chalk line-for aligning wheela. 
Chamois-for washing car. 
Clamps-hose and screw. 
Cloth-crocus and emery. 
Cocks-compression and pet. 
Cotter-pins-assorted sizes. 
Cup aud transmission grease. 
Cylinder oil-light-, medium, heavy. 
Drill rods and drills. 

TAPER PINS 

Dry cells-testing not less than 25 amperes. 
Electric lamp bulbs-see Index. 
Ells-brass; for gasoline and oil lines. 
Emery Cloth-No. 00 to No. 1. 
il'elt~eet and washers. 
Fibre~eet and block. 
Fhu-for soldering aluminum and brass, etc. 
Gaskets assorted-copper, asbe.stos lined for valve cap•, 

buretor, exhaust and inlet manifold, spark plugs, et-:. 
Gas tank keys-for Prest-O-Lite gas tanks. 
Gas tips-½ ft. and 1 ft. sizes. 
Gra:phite-powdered and flake. 
Grease cups-¼". ¾". 
Hand washing compound. 
Hemp wicking-for packing. 
Hose-for radiator and gas. 
Hose clamps-for radiator hose. 
Inner shoes-for blow outs. 
Inner valve parts-for tire valves. 

Iron-bars and rods. 
Iron-sheet. 
Kerosene-for general cleaning. 
Key stock-in bars. 
Keys-Woodruff, Whitney and straight. 
Lard oil-for thread cuttings, tapping and drilling. 
Leather-(beavy) for under radiator and bodies and refacing 

cone clutches. 
Lock washers-¼" to %". • 
Moboline, Raybestos, multibestos, ct.c.-for packing. 
Nails-assorted. 
N eatsfoot oil-for clutch. 
Outer shoes-for cuts in casing. 
Paper-heavy brown, sand, emery. 
Pipe plugs-iron and brass ¼" to ¾"-
Platinum points-for interrupters, and magneto. 
Priming cups. 
Rivets-iron and copper, assorted. 
Rubber-matting. 
Rubber-sheet packing 1/32" to 3/16". 
Rubber-tubing for gas, air, tire hose, etc. 
Screws-machine, cap, Jag., wood and set. 
Sheet-iron, brass, copper, tin a.nd lead. 
Shellac-for gaskets, etc. 
Shims-lamiuated. 
Solder-half and half, string and aluminum. 
Soldering compound and acid. 
Spark plugs-½", S. A. E., metric. 
Spring-steel and assorted springs. 
Steel bars: a few feet of ¼", ¾", ½", ¾''. ¾",½",and J' 

iron bars: also steel, brass, and wire rods. 

VI"' LJ,m.o "'"'" , 
Bolt ai,d Nut • 

~ 
Sprinr Auortmu1t 

Steel rods-bar, tool. 
Switches-push, snap. 
Tacks-assorted sizes. 
Tape-adhesive; for electric wiring. 
Taper pins-){" to%". 
Tees-½", ¾'' bra...~ for gas lines. 

.. , 
"'·· ~ 

~Of'JI'"' Wirt Tc,rmi!\1)11 

~ 
M1.cbiflt Sntws'Md 
N1:11s.A.nort.d 

Tubing-copper, brass, for gas and oil lines ¼'', ¼". This 
tubini;: generally comes hard, _but can be annealed (,oi­
tened) by heating it. 

Unions-brass, ¼", and soldering-connect.ioxlA for gasoHne lines. 
Valve caps-for leading engines, valve caps for tire valves. 
Valve g,-indi.ng compound. 
Valves-for gasoline a.nd oil lines, tire valves and oversize 

valves for engine. 
Washers-punched, split, and brass. 
Wire-copper, bra.ss1 spring, piano, and insulated. 
Wi~e-for wiring cars, such as: primary flexible cable s.n\1 

secondary cable. 

Copper Gaskets for Spark Plugs 
S. A. E: ½" (inside diameter½"; out.side diameter, I}~"). 
Half inch: (inside diameter, 27/32"; outside diameter, 13/32'') 
Metric: (inside diameter, 23/32''; outside diameter, 63/64"). 

Assorted Piston Rings 
Select sizes of piston rings for those oars most popular in your 

locality. See also, page 1055. 

11 
Note: Subject!, such as "Automobile Parts Supply Houses.," 

Gen.r Manufacturers," etc., formerly on this page have been 
transferred to pages 682, 687. 
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RVNHING BOARD 

Fig. 64 

JACK' 

THUMB , , 
S<:REW ' 

Fig, 65 

Fig, 64, This is a detail drawing of the jack mounting shown 
on the service car illustrated in Fig, 60, In this case 5-ton 
iaoks are carried, though any size can be substituted. Get 
them big enough to care for the heaviest work to he done, and 
~hey will also serve for light work. 

Fig. 65. The service jacks can be carried bolted to the run­
ning board, like this, thumb-screws being used for quick action, 

Fil?, 66, Another example of a service car 

THE STOCK ROOM 

More money is lost in the repair shop and garage 
than in any other part of the business by having 
supplies scattered over the shop promiscuously. 

Every repair shop, no matter how small, should 
provide a stock room with a good lock and key, and 

Fig. 67 

everything in the way of supplies should be kept 
therein. (See Fig. 67 .) 

Systematic arrangement and a place for every­
thing and everything in its place will save time and 
money. 

The stock room is generally placed in some con­
venient place in the garage or repair shop. It is 
usually constructed of lattice work with a good Yale 
lock on the door. In large shops the stock room is 
in charge of a responsible person, who.,;e business it 
is to keep the stock replenished and deliver material 
to the workmen and customer~. 

Fig. 68. Small parts, such as screws, bolts, washers, nuts, 
gaskets, and the like, are conveniently kept in tin drawers, as 
illustrated. The drawers are-cut from a smgle piece of tin and 
are soldered, as shown by the heavy lines. The drawers slide 
in grooves cut i.n planks placed vertically, The grooves are 
made with a saw and chisel, The advantage of this method of 
~toring parts is that the construction of the receptacles is very 
inexpensive, and maximum convenience is afforded. It is 
possible to see what is in the various drawers without pulling 
them out, which is a feature peculiar to this design, and saves 
considerable time when the exact drawer a certain part is in is 
ootknowo. 

Supplies in the rubber line: Repair shops can 
make eid;ra money by carrying rubber supplies 
which are generally made by tire concerns. Some 
of these -are as follows: Automobile rubber mats 
which come in rolls 3/32" to ½" thick and 35" to 
48" wide; matting also comes corrugated and :per­
forated; radiator hose; tire tape; rubber tubmg; 
tire inflatinG tubing (comes in black, white, or red; 
sizes ¼", 5/32", 3/16", and ¼" inside diameter). 

Fig, 69. Substantial drawers of large size provide conven­
ient means for storing parts removed from cars that are being 
repaired. The u.sual method is to pince the parts on the bench 
but this is objectionable because there is always danger of their 
bein~ mislaid or used on other cars. A drawer 10'' x 18" x 24" 
is large enough to take all the ordinary parts.such as bolts, nut.ii, 
washers, carburetor 1 magneto 1 pistons, connecting-rods, bear­
ings, etc. The drawer may be placed at the side of the car. and 
as soon as all the parts have been removed it may be put back 
in the cabinet.. A padlock safeguards the parts until they are 
needed again. These drawers also aid in keeping the shop neat 
and protect the parts from dirt. The top of the cabinet may be 
used as a bench or table. 

Fig. 70. This stock-bin marker permits ready location of 
any bin in the stock room. It is a sheet metal tai,, bearing 
the number of the bin t-0 which it is attached. As 1t projects 
out into the aisle, and is large enough to be easily read, the 
location of any desired bin may be seen at a glance. 
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Fig. 58C. Portable floor crane. The combination wreck­
i;1g crane which is shown in the rear of service ca.r (Fig. 58A) 

can be quickly converted into a 
portable floor crane by mount­
ing it on its steel base as shown 
above. Capacity as a floor 
crane is J ½ tons anrl lifts 7 ft. 

How to Make a Service Car 

A service car is necessary in all up-to-dn.te 
garages. It bears the same relation to a service 
station as does an ambulance to a hospital. It is 
a traveling representative of the service station, 
and should impress the public that quick, clean, nncl 
efficient service is given. 

Any old chassis can be utilized for the purpose, 
and by following the dimensions in the table below 
(Fig. 59), a very attractive and serviceable car can 
be constructed. 

Table of Sel'rl~ Car Body DimtnaioM 
A 7' k P R, ,'4J D• w.S C . «n ,.,. pr_ut "' ' """ 

.,, 
Co, Model ,. D E p 0 B I J L M 

Bud.on ...., 70 39½ 20 ll 12 1.1 IZ ·,o • 43½ 18 

Codillu 63 84 28 23 12 12 19 J4 63 ss .. 
8tud"baMI" 4-,;g ss 25½ 25 8 10 18 12½ ss 4S ll 

Font T 4$-up 0-up 15~ ... .. ·- .. ,48 34 161( 

Ch~M 4-00 ss 29 IB 8 0 .. -.. 13' 43 32 13½ 

Doc!&• ... 00 3S 19 )I 8 JG ... 43 47 17 

Ch&la,,n 5-15 (lg• 31 24½ 10 _II 12 10 .. .. '20 

Bupmobile 32 47 23 15 8 5 - .. .. .w 41 I~ 

,. l' .... ..... 68 30 22 10 ·10 .. , 12 52 M 12 

( -ecar. oo one: .lfldtt only,)· .. 
• ' AU 41~ in !fl(hu. 

Fig. 69. Dimensions referring to Fig. 61 

The figures given are intended to be for the aver­
age requi.rements of the average service car built 
on tbe various chassis which are listed in the table. 

One very important point to bear in mind is that 
the service wagon must be attractive in appearance 
-clean, well-painted, and it must run smoothly 
and quietly. It will be one of the best investments 
you can .make. 

Painting: Cars giving service are 
painted Englisb vermillion, with black hood and 

Fig. 60. 

Note particu­
larly toe method of carrying the towing pole, the jack mounting 
on t.he. running board. and the location of the several spot 
lamps. 

running gear. white, witb 
black trimmings. If the dealer is giving service on 
a particular make of car, he should find if a standard 
service car color is used; if not, the car may be 
painted any bright color that will give distinction. 

5-Gas can. 
6-0il can. 

7-Bolts, nuts, screws. 
8--Small repair part's. 
9-Tools. 

10-Towin~ dolly, shovel, 
spare tires. etc. 

1-Tire tools. 
2-P u m p s, 
b Io ck s and 
heavy tools. 
3-Extra tubes 
and tire re• 
pair. 
4-Bolts. outs, 
and swall re· 
pair parts. 

axe, pick, bars, battery, 

Fig. 61. Here is a <let.ail dra"-ing of the body shown above. 
The lettered dimensions on the drawing are given in the table 
(Fi~ 59). The figures refer to the location of the various tools 
and accessories. 

Fig. 62. An alternative type of body, built especially for 
very light chassis, is often desirable, in which case the arrange­
ment can be made something like this. This is a body that is 
used quite successfully There 
is an nlmost endless variety of arrangements, o.nd in laying out 
a car a shop foreman should be guided by the particular clns.s 
of work he expect.a to be called upon to do. 

Fig. 63. This is a view of the interior of the service oar 
shown in Fig. 60. Note the chocks and the neat arr!ingement 
of the tools, the seat at the right not being shown, so that the 
compartments are visible. , 

Note: A WTecking crane can be installed by mo,mying the 
interior of car and al.lowing room for same. 
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TOWING TRUCKS, WRE(:KING CRANES, SERVICE CAR, ETC. 

A towing truck with devices for towing in disabled 
cars is a necessity and a profitable invcstmen1,. 

This device is also sometimes called a "dolly" nnd ihe Weaver 
Mlg. Co. calls its make '"an auto ambulll.,ncc." 

Towing trucks are suitable for towing in cars where 
either the front or rear axle is disabled. For in­
stance, if the rear axle is out of commission and the 
car cannot be towed from the front end, then it is 
neces$ary to place a dolly under the rear axle and 
to tow the car backwards, or from the rear end. 

In this instnnce the steering wheel can be tied by passing a 
ljgbt rope around the windshield brace, and then tying ii to the 
steering wheel and then to the other side ol the windshield brace, 
which will keep the front wheels in line. . 

Fig. 53. Towing 
tn,ck is simple in con­
struction. The load is 
carried on an off-set 

Fig. 53 saddle directly over 
center of the axle. It 

is equipped with roller bearingS, located in the bubs, which 
are lubricated through large grease cavities; 14" wheels, 11 ft. 
massive two-inch telescoping towing pole, made from malle• 
able· iron nnd steel. It can be attached to the front or rear 
axle of any car. 

Fht. 54. Shows the to,ving truck in place under a. rear axJc 

A Home-1\!Iade Towing Truck 
It will probably be cheaper to purchase a towing tr~ck, but 

for those who have the time and inclination to make it them­
selves a brief description is given. (See Fig. 55.) 

The heavy metal wheels are 11" di., 
G" hub, l ½" spindle. A tongue. prefer­
ably an I-beam steel member about 8' or 
JO' long with a coupling pin to couple t.o 
the t.ow link of the service car 

is mounted on the heavy 
metal axle of the dolly (towini: truck). 

A book-sltaped flat piece with a book at each end is provided to 
set the axle or dill ?rential housing on and to hold the axle m place. 

Then chains are passed around the axle housing and fnstc~cd 
to the a~le of the dolly, in order to keep the axle from movmg 
sidewise. The rear end of ·the service car is then cot1pled to 
tho ond of the dolly and the car is towed backwards. The axle 
of the "dolly," in fact all parts, must be very substantinl, as • 
the vibration is very great. Chains with catch hooks should 
be provided to pass over the axle to prevent side play. 

Towing Pole 
A towing pole is shown in Fig. 56 and ~ towing 

bar in Fig. 57. Methods of using a rope Fig. 58. 

Fig. 56. Towing pole, With this device a ~nr 
can be pushed or pulled. Th.is towing pole supphes 
u. rigid connection. between towing car and disabled car, which 
prevents jamming on sudden stops or down grades. 

The two clnmps enable the pole to be rigidly clamped to front 
or rcnr of any car. 

The two hooks form simple and effective universal joints 
which allow ample play in any direct.ion when turning corners, 
towing over rough roads_, etc. 

Pole is of double-strength steel tubini,: i!' two sections, one 
telescoping within the other, Length adiustable from 5 ft. 
6 in. to 8 ft. (Weaver Mfg. Co., Sprmgfield, Ill.). 

Fig. 57. A tow-bar whereby two cars may be brought in 
by one driver. A towing bar, attll.ched to_ the rear of the 
driven car, pulls the towed car by a clamp m the front axle. 

The bar extends behind the axle, and a stud on a clnmp on the 
tie rod goes in a hole in the bar. In this way, when the bar 
turns, it moves the tie rod, and the towed cnr follows its lender. 

Fig. 58. Right and wrong methods of securing the tow rope 
to the vehicle to be towed. The best way is shown nt (G), a 
r.iecc of wood beini. tied under and across the frame horns as 
illustrated, and a s1ni:le rope connecting it to the rear axle or 
the towing vehicle. The rope should be as long as convenient, 
and should be attll.chod as near the out.er end of the axle of 
the towing car as possible. 

To loop the rope under the frame as at (D) is very bad, ns a 
severe strain would bend the ho_rns inward, as indicated by tbo 
dotted lines. 

The bowline knot is the best to use nt all times. as it is easy 
to make and iust as easy to untie; it is illustrated at (C). 
Attention is called to the cloth wrapped (H). 

When a bar of wood is not readily obtainable, and a heavy 
car is to be towed, the rope may be secured ns illustrated at (E), 
two half-bitches being used, as shown at (A), to secure the rope 
to the horns of the frame, the rope between the two borns being 
left slack. When using this method, the bights al$o should he 
as long as possible. Two long bights nre shown at (E); an 
undesirably short bight is depicted at (D). (A) shows how the 
two half-hitches are made, and (BJ shows how they look when 
drll.wn taut, the slack being shown in the rope between the horns 
(HJ to prevent their being drawn together at (D). 

The knots at (A) and (C) are the most useful. Their advnn­
tage over other knots is that they will neither slip nor jam. 
(Motor A.ge.J 

Wrecking Crane 
A wrecking crane is a very profitn.blo investment. There are 

a number of good wrecking cranes or derricks on the market. 
The one shown in the illustration is 2½-ton crane 
and is adjustable at almost every angle. This crane is provided 
with two adjustable handles, making it possible for two men to 
operate it for heavy loads. A 5-ton crane is also made. 

Fig. 68A. Shows how the wrecking crane is intended to be 
attached to the rear of o. service car. 

l,'ig. 58B. Shows how the crane c.an be used to lift the load 
and carry it. The crane can also be used as a portable floor 
crane, as shown in Fig. 58C 
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Fig. 45. A 22-ton press. Combination press, consisting of a 
powerful screw press, n high-speed rack and pinion sensitive 
press, and a straightening attachment all in one unit. Its 42' 
<"learancc is necessary for wide work and straightening: jobs; 
its 30-ton oapl>city is required to hMtllc all auto work; the 
rac~ nnd _pinion press is. essential for light ,work, nod the 
str:nghtenmg attachment 1.s us~d continuously m every garage. 

Car raised by twin jacks. 

Fig. 47. A home-made chain hoist and frame for lift:n,. 
engines from the chassis, The frame is made of heavy iron 
pipe "~th rollers. 

Fig. 48. The Pull-U-Out is a combination device. It can 
be used as a hoist and also for pulling cars out of mud boles, etc. 
Cao be carried in a car. 

This device has advantages over the old-fashioned block and 
tackle, being lighter and more powerful. A pressme of 30 
lbs. exerted on the handle will lift one t-on, whereas a triplex 
chain block would require 82 lbs., and an ordinary block and 
tackle 176 lbs. 

CCILINC 

Fig. 50. Axle stand (home-made). 
Work is facilitated by the use of this 
special stand. The one illustrated is 
fitted with rollers and permits the 
chassis to be moved about, rendering 
the parts more accessible. 

Fig. 51. Though designed for work on the Ford rear axle. 
th.is stand could readily be adapted to the requirements of 
many makes of axles. The ends of the axle are supported on 
notched uprights, about 30 in. from the floor, and the torque 
tube is placed on either of two uprights similarly notched 

Fig. 52. A home-made engine stand that is adjustable as to 
width, and that is very light yet strong, can be made out o! 
st;ructural steel. The top members are 4" channels, the legs 
2" :x 3" T-iron. a.nd the cross-members a-re made of flat stock 
J,f" X l". 

The -H'ovey garai;e jack !or general 

Fig. 52B. · Garage jack for general work and 
lifting and transporting cars in the service sta­
tipn. Built low for balloon tires and long so that 
it will rencb rear axles in spite of bumpers, etc. 
The wheels can be pivoted by turning the 
handle enabling the operator to guide the iock 
under the car. The range of lift is from 6"' to I 7". 

Will lift 5,000 lbs. with case. O:tn be ban with steel wheel.a or 
rubber tin"'~. 

Fig. 52E 

l'ig. 52C. Wheel truing attachment l<,r press. 

Fig. !;2D. Differential ring gear riveting tool attachment 
for press. 

Fig. 49. Ao 
overhead railway 
for repairshop use 
may be pa tteroed 
after those in use 
in large butcher 
shops. It consists 
of a tra-ck made 
out of stock about 
½" x 'l/', and sus• 
pended from the 
ceiling by arms at 

ire(luent intervals. On this track is placed a c~p, to which the Fi~. 52E, Portable garage light, adjustable to every required 
!>lock and tackle is attached. position 

Sec pages 692-694 dealing with service station l\Ud repair shop equipment. Sec also, pages 690, 691. 
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Engine Stands, Axle Stands, and lfoists 

Engine stands for working on the engine at various 
angles, and hoists for lifting the engine or transmis­
sion from the frame are very necessary. 

~~ 
wtUIJIGA_.l~~C,~V CDffllDO.I..IJ1!USv.a.r: 
TA&U: OQK,;..$Df'IC> 

r~.Y.l Fl.1. 1(1 

Fig. 39. Assembly and weld­
ing t.able greatly helps to speed 
up all kinds and types of assem­
bly work. It is not necessary 
continually to change the position 
of the art.iclc being worked on, in 
respect to the table, as the table 
may be rcvol vcd and the work 
comes to the right position. The 
table is instantly locked 

Fig. 40. Adjustable 
engine stand. 

Fig. 41. A portable hoist. This hoist is composed of steel 
angles thoroughly braced. The top frame is in the form of a 
standard bridge truss. • 

The hoist is wide enough to clear the fenders and allow the 
workman ample space to work efficiently between it and the 
car. 

The chains may be used single or double, giving in the first case 
twice the speed with one-half the leverage, and in the second 
ease the reverse, thus proportioning the leverage to the power 
required to lift any load quickly. 

The 4,000 lbs. capacity hoist is ample for all passenger cars 
And light trucks. The S.000 lbs. capacity truek is intended for 
t be bca.,.;est truck service. 

~ 

Fig. -I~ 

Fig. 42. Universal engine stand_ A cone locking rlntch 
Nta.bles the operator to place and lock the en~ine in any position 
without t-he use of pins or ot.hcr makc-sh,lt methods. 

The unit construction enables this to be converted into an 
axle stand, thereby tripling the value to the garage. lly remov­
ing the engine-stand parts, and putting on the axle-stand 
attachments, the machine is converted from one to the other 
in three to five minutes. 

Tt will mount 85 to 90 per cent of all motors without special 
attachment,s, by means of the Universal suspensiot> bar. Made 
in two types, geared and plain 

Fi,;. 43. Ford-Chev­
rolet universal engine 
stand. The cone-clutch­
locking method allows 
the mechanic to lock the 
motor in any posjtion in 
a complete circle. The 
whole power plant, in­
cluding the o.il pans, can 
be ru,semblcd or oisas­
sembled while on the 
st.and 

l:ig. H. Ford-Cheyrolet axle stand. The engine stand 
(F,g. ,12) 1s converted rnto an axle stand by removing two cap 
s.erews, releasing the clutch and fitting assembly, and applying 
to the yoke tho two clamps. A collar is placed over the upright 
to suppor~ the grease pan and outboa~d support. Separate 
support 1s m<'luded for torque tubes. It 1~ adapted to all types 
of split rear axles and t-o any front axle 

Fig. 44A, Tire spreader, designed to spread casings for 
inspection and t<? hold casing spread while being repaired. 
When foot lever 1s rclenscd casing asaumes its original shape. 
When break is loc1>ted. cosing is inserted under the four hooks 
of the det,acbable buffing plate and casing thus permanently 
spread. can be removed for buffing and stripping. 
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The gasoline pump units a.re usually of the "curb 
type," and in some instances they are inside of the 
station, termed the "drive-in" or "inside" type. 

The gasoline is drawn from an underground tank 
to the pump by means of a rotary (or a piston-type) 
hand pump, electric motor or by air pressure. The 
hand pump is used most, the electric motor second, 
'and air, third. 

The hand rotary pump and also :>ir pressure are sometimes 
combined. Ir the air pressure fails the hand pump can be used. 
Filters are provided on most all of the better grade pumps. 

The gasoline J?umps most used are of the "visible 
type" (Fig. 36A), and the "non-visible" or "blind" 
type (Fig. 36) is next most popular. 

The capacity of the storage tank, which is usually 
placed underground as close to pump as possible, 
for the average station is from 5 to 20 barrels 7 
being the average. Larger tanks for larger installa­

tions. The stor­
age tanks are 
placed 24" to 
36" underground 
and are usually 
of about No. 12 
gauge material 
and welded. 

li'ig. 36. Curb or roadway ga.solino pump of the ''non-visible" 
type. Hand rotary type pump. 

Fig, 36A. Curb or roadway gasoline pump of the "visible" 
type. Hand rotary type pump. 

Fig. 36B. Air and water stations.' 

The gasoline storage tank to supply gasolip.e inside 
of the garage to a pump placed away from the tank 
requires special installation on account of insurance. 
The tank is placed underground, below the surface. 

The insurance companies are very strict. The plan sho\1,-·n 
in Fig. 37 is ono plan. Obtain information from your local 
insurance company, Give the tank 3 coats of asphaltum wberi 
placing it underground. 

A Gasoline Filling Station Layout and 
Greasing Rack 1 

A suggestion for the layout of a filling station i:; 
shown in Fig. 38. 

A good method of determining the probable trade 
in a cert.ain location is to count the number of cars 

passing per day at the location selected. If there 
are about 3,000 cars or more per day, on an average. 
passing the filling station, this will no doubt insure a 
profitable investment. There is no surer method of 
getting gasoline business than going where the 
traffic is heavy. A corner where traffic passes both 
ways, especially around the corner, is the most 
valuable kind of a plot. 

The biggest problem in making a layout is the 
finding of space where cars may t,ake on au· a.nd water 
and where a greasing mck may be placed without 
interfering with or obstructing the passages to and 
from the gasoline pumps. 

The driveways in the plan shown in the illustra­
tion are very liberal, but they should be so, as it is 
of the utmost importance to make it easy for cus­
tomers to get in and out without interference. 
This building does not seem large, but will be found 
of ample size. The necessary tanks and pumps are 
provided, i.e., about four tanks, two 1,500-gallon 
tanks for commercial gasoline, one 550-gallon tank 
for high-test gasoline, and one .550-gallon tank for 
kerosene oil. Free air and water should be provided 

A mistake is often made in planning filling stations. Many 
times they pla-ce their free air hose so that n. car taking on air 
will obstruct one of the passages. At ordinary times this does 
not matter, but durjng rush hours it matters considerably, since 
if there are several cara waiting, other prospective customers will 
go on to another station, rather than stand in line. 

The greasing and oil-changing branch is 
quite an important factor in motor-car service, 

and, if handled intelligently, should be a good 
source of profit. 

1 A booklet showing plans for com-
plete auto lubrication service stations, gasoline and accessory 
sales can be obtained by writing 

Alemite , Chicago, Ill. 
, Air and waler-tower stations can be obtained of Hobart 

Bros .. Troy, Ohio; Romort Mfg. 
Co., Oakrield, Wis.; S. F. Bowser 
Co., Ft. \Va,yne, Ind., and air co1nprcssor manufacturers men­
tioned on page 623. Sec also pages 671, 761, 6•!1. 
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Sponges, Chamois 
In selecting sponges, chamois, 

use only the best. 
it is advisable to 

Chamois skins are used for washing and cleaning the body 
and fine surfaces. It is a difficult matter to obtain a good, 
genuine chamois skin, but it is worth the difference in price to 
get the best. The Frenoh chamois skin seems to be very 
durable and pliable. Chamois skins come in sizi"3}S,:' ~ f-r' ang 

package of cham­
ois generally con~ 
tai ns a dozen. 

Sponges often 
•• r. .. ~ co~t.ain sanq and 
~-~ ,-.0),;• gnt, cspcc:1a)ly 

B/\1.E OF SPQNC,ES the cheaper 
grade. Many cars 

have received scratches which 
cannot be removed, by using the 
cheap gritty sponge. The best 
sponges are the Rock Island sheeps­
wool sponges. They come in bales 
of I 5, 25, 80, and 50 pounds. This 
class of material can be obtained 
of automobile supply houses. 

BALE OF CHAMOIS 

Methods for Working 
Under a Car 

An inspection pit, placed at a convenient place, 
or, still bettel', a floor level untlenvorker, as shown 
in Fig. 30, is for better than working on your back 
under a car in a limited space. Several different 
methods are shown below. 

Fig. 30 Fig. 31 

Fig. 30. A concrete repair pit, the depth of which may be 
varied, is illustrated here. Ledges are provided at different 
height.s, and boards may be placed across, giving the mechanic 
free access to the work. Much.of the dampness of this type of 
pit is removed by the wooden floor and the space beneath. 
Several of the bqards on one of the upper ledges may be left in 
place and used as shelves for the tools and for steps for getting 
into and out of the pit. Size of pit is usually 6' long, 2'9" wide, 
and 2'9" deep. 

Fig. 31. While not new, the substitute for a pit illustrated 
here is worth describing because of it.s merit. Two heavy 
wooden boxes, one for eacb wheel~ with a slope of about 30°, 
and a flat space on top n.re u$ed. rho bo-xes are constructed of 
I½" or 2" planks; the heii;ht is about 10", and the length about 
4 feet. Such boxes will support even a heavy car. 

Fig. :12. A floor level underworker elevates the car to any 
desired height, so that the mechanic ca.n work to advantage 
while sitting in a perfectly natural position. 

Fig. 32A. Auto pit occupie.<J space of 15' x 7'. 

Fig. 33. 1'<11er0 there is an elevator and no pit. This 
structure serves the sa..me purpose as a pit, with the additional 
advantages of being portable, more cleanly, and more accessible. 
It permits the workmen to perform most of their operations by 
daylight instead of subjectrng them to the inefficient glare of 
an electric-light bulb. No skids are required with this struc­
ture in any garage where an elevator is provided; the elevator 
\\;ith the vehicle upon it is simply brought to a stop at the 
height of tho truck, and the truck then adjusted so that the 
car can be rolled npon it. 
Being mounted on cast• ' 
ers, the truck can be 
moved easilr to the 
lightest portion of the 
shop. -

Fig. 34 Fig. 35 

Fig. 34. A creeper is ca!'3ily made, n.nd is strong enough to 
permit a car to run over it without injury. Cross strips are 
2"" ½" steel and bent slightly to give clearance for the swivel 
casters and yet keep the body of the creeper low. Slats are 
411 x ¾" hardwood. 

1'he Koch Kreeper has an adj usi.able head rest, made by 
Fort Recovery Stirrup Co., Fort Recovery, Ohio. 

Fig. 35. Another method for working under a car. The 
!ront end of the car is hoisted by chain and specially made wood 
Jac(<s are placed under the axle. The st.'l.nds or jacks must be 
designed for the least spa_ce possible, in order to give working 
room between the.m .. It 1s also advisable to have the car sup­
ported by the cbam h01st seeurely, and then, in case the jacks give 
way, no injury will result; also block the rear wheels securely. 

Fig. 35A. Service racks, also call~d serv­
ice runways, for elevating cars to conven. 
ient positions for crank-case service, lubrica.­
t.ion, washing and cleaning, for examination 
and adjustment and other work under a car. 

Gasoline Sto1·age Systcms 1 

This subject is dealt with briefly here. To those interested 
,,,c suggest writing to concerns m<mtionecl in footnot-e and 
asking for their catalogue: l'vlost all of the manufacturers of 
gasoline pumps also manufacture lubricating pumps and tanks. 

A gasoline filling station usually has two or more 
gasoline pumps and tanks, an air compressor outfit 
and lubricating oil outfits, and often grease rack~ 
and air and water stations. . 

I Addresses of som~ of the.gasoline storage-tank and pump 
""'!'ufacturers: American Oil Pump and Tank Co.

1 
Cincinnati, 

Ohio; S. F. Bowser Co., Ft. Wa,yne, Ind.; Tokhe,m Oil Tank 
and Pump Co., Fort Wayne, Ind,; Wayne Oil Tank Co .. Ft. 
Wayne, lnd.; 

NOTE: A modern hydnu1lic. or rlcctric lirt is rccomtnendcd 
for working under cars. Fire hflt:trd$-arc greater with pits,, due 
to the collection of ga~olinc and oil ,·a.pors. oily rags, etc. Sec 
p. G90 under "Lifts." ;:ice nlao pp. 692-69'1 ,md ":--loto" p. 670. 
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Fig. 23. Oil may be transferred from tbe barrel to the 
storage can by the a,d of a dHierential pulley and suitable grab­
hooks. The storage cans are mounted on casters in the manner 
shown, and may be rolled under the suspended barrel, a bole 
drilled in the bung, and the oil transferred. 

Fig. 24. To transfer oil from barrel to a smaller container: 
The oil is forced by air pressure from the barrel. Air pressure 
is applied through a valve that is an ordinary tire valve soldered 
into an old sfark-plugsbeU, which in turn is screwed into a hole 
in the barre. The oil is delivered throu~h a bent brass pipe, 
passing through a second spark-plug bushing, also screwed into 
a hole in the barrel. This pipe must be long enough to extend 
nearly to the bottom of the barrel, as shown by dotted lines. 
Packing is placed between the bushing of the plug and the shell, 
eo that the tube may be adjusted to any barrel, and the amount 
of oil is readily regulated by the pressure applied. 

Fig. 25. An oil storage system (home made), whereby oil is 
discharged by gravity. Several tanks with gauge glasses are 
supported on pipe sta.ndards. Oil is transferred from original 
barrel by air pressure. This gets tanks up out of the way and 
conserves space. • 

Fig. 26. Small storage tanks provided with gaul!e glasses. 
Tanks conical shaped at bottom. A $helf with drip pan is 
provided. 

Fig. 27. Oil pump.which can be 
obtained at supply houses for re· 
moving oil from barrel. 

Fig. 27A. Settlingtank. Oil drain-

igi.r~~\~\.cr¥\~e ~r:: n i~;f~~~'!.,i ~~~ 
top. Sediment drops to bottom. 
The oil can be used for lubricntion 

of farm implements, etc., but not to be used in car. 

Fig. 27B. Oil dispensers. 
The one shown is the "Handy 
Oiler" outfit of 8 oilers, 

Dispensers can be obtained of 
auto supply houses. 

Fig. 27C. Portable oil tanks. The one shQwn is a double 
tank for two grades of oil, each compartment having a capacity 
of 30 gallons. 

Fig. 27D, Valveless bucket pump, used to discharge lubri­
cant into transmission, differential housing, etc. Can also be 
used to draw old grease out and discharge it into another 
receptacle without disturbing the supply of fresh lubricant con­
tained within bucket. Differentials can be emptied, cleaned 
with kerosene, and filled with new grease in a few minutes timl' 

Grease Compressors 

Fig. 2S 

Fig. 28. Alemite standard high-pressure grease compressor' 
for greasing ears by means of a metal hose and special fitting 
attached to the grease cup. Capacity is 1 lb. of grease and 
exerts a pressure of 500 lbs. per square inch. 

Fig. 28A. A booster, ,vhich can be attached to all models of 
Alemite service hand compressors. Where the pressure of the 
Alemite compressor will not force out clogged dirt or old caked 
grease, the ~ressure can be increased by the booster to 5,000 
lbs. per sq. in. This will clean out any bearing. 

Fig. 28B. Alem.ite twist tyPe compressor. Connected direct 
to Alemite nipple. This device has no handle. It is operated 
by rotating compressor back and forth on nipple. Develops 
pressure up to 4,000 lbs. per square inch. 

Fil!· 28C. Alernite-Zerk model 3-G-service-type compressor. 
This 1s designed for light service work around a garage. Capaci­
ty io 9 oz., length 16"', nod exerts a pressure of 4,000 lbs. per 
square inch. It loads through the hollow handle. The 
lubricator is operated by pushing (not twisting) the pistol grip. 

Fig. 28E. Alemite H-15 high-pres­
sure grease compressor. Suitable for 
service stations. Delivers pressure up 
to 2,500 lbs. Capacity 15 lbs. of grease. 

Fig. 28F. Alemite P-25 pneumatic 
service compressor. Operates from air 

compressor line. Pressure is 16 times that of air line. Capac­
ity :ts lbs. of grease. More t.han one lead can be used. 

i printed mutter on this subject can be obtair.eci 
by writing manufact,urcrs of Alemite 
products , Chicago, Ill. 
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FlXTURES AND SUPPUES FOR A GARAGE 
Fixtures for the repair shop should consist of such 

things as: shelves and racks for tools, such as 
stocks, hacksaws, etc.; these should be on the walls 
at the back of the vise. A set of stout drawers for 
keeping bolts and screws and brass rods should be 
provided. Some of the drawers should be fitted 
with locks and keys, for sometimes tools will dis­
appear. Several shelves should be put up for stor­
ing various spare parts, mandrels, etc.{ but it must 
be remembered that the shelves when ull may have 
to carry a very considerable weight; they should 
be stout and well secured. 

Fixtures for the garage would also consist of such 
parts as lubricating oil tanks, gasoline tank, wash 
hose and washing rack, heating plant, turntable, 
stock room, etc. 

A heating plant, either hot" water or steam, with 
coil pipes or radiators must be provided. This 
plant should be in a cellar or on the outside of the 
building in a small brick enclosure. 

A turntable is very handy for garages, but not 
altogether necessary. It should be placed in the 
center of the garage. 

A wash rack is very essential. See page 645 for 
car washing methods. 

A water connection_ in the repair shop will be 
h,mdy, and should be mstalled. 

Electric lamps with wire guards and a long cord 
for working around the car are very necessary. 

An inspection pit is placed at any con-
venient place where the auto can be run over it. 
The pit permits the repairman to get under the car 
and work. 

The pit can be made about 6 feet long, 2 feet 9 inches wide, 
and 2 feet 9 inches deep. A mirror is very handy for throwing 
the light in dark corners when at work in the pit under the ear. 

A chain hoist or crane, for lifting the engine and 
other heavy parts, will pay for itself many times 
over in time and labor. 

Fire extinguishers should be kept handy. The 
only part of the building (if made of concrete or 
brick) that is subject to fire is the roof. In case of 
fire, keep two or three buckets of sand handy (or 
fire extinguishers) to put out a gasoline fire, as water 
is useless. 

Gasoline often drips from a carburetor, and back-firing or a 
spark from a muffler will ignite the gasoline. Once a gasoline 
fire is started, it is difficult to extinguish. Never use water: 
it will serve only to Boat the gasoline and spread the Bame. If 
n fire extinguisher is not at. liand, keep a. box of fine earth or 
sand and dash it over the flame. Flour will also do, if nothing 
else is handy. 

For oil fires, a motor trade magazine advises to 
keep on hand a mixture of sawdust and soda (about 
1 qt. of bicarhonate of soda to a bushel of sawdust). 

A chemical fire extinguisher can be made by 
taking 7 ½ gallons of water and mixing about 10 or 
11 lbs. of ammonia salts and 21 or 22 lbs. of common 
salts. Put into bottles and keep on hand. 

The gasoline supply should be stored in an 
underground tank, placed some distance from the 
building, from which it is piped to a pump located 
inside of the building usually, near the wash rack. 

A garage or shop where gasoline is not sold regularly 
should have at least a 120 to 280 gallon capacity tank. 

For gasoline service or filling stations a tank 
capacity of not less than 1000 gallons should be 
provided. 

A curb go.soline. outfit is shown on 
page 673 and is generally used for regular gasolinefilling station.,. 

Lubricating oils should be carried in about three 
grades: light, medium, and heavy gas-engine 
cylinder oil1 as well as a supply of gear-case oil and 
greases. S1xty-1pllon tanks are usually provided 
for lubricating oils. 

Lubricating oil tanks and pumps capable of 
delivering anything up to the consistency of trans­
mission grease are made by concerns specializing in 
this work (see page 671). Smaller and cheaper 
lubricating tanks can be had. 

For the lubricating oils, a small enclosure can be 
provided made of wire fencing with a lock and key. 

There is no end to the number of useful devices 
which can be installed in a rep:1ir shop and garage. 

!lfany useful time-saving additions and devices 
are shown under "Useful hints, a-nd suggestions" 
(pages 1035-1041). 

The following few pages will be devoted to equip­
ment and supplies usually required in a garage. 
By writing to some of the manufacturers, where 
names ar() given farther on, and who specialize in 
garage equipment, and to automobile supply houses 
useful catalogs and information on the latest im­
provements can be obtained if this book is men­
tioned in the request. 

Fixtures for Handling Lubricating Oils, 
etc. 

Below are shown methods of handling lubricating oils. Very 
elaborate equipments ean be obtained for those who desire large 
outfits. Write for printed matter to the concerns mentioned 
farther on. 

OILY WASTECAN 

Fig. 20 

Fig. 18. Lubricating oil tank. Th.is tank can be used for 
engine oil and general lubrica!..iug oil for a small garage. It ia 
made of galvanized steel and holds 60 gallons, and is fitted with 
a positive•action force pump. The advantage is t-hat it keeps 
the oil covered and free from grit and dirt. The Bowser Co. of 
Ft. Wayne, Ind., makes a more elaborate affair. 

Fig. 19. The cross oil filter wHI save oil which is wasted by 
filtering the used oil through this filter. It will also rid the oil 
of grit and mineral substances. 

Fig. 20. A waste can is required by the insurance com­
pa.nics, and instead of throwing greasi::: oily, inflammable rags 
on Lbe floor, it is placed in this can. .e;very garage should have 
this waste can. 

Fig. 21. The Dover gasoline and 
radiator filler will prevent spilling, and 

"'·,, is very easy to handle. It holds 5 gal­
lons. It is not advisable to put gaso­
line in the same vessel used for water, 
but if it is necessary, then plate a 
chamois skin in the funnel, and pour 
the gasoline through it. No water will 
the.u pass into the gasoline tank. 

Fig. 22. IUustra.tes a spuiller size of Dover radiator and 
~asoline tank filler. It is a<lvisable to have one each for gaso­
line and water. This filler is also suit.able for lubricating oil 
Dover Stamping an<l ?,1£g. Co., Cambridge. l\-Iass. 

NOTE: Adequntc fire-extinguishing equipn1ent forrns-a.n essential part nf the gnrn.~e or ~hop. Con.sult.fircinsurnncc cornpn.ny for 
such equipment. See some representative gasoline and_oil firtn for recommended tanks an<l up to date methods of inst~lla-tion. 
Sec pp. 690, 692-694, und ·•Note," p. 672. . _ 
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'• 
D•te .>Ian $wt A.Id. Stop A.M. Start_P.Pil: Stop P.M 

Tout 1-loul"$· Time lou No, '7 

-:--~-- ----- -- ' ... ------------- ------· 
No. 2'l 

()-, .. ""'~"'·.;d-by-.-.-. . -.-.. -.. -.-,.-.. -.. -.-.. -.-.. -.-.. -.-. ----1'-ota_l _C:,,_,-, p 
Date; ................... . 

Fig. 14. Practical repair card, combining repair order, 
material requisition, and time card of workman. 

For the handling of repairs the repair card (Fig. 14) is designed. 
These cards are used in series and are numbered consecutively. 
They consist of three portions with perforations between. 
The middle portion is filled out when a car is brought in to be 
repaired, the name of tho owner, number of the car, and date 
of the order being written on the blnnk. Then follow the 
specifications of the work to be done. The cnrd is then attached 
to the automobile, and accompanies it to the repair shop. 

The upper portion of the card is now used as a time card, 
the nnme of the workman and his starting and stopping times 
being ~ntered upon it. As the work proc-resses the man checks 
every item or the work, and finally enters his total working time 
on the card. lf it be necessary to draw upon the ropa.ir parts 
stock or buy material from outside, the lower portion of the 
repair. card is used as ?- requisition, upon which the needed 
material ,s entered. If 1 t 1s not in stock, and has to be bought, 

Make ................... 0\\-ner ..... ............ . 

Body T)'J)" .•. ..••...... ' Address ..........••...•. 

Car,acity ....... ,. ...... , .. Phone .... : .... : ........ . 

VolYn (a:rindmr. l!lc,). 
TiM.lng gut (•dfust 

ment) ,., ...•..... 
Rod btarings ......... . 

~ii~=~-~?~~~~~~:::~:· 
Corbotl {rvnova1J ..... 

r,nttioft 
Wiring .• ·, ...•....... 
Plv~ ............... . 
Coil ................ . 
Mapttc ......... , .. . 

Fu,I S,-llem 
Carb-1,JTet,r ...... , ... . 
l,jn,c ud Wik .... , .. 

Coo$'h1a: s,.1.c,.. I 

-F'&o ··••· •·····•~•· 
Rad~tor .......... . 
Putn.p .... 

S1arllng-Uch1lnJ 
CeMntor . ......... . 
Stal'lins motor .. , .... . 

~l~!r· .. :::::::::::: 
Saorage bttte,rit~ ..... . 

~/~;.;e~t_, ::::_':.:: 

Tn.M~iNiOtll. 
Ceatt .............. . 

:::::!'.~ .::::::: ::::: 
Sbiftintr mtthPi:tm .. . 
Ot,YHhlllt ......... . 
UniVf!rMl:!i , .•• , ••• , : • 

Rur Ade . . 
Adju,tment .... , .... . 
Ge•r& .............. . 
t~t':-:od~·: :·::::: ::: 
Torque mt-mber ..... . 

N.,_,., Wu'4 $....,,, .. . 

Frori,t Ad, 
Alipmtnl ,, ........ .. 

Steering Gear 

Adju~mtDt , ...... ,. 
0qring$ ••••••••'•••• 
Ct.art. •·······•····· 

RuMilll Cur 

Springs, ...... , .... . 
Bn1.kt11• . .•.•.......•• 
Whe,tls ............. . 
F~o• ............ . 
R\IDnlngbonds ... , .. . 

'nrcs 

F'rCD.t, ,, ·••••···•••• 
Rl!ar ............... . 
£xtra ... , .. 

Body 

Paint ......... , .. .. . 

~fo~=~s·:::::::::: 
Wlnd:Sbield. ........ , .. 

Equipmuit 

$pctdo?r1.e.t.er ......... . 
T<lp and curtafoa: ..••• , 
Horn ............... . 
"roola .............. . 

Fig. 15. Repairman's Check Sheet. When quoting prices 
on repair work, it is advisable t-0 keep a statement o! work 
necessary, marking after each item the cost. Keep the original 
with the o,,mer's signature, a.od give a copy to him. 

an order is made out after the requisition. In every case the 
cost of the repair part is entered on the requisition, which is 
O.l{.'d ~Y the owner before an order i~ sen~ out. The repair 
work being completed, a char~o covcrmg time and matcria.Js 
of the repair is made out from i.he parts of the repair card and 
entered on the ledger page of the car owner. Thus when the 
monthly bill is made 0llt all rha.r~cs a1tainst a patron como up 
a.t once. 

When the repair card is no longer needed it is file<l a way 
under its number, the file being kept, with the ledger, in the safe 
of the office. This makes a very compaot system, all parts of 
which are accessible to the owner of the garage at a minute's 
notice, thus enabling him to keep his operations on a high plane 
of efficiency. . 

Extra equipment: Include here the tools left in his car; 
there can be no dispute. Put them in the stockroom. 
plan can be elabornted upon, 

WORKMA.K'$ 
1"1MC0,RO. 

PRQt11 se. CAtto 

then 
This 

Fig. 16. A visible promise-recording system is shown. 
When the car reaches the repair-shop floor, the work to be done 
is noted from the instruction card, and the job is promised to 
be done at a certain time. This promise is recorded by means of 
a heavy-bordered cnrd, pasted to the windshield and ba,~ng 
the initial letter of the day of the promise printed at the top 
ce::itcr. For exa,mplc, if the car is promised for Saturday, a 
card having the Jett.er"$" is used; if Monday, the letter "111." 
The foreman can then instantly see what must be got out each 
day, and whitt promises are broken, and why. 

Fig.17 (right). A foreman's desk: System is essential in the 
shop, but because it is system it does not necessarily mean an 
elaborate equipment. An olcl packing box may be made into a 
foreman's desk, and a few strips of wood and tin may be used 
to construct a ,,1orkmen's time and work-card filing rack. The 
blank cards arc o.lways available, and clean. Any of the work­
men's cards may be seen at a glance, and are in order. A clock 
should be hung near at 'hand. so that the men will not ha,•e to 
guess at the time. 

Garage and Repair-Shop Prices for Storage 
and Repairs 

The prices below are not given as a fixed standard. N ot-0 the 
difference in prices to those who purchase ga.s, oil, and grease 
from the company, and who arc regular customers and transients. 

Per Month-(Regular Customer) 
Roadsters. small, list under $1,400 ...... , ........... $1.5.00 
Roadsters, large, list over 1,400,. , ... , . . . . . . . . . . . . 20.00 
Tour. cars, small, list under 1 .400. . . . . . . . . . . . . . . . . . . I 7 .50 
Tour. cars, 5-pass., list over 1.400 ................... 20.00 
Tour. cars, 7-p~ss., list over I ,400. . . . . . . . . . . . . . . . . . . 25.00 
Coupes and enclosed ca.rs ........................... 25.00 
Limousine .... , ................................... 30.00 

Electric-(Regular) 
Runabouts ........................................ $30.00 
Coupes, victorias, etc ............ , . . . . . . . . . • . . . . . . . . 35.00 
Cars with Edison equipment extra... . . . . . . . . . . . . . . . . 5.00 

Transient 
Wash, polish, and storage, first night ................ . 
Wash, polish, and storage, each additional night ...... . 
Storage only, per night ............................ . 

$2.00 
1.50 
1.00 

Dead Storage 
One-tllird regular rate. , ....................... Per month 
Separate body storage, per montb ...... , . . . . . . . . . . . . $5.00 

Repairs per Hour 
Day laborkaccording to work ............... per hour 
Night wor and outside work ............. , .per hour 
Sunday and holiday labor .................. per hour 
Sbop room for chauffeurs when· owners furnish 

tools ........................ , ........ per day 
Chauffeurs furnished t-0 drive owner's car(day) per hour 
Chauffeurs furnished to driver owner's cars 

(night) .............................. per hour 

$1.25 
1.25 
1.25 

1.00 
1.00 

1.00 

We will not be responsible for cars le!t for repairs or storage 
in case of 6ret water, cyclone or other accidents, or if car is 
damaged in ctelivery to and from our garage. \Ve are not 
responsible for articles left in cars or in the shop. 

Note: The foregoing is printed on a heavy card, 14 x 24 
inches, framed, and placed in a, conspicuous place. 
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Sometimes it is convenient to give ·~he whole floor 
a slight pitch in one direction-towards the side, 
front, or back. The best method, however, appears 
------..---so·------..:.....,...:-

-N~taj;jjf;jjjfW~ifflm~fiti;ilfJWi#~ 
~-~~~~ . t'r8S~-u 

Fig. 11. Cross-section of the floor of a o0-ft. garage. 

to involve making the center the highest point. In 
a long garage, 50 ft. by 100 ft., this high point would 
be a line 75 ft. long through the center; from this 
line the floor should fall off towards the walls at the 
rate of about one inch to 10 ft. The lowest point 
may be close to the wall, or it may be four or five 
feet from the wall, so as to come under the row of 
cars. Along this low line a tile must be laid below 
the floor with drains, protected by cast-iron grills 
ent.ering it every 10 to 14 ft. 

If the foundation soil is such that it becomes soft 
with moisture, it should be sloped slightly tqward 
the drain tile, in the same way as the flo9.1:.1 so that 
no water can collect under the floor. w nen this 
is done, the bed material of cinders, coarse sand, or 
gravel is spread and tamped thoroughly to within 
three or four inches of the finished floor. 

Strips of 2 by 4 are usually used as grounds; they 
are spaced 6 to 8 ft. apart, and are held in place by 
stakes and cross-divis10ns placed the same distance 
apart as the grounds, forming square blocks. When 
the filling is started every alternate space is filled; 
then the cross-piece.s are taken out and the remaining 
spaces filled. 

The proportions of cement and gravel for the base 
of a concrete floor are as follows: 

Good qua.lity bank gravel: 1 part cement: 5 pnrte bnnlr 
gravel. 

Washed gravel or crushed stone: l part cement; 2 ½ parts 
t.orpedo sandi 5 parts 1" gravel. 

The proportions for the top dressing are as follows: 

1 part cement: 1 ½ to 2 ½ parts torpedo sand. 

Fill the forms with the base mixture to within ½" 
to ¾" of the top. Tamp well and finish with the 
top dressing, smoothing and striking off with a per­
fect straightedge. Never let the base dry out before 
the top dressing is added, or they are liable to sepa-
rate and the top to scale off. • 

After striking off, the dressing should stand an 
hour or so for tl:ie excess water to settle before trowel­
ing is started. A wooden trowel is best for use in 
evening up; then after an hour or more the steel 
trowel may be used, if a smoother job is desired. 
Some desire the rougher surface given by the wood 
float, but there is little chance of cars skidding 
inside the garage, and the smoother surface is more 
easily kept clean. 

Sometimes, instead of the fine cement top dress­
ing1 asphaltic compositions are applied. They 
ma.Ke a less harsh and less crumbly surface, but 
eventually ge~ soft from the constant applications 
of oil. 

THE GARAGE OFFICE 

The illustration shown in Fig. 1, page 6651 will 
be used M an example of a. garage office, which is 
also equipped as a reception room, which contains 
a desk, table, chairs, safe, and couch. The office 
is lighted by two 40-watt Mazda lamps with 12-inch 
diffusers. The price of the office furniture and safe 
is about 8100. 

Pointers ou Office Work 

The system designed to take care of all the busi­
ness of this garage is exceedingly simple. To carry 
it out1 only three forms are required: a monthly 
checking sheet, a monthly supply sales sheet, and a 
repair card. In addition to these forms an ordinary 
ledger is used, in which each customer is given a 
page on which all his charges and credits are entered. 

While it is very important to operate the office in a 
systematic manner, about seven out of ten neglect 
this part of the business. 

Checking Sheet, Sales Sheet, and Repair Sheet 1 

There are very many different methods for keep­
ing records, books, etc., for automobile garage and 
repairwork. 

A simplified system 
of checking sheets, etc., is explained below. 

The checking sheet (Fig. 12) is 3 feet high by 11 inches wide; 
with nine I-inch-wide columns, allowing sufficient epace for 
checking one car in and out every day o[ the month. Thirty-

1 The "Motor World" simplified system of accounting: A 
eimple method of keeping accurate records of what you pay 
out and take in, tellin$ how much you made or lost on each 
department, and ahowmg you how much you received, how 
much the &tock and labor cost, bow much your customers owe 
You, the a.mount of your over head expenses, etc. 

one horizontal linea are ruled one inch apart and the dates are 
printed under the headinf "Date." Thus one square inch of 
space is provided for car • out" and "in.'' The checking times 
are entered by the day workman, who spends hls time keeping 
iiarage a-nd cars in shape. After the end of the month the sheet 
15 filed for future reference. 

checking Sheet Supply Sales Sheet 
April 1912 April 1912 
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Fig. 12 Fig. 13 

Fig. 12. 

Fig. 13. 
sheet. 

Monthly checking sheet for cars housed in garage. 

Monthly supply sales sheet kept with checking 

Gasoline, oil, and other supplies bought by g_arage patrolll 
arc noted on the supply sales sheet (Fig. 13). If this sheet is 
mnde as large as t-be checking shoot, it will last a full month. 
On the last day of the month the sheet is taken off its board, 
the sales are entered on the car owner's pages in the ledger, 
and the stock records corrected in accordance with the sales 
record. Then the monthly bills are sent to t.be patrons. 
\Vb.ere materials of any kind are sold to any but regular 
patrons, the price and the notation "Paid" is entered on the 
sales sheet instead of the number of the car. 
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to use all of it for display purposes. The question to decide is 
whether the a.dvantage of having the whole front for display 
more than offsets tbe disadvantage of having the entrance to 
the gara.ge on the side street. Even if the garage trade is the 
most important part of your business, and evidently it is not, 
tbe side entrance is not very objectionable, provided there is a 
large sign at the front stating that the garage entrance is on 
the side street. 

Fig. 5 has capacity for only five oars in the repair shop. 
Entrance to the garage is from both streets, but when the 
demand for space is strong, the la.st cars in at night may be 
placed in the side entrance-way. 

Fig. 6, which has no front entrance for cars, not only is a 
more attractive building to look at, but also the layout of 
garo.ge and repair shop is more convenient. 

As far as storage capacity is concerned, there is little to 
choose, Fig. 5 having room for twenty..,ight ca,rs, including five 
in the shop, and Fig. 6 having space for one less, including nine 
in the shop. The shop in Fig. 5 m.,._y readily be enlarged if 
desired, by lengthening it. (Motor World.) 

Steam Healing a Garage 
The usual plan is to heat by steam, or hot water. The 

method of assembling the pipes or coils is illustrated in Fig. 8. 
For garages of larger capacity there would be more coils and a 
larger boiler. 

As an example we will give the dimensions for a garage 48 x 
62: It is MSumed that it is heated by a steam-heating system 
working at a pressure of 5 lb. gau~e, and for this an ordinary 
iow-pressu.re steam boiler, such as 1s used in beating houses ia 
appropriate. (See Fig. 7 for a suggested plan.) 

1 IN..PI_PE' .,i.,,,z.tN.PlPE/' 

~ 
ALL C.Olt.S Ml>J)E OF 21N •. PIPe, 0: 
13'1: ~ONG.II stC°\'IOMS lll<>ll ; 

"' * I l BOILER 
3111.PIPE 

\Ill.PIPE 

COIL ' 

ltt(.P\PEI 1\1M.PIP£ 21.N.PlP~ wAt!RS!JP'Pl'V 

Fii;. 7. Steam-heating system for garage 48 x 62. The 
he.atlng coils ::ire made oi steel pipe 2 in. in diameter. 

If you intend to place the boiler outside of the ~a.rage, you do 
not want to overlook tho fact that it should be suitably housed, 
so that no heat will be wnsted in warming the open atmosphere. 

~~~~~c 
VALVC 

.Fig. 8. The boiler must be set so that the water line will be 
below the level of the lowest radiator or coil, and so that the con­
densation will drain from the coils back to the boiler by gravity. 
If this is not done, the heating system will bo very inefficient, 
as you will have to heat cold water up to the steaming point, 
instead of being able to reclaim some of the heated water. It is 
best to submit plans to a steam-heating specialist when install­
ing a heating plant. 

Lighting the Garage 
Lighting the garage: This is a matter of providing the proper 

electric lights located to the best advantage. The local elec­
trician is posted on this subject. 

Artificial illumination of the garage proper is supplied by five 
100-watt Mazda lamJ1ll, equipped with 12" steel diffusers with 
-lo.i4r.a. 1:1,n.A.w>al 'inieh (Fur, 9}. 

Special lighting provision is made for washing the cars: there 
are four 25-watt Mazda lamps located at the corners of tho 
wash rack (N) (Fig. l, page 665), and these lamps are held in 
Holophane D'Olier steel reflectors, directing the light to the 
lower part of the automobile being washed. 

The repair shop requires evnn more elaborate lighting facili­
ties than·the gs.rage space. It is therefore equipped with five 
60-watt lamps and two 25-watt lamps, all of which are of the 
Ma.zda (tung0ten) type. Three 60-watt bulbs (W), fitted with 
Holophane D'Olier steel reflectors (Fig. 9), and dropped from 
the ceiling to illuminate any part of the car being worked on, 
while two 25-watt lamps (Wl) sh ,wn in the shaded circles 
(Fig. I, page 665), are fitted with th same sort of reflector and 
are so located as to be useful in seeking parts stored on the 
stock $helves (Sl). 

Two 60-watt lamps (U) with Holopbane intensive glass 
reflectors are dropped above the lathe, planer, and drill press. 
to shed a concentrated light on the ~·ork. 

Fig. 9. Three types of reftectors for lighting a garage. 
Holophane type of D'Olicr steel type; 12" diffuser; Intense 
type, D'Olicr. • 

Builcliug a Garage Floor 
Cement concrete is the acknowledged material 

par excellence for the garage floor. 
Wood is condemned as being short-lived and 

usually out of repair. Boards placed as close to 
the ground as is usual with garage floo1·s rot in a 
short time. They also tend to warp both trans­
versely and longitudinally by reason of the under 
sides being damp and the top dry; thus they pui, 
loose from the under-f)inning on account of the 
timber rattling and failing to hold the nails. 

Wood blocks make a good pavement, but, unless 
creosoted, are also short-lived, and the creosote is 
said to be injurious to rubber. 

DRESSING 

CONCRETE 

POROUS MATERl/'L FOR 
DRAINAGE - GRAVEL, 
COARSE SAND, <m ClNDEllS 

NATIVE SOI\. 

Fig. 10. Detail of construction 

Before starting a concrete floor it is well to study 
the situation as regards water pipes and drains. If 
there is any filling to be done, the nature of the soil 
must be considered. 

It is not safe to lay concrete over clay that has 
been filled, as the floor will surely settle. Gravel 
will immediately settle to a solid bed, as will sand 
if wet down sufficiently to wash it into any crevices 
that may exist under it. Clay is quite different 
from sand and gravel, though sandy clay is not quite 
as bad as gumbo or any of the more sticky clays. 
• If clay must be used, it should be placed when 

as dry as possible. After it is laid, it should be 
soaked with water until virtually soft and incapable 
of supporting a person's weight. When it has 
dried, it will be as dense as it can be made without 
process of time, and will have settled from 10 to 24 
per cent of its original height. 

The drainage of the floor should also be considered 
before the work actually begins; a puddle of water 
on the floor after a heavY rain is never desirable 
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The repair shop in this small 9-car capacity garage is but 
24 feet long and 15 feet deep, and, besides the door connecting 
it with the office, has a sliding door between it and the garage 
proper. This door is sufficiently wide to permit of an n.utow 
mobile being passed through it into the shop, which also con­
tains a. small stock of raw material and repair parts stored in 
shelves (SI) and (S2), and n tool shelf (T). (Motor Age.) 

A Fifteen-Car Garage 
An arrangement and equipment of a garage and repair shop 

suitable for a town of 3,000 population with good transient and 
country trade is shown in Fig. 2. The size of the building is 
50 by 120 feet, one-story brick or cement block, with the 
repair shop 40 by 50 feet at the rear. 
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Fig. 2 shows a garage which would suit the requirements 
stated, beside being convenient and cheaply maintained. It 
allows of care entering at one side and leaving at the other. 
thus avoiding any congestion in getting in and out. Gasoline 
and oil are bandy to the street, beside being under the direct 
acrutiny of the office. 

Posts should be barred and the roof supported by trusses, 
makiog t.be working space much more valuable and saving ma-ny 
:,.ccideots to lamps, fenders, and varnieb. Heat is supplied by 
a hot-water apparatus located in the repair shop. It is of the 
o,•erhead supply type-that is, the supply veins extend from 
the boiler at the ceiling height, and branches drop down to 
the coils and radiators and return just above or under the 
floor. Steam could be used, but the boiler would have to be 
aunk considerably in a pit before this could be used at all 
successfully. 

A small gasoline-electric generator-set with a suitable switch­
board is suggested for electric charging and running the lathe 
and drill-press, in case the local service is not direct current. 
Sky or other kinds of roof lightB are a necessity if the garage 
is on an in.side lot, and are desirable in any onse to make things 
cheerful and airy and attract-ive to transients who use it. 

Average space to allow for storage of cars: 7 feet is the usual 
width. The length varies from 13 to 18 feet, according to 
length of car• stored. ( l\f otor Aue.) 

Another Fifteen-Car Garage 
A one-story building for a garage, salesroom, accessory 

store and shop: The plan is shown in Figs. 3 and 4. The size 
of the lot is 60 x 100 feet.. The buildin11: is erected so that 
another story can be added. 

~.-! 
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Fig. 3. Plan view. The cara in front, near the shop doors, 
should be the ones which are away from the garage the most. 

The entrance to the lj:arage is exposed so that light ean be 
obtained from two aides 1.nto the sho,i,.~roo?::J.. Thus the building: 
hos practically all the advantages of being on a corner. 

There is a email accessory store divided off from the show• 
room by showcases and an arch, a stockroom, private and 
general offices, rooms for men and women, garage space for 
fifteen cars, wash rack, and a shop big enough for five or more 
ears, and eguipped with vulcanizing, welding:, and electrical 
rooms. (llfotor World.) 

Fig. 4. Front view. Note that the driveway to tbe gnrugo 
g_ives the showToom a. corner appearance, and light. 

A Twent-y-Eight-Car Garage 
A one-story comer building with alternative plans for garage, 

salesroom, accessory store, offices, toilets, garage and shop is 
•hown in Figs. 5 and 6. Size of the plo~ is 66 x 112 feet. 

There are two designs: Fig. 6 is probably tho preferable one, 
considering all the conditions, but Fig. 5 is the o.nc to use in 
case a front entrance to the garage is considered essential. 
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Fig. 5 
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Fig. 6 

J.'ig. 5. Complete establishment located on a corner nnd 
with a front entrance. 

Fig. 6. Complete establishment, with no front entrance. 

The objection to the front entrance is that it restricts the 
frontage so that the display apace for the showroom aod acces­
sory store is rather amall; but with the entrance on the side, 
full advantal:le of the front may be taken. And inasmuch as it 
may be comndered as valuab1e advertising space, it is essential 



INSTRUCTION No. 61 
THE GARAGE: Building and Equipping 

Many, after starting in a small way, soon earn 
enou_gh to start up a shop of their own. We will 
now fay out a procedure for starting a shop or garage. 

A garage is a place where cars are stored and cared 
for. Most garages also have shops in connection. 

If only a shop for repairing automobiles is planned, 
then figure on enough room to take care of at least 
four or five cars while working on them. 

A repair sl1op without the garage is profitable, 
and can be started for much less capital. If the 
repairman is just starting out and his capital is 
limited, the best plan is, of course, to start in a small 
way. 

The question to decide is whether you intend to 
do strictly repair work, or to store cars and repair, 
and also whether you will conduct an agency for 
some car, and carry supplies. 

Garage 
A ~arage is termed a place for storing cars, but is 

subdivided into departments: storing, salesroom, 
auto-supply department, and repair shop. 

The ga.rage equipment consists of suitable space 
for the number of cars you intend to store, bearing 
in mind that the space devoted thereto should be 
utilized to the best advantage. For instance, cars 
which are used frequently and regularly should 

occupy that space where exit is easy, usually nearest 
the exit. The wash rack should be in a convenient 
location, and the garage supplies, such as oil and 
gasoline, should be where convenient, yet not inter­
fere with the space occupied by the cars. 

The salesroom, office, and stockroom should all 
be carefully planned. 'The stockroom quite often 
is utilized for small tools and accessories, but it is 
better to display the accessories in some sort of 
showcase or shelves in a space in the salesroom. 

Repair Shop 

The repair shop can be subdivided into depart­
ments as follows: machine shop, tire repair, welding 
room, electrical apparatus and testing department. 
The testing department should be a space allotted 
for the purpose of diagnosing the troubles, before 
actual work is begun. See also page 691. 

The electrical repairs constitute recharging bat­
teries, work on the electrical apparatus, etc. 

By maintaining a system of departments in this 
manner, the parts belonging thereto are easily 
located, work is turned out quicker, and a higher 
degree of efficiency is maintained. 

An extensive line of repair work can be carried on 
in even a small garage, and the sale of extras and 
sundries will add materially to the income. 

LAYOUT FOR A GARAGE AND FOR SHOP BUILDINGS 

Successful garage operation is largely a question 
of systematic economy. This holds true for smaller 
garages even more than large ones, and therefore 
such an establishment requires great care in its lay­
out, construction, and subsequent operation. The 
more thought that is concentrated upon the system 
to be followed, once the building and equipment are 
ready for starting business, the fewe1· mistakes will 
be made and the greater will be the profit derived 
from the undertaking. 

A Nine-Car Garage and Shop 

The ty]?e of a small country garage, as described 
in Fig. 1, 1s designed for the storage and general care 
of nine automobiles. Besides the space necessary 
for garage work, the building contains a well­
equipped repair shop and an office, which also serves 
as a reception room. 

In the repair shop a limited supply of parts and 
supplies is kept, the latter being provided for the 
accommodation of the gara.ge patrons. The supply 
stock consists of the most important accessories, 
tires, tubes, and ignition sundries, etc. 

This garage is designed with a view to economy. It is a one­
story brick building. 60 by 40 feet, with the longer side toward 
the street; the interior height is 14 feet from floor to roof, and 
the latter is ca~ried on trusses 40 ft. long and spaced 8 ft. apart. 

A skylight (L) 10 feet wide and 50 feet long with windows 
illuminates the garage during daytime. 

Near the middle of the street side (1). 15 feet from one end. 
is located the main door. which is 10 feet wide. Entering 
through this door a row of four automobiles is arranged at the 
right. while at the left is the entrance to the garage office. 
Adjacent to the office door a board 3 by 3 feet is hung on the 
wall, on which checking forms, which constitute a part of the 
garage eyatem, are kept. 

Fig. L Floor plan of the garage, sho,..-ing looation of depart­
ments, skylight, and arrangement of tools and lamps. 

The office is 10 feet wide and 15 feet deep, and besides the 
entrance mentioned, ha.s one door leading into the repair shop 
and another into the garage proper. which has a floor space of 
1,275 square feet. 

The space filled by automobiles is sho1vn by shadini;, and 
there is enough room to accommodate nine cars of 124 inches 
wheel base and standard tread. The space between· the dotted 
portions illustrate theJ'assa~eway for automobiles driving to 
or from their a.ssigne pos,tions in the garage. From the 
garage proper a 10-foot door leads into the back yard, and 
adjacent to this door the wa.sh rack and charging outfit are 
located. 

The wash rack is formed by a rectangle deepening toward its 
center (K). whence a pipe for the flushing water leads to the 
sewer, or other drainage system. The water is supplied either 
through the medium of the ready-made car washer, or through 
one which can be readily made from ¾" standard pipe, a 
stuffing box, four elbows, and about 12 feet of ¾" water hose, 
at a cost of less than S8.00. The method 'of assembling th\\ 
parts is shown elsewhere (see Index under "Wash rac1ts••~. 

665 
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supplies current; see if ammeter indicates on 
"charge" side. 

Inspect generator: (a) see if drive adjustment is 
necessary; (b) tighten all nuts or screws supporting 
generator; (c) see if generator delivers output 
according to test under "Inspection of electric 
system"; (d) oil generatori (e) generator charging 
rate may need setting up if battery does not stay 
charged (see pages 506, 563; also page 462N). 

Inspection of Car on the Road 
Make notes of different defects so that they can 

be corrected later. 
Inspection of engine: (a) see if engine start.~ 

easily; (b) see if engine runs without missing or 
loping; (c) see if engine idles properly; (d) see if 
engine picks up speed; (e) see if there is a clicking 
noise (after engine is warmed up); if so, it may be 
due to too great a valve clearance, or to worn 
tappet guides; (f) see if there is a carbon knock (see 
pages 778, 7631 167-170); (g) see if engine knocks 
(see· page 777 J; (h) see if there is considerable 
smoke (see pages 103, 461, 168, 118). 

Inspect brakes: (a) see if foot and hand brakes 
operate properly; (b) permit car to coast, and see 
if brakes bind (see pages 886-888). 

Inspect clutch: (a) see if it slips; (b) listen for 
noises; a ringing noise usually indicates loose or worn 
disc fabric; grinding noise, leak of lubricant or 
broken thrust bearing ball (see also pages 838,839). 

Inspect transmission: (a) see if gears shift hard 
;see page 855). If there is stiffness in gear-shifting 
lever during cold weather, this indicates oil is too 
heavy in transmission and rear axle. Drain off 
small amount and thin down with cylinder oil. 

Inspect rear axle: (a) listen for hu=ing or 
singing noises when driving straight ahead and 
turning corners (see pages 873, 870). 

Inspect wheels: (a) while someone else drives the 
car, stand at rear and see if rear wheels wobble!· 
this may be due to bent axle shafts or loose whee 
nuts (see page 905); (b) also observe front wheels 
for toe-in, wobbling, etc. (see pages 906, 910). • 

Steering device: (a) see if it oper~tes properly. 
There should be some backlash, but not excessive; 
(b) if steering is difficult the steering rods may be 
bent or loose, or there may be lack of-lubrication. 

Inspection of Car After Trial on the Road 

Inspect engine: (a) with engine idle and warmed 
up, test the compression of each cylinder (see p~e 
767); (b) inspect valve clearance when engine 1s 
warm; use thickness gauge (see pages 59, 775); (c) 
clean carbon deposit; to determine remove spark 
plug, insert carbon scraper and see if carbon is 
P.resent (see pages 763, 168, 169); (d) grind valves 
if compression leaks from valves (see pages 770, 57). 

Inspect brakes: (a) clean, adjust, and oil brake 
connections, (b) inspect brake lining to see if badly 
worn, if so reline; (c) if grease and oil are on brakes, 
find the cause (see page 887). 

Inspect clutch: (a) adjust, if it slipped when 
testing on the road; (b) lubricate if necessary. 

Inspect transmission: (a) drain lubrication and 
relubricate (see pages 172, 856); (b) tighten all nuts 
and bolts. • 
• Inspect universal joints: (a) examine drive shaft 
for looseness by working back and forth by band. 
If there is excessive looseness1 !1etermine if it is due 
to universal joints or to bac1<1ash in drive pinion; 
(b) if universal joint is a fabric i:ype1 examine nuts 
or fabric for torn or worn holes; (c) iubricate. 

Inspect torque member: (a) .examine for looseness, 
if cracked, etc. 

Inspect rear axle: (a) see pages 865 to 875 for 
adjusting drive pinion and differential gear; (b) see if 
oil leaks (see page 882); clrain lubricant and put in 
fresh lubricant see pages 172, 882). 

Inspect wheels: (a) clean, grease, adjust rear 
wheel bearings (see page 864); (b) if wheels are 
wobbly, see if due ·to loose rim bolts, or unevenness 
in tightening, or if bent axle shaft· end, due to 
skidding or striking curb (a common cause) or if 
loose nut on end of axle shaft; (c) see if hub tlanges 
are drawn tight; (d) see if paper gask_et between 
hub flanges is loose or torn and if oil leaks out; if so 
tighten or replace; (e) ti~hteu rim bolts, hub caps; 
(f) clean, grease, and adiust front wheel bearings 
(see page 908); (g) tighten nuts of front wheel 
spindle, hub flanges, and hub caps; (h) inspect 
balls in front wheels when greasing to see if broken 
(a clicking sound usually indicates broken balls). 

Inspect steering device: (a) tighten all nuts from 
steering device to front axle steering arm; (b) 
adjust steering device; (c) grease. 

Inspect chassis: (a) tighten all spring clips, 
shackle bolts; (b) clean and lubricate springs; (c) 
tighten all bolts and nuts starting at radiator and 
working back to rear axle, including differential 
cover cap screws; (d) be sure all cotter pins and 
lock washers are in place; (e) tighten all bolts hold­
ing body to frame. 

Lubrication of Car 
Follow instruction book for kind of lubricant, 

then start at front of car and work to rear, being 
sw·e each and every grease cup is screwed down to 
eject all grease; then refill and screw down again 
until you are certain grease is reaching the part 
to be lubricated. See pages 172-174, 761. 

Don't overlook oiling the generator, starting 
motor, fan, ignition device, and control members 
and connections thereto. Also lubricate 

brake rod clevices. 

Clean Engine and Car 
Engine: (a) clean, grease, and oil from outside 

of engine (see page 760). 
Car: (a) wipe off all surplus grease and oil· (b) 

wash car (see page 644); ( c) clean top and upholster­
ing (s~e page 647); (d) clean all glass, including lamp 
lenses (see page 646) i . (e) polish body (see page 
645); ( f) polish a.II nickel (see page 646). 

Final Inspection 
Before turning car over to owner: (a) see if there 

is plenty of gasoline in main gasoline tank: (b) see 
if gasoline gauge works properly; (c) ·see 'ff starting 
crank is in tool box; (d) see if all tools are in tool 
box, including a jack and tire tools; (e) examine 
tires for glass, rocks or nails in them; (f) see if tires 
are prop~rly i~ated; (g) see if all rim nuts are tight; 
(h) see if all lights operate properly. The bright 
lights in some states should not be over 32* c.p. 
if deflecting lenses are used, and the lamp should be 
tilted down until the brightest rays of light strike 
the road about 200' in front of the car; (i) test 
battery for water above plates and witn hydro­
meter, and see that all battery connections are 
tight; (j) see if oil indicator on engi11e shows 
"full" and if indicator works properly; (k) see ii' 
oil gauge indicates properly and oil pressure is 
prnperly ad.justed; (I) see if starter operates prop­
erly; (m) see if ammeter indicates properly; (n) see 
if horn operates properly; ( o) wipe off steering wheel; 
(p) see that seats and door handles are clean. 

*Most states now allow a maximum of 32 o.p. in headlights. Adjustment of the upper beams of the headlamps is now usually 
adjusted by means of adjusting machines, or pla.ced on a level surface 25' from a properly constructed headlight adjusting screen. 
Instruction• will be found in most of the car instruction books. or in a manual such ns mentioned under "Lighting," on page 690. 



Tim At'TOMOBII,r, REPAilU\IIAK 

Vig. 6. A metal tool kit. (Snap­
On MeehaniKit J<-21). 

Fig. 6A. A bench for complete 
hand tool equipment that ca11 be 
1·olled to the job. (Srnip-On roller 
tool bench No. K-i). 

Fig. 7. A metal tool case with 
an assortment of 87 tools, suit­
n.ble for general u.ut.mnotivereJ>air 
work. (Bl:H'kh:,wk 87\VI) Sct.) 1 

INSPECTION BEFORE AND Al<'TER OVERHAULING A CAR 

A procedure of inspection, adjustment, lubrica­
tion, cleaning and fim,l inspection follows. See also, 
page 660, "Preparing a car for a tow· arul engine 
tune-up."' 

Inspect tools: l\fake a list of the tools with which 
car is equipped, so that same tools will be returned 
to customer. 

Inspection; Engine Not Running (But Warm) 

Inspect cooling system: (a) water hose; (b) fan 
(oil); (c) fan belt; (d) radiator for leaks; (e) water 
pump for leaks. 

Inspect engine lubrication: (a) clean or change oil 
filter; (b) drain old oil,flush and refill; (c) inspectoil­
levelindicator ;(d) tighten oil connectionsi (f) change 
to lighter oil in winter (see also page 172;. 

Inspect carburetion and fuel line: (a) start at 
gasoline tank; see that all connections are tight; (b) 
inspect strainers in fuel pump or vacuum tanl{; (c) 
carburetor strainer; choker valve; throttle valve (sec 
if they open and close properly); (d) carburetor 
dripping (see page 122); (e) see if gasoline reaches 
carburetor, by flooding it. 

Inspect ignition system: (a) remove clean, and 
adjust spark plugs; (b) examine cables; (c) clean 
distributor; (d) inspect interrupter for gap, smooth­
ness of points; (e) see if interrupter shaft wobbles; 
(f) inspec-t primary wires; see if connections from 
battery to coil and interrupter arc tight; (g) inspect 
secondary cables; (h) ignition switch for loose 
terminals; (i) ammeter terminals; (j) battery 
terminals; (k) battery ground; (1) oil or grease igni­
tion device (seep. 462B for Major Tests). 

Inspect engine bolts and nuts: (a) tighten 
cylinder head nuts; (b) inspect all cap screws on 
manifolds, carbureto1:, water head, oil pan, gear 
case, etc. 

Inspect electric lights: (a) turn on different light­
ing circuits; (b) if any of the lights do not burn, 
look for blown fuses, defective bulbs, grounds in 
lamp sockets or wiring, loose connections; (c) trace 
lighting wire from switch to battery and see if good 
connections; (d) test signal lamp (stop light) switch 
and circuit; (e) examine battery connections and 
ground connect-ions. See also "Final inspection," 
page 664, for tilting bright lights. 

Inspect starting motor: (a) try starting motor; 
(b) tighten nuts supporting starting motor; (c) oil. 

Inspect battery: (a) see if water is above plates; 
(b) test battery with hydrometer; (c) inspect ba.ttery 

<·onnections for looseness, corrosion, and for ground 
connection; (d) clean battery hox; (e) tighten hold­
down clips. 

Inspection: Engine Running (Warmed Up) 

Inspect cooling and lubrication system: (a) ob­
serve if water is ci1·culating; (b) see if enl:P-ne over­
heats (observe temperature indicator); (c) see if 
water pump leaks; (d) see if oil pressure gauge indi­
cates properly (see pages 164, 162, 165). 

Inspect carburetion: (a) see if engine idles prop­
erly; if not, see if throttle-lever idling-adjusting 
screw is prope1·ly adjusted; (b) see if engine idles 
"·ithout missing or loping; if not, see Index; (c) see 
if there are ail· leaks at carburetor, inlet manifold, 
or spark plug gaskets; (d) see if engine picks up 
speed quickly; (e) test action of throttle and ac­
celerator (see also pages 462A and 462B). 

Inspect ignition system: (a) See if engine idles 
properly; if llot, examine inteITupter points and 
spark plugs for proper gap and cond_ition, test bat-

• tery, test condenser (see pages 227, 230, 485), ex­
amine ground and other connections; (b) also ap­
plies to high speed (see also page 462A). 

Inspect electric system in general: use ammeter to 
check action· of generator and battery as follows: 
(a) speed engine up; note if "charge" is indicated 
at about 800 r.p.m. of engine. Note if ammeter 
shoi.vs at least 12-15 amperes withlightswitch "off." 
lf "charge" is not indicated at hlgh speeds, examine 
cut-out points, generator third-brush, and majn 
brushes and commutator, also the field fuse on the 
generator and battery connections, as well as all 
other connections; (b) slow engine down; see if 
cut-out disconnects battery from generator (see 
pages 333, 504-506); (c) see if there is sparking or 
arcing from spark-plug cables (called static dis­
charge). If so, and the rubber on cables is hard and 
porous, new cables should be installed (see page 241); 
(d) with engine running slowly, turn on light 
switches. See if battery supplies current for lights. 
As each light circuit is turned on the ammeter should 
indicate higher on "discharge" side; (e) with light 
switches on, engine speed up and see if generator 

1 Address of some of the manufacturers of wrenches and 
other tools suitable for automotive repair work: Blackhawk 
Manufacturing Co., Milwaukee, Wis.; Bonney Forge and Tool 
Works, Allentown Pa.; Owatonna Tool Company, Owatonna, 
Minn.; Snap-On Tools, Inc., Kenosha, Wis. See also pages 
698,699, and 693-700, 763,767. 

• See also ADDENDA, pages 40-43, for engme testing nnd 
checking devices. 
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"· Don't pound the end of a shaft with a bare hammer. Use 
a babbit hammer, or deaden the blow wit-h a piece of brass 
or wood. 

5. Don't push a car around the shop with greasy hands on tbe 
varnished surfaces. Either wipe your hands or place a 
clean cloth between your hands and the car. 

6. Don't leave a car standing in a pool of g1·easc. 

7. Don't use an 18" Stilson on a 3/8" nut. 

8. Don't sit on the cushions with your greasy overalls. Spread 
a clean cloth or paper over them first, and don't put your 
greasy hands on doors, body, hood, etc. 

0. Don't use the customer·s gasoline just because its handier 
than to get some from the stockroom. 

OveraHs 

Car overalls is the name given to wash­
able duck protectors for upholstery, fend­
ers, and cowl. They protect the seats, 
fenders, etc., from g·rease and repair-shop 
soiling when car is being worked on, and 
should be on hand in every shop. They 
should be laundered often and kept clean 
(also made in leatherette from which the 
grease can be removed with gasoline). 

Your own overalls should also be kept clean. 

Starting in the Auto Repair Business 

Automobile repair work may be classified into 
eight positions: (1) the helper, (2) the mechanic, 
(3) the specialist, (4) the assistant foreman or shop 
inspector, (5) the foreman, (6) the assistant service 
manager or service salesma.n, (7) the scr'Yice man­
ager, (8) the shop owner. 

The above classifications are not followed by all organizations. 
Some have more, some have less, and some apply clifferent 
names to the positions. 

The helper. The best advice for one starting to 
learn the trade is to first obtain a fairly complete 
knowledge of the automobile by reading and, if 
possible, by attending a good school. Then get a 
position under a good foreman or shop inspector who 
can teach you the practical methods t.ised in the 
trade. If you are to succeed, you must continue 
studying books and also good trade magazines and 
perfecting your knowledge. 

On.e ,very importan.t point is to refra.in from doing work that 
you don't underst-llnd. It is better to ask the foreman's advice 
than to turn out a job about which you are uncertain. 

By following the <Ulvice abote a11d usin(J oood judument, you 
should, after obtaining experience and knowledge, advance to 
a position as a mechanic. 

The mechanic. The mec·hanic is c·apable of per­
forming the rout-ine jobs assigned to him without de­
tailed instructions from the foreman. He is how­
ever, still under the jurisdiction of the foreman and 
should still consult him on any conditions arising 
t.hat are slightly unusual. One duty of the mechanic 
is to report to the foreman or shop inspector when 
the car requires certain repair work that has not 
been ordered. This is of particular importance to 
the mechanic himself when the repair needed but 
not ordered will affect the successful operation of the 
part on which he is working. 

The specialist. After a certain amount of ex­
perience as a mechanic, one usually decides on be­
coming a specialist along certain branches of tbu 
trade. The number of such specailisls are innumer­
able, biit some of the most important divisions are: 
(1) general mechanic, (2) engine mechanic

1 
(3) steer­

ing, axle, transmission, and clutch mecna.ni_<;,, (4) 
brake mechanic, (5) ca.rburetor·mecha.nic, (6) auto­
motive electrician, (7) inspector, (8) trouble shooter, 
(0) welder, (10) body mechanic and trimmer. 

The assistant foreman or shop inspector assists 
the foreman, in some large shop~. l lei~ a mechanic 
above Lhcavcragc in ability, und possesses about the 

same ability as the foreman but possibly not as 
much experience. 

The foreman. The foreman occupies a very re­
sponsible position in that he has complete charge of· 
the shop and the mechanjcs. He must, first of all, 
be an expert along all lines of automobile repair­
work. While he need not necessarily know all the 
details of each specialty listed above, he should have 
a general knowledge of each of them. Some of the 
11uiin aUributes of the successful foreman are: (a) abil­
ity to select and recognize good mechanics and help­
ers, (b) ability to teach mechanics and helpers, (c) 
<·onstant watchfulness and observation of work per­
formed by his mechanics, (d) ability to observe 
minor details that may be overlooked by his me­
chanics, (e) ability to know the quickest and most 
economical method of performing a job, (f) ability 
to maintain enthusiasm and loyalty among his 
mechanics. 

The assistant service manager or service salesman 
assists the service manager, in some large shops. 
Ile deals directly with the customer and makes out 
orders and delivers the car to _the shop foreman with 
instructions. He makes a final inspection of car 
when work is completed, and includes a road test if 
necessary. He returns the car to customer. 

The service manager. The unusually good fore­
man advances to the position of service manager, 
who is in complete charge of all of the elements re­
Ja.ting to mechanical service. This position requires 
the maximum in ability and character. The aUri­
lmtes of a successfiil service manager, in addition to 
those listedforfo-nrma-n, are: (a) a pleasing personality 
in order to successfully deal with the customers; (b) 
good business ability, as he is obliged to supervise 
charges made to the customer, the quality and 
amount of stock and supplies to be _purchased, the 
price to be paid for stock and supplies, the wages 
and working conditions of shop employees, system­
atic handling of the work, the general appearance of 
the shop, the necessary clerical work, and to increase 
the volume of profitable business. 

The shop owner to be successful should possess all 
of the attributes of a service manager. In addition, 
it is also advisable to have some knowledge of ac­
cm111ting. 

Equipment fol· Automobile :i\·Icchanics 

As a general rule, helpers, mechanics, and special­
ists are required to supply their own hand tools. 
There is no definite rule regarding the exact number 
or kinds of tools that should be obtained. The selec­
t.ion is ordinarily dependent on the mechanic's per­
sonal preference and the nature of the work or 
speciaity in which he is engaged. 

The best advice for the helper or beginner to follow in the 
selection of tools for his first job is to ask the foreman's advi<:e 
:ind, if po~sible, obtain his re.commendation regarding the kinds 
and q1mlity of tools to obtain. 

Parts, special tools, and supplies are handled by the stock 
room depart.tllent, which is operated by men fantlliu.r with the 
purpose, names, and price of all the parts of a car. 

'the shop stock room usually ~uppl_ies specia_J tools and testing 
devices, such as: re-amen:, drill bits, maclune tools, electric 
drills,. extension lamps, blow torches, solde~ng irons, taps and 
<l1es, Jacks, wheel pullers, gear pullers, bearing pullers, special 
wrenches, valve grinding and valve reseating tools, cylinder 
hones, piston, connecting rod, tire and wheel a.lignment tools, 
precision instruments, such as micrometer calipers, electrical 
testing inst.rumen ts, such as volt and ampere meters, condenser 
t,esters, battery hydrometers, neon ignition timing light, spark 
plug te.'Ster nnd rleaner, and other testing devices such as co1n­
pre:;t"ion gaug<,"l, vacuum gauges, brake tester~. etc. 

For further informat.ion on tools sec footnote next. p:.,gc und 
Instructions Nos. 63, 62, 04, und 65. 
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THE AUTOMOBILE REPAIRMAN: Pointers for the Beginners; Starting in 

the Repair Business; Light Tool Equipment for the Auto Mechanic 

POINTERS FOR THE BEGINNER 
The auto repairman must know how to adjust any 

part of the car. To know how to adjust, he must 
first know the principles underlyin1;; the construction 
of the parts, as explained in prev10us Instructions, 
and must know when and where to look for tJ'Ouble. 
(See Index under "Digest of Troubles.") 

About one-half of the work of the automobile 
repairman is in making ~djustments and. fitting 
parts, such as carburetor a.dJustments, removmg car­
bon, grinding valves, fitting horns, shock absorbers, 
diagnosing troubles, and numerous other little de­
tails, which do not require a machine shop, but do 
require !l.(?:OOd assortment of tools, and a knowledge of 
the principles involved in the construction of a car. 

A machine shop is not necessary, unless there 
is sufficient work to keep more than one machinist 
busy. A great number of small repair shops put 
in only the tools needed for the average repair work, 
and when they have a job of machine work to do, 
they take it to a machine shop. In other words, a 
machinist and an auto repairman follow two differ­
·ent trades. The auto repairman need not be a 
machinist; by machinist I mean one who can turn 
all kinds of metal parts on a lathe aud do actual 
machine work. 

Systcin and Order 
vVhen beginning work on a car or engine, remem­

ber that system and order are two things every 
repairman ought to learn early. They mean suc• 
ccss. Have a place for everything and keep every­
thing in its place, and then you will not have to 
ramble around the shop trying to find tools and parts. 

~~ 
Fig. l. Don't throw nuts or bolts on the floor. Pl!Lcc them 

in a box or pan. 

There is nothing more disgusting to a man who 
owns a car, than to walk into a repair shop and find 
a careless workman dumping nuts, bolts, etc., here 
and there on the floor. That customer will say to 
himse.lf: "If that workman is as careless as that, he 
is careless enough to leave a nut in my crank case 
and ruin my engine when it is started up, or he will 
leave off lock nuts or lock washers and cause me 
expense and damage." 

A little piece of metal, such as a piece of a cotter pin or the 
like, accidentally dropped into a can of grease or o,I and sub­
sequently put into the gear case of a motor ca~ has bee11 known 
t.o c..'\usc much damage, and to cause the driver or owner of 
the car considerable trouble and expense. 

Fig. 3 

Fi". 2. Keep your tools in a box or kit, not on the floor. 
Fig. a. Before .turning a ca.r ove1· to the customer, be sure 

that all nuts are tight und that, lock washers are under tha.se 
nuts that ore supposed to have them. 

What Is ::i Goo<l Auto Mechanic 
A good auto mechanic is one who strives to do 

careful arrurnte work, endeavors to improve his 
kuowle<li:tc by stud~·ing, :ind is truthful, ('ourtcous, 
clean, and uses system and order in hi~ work. 

One who possesses these traits is bound to make 
good. If you do not possess such traits, try cul­
tivating them. Also cultivate the habit of thinking 
before you act. Such traits as these develop service 
managers and foremen. 

A Careful Mechanic the One in Deinan<l 

If you do your work thoroughly and carefully 
and always do a little more than you agree to cl", 
and be truthful, you will be sure to make a success. 

It's the careful man the car owner wants to 
handle his car, not the fellow he can't depend upon. 

Here is an example of a young man w·ho had just 
started into the busiuess as an auto mechanic. Judge 
for yourself which of the traits named above he lacked, 
and what kind of a business he could build up. 

A car owner left his car with instructions to lul ,ri­
cate it thoroughly and not omit any of the phu·cs 
that should be lubricated; he also told him to be sure 
and see if the connections in the fuel line runninµ: to 
the gasoline tank were tight; he had an ide~. thut 
there was a slight leak. He went away, and when 
he ca.me back that afternoon he asked the mechanic 
if he had attended to the different things he told him 
to do. He said yes. Next day the owner ran out 
of gasoline. He found that the mechanic had not 
examined the connection carefully, if at all, and the 
leak had exhausted the tank-the connection was in 
a difficult place to get at under the car, so t,he 
mechanic simply took it for granted that it was all 
right and let it go at that. So you see a careless 
man is of very little vah1e--it's the dependable 
fellow who will win. 

Don't Overcharge 

v'7e want to warn you that in the matter of charges, 
it pays to be liberal. :Make it a rule to do a little 
more than you agree to. lt i8 well to comment on 
your work, in talking to the auto owner, like tbis: 
''I noticed that some of the nuts were loose on the 
carbmetor base, so I went over all the nuts on tho 
engine and found that ma.ny needed attention. 
You want to watch those little things, and then you 
won't need me so often." The owner may not say 
anything out loud, but he will certainly comment to 
himself, "There's a good repairman," and that is the 
most profitable reput.ation you can establish. 

You are building a business fot the future when you 
do younvork rigb t, and treat your customers fairly. 

Dont's for the Repai.t·man 
1. Don't lay wrenches, hammers, chisels, eto., on the fen<ler.'J 

or on the seat cushions. Cover tho fenders, a.ud rcmowt 
the cushions during the work. 

2. Don't SP.ill oil. or smear grease ov_er tbe finish or upholsler.v. 
Cover the seats and fenders w,t,h cloth protectors when 

working- on a car. 

3. Don't try to squeeze one car 
past another in the shop. 

Fig, 4. Monkey-wrench eti­
quette. When using n monkey 
wrnnch or a Stillson wrench, use 
it as shown above. Most all nu ts 
and bolts turn to the ri1<ht to 
tighten and to the left to loosen. 
The proper method of usjng a 
wrench for the dcaircd turn ii; 

shown above, and don't use a large 
wl'cnch on a little nut. 

661 
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The United States marker is used on designated cross country 
or interstate roads, in an effort to simplify higb,,;ay markers, 
and form a national standardized system. Contrary to some 
opinions. the United St-ates ma1·kei· is not erected by the federal 
government, a.od neither is it limited strictly to Federal•aid 
roads. The system and the design of signs was decided at a 
meetin(l called by the Bureau of Public Ilonds and attended by 
state highway engineers. 1'he road marker is a. white shield. 
bearing in black letters and figures the nnme of the state i,1 
which the marker is erected, and the letters U.S., together wit.h 
the highway number. Jn addition t,o the number sign the 
sys:tem embraces standardized warning and cu.utiou signs with n. 
yellow and black color scheme. 

The state marker differs with each state aud is confined in 
location wit,hin the state border. The design is generally either 
an outline of the state, or a geometric figure, wit.h the road num• 
ber in the center. Color combinations are decided by the state, 
but white or yellow with blnck figures predominates. In most 
states. routes po.sted with U.S. markers do not bear additional 
state markers, alt.hough some exceptions of double marking 
prevail. As in the federal marking system. the state 1narkers 
include necessary caution and warning signs. 

State !Woto1· Laws Affecting Toudsts 

Motor vehicle registrations a.re not standard 
throughout the country, although an effort is being 
made to this end by the adoption of the Hoover Code 
by many states and cities. The automobile tourist 
when traveling today must be prepared with a 
lmowleclge of the more important regulations of the 
states he visits, especially with reference to speed, 
licenses, lights, and arm signa.ls. This data can be 
obtained from the Travel Bureau of any A.A.A. 
Motor Club. The Hoover Code mentioned above 
is explained on pages 655-657. 

License Reciprocity G,·anted to Tou1ists 

Every state recognizes licenses of other states, on 
tourists' automobiles, for periods of time varying 
from twenty days to the entire remainder of the 
license year. This reciprocal privilege is granted 
only to tourists and does not apply to persons who 
take up a residence within the state, In addition to 
granting the privilege, some states require that 
tourists register their car when entering the state, 
and furnish a dated visitor's permit. Information 
on license regulations can be obtained from any 
A.A.A. Motor Club, and are embodied in the maps 
and touring publications prepared by that organiza­
tion. 

Prepa.l'ing Car fo1· a Tour 

Before starting on a tour, where car is to be run 
continuously for long periods of time, the car should 
be thoroughly checked as follows: 

EnJine tune-up: . Adjw,t timing chain: adjust fan belt: 
examine electrical system as explained fa.rt.her on; clean an.d 
adjust carburetor: clean gasoline filter; chock gasoline fuel 
vacuum line, or fuel pump line for tight connectjons; test engine 
lubricating oil filter cartridge and renew if necessary; check 
valve tappet clearance. 

Valve tappet clearance should be set at maximum clearance. 
If set at minimum clearance, they ma.y beccme so hot that they 
will expand and keep valve open and thus not only burn the 
valve but will also burn valve-scat, necessitating new valves and 
reseating of valve and seat. This condition reduces power, 
prevents proper idling and pick-up and may cause missing. 
(Sec also pages 57, 58 a.nd 776B.) 

If the engine lacks power and does not pick-up as it should, 
it is avdisable to test the compression, as explained on page 766. 
If it does not come up to standard, it may be necessary to re­
grind the valves. If this does not increase compression, then 
look to the pistons and cylinders as explained on pages 768, 
812,814 and 825. If the piston rings, cylinder walls and pistons 
are badly worn, a greater consumption of oil will be the result 
•• well as reduced power. 

If engine overheats, examine fan belt; !f slipping, this is one 
cau.~e. See other causes, pages 15~. 460. This is a good time 
to clean out the cooring system a.nd put,. on new radiator ·ho~e. 
o.nd also put radiator oil into lhc cooling system. (See page 
739,) 

Lubrication of chassis: If the rear axle and transmission was 
not drained ,md refilled at the beginning of the season, it is 
advisable to drain and flush same out and refill with seasonable 
I ubricant. Also give a complete chassis lubrication. (See also 
pages 172 to l7-1A.) 

Lubrication of engine: Change engine oil ,vhen -starting on n 
tour. nnd often while touring, as the oil gets thin on long--oon~ 
tinued runs. Don't forget to lubricate distributor mechanism 
au<l generator. 

Steering device: Check $teerin!' device for adjustment, loose 
connectfons, and thorougbly lubricate. 

Brakes: See if properly operating: lining, if worn, renew; 
adjust. 

Clutch-pedal: Check !or clearance. (See page 840.) 

Rear axle: Check differential pinion for end play by rocking 
drive shaft when g~ars are in high; if pin.ion jurnps in and out. 
bearing needs adjusting· or renewing:. Don't mistake the 
normal back lash in all drive shaft.s as an indication. 

Electrical system: Examine battery; see if level of water is 
above plates; clean n.nd tighten all connections, including the 
ground connection, and also see if tight in battery box. 

Examine generator brushes and connections; renew brushes 
if necessary. The generator charging rate should be reduced 
so that generator nnd battery ,,,.ill not overheat n.nd burn out. 
A good plan is to set generator so that when lights are on, the 
ammeter will stand at zero when running at high speed. If 
lights are put on to reduce the charge going to battery, this 
may cause generator to overheat. If generator gets extremely 
bot, the solder may melt and loosen the wires at the commutator 
segments. The best plan is to reduce the generator charge. 
Overheat.Ing of the battery will ruin the separators and probably 
buckle the pint.cs. (See page 543.) The battery. of course, 
should be kept charged. but not overcharged. See that electro­
lyte covers the plates and separators. 

If the connections become loose at the battery, battery 
ground, or generator, it majr burn out all lamps; if loose at tt.ny 
lamp· it will burn out that particular la.mp, therefore sec that 
all connections are tight. 

Examine timer-distributor contact-breaker points, Sec that 
points are clean and square and set gap as recommended by 
manllfacturer. See that the cam and breaker-arm a.re not worn 
·and wobbly. It is a good plan to renew these parts if worn. 
(See also footnotes on page 1054 .) 

Exnmine spark plugs: Clean; adiust to gap recommended by 
the manufacturer. Examine porcelain to see if cracked. This 
is a good time to renew the spark 'plugs. (See page 236, foot­
notes 1 and 2, explaining about bot and cold running spark 
plugs.) A spark plug for touring may requi;c a different beat 
range. 

Tires: Check tire and tool equipment. Good tire tools and 
a hydraulic type of jack are very necessary. 

Tool box. A metal tool box with a good lock which can be 
placed in a convenien_t location rather than have the tools under 
the seat is recommended. A (lOOd assortment of 12 point double 
broached socket wrenches 1s also recommellded. (See page 
690.) 

Extras should be carried of th~e pnrts of your car most like­
ly to require attention. Ask the service manager or the car 
agency. 1t is well to carry an extra fan belt, contact•hroa.ker 
points, spark plugs, a small roll of tape, la.mp bulbs, a. piece of 
insulated wire and a. tow rope. 

Miscellaneous 
To use your watch as a compass: Point the hour baud of 

your watch to the sun at any time of the day: then lay tbe watch 
flat in your hand. A point midway between the hour ha.nd nnd 
12 on tho dial will be due south. • 

When stuck in the mud: If the rear wheels are stuck in the 
mud, dig boles in front of the front wheels for them to fall into, 
to give tbe initial start, and. if the car does not continue, then 
block the rear wheels instantly and repeat the openllion. Place 
brush in front of the rear wheels and turn them as slowly as 
possible to keep from churning. If one rear wheel is on a good 
road, try putting on the handbrake fairly tight lo destroy the 
action of tho differential, or fasten the mired wheel so that it 
cannot turn, and the other wheel ";n do the work and slide 
the mired wheel along the ground. • 

The instant you realize you are getting stuck in sand or mud, 
stop right there and look over the situation, instead of fighting 
the car and burying it deeper a.nd deeper. 

Note: The subjc,ct or touring has been revised in this edition. 
Sorno or the minor subjects formerly discussed on LLcse pages 
and indexed ,re-re omiUcU. 
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If you are standing still on the side of a street and intend to 
start and tum into the street, signal in the manner shown in 
Pig. 27 and look before you turn into the street. Many acci­
dents have occurred from a failure t-0 do this. 

Courtesy Rules 
1. When a man approaching you from behind sounda bis horn 

as a signal that he wishes to pass, don't "step on it." Draw 
over to the right and let him go by. 

2. Do not use more than your bal[ of the road, thus crowding 
others into the ditch. 

3. J{eep well to the right of the road, especially on curves and 
over the crest of hills and where driving slowly. 

4. It is not courteous to "steal" a parking space from a man 
who io just getting ready to back into it. 

5~ Do not imagine that every motorist on the road who tries 
to pass you is start.ing a race. He may be on important 
business. , 

6. When you pa-ss a ma.n from behind going in the sanrn d.ircc­
tion, do not cut in directly in front of him. This is 
discourteous. 

7. Do not shove another man's car along the curb to make room 
for yours, jamming his ca-r against a. fireplug, or car abea.d. 

8. It is discourteous to halt behind a traffic jam and honk your 
horn. 

9. The giving of hand signals is courteous as well as safe. 

Headlight Courtesy ou the Road 
. You know how very difficult it is to see when you a.re ap­

proaching another machine with glaring headlights. You are 
simply blinded, and cannot tell whether you are running off 
the road, are too close to the oncomii:ig machine, or arostriking 

obstructions. It is a. ~culiarJy helpless feeling to be directing 
a car when confronted by the other fellow's glaring lights. 

If your headlights are on and are not equipped with non­
glare devices, he is in ju.st the same predicament, however, anii 
the least either of you can do is to dim the headlights while 
pa.ssing. This is a safety fact-Or as well, for it protects each 
from running into the other, or off the road. In most states a 
law prohibits the use of glaring headlights. 

How to Park a Car 
Parking a car in a limited space can easily be accomplished 

i£ a little judgment; is used. 
First: Drive up alongside or and parallel with the cur ahead. 

Then l,urn tho wheels s}rnrply to the rightasishown a.t. A. 

A 

Second: Back up until the right front fender of your car 
just clears the left rear fender of the car ahead as in B. 

Third: Then turn the wheels sharply to tbe left and continue 
backing slowly until into position alongside of the curb as in C. 

Do not park so close to a comer that it will interfere with 
drivers wishing to make a right-hand tum. Park close to the 
curb nnd keep the prescribed distance away from intersection 
or any fire hydrants, mail boxes or traffic signals. (See D.) 

INSTRUCTION No. 59 

TOURING: General Information; Transcontinental Routes; Highway Markers; 
State Motor Laws Affecting Tourists; License Reciprocity Granted 

to Tourists; Preparing a Car for a Tour 

GENERAL INFORMATION 

Touring from any point in the United States, 
north, east, south or west, for short or long trips, 
can be made with comfort and ease and without a 
doubt is the most enjoyable and healthful mode of 
traveling, particularly so if one will take the pre­
caution to prnpa.re for the trip in advance, that is, 
to obtain all information necessary regarding the 
best route, condition of the roads, accommodations 
along the route and also to prepare the car for un­
interrupted service. 

Authentic information as to the routes, if construc­
tion work is under way, necessitating detours; ac­
commodations, such as affiliated hotels and garages 
with which clubs have contracts to render adequate 
service to members, ere., can best be had through 
an automobile club affiliated \\ith t.be A.A.A., which 
stands for t.he American Automobile Association, a 
national organization of motor-car users. It was 
organized in 1902 and now has a membership of 
over 900,000. By joining any A.A.A. club, the 
dues of which run approximately $5.00 to $15.00 a 
year, according to the local benefits offered, you 
automatically become a member of all A.A.A. clubs 
and have available for yourself and family the re­
sources and facilities of the world's largest travel 
organization. Consult any local A.A.A. club for 
further details. 

Transcontinental Routes 

Transcontinental automobile travel is increasing 
year by year, but figures reveal that tourists con­
centrate on only a fow highways in their journeys 
from one border of t.hc country to another. There 
are ten principal east and west routes and sixteen 
north and south routes. 

The east and west routes are as follows: U.S. 2 Houlton, Me., 
to Rouses Point, N.Y.-500 mi. 1 then via Canadin.n roads, con­
tinuing _to Sault Ste. Ma.rie, ~1ich., to Bonners Ferry, Idaho:-
1,910 nu.; U.S. IO Detroit, M,ch., to Seattle, Wash.-2,495 rni.; 
U.S. 20 Boston, Mass., to Yel.lowstone Park-2,540 mi.; U.S. 
30 Atlantic City, N.J., to Astoria, Ore.-3,350 mi.; U.S. 40 
Atlantic _City, N.J., to San Fr,mcisco, Calif.-3,215 ,:ni.;_!J.S. 50 
Annapolis, !\Id., to Sacramento, Cahf.-2,970 mi.; u.S. 66 
Chicago to Los Angelcs-2,485 mi.; U.S. 70 B,-,.ufort, N.C., to 
Holbrook. Ariz.-2,330 mi.; U.S. 80 Tybee, Ga., to San Diego, 
Calif.-2,750 mi.; U.S. 90 Jacksonville, Fla., t-o Van Horn, 
Tex.-1,580 mi. 

The north and south routes are as follows: U.S. 1 Fort 
J<ent, Me., to Key West, Fla.-2,330 ml.; U.S. 11 Rouses Point, 
N.Y., to New Orleans, La.-1,730 mi.; U.S. 25 Port Huron, 
Mich., to Statesboro, Gn.-1,005 mi.; U.S. 31 Mackinaw City, 
Mich., to Mobile, Ala.-1,385 mi.; U.S. 41 Copper Harbor, 
l'l•lich .. to Naples, Fla.-1,925 mi.; U.S. 45 Chicago, IU., to 
Mobile, Ala.--920 mi.; U.S. 51 Hurley, Wis., to New Orleans, 
La.-1,360 mi.; U.S. 61 Grand Marais, Mich., to New Orleans. 
La.-1.850 mi.; U.S. 65 St. Paul, Minn., to Natchez, Miss.-
1,140 mi.; U.S. 67 Milwaukee, Wis., to Dallas, Texns-1,055 
mi.; U.S. 71 Bemidji, !Vlinn .. to Baton Rouge, La.-1,685 mi.; 
U.S. 75 Emerson Jct., Canada, to Galveston, Tcx.-1,615 
mi.; U.S. 81 Erner.on Jct., Canada, to Laredo, Tex.-1,770 mi.; 
U.S. 91 Great Falls. Mont., to Daggett, Calif.-1,390 mi.; U.S. 
99 Blaine, Wash., to El Centro, Calif.-1,670 mi. 

These routes carry the hulk of cross country travel and are 
intersected by hundreds of U.S. and state routes which act a. 
alternates and fe~dcrs. It will be understood that these roads 
are not entirely hard-surfaced or in all-weather condition, and 
are subject to their share of road construction and det-Ours. 

Highway Markers 
The roads of the United States were trail marked 

as little as fifteen years ago, but today the colored 
bands and geometric figures have almost disap­
peared, their place being taken by numbered signs. 
These are of two classes, the United States marker, 
and the state marker. 

Note: The subject of touring bas been revised in this edit.ion. 
8nme of the minor subjects formerly discu~!ed on tbc,se pages 
and indexed were omitted. 
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Fig. 4 (left). Keep to the extreme right when going over a 
!till and do not pass a car going in the same direction when near 
the !op, a. ihie would put you directly in the path of a car corning 
ovec the hill from the opposite direction. 

m:;:il~s\ji~~:'1iall~a~! r!tt:::\~a~:.peit ~e~~!et/:~i~t 
into second before crossing railroad tracks, particularly if there 
is a slight grade at the c,ossing, or if the tracks are obscured 
by hills, trees or buildings. 

Fig. 6 (right). Automobile must stop at rear door of street 
car which has stopped to take on or discharge passengers. In 
some cities where there are safety zones (see Fig. 23), auto­
mobiles are permitted to pass street cars stopped t.o t,ake on or 
discharge passengers. People who have iust alighted from 3 

trolley car are sometimes bewHdered and do not know which 
way to go. Give them plenty of time to get their bearing,<, 
before attempting to pass them. • 

~ 
ml 
Fig. 7 (left), Be especially careful at crossings where there 

is more than one track. Do not cross directly behind a. train 
that has just, passed. Another train may be coming from the 
opposite direction on the next track. 

Fig. 8 (center). Automobile drive.rs must be especially care­
ful to avoid injuring people who cross the middle of the block. 
:Many accidents also occur at regular street crossings. If the 
pedestrians do not, or will not, pay attention to your horn, re­
member that hundreds of people are using the streets whose 
old age, youth, infirmities or physical defects would throw all 
the responsibility of an accident upon you. 

Fig. 9 (right). Passing a street car on the left is a violation 
of the law. The right way to pass a street car is on the right, 
nnd if passengers a.re getting on or off, stop, unless there is :1 
safety zone. 

D1DtDID:D DI -···i ~c~·-r· ili 
Fig. 16. It is the rule in many cities that when two vehicles 

approach a .street intersection simultaneously in the manner 
illustrated, the vehicle at the right, as indicated by heavy lines, 
shall have tho right-of-way, regardless of direction traveled. 

Fig. 17 (left). Do not fail to observe danger signs: I.hey ,11·c 
for your protection. 

Fig. 18 (cent.er). Do not take sharp turns, or make quick 
movements of the steering wheel when driving fast on wet 
pavements. Cautiously approach all turns, streetinte11;;ectitms 
and street cars. Do all braking gradually. Four-wheel brakes 
are very efficient. 

Fig. 19 (right). When approaching a curv~ in the road, keep 
Lo the extreme right. 

Fig. 20 (left). Do not attempt to pass another aulomobile on 
a curve in the road. There may be a car corning which you 
cannot see. When passing hospitals, blow the born as in­
frequently as possible. When passing a schoolhouse during the 
school season, drive with extrem.e care. Duly respect any 
officer or the law. Obey nil local traffic regulations. 

_ _,,,,_,.. ... 
-;,;,(/-NT 

fAST---_,.. 

ILOW---~ 

Fig. 21 (center). When stopping or parking your car, pull up 
close to the right curb or edge of the road so that it will not 
interfere with traffic, keep awn.y the prescribed distance from 
fire hydrants, and far enough away from a. corner not to hinder 

Fig. 22 (right). When stopping on an incline, mnke sure 
-/Qf/- that the hand brake is fully on and, if conditions warrant, stop 
~ the engine and leave the transmission gears in mesh and tur11 

_ __,._ tbe wheels sharply toward the curb. ~ 
other cars from making a good right-hand turn. 

Fig. 10 (left). Slow-moving vehicles should keep close to ~- ~ :0:7.::,--·, ~ [!11 Q 
curb. . )__ ~~§~~~~ i LJ 

Fig. 11 (center). Keep over as near as practicable to the I 1111 
right-hand curb when driving slowly, so as to leave the center \,, U 
of the street free and open for faster traffic-the slower the /~ - - • ~. 1-1~. :c. r 
speed, the nearer the curb. 

Fig. 12 (right). One car passing another going in the same 
direction should pass on the left of the car ahead. Do not cut 
directly in front of the car which you pass. 

Fig. 13 (left). In turning corners, with a car coming, give 
a signal with your hand to indicate the direction in which you 
intend to go and as a hint for him to slow up. AlwayS observe 
a central point in the intersection of streets, and clear it when 
turning. 

Fig. 14 (center). Approaching a circle: arrows point the 
wo.y in which to enter and leave. 

Fig. 15 (right). Don't park closer than 15 feet to a fire 
hydrant. The distance varies; in some ciiies 10 feet is the 
iimit. 

Fig, 23. If there is a safety zone you can drive past street 
car stopped to take on or discharge passengers. If the1·e is not 
,, safety zone, automobile mu.st stop at rear door. (See Fig. 6.) 

Fig. 24. Automobiles may pass on either side of a safety 
zone unless sign or traffic officer directs otherwise. 

Fig. 25. On one.-way street when passing to the left of 
street car, automobile must be stopped abreast of £rout end of 
street car before proceeding over intersection, 

Fig. 26. When a street car has started across an intersection 
no automobile shall be drh•en into the intersection in front of 
cbe st.reet car. 

Fig. 27. When you intend to slow down. stop, or tum, signal 
as above. In many states the law requires closed cars to be 
equipped with a signal lamp in the rear of the car, such as u 
red or amber light,, which is automatically thrown on when the 
car slows down, backs up, or turns. Ample warning should 
be given before backing up. 
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Standing or Parking Close to Curb: Article VI, Section ;M: 
(a) Except when necessary, in obedience to traffic regulations 

or traffic signs or signals, the driver of n vehicle shall not $top, 
stand or park such vehicle in n roadway other thnn parallel 
with the edge of the roadway, headed in the direction of traffic, 
and with the curb-side wheels of the vehicle within six inches 
of tho edge of the roadway. 

Parking Vehicle for Sale Prohibited: Article VI, Section 35: 
It shall be unlawful for any person to park upon a street any 

vehicle displayed for sale. 

Using Vehicle for Primary Purpose of Displaying Advertising 
Prohibited: Article VI, Section 36: 

ft shall be unlawful £or any person to operate or to park on 
any street any vehicle for the primary purpose of displaying 
advertising. 

Stop Before Entering a Through Street: Artic·le VTT, ffoo(.ion 
:17: 

One-Way Streets: Article VII, Sootion :lf:_ 

Operation of Vehicles on Approach of Authorized Emergency 
Vehicles: Article VII, Section 39: 

Upon the appro,ich of any.authorized emergency vehicle, or 
vehicles, giving audible signal by bell, siren or exhaust whistle, 
the driver of every other vehicle shall immediately drive the 
same to a. position as near as possible and parallel to the right­
hand edge or curb of the street, clear of any intersection, and 
shall stop and remain in such position until the authorized 
emergency vehicle or vehicles shall have passed, unless other­
wise directed by a police officer; and the motorman of every 
street car shall immediat<ily stop such car clear of any intersec­
tion and keep it in such position until the nuthoriz.ed emergency 
vehicle or vehicles shall have passed, unless otherwise directed 
by a police officer. 

Following Fire Apparatus Prohibited: Article VII, Seclion 
40: 

It shall be unlawful for the driver of any vehicle, other than 
one on official business, to follow closer than five hundred feet 
any fire apparatus traveling in response to a. fire alarm, or to 
drive into or stop any vehicle within the block where firo ap­
paratus has stop1>ed in answer to a fire alarm. 

Crossing Fire Hose: Article VII, Section 41: 
No street car or vehicle s.hnll be driven over any unprotected 

hose of the .Fire Department when laid down on any street, 
private driveway or street car t.rack to be used at nny fire or 
alarm ol fire, without the consent of tho Fire Marshal or Fire 
Department official in command. 

Unlawful to Drive Through Procession Unless Directed by 
Traffic Control Signals or by a Police Officer: Article V!l, 
Section 42: 

It shall be unla\.,·ful for the driver of ._:\ny vehicle 01· motorman 
of any street car to drive between the vehicles comprising a 
funeral or other authorized procession while they are in motion, 
r,rovided that said vehicles are conspicuously so designated. 
This provision shall not apply at intersections where traffic is 
controlled by traffic control signals or police officers. 

Limitations on Turning Around: Article VII, Section 43: 
It shall be unlawful for the driver of any vehicle to turn such 

vehicle so as to proceed in the opposite direction unless such 
movement can be made in safety and without backing or other­
wise interfe1·ing with other traffic, 

Limitations on Backing: Article VII, Se~tion 44: 
The driver of a vehicle shall not back the came t!D.~~ ltl'.cll 

movement ca9 be made in safety. 
Emerging from Alley or Private Dtiveway: Artfol-9 Vil, 

Section 45: 
The driver of a. vehicle emerging from an ~Hey, d.?ifeway or 

building shall stop such vehicle immedi .. tely pdo: io d,·iving 
onto a sidew,.lk or onto the sidewalk area exten,:lin.; o.cr= any 
:tlleyway, 

Vehicles Shall Not Be Driven on Sidew~iil:: A.:tiole vn, 
Section 46: 

The driver of a. vehicle shall not drive within any sitle;;"1k 
nrea except at a. permanent- or temporary driveway. 

Obstruction to Driver's View or Driving Mechanism: Ai·ticle 
VII, Section 47: 

(a) It sht\ll be unlawful !or the driver of any vehicle to drive 
the samo when sucb vehicle is so loaded, or when there are in 
front seat of such vehiclesneh a number of persons as to obstruct 
the view· of the drivel' to the front or sides, or to interfere ,,,.itt1 
the operator's control over the driving mechanism of the vehicle. 

(b) It shnll be wilawful for any passenger in a vehicle or 
street oar to ride in such position as to interfere with the dri ver'1< 
view ahcnd or to the sides, or to interfere with the dtiver's 
control over the driving mechanism of the vehicle. 

Clinging to Moving Vehicles: Article VII, Section 48: 
It shall be unlawful for any person traveling upon any bicycle, 

motorcycle, coaster, sled, roller skates or any toy vehicle to 
cling to or attach himself or his vehicle to any other movin~ 
vehicle or street car upon any roadway. 

Note to Section 48. Improper riding in OI" upon a:rty street 
cnr or vehicle is prohibited in Sections 23, 47 nnd 49. 

Riding on Handle Bars Prohibited: Article VII, Section °19: 
It shall be uulawlul for the operator of any bicycle or motor­

cycle, when upon tbestreet, to carry any other person upon the 
handle bar, frame or tank of any such vehicle, or for any person 
to so ride upon any such vehicle. 

Use of Coasters, Roller Skates, and Similar Devices Re­
stricted: Article VII, Section 50: 

It shall be unlawful for any person upon roller skates, or 
ridin_g in or by meaois of any coaster, toy vehicle, or similar 
device, to go upon a.ny roadway except wbiJe crossing a street 
or crosswalk. 

Motor Vehicles Left Unattended, Brakes to Be Set and 
Engine Stopped: Article VII, Section 51: 

No person having control or charge of a motor vehicle shall 
allow such vehicle to stand on any street unattended without 
first setting the brakes thereon and stoppin~ the motor of said 
vehicle, anµ, when standing upon u perceptible grade, without 
turning the wheels of such vehicle to the curb or the side of 
the street or highway. 

Lights on Prucked Vehicles: Article VII, Section 52: 
Whenever a vehicle is parked or stopped on a street during 

the times between one-half hour after sunset and one-half hour 
before sunrise, or at any other time when there is not sufficient 
light to render clearly discernible any vehicle on the street from 
a distance of 200 feet, there shall be displayed upon S\\Ch vehicle 
one or more lamps, one of which shall be on the roadwny side 
and project a white light visible under normal atmospheric 
conditions from a dist.~nce of 500 feet to the front of such vehicle 
and one of which lamps shall project n red light visible under 
like conditions from a. distance of 000 feet to the rear, except 
thtttsuch parkinglightorlights need not be displayed upon any 
vehicle stopped or parked in accordance with other provisions 
of this Ordmance upon any street desii;nnted by the (traffic 
authority) where there is sufficient light to reveal nny person 
within a distance of 200 feet upon such street. 

POINTERS ON SAFE DRIVING GRAPHICALLY ILLUSTRATED' 
The following illustrations show some of the 

safety precautions on how to make turns, pass other 
vehicles and street cars, etc., and are suggestions 
only, and may not correspond with the exact word­
ing of the uniform code on preceding pages. 

Fig. 1 (left), When about to make a right-hand turn, ap­
proach the comer on the extreme right. Do not drive up the 
middle of the street before making a right turn. This would 
necessitate cutting across in front of the cnr behind and would 
place the responsibility ol an accident upon you. 

Fig. 2 (center). When about to make a left-hand tum, ap­
proach the comer neruc the center of the street, but not on the 
left-hand side. Do not drive up on the extreme right and do 
not cut diagonally across the corner. Approach the intersection 
as illustrated and make a sharp turn to the left. 

Fig. 3 (right). Keep to the extreme right when going_ around 
a turn in the road. This will avoid all interference w,th any 

car coming from the opposite direction. Never attempt to pass 
a. car going in the same direction on a. c~rve, as this would 
necessitate driving out near the left-hand side. 

1 Credit is extended to instruction books ol Frank in Auto­
mobile Co., The Studebaker Corporation of America, and Mis­
souri Motor News,issued by The.Automobile Club of Missouri, 
for some of the illustrations and text .. 

Note: For subject of touring and other subjects formerly on 
this page see pages 65!}-660. 
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Yellow or HCa.ut..ion," ,Yhen shown alone'following the green 
or "Co"-Tro.ffic facing th.c signal shall stop before entering 
the nearest crosswalk at the i11tersection unless so close to the 
intersection that; a stop cannot; be made in safety. 

Iled pr "Sto1,"-Traffio facing the •ignal sha.11 stop before 
entering tbe nearest crosswalk at tho intorsectiol'1 or n.t such 
ol,her point as may be designated by the (traffic aut.l1ority), and 
remain standinc: until green or "Co" is shown alone. 

(b) The driver of a vehicle or the' moto,man of a street car 
int.endi.ng to tur11 to the right or left at an intersection where 
traffic is controlled by t.raffic control signals or by a police officer 
sltall proceed to make either such turn with proper care to 
:.tvoid a.ccident and only upon the 11 Go" signal, unless otherwise 
direct;ed by a police officer or by official traffic signs or special 
signals. 

Display of Unauthorized Signs and Signals Prohibited: 
Article Ill, Section 11: 

J t shall be unlawful for any person to place or maintain, or to 
display upon or in view of any street, any unofficial sign, signal 
or device which purports to be or is an imit,ation of or resembles 
a.n officiul traffic sign or signal, or which attempts to direct the 
movement of traffic or which hides from view or interferes with 
the effectiveness of any official sign or sig:nal. Every ~uch pro .. 
hibited sign, signal or device is hereby declared to be a public 
nuisance, and the (Chief of Police) is hereby empowered to 
remove the same, or e..'\use it to be :removed, \1,,ithout notice. 

Interference with Sign~ and Signals Prohibited: Article III, 
Section 12: 

It shall be unlawful for any person to wilfully deface, 
injure, move, obstruct or interfere with any official traffic sign 
or signal. 

(Traffic Authority) Authorized to Designate Crosswalks: 
Article III, Section 13: 

The (traffic authority) is hereby authorized to establish aud 
to desjgnate and shall thereafter maintain, or cause to be main­
tained, by appropriate devices, marks or lines upon the surface 
of the roadway, crosswalks at intersections where, in (his) 

. opinion, there 1s µarticular danger to pedestrians crossing tbe 
roadway, and at such other places as (he) may deem necessary, 

(Traffic Authority) Authorized to Designate Safety Zones and 
Lanes for Traffic: Article III, Section H: 

(a) The (traffic authority) is hereby empowered to establish 
safety zones of such kind and character and at such places as 
(be) may deem necessary for the protection of pedestrians. 

(b) The (traffic authority) is also authorized to mark lanes 
for traffic on street pavements at such places as (he) may deem 
advisable, consistent with the provisions of tb.is Ordinance. 

Pedestrians' Right of Way: Article IV, Section 15: 
(a) The driver of any vehicle shall yield the right of way 

to a pedestrian crossing the roadway ·\";thin any marked cross­
walk or within any unmarked crosswalk at; t-he end of a block, 
except at intersections where the movement of traffic is being 
ret;ptlated by police officers or Lraffic control signals, or at any 
pomt where a pedestrian tunnel or o,•erhcad crossing bas been 
provided. 
. (b) Whenever any vehicle bas stopped at a marked Cr-OSS• 
walk or at any intersection to permit" pedestrian to cross the 
roadway, it shall be unlawful for the driver-of any other vehicle 
approaching from the rear to overtake and pass such stopped 
vehicle. 

(c) Every pedestrian crossing a. roadway at any Point other 
than wit.bin a marked or ur:una.rked cross\-...-alk -shall yield. the 
right of way to vehicles upon the roadway, provided that this 
provision shall not relieve the driver of a vehicle from the dut;y 
to exercise due care for the safety of pedestrians. 

Pedestrians' Rights and Duties at Controlled Intersections: 
Article IV, Section 16: 

At intersections where traffic is controlled by traffic control 
signals or by police officers, drivers of vehicles shall yield the 
right of way to pedestrians crossing or those who have st;arted 
to cross the roadway on a green or '·'Go" signal, and in all other 
cases pedestrians shall yield the right of way to vehicles l11wfully 
proceeding directly ahead on a green or "Go" signal. 

Pedestrians to Use Right Half of Crosswalks: Article IV, 
Section 17: 

Pedest-rians shall move, whenever practicable, upon the right 
half of crosswalks. 

Pedestrians Soliciting Rides: Article IV, Section 18: 
It shall be unlawful for any person to stand in a roadway for 

the purpose of soliciting a ride from the operator of any private 
vehicle. 

Passiµg Street Cars: Article V, Section 19: 
(a) The driver of a vehicle shall not overtake and pass upon 

the left any street car proceeding in the same direction, whether 

actually in motion or temporarily at rest. Tbjs provision shalt 
not apply on one-way streets, or un streets where tho tracks are 
so located as to Prevent complinncc with the rule. 

(b) The driver of a vehicle ovcrtakini; any strc•t car slopped, 
or about t..o stop, for the purpose of receiviog or discharging aJty 
passenger, shall stop such vebide to the rear of the nearest 
running board or dQor of such street, c-nr and keep it stat.iooary 
until any such passenger has boa.rded such car or reached a 

/
,lace of safety, except that where a safety zone has been estab­
isbed, a. vehicle need not be stropped before passing any such 

street car, but. may proceed past such car at a speed not greater 
than is reasonable or proper, and with due caution for the safety 
of pedest-rians. This provision shall not apply to pas.~ing upon 
the left of any street car on a one-way street;. 

Driving on Street Car Tracks: Article V, Section 20: 

(a) It shall be unlawful for the driver of any vehicle procee<l­
ing upon any street car tracks in front of a street car upon a 
public street to fail to remove such vehicle froin the track ... ~ u~ 
soon "" practicable after signal from the motorman of said 
street car. 

(b) When a street ear ha.s started to cross nn inLersection, 
no driver shaH drive upon or cross the car tracks within the 
intersection in front of tbe street car. 

Driving Through Safely Zone Prohibited: Article V, Section 
21: 

It shall be unlawful for the driver of a vehicle at any time to 
drive the same over or through a safety zone as defined in this 
ordinance. 

Boarding or Alighting from Street Cars or Vehicles: Article 
V, Section 22: 

It shall be unlawful for any person to board or alight from 
any street car or vehicle while such street car or vehicle is in 
motion. 

Unlawful Riding: Article V, Section 23: 

It shall be unlawful for any person t,o ride on any street ct1r 
or vehicle upon any portion thereof not desii!ned or intended 
for the use of passengers when tbe vehicle is 1n motion. This 
provision shall not apply to an employee engaged fa the nee• 
essary dischnrge of a duty, or to persons riding within truck 
bodies in space int.ended for merchandise. 

Stopping Prohibited in Specified Places: Article VI, Section 
25: 

It shall be unlawful for the driver of a vehicle to stop, stand 
or park such vehicle in any of the following_places, except when 
necessary to avoid conflict with other traffic or in compliance 
with the direetions of a. police officer or traffic control sign or 
signal: 

(1) Within an intersection. 
(2) On a crosswalk. 
(3) Between a. safety zone and the adjacent curb or within 

thirty (30) feet of points on the curb immediately opposite the 
ends of a safety zone, unless the (traffic authority) shnll indi­
cate a different length by signs or markings. 

(4) Within twenty-five (25) feet from the intersection of curb 
lines, or, if none, then within fiftee.n (15) feet of the intersection 
of property lines at an intersection, except at alleys. 

(5) Within thirty (30) feet upon the approach to any llashing 
beacon, stop sign or traffic control signal located at the side of 
the road way. 

(6) Within fifteen (15) feet o( the driveway entrance to any 
fu-e station. 

(7) Within fifteen (15) feet of a fire hydrant, 
(8) In front of a privat,e driveway. 
(9) On a sidewalk. 
(l0) Alongside or opposiw any street excavation or obstruc­

tion when such stopping, standing or parking would obstruct 
traffic. 

(11) On the roadway side of any vehicle stopped or parked 
at; the.edge or curb of a street. 

(12) At any place where official traffic signs have been 
erected prohibiting standing and parking. 

(13) Within fifty feet of the nearest rail of a steam or inter­
urba.n railway crossing:. 

All Night Parking Prohibited: Article VI, Section 33: 
It shall be unlawful for the driver of any vehicle to park said 

vehicle on any street for a period of time longer than thirty 
(30) minutes between the houra of (2) A.M. and (6) A.M. of any 
day 1 except physicians on emergency calls. 

Note: For subject; of touring and other subjects formerly on 
this page see pages 659-660. 



INSTRUCTION No. 58 

TRAFFIC REGULATIONS: Uniform Code; Pointers on Safe Driving 
Since 1928 representatives from 42 states have 

been interested in promoting a uniform vehicle code 
a.<, first suggested by Hon. Herbert Hoover, when 
Secretary of Commerce. A final draft of such a code 
was adopted at the third National Conference on 
Street and Highway Safety in May, 1930. This is 
known as the Hoover Code. 

The excerpts which are given in this discussion 
are taken from one of the several publications issued 
by the National Conference on Street and H.ighway 
Safety, entitled Model Municipal Traffic Ordinance, 
as of May, 1930. 

Those interested in additional information and 
also state laws on such fundamental matters as state 
highway patrols, drivers' license, safety responsi­
bility laws and proper regulations of commercial 
vehicles, also other state laws set forth in the uniform 
traffic regulations, in addition to the model munici­
pal traffic ordinances, such as driving while intoxi­
cated, reckless driving, speed restrictions, the right­
of-way rule and other rules of the road, etc., can 
obtain additional information regarding this code 
from the American Automobile Association, Wash­
ington, D.C. 

A Summa.ry o! the Recommendations of the National Con­
ference on Street and Highway Safety:• 

Traffic Accident Statisti~ 
Protection of Railway Grade Crossings and Highway Inter-

sections 
Maintenance o! the Motor Vehicle 
Measures for the Relief of Traffic Congestion 
Uniform Traffic Regulation. accompanied by Uniform Vehicle 

Code, consisting of: • 
Uniform Motor Vehlcle Registration Act 
Uniform Motor Vehicle Anti-Theft Act 
Uniform Motor Vehicle Operntors' and Chauffeurs' License 

Act 
Uniform Act Regulating Traffic on Highways 

Model Municipal Traffic Ordinance 
!vianual of Street Traffic Signs, Signals, and Markings 

Excerpts from Model Municipal Traffic 
01·dinancc• 

Definitions: Article I, Section l: Wherever in this Ordinance 
the fo1lowing terms are used, they shnll have the meanings 
respectively ascribed to them in this section: 

Street or Hiohway. Every wa-y or place of whatever na.tu.re 
open to the use of the public, as a matter of right, for purposes 
of vehicular travel. • 

Pn"•at• Road or Driveway. Every road or driveway not open 
to the use of the public for purposes of vehicular travel. 

Roa,dway. That portion of a street or highway between the 
regularly established curb lines or that part improved and in­
tended to be used for vehicular travel. 

Sidewalk. That portion of a. street between the curb lines 
and the adjncent property lines. 

/71.tersection. The area. embraced within the prolongation or 
connect.ion of the lateral curb lines or, if none, the11 of the lateral 
bou.ndary lines of two or more streets or highways which join 
one another at an angle, ,vhet.her or not one such street or high• 
way cross('S the other. 

<Jrosswalk. That portion of a roadwar ordinarily included 
within the polong:at,ion 01· connection o curb a11d property 
lines at intersections, or any other portion of a. roadwuy clearly 
indicated for pedestri:lll crossing by lines or other ma,-ltingo on 
the surface. 

Safety Zono. Tho areii or space officially set apart within a 
ror,dway for the exclusive use of pedestrians and which· is pro­
tected or is so marked or indicnted by adequate sig11s as to be 
plainly visible at all times while set apart as a sn!ety zone. 

Vehicle. Every device in, upon, or by which any person or 
property is or may be t.ra.nsported or drawn upon o. publi«-· 
highway, except devices moved by human power or used 
exclusively upon stationary rails or tracks. 

Motor Vehicle. Every vehicle, as herein defined, which is 
self-propelled. 

Street Car. Every dovicc t.raveliog exclusively upon rriil1-1 
when upon or orossing a street, other than cara or trnins pro­
pelled or moved by steam. 

Aul.hi,rizetl E1nerue11c11 Vchiclt. Vehicles o! the Fire De­
partment (Fire Patrol), police vehicles and such ambulaoces and 
emergency vehicles of municipal departments or public serYice 
corporations as are designated or authorized by the Chief of 
Police. 

Pedest-rian. Any person a.foot. 
Traffic. Pedestrians, ridden or herded animnls. vehicle.,. 

street cars and other conveyances, cit.her singly or together. 
while using any street for purposes of travel. 

Right of Way. The privilege of the immediate use of the 
street or highways. 

Parki110. The standing or a vehicle. whether occupied or 
not., upon n. roadway, otherwise than temporarily for the pur• 
pose of and while actually cnga,z:ed in loading or unloading, or 
in obedience to traffic rcg:ulations or traffic signs or signals. 

Official Traffic Sions. All signs. markings and devices, other 
thnn signals, not inconsistent with lhis Ordinance, placed or 
erected by authority of a public body or official luwing jurisdic­
rion, for the purpose of guiding, direct.ing, warning or regulat· 
ing traffic. 

Official Traffic Siu11als. All signals. not inconsistent ";ti, 
this Ordinnnce, placed or erected by authority o[ a public body 
or official having jurisdiction, for the purpose of directing, warn· 
i ng or regulnting traffic. 

Traffic C011trol Si(lnal. Any device, whether manually, 
clcctricnlly or mecha.nicaUy operated, by which traffic is alter~ 
na tely directed to stop and proceed. 

Po/i<c Officer. Every officer of the Municipal Police Depart­
ment or any officer authorized to direct or regulate traffic or to 
make arrests for violations of t.raJlic regulations. 

Traffic Signs and Signals: Article IIl, Section 8: 
(a) The (municipal legislative body) shall, by resolution, de­

termine and designate the character or type of nl.l official traffic 
signs and signals. 

Subicct to this selection, the (traffic authority) is hereby au­
thorized. n.nd t\8 to tho.~o signs and signals required hereunder, 
it shall be (his) duty to place and maintain, or cause to beJ'laced 
und mnint.ained, nil official traffic signs nnd signals. A signs 
tmd signals required hereunder for a particular purpose shall so 
far us pract.icable be uniform us t,o type and locat.ion throughout 
the (City). 

(b) No provision or this- Ordinance for which signs nre re­
quired shall be enforced ngninst an alleged violator if, at the 
time and pla<:e of the alleged violation, the sign herein required 
is not in proper position and sufficiently legible to be seen by an 
ordinnrily observant per.mn. \Vhenever a particular section 
does not ~tnte that signs are required, such section shall be 
effective without sigu.s being erected to give .not-ice thereof. 

Obedience to Traffic Signs and Signals:. Article lII. See­
tion 9: 

It shall be unlawful for the driver of any vehicle or for the 
motorman of u.ny street car to disobey the instructions of any 
official traffic sign or signal placed in accordance with the pro• 
visions of this Ordinance, unless otherwise directed by a police 
officer. 

Traffic Control Signal Legend: Article III, Section IO: 
(:t) Whenever traffic at an intersection is controlled by 

1 rnftic control signals exhibiting: colored lights or the words 
"Oo," .. Caution" nnd "Stop," said lights &nd terms shall 
i udicatc ns follows, except as provided in Section 16: 

Green or uGo"-Tru.ffic facing the signal mny proceed, except 
that vehicular trnffio shall yield the right of way to pedestrians 
and vehicles lawful.ly within fl crosswalk or the intersection a.r.. 
the tirne such signal was: exhibited. 

Note: For subjects: parking, see pages 659. G56, 657; A.A.A., 
1ncaning of, see page 659; road signs, see page 6§9, formerly on 
this page. 

1 Revisions have been made. This code is now known as ''Uniform Vekic.lc Code." Publications listed below are superseded 
by the following: Act I-Uni/<Yrm Motor Vehicle A,lurini$tration J/eq·istr,ttio11, Certi'.ficate of Title and A11till1eft Act; Act II-Uni­
/om, /lfo/qr Vehi<le Operators' and Chauffeurs· License Act; Act l l l-U11ifom, Motor Veldcle Civil Liability .4ct; Act IV-U11;­
for,n ilfotor Vehicle Safet11_Re•7>011s·ibilil1J 1lct; Act V-Uniform Acl llco1tlati110 1'raffic on Hioh-ways; Model 1'raJlic Ordina11cts. 
These publications, the '"U,nJorm Vekicle Coile' and the "Mo,lel Traffic Ordi11a11ce,," ean be obtuined from the Federal Works 
Agency, Public Roads Adn1inistrntion, Wushington, D.C. 

:The new name is HAJodcl Traffic Otdinances," in which t.bere have been a number of revisions. 
NoTE.-The American Automobile Association have available many publications on safe driving suitable for use in high schools. 

c·olleges, and nmong adults, C.C.C. camp enrollees, etc., including their own text.book, "Sporlsmaulike Dri"vino,'' and the Sports:;~ 
manlike Driving text pamphlets with the follo\dng titles: "'J'hc D-ri'.-ver,'' ""Drii;er and J>tu.le~lricw Resp,:ms1·bilities,'' "Souncl Dr-ivintJ 
Practices." "Society's Rcspo,i.s,ibilities," and "flow To Drive." For further information see the local AAA :Motor Club, or address 
8!l.fety nnd Traffic Engineering Dept., Arnerican Automobile Association, \Vasbington, l>.C. 
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Thermostat may be adjusted to open shutters at 10° to 15° 
higher temperature by incrcasin11 the tension of a "closing 
spring," by lifting a knob on the side. If it fails to do so, this 
•Pring may have become detached (on earlier models this 
adjustment was by means of a. hexagon nut on the side, a,nd 
turning cloekwise increas,:d the tension). 

!f shutters should fail to open fully when engine is heated up, 
t-be thermostat disks (Bl may have become porous, or they may 
leak where soldered. The disks are replaceable, 

Another example of a single-unit detachable type 
automatic radiator shutter controlled by a thermostat 
formerly manufactured and shown here as an 
example was the Irving, the principle of operation 
being shown below, Fig. 31. 

;"; ·ro lnt.ak• 
,__""':' __ _,, ~~nlfold 

Operation: A thermostat (A) (Fig. 31) is made of U-shaped 
\Vilco metal, being encased in (B) and mounted on back of 
shutter so that it will rest against the radiator and is connected 
";th a. cylinder and piston as shown. 

When thermostat (A) is heated to about 140° it rises and 
opens a pin valve, allowing the suction of intake manifold of 
engine to create a vacuum or suction effect in cylinder to the 
right of_piston (R), and air entering on the left of piston (R) 
causes (K) to move against tension of spring (S). which opens 
shutters by means of a bell crank connected with piston arm 
(P). 

As long as heat is above 140°, (A) will remain up, keeping 
vnlve nnd shutters O{>en; but when engine cools to a temper­
ature below 140'°, (A) lowers, closiu.g valve; consequently (R) 
moves to the left by tension of spring (S), closing shutter.,; 
stopping the engine stops the suction from intake manifold, 
and if shutters are in the open position, (S) ";n force (R) to 
the left, closing shutters. 

Adjustment c"n be made for openinit of valve at a higher 
temperature by bending the thermostat slightly up ";t.h a pair of 
pliers at (U): for lower temperature, be.od slightly down, Re­
place valve with a. new one 1£ inoperative. 

Note: The Irving automatic shutter is now out of production, 
The Irving hand-controlled shutter is manufactured by Irving 
Engineering Co., Inc., Sioux City, Iowa. 

As an example of the two-unit type of automatic 
radiator shutter controlled by a thermostat and built 
into the radiator assembly, which automatically con­
trols the water temperatme, is the type used on the 
Buick, models 8-50, 8-60, 8-80 and 8-90. See Fig. 32. 

Purpose: This device prevents circulation of air through the 
radiator core when the engine is cold, thereby permitting the 
engine to quickly reach a.n efficient and economical operating 
temperature, at which time the shutters automatically open and 
permit just enough cooling air to pass through to maintain this 
efficient temperature. Shutters are bolted to t:,e inside of the 
shell. 

The thermostat unit is placed in the upper tank of radiator 
and is in direct contact with the water in the upper r"diator 
tank. It is at,tached to the tank by six screws and the joint 
between the two is provided with a gasket which must be kept 
in good condition to prevent water leaks at this point. 

Op,,ration: When the water in the engine re<1ehes a prede­
termined temperature, the thermostat begins to expand, and 
by JDeans of a lever, connecting link and be!l crank causes the 
ehutters to open from their normal closed position. As the 
engine temperature rises, the sbutWrs continue their opening 
until a wat.er temperature of 135-145 degrees F. is reached and 
maintained. Should the cooling elf ect of the air coming through 
the radiator tend to lower this temperature, the thermostat will 
at once contract, partially closing the shutters and again raising 
the engine temperature, This contraction of the thermostat is 
hastened by the action of a closing spring which pulls against 
the expansion of the thermostat. The oharge in the thermostat 
is so calibrated that a minimum engine temperature of 135° 
to 145° F. is maintained at all times. 

Adjustment: To check adjustment of the linkage, remove 
fulcrurn pin of lever and pin of adjusting nut. Adjusting nut 
should be screwed on one-half turn beyond the point of align­
ment of the following three points: connecting link, fulcrum 
1>oint on the cover and pin hole in adjusting nut. This will 
provide the proper amount of tension in the linkage. 

Removal: The thermostat unit may be removed from the 
radiator by removing the fulcrum pin and the pin at the adjust-

i ng nut. If the core is to be removed from the shell, the r,;;, in 
the connecting link and lever mu,;t be removed, lock bar of 1:nk 
";thdrawn and the link lifted from the shutter bell crank. Ce.re 
should be taken in replacing these parts to pince the link pi'l 
on the shutter bell crank pin before the lock bar is moved iutu 
posit.ion. 

Inspection: Thermostats should be tested for correct opera• 
tion as follow~: At 135° F., water tempera.ture, thermostat 
should not expand under a load of H lbs. At 145° F., water 
temperature thermostat must lift a load of 14 lbs. 

It is not the custom, nor is it necessary, to remove the shutters 
during summer weather, as it does not interfere with the circu­
lation or water which might cause an increase of tempera.t.ure 
during the hot months. 

Fig, 32. Two-unit built-in type of automatic radiator 
shutter with \'ertical shutters. Name of parts: A, thermostat 
adjusting end; B, shutter operating lever; C, shutter operating 
link; D, shutter bell crank; E> shutter return spring. 

Electric Signal Lamp 
In a number of states there are laws providing that all closed 

rars shall be equipped with a rear signal device which will indi­
e!\te to the driver of the car in the rear that the car is going to 
~low down or stop. This is a very necessary device. 

There are a number of devices on the market for this purpose, 
one which is called the Neo-Lite (now out of production). Sec 
also pages 431, 430A. 

Fig. 33. The Neo-Lite stop signal. Principle of operation 
is as follows: A small induction or secondary vibrator-type 
coil is used which intensifies the low voltage to a high voltage. 
The connection for closing the circuit is attached to the brake 
pedal, so that when the car is slowed do,vn, the current from the 
battery is connected. The device is enclosed in a metal case 
mounted in the rear of the car. O"fog to the low resistance 
offered by Neon, the current consumed is approximate]y one­
cigbth less than that of an electric bulb generally used. E.peri­
ments have proved that Neon offers so little resistance to the 
passage of electricity that, where a 15,000-volt current is re,.. 
quired in air, a. 200-volt current will suffice in pure Neon. In 
other words, a_spark that will jump I inch in air will jump 75 
inches in pure Neon. . • 

Neon is an element of the air, When air is split up into its 
component parts: oxygen, nitrogen, argon, etc., Neon is one 
of the elements segregated, and it is this Neon that is used in a 
glass tube shaped like a hand, which is used as a stop signal. 
Neon is one 0£ the air's rarest gases. There is onlr l cubio inch 
of Neon in approximately 100,000 cubic inches o air. 

The glass tube (shaped like a hand) is filled with Neon, which 
has 7Q times Jess resistance than air. For this reason, when 
eonnecteli\with the secondary terminals of th~ coil and contacl 
is closed, 'the Neon glows, giving an orange-red glow. 

Note',· See pages 655-659 for traffic regulations and rules or 
the roao,. etc., formerly on this page. 
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ruas ~ube with the inside of the oil pan above the oil level. 
Thia is essential because varying pressures are apt to exist in 
:<!'~ crankcase and t~ese pressures w~uld register _on the gauge 
:..:.. ,t. \vere not for this counterbalancrng or equnhzmg connec­
t1ou. The servicing of the two gauges, however, is quite differ­
c-.rt, therefore service operations follow. 

Fig. 28 (left). Dash unit or head. Fig. 29 (right). Oil pan 
unit. 

Service Operations 
Warning: Do not remove dash unit from instrument board 

or start putting on new units until the following adiustment-s 
have been made, Make these checks first: 

1. Disconnect both pressure and equalizer lines at pan unit. 
Then at dash unit. Examine cones and cone seats on all con­
nections for dirt and flaws. 

2. Set liquid in dash unit even with bottom line of dial by 
adding or removing liquid at brass tube where pressure line was 
disconnected. Use only K-S Telegage liquid of the same color 
as originally in dash unit. 

3. Clean out both lines by forcing a cupful of gasoline 
through each line. 

4. Dry both lines (follow exa.ctly): (a) use a h:.nd tire pump 
(nothing else will do); (b) cut met.al tip from tire pump hose 
and push hose over end of line; (c) give at least 25 continuous 
st.rokes. 

5. Test both lines for air leaks. Hold a finger over one end 
and st1ck with mouf.h on the other. If the suction will hold the 
tongue for one minute, the line is O.K. 

6. If either line leaks, change it. 

7. Reconnect lines at both ends, making tight joints. 

To test Telegage: Drive car until liquid registers the amount 
of oil in the piin. Stopping, starting and turning corners will 
speed up this action. 

Now: If the gauge reads correctly while car is being driven 
and also bolds ita reading for thirty minutes with the engine 
dead, then the repair is completed. 

But: If after the test has been made the gauge does not 
register or the reading does not hold with engine dead-

Then: The pan unit must be examined. Note: Defective 
pan uni ts are very rare, therefore inspect carefully the dash 
unit, lines and all connections before removing pan unit. 
Caution: Disconnect both lines at pan unit before draining oil. 
The procedure of examining the pan unit follows: 

1. Drain oil: 2, remove oil-pan: 3, remove pan unit and 
examine for broken joints or signs of damage; 4, if pan unit 
appears O.K., rinse thorou~hly in gasoline and dry with air 
(make sure that small hole rn bottom of pan unit is open); 5, 
clean oil-pan: 6, replace pan unit, making sure that lip of drjp 
cup is tight against side of oil pan; 7, replace oil-pan and recon­
nect botb lines; 8, pour oil back in pan and check gauge for 
registration as above. 

Radiator Shutte1·s 

The radiator shutter is classified as a necessary 
device for regulating the temperature of the cooling 
system. This device preven_ts circula~ion. of air 
through the radiator core when the engme 1s cold, 
thereby permitting the engine to quickly reach an 
efficient and economical operating temperature. 

Types: There are two types in general use: the 
hand operated type (see page 149) and the automatic 
type. 

AuLOJnatic Ra<liaL01· Shulle,·s 

The automatic type of radiator shutter is of two 
types: the single-unit type and the two-unit type. 
The single-unit type. is where_ the thermos~at and 
shutter assembly a.rem one uiut and can qmckly be 
attached and detached to and from the front of the 

radiator core. The two-unit type is where thn 
thermostat is installed in the upper tank of radiator 
and the shutter is held in place by bolts and radiator 
shell or, in other words, built iut.n the radiat,0r as­
sembly. (See Fig. 32.) 

As an example of the single-uni~ type of automatic 
radiator shutter controlled by a thermostat, the 
"Winterfront," Fig. 30, is shown. This device can 
be secured for most makes of cars and fits over 
the outside flat surface of the radiator core. The 
shutters can be obtained in a horizontal or vertical 
position. 

Operation: Tile shutters (R) are ribbed and· turn in bra:ffl 
trunnions (G). All shutters operate 1n unison and aro con­
nected with a thermostat. 

The thermostat consists of a pair of thermo-wafer cells (B) 
with a Sl_)acer (C) and nn aluminum heat-conducting flange or 
plate (A). The thermo-waJer cells nre filled with a liquid 
mixture which forms ~as proportioned to make the cells expand 
or contract at the desired temperatur.es. For ordinary require~ 
ments they nrc filled to begin expansion at 130° F., and fully 
expand at 160" to 170". The heat is derived from the radiator 
core, through the aluminum beat-conducting flange (A) which 
rests against the core of the radiator, and as it warms up the 
heat is carried to the thermo-wafer cells (B), causing them to 
expand. As the cells (B) expand, they turn the double bell 
crank (D) which is connected with the shutters (R.), opening 
them ~radually as the heat of the radiator rises above 130°, 
and fully at 160" to 170°. When the temperature d~ops below 
130° the thermo-wafer cells (B) contract and automatically 
close the shutters (R). 

To close shutters when stopping the car (to retain heat under 
hood), the button (N) onn be pressed which, instantly locks 
them shut. '!'ho automatic release (L) restores the shutters to 
operating position when the car is started (by vibration of car). 

Adjustment of the releasing attachment (L) can be changed 
with a small wrench whicb .6.ts a brass bok This bolt can be 
reached through the space above the top shutter, when the 
shutters are open. Turning to the right will make the a,ljust­
ment more sensitive, and to the le[t less sensitive. This 
adjustment of (L) should be so sensitive that it will barely hold 
when (N) is pushed in so that the least vibration will release 
(L), thus restoring the shutters to operating position. Thia 
does not regulate temperature opening of shutters. 

Fig. 30. Single-unit detachable type of autolhatic radiator 
abutter with honiontallshutters (the Wintcrfront). Rear view 
issbown. Namesofparts: A,aluminurnheat--conductingfla.nge; 
B, tbermo-wafer cells; C, cell spacer; D, double bell crank; 
E, thermostat insulator; F, frameinsuln.tor; G, brass t.runnions; 
H, _composition bea~ings; I, cushion cord: J, shell i K, s~f~ty 
:i:;;prtng; L, automa.t1e release: M, shutter Jever; N, clo$1b~ 
button; 0, shutter rod; P, shutter operating bar; Q, closhig 
spring; R, sbuUcrs; S, closing release. (Manufactured Qy Pines 
Winterfront Co., 113,5 N. Cicero Ave., Chicago, Ill.) 

1 The Winterfront is now made with vertical shutters and is a. 
later design, but the principle of automatic operation is prac­
tically the same. 

Note: See pages ()55-650 for traffic regulations formerly on 
this page. • 
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obm.s F2 between No. 2 nnd ground Jl, the voltage at No. 2 on 
the da,ah unit will be halfway between the voltage nt 1 and _the 
ground. It is thus seen that the voltage at No. 2 on the dash 
unit is thesamo as the voltage at H2, and consequently no cur­
rent will flow from one point to the other. 

The quarter-full position is when rotor assumes position H-t• 
and the three-quarter-full position is when it aMumes position 
H5. 

Sct·vicc lnsLrucLions 
The troubles and remedies following are practically universal 

and applicable in a general way for all installations of the Moto­
Meter RKD electric gasoline gauge, with the exception of the 
specific reference to models, nnd to tho pressure system of 
gasoUne feed. The same basic principle of operation applies to 
all Moto-Mctcr RKD electric iiasoline gauges ns installed on 
various cars, the only difference being in the car wiring diagram, 
us some cars have the positive termin:tl of battery grounded 
and some hnve the negative terminal grounded Ulld n slight 
chnnge in constructional detail. 

It is of vital importance that the electrical connections in the 
gauge circuit be correctly made. If connection.~ arc reversed, 
the gauge will not only fail to reiiister correctly, but is likely to 
be injured. 

In cases where connections are apparently correctly made 
and still the gauge operation is faulty, it is a valuable expedient 
to connect the da•h nnd tank u,ut-s with additional wires out.side 
the harness (reguiar wirin.g system) for testing purposes only, 
thereby indicating possibly that the fault may lie in the ha.mess 
itself, and showing the exact location of the difficulty. 

Caution: Do not attempt to lubricate either dash or tank 
unit. Do not use gasoline or oil in cleaning tank unit parts. 
use alcohol only. 

in place. (When Boat is at empty, contnctor should be at 
extreme empty end of potentiometer. Tbis adjustment secured 
by two screws.) 

G1·olan Mechanical Type of Gasoline Gauge 

The Grolan model F gasoline gauge shown in Figs. 
24 and 25 is a mechanical type. The indicator unit 
located on the instrument board shows the amount 
of gasoline in the main gasoline tank at rear of car. 
The tank unit is placed in the tank and these two 
units are connected by a transmission wire housing, 
inside of which is a transmission tube, and inside of 
the transmission tube is the operating or transmis­
sion wire. 

Fig. 24 
~ 

--·--Explanat.ion of trouble chart below: The blackface wording J,,.a~--.,-.i-.,-..-..="'"''-"-"'_"'-'_""'___.""'"'"'.,,_-='.,."'"'"6 ""'-==-;...=.._.;aa.a.:.;a,lii 
at the beginning of the sentence refers to the gauge action; the 
wording to which (a) and (b) arc prefixed refers to the cause; 
t.J,e wording to which numerals are prefued refers to the prob­
able location of the fault. 

No definite reading:• (a) Jlround in No. l line: 1, ground in 
instrument board unit at No. I; 2, ground in line; 3 ground 
in tank unit nt No. 1. (b) open battery circwt: 1, loose termi­
nal i 2, broken wire from ammeter; 3, open resistance unit 
between ammet..er ftnd gauge. 

Reads empty until tank is about full, then no definite reading: 
(a) sround in No.~ line: 1, ground in inst:ument ~oard unit 
at No. 2; 2, ground ,n No. 2line; 3, ground Ill tank un1tat No. 2. 
(b) No ground in dash unit: l, defective i:rowld between dash 
unit a.ud du.sh j 2, defective instrument. 

Tank empty, reads empty. Tank full, reads ¼: (a) break 
between dash and tank 10 No. l lino: 1, loose terminal; 2, 
broken ,vire; 3, open resistance at No. 1. 

Reads ufull" until nearly empty, then no definite reading: 
(a) reversed connections: 1, all connections O.K except battery 
is on No. 2 of dasb unit; (b) open circuit in dnsh w1it: 1, No. l 
double terminal not connected to No. l of dash unit; 2, defec­
tive dash llnit. 

No definite reading at empty; at ¼ filling i;auge goes to ¾ 
and then gradually moves to full with tank filling: (a) reversed 
connections: 1, instrwnent leads from tank unit reversed, 
battery on No. l; 2, tank leads reversed. 

Tank empty, reads about ½- At about ¼ filling goes to 
full and remains until tank is full: (a) reversed connections: 
I, instrwnent leads from tank unit reversed, battery on No. 2 
of dash unit. 

Reads ½ at all points: (a) break in No. 2 linc: I. loose termi­
nal; 2, broken wir-e; 3, defective tank ml.it; 4, poor contact at 
center brush of tank unit caused by dirt; 5, st.icking plunger in 
titnk unit,; 6, weak spring behind contact plunger. 

Tank empty, reads ;M. Tank full, reads "full": (a) no 
ground in tank unit: 1, poor ground between tank unit and 
tank; 2, open resistance at ground end. 

Gauge action erratic, unstable or inaccurate: (a) intermittent 
cont.act in tank unit: 1, loose terminal; 2, broken wire in No. 2 
line; 3, high wires in potentiometer l\-'inding; 4, poor contact in 
center brush of tank unit; 5, sticking pluniier in tank unit; 6, 
weak spring behind contact plunger. (b) water on car terminal 
block: l, car tern,inal block should be kep~ dry ns possible t.o 
prevent. elcctrolyti<: a('t.ion. 

Gauge reads high: when tank is empty, d.oes not read zero: 
(a) faulty mechanical adjustment: l, bent float rod (all rods 
should be straight; 2, loose screws holding contactor in pl,.ce. 
(When flout is at cmpt,y, contnctor should be llt extreme end of 
potentiometer. This adjustment secured by two screws.) 

Gauge reads low: when tank overflows, gauge has not yet 
reached full: (a) faulty mechanical adjustment: I, bent Aoat 
rod (all rodssbouldbcslraight); 2,looscscrcws holding cont-actor 

For further information, showing how to test and remove 
tank unit, etc., write The Grolau Mfg. Co-, Dayton, Ohio. 

K-S Oil Level Telcgagcz 

Consists of four units: dash unit or head, pau 
unit, pressure line and equalizer line. In operation, 
the pan unit, pressure line and equalizer line are 
filled with air, Fig. 26. This oil level gauge operates 
on the hydrostatic principle. 

Fig. 26 (left). Oil level Telega~e in opcra(ion. Oil pan 
empty. Fig. 27 (right). Oil level Telegage in operation. Oil 
pan full. 

The principle of operation of the K-S oil level Telegage is 
identical with the operation of the K-S gasoline Telegage, with 
the exception that the oil level Telegage employs the use of 
an equalizer and equaUzer line which connect the top of the 

• When the gauge is in the ignit.ion circwt and that circuit is 
brokerr-by opening switch, there is no current energizing the 
gau~e and hence the gauge will neither retain a correct reading. 
nor 1s it required to teturn to zero. 

In cases where fault is found conclusively to lie in the dasb 
unit, the complete dasb unit should be sent to the manufactur­
ers, Moto-Mcter Gauge & Eqwpment Corpn., Toledo, Ohio, 
who advise to not attempt to repair and do not furnish parts. 
The operations involved are of so delicate nnd specialized a 
no.turn as to require special tools and fixtures. 

, Made by King-Seeley. Corpn., Ann Arbor, :\ficb. 
Note: See pages 655-659 for traffic regulations formerly 

on this page. 
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Note: Do not attempt to repair either gauge head or fitting. 
Present inoperative unit to nearest Moto-l\·leter gauge author­
ized service station or forward to manufacturer. 

The screw holes in the tank fitting and the tank are so spaced 
that the fitting can be installed in only one position, this being 
necessary to insure the proper movement of the float arm. 

Be sure that rubber housing, which protects the connection 
bet.ween t,he t,ank fitt.ing and the frame wire is in place, ai$ rt 
connection bet.ween the terminal and the tank would ca.use n 
~round which would make the gauge rend full regardless of the 
position of the lloat. 

Caution: H nec~sary to remove gauge head. disconnect 
battery terminal to prevent possible short circuits, which would 
be liable to dama~e other electrical equipment. Do not re­
move or install t,nnk fit.ting without first being sure that ignition 
switch is olT so u.s to prevent danger of searks nettr gasoline 
supply. (Manufactured o.nd guaranteed by Moto-Metcr Gouge 
& Equipment Corpn., LaCroose, Wis.) 

l\loto-Mctcr RKD Electi·ic GasoJinc Gauge 

Description: The following refers to the Moto­
Meter RI(D electric gasoline gau~P.. The three 
major parts consist of a float-unit 11 the gasoline 
tank, a tank-resistance-unit on the tank and an 
indicating-unit (gauge) on the instrument board. 

I( 

Fii;t. 20. 
Tank­
rc!-;istnncc­
unit. 

The float-unit consists of a float which, as it rises and falls, 
nr.tuates a bevel gear D, Fig. 21, which in turn actuates a. pinion 
~ear C, which is connected to sho.ft D, Fig. 20. Shaft D 1s con­
nected to rotor E of the tank-resistance-unit. When the gaso­
line level rises, the lloat rises, causing shaft D and rotor E to re­
volve clockwise. When the gasoline level lowers, the float low­
c-r:s, causing shaft D and rotor E to revolve counter-clockwise. 
The tank-resistance-unit is attached to an opening in the main 

fuel tank. It is protected by means of 
a cover and gasket. The attachment 
with proper gaskets is important. 

The indicating-unit or dash gauge, 
Fig. 22, indicates the quantity of fuel 
in the tank. There are two coils, Fl and 
F2, in the gauge, each connected with 
one part of the tank-unit-resistance. The 
gauge is connected in the ignition circuit 
and is in operation only when the igni­
tion is switched on. The purpose of this 
arrangement is that the gauge will not 

draw curre·nt while tho car is not in u~e. The current con• 
sumption is low, between 55 and 65 milliamperes. 

Electrical operation: The gauge is essentially a current 
balancing instrument, the two coils housing the same number of 
t11rns of wire. The operation of the uuit depends on the rela­
tive magnetic strengths of the two coils cauoed by supplying 
more current to one coil than to the other through changes in 
resistance. As both coils are actuated by the same voltage 
from either battery or generator, it makes no difference what 

~i~c~c~~tb vc~i\~g~ "tJ:~ ::.;.!1~~:i;oy Tbhe~~fo~~ndiff~;!~~e.:'l~ 
battery or generator voltage do not affect the accuracy of the 
gauge. 

In the tank unit there is a. resistance G, Fig. 23, or more 
properly, a potentiometer, around the inside of which travels a 
contactor, which through the gears is actuated l:,y the float. 
Thie contactor, in assuming its various positioru-, Hl, H2, etc., 
divides the pot--entiometer G into varying parts, and these part~ 
directly control the relative current values of the coils Fl nnd 
J?2 in the dash unit. 

The dash unit consists primarily of two magnetically opposed 
coils Fl and F2 of identical current and magnetic characteristic• 
but opposite direotion of winding. Through these two coils 
Havels a magnetizable vane V, Fig. 22, to which is affixed the 

pointer of the instrument. As the current values of the two 
coils differ, their turns remaining constant, the relative values 
of ma.gnetism, expres$ed in ampere-turns of those coils, will of 
course differ correspondingly. causing the gauge to assume a. 
position in direct relation to the Ooat position. 
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Fig. 23. Elec­
tric circuit of the 
:\•Joto-Meter RJ(D 
electric ga.-soline 
gauge. 

BATTE~Y 

To take specific examples, let us consider the empty position 
of t.he gauge when the rotor and contactot wiH assume the 
Position Hl as shown in Fig. 23. In this position the current 
will flow from positive ( +) of battery_or generat_or, through the 
ignition switch or terminal buo, to No. 1 terminal of the dash 
unit. It will there divide itself in paralleled circuits. A por­
tion will flow to No. l of the tank unit through the 120 ohm 
tank unit resistance G to the ground J, and will have no effect 
on the indicator. Another portion "ill take a path thro11gh the 
left-hand coil Fl of the dash unit of 120 ohm resistance, to the 
No. 2 terminal of the tank unit, through K and the contactor 
111 at the empty position, and directly to the ground J at that 
point. In this condition, the left-band coil Fl of the dash unit 
is fully energized nnd the current traveling through the right­
hand coil F2 is reduced to a minimum, as it is practically short• 
circuited by the wire 2 being !!rounded through Hl at J. The 
ma.gnetic field produced by coil Fl is therefore very strong but 
practically no magnetism is produced by F2. Coil Fl will 
therefore draw vane V to the left and tltrow the pointer to 
empty. See Fig. 22, showing vane V. 

Let us consider the full position of the gauge when the rotor 
and contactor will assume the position H3 as shown in F'ig. 23. 
The current will llow from positive(+) of battery or generator 
through the ignition switch or terminal bus to the same terminal 
of No. l of the dash unit. It will again divide in parallel 
circuite. As in the Hempty'' position, a portion of the current 
will flow to No. l of the tank unit through the resistance G to 
ground J but "ill have no effect on the indicating unit. An­
other portion will llow to No. 1 of the tank unit through H:l and 
I{ to terminal No. 2 on the tank unit, thence over the wire to 
No. 2 on tbe dash unit and through the right-band coil F2 to 
ground Jl. There will be another small portion that will flow 
through coil Fl and coil F2 to ground JI, but the current in FI 
is negligible, as this coil is practically short-circuited by wire I, 
H3, and wire 2. In this condition the right-hand coil 1<'2 of 
the dash unit is strongly magnetiz;J but there is practically no 
magnetism in Fl, therefore F2 will draw vane V to the right 
and throw the pointer to full. 

• Let us consider the half-full position when the rotor and con­
tactor will assume the position HZ as shown in Fig. 23. The 
current will flow from positive ( +) of battery or generator to 
No. I of the dash unit. It "ill then divide in parallel circuits. 
A portion of the current will flow to No. 1 of the t.ank unit, 
through resistance G to ground J but will have no effect on the 
dash unit. Another portion will go through coil Fl to No. 2 
on the dash unit, then through FZ to ground Jl. The same 
current which goes through Fl also goes through F2, therefore 
both coils receive equal current and produce the same amount of 
magnetism and vane V will be the same distance between them 
and throw the pointer to "½.'' 

Note: There will bo no current in wire No. 2 for the follow­
ing reasons: Since there are 60 ohms of resistance G between 
H2 and terminal No. l, and also 60 ohms of resistance G be· 
tween l'I2 a.nd ground J, the voltage at H2 will be halfway be­
tween the voltage at l and the ground. Since there are 120 
ohms Fl between No. I and No. 2 on the dash unit and also 120 

Note: See page 654 for Irving radiator shutter, and pages 
655-659 for traffic regulations formerly on this page. 
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Fig. 16 (left). The tank unit. l'ig. 17 (right). The head. 

The remainder of the t.aul, unit.., that is, thf' air cup and a·r 
delivery tubet acts only as a means of supplying a.~r to the air 
chamber. This is to overcome the Jos.~ of air due to absorption 
in the gasoline and contraction due ton sudden drop of temper­
ature. 

The air supply mentioned n.bove is obtained by using t.he 
movement of gasoline in the tank. "~en the air cup is above 
the level of the gasoline it is constantly bein~ filled by the surge 
and splash when the car is in motion. This gasoline run:.s 
throui:h the drain hole D and down the air delivery tube, draw·­
ing mth it a fow bubbles of air. At the bot.I.om ol the tube t,he 
nir bubbles out and rises under the air chamber. It enters the 
air chamber through hole C and displaces any gasoline which 
may be there. When the air chnmber is full of air t.hese bubbles 
simply pass off and are not used. 

The bead, sholl'n in Fig. 17, is mounted on the instrument 
board. It is simply a U-tube containing a special heavy red 
liquid. (K-Sliquid is selected because of it.sspccificgravity and 
other characteristics. No other ";II do. Every dealer should 
have a bottle of K-S liquid to cover emergencies.) The fron l 
hnlf of the U-tube is n glass tube open a.t the top. The back 
half is a brass tube. A U-tube containing liquid is the most 
accurate instrum.ent known for measnring pressure. The caH­
brating wires nre e...~ent.i3.l for accurate operation. They com.­
pensate differences in glass tube diameters and the correct 
amount is inserted in each bead at tbe time of manufacture. 

The air line is simply a hollow tube which connects the tank 
unit, with the head. Any pressure which comes through the 
nir line wiU pre~s the liquid downward in t,he brass tube and 
upward in the gloss tube. In fact the difference in levels of the 
liquid in the two tubes is an exaet mensu.rement of the pressure 
coming through the air line and hence records the depth or 
gasoline in the tnnk. By mnrking the dial in gallons, an ex~ct 
reading in gallo.ns is shown on tho instrument board, 

Senicc Instructions 
Warning: Servicing by the use of any other met.hod will 

bring no results. Oo not remove gauge head from instrllment 
board, or chnng:e any unit until you haYe followed hu:i:truction.s. 
Make the checks following first: 

I. Remove tank filler cap. Ol_l cars where a bole in filler cap 
ls ncccssnry, see thnt it is free from dirt and open. Do not 
replace.filler cap, or drain g::is tank. 

2. Try tank unit connection to be sure it is tight. Use a 
second wrench to prevent tube from twistiog. 

3. Disconnect gauge line (air Line) at front end only. Red 
liquid must now read even with bottom line of dial. Add or 
remove liquid as reg!tired at top of brass tube where air line 
was disconnected. Use a medicine dropper to add liquid; use a 
toothpick or match to absorb some. Be careful that. toothpick 
or match does not pull out any shims (small wires). Never 
loosen look nuts to move bross tube up or down. If dial or 
paper reflector back of glass t-ube is stained at the bottom, 
install a new complete gauge head. Use only K-S Telegage 
liquid~no other will do. 

4. Dry air line. Follow exactly or get no results: a, use" 
good hand tire pump (never use compressed air); b, cut metal 
tif from tire pump hose; c, push hose securely over front end 
o line; d, give 50 good full strokes continuously (ut least). 

5. Reconnect air line, making tight joint. 

6. Replace tank filler cap. 

You are now ready to make a test to see if the trouble has 
been corrected; by determining whether you can bring i;auge 
up to proper reading by supplying air to the tank unit. rhcre 
a.re two methods: 

I. If gasoline outlet is in tank unit 1 disconnect the fuel-feed 
line from the top of the vacuum tan!< or fuel pump and blow 
with the mouth through this line into the main tank. 

2. Ii gasoline outlet is not in tank ocit, drive the cal' until 
the red liquid no longer comes u1::.. A correction ca.nnot be 
made if the tank is more than three-fourths fnlJ. 

Now-if the reading stays set with the c.ar standing; then­
the Telcgage is O.K. and tho job is completed. 

But-if you cannot get a reading by driving or blvwin~ ba.o\:: 
through the feed line-; or you ca.o get a reading, but it w1H .cot 
hold forou hour with the engine dead; then--t~er• is a dei,.ctiv<' 
unit lo be located by following the rep:tir instructions. 

Repair Instructions 
Follow instructions given above I first. 

To determine whether the failure is in the air line or tanl< 
unit: 1, disconnect tho air line front and rca.r: 2, inspect cone6 
and seats for dirt or fl:rn-s; ;J, blow out air line (see check 4), 
and oest for a leak. Hold fini:e.r over one end and suck on th~ 
other end. If the suction created will hold the tongue for one 
minute the Jine is O.I{.; 4, if the nir line shows o. leak, or is 
plugged, change it; 5, if tbe air line and connections check O.I{,, 
the defect is in the t-a11k unit, which should he oh,inged. 

Caution: Defect.ive tank unitsnre , ... cry rare; therefore, imrpact 
carefully the gauge head, air line and connections, as the trov.bl~ 
is more likely to be in one of these places than in the tank Mit. 
(Manufactured by IGng~'3eeley Corpn., Ann Arbor, Mioh.i 

National Electric Gasoline Gauge 

Description: This electric gasoline gauge, type C, 
consists of two principal parts, the indicating instru­
ment or gauge head on the dash, and the actuating 
apparatus or tank fitting whirh is installed on the 
gasoline tank. These two parts are connected by a 
"'ire running along the frame of the car. 

Fii;. JS. \Yirins layout 
of the Nntional type C elec­
tric gasoline. gauge. 

The gauge head is of the balanced coil type and has inherent 
characteristics which render it unaffected by variat,ions in 
voltage, consequently the indic:\tions are not rnaterially differ­
ent when tbe battery is low or when it is being charged by the 
generator. The gauge is wired from one stud, or terminal 
(rnarked "Ign. Sw.") to the ignition switch. The gauge indi­
cates only when tho switch is turned on, a.nd at other times 
the pointer ";n register empty. 

At the filling station, the height of the gasoline can be 
checked by turning on the ignition switch without starting the 
engine. 

The se0-0nd stud on the gauge head (marked "Ga.'') is con­
nected by tbe ";re which runs along the frame to the stud or 
terminal on the tank fitting. The gnuge head is grounded 
through its case to tbe metal instrument board. When the 
instrument bo:ud is made of wood, it is tiecessary to run a 
special gr_ound wire from the gauge case to the car frame. 

The tank fitting consists of a rheostat or variable resistance, 
and through the agency of a-float and a series of gears, n. sweep• 
arm is moved across the face of the rbeostut, thereby increasing 
or decreasing its resistance as the depth of the liquid in the 
tank Is raised or lowered. As the resistance of the rheostat is 
vsried, there result.s a. proport.ionat:e variation o{ current in the 
indicating instrument or gauge head, which is ca.librat.ed to 
accurately indicate the gasoline level in the tank. The tank 
fitting is grounded by means of the screws which attach it to the 
tank, thus completing the electricnl circuit. 

Service Poin tcrs 
If gauge does not register properly, first check all wireconnec­

lions to be sure that they are tight. Then make sure that 
gauge case is grounded to metal dash and that tank fitting is 
grounded by the attaching screws. 

If, after checking all grounds and wire connections, gauge 
does not indicate properly, remove wire from tank fitting stud 
and ground it to frame while ignition switch is on. Gauge 
should then read full. Remove wire frorn frame (with ignition 
switch on) and gauge should read e.mpty. If this is not the 
case, !lauge head should be replaced with a new one. If t.be 
i,;auge indicates as described, the trouble is probably in the tank 
fitting, which should be replaced. 

Note: See pages 652, 653 for Grolan gasoline gauge and 
Winterfront radiator shutter formerly on thi~ pag~ 
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NECESSARY AND USEFUL ACCESSORIES • 

Necessary accessories are those which protect the 
~cc11psntll fr0m accident or injury and the car from 
damage. Useful accessories are those which add 
comfort and convenience to the occupants of the 
:,t,,r. Material of this kind can be secured of auto 
!?Ut,1>lY houses. 

~lg_. 7. A rear-view mirror is a nece$Sary nccess()ry and is 
~Ji.1a.lly placed inside of car. 

l:tl&:, 8. Type of mirror for placing on fender. Often used on 
~'llmercial cars, where rear of car does not perm.it clear vision. 

Fig. 9. Windshield cleaners and wipers are necessary ac• 
.:.essories and operate by hand, or are automatic. Automatic 
~irero, ere of two types, opera.ting by suction of the engine t1nd 
icy l!lectricity. The suction (vacuum) type consists of a small 
metal cylinder mounted on top of frame of windshield. H con­
to.ins a small piston attached to a scraper arm fitted with a 
rubber strip. A piece of tubing is connected to the cylinder 
from inlet manifold of engine. When tuTned on, the cleaner 
swings constantly, and removes rain or snow until stopped. 
The electric type is similarly mounted, but is operated from 
the battery or generator. Another type of windshield cleaner is 
an electricheaterwhicb warms the windshield gll\SS, enabling the 
windshield wiper to remove the melted ice and snow. 

Fig. 10. A visor, attached ns shown; sleet, rain, snow or sun 
cannot obscure driver's vision. Tbis is a nec-Ossal'Y p.ccessory. 

Fig. 11. Spotlights are necessary when touring but must be 
used with cautfon. Can also be used ns a spot or trouble light. 
There are n number of different makes of spotlights. Can bo 
secured of auto supply houses. 
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Fig. 13. Tonneau or rear-seat windshield. Gives the open 
car the comforts of a closed car. A useful accessory. i\fo,nu• 
fo.ctured by the Tonneau Shield Co., Inc., New York, N.Y. 

Fig. 13A. Bumpers for both front and rear are necessary 
accessories. Insurance rates are reduced in most 1>olicies where 
cars are equipped with front and rear bumpers. There is a 
great variety of bumpers. 

Fig. 13B. Compression whistle, which is screwed into 
cylinder; serves instead of electric horn and saves current. 

A good clock for automobile use is 11 useful Mcessory and 
should be of the best in order to withstand vibration and temper­
ature change. It should have a compensating balance. An 
electric type of clock is also manufactured. 

A speedometer and warning signal (borns) are necessary 
accessories and usually come on most cars as a standard equip­
ment. See page 443 for horns; a popular type not mentioned 
is the l\Ioto Vox. 

Gasoline Gauges 

Types: Gasoline gauges, more correctly termed 
fuel gauges, are classified as a very useful accessory. 
There are two general types, the tank gauge and the 
dash ga,uge. 

Tank gauges are placed directly on the main 
gasoline tank and are usually mechanically operated 
as shown in Fig. 5, page 111. 

Dash gauges are placed on the instrument board 
with the operating mechanism (tank unit) in the 
main gasoline tank connected with tubing, or wit'e 
on the electrical type. There are three types in gen­
eral use, the hydrostatic type, electrical type and 
mechanical type. 

The hydrostatic principle is expluined farther on. 
Wit.h this principle there are two methods for re­
plenishing air 1 ncccssa·ry due to absorption of the air 
by the gasolme during atmospheric changes, etc. 

One is by interconnecting with the vacuum system, 
and the other, by using the movement of gasoline 
in the tank, the latter being the principle used in the 
K-S gasoline Telegage. There are also two types of 
gauge heads, the diaphragm type which actuates a 
hand the same as an oil gauge, ·and a U-tube gauge 
containing red liquid, the latter being the type used 
on the K-S. • 

K-S Hydrostatic Gasoline Telegage 

This gauge is of the hydrostatic principle, mean­
ing pressure proportional to depth, that is, the air 
trapped in the air chamber (Fig. 15), when gaso­
line is added, or drawn from gasoline tank, will be 
under a pressure proportional to the depth of the 
gasoline . 

There are three units: the head, tank unit and 
air line. In operation the air tube and air chamber 
of the tank umt and the air line connecting the tank 
unit to the head arc filled with air. (See Fig. 14.) 

U,Tvbt 

Cc,nr';lc0on .,,,,,,.,. 

Fig. 14. Simple Telegago in operation; tank empty. 

Operation: ·w11en the tank is 6Ued, the gasoline tries to rise 
to the same level in the tank unit as it is in the tank, but cannot 
because of the air trapped betw.een the bottom of t-ank unit and 
the liquid in the head. The gasoline trying to get into the air 
chamber presses on the trapped air; this pressure is trnnsmitted 
through the uir tube and air line to the bead on the instrument 
board, where it is recorded by \.be rise of the red liquid in the 
glass tube (Fig. 15). 

Fig. 15. Tank full. Note: The air cup and uir delivery 
tube shown in Fig. 16 have been omitted from the illustrations, 
Figs. Mand 15, purposely in order to simplify the explanation, 
as they take no part in the reading of the gauge. 

Tt can be seen from Fig. 15 that the operation oft.he Telegage 
depends upon air being trapped securely in the tank unit. and 
air line, A loose connection would permit the trapped a,r to 
escape and the gasoline would rise in the tank unit to the same 
level as in the tank. There would also be no pressure on the 
liquid in the head unit and the liquid would fall to the bottom 
mark on dial regardless of bow much gasoline there was in the 
tank. Tbe connection can he tightened but the bead unit will 
not register correctly until the tank unit has been cleared of 
gasoline and again !?lied with ai_r. This is 4on_e by the splash 
of gasoline as explamed below m the descr,ptwn of the ta.nk 
unit. 

The tank unit, Fig:. lG, shows the air tube "nd air chiimber 
which must always be filled with air. The gasoline tries t,1 
enter through hole C, Fig. 16, and thus presses on the trapped 
air. This is the only part of the tank umt that hM anyth,ng lo 
do with the reading of the gauge. (The Telegage provides u 
reserve of approximately ~:i'H ot' gasoline, that i~. tl.Je bot.ton, 
¾ 11 in the ta.nk never shows on the gauge, a.s the reading stnrt~ 
at hole C. Above this point the gauge tends exactly, gallon fo1· 
gallon, all gasoline in the tank.) 

The vent tube, open at the top, is a safety device which pro­
tects t.he ~auge against high pressure. It does not enter into 
the operat10n of the gauge in any way. 
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After body, fenders, etc., have been sanded and touched up• 
attention should be given underneath the fenders and chassis. 
On iwcount of iis being practically impossiblo to remove all 
grease from the wheels, axles. springs, joints, etc., these surfaces 
should be prepared for repaintiug (alter sanding to remove 
loose paint and rust) by brushing on a mixture of three parts 
denatured alcohol and one part shellac. This will dry in about 
five minutes and prevent the grease from becoming mixed witli 
the paint, which would cause non-dryini;: and peeling. 

Apply one coat of auto enamel black to the sprin~s, ax:les, 
and under-sides of the fenders, top-bows, joints, wmdshie.ld 
frames, etc., (or color desired). Refinish top with a top dress­
ing, unless a closed-type car with metal top, in which case it is 
finished like the body. 

Clean wheels and give a coat of auto enamel. 

After all touched-up spots have dried give body a coat of 
auto enamel of color desired. Use two varnish brushes 
(2½"and l"). 

Start applying auto enamel to the doors and, with the smnll 
varnish brush, do the top and around the hinges. With the 
large brush give door a good solid coat, applying paint up and 
down. Then c.ross n.nd go over the entire surface from left to 
right. Next brush across the top with the small brush and 
"pick up" any enamel under the hinges. Finally take tlie large 
brush, brushing from bottom to top. Press brush firmly against 
bottom of door, gradually relieving the pressure as brush nears 
the top. (This is called "laying off.") • 

Proceed with body as on the doors, working in strips not over 
eighteen inches wide. Have a piece of cheesecloth saturated 
with gasoline handy to ";pe off any enamel which may drop on 
fenders. 

If wheels need a second coat, it may be appHed. 

.Hood should be washed inside and out wit.h gasoline, using 
an old paint brush, cloth, or sponge to remove all grease. 
'fhcn sand thoroughly "1th No. ½ sandpaper which has been 
dipped into a. preparation of half linseed oil and half gasoline. 
Then wash off with gasoline all remaining/articles, and when 
dry, shellac around the hinges, handles, an other places where 
grease is liable to lodge. The shellac preparation is the same 
mixture as was used on under parts of chassis. Next stand 
hood on end (end that rests on radiator, down) and apply a 
liberal coat of auto enamel of the color desired with a large 
brush. Watch for sags and runs. 

Note: Usualty tho hood, frame and fenders are finished with 
a baked enamel finish. If this finish is still in good condition, 
do not refinish all of the hood with color enamel, but merely 
touch up the rust spots with it and allow it to dry and apply a 
coat of clear finish varnish. 

Fenders. Finish "~th auto enamel of the color desired. 
Often times cleaning with gasoline will bring back the gloss on 
baked enamel fenders. If not, a coat of good finishin~ varnish 
may be applied, providing the enamel is not flaked off m :places. 
If so, the enamel should be removed with a. good varmsh re­
mov~ir such o.s uTo.xite." Then finish the same as with the 
autom·obile, or take to a. concern tha.t does baked enamel ,..,·ork. 

Final vamish coat: (after previous coats have dried for 36 
to 48 hours), take No. 0000 sandpaper dipped in a preparation 
of half linseed oil and half gasoline and sand body and cow 1 

carefully enough to cut the gloss so that the succeeding coat 
will have a. smooth surface to which to adhere. 

Take a pound of FF powde,;,d pumice stone o.nd a. sponge 
and give entire surface a light ruobill{,(. dipping sponge into 
wa.ter n.nd then into pumice stone, usin§ fo•t..'f of watcrh which 
will remove the oil used in sanding. '1 hen wash wit clean 
water and chamois skin. This is an important operatfou to 
insure a good clean-up for a good finish. After sanding wipe 
olf with cheesecloth saturated with clean varnish and wrung 
dry and shake out. 

• Take a quart of auto enamel clear (clear finish varnish) and 
apply to doors, thon body, as well as wheel<, and fenders. 

Repainting a Car Where Finish Is Checked 
If surface is worn and paint beaten off and the base metal 

or wood is disclosed, or if checked and cracked, it is best to 
remove all old raint with a paint and varnish remover and do a 
complete job o repainting. 

Probably the best plan would be to have it spro.ycd with 
lncqucr enamel,. which requires special equipment. 

The car owner may feel disposed to do some of the work him• 
self; for instance, he could clean the car and remove the old 
paint, and then pass it on to the shop equipped \\1th the lacquer 
enamel process, or if H, is to be painted and varnished, he could 
pass it on to the professional painter. 

If a paint and varnish job is to be done without removing alt 
of the old paint, then the process is practically the same as 
previously e~-plainecl, except the old finish is thoroughly sanded 
clown ";th No. 1 sandpaper and then a coat of auto enamel 
primer (plain oil paint) is applied to body (fenders and top of 
hood only if they are cracked, not otherwise), using a. 2" 
romel's hair brush. 

Wherr dry, sand lightly with No. ½ sandpaper, dust olf, and 
then proceed with the application of the first coat as heretofore 
described. 

Enamel is a combination of finish varnish to which has been 
added color pigment (oil paint). Usually paint for automobiles 
comes ready mixed in a.n enamel form, known as auto enamel. 
It may be obtained in various colors. 

Enamel clear is a clear-finish varnish, known as auto enamel 
clear to work over auto enamel. Enamel primer is especially 
made for use under auto enamel, known as auto enamel primer. 
lt is an oil paint, not varnish, used for undercoating. 

To clean out a new brush, take a small quantity of raw 
linseed oil, workini; out the brush thoroughly with the lingers 
in the oil and rinsmg it frequently with turpentine. Repeat 
this until you can take a brush!ul of oil and wipe it on a piece 
of ·glass and let it flow down without •bowing any specks. 
'fhis may take fifteen minutes or more, but the time is well 
spent, as tho cleaner the brush, the cleaner the job. 

After using brush, thoroughly clean it out in turpentine and 
suspend by wire hook in a can, so that the bristles will not touch. 
the bottom. Sufficient raw linseed oil should be kept in the can 
to cover the bristles of the brush. In t.bis way brushes may 
always be kept in good condition. 

LACQUER FINISHING-NITRO CELLULOSE i 2 3 

Automobile finishing with Duco, Opex, Nitro­
Valspar, Lacqueroid, Murcote, etc., differs from 
paint and varnish, or oil finishes in many ways. 
Drying comes through evaporation of the solvents 
rather than from oxidation of the oil. Technically, 
lacquer is a solution of solids in solvents which 
evaporate with great rapidity, which makes it 
necessary to apply it with a spray gun instead of a 
brush. 

For this reason the refinishing shop must be equipped with a 
c-ompressor, spray booth, ventilating equipment and the 
necessary spray gun. (See page 756.) 

The major advantage of the lacquer' method of finishing 
comes in saving of time and the durability of the finish. This 
finish does not have as high a gloss or luster as a varnish finish, 
but the lacquer finish is more durable and will improve with age, 
whereas a varnish finish will become duller with age. The 
lacquer finish, it is claimed, is not affected by rain, snow, heat. 
or cold, by grease, alkalis, salt water or mud; not ensily marred 
or scratched, and frequent polishing only improves the luster. 
An injured spot can be finished to match the original finish. 
Jn addition to the sn,~ng of time, there is also an appreciable 
saving in labor, material, and floor space in t.he application, 
and instead of frequent washing of the car, all that 1s required 
is an occasional rubbing with a dry cloth. While it is not 
p.ecessary to exercise as much care as with varnish finishes, 
ordinary care ohould be exercised-a lacquer finish can be 
damaged by scratching. 

Nitro-cellulose lacquer can be applied to almost any surface, 
wood or metal, that is, if It is absolutely free from dirt, rust, wax, 
or grease, othenvise the lacquer will peel and chip off. It ,vorks 
best over clean metal .surfaces. 

If the body and metal parts of the car have been painted 
before, a better finish is possible, if all of the old paint is re• 
moved. However, very sat.isfactory work can be obtained by 
applying the lacquer over old painted surfaces, as c~-pla.ined 
on page 756. 

1 Part of the information pertaining to this subject was 
obtained from a booklet, Modern Autonwbilc Finishing Method•, 
published by The Sherwin-Williams Co., Cleveland, Ohio, 
manufacturers of "Opox" lacquer enamel. 

, Nitro-cellulose lacquers are obtained bl' treating ootton 
plant fiber in a mixture of nitric and sulphuric acid in order to 
combine it with nitrogen. This nitro•cellulose is dissolved in 
powerful solvents to permit easy application on a. smooth sur­
face. Gums are then udded to give thickness and long-Jifo 
ndhercnce. Addition of colored pigment (paint coloring) 
produces a liquid lacquer enamel. 

• There are a number of lacquers on the market, all of which 
have trade names. Some of these are "Duco" (E. I. DuPont <le 
Nemours & Co., Parlin, N.J., or Chicago, lll.,.._or San Frnneisco, 
Cal.); "Kodalak" (Eastman Kodak Co., .ttocbester, N.Y.); 
"Lacqueroid" (Glidden Co., Cleveland, Ohio); "Mima,x" 
(Pittsburgh Plato Glass Co., Milwaukee, Wis.) i.. "Murcote" 
(Murphy Varnish Co., Newark, N.J./; "Opex" (1·he Sherwin• 
Williams Co., Cleveland, Ohio), and many others. 
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Mohair tops should be frequently dusted and brushed off. 
To wash, use a pa.ii of tepid water and a bar of castile soap. 
Pia~ the soap in the pail aod work with the hands until a good 
lather is obta,ined. A large clean sponge is dipped into the 
water and top is then thoroughly washed. 

Pantasote tops and curtains are best cleaned with a soft brush 
dipped in .water in which 0. little ammonia has been added. 
Rub dry. Never clean top and curtains with gasoline or 
kerosene. 

Do not fold the top until it has become thoroughly dry, 
because any moisture remaining in the folds is prone to cause.­
mildew, besides making the top leaky and unsightly with spots. 
\\'hen the car is not used (or some time, it is best to open the top, 
which kc-eps it well stretched and smooth. 

If the top is dirty, use a broom first. After it has been 
cleaned with soap, go over it with clear water so that no alkali 
spots will appear. 

Cleaning Upholstery 
Do not use gasoline for cleaning leather upholstery. Plain 

water with a little ammonia wiJJ remove the di-rt, and a brisk 
rubbing with a clean woolen or flannel cloth will do the rest. 
For still more careful treatment, use a regular leather dressing 
on all leather. 

Recipe for a dressing for leather upholstery: Raw linseed oil 
and turpentine, mixed in proportions of two of the former t,o 
one of the latter, is a time-honored formula.. 

For cleaning cloth upholstery, such as plush, velour, and 
mohair, which bas become dirty from use,. wash with soap nntl 
warm '"·a.tcr. 

Hub with the "pile" or "nap," not a.gainst it. Hav.e the 
''suds,, thick, not watery. Rinse suds with a. cloth dipped in 

clean water and wring out laidy dry. Wipe with a, dry cloth. 
When dry give a light brushing. 

Another method is to use clear water nnd a mixture of ¾ oz. 
common salt and 2 oz. of either grain or wood alcohol, simply 
rubbing the cloth with a sponge dampened in the mixtur£ 

To remove dust from cloth upholstery, beat the cushions and 
backs lightly with a switch or a carpet beater. 

First remove cushions or sea.ts. The dust removed from 
sides and rear will settle and can be wiped up. Cushions should 
be held upside down so that the dust will fall away from cushion, 
because dust cannot enter the base of plush, velour or mohair 
and should fall off re&dily. (The ,,acuum cleaning method is 
best.) 

Grease or oil may be removed by the application of asolutioll 
of lukewarm water and ivory soap, applied with a woolen clotlj. 
Any of the approved methods for cleaning woolen cloth may be 
used with success on this upholstery. 

Gasoline, naptba, or carbona is also excellent, but has a 
tendency to spread. Cleaning should start well outside the 
area of the grease spot. and then work with a. circular motion 
t.oward the center of the spot. Do this several times and use 
a clean spot on the cleansing cloth each time and plenty of 
cleaning fluid. 

Plush upholstery which is flattened down can be freshened 
up by using dry steam, or a cloth wrung out of very hot water 
and placed immediately over the flat spot, where it should be 
smoothed out in close contact with the upholstery. Leave 
cloth on for several mjnutcs. then remove. When dry, give 
it a light, deft brushing with a. stiff brush and the fabric will 
look fresh and new. 

Mechanics should wear clean dusters when working on the 
interior of a car, thus prote·cting the upholstery from grease. 
Another plan is to cover interior of car. with ck>th covering, 
tied in place. See also page 662. 

PAINTING RADIATOR, ENGINE, CYLINDERS, MANIFOLD, ETC. 
To paint the radiator, mix 3 oz. boiled linseed oil, 4 oz. lamp 

black 1 oz. turpentine, and thill down with turpentine to the 
prope~ consistency. _In ~pplying, the radiator must either be 
<lipped into the solution (1n thtb .;use a. gre.,t d_ea.l_ more 1:1ustJ,e 
mixed), or sprayed (see also, Index under Pamtmg rad1at.or ), 
or the radiator can be placed on boxes, face up, and the thin 
mixture can be applied plentifully so that it wiil run through the 
cellular parts of radiator. A camel's h»ir brush can be used to 
reach places not covered. 

To paint cylinders: Mix 8 oz. white lead in oil, 6 oz. boiled 
linseed oil, 2 oz. turpentine, and ½ oz. Jamr. black. If too 
heavy, thin down ~••th _turpentine. 'fhis will ma~e a gray 
p:i.int sufficient for s1x cylinders. Aluminum mixed ,,,.-1th bron2-
i ng liquid can also be used. 

To paint 'th~ intake manifold: Use 1·cgular aluminum, which 
c-an be secured at any drug store. . 

To paint the exhaust manifold: Use aluminum. No paint 
has as yet been found which will remain on bot exhaust pipes; 
here is a recipe suggested: 

Heat-proof palnt: Use 2 parts of black oxide of manganese, 
3 parts of graphite, and 9 parts or Fuller's earth, thoroughly 

mixed, to which add a compound of 10 parts of sodium silicate, 
1 part glucose, and 4 pnrts of water, until it is of such consistency 
that it may be applied with a. brush. 

Tire paint: Liquid rubber is a preservative and beautifier o( 
tires. It gives the tire a.. wh,ite coating. lt is made of pure 
unvulcanized .rubber in solution. It can be applied with a 
brush, and if used at regular intervals, it will, it is claimed, 
prolong the life of the tire because it penetrates and runs int-0 
any small outs or boles and seals them over, thus in a. measure 
preventing moisture from reaching the fabric. It ia also suit­
able for golf balls, rubber mats, and is a highly satisfactory 
rust preventive for rims. Secured at supply houses. 

A tire paint for finishing the inside of a tire. after repairing 
may he made by mixing thorou11hly l gal. gasoline, ½. pint 
Firestone rubber C-35 cement, l½ lbs. soapstone and ½ lb. 
whiting. See also page 612. 

Rust preventive: Melt one pound of fresh lard and add 
one half ounce of camphor. Remove the scum that forms and 
add graphite to give the desired color and consistency. Allow 
to cool and apply to tool$ or parts, permitting it to set for 
twenty-four hours. Finally polish with a soft woolen cloth. 
( Am. Auto Dioest.) 

SUGGESTIONS FOR REPAINTING A CAR AT HOJ\.-IE 
On a car that has a paint and varnish finish, the 

gloss or luster ~ally g'ets _dul~, <iue to the varnis)1 
finish deteriorating. Varnish 1s much more senSJ­
tive to wear and temperature changes, etc., than a 
car with a lacquer finish. The varnish finish has a 
much higher luster. 

A car with a dull varnish finish which is not badly 
checked or cracked, can be rubbed down with very 
fine sandpaper, applying a coat of auto enamel, and 
then a finish coat of varnish over this. 

When the varnish is deteriorated and color coats 
are checked and cracked (fine lines running in all 
directions) and in bad condition generally, it is best 
to remove completely all of the old varnish and paint 
and then prime and build up on a perfectly clean 
surface free from grease and dirt. 

The modern method of finishing a car is to spray on nitro­
cellulose lacquer enamel, instead of applying paint and varnish 
with a brush. This would no doubt be the cheapest and best 
in the long run, but this would have to be done by a shop 
equipped for such work, as thie method requires ~pecial equip­
ment (see page 756). 

Refinishing a Car Where the Va1·nish Is Dull 
hut Finish Is Not Checked or Cracked 

A thorough cleaning is very necessary, the idea 
being to remove .all grease and obtain a perfectly 
clean surface, so that the paint will adhere properly. 

Clean chassis and underneath parts, and remove 
nll grease from hubs, springs, axles and joints with 
gasoline or kerosene. 

Remove wheels, hood, cushions, mats, door 
handles, etc. and scrape out corners where dirt 
and grease may have lodged, and scrape any loose 
paint from body and fenders. 

Sandpaper the surfaces to be finished with No. 
½ sandpaper to level off any broki,m, rusted, or 
raised spots. Then dust off carefully. 

Touch up all bare spots with auto enamel of the 
color to be used. This can best be done with n.. 
camel's hair pencil brush. 
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Cleaning and Polishing Dull Varnish 
In many cases, dull vamish is not "dead," but is 

simply coated with a deposit of dirt. When this 
deposit is removed, the original luster of the varnish 
may be restored to a. certain extent (this does not 
apply to lacquered cars). 

Cleaning: Wash the car thoroughly with a 11011-

alkali, pure linseed oil soap (such as "Flaxoap"). 
If the finish is very dull after washing, saturate a 

small pad of selected soft waste (there must be no 
grit or thread cords in this pad) with water, and dip 
lig;htly into fine rotten stone. Do not make a 
m1stake and use pumice stone1 for it will completely 
destroy the finish. Rub witn the pad and rotten 
stone until the surface shows a bright luster. Con­
tinue over a complete panel. Be sure to keep the 
pad saturated with water while rubbing. 

Rotten stone has relatively no abrasive effect on 
gum varnish, but does rapidly abrase the imbeddcd 
deposit if the varnish is free from oil and grease. As 
fast as this deposit is cut away the varnish acts as a 
lubricant, as the easy sliding of the rotten stone pad 
will indicate. Remove all rotten stone with damp 
cheesecloth. 

If the finish is only slightly dull or gray, rub with 
a mixture of 1 oz. rotten stone and 3 oz. linseed oil 
instead of rotten stone and water. Shake the mix­
ture while using. 

Polish: After cleaning as above, polish with 
Percival automobile polish. The formula follows: 

24 oz. wood alcohol. ...... (By weight) 
48 oz. raw linseed oil ...... (By weight) 
40 oz. white vinegar ...... (By weight) 

3 oz. aqua ammonia ..... (By weight) 
3 oz. spirits camphor ..... (By weight) 
6 oz. butter a.otimony .... (By weight) 

It i• imperatively important that the.,e ingredients be mixed 
together in the order given, and that they be shaken thoroughly. 

To the formula given above add a mi~ture of 2 oz. grated 
beeswax: and 3 oi. turpentine, which have been mixed and 
allowed to dissolve thoroughly for 48 hours. When added, 
the whole mixture must be aha.ken. Always ahake before 
drawing from the main supply and while using. 

To use the polish: Saturate a pad of fine cheesecloth witu 
the polish and rub the varnish briskly until a full luster al?pears. 
The luster can be determined by wiping the parts occas1onally 
with a clean cloth or with the palm of the hand, and looking at 
the surface as into a mirror. A perfect reflection should be 
obtained. If dullness appears after the car is used, it will 
indicate that the deposit was not entirely removed with the 
rotten stone, or that the polishing was not thoroughly done. 
Hard, consisteotrubbing will invariably bring the desired results. 

After thoroughly polishing, wipe off all polish ca.reful!y with 
cheesecloth that has been washed and dried. Theo dampen a 
,,iece of cheesecloth with alcohol (wood alcohol will be satis• 
factory), and shake the cloth until no free alcohol is left on its 
surface. The cloth will then feel cool to the face, but not dt1mp. 
Wipe o,•er the complete job, occasionally dampening the cloth 
~• described above. This operation removes all traces of oil 
and polish and leaves the original varnish clean and brilliant. 
Be careful not to spill alcohol on the finish, and do not use a 
moist cloth, as the alcohol will dissolve and soften the varnish. 

Aft.Ir DOlilhin.l:, the car ohould be treMed u ii ii were """"" 
p&bnal.- with the added Minnw.ce that there will be no 
a.._ of opoti, appeariJlll u with a newly painted job. 

M it ia absolutely oeceeaary that the polish be neutt'al !11 !ta 
action upon the: varnish, uae the Percival formula. 

This pl'.ooese will not be eatisfactory on varnish whioh baa 
boon oiled or waxed repeatedly, or on which ordinary furniture 
polishes have boon used. 

Cracks which appear on door■ ol can a.re u.,ually oaueed by 
slammina- the doors, or frc,m othc,r ex<JES!ive vibration, 

To Remove Road Tar Spots 
Carefullf rub with the fingers, using a small 

amount o kerosene. To remove oil, dampen a 
piece of soft cloth with alcohol, shake out to evapo­
rate P.ractically all moisture, and very lightly rub 
the oil off the surface. 

Cleaning Celluloid 
If dirty or greasy, it can be cleaned with soap and 

water or lye. If clouded, put in new ce\lulo1d. 

Cleaning Brass 
Any good brass polish will work satisfactorily. 

All these preparations contain some fine abrasive, for 
which reason care must be taken not to let the polish 
come in contact with the varnish body surfaces. 

Cleaning Nickel-Plated Parts 3 

Nickel polish can be secured at supply houses. 
Regular silver cleaner paste, or Putz pomade. is often 
used. Use only the softest flannel rag or chamois to 
rub with. Do not use brass polish on nickel. 

To Prevent Nickel and Brass from Tarnishing 
After nickel is polished, an oily rag frequently 

rubbed over the nickel surfaces will tend to keep 
it from tarnishing. Use "3 in 1" oil or white vaseline. 

Bef?re going out for a run in damp or rainy weather, the nickel 
or h:ass can be given a coat of polish without wiping it off; or 
use the oily rag mentioned above. This will tend to prevent 
tarnishin~ and save labor in repolishing. When there is little 
tinie to give a cleaning brass or nickel parts, paint it with black 
or colored enamel or liave it enameled, which looks better than 
when tarnished. Two coats of good lacquer, each to dry 
twelve hours (after cleanillJ;l surface with alcohol) will protect 
nickel polish for a limit.ed time. 

Cleaning Lamp Reflectors 
Do not clean lamp reflectors except when abso­

lutely necessary, as they are often silver plated 
and easily spoiled. See page 439. 

To Clean Glass 
For cleaning glass-windows, windshields, lamp 

lenses, mirror lenses, etc.-there is nothing better 
than a mixture of half alcohol an.d half water, which 
will readily clean off dirt and leave a bright polish. 

To prevent rain or snow from sticking to glass: A trade 
magazine gives the following nlixture to use: 2 oz. glycerine 
and l oz. water with l dram snit. Apply to the windshield 
with cheesecloth - wiping up and down. 

CLEANING ENGINE, TOPS, UPHOLSTERY, ETC. 
A car-cleaning and lubrication business 2 is a very 

remunerative business if conducted properly. 

Cleaning Engine 
This subject is treated on page 760. 

Cleaning Tops 
Prepared dressing' for tops, also cleansing fluids for uphol­

stery and polishes, etc., can be obtained of auto supply houses. 
'!'he following are only suggestions. 

To clean top-outside: A top that has been in use for some 
time can be cleaned by using the following mixture: ½ pint 
raw linseed oil; 4 cups water; ½ cup turpentine. Apply with 
clean rag sod rub dry. 

A dressing for leather tops: A very good recipe for the pur-
• pose is: One part liquid asphaltum to two parts castor oil, to 
which add ½ oz. ivory black to each pint of the m.ixture. 
Apply with a soft brush. Also suitable for a rubber top. 

'Complete automobile lubrication as a business is explained 
in a booklet issued by The Bossick ;\Ug. Co. (manufacturers of 
Alemite), Chicago, Ill. 

3 PoHshes1 top dressing, fender enamel, engine paint, tire 
paint, aluminum paint: gasket shellac, paint for painting a car 
at home, radiator cement, eto., can be obtained of auto supply 
houses. 

>J'OTE: PoliBh mentioned above wa.s for co.rs which '1.·erc formerly painted and varnished. See p. 690 under "Ca.re of o. Oa.r," nlso 
"Cur Washer Equipment." and write for literature. See also "Painting." 
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When grease or oil is found on the varnished sur­
faces, it should be removed with a good furniture 
polish 3..Jlplied with a clean cloth. The polish should 
be applied only to thG grease spots and then removed 
mtb another clean cloth. 

Wash under parts of vehicle with running cold or 
Jiukaw<>...r.:n water, soaking mud off as much as possible. 

Greate and oil on the under parts of chassis, can be removed 
L:.t washing: with gasoline or kerosene and drying with a clean 
cloth. S,,e page 760 for cleaning engine. 

/l high-prnssure stream can be used on the running gear and 
underneath the car and fenders, but care must be taken to 
prevent wster from being forced into the wheel bearings. 

Running boards can best be elmmecl with soap and water, 
Thoroughly rinse with running water after cleaning. 

Supplies and Equipment Fol' Wash
0

ing Cai· 
Auto supply houses (page 687) supply complete equipment 

and supplies for washing ca.rs. Some, of the supplies ncccssnry 
are as follows. 

~ tt7 Vig. 2. Two good, 
"-~~ ~ clean, soft "wool" ,.. 4)-~§ sponges 1 two ten­quart pails, several 

clean ~oft chamois, a 
quantity of canton ~~-[j flannel, a quantity ,of 

~ ~ "°°" ivory or pure ca.stile 

~ 
,c,.,.$,11.1 ~ ~ •. ~ _,,_ s<;>ap, or pure linseed 

~ ~ ~~--. • o~l soa.p, clear run-
•·-- ~IICIO'I "'

1• nmg water, a. soft 
wool duster, gasoline 

or kerosene for use under the car in extren1e cases to remove 
oil and grease. Two whisk brooms are necessary, one for the 
interior and one for the floor mats. Rubber boots are neces­
sary for the washer. 

Two sets of pails, sponges, and chamois are recommended, so 
that the pail and sponge used for the first washing may be kept 
separate from those used in the final washing. Sec page 672 
for kind of sponges and chamois to use. 

Fig. 3. (left) A washrack or washstand is usually made nbout 
12 or 14 ft. wide and about 15 or 18 ft. long. It is made of 
granitoid, so arra.oged that the water flows to a trap in the center 
for draining. In some instances a service runway (Fig. 5) is 
used for washing as well as oiling nod greasing. 

The water for washing ears in winter is usually heated so that 
it is lukewarm but not hot, as it may soften the varnish. 

Overhead washers• are usually constructed with a swivel 
joint, so that it is passible to swing aroun<,l the car as in Fig. 3. 
Thls washer is made of sta.ndard ¾" galvanized iron seamless 
J>ipe and fittings. Washrack hose fs usually a 4-ply hose of 
¾." inside diameter. A flexible wash-hose nozzle is best to use 
instead of a metal nozzle. 

Fig. 4 (center) shows a washer with several hose outlets. 
Each hose is connected to a. plug valve which is spring-closed 
and opened by a slight pull on tho hose. The advantage is 
that it »Hows more than one man to work on a car. 

Ciu: Washing Methods 
The methods used to wash a car may be generally 

classified as hand method (hose, bucket, sponge, 
chamois), as explained on left column of this page, 
and power methods. 

There are two 
types of power 
methods: water 
atomized with com­
pressed air, and 
water at an adjust-

. able pressure, from 
a very low pressine up to a very high pressure; the 
low pressure being applicable to the body and fin­
ished smfaces and the higher pressure for cleaning 
crusted mud or caked grease from chassis, under 
fenders, etc. 

Washing by power saves labor, thereby increasing 
profits. 

The Curtis air-mist car-washing system (Fig. 6) uses water 
atomized with air, the air coming in contact with the water at 
the nozzle employing both an air hose and water hose. This 
system is so designed that the proper amounts of air and water 
are used to produce correct atomization, thus preventing injury 
to finishes. . • 

Most power car-washing outfits can also be used 
to supply compressed air for other purposes, such 
as cleaning engines and chassis with kerosene, 
spraying lubricating oil on the springs, blowing out 
rugs and cushions, spraying lacquer enamel, tire 
inflation, operating pneumatic door openers, pressure 
grease and oil guns, pneumatic valve grinders, etc. 

Instructive free printed matter on power car-washing methods 
may be obtained from the following manufacturers: Brunner 
Mfg. Co., Utica, N.Y.; Curtis Pneumatic Mchy. Co., St. 
Louis, Mo.; Hardie Mfg. Co., Hudson. Mich.; Kellogg Mfg. 
Co., Rochester, N.Y.; 

Cleveland, Ohlo. 
The United States Air Compressor Co., 

Washing the Radiator 
The clean the radiator spaces of accumulated mud, flush 

from the rear, not from the front, and thus avoid 1,etting water 
into ignition system. 

Sponge off Hood 
After car has been run for a long run it becomes fairly hot, 

and if rained upon, and the rain-drops are left to dry, ra,in spots 
will remain. The car should be washed down at once., or if this 
is not possible, the hood should be sponged off and wiped dry 
immediat<lly with a chamois. 

A good furniture body polish will usually remove grease and 
rain spots from a hood or body. 

BODY, METAL, AND GLASS POLISHES 

There are two general kinds of finishes for bodies: 
The varnish finish and nitro-cellulose pyroxylin 
lacquer finish. . 

The lacquer finish has a satin finish in appearance 
and is very durable, does not scratch as readily as . 
varnish, and improves in luster with age, it is 
claimed. One thing to avoid on a lacquer finish is 
alcohol; this is a solvent of lacquer. A good polish 
for a lacquered car is "Duco polish No. 7." 

1 It is claimed by The Simoniz Co., Chicago, that with a 
coating of "Simoniz" on a car it can be kept clean without 
washlng (unless muddy). When dust,y, it can be wiped off 
without seratchinff, termed a ,idry wash." Ivlud is removed 
with water, and rain is wiped off with a cl1amois. This concern 
also specializ<is on cleaners and polish. Write for free circulars. 

'An overhead washer, 
is of a. construction which allows the swivel arm 

and hose together with an electric light to swing around the car. 
This concern also supplies six styles of special nozzles and a 
special water control, which is easily operated with one hand. 

The varnish finish is a higher luster finish than 
the lacquer finish. Varnish finish can be over paint 
undercoatings or over lacquer undercoatings. 

The baked enameled finish is generally used on 
the fenders and is very durable. Lacquer is also 
used on fenders. 

-Varnish coatings do not become thoroughly sea­
soned until six or eight weeks, and extreme care 
should be talrnn with a new car where the ·varnish 
is fresh. 

Never rub dirt or rust off a varnish finish, as the grains of dirt 
will cut or scratch the varninh. Dust it off ftrSt with a soft wool 
duster. If car is new, it is best not to dust but to flush with 
cool water, without pressure. A dry wash with a dust rag is 
practically harmless to lacquer .1 

• It is not advisable to use polishes on the body of a new car, 
except to remove grease or oil spots, as explained above. Use 
cool water to harden the finish (see page 756 for a polish for 
lacquer finish). 

NOTE: See page 690 under "Car Washer Equipment" and "Oare of Car," for fater addresses.; 
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It is dangerous to run over a dog. It is far safer 
to slow down when one is barking in front of the car 
than to try to push it out of the way. 

Blow the horn when approaching a turn in the 
road, for another car may be coming. Do not run 
on the low speeds if it is possible to run on the high. 

Don'ts for Drivers 
Don't drive a car until you are old enough to have Jl;Ood ordi­

nary 11 horse,, sense. Don1t look around when your hat blow~ 
off. Don't try to kiss the lady in the seat beside you. Don't 
go to sleep while driving. Don't trust one hand to do the guid, 
ing. Don't try to make up lost time by speeding down bill. 
Don't run at night without lamps. Don't delay putting on 
the chains when the roads get greasy. Don't forget to "STOP, 
LOOK and LISTEN" before crossing II railway track-Safety 
First, Last, and All the Time. 

Subjects Formerly on This Page 
Some of t.be subjects formerly on this page were transrerrP.<l 

to other pages as follows: 
Fire with gasoline (see page 103). 
Meaning of 25-35; engine rating (see page 1037). 
Pointers on care of tires (see pages 628, 611). 
Rattling noise see page 462. 
Right side of aut-0mobile (sec page 80). 
Why engine runs more smoothly at night (see page 1037). 

Cold-Weather Precautions 
The following changes should be made in the late 

fall as winter approaches in order to obtain satis­
f 0 r.tory service from a car during the winter. 

l. Drain out all engine oil, clean strainer and renew with 
a lighter body but high-grade engine oil of proper cold test. 

2. Cold weather has the effect of thickening the lubricant in 
the rear axle, and it should be diluted with enough 
cylinder oil to bring it back to its summer consistency. 
. An undiluted oil in cold weather may become entirely 
non-fluid, so that it lines the wa!Js of the caee without 
lubricating the gears and benrings. The best plan would 
be to drain the oil from the rear axle case and to flush out 
the case with kerm~ene (be su.ro to remove all kerosene 
afterwards), and refill with fresh lubricant of the proper 
consistency and of a very low cold test (see page 761). 

3. Cold weather has the effect of thickening the lubricant 
in the transmission nlso, and it should be dilut.ed with 
enough cylinder oil to bring it to its summer consistency. 

If the oil is too thick, increased difficulty will be found 
in shift.ing gears. The best plan is to drain tho oil from 

tho transmission and to flush out r:he case with kerosen, 
(be sure to remove all kerosene afterward), and refi!J with 
fresh lubricant of the. proper com~istency and of a very 
low cold test (sec page 761). 

r.A. Cold weather also thickens the lubricant in the steering 
device and causes difficult steering. It should be trcl\terl 
the same as in 2 and 3. 

4. Grease car and lubricate all parts. 

5. Drain and clean radiator. To clean the radiator, rcmove 
the hose connections and Husb by forcing water under city 
pressure through it from the bottom to the top. 

Avoid excessive pressure. The cylinder water jackets 
should be thoroughly cleaned and flushed at times of 
overhaul. 

6. Put on new water hose, tighten all gaskets, including 
cylinder-head gasket and fill the cooling system with non­
freeze solution (see pngo lM). 

7. Put on louver covers (see page 150). 

8. Put on radiator front (see page 1041). 

0. Recharge battery and keep it within so points of full 
charge (specific gravity test), and use starter sparingly 
and economize on current, because the battery is less 
e_fficient in winter. 

On cold days crank engine by hand, that is give it two 
or three turns before using starter, especiali; after car 
has been standing a. long time in the cold. 

!lA. Ignition operates under three voltage conditions: 4 volts, 
when starting (battery voltage being reduced by starting 
motor current draw); 6 volts for a normally charged 
battery when engine is running at a speed below that 
which generator starts to charge; 8 volts, when genera.tor 
is charging a fully charged battery. 

IO. Set generator charging rate up (not necessary on some 
generators equipped with a thermostat). This is a good 
time to have generator commutator cleaned~ 

l l. Readjust the carburetor, also the choke connections, and 
look over the fuel-feed line. 

12. Install a windshield wiper. 

13. Grind the valves and see that valve clearance is 1,>roperly 
set (see pages 57, 58, relative to importance of th,s). 

14.. Clean and adjust interrupter points and install new points 
if necessary. 

15. When storing a car, iack up the wheels, drain all water, 
see that battery is fully charged, and cover car with & 
paper bag (can be obtained of supply houses or Kennedy 
Car Liner & Bag .Co., Shelbyville, Ind.). 

JG. Examine battery and ground connection to see if clean 
and tight (sec pn~c 428). 

WASHING THE CAR 
As stated on page 645, there are two general kinds 

of finish for bodies, the varnish finish and nitro­
cellulose pyro:\.')'lin lacquer finish, which is entirely 
different from paint and varnish. The varnish 
finish is more brilliant but more sensitive as to care. 

Care when washing: The car should not be 
washed in the hot sun which will dry the panels 
before the chamois has been applied, neither should 
it be washed immediatelyupon being brought in from 
the cold-let it warm up to a reasonable room 
temperature. Dust, mud or rain spots should not 
remain on the car, especially when new and varnish 
is not fully seasoned. Cold water serves to harden 
the varnish and increase its brillia-ncy. 

Dust or mud should be removed from the car 
first. If new, it is best to remove dust by washing 

it off with· cool water 
• without pressure. Do 

not wipe1toff; this sim­
ply rubs the grit into 
the varnish and makes 
scratches. 

A soft wool du~tor can be 
used if the dust is to be re­
moved without washing. A 

dry wash with a soft dust rag is less harmful on a lacquer finish. 

1 See pages 628 a.na 611 for 0 Poiuters on Ca.re of 'J:ires," 
formerly on this page. 

Washing Car-Hand Method 
Soak mud off with plenty of running cold or luke­

warm water. Do not rub it off, for the varnish 
would be scratched. Let the water run gently out 
of the hose (no nozzle) and flow over the mud. 

Varnished and enameled parts of car should be 
washed only with cold or lukewarm water, and no 
soap, polish or other cleansing material should be 
used unless there are grease spots, which should be 
removed after washing as explained below. 

After flushing with cold or lukewarm water, then 
softly wipe with a clean, soft sponge held in a slow 
stream of water. The sponge used for this op­
eration roust be kept clean and free from grit, 
and should not be used on the under parts of the 
car. 

The surfaces should then be dried by vertical 
wiping with a chamois skin softened in water and 
wrung dry, Only so much surface should be washed 
at one time that it will not dry before being cham­
oised. The chamois skin should be kept clea'n and 
free from grit. (Sponge and chamois can be washed 
in clean soft water and castile soap.) 

The wheels of the car (if varnished) are to be 
treated in the same manner. 
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CARE OF CAR: Pointers on Driving; Washing, Polishing, and Cleaning Car; 
Polishes; Painting a Car at Home; Nitro-Cellulose Lacquer 

Finish; Cold-Weather Precautions; ,Accessories 

GENERAL POINTERS ON DRIVING THE CAR 

The driver must keep his eyes and ears open, 
watching the other occupants of the road as well as 
the running of the car. See Index relative to 
"Traffic ordinances," '\Rules of the road," etc. 

The ear is the best judge of the running of the 
engine, as it shows any defect by a change in its 
steady throb. With practice, it becomes easy to 
recognize a new noise, and the cause should be 
located and remedied at onoe. A squeak or rattle 
that comes at regular intervals may be located in 
one of the revolving parts; if not regular, it comes 
from something that is not revolving-the springs, 
brakes, or a similar part. • 

Irregular running of the engine may not be serious, 
but rather the result of a rough road or loose ignition 
·connections. Knocks or pounds should be located 
at once, for they may lead to a serious breakdown. 

Know Y ou1.· Car 

Remember that in the care and operation of a 
motor car, much must be left to the judgment of 
the operator, who should study the construction of 
his car, the functions of its various :parts, and the 
''why" of everything connected with 1t. 

Learn .the speed at which the car will take a turn 
on mud or wet asphalt, without skidding or side­
slippingh and never exceed it. Learn the grade of 
a hill t at the car will climb easily; on steeper 
grades do not wait for the engine to labor before 
changing the speed. 

Learn the turn that the car will make for every 
position of the steering wheel, and always make the 
broadest turns that the width of the road will permit. 
A sharp turn is more likely to strain and injure the 
tires, running gear, and steering mechanism, than 
a broad turn, and, if the car is speeding, is more 
likely to cause an upset. 

Learn the distance that the car will travel before 
it becomes necessary to refill the tanks-not from 
the catalogue, but from your own experience. 

Learn the rapidity with which the car will pick up 
speed after a slow-down, as it will help when run­
ning through traffic, or in dodging another vehicle. 

It is important to learn the shortest distance in 
which the car can be stopped for its different speeds, 
and the exact extent to which it slows down for 
each application of the brakes. Learn to use the 
brakes so that the motion becomes automatic, and 
can be done without wasting time thinking about it. 
Learn to judge distance, and the speeds at which 
the car travels; ability to estimate speeds may 
prevent arrest. 

Learn to recognize the noises of the engine when 
it is running smoothly; the click of the valves, the 
hum ·of the timing, pump, and magneto gears, the 
puff of the exhaust, so that unusual noises may be 
easily recognized. 

Learn the feel of the compression, by c:ranking 
the engine, so that leaks may be detected. Learn 

the effort required to push the car on a smooth floor 
by hand, or bow freely it will coast down a hill, so 
that a binding brake or a tight bearing may be felt. 
In short, get in tune with your car-be part of it­
make it part of you; that is, if you want to get 
good service from it, and save on the repair bills. 

Other Points to Reme1Uber 
The flashy driver, who makes quick turns and 

sudden stops, attracts attention, but ruins the car. 
The more smoothly a car is operated, the longer it 
will last, and the less often it will get out of order. 

Easy turns, gentle stops, the running of the engine 
as slowly as possible for the speed desired, proper 
adjustments, and constant care, mean long life to 
the car and freedom from trouble. • 

When the engine is not acting right, do not rush 
in and readjust the ignition or the carburetor with­
out first being sure that the trouble has been 
correctly located. Throwing tho:> carburetor out of 
adjustment on a ~uess makes it all the harder to get 
going again, for its readjustment must be added to 
the trouble already _present. Au automobile is not 
difficult to handle, but neither is it so simple that 
brain work is not necessary. Get all of the facts 
possible before doing anything to the mechanism­
the noise that the engine made in stopping, the way 
it stopped, the reasons for the uuuatural noises, 
and the bolts from which nuts may have dropped 
off. An automobile is constantly in a state of severe 
vibration, and almost any part is liable to work 
loose when least expected. 

Some accessories are convenient, and others 
are nuisances. Do not load the dash up with de­
vices that are not of practical use, for they only add 
to the parts that must be watched and taken care of. 
Provide the car with a good horn, and use it we!;_ 
when necessary, but never needlessly. 

The lubrication is important and must be watched 
carefully; it takes only a little running without oil 
to cut the cylinder walls and piston rings. Exces­
sive oil in the crank case means fouled spark point-s, 
and should never be permitted; however, it is bet­
ter to have too much than not enough. (See page 
171 about ill effects of racing an engine.) 

When running, keep to the right, and in meeting 
another vehicle turn farther to the right~ ~o that it 
will have room to pass. In passing a vehicle going 
in the same direction, pass so that it is on your right, 
and do not swing back to the right side of the road 
too close in front of it. The other vehicle may 
speed up as you pass, and be closer than you realize. 

Get thoroughly familiar with the different speeds 
so that there will always be time to stop when neces­
sary. Keep your eye on the people alongside of 
the road, for they may start to cross without warn­
ing. Children are liable to run out of a gate or to 
cross the road when they are least. expected. Cross­
roads and cross-streets must be watched, for vehlcles 
or people may come along them. 

643 
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Fi;.. 40. Driving compartment of the Cadillac V-8 series "3-'iii"' 
cnr showing instrument board, control levers and pedals. The 
Cadillac V-12 series '"370," and V-10 series ''1J52" driving com­
partment, iostrument board nnd controls arc similar except the 
accelerator pedal and the location of the spark control and the 
cigar lighter. 

The transmission is of the sliding_gear type with three forward 
speeds and one reverse. The S.A.E. standard 11ear shift is used 
on all Cadillac cars. The syncro-mesb transmission, explained on 
pnge 862D, is used on a.II Cadillac nnd LaSalle cars. 

The operation in general is the same as the operation of the 
conventional selective sliding-gear type of transmission. Tl1c 
positions of the gcar~shift lever arc the same and the directions in 
which the control lever is moved arc the same. It is also neces­
sary to disengage the clutch before mo,~ng the control lever, the 
same as with tbc conventional transmission. 

The only difference is in the manner of moving the control 
le""'er. With the conYentiooal trnnsm.ission, it is customary when 
shifting to a. higher gear to hesita.te momentarily in neutral and 

then move the lever quickly to its new position. With the Cadillac syncro-mcsb transmission there is no necessity either for 
the hesitation in neutral or for the rapid movement of the lever during the latter part of this shift. Instead, the movement of the 
control lever should be one smooth, continuous movement as explained on page 862D. 

Names of parts, Fig. 40: 1, band thro.ttlc: 2, horn switch button: 3, ligbt,ingswitch; 4, transmission control lever; 5. ventilator; 
6, clutch pedal; 7, foot brake pedal; 9, accelerator; 10, starter pedal: 11, hand brake lever; 12, light switch for instrument board; 
13, control for \\indshield wiper; 14, rear view mirror; 15, windshield wipers; 16, windshield regulator; 17, sun shade. 

Fig. 41. Instrument hoard of the Cadillac V-S, series "355." Names of parts: 1, instrument board light; 2, gasoline gauge 
(electric); 3, oil pressure gauge; 41 ignition control; 5, clock; 6, clock set; 7 t.. cigar lighter; 8, ignition switch lock (automatically 
locks transmission in neutral or reve.rse; will not lock in any other speed,; 0, speedometer; 10. choke control; 11, temperature 
indicator; 12, instrument board; 13, ammeter. 

C D E F G H· I J K L i\I 

I"ig, 42. Driving compartment of the Graham stand• 
ard eight and special eight. model 42, cnr ~howin~ in-
strument board and controls, Names of parts arc: 

C. Light switch lever. 
D. Horn button. 
E. Throttle lever. 
F. Gear-shift lever. 
G. ;\Janifold heat control han<lle. 
H. Spark control button. 
I. Oil pressu.rc gauge. 
J. Gasoline gauge. 
K. Speedometer. 
L. Ammeter, 
).J.. '\Yater temperature indicator. 
><". Carburetor choke button. 
0, Transmission first speed shift.. latch. 
P. Ignition lock key. 
Q. Auxiljary ignition lever. 
R. Cowl ventilator handle. 
s. Clutch pedal. 
'r. Emergency broke lever. 
u. Foot brake pedul. 
V. Accelerator pedal. 
W. Starter pedal. 
X. Cigar lighter. 

Transmission and gear shift: The standard eight is 
equipped with a three-speed transnussion and gear 
shift is the S.A.E. standard. The special eight is 
equipped with a four-spee<l transmission, briefly de-
scribed ns follows: 4 speeds; a latch O controls pM1 I 
which prevents moving the t.ransmfa!!jon lever intu 
first-speed position with.out first lifting this latch. The 
latch is provided for convenience because it is not 
necessary to use first ipeed ror starting if the car is on a 
level, paved street. he second. thif<i, fourth and re• 
verse gear pooitions are identical with the first, second, 
high and tCVCN3C .r;ear positions of the convcntiunaJ 
three-speed transm1s:sion. 
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Fi(!, 37. Driving compartment of the Pierce-Arrow eight-in-line, models A, B, and C, cars 
showrng the instrument board, control levers and pedals. 'l'he transmission has four-speeds 
forwnrd and one reverse. The gear-shift lever position 11.nd direction of shift is sho,•tn in 
~~- • 

The transmissjon provides a spec.inJ low first speed for starting the car under unusually 

bad road conditions. Ordinnrily it is not necessary to use the first speed and tbc cnr should be started 
with the gear-shift lever in the ijc,cond-speed po..~ition. 1:.-'irst speed is engaged by placing lever in neutral 
position as for engsgement of second speed, t-hen pulling lever over to the left against spring pressure 
and back into the position shown in Fig. 38. The gear-shift lever should not be moved without first 
releasing the clutch. It should always be in the neutral position before slatting the engine. See pages 
1055-1062 for specifications of the Pierce-Arrow and other cars. 

Fig. 39. Driving compartment of the Packard eight-in-line "eighth" series cars showing the instru­
ment board, control levers and pedals. 

The transmission has four spe.eds forward and one reverse. See page 862D for t,ransmi.snio:t! and 
gear shift. 
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Fig. 35. Driving compartment of the Buick series 8-50, 8-00, 8-80 and 8-90 cars 
showing the instrument boord, control levers and pedals. Gear shift is tbc S.A.E. 

. standard three-speeds forward and one reverse. 

1'he transmission used in tbo 8-60, 8-80 and 8-90 models is the "synchro-mcsh" 
type. 

For Buick electrical system see pn.ge 307 A for igttition. and page 4.24A for 
starting motor, generator and wiring dfagr!l.tt'ls . 
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Fig. 36, Driving compartment of Studebaker President Eight (SO und 90 series) showing the instrument b_oard 
control levers and pedals. 'l'he genr-~hirt lever positions are the same as inn conventionnl tran~m.iS$iou nnd as the 
S.A.E. atundard three-speed.s forward nnd one reverse, with tho additional shifting lever positions for the "free­
wheeling" t.ransmi~sion used on this car. 

The free-wheeling feature is included in both the bigh antl intermediate gears (tho low 11nd reverse genrs nre of 
the conventionnl type) with tbe shifting lever in the normal positions for these gears. The shifting lever positions 
nrc the same as in a conventional trun.smi8Sion. If, however, the operator does not desire to make use of the free­
wheeling.feature, pressing a amnll button in _the top ?f the shiftine; lever ball permits tho shif_ting lever to be 
moved sbghtly farther back than normal for mterme<Jiate gear, or slightly farther nhead for !ugh gear,_ns do­
scribed on pg. 862C. These a.re conventional (positive) drive positions and the transmission operates to drive the 
engine as a brake, ns in a conventional transmiss.ion, wher.. descending a steep hill or mountain. See po.,ge 8620. 
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F'ig. 33. Front compartment of the Chrysler T mperio.l Eight (1930), showing the instrument board, control 
levers, pedal~ flnd gear shift. The names of the parts are given at the right ofillustralion. 

Note: Where pages A, B, C and Dare added means that they :Jrc la !er nddilions. 

1. Sun visors 19. Winds!-iiclci regU:ator win11: nule 
2. Windshield wiper controls 
3. Windshield fasteners 
4. Throttle control ban~ lev,•r 
5. Spark control button 
6. Horn push button 
7. Light control hand lever 
8. Choke control button 

20. r...ear view mirror 
21. lgnition switch and lock 
t;?2. 'I'hermonleter 
23. Instrument lamps 
2,_·. Oil pressure gauge 
25. Clock 
26. Ammeter 

9. Instrument lamp switch 27. Fuel and oil level gauge (panel unit) 
10. Door remote control handle 28. Cigar lighter 
11. Door window regulator handle 29. Speedometer. 
12. Gear-shift lever 30. Manifold heat control button 
13. Clock wind and set stem 31. Starter pedal 
14. Speedometer !rip set 32. Oil level gauge switch 
15. Ventilator 33. Accelerator pedal arm 
16. Clutch pedal 
17. Brake pedal 

3-1. Transmis:1ion brake hand lever 
35. Accelerator pedal foot rest 

IS. Accelerator pedal 

The transmission used on the Chrysler Jmperial Eight (1930) has four forward speeds and 
one reverse. Fourth speed drive is Wrect fr.otn engine to rear nxle. 

The gear shift is termed muJtj-range gem· shift and has the following gear arrangement: 

Reverse: Called "reverse rangC',.," Located ,-..·here "reverse" is on the conventional three­
s1,eed transmiosion. See Fig. 34. 

First: Called "heavy duty range." J,ocated to the left (ngaiustspring pressure) of "start­
ing range.'' This is n forward speed which provides power at the rear wheels for st.arti og and 
c.lriving tho car under unusua.l opcraHug conditions, Used when negotiating :;tcep grades, 
deep mud, sand or &low. 

Cnut.iou: If at.any timeitbe•om~ necessary to shift from •·heavy duty range'' to ''starting 
range," care should be exercised not to shiJt, into "r-0versc" while the car is moving forward. 

Second: Called ''starUngrange. ,i J,ocated where ''first'' is on the conventional three-speed 
transmis.sion. Capable of speeds up to :_-m-:35 miles per hour. The shift into "accelera­
tion range" can be made as quickly as desired. .Always used for stnrtin,g under all ordinary 
driving conditions. It ia necessary to attain a speed of 18-20 miles per hour before shift­
ing into the '1acoeleration range." Por unusual starting conditions "heavy duty range" 
(first) should be used. . 

Third: Called 11 accclerat.ion range." Located where "second" is on the conventional 
thrce--specd tra.ns1.niss.ion. The ''acceleration ra,oge,, js quiet when in or,eration. Speeds up 
t.055-60 miles per hour can be attainedi.n this range. Tbisgea.risan 'intermediate high." 
Used at speeds below 20 miles per hour for heavy traffic. Also used for acceleration and 
speed in hill climbin~- Hie possible to shift back and forth between this range and "speed 
range" (fourth) quietly at any speed. Never use this gear for starting. 

Fourth: Called "speed range." Located where .. bi~h'~ is on 
the conventional th.rec-speed lransmi.ssion. With tbe car1n ''speed 
range," enginCrevolutions per mile a.re.reduced, resul t,ing in greater 
~moothness, comfort, and quictne...c;.s as well as a marked increase 
in oil economy plus longer life of engine parts. Used ,-..·hen driving 
at moderate and high speeds, under average road conditions. 
J;;,;pecially valuable on long trips for cross count-ry driving. To 
maintain high road speeds, when encountering hilly country, it ;s 
ne~ary to shirt to "acceleration range." This can be uceom­
plished quict-ly ,ind quickly at any speed. 
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If oil leaks out of the transmission oearings, 
see Index under "Transmission-oil leaks." 

Drive Shaft and Universal Joint 
!. Test for looseness (see Index under "End play 

in uni versa! joint"): If this is excessive, the 
looseness is in either worn gears or bearings in 
the transmission, or there are loose universal 
joints or loose adjustment of the drive pinion 
to the differential driven gear (see Index under 
"Differential gear adjustments"). 

Rear Axle 

1. Test adjustment of drive pllllon (see Index 
under "Noisy rear axle"). On some cars, Ford 
for instance, there is no adjustment, therefore 
a new drive pinion must be fitted. 

2. Examine the differential by removing the cover, 
if a "full-floating" type (see Index), or remove 
the axle housing, if a "semi" or "three-quarter 
floating" type (see Index), in order to ascertain 
if any of the nuts are loose or small differential 
pinions are worn. 

3. Test wheels for alignment (see Index). 
4. Test for wobbly wheels (see Index). 
5. See if axle shaft is bent-usually at the hub, 

which would be indicated by the wheel wobbling. 
6. See if oil is working out of the rear hub into 

the brake lining. 
i. Test brakes (see Index). 
8. Gear ratio of car should be determined if 

possible. See Index: "Gear ratio of passenger 
cars" and "Gear ratio, how to compute." This 
however is difficult to ascertain. Sometimes, in 
order to make it easy for a small engine, or 
one in the best of condition to pull hills on high 
gear, a larger ring gear and smaller drive pinion 
are put in the rear axle, but the speed of the 
car 1s reduced (see also page 1098, e~-plaining 
how this change is effected). If the reduction 
is low, a very small engine will make a good 
performance on hills and will be economical 
on gas, but will wear out quickly and not develop 
proper car speed. If the engine is of large 
dimensions and is geared low, it will perform 
well on hills and will have long life, but will be 
a glutton for gas and will not give proper car 
speed. • 

Steermg Device 
1. Test for play, aud for loose bolts and nuts (see 

Index under "Steering devices, testing of"). 

l\.'liscellaneous Tests 

1. See il engine will idle without missing. See also 
page 59, "Valve clearance pointers." 

2. Test the battery: if a coil and battery igniti~n 
system (see Index). 

3. Test the magneto: if a magneto system of 
ignition, by idling and speeding up the engine to 
see if there is a missing of explosion. 

4. Examine the wiring and see if it is oil soaked and 
ragged. 

5. Test the carburetor by idling and speeding up 
the engine to see if explosions are even and if 
the engine picks up readily under load. Also 

note if the carburetor air intake and the carbu­
retor mixture are heated. 

6. Examine the spark plugs, to see that the gap 
distance is correct at the points (about .025"), 
and that the porcelains are not cracked. 

7. Run the car and test the mileage gained per 
gallon of gasoline. This will require at least 
a 20 or 25-mile run. Many 6, 8, and 12-cylinder 
engines will not average over 9 to 14 miles per 
gallon-depending upon the condition of the 
rings, or whether there is leakage of gasoline 
into the crank case, as well as on the size of the 
cylinders and whether the roads are hilly or 
level. 

8. Examine all bolts and nuts on the engine, 
springs, etc. 

9. See that the engine is properly oiled and that 
all part.s of the car are greased. 

10. H parts have been replaced, such us the steering 
knuckles and spindles in the front wheels, etc., 
:iee that they are not made of castings instead 
of forgings. 

11. The storage battery is another part which 
should be examined. Have it tested at a bat­
t-ery station. You can tell if the battery has 
been repaired by looking at the connectors. 
Figures are usually stamped at the factory at 
each end of the connector where they are burned 
to the post. If there is a bright spot with no 
figures, it indicates that the battery has been 
repaired since leaving the factory. The bat­
tery should be test-ed by testing each cell, as 
explained under "High-amperage tests" and 
"Cadmium tests of storage batteries." 

Note: See also page 1066, giving pointers on the study of 
the mechanical part of a car. 

Bill of Sale for a Second-Hand Car 
When purchasing a second-hand car demand a bill of sale. 

It should be drawn in a.ccordance with the laws of the state 
• where the purchase W88 made. The following form of bill of 
sale will answer in a majority of cases1 in most.states: 

Know All Men by These Presents that I (here insert name 
and address of party selling the ca,;} in the Countr of---, 
State of ----, in collSiderntion of (here UlSert amount 
of money to be paid party selling by party buying) Dollars 
this day to me in handyaid, do hereby grant, sell transfer and 
deliver unto the said (here insert name of party buyini:) the 
followins; goods and chattels to wit: (then insert name of auto­
mobile, its model, the eni:ine number and the car number, also 
the type of car, its color, together with any other information 
which will help to identify it); to have and to hold said goods 
and chattels to the said (name of purchaser), bis executors, 
administrators BDd assigns to their use forever. 

I hereby covenant with the said grantee that I am the lawful 
owner of the said goods and cl;iattels; that they are free and 
clear from all encumbrances; that I have good right to sell the 
same and that I will warrant and defend the same against the 
lawful claims and demands of all persons. 

I witness whereof, I, the said (name the party selling) here­
unto set my hand and seal the --- day of------
192_. 

Signature of party selling·-------(sEAL) 
If there a.re a.ny special warranties or promises on the part 

of the party selling, they should be set forth in detail and should 
be inserted in the bill of sale in a separate paragraph after that 
part of the bill of sale which describes the automobile, and 
should be worded as follows: 

I hereby warrant the said automobile above described to be 
(here set out warranty made)· and I do for myself, my heirs, 
e~eeutors, administrators, and assigns, covenant and agree to 
and with the said (put in name of party to the buying) to war• 
rant and defend the said automobile hereby sold to the said 
(here insert name of party buying) his executors, admirustrators 
and assigns, against all and every person and persons what­
soever. ( American Aulomobile Diout.) 
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best fitted to serve bis purpose wiM, the greo.test efficiency. It 
is a very common sight to see a heavy type of delivery wagon 
make a. trip of several blocks and sometimes miles to deliver oni;i 
or two small packages or baskets of groceries. when one of the 
emaller types of commercial cars could have done it just as 
well and with greater efficiency, reducing materially tho over­
head cost. On the other hand, we have often seen a light 
delivery or a very heavy trpe of truck making a trip with nn 
overload. This is just as 1mpra.ctical as an undcrload, for it. 
will rujn the expensive motor equipment, ma.king tho rar 
depreciation very considerable. 

A very good rule to stick to closely is to have the car filled 
nearly to capacity on every trip that is made. A motor truck 
or delivery wagon should not be ch<>sen with either a maximum 
or minimum load in mind, but an average load. To get the 

greatest efficiency out of o. commercial vehicle, keep it loaded 
and moving the largest possible number of hours during the 
working day . 

The manufacturers of large trucks (1 ½ ton and above) 
usually sell the chassis only; the bocly is usually built by some 
local concern specializing in this work, and is desi$ned to rueet 
the individual requirements of the user. The design of a. suit• 
able body is a very important factor; a reliable truck dealer 
,·an materially aid the purchaser in making tho correct selec­
t.ion. 

If electricity is produced in your own plant at a very low 
cost, and it is possible to secure a man who understands and 
co.n care for storage batteries, then it may pay to investigate the 
electric vehicle. 

JUDGING AND TESTING A SECOND-HAND CAR 
In order tl1at the purchase of a second-hand car 

may be attended with some degree of safety, as to 
its condition, the following tests should be given. 
It will no doubt be impossible for the purchaser 
to make all of these tests, but what follows will give 
:.i general idea of what should be done to testing or 
overhauling any car. See also pages 663, 664. 

General Condition 
Ascertain the age, make, and type, and also the 

horsepower of the engine (see Index under "Horse­
-;iower"). If the car is an obsolete model or of anti­
quated design, it will be a difficult matter to dis­
pose of it later on at any price. Find out if the 
manufacturer is still in business, in order to know 
whether parts can be obtained if required. Do not 
judge a car by its outside appearance alone. Paint 
1S ordinarily cheap. 

Tires and Runs 
Many sizes of tires on some of the older cars have 

been discontinued (see page 594 for sizes now being 
made). You may have difficulty in obtaining ti.res. 

Also learn the make of rim. The old-style "one­
piece clincher" rim is obsolete, except on Ford1 Chev­
rolet, Maxwell, and Overland model "Four. ' The 
modem rim is "straight-side," demountable type. 

The best tire is the "cord" tire (see page 609). 
The "fabric" tire is explained on page 608. Ex~ 
amine the condition of the tires after reading page 
610, and test for "stone-bruises." 

Engine 
1. Test the compression of each cylinder (see 

Index under "Testing compression"). First 
learn what compression means (see Index). 
The compression test will indicate the condition 
of the rings and cylinder walls and valves. H 
the cylinder walls are scored or cut, then this is 
an expensive job to repair (see Index under 
"Cylinders scored").. H the valves leak, then 
this is not so expensive (see Index under "Grind­
ing valves"). If the rings leak, this is an item 
worth noticing (see Index under "Piston rings"). 
H there is considerable smoke from the exhaust 
pipe when running the engine (see page 168), 
and the smoke is blue or light iI1 color, there is 
too much oil in the crank case of the engine, or 
the pistons are pumping oil as explained on page 
168, or the rings are loose, or the cylinder walls 
are scored. If smoke is heavy and black, the 
carburetor is feeding too much gasoline and 
should be adjusted. Many new engines have 
had the cylinders scored by running the engine 

• The Wasson Motor Check is 
a. device or t-esting apparatus for determining 

the performance of a car under actual road conditions. It 
mea~u.res the brake horse-power delivered at rear wheels. slip­
page or working charge .Past the pistons, ~asoline consumption 
under varying load eond,tions, oil dilution 1n relation to mileage, 
compression of each cylinder, etc. 

at too high a speed during the first 1,000 miles 
and from lack of oil. 

2. Test the bearings. The best method for doing 
this is to make a long run taking at least one 
or two fairly steep hills, and noting if the engine 
knocks, By studying the subject (knocks), you 
can learn to distinguish the cause of different 
kinds of knocks (see Index under "Knocks"). 
When testing for knocks, make allowances if 
the engine is a four-cylinder, especially of small 
size, and when taking hills slowly. Many four­
cylinder engines must get the engine ur, to a 
fai.l'ly good speed to take a steep hill, as· the 
power depends upon the momentum of the fly 
wheel, whereas the six, eight, or twelve-cylinder 
engine should take a hill with less speed, with­
out pounding or knocking, if the spark is 
retarded properly. 

3. Test the cooling system. After making the run 
suggested above, note if steam comes from the 
radiator at the vent or overflow tube or filler 
cap. If so, the engine runs hot, and the trouble 
is attributable to one of the causes explained on 
page 152 under "Engine overheats." Under­
stand that an engine runs best at about 170° 
temperature, but should not steam.. Also 
observe if there are leaks. Usually the leaks 
are at the hose connections and can be tightened, 
but if the hose is worn, replace it. 

The Clutch 
1. See if the clutch slips when taking a hill. 
2. See if the clutch drags when released. 
3. See if the clutch "grabs" or is "fierce" (see 

Index under "Clutch grabs"). 
4. Ascertain the type of clutch used in the car by 

referring to the Index for "Specifications of 
leading cars." Then turn to Index under the 
appropriate titles, and note the construction 
and troubles and remedies. 

Transmission 
1. Te·st the gear shift while the engine is running, 

by shifting from reverse, 1st, 2d, 3d speed, to see 
if the gears can be changed without a clashing 
noise. If not, then the trouble may be due to 
the clutch pedal not being thrown far enough 
"out," or the clutch "drags" or "spins," or the 
transmission or clutch shaft are out of align­
ment, owing to worn bearings, or the teeth of 
the gears are burred. 

2. Test for worn or broken gear teeth: With the 
engine running slowly, place the gears in 1st 
speed; place the finger on the gear lever-if 
ther~ is a worn place at one point or all round 
thE: gear, it can be felt by the vibration. Try 
this on all speeds and on reverse. 

3. If the transmission is noisy, and there is plenty 
of oil in the transmission case, the trouble is 
probably due to a broken ball or roller bearing 
or a worn bearing. 
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COMBIN .... 'nON 
UGHT1NG A.H.0 
lGNlTION SWITCH 

Fig. 32. Marmon 1922 instruments a.nd controls. Tho 
controls and instruments will be found grouped conveniently 
about the driver's seat, as shown in the illustration. Tbe 
clock, speedometer, ammeter, and gasoline nnd oil pressure 
gauges are centrally located in the instrument board, being 

-attached to a die-cast frame which is covered with one piece of 
glass. The in.,truments have no individual glass over their 
respective d_ials. 

The speedometer trip mileage can readily be set at zero with 
the adjusting pin. The season mileage can be changed only 
by returning the instrument to the manufacturer. 

The combination switch, on the instrument board just to 
the left of the steering column. controls the lighting and _ignition 
circuits. The ignition lever has two positions, the "ON" and 
the uOFF." The lighting lever has three: positions. Fi.ring 
order, 1, 5, 31 6, 2, 4. 

The location of control members not shown in the illustration: 
The clutch pedal is tho left foot pedal; the foot-brako pedal 
is the right foot pedal; the accelerator pedal is between the 
two pedals; the starter-switch pedal is just abm•o the toe board. 

The gear-shift movement is the standard S. A. E. three 
speed, as shown in the illustration. 

The rear axle is shown on page 16. The steering device and 
it .. adjustments are explained under ''Adjustment of steering 
<levices" (see Index). 

The engine is a six-cylinder engine with overhead valves, 
the r.nnciple of which is shown in Fig, 92, page 53. Note in 
this illustration that the valve push ro<ls are shown on each side 
of the cylinder, in order to ei.-plain the action of both valves in the 
head, whereas, all oft.he push rods arc on one.side of the cylinders. 

The pistons used in this engine are of a, different design from 
other pistonsj see Index under .. l\•Iarmon pistons." 

The bore and stroke of the engine are 6¾"x5¾", and the 
piston displa.cement is 339.7. 

POINTERS ON SELECTING A NEW CAR 

Power: This is determined by the number of passengers to 
be carried and the condition of the roads. If the couutry is a 
Hat district, a, low-powered car will do efficiently o,nd infinitely 
more economically what in a hUly country would necessitate 
~rhaps nearly twice the power to do the work on high gear. 
For hiUy country a. ear with a. low reduction to the rear axle 
shoul<l be selected in order that the engine may take the hills 
on high gear. 

Body: This is not much a matter of choice nowadays, ns 
tho earn are nil built in large quantities and to a standard type. 
Putting aside for the moment the case of those who, from 
consideration of price alone, would con6ne themselves to !l car 
of power and size suited for a two-seated body only, it is best 
to have a "touring_ ear" body of 5-passcnger type. Though 
the back scats ma.y be used only once 1n a wbilc1 they nrc never· 
thele,s too often wanted if not there, and the advantages of 
being able to give friends a Jifo and of having plenty of room for 
luggage and parcels are well worth the slight difference. 

. Enclosed bodies: The touring-ear body is equipped with a 
very serviceable top, and, in combination with a glo.ss front or 
wind shield and suitable side curtains, this type of body oan be 
converted into a. fairly weatherproof vehicle. 

The coupe and cabriolet body (page 5) is a very popular 
type for business purposes, as it protects one from the dust and 
weather, and is a. very cornfortaole type of body for winter use, 

The sedan type of body is a very popular type for family use. 
and cn.n be fully enclosed for winter and opened for summer use. 
'!'his type of body is adapted for those who drive their own car. 
A suggestion to those who are considering a, closed car, yet 
really prefer an open car, is to purchase an open ca.r and fit 
the rear with a tonneau wind shield as described on l?age 649. 
The difference in cost of an open car and a closed cac 1s quite a 
sum,. and the low cost of the tonneau wind shield will save 
quite a sum of money, and ye.t will give the open car a nifty 
appearance as well as being comfortable. A closed car requires 
more power and gasoline, and there is usually a greater depreci­
ation in its value. A closed car is generally geared lower 
than an open car, thus relieving the strain on the engine. 

The limousine is a, more elaborate type of body and is used 
where a chauffeur is employed, as t.he driver's seat is separate 
from the other seats. 

The price 'l>-ith many fixes itself; that is to say, their means 
enable them to decide 1n a very short time how fa.r they can go. 
In any event, to arrive at a maximu_m figure one must include in 
the calculation a sum not less than, say, $75.00 to $100.00 for 
a. small car, and so on in proportion to the size, in addition to 
the purchase price, in acquiring those accessories, spare tires, 
and tubes, which are necessary. 

Service: 'When purchasing a car don't forget that in time 
you will need po,rts and your car will require expert attention. 
Investigate this feature and find out if the agent carries part., 
in stock and if he gives his other customers satisfactory service 
and if he is reasonable in price. 

Constant attention is necessary: Whether you intend to 
employ a, chauffeur or to look after the car yourself is " point 
to conaider. There is a limit to the size of car which the owner 
can (if the ear is kept in pretty constant use) attend to bitnself, 
unless he be a, man of great leisure, and moreover keen enough 
to put up with the drudgery involved. It is useless to conceal 
the fact tha,t a. car will require constant attention, and while a 
man may find the time to do justice to a modera.te-sized car, 
a large car nnght be too much for him. 

Cost of running----or up-keep: Here lies the crux of the whole 
matter. Closely allied with the important question of original 
outlay fo that of the running cost, which must. be taken into 
consideration to t&. cert.a.in extent, when buying. The size of 
the bill for up-keep bears, of course, a, direct proportion to the 
mileage run. As regards the fuel consumption, this item will 
not be a large one in :my car up to, say, 25 h.p., unless there i.3 
some ra lical defect in the system, or a temporary want of 
adjustment. In large and heavy cars the gasoline bill quickly 
mounts up. 

Tires are the largest item in the cost of up-keep, and this 
charge becomes heavier ns the speed iucreascs and is again 
directly proportionate to the mileage run. 

There are two kinds of pneumatic tires in general use: the 
"fabric" tire and the "cord" tire. The "cord" type is the best. 
The initial cost may be greater, but there is a·saving in the long 
run. 

The non-skid tire should be selected for rear wheels. This 
extra cost is well worth the difference, as the extra wear from 
the extra amount of rubber, to say nothing of tho non-skid 
feature, is worth a great deal. 

Small, light tires spell constant trouble, not to mention abort 
life. Be sure the car is equipped with tires of ample size to 
sustain the weight and speed; also determine if the size of tire 
is a standard size, and if it can be obtained readily. Ma.ny of 
the former sizes ho,ve been discontinued (sec page 594 for ate.nd­
ard sizes). 

Also determine if the rim is a popular type. The "straight­
side/ 1 quick-detao~able, demounta.ble rim is tbe rim now used 
most. One should alwa.ys carry a tire inflat-ed on a spare rim 
to replace a clamo,ged tire. It can be mounted on the rim of 
the wheel by loosening " few bolt .. and without having to use 
an air pump at all. Tliere is also an adv'a..nta.ge in having the 
tires the same size on all four wheels. 

Which is the best ca.r to buy? This is a, question we hear 
daily. After determining_ the size of ca.r you want, I l'.ill tell 
you how I would settle the choice, if I were unable to decide 
otherwjse. Go to a used car concern and ascertain which car 
brings the best price or what mo,ke of car sells more readily 
than others. Tliis may help to answer this question. 

Selecting a Commercial Car 
There is a distinction between a truck and a delivery wagon. 

Some of the important points to be decided are: 

What type of car is required for your particular needs-gas or 
electric? 

What horsepower? 
How many pcunda co,pacity she.II it have? 
Should several cars be used, or ,me big one? 
Will the use of trailers result in economy? 
Shall it be equipped ·with pneumatic or solid tires? 
Can an inexperienced man be given charge of the running a.nd 

repair work? 
Is there any special equipment necessary for greater efficiency? 
Should the car always be loaded to capacity? 
Should the truck have a Jong or short wheel base? 

Today there are motor trucks and delivery wagons of every 
conceivable size and design. Therefore, it is the problem of 
'11D prospective purchaser to choose carefully the kind of a car 
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r, ig. 28. Reo models "TG" and "U6." Note that the com­
bination switch for the ignition, lighting, and carburetor control 
is mounted under the steering wheel. The carburetor control, 
when moved towards .. Stnrt," enriches the mixture by lifting 
the nozzle needle of the carburetor, The model "LL3P" Ra>·· 
6eld carburetor is used. 

The North East model "L," third-brush regulated generator 
is used, as also the North East ignition unit. Spark-plug gaps 
are set at .030", and the 6ring order is 1, 4, 2, 6, 3, 5. 

The cluteh peditl operates· the external brakes on the brake 
drum on the rear wheels, and the emerlj:ency (Coot brake) 
pedal (right) operates the internal brakes m the brake drums 
on the rear wheels. 

~T£RR1NQ ""l«£L 
SPIDER 

Fig. 29. Hupmobile instrument board and gear shift. 
Firing order, 1, 2, 4, 3. Cellr shift is the $, A. E. standard 
three-speed gear shift. 

As an example of the information concerning a car, which can 
be obtained from the "Specifications of Leading Cars" (see In­
dex), the data (below) concerning the Hupmobile are taken 
from same as follows: 

Model, R; wheelbase, 112"; engine make, own; cylinders, 
4; bore, 3¼''; stroke, 5½"; piston displacem'!nt 1 182.5; 
•ylinder shape, L; cylinder head, detachable; cylin<1er cast, 
,n block; cam-shaft drive, chain; cooling, thermo-syphooi 
lubrication, force through hollow crank shalt; oil pump, gear; 
carburetor ma.ke, Stromberg; ignition, Atwater Kent; elec­
trical system, We.stinFouse; rear a,xle, own; rear axle type, 
three-quarter floating; steering-gear make, Jaco"; band brake, 
internal on rear wheel; foot brake, external on rear wheel; 
rear-ule hearings, roller; front-wheel bearings, roller. 

Fig. 30. H. C. S. series 2 and 3 instrument board and gear 
shift. The spark-control lever is the one on the outside of the 
sector of the steering wheel. Firing order is 1, 3, 4, 2. 

til,tr,.Ol,AHI> r.J\.£C:TOO't C.OlffROI. 

(LV,tHPteM. 
SP£UJ.OME'T£R TRiP A£5-£T 

Sff:(l)O,,'ll"Tffl 

li'ig. 31. LaFayette instrument board and control members. 
Gear shifts are as follows: {or 1st gear, lever is moved to the 
left and to the rear; for 2d gear, right side forward; for 3d or 
hi,gh gear, right s1de, rear; for reverse gea.r, left side, forward. 

The nllmbor of teeth in the differential ring gear and th.e drive 
pinion is represented by either of the follo·wing combination.a 
which would give a rear-axle ratio as below: 

54-11-4.9 to 1 
55-12-4,58 to 1 
54-13-4.15 to 1 

Note that the 54 is the number of teeth in the r.ctaster or dil• 
ferential ring gear, and that 11 is the number of teeth in the 
drive pinion. To find the rear-axle ratio, divide 54+11 =4.r 
Therefore the drive pinion or propeller shaft would revolve 4.1? 
times to l of the rear wheels or axle shafts. 

Engine: Bore, 3 ){"; stroke, 5 ¼"; S.A.E. h.r., rating, 33.8; 
actual b.p. developed, in excess of 100; valve lift, 1/('; valvt 
dia.meter, 1 ¾"; voJve-stem diameter, 5/16"; valve-seat sogle, 
45°· carburetor, 2"; piston displacement, 348 oubio inches; 
sngie between cylinders, 90°; firing order,~• 2, 6, 8; 1, 7, 3, 5. 
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Fig. 22. Pierce-Arrow aseries 32.,u 1921. Note the short 
•park and the throttle levers on the steerini; wheel. See Index 
for the rear-axle ratio of Pierce-Arrow "serJes 32" car. Three 
forward speeds and one rever1le are used on this car. Radin tor 
capacity 1s 7 ½ gallons; gasoline tank, 26 gallons; engine oil in 
crank case, 18 pints. To start the Pierce-Arrow engine: 

I. Be sure the gear-flhift lever is in neutral. 
2. Insert the s"~tch key and turn one complete turn to the 

left. Pull out the ignition button stamped ··Double." 
3. Advance the throttle (right) lever 1 ½". 
4. Advance the spark lever about halfway on the quadrant 

for starting and about two-thirds when driving under 
normal conditions or up to 50 m.p.h. 

5. Prime the engine by pulling out for an instant on the 
priming button. 

6. Press fumly on the starling plunger and release as soon as 
tho engine starts under its own power. 

7. Close the throttle until the engine runs slowly. 
8. If necessary, move the dash carburetor regulator until the 

engine runs evenly ·without missing, by turning to the left. 
9. Allow the engine to run a few minutes until it warms UJ.>. 

It will run a great deal smoother and pull better wJ:\en 1t 
starts to move the car. 

J 0. When the engine is thoroughly warmed up, turn the dash 
carburetor regulator back to norm:il (center) posit.ion. 
]'iring order, I, 5, 3, 6, 2, 4. 

5PA!ll< 
Ul'IER 
GTAftVl• 

T ~~ 
kE RSt-1lF'r· 

A.c.C.~R"-Toq 1-~R I • 

Fig. 23. Packard Twin-Six, models "3-25" and "3-35", in­
strument board and controls and gear changes. 

Packard eight uses the same gear shift, which is the st-andard 
S. A. E. three-speed gear shift. 

}'ig. 24. The Locoinobile instruments and control members: 
n7) ignition switch; (38) gasoline pressure gauge; (~9) dash 
1ight; (40) speedometer and clock; (41) voltmeter; (42) oil 

gauge; (43) locking switch; (H) band-pressure pump; (4.5> 
starting button; (46) panel·li~ht button; (47) side and tail­
light button; (48) head, tail-light button; (49) clutch pedal; 
(50) brake pedal; (51) accelerator pedal; (52) carburetor 
adjustment; (53) throttle lever; (54) spark advance lever; 
(55) geaMhift lever; (56) hand-brake lever; (57) dimming 
button. 

Locomobile 48, series seven, rear-axle ratio is 3.85 to 1. 
Transmission gear ratio is as follows: 

1st speed .............................. 15.40 to 1 
2d speed . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 7 .39 to 1 
3d speed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.38 to 1 
4th speed (direct) ...................... 3.85 to 1 
Reverse. . . . . . . . . . . . . . . . . . . . . . . . . . . ... 21.7-S to 1 

),'ig, :.!.i Fig. 26 

Fig. 25. Locomobile opernting levers. 

P-ig. 26 shows tbe four-speed 41gate" type of selector, giving 
the movements of the lever for 1st, 2d, 3d, 4th, and reverse. 
See Fig. 17, page 100, for the Locomobile steering device. See 
page 70 for Locomobile valve timi.ng. Firing order, 1, 5, 3, 
n. 2, 4. 

Flint model 6E is standard S. A. E. gear shift. 

Durant , is standard S. A. E. g;ear shift. 

Fig. 27. Chevrolet "'90." Firing order, l, 2, 4, 3. Tb, 
gear shift is shown. 
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Fig. 17. Franklin series "9-B." Gear-shift. movement. js 
shown. Firing order is 11 4, 2, 6, 3, 5, Franklin series "10" 
car employs the S. A. E. standard gear shift (pages 21, 29). 

CLUTCH PE0/11. 
AJ:.C Pl;C>AL 

F001 ~ 
CHANGE GEAR lll/E.R 
~~&~~~Al.~i~ 

,, / FIRSJ,SPEED 1HIRD0 SPEED 

Fig. 19. Hudson modei "O." To start the Hudson engine: 
Place the spark lever near the top; open the throttle slightly; 
place the gasoline feed-regule.tor lever a little to left of center 
position; when the engine is cold unlock the primer pump by 
turning knob until it releases. Give the plunger two slow 
strokes. Lock again by turning the knob until the pin lines 
up with the slot. Then press in and give a quiirter-turn. 
Notice that the J?rimer must always be locked when driving; 
turn on the ignition switch; press the starting pedal and 
release it when the engine starts. 

If the engine does not start immediately turn the air control 
lever, or choke to the right for a few revolutions, and then let 
it go back again. Firing order, 1, 5, 3, 6, 2, 4. 

Am.meter: Shows whether the storage battery is discharlling 
or being charged by the generator. It should always show 
charge when the cnr is tr!'~elin!l; over 10 m.p.h. with the lights 
out. See page 397 for wirrng diagram. 

Oil-pressure gauge: Simply a.n indication as to whether tho 
oil pump is delivering oil or not. It should always show pres-­
sure when the engine is running. It does NOT register the 
quantity of oil being delivered to the motor. That is governed 
by an adjustment of the pump itself. See page 163. 

Carburetor control: The upper lever adjusts the amount of 
~uel allow!!d to enter the motor. The lower one is a choke to 
facilitate starting in cold weather or when the motor has been 
idle for some time. See pages 136, 137 for Hudaon carburetor. 

Vacuum pump: Used for filling the vacuum tank (see (14), 
Fig. 1, page 113) when it bas become emptied. Ordinarily 
the motor supplies the va<:uum necessary to aeliver the fuel. 

Spark lever: Controls the distributor and spark timing. 
Tbedistribut-0ris controlled by an automatic adjusting mechan­
ism, but to obtain all-around efficiency, the spark must also be 
controlled manually to a certain extent. If the engine shows 
a tendency to knock on a heayY pull, gradually retard the spark 
until the knock ceases. H is a good rule always to carry the 
spark advanced as far as possible without the engine exhibiting 
any tendency to knock. See page 397 for electrical wiring 
di&gram. 

SloEJfF/ow 

R• 

f . , 
':~~· 

1:' \3 
Fig. 20. Essex model "A." Firing order, 1, 3, 4, 2. 

Fig. 21. Pierce-Arrow dash and control units (1918-19 
model): (A) gasoline regulator on column; (Al) accelerator 
pedal· (B) steering wheel; (Bl) brake pedal· (C) dimmer but­
ton; (D) filaxonhorn button; (E) hand-brake lever; (F) gear-­
shifting lever (see page 27); (G) clock; (H) handle to operate 
ventilator {VL) on hood; a) autometcr or odometer· (.0 knob 
for setting tenths of a mile; (KJ speedometer: <L/ knob for 
setting odometer trip figure back to zero; (M) ~aso ine gauge; 
(N) dash lamp; (0) oil gauge; .(P.) ammeter; QJ spark lever 
(see top illustration); (R) throttle lever; (S) eft-hand dash 
cabinet door; (T) hghtm~ switch; (U) starting button: (V) 
hand-pressurepuml? handle (arrow pointing to the right ior "off" 
position; arrow pointing to the left for "vent'' position); (Wl 
plunger for priming; (X) st.arting switch Oock above): (Y 
startiug-switch handle; (Z) cluteh pedal. 

On some of the Pierce-Arrow models of cars as shown above, 
the switches (X) and (l) are two lever switches: ignition and 
lights, with starting button (U) mounted above the two levers 
and a Klaxon horn button in the top of the steering column. 
Note that on this model and on prior models of the Pierce­
Arrow car, the throttle and spark levers are placed under the 
steering wheel. See page 27 for the four-speed gear shift of 
this model. 

Pierce-Arrow 38 and 48 h.p. cars each have four speeds for­
ward, nnd one reverse; direct on fourth. The rear-axle gear 
ratio on the 38 h.p. is 3.78 to 1, nnd 3.53 to l on the 48 h.p 

38 h.p. 48 o.p. 
1st speed !trans ratio) .•..•.. 3.88 t-0 I •. , • 4.1 to l 
2d speed trans ratio) ....... 2.22 t-0 1 .... 2.15 to l 
3d speed trans ratio! ....... 1.65 to l. ... l.65 to l 
4th speed trans ratio . . . . . . . direct . . . . direct 
Reverse trans ratio ....... 4.66 to I. , .. 4.93 to 1 
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Fig.11. Dodge Bros. (4-cylinder car, early model). Gear­
shift movement is shown on floor board. Later models use the 
st,nndard $.A.E, gear shift. 

c1..ccr111c /(;NT.SWITCH 

SWITC'NlO tr 

//$NIT/ON SWITCH 
11.f. uHrTDII 'HOKFH 

VTCH '£/Ml 

/ / . 
Fig. 12. Oakland model "34B." The gear-shift movement 

is standard S. A. E. three-speed, as shown in Figs. 14 and 15 .. 
Firing order, I, 5, 3, 6, 2, 4. 

HORN 
BUTTON 

tGNITION ANO 
LJGHTING SWITCH 

CARBURETOR DASH 
ADJUSTMENT 

OASH UGHT 

ACCELERATOR ACCELERATOR F'OOT REST 

Fig. 13. Mitchell model "F." Gear-shirt movement is 
shown at top. Ffring order is 1, 5, 3, 61 2, 4. 

I 
,-· Accclu,n-cr 

~~Foo1W, 
P«f,J 

Gr.tr Sh.;(, 
_. L,.,.,.,. 

Fig. 14. Overland "4." Note that the spark and throttle 
corttrol is on the cowl board. }'iring order, l, 3, 11, 2. Gear~ 
shift movement is shown. 

4---4~.;,,' 
3--~1'.---1 
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I 
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.6 7 II 

Fig. 15. Cole model "870." Gear-shift movement is 
shown. Firing order is 1-8, 3-6, 4-5, 2-7. Parts: 1, carburetor 
choke button: 2, carburetor adjustin~ button; 3, spark le,•er; 
4, horn button; 5, throttle; 6, ignition switchi 7, ammeter; 
8, clock; 9, cowl light; 10, oil gauge; 11, speedometer and 
odometer; 12, hand-brake lever; 13, nccelor:itor: 14, startin.,z• 
motor switch; 15, accelerator heel rest; 16, foot-brake pedal; 
17, clutch pedal; 18, gear-shirt lever. 

Fig. 16. Tho Chandler uses the S. A. E. standard throe­
speed gear shift (sec pages 27, 29). 
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On steep hills, when descending, the engine can 
be used in assisting to hold back the car by leaving 
the clutch engaged and the transmission gears in 
first or second speed, as the resistance offered by the 
compression in the engine will make it unnecessary 
to apply the brakes so hard, thus assisting in pre­
venting their becoming overheated. 

vVhen operating the car in the above manner, 
or when coasting, keep the throttle closed but do not 
turn off the ignition switch as a certain amount of 
unburned gas might accumulate in the exhaust pipe 
and mufiler 3cnd there would be danger of t-his gas 
igniting and bursting the muffler when the ignitiQn 
switch is again turned on. 

When the Car Skids 
Although the driver feels helpless at first, a liu.le 

c:-..'J)erience will soon give h.im confidence. Most 
skids can be corrected by the manipulation of the 
steering and brakes. An expert driver can keep his 
car straight under almost any conditions, but it is 
impossible to explain just how he does it. Usually 
the rear end skids first, and in the right-hand direc­
tion, this being caused by the crown of the road. 

Under such conditions, the skidding action will be 
aggravated if the brakes are applied, and the car may 
be ditched or continue to skid until it hits the curb. 

In an emergency of this kfod the correct action is 
to let up on the accelerator pedal to shut off the 
power, but not entirely so, or it will have the same 
effect as putting on the brake. If the car seems to 
right itself, the power may be applied gradually, 
and it will be advisable to steer for the center of the 
road again. However, if the car continues to skid 
sideways, steer for the center of the road, applying 
the power gently. This will aggravate the skid for 
the moment, but will leave you with the front wheels 
in the center of the road and the car pointing at an 
angle. By so doin«, you can mount to the crown of 
the road again, and the momentum of the car \Yill 

take the rear wheels out of the ditch on the right­
hand side. It is customary t6 advise turning the 
front wheels in the direction in which the car is skid­
ding, in order to correct the action, but this can 
hardly be said to be true in all cases. It holds good 
where there is unlimited side room, but usually the 
car hits the curb, or is in the ditch, before you can 
straighten it out with the steering wheel. 

INSTRUMENTS, CONTROL LEVERS, PEDALS, AND GEAR SHIFrS OF SOME OF nm 
PASSENGER CARS 

The following illustrations show the hand levers, 
foot pedals, dash or cowl with instruments, and also 
the gear-shift movements of some of the leading 
cars. 

EMERGENCY 
BR.Al<& LEWR 

INSTRUMENT LAMP 

--.AM:M!!;TER 

STARTING PEDAL 

ACCELERATOR PEDAL 

Fig.9. Buick, 1921, 1922,six-cylindercar. Gear-shift move­
ment is shown at ton of .illustration. Firing order of cne:ine is 
1, 4, 2, 6, 3, 5. (S.A.E. standard gear shift used beginning wit.h 
1928 cars.) 

The purpose of these illustrations is to familiarize 
th~ reader with the gear-shift movements and the 
location and purpo,,_-, of the control members. 

Most, cars now use the "ball-and socket type of 
gear-shift" lever. 

The "gear-shift movement," or the direction in 
which to move the gea.r-shift lever to obtain various 
speeds, is shown in each illustration. 

Most of the gear shift movements are, what is 
termed the S. A. E. standard gear-shift movement 
as described on page 27 and illustrated in Figs. 19 
and 22, page 29 and Fig. 10 below. Some are 
different, as, for example, the Buick (Fig. 9) and 
Dodge (Fifi. 11). Very near all cars use the "ball 
and socket' type of gear shift lever (page 27). 

The make of electric system used on these cars, 
as well as on other makes of rars, can be found by 
referring to the Index for "Specifications of cars." 

The make of carburetor, steering device, rear 
axle, engine, etc., can also be found in these speci­
fications. 

VEl'11i.A"TOR HANDLE 
(UN.OER COWL) 

AIR COMPRESSOR 
(GASOLINE S'(STE.M) 

HAND THRCITTL( 

SPARK, 
CONll\Ol •. 

CARB. 
ENR<Clt1NG 
BlfTTOH 

F'U£L MESS\JRE GAUGE 
AMMETER 

I Oil GAl.lGE 
INSlR\JM(N'T LAMP 

Al/I.. SWITCH FCIRTAll l/\f'IP 
ANO INST. \.AMP 

I uGHTlt-10_ ~-~~ SWITCH ... 

GEAASHIFT 
LEVER 
BRAKEPEDAt: 
AIR COMPRESSOR COHTRO~ 
(TIRE 1NF1.Ai!ON) R.AHS.Mls.510N 
HEADLAMPS LOOI f-OOTRl;S"T 

JGN.LOC~ 

CIGAR 
UGMlER 

STARTER 
Bl/TIO~ 

STEM FOR 

r~~t~ 
CLOCK 
1/lit>lR(.O',;\) 

H~HO 

E~~ 

Fig. 10. Cadillac type "61." Note the short spark and 
throttle levers, and also that the fuel press• re gauge, tbe 
ammeter, and the oil gauge are in one unit on the cowl. 

Gear-shift moveroent.s are shown at tol) to the right above. 
The firing order of types •·51 to 61" engine is shown on page 84 
and type "V-63" on page 1051. 
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When reversing, remember to bring the rear 
wheels to a dead stop before letting the clutch in. 
Complete familiarity with the motions of going 
from one speed to another and back again should 
also be acquired before attempting to run on the 
open road. 

Learn to drive by throttling the engine, instead of 
constantly throwing the clutch out. The average 
driver uses the clutch about twice as much as he 
should. 

Instructions on Steering a Car 

Steering is largely a matter of practice. 
The positions to assume in steering or driving a 

car are shown in Fig. 8 (2), (3), (4), and (10). A very 
slight movement of the steering wheel or lever is 
sufficient to turn the ca1·, and too sudden a turn 
may cause an upset. 

Fig. 8. Correct and incorrect positions in driving: (1) 
fierce grip, a bad method; (2) correct hold !or forward move­
ment; (~) finish of forward movement; (4) alternative grip 
suitable for many gears; (5) awkward hold o[ wheel; (6) 
proper and comfortable hold; (7) wrong foot position; (8) 
nervous, uncomfortable position; (9) careless, lounging posi­
tion; (10) correct "seat." (Popular }.{ echanics.) 

When learning to drive a car, it is a good plan to select a 
straight road, as wide as possible, and with tbe engine running 
slowly, throw in the low speed. The car will move forward 
slowly, and it will then be necessary to steer. The first inclina­
tion will be to grip the wheel as tightly as possible, but alter a. 
little running a. light grip will be found sufficient. At this 
stage it is necessary to learn self-control first, and not to get 
"rattled.'' 

If the car bel(ins to run off the road, or into an obstruction, 
throw out the clutcb and apply the foot brake, so that it comes 
to a standstill. Wben the excitement has died down, try asain, 
and it will not be long before steering comes easily. 

There is no time Jost between the turning ol the steering 
wheel and the turning of the car; when taking a corner do not 
move the wheel until the car is at the point where turning is 
necessary. 

How to Use the Brakes 

When the brakes are suddenly applied with full 
force to the wheels of a car speeding along at the 
rate of, say, thirty miles an hour, the braking action 
will be so powerful as immediately to stop the rota­
tion of the driving wheels-but the car will not come 
to an immediate standstill; its momentum will send 
it forward, and the locked rear wheels will slide over 
the ground with most destructive effect on the tires. 

When you consider that in railroad practice the 
so-called "flat wheel" is produced by too sudden 
braking, you will be able to appreciate the effect 
which a similar practice must have on the soft rub­
ber tires of an automobile. 

Bear in mind, therefore, that the best method of 
using the brakes is that which npplies pressure on 

them so gradually that the forward movement of 
the car and the rotation of the wheels come to a stop 
together. 

Nothing is more severe on a car than the spec­
tacular stopping often indulged in by ignorant 
drivers, in an effort to "show off." 

The careful driver shuts his power off before he 
reaches the stopping point and permits the car to 
carry him along on its momentum, bringing it, with 
a gradual application of the brakes, to a. halt at the 
exact spot. 

In order to slow down gradually, a3 when ap­
proaching a crossing, close the throttle and apply 
the foot brake without disengaging the clutch. It 
is more economical to wear out the brakes than to 
wear out the clutch. It is of course necessary to dis­
engage the clutch when making a complete stop. 

Whenever it becomes, necessary to slow down 
quickly, release the clutch first; that alone will have 
an immediate slowing-down effect on the movement 
of the car, because it disconnects the power. If 
additional checking is needed, apply the foot brake, 
or, for a quick stop, the foot and hand brakes 
together. To mal,e it plain, the clutch pedal goes 
down :first, the brake pedal next. 

If a full stop is not desired, assuming that the 
emergency has passed, release the brake pedal first, 
then let the clutch pedal come up. If you did the 
reverse, the engine would be compelled to pull 
against the brake, with a consequent rapid wearing 
down of the brake lining. (See also "Brake adjust­
ments," under the discussion of the repair subject.) 

No motorist is qualified to give his car the best 
care until he has mastered the· control of the gears 
and of the brakes. 

Slipping brakes are usually caused by oil working 
out the rear axle on to the brake lining. 

If a grade is long and steep, use the foot and hand 
brakes alternately. This equalizes the wear on 
them, and also gives them a chance to cool. 

If the Brakes Fail 

If the engine stops while descending a hill, the 
brakes should be thrown on at once to keep the car 
under control. If poor adjustment of the brakes 
renders them insufficient for this, then place the 
gears in low speed. This will tend to check the car. 
It is then a matter of steering the car to the best 
advantage. 

If, when ascending a hill, the engine stops and 
the brakes fail, try putting the gears in reverse. 
This will then turn the engine in the right direction, 
and ought to start it. It may be possible to steer 
it-owing to its ex"tremely slow speed-off the road 
into a bank or other obstruction that will stop the 
car without much damage to it or to its occupants. 

Situations such as this require a cool head and a 
steady hand, and the more experience in operating 
that the driver has, the greater are the chances for 
handling it in the right way. 

Stopping a car on an up-grade and starting again 
requires skill, for the brakes must be withdrawn and 
the clutch let in at the same instant with one move­
ment. 

On a long descent, when you find it necessary to 
use the brakes constantly, apply the hand and foot 
brakes alternately, to avoid burning out the brake 
linings. 
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there are usually gaskets. During the first few 
days of service a gasket may become slightly com­
pressed, thus loosening the crank case to oil-pan 
bolts. Consequently it will pay to go over the nuts 
on the bottom of the oil pan with a wrench and 
tighten them up. Drive a few days, and try them 
again. Continue to do this until the gasket has 
become fully compressed and the parts have settled 
into permanent working position. If you will take 
this precaution, the joint will be absolutely tight 
and you will never have any trouble, such as loss of 
oil or water, and dirt being washed into the oil pan 
and then circulating with the oil through the bear­
ings, causing excessive wear and cutting. 

At first, it will be well occasionally to go over all 
of the bolts that hold the engine to the frame, and 
see that they are kept tight. If you find them per­
fectly tight after inspecting them two or three times, 
you need never fear that they will loosen up. 

It is advisable to put a wrench to all nuts on dif­
ferent parts of the car and make sure that they are 
perfectly tight after it has been driven a hundred 
miles or so. When they have once been screwed 
up as tight![ as possible and the car has been 
thoroughly 'run in," there will not be so much 
danger of loosening up and causing damage. 

Spring clips will loosen if the nuts on-the clips are 
not tightened occasionally. It is very important to 
tighten these nuts often. 

Fender bolts also demand attention. 
The universal joints should be kept well supplied 

with grease. 
Lubrication of a new car. It is needless to remark 

t.hat lubrication is one of the most important things 
to look after on a new car. All parts should be 
thoroughly lubricated and greased as directions 
provide. Follow the lines there suggested. In the 
absence of directions from the maker, study the 
lubrication subject carefully. 

Remember one thing: cheap oil will cost ten times 
more, maybe a hundred times more in the long run, 
in the way of repairs. The best oil is none too good. 

Also remember that oil should be changed in the 
engine often, for reasons stated on page 167. Just 
how often to change will be determined by the 
amount of gasoline in the oil, which one should take 
particular note of, when changing. 

"Running in" a New Engine 
"Running in" a new engine is a very important 

factor in the life of a car. More harm can be done 
during the first few days than one can imagine-if 
care is not exercised. For an explanation of this, 
read pages 171,167, relative to the importance of 
lubrication and slow running for the first 500 or 
1,000 miles, in order to work the pistons properly 
to a smooth fit to the cylinders, and so as to avoid 
cutting or scoring the cylinders. See also Index 
under "Reaming cylinder." 

Don't race an engine: Never open the throttle 
suddenly, or leave it open very far, when the car 
is standing and the engine is running idle. Th.is is 
known as racing the engine, and there is nothing 
more injurious, especially when the engine is cold. 
More engines have been ruined by racing while idle 
than have been worn out in actual driving under load. 

When the engine stands over night, don't immedi­
ately mce the engine to warm it up, because the 
oil has drained from the bearings, the cylinder walls, 
etc. Consequently it is going to take a few minutes 
to lubricate these parts properly. Therefore first 
let it run slowly for a minute or so. 

Hill Climbing 
Until you have become thorou\;bly familiar with the o,,.,ratlon 

of the ca.r, nod have mastered the things necessary to make a 
good driver, do not attempt to climb ""on high" every hlll you 
see, just because your neighbor possibly has said that his car 
would do it. There can be nothing more detrimental to the 
engine and driving parts than to try climbing everything on 
"high.u 

The first and second-speed gears are placed in the car for a 
purpose, and if the hill that you are approaching is at all steep, 
shift into ccsecond" a little before you are really on tho hill. 
Do not try to go into "Fecond, .. however, at any time unless the 
speed of your car has been reduced to the pace at which the 
second speed would carr;,- you if it bad already been changed. 
l'viany accidents. ii.nd serious onez, have resulted from a driver 
attempUng to rush a hill "'on high," getting half-way up, and 
bnving the speed of the engine so reduced that when he came to 
shift into low it was too late; the engine would not then acceler­
ate sufficiently to carry the car up on low, and possibly tbe 
brakes were not working just as they should, the result being 
that the car would bock down the hill faster and faster, until it 
finally landed in the ditcn. Backing down hill with brakes is a 
task for n skillful and e~-perienced driver, and even he cannot 
guarantee a good job. It is a most confusing situation and 
requires the instant exercise of good judgment. 

The secret of successful hill climbing is to keep your engine 
running a little faster at all times than its work requires it to 
run, i.e .. to keep it "ahead" of its work, so that it is ready for 
extra duty without stalling at the crit.ical moment. The fore• 
going does not mean that many hills cannot be climbed "'on 
high," but it is best not to try until you are sure of yourself a,,d 
of your ability to ~et into second, or even first if necessary, 
hall-way up tho bill, and also to determine from the s0\md of 
the engine whether it is •·working hard." If you must go into 
a lower gear on a hill. shift with a quick, firm movement, and 
take care not to let the momentum of your car be ..educed 
any more than is absolutely necessary. Every second that 
you have the clutch disengaged on a hill for gca.r slillting, 
counts, as the car slows down at a very surprising rate. 

If, on climbing a hill on "third," the engine has been stalled 
before reaching the top, it may require considerable skill to 
start from your standing po.,ition on the incline. Immediately 
upon finding yoursctr in such a predicament, apply the band 
bmkc with all your strength, o.ml be sure that the brake ratchet 
catches; then tltrow the gear-shifting lever into ncutro.l. After 
starting the engine again, push out the clutch (leave tbe band 
brake still on), push the gear lever into first speed, a11d slight!)" 
race the engine (the only condit.ion under which it is permissibl~ 
excepting when in a rnud hole or the like); then take hold of 
the hand brake and keep tho engine speeded until tho brake 
has been entirely released, Lhe clutch entirely engaged, and 
a safe start has once more been mo.de up the hill. Experience 
is the best possible teacher where there is a conside_rable amount 
of bill work to do. 

Importance of the Clutch 

The clutch of an automobile is a device by means 
of which the power of the engine and the driving 
mechanism may be connected or disconnected at 
the will of the driver. This particular part is prob­
ably used more than any other part of the car, and 
a careful study of its purpose and principle is ad­
vised. Though the device is simple and its use plain 
at first glance, the clutch, nevertheless, lends it.self 
to a number of skillful uses in the hands of the 
experienced driver. Remember always to "throw 
out" the clutch before changing gears. 

Wben the clutch is "let in," or engaged, this 
should at all times be done smoothly and so gradu•• 
ally that the motion of the engine shaft is transmit­
ted to the drive shaft without jarring. 

A suddenly let-in clutch will do one of two things: 
it will either rack the mechanism of the entire car, 
or stall the engine. With a little practice th0 left 
foot may be schooled to let the clutch in quickly, yet 
gently and smoothly. 

·when you meet !l, stretch of road covered with 
sharp, broken stones, it is an excellent plan to speed 
your ca,r a little before you reach the stones and 
then disengage your clutch, permitting your car to 
co::i.st over the bad spot. By shutting off the driving 
power you protect your tires against a very destruc­
tive action, termed the "traction/' which otherwiso 
would be set up between the sharp stones and the 
tires. 
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To stop the engine, turn the ignition switch off. 
Before doing so, however, it is good practice to 
move the spark lever to the starting position and 
set the hand brake before leaving the car. 

Lock the ignition switch when leaving the car 
standing alone. Never leave the car with the 
engine running, as this is a useless waste of gasoline, 
and ·there is always a chance that someone may 
throw the gears into mesh. 

Reversing 

To reverse the motion of the car, it is first neces­
sary to stop the car. Never attempt to shift into 
"reverse" gear when the car is in motion. With 
clutch disengaged, move the shifting lever to left 
and forward, and the11 gradually engage the ciutch 
and accelerate the engine as before. One rule that 
the driver must always remember is tha.t the clutch 
must be disengaged whenever gears are shifted. 

Starting Car on a Grade 

To start a car when on a grade, start the engine 
as before; then release the hand brake and hold the 
car with the foot brake while shifting gears. Now 
accelerate the engine with the hand throttle while 
gradually relcasin~ pressure on both pedals together. 
It takes practice m operating the clutch and brake 
peda,ls to make the one take hold while releasing the 
other without "stalling" the engine. 

Shifting from a High to a Lower Gear after 
Car Is Under Way 

Shifting down is the term used when a car is 
running on high gear and it is desirable or necessary 
t,o shift to a lower gear. 

Shifting from third or high to second: To shift 
from "third" or "high," to "second" gear, disengage 
the clutch; accelerate the engine to approximately 
twice the revolutions at which the engine was turn­
ing· over previous to shifting gears; then push the 
lever to "second" gear position and re-engage the 
clutch. 

"Low" or "first" gear is ordinarily used only in 
starting, but in exceptional cases of very heavy 
pulls, it will be better to shift back to "first" gear, 
which is done in a similar manner as the shift from 
"third" to "second." In coming to a bad piece of 
road, full of ruts, bumps, or holes, it is best to shift 
immediately into "second," or "first" if necessary. 
Thus, you have much better control of the car and 
can pick up more readily. When using lower speeds 
you can control the ca.r almost entirely with the 
accelerator, letting yourself down easily into holes 
and over bumps without having to slip the clutch. 

When passing through traffic, it is sometimes 
desirable to change to a lower gear on level ground 
without slowing down the car. To attempt this by 
de-clutching and putting the lever directly into the 
lower speed notch-in the same way that this is 
done while ascending a hill-would be to invite a 
very noisy clash of the gears. 

Instead of this, the change is made in three p•o­
gressive steps, as shown in Fig. 7, and the speed 
of t~e car is not reduced to any appreciable degree. 

The first movement shown at (A) in the illustra­
tion (Fig. 7) is to disengage the clutch and shift the 
gear-shift lever forward from high to neutral (center 
position as shown in the dotted lines). This leaves 

• the car coasting with the engine running. 

The clutch is now let in, and the levers are in the 
position shown at (B). Now this is the point at 
which skill is required, and where practice is neces­
sary. 

' .l B ' • ,.,.. C 
f , .... ,,, 

CW7CH PEDAL ~~ / CLUTC~ PED/\L IS 
OEPRESScD ~~,.I. ~~~~~~D AFTER 

• NEUTRAL 

Fig. 7. Example of shifting from high to second gear wh:le 
the car is in motion: (A) clutch out. and gea,-shift lever brougl,t 
to neutral: (B). gear-shirt lever in neutral position; (C). ch1t<'h 
out and gear-shift lever pushed forward to second: clutch is 
then released. 

The engine is speeded up until it is turning over at 
the same rate of speed as it would be were the low 
speed engaged. It will take a little practice to 
accustom the ear to judge by the sound of the 
engine whether it is turning over at the correct 
speed or not. 

After the engine is speeded up to the proper de­
gree, the clutch pedal is depressed, and the change 
gear lever brought into second speed gear as at (C). 
The same method will apply in going from second 
to first. 

Changing from higher to lower speed on a grade: 
When the car is facing upwards, it is a little more 
difficult to be able to judge when the speed is 
sufficiently great to justify a change from first to 
~e~ond speed.. The hill may be of such slope that 
1t 1s an easy matter fo1· the car to take it on high in 
ordinary running, but may still be so steep that the 
pause in the gear-shifting act is sufficient to cause the 
speed to drop considerably. In a case of this kind 
the driver should be able to judge at just what 
speed he should throw out his clutch and make the 
change. The steeper the hill, the greater ,, ill h(! 
the speed required before the change can sa"ely Le 
made. 

Trouble in dropping to lower speed on a hill can 
be averted if the critical moment at which to make 
the change is learned. If the driver waits too lot1:,?;, 
he may "kill the engine," and sometimes plu::e 
b.imself in a very serious position. 

If he tries to make the change too soon, he will 
clash gears. 

By changing at the critical moment, however, an 
easy, quick change can be made. 

"Running in" a New Car 
When setting up and starting any new piece of 

complicated machinery, you would ordinarily expect 
to watch it pretty closely, and go a little easy with 
it until its various bearings, parts, etc., had become 
thoroughly "worked in." An automobile is no 
exception to the rule. ·while every bolt and nut in· 
the automobile is drawn tight, and secured with 
either cotter pins or lock washers when the car leaves 
the factory, nevertheless it is advisable to go over a 
few of the more important points and make sure 
that everything is in perfect shape. 

The following points shimld receive your special 
attention during the time that the car is being 
driven the first few hundred miles: 

Between the upper crank case and the oil pan, or 
between the cylinder heads and the cylinder block, 



OPERATING A CAR 631 

is obliged to overcome the pressure of the expanded 
gases of the exploded charge before it can commence 
on its power-delivering stroke. 

Furthermore, when the spark is advanced too far, 
a slight poundmg noise in the engine is the result. 
This pounding is sometimes not noticed by the 
beginner, as it usually is but slight, owing to the 
substantial construction of the crank shaft, and by 
the uninitiated it is often accepted as permissible. 

Advancing the spark too far is very injurious, 
because by it the bearings, crank shaft, and connect,.. 
ing rods are required to withstand strains which 
are greatly in excess of those produced when the 
ignition occurs at the proper moment. 

The engine should never be allowed to run for 
any length of time with the spark retarded. 

With a retarded spark and a late explosion, the 
combustion or burning of the charge of gas· is not 
complete. This causes a great amount of carbon 
to be deposited on the walls of the cylinders, combus­
t.ion chambers, piston heads, spark plugs, etc. It 
also causes the engine to heat to a much higher 
t.emperature, which causes a very severe action on 
the valves and valve seats. When the charge is 
ignited at just the right instant, the combustion is 
practically complete, so that when the valves open 
a thoroughly burned charge passes out. On the 
other hand, when the charge is ignited late, the 
charge is still burning when it passes through the 
valve opening and tends to heat, burn, and scale, 
and to cause pits on the valve and valve seats. In 
time, this creates a condition which prevents the 
valves from seating properly or fitting tightly, and 
therefore a loss of compression and a corresponding 
loss of power is the result. 

Starting a Car-Shifting Gears 

How to start a car: After the engine has started, 
be sure that the oil-pressure gauge an. d ammeter are 
indicating properly; then release the hand brake. 
Place the left foot on the clutch (left) pedal (see Fig. 
3), a.nd press it forward as far as it will go, thus dis­
engaging the clutch. The engine is now running 
independently of the transmission, the gear-shift 
lever is supposed to be in "neutral" position, and the 
clutch is held "out" by the left foot. The next 
operation is to place the right hand on the gear-shift 
lever and to move it to the left, sidewise, and pull it 
back into "first" gear position. 

Next, slowly release the pressure on the clutch 
pedal, at same time pressing easily on the accelerator 
pedal with the right foot, to increase the speed of 
the engine. As the clutch takes hold, the car will 
commence to move forward. 

Shifting from first to second gear: When the car 
is moving about four to six miles an hour, the gear 
shift from "first" to "second" gear should be made. 
This is done by disengaging the clutch, as explained 
above, and moving the gear-shift lever forward ~o 
"neutral" position, then to right and forward agam 
to "second speed" position. Re-engage the clutch 
and accelerate as before. The gears are now in 
"second gear'' position. (See gear-shift movement 
of the Studebaker at the lower right-hand corner of 
Fig. 3. See also, page 29, Fig. 22.) 

Shifting from second to third or high gear: The 
car should be accelerated to about eight to ten miles 
an hour, and the gear shift from "second" to "third" 
gear. should be ma.de by pulling the lever straight 
l:)ack, the clutch being disengaged as before. 
"Third" or "high" gear is used in all ordinary driv­
ing, but there are times when it is necessary to shift 

to second gear: for instance, when climbing hills, 
or when on rough or heavy roads, or when slowing 
down for traffic. 

To increase the speed of the car under these 
conditions, the butterfly throttle valve of the car• 
buretor is opened gradually, by means of the acceler­
ator, and the spark lever should also be advanced as 
the speed increases. 

Pointers on Shifting Gears when Starting Car 
When shifting from a lower to a higher gear, as 

when first starting, it is important that the speed of 
the car be accelerated just before making the change, 
so that the two gears that are to be meshed together 
will be running at approximately the same speed. 
The proper handling of the clutch pedal and acceler­
ator so as to make the motor "pick up" its load 
quickly, and at the same time prevent it from "rac­
ing" when the clutch is released, requires consider­
able practice. 

In changing gears, especially when starting the 
car from a standstill, always let the clutch pedal 
come back gently, otherwise, a quick release of the 
foot clutch pedal will let the clutch take hold with 
a violent jerk. 

In shifting gears from one speed to another, the 
motion should be made firmly and without hesita­
tion. If the gears fail to mesh correctly the first 
time, release the pressure on the control lever and 
clutch pedal for a moment and try again. With a 
little practice\ the various changes can be made 
easily and ·without noise. 

When there is a grinding noise on shifting gears, 
it is usually the result of the clutch not being 
"thrown out" sufficiently, and the engine is thus 
driving the main transmission shaft. By pressing 
firmly on the foot clutch and quickly shifting the 
gears, the shift should be made without a particle of 
noise-providing the clutch pedal is not released 
until the shift is :made. 

If there is noise, such as a clashing of gears, with 
the foot clutch pedal thrown out fully, then the 
clutch is dragging, or the transmission main shaft 
bearings are worn. 

Most cars use a selective type of transmission, 
giving three forward speeds and one reverse speed. 
The Locomobile uses four speeds forward and one 
reverse speed (Fig. 25, page 638). The Pierce­
Arrow (Fig. 21, page 637) also used four forward and 
one reverse. The "series 32" model (Fig. 22, 
page 638) uses three speeds forward and one reverse. 

Stopping Car and Engine 
To stop the car, slow down the engine by removing 

the foot pressure on the accelerator pedal by press­
ing down on the clutch pedal with the left foot. 
Then disengage clutch, gradually press down on the 
foot-brake pedal (right pedal), so as to bring the car 
to a gradual stop. At the same time move the gear­
shift lever to "neutral" position at which time the 
foot can be removed from the clutch pedal. After 
the car bas stopped, apply the hand brake by pulling 
the hand-brake lever to tbe rear. Never leave the 
car standing with the hand brake released. 

If the road surface is wet and slippery, a greater 
breaking effect may be had by _pushing in on the 
foot-brake pedal intermittently, 1.e.1 hold the brake 
pedal down for an instant only, tnen release and 
apply again. Keep doing thls until the car is 
brought to a stop. If the brake is constantly 
appliedi the rear wheels will be locked and traction 
will be ost. 
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Fig. 3. Studebaker model "EJ" control levers, etc. 

If an engine is equipped with a manual or hand 
control alone, and with no automatic advance of 
spark, it is best to retard the spark when starting, es­
pecially when starting the engine with the hand crank. 

Position of throttle lever: Open the butterfly 
valve in the carburetor slightly by means of the 
hand-throttle lever on the steerin~ gear sector; 
turn the ignition switch to the "On' position. 

If the engine is cold, it will be necessary to pull 
out the carburetor "choke" button, located on the 
instrument board (Fig. 3). It may be found neces­
sary to leave the "choke" button pulled part way 
out for a short time until the engine is warm. (See 
carburetor instructions.) 

Make sure that the gear-shift lever is in "neutral" 
position; then press down on the starter switch. 
The instant the engine starts on its own power, 
release the starter switch. This is important. 

After the engine starts, advance the spark lever 
half-way on the sector. If the engine does not start 
within a few seconds after you have pressed down 
on the starter switch, release the switch, as the con­
tinued use of the starter will discharge the battery. 
Investigate and find out where the fault lies, and 
correct it before attempting to start the engine 
again. (See "Digest of Troubles," page 454.) 

In connection with the releasing of the starting-motor switch 
pedal, be sure to remove your foot from the starting switch, the 
moment the engine starts, and be sure that the lever springs 
back into its original position. 

The time required for the operation varies from one half­
second under good conditions when the engine is warm, to from 
tive to ten seconds for cold weather starting. If the engine does 
not start within tho period mentioned, release the starting 
switch, since you will know that something is out of adjustment 
and that you arc throwing an undue strain on the battery. 
(For a full ewlnnation of this operation and the proper care, 
see the starting-motor instructiollB, referring to the type of 
m~tor system ";th which cars are equipped.) 

Cranking the engine by hand: If, for any reason, 
the driver wishes to crank the engine by hand, the 
adjustment for starting should be the same as for 
operation of an electric starter except that the spark 
should be retarded. When cranking by hand, be 
sure to make the crank engage at the point with the 
handle nearest the ground. Then it should be 
pulled up clockwise with a short, snappy pull. 

While on this subject, an explanation should be 
given of the proper method of cranking an engine, 
as illustrated in Figs. 4, 5, and 6. The reason for 
the necessity of starting a gasoline engine, either by 
cranking by an electric motor, or by hand, is ex­
plained on page 31. 

Fig. 4 Fig. 5 Fig. 6 

Fig. 4 shows the proper method of grasping a starting crank. 
Fig. 5 shows the direction as indicated by the arrow point, 

in which to pull up on the crank v.ith a. guick, snappy pull, in 
order to spin the engine crank shaft. With the crank grasped 
as ahown in Fig. 4 and the "pull•up" made as in Fig'. 5, there 
is no chance for a ba,ck-lire of the engine to cause a. kick-back. 

In Fig. 6, note that if the starting crank is pushed down, and 
if the engine should back-fire, which often occurs, when the 
engine is being slowly cranked if-under these conditions- tbe 
spark lever is advanced, the full force of the kick-back is against 
the arm, and a sprained or broken wrist may result. Never 
push down on a startiD.g crank to start an engine. Pull up. 

Another point to remember is, do not tire yourself out by 
continually cranking, if an engine does not start after cranking 
five or si:.: times. Find the cause of the failure to start. 

After the engine is started, close the throttle an<l 
place the spark lever about half or two-thirds on 
sector until the en~ne runs slowly and evenly. On 
the Studebaker "EJ," the instructions are to place 
the spark lever at full manual advance; on the 
Buick, about half-way, and on the Westcott, at 
two-thirds advance. 

As the engine warms up, the "choke " button 
should be pushed in; in fact, this should be done 
as soon as possible. 

Never allow the engine to run any length of time 
with the air regulator turned to "choke," as thi~ 
gives an excessively rich mixture and uses an ab­
normal amount of gasoline. 

Haudling the Spark 
Ordinarily, on most engines using an automatic 

advance of spark, the spark lever should be about 
half to three-quarters of the way to the top of the 
quadrant for normal driving conditions. On the 
Studebaker "EJ," the automatic spark advance for 
starting and running speeds is full advance; on the 
\Vestcott, using an automatic advance, the spark 
lever is placed about three-quarters of the way to 
the top of the quadrant or sector; on the Buick 
about half way. The automatic spark advance, 
which is incorporated in the ignition system, will 
control the spark position without further attention 
on the part of the driver. It is arranged so as auto­
matically to advance or retard the spark to the 
proper position, depending on the speed of the 
engine; but as the car slows down, as on ascending 
a steep hill, or when negotiating a heavy road, it is 
necessary to retard the spark lever by hand unt.il the 
engine runs smoothly and without knocking. 

With engines not equipped with an automatic 
advance of spark, it is best to start the engine with 
the spark lever near full retard, and then, after 
the engine is started, it should be advanced. The 
exact location of the lever will depend upon the 
speed of the engine. 

Just how much the spark should be advanced, or, 
rather, how much spark advance the engine will 
stand, depends largely on how fast it is running. 
The faster the engine is running, the more the spark 
should be advanced. Bear in mind constantly, 
however, that there is such a thing as overdoing it 
and advancing the spark lever too far. Wben this 
is done, the ignition takes place before the charge has 
been fully compressed, and conse,,,,ently the piston 
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OPERATING A CAR: Gear Shifts, Control Levers and Pedals of Some of the 

Leading Cars; Pointers on Selecting a New Car; Judging and 
Testing a Second-Hand Car 

HOW TO OPERATE A CAR 

When learning to operate an automobile, the first 
step is to oecome familiar with how to start and stop 
the engine and how to control the speed. This can 
be learned best with the engine running. 

The simplest way in which this can be done is to 
jack up the rear wheels so that they are clear of the 
ground, letting the weight of the car rest on a solid 
box. The point is to r;et the driving wheels clear of 
the ground, and free to.revolve without moving car. 

The different speeds may then be handled, and 
the movements of the levers and pedals may be 
gone through with, without being under the neces­
sity of steering, the steering being the simplest and 
easiest part to learn. Care should be taken to block 
the front wheels so that the vibration of the engine 
cannot shake the car from it.s support. 

Lever Systems 
There are three types of side-lever systems: (1) 

the type which operates the planetary transmission 
gears; (2) the type which operates the old-style 
progressive gears, and (3) the type which operates 
the selective type of gear. 

The planetary gear type is used on the Ford car, 
and is very simple. See the Ford instruction. 

The progressive gear type is now seldom used. 
Its principle and operation is shown on page 25. 

The selective type is the type most used, and it 
is with this type that we shall deal principally. This 
iype is shown on pages 26, 28, 29. 

The gear-shift lever used with a selective trans­
mission is constructed in two types: the "gate" 
type, and the "ball and socket" type (page 27). 

The emergency or hand-brake lever is usually 
placed alongside the gear-shift lever. On early 
model cars these levers were placed on the side of 
the car, but are more commonly found in the center 
(see Fig. 3 page 630). For a further description of 
the selective lever operation, see pages 26 to 29. 

Pedal Systems 
The foot brake is a pedal operated by the right foot. 

The clutch pedal is a pedal operated by the left foot. 
The accelerator is usually placed to the right of 

the foot-brake pedal. 

Fig. l l'ig. 2 

Fig. 1. On most cars the throttle and spark lever are moved 
up to open the throttle and advance the spark. Full open 
throttle and full advanced spark would then be all the way up. 
Full reta.rd would be a.II the way down. 

Fig. 2. On some few cars the throttle and spark lever are 
moved down to open and advance. 

Note. On some makes of cars the long lever is the opark 
lever. 

The spark and throttle levers are, in most 
instances, placed on the steering wheel. On a few 
cars they are placed under the wheel on the steering 
post. The throttle lever is usually the longest of 
the two. The movement of the throttle lever, 
whether up or down, to open the throttle is easily 
determined by noting the movement of the throttle 
on the carburetor. The spark lever for advancing 
can also be determined by noticing the direction in 
which it moves the timer or interrupter on the mag• 
neto. Usually the throttle and spark lever are 
pushed up to open and to advance. 

Note that on the Pierce-Arrow "series 32" and 
the Cadillac "type 61" (pages 638, 635), the spark 
and throttle levers are now made very short. 

Preparing a Car for Service 
Before attempting to drive the car, make sure 

that it is ready for the road. See to the following: 
1. That there is gasoline in the tank at the rear. 
2. That the radiator is filled to the level of the over­

flow with clean water, or with an anti-freezing 
mixture in winter. . 

3. That the crank case is filled with oil to the level 
indicated by the oil gauge. 

4. That the storage battery is properly connected. 
5. That the gasoline shut-off cock between the 

vacuum tank and the carburetor is fully open. 
6. That the car is provided with a driving license. 

7. That the fan is working. 
8. If the car has been standing idle for several days, 

it may also be necessary to prime the vacuum 
tank by removing the pipe plu~ in the cover and 
introducing a pint or so of gasoline (see page 115). 
Be sure to screw the plug in tight when replac­
ing it. 

9. See that the tires are properly inflated (see page 
593). 

10. See that a spare tire is supplied for emergency 
use. 

How to Start the E.ngiue 

As an example, the Studebaker "Light Six," model 
"EJ" will be used. 

Gear-shift lever: See that the gear-shift lever 
stands in neutral (upright) ,position, where it is free 
to move sideways. (See also Fig. 22, page 29.) 

Position of spark lever when starting engine: The 
automatic advance as well as a hand or manual 
advance of the spark is used on this car. The spark 
lever (short lever) is placed in normal driving posi­
tion, or about two-thirds of tl1e way to the top of 
quadrant when starting the engine with the start--­
ing motor. 

629 
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and more comfortable riding tire. The diameter is 
very large. Difficult steering may be experienced 
where balloon tires are applied to cars formerly 
equipped with high-pressure tires. 

Some of the advantages claimed for balloon tires 
are: greater tire mileage, because of better rear 
wheel traction; less danger of skidding, due to 
greater road contact; improved engine performance 
and longer chassis life through elimination of road 
shocks, as they are absorbed before they reach the 
axles and springs of the car. Soft tires of large 
diameter ride easier and negotiate sand and soft 
mud ou the same principle as the snowshoe. 

The increased size of the cross-section of the tire 
has been obtained by reducing the size of the wheel, 
and thus leaving the outside circumference of the 
tire subs tan tinily the same as that of the regular 
cord tire. 

The true balloon type tire is of small inside diam­
eter, that is, it requires a smaller wheel and rim, 
or tire-seat which will 
take tires of the cross-section diameters 

See also page 615, for the different sizes 
and number of plies. 

Some of the tire companies suggest the following replace­
ments if true balloon tires are to be applied to cars with high­
pressure tires. A 4.40" tire with four J,>lics on a 2S x 3½" 
straight-side rim £or cars now using 3½' casings; the 6.25" 
tire with four plies on a 29 x 4" rim to replace the 4" tire now 

being used; a 6.20" tire with four plies on a 29 x 4½" rim to 
replace the 4½"'tirc; the 7.30" tire with four plies on a 30 x 5" 
rim to replace a 5" high pressure tire. (The foregoing refers 
to true balloon tires and requires new wheels and rims of 20" 
or 21" dia.) 

To determine the inside diameter of a tire: Twice tlte cross~ 
section diameter deducted from the ovcr-a.11 diameter of the 
tire will give the inside diameter. For example: Tbe inside 
diameter of a 30 x 3½ • tire would bo 2 x 3½=7" deducted from 
30"=23". 

Therefore a 2311 din.meter rim would not ta.ke a true balloon­
size tire a..~ the tire-scat diameter must not be over 21" diameter. 

Inner tubes for balloon tires are special as tc, 
thickness, size and construction. 

The interchangeable, or semi-balloon type of 
balloon tire is also made by some of the tire firms 
in the si¼es mentioned below for regular straight 
side rims: 

30 x 3½" l x 4.40" 
31 X 4" 32 X 4.95 11 
32 X 4.11 3 X 4,05 11 

~3 X 411 34 X 4.95" 
32 X 4½" 33 X 5.77" 
33 X 4½" 4 X 5,77" 
34 X 4 ½" 35 X 5.77" 
33 X 511 --------35 X 6 j 5" 

The 31 x 4.40" size is a]so made by some or the tire mat'm­
fa.cturers for clincher rims. See page 594 for oversize t.ire.s that 
can be used on the same rims. 

If the rim is a 30 x 3½" clincher type, it will be necessary 
fi,st to apply straight side rims. 

Note. The sizes of tires, etc., as mentioned on this page are 
now different. Obtain literature giving the latest standards from 
your local tfre dealer. See also specifications, pages 1055-1062. 

POINTERS ON CARE OF PNEUMATIC TIRES1 

Tires should be kept inflated to the recommended 
figure, thereby reducing the wear and facilitating the 
ease of steering. 

Test the tire pressure wiU1 a reliable gauge once a week. 
When touring, this should be done every morning. See pages 
503,607 for proper inflation pressure according to size and load. 

When an under-inflated t~re revolves. the- excessive flexing 
of the carcass sets up heat which destroys adhesion of the cord 
layers. They separate, weaken, o.nd finally show a break 
around the inside of the tire. 

lf t'he injury is discovered before more than the innermost 
plies are broken, a reliner may be cemented or vulcanized in, 
and the tire placed in service again. If the in.jury is more 
serious, it cannot be repaired and, therefore, it is ·better to 
pl'cvent this trouble by close attention to air prc~sure. 

In case of tire trouble on the road, do not run 
tire fl.at even for a hundred feet, for the carcass will 
be mashed between the steel rim and road and will 
be broken so that repairing is impossible. 

An unusual jolt or strain from bumping a curb, 
hitting a rise or hole in the road, or from scraping 
along gutters, may cause misalignment or wobbling 
of wheels or both. Then rapid tread wear results, 
because the wheel no Jongei· runs true with the one 
opposite but, instead, travels over the road with a 
diagonal grinding motion. To check proper align­
mcn t of front wheels, see pages 903, 904, and 612. 

In crossing loose or broken stone, as on a. new road, do not 
drive the car over, but get up speed, and as the car st.rikes the 
&tones throw out the clutch so that it will coast. 

If the car has not enough momentum to cross, let it go as far 
ru:; possihle before again throwing in the clutch. Dr-iving across 
sharp st-0nes forces the wheels to grind against them, while if 
the car moves without being driven, the tires roll over the 
stones, and are not so liable to inju.ry. Sec also page 610 for 
cause o( stone bruises. 

To prevent wearing off tread rubber always apply 
brakes gradually. When breaks are thrown on sud­
denly, the tires are dragged over the pavement and 
depreciation is extremely rapid. Letting the clutch 
in too suddenly is another cause of woru trea.ds by 
causing rear tires to slip and -spin before getting a 
grip on the road surface. 

If a tire blows out, do not jam on the brakes-cut off the 
power and let tho car coast to a stop. .Jamming on the brakes 
might cause a skid, and that would fatally ruin the tire. 

When the rubber on the side walls of a tire is 
scraped off by ruts or curbs, the cord or fahric under­
neath is exposed to the rotting action of ilirt and 
moisture. Repair small side-wall cuts while still 
new with cement and tire/utty (see page 616), aud 
have large ones vulcanize at ouce. 

Always apply chains loosely, because if applied 
tightly the cross-chains strike the tire at the same 
spots continually and soon cut into the tread. 

Never put chains on one rear wheel only, because 
the opposite wheel will spin and wear the tread of 
the tire, and the differential is also liable to damag~. 

Do not reverse chains by placing the woru side 
against the tire, as the edges of the links sharpened • 
by use cut into the tread. 

If chains are necessary in an emergency, remove 
them as soon as the emergency is passed. 

Oil rots rubber. If oily, wipe with a cloth soaked 
with gasoline. 

If the car is to be idle for a week or more, jack up 
the wheels to take the weight from the tires. 

Rusty rims cause rim cuts. Scrape or rub with 
emery cloth and give a coat of shellac or lead paint 
to prevent rusting again. 

In applying new tires, put them on rear wheels, 
moving the half-worn one to the front wheels. This 
will give them a longer life. In applying a single 
new tire, put it on the right-hand rear wheel, as 
this is the one that has the hardest work. 

Skidding ordinarily occurs only on slippery sur­
faces and in rounding turns at high speed. The car 
will also occasionally slide on dry surfaces, like loose 
gravel, etc. See Index for "Skidding." 

1 See also page 611 for additional information on care of tir~ 
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Solid Tire Troubles 
Solid tire troubles occur mostly as a result of cuts 

and bruises which soon cause the tire to wear rapidly. 
These are caused by driving in car tracks, by chains 
being too tight, wheels being out of alignment, by 
skidding, overloading, by speeding on bad roads, etc. 

The solid tire cannot be successfully vulcanized. 
Therefore the only recourse is to run the tire for as 
long a time as possible. 

Chains for Solid Tires 
Chains for solid tires are a very important factor, 

11s the solid tire has a tendency to skid-more so 
than pneumatic tires. They are also essentia.l for 
gripping the road, snow, ice, etc. 

Several methods of applying r.hains and grips are 
shown below. Figure numbers read from left to right. 

Fig. 91. Weed solid tire 
chains for single solid tires: 
Fig. 92. Weed solid Ure 
chains for dual solid tires; 
Fig. 93. Woodworth solid 
tire chains; Fig. 94. Mud 
hooks. 

Fig. 95. Either twisted 
links or straight link chains 
may be used on solid tires 
as shown. Cbainsshould be 
applied at 4 points on each 
rear wheel. They should be 
rcmove.d when not required. 
The illustration at the lower 
lc[t shows where clearance 
will not allow a chain on the 
inside tire of dual construc­
tion (Gen'l Vehicle Co.). 

Increasing the Tire Repair Business 
There are many ways of build!ng ur, a tire business. :M:any 

tire repairmen, inst.ead of depending a '>ne upon obtainin,g work 
from the owner, build up a respectable business through the 
gnrngcs and gasoline filling stations. Garage rncn will not go 
out of their way for this, and therefore the usual' discount 
allowed ie 25 per cent. 'fires cnn bo left o.t the garage man's 
place and cnn be called for by the tire repairman. 

Another way to increase business is to suggest to owners of 
trucks to change the solid tire to pneumatics. Of course you 
would not suggest changioit solids to pneumatics on a 5-too 
truck hauling sand or coal for short distances, but where a 2, 
2½, or 3-toh truck is making daily trips of 75 or 100 miles over 
fairly good roads, it would pay the owner at least to fit the 
front wheels of such a truck with penumatics, and this is the 
business you should look for. 

Before soliciting this work, first consider carefully if pneu­
matics will do the work. Having decided that the change 
would be an advantage to the owner, the next step is to decide 
the proper size of tire to use. 

This JllaY be done by running the front end of the truck, fully 
loaded, on a scale. Th.en when you know the weight which 
the front Ures are carrying! it is a simple matter to refer to the 
table on page 593, and se ect a size of cord tire designed to 
carry that weight. 

For a 1-ton cApacity truck, a 34 x 5 cord pneumatic tire 
is the usual eiu,. If only two wheels are to be fitted with 
pneumatic tires, then fit tho front wheels with this size. 

For 1 ½-ton capacity trucks, use 36 x 6 cord pneumatics; 
for 2-ton trucks, 38 x 7 or 40 x 8 Giant cord pneumatics, 
or 38 x 7 on the front and 40 x 8 on the rear. • 

The carrying capacities for solid tires and for pneumatic tires 
are given on pages 627 and 593. 

Of course, if a 2-ton capacity truck wmally carries light loads 
of a bulky nature, but not up to capacity, the proper course is 
to figure the load carried by each wheel and select tires accord­
ingly. 

Some of the points to bear in mind relative to fitting a truck 
with tires are as follows: 

Pneumatic tires, of course, will give greater truck protection 
through the absence ol vibration, and will also increase the 
radius of travel per day. The minimum speed is increased 
because it is not U("cC:Ssary to slow down for rough spots in the 
road. In such work as hauling in oil fields it is almost impos­
sible to use solid tires, and only pneumatic tires can be used. 
In coal mines an<i on extremely rocky roads and with heavy 
hauling, the pneumatic tires would be more expensive, and 
solid tires are better adapted here. 

The cushion tire is pressed on to the wheel, just like the 
regular solid tire. The cushion tire might bo classed half-way 
hetween tho solid tire and tbe pneurnatjc tire, in that it is softer 
than the solid tire and has greater resiliency, but is a solid tire 
in the true scnso of the word. The fire department uses the 
cu~hlon tire to a great extent, o.nd it is also used on 1, 1 ½, and 
2-ton trucks to a large extent. 

For extremely heavy duty, such as 3 ½, 5, and 7 ½-ton trucks, 
where extremely heavy loads are carried and a.t a. very slow 
speed, the Giant solid tire is the most economical. 

Very few trucks have the same size tires all around, and we 
find that sometimes most of the load is carried on the rear. If 
the same size tires are carried on all four wheels, then tbe load 
should be equally distributed. 

For example, suppose we bad a truck wei1;hing 4,000 lbs. 
and it carried a load of 2,000 lbs.: this would give us total load 
carried by the four wheels of 6,000 lbs., !)l'ovicting the load was 
equally distributed on all four wheels. By dividing the 6.000 
lbs. by 4, we have 1,500 lbs. load per wheel. Therefore by 
1·eferring to our capacity table on page 626, we should use a 
4" tire which carries a wbcel load of 1,700 lbs. Always figure 
over rather than under. 

If, however, three-fourths of the load is carried on tho rear 
wheels, or 4,500 lbs., then one-half of this 4,500 lbs. would be 
carried on each rear wheel. or 2,250 lbs. per wheel. By l'efer• 
ring to our capacity table on page 62:R, we find tbat we should 
\lse a 511 tire on the rear, and a 3" tire would be sufficient for 
the front. 

For the best plan for finding the wheel load for any particu­
lar size tire: See page 594, which explains bow to weigh, and 
how to find out how mucti of a load each wheel carries. Then 
refer to the table giving the carrying ca.pacity of the different 
sizes of tires. 

When fitting truck wheels with pneumatic tires, which are 

~~\~~~:i~tsf! ~j}!~vt~~~-tirfti! tsl~~~!1cl1:~~e;:a;: :~~!:1~ 
wright who specializes on this work. 

The usual cost of such work runs about $15 per wheel plus 
the cost of the rims, with a discount of 20 per cent to the dealer. 
Time required for changing two wheels would be about one day. 

For example, the cost of changing two solid-tired wheels to 
pneumatics would be estimated, approximately, as follows: 

Wheelwright's oharge, 2 wheels at $15.00 .... $ 30.00 
2 34 x 5 rims complete with felloe bands, 

bolts, etc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40.70 
2 34 x 5 cord pneumatic tires at 853.50 ..... 107.00 
2 34 x 5 high-test red inner tubes at $5.85 . . . 11.70 

$189.40 
Usually, when the owner of a truck a!l"ees to have the solid 

t.ires changed to pneumatic tires, be insists on having his solid 
tires traded in on the job. This can U.'lually be adjusted with 
the tire branch. 

THE BALLOON LOW-PRESSURE PNEUMATIC TIBE 
The average high-pressure tire has a comparative­

ly thick wall, usually with 4 to 8 layers or plies of 
fabric, in order to resist the internal prP.ss:ire of 
the tire. This thir.k wall does not permit much 
deflection without breaking the fabric. 

The low air-pressure pneumatic tire, properly 
termed "air cushion tire," also termed "balloon 
tire," "doughnut tire," etc., is a type of tire Jevel­
oped in 1923 for passenger car service. The pressure 
carried is from 18 to 35 pounds. The !lir capacity 
or volume has been itpproximately doubled, thus The balloon tire, using a low air-pressure, per­
requiring 0nly about one-half as much air pressure. mits the use of thinner walls, of from 2 to 4 layers, 
The balloon tire is usually of a cord type construction which permits more bending and flexibility without 
and for straight side rims only. rupturing the tire, thus providing a much easier 

Note. High pressure oord tires now have frorn 8 to 14 layers of cord fabric (used extensively on heavy duty trucks). Bua 
balloon tire~ have from 8 to 14 layers of cord fabric (also used on trucks). The balloon low prei,sure tire now has from 4 to 6 
layers. Ask local tire dealers for literature on the latest construction. See "Not.e" oai:e 608. 
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Compressed-Air Fittings 
Supplies of this kind can be secured of auto supply houses as 

enumerated on page 687. 

umm Fig. 74. Wire-wrapped 
air hose for garage work: 
.inside diameter ¾" and :Vs". 

Fig. 75. Copper-wrapped brass-wire-woven flexible hose: 
inside diumeter ¾" and ¾". For hand or portable pumps. 
The hose generally used is 3/16" or ¾" diamet,or., 

Pig. 76. Ilornort style "A" automatic air valve for use on 
ai.r hose where it is in constant use. Bronze; instantaneous in 
opening and closing; air-tight; step-up stem fits any size tubing 
from ¼" to ½". 

Fig. 77. Air hose couplings: Takes care of any hose, large 
or sma1l, metal covered or rubber; the hose is expanded at the 
end and the threaded rupple is so designed that the harder the 
pull the tighter the grip; bushing is furnished to use on hose of 
sooall diameter. The type shown is the Romort "Uruversal," 
and is shown connected to metal covered hose. It can also be 
used on plain rubber air hose. 

Fig. 78. Tire tester and air-valve attachment combined. 
The Schrader tire air-pressure gnuge is shown attached to the 
Romort automatic a.ir valve. 

Fig. 70. Ilomort blow gun: bronze metal; can bo used 
wherever there is a lathe or other machine where it is necessary 
to rernovc chips. dirt. or other waste matter; entirely auto­
matic; the valve closes when pressure on the t.rigger is released; 

connection to the hose is made by the Ilomort Uruve11;al hose 
connection, which fits all popular sizes of rubber hose and pre­
vents the gun Crom blowini=; off the hose: ca.n be u:::ed in the 
gar-age for cleanir:g the dirt from tires to be vulcanized, for 
cleaning cushions, cleaning engine and parts, dusting out cars, 
and for various other purposes. 

"'""''"''""'""'' Fii:;. SO. Automatic 

i 
electric air-pressure con-

• - !roller designed for use in 
motor-driven air compres­
sors for garages, pneu-

Fii. N . matic water systems, etc.: 

0 
--automatically maintains 

I air-tank pressure between 

- -. 

"~" predetermined limits; ear-
□ ries sufficient current to 

operate single.t.. two, or 
three-phase A. u. motor, 
up to 2 h.p. nnd 440 volts; 

1i,,ao Ftt-n also suitable to operate 
"'·" D. C. motors up to and 

including ½ h.p.; regular­
ly adjusted to st,irt motor at 115 lbs. tank pressure, and stop it. 
at 140 lbs.; can be adjusted nt factory for other limits, but 
there must be 25 lbs. difference between maximum and mini­
rnum limits. 

Fig. 81. Vertical check valve for air lines for female coru,ec­
tions ¼." and j''. 

Fig. 82. A safety valve: Has a ball seat; can be adjusted 
to blow off at any desired pressure up to 175 lbs.; intended as 
l'o;~~~~~f!E~~~1~:ir;~~~nting higher tank pressure than that 

Fig. 83. A pressure-reducing valve: Metal construcUon, 
designed for work on air tanks carrying up to 150 lbs. initial 
pressure, ~nd will reduce air-line pressure to a steady flow at 
any point between 10 and 60 lbs. to the square inch; by turning 
the adjusting screw in the top, the pres~nre can be inst.antly 
raised or lowered to any point between these limilSi for service 
in reducjng pressure on pneumatic tools or any other service 
\\'here accuracy is desired (Brunner Mfg. Co., Utica, N.Y.). 

SOLID TIRES 

Solid tires can be divided into two classes: (1) 
the single, =d (2) the dual type. The single solid 
tire is the type in general use. 1 t has what is termed 
a hard base pressed on tt single solid tire. The rim 
used is a channel-type non-detachable rim. 

Fig. 84. The original automobile solid tire (now obsolete) 
\\'as held in pince by side wires. 

Fig. 85. The hard-base pressed-on type of solid tire and 
channe] rim. 

Fig. 86. The cushion tire is used where more resiliency is 
required. The rubber is softer than that in the regular solid 
t.ire. Fig. 86 shows a cushion type. of tire on a clincher rim. 
1'his rim is now obsolete, und a channel rim, the same as used 
with other solid tires is now used .. This type or tire is usod 
cxl.eusi vely on fire-department truck.s. 

Fig. 87. The solid tire mounted on a quick detachable, 
demountable rim is shown. Thi$ rim is now obsolete. tho 
principle in,·olvcd in the hard-bas<' p:e~se-~l-Dn tire being used 
instead. 

VJ) 
Fig.90 

Fig. 88. The dual solid tire is now bcini; replaced with 
single Giant solid tires. The dual construction consisted of 
sections or blocks, mounted on demountable rims. 

Fig. 89. The dual pneumatic tires for truck use mounted 
on quick-dct.uchable side-ring type rims is now seldom used; 
instead, the Giant pneumatic cord tire, or the Giant solid tires 
are used 

Fig. 90. The Giant single solid tire is the type of solid tire 
in general use for heavy trucks. lt has a. hard base and is 
pressed on the rim. 

Kinds of Solid Tires' 
The solid tire in general use is in three classc~: 

1. The "Regular" single solid tire. 
2. The "Cushion" solid tiro. 
3. The "Giant" solid tire. 

Carrying Capacities of "Regular" "Cushion" 
and "Giant" Tires 

For tires of 36'' or less: 
3 inch, maximum load per wheel, l,000 lbs. 
3 ½ inch, maximum load per wheel, 1,300 lbs. 
4 inch, maximum load per wheel, 1,700 lbs. 
5 inch, maximum load por wheel, 2,500 lbs. 
6 inch, maximum load per wheel, 3,500 lbs. 
7 inch, maximum load per wheel. 4,500 lbs. 
8 inch, maximum load per wheel, 5,500 lbs. 

10 inch, maximum load per ,vheel, 7,500 Jbs. 
12 inch, maximum load per wheel, 9,500 lbs. 

Dual solid rubber tire capacities are figured by multiplyrng 
the figures given above by 2. 

For tirns of 38" a.nd 40": 
5 inch, ma~imum load per wheel, 3,000 lbs. 
6 inch, maximum load per wheel, 4,000 lbs. 
7 inch, maximum load per wheel, 5,000 lbs. 
8 inch, maximum load v,or wheel, 6,000 lbs. 

IO inch, maximum load pee wheel, 8,000 lbs. 
12 inch, maximum load per wheel, 10,000 lbs. 
l4 inch, maximum load pel' wheel, 12,000 lbs. 

Standard Sizes of Regular Solid Tires 
32 X 3 36 X 3 ½ 32 X 5 32 X ti 
24 X 3 ½, 32 X 4 34 X 5 34 X 6 
32x3½ 34x4 36x5 36x6 
34 X 3½ 36 X 4 40 X 5 40 X 6 

Standard Sizes of Giaut Solid Tires 
34 X 7 36 X 10 
36 X 7 40 x 10 
40 X 7 36 X 12 
34 X 8 40 X 12 
36 X 8 36 X 14 

40 X 14 
Cushion solid rubber tires arc made in the foregoing sizes, 

except 32 x 3, 36 x 3, 40 x 5, 34 x 7, 31 x 8, 36 x 12. 

1 The classifications and size~ of tires. eic., ns mentioned on 
this page are now different. Ob lain literature giving the latest 
standards from your local tire dealer. See also pp. 965-977B for 
size and type of tires used on trucks and p. 998 for motorcoacb. 
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ENO\t'IEW Slot VIEW 

Fig. 68. A sell-contained air compressor outfit• suiLable for 
-.;arages up to 60 to 70 car capacity. This air compressor is air 
cooled and is driven by an electric motor, ½ h.p. 

AIR TANK 

M '-a·AHO IA:OH 
VA.lVE 'STRAPS 

I..E VAl'IE NO. 84-

RON GAsPIP£" 
RASS UNIOti 
ND JOUH 

Fig. 69. A heavy-duty air compressor outfit. This air com­
pressor is water cooled and driven bf an electric motor, 2 h.p. 
Designed for very large garages, for tire air service, and also for 
0perating paint sprayers, small pneumatic tool,, ,zencra1 shop 
work, etc. Note that there are two pipe lines leading from air 
tanks 1 and 2. No. l is at normal pressure of tho tank, and 
No. 2 is at a reduced pressure. throng_h the reducing valve. 

Fi!<, 70. Belt-driven single­
"•·@•, .. ,. Cflinder air-cooled horizontal air compressor, adapted to 

l ' small vulcanizing shops: bore 
l 13/16"; st-roke, 2"; guaran-

"""~"'A~<.r.~~..... teed pressure up to 175 lbs. 
=~~~~"• a.t 350 r.p.m., the ca.pa.city is 
-:ri;•~r,j'!'l,~--' 1 cu. ft.: at400 r.p.rn., 11/6 cu. 
..,,-.i -."" -.. ft.; a.t 450 r.p.m., l 1/3 cu. ft. 

free air per minute; uses l ½" 
belt for an 8" loose and tight pulley; power re_q_uired, ¼ h.p. 
at 100 lbs. pressure; outlet pipe is ¼"; weighs 23 lbs. 

A Belt-driven double-cylinder vertical air compressor gives 
about twice the capacity. With 9" pulley and friction clutch. 
Requires ½ h.p. 

Fig. 71. Belt-driven double-cylinder water-cooled vertical 
air compressor for continuous service under hiz:h pressure; 
bore 3"; stroke 3"i capacity at 250 r.p.m., 6 cu. ft.; at 500 
r.p.m., 12¼ cu. ft. of air per minute. Pulleys 16X3"; fly 
wheel. Requires l½ h.p. at 100 lbs. pressure, aoo r.p.m. 

Care of A:i.r Compressors 

An air compressor might be compared with a 
gasoline engine. A piston draws air into the com­
pressor cylinder through an inlet valve on the suction 
stroke. As the piston returns on its next stroke, the 
valve closes and the air is comoressed and forced 
through the outlet valve to the air-storage tank. 

valve grinding. Lack of oil will result in burned­
out bearings. 

_Cylinder-head bolts should be drawn tight, other­
wise the compressor will fall below its capacity. 
Cylinder head gaskets should be used as recom­
mended by the manufacturer. Paper or rubber 
will not do. 

Knocks are often due to loose flywheels, carbon 
on the piston, or to worn bearings. 

Compressed Afr and Its Use in the Senicc 
Station and Gru·agc 

Compressed air can be used for various purposes. 
some of whic~ are en':llllerated as follows: cleaning 
upholstery (with suction attachment), blowing out 
rugs and cushions, washing car, cleaning engines and 
chassis with kerosene, spraying lubricating oil on the 
springs, ·sprl1,ying lacquer enamel, for tire inflation, 
opera~ing pneumatic d<?or openers, pre~ure grease 
and 011 guns, pneumatic valve grinders, etc. Sec 
also pages 623, 645 and 756. 

Portable Air CoIUpressor 

Fig. 72. Portable motor-driven air compressor ou•fit (Brun­
ner). It can be moved to different parts of tbP garage and is 

suitable for infia,ting dres and 
other purposes direct without 
the aid of a tank and stori,ge 
system. 

The att-achment plug is 
screwed into a. lamp socket 
which operates the ¼ h.p. 
electric motor. This operatef!I 
the air compressor which 
stores airin the tank. The ad­
vantages are apparent. 

Vacuum Cleanc1·s 

PORTA8l£ Vacuum cleaners of 
MOroRoa,vtNC<Xl!mES~ the portable type for 

cleaning the interior of a car are of two types. One 
type operates from the vacuum created iu the inlet 
manifold of the engine and the other by a.n electric 
motor. • 

An electric motor type vacuum cleaner of small size 
made especially for car use and to be operated from a 
lamp socket is described below. 

Fig. 73. An electric vacuum 
cleaner and blower, 

an example of the t.ype 
of cleaner which gn.ra.ges, serv­
ice and auto-washing stations, 
and repairsbops can use to ad­
vantage and on which a good 
profit can be made during the 
year. This devi<:e is handy for 
cleaning automobile upholstery 
and for general use, and can be 
W!ed from a lamp socket and on 
32 to 250 volts A.C. or D.C 
current. 

In addition to cleaning by 
suction, it can also be used as a 
blower. 

1 Two types of air com-pressorS are now in general use in o.uto­
motive service shops. The single-stage may have one, two or 

The valves must seat properly, otherwise pres.~ure more cylinderS; if more than one, the cylinders pump in parallel. 
will be reduced. The valves are of the pop()et type. Air is drawn into cylinder on the downward movement of piston and compressed to the final pressure on the upward 

· f · b' f · movement. They are satisfactory for pressures up to 150 lbs. 
Lubrication o compressors IS a SU Ject O unpor• 'l'he tlvo-stage always bas two cylinders. Air is drawn into one 

tance; that is, it is highly necessary to use the cylinder aud compressed to approximately 40 pounds. It then 
prover grade of oil as recommended by the manufac- travels through an intercoolor or copper tube (in order to 

~urer. T<;io much oil w_ill gum the ~ings and get i~~\fe~t~0 ~;; 0~e,\\~ t;:in;'/ ;r~;~!eir ~i,~:~~[m:;~";} ~~ ~ 
mto the air tank, and will also necessitate frequent 200 lbs. The two-•Lage compressor is said to be more efficient 
and costs only slightly more than a single-stage compressor. The average compress~~ ~nit now insta.l}~ in au~omoth~e service 
stations is usually a two-stage unit with l½ hp. or larger motor. See page 690 under Air Compressors a-nd write for literature. 
See also, pages 692-694. 
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POWER-DRIVEN AIR COMPRESSORS FOR SERVICE STATION AND GARAGE USE1 

Compressed air is used for inflation of tires, wash­
ing and cleaning cars, spraying kerosene for cleaning 
engine and chassis, spraying lacquer for finishing 
cars, for operating pneumatic garage door openers, 
grease and oil guns, valve grinders, hoists, and a 
variety of other purposes. 

There are two types of power-driven air compres­
sors for general service station and garage use: (1) 
the air-cooled compressor; (2) the water-cooled com-
pressor. • 

Where compressors are used almost continuously, 
the water-cooled type is recommended, because, for 
heavy constant duty, the air-cooled compressor 
would heat. "When neating occurs, the air drawn 
into the hot compressor expands; then when it cools 
in the tank, it contracts, with the consequence that 
the pressure drops. The usual pressure is main­
taiued at about 150 lbs., which is sufficient for all 
ordinary requirements. The pressure in the tank 
must, of course, be somewhat higher than at the 
outlets, usually about 15 lbs. higher. This, natur­
ally, is determined by the number of outlets. There 
is usually a safety valve on the air tank which can 
be adjusted accordingly. 

When purchasing a compres~or be sure that _it is 
over-size rather than under-size, as the busrness 
may grow; furthermore it is hard on the com­
pressor if operated continuously when under-size. 

Size Tank to Use 

Tank capacity: The following table is taken from 
the instructions furnished with the air compressors 
manufactured by-the Brunner Mfg. Co., Utica, N .Y. 

lh:IIO 

lt!f: ..... 
1&>10 
lhU 

:~- i~o !~ 

u:if=if: 
"""' 

Tanlc sizes, at pressure 
given in table, will inflate the 
given number of 35 x 4½ 
tires to 85 lbs. as sho.wn in 
the table. For example, a 
40-gallon tank at 180 lbs. 
pressure will inflate eight 
35 x 4 ½ tires to 85 lbs. 

After inflating tires of this size, each will have from 89 to 90 
lbs. left, with which to inftat.i several smaller tires. 

Drive methods: The air compressor can be driven by a. belt 
from a. line shaft, or by an electric motor, When self-contained 
-all in one.unit-- it can be driven by a belt, by a silent chain. 
or by gears. 

Pointers on belt-driven compressors: A belt should be used 
of the width of the compressor pulley. If a smaller belt is 
employed, it will slip and stretch. Leather belts a.re best, as 
it is easier to laee them than fabric belts. 

The spe~d of the compressor should be exactly that which the 
manufacturers advise. If it is run too fast, the compressor will 
heat; if run too slow, the capacity will be reduced. 

How to Determine Speed and Size of Pulley to 
Use for Driving Air Compressors 

The speed at which air compressors should operate is of 
importance and is determined by the sizes of pulleys. It 
should be remembered that the larger the driving pulley/ the 
faster the compressor, having a given size of pulley, wi l be 
driven, and vice ven3a. We give here the method of deter­
mining the pulley sizes and speeds under different conditiora: 

When the compressor is drivetc direct from an electric 
motor, a 8" pu.l!ey is generally used in orde: to keep the pulley 
on the compressor as small as J?OSsible. To determine the size 
of the compressor pulley, multiply the speed of the motor pul­
ley by the diameter of the motor pulley, and divide the result 
by the number of revolutions of the compressor. 

Example: • What size of compressor pulley is required to 
drive an air compressor at 340 r.p.m. direct from an electric 
motor having a 8" pulley and running at 1,700 r.p.m.? 

1,700 X 3=5,100+340=15" pulley on the compre,;sor. 
When it is desired to drive a compressor from a motor 

by means of a countershaft, to ascertain the size of the counter­
eh&ft pulleys, multiply the speed of the motor by the diameter 
of its pulley 1 and divide by the desired speed of the counternha_ft; 
this gives tne size of the driven pulley on the countersbaft. 
Then multiply the recommended speed of the compressor by 
the diameter of its pulley, and divide the result by the opeed 
of tbeoountel'l3baft for the size of its driving pulley. 

Example: It is desired to drive an air compressor, having a 
9" pulley, at 350 r.p.m. by a motor having a 3" pulley and a 
speed of 1,700 r.p.m. The compressor cannot be driven direcl 
from the motor, and a countershaft must be used. What site 
of pulley must the countershaft have? 

1,700 X 3=5,100+425 (speed of countershaft) = 12 iu., the 
size of the driven pulley. 

850 X 9=3,150 + 426 (speed of countersbaft) = 7.4 in. 
The nearest commercial pulley is 8". Therefore an 8" driving 

pulley is used on the countershaft. 
When the countershaft runs at the same speed as the com­

pressor, then the pulley on tho compressor and the drive 
pulley on the count,arsha.ft must be of the same diameter, 
irrespective of what that diameter is (a.nywherefrom3" to 3 ft.). 

When an air compressor is driven from a line shaft without 
a countershaft, and tbe size of the driving pulley is required. 
multiply the speed of the compressor by the diameter of its 
pulley, and divide by the speed of the line shaft. 

Example: An air compressor having a 9" pulley is to be 
driven at 350 r.p.m. from a line of shafting having a speed of 
450 r.p.m. What size of pulley must be used on the line shalt? 

350 X 9=3.150+450-7 in., the size of the driving pulley 
on the line shaft. . 

See also Index under "Diameter of pulleys; how to find," 
for further suggestions on the subject of finding the diameter 
of pulleys. 

Installing an Air Compressor 

Place the compressor on a firm foundation in a 
location where the pipes will not have to extend too 
far. Locate it preferably where short pipes can 
be used, and where fresh air and not gasoline fumes 
will be drawn into the compressor. It is best to 
draw the air from outside the building with a 
screened air intake. 

Locate the tank where it can be eas.]y drained, as vapor in the 
air condenses and should be drained. It does not matter if the 
tank is placed in a horizontal or in a vertical position. 

Locate the air pipes where they can be used most and will be 
accessible for the greatest number of purposes, such as for out· 
side free air service, for the vulcanizing department. for tho tire­
testfog tank, for the buffing machine, etc. 

Use flexible, woven-fabric-covered hose of very small diame­
ter, as it is better than rubber. 

Pipe and pipe joints should be connected by using shellac, 
ast>haltum, or a mixture of litharge and glycerine to insure air­
tight joints. The elimination of air leaks is a very important 
factor. Use the size of pipe recommended by the manufacturer 
of the compresso,. Tbe pipe leading to the inlet of compressor 
should never be smaller tlian the full diameter of the compressor 
inlet, opening, and also of the outlet pipe. Iron or steel pipe is 
satisfactory. 

Attach the outlet pipe from the air tank as high as possible 
from tbe tank, to avoid water condensation going to the tires. 

A draincock in the. pipe should be _placed at the lowest J.X>int, 
especially when outside of the bwJdmg, as the condensation is 
likely to freeze. 

Air-Compressor Out.lits' 
The illustration (Fig. 67) is the layout for a belt­

driven air compressor1 outfit, and in Figs. 68 and 69, 
electric motor-driven compressors a.re shown. 

Fig. 67. Belt-driven garage outfit for garages housing from 
15 to 20 cars, and for vulcanizing shops. 

1 See addresses of Air Compressor Manufacturera on page 023 
(footnote) and write for catalogue if interested, which will giv& 
later prices &nd outfits. 
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AIR COMPRESSORS FOR USE ON THE CAR1 

Air compressors can be classified under two head­
ings: (1) hand air pumps; (2) power air compressors. 

Hand Air Pumps 
This type of air pump is made in the "single" 

and "compound" type. 
The single-acting hand air pump (Fig. 59) is made 

with a single barrel. It is seldom used, because it 
requires a heavy exertion to pump a tire to the 
proper pressure.I. unless the fulcrum is great enough 
to reduce the enort required. 

A type of hand air pump for g3rage use, employing the 
f ulerum and lever principle. is shown in Fig. 60. 

A compound type of hand air pump is shown in 
Figs. 61 and 62. This type of pump employs two bar­
rels; on some types there are as many as three barrels. 

(m~r•n-
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PrincipJe of operation: The air is drawn in from the a.tmos· 
phere into the large cylinder and is compressed by the down 
stroke of the handle; at the same time it is forced into the 
smaller cylinder through by-pass (P). 

The up-stroke of the pump forces the air from the smaller 
cylinder into the tire through check valve and hose (CV), and 
the large cylinder sucks in another charge. 

While the air admitted into the large cylinder is receiving its 
6rst compression, it is forced through passage (P) (conneotini: 
,he two cylinders) and up past cup leather (B) into the U,PJ2!'l' 
portion of the smaller cylinder. The cup leathers (A) and (ts) 
are fitted to their pistons in opposite positions, that is, the 
leather (A) is put in with its open side downward, and leather 
(B) has its open side UP.ward. If both leathers are put in the 
same way, the pump will not work. 

A pump of this kind differs from a single~ylinder pump, iu 
lhat. each stroke is: a. power stroke, while in o. single-cylinder 
pump only the down strokes a.re power strokes. 

Keep the leather packing washer (around the piston rod of 
the small cylinder) ti11ht, otherwise the air will blow through 
here instead of going mto the tire. 

Power Air Compressors fo1· Use on the Car 

Under this heading there are two types of pumps: 
(1) the impulse air pump; (2) the power-driven air 
compressor. 

~R CUMP Ok at<i4N'i 

Fig. 63. lllustratini, bow 
the connection is made from 
the air pump (driven from 

, the e.ngmc, or transmission 

l
'shaft) to the tire. The air 
hose is detachable, and is 
usually carried under the 
seat. 

The Brown impulse air pump: This pump (Fig. 64) has the 
appearance of a compound P.umP, because of the large and small 
cylinders, but they a.re built in this form to make it possible 
1,0 pump the high pressures necessary for large tires, and at the 
same ti.me not have any too good a compression in the engine 
cylinder. The lower pistc:,n, _with its l_arge a_rea, receives its 
impulse from the compression m the engme cylinder, and trans­
mits it to the upper _piston through the medium of the hollow 
piston rod, to which both pump pistons are attached. 

Action: As the engine piston makes its suction stroke, it 
draws fresh air through valve (1) wbicb opens inwardly, and 
at, the eame time, both pum~ pistons make their downward 
stroke. You will note that piston rod (6) is hollow. This is 
the air passage to the upper cylinder through ball check (12). 

As the engine piston makes its compression stroke, it forces itt 
charge of compressed air into the upper cylinder and against 
the lower piston of the pump, and causes it to make a,n upward 
stroke. This piston being so much larger than the upper 
piston, the charge is further compressed and sent through out­
let valve (21), at the top, thence through the hose to the tires 
or the tank. 

These pumps are very often spoken of as compound pwnps, 
because of the fact that the air pressure is raised in two stages; 
but don't forget that the first sta.ge is performed in the engine 
cylinder and not in the pump cylinder. It is a single-stage 
pump, capable of raising the pressure from 50 or 60 lbs. in 
the engine cylinder to 100 lbs. or more in the tire or the tank. 
It is advisable to let the pump make a !cw strokes before 
a tlaching the hose to the tire valve. 

21 

2s 

30 

Fig. 64 Fig. 65 

Fig. 64. The impulse· pump, sometimes termed the spark­
plui: pump, because it is screwed into the spark-plug hole and 
operates by means of the compression of the engine cylinder. 
(1) Inlet valve disk; (2) Inlet valve bod!Y; (8) Upper piston; 
(4) Upper piston nut; (6) Piston rod; (7) Stuffing bo~; (8) 
Rod _p_acking; (9) Rod packing nut; (12) Ball cheek valves; 
(13) Upper piston pin; (14) Checi< valve •~ring; (15) Upper 
cylinder shell; (16) Lower piston; (18) Piston cup leather; 
(19) Piston rings; (21) Outlet valve; (22) Outlet valve sprini:. 
(23) Out.Jet valve cap; (24) Cylinder base; (25) Lower cylinder 
shell; (26) Inlet valve seat. 

l'ii:. 65. A power-driven tire air compressor. 

Power-Driven Tire Air Compressor 
The illustration (Fig. 65) is the compressor used on type 57 

car. It is bolted to left-side transmission case and is 
driven by a sliding gear which meshes with the rev·erse idler 
gear in transmission. The sliding gear is thrown in when need­
ed, and out when not needed, by a lever. 

To operate: Stop the engine, wait until the transmission 
gears are idle, then shift the gear of the compressor in mesh 
with the reverse idler gear. Then start the engine, being sure 
that the gea.r-shift lever ia in neutral position. 

Run the engine at speed of 900 to 1,100 r.p.m. with all light,i 
turned off. This is indicated by the ammeter showing 16 or 18 
amperes, if the third-brush is properly regulated on the gener• 
ator. 1000 r.1>,m. on the type "V-63" car will indicate abou' 
13 amperes. If the portable lamp is in use, the ammeter will 
indicate about 10 amperes). Do not race the engine when 
inflatini: tires. Throw the gear out of mesh when through 
pumping tires. Lubricate the compressor often. By observing 
the illustration, it will be seen that the inlet of air is taken in 
through the "inlet valve" in the top of the piston, from the 
crank case of the pump, when the piston travels down. It is 
compressed a.nd forced out of the "outlet valve" as the piston 
travels up. 

1 Some of the manufacturers of single and compolllld type of 
air pumps and air compressors, engine driven: 

Kellogg- Mfg, Co., Rochester, N.Y. 

:i Some of the manufacturers of aircompressors,power-d.riven. 
for general garage use, tire repairshops, etc.: Am. Oil Pump and 
Tank Co., Cincinnati, Ohio; Brunner Mfg. Co., Utica, N.Y.; 
Curtis Pneumatic Machinery Co., St. Louis, Mo.; 

Globe l\Ug,_ Co., Battle 
Creek.,_ Mich.; Hobal't Bros. Co., 'l'roy, Ohio; Kelloi:g Mfg. 
Co., 1;1;ochester, N.Y.; 
U.S . .Air Compressor Co., Cleveland, Ohio. Seo trade maga­
zines for others. Auto supply jobbers, page 687, supply air 
compressor outfits. See also page 645 relative to compressed 
air for washing cars, and page 766 for spraying lacquer. 


