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CAUTION

This power unit must be properly installed and properly operated

to insure the best performance.

Improper installation, lack of proper routine attention, or the use
of improper oil or fuel may result in failure of the equipment when

urgently needed.
STUDY THIS INSTRUCTION MANUAL THOROUGHLY

SAFETY NOTICE

1. DO NOT ATTEMPT ADJUSTMENTS OR CHANGES ON WIRING
WHILE THE POWER UNIT IS IN OPERATION. THIS UNIT
GENERATES HIGH VOLTAGE, S0 THAT SEVERE AND POSSI- _
BLY FATAL SHOCKS MAY BE ENCOUNTERED ESPECIALLY
WHEN POWER UNIT IS OPERATING ON WET OR DAMP
GROUND. ALWAYS DISCONNECT THE BATTERY BEFORE
WORKING ON THE UNIT. '

2. SUFFICIENT AND PROPER VENTILATION MUST BE PROVIDED,
IF THE POWER UNIT IS OPERATED IN A CONFINED SPACE.

3. EXHAUST GASES PRODUCED ARE POISONOUS, AND EXCES-
SIVE INHALATIONS MAY RESULT IN SEVERE SICKNESS OR
DEATH. PIPE ALL EXHAUST GASES OUT OF DOORS.

4. DO NOT SERVICE WITH GASOLINE WHILE POWER UNIT IS
RUNNING OR IF A RADIO TRANSMITTER IS OPERATING IN
CLOSE PROXIMITY TO POWER UNIT. AVOID SPILLING GASO-
LINE ON A HOT ENGINE. '

5. OPERATOR SHOULD OBSERVE EVERY STANDARD SAFETY REG-
ULATION WHILE OPERATING THIS POWER UNIT.
1
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DESCRIPTION

1. General—

a. Description.—Power Unit JWC4-10S-3, Figs.
1 and z.u-en-pbudectmmuuphﬂ.lt
consists of an engine and a generator with the
mmnﬂmﬂsﬂmﬁdua
luhlh-'uwithnakidhu.

b. Output Rating.—Power Unit JWC4-108-3

nating current. The rated capacily is 10 K.W. at
unity power factor.

c. Purpose.—Power Unit JWC4-105-3 is used to
furnish electricity Lo operate radios, signal systems,
lights, motors, heating unils, other appliances, and
for testing purposes, where power line service [rom
a large power station is not available, or upon failure

-mpi-m;ﬂ-uﬂ..l-in.l-ph—.mm of such power line service.
2. List of Components.—
Quan- Weight
tity Article Widch Length Heilght in Lbs. .
1 Power Unit JWC4-105-3 28y” 67%° 381%° 1556
1 Engine with accessories 215" 2r 301%° 380
1 Generator with adapler 19" 293, 1915 640
ring.
agv 3 Radiator assembly 8% 20" 231%° 35
2 Battery ™ 103" 8* 50
1 Fuel tank ) I of 253" 194 20
1 Control panel assembly 514 20" 1615° 25
1 Housing and skid base 284" 674" 3815° 807
3. Engine.— e. Fuel System.—The fuel supply system in-

c. Coo‘luuqnum —The water cooling system
includes an aulomolive type radiator, fan and pump.
The fan is mounted on the exiended pump shaft
Mbﬂlbundmmdnmhy:\'-bdtﬁw

discharged forward through the radiator. A thermo-
stal in the water outlet elbow at the top of the

d. Oiling System.—Main, connecling rod and
camshait bearings are lubricated by oil pressure
-"idbylprlmoilmp.mm
mamyhh“hdﬂu-m
on the left side of the engine. A bayonet type oil
level gauge is mounted in Lhe oil filler tube.

cludes & 1015 gallon fuel tank mounted over the
generator, a diaphragm type fuel pump, a downdralt
type carburetor fitted with a combination oil-type
air cleaner gnd silencer, and an automatic electric
choke. A fuel filter screen, glass sediment bowl and
shut-off valve are mounted under the fuel tank. A
valve permits connecting an auxliary fuel tank, if
desired.

{. Fuel Consumption.—Fuel consumption at
full load is appromimately 1.9 gal. per br.; at halfl
load, 1.4 gal. per hr.; at no load, 1.1 gal. per hr.

4. Ignition System -- A battery ignition system
is used. An ignition unit 1s mounted on the left side
of the engine, driven by a gear on the camshalt.
This unit includes the breaker mechanism, con-
denser and high-tension distributor. A governor in
the lower part of the distributor case advances the
uming of the spark as the engine speed increases.
The ignition coil is mounted near the distributor.
Suppressors on the spark plug cables and on the
cable of the distributor reduce radio inter-

A. 12-voit Battery System.—The 12-volt stor-
age baitery, consisting of two &volt automotive
lmhdmwudinmtmldi‘
front of the fuel tank. The storage battery supplies

1
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DESCRIPTION—Continued

power for electric cranking, automatic choking and
for ignition during the starting period. IL is re-
charged by current supplied by the exciling gener-
ator. The charging is controlled by the battery
charging relay and the baltery charging regulator
and resistor group mounted on the rear of Lhe control
panel. The exciting generator has a special series
field winding and operates as a motor for cranking
tlnmolqtnully

l.Gnmut.— .

a. Purpose.—The generator supplies the alter-
nating-current power output of Lhe power unit. This
generalor assembly really consists of two individual
generators, the aliernator and Lhe exciter, (Fig. 2).

b. Alternator.—The alternator consists of two
armature. It is in the windings of Lhe stationary
armature that the alternating current is generated.
Th-zmadwmmdduutlynth“
inal block on the control panel.

c. lmlor-—'l\ludlulllwtnlhm
end of the*dlternator and supplies the direct-current
used to excite the revolving field. The exciter also
supplies eurrent for recharging the battery, for igni-
tion and for operating certain controls while the
uﬁnimﬁ&ltmun_ml«m
purpose of cranking the engine electrically when
starting the power unit.

d. Design.—The allernalor frame is attiched to,
and supports, the rear end ol the engine. The re-
volving field of the altermalor and the revolving
armature of the exciter are mounted on the same
shaft. This shalt is driven by a steel disc connected
to the shaft and to the engine flywheel. The rear end
of the shafll is carried by a grease-sealed ball bearing.
A filywhee! blower circulates cooling air.

e. Rating.—The generator supplies 127, 220-voit,
4-wire, 8-phase, 60-cycle, alternating current. It is
demigned to operate with a full load temperature
rise not to exceed 40° C.

{. Regalation.—

(1) Voltage !o‘uhtum —Tﬁtﬂtﬂtw
regulation of the after normal
operaling temperature is within the limits of approx-
imately 235 volts at no load to 215 volts at full load
ltuuymlu!- mnhum

(2) Frequency Regulation.— Frequency reg-
ulation depends on the regulation of the engine speed,
and is withit the limits of 1 1o 114 cycles per second,
plus or minus, when adjusted for a no-load frequency
below 63 cycles per second and a full-load frequency
above 59 cycles per second.

§. Conitrols.—

a. Purpose.—Certain controls are used to start
and stop the power unit. Others regulate it auto-

matically under normal operaung conditions and
protect it against heavy overload, high water- tem-
perature and low oil-pressure. Much of the cootrol
equipment is mounted on the control panel for con-
venient use. Other controls are necessarily located
at different places on the power unit.

b. Control Panel Equipment.—The following
wpieces of equipment are mounted on the contrel
panel. (See Figs. 3 and 4).

(1) A.C. Voltmeter.—0-300 volts scale, indi-
cales the output voltage. Selector switch permits
connecting with any one of the three load phases.

(2) A.C. Ammeters.—0-50 ampere scales, in-
dicate the load amperes for each of the A.C. OUT-
PUT terminals A, B, and C.

(3) Fuel Gauge.—Indicates the supply of fuel
in the tank.

(4) Batrery Charge Rate Ammaeter. — Indi-
cates the rate of battery charge and discharge.

(5) Engine Oil Pressure Gauge.—Indicates
the operating pressure of the engine lubricating
system.

(6) Engine Water Temperature Gauge. —
Indicates the temperature within the engine water

(7) Voltmeter Selector Switches.—Serve to
switch the A.C. VOLTM}:TERwurmdm

three phases.

(8) Circuit Breaker. -—Suv-llthw
switch, trips automatically. when the power unit is
heavily overloaded.

(9) Start-Stop Switch.—Serves to start and
stop the power unit.

(10) Manual Start-Remqgte Start Switch.—
Serves to switch the ignition circuit to Manual Start
position as required for band starting.

(11) Reiays.—Control various circuits.

(12) Battery Charging Regulator and Re-
sistor Group.— Regulates tbe battery charging rate.

€. Miscellansous Control Equipment.—The
following control devices are located at different
places on the power unil. (See Figs. 5 and 6).

(1) Low Oil Pressure Cut-Of Switch.—
Stops the power unit if the oil pressure drops to
approximately 6 Ibs. per sq. in. while the power
pnit is in operation.

(2) High Water Temperature Cut-0ff
Switch.—Stops the power unit il the waler Lemper-
ature rises oo high.

(3) Electric Choke.—Chokes the carburetor
aulomatically when the engine is cranked electrically.

(4) Engine Governor.—Regulates the engine
speed and the frequency of the a-c output. .
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DESCRIPTION—Continued

(5) Overspeed Governor. — Limits the top
Ndlhu-f-eilth-ﬁnmhih.

16) Heat Conrrol Vaive.—Diverts hot exhaust
pummmmwmm
period.

(7) Crankcase Ventilator Metering Valve.—
Cuonhthludmihtiqﬁlrunlnwin
chamber w0 the intake manifold.

é. Housing.— "

trols is mounted in a steel housing with steel skid
base. The housing serves as radio shielding, helps
direct cooling air cwrrents and provides some pro-

lmmmhaiulmmdnmhp
M-’dep-uh.mm&unﬁl.w
and servicing the power unit. The fuel tank cap
mmwmupdmhﬁu.alﬁllou
lh_thmudmthmﬁn.udinw

- |



INSTALLATION AND OPERATION

7. lastallstion.—

8. Handling the Uncrated Power Unit.—The
skid base permits towing the power unil short
distances over firm ground with truck or tractor. In
m-adyundt,-uddyniiitnyh
1o lay down planks over which to skid it. Attach
thl.o-npewduhum-ddthlii‘hn.
lhahugbiuhandpdoﬂy.fohd‘lhm
unit, attach a hoisting chain to the inverted U-bolt
vhichulnd-abun&cupdthhﬁu.m
may be used under the metal skid base. -

b. Importance of Proper l;uullcn'.u.-
Although the power unit is built o rigid speci-
hlhuaﬂmddymﬂhwdhlm
leaving the factory, it cannot function propery
w“ reasonably favorable. Many of these
mamammwy-mmmm
tions. mwmumm.-
m..mm-&.mumm
circumstances permit.

¢. Choice of Location.—

(1) Relation to Load.—Locate the plant as
near the center of the load as practicable. This
thlnh-ﬁﬂlﬁv-'mdjﬁnlld
mmmum,ummu
d&ﬁmmﬁdhﬁ-mﬁdm
largely upon the distance from the power unit to
mud,themtmﬁddl-dndlhm
chhmﬂtlhthhmﬂhth
mlfymdomho-thmiadwin,
ulcﬁm-iriuhbluin&cﬁu\fdthi.mml.

(2) Electrical Connections. — Connect the
load wires to the A.C. OUTPUT terminal posis
mammmmumum
dmm&n.mc.mmm.u
used, should be connected to the NEUTRAL ter-
minal post. Use wire that is of proper size for the
hﬂ.uthmﬁ!iuhuqimth'iiu
tﬂ-hmv-nh-dnanih.

insuluted terminal of the starting switch 1o the
REMOTE CXJNTROL_ terminal R. Connect the

insulated muin-lofunuoppiuwi:chuthe,
REMOTE CONTROL terminal B. Connect the
REMOTE CONTROL terminal W through one
whmbuhmwwdmtuuikhn
Ml‘ﬁmﬂmhhmmwh
150 feet. Support them properly. These wires are
connecled with the 12-volt battery circuit.

tdaThmmMm;maimtdy
hvdwhuinmth-mlhwghmudinn
trailer

(5) Surrounding Conditions.—The circume
stances under which power units are used vary
M.Mhbnmdumnwmﬁdeth

heuituthtituuhmudm—d-dun;il’
m;.hlnh.m.lumdpilandu—
Mﬁdm&cmmmmbkwmib

d. Indoor Installation.—
(1) Space Required.—If the power unit is to

(3) Exhaust.—Exhaust gases are deadly poi-
mﬁpeth-uﬁﬁlhbﬁlding.Am'kmh
dlﬁthuhnuli‘nilﬂlwui(hthem
uil.CuugﬂueuddthhlotheMmth



INSTALLATION AND OPERATION—Continued

located near the lower left front corner of the power
unit. The exhaust pipe must extend outside the build-
ing by the most direct route practicable. If additional
Pipe is necessary, increase the size by one pipe size
may be any suitable pipe of proper size. Be sure that
all connections are mechanically secure and
gas tight. Avoid unnecessary turns. Pitch the pipe
downward from its connection at the power unit, if
possible. If necessary 1o pitch the pipe upward, install
-m:mmhmiuummmpu
upward pitch starts. This trap may be assembled

tion. An exhaust line gets hot. If it passes through
an inflammable wall, partition or floor, install it in
metal collars 30 as to separate it at least several
inches from tbe inflammable material. Support the
pipe securely at necessary points. If necessary, shield
the pipe so nobody will get burned by contact with it.

(4) Ausziliary Fuel Tank.—Provision is made
for connecting an ausiliary fuel tank, if desi

I

£
g
E
:
.
3
§
2
g
£

¢. Mobils Instaliation.—

(1) Mounting.—Attach the power unit securely
u&h.mm-—udmm'
in which it is instalied. It should be so installed that
it will set approximately level when in normal oper-
ation. Take full advantage of the available space in
locating the power unit s0 as to.provide proper
ventilation and space for servicing. Use as much of
the 10" length of flexible exhaust tube as needed
&

Keep this pipe at least several inches from inflam-
mable material und support it securely so that it
will remain permaneatly in place. This is impor-
tant because exhaust gases are deadly poison-
ous.

(2) Cavtion.—Do not rua the vehicle into
8 closed building and operate the power unit
without carefully attaching an extension ex-
haust line that will carry all the exhaust gases
onuﬂuhlmulu.m-‘nduhmﬁm
should be increased one pipe size for each 10' of
length.

(3) Ventilation.—If the vehicle is a closed
one, proper ventilation must be provided. This will
mﬁ!nl-nunopuh-.niﬂun_duuuu.
near opposite ends of the power unil. Several smaller
openings will serve, if necessary, but there must be a
total of at least 33 square feet of opening for the
m-dni-ﬂumhthmum.
connect a canvas duct to the radiator grille and the
outlet opening in such manner that the heated air
is forced outside the vehicle and thus prevented
from recirculating.

(4) Wiring. — Support all permanent wiring
within the vehicle so that vibration will not destroy
lhhnhtia-.h-ilhﬁn.lﬁu’niom’ly
run in any direction. Do not let its location interfere
with convenient servicing of the power unit. If
mhuhd&owuﬁthmubh.
provide a reel for the cable and store it in such Joca-
tiu-ﬁhhm-'tthuit'illuhu-tw.
mmmmmnummm
unit, or loosely within the compartment in such
manner as o risk damaging the unit while in transit.

8. Preparation for Use.—

a. Procedure.—Comply with the following in-
structions in the order given:

(1) Installation.—Recheck to make sure that
all instructions for installing the plant as given in
paragraph 7 have been complied with.

(2) Side Panels.—Remove the side panels of
the housing.

(8) Manual Start-Remote Start Switch.—
Open the control panel door and make sire the
MAXNUAL START - REMOTE START ignition
switch is on the REMOTE START position. This
switch must be an the IEI‘Q'I'B START positica

i4) Crank Haauqlb.-—bn;llhmm
a few times with the hand erank to make sure that
the pistons are free and that the generator turns
freely. You will find the hand erank attached in front
dmmdlmhidothh-iq.lupit
there when not in use.



INSTALLATION AND OPERATIGN—Continued

(5) Battery - Prepure Lhe battery for use. .

ta) The battery is of the dry-charged type,
shipped with plates in 2 partially charged condition.
A card sllached 1o the batlery gives the manufac-
turer’s instructions for preparing the battery for
service,

tb) The electrolyte to be used is diluted sul-
phuric acid having a specific gravity of 1.265 at
&0 F. It is packed in a scparate container. In tropical
climales, use electrolyle having a specific pravity of
1200, produced by mixing 10 parts of the 1.2G5
electrolyte wilh 3 parts of water. Be sure Lo use
distilled water, or other water known 1o be suvitalle
for use in a lead-acid storage batlery. Add the acid
very slowly to the water. Never add the water te
the acid.

tc) Remove the ven: capt. Remove and de-
stroy the which covers the vent holes.
Fill each cell with the correct electrolyte 1o a level
3. inch above the tops of the separutors. Replace
the vent caps and tighten securely. Be sure the
Ecotch tape has been removed.

(d) If the battery is filled with 1.200 elec-
trolyte, for tropical’ use, stamp the numeral one (1)
on the lead lop connector at the positive cell for
the information of anyone servicing the battery in
the future. This number may be stamped with the
end of a taewdriver or small chisel. .

(e) If possible, allow the battery to stand
from 4 to 12 hours after filling before placing in
service. In an emergency, the battery may be placed
in service 1 hour after it has been filled with proper
electrolyte, however, this is not good practice.

below 50° F. and no outside source for charging the
battery is available, warm both the battery and the
electrolyte to at least 50° F. before filling. Caution:
Do not put cold electrolyte into a warm battery,
or warm electrolyte into a cold batterv, as severe
damage will result. 5 -

() U the battery has been filled with 1.265
electrolyte. it may be considered fully charged when
the specific gravity, corrected to 70° ¥, is between
1.270 and 1.285. I it has been filled with 1.200 elec-
u&l‘u.ituyhmms'wwhnlh
specific gravity, corrected to 70°. F, is between 1.210
and 1.225. AL this point the terminal voltage of
each cell should read not less than 2.5 volis while
the battery is on charge at a 6.0 ampere rate.

(h) Whenever charging the battery from an
oulside source, keep the temperature of the electro-

Iyte below 120° F. If this temperature excesds 120°
F., reduce the charging rate until the temperaiure
drops below that figure.

iy Wash the top of the battery with water
and ughten the vent plugs befure placing in service.

(j) The negative battery cable is grounded
1o & rear cylinder-head stud. Connect this cable 1o
the negutive (—) post of the left-hand battery unit.
Place this cable in such position that it will not
interfere with removing a vent cap. Connect the
posilive {4+ battery cuble, which is attached to the
left terminal of the solenvid starting switch, to the
positive (+) post of the right-hand battery. The
shurt connecting cable cunnects the yasitive (+)
post of the left-hand battery unit o the negative
{—-1 pust of the right-hand battery unit. If it has Leen
disconnected while servicing the battery, replace it.
Place all the cable connectors well down around the
batiery posts and tighten the bolts securely.

i6; Electrical Connections.—Check all elec-
trical connections 1o make sure they are tight and
clean, including those of distributor and spark Flugs.

(7) Crankcase Lubrication.—Fill the crank-
case with oil to the FULL level. as indicated by the
bayonel gauge. (Approximatery 4 quarts requirec .
Use good, clean, engine oil, crankcase grade, of
proper S.A.E. number according 10 the lowest tem-
perature 10 which the puwer unit will be exposed,
as indicated in the lollowing table:

Temperature S.A.E. Number
Above 32* F. S.A.E. No. 30
Between 0° F.and 32° F. S.A.E."No. 10 or 10W
Below 0* F. S.A.E. No. W or 10W

diluted with 10

kerosene as in-

structed in para-

graph 9 4 (1) (o).
Caution: Do not put diluted oil into the engine unuil
ready to start it, as it may separate if aliowed 1
stand too long before use. Mix well just before pour-
paring and using this mixture are given in paragraph
9i (1) (& through (4. Refer 10 :Fig. 431 Lubrica-
tion Chart and Assembly Outline in connection wath
crankease and other lubrication. .

{8) Air Cleaner.—Remove the oil cup from
the intake-air-cleaner and fill 1o the proper level as
marked on the cup, with oil of the same grade as
used in the crankcase. Replace the cup, making sure
that the snaps hold it securely in place.

(9) Thrortle Control Rod Ball Jeints. —
Place a drop of light cylinder oil in each ball joint
of the throttle control rod and check to make sure
the throttle mechanism moves freely.

U0 Ignition Unit.—Place 5 drops of light oil
in the oil cup on the side of the ignition unit.



INSTALLATION AND OPERATION—Continued

(11) Warer Drain Cocks.—Close the water
drain cock at the lower radiator conneclion and the
wuter drain cock on the left side of the cylinder
block.

{12) Radiaror.—Fill the radiator to one inch
below the bottom of the radiator neck with clean,
alkali-free water. Distilled or rain water may be
used. Il there is danger of freezing use a standard
anti-freeze solution in proper proportion. Carefully
check all connections for water leaks, correcting
any found. The capacily of the cooling sysiem is
155 quarts.

(13) High Water Tempergtusre Cut-Off
Switch.—Set the dial of the high water temperature
cut-off switch to indicate a temperature several
degrees Fuhrenheit below the boiling point of the
liquid used for cooling. For water, al sea level, the
setting should be 208 This should be decreased 8
degrees for each 1000 feet above sea level.

(14) Circuit-Breaker.—Make sure that the
CIRCUIT BREAKER handle is in the OFF posi-
tion so that the load is not connected to the alter-
nator.

(15) Load Wires.—Check the load wires for
proper conneclions.

(16) Close Fue! Shut-Of Valve.—Close the
2-way fuel shut-off valve located under the main
fuel tank. The lever handle extends rearward when
the valve is closed.

(17) Fuel Tank.—Fill the main or the auxiliary
Iudunk,whuh.withalwdundtdndim.
observing the usual safety precautions in the
bhandling of this fuel.

e+ Highly leaded fuel is not required and should
be avoided if possibie. Due to the action of the Jead
inthemtmniunehnhus,uthﬂlﬂmu.
andulhomrkphp.-cb!uhqueuim
performance 10 deteriorate more rapidly than normal.

(18) Open Fuel Shut-Of Valves.—QOpen the

2-way fuel shut-off valve to the position correspond- -

mmnmfﬂmmg'uhum

position, the Jever will not operate the pump. In
that case insert the hand crank and crank the engine
one complete revolution. Then the pump can be
operated by the lever. Always push the lever down
alter pumping. If left up, the pump will

operated by the engine. Examine the entire fuel

9. Operation.—

a. Preliminary.—When the instructions for In-
stallation and Preparation for Use, paragraphs 7 ~
and 8, have been complied with, the power unit is
ready lor use and may be started. If the power unit
filling with diluted oil may have been left 1o be
done immediately before starting the power unit.
Check the oil level by means of the bayonet gauge.
Make sure that the crankcase is filled with proper
oil to the FULL mark on the gauge before ctiempting
Lo start the power unil.

b. Starting the Power Unit Electrically . —

(1) Circuit-Breaker.—Make gure that the
CIRCUIT BREAKER (Fig. 3) is in the OFF posi-
tion.

(2) Manual Start-Remote Start Switch.—
Make sure that the MANUAL START-REMOTE
START switch is in the REMOTE START position.

(3) Start Button.—Press the START button
firmly until the engine starts and builds up oil
pressure, but not more than 10 or 15 seconds. Chok-
ing is automatic and the plant should start at once.
If it fails Lo start, wait 10 seconds and then repeat
the procedure. If the START button is released too
soon Lhe ignition will be cut off and the engine will
stop. If the plant does not start after a few attempts,
check the fuel supply and the ignition wires and then
repeat the starting procedure. NOTE: Oil was
placed in the cylinders before shipping and in
some cases it may be necessary to remove and
clean the spark plugs before the engine will
start the first time. This may be done by wash-

ing thoroughly in gasoline.

c. Starting the Power Unit Manuaily. — In
case the starting battery does not furnish sufficient
cranking power, the plant may be started by hand
cranking. However, Lhe battery must furnish enough
power for ignition. If it does mot, it must be re-
charged from a separate source or replaced with a
charged battery. To start the plant manually, pro-
ceed as follows:

(1) Circuit-Brasker. — Make sure that the
CIRCUIT BREAKER is in the OFF position.

{2) Manual Start-Remote Start Switch.—
Throw the MANUAL START-REMOTE START
ignition switch to the MANUAL START position.

(3) Cranking.—Insert the hand crank and
crank the engine. Do not spin or push down on the
crank. Use a strong, quick, upward pull. Repeat as
necessary.

4) Choking.—Choke as necessary by means
choke control at the front of the housing.
the choke gradually as soon as the engine

iis.
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(8) Manuel! Start-Remote Start Switch—
Running Posiion.—Alter the engine has been
started, throw the MANUAL START-REMOTE
START switch to the REMUTE START position.

d. Operation After the Engine Starta.—Check
the oil pressure gauge immediately after starting
the engine. Pressure will be high until the engine
warms up. Observe the readings of gauges and meters
nlhuutnlp-duachoekn!hnn-dnpm
ation of the power unit. Normal readings for the
various instruments after the plant reaches normal
operaling Lemperatlure are given here.

(1) ENGINE WATER TEMPERATURE,
about 175° F.

(2) ENGINE OIL PRESSURE, about 22
pounds.
(3) BATTERY CHARGE RATE, 2 to 10

amperes, depends on the state of charge of the bat-
tery.

'”‘

(4) FUEL GAUGE, indicates the supply of
fuel in the fuel tank on the plant. Does not indicate

the supply in the auxiliary fuel tank.

{5) AC. :’?LTII ETER, indicates the a-¢ out-

Lt voltage. With a constant, unity power factor
md.tndllwthmuithnr'-ehdm
operalifg temperature, the -voltage should be be-
tween the limits of approximately 215 volts at full
load and 235 volts at no load. The voltmeter selector
uikhruniumdiuﬂnwlupmnrm
dmmumwmmmmum
ition 1 connects the voltmeter across load phase B-C
(see wiring diagram); position 2, phase A-C; posi-
tion 3, phase A-B.

(6) AC. mumnsmauum.-emm
in amperes. Each of the three ammeters indicates
thmmhrlhA.C.OUTl..ETmu
which jt is connected. The upper ammeter serves
for tefminal B (see wiring diagram); the lower
right ammeter for terminal A; the lower Jeft am-
meter for terminal C. Full load for any one terminal
huSmmMMhdﬁﬂmm:-
hﬁyMndeAM
Mmﬂuﬂmuﬂy&ctn
ammeters corresponding with the output terminals
ummmmwhmam
Mlﬂ-ﬂhﬂﬁumummm
mm&.'m&(lnphubﬂidlhi*
muimmm..mhue.m
phase load should be distributed approximately
equally on the three phases (o maintain a balanced
condition. In any case, an individual ammeter read-
ing should not exceed 32.5 amperes, which is an
overload of 25%; for the load phase to which it is
connecled.

e. Connecting the Load. — Throw the CIR-
CUIT-BREAKER control handle to the ON position

W connect the load. The CIRCUIT-BREAKER
-illopenuddmmummmiunyif
the power urit is heavily overjoaded.

f. Housing Side Panels and Top Plates.—
Kmlheidepaukndupphunnunhqnin.
except while servicing. They help to direct the cool-
ing air properly and to reduce radio interference.

4. Stopping the Power Unit.—To stop the
power unit, press the STOP button on the control
panel. The MANUAL START-REMOTE START
switch must be in the REMOTE START position
before the power unit can be stopped by means of
the STOP bution. It is good practice 1o disconnect
the load by throwing the CIRCUIT-BREAKER
control handle to the OFF position before stopping
the power unit unless the power unit is to be con-
trolled from a remote point.

h. Remote Control.—The remote-control push
button switches which may have been installed at
remote points perform the same functions as the
START and STOP buttons on the control panel
and are used in the same manner. The CIRCUIT-
BREAKER must be left in the ON position if the
plant is to be operated by remote control.

i. Abnormal Operating Conditions.—Temper-
unbdowrr.muiulpe:idaunuuilmw
to lubrication and cooling liquids. Unusually dirty
and dusty operaling conditions, which sometimes
cannot be avoided, require extra attention.

Q) Lubrication.—
(a) For temperatures below 0° F. use diluted
oil in the crankcase to aid in starting and to assure
Jubricati
(&) If the crankcase is filled with undiluted
oil, run the engine until warm. Then drain the oil
and close the drain valve,

(¢) Thoroughly mix 1 pint of kerosene with 5
quarts of engine oil, erankcase grade, S.A.E. No. 10
or 10W. If kerosene is not available, use 1 pint ol a
good grade of distillate instead. Do not use heavier
than S.A.E. No. 20 oil as it may separate when the
engine is stopped, thus defeating the purpose and
possibly causing damage.

- (d) FVll the crankcase with the diluted oil
to the FULL mark on the bayonet gauge.

(o)!uthenﬁmllninuluudtwbu

mmm&m:mmmm

(f) Never add kerosene alone. Mix the kero-
sene with the oil before pouring into the crankcase.
This applies also to the addition of diluted oil be-
lween changes.

(¢) When using diluted oil, change the oil

11



INSTALLATION AND OPERATION—Continued

every 50 operuting hours and check the level each
m’.htnadmorning_ormlmmﬂyilam
shows it to be necessary.

(2) Cooling System.—The liquid in the cool-
hmmhmﬂﬂhiaum
bmydhlmhuymdmwe-
pared as directed by the manufacturer. Common
ones are alcohol, glycerin, Prestone and Zerons.
Never use kerosene or distillate in the cooling sys-

lem.

(a) If the power unit has been used, drain
and flush the cooling system with running water or
a special flushing agent. Run the until warm
before draining. Never flush a very =ofd plant with
water or any solution which may freeze upon con-
tact with the cold metal and cause damage. -

18) Close the drain cocks and fill the cooling
system Lo a point one inch below the botiom of Lhe
radiator neck with water and anti-freeze in proper
proportions, depending on the kind of anti-freeze
and the degree of protection needed. Do mot £l
to overflowing.

(c) Check the cooling mixture often, both as
to the amount and the degree of protection. Provide
protection enough to take care of any unexpected
drop in temperature.

(3) Dust and Dirt.—When the power unit is
mtdndcdutymdiﬁmithlmyh
check and service it more often.

16. Trouble and Remedy Chart.—

(a) Keep the plant as clean as possibie.

») hﬁmdlﬁaﬁdi‘&ﬁﬂt
containers.

(¢) Clean the air cleaner and refill the oil
npsdmnhue-ry.ﬁnkﬂy.

{d) Clean the generator slip rings, commu-
ummm«ms«m&mw
easily in their holders.

{4) Engine Water Tcm;tuu.—'!\e nor-
MMWMTmemaﬂg
the power unit reaches operating temperature is
about 175" F. Under very cold operating conditions,
mcnlo-cmiudlhn&un.m-!'lh

with the MANUAL START-REMOTE START
switch in the REMOTE START position. Under
&iuﬂhhmuﬂ-,hmﬂ-ﬂh
the MANUAL START-REMOTE START swilch
in the MANUAL START position. It will be neces-
§iry to switch to the REMOTE START position
before the engine can be atopped by pressing the
STOP button. When operating with the switch in
the MANUAL START position, the High Water
TmCut-ﬂwicﬂudththilPru-
sure Cut-Off switch do not operate. Extrs
should be given to avoid overheating and low il
pressure.

|

Sympiom Possible Canse Check Remedy
Esciter wiil not Discharged battery. Hydrometer Recharge or replace battery
crank engine. Cerroded werminals. ht-rur-_-ﬂ. Ch--l.wm
eorrecied. wwach. terminaly of swilch.
Eagine stuck. Y with band crank. Return unit 1o depod for
repairing.
Dwlective start reiay Seart relay operatioca. Clesn contacts. Return uni
R hﬁuh!ﬂ-:-ﬂ.
Esciter will not eperate Bhort acrom large Return unit | depod
22 3 motor. termunals of solenoid l.-'-’q..“. . =
Flch.
I:nc-h- T-:.l.-w-ih-l- Lnspect oil. Drain, refill with lighter oil.
u.,-'._‘-g "-il-ury ydrometer Lot I-t-p-rn'h-htwy
corrected, Defoctive cable. Batiery cables. l-l:‘--lh
Eagne rums but AC Poor commutation. Esciter brushes and See that brushes seat well on
voliage doss mot CoOmmulator. rommulater, are free n
buusid up. holders, are ot worn shorier
thas %" and have good
l-r-nubcrl':lr
"--u.h relurn wnil Lo de-
Open carcuit, short No simple test, sae Return umit to depot for
cwruil or pround in paragraph 50h. repas.
EEDeTaLOr
Poot seating of brushes Blip nags and brushes Give alip ring brushes same
on shp naga &8 commutslor

J
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INSTALLATION AND OPERATION—Continued

Spmprom  Pessible Caver Chosd "-':_
Ennne misses at Fouled spark plug Spark plugs. . Clean wdgust.
Delective or wrong Spark pluga Heplace.
Sucking valves. Vaiv Return unit Lo depol lor
Rroken valve spring. \; Replace.
J springs.
Drtective mition wires. Igmitson wiing. Keplace.
Prtied o imjaoperiy Hreaker coblacis Adpust or replace.
adjusied breaker
roniacin
Dedertsve ignition Boc il breaker conlacts Il 80, replace condenser
condenses. sooty and spark weak
Tappets need adjusting.  Tappets. Adjust. "
m————‘__ Tnageet — refll with proper oil.
PRCTES Oil hadly drivted. Tnapert aul. Drase, o8 with pooper 6il
vl oo low Onl level Add ol
Onl releel valve mot Ol relsel valve. Remove and clean.
araling
Badly »orm enpne Smoky rxhaust. eacess- Return unit Lo depol for
o beanagy ive ol consumplca repesning.
which cannol olher-
wise be accountad for
Siudge on oil screen. M ust remove pan Lo Return unit to depot for
Badly worn ol pump. No mmple eback. Return unit Lo depol for
Defective oil gaugs. No mmple check. Return st Lo depot far
Hugt ol pressure. Osl oo haavy Inspect oil. Drain, refill with proper ail.
Clogged oil passage. No mmpie test. Return unit Lo depot
Ol rebel valve much Ol reliel valve. Remove and clean
il pressure Should read ero whes I mot, install new od pressure
gruge. umt nol oprrating. e
we Fusl tank empty Fuel gauge. Refiil, or set fuel shui-off valve
for other Lank.
Water tesspernture Waler in nediator Add water.
Casrdboard over radi- Remove eardbosrd.
ior.
Venulsuoa. Increase veaulation.
Water not crculating Drnin, and refill radi-
tﬂ:‘-uﬂ. ator, replace delective bose
High water temperature  ~ Magh -l-m’ Bet dial to correct
cut-off swich set Loo ture cut-off swntch temperalure.
I‘?d '--n.‘u- Bayooet gauge. Add ol 1o crankcase.
ally due 1o lack of il
Enpne backfires Lonn fusl muxtare. Carburetor. Clean aarburetor
. ’ A Clean
Air lesks st intake Replace gaakets, ughten.
Poor fuel. Fuel [+ good
pork oo late. p——" e e
wree wires. Jastall eorrectly
Intake valves lmlung. Hiss through carburetar Adjust tappeis I this does
" when hand eranked not correct, return uwail W
igmtion ofl. devot lor
Black, smeky Fuel mizture Lo rich. Carburetor floal for Inetall needed carburetor
exhaust, elcenve leak and high level, para, ficat level. Be
fuel consumption, needie valve lor sure all are n
l-l-cdw snd metening Fﬂ-ﬁ
plugs =ith k wear of damage, valve gusket ia ia place and
f-nl-t. Choke not open. Choke Bee thal choke opens properly
Dty rurbureior sir Air cleaner Cleaa, refill 1o proper wi
Chem et . bevel.
Civeuit breaker trips Lead too grest. Ammeters. Reduce load.
and disconnecta Loaa hae short Ammelers. Remove shorl arcuit.
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FUNCTIONING OF PARTS

11. Engine.—

a. Four Stroke Cycle.—The engine, Figs. 2,7 and
8, used in this power unit is a conventional
automotive type of internal-combustion, gasoline
engine. Such engines develop their power by burn-
ing 2 mixture of gasoline and air under compression
in the cylinders and applying the resulting expand-
ing force on the heads of the pistons. The resulting
downward motion of pistons is transmitted through
connecting rods to the cranskshaft, resulting in
rotary motion of the crankshafi. This engine oper-
ates on the usual four-stroke-cycle principle, the
action of which may be considered as being a repeti-
tion of a cycle of four different stroxes. The action
ol each cylinder is the same, but is 180° of crank-
shalt travel later than that of the preceding cylinder.
Firing order is 1-3-4-2.

(1) Intake Stroke.—The piston travels down-
ward while the intake valve is open and the ex-

through the air cleaner, carburetor, intake manifold
and intake valve port. As the air passes through the
carburetor the proper proportion of gasoline is
mizxed with it.

(2) Compression Stroke.—The piston travels
upward with both valves closed and compresses Lhe
fuel mixture in the combustion chamber at the upper
part of the cylinder. As the piston reaches the top
of the stroke a spark oecurs at the spark plug and
burning of the fuel mizture begins.

(3) Power Stroke.—Bumning of the fuel mix-
ture continues, developing great heat and pressure.
Both valves are closed. The piston is forced down-
ward, transmitting its power to the crankshaft.

(4) Ezhaust Stroke.—The piston travels up-

and

d. Cooling.—Waler is circulated around the cyl-
inders, valve ports and combustion chambers to
conduct heat away from the engine. The water
flows from the outlet at the top of the cylinder head,
to the radiator where il is cooled, then returned to

inch before releasing vapor through the overflow
pipe, thus lo save water,

e. Lubrication —Lubrication is provided within
the engine by pumping oil from the oil pan to the
main, connecting rod and camshaft bearings from
which it sprays to other interior parts. The oil
pressure registers on the ENGINE OIL PRESSURE
gauge on the control panel and is regulated by a
pressure relie{ valve in the pump body.

12. Oil Filter.—

The oil filter, (Fig. 6), on the left side of the engine
filters particles of dust, carbon and other foreign
material from the crankcase oil. Oil from the pres-
sure lubricating system of the engine passes into the
filter near the top, then through the filler and out
st the bottom connection, from which it is conducted
to the timing chain cover and returns to the crank-
case. In service the filler element becomes filled with
foreign material collected from the oil and no longer
can perform its function. It must then be replaced
with a new element. Only a portion of the oil leaving
the pump passes through the oil filter, but all the
oil in the crankcase passes through frequently enough
10 be kept in a clean condition if the filter element
is changed olten epough. As soon as the oil becomes
dark, the element should be changed.
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FUNCTIONING OF PARTS

13. Engine Governor.—

The engine governor, (Fig. 5), is of the conven-
wonal fly-weight type, driven by 3 V-belt from a
whymthcmhhdt.ltmmu@mw
and. thus, the frequency of the alternating current
mw.mmnhm-ﬂbm
throttle arm of the carburetor and the action is
such that an increase in engine speed tends (o close
the throttle, and vice versa. The engine speed may
u-dwwmmwumm
pmhhbﬁuudbydlb_thmhhi-
cating system of the engine.

14. Carburetor.—

Thhmanﬁtiw-_ithlm.ﬂo.
572 S, downdralt, metering jet type carburetor,
hu&.nnd!.thwi-tlmdﬂiﬂ‘-u
deliver a proper mixture of fuel and air to the engine
under all load conditions.

a. Casoline enters the carburetor bowl through
mmmmmmmw.mw
to which it rises in the bowl being controlled by the

float.

valve is nearly closed and most of the gasoline enters
thiudninmbynydlhﬁhvﬂjﬂ.bww
jﬂ.m.mwhkhpoiuilmbin-'ith
streams of air from the by-pass and lower bleed, and
then through passage o the port and the idle adjust-
ment screw seat. This misture is richer than re-
quired, but upon further mixing with air from the
ventun mﬁduanﬁaﬂtmm“ﬁud
mmmu—ndmmm
mentl screw.

c. At about 30 of full load the throtue valve
mm&th!ﬁllhlﬁmt“ﬁlhpﬂh
mduﬁudsirmuthﬁpdmmia
pozzle allows fuel to pass from the carburetor bowl

e. The pump with which the carburetor is equip-
ﬂhmmwmumu

15. Fuel Pump.—

The diaphragm type fuel pump, Figs. 5 and 10,
wl-mwywhilukphuininm
ud.uppi-l\dhthnhdunkuthnm
buretor. It is mounted on the right side of the engine
and driven by an eccentric oo the camshaft.

a. A special lever arrangement transmits motion
to the diaphragm assembly. When the diaphragm
mﬂrhhnhmd.thmw'uﬁa
mmmummmmm
the fuel tank, through the fuel line and inlo the pump
'nht.ltp-wmmim-ﬁ-
ment bowl, through the screen and inlet check valve
into the pump chamber. Upward movement of the
i forces fuel from the pump chamber
through the outlet check valve and the pump outlet.
From the pump outlet the fuel passes through a
fuel line to the carburetor.

lever arrangement, but ia returned upward by the
action of the spring. After the carburetor bowl be-
comes filled with fuel, the diaphragm retwmns up-
ward only as permitted by the flow of fuel through
the needle valve of the carburetor.

and filter and filling to the proper level with
clean oil when necessary keeps the cleaner in good
functioning condition.



FUNCTIONING OF PARTS—Continued

FIG. 11 IGNITION UNIT
FUNCTIONING DIAGRAM

which obtlains its electrical energy from the storage
battery or from the exciter generator. The spark
must occur at the proper lime with respect to the
upward travel of the piston near the top of its com-
pression stroke and it must occur in each cylinder
in its proper sequence of firing order, which is 1-3-
4-2. The ignition unit, (Figs. 6 and 11), which regu-
lates the timing of the spark and its distribution to

spark plpgs in proper sequence, is mounted on
the left side of the engine and driven by a gear on
the camshalt. :

b. Breaker Mechanism.—The breaker contacts
are connected in series with the primary winding of

the spark coil. The cam revolves at one-half the
engine speed and opens the breaker contacts four
times each revolution. Each time the breaker con-
Lacls opeén, a spark is produced at a spark plug gap.
mmam,wnmumwk
m-mmmhmmmm
cf its compression stroke. As the engine speed in-
Mtheluvmmblyialhelommnd
the case automalically advances the timing with
respect 1o piston posilion.

c. Condenser.—The condenser is connected in
parallel with the breaker contacts. Its action is to
greatly increase the intensity of the spark and 10
increase the life of the breaker contacts.

d. Ignition Resistor. — The ignition resisior
mounted on the rear end of the cylinder head serves
to himit the voltage applied w0 the 6-volt ignition
coil.

e. Distributor.—The high tension current travels
from the spark coil o the spark plug by way of the
distribulor. It enters the distributor at the center
lower, passes through the metal stnp of the revolv-
ing rotor and out at the tower under which the metal
sinp is passing. Thus the sparks are distributed
to the spark plugs, in proper sequence.

18. Spark Plugs.

The spark plugs, (Fig. 7), are important parts of
the ignition system. Each consists of a center elec-
trode highly insulated from the base which carries
another electrode. The ignition spark jumps across
the gap between the electrodes and it is quite im-
portant that this gap be kept adjusted at approxi-
mately .030°. The original spark plugs are Champion,
No. J9, and replacements should be of tbe same type.

19. Storage Battery.—

The 12-volt storage battery, (Fig. 1), consists of
two 6-volt aytomotive type batteries connected in
series. It supplies power for electric cranking, elec-
tne choking, ignition during the starting period and
for operating certain controls. It is recharged auto-
matically by the exciting generator while the power
unit is in operation.

20." Battery Charging System.—

a. General.—The storage battery is recharged
by current supplied by the 28-volt exciting generator
while the power unit is in operation. Included in (he
battery charging system are the battery charging
relay, the battery charging regulator with its group
of resistors, and the BATTERY CHARGE RATE
ammeler, (Figs. 3 and 4). .

AP 21
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FUNCTIONING OF PARTS—Continued

b. Battery Charging Relay. — The battery
charging relay connects the battery to Lhe exciler
circuit while the power unit is in operation. The coil
of this relay is connected across the exciter and the
exciter voltage is impressed on it. As the exciler
vollage rises, upon starting the engine, the magnet-
mmwiytheu!dthhuay:hupunhr
overcomes the resistance of the spring and closes
the relay contacts, lllllmnuﬂm‘lllehuﬂyto
the exciter circuit. The contacts remain closed and
the battery continues lo receive charging current
mﬂthmeMMNym

unit stops and prevents the.discharge of the battery
through the exciter while the power unit is not
operaling.

¢. Battery Charging Circuit.—The closing of

the battery charging relay conlacls connects the

group, through the battery charging relay contacts,
thmutll the BATTERY CHARGE RATE ammeter,
to terminal 3, through Lhe battery, through the frame
of the power unit, to the.exciter.

d. lluuy Charging Regulator and Roullor
Group.—The batte,y charging rate is regulated by
the battery charging regulator and resistor group,
(Fig. 4). The regulator coil is connected across the
battery while the battery charging relay contacts
are closed. When the battery charge is low the
voltage across the cuil is low and the regulator con-
mummwmlmw
all three resistors, providing the maximum charging
rate of approximately 10 amperes. As the battery
spproaches a full charge, the voltage across the coil
increases and the contacts are opened. This opens
the circfiit through the two 2-ohm resistors, and
reduces the charging rate to approximately 2 am-
peres, which flows through the 2.5-ohm resistor.

21. Electric Choke Control.—

The electric choke control, (Fig. §), is of the electro-
magnetic type with thermostatic compensator. The
magnet coil is connected in paraliel with the start
solencid circuit and thus the carburetor is choked
automatically while engine is cranked electrically.

Motion of the magnet armature is transmilled
through & U-shaped bimetal thermostatic spring -
mmwmdmmmw ,

E

that when the engine is cold the choking is
more forceful than when the engine is warm.

22. Generator.—

a. Purpose.—The generator, Figs. 13 and 40,
receives mechanical power from the engine and con-
verts it Lo electrical power. It consists of a d-¢ excit-
ing generator and a revolving field type of alternator.

b. Exciter.—

(1) Residual magnetism remains in the mag-
netic circuit of the exciter when not in operation.
When the engine is started, the armature revolves
and carries its conductors by the field poles. The
cutting of magnetic lines of force by these condactors
as they pass poles of alternate polarity induces
alternating voltages in the conductors. The con-
ductors are connected with commutator bars’ which
revolve under, and in contact with, the esciter
brushes. The various parts are so placed that the
commutator bars in contact with any given brush
always have the same polarity and direct current
flows in the exciter circuits outside the armature.

(2) A small portion of this current passes through
the exciter field winding and increases the field
strength which, in turn, greatly increases the volt-
age induced in the conductors. The exciter voltage
thas builds up to a maximum of approximately 28
volts at normal operating speed.

(8) The greater portion of the exciter output
is used Lo excite the alternator revolving field, being
connected with the alternator field windings by
means of the brushes anc slip rings.

(4) The exciter also operates as a starting motor
and cranks the engine electrically. When the storage
hmhwupcﬂrmmduthm surong

fields are set up in the armature and field
and cause the armature to revolve, thus cranking
the engine. The series field winding adds greatly to
the strength of the magnetic field and to the crank-
ing power. The batterv is connected to the exciter
by means of the solenoid starting switch which is
controlled by the START bution on the control -

panel.

€. um..:-.—mm field of the lh.el'-
nator is magnetized by direct current from the ex-
citer. The field poles, of alternate polarity, revolve
by the conductors of the stator and induce alternat-
ing voltages in them. Those conductors are con-
nected in two groups and the groups are connected
to the control panel. If the exterior circuit is com-
plete, alternating curreat will flow in it. No collector
rings and brushes are required in the a- circuit.

d. Alternator Connections.—One end of each
of the three phase windings of the alternator stator
is conmected Lo a separate terminal post on the
control panel. Each of these terminal posts is sep

2
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arately connected through an ammeter and one puole
of the eweuit breaker to one of the thre AC. OUT-
PUT terminal posts A, B, and C, sev wiring dia-
gram . The other three omds of the three phase
windings are connecied together within the gen-
crator and this common junction is connected
threugh a lead direct to the X .neutral' terminal
post on the output terminal block. Three-phase,
hkolt power may be taken through A.C. OUT-
PUT terminal pesis A, R, and C. Single-phase, 220
voll puwer may be taken through terminal posts
Aand B B and C, and C and A. Singlephase,
127-volt power may be tahen throug.. terminal posts
Aand X. Band N. and C and N,

e. A.C. Voirtage Regulation. — No means 1s
jrovided fur adjusting the veliage independent of
the enpine spewd. At nurmal frequency, and afver
resching normal eperating temperature, the voltage
1 wathin the limite of approsimately 215 volis at
ro luad 10 235 volts ar full load at unity power
favtor. This voltape regulation is due 10 inherent
charactensiics obizmed by strongly saturaung parts
of the magnetic circuit.

25 High Water Temporature Cut-Out Smitch.—

a. Descriprson —The high water temperature
cut-out swiich, ‘Fig. 6, is electrically connected 1o
the STOP button circwt. It 2utomatically siops the
engine if the temperature of the water in the engine
water jacke: rises higher than the temperature for
woach the dial i1 set. A 1emjerature element extends
down inte the cooling liquid and contains a volatile
liguig. Tris element is connected through a small
1yl 10 1he diaphragm or beliows which opersies the
switel contacts. As the temperature within the water
jucket misez, the ligud within the tempersiure ele-
ment expends the bellows which closes the switch
wonzacts, thus stupping the engine. The engine may
be steried aguin in the vrual manner aflier the tem-
jerature draje about 14°. The cause of the high
temparature shouid bLe determined and corrected
Lelin nooin staning the ennine.

b Ad:zrrment.— Tre temperature st wnich the
§rg.re vl Le SWGAC Imay be ud.u-1ed by turning
the dial so that the desired stopping temperature is
exsctly under the poirted indicator at the top of
the dial. The dial should be set to stop the engine at
@ temperature at least several degrees below the
Loiling pwint of the cooling liquid. For water at sea
level, the setting should be 268. This should be de-
creases 3° for each 1000 feel above sca level. Other
cooling liquids may require different setlings.

24. Low Uil Pressure Cut-Off Switch.—
The low oil pressure cut-off switch, (Fig. §), is a
2

small switch operated by oil pressure. When the ol
pressure builds up to approximately 6 lbs. per square
inch the switrh cuntacts open. They are so connected
with the contral syslem that il the pressures drops
below 6 Ibs., the ignition is cut off and the engine
siops.

25. Relays.—

On the back of the control panel are mounted the
start. stop and ignition relays, (Fig. 4). Each reluy
includes a coil of insulated copper wire wound on a
solt iron core. An iron armature is hinge-mounted
near one end of the iron core and held away from the
core by mweans of 2 spring. When electric current
flows through the coil, the core becumes magnetized
and the iron armature is atiracted so strongly that
it moves towurd the core, thus opening or closing
the relay contacts. When the circuit to the coil is
opened and current no longer flows through it, the
core loses miost of ils magnetism and the spring
pulis the armature away from the cuil, reversing the
action of the contacts. All three relays are connected
in the d-c control circuits.

26. Electrical Control System.—
a. Scarting Cycle.~—

(1) The storage battery supplies the power for
electric siarting. With the MANUAL START—
REMOTE START ignition swilch on Remote Start
position the power unit is started by pressing the
START bution. This energizes the coil of the start
relay and closes the two pairs of contacts on that
relay. See Figs. 3, 4 and 14.

12: The closing of the start relay cuntacts (A)
supplies current 1o the ignition coil, Lthe current pass-
ing through the remote start contacts of the ignition
switch and through the vohage dropping ignition
resistor  befure reaching the ignition cuil. It also
supplies current to the coll of the ignition relay,
closing its contacts (Ci. The current through the
ignition relay coil passes through the siop relay coun-
tacts «D. and te ground.

(31 The closing of the start relay contacts (B)
supplies current to the electric choke, thus choking
the carburetor, and to the start solencid which
closes the start switch contacts (E).

t4) The closing of the start swilch cuntacts (E)
supjlies current lo the exciter, passing through its
series field winding, causing the exciter 1o uperate
as & molor and (o crank the engine.

©5; At this stage of the starting cycle the igni-
tion has been switched on, Lthe carburetor is being
choked and the engine is being cranked. The engine
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mmwmwl&dlmpwﬁl
up pressure in the lubricating system. When this
p!mcri-utoapptuiﬂltdylmdl.lhem-
tacts of Lhe low oil pressure cut-off swilch opem.
The exciter builds up voltage and supplies ignition
current through another circuit. This current passes
from terminal 5, through the battery charging resis-
contacts (C), to the remote start contacts of Lhe
w;mmnwmmm.wm
(6) The START button is released. This opens
the circuit to the start relay coil, and allows Lhe
contacts (A) and (B) to open.

(7) The opening of contacts (B) stops the elec-
tric choking and allows the start swilch contacts
mm,-hidwthmkbudrcuit.

(8) The ignition current being supplied by the
exciler doesmot pass through contacts (A) and, there-
fore, the engine does not stop when the contacts (A)
mHm.iltheMiAlwnWm
exciter voltage has built up high enough to supply
proper ignition current, the engine will stop upon
release of the START button. The engine will stop
if the START button is released before the oil pump
has built npmﬁmhmmm
of the Jow oil pressure cut-off switch. v

(9) The coil of the batiery charging relay is

connected across the exater at all times and when
the exciter voltage nases sufficiently the contacts (F)
close, thus connecting the battery charging circuit.

(10) The.FUEL GAUGE and the fuel gauge
tank element are connected to the ignition switch
in such manner that the gauge registers while the
ip\iuonaruminppﬁdwilhmlfilh
desired 1o have the gauge register while the engine
is not operating, this may be done by switching the
MANUAL 8TART - REMOTE START ignition

switch to the MANUAL START position. The

switch should be returned to the REMOTE START
position as soon as the FUEL GAUGE reading has
been obeerved.

b. Operation.—While the power unil is in oper-

for battery charging. The greater portion of the
exciler vutput is used Lo excite the revolving faekd
of the alternator. The a-c windings of the stator wre
connected to the A.C. OUTPUT terminals, with an
A.C. AMMETER and one pole of the 3-pole CIR-
CUIT-BREAKER in series with each phuse. The
CIRCUIT-BREAKER serves as a load swilch and
disconnects the load automatically in case of severe
overload. After opening automatically, the CIR-
CUIT-BREAKER must be reset by pushing the
handle down before it can be closed, in the meantime
the load should be reduced 1o within the capacity
of the power unit. The selector switch permils con-
necting the A.C. VOLTMETER across any one
of the three load phases to read the voltage of the
phase. An A.C. AMMETER is connected in series
with each of the three A.C. OUTPLUT terminals
A.B.ndCloindinutkhdmm.Su
subject OPERATION for further information.

c. Stopping Circust.—The engine is stopped by
wdutbe!TOPbmmMmﬁmMm
relay and opens ils contacts {Di1. The opening of
these contacts de-energizes Lhe ignition relay, allow-
ing its conlacts (C) to open, thus opening the igni-
tion circuit and stopping the power unit. As the
mﬁn,ﬂ&mlhn&l«vdupmm
allows the battery charging relay contscts «Fr 0
.muuwmiu the discharge of the batiery
'while the power unit is not operating.

d. Manual Start-Remote Start Ignition
Switch.—When the MANUAL ST ART-REMOTE
START switch is in the MANUAL START position,
jgnition current is supplied direct from the battery
to the ignition coil, thus by-passing all the relavs
and protective circuits. With the switch in this
position the engine may be started by hand crank-
ing. This makes it possible 10 ule the power unit in
an emergency when there may be trouble in a relay
circuit. It will be necessary to throw this switch to
the REMOTE START paosition before the engine
can be stopped by means of the STOP bution.

e. Remote Control.—Remote control circuits,
il used, are merely extended circuits connected in
parallel with the START and STOP button circuits
on the control panel. Remote suart and stop butlons
are used in the same manner as the START and
STOP buttons on the control panel.
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MAINTENANCE

27. Routine Attention.—

s. Important.—It is important to follow a del-
inite schedule of inspeclion and service operalions
to maintzin & high level of operating efficiency. The
keeping of a log book as a conlinuous operalisg
check is advised.

(1) Caution.—The periodic servicing schedule
Mhﬂuﬁl-&nm-unmn—

of fuels having low jead content. When using Army
B0 octane fuel, aviation 100 octane fuel, or olher
fuel containing more than 2 cubic centimeters of
lead per gallon, refer to subject, USE OF LEADED
FUELS - immediately following the front page,
“CAUTION."

b. Daily Service.~Check the following at least
once a day:

(1) Radiator.—Check the cooling liquid level.

Do not fill so high as 10 cause unnecessary loss of
liquid through the overflow. Never allow the level
to fall below the top of the upper hose. Under con-
tinuous use or in hol weather mare frequent atten-
tion may*be needed.
" (2) O+l Level.—Check the crankcase oil level.
Under continuous service check more frequently.
Never operate the power unit when the oil level is
near the EMPTY mark on the bayonet gauge. Fill
to the FULL mark on the gauge with the proper
oil as specified in paragraph 8 a (7) and 97 (1).

(8) Fuel Supply —Check supply of fuel, shown
on the FUEL GAUGE on the instrument panel,
as often as necessary to assure a sufficient supply in
the tank at all times. The tank holds 10'; galions.
When operating at [ull load, the plant consumes about
2 gallons per hour. Check the supply of fuel in the
suxiliary tank also, if such tank is connected to the
power unit.

(4) Centrol Panel.—Check the various gauges
frequently and take any corrective measures indi-
cated. Normal readings are given in paragraph 9§ d.

¢. Weekly Service.—Check the following weekly,
or gvery 50 opersting bours, whichever occurs first:

(1) Daily Check.—Check all points mentioned
above under Daily Service.

(2) Crankcase Oil and Oil Filter.—

{a) Lift out the bayonet oil gauge and ex-
amine the oil that
colored, instsll a new oil filter element. If necessary
on the basis of lubricating instructions contained in
paragraph 9 i (1), change the oil. Drain the oil while
the engine is warm. Close the drain valve securely
and refill the crankease 1o the FULL mark on the
gauge with clean, fresh oil of proper kind and grade.

(&) To install & new filter clement, remove _

to it. If the oil is dis-

the- filter cuver and the drain plug and drain the
filter. Remove and discard the old filler element
and clean all sludge and sediment from the filter
body. Replace the drain plug and tighten securely,
Install the new filter element and replace the filter
cover, using a new gaskel. Start the engine and check
for leaks, correcting any found. Aller the engine has
run about 10 minutes, stop il and check the oil
level. The filter will have retained some oil. Add oil,
if necessary, lo again raise the level to the FULL
mark on the gauge.

(3) Ignition Unit.—Place 5 drops of cylinder
oil in the oil cup on the side of the ignition unit.
Remove the distributor cap and rotor and place 1
drop of il on the wick at Lhe center of the shalt and
1 drop on the breaker arm post. Use the same kind
and weight of oil as used in the crankcase. Wipe
the cam clean and apply a very small amount of
light gréase (o the rubbing surface.

(4) Air Cleaner.—

{a) 1 the power unit has been operated under
dusty conditions, clean the oil type air cleaner. If
the power unit has been operated only under clean
wmﬁmt&muddnwdnnrm
be included under Monthly Service.

(b) To clean the air cleaner, remove the cup
and clean it thoroughly. Remove the filter element
and clean it thoroughly by sloshing up and down in a
suitable cleaning fluid or in gasoline. Allow it to dry
or dry it by using an air hose. Fill the cup to the
level mark with clean oil of the same grade as used
in the engine crankcase. Reassemble the cleaner,

(5) Battery.—

(a) Test the battery by means of a hydrom-
eter, All cells should test 1,250 or higher, unless they
were fillea with 1.200 electrolyte for tropical use.
1f filled with 1.200 electrolyle for tropical use, the
numeral one (1), should appear on the lead top con-
nector at the positive cell, near the battery type-
number (17K2-R). See paragraph 82 (5) () and (d).
If filled with 1200 elecuolyte for Uopical use,
the cells should test 1.200, or higher. A test of

approximately 1.100 indicates & discharged cell. A

difference as great as 50 points between ifdividual
cell readings in a 6-volt unit probably indicates that
the unit should be replaced with a new one to avoid
a definite failure. The ame is true when all cells
of a unit test uniformly low, unless the low test
can be accounted for by excessive starting in com-
parison with running hours, or by the power unit's
nol having been used for 2 or 3 weeks. In either
case, M the battery unit daily for several days
undurm-eduhummtlhmadu I
its condition does not improve, replace it.

n
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i) Fill the cells 10 3" above the tops of the
separators, using distilled water or wuter known to
be non-injurious to lead-acid battenes. Do not fll
high enough 1o cause overflowing while charping.

6. Throttle Control Rod Ball Joints - Place
a drop of vil in each ball joint of the throttie control
rod and check 1o make sure the throtiie mechamsm
moves frevly.

d. Monthily Service — Check the following
monthly. or every 200 cperating hours, whichever
occurs firs::

1 Weekivr Check.—Check all points men-
tioned under Weekly Service. <

2. Spark Plugs.—Remove the spark plugs.
Clean them. if needed. and inspect for cracked or
badly eroded porcelans. Discard any spark plugs
not in good condition and replace with new ones of
correct type. Adjust the gaps 10 .030°. When install-
ing. muke sure the gaskets are in piace. Tighten
securely.

3 Bartery Terminals.—Check the battery
terminals. cleaning and ughtening them il needed.
Apply 3 coating of petroieum jelly. Replace the cables
il ot in geod order.

4 Igrition Unit —Remove the distnbutor
cap and wipe it clean, inside and outside. Inspect
the breaker contacts. If badly pitted, replace with
new ones. Turn the engine with the hand crank until
the contacts are wide open. They should open 0207,
Check with a wire gauge and adjust if necessary. If
contacts are the least pitted, they should be re-
surfaced with a carborundum or similar hone before
adjusting.

5 Ignition Timing —Check the ignition tim-
ing by using a meor ziming light. if available, and
mauke any adjusirent reeded. A small arm attached
to the throttle $7af arm may be tarned over and
forward 1o a position that will hold the throttie at
an idle paition and cause the enpine 10 uperate atl
the moderate speed necessary fur use of the neon
riming light. 1f the teor: timing hight is not available,
crank the engine very shwiy by hand, stopping
exactly when the breaker contacts separatg at firing
position: for No. 1 exhnder. Then check the position
of the IGN mark on the flywheel, ‘Fig. 16) as
seen through the timing hole in the fiywheel hous-
ing on the left mde of the engine. Timing s cor
rect if the JGN mark is at the center of the hole
2t the instant the points separate. Repeat the checks
a time or two for accuracy. If necessary 1o adjust the
timing, loosen the clamp bolit, turn the d.stnbutor
body to the proper position and tighten the bolt. Then
recheck to verify the correctness of the new setling.

/

FIG. 16 TIMING MARKS (FLYWHEEL)

161 Valve Tappets. — Disconnect the tubes
from the valve spring cover, remove Lhe cover
screws and the cover. Crunk the engine slowly by
means of the hand crank and note when the intake
valve of No. 1 evlinder begirs 1o open. Then turn
the crank one full revolution further. This pluces
the camshaft in the correct position for checking
or readjusting both tappets of No. 1 cylinder. Check
the clearances with a feeler gauge, (Fig. 171 The

FIG. 17 VALVE TAPPETS AND SPRINGS
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correct clearance is 0]4° hot or cold. Adjust the
tuppels il necessury. Locute the correet positions for
each of the remaining cyhnders and check and adjust
the remaining tappets. In locating the currect posi-
tion for uny cylinder, turn one revioutivn after the
intake valve on Lhal cylinder begins o open. See
that the cover gasket is in good order, replace the
cover, lighten the screws and connect Lhe tubes.

(1 Fuel Screens and Sediment Bowls. —
Close the 2-way fuel shul-off cock. Remove and clean
the sediment bowl on the fuel pump and the one
under the fuel tank. Clean the strainers if necessary.
When replacing the bowls, make sure that gaskels
are in good order and thut the retaining nuts are
sufficiently to hold the bowls tightly on
the gaskets. Remove the drain plug and strainer
from the bowl of the carburetor. Clean and replace.
the fuel shut-off cock. By means of the lever
on the fuel pump, pump the carburetor bowl full
of fuel. Examine the sediment bowls and the car-
burelor for leaks, correcting any found.

(8) Fonand Governee Belts.—Inspect the fan
and governor belts. If not in good condition, replace
with new ones. Adjust the belt tension so that the
top side of the belt can be depressed about 11;°
to 1'5°. The fan belt is adjusted by loosening the
eh-pbollhlhduudlncltdnmahpulby
mu the idle pulley 10 obtain proper tension,

E

i

mmwwumnqm

FIG. 18 FAN AND GOVERNOR
BELT ADJUSTMENTS

atlention. Include the manilold connections and the
flexible exhaust pipe. Permit no leaks that will allow
Ras 10 escape inside a building. If the exhaust system
requires cleaning, clean it. Continued operstion with
excessive back pressure will eventually cause trouble
even if not bad enough to noticeably affect Lhie engine
performance at the time of inspection.

(10) Carburetor.—With no load on the power
umt.hlmlhthmnmalomuqm
peruun.ul with the throttle held so that the
engine is operating at about hall normal speed,
ummuhmcm.mcmm
will idle smoothly.

(11) Crankcase Ventilator Metering Valve. —
Disconnect the crankcase ventilator metering valve,
upen it, remove the plunger and clean all parts
thoroughly in acetone. Reassemble and tighten all
connections securely.

(12) High Water Temperature Cut-Out
Swite h—Check the operation of the high water
mm cut-out switch. With the power unit

(13) Crankcase Oil.—Be sure to include an
oil change in the monthly service. Drain the erank-
case oil and refill to the FULL mark on the bayonet
gauge with proper oil as indicated on the lubrication
:t(ﬂ;.“)uduhnmﬂ-dhmphhﬁ}

| S

(14) Generator.—Inspect the commutator and
ﬁaﬁmmm.ﬁuﬂd.b}-hﬂuadﬂn
piece of canvas against them while the engine is
operated slowly by bolding the throttle partially
closed. For safety attach the canvas over the square
end of a narrow piece of dry wood 10 serve as a
handle. In normal service, the commutator and
collector rings acquire a3 mahogany-colored surface.
I this surface is smooth, it requires no attention.
Do not attempt to maintain a bright, newly-ma-
chined appearing surface. Check the brushes for
good seating contact, free fit in holders and uni-
formly good spring tension. If brushes are worn to
3,7 length, or less, install new brushes. New brushes
must be properly fitted. Reler 1o paragraph 50, a.
for instructions on fitting brushes.
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{15+ General — Inspect the power unil thor-
oughly for leaks, loose electrical connections and
other external items which may need altention.
Make needed corrections.

28. Valve Servicing.—

a. When to Grind Valves.—

(1) Lack of power in an engine may be caused
by poor seating of the valves in the valve seata,
which allows the gases in the compression chamber
10 escape into the intake or exhaust manifold.

i2) By the use of a cylinder compression gauge
one can readily determine which valves are not
Mmﬁm-cwpmmmm
all be within 10 pounds of each other and not less
than 70 pounds. X

3) If no gauge is available, lurn the engine
by the hand crank and note whether Lhe compres-
sion is uniformly good on all eylinders. Compression
should rock the crank backward forcibly if allowed
to do so when well up on the compression stroke.
Compressed gases leaking past an exhaust valve
cause a hissing noise at the exhaust outlet. If leaking
puminukotdu.abiﬁn'ni-nyhhui
through the carburetor. Disconnect the air cleaner
horn at the carburetor and the exhaust line at the
power umit and have someone crank the engine
whikmﬁmnlutb-tmnmhum
to suspect that valves are leaking. Any valve leak
present alter the tappets are properly adjusted
should be corrected by grinding all valves.

b. Grinding Valves.—Extreme care should be
mdwﬂvdmmpumdum-hcwy
Ii-ﬁumdm.nnlybymmm
can one expect to get good engine performance.
Proceed as follows:

(1) Drain radiator by opening drain cock at the
bottom of the radiator.

12} Disconnect governor oil supply line at gov-
ernor.
13, Remove oil filter and bracket by .emoving
the nuts on the cylinder studs, and lay filter on idle
puliey bracket. .

t4) Remove fuel line from fuel pump Lo car-
buretor. _

15) Remove carburetor air cleaner hom and
tube.
.6, Remove electric choke control red. Dis-
connect throttle control rod at governor end and
the manual choke ware at carburetor end.

(7) Remove nuts holding carburetor Lo mani-
fold and remove carburetor.

(8) Disconnect the governor oil relurn tube and
the crankcase air vent tube.

(9) Remoye the cylinder head nuts which hold
the governor bracket and remove the governor
assembly.

(10) Remove nuts and bolt holding exhaust pipe
Lo manifold.

t11) Remove manifold stud nuts and manifoids.

(12) Disconnect wires from the ignition resistor,

(13) Remove the upper radiator hose. Remove
all spark plugs. Remove the cylinder head cap screws,
stud nuls and the temperature gauge bulb, then lift
head from engine block. Removal is made easy by
using lifting hooks screwed in No. 1 and 4 spark
plug holes. Do not drive screw driver or any
other sharp Instrument in between the cyl-
inder head and the block to break the head
loose Irom the gaskert.

(14) Remove Lhe valve spring cover screws and
the cover. Care should be taken not 1o lose the copper
on each screw as well as the screen and
With a piece of cloth or cotton waste over
three holes in the valve chambers to prevent
valve keys dropping into crankcase upon re-

Ei}}

moval.

(15) With valve spring compressor inserted be-
tween valve tappet and spring retainer, raise springs
on those valves which are in closed position and re-
move valve locks. Turn crankshaft with crank or
by fan belt until those valves which are open become
closed and repeat the operation.

(16) Remove valves and place them in a valve
carrying board, so that they can be identified as to

valve springs. The valve springs should be tested
;«mmmmmm-mmm
are open (spring compressed, length 13,°) or 50
Ibs. pressure when closed (springs extended length
275°). The free length of the valve spring is 2'4".
Mymﬁm-ﬁehmwadomkllwitﬁa
these specifications should be replaced with new

spnngs.

(17) Clean carbon from cylinder head, top of
: valve seats and cylinder block. Clean valve
guides with guide brush. Clean valves on a wire
wheel brush, making sure that all carbon is removed
from the top and bottom of the heads. Remove any
gum which may have sccumulated on the stems.

(18) The clearance between the intake valve
stem and the valve guide is .0015" to O0325°, the
exhaust valve stem clearance to guide is 002" to
00375°. Excessive clearance between the valve stem
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and the valve guide will cause improper seating and
burned valves. If there is too much clearance between
the inlet valve stem and the valve guide, on the sue-
tion stroke Lhere will be a wendency to draw oil
vapors up the guide into the combustion chamber
causing excessive oil consumption, fouled spark
plugs and poor low speed performance. Check the
wear of each valve guide by inserting a new valve
in it and feeling the clearunce by moving the valve
stem back and forth. 1f the clearance is excessive,
install a new valve guide as instrucled in paragraph
28 c.

(19) Check the clearance of each valve in its
guide and discard any having excessive clearance.
Reface the usable ones Lo a 45° angle. Replace dis-
carded valves with new ones. If seats in Lhe block
show exceasive pilling, relace Lhe seals

(20) Then, by hand, touch up the valves Lo the
seats with fine valve gnnding compound.

FIG. 19 REMOVING VALVE GUIDES

c. Removing and Replacing Valve Guidea.—

(1) When removing the valve guides use a
valve guide puller Lo prevent damage to cylinder
block. See (Fig. 19). i a regular puller is not avail-
able, a suitable tool can be made from a 2° pipe, 6*
long and a %" bolt 10" to 12° long with a long
threaded end, a small hexagon nut which will pass
through the bole in the cylinder block and a 2
washer with 3 3¢° hole in it

- B N

FIG. 20 INSTALLING VALVE GUIDES

(2) The valve guides are installed with a re-
placer or a driver as shown in (Fig. 20). Taking a
piece of hall-inch round stock 6 long and turning
down one end to 3" diameter 2* loag will make a
suitable driver.

(3) The exhaust valve guide is installed in the
cylinder block so that there will be a distance of 1*
from the top of the guide 1o the Lop of the block. The
intake valve guide is at 15,° from the top of
the valve guide Lo the top of the block, (Fig. 21).

(4) The valve tappet clearance in the guide
should be .0005° to .002°. It is advisable to check
the clearance of the valve tappet by moving it back
and forth in the guide. If the clearance seems Lo be
excessive, it might be necessary (o install a new valve
tappet. This operation is covered in this section under
paragraph 29.

d. Reasseamnbling.—

(1) When assembling valve springs and re-

mminmnhmthuthdn-dmihm.

3
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up against the cylinder block, (Fig. 17). Then install
the valves, each in its proper seal. Uising a valve
valves which are in closed position and insert the
valve spring locks with a valve key inserting tool.
If no key inserting tool is available, hold keys in
place by sticking them to valve stem with grease.
Crank engine until other valves are closed and install
the remaining keys.

N
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AG. 21 POSITION OF VALVE GUIDES

(2) Adjust the valve tappet to valve stem clear-
ance to 014", (Fig. 17). Remove cloth or waste

©y ®O©

RADIATOR END

@

FIG. 22 CYLINDER HEAD TIGHTENING

cap screws and nuts bringing them down finger Light,
then with a tension wrench lighten cylinder head
screws and nuls in sequence as shown on (Fig. 22),
tightening screws to 65 to 75 foot pounds or 7H0 10
920 inch pounds and the nyts Lo 60 Lo 65 foot pounds
or 720 Lo 780 inch pounds.

(4) Clean and adjust spark plugs, setling the
electrode gaps at .030". Install spark plugs in cylinder
hesd to prevent any foreign matter from entering
the combusion chamber during the remaining oper-
stions. Be sure to install spark plug gaskets.

(5) Install manifold with new gaskets. Install
manifold clamp washers with convex surface toward
manifold. Install manifold nuts drawing them up
tight. Install exhaust pipe to manifold with new
gasket.

{6) Install governor, adjust governor belt ten-
sion and connect governor oil supply line,

(7) Overhaul and recondition carburetor as per
instructions given in paragraph 37. Install carburetor
to manifold and attach controls. Install air cleaner
horn and tube.

(8) Recondition ignition unit and set ignition
timing in accordance with instructions given in
paragraph 41. Make sure when installing distributor
assembly in crankcase that it fits down in the crank-
case properly. Install and connect ignition resistor.

(9) Install upper radiator hose, and all line
connections. Close radiator drain cock and fill the
radiator with water or anti-freeze solution as re-
quired. Arrange the end of the governor oil return
tube so that returning oil will enter the crankcase
through one of the three holes in the valve spring
chamber. Start Lthe engine and allow to run without
load for five or ten minutes. Then stop it and re-
check the tappet clearances.

(10) If necessary, install new valve spring cover
gasket (shellac to cover). Ilnstall cover Lo engine
block. Clean crankcase ventilator tube and screen
and reinstall with gaskets.

(11) Install the governor il return tube.

(12) Start the engine. After it reaches normal
operating lemperature, make any speed adjustment
needed to provide correct voltage as shown by A.C.
VOLTMETER.

29. Camshaflt and Valve Tappets.—
a. Description.—
Ill'l'henbydulnnnhﬂmu four
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babbitt-lined shell. This bearing is staked in place
o prevent rolativn and endwise movement. See
(Fig. 23). .

(2) The valve tappets are lubricated through
@il troughs cast in crankcase and drilled passages
0 valve tappet’ guides. The oil troughs are filled
from oil spray holes at connecting rod bearing ends.
A groove cut in center of vulve tappet shank carries
the oil up and down in the guides.

FIG. 23 STAKING CAMSHAFT BEARING

b. R¥moval of Camshalt or Valve Tappets.—
To remove Lhe camshalt or valve tappets, proceed
as follows:

(1) Raise the power unit about 18 inches from
the floor and support it securely in such manner
that the oil pan may be removed later.

(2) Drain the water from the radiator. Remove
the front housing top plate. Remove housing front
end support and radiator assembly, See paragraph
89. Remove exhaust compartment top plate.

(3) Remove cylinder head, manilolds, valves
and valve springs, lollowing the instructions in para-
graph 28.

(4) Remove oil pump and fuel pump assemblies.

(5) Drain the oil from the engine. Remove Lhe
botlom dust plate and the oil pan.

(6) Remove fan belt, fan blade assembly, gov-
ernor belt and crankshaft pulley.

(7) Remove timing chain cover, camshaft

(8) Tie all valve tappets up with a string
wrapped around heads of adjusting screws and
attached to manifold studs

{9) Remove sprocket from camshall. Remove
camshaft and valve tappets.

(10) Carefully inspect camshaft for scores, rough-
ness of cams and bearings. Examine valve tappet
faces where they contact cams and replace if found
1o be scored, rough or eracked. Check clearance of
tappetls Lo guides, renewing those which have worn
excessively. Oversize available, .004°. .

¢. Replacing Camashalt or Valve Tappets —

ﬂllnu.lnluhppeuandtnupupha
with string. Install camshaft. Install camshalt thrust

(2) To set the valve timing, see instructions
given in paragraph 30.

(3) For installation of oil pump see instructions
in paragraph 34.

(4) Install the plunger and spring in the front
end of camshalt with round end out. lnspect pin in
uming chain cover Lo see that it stands perpendicular
to the cover [ace. Pul a light smear of cup grease on
end of pin and on the end of plunger, then assemble
cover 10 the engine.

« (5) Complete the assembly by reversing the
operations used for removal of the camshalt.

3. Valve Timing.—
a. Timing Chain and Sprockets. —

(1) The timing chain is non-adjustable. The
lubrication is positive through drilled passages in the
crankshaft and sprocket from the front main bearing.
These should be checked whenever the chain or
sprockets are replaced.

(2) To replace timing chain, il is necessary to
remove radialor, fan blades, fan belt, crankshalt
pulley and timing case cover. See paragraphs 29
and 39 d (2). Remove screws holding camshalt
sprockel Lo camshalt and remove chain.

(3) When chain has been removed it will be
necessary (o give due atlention 1o the valve timing
when chaio is replaced.
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b. Timning —

(1) Toset the valve Liming, turn the crankshaft
%0 that Ne. 1 and No. 4 pistons are at top dead center.
Top dead center is indicated by a mark TC on the
fiywheel which is visible through » hole in the
fiywheel housing, (Fig. 16).

2) Place the camshaft sprocket on the cam-
shalt and hioe up the holes for the capscrews. Screw
all four eapscrews in by hand. Rotate the camshaft
so that the punch mark on the face of the sprocket
1 in line with the punch mark on the erankshaft

4 Ty

FIG. 24 TIMING SPROCKETS
13 Remove the camshaft sprocket and install
lhﬁ-induin.(‘hupwenﬁu'ud.tha-
shaft sprocket, within the chain, until all four cap-
screw holes are maiched. Unless the position of the
mumw.mmmnm
amshaft and crankshaft sprockets will now be in
hne as shown in (Fig. 24). Make sure the camshaft
M-*ihpha.uphumummd
mithheimdtbcm'chmh.Tﬁuq
s correct when 2 straight line between sprocket
centers, cuts through the punch marks on bot b sprock-
€5 as shown in (Fig. 24). In this position No. 4
cylinder is at top of compression stroke and the
distributor arm should be under the segment for
that eylinder,
“) Tuhlnummllwh-iththm

FIG. 25 VALVE TIMING

(5) .lnluulwm!‘hdmlopmurm
mdonﬂrwhuiumniuonmvdlmlw
center. To check valve timing, (Fig. 25), adjust inlet
valve tappet of No. ] eyhinder to 020°. Rotate
crankshaft clockwise until piston in No. 1 eylinder
itmdyfortheinhkeltmh.al-birhﬁm the
Lappet should just be tight against end of valve
stem and mark on flywheel “10™ in center of Liming
hkinﬂywhvdbmﬁuumﬁdedmiu.

€. Timing Chain Cover Seal.—The crankshalt
oihnliomuhuui-mud with graphite
Mdl."humyl.oi-uﬂmoilml. the
siee] retainer should also be renewed.

3i. Crankshsft.—

#. Description.— The crankshaft rotates in three
sieel-backed babbitt-hned bearings, the front bearing
taking the thrust. Packing at the rear bearing, (Fig.
26), prevents the escape of oil. The main bearing
Journal diameter and length dimensions are: Front,
2.3340°~1.920"; Center, 2.3340"—1.8125"; Rear,
2.3340°—1.75".

b. Servicing.—

(1) The steel-backed babbitt-lined bearings are
wade 10 size and are interchangeable without line
reaming. The running tolerance of the bearing is
established at .001° to ,0025°. No adjustment is
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provided on the main bearing. Should they require
attention they should be replaced Lo mainlain proper
mu&mmcwmwm
reading 65-70 foot lbs. If new crankshaft bearings
are instalied, care should be taken Lo see that the
m.—phwﬁummiﬂth
crankcase, and that the bearings set sougly over the
dowel pins. Undersize main beanngs are available
in .010"; 020" and .030°.

FIG. 86 REAR MAIN BEARING PACKING

(2) The.end play of the crankshalt is .004" o
mm.ﬁmwmm--mmm
mwmumum-m.h
adjust end play, the crankshafl sprocket must be
removed with gear puller.

¢. Rear Bearing Seal.—

(l)'l‘ht:-rm'lbm'iuisnnldbys-iek
tmmWilmmmﬁudhm
crankcase and rear main bearing cap, (Fig. 26).

m‘l‘aiul.nllammlulhcmmm
immiﬂtmmhmmmm
ﬁmmmamdﬁmdwwdum.
roll the packing into the groove. When rolling the
Mumum-ﬂmwlthwhuwlh
center of the groove. Then starting Irom the other

FIG. 27 REAR BEARING CAP PACKING

end again roll toward the center. By following the
Mpmnduhyummthuth-icki&mly
Minutbehlmmdmwu.‘fhmdl
portion of the packing which protrudes from the
Mnlmhendnhonldhtmiud:nthm
wfmdmhmiqup.‘l‘owmthepd-
bility of pulling the packing out of the groove while
mmudm-m&ilhm-nhdu:ﬂ.amnd
block of wood, the same diaroeter as the crankshalt
be used to hold the packing firmly in position while
the ends are being cut off.

13) Should it be necessary to install a new seal
in the crankcase, it will require the removal of the
engine from the housing and the removal of the
crankshaft. The same procedure should be followed
when installing a crankcase seal as when installing
a seal in the bearing cap.

(4) When installing rear main bearing ap W
case, a little sealer should be put oa the faces of the
cap where it fits against the case. The rubber seal
mﬁu&umhﬂmthmﬁnhﬁumaﬁl
the case is cut 1o a given length and will protrude
down from the case approzimately ',". When the
oilplnhinﬂalhditﬁlllunwissllﬁgbu;imu
the holes and prevent any oil from leaking from the
engine into the generator adapter. See (Fig. 27).
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32. Connecting Rod and Piston Assembly.—
a. Connecting Rod.—The connecting rods are
drop forged. The babbitt bearings are of the re-
placeable type. steel-backed, babbitt-lined, precision
cut 1o size and no fitting is required. Clearance on
erankshaft .0005° to .0025°. Towal mde clearance

. 005" 1o 009". Undersize rod bearings are available

hm.m'_ud.m.
b. Piston.—

(1) The piston is alumi

%E
FHL
g
i

- s
true straight cylinder. Do not try to lap in & mew

piston using compound because it will ruilm
the tin plating on the piston and cause a scor-

ing or wiping condition of both the pisten and =
cylinder walls. See Checking Cylinder Bores
; -lehd-luhg.mpi“.

¢ Piston Rings.~—

- (1) Width of compression rings 3 82°. Widtho! .-

oil control ring 8 16°. The upper compression ring

. is installed with the inside beveled edge up. The face
of the lower compression ring is tapered .005°. The

letters “T-O-P” on the upper edge of the ring indi-
cate how the ring is installed, (Fig. 28).

- FIG. 30 COMPRESSION RING FITTING

O&E

@) mmmmummm
th-‘ gap is .008"— 013", (Fig. 29). When fitting
mqu (Figs. 30 and 31), give them

k: " the lollowing clearances: Compression rings, .0005°—

001°; cil rings, .001°—.0016°. Oversize rings are

7 tmhlhoMn- 010°; .020"; 030",
U-dndnir-.-plomrmm
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FIG. 31 OIL RING FITTING

d. Assembling Connecting rod to Piston.—
(1) Clamp connecting rod in vise using vise
jaw protector shields of a soft metal or two pieces
of > on each side of connecling rod three
piston pin end.

(2) Start piston pin in piston with groove facing
down. Assembie piston Lo connecling rod with the
slot in piston, (Fig. 32), opposite oil spray hole in
bearing end of connecting rod. Insjall piston pin
clamp screw. .

OlL 3PRAY

(3) Center piston on pin and place assembly on
connectling rod aligning fixture. Tilt piston to left
with piston resiing against swiace plate. With
feeler guuge, meusure cleurance between piston skirt
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a. Oil Pump Assembly.—

ich it
passes through drilled passages in crankcase to
crankshaft and camshaft bearings. The oil pump is
driven from s spiral gear on the camshaft.

(2) To remove oil pump from engine for dis-
mantling, remove the three nuts on studs holding
oil pump to crankcase. 8lide oil pump from studa.
Remove screw (rom oil pump cover plate which will
allow cover to be removed from bousing.

14
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i) To remove oil pump driven-gear, file off
one end of straight pin and with a small drift, drive
pin through oil pump shaft. The oil pump shaflt with
rotor can be removed from the body in an assembly.

14) When removing oil reliel plunger spring
retainer, care must be taken not to lose the small
shims which govern the spring tension on the relief
plunger. Adding shims increases the oil pressure,
removing shims decreases the pressure. The pressure
al which the reliel valve opens will register about 22
Ihs. on ENGINE OIL PRESSURE gauge under
normal operating temperature.

(5) When replacing the oil pump on engine the
following procedure should be folloved in order Lo
have correct timing for the ignition. Set No. 1
piston coming up on the compression stroke, then
turn fiywheel so that the timing mark IGN appears
on the fiywheel in the center of the hole in the fly-
wheel housing on the left hand side, (Fig. 16). Set
distributor rotor at No. 1 terminal tower in distribu-
tor cap, with breaker contacts just breaking. Hold
the oil pump in one hand with the oil reliel valve
spring retainer in the same position as it would be
when instalied in the engine; tumn shaft 30 that the
wide side of slot in driven-gear end is toward you,
then line up the pin holding driven gear to shalt so
that it will fall in line with the right side of the slot
in pump body. Slide the assembly on studs in the
crankcase, feed gear slowly into camshaft gear, not-
ing when fully set, if the rotor on distributor has
moved from its original setting. If so, remove oil
pump and twn one tooth to obtain the correct
setting.

b. Floating Oil Intake.—

1) The floating oil intake, (Fig. 8), is attached
to the crankease with two cap screws. The construc-
tion of the float and screen cause it to float on top
of the oil, raising and lowering in relation to the
amount of oil in the crankease. This construction is
to prevent the circulation of water or dirt, which
may have accumulated in the bottom of the oil
pan, by drawing the oil horizonually from the top
surface.

12) Whenever removed, the float, screen and

tube should be cleaned thoroughly in a suitable

clesning fuid o remove any accumulation of dirt.

Oil pan screw torque wrench reading is 10-14 It lba,
€. Oil Filter.—

{1+ The oil filter, (Fig. 6), is designed to control
contamination of engine oil. The filter element re-
moves particles of dust, carbon and other foreign
material from the oil which cause discoloration and

sludge. The inlet line to the filter is connecied to
the oil distribution line at the front plug on night
hand side of the engine. The outlet or oil return line
Lo engine connects (o Lhe Lliming chain cover.

12) When the oil on the level indicalor in Lhe
engine filler-tube becomes dark, remove the oil flter
cover ; remove the drain plug and drain out the sludge
after which, repluce the drain plug. Next, remove
the element and install a new element. Install new
cover gaskel; reinstall cover; start engine and check
for leaks; then check oil level; add to oil supply il
necessary.

d. Engine Oil Pressure Gauge. — The
ENGINE OIL PRESSURE gauge is of the hydraulic
type and measures the pressure of Lhe oil applied
to the engine bearings. It does not indicate the
amount of oil in the engine crankcase or the need for
changing the engine oil. A pressure tube connectls
the ENGINE OIL PRESSURE gauge to the engine.
It requires no special attention other than (o see that
the conneclion to the engine is Light. If the unit
becomes inoperative, it should be replaced as its
construction does not permit repair or adjustment.
35. Flywheel—

a. Description.—The flywheel is made of cast
steel, machined all over and balanced to insure
smooth engine performance. The flywheel is attached
to the crankshaft flange by two dowel bolts and
four special head cap screws.

b. Removing Pilot Bushing.—No pilot bushing
is used at the center of the flywheel on this power
unit. If & new fiywheel has such a bushing, remove
the bushing with a press or with a hammer and
blunt-nosed punch before installing the filywheel. Be
very careful te avold marring the fiywheel
surface, particularly the inner surface of the
hole and other surfaces where the flywheel
fits againet machined surfaces.

c. Assembling.—When assembling the fiywheel
to crankshaft, be sure il is properly installed in
relation to No. 1 crank throw, as indicated by the
timing marks, and that it fits properly to crankshaft
flange, to avoid runout or looseness. To check runout
use dial indicator attached Lo the rear engine plate.
The runout should not exceed .008° on the rear
face near the rim. Torque wrench reading 35-40
fL lbe.

d. Installation In The Field.—When installing
a new crankshait or fiywheel in service, it is Lhe gen-
eral practice Lo replace the Lapered dowel bolts with
straight snug fitting boits. The crankshalt and fy-
wheel should be assembled in proper relation, then
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mmwwumﬁoﬂrmﬂlﬁﬁcﬁm
securely. Next, use a 35,64° drill to enlarge the
tapered boit holes and then ream the holes with a
9/16° (.5625°) straight reamer and install two fly-
wheel to crankshaft bolis No. 80B with two 5%
20 hexagon nuls and two %" lockwashers, instead
dm:nmuumm.mm
overcomes the difficulty in correctly tapering the
holes in the field.

36. Engine Support Plates and Mounting.—

4. Front Support Plates.—The front engine
support plate is bolted to the front face of the cyl-
inder block and forms the back panel for the sttach-
ment of the Liming chain cover.

b. Rear Support Plate.—The rear engine plate
is alfached to the rear of the cylinder block and pro-
vides a means for attaching the generator adapter
ring which supports the rear end of the engine.

37. Fuel System.—

a. Description.—The fuel system includes the
fuel tank, fuel pump, carburetor, connecting fuel
It may also include an auxiliary fuel tank. The
mosl important servicing required is to keep it free
of dirt, water and leaks. This requires care in handl-
ing of the fuel to avoid getting dirt or water into the
fuel system, and periodic cleaning of sediment bowls
and strainers Lo keep dirt and water which enter, from
reaching the passages and jets of the carburetor.
Fuel leaks should be corrected as soon as discovered.

b. Fuel Tank —The 10'4 gallon fuel tank is
mounted above the generator. It may be removed
‘after first removing the hold down clamps.

¢. Fuel Pump.—

(T) The diaphragm type fyel pump operates
conlinuously while Lhe engine is operating and pumps
fuel from the fuel tank to the carburetor. See para-
graph 15 and Fig. 10 for further description.

(2) Remove and clean the sediment bowl and
screw sifficiently to hold the bowl Lightly on the
gasket. Check for leaks and install a new gasket, if
necessary.

{3) M the fuel does not reach the carburetor
bowl, check the fuel supply, the position of the shut-
off valve, the fuel lines and strainer before dis-
assembling the main body of the pump. Remove the
pump from the engine when moving parts are to
be inspected or replaced.

(4) Failure of the pump to function may be due
to a Jeaking valve, gasket or diaphragm, or o a

iuhwhﬂmmint.ummthi:m
ﬁmﬁombﬁy.thtwnﬁ-uuhpmyh
separaled Lo permit inspection of the interior mech-
anism. Replace worn or damuged parts with new
ones. Inlet and outlet check valves are inlerchange-
.He.minletduknluism'ilhmiu
down and the outlet check valve is installed with
spring up. They are held in place Ly a straddle plate
and two screws. Check valve gaskets must be in
place before check valves are installed. :

(6) The vertical driving member of the dia-
phragm assembly hooks under the end of the lever
mechanism, as shown in Fig. 10 and must be dis-
engaged at that point before it can be removed. When
installing a diaphragm assembly, hold the body
casling in an upside down position o facilitale
engagement of the diaphragm assembly with the
hook on the lever.

(6) When reassembling, make sure that all
gaskets are in place and all screws tight.

d. Carburetor.—

(1) The carburetor mixes the fuel and air in
proper proportion for burning in the engine. See
paragraph 14 and Fig. 9 for further description.

(2) I the engine is not performing correctiy, do
not hastily jump to the conclusion that the car-
iguuhatm.ﬁm:hkaﬁulythinitim
w'stem, valve action, liming, compression, fuel sys-
tem other than carburetor, fuel, oil, operating tem.-
perature, and the load. Only when these items are in
normaily guwwu condition may the carburetor be
properly adjusted. Do not attempt to compen-
sate for's faulty condition elsewhere by chang-
ing thé carburetor sdjustment. Correct the
fault where it exists.

(3) The sarburetor requires little attention other
th-d-hzdth&mhhm-unhanmbr
using clean tuel and keeping the screens and seciment
bowls clean throughout the fuel system. A drain
plug and screen at the bottom of the carburetor
bowl should be cleaned periodically.

(4) Remove the carburetor from the engine
u‘di-ulbithruthuw.hduninp. Remove
the screw plugs, jets and the idle adjusting screw.
Be careful not 1o lose any of the fibre washers. Clean
jets and passages with compressed air, if available.

(5) Do not remove the main nozzle unless peces-
sary to replace it. It can be cleaned without remov-
ing. l!lu'ouiciiualhd,mhmthatmly
one gasket is used with it and that the diagonally
cut inner end stands in a vertical position when tight.
(See Fig. 9). -
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If necessary, a soft copper wire may be used to clean
jeis and bleed. Never use an iron or steel wire. A
slight enlurgement or distortion of these holes may
make it necessary 1o replace the part. Replace any
parts that are damaged or badly worn.

6' Remove the float and inspect the needle
valve. If worn, or known to be leaking, install a
cumplete new needle and seat assembly. Shake the
float. If it contains gasoline, it leaks. Inswall 3 new
one.

(7) Check the float level. Hold the cover and
ficat assembly in an upside down position and allow
the float 10 set at the position determined by its
own weight. The vertica! distance %rom the gasket
surface of the cover o the float should be 3°. If

should barely touch the gauge by its own weight.
Anyctmuhdd;um&mldhn&by
bending that portion of the flost arm wi
apainst the needle valve, Bend very slightly. Do not
roughen or destroy its curvature. Do not stretch
the needle valve spring.

8: Do pot disturb the position of the metering

{9+ In reassembling the carburetor make sure
that all fibre washers and gaskets are in place and
that all jets and plugs are tight.

operative by removing the connecting link between
the pump arm and the pump plunger rod.

11, Since a dirty air cleaner may place Loo great
a restriction on the flow of air to the carburetor
always clean it as described in paragraph 27 ¢ 4)

when servicing the ecarburetor. Also, make sure that -

the choke opens properly. -

(12, After reassembling the carburetor to the
engine, start the engine. With the power unit oper-
ating at no load, tumn the idle adjustment screw in
(clockwise) until the engine begins 1o run unevenly
due 10 Jean fuel miztuwre. Then slowly turm this
screw in the opposite direction until the engine runs
smoothly and the power unit develops maximum
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voltage. Do not open far enough for the voltage to
begin to drop. Recheck this adjustment after the .
engine has been running half an hour. Proper adjust-
ment is between !- and 1'; turns open (counter-
clockwise) Irom a completely closed position.

e. Fuel Lines. —'I‘lu-lul lines require little atten-

{. Sediment Bowl! and Strainer.—The sedi-
ment bowl and strainer beneath the fuel tank re-

)

r—

FIG. 33 ENGINE GOVERNOR
ADJUSTMENTS

38. Engine Governor.—

a. Description.~The governor is of the fly-
m:m.mmw.vmmmm
of the belt is 48°, maximum width, 33/64°, angle of
V., 40°. The governor controls the speed of the engine
and the frequency of the alternating surrent gener-
.w.ltah&nudfn-thnlmmd

applying thumb pressure midway between pulleys.
It is adjusted by shifting the position of the governor
assembly as permitted by slotted holes, Fig. 18.
ltkamuﬂmmmdmxm
holes, { 18)
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b. Reguistion Limits. —lt is advisable to refer
o the A.C. VOLTMETER while adjusting the
governur. Al no-luud, the voltage should nol exceed
235 velts. At full lowud, unity power factor, the volt-
mﬁwldndhwwhlﬂ.':wlu.

c. Adjustment.-- If pecessary (o adjust the gov-
ernor, hwwﬁmuumﬂmuulm-
perature. Proceed as fullows:

(1h] thqmlmnlhmmu,
Fig. 33, adjust the length of the thruitle control rod
80 that the curburetor throttle lever clears the wide
open stop by 1 64°.

(2) Loosen the bumper spring screw locknut’

and turn that screw out far emough to prevent its
functioning. Loosen the spring slide shoulder screws
s0 the slide may move endwise. Sturt the engine.
tysn that screw as necessary Lo obtain correct speed.

(3) If the governor surges under full or part
hd.djdthmmﬁmm
until surging stops. For close regulation, keep the
governor spring eyebolt as high as possible without
causing surging. Each time its adjustment is changed.
readjust the spring shde adjusting screw for correct
speed.

.'MI If the governor surges al no load, turn the
bumper spring screw in until surging stops, but not
far enough Lo increase the engine spvd.

(5) Tighten all locknuts and show oo v screws.”

a.’ Description.—The performance of an engine
is dependent to a greal extent upon the proper
mdmmMMMm
the engine water jacket, radiator, connecting
circulating pump, thermostat and the ENGIN
WATER TEMPERATURE gauge.

b."Draining Cooling System.—To drain the
cooling system open the drain cock located st the
lower right hand corner of the radiator, just under
the water outlet, also the drain cock at lower left
front corner of cylinder block.

¢. Filling the Cooling System.—

(1) Instructions.—Close the drain cocks on
the cylinder block and radiator. Fill the radiator
with clean waler or, during cold weather, with an
anti-freeze solution is being used, because the solu-
Lion expands when heated and an appreciable amount
of liquid would be lost through the overflow. The
solution should be 1° from Lhe boltom of the fller
neck. The capacity of the cooling systems is 15'3
quarts,

(2) Cawution.— Should water be lost from the -

twoling system and the engine overheat, do nut add
waler immediately but allow the engine to coul, then
add water slowly while the engine is running. I
cold water is poured intothe radistor while Lhe engine
is overhested, there is danger of cracking the cyl-
inder block and head.

d. Radiator.—

(1) Servicing —The radiator is designed to
cool the water under all vperating conditivns, how-
ever, the radiator core must be kept free from cor-
rusion and scale in addition w the maintenance of
other cooling units to obluin satisfactory service.
At least every 1000 operating hours remove the
radiator and clean it inside and out in a cleaning
solution. At the same time examine core for leaks
or damaged cells and make any needed repairs. After
radiator and cooling system have been cleaned and
flushed out, it is advisable Lo use a corrosicn pre-
ventative. Rust and scale may eventually clog up
waler passages in both the radistor and water jacket
of the engine unless a rust inhibitor is used. This
condition is aggravated in some localities by the
waler available,

(2) Removing and Replacing Radiator.—
To remove the radiator, proceed as follows:

(a) Remove the front side pancis from the
housing and slide the front top plate back.

(b) Open the radiator drain cock and drain
the radiator.

(c) Loosen the top, front hose clamp and
either of the clamps on the hose connected to the
water pump. Disconnect the water inlet elbow after
loosening the clamp.

{d) Remove the four bolis from the frunt
ends of the front housing top-plate guide-rods.

{e) Remove the three nuts which hold the
fan guard. Bend the top radiator support brackets
outward slightly and remove the fan guard.

(f) Remove the four bolts which hold the
front of the exhaust compartment top plate 1o the
housing front support.

() Remove the four bolts which hold the
bottom corners of the housing front support Lo the
skids.

(h) Remove four bolis from the sides of the
housing front support.

(i) Tip the front support, with radiator,
alightly forward and remove carelully.

() Remove the two nuts which hold the
bottom of the radiator 1o the crossmember of the
front support. =
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(k) Remove the four nuts from the two lop
radiator supports and hft the radiator from the
support.

(N While radiator is removed, install any
new radiator hose needed, but do not tighten the
clamps until all other connections are made after
installing the radiator.

(m) Install the radiator by reversing the
above order of procedure. Tighten the hose clamps
last, and inspect the connections carefully for leaks
alter the radiator is filled. Stop all leaks.

(3) Emergency Repairs.—Emergency repairs
in case of puncture by bullet or shrapnel; if a tube
is not completely severed. cut it or break it off with
a pair of phiers. With pliers, strip fins fromgube above
and below break for '2" or necessary distance to
mﬂehﬂdnudtho!ubeﬂﬂdilnﬂndhtul.
both above and below the break thereby stopping
the flow of water.

e. Thermosrat.—The cooling system is designed
to provide adequate cooling under the most adverse
conditions: however, it is necessary to employ some
device 10 prevert overcooling during normal opera-
tions and to quickly warm up the engine from a cold
condition. This is accomplished by use of a thermo-
stat, (Fig. 7), which is located in the water outlet
on top of the cylinder bead. The thermostat opening
is set by the manufacturer and cannot be altered.
The thermostat opens at a temperature of 145" to
lS&'F.Totmm.b-tnﬁdnlmm
170° F. and submerge thermostat. The valve should
open to the limit at this temperature. If valve fails
Lo open, a new thermostat will be required.

{. Engine Water Temperature Gauge. — The
ENGINE WATER TEMPERATURE gauge is con-
pected 1o a thermal element in the cylinder head by
mdanpclh-ywhc If the gauge becomes in-

4. Fan and Water Pump.—

(1) Description.—The fan and waler pump,
(Fig. 34), are mounted on the same shaft. The pump
udl.lueumlunltypoudmnhmthmu
the cooling system.

(2) Bearing.—The double-row ball Inlnu s
integral with the shaft and is packed with a special
high melting point grease at the time of manufacture
$0 it requires no lubrication. The ends of the bearings
are sealed to retain the lubricant and prevent dust
and dirt from entering.

(3) Construction.—The bearing is retained in
the housing by a retaining wire, which snaps between
the bearing and the water pump body. The seal
42

washer has four Jugs which fit into the slots in the
end of the impeller. One side of the seal washer bears

f—ran BLADE ASSEMBLY
AN BELY
PULLEY
WATER PUMP BOOY

FIG. 3¢ FAN AND WATER
PUMP ASSEMBLY

against the ground surface of the pump body and
the other against the seal. The rubber seal bears
against the machined surface on the inside of the
impeller. The seal maintains a constant pressure
against the seal washer and impeller assuring positive
seal. The drain hole in the bottom of the housing
prevenis any waler seepage pasl Lhe seal washe
from entering the bearing. The impeller and pulley
are pressed on o the straight shalt under 2500
pounds pressure.

(4) Dismantling.— Remove the fan belt and
fan blade assembly and then the water pump from
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the engine. Remove bearing retuining wire. Place
water pump body on an arbor press fuce-plate and
press water ‘pump shaltl through impeller and pump
body. memmlmmm.ﬂmlmp
shaft and fan pulley on press so that the bearing
wiﬂduriatheopeuiuudmuhﬂlbmpunq.

(5) Reassembling.—To reassemble the water
pump, instull the long end of the shaft in the pump
body from the front end until the outer end of bear-
ing is flush with the front end of the pump body. Dip
the seal and the scal washer in brake fluid and install
hthimpeller.l‘lnuthehnpdhrumwhrm
Mmthelongmd.ﬂﬁahiﬂolheimpdkr.
until thuddthenhnl’lillmhwilhmimpdlu.
Suppwtmblyoninpdluudddnnndm
the fan pulley onto shaft 5o the end of shalt is flush
with the face of the fan pulley. Move the shaft in

A. Fan Belt.—The fan is driven by a 42° angle
V-belt. Length outside 441i". Width, maximum,
11/16°. To install fan belt loosen clamp boit on
slotted bracket at idle pulley and move idle pulley
Waﬁu!ﬁdebehommhhﬂpﬂby.up
M[nbhdemhlyudmlumuq.
lhnmﬂlemy.ddiunthhnhlthymvin;
lhidhpulhymylmtheufuuawi_ntwhu
the fan belt can be depressed 1° midway between fan
pulley and idle pulley, (Fig. 18). The driving of the
fan and generator is on the sides of the V-belt; there-
Mithutmhhnthhnhdtmﬁ;ht
as Lo cause excessive wear on bearings.

i. Anti-Freeze Solution.—
(1) When Required.—Where air temperatures
require, it is necessary to protect the cooling system
mmtmdmﬁm-ﬂm-ﬂuum

(2) Alcohol.—When alcohol is used in an anti-
ﬁmdﬂhmmhh&umhnﬁuuy
of the solution on the finished portions of the hous-
ing; if so spilled, it should be washed off immediately
with a good supply of cold water, without wiping
or rubbing. The evaporating point of a water and
alcohol cooling solution is approximately 170° F.
Therefore, when such solution is used in warm
weather, it must be checked frequently with a
hydrometer as there may be considerable loss of
slcohol through evaporation, thus raising the freez-
ing point and rasulting in damage due to [reczing.

(3) Ethylene Glycol Solution. — Ethylene
glycol anti-freeze solutions have the distinet advan-
tage of possessing 8 higher point of distillation than
aleohol and consequently may be operated at higher
temperatures without loss of the solution through
evaporation. Ethylene glycol has the further advan-
tage that in a tight system only water is required to
replace evaporation lusses, however, any solution
lost mechanicully through leak.ge or foaming must
be replaced by additional new solution. '

40. Exhaust System.—
a. Exhaust and Intake Manifolds.—-

(1) Description.—The exhaust and i..take man-
ifolds make a unit in which the hot exhaust gases
are thermostalically controlled and directed around
the intake manifoid to assist in vaporizing the fuel
when engine is cold, thereby aiding in warming up
the engine and reducing oil dilution. It also mini-
mizes the use of the carburetor choke control and
resulls in proper temperature of the incoming gases
under all operating conditions.

FIG. 35 HEAT CONTROL VALVE

(2) Functioning.—When the engine is cold,
the counterweight lever closes the heat control valve
and directs the hot exhaust gases against the intake
manifold. See (Figs. 5 and 35+. As the engine warms
up, the Bimetal spring expands and opens the valve
directing the exhaust gases into the exhaust pipe.

(3) Servicing.—All parts are replaceable but
little servicing is required. When assembling the
manifolds to the cylinder block, new gaskets should
be installed and the : s drawn up evenly until they
are all tight to avoid gas leakage. Torque wrench
reading, 31-35 f1. lbs.

b. Muffier. —The exhaust manifold is connected
by steel tubing to the mufer mounted in the muffler
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compartment below the radiaior. The muffler outlet
1s at the lower lelt front corner of the housing. Ten
feet of flexible exhaust tubing may be connected
at the outlet 1o carry the exhaust gases away from
the power unit,

c. Caution.—Do not operate the power unit in-
side a closed room without first having connected
an exhaust line that will carry all exhaust gases
out of doors. Exhaust gases are poisonous and may

cause death.

d. Servicing —If the exhaust system becomes
clogged with carbon it will create a back pressure
on the engine that will prevent us developing full
power and will cause combustion chambers and
valves to become covercd with carbon to jhe extent
that a carbon removal and valve grinding job will
become necessary. Keep the exhaust system free
of excessive carbon. Keep all joints tight. If the
flexible pipe leaks, replace it.

31, Ignition Unit.—

4. Breaker Conracts.—The breuker contaets in
the ignition unit, Fig. & , eventually become pitted
and must be repiaced. When not too badly pitted
they may be resurfaced by means of a carborundum
kore. They must be removed to do this. Surfaces
skould be finished to a very slightly convex form,
almost fiat. When properiy adjusted they. must
upen 020" and when closed they should contact
at the centra! areas of thewr surfaces. Spring tension
is acjusiable and should be between 17 and 20
ources, measured at the contact of the breaker arm
just as the contacts separate.

b. Condenser.—Il spark is weak and breaker
contacts are bacly burned and have a sooty appear-
ance it is probable that a new condenser is required.
The condenser may fail without such symptoms.
The condenser capacity should be between .18 and
.25 microfarads. Replace with a new one if outside
these capacity limits. .

c. Cap and Rotor.—~Keep the distributor cap
and rotor clean. If the cap is cracked, shows evi-
dence of arcing or has corroded contacts, replace it
with a new one. Replace the rotor when it becomes
burned 1o skort, as may be evidenced by a burned
condiiion un top of the strip. .

d. Governor.—The governor should be checked
for Irev operation. Hold the distributor shaft and
turn the cam to the left as far as it will go and re-
lease. The cam should return immediately to its
original position with no drag or restriction. Inspect
the distributor shaft bearing in housing, also the
shaft friction spring on end of shaft inserted into
the coupling on the oil pump shaft; if damaged,
replace.
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e. Timing —Orcinarily the timing of the ignition
unit should not be disturbed. If, however, it should
become necessary to retime the unit after having
removed it, the following procedure may be followed.

(1) Remove the cover from the timing hole
on the fiywheel housing (Fig. 16). Crank the engine
slowly with the hand crank until No. 1 piston is
coming up on compression, and stop when the igni-
tion timing mark IGN of the fiywheel appears in
the center of the timing hole in the fiywheel housing.

{2) Place the distributor arm of the rotor in
line with No. 1 tower of the distributor cap and so
that the breaker contacts are just opening. Set the
unit in place on the engine and turn the rotor shaflt
slightly, as necessary, so that the driving lug on the
end of the shaft engages the slot in the drive coupl-
ing. Then push the unit down and install the hold-
down screw. Rolate the case until the contacts are
Just breaking and lock in place by tightening the
clamp screw. Complete the assembly. Start the
engine and recheck the timing with a neon timing
light, if available. The correct timing depends some-
what on the fuel used and should be set at the point
at which the constant full load voltage is highest.
A lurther test is to switch from no load to full lead
at once. If there is a pinging knock during accelera-
tion, retard the spark just enough tu eliminate it.
Final adjustment is made by loosening the clamp
screw and turning the unit shightly, as necessary.
Tighten screw, Install the timing hole cover.

42. Spark Plugs.—

Keep spark plugs clean and properly adjusted.
When porcelains crack or become badly eroded, or
when electrodes are badly burned, install new spurk
plugs of same type, which is Champion No. J-9
Set the gap between electrodes at .030°. When in-
stalling, make sure gaskets are in place and tighten
the plugs securely.

43. Battery.—
The battery requires certain routine attention.

Follow the battery manulacturer’s instructions when

available, otherwise check as fullows:

a. Kecp the water level about 3.” above the plate
separators. Use distilled water, clean rain water
that has not been handled in metullic conlainers,
or water known to be harmless Lo batteries. Avoid
overfilling. Never allow water level 1o recede below
tops ol separators.

b. Keep the top of battery and the terminals
clean. A coating of petroleum jelly on the terminals

helps prevent harmful corrosion.

¢. Keep the battery in a fully charged condition.
If allowed 1o remain in a low state of charge, sulpha-
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tion of plates will reduce the capacity and greatly
shorten the life of the Luttery. A discharged battery
will [reeze at 20° F. above zero.

44. Solenvid Starting Switch.—

1 it is suspected that the solenoid starting swilch,
(Fig. 5), is not closing properly, test by touching a
heavy jumper wirg across its two large terminals.
If the engine is not cranked as a result, there is
trouble elsewhere. If the engine is cranked, as a
result, touch a jumper wire from ils positive ter-
minal to which the positive battery cable is con-
nected, to Lthe smaller front terminal. If the engine
is not cranked as a result, the solenoid starting swilch
is at fault and a new one should be installed.

45. Iigh Water Temperature Cut-Off Switch.—

a. Description.—The setling and functioning of
the high water temperature cut-offl switch, (Fig. 6),
are explained in paragraphs 8 a (13) and 23. To
assure proper fumctioning, ils accuracy may be
checked in the following manner.

b. Cieecking Accuracy.—Remove the radiator
cap and insert the bulb of a good Fahrenheit ther-
mometer in the water in Lthe radiator. Set the dial at
220. Cover the radiator and operate the engine until
the water temperature exceeds 180° F. Then slowly
turn the dial counter-clockwise until the ignition
is switched off. Then the dial reading should coincide
with the thermometer reading. I the readings differ,
the dial scule should be adjusted.

c. Adjusting.—The [actory setting of the dial
scale is sealed by applying sealing compound Lo a
small area.of both the scule und the central dise
of the diak Do not break this seal unless it is
necessary to adjust the dial. Then, after checking
with a thermometer as just described, loosen the
1wo screws in the central disc of the dial without
disturbing the dial setting. With the screws loosened,
break the seal and sel the scale so its reading corre-
spunds with the thermometer reading just taken.

Tighten she screws. Set the cut-out switch for a
higher temperature lo permit starting the engine.
Repeat the test Lo verify Lhe correctness of the
adjustment.

d. Adjusting when a Thermometer Is Not
Avaslable.—Wauler in an open vessel, such as an
uncapped ridiator, boils at 212° F. at sea level. The
luniing puint drops approximately 3° for each 1000
fert abuve sea level. I the elevation with respect
1o sca level is known, the approximate boiling point

‘of water forthat location may be calculated and that

value may be used to check the switch operation.
It is important that the cooling liquid be water only
when making tlus check, Operate the engine with

rachator covered, and with cap off, until the water
benls fresdy. Turn the dial counter-cluckwise until
the yantwon is swilched off. then compare the dial
reading with the caleuluted water temperature. Il an
adjustment is required, adjust the dial scale so that
the reuding at the instant the ignition is switched
oll, with water boiling. currespunds with the cal-
culated wemperature. The method of changing the
dial scale adjusiment is explained in the preceding
puragraph. Use the thermometer method of adjust-
ing when possible.

e. Engine Water Temperature Gauge —The
reading of the ENGINE WATEE TEMPERA-
TURE gauge should be checked agummst the ther-
momeler reading or the calculated boiling point
temperature. I the gauge is more than a few degrees
inaccurxle, install a new gauge and thermal element.

46. Low Oil Pressure Cut-Off Switch.—

The low oil pressure cut-off swiwch, Fig. 5,
closes when the oil pressure drops Lo approximately
6 puunds per square inch, operates the stop relay
and switches off the ignition. If the engine stops
unexpectedly and the waler temperature is normal
it may be due to the closing of the low oil pressure
cut-offl switch because of low il pressure. If the oil
jressure will not bwild up to about & pounds per
square inch and open this switch, the engine will
md continue Lo run alter the START bution is
rideused. Throw the MANUAL START-REMOTE
START switch to MANUAL STAKT position and
sturt the engine. If the EXGINE OIL PRESSURE
suuge shows that the vil pressure does no: puild up
nurmally, do not operate the engine until the trouble
is located and correciea. Il Lhe oil pressure builds
up normallvy and it is suspected that the low oil
pressure cut-ofl switch is at fault, disconnect the
wires from i, throw the MANUAL START-RE-
MUTE START switch 10 REMOTE STALT posi-
tion and start the engine electricaliy. I{ the engine
runs normally and with normal oil pressure, but
stops as soon as the wires are connected to the low
oil pressure cut-off switch, the cut-off switch is at
fault and a nex one should be installed. The engine
may be operated temporarily without the protection
afforded by this switch, if necessary. If this is done,
connect the 1wo wire terminals together and tape
the joint. Give special attention to the lubncation
during the emergency and install a new low oil
pressure cut-off switch at the first opportunity.

47. Battery Charging Regulator and
Resistor Group.—

a. Battery Charging Reguilator — I the Lat-
tery charging regulator fails to function properly as
explained in parugraph 20 d, it should be replaced
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with a new one. Il the charging rate continues al
about I} amperes afier all battery ovlls are hoown
1o be fully charged. it may be due to an open circuit
in the regulator coil or to sticking ngulatur contacts.
If the charging rate does nut rise higher than about
2 amperes when the hattery is hnown to be in a Jow
state of charge it may be due to the regulatur con-
tacts not clusing properly or, il closing, not making
poud electrical contact. M troubde m the battery
charging regulator s suspected, sulstitule & new
relay. Il the new rclay corrects the conditions, dis-
card the vld one.

b. Resistor Group. — Whenever the power unit
is in operation, heal should be generaied in the 2.5-
ohm resistor No. 608, If it remains culd while the
power unit is in operation it proldfbly is delective.
Substitute 3 new one. I the new one functions nor-
mally, discard the old one. Heat is pencrated in the
two 2-chm resistors only while the hattery is charg-
ing at the high rute of about 10 amperes. I one of
these resistors is defective the high charging rute
will be reduced and no beat will be generated in the
defective resistor. Replace Lhe defective resistor with
2 Dew one.

46. Relays.—

a. General.- The relays on the control panel
reguire no attention under normal conditions. All
reluys are of direct-current type. In case of luilure

of any relay the power unit may be operated tem-
porarily by starticg manually. The funciioning of
the relays is explained in paragraphs 25 and 26.
By referring to wiring diagram (Fig. 141 and usiug
it in connection with paragraph 26 the various relay
circuits may be checked and any relay trouble may
thus be traced to a certain relay. Substitute a new
relay for the one suspected of being at fault, and
observe whether the condition is corrected. The but-
tery charging relay may be repaired, il necessary.
Adduunmwmrmlﬁr“dh
replaced with a new one.
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FIG. 37 BATIERY CHARGING RELA
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b. Battery Chasding Relay. — The ballery
charging relay requires httle attention. Do nut dis-
turb the factory adjustment unnecessarily. If the
adjustment has been disturbed, or 2 new part hus
been installed, 2 definite procedure must be fullowed
in making correct adjustments. Keler 1o (Fig. 37)
in connection with these instructions.

11+ With the coil assembly installed in the frame
and the nut securely tightened, place the armature
and contact assembly in positiun. The contact spring
rests sgainst the armature at the point (A) with a
pressure of about one pound. I this tension has been
lost, install a new armature and contact assembly.

i2) Install the stationary contact panel with
contact. Thmhhmwdwmu
adjusting.

13) Adjust the gap (C) to approxzimately .040°
by raising or lowering the stativnary contacl as
permitted by slotted holes (D). Measure this gap
with a thickness gauge when contacts are just louch-
ing.

(4) See that contacts set squarely together when
the armature is entirely down and that they make
contact at the centers of the contact surfaces. I
necessary, bend the frame slightly at point (F) and
the contact arm at points (E) lo oblain correct
alignment. After bending at either point it will be
necessary Lo readjust gap (C).

t5) Adjust gap (B) to between 364" and 116"
by bending the stop as reyuired.

{6) If a new spring is to be installed, it must be
stretched very careflully before assembling. The coils
of a new spring rest lightly together with some
ummmwnowymIem
remains between coils when released, just enough
clearance 8o coils do not touch. If clearance is too
great, discard the spring.

(7) Install the spring with the hooks attached
in exacuy the directions shown in (Fig. 37).

- 18) Adjust the spring lension so that 10 volts
direct-current applied to the coil will close the con-
taocts forcibly but 8 volts will not be sufficient Lo
close them. Use 5 cells of the battery to obtain 10
volts, 4 cells to obtain 8 volts. To increase the spring
tension, bend the lower loop up closer Lo the first’
coil. I more tension is needed than obtainable in
this manner, bend the support downward at G).
To reduce the tension, bend the support upward.

49. Changing Engines.—
a. Removing the Engine.—To remove Lhe en-
gine from the power unil, proceed as follows:
(1) Remove the front housing support and radi-
ator as instructed in paragraph 39 & (2) (a) through

(i
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(2) Remove the rear housing superstructure
and the entire generator, following instructions con-
tained in paragraph 50 ¢ through f.

13) ‘Remove the electric choke control rod. Dis-
connect Lhe exhaust pipe from the exhaust manifold.

(4) Remove Lhe two front engine support bolts.

(5) Attach a hoist to the engine and Jift il
from the skids. ;

b. Inatalling the Engine.—

t1) Lower the engine carefully into the skids
by means of a hoist. Place substantial blocking
under the rear of the oil pan to support the engine
about half an inch sbove its normal position. While
still attached to the hoist, install the front engine
support bolts loosely. Remove the hoist.

(2) Install the generator by reversing the pro-
cedure of disassembly and giving particular attention

" 1o the instructions contained in pafagraph 50 4

3.
(3) Install the front housing support and radi-
alor by reversing the procedure of disassembly.

(4) Connect the exhaust pipe to the manilold,
using a new gaskel and Lightening the nuts securely.
t5) Install the electric choke control rod.

50. Generator.—

as M'l.m s.f.kiﬂ‘-—

* (1) Brush Inspection. — Remove the cover
from the exciter every 200 operating hours and
inspect the commutator, collector rings and brushes.
Make sure that brushes move feely in holders and
have uniformly good spring tension. Correct spring
tension is 14.5 0 19.5 ounces for the slip ring
bruslies; 30 to 40 ounces for the exciter brushes when
the end of the spring is even with the top of the
brush holder. Replace any brushes worn 1o less than
%" length.

(2) Sanding Brushes —Sand new brushes lo
a googl sealing contact. This may be done by drawing
a strip of No. 00 sandpaper around the commutator,
sanded side out, while the brush rests on the sanded
surface of the paper with normal spring tension.
See (Fig. 38). Make sure that the sandpaper con-
tacts a large area of the commutator both directions
from the brush. Draw the sandpaper in the normal
direction of armature rotation. Raise the brush for
the return stroke. Repeat until a proper seating
surface is obtaired. Slip ring brushes are sanded in
lhnlnslnmnu'.

(3) Commutator.—The commutator acquires
a mahogany-colored surface afller being in service
s short time. If smooth, this surfuce reguires no
attention. Slight roughness may be improved by
holding a piece of No. 00 sandpaper against the
surface while the engine operates slowly. Brushes
mumuhmmmum-

FIG. 38 CARE OF COMMUTATOR
AND BRUSHES )

A bacdly worn, bummed or pitted commutator will
require refinishing in a lathe. After refinishing the
commutator, or whenever the copper has worn down
flush with the mica insulation which is between the
bars, the mica must be undercut 1 32° as shown in
(Fig. 38:. These operations should not be atiempted
by unauthorized personnel.

FIG. 39 NEUTRAL POSITION
OF EXCITER BRUSHES

4) Neutral Position of Exciter Brushes—
The edge of the exciter brush ring has a small in-
dentation that coincides with the edge of supporting
boss when the ning is in proper neutral pasition. See
(Fig. 39). This spol is marked with yellow paint on
both the ring and the support boss. This setting of
the brush ring in neutral pusition should be main-
tained.

(5) Slip Rings.—The slip rings require the
same atlenlion as the commulator except that there
is no mica 1o be undercut.

(6) Cleanliness. — Alter servicing the commu-
tator, slip rings and brushes, blow the sand, copper
and carbon dn_st from the generator. 4
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MAINTENANCE—Continued

(7) Generator Ball Bearing.—Every three
months, or 600 operating hours, whichever occurs
first, remove the bearing cover from the generalur
end bell. Clean the old grease from the bearing recess
and repack with an approved ball bearing lubricant.
Do not use common hard oil. Replace the cuver,
using a new gasket, if needed. e sure Lhe retaining
clips which hold the outer race of the ball bearing
{rom turning in the end bell are in place.

b. Major Servicing. — Replacement of exciter
field coils, rotor or stator (Fig. 40), will require re-
moving major parts of the generalor. The housing
super-structure must be removed before ‘such major
servicing of the generator can be done.

¢c. Removing Housing Super - struclure. —
When it becomes necessary Lo remove a major part
of the generator, the housing supwr-structure must
be removed. It is best to remove it as a complete
assembly, using the following schedule of operations:

(1) Disconnect all wires leading from the power
unit.

ﬁﬁlmmi&aﬁupuﬂlmlh

. bousing. To remove the front top panel it will be

necessary Lo femove Lhe bolts by which the retaining
chains are attached to the panel.

(3) Disconnect all battery cables at the battery.
Remove the four thumb screws and the top frame
which hold the battery down. Remove the battery
and l.!udillin.huny tray.

.(4) Remove three screws from the Lop edge of

. the control panel and tip the panel out and down to

a horizontal position.

‘(5) Disconnect from the panel the bond strap
extending from Lhe exciter end bell. Disconnect the
four main generator leads at the a-¢ terminal block.
Auach numbered tags to the wires as they are
:;uwd.lnmmmmﬁmwhnm

ng. :
{6) Close the control panel and replace the
center screw.

#7) Remove the tape from the wire harness
amserhbly whicll extends forward over Lhe generator.

(8) Disconnect the larger cable Irom the right
hand terminal of the solenoid starting switch.

(9) Disconnect the wire from the electric choke.

(10) Disconnect the two wires from the low oil
pressure cut-off switch.

{11) Disconnect the oil pressure gauge line at
the fitting near the low oil pressure cul-ofl switch.

{12) Disconnect the wire from the clip of the
ignition resistor above the rear end of the eylinder
head.

t13) Disconnect the wire from the high water
temperature cut-ofl switch.

t14; Open the radiator drain cock and druin the
radiator. If the cooling system conlains an Lnli-
freeze or a rust inhibitor, the liqud should be
drained into a clean container and saved for re-use.

(15) Remove the thermal element from the Jeft
side of the cylinder head. To do this, remove only
the smaller of the two brass hexagonal nuts. [is-
connect the bond strap frum the capillury tube. Lay
the thermal element back in the right side of the
housing, being careful to avud making u sharp bend
or kink in the capillary tube.

116) Close the 2-way shul-offl valve beneath the
main fuel wank by turning the valve handle to the
rear. Disconnect the fuel line at the sediment bulb.
If an auxiliary fuel line is used, disconnect it at the
end near the 2-way valve.

(17) Remove the two bolts from the left hand
bracket of the air cleaner.

(18) Remove the four bolts from the rear ends
of the front top plate guide rods.

(19) Remove the two bolts from the bottom of
the lifting yoke.

120) Remove the eight bolts which hold the legs
of the cenler and rear housing supports to the skids.

(21) Check to see that all necessary disconnec-
tions have been made.

(22) Liflt the super-structure several inches so
as o clear the generator and remove from the rear.

d. Removing Exciter Frame.—Alter the hous-
ing super-structure has been removed, the exciler
may be removed. Proceed as follows:

(1) Remove the cover band from the exciter.
Lift all brushes high in their holders and set the ends
of the springs against them to hold them high.

(2) Remove the end bearing cover from the
exciter end bell. Remove the screw and lock which
hold the outer race of the ball bearing from turning.

(3) If the entire generator frame is to be re-
moved, omit the next three operations and proceed
Lo paragraph 50 d.

(4) Disconnect the shunt field lead near the
upper left exciter brush holder, and the series field
lead near the lower left brush holder.

¢5) Remove the cap screws which hold the
exciter Lo the generator frame. Remove the end bell.

161 If the exciter field assembly is to be removed,
first remove the oullet cover from the top of the
mlm;mmthmdkﬂwwad
separate the exciter series field lead from the four
a-c leads. Then the exciter frume may be removed.
It may be tapped on either side with a lrad hammer

49
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to break the joint. Then insert small prying bars
inlhej:unlatupﬂniuidedu-ﬂnmeandeom-
plete the removal.

e. Supporting the Rotor.— Alter the end bell
or Lhe complete generalor frume is removed, the
mwhanm.rwppwtmdmmuﬂhemd
10 aveid plucing any weight on this exposed end.
At whatever stage the disassembly is stopped, place
wood blocking under the bearing end ol the rotor
shalt to carry the weight of the rutor, (Fig. 130
To leave it unsupporied for a considerable Lime may
result in distorting the shaft. Do not put blocking
under the commutator or ship rings. 1 the blocking
is done with the bottom dust plate in place. blocks
must be placed below Lhe dust pan as well as aboveit.

{. Remwoving Generator. — After the housing
super-structure bas been removed, the generator
frume may be removed. This may be done yithout
removing lhe exciter from the generator trame, if
desired. I'roceed as [ollows:

(48] Remorve the eight bolts which hold the spare
parubo:wpmmmwdsurdnmovem
bax assembly.

(2, Remove the eight screws which hold the
botiom dust plate 1o the skids and remove Lhe botlom
dust plate.

(3) Remove the cover band from the exciter.
Lift all brushes high in their holders and set the
Mdmm“&hﬂwwﬂlwmﬁgh

{4) Remove the end bearing cover from the
mwwmmmmmnﬁd
hddlhnwlaund&thnmmmwmiu.

(5) Loosen, but do not remove, the 1wo front
engine support bolts. lLoosen the upper radiator
bose conneclions.

lcjllmveu-tmwmudmwu
which atiach the generator mounting blocks to the
skids.

ﬂlmm-awmmtopmmd
nlnminneuduwinnmbd&-iun
which to lift the generator. The thread is 2"-13.

(8) Atiach a boist 10 the eye bolt and raise the
generator about half an inch. Then place substantial
W:Mthmmmm”um
m‘llkmrmdollhttlliltdurlhmtw
h-eiwed.l.mthe-dghlnbunhk:i-
inndmhmlhcthmﬁdntuuﬁuuhold
the generator supporis about 1,° off the skids. Be
adulmuuhcthmtwnbighuwnm
mummuﬂimnuhelrutdnnnciu
uujnn:hhuapi-uthn&mm
) (9 Again support the weight of the generator

bymmdthehda.butdomraiutheadaptu
ring from the blocking.

(101 Remove the nuls rom the studs wiuch hold
the generator (rame to Lhe adapter housing. Shde
the generator frame assembly Lo the rear until i
cleurs the rotor assembly. Be careful that the frame.
mhlyénumtndeonmmmblyuit
is being removed.

(111 If the rotor assembly is not to be removed,
support the beanng end of the rotor on blocks just
sulliciently high o carry its weight without dis-
torting the shalt, (Fig. 13).

121 Il the rotor is to be removed, attach a rope
around Lhe shalt near each end of the assembly and
support its weight wilh & hoist. Then remove Lhe
cap screws which attach the dnve flange to the
fiywheel. Remove the rotor assembly from the fly-
wheel carefully so as not 1o dumage the pilot which
fits in a recess in the engine fiywheel.

(13) I the adapter ring is to be removed, place
bhucl.in;mdathemrmddmmim.ahudof
the adapter ring so as Lo support the weight of the
engine. Then remove the blocks from under Lhe
adapter ring. Remove the bolts which attach the
adapter ring o the engine. Slide the adapter ring
back until free of the engine. _

';"]"

CHECKING ROTOR ALIGNMENT
WITH DIAL GAUGE

FIG. 1

4. Assembling Generator to Power Unst.—
{1+ Reassembly is accomplished by 2 reversal
of the operation used in disassembly. Use care. Make
sure that all contact surfaces between parts are clean
before fitting together. Tighten all nuts, screws and
connections securely. U'se lockwashers in all places
where they were used originally, prelerable mew
lockwashers.

(21 After tightening the cap screws which atlach =

’ the rotor drive flange 1o the fiywheel, use dial gauge,

«Fig. 41), and check the alignment of the rotor. The
run-out should not exceed a total of 0107, To correct
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exvessve run-oul, turn by measns of hand crank until
high side is up. Grasp the el of rotor in both hands

'and push downward, but not too forcibly. Then test

wgain. Repeat until total run-vut as shown by dial
gauge is within 010°, Loosening and re-tightening
the cap screws may help o correet excessive run-vut,

t3) Be sure to install the rear bearing lock,
fitling it into the slot in the bearing ruce. PPack the
bearing housing ', full of approved ball-bearing
lubricant before instulling cover. Tighten the front
engine mounting bults and the huse clamps, Defore
sturting the engine, check your reassembly carefully
1o make sure no operation has been omitied.

h. Testing Windings. —

(1) General.- Mosl of the fullowing testing
instructions may be wad withuut disassembling the
generator. In each instance where an exciler arma-
ture winding or an alternator field winding tests
open-circuited, shortcircuited or grounded, the prac-
tical repair is to install a new rutor ussembly. I 2
stator winding tests open-circuiled, short-circuited
or grounged, the practical repar is 1o install a new
statlor winding assembly unless the trouble is in the
leads outside Lhe winding proper. The rotor windings
and the stator windings can be successfully repaired
only by a competent rewinding shop. The tests re-
guire the use of a 6-volt battery, a 3 or 4 candle-
power, 6-vall lamp and socket, two test prods and
Lhe necessary connecling wire as shown in Fig. 42:.
Certain tes(s require a d-c voltmeter. Before starting
lhe tests, remove the cover from the exciter, lift
all brushes high in their holders and set the ends of
Lhe springs against them so as to hold them high.
Then disconnect the four stator winding cables from
posts of the a-c terminal block and the large exciter
cable from the right hand terminal of the solenoid
starting switch. See wiring diagram. Tag the cables
80 as to avoid error in replacing them. In using
test prods, make sure that good electrical connec-
tion is made at points of contact. _

(2) Testing Stator Windings for Grounds.—
Touch one test prod to the stator frame. Touch the
other prod to the terminal of one of the generator
leads. If the lamp lights, the stator winding is
grounded. Inspect Lhe cables throughout their lengths,
since it is possible that the ground may be in the
cable instead of the winding. If so, Ltape the defective
section of the- cable with several layers of half-
lapped rubber Lape, then with twg layers of friction
tape. If the ground is in the winding proper, the
winding assembly will have Lo be replaced.

r
(3) Testing Stator Windings for Open-
Circuir. —-Touch one test prod to the neutral cable
terminal. Touch the other test prod to one of the
termninal of one of the main stalor leads. If the lamp

FOR TESTING OPENS & GROUNDS
USE 3-4 CANDLE POWER BULB

USE 12 VOLT BULB wiTH
i2 VOLT BATTERY.

USE ¢ VOLT BULB wiTH
& VOLI BATTERY.

FIG. 42 TEST LA

does not light, that winding is open-circuited. Repeat
the test, sticking the prods through the cable insui-
ation and into the copper of the cables neur the
two terminals instead ol touching the terminals. if
the circuit does not test ofsen on this test but tesis
open when contact is made at the terminals, i
indicates that a terminal is loose on its cable. Sweat
il on securely with solder. Tesl between neutral and
each of the other stator leads in the same manner.

(4) Checking Stator Windings for Short-
Circuit.--A short-circuited stator winding will be-
come excessively heated and soon will destroy the
insulation of the short-circuited portions of the wird-
ing. This condition may be determined by visual
inspection of the stator winding after the alternator
frame assembly has been removed from the power
unil. A short-circuited stator winding should be
replaced with a new one.

(5) Testing Alternator Field Winding for
Open-Circust.—Touch one lest prod to each col-
lector ring. If the lamp does not light, the feld
circuil is open-circuited.

(6) Testing Alternator Field Winding for
Short-Circust.— I a considerable number of turns
in one coil are short-circuited, that coil will run cooler
than other coils which are in good condition. Grounds
al two points in the winding would short-circuit the
intervening poruon and the winding would test
grounded.

{7) Testing Rotor Windings for Grounds
Touch one test prod 10 the rotor shaflt and the other
1o a collector ring. If the Lamp hghts, the alternator
field winding is grounded. Touch one test prod to the

* 51
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rutor shaft and the other (0 the exviter cammutator,
I the lamp lychts, the exciter armature winding or
the commutator is grounded,

-8 Testing the Exciter Armature for Open
or Short-Circust. - This téxl muy be made by use
of an armature gromler after first remaving the
exciter frume. Follow the instructions which accom-
pany the growler. The voltmeter method of testing
may be used by one expwnienced with such testing.

(M Testing Eaciter Field Windings for
Grounds -~Disconnect the shunt field lead near
the upper left exciter brush holder and the series
field lead near the lower left brush holder. Dis-
connect the heavy exciter lead from the right hand
terminal of the solenoid starting switch. Touch one
test prod to the exciter frame. Touch the other
test prod 1o any of the field leads. If the lamp lights,
the winding is grounded. Inspect the leads. If the
ground is in a lead. tape the defective section with
several layers of hall-lapped rubber tape, then with
two layers of friction tape. If the ground is in the
winding proper, the exciter field must be removed.
Then remove the hollow-head screws which hold the
field pole shue 1o the frame. Remove screws from one
pole shoe at a time. push the pole shoe and coil
away from the frame and test again for ground. The
ground is at the coil last loosened before the test
indicates that the ground has been removed. Remove
the pole shoe from the coil and locate the grounded
spot on the coil by visual inspection. Install a new
winding. If a new winding is not available, it may
be possible to repair the coil by taping the defective
area with several layers of carefully half-lapped
friction tape, then shellacing the area. Replace after
the shellac has dried.

(10) Testing Exciter Field Windings for Open
or Short-Circuit.—The exciter field windings are
connected in paraliel-series and the field assembly
must be removed 1o test for short or open circuits.
Disconnect the four coil leads at the point where the
shorter, heavy cable connects with the windings. This
breaks the connection between the shunt and series
winding as a straight series of four coils. Use the
test prods to lest for open circuit in either winding
and for short-circuit between windings. Test for
short circuil in the turns of a shunt coil by connect-
ing the series of four shunt coils across a 6-volt
battery and taking a voltage reading Mcross each
coil. If the voltage is lower on one coil than on the
others, that coil has some turns shori-circuited.
Shori-circuited turns in one or more series field
coils may cause slow cranking or failure to crank at
all but would not prevent generating. To test for

apen cireuit in either the shunt or series field wind-
ing, touch one test prod 10 vach of the twu ends of
the series of lour coils, Il the lamp does not light,
there is an open circuit. Unless the trouble is located
al connevtions belween cuils and easily rejaired,
install new cuils.

(11+ Other Tests.—The same lest set nay be
used for many tests for grounds, open circuits or
short circuits elsewhere on the power unit. When
mhmphﬁudrmﬂylhmdthtmm
is complete, and vice versa.

51. Suppression Equipment.—

a. General.—To reduce interference with radio,
lhmmtnmppduitl%u
mmmn.mmmu.&ﬂ
Mﬂ.wmamm
nmmum.wwutu
equipment to make sure none of it is missing and
that all connections are clean and tight. In case of
excessive radio interference, a more Lthorough check-
up must be made. The suppression equipment is
intended o care for interference that otherwise
would result from the normal operation of the power
unit when in normally good condition. An abnormal
mdewLud&oMmy
result in more inlerference than the suppression
equipment can control. Therefore, do notl assume
that the suppression equipment is at fault until the
power unit has been checked thoroughly ‘for such
condition.

b. Metal Housing. —The metal housing serves
as shielding and thus plays an important part in the
suppression of radio interference. The power unit
should be operated with side panels and lop plates
in place.

c.l-o.n&mnnliﬂu.—mm-lhm

. strap comnections, loose bolts, nuts and screws of

any kind or location. Keep all these tight at all times.
At bonding strap connections and certain other
teeth are used, not only for locking the screws, bolts
or nuls securely, but also because the teeth make
good electnical contact with adjacent surfaces. Make
sure such washers are used at proper places.

d. Condensers.—The locations and capacities of
suppression cundensers are clearly shown on the
wiring diagram (Fig. 14). Make sure all are in place
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and that connections are tight. They may be re-
moved and tested individuully as any radio con-
denser. Replace with new unes any that test open,
shurted ur of incurrect capacity,

e. Bonding Straps. Make sure that all bonding
urawmiu;-h-rndinm«ﬁrndlham
nevtions are electrically guod and mechanically se-
cure. onding straps are used at Lhe followang points:

t1r One from engine block to capillary tube of
Engine Water Temperature gauge.

tZ) One from cuntrol panel lo generator end
beil.

31 One from control panel to housing at each
of the four shock mountings of the control panel.

{. Commutators, Slip-Rings and Brushes.—
Make sure that there is no abnormal arcing at the
exciter brushes. Commutators and shp-rings must
be smooth and clean. Mica must be properly under-
eut un the commutators of the exciter. All brushes
must seat properly, with proper spring Lensivns and
in Ropper prositions.

4. Ignition System.-- Cherk, cleun and adjust
the complete ignition sysiem, including spark plugs.

s |

Pay purticular sttention to high tension cables, to
the distributor cap and rotur and 1o the ignition
condenser that may be defective. Repluce with new,
any psarts not in good order. Make sure the suppres-
surs are on Lhe high tension cables and in good order.

A. Faulty Contacts.—Il switch or a-¢ circuit-
breuker contacts are suspected of making poor con-
tact, test one al a ume by connecting -a jumper
across ils terminal when it is in a normally closed
position. If a switch or the a-¢ circuit-breuker tests
defective, install & new one. A similar jumper test
may be made acruss the terminals of suspected con-
tacts of a relay or the voltage regulstor. Study the
wiring diagram and make sure the jumper is used
across the correct terminals and only while the con-
tacts being tested are normally closed.

i. Interference from Outside Sources. - Poor
commutation at a3 motor may result from overloud,
m«-nditiondmuuwmm‘-blr.
or from low voltage at the motor due 1o too smaull ,
line wires. Radio interference may result. Defective
Lamps, transformers or appliances, or poor connec-
lions anywhere on the load circuit may result in
radio interference which must be corrected at its
source.
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52. Wiring Tables.—

a. General.— 1t is quile important that the line
wires from Lhe power unil to the load be large enough
to avoid excessive drop in voitage between the power
unit and the load. Various factors m the

operaling vollage; MM'MM
lhdiumlu-thnurﬂuchhdit.h

as a guide. These.lables are based on a vuliage drop
of about 57, or less. The tables are buned on the
use of hard drawn copper wire. Incandescent lighting
and resistance type healing are types of unity power
factor loads. Inductive loads such as motors and
transformers, whervin an alternating magaetic flux
is maintained in a mass of iron, are loagls of lower
power [actor. The lower the power [actor, the larger
the wire that will be required, if other factors remain
the same. One set of tables is based on an assumed
power factor of 857, a condition that might exist
with a combination of resistance type and inductive
type loads.

b. Outside Wiring, 127-volt, Single-Phase Circuit, Unity Power Factor Load.

Load Distance in Feet
in

Watts 100 200 300 400 500 600 700 800 900 1000

200 10 10 - 10 10 10 10 10 10 10 10
500 10 10 10 10 10 10 8 8 8 8
1000 10 10 10 8 8 [ 6 6 6 4
2000 10 8 6 4 A 2 2 2 2 1
. Oureide Wiring, 230-volt, 3-Phase Circuit, 857; Power Factor Load.

.l.ndl Alnm Distance in Feet

\hm 'l'u-nl 100 200 300 400 500 600 T00 BOO 500 1000
1000 29 8 8 B 8 8 8 8 8 8 8
2000 58 8 8 8 8 8 8 8 8 8 8
3000 88 8 8 8 8 8 8 B 8 8 -8
4000 118 8 8 8 8 8 g 8 [ 6 6
5000 148 S 8. 8 8 8 8 6 [ 5 5
6000 178 8 8 8 8 8 6 é 5 4 4
7000 208 8 8 8 8 6 6 § 4 4 4
B00O 238 8 8 & [3 6 6 4 4 4
9000 26.7 8 8 & 6 . 6 4 4 4

10000 29.7 & 8 8 6 e 4 4

d Mazimum Safe Carrying Capacities of Wires for Inside Wiring.—

Mazimum Amperes

Wire Size Rubber Ne Rubber
B & S Gauge Insulated In Insulation

M4 15 20

12 20 b4

10 25 n

8 35 50

6 45 65

4 55 82

2 70 100

0 100 135
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e. Other Wiring Considerations.— On short

lines and for wiring inside of buildings the heating

of the wire may be the determining factor in select-
ing the wire size. The passage of current through Lhe
wire produces heal. The greater the current, or the
smaller the wire, the greater will be the amount of
heat produced. On most long, outside lines the value
of the current in proporiion Lo wire size is necessarily
kept 3o low, to avoid excessive voltage drop, that
the heuting of the wire need not be considered. On
short lines the low voltage drop may permit carrying
currents so great that the heating of the wire is of
great importance. Too high wire temperatures will
cause rapid deterioration of insulation and in extreme
cases may cause fires. The highest lemperature at
which a wire may be operated salely depends largely
on the type of insulation. For instance, 3 rubber
insulated wire cannot salely carry as great a current

#y#2 a3 weatherprool insulated wire of the same size.

It is recommended that reference be made Lo a stand-
safe carrying capacilies of insulated wire. ln the
absence of more complete information, the capacities
given in the preceding table-d, should not be ex-
ceeded. In using flexible cables for power extensions
folow the manulacturer's recommendations as to
maximum carrying capacity.

%

53. Mutors.—

Motors require starting current far greater than
their full kad running current. Therelore, it is
w«nmmwuuasur..zm-

ndu’hu«l.hlrqumhud
dule-plun 115-voit, fractional-horsepower motors
may be used on the 127-volt output of the puwer
mimwmndthlmdmmmﬂ'
the different operating charactenistics which
will result from the somewhat higher voltage. Single-
ph-mﬁnﬂhdmm

factor loads. Avoid it wherever practicable. If the
entire full load output of the power unit is used to
drive motors, the motors should be started singly
or in small groups so as not to throw the combined
starting load on at one lime.
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FIG. 45 TIMING 'CHAIN' COVER, FLYWHEEL, BEARINGS AND CRANK GROUP
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FIG. 48 OIL FILTER GROUP
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FIG. 46 CAMSHAFT AND VALVE GROUP

FIG. 47 CRANKSHAFT AND CONNECTING ROD GROUP
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FIG. 52 WATER PUMP GROUP .
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FIG. 56 FUEL SYSTEM—MISCELL ANEOUS GROUP



FIG. 57 GOVERNOR PARTS GROUP



FIG. 59 IGNITION SYSTEM—MISCELLANEOUS GROUP
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FIG. 61 CONTROL GROUP




FIG. 62 HOUSING GROUP
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FACTURY'™U'S NAMES AND ADDRESSES

iation

Name and Address

A.C. Spark Plug Company
General Mortors Division
General Motors Corp.
Flint, Michigan

Arrow-Hart & Hegeman Elec. Co.

Hartford, Connecticut

American Radiator Co.
Sanitation Building
Pittsburg, Pennsylvania

Armstrong Cork Company
515 Plymouth Building
Alinneapolis, Minnesota

Electric Autolite Company
4900 Chrysler Building
New York, N.Y.

Barcol Mfg. Co.

225 Louisiana St.

Buffalo, New York

V. Bassick Co.
Bridgeport, Conn:

Bonney Forge & Tool Wks.
Allentown, Pa.

Burke Electric Co.
Erie, Pennsylvania

Carter Carburetor Corp. .
2850-56 North Spring Ave.
St. Louis, Mo.

Champion Spark Plug Co.
Toledo, Ohio

R. W. Cramer Company
Centerbrook, Connecticut

Cutler Hammer, Inc.
315 N. 12th Street .
Milwaukee, Wisconsin

P. R. Mallory & Co.
3029 East Washington St.
Indianapolis, Ind.

New Departure

Division General Motors Corp.

Bristol, Conn.

Durkee Atwood Co.
215 N.E. Tth Street
Minneapolis, Minnesota

-

Abbreviation Name and Address

EIl Eizemann Magnetlo Corp.
New York, N.Y.

EU Electric Utilities Co.
2900 S. Mich. Blvd.
Chicago, IlI.

GA Gamble Stores—No. 102
111 S. 6th St.

Minneapolis, Minnesota

GO B. F. Goodrich Co.
2800 Tennyson Road
Cleveland, Ohio

GRA Grant Battery Co.
226 N. Second St.

Minneapolis, Minnesota
HO Hoover Ball & Bearing Co.

Ann Arbor, Michigan

HU Hubbel Manufacturing Co.
Bridgeport, Connecticut

IL Illinois Coil Spring Co.
2100 North Major Avenue

Chicago, Illinois

IND Independence Rubber Co.
665 W. Washington Blvd.

Chiﬂgos Illinois

JBT J. B. T. Instrument Co.
New Haven, Connecticut

KI King Seely Corp.
Ann Arbor, Michigan
3 Link Belt Co.,

Indianapolis, Ind.,
Chicago, Illinois,
Philadelphia, Pa.,
Dallas, Texas,
Atlanta, Georgia,
San Francisco, Calif.,

Toronto Ont., Canada.
MA Marlin Rockwell Corp.

Jamestown, N.Y.

MI Minn. Mining & Mfg. Co.

900 Faugier Ave.
St. Paul Minnesota

'l
-

ol

Ab



MANUFACTURER'S NAMES AND ADDRESSES

Abbreviation
OA

OH
ON

_ PER
PI
POC
PR

PU-CA

PUR
RBM

SC

Name and Address

Oakes Products Div.
Houdaille Hershey Corp.
Detroit Mich. -

Ohmite Mfg. Co.
4835 W. Flournoy St.
Chicago, Illinois

D. W. Onan & Sons
43 Royalston Ave. No.
Minneapolis, Minn.

Perfex Corporation

Milwaukee, Wisconsin

Pierce Gov. Co.
Anderson, Indiana

Pure Oil Company

1306 S. 1st Street
Minneapolis, Minn.

Precision Machine Works, Inc.

14 S. 9th Street
Minneapolis, Minnesota

Pure Carbon Co., Inc.
St. Marys, Penna.

Purolator Products, Ine.
Frelinghuysen Ave. & Empire St.
Newark, New Jersey

RBM Mifg. Co.

1601 Wall Street
Fort Wayne, Ind.

Schwitzer Cummins Company
Indianapolis, Indiana

Abbreviation
SI

SM .

SQ

TI

TIN

Us

VL

WA

WHI

WIL

Name and Addre

" Simpson Electric Co.

5216-18 W. Kinzie St.
Chicago, Illinois

S & M Tire & Auto Supp!
1301 Hennepin Avenue
Minneapolis, Minnesota

Square D Mfg. Co.
6060 Rivard Street
Detroit, Michigan

Tilotson Mfg. Co.
Toledo, Ohio

Tinnerman Products
2429 University Ave,
St. Paul, Minnesota

U. 8. Gauge Company
44 Beaver Street
New York, N.Y.

Vlecheck Tool Co.
15 N. Jefferson St.
Chicago, Illinois

Walker Mfg. Co.
Michigan Div.
Jackson, Michigan
The Weatherhead Co.

300 East 131st St.
Cleveland, Ohio

White Rogers
St. Louis, Missouri

Willys-Overland Motors, I
Toledo, Ohio




