





' GENERAL INFORMATION .

THE PURPOSE OF THIS BOOK. 'This instruction book is furnished so
that the operator may learn of the characteristics of the plant. A thor-
ough study of the book will help the operator to keep the plant in good
operating condition go that it will give efficient Service. An under-
standing of the plant will also assist the operator in determing the
cauge of trouble if it oocurs. - . '

KEEP THIS BOOK HANDY. Such simple mistakes as the use of im-
proper oil, improper fuel, or the neglect of routine servicing may re-
sult in failure of the plant at a time when it is urgently needed. It is -
- suggested that this book be kept near the plant so that it may be refer-

~ redto-when necessary. N e

'SERVICE. If trouble occurs and the operator is unable to determine the
cause after a thorough study of this book, “or if he is unable to deter- -
mine what repair parts are required, needed information will be fur-
nished upon Tequest. WHEN ASKING FOR INFORMATION, ‘BE SURE TO
TO STATE THF MODEL, SPEC., AND SERIAL NUMBERS OF THE
. PLANT. THIS INFORMATION IS ABSOLU,TELYN’ECESSARY AND

' MAY BE OBTAINED FROM THE NAMEPLATE ON THE PLANT.

The Maufacturer warrants each product of its manufacture to be -

‘free-from defects in material and Factory workmanship if properly .
B installed, serviced and operated under normal conditions acmmf:
il ng to the Manufacturer's instructions. e B

] Manufacturer’s obligation ymder this warranty it limited to cor ' : )
recting without charge at its factory any part or parts thereof RS
which shall be retumed -to its factory-or oné of its Autharized [&. - _
Service Stations, transportation charges prepaid, within ninety ‘53 = .

(90} days ufter being put into’sérvice by the original user, and C ;
whicli 6pon examination shall disglose to the Manufacturer’s sat | IR
istaction to have been ariginally defective. Corcection of such. de- o
fects by repair ko, or snp'pring of replacements for defective parts, - ' '
shall constitute fulfillment of all obligations to originial wser, o
This warranty shall not apply to any of the Manufacturer’s g:-od- Ll o
nets which must be replaced because of normal wear, which have & * - -~ .
been subject to misuse, negligencé-or accident orwhich.shall have:: B

& lieen repaired or altered outside of the Mawufacturer's factory un- o

- less authorized by the Manufactwrer, - o "

" Manufacturer shall not be linble for Joss, domage or expense
directly or indirectly from the vse of its product or any other’.
cause. The Manufacturer makes o warranty Whatsoever with re-

_spect t6 compotent parts which are warianted separately by thetr -
5 respective manafacturers. ’ T

“Flie above warranty supersedes and is'in tew of all other wars
ranties, expressed ot implicd. and no person, agent or degler is
- B authorized to give sy warrantivs on hehalf of the Mawilacturer
ner to-assume for the Manufacturer any other liability in conmee-
1 tion with auy of its prodocts wrless made inswiiting and signed
hy an oflivial of the Manulactwer.

T e e e e e e e e i
_- - IMPORTANT |

HEIRE

 RETURN WARRANTY CARD ATTACHED TO UNIT..
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~ PLANT RUNNING HOURS
COMPARED TO AUTOMOBILE RUNNING MILES

The engine of your generating plant makes as many revolutions in one
hour, as the average avtomobile engine does when the car travels a dis-
tance of 41 miles. :

100 runtning hours time on a generating plant engine is equivalent i total
RPM to approximately 4100 running miles on an autoxrob:le

Compa.re the runmng time of your generating plant engme wlth the num-
ber of miles traveled by an automobile, The oil in an auto-is checked
every one or two hundred miles (3 to 5 hrs, running time) and changed
every 1000 to 1500 miles (28 to 42 tirs.) whereas in a generating plant
or, statmna.ry POWEr engine; the oil should be checked every § to 8 run-

- ning hours {250 to 350 miles) and changed every 50 to 100 operetmg hours

(2000 to 4000 miles) depending on operating conditmns
About every 5, 000 to 10 000 mlles {120 to.250 hours), aervices have to

" be performed on an aute, such as checking ignition points, replacing

spark plugs, condensers, et¢.. Similarly on your generating plant en. '
gine, these same services have to be performed periodicaily except the

- change period I8 reckoned in hiours. - 10, 000 miles on an auto is equtva-

' -Jent to about 250" Tinning: hours oh your plant engine.

To arrive at an approxmate figure qf cnmparative generatmg plant rin-

ning hours as against automobile engine running miles, multiply the fotal '

number of running hours by 41 to find the equivalent of rumung miles on
an autornoblle. . .

Y our generating plant engine can- "take it" and w111 give many hours of
efficient perfomance provided it is servieed reguilarly.

Below is a cha.rt showing the COmpansun between a genera.tmg plant en-
gine ;’umnng hours and an automobile running miles.

GENERATING. PLANT AUTOMOBILE GENERATING 'PLANT AUTQMOBILE
' RUNNING HOU'RS RUN'NING MILES . RUNNING HOURS RUNNING MILES

. pamY 1 Br.:, T M ‘30 Hrs, j-,_..j1 230 Miles .
g .WE_RAGE 4 Hrs. = 164 Mi. M@NTEL’YIZO Brs, . 4, _920_ Miles - .
- i @Hrs, . 246 Mi, AVERAGEIB0 Hrs: . 7,380 Miles .
. §Hws, = 328 MM 240 Hrs, _' o '9,840 Mﬂies:__-

_ , 7°Hrs, 287 Mi.. - . - 365Hrs. 14 065 Mlles
WEEKLY 28 Hrs. - 1,148 Mi.. YE’ARLY 1,460 Hrs. 59,860 Miles
AVERAGE 42 Hrs. 1,722 Mi. AVERAGEZ 190 Hrs. 89,760 Miles

' 86 Hrs.. 2,208 Mic 2,920 Hrs. 119, 720 Miles

NOTE: Electric generatlng plants do not operate economically
' “when used to power electric refrigerators and will add
" from 4 to 8 operating hours per de,y in. add1tion to the
regular lightmg load .
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DESCRIPTION' : ' 1

INTRODUCTION

This instruction manual is supphed to assist in the proper installatton,
operation, and servicing of the EC series. of electric generating plants.
Unless otherwise indicated, these instructions apply to all standard plants
of the EC series. Some details of these instruciions may net apply to
special models having modifications specified by the purchaser. The

use of auxiliary or special equipment, special installation requirements,
or unusual operating conditions may require some deviation from these
instructions. However, by using the instructions and recommendations
‘given in this manual as a general guide, it will be possible to make a
good installation, and to properly operate and maintain the plant.

Each electric generating plant is given an actual running test and is care~
fully checked under various electrical load conditions before leaving the
factory, to assure that it is free of defects and will produce its rated .
cutput, Inspect the plant carefuily for any damage which might have occ-
- urred in shipment, Any part so damaged must be repaired or replaced
. before puttmg the plant in operatmn

If it should become necessary to contact the factory or an Authorized
Service Station tn regard to this generating plant, always give the Model
and Spec. Number, and Serial Number, as shown on the plant nameplate.
This information i essential in order to properiy identify the plant so
that proper advice can be supplied.

_FIG. 2. ELECTRIC PLAN’T NAMEPLATE




9 o . DESCRIPTION

Basic differences in the EC series of plants are indicated by a letter A,
B, eic. ending the model number as given on the plant nameplate.

The plant is:a complete electric power plant, consisting of an internal
combustion engine, a self excited electric generator directly connected
to the enginé, and a control and instrument panel. The engine end of the
plant is designated as the front end, and right and left sides are deter-
mined when facing the front end.

BATT. RACK

—

4

7
?21_6
GIL DRAIN -

. SINGLE (UNHOUSED) .
763 PHASE - — ]

. ‘THREE_{UNHOUSED]

18

803 (ALL HOUSED)

§DIA 4 MTG. HOLES
[UNDERSIDE}

LRIPETAP -
FUEL INLET

FIG. 3. PLANT INSTALLATION OUTLINE -
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DESCRIPTION . g
ENGINE

The engine is a Ford industrial 6-cy11nder over-head -valve engine, It is
a water cooled, 4 siroke cycle, short-stroke design, Full length water
jackets around each cylinder, in conjunction with a high velocity flow of
coolant, contribute to efficient engine cooling. Full pressure lubrication,
with a full flow oil filter, contnbutes to Iong engine hie

ENGINE DATA
Cylinder Bore{inches) © . 3.62
Piston Stroke (inches) - - Y
Piston Displacement _ ' 223 cu. in,
Compression Ratio : - T.b5tel

Piston - 3ring, hard Chrome piated top ring,

Connecting Rod Bearings - Replaceable precision type

Main Bearings - Replaceable preclsion type.

Valves « Overhead, rotating type : :

“Tappets - Ad]ustable push rod clearance:

Lubrication - Capacity 6 gquarts dry - 5 quarts refill - replaceable
cartridge, full flow type oil filter. :

Cooling -~ Capacity 18 quarts

Ignition - 12 volt battery Firing order 1-5-3-6-2-4 Neg, Grd

GENERATOR

The generator is actually two generators in one the alternator, and the -
exciter. The alternator is an alternating current generator- of the four
pole, revolving field, voltage regulated iype. It is rated at (.8 power
factor and is designed for high efficiency and excellent motor starting
ability. Inter-connected amortisseur windings on all models allow greater

~load unbalance and permit parallel operation, The external voltage re-

- gulator provides for voltage regulation within * 2%, A separate rheo-
‘stat is provided for manual control of voltage in case of regulator failure.
The freguency of the current is determined by the engine speed, which

- is.controlied by the engine governor. Speed of the 80 cycle plant is.
" approximately 1800 rpm, and speed of the 50 cycle plant is apprommately'
1500 rpm, _ :

The exciter is a high ceiling'volta’.ge type matched ioa qu’iclc respons‘e
voltage regulator assuring a high stability excitation system. The ex-
citer is a four pole, revolving armature, direct current generator which
produces current for magnetizing the alternator field. The exciter is
connected directly to the alternator and is removable, -




4 _ L DESCRIPTION

CONTROLS

The control box, located at the rear of the plant, mounts engine operating
instruments and electrical meters, etc. according to the particular mo-
del, The engine instruments for the standard plant include: electric
water temperature gauge, electric oil pressure gauge,” baitery charge
rate ammeter, start-stop switch, and safety cut-off relay reset button,
Safety devices include a high water temperature cut-off and over speed
cut-off. A low oil pressure cut-off switch can be supplied at added cost.
The complete electrical instrument panel for housed units includes a
running time meter, ammeter {2 on single phase models), volt meter,
phase selector switch {except single phase models), circuit breaker,
voltage regulator rheostat, and manual voltage conirol rheostat, Un-
housed models are supplied with a panel uging only the voltmeter, volt-
age regulator rheostat, manual voltage control rheostat and output ter-
minal block. o o - ' '



OPTIONAL EQUIPMENT 5

"DAY" FUEL RESERVOIR TANK, - The "DAY" {usl reservoir tank pro-
vides 2 reservoir of gasoline fuel

which feeds by gravzty to the carburetor Gasoline tends to slowly eva-

porate irom the carburetor during shut~down periods. K the shut-down

is of lengthy duration, such as in standby service, the evaporation may
‘be enough to prevent ready starting. The "DAY" ta.nk keeps the car-

buretor full for an extended time, thus fnsuring against starting failure

_due to a partially filled carburetor, -

LINE TRANSFER . - A complete line of automatic line transfer controls :

-are available, designed especially for standby ser-~

vice.. Upon failure of the regular source of electric power, the line

transfer disconnects the load lines from the regular power supply lines,
starts the plant, and connects the load lines to the plant, The plant con-
tinues to run, regardless if electrical load is connected or not, until the.
regular power supply is restored, When power is restored, the line
transfer then disconnects the load lines from the plant, sto;'s the plant,

and connects the load tines back to the regular power supply lines

. UNDERGROUND FUEL TANK, - Fuel tanks of 55 110, or 250 gallon

- capacity are ava:la.ble for underground

‘use... Fill and vent pipes, and a suction tube extending to within an inch
or twe of the tank bottom are supplied. :Provision for a fuel return line .
connection (necessary When "DAY" reservoir tank is used) is also pro-

vided



8 3 INSTALLATION

_LOCATION, - H the generating plant is to be installed in a permanent

' . location, choose a site for the plant that will be more or
less centrally located in relation to the electrical load. Plan to avoid
running wiring for a long distance. For standby installations, the usual
location is close to the main fuse or entrance box, Check local regu1a~
tmns concerning standby installations,

The selected slte for the plant should be in a clean, dry, well ventilated
location, preferably heated in extremely cold weather. Choice of either
a damp or exceptionally dusty location will require more frequent in-
spection and serviclng of the plant,

MOUNTING. = The plant should he mounted on a raised concrete or heavy

. timber base, for ease in draining oil and other periodic
‘servicing, Allow at least 24 inches clearance space on all sides of the
plant for access in servicing. Though not a requirement for permanent
mstallatlons the plant may bé-bolted down if desired.

If the plant is to be used for mobile service, mounted in a truck or trai-
ler, it must be bolted securely in place so tha.t it can not shift while in
iransit., Make provisions for access to the plant for servicing. Extra
support for the vehicle floor may be necessary, to prevent the mounting
bolts from tearing loose on rough roads or in turning sharp corners.

VENTILATION, - The plant creates a considerable amount of heat which
must be removed by proper ventilation. In a large

room or out doors, cooling will be no problem. However, if the plant

is installed ingide a'small room or compartment provide separate air

inlet and outlet Openings.

' Coolmg air travels from the rear of the plant towards the front end. Lo-
cate the compartment air inlet opening where most convenient, prefer-
ably to the rear of the plant, The inlet opening should be at least as

. -large as the radiator area. '

Engine heat is blown out through the front of the plant by a pusher type

fan. The cooling air outlet should be directly in front of the radiator,

and as close as is practicable. The opening should be at least as large

as the radiator area, preferable larger. Where the opening size must be
~ held to the minimum, a duct of canvas or sheet metal may be used be-

tween the radiator grill on the plant and the compartment air outlet, The
. duct will prevent recirculation of heated air. -

h Generetor cooling'air is drawn 1n at the rear end and discharged at the
bottom forward end of the generator The heated air is then picked up
and dzscharged through the engine radiator.

' In cold weather, a means of restricting the air 110
W can be
- keep the compartment temperature ata normaj pomt meded fo



INSTALLATION 7

EXHAUST. - The engine exhaust gases are deadly poisonous and must be
piped outside any room or other enciosure. The muffler
outlet is 1-1/2 inch pipe size, Use pipe at least as large as the muffier
outlet for the first ten feet. Increase the size of the pipe one pipe size
for each ten feet of additional length, Use the short length of fiexible ex~
haust tubing between the muifler outlet and any pipe extension, Avoid :
the use of 90 degree pipe elbows, if turns are necessary, as they tend to
create undesirable -~ back pressure in the exhaust lme. . '

- Helal Shfc/ds Fram
. and Thimble gf‘;‘;” (Scam!ess Exhoust Tubing
) . \ From Exhoust
Sweeping . Outblet
""" Elbow
Seomicss E\'haus:‘ Tabmg Pipe Fittings .
Pefrock

FIG 4, EXI-IAUST THIMBLE . "FIG. 5" CONDE'NSATI"O'N-TRAP' :

Insulate or shield the exhaust plpe 1f there is danger of any one touching
it, ‘or if it must be run close to any wall or other material that is not
' completely fire proof. I the exhaust line must be inclined upward from -
* . the plant, constrpct a “condensation trap of pipe fittings and install it at '
‘the pomt where the upward p1tch begma. Drain the trap periodically.~*

E F-UEL SUPPLY ?-'GA‘SOLINE“ When an underground fuel'tank' is mstau_‘ :
' © ed, the total lift of fuel from tank to fuel
pump inlet should not be more than 6'feet. The horizontal distance be-
tween the tank and plant should not bé more than 50 feet, Most fuel tanks _
for underground use have the fuel outlet at the tank top, requiring a
drop or suétion tube extending down to within an inch or two of the tank -
-bottom. All fuel line connections beiween the tank and the plant fuel pump
must be air tight. Any air leak will prevent pumping of fuel to the plant..
The fuel pump inlet opening is threaded for 1/8" pipe. A proper adapter
fitting must be used it other than 2 1/8" pipe thread fﬁtmg is, used on the o

. fuel line,”

' "DAY" FUEL RESERVOIR TANK, - In standby service, the generatmg
~  plant may stand unused for many days
In this period of shut-din, gufficient gasoline may evaporate irom the
carburetor to lower its fuel level considerably. Prolongéd cranking may -
then be necessary to pump enough gasoline into the carburetor for the
‘engine to start, Where automatic, unattended starting after extended - .
shut-down is necessary, an auxiliary gravity feed fuel tank should be in- -
' stalled. , Fuelfrom this tank flows by gravity to the carburetor, thus re- '
- placing any fuel lost through evaporation and promotes quick starting .
- after an idle period. Note that a fuel return line must be provxded be -
~ tween the auxﬂiary tank and the main Supp.ly tank, - a



8 INSTALLATION

VENT CAP 1y
(INSTALL ATLEAST | F7
F PEET AROVE THE |
: FESESVIR TANK) e
| VENT LINE TO Exnwxw {
oF mx&pwal

!

RE. SE.PVO/P THRMK
FMOLN,

SOy *‘Mrw PLACE a8
ow a.wr) -

: LINE FROM FUEL Pustp

PETION LINE TO

UMPERGPOUNL

FUEL TANK
(LARGER} '

: LINE TD CAREUCETOR

'FIG. 6. DAY TANK INSTALLATION

FUEL, NATURAL GAS OR LPG. - ¥ the plant is equipped for the use of

natural gas (or LPG), connect the gas
fuel lme fo the gas pressure regulator as shown in Figure 13. - The po-~
sition of the gas pressure regulator is important and it must be installed
~-as shown in the illustration. Local regulations may reqmre the instal-
lation of a fuel solenoid valve and ﬁlter :

S BATTERY CONNECTION - A 12 Volt "long" type battery is required

- : and is to be mounted inside the housing left
" side plate; besn:ie the engine starter motor. Face the terminal posts of
the baitery toward the starter, __Cc_mnect the starter cable to the posi-
tive (+ ) battery post, and the grounded cable to the negative {—) bat-
tery post. I the battery cable terminals area
tight fit for instaltation, spread the terminals
slightly - do not pound them on to the battery

~ posts, Tighten the terminals securely. A
light coating of grease or asphalt paint on the
battery terminals will help to retard corros- _
jon. D f . ’ . BATTERY F

T ySTARTING -
: MOTOR

If the plant will be operated consistently in _

temperature conditions above 900F, (320C. ), -

~ such as in tropical or boiler room installa- FIG. 7. BATTERY
tions, reduce the battery specific gravity. Re--  CONNECTION

fer to UNUSUAL OPERATING CONDITIONS - . .

. HIGH TEMPERATURES,

Tl
' BATTEARY POSITIVE CAEL.E
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LOAD WIRE CONNECTIONS, - Load wire connections are to be made to’
R a large terminal block mounted inside

the control box. Access to the terminal block is gained by removing the

screws from the instrument panel and swinging the panel out on its hinge,

Bring the load wires in through one of the knock-out sections provided

in the side of the hox. All wiring must be in accordance with nationa.l
and local electncal codes

115/230 VOLT, SINGLE PHASE, 3 WIRE PLANT -
"The .
load terminals are marked T1,T2-T3, and T4 from
top to bottom. The T1 and T4 terminals are the “Hot"
terminals; the T2-T3 terminal is the neutral(ground),
For 115 volt service, connect the "hot' (black) load
wires to the T1 and T4 terminals, and the neutral
~ {white) wire to the T2-T3 terminal. Two 115 volt cir-
. cuits are obtained, Remember that ONLY ONE HALF
the rated capacity of the plant will be available on
“either of the fwo separaie 115 volt circuits, Balance
the load as closely as possﬂale be tween the two cir- .
cuits, :

IEV-14

23@ V-1 é

The two black wires will give one 230 voIt circuit, with
the rated capacity of the plant available, 1f no 115 volt
T curreut is used. .

120/240 VOLT, 3 'PHA_SE, -4 WIRE D_ELTA- CONNECT-
- ED GENERATOR PLANT, - This type of generating
- plant is specially design-
ed 80 that two types of loading can be applied to the
generator; regular 240 volt, 3 phase, 3 wire operation;
-, 0T, combination 240 volt, 3 phase, 3 wire and 120/240
~ volt, 1 phase, 3 wire operatlon. .

.0 The load terminals are marked T1, T2, T3, and TO, .
& from top to bottom. The TO termi.nal is the cenier tap
hetween T1.and T2, The TO terminal of the generator :
_ is not grounded '

)

33
Lo
8

' For 240 volt 3 phase 3 wire operation connect the three .

]  load wires to the three terminals T1, T2, and T3, one . -
. wiré to each terminal post, For 3 phase, 3 wire oper- o
. ation, the TO terminal is not used and is normauy not

o grounded ) .

: If it is desired to use combmation smgle phase and

e three phase loads simultaneously, connect such smgle
"FIG. 9. _phase loads as fouows
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. For 120/240 Volt, 1 phase, 3 wire operation, terminals T1 and T2 are
the "Hot" terminals; the T0 terminal is the neutral which can be grounded
if desired. = For 120 volt service, connect the "hot" (black) load wires
to the T1 and:T2 terminals, and the neutral (white) wire to the TO Ter-
minal. . Two 120 volt circuits are thus obtained.- The two black wires

. connected to T1 and T2 will give one 240 volt circuit.

Any combination of single phase and three phase loading ¢ n be applied to
the generator: simultaneously as specified above as long as|no termmal
current exceeds the rated current of the generator.

Combination smgle phase and three phase loads applied to a three phase
generator are unbalanced loads which cause the phase voltages to be un-
-eaqual. These unbalanced loads will not create voltage unbaiance of the
phase voltages of greater than 5 percent so long as no terminal current
exceeds the rated current of the generator.’

. This generatmg plant may be used w1th an ONAN automatic line trans-
fer control for standby plant operation. The T0 terminal ¢f the ONAN
automatic line transfer control is always grounded. Connecting the gen- |

erating plant TO lead to the line transfer TO terminal grou{xds the gener-
ator. :

I used in corijunction with an ONAN aitomatic line transfer control on a
3 phase 3 wire circuit, the line transfer TO0 terminal should be 1eft
open and not used.

3 PHASE 3 WIRE PLAN’I‘ CONNEC'I‘IONS None of the .
terminals
B are grounded Figure 10. For three phage current, con-
1 neet a separate load -wire to each plant terminal, T1 . T2,
T3, one wire to each terminal.

- On connections for single phase current, connect separ-
-ate load wires to each of any two plant terminals, one
wire to each terminal. Three single phase load cu-cuits
are thus available.

| ds0v-34 o

' If--both single and 3 phase current is to be used at the
same time, use care not to overload any one circuit.
T Subtract the amount of the 3 phase load from the plant.
FIG ‘10, ‘capacity, Divide the remainder by 3, and this is the
: - lpad that may be ‘taken frorn any one circuit for single
. phase current . For example, 2 3 phase 10; 000 watt load is used. This
leaves 15, 000 watts availahle for single phase, if the plant capacity is
25, 000 watts One third of this 15, 000 watts is 5, 000 watts, which is -
the amount that may be taken from each of the 3 smgle phase. cireuits,

Do not attempt to take all 15, 000 watts in this | exa off one circui
as overfoading of the generator will result p%e "
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.120/208 VOLT, 3 PHASE, 4 WIRE WYE-CONNECTED PLANT. - The

. four wire plant is designed to produce sin-
gle phase current of one voltage, and three phase cur-
rent of different voltage. As shown on the plant name-
plate, the single phase current is the lower voltage and
the three phase current is the higher voltage

— 208V-1¢

"The load terminals are marked T1, T2 T3 and TO _
-from top to bottom. The T1, T2, and T3 terminals -

.are the "hot” terminals, and the TO termi.nal is the :
. ground terminal '

208 V=14 -

2ogv-i#

For three phase current, connect the three load wires |
to the terminals T1, T2, and T3, one wire to each ter-
minal post. If a test run mdlcates reverse rotation of

&

. §§§ . motoras in the load circuit,: ‘Teverse the connectmns of
R S any two terminals : - B
=4 O'ro- L i For single phase current, connect the "hot" load wire

to any one of the terminals T1, T2, or T3, Connect

the ground wire to the TO Terminal Three single phase'

:FI_G» .11 circmts are thus available.
. NOTE!

When taking a single phase load off the plant, the single phase
" (line to neutral) voltage is 120 volts when the AC Voltmeter con-
nected across the line (line to line) terminals reads 208 volts,
On other 3 phase; 4 wire plants of different voltage rating this. .
applies also except of course that the single phase (line to neu-
“tral).voltage :will always be the lower voltage as specified on
the nameplate when the voltmeter reads the higher (line to line)
. _voltage as specmed on the nameplate. o

' II both stngle and three phase current is used st the same time, use. care
" not to over-load:any one of the single phase circuits, Subtract the am- .- .
~* ount of the'three phase load from the rated -capacity of the. plant. Divide
- .the remainder by three to determine the amount of single phase load -
' which may- be :conhected: to any single phase circmt
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. REMOTE“CONTROL CONNECTIONS. - A small four place terminal block
" is mounted on the bottom inside
surface of the control box, To provide for remote control of starting and

stopping, connect the START-STOP remote switch to this terminal block,
Figure 12, :

~ Connect the single, unmarked terminal of the switch to the No. 1 ter-
minal of the plant. Connect the switch terminal marked OFF to the No.2
plant terminal, Connect the swiich terminal marked ON to the No, 3
plant terminal, The plant B 4 terminal is used only with line transfer

- equipment. H.additional remote switches are installed, they must be

connected in a:parallel circuit: all OFF terminals together, etc.

| © REMOTE CONTROL
) T SWiTcR
i CONNECTIONS _ .
-, - THIS TYPE OF REMOTE _JEallP
b .“»‘-@r{‘i'?m"ﬁff e : CONTROL SWITCH MAY SR
L comer O |y | ] v e * | ALS50 BE USED.
:ﬁz‘gﬁ??ﬁ; e ConneETTG : .
. i B PLANT )
RLAR VIEW

"REMDTE CONTROL
TERMINALS ON
PLANT

AROE

FIG 12. REMOTE CONTROL CONNECTIONS

For remote control distances, #18 wire can always be tsed up to 75 feet
in wire 1ength For greater distances, larger wire will be necessary,
as mdmated. ) .

| 'MA’X.:DISTJLNCE " WIRE SIZE

75 feet | ' #8
120 feet - #16

200 feet 4
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CRANKCASE OIL. - The oil capacity of the crankcase: when "'dry"” (oil

filter empty) is 6 U.S. quarts. Normal refill capa- .
city is 5 U, 8. quarts. - Use MS or DG type heavy duty (detergent) type of
ofl. Select the proper SAE number of 0il according to the lowest expected
temperature. '

TEMPERATURE SAE NUMBER

Above 100°F. - - 50
‘above 329F, (0°C) SR 11t
320, (0°C.) to 10°F (-23 30C.) 10
- Below -100F. (23.3%. ) : 5W

The'uee of a heavy duty (detergent) oil keeps dirt and sludge particles in
suspension so that they are removed when the oil is drained and the ﬁl-
ter is changed. : .

NOTE!

When adding oil between changes, always use oil of the same
brand, - When mixed together, detergent oils of different man-
.. ufacturers sometimes form chemical compounds harmful o
' -'engme parte. . :

AIR CLEARER. - Remove the air cleaner top and fill the reservoir cup,-

to the line indicated on the cup, with oil of the same
SAE number as used in the crankecase, On housed plants, because of
close top clearance, it i necessary to remove the air cleaner from the
carburetor.. Be sure the air cleaner is properly reinstalled before run-
ning the plant. )

‘RADIATOR. - The capac1ty of the coolmg system is 16 quarts (U s, -
measure) .Check to see that the radiator drain and the = .
cylinder block drain is cloged., Fill the radiator to within an inch or
two of the bottom of the filler neck, Use clean soft (alkali free) water,
_..such as clean rain water. The use of a good rust and scale inhibitor is -
recommended - :

If the plant will be exposed to Ireezmg temperatures (below 320F, or 0

C.), use a standard antifreeze solution. Use the correct proportion of

antifreeze, as recommended by the antifreeze manufacturer, to protect

at least 10 degrees F. below the lowest expected temperature.

FUEL, GASOLINE, - Some special model plants are equipped with a

.. mounted 20 gallon capacity fuel tank. Do not fill

the tank completely full of cold gasoline, Expansion of the gasoline as

the plant warms up may cause the gasoline to overflow, creatmg a fire
_ hazard anow an inch or two of expansion space .
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- Use fresh, "regular" grade of gasolme Do not use a highly leaded "pre-
mium" grade of gasoline. The use of highly leaded gasoline will require
more frequent lead removal, valve, ‘and spark plug servicing. The en--
gine is designed {o operate at highest efficiency and economy when using .
tregular" grade gasoline. However, do not use a low octane fuel, such .
as “"stove gas", The use of such fuel may cause serious damage to the
engine. : ' o

Observe the usual safety precaﬁtidhs ‘when handling gasoline. Special
precautions must be taken when the fuel tank is near the plant. Never
fill the tank while the plant i running.

- FUEL, NATURAL GAS. - If gas fuel is to be used, see that all fuel con-

nections are leak proof, See that the line pres-
sure at the regulator inlet does not exceed 5 pounds per square inch. In
some localities, presence of foreign matter in the fuel may require the
ingtallation of atrap_or filter. - Consult the fuel supplier.

A special carburetor fitting is used on pla.nts equipped for gas fuel op-
eration, -See that the float lock screw (FIG.16.) is turned up tightly
. to prevent the float from vibrating inside the carburetor. I an emeér-
gency source of gasoline is also connected, see that the shut-off valve
on the cafburetor is closed, See that the electric choke is readjusted
. for gas operation as descnbed in the paragraph onCarburetor—Gas in

" this manual. - :

CARBURETOR -
GAS ADAFTOR

PIPE
SUPPORT,

" ELECTRIC FUEL "
SOLENOID-

. DRY FUEL
- FUTER

"FIG. 13. GAS FUEL LINE CONNECTIONS .
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GENERAL. - Before putting the plant into operatlon for the first time, .

_ be sure that it has been properly installed, and that all
requ1rements under PREPARATION have been met, Check the following
points: . .

1, See that no electrical load is connected to the generator (throw
‘the circuit breaker to the "OFF" position).

2. See that the "VOLTAGE REGULATOR RHEOSTAT" knob is at
its approximate perpendicular or mid-adjustment point,

3. -Seethat the "FIELD RHEOSTAT AND VOLTAGE REGULATOR
SWITCH' knob is at its extreme COUNTERCLOCKWISE position, -

STARTING THE PLANT. ~ For electric starting, press the "START-

' STOP" toggle switch in the "START™ di-
rection, holdmg in contact to crank the engine. On the initial start, or ;
if the plant has run out of fuel, extensive cranking may be necessary to i
- pump fuel to the carburetor and fill it. The carburetor is automatically
choked, and as soon as the carburetor is sufficiently full, the plant
should start, As the engine begins to fire, hold the START switch m con- !
tact until runnmg speed has been reached. . A .

Inhibitor oil was sprayed into the cylinders after the factory test run, :
and it may be necessary to remove the spark plugs and clean them with
- gasoline before the plant will start the ﬁrst time. Dry the plugs thor-

K oughly before reinstallmg them. S

If gas fuel is nsed, ‘the carburetor choke must be adjusted as described _
under the paragraph Carburetor-Gas ', On the initial start, it will pro- -
ably be necessary to press the priming button ‘on the gas pressure re-

' gulator momentarﬂy. . Do not overprime. .

CHEC-KING OPERATION - After the plant starts, check the engine in=
struments immediately. See that all are in-
© dicati Hng - normally, as outlined below, On the initial run; allow the plant . -

- to reach operatmg temperature, then check the coolant level in the rad-

jator; -The thermostat may have permitted an air pocket to’ Iorm, thus
pre enting complete f1lltng. : .

NOTE'“VH

_I_ h1b1tor o11 was sprayed in51de the cylmders after the factory test -
ran. On the initial run there will be a- -considerable amount of smoke
_in the exhaust gases, until thie inhibitor oil is burned: out. ' .
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Throw the circuit breaker handle to the ON pos1tlon, to connect electri-
cal load to the plant. If the plant tends to surge slightly, it is usually an
“indication that additional warm up is needed before connecting a heavy
load. Continued surging after warm up-indicates needed adjustments &f
the carburetor or governor, Reier to the ADJUSTMENT section,

The engine instruments are furnished on all standard plants, Their fun-
ction and normal readings or positions are as follows:

OIL. - The oil pressure gauge registers the engine oil pressure' while
the engine is running.. Normal operating pressure is 40 to 60
lbs. at operating temperature some what higher unt11 the plant warms

up.

TEMPERATURE - The 'water temperature gauge reg'iq;ters the cool-
‘ant ten(r)peratur& during operation. Normal op-
erating temperature is 140" to 170",

AMPS. - The ammeter indicates the battery charge or discharge cur=
' :re_nt in amperes. The rate of charge during operatlon de-
pends upon the charge condition of the battery.. Under -normal condi-
tions, the charge rate will be 5 to 10 amperes when the plant starts.
The rate will gradually fail to almost zero as the battery becomes
_ fully charged. . , .

EM‘ERGENCY STOP RELAY - = The stop relay button niust be pushed
- ‘to de-energize the stop relay when
one of the safety devxces has operated to stop the plant.. Investigate
' the cause iur the emergency stop before again starting ’rhe plant.

START—STOP. - The start—stop switch is a normally open, moment-
ary contact switch. Push the swﬂ;ch up to start, and
, dow_n to stop the plant. '

- SAFETY- STOPPING DEVICES. The EC series plants are equipped
. with three safety devmes which op-
erate to stop the plant under. certain conditions which could cause ser-
ious damage. - - S ‘

1. High Water-'Temperaiture 'Cut'-"off - The temperatute cut off is a
' thermostatic type switch,
“mounted on the engine, which acts to stop the plant if the coolant

temperature rises too high. A dial adjustment perrmts setting the

switch for various temperat'ures Refer to ADJ USTMENTS

2. Low Oil Pressure Cut-off; - The oil pressure cut off is a pres-

sure operated switch, mounted on the
engine, which acts to stop the plant if the ofl pressure drops to less

than 15 pounds. It is not adjustable, - The low oi] pressure cut-off

| switch s Optmnal Equ;pment (NOTE Wben the pIant 15 eqmpped
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with a low oil pressure cut-off switch, a time delay relay is also
furnished. The time delay relay is used as a pilot relay which is in
series with the ground lead between the low oil pressure cut-off
switch and the Emergency Stop Relay. The time delay relay does
not close its contacty until approximately 5 seconds after energiza-
tion of its coil, thus allowing the engine oil pressure to build up and
open the grounding connection of the low oil pressure cut-off awitch).

3. Overspeed Cut~off. - The overspeed cut-off is 2 centrifugal type

switch mounted on the rear end of the gen-
erator which acts to stop the plant if the governor becomes inopera-
tive due to a broken drive belt, etc. Tt is not adjustable.

If one of the safety devices has operated to stop the plant, it is necessary
to press the "EMERGENCY STOP RELAY" reset button before the plant
can be started again in 2 normal manner.

The electrical meters.and controls vary with the diﬂerent models. Their

. descnptton and normal function are as follows:

'RUNNING TIME. - The running time meter registers the number of
' hours, to 1/10th, that the plant has actually run.

Tt provides a convement means o:[ keeping a regular servming sche-
dule. : .

ﬁMPERES.- ~ The ammeter (two.on single phase 3 wire models) in-

. dicates the amount of CONNECTED electrical load. On

" three phase models, the ammeter indicates the load connected to any
' one phase, ag detérmined by the selector switch position. On single
' phase models, each ammeter indicates the amount of load connected

e toits. ref&pectwe circult SREDI '

VOLTS - The voltmeter mdicates the a.¢. volta.ge oc[ the generator o
: : circuit.  On three phase models, voltage of one phase only,
- - as determmed by the selector switch position, will:be shown. On four
. - wire, three phase models, only the three phase voltage (higher name-
- plate rating) will be shown. .-On &ingle phase models, the voltage shown -
- will always be the higher nameplate rating.

CIRCUI‘I‘ BREAKER. - The circuit breaker is a sa.tety device, The cir—

cuit breaker will open automatically and dis- i

connect the load if the plant is severly ‘overlpaded. Correct the cause of

. overloading before-again throwing the circuit’ breaker handle to the ON -

- position. To disconnect the load, throw the clrcuit breaker handle to the, :
- OFF position
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SELECTOR SWITCH, - The selector switch is provided on three phase

models only. Iis setting determines which

phase of the generator circuit is 1nd1cated on the ammeter and volt-
meter

" REGULATOR RHEOSTAT. - The voltage regulator rheostat position
' determines the REGULATED voltage.
Normal setting is with the arrow on the knob pointing straight up,-

COMBINATION FIELD RHEOSTAT AND VOLTAGE REGULATOR

- 'SWITCH. - The field rheostat is provided for EMERGENCY use only,
' in case of failure of the voitage regulator. Normal setting
of the knob is extreme counterclockwise. When turned slightly clock-

wise, the voltage regulator is disconnected and voltage ‘MUST be
-manually controlied.

ENGINE CONTROL OPERATION -A brief descrxption of the function -

of the various engine control circuits
w111 enable the operator to more easily understand their operation,

When the Start Button is pushed to start position, battery current is fed
to the Start Solenoid Relay, its contacts close and feed battery current to
the Start Solenoid; its eontacts close and feed battery current to the Start-
ing Motor which cranks the engine. The Start-Disconnect relay, which

. is in the cranking circuit, opens its contacts and disconnects the cranking
cireuit, when it becomes energized by the charging genera.tor voltage as
the chargmg generator comes up to speed.

When the Start Button is pushed -the Start Igmtmn Relay is energized,
connecting the battery across the ignition circuit. " As soon as the battery
charging generator comes up to speed, as the engine is cranking, enough
‘voltage is generated to close the Ignition Relay (Labeled Stop Relay on the
Wiring D1agram) The ignition relay remains operated as long as the
‘plant is operating. To stop the plant, operation of the Stop Push Button

~ grounds the coil of the Igmtmn Relay; disconnects the igmtmn cu‘cuit and

_ stops the plant '

The 1gnit10n circmt goes thru the normally closed contact of the Emer- :
gency Stop Relay. I either high water temperature or excessive engine
speed occurs, the Emergency Stop Relay coil connected to the charging

. generator becomes energized, disconnects the ignition circuit, and stops

. the plant. (This also occurs if the plant is equipped with a low oil pres-
sure cut-off switch.) When the Emergency Stop Relay is energized, the
normally open contacis close connecting the hold in coil circuit to the bat-
tery positive. When this occurs, the cause of the plant ghut-down should
be determined first, before attempting to start the plant again. Whenever

the Emergency Stop Relay has operated, the Emergency Resel Switch
must be operated before the plant can be started.
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STANDBY SERVICE, When the plant is used for standby service (fail-

: ure of a commercial or other regular source of
power), it is essential to "exercise” the plant regularly. If practicable,
start and run the plant for approximately one 30 minute period each week,
I a fuel reservoir tank (see INSTALLATION) is used, the length of time
between exercise periods can be considerably lengthened However, an
~ exercise run at least once a week is recommended.

VOLTAGE REGULATOR. - Normally, the voltage regulator does not re-
: quire attention during successive operating
periods.- The voltage regulator {s an automatic device for 'controlling the
output voltage of the generator. Tts action provides the same -effect as is
. obtained by hand operation of a rheostat on a manually controlled genera-
tor. .

The voltage Tegulator knob position determines the regulated voltage of
the generator output.- The regulator was adjusted at the factory to give
the rated voltage with the knob arrow pointing straight up. The voltage
¢an be-lowered or raised approximately10%by turning the adjusting knob, -
Turn counterclockwise to lower the voltage; or clockwise to raise the
voltage. The regulator will keep the voltage at its set value regardless
of changes in temperature,load, or power factor. If the voltage can not
be set at the desired point by knob adjustment, a change in the regulator
resistor setting may be required, Refer to ADJUSTMENTS

" FIELD RHEOSTAT - The field rheostat provides- for manual control of
- output voltage and should be used ONLY in case of

voltage regulator failure, - When the FIELD RHEOSTAT knob is turned to
its normal extreme counterclockwise. pOSltlQn, an integral switch pro-
vides for automatic voltage regulator operation. "However, turning the
FIELD RHEOSTAT knob slightly clockwise, disconnects the automatic
voltage regulator and the generator voltage MUST be manually controlled
by knob operanon. :

. When ma.nual voltage control is nece'ssary’, turn the FIELD RHEOSTAT
.. knob from its extreme counterclockwise position just enough to cause _
‘the integral -switch to cut out the regulator. Start the plant and adjust the

rheostat knob to obtain the proper voltage. - :

The voltage of the generator will drop somewhat as it warms up, neces-
sitating a rheostat adjustment. The rheostat setting must also be chang--
ed as the electrical load on the generator is -changed, to keep the voltage
at a safe operating point. - As ‘electrical load is increased, the voltage
will drop, and it will be necessary to turn the rheostat knob clockwise -
to raise the voltage back to normal. Likewise, as electrical load is re-
moved the voltage will rise;, and.a counterclockwise adjustment of the
rheostat knob is necessary to lower the voltage. Keep in mind that any
substantial change in the amount of load connected to fthe generator calls
for a compensating readjustment of the rbeostat knob.
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X-RAY S'IERVICE. - When the generating .pla.nt is used for X~-Ray service,
' a few departures from normal operating procedure
are recommended.

1. Dummy Load - The heavy X-Ray load is on for only a very short per-
iod of time, in most cases for only a fraction of a second, The en-

gine governor (and the engine itself) can not act fast enough to prevent

a voltage and frequency drop when the X-Ray load is added, nor to pre-
vent a corredponding upward surge when the X-Ray load is removed. If

a dummy load of about 4 or § KW is on continuously, more satisfactory
operation is obtained. The engine is placed in a more stable operating
‘range where it is already pulling the 4 or 5 KW load before the X-Ray
load is applied. The dummy load can consist of Space heaters, or in

. warm weather, of sirmilar resmtor units,

2. Periodic Checks - Due to the exacting requirements of X-Ray ser-
~vice, the generating plant should be serviced and maintained to
give peak performance. Particular attention should be given to proper -
ignitlon governor and carburetor servicing.

: STOPPING THE PLANT. - The plant is stopped by pushing the control
panel switch or a remote control switch to
the'STOPI'pOSitiOn. H practicable, disconnect all load before stopping
- the plant, - I A :
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LOW TEMPERATURES

CRANKCASE OIL. - For cold weather operation, select the SAE number
of the crankcase oil according to the lowest tempera-

ture expected before the next scheduled o0il change. See PREPARATION,

- When changing to a lighter oil for cold weather, change the oil filter ele-
ment at the same time (which will require an extra quart). After chang- -

ing to a lighter oil, always run the plant for a few minutes to c1rcu1ate .
the hghter oil through the engme

H an une_xpected temperature drop takes place, use caution in attempting' '
to start the plant after a shut down peiiod. Do not attempt to start a
plant that is so '*stiff” that it will not crank properly. "Congealed oil may
not flow readily, resulting in lack of lubrication to vital parts and caus-
ing serious damage. In an emergency, apply heat directly to the engine =

oil pan to warm the oil, When the oll is sufficiently fluid, start the plant :

and allow it to thoroughly warm up, Stop the plant and change the 011
{and oil filter element) to the proper SAE number

RADIATOR - If there is a posstblltty of the temperature fanmg below

' 329F. (0°C.) the coolant must be protected against freez-"
ing. Use a good antifreeze compound in the proportion recommended by
‘the antifreeze manufacturer, protecting to at least 10 dégrees ¥. below - .
the lowest expected temperature The capacity of the cooling system is- = |
approximately 16 U.S, quarts, R C o Lo

Set the high water temperature cut off switch{See ADJUSTMENTS) to op~ -
erate at a temperature several degrees below the boiling point of the
antifreeze solution used, taking into coneideration the altitude at wluch

. the plant is operatmg.

- H the coohng system is drained to prevent freezmg, be sure to remove
the radiator cap while draining, Faflure to remove the cap may form a-
vacuum in the cooling system, preventing:complete draining. Be sure -

¢ that the cylinder: block drain cock is fully opened for complete draining of
the radlator

: .GASOLINE FUEL - USe fresh clean wlnter grade (not lughly 1eaded
' ' premmm) gasoline for best starting.in cold. weather.

If the fuel tank is subject to considerable temperature variations, keep.
the tank nearly full in order to cut down condensation of moisture inside
the fuel tank. Such condensation can cause trouble by ice formation in =~ -
the fuel system. Avoid filling the tank entirely full of cold gasoline, . Ex- -
pansion of the fuel as it warms up may cause 1t to overﬂow and create :
a fire hazard.

GAS FUEL. - Certain types of LPG fuel do not vaporize readﬂy ‘at-low. -

teinperatures. Heat exchanger equipment may be neces-..'_" '

_ sary. Consult the fuel suppher if lowered performance is observed at
low temperatures .
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BATTERY - Check the charge condition of the starting battery often en-

"~ ough to assure that it is always in a well chargéd eendition.
The charging circuit is designed to keep the battery well charged in nor-
‘mal service, but frequent starting with short operating periods may cause
the charge condltlon to drop to a point where there will not be enough pow-
er to crank the engine at low temperatures.

The cranking power of a battery drops to about 40% of its normal power

~ at 09F., and the cranking load is greatly increased. If practicable, re~
move the battery to a warm place during shut down periods in extremely

cold weather. . It takes but a few minutes to comnect the battery for start-
ing, and its cranking power will be much greater if warm.

- IGNITION. - The ignition system must be in good condition for prompt -

-starting in cold weather. The distributor breaker points -
and condenser, and the spark plugs are particularly important. See that
the breaker points are in good ccmdition (not burned or pitted) and are
properly adjusted.

HIGH TEMPERATURES
.LUBRICATION - As indicated under PREPARATION, use SAE No. 30
- oil for temperatures above 32°F, Keep the oil level at
or near the FULL mark on the level indicator. However, do not over

fill the crankcase, - Use the same SAE number oil to service the air
cleaner, o

COOLING. - A constant supply of fresh air must be provided for proper

cooling. See that nothing obstructs the flow of air to the
plant and see that the radiator air outlet flow is not obstructed in any
way. - Keep the radiator well filled. Use a good rust inhibitor to keep
the cooling system clean and free of rust and scale formation. See that
the fan belt tension is properly adjusted. Be sure the high water tem--
perature switch is properly adjusted (see ADJUSTMENTS).

BATTERY. - Check the level of the electrolyte frequently. Add approv-
' "~ ed water as often as necessary to keep the level at the pomt
recommended by the battery manufacturer.

NOTE

REDUCING BATTERY SPRECIFIC GRAVITY FCR LONGER
B.ATTERY LIFE

Standard automotive type storage batteries will self discharge very
quxck]y when- installed where the ambient. temperature 15 always above
209 F., such as in a boiler room, or in tmpxcal chmates To Iength@n
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battery life, dilute the electrolyte from a normal 1.275 epec:f:c gravity
reading at full charge to a 1,225 rea,dmg

© The cranking power of the battery is reduced somewhat when the elec-
trolyte is diluted, but if the temperature is consistently above 900F,,
“the reduced crankmg power will hardly be noticed, and lengthened bat-
tery life will be a distinct advantage. Adjust the electrolyte as follows;

1, Fully charge the battery. Do not bring an open flame or burning
cigarette near the battery during charging, as the gas released
during charging is highly inﬂammable

2, While the battery is still on charge, use a hydrometer or filler
bulb to draw off all the electrolyte above the plates in each cell.
DO NOT ATTEMPT TO POUR OFF 1! Avoid skin or clothing con-
tact with the electrolyte' Dispose of the removed electrolyte,

3. Reflll each cell with pure distilled water, to the recommended
level

4, Contmue charging for one hour at a 4 to B ampere rate,

B, Use a reliable hydrometer to test each battery cell. I the speci—
fic gravity is still above 1. 2325, repeat steps 2, 8, and 4 untii the -
reading of the fully charged battery is not over 1.225. Most bat-

' ter1es reqmre repeatmg steps 2, 3, and 4 two times.

DUST AND DIRT

" AIR CLEANER - Clean the air cleaner and change its oll as frequently
as the conditions require. The air cleaner function of

trapping air borne dust and dirt is very important in premeting longer

engine life. .

C .RADIATOR - Keep the radiator cooling fins clean and free of dust chaff,
B . leaves, ete, Clogged cooling fins will reduce the effect-
ive cooli.ng a.rea. of the radiater and may result in improper coolmg

'-GENERAL - Keep the ennre plant as ¢lean as practmable. Wipe off :
' -accumulations of dust, dirt, and spilled oil. Keep the gen-
. erator commutator, slip rings, and brushes clean. Keep supplies of
fuel and ofl in air t1ght containers. Change the crankcase oil, and the
oil- ﬁlter element more frequently, as conditlons requ:re. '
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GENERAL, - Follow a definite schedule of inspection and servicing to

help in keeping the plant in good running condition, and to
keep operating expenses to a minimum. Service periods outlined in this
section are for normal service and operating conditions, For extreme
conditions, such as continuous heavy duty, extremely high or low temper-
atures, etc., service more frequently. For periods of little use, service
periods can be lengthened accordingly. Keep a record of the operating
hours each day to assure servicing at the proper intervals,

PAILY SERVICE

If the plant is operated more than 8 hours daily, perform the
DAILY SERVICE operatlons every 8 hours,

FUEL. - If the plant is operated on gasoline fuel, check the fuel supply

\ often enough to avoid running out of fuel,  If the plant stopsfrom
lack of fuel, it will be necessary for the fuel pump to first pump enough
fuel to the carburetor to permit startmg again, This may require con-

51derab1e cranking, dependmg upon the distance of fuel 1ift from the tank
to the fuel pump

CRANKCASE OIL - Check the oil level, on the level mdica_tor. Do not
allow the oil level to fall below the "ADD OIL'" mark -
on the. indicator ~Add oil, of the proper SAE number, as necessary to

. bring the level to or near the "FULL" mark on the indicator. Do not over
fill;

AIR CLEANE_R. - Service the air cleaner as often as required by the op-
' . erating conditions. Under extremely dusty conditions,
it majr be necessary to clean the dir cleaner and renew its eil several
times durmg a day's operation. Under dust-free conditions, every 100
hours or even less frequent servicing may be sufficient.

T055erv'ic'e the air cleaner, remove it irom the top of the carburetor.
Disassemble the top section from the cup section and pour out the dirt
laden oil. Clean reservoir cup and filter element with solvent, and al-
" low to dry. Refill to the indicated level with clean oil and reassemble
the cleaner. When reinstalling to the top of the carburetor, tighten just
enough to assure that no a1r will leak in around the clamping point,

RADIATOR - Check the level of the coolant in the radiator, and add hq-

' - uid as necessary to bring the level up to normal, I freez-
ing weather prevails, and a non-permanent type antifreeze is used, test
the protective strength of the solution., The high water temperature
switch will not protect against evaporation.

- CLEANING - Keep the'plant clean as pract:cable A cIean plant is eas-

. ler to gervice and will give better s
led 01'1 dust dirt, ete. . & ervice. Wipe off Spﬂ-'
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WEEKLY SERVICE

If the plant is operated more than 50 hours a week, perform
the WEEKLY SERVICE operations every 50 hours.

CRA-NKCASE QIL, - With a new (or reconditioned) engine, drain the
crankcase and refill to the proper level after the
FIRST 15 HOURS OF OPERATION. ‘Drain and refill the crankcase again

. after the next 50 hours of operation. I the plant is operating under tem-

perature conditions of 320F,, (00C, ) or Iower, contmue to change the
crankcase oil at’ 50 hour intervals. :

Under normal temperature {above 32 F.)and operatmg cOndmons, '

_change the cra.nkcase 011 every 100 operating hours.

CRANKCASE BREATHER -~Remove the oil fill cap and cleanin a -
- good solvent.. Oil the wire mesh with
engine oil. Under severe dust cond1tmns s Service more frequently

Oor

OIL FILTER, - T_he' oll filter is a-fuu-f_low 't-ype,--and if_alioﬁvéd' to.-become_ |

filled with sludge to the point where no ofl can flow th-
rough it, a by-pass valve opens to provide 1ubrica.tio'n t_o the engine,

- Under normal operating. cn:mditions, change the oil filter element each ai-

ternate crankcase oil change, However, under cold operating:conditions
or dusty and d!rty conditions, change the filter element at each oil change.—l

Place 3 dr:p pa.n under the oi} fﬂter, Remove the center bolt and remove
the filter housing and element as a unit, After discarding the dirty fil-
ter element and all the gaskets, clean the metal parts with solvent, mak-
ing sure the radial holes in.the center bolt are not clogged. Place a new. -
gasket next to the head of the center bolt and insert the center bolt in the
housing. Install the spring and retainer-assembly over the center bolt
(retainer facing'the threaded end of bolt) Install a new gasket and ele-- :
mentoverthebolt. R R . o

”With the openings in the diaphragm p051t10ned at the tﬂp, mstall a new

housing gasket in the crankcase recess. Position the filter and tighten

the center bolf just enough to cause the filter housing to centact the gas~ =

ket. Rotate the housing to assure even seating, then tighten the center °

. bolt to 20.25 pounds-foot torque Overtightening the center bolt'may

cauge distortion of the filter housing and cause oil leakage. Check for S

__ oil leakage after the engine has warmed up. :

_ GOVERNOR Check the governor 011 Ievel Remove the 011 Ievel plug

{Fig. 28) and add oil,.of the same SAE number asused. -~

~in the crankcase, unt11 the 011 reaches the plug level Do not over- . . ;o
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GOVERNOR LINKAGE. - Inspect the ball joints of the governor arm and
' . L ' carburetor throttle linkage. Keep these points
- free of dust. Lubricate with a "dry' iype of lubricant, such as powdered
~ graphite. If a "dry” lubricant is not obtainable, use only a light machine
oil of non-gumming quality.

BATTERY GENERATOR. - Put two or three drops of oil in the battery

chargmg generator oﬂers, one at each end
oi the generator Do not over. lubrlcate. .

'STARTER. The starting motor ‘does not require Jubrication.

BA-TT.ERY. -~ Bee that the battery connections are clean and tight, Cor-

' rosion at the terminals can be removed by flushing with a
‘weak baking soda and water solution, Flush clean with clear water and
dry thoroughly., A light coating of grease or aSphalt pamt on the ba.‘cteryr
‘termmals will retard such corrosmn

Keep the electrolyte at the proper lefvel above the plate separators by
adding clean water which has been approved for use in batteries. In :
freezing weather, run the plant for at least 20 minutes after adding water,
‘o mix the water w1th the glectrolyte and prevent its ireezmg.

SEMI— MONTHLY SERVICE

) ¥ :'.th.e.'plant is operated more than 100 hours semi-_montlﬂy,
© perform the following operations every 100 operating hours.

FUEL SYSTEM. - Remove the drain plug {see Figure 14.) at the bottom

S of the carburetor to drain off any sediment. Install .
the plug securely. Remove the filter bowl and screen from the fuel
pump, eleanthoroughly, and replace. “After sermcmg is completed, in-
spect carefully agamat leaks .

SPARK PLUGS. 'Remove the spark plugs, clean. them, and adjust the
.gap according to the dimensions given in the TABLE -
- OF CLEARANCES. Replace with a new one any plug which will not pass
a standard compressmn fn‘mg test.

DISTRIBUTOR - Examine the distributor breaker points. ‘X burned or
... pitted, replace with a new. set. See that the point gap
is set at 0. 024" to 0.026" at widest separation. Apply a very small a-
mount {about the size of a match head) of high temperature grease on the
breaker cam surface. Put a few drops of oil in the oiler cup on the side
- of the dzstrlbutor.

COMPRESSION TEST.. - Use a compressmn gauge to test the engme com-

pression. Low compression on one ¢ linder
may indicate a Ieakmg valve. Unusuaﬂy high compressmn on aJI,I
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cylinders may indicate a build-up of lead deposits, necessitating removal

. of the cylinder heads and scraping deposits out. - Normal new engine con- -
- pression with the throttle wide open, engine at operating temperature,
all spark plugs removed, and the battery fully charged is approximately. .
125 pounds plus or minus 10 for each cylinder. L

EXHAUST, Inspect all exhaust connectlons carefully for leaks Ti.ghten
' or make any other necessary repalrs. o o

GENERATOR - Check the condition of the exciter commutator and SR
brushes, and the alternator slip rings and brushes, Re- .

move the exciter end cover to reach the commutator. Remove the bla.nk

coyer and.ventilator plates to reach the alternator slip. rings. In service,

.the commutator and glip rings acquire a glossy brown cglor, which s a

normal condition. - Do not attempt to'maintain a bright;, newly machined

appearance, ‘Wipe clean with a dry, lint-free c¢loth. Slight roughness .

or heavy coating may be remedied by lightly sanding with #00-sand-

paper. Do not use emery or carborundum cloth Or paper. . Wipe out all

~ carbon and sanding dust.. : - . -

Brushes will eventaally’ wear too short to perform therr functlon Brush
wear will be more rapid under dusty conditions. Replace brushes only
when worn to 1/2 inch in length, or if damaged. Refer to the MAINTEN~ -
ANCE section, Never.apply any kind of lubricant to the brushes, com- :
rnutator, or slip rings, . '

 The generator bearing Is a- permanently sealed prelubncated type. It
requ:res no lubrlcation servme .

-VALVE TAPPETS - Remove the rocker arm covers and check the tap- .
- pet clearances. Adjustas necessary toa. clearance

-of 0. 015 mch for the intake valves, and 0.018 inch for:the exhaust valves;
Tappets should be a.d)usted with the engine at operatmg temperature. T

cA UTION

When repIacmg the rocker arm covers, tighten the cover nuts to o '
“only 2 to 2.5 1ba ft. torque. Over tlghtemng the cover nuts will
dlstort the cover,

: SEW-YEARLY SERVICE _
(Approxhnately 1200 operating hours)

B C..LING SYSTEM - Dram the. coolmg system.’ Flush thoroughly and _
-if necessary, use-a good cleaning solution. . Re-___ e

o flll usmg a good rust inhlbitor or antifreeze containing 1nh1b1tor

OIL ‘PAN. - Remove the engine oﬂ pan and clean thoroughly of all sludge,_--'
- ete.,. Do this ata tlme to comcide with a regularly scheduled =

oil chan'ge. '
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'CARBURETOR GASOLINE = The carburetar has. main and idle adjust—
T ing needle valves (Fig. 14, ). The main
ad]usting needle, at the bottom 'of the carburetor, affects the operation
at the heavier load conditions. The idle adjusting needle, at the side of
the carburetor, affects the operation at the light and no load conditions.

Under normal circumstances; the factory carburetor adjustments should
_ not be disturbed. If the adjustments have beén changed, an approximate
setting of 1-1/2 turn cpen for the idle needle and 1 turn open for the main
needle will permit starting, - Adjust temporarily for smoothest running.
Allow the engine to thoroughly warm up before making final adjustment,

. FIG. 14. GASOLINE CARBURETOR ADJUSTMENTS

_ With no electrical load connected, turn the manual voltage control rheo-
_ stat (not the regulator rheostat) gradually clockwise until the voltmeter
reading reaches the rated voltage. Slowly turn the idle adjusting needle
out {counterclockwise) until the voltmeter reading drops slightly. .Then :
turn the needle in (clockwwe} gra.dually to the’ pomt where the voltage re- -
turns to normal, '
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To adjust the main needle, apply a full electrical load (or as much as
possible if full load can not be reached) and adjust the manual voltage
control rheostat to maintain proper voltage as load is added, Turn the
majin needle in (clockwise) until the voltmeter reading begins to drop.
- Then turn the needle out (counterciockwise) to the pomt where the volt-
age returns to normal.

Remove the electrical load (adjusting the manual volta.-ge control rhec-
stat accordingly) and return the plant to automatic voltage regulation by
turning the manual voltage control rheostat to its exireme counterclock-
wise position, Try various electrical loads, : If the engine speed fluct-
uates at any load (a frequency meter or accurate tachometer can be used
to check speed).turn the main adjusting needle out slightly. Do not turn
out more than 1/2 turn beyond the original full load setting. If stable
speed can not be obtained by such carburetor adjustment, 2 change in the _
governor sensitivity adjustment will prohably be necessary.,
ELEC'I_‘RIC CHOKE. - A 12 volt electric choke with vacuum booster is ~
- used on all plants as shown in Figure 15A. The

adjustable choke cover is held in place by the three outer screws. The
perimeter of the cover is divided into sections by small raised marks.

- One of the marks is labeled zer¢ and the twelfth mark from the zero

- mark is labeled with an asterisk (*). The asterisk mark indicates the
normal adjustment setting, A long raiged line on the top of the choke
housing is used as the reference mark, The normal setting for the choke
is made whén the asterisk mark lines up with the reference line as shown
-in Fig'ure 15A. . .

i} over-choking occurs, Ioosen the three locking screws and turn the
choke cover slightly to the left (counterclockwise}. Do not turn very far,
* One or two notches will usually be sufficient. Tighten the three locking
- screws, To increase the chokmg action, turn the choke cover shghtly
to the right (clockwise) . _

FIG. 15A. ELECTRIC CHOKE
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COUNTERWEIGHTED CHOKE, GAS OPERATION - All units built to op-

erate on gas fuels -
are equ1pped with a special counterweighted choke to aid starting when
the engine is warm. When the engine is warm, the Zenith electric choke
cannot give choking action immediately when the engine is stopped. 'The
counterweighted choke provides choking action immediately when the en-
gine stops regardless of whether the engine is warm or not. This choke
is mounted in a special adapter which is located between the carburetor
and the air cleaner. The counterweight is mounted on the end of this
choke shaft so that when the engine is not running the butterfly valve is
automatically pulled shut by the action of the counterweight. When the
engine is cranking the volume of air passing into the e¢arburetor is not
sufficient to open the butterfly valve. However, as soon as the engine:
fires, the volume of air passing into the carburetor is great enough to
overcome the weight of the counterweight and the butterfly valve snaps
open to the vertical or fully open position. The counterweight choke re~ .
mains in the fully open position as long as the engine is running. As
soo0n as the engine stops, the counterweight automatically pulls the but-
terfly valve shut. '

The correct adjustment of the counterweighted choke is shown in Fig-
ure 15B. When the choke is properly adjusted the center line of the cow
unterwe1ght is 1/16" below the center line of choke shaft measured along
the circumference of the counterweight, when the butterfly valve is-in

.~ the closed position, - The counterweight is held on the choke shaft by an
- Allen head set screw. The operation of the counterweighted choke should
‘be c-hecked after a.dj.ustment by determing that: :

{1) The butterﬂy valve freely closes when released,
{2) The butterily valve SnapB open 28 800N as the engine fzres.

s Set Screw

--'Z-x}-;e ot rfgrhf anga’e

L - [ e NS ‘o bores
- Choke butterfly | e <& § mgﬁg
: volve—1y 0 T R . |
'_aﬁ_m _:'

o

~ FIG. 15B. COUNTERWFIGHTED CHOKE ADJUSMNTS :
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CARBURETOR, GAS.- I the plant is equipped for gas fuel, see that .
the gasoline shut off is closed and that the float
lock screw.at the bottom of the carburetor is turned upward to its .

limit, The electric choke must be adjusted so that the adjustable caver .

~is turned 10 to 12 notches counterclockwise from the zero mark, ag |
shown on Pigure 16. When properly adjusted, the eleciric choke will .
be completely open even at very low temperatures

- With the"xdle"adjustmg screw turned inward to its seat, and with the
plant operating at full load, turn the main gas ad;ustmg serew in until
‘the engine speed (or voltage)} begins to drop, ~Then turn the adjusting
gcérew out’ (counterclockwise) until the voltage returns’to normal. . Set -
the lock nut aecurely to prevent any chang’e in the eetting from 'vibraxio'n

- Remove the electrical load and repeat the adjustmg process, using the
"1d1e" ad]usting screw.

With electrical load removed, adjust the throttle level stop serew 50
that there is 1 /32 mch clearance between the screw end and the stop pin

Gas-Gasoline conversion kits are avallable to convert your plant to this ..
- type of operation.” Write to the. factory for detailed information giving
- complete Model and Spec No. and Serial No. ‘of your plant o

b QNG RMISED LING . GA&OLINF, FUEL
i . : OUE ADJUSTMENT.
N I

™ ZENITH guacrmc CHOKE
SETTING FOR RUNRING
i WITHGAS _FUEL _

.. BASFUEL -
" 4DLE ADJUSTMENT

uAlN ADJU.STMENT .

' FIG. 16, GAS-GASOLINE CARBURETOR ADJUSTMENTS
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HIGH WATER TEMPERATURE -'sWITCH - The

- high -
water ternperature switch operates 1o stop the ~
engine if the coolant temperature rises too high.
This prevents overheating, which could cause
serious damage to engine parts ‘The engine -
may be started again when the coolant tempera-
ture drops approximately 10°F. The dial ad-
justment should be set to operate at a tempera-
ture several degrees below the- boiling point of
the coolant, taking into consideration the alti-
tude at which the plant is operatmg. Lower the
setting 39F. for each 1000 feét above sea level.
The dial was set at 205°F. at the factory. Do . -
not set the switch to operate at too low a tem- FIG_' 17. HIGH WATER
perature or the engine may be stopped before - TEMPERATURE
it reaches operating temperature CUT-OFF SWITCH

FAN AN'D GENERATOR BELT ADJ USTMEN'I‘ - A separateé belt is used

- to drive the fan and the
_generator. ‘Reduced belt wear and more efficient operation of the fan.
‘and generator is thus obtained, ' The correct adjustment of these belts
must be maintained to prowde proper engine cooling and high generator
- output.  The belts should be checked for cracks and wear occasmnally
'and replaced when necessary. ) :

= To ad]ust the fan belt loosen the fan bracket screws, then move the
bracket up or down until a deflection of 1/2 inch is: obtained between the

- crankshaft pulley and the fan pull«ey, with 1ight thumb pressure on the g
C belt(see Flgure 18 )

—WATER PUMP
I eULLEY

FIG. 18. FAN AND GENERATOR BELT ADJUSTMENTS  *

- R
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To ad;ust the generator belt loosen the generator link claml; ‘SCTew and

. the two-generator mounting bol’es Move the generator toward or away:

from the engine until a deflection of 1/4 inch is obtained between the gen-

‘erator pulley and the governor pulley, with 11ght thumb pressure on

the belt.

GOVERNOR -~ The governor controls the speed of the engine, and there-
_fore the frequency of the current. Plant speed affects

“a.c. output voltage. Either a tachometer or irequency meter may be used_
‘to check engine speed- for proper governor ad;ustment . '

1. With the’ engme stopped, and tension on the governor spring, ad]ust

the governor linkage length so that the carburetor stop lever clears
the stop'boss by not 1ess than 1/32” as shown See 111ustration GOVER-
NOR ADJ USTMENT ' . _ . .

: 2 Start the plant and allow it to reach operatmg tempera.ture

' 3 Adjust the speed With no electrical load connected, adzust the speed :

. screw to attain the proper no load (n.1.} Speed as shown in the speed.
chart. Apply a full rated load at 0.8 power factor and again check the
speed, Be sure the voltage is safe for the load applied. An incorrect

) speed drop from full load to no load necessitates a sensﬂwﬁy adjustment

Although the plant is rated at 80% power factor load ‘the speed and volt- ' '
age regulation at full load may be made by connecting the type of load
that corresponds with the application. At unity (1 0) power facior the

kW ratmg is equal to 25 kﬂowatts. o

4, ® the pla.nt tends to hunt (alternately mcrease and decrease speed)

under load conditions, increase very slightly the distance between the
governor main shaft and the sensitivity screw on which the spring link

pivots. For best regulation keep the sens;tnra,ty screw up as closeljar as
-posmble without causing hunting. _

_ Any’ change in the setting of the sensitiwty screw Wll]. require correct-

_ing the speed screw adjustment. Decreasing sensitivity by turning the

- ‘serew clockwise causes a slight speed increase which can be corrected
by furning the speed screw sllghtly counterclockwise to decrease sprmg
tension.

STARTING PGSITION - NO LOAD POSITION

T HH‘D‘T‘TLE STOP SCRE

FIG 18, GOVE'RNOR THROTTLE ARM STOP ADJUSTME‘NT
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.. SPEED CHART FOR CHECKING GOVERNOR REGULATION

SPEED RANGE | SPEED SPREAD [(WITHIN RANGE)|
~ LIMITS | PREFERRED LIMITS |
MAX, MIN., | F.L. *toN.L.| MAX. } MIN,
FOR ALL |CYCLE 63 | 59 | 59 - 61 3 1.5 5
60 CYCLE| _ , : 1 v
i PLANTS |RPM  18$0 | 1770 | 1770-1830 90 45 ~ A
FOR ALL |CYCLE 53 49 | 4951 - - | 3 7 1.5 |
50CYCLE|] . . |. . o .
PLANTS  |EPM - 1500 | ‘1470 | - 1470-1530 90 45 -

* Speed 1@e_g|;11ation for Full Rated Load is at 0.8 Power Factor,

_— " GOvERNOR .. r:;é - '
: £ BURETOR T :
JDECREASE SPekp |FOVERNOR SPEED 4 M') LEVER HRoTTLE
- ADFUSTING . . :
TUBN 1N TO peadion sroP BIN
INCREASE SPEED - : g
T e ALLOW APPROXIMATELY &
BETWEEN THROTTLE LEVER
AND STOP Bilkl
i
. a2y

SPRINGS

s  FIG. 20. GOVERNOR ADJUSTMENT
. Be sure that all lock nuts are tightened as adjustments are completed.

' The governor can not operate properly if there is any binding, sticking,

" or excessive looseness in the connecting linkage or carburetor throttle
assembly, A lean fuel mixturé, or a.cold engine may cause hunting. X
the voltage drop is excessive when a full load is applied, and adjustments
- are-correctly made, it is probable that the engine is low. on power and

~ rshould be repaired as necessary. . S :

'_ReCﬁeck the a.c. oﬁfput v.o_ltage." '

ek
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AC VOLTAGE REGULATOR ADJUSTMENT PROCEDURE - See alsothe
. mstrucuona
REGULATI‘NG THE VOLTAGE under Operatlon section of this manua),
This procedure will be necessary only after installation of new parts or

~after disturbing the setting of original parts Reference to the plant
wiring diagram will be helpful :

Be sure engine Speed is correct before attempting to correct output volt- T

_age by adjusting the a.c, Ivctl’cage regulator. B

1. Turn the Manunal Field Rheostat slightly clockmse to place it in the
- RHEOSTAT ON position,

2, Adjust the manual rh‘iost_at to obtain an exciter voltage of 70 volts.
. Use a d.c, voltmeter|across two adjacent d. ¢, brushes (Al and A2),

3. Set the DC brushes. y ith the brush rig loosened shift it to the posi-
tion which gwes the h ghest voltage, The peak d.c. exciter volta,ge

4. -Turn he ‘Manual Fielq Rheostat all the way counterclockwise to the
REGULATOR ON position. _ :

5. Set the regulator rheo tat at approximately the middle of its ro-
) tatlon '

8 . -Set thj ad]ustable resiator, which is mounted either separately or on
- the relgulator base (see Figure 21.), to: obtain the rated AC voltage,

Very little movement of the sliding clip will be necessary. Be sure to o

ret1ghten he clip after the ad;ustment is completed

7. The adfustable range of the regulator rheostat should be not less
than 19% above and 10% below rated AC voltage.

8. Refer fo the VOLTAGE CHART and regulate the’ a.c. output volta.ge
ag instructed under REGULATING THE VOLTAGE under Operatlon
sectmn of jthis ma.nual i _ : = '

REGOHM OLTAGE REGULATOR DASHPOT ADJUSTMENT - If a hunt-
. ing volt-
age condttmn ex1sts, after the Governor has been adjusted, the voltage -
regulator dashpot must beladjusted. See Figure 21. To ad]ust the voltage
regulator dashpot proceed as follows: : :

1. Remove the louvered Jover from the regulator box.
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2. Remove the clampmg bar from the metal cover of the regulator plug-
' m-unit.

3. . Remove thé'coﬁer, held in-place by two scré_ws at the tdp.
4, ‘Turn t.he slotted screw at the centéf, until the hunting'just stops, .. | ¢
. IMPORTANT |

THIS IS THE ONLY ADJUSTMENT THAT WILL BE NECES-

SARY AND NO ADJUSTMENT TO ANY GTHER PART OF THE
REGULATOR PLUG-IN UNIT SHOULD EV ER BE ATTEMPTED.

SLIDING CLIF
- ADJUSTMENT

= VOLTAGE
ADJUSTING
RESISTOR
- REGULATOR
. PLUG-N [
- ELEMENT
CASHFOT

SCREW

#1-REGUL ATOR BASE
l.- ANMD RESISTOR

. "FIG. #1. REGOEM VOLTAGE REGULATOR ADSUSTMENT
| VOLTAGE CHART

TYPE OF PLANT - '~ VOLTAGE LIMITS

| MAXIMUM NO MINIMUM. FULL

' LOAD VOLTAGE |LOAD * VOLTAGE]
115 - 2 117 B 118
1230 C1 2 234 - 226
| 115/2580 1 8 234 .. .226
120/208 3 | 4 7 212 - 204
1‘20/240 '3 . 4(DELTA) - - o *
460 3 -3 468 452 :
§ 220/380 3 - 4 388 3z :
1277220 | 3 4. - 224 b e 218 - ;
575 3 '3 586 - 564 - ‘
| 230/460 | 1 3 468 ' 452 |

* Voltage Regulation for Full Rated Load is at 0. 8 Power Factor.
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DISTRIBUTOR POINT GAP. - The proper condition alignment and point
gap adjustment are important factors gov-

erning engme performance and long point life, They should be cleaned
‘and inspected every 100 hours of operation. - Points should be replaced
whenever 2 burned condition or excessive nietal transfer between the -
points exists, The distributor points and the inside of the distributor cap .
should be cleaned with a stiff bristle brush using a g@od solvent euch as -
_ chloroform or carbon tetrachloride.’ HEEEE

.Do not use a file, Bandpaper, or emery cloth to clean or remove plts
from distribuior points. Any abrasion of the point surfares only causes
- them to burn faster. A : S

NOTE: X it is necessary to replace the distributor cap or spark plug

wires, Insert the wires in the proper cap sockets In a clockwise

direction, in the firing order 1-5-3-6-2-4, ‘The number one socket is. -
_ identiﬁed by the number “1" onthecap, = -

_ To check the dzstrxbutor point gap, crank the engine with the starter until
the movable arm" rubbing block rests on a high point of the cam, then

. check the point gap with a 0.025 inch feeler gauge. I the point gap re-

quires adjustment,- loosen the point assembly lock screws, insertthe -

‘blade of a screw. driver in the adjustment slots, and turn it to obtaina

~ 0.025.inch gap Tiglrten the lock screws; then recheck the pomt gap. o
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VALVE SERVICE - The engine is equipped with the "FREE" ROTO type

valves (also known as the release type valve rotators)

see Figure 22.  The valve rotates by
using a special valve.spring retainer o e -
~and cap. While the valve is lifted, it + ROCKER ARM

is free to rotate due to natural vibra- —L\_/‘
tion and turbulence of the exhaust '
gases and this scuffing action prevents

the formation of any troublesome de-
posits.

VALVE SPRING
RETAINER
~KEY

The rotator mechamsm has a 'clear-
-ance between the. valve tip and the
rotator cap, as-shown in Figure 22,
This clearance is required to ob- - :
‘tain positive freedom of the valve -~ _._. - ,
during the 1ift cycle.. Wear occurs FIG. 22. VALVE ROT.A?O-RS
principally on the keys and clear- : T '
"ancée should be checked at each.re-

.. conditioning, Wear teuds to increase the clearance and cause mcreased

valve lash, Regular service stations havegauges to check the rotator
clearance and where the ¢learance is too.large it can be reduced by
grinding off the cap to decrease. its depth. The rotator parts tend to be-
_come matched parts within each assembly as they wear in. For this re-
ason it is highly desirakble to keep the parts from each assembly separ-
. ate during the servicing operation and to reassemble them with their ori-
- ginal valve wherever possible, In addition each key should be installed
in its original position- and not turned over. If it is- necessary to usea .
' new valve, new caps and keys should be mstalled .

" _'.Mamta.mmg the proper clearance between the end of the. valve stem and

_ _the rocker drm is.one of the most important factors governing long en-
-’ gine life and top performance. It is recommeéended that the valve clear-

* ance be checked,and adjusted when necessary, every 100 hours.: The en-

. gine must be at normal operating temperature before adjusting the valve
_-.clearance. The intake valve stem clearance should be 0. 015 inch and
. the-exhaust valve stem clearance-should be: 0 019 inch. NOTE:The valves
. oare. arranged from front to rear in this order-E 1-1-E-1-E -E-I— -I-I-E.
' Tighten the lock nut then check the cleara.nce again.
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CAMSHAFT SPROCKET .~ -
VALVE TIMING, - E?fvgﬂ;lﬁf: _15 TIMING MARK ET'VEVEPEEESMARKS
crankshait through a-silent timing
chain at the front of the engine. _
Proper valve timing is provided by = o
* installation of the timing chain as®
shown in Figure 23,

IGNITION TIMING. - Whenever the
\ © distributor
. points are replaced or adjusted, _
the ignition timing should be check-
ed and adjusted if necessary. Pro-
per adjustment of ignition timing _ : )
must be maintained to obtain maxi- - Vst o\ ' £

mum engine power ontput and best . oF cn—msuloﬁ _CRANK%m::I; Sr'.?:s?xc KET

possible fuel ec0nomy FIG 93. TIMING CHAIN

The crankshaft damper has six grooved timing marks. The first mark

which goes past the pointer with rotation is the only mark which is to be.
used to time the engine, See Figure 24, . The pomter is bolted to the
front of the engine, .

_ Connect the timing light high ten-
sion lead to the No. -1 spark plug
and the other two leads to the pro-
per battery terminals. If neces-
sary, clean the dirt from the first
timing mark, and chalk the mark
and pomter to unprove leglbihty.. Sy

Operate the engine at idle speed

and direct the liming light at the
pointer, keeping the pointer in .

line with the center of the pulley - - .
and the light. The light should -
“flash just as the first mark on .

FIG 24, IGNITION TIMING

~ the pulley lines up with the pointer. Tf the first mark on the gulley and
the pointer do not line up,. loosen the distributor body clamp,~and rotate

~ the distributor body until the first mark and the pointer are in line.

. {Note: Ignition timing is advanced by counterclockwise rotation. of the

dmtrlbutor body, while cleckvnse rotatlon retards timing, )

TESTING COMPRESSION. - Operate the eng‘me at idle speed for 30 min-
utes to be sure it is thoroughly warmed up.
Turn off the engine and remove all of the spark plugs from the engine, .
- Install a compression gauge in a spark plug hole, and crank the engine
about four revolutions with the starter. Record the gauge reading for
each cylinder. Chalk on the manifold works well Compare the gauge
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readings. The compression should be 125 pounds plus or minus 10 for
each cylinder. The reading on all cylinders should be the same w1th1n
" 10 pounds.

If the compression pressure is low on two adjacent cylinders, the pos-
sibility of a leak between the two cylinders is indicated. - Such a leak is
usually caused by a head gasket which is not sealing properly. If the
compression pressures on all cylinders are low, or vary a great deal,
the cause of the trouble ¢an be narrowed down by squirting a liberal quant-
ity of engine oil through the spark plug holes on top of the pistons of the
low reading cylinders., Then crank the engine a few revolutions to get
‘the oil evenly distributed on the cylinder walls, and make a second com-
pressiontest. If there is very little difference between the readings ob-
- “tained in the two checks, sticking or poorly seating valves are indicated.
~ However, - if the readings on the low cylinders have improved consider-
‘ably, it indicates the compression is being lost past the pistons and rings.

CYLINDER HEADBOLT TIGHTENING, - When replacing the cylinder

" head, first coat the cylinder-
head bolts with head gasket sealer and then tlghten the head bolts in the
‘sequence shown in Figure 25.

.;. l'.@) @"@@)'o
0000 ©© 00 0O @g

@o'o o@o o@o o,o®o,o ®o

FIG 25 CYLIN'DER HEAD BOLT TIGHTENING SEQUENCE

Taghten the head bolts in three progressive steps as shown below,
. using the: proper torque as specified.

HEAD BOLT. TORQUE SPECIFICATIONS '

‘HEAD BOLT - TORQUE
TIGHTENING STEPS (foot-pounds)
~ 1(Cold) - . 85,

2 (Cold)y B 141
Fina.l {Bot) . g "5

The final tightening of the headbolts should be made after the plant has
been run far a minimum of 30 mmutes at JdIe speed
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CONNECTING ROD, PISTON PIN, AND RING MAINTENANCE. ~ Re-

move
the eylinder heads and the 011 pan. Remove any ridge at the top of the
cylinder bore and clean the carbon from the piston and cylinder bore. Re-
move the connecting rod lock nuts and nuts, Pull the cap off the rod and |
push the connecting rod and piston out the top of the cylinder. (Be care-
ful that the crankpin or the cylinder wall is not scratched when removing
the piston and rod.) Be sure to mark the pistons for identification of the
piston with the bore and rod for assembly purposes,

Remove the piston rings.. Remove the piston pin retaining clips at each
end of the piston pin, then remove the piston pin. Discard the retaining
clips, Identify the bearing inserts for assembly with the same rod and
cap, then remove the inserts, .

NOTE: Each rod and bearing cap is. numhbered frorn 1 to 6 from the front

to the rear end of the engine. The numbers on the rod and bear-
ing cap must be on the same side when installed in their respective cy-
linder bores, I a connecting rod is ever transposed from one block or
cylinder to another, the bearings must be fitied and the rod must be num-
‘bered to correspond with the new cylinder number,

Assemble the connecting rods to the pistons so that the oil squirt hole in
the rod is positioned as shown in Figure 26. Install the piston pin -
through the piston and rod, then install the pin retainers by spiraling them
into the pisten with the fingers. Do riot use pliers.

~ pOSITION OIL
SQURT ROLE TO RIGHT
WITH PISTON DOT FORWARD

FIG. 26. PISTON AND CONNECTING ROD ASSEMBLY

Install the oil ring spacer in the oil ring greoove, pesition the gap in line
with either piston pin bhore. Spiral the steel rail ring segment into the"
upper side of the oil ring groove, position the gap approximately 1 inch
to the right side of the spring spacer gap.

NOTE: Firmly support the spring spacer'dur‘ing installation of the steel

rails,beingcarefulthat the spring spacer ring ends are not over-
lapped. . These ends must be butted together as this permits the spacer
to be compressed during installation of the steel ra1ls.
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S;iirlal the remaining steel oil ring 'segment into position at the lower side
of the oil ring groove, Position the gap approxlmately 1 inch to the left
side of the spring spacer gap,

NOTE: Flex the oil ring assembly in its groove by compressing the ring
with the fingers to be sure that the ring segments are free prior
to installation in the cylinder bores,

Install the lower compression ring into its groeove with the inside counter- T
bore toward the top of the piston. Position the gap to the spark plug
side of the cylinder bore. Install the upper compression ring with the
word "TOP" toward the top of the piston,. Position the gap to the side
~ opposite the spark plug side of the cylinder bore,. | '

~ Check _the connecting rod bearing fit using the Plastinge method.

Oil the piston rings, piston, connecting rod bearings, 'and cylinder walls
with light engine oil, - Install a piston ring compressor on the piston, and
insert the piston in the cylinder, Be sure to install pibions in the same
cylinder from-which they were removed, or to which they were fitted.
NOTE: .Install the piston with the mdentatmn in the- plston head toward
the front of the engine. -
If a new piston and connecting rod is to be-installed, be sure to stamp
the cylinder number on the connecting rod and connecting rod cap. Push
the piston into the cylinder, Turn the crankshaft throw to the bottom of
its stroke. Ofl the crankpin. and push the piston all the way down until
the rod bearmg seats on the cra.nkpm.

Install the bearmg cap {line up the stamped numbers) and tighten the re~
taining nuts to 45-50 foot-pounds torque. -Install new pal nuts, and tight-
en them to 3-3~ 1/2 foot pounda torque (or finger tight plus 1/3 turn).

Be careful not to. damage the crankpin journals with the connecting rod
bolts when the piston is pushed all the way into the cylinder bore. Check
the bearing fit using the Pla.st1gage method.

e .OIL-BATH AIR CLEANER, - Fiil the reservoir up to the line indicated

_ _ on the.cup, with oil of the same SAE num-
ber as used in the engine oil base. Be sure the air cleaner is properly
reassembled before running the. plant :
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THERMOSTAT REPLACEMENT AND INSPECTION, - The thermostat is "
located in the wa-
ter outlet elbow at the front of the cylinder head. Proper operation of
the thermostat is necessary to maintain efficient operation of the engine,
If the thermostat becomes inoperative and the valve remains open, the
engine will run too cold causing sludge and acids to accumulate in the
crankcase, If the valve ina defective thermostat doés not open, serious
overheating will result. ‘

To replace the thermostat, place a new water outlet elbow gasket on the
cylinder head..  Position the thermostat on the cylinder head with

the butterfly valve facing forward and the marking "top' toward the top
of the engine.

OIL FILTER CARTRIDGE REPLACEME\IT. - The £u11~£10w type oil
filter cleans all of the
Iubricatmg oil before 1t enters the oil passages in the cylinder block.
This type of filtration assures that all of the oil is cleaned before it can
reach vital bearing surfaces, If the filter element should become clog-
ged, lubrication of vital engine parts is assured by the by-pass valve’ - .
. located in the hollow center bolt. The by-pass valve allows a sufficient
* quantity of unfiltered oil to enter the engine to prevent any damage to
the moving parts. A top-opening, anti-drain.back diaphragm is posi.
- tioned in the cylinder block to prevent oil from draining out of the filter
and back into the oil pan when the engine is stopped. This insures an.
immediate supply of oil to the bearings when the engine. is started agam

The oil filter cartridge should be replaced every 100 hours, or 1ﬂ operat-

ing in below freezing temperatures or under severe dust’ conditmns

whenever the oil on the dip stick is so black or du't'y that the markmgs -
* on the dip stick cannof be seen through the oil. :

When changmg the oil ﬁlter cartridge, place a dr1p pan below the fﬂter
Remove the center bolt, then remove the filter housing and element as

a unit. Discard the dirty filter element and all gaskets, then thoroughly_
clean all the meta) parts in solvent. Make sure the holes in the Center
bolt are free of sludge and obstructions. Place a new gasket on the
center bolt, then insert the center bolt in the housing. Make sure the
“tangs on the spring retainer are engaged in the spring, then drop the
spring and retainer assembly over the center bolt. - Install a new gas- -
ket and filter cartridge over the center bolt. NQOTE: The pressed paper
type of cartridge does not require a gasket above the spring retainer,

Make sure the holes in the anti-drain -back diaphragm are p051tioned
at the top. . Install a new gasket in the filier housing recess in the block,
Position the filter assembly on the block, then tighten the bolt just en- =
ough to bring the filler housing in contact with the gasket, Rotate the
housing slightly to assure even seating, then tighten the center bolt to
20- 25 fout pounds torque (approxrmately 3/4 to one additional turn)

Note Be sure to check around the filter housing and center. bolt for Ieaks
" with the engine warmed up and operating at fast idie speed.
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CRANKCASE VENTILATOR.‘ = The crankcase ventilating system permits
A clean, filtered air to circulate through
the engine. As the air enters at the top of the engine through an oil wet-
_ ted filter in the oil fill cap, .the air moves through the engine and picks
up oil vapor and blow—by gasses and carries them to the air 'cleaner :

Due to the reversed ilow of coolmg air over the engine the oil fill cap
position should be reversed, so that the marking "FRONT" faces to-
- ward the generator end of the plant. This will enable the-air scoop on
the cap to better catch the air flow. : : :

LUBRICATION. - Keep the crankcase f111ed with service MS or DG type.

oil of the correct SAE Number as feccmmended in
the followmg chart N :

_VISCOSITY TQ USE AT ATMOSPHERIC TEMPERATURE |
SAE-50. - - Above 100°F.
SAE - 80 DR Above 320F,
SAE-10 - - - . 320F (0°C, Jto-100F, (-23.30C.)
. SAE-®W - - Below -10°F. (23 3°C. )

ENGINE Q1L RECOMMENDATIONS

The crankcase capa.clty is 5 quarts plus an additional quart i.f the oil
filter is changed, ~After:the break-in oil is replaced use an oil of the
proper SAE number, according to the lowest temperature to which the
" plant w111 be exposed, as indicated in the table, The temperatures in~
- dlcated are for conditions where the plant-will be standing idle lcng en-
ough to. cool of.f to the. surrounding temperature. e

'I‘ype MS or DG 011 isa detergent type oil. The use of 2 non-detergent
type oil is not reccmmended :

Keep the crankcase 011 level at or near the upper level mark on the oil
~level gauge, . but never above it, Do not attempt to check the oil level
whilée the plant is running, Hthe crankcase is overfilled, the connecting

- rods: may- strike the oil; “causing improper- lubrication and excessive oil

consumption. Never allow the oil level tofall to the low level mark on
the 011 level gauge ’
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Maintenance Schedule

Each 50 Hours

Each 100 Hours

Each 1000 Hours

0Oil Level

Coolant Level

Clean Air Cleaner Cap; Clean Surnp if
Necessary

1% [X 1% Daity or Each 10 Hours |

Check Governor OQil Level

Clean Air Cleaner Sump and Fllfer Element

Clean Crankcase Ventilating System
(0il Fill Cap)

Check Battery Electrolite Level and
-State of Charge

X XXX

Compression Pressure

Engine Tune-Up

Adjust Valve Lash

* Lubricate Distributor and Inspect and
Adjust Points

" Check’ Carburetor and’ ‘Choke Ad]ustment

Check Governor Adjustments

" Check Qil, Fuel, "and Coolmg Systems
For Lesks :

Change Engine Qil% =

Change 0il Fllter Element*

xIx|x ixix[x |x[x]|x

Drain and Flush Cooling System '

Remove and Clean il Pan and I_nlet Screen

*Each 50 Hours in Freezing Temperatures

FIG.27 MAINTENANCE SCHEDULE |
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(KEEP OIL. AT THIS
-LEVEL

NEVER QPERATE
ENGINE WiITH

LEVEL

GAUGE MARKS -

OiL BELOW THIS -

YBRICATE HERE

GOVERNGCR
CONTROL
LINKAGE

BALL
JOINT

LUBRICATE
HERE .

L JPPLY LIGHT FILM
| ‘OF NON-FIBRE GREASE
' TO CAM

DISTRIBUTOR WITH

CAP AND ROTOR
REMOWVED

NEEP DIL AT THIS
- LEVEL

AIR CLEANER

AT Wy

GOVERNOR .

BATTERY CHARGE
GENERATOR 3

FIG. 28. LUBRICATION POINTS

(¥
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The dip stick is located on the right hand side of the engine. It is pre-
ferable to check the oil level after the engine has been stopped for a per-
iod of time, such as over night. This allows the oil in the overhead valve
system to drain back into the crankcase, permittmg 4 more accurate me-~
asurement of the quantlty

011 the parts shown in Figure 28 - lubrlcate at-least every 100 operatmg
hours or oftener as recommended under PERIODIC SERVICE,. The same
type of oil as used in the engine may be used to oil the distributor, and the
battery charge generator., Pour a few drops of oil into the oil cup on the
gide of the distributor. Pour a few drops of oil into the oil cup on the top
of the battery charge generator. Pour a few drops. of oil into the hole at
the ‘end of the battery charge generator. The ball joints of the governor
to carburetor control linkage should be lubricated with powdered graphite
or a light non-gumming oil. Apply alight film of non-fibre, high melting -
point grease to the distributor cam. '

NOTE !

DO NOT USE ENGINE OIL ON THE DISTRIBUTOR CAM;
IT WILL SPATTER ON THE POINTS AND CAUSE THEM
TO BURN RAPIDLY.

See Figure 28 for illusiration of lubrication points.

When the engine is new,-"che"ck the oil level eften {(at least every 2 or 3
“hours) until a pattern on il consumption during break.in is established.

TROUBLE SHOOTING, - A good rule to follow in locating engine trouble
' . is to never make more than one adjustment at
a time. Stop -and think how the motor operates, and figure out the prob-
able cause of any irregular operation. Then locate the trouble by a pro-
cess of elimination. In many instances, a symptom indicating trouble in
one unit may be caused by improper function of a closely related unit or
system. . Remember that the cause usually is a SIMPLE ONE, rather than
a mysterious and complicated one,

H a general tune-up is found necessary, perform necessary operations in
this sequence: Spark Plugs; Battery and Ignition Cables; Dlstnbutor, Ig-
nition Timing; Valve Clearance and Carburetor



48 _ : _ MAINTENANCE
'_ GENERATOR

GENERAL. - The generator normally requires httle maintenance other
‘than the PERIODIC SERVICE

COMMUTATOR AND SLIP RINGS. - After a long period of service, the
surface of the commutator may be-
come worn to such an extent a8 to cause the mica insulation between the
commutator bars to extend above the level of the hars. This condition
would cause noisy brushes and would soon lead to excessive brush spark-
- ing and plttmg of the commutator bars.. High mica- should be undercut to
a depth equal to the distance between bars, or approximately 1/32", Re- .
move the brush springs .and the brushes. Tag the leads to insure correct
replacement. With a tool fashioned from a hack saw blade, carefully
undercet the mica., Be sure to remove any burrs which may have been
. formed when undercutting, and see that spaces between bars are com-
pletely free of any metallic particles.

_.H}'G.»‘a' A
UMDERCUTTING MICA

USE 3 OR & CANDLEPOWER
oy BULE

| EXCTER BRUSH RIG
T ALIGNMENT

SoaTiave ron TEsTIC oY
Nl }\N

FIG 29 GENERATOR MAINTENANCE

.Should dusty Gperating conditions cause the surface of the commutator
 or slip rings to become grooved, out of round, pitted, or rough, it will
be necessary to remove the rotor and turn the commutator or slip rings -
down in a lathe. R will be necessary to remove the generator frame be-
fore the rotor can be removed. After the commutator is turned down,
" the mica between bars must be undercut as described above.. When the
"rotor is reinstalied, align it as carefully as possible before installing the -
_frame, end beﬂ and end beﬂ ‘cover,
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ADAPTER ' STATOR
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" FIG. 30. GENERATOR ASSEMBLY
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BRUSH RIG, - It is unnecessary to remove the brush rig from the end
bell when servicing the generator. If it has been removed

mistakenly, line up the paint mark on the outer édge of the brush rig

with the mark on the brush rig support in the end bell, A deviation from
-the proper positioning of the brush rig will lead to excessive arcing of the
brushes, burning of the commutator, low generator output, and possible
irreparable damage to the generator windings due to overheating. Any
defective condenser should be replaced with a new one of the same capa-
city,

BRUSHES. - Install new brushes when the old ones are worn so that the
R top of the brush is below a point midway between the top
and bottom of the brush guide. Do not continue to use brushes that are
worn too short, It 45 recommended that only a moderate load bé applied
to the generator until the new brushes have been "run in", to eliminate
excessive sparking.

Each brush spring is attached .permanently to.a brass sup'port which is
detachable from the brush guide. - These springs are designed to pro-
vide constant pressure as brushes wear shorter. To unslip the spring
support from the brush guide, push it toward the commutator or slip~
ring and away from the brush guide, . See Figure 31.

Use care not 1o damage the spring

by bending it against the spring sup-

port. ‘Correct spring tension is 9

to 13:ounces, It is difficult to ac~ . o
‘curately measure the spring ten. = INSTALL BRUSHES

. . - ; ED TOP -
sion in the field, or todetermihe 5 ANTiNG bowk
# a spring has he_come fatigued. = -romgaisRFRlNG

Under normal conditions the
© §prings may never require re-

placement, but after long usage or 6 REMOVE BRUSH

if they appear damaged, replace- SPRING PRESS -

ment is good preventive ingurance. SPRING H;—‘IBDEFRAS 8l
~ When replacing a brush in its guide, _Siown i BROKER —_
. be sure that the low side of the be- = .LINES. . " ring-

. veled top edge is toward the spring” .. - .
support side of the brush guide. Re- - . '
fer to the brush spring removal il-- FIG. 31 BRUSH SPRING REMOVAL
lustration ¥igure 31 . .

GENERATOR WINDINGS, - Use a continuity type test lamp set to test
' . for grounded or open circuits in the genera-
tor windings. Be sure that all brushes are lifted away from contact with
the commutator and slip rings, and that generator leads to the control
~ panel are disconnected, When disconnecting leads, tag them to facili-
- tate correct replacement. Disconnect condenser leads from brush ter-
mmals to avoid mistakmg a defect:ve condenser for a grounded lead.
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Use an armature growler to test the exciter armature for an internal
short eircuit. Exciter or alternator field coil windings may be tested
for an internal short circuit by comparative ohmmeter readings. '

If one or more exciter colls test defective, install a new set of field
coils, I an alternator stator winding tests defective, install a new sta-
tor assembly. If a retor winding tests defective, install a new rotor
assembly, Leads may be repa1red as necessary.

CONTROLS

CONTROL PANEL EQUIPMENT. - If any of the control panel equxpment
fails to function properly, the defect-
tive part should be replaced with a corresponding new unit rather than
to attempt repairs on the old part. Disconnect the battery whenever
servicing any control panel eql.upment Keep all connegtions tight apd
clean, , o o '

REGOHM REGULATOR MAINTENANCE. - No maintenance is required -
~ on the voltage regulator. The

~cover should always be kept on the regulator. The régulator should not
be cleaned or 1qbr1cated nor: should any adjustment be attempted on the
mechanism inside the cover except the dashpot adjustment. The com-
ponent parts of the regulator base assembly should be kept iree of dust,
grease and moisture, If faulty operation occurs, the circuit of the gen-
erator and load should be checked first. If the cause of the faulty opera-
tion can be definitely traced to the voltage regulator, return it to the fac-
tory for inspection and repair. When the voltage regulator is returned to
the factory, remove the wires connected to the terminals marked A, B,
RHEQ, and D,C. Return the entire base assembly, consisting of the re-
sistors, plus the regulator plug in unit to an ONAN Authorized Service

: Statlon or the factory. :
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_ TABLE OF CLEARANCES AND SPECIFICATIONS
GENERAL

Horsepower @r.p.m. ...v.ouvvean e iuaaanas . 87.5-@ 1800
Taxable Horsepower .......... sentreranaanan 31.5

- Bore (inches) .,......... ......... 3.62

_ Strpke(mcheS) Cetrreeretereaanians Ceeracaenanen 3.60
Piston Displacement (cublc inches) .... sereneeaeaes 223
Compression Pressure@Crankmg Speed (p.s.i.). 125
Firing Order ... v .iveinnennninnnns 1.5-3-6-2-4
0il Capacity {gts. )* ...... et atenneteeieesaanas ' 5

- Compression Ratio ....ivivvenacnnrrnnennnns e 7.5:1
‘Torque — Foot-Pounds@r.p.m. ..... Cererieeraa. 193 @ 1800
* Add 1 quart with filter change. - '

CYLINDER BLOCK
Cylinder|Bore Diameter —8td, (inches).......... 3.6250-3,6274 -
Maximum Allowable Oversize Cylinder Bore(inch} 0. 060
Allowable Cylmder Bore Qut of Round - New Bore '
{Inch)..,...... e bt as st aaaas o 0. 0005

Allowabb Cylinder Bore Taper - New Bore (inch). _ 0.001
Main Bearing Bore Diameter (inches) ......... 2.6912-2, 8920
Camshaft Bearing Bore Diameter (inches) ...... 2.0575-2, 0685

. Tappet Hore Diameter (inch) ......... Ceraen .. . 0.500-0.501:
CYLINDER HEAD o

'Head Gasket Surface Flatness (inch) ..........  0.004 overall

~ Valve Guide Bore Dla.meter - Intake & Exhaust _
- (ineh) J........ O 0. 3430-0, 3440
' Valve Seat Width - Intake (inch) ....... teresan 0. 060-0.080
Valve Seat Width - Exhaust (inch) ...... peenen 0.070-0.080
Valve SEat ANLIe v.vveeerennneasrsocnvssonsan 459
Max1mum Allowable Valve Seat Runout {inch) ves _ 0.602
CRANKSHAFT '
~ Number of Main Bearing Journals ............ 4
- Main Bearing Journal Diameter - Std. (i.nches) T 2.4980-2, 4988
COnnecting Rod Journal Diameter - Std. (inches) 2.2080-2, 2988
Main Bearing Journal Runout {inch) .......... . ) 0. 002
Main Bearing Journal Out of Round (inch) ...... 0. 00025
Crarksh t End Play Controlled By Main Bearing E
NUmDer & . ivveissraansss irrraeiarreaan ' 3
Maximum Connecting Rod and Main Bearing - :
‘Journal Taper (inch) ............... cvesiees . 0. 0005

.' Maxundm(:'a[n Co)nnecting Rod Journal Qut of : :
Round (inch) ........... e te i - 0.00025
Crankshaft End Play (inch) eeateceena S 0. 004-0. 008
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PISTONS AND PISTON PINS

Piston Diameter - Std. (inches}......... c..... 3.6241-3, 6265
Piston to Cylinder Bore Clearance - at Bottom of :

Skirt (Inch) ..ot et i e 0.0006-0. 0612
Piston Pin to Pistan Clearance (inch) fhebnaneaa 0. 0001-0. 0003
Piston Ring Groove Width (inch) - _ ' _

Upper Compression ....... easas . P @.0855-0. 0965
Lower Compression .......vveevenrnnen vaees 0,0055-0,0965
0 5 vee-. 0.1880-0, 1890

'Piston Pin Diameter - Std. finch) . ciavesaes 0,9120-.0,9123
Oversize Piston Pins Available (mch) ..... veseo 0,001 and 0.002
Piston Pin Length (inches) «...v . vvvreeninnnas . 3.016-3. 030
Piston Pin to Connecting Rod Bushmg Clearance ' .

B (7 17) ) S Cevennn © 0.0001-0. 0003
Compression Rings Side Clearance (inch) .. vua 0.002-0. 0035
Oil Ring Side Clearance (inch) , frraneanas v«. 0,0015.0,0030

- Piston Ring Gap Width - All (inch) e .'.. ceren 0.010-0, 027
Piston Ring Gap Spacing c....oevvvvrernvensens " Stagger Gap

Service Piston Ring Sets Available-std 0. 020 0. 030 0. 040 0.060 O S

C.AMSHA FT
NumberofBearings....:.._ ............... vewe T 4
‘Journal Diameter - Std. (mches). cerieesenisaes o 1,9255-1,9265
Camshaft End P1ay .....covuveunn. Crervaaaaay - 0.003-0.007
Journal Runout (ineh) ............c..un P ~ 0.005
Journal to Bearing Clearance (mch} Ceeseaeaan 0.001-0.003
" Bearing I.D, Installed in Block ~ Std. Bearmg o
(IMCheS) v o' irivacernrnancacennans e ceee. . 1,9275.1,90285
Service Bearings Available Cereseaans heae e Std and 0. 015U.5.

Camshaft Lobe Lift - Intake and Exhaust (mch) o 0,242
VALVE MECHANISM

Tntake Valve Lash Setting-Hot (inch) .........c -~ 0.015

' Exhaust Valve Lash Setting - Hot (inch) ....... S 0.019
" Valves with O, 8. Stems Available (inch) ....... 0. 003, 0. 015, 0. 030
" Valve Stem to Guide Clearance - Intake (inch) .. 0,001-0,. 002

. Valve Stem to Guide Clearance - Exhaust (mch) - 0..002-0.003

Valve Spring Free Length (inches) ...........5. . :2,110-2,130

Valve Spring Pressure (pounds@ inches compressed) 54-62 @1.821
124-.140 @1, 505

Tappet to Tappet Bore Clearance (inch) e . 0.0005-0. 002
Valve Stem Diameter - Std., Intake (inch)......... . 0.3415-0. 3425
Valve Stem Diameter - Std., Exhaust (inch) ....... 0,3405-0, 3415
" Rocker Arm Bore Diameter (inch) ............... -0, 783-0, 184

Rocker Arm Shait 0.D. {inch) ....ouvenn, v eaaae 0.780-0.781
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VALVE MECHANISM (CONT.)

Rocker Arm to Shaft Clearance (inch) .
‘Maximum Push Rod Runout {(inch)
Tappet Diameter - Std. (inch)........

ooooooo

CONNECTING ROD

Piston Pin Bushing I.D. - Std. {inch) .........
Bearing Bore Diameter - Std. (inches) .......

Maximum Bearing Bore Out of Round (inch) ... o
Connecting Rod Length - Center to Center(inches).
Maximum Allowable Twist - Overall (inch)*.....

Maximum Allowable Bend - Overall (inch)* ......
__Connecting Rod Side Clearance (inch) ...........

E At ends of 8. mch arbor,

MAIN BEARINGS

. Mai.n Bearing to Crankshaft Clearance - No, 1,
02, and B(INCh) .. iiu it i i

__--NO. 4 oooooooooooo R R R N
. 'U-ndersize Main Bear'mgs__ Available {(inch) ......

' _-CONNECTING ROD BEAR]NGS

: Cormecting Rod Bearing to Crank Pin
_Clearance {inch) ......

' ‘Undersme Connecting Rod Bearings Available
(inch)........

- OIL PUMP'

. Oil Pump Capacity (G.P.M.@r.p.m.}.....v...

. Qil Pressure Relief Valve Spring Tensmn .

: (pounds@compressed length) oovuvireninneens

Drive Shaft to Housing Bearing Clearance (inch)

- Relief Valve Piston Clearance (inch) ........... _

‘0il Pump Gears End Clearance (inch) ..... seens
Driven Gear to Sha.ft Clearance (mch). feaeesa

- .COOLING SYSTEM
Coolmg System Capacity (quarts} cheverseere

Water Pump Capacity (G.P.M, @ r.p.m.} ...
Thermostat - Opening Temperature Std, . (OF}

0. 002-0, 004
0.020

0.4990-0, 4995

0.9123-0.9125
2.4230-2.4238
"~ 0,0004

6. 2586 262

- 0.012

0.004

0.003-0. 009

0. 0005-0. 0025

0.001-0, 0028
0,010, 0. 020,
0. 030, 0. 040

0. 0007-0. 0026

ereviisesaseeaees Veeieens 0.010, 0. 020, 0. 030

- 9.2 @4000

9.76-9.84 @1.56
0.0015-0, 0029
0.0015-0.0035 =
10.0015-0, 0055
~0.001-0,002 .

R T
'+ 23@ 2000
148-158

wr
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COOLING SYSTEM (CONT. )

Thermostat Fully Open - Std. (°F} ......... P ' _ 173
- Thermostat Opening Temperature - High Temp. OF) 167-172
Thermostat Fully Open ~ High Temp. (OF)....... . 192
Fan Belt Deflection (inch) . et baeeee s " 1/2
Generator Belt Deflection (inch} Ceeaas Cieaaaaan . 1/4
FUEL PUMP = -
Pressure (p.é;'i.'@ r.p.m.} ferieaias e e 45 @ 900
Volume {at idle speed) ............ .1 pint in 45 seconds or less
Vacuum (inches Hg. @r.p.m.) ..... .8 ‘@900
CARBURETOR | o
Fuel level - Below Power - Valve Mounting :
Surface (Inch) ...viviveiraidvarireennenans _ 11/16 % 1/32
-Main Metering Jet (identification number)-
0-5000 feet altitude ...... sresesenas eeens o 67
5000-10, 000 feet altitude ......... S N 1
10, 000-15 0001eeta1t1tude. ferreaerrreres . 83 -
SPARK PLUGS
GAP - (Gaseous Fuel) ......... i, - 0,018
Gap - 14 mm (Gasoline Fuel) ....... - - - -0,028-0.032
: 18 mm (GaSOIiIlE F'llel) P s s 'EERE e.a . ) 0. 028-01 032
Torque - 14 mm {foot-pounds) ........vc.... 25-30
: 18 rnm (foot-pounds)....._......... 15-20
DISTRIBUTOR |
Contact Point Gap (inch) ......veveenen... . 0.024-0.026
DwellAngle [.....covivennnonnas feoesean . o 350389
Breaker Arm Spring Tensmn (ounCes) P 17-20
Initial Ignition Timing :....oeveeviinnivee.. 0 209BLT.DLC.
BOLT AND NUT TORQUE ~ Foot-Pounds
 Main Bearing Cap BoUS «.ovvvuvrrienens.. | 95-105
Cylinder Head Bolts (hot) ...........veces 75
Oil Pan to Cylinder Block ........... Ceoeas _ 12-15
Flywheel to Crankshaft ............0vvts .. . 75-85
Exhaust Manifold to Cylinder Head ......... : - 23-28
Intake Manifold to Cylinder Head ........... - . 28-28

Oil Pump to Cylinder Bloek ............... o 30.35
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BOLT AND NUT TORQUE (CONT.)} : Foot-Pounds
OilPummp Cover Plate ......c.iivivvinnennann - 12-1%
0il Filter to Cylinder Block ..... feeisrataaas . 20-25 .
Cylinder Front Cover........cevvvuuvnnes veenn T 6-9
Water Qutlet Elbow ........... feeerrairesanns 23-28
.Camshaft Sprocket to Camshatt . . rceraerraneas 45-50
Damper to Crankshaft ......... veareeaerranaa - 85-85
" Connecting Rod Nuts ,........ et ecareeaeraas 45-50
Rocker Shaft Support to Cylinder Head ......... : 45-55
-Valve Lash Adjusting Screw Lock Nut ......... 30-35
Rocker Arm CoVer ...cviiivueanenaas vrearean 2.0-2.8
Push Rod Chamber COVET ......cvveaveraesass 2.0-2.%
Water Pump to Cylinder BlocK ....covnucaoiinas 23-28

'Fuel Pump to Cylinder BIocK ..vvvuiienrnanen.. o 12-15
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GENERAL, - Electrical generating sets are often taken out of service for
extended periods of time. In many cases they are left to
stand idle without being protected against possible damage from rust and
corrosion or the elements. The factory recommends that any unit to be
removed from service for 30 days or more be protected as follows:

- FOR ONE MONTH

1. While the engine is running treat the upper cylinders by spray-
ing M 4834 A Engine Preservative Oil (SAFE 10) or equivalent in~’
to the carburetor air intake for about two minutes. Open the throttle for
a short burst of speed, then shut off the ignition and allow the engine to
come to a stop while continuing to spray M 4634 A into-the air intake.

2. Leave the spark plugs installed and cover all openmgs mto the
engine with dust-proof caps or shields.

-3_.. Drain the oil, water, and gasolme.

-4; "Spray the flywheel and ring gear with a mixture of one part M 4850
Bodies Anti-Rust Oil, and one part M 4970 Stoddard Solvent or - .
equwa.lent :

FOR INDEFINITE PERIOD

1. Drain the crankcase completely and refill with M 4834 A Engine.
Preservative Oil (SAE 10) or equwalent Attach a warning tag
that oil has been drained, . L :

2. Run the engine untit it is connpletel'y out. of gﬁéoliné then féu .
start and run it on-M 534 H or equwalent unleaded undyed gaso-' '
lme for at least 10 minutes.

3. While the engme is still running, treat the upper cylinders by
spraying M 4834 A into the carburetor air intake for about two
minutes. . Open the throttle for a short burst of speed, shut off the igni-
tion and allow the engine to come to a stop while contmumg to spray M
4834 A into the air mtake :

4. Drain the oil, and gasoline, Drain the water at the battom of the
ra,diator and toward the rear of the cylinder block.

5. Remove all grease and oil from the exterior surfaces of the an-
gine

6. Remove each spark plug and pour two tablespoonfuls of rust in- o
~hibitor oil (Use SAE 50 motor oil as a substitute) into each cy- -
linder. Crank the engine to lubricate the cylinder walls thoroughly.
Stop the engine with the TC (top center) mark on the flywheel indicating
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. at least one piston is at top-center' position._ Rep-la'_ce_.t-he' spark plugs.

e Seal all op'enings in the engine and accessories. with M 6471, Non-
: . hydroscopic Adhesive Tape or equwalent Mask off all areas {o
_ be used for electrical contact. '

8. Make sure all surfaces are dry, then spray all taped openings,
all engine accessories including ignition wiring, and all exterior

surfaces of the engine with M 4858 B, Insulatlon Compound-lgnitlon, or
equivalent. : .

"Clean the generator brushes, brush holders, commutator and collector
rings by wiping with a clean cloth ‘Do not coat with lubrlcant or other
: preservat:we. : .

- Remove,. -clean and replace the air cleaner.

Wipe all exposed parts clean and coaf with a film of grease all such parts
liable to rust.

" Oil the governor to carburetor linkage with SAE 50 ol

Where batteries are likely to be exposed to freezing temperatures, they
" must be removed and stored where there is no danger of freezing. A
fully charged battery can: -withstand very low temperatures but an idle
- battery gradually losés its charge and may become. discharged to the

. point where it will freeze. - An idle battery should be given a freshening

charge abeut every 40 days.

- If the battery is not removed disconnect the cables irom the unit, Ar-
. range the cables so that the lugs cannot come in contact with each other
S or with metal parts. .

Provide a-suitable cover Ior the ent:tre unit, partlcularly if it will be ex
'-posed 1o the elements _ ) T .

'RETURNING THE UNIT AFTER EXTENDED ouT- OF-»SERVICE PER-

' * 10DS. - Remove all protective coatings. of grease from external parts.

. Wipe the entire unit .cleal_l_of accumulated dust or other foreign
matter. - S : o

" Inspect the unit caretully for damage and for other conditions requiring
. attention, Service as needed. Keep the side panels and top plate on the
‘housing except while servicing. They help direct the cooling alr proper-
ly and-reduc‘e radio interference. : ' 3
R Remove allthe maskmg tape

Remove, clean and adjust spark plugs. Whlle the plugs are out crank
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the engine over several times to distribute oil over the cylinder

walls. I the cylinders are dry, put a tablespoonful of oil into each cy-

linder and turn the engine over several times tfo distribute the oil.
Replace the spark plugs and gaskets.

Examine all fuel, oil and water lines and connections, Service as needed.
Refill the cooling system with clean, fresh water.

" H antifreeze was left in the cooling system, check the level and add &
50-50 solution of water and the type of antifreeze originally used to bring
the cooling liquid up to proper level, If desired, the antifreeze solution
can be drained and the cooling system refilled with clean fresh wa.ter, i

Refill the crankcase and air cleaner with the correct amount and grade '
of oil. o

Check carefully for leaks of water, fuel or oil after servicing the unit,
Correct any leaks before starting the unit.

 CAUTION

- On the initial start (starting the plant for the first time after
it has been installed or taken out of storage) check the oil
pressure immediately. Long storage penods may cause the

- oil pump to lose its prime. :

Connect the battery cables to the unit.- Carefully ',recheek to make glre
_ the unit is ready for operation. Then start the unit in the regular man-
ner as deseribed under OPERATION in the instruction manual Always
connect the ground cable lastly.



0 . SERVICE DIAGNOSIS
P'QSSIBLE CAUSE ' . REMED&
; GENERATOR OVERHEATING
Ove_rlloadegq_._- : Reduce load,
Brush r1g. out of positibn. Be sure to line up ﬁ:arks.

| VOLTAGE DROPS UNDER HEAVY LOAD

. Engine lacks power. _ See remedies for engine missing
: .under heavy load,

Poor compression. o - Tighten cylinder head and spark
' . - plugs. K still not corrected, grind
the valves, Replace piston rings,
if necessary.

Faulty ca.xf'bﬁi'etion.' Check the fuel system. Clean, ad-
= just or replace parts necessary.
Re.stricteJ} atr cleaner. = - ' C.lean and refill,
Ext:_e_s_s_iw% 'qhoki.n.g. R See that choke oﬁené properly.
: C'arbOn.llozt _1ea&- in cyii-ﬁder; | " Remove carbon. -
_ReStr.ict_'eg exhaust line, | _Clean or increase the size.

ENGINE MISFIRES AT LIGHT LOAD

| Cé.-rburét r idlle adjustment Adjust, clean if needed.
"set wron | or c}ogged._ - o
Spé.rk plﬁé- gai)s too narrow. Adjust to correct gap.
- Intake air leak. o T Tighten ﬁr replace gaskets, | _
~ Faulty ignition, | Clean, adjust, or replace _breaker _

points, plugs, condenser, coil,
ete., or retime ignition,

" Uneven compression. : Tighten cylinder head and spark .
plugs. If still not corrected, grind
valves. Replace piston rings, if

necessary. :

‘Worn intake valve stems or - " Replace valves or guides.
guides. a : : S
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POSSIBLE CAUSE

REMEDY

ENGINE MISFIRES AT HEAVY LOAD

Spark plugs defective.,

Faulty ignition.

Clogged carburetor'.
Clogged fuel screen,
Valve lash too tight.

Defective spérk plug cables,

|  Replace,
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Clean, adjust, or replace breaker

pomts, plugs, condensers, coil,
etc., or retime ignition,

Clean jets.
Clean.
Adjust.

Replace,

ENGINE MISFIRES AT ALL LOADS .

¥ouled spark plug.

Defective or wrong spark plug,
Sticking _valvés . |
ﬁfﬁken valve spring.
‘Defective ignition wires,

Defective or improperly adjust-
ed points,

Defective ignitmn condenser.

Improper valve lash.

Clean and adjust.
Replace.

Clean stems and guides. -

- Replace.

Replace, -

- Replace, .

Adjust,

LOW OIL PRESSURE

. 0il too 1ig-ht_.

01l badly diluted.

01l too low.

0Oil relief valve not seating.

Badly worn engine bearings.

Drain, refill Wlﬂ'l proper oil

Drain, . refill wit_h pz_'_ope_r oil.-

~Add oil.
Remove and clean, or replace. -

~ Replace,

.Adjust or repiace breaker points.
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POSSIBLE CAUSE -~ = .. REMEDY

' LOW OIL PRESSURE (CONT. )

-Sludge on oil inlet screen. . Remove and clean screen.
Badly worn oil pump, '~ Repair or replace pump.
Defective oil pressure gauge, Replace engine or panel unit,

HIGR OIL PRESSURE

Oil too 11(551\!37f - . Drain, refill with proper oil.
Clogged oil pass.age.. 3 : ~Clean all lines and.paséages.' '
Ofl relief valve stuck.  -Remove and clea.

. Deféct_ive. di_l- préssui'é_ gauge.. N Replaé'e engine or panel unit.,

PLANT STARTS BUT DOES NOT CONTINUE TO RUN
. START button released too soon. -~ Hold in contact longer.-
Defective charging g'enex‘atbr. Repﬁir.- |

'Defectwe panel eqmpment. See Controls.

ENGINE B.ACKFIRES AT CARBURETOR

o .Lean: fuel m1xture.- o Clea.n or adjust carburetor.
Clogged fuel screen. o g Clean screen. |
Intake air leak. - )  Replace flange gaskets, txghten S

carburetor. o
Poar fuel. . ’ ‘Re_ﬂn with good, fresh fuel,
‘Spark too late. " Retime ignition,
Spark plug wires c'i'ofs's ed. | Install wires correctly.
Intake valves leaking. '~ Grind or replace. .

' EXCESSIVE OIL CONSUMPTION, LIGHT. BLUE SMOKY EXHAUST

Sludged rings, excessive bearing Replace worn parts.
‘clearances, piston  skirt collapsed '
worn intake valve guides.
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POSSIBLE CAUSE

REMEDY

EXCESSIVE OIL CONSUMPTION, LIGHT BLUE SMOKY EXHAUST
(CONT )

0il leaks from engine or con-
nections. This does not cause
smoky exhaust _

01l too light or diluted,
Too.large bearing clearance.

Oil pressure too high.
Engine misfires.

Faulty ignition,

Unit operated at light or no
1oad for long per:ods.

‘Too much 011

. Replace gaskets or leaking' tubing,

Tighten screws and connections.

~ Drain, refill with correct oil.

Replace bearings

Refer to symptoms of high oil pres-
sure for remedies.

Refer to. symptoms of engine mis~

fires.

Clea.n, adjust, or rEplace breaker

. points, plugs, condenser, coil,’
" ete., or retime ignition.

No remedy needed.

Drain excess oil,

" BLACK, SMOKY E)CHAUST, EXCESSIVE FUEL CONSUMZPTION FOUL- _
ING OF SPARK PLUGS WITH BLACK SOOT, POSSIBLE LACK OF POW- .
- ER UNDER HEAVY LOAD

.Fuel.mixture,too rich.

Choke not open..

Dirty carburetor air cleaner.

Be sure all jet gaskets are in place
and tight; float needle valve gasket

-is in place and tight; Adjust choke, -

Install needed carburetor parts ad-
just float Ievel

" “See that choke opens properly.

. Clean, refill to proper level,

LIGHT POUNDING KNOCK

Loose connecting rod bearmg.
Low oil supply.

Low o}l pressure,

01l badly diluted,

Replaee

Add oil.

' Refer to symptom of low oﬂ pres-_

sure for remedies.

--Change oil.



64 SLI_E:_RVICE DIAGNOSIS

POSSIBLE CAUSE . . . REMEDY

ENGINE STOPS UNEXPECT EDLY

Fuel tank empty. _ ' Rei111. _
Fuel pump failure. | Repair or replace.
High water teniperature. See sympioms for engirie over-
' ' _ heating. _ _
 Defective ignition. | Check the ignition system. Repair

or replace parts necessary.

: DULL METALLIC THUD, IF NOT BAD, MAY DISAPPEAR
"AFTER FEW MINUTES OPERATION. IF BAD, INCREASES WITH
: LOAD

Looé'e crzinkshait_. . - _' " Replace bearings, unless one of
: : -the next three remedies perman-
‘ently corrects the trouble.

SHARP METALLIC THUD, ESPECIALLY WHEN COLD ENGINE
FI.RST STARTED

‘Low oil supply. ' ' Add oil.

Low oil pressure, - | _ Refer to symptomoi‘ low pressure
e - for remedies.

Oil badly d11uted : Change oil,

PHQ'GDQ'G SOUND WHEN ENGINE- IS RAPIDLY ACCELERATED OR
' HEAVILY LOADED

Carbon in cylinders. E . Remaove carbon,
Spark too early. | o Retime 1gmtion

- Wroﬁg spark plugs. - ' Install correct plugs
Spark plugs burned or carboned.  Install new plugs_._
Valves hot. Adjust tappet clearanpe.
Fuel stale or low octane. . Use .gﬁod fresh fuel.

. Lean fuel mixture, . "Clea'_ri or adjust carburetor.
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POSSIBLE CAUSE

REMEDY

ENGINE CRANKS TOO STIFFLY

Corroded terminals.
Too heavy oil in crankcase.

Weak battery.

Engine stuck,

Defective cable,

Clean and tighten terminals
Drain, refill with light.oil.

Test and recha.rge or replace bat-
tery.

Disassemble and repair.

Instzll new cable,

ENGINE WILL NOT START WHEN CRANKED

Faulty ignitlon

Lack of fuel or faulty carburetion.

Clogged fuel screen.
‘Cylinders flooded.
Poor fuel.

Poor compression.

‘Wrong timing,

:Poor choking.

Clean, adjust, or replace bréaker
points, plugs, condenser, coil,
ete., or retime ignition

Refill the tank. Check the fuel sys-

tem. Clean, adjust, or replace

parts necessary.
C lean

Crank few times with spark plugs

) removed

e _-Drain refill with good fuel.

Tighten cy_lind-er head and spai'k
plugs. H still not corrected, grind
the valves, Replace piston rings,
if necessary.

Retime ignition.

' If plant is cold, adjust choke. If .

plant is warm, pull up on choke arm
momentanly, while crankmg.

ENGINE RUNS BUT CURRENT DOES NOT BUILD UP

Poor brush contact or dirty .
commutator or slip rings.

See. that brushes seat well, are'free

_ in holders, are not worn too short,
- and have good spring tension,
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'POSSIBLE CAUSE ' REMEDY
ENGINE RUNS BUT CURRENT DOES NOT BUILD Up (com" )

Open circuit, short cu_-euxt or _ See GENERATOR replace part
ground in generator C | DEecessary. o -

CURRENT UNSTEADY BUT ENGINE NOT M]SFIRING

Speed too low, o ._' - Adjust governor to correct speed,
Poor commutator or brush con- See that brushes seat well on com-~
tact. S S © mutator ang slip rings, .are free

in holders, are not worn too short,
and have good spring tension..

Loose connections. - - Tighten connections,

Fluctuating load." S Correct any abnormal load con-
: e o ..dition causing trouble,

. E TAIPPING SOUND
Tappet clearance too great . Adjust or replace tappets
Broken valve Spring. - .. Ingtall new sprmg
. HOLLOW CLICKING SOUND WITH COOL ENGINE UNDER LOAD

Loose plStOnB. S o H noise only slight and d1sappee,rs
. . o : when engine warms up, no im-
. mediate attention needed. Otherw
- wise replace worn parts.

-VOL"IAGE LO‘W AT FAR EN’D OF LINE BUT NORMAL NEAR POWER
- UNIT .

Toe small lme wire ior load o Instau larger or extra wires or
" and dlstance e reduce load ' :

' MOTORS -RUN TOO SLOWELY: AND OVERHEAT AT FAR END OF LINE
7 BUT OK NEAR POWER UNIT

Teo small lme wire for load Install larger or extra w1res or
and distance. . . reduce load. :

' NO]BY BHUSHES

' .H.lgh mica’ between bars of - .' - Undercut mica.

-cemmutamr.
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POSSIBLE CAUSE

REMEDY

EXCESSIVE ARCING OF BRUSHES

Rough commutator or rings.

Dirty commutator or rings.
High mica.

Brush rig out of position.

Turn down.
Clean.
Undercut mica.

Line up marks on brush Tig. and
support.

ENGINE OVERHEATING

Low water in radiator.
(Overloaded.

Improper lubrication,
Radiator obstructed.
Ignition timing late,

"~ Improper venti'lation

Refill radiator.
Remove part of load,
Sée low oil Pressure..
Clean radiator. |

Adjust ignition timing,

* Provide for better air change.

STARTER WILL NOT CRANK ENGINE

Discharged battery.

Corroded terminals, -
l.oose connections.

Defective starter relay, |

Test and recharge or, replace bat-
tery. .

: Clean and tighten terminals. .

I'I‘ig_hte_n co_nnectlons.

"Clean contacts if necessary. Re-

place switeh if necessary,












