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GENERAL INFORMATION 

SERVICE MANUAL MODEL DESIGNATION 
T h i s  Onan s e r v i c e  manual con ta ins  information for T h e  following typical  model number is broken down 
proper se rv ic ing  and overhauling MAJ e lec t r ic  generat ing into c o d e s  used  by Onan Corporation. 
s e t s .  Onan recommends reading the ent i re  manual t o  
bet ter  understand the  MAJ generating s e t  before per- 
forming any  work on the  unit. T h e  information wi l l  
enab le  you t o  maintain and se rv ice  the  generat ing s e t ,  
which wil l  not only resul t  in bet ter  generat ing s e t  
operation, but long unit life a s  well .  B e c a u s e  correct  
d iagnos i s  i s  a n  utmost part of repair,  a t roubleshooting 
chart  i s  included.  

1. Ind ica tes  kilowatt rating. 
2. Fac tory  code  for general  identification. 

Throughout the  manual,  engine end of the generating 3' 'pecific Type: 

. . the  front. Lef t  and right a r e  determined whe E - ELECTRIC.  E lec t r ic  s ta r t ing  a t  t h e  plant only. 
iZ - REMOTE. Elec t r ic  s tar t ing.  Can  be  connected 

‘acing the englne end (front). 
t o  opt ional  accessory  equipment for remote or - .  

automatic control of star t ing and stopping. 
When contac t ing  the factory about the generat ing set 

3 .  Fac tory  code  for opt ional  equipment. 
a lways supply  the  complete model number and s e r l a ,  5. Specif icat ion (Spec.) letter (advances when factory 
number a s  shown on the  nameplate ( s e e  "MODEL makes production modifications). 
DESIGNATION" following). 

 WARN^ Bnan uses this symbol 
throughout this manual to 

warn of possible serious personal injury. 

This symbol refers to possible 
equipment damage. 



SPECIFICATIONS 

GENERAL 
Nominal dimensions of s e t  ( inches)  

Height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Length 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENGINE DETAILS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Number of cyl inders  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Displacement (cubic inch)  
Cylinder bore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pis ton  s troke 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oil Capac i ty  
RPM 

A C S e t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D C S ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Compression ra t io  
Battery Voltage 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5MA J-224R/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5MA J-232R.' 
Battery vol tage (.6MA J ,  1.OMA J,  2,5MA J)  . . . . . . . . . . . . . . . . . . . . . . . .  
Battery s i z e  (l.OMAJ, 2.5MAJ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SAE Group 1H 
Amp/Hr. SAE Rat ing  - 20  Hr. (nominal) . . . . . . . . . . . . . . . . . . . . . . .  

Battery charge rate  amperes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5MAJ 

.6MAJ, LOMAJ, 1.5MAJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AIR REQUIREMENTS 
Ventilation required (cfm a t  3600rpm) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Generator 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Combustion. 

Ventilation required (cfm a t  2400rpm) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Generator 

Combustion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GENERATOR DETAILS 

. . . . . . . . . . . . . . . . . . . . . . . . .  Output rated a t  unity power factor load 
AC voltage regulation i n  f % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AC frequency regulat ion in % 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Revolving armature generator 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Revolving exc i te r  

1 
14.9 
2-3,'4 " 
2-1!2 " 

3-1!2 P i n t s  

24  Volt 
32  Volt 
12 Volt 

Two in Ser ies  
105 

1 P h a s e  
6 
5 
Y e s  
Y e s  

* - .6MAJ- 1R/-19-5/8 ', 1.OMAJ-1 & 3R/-22-7/16 " , 1.5MAJ 224 & 232R/-22 -13/16 " 
2.5MAJ-1R/-23-7/8 ", 2 , 5 M ~ ~ - 3 R / - 2 4 - 1 / 2  " 

** - .6MAJ-1R:-150 lbs., 1.OMAJ l & 3R/-160 lbs . ,  ~ . ~ M A J  224 & 232R/-180 lbs.,  
2.5MAJ-1Rj-185 lbs . ,  2.5MAJ-3R/-190 lbs .  



D I M E N S I O N S  AND CLEARANCES 

A L L  CLEARANCES GIVEN AT ROOM TEMPERATURE 70" F . 
A L L  DIMENSIONS IN INCHES UNLESS OTHERWISE SPECIFIED . 

Valve Tappe t  Clearance  . Intake and Exhaus t  
. . . . . . . . . . . . . . . . . . . . . . . . . .  (Engine Cold)  

Valve Stem in Guide . Intake . . . . . . . . . . . . . . . . . . .  
Valve Stem in Guide . E x h a u s t  . . . . . . . . . . . . . . . . . .  
Valve Seat  Interference Width . . . . . . . . . . . . . . . . . . .  
Valve F a c e  Angle . . . . . . . . . . . . . . . . . . . . . . . . .  
Valve Seat  Angle . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  Valve Interference Angle 
. . . . . . . . . . . . . . . . . . . . . . . .  Crankshaft End  P l a y  

. . . . . . . . . . . . . . . . . . . . . . . . .  Camshaft Bearings 
. . . . . . . . . . . . . . . . . . . . . . . .  Camshaft End  P l a y  

Connecting Rod End P l a y  . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Timing Gear B a c k l a s h  

Oil Pump Gear  Backlash  . . . . . . . . . . . . . . . . . . . . .  
Pis ton  t o  Cylinder, Conformatic Type  (Measured below 

oi l  controlling ring. 90 O from pin) Clearance  . . . . . . . . . .  
Pis ton  P in  in  P i s t o n  a t  70" F . . . . . . . . . . . . . . . . . .  
Pis ton  Ring C a p  in Cylinder  . . . . . . . . . . . . . . . . . . . .  
Crankshaft Main Bearing Journal  . Standard S ize  . . . . . . . . .  
Crankshaft Rod Bearing Journal  . Standard S ize  . . . . . . . . .  
Cylinder Bore . Standard S i z e  . . . . . . . . . . . . . . . . . . .  

TUNE-UP SPECIFICATIONS 

Spark P l u g  Gap . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Ignition Breaker Po in t  Gap  a t  F u l l  Separation 

Fl icker  Point  Gap . . . . . . . . . . . . . . . . . . . . . . . . .  
Magneto P o l e  Shoe Air Gap  . . . . . . . . . . . . . . . . . . . .  
Ignition Timing Advance 

2400 and/or 3600 rpm . . . . . . . . . . . . . . . . . . . . .  
1800 rpm . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MINIMUM MAXIMUM 

Thumb P u s h  F i t  
. 006 .024 

1.6857 1.6865 
1.3742 1.3750 
2.7520 2.7530 

25 " B T C  
19" B T C  



ASSEMBLY TORQUES A N D  SPECIAL TOOLS 

Assembly torques a s s u r e  proper t igh tness  without 
danger  of s t r ipping threads . If a torque wrench is not 
avai lable .  es t imate  t h e  degree of t igh tness  . U s e  
reasonable force and a wrench of normal length . 

Special  p lace  bol ts  d o  not require lockwashers  or 
gaske ts  . Never at tempt t o  u s e  a lockwasher  with 
t h e s e  bol ts .  i t  will  defeat  their purpose . Check  a l l  
s t u d s .  nuts  and s c r e w s  often . Tighten a s  needed . 

RECESS UNDER 

TORQUE SPECIFICATIONS LB . . F T  . 
MIN . MAX . 

Connect ing Rod Bolt . . . . . . . . . . . . . . . .  1 0  
Flywheel  Mounting Screw . . . . . . . . . . . . .  3 5  
F u e l  Pump Mounting Screw . . . . . . . . . . . .  1 0  
Oil Pump (For  over 3000 RPM) . . . . . . . . . .  7 
Gearcase  Cover . . . . . . . . . . . . . . . . . . .  1 5  

. . . . . . . .  Rear Bearing P l a t e  . (Cas t  Iron) 20 
Oil B a s e  Mounting Screws . . . . . . . . . . . .  25  
Cylinder Head Bolt . . . . . . . . . . . . . . . . .  24 
Spark P lug  . . . . . . . . . . . . . . . . . . . . . .  25  
Generator Through-Stud Nut . . . . . . . . . . .  1.2 
Valve Cover Nut . . . . . . . . . . . . . . . . . .  4 
Carburetor Mounting Stud Nuts . . . . . . . . . .  8 
Arrnature Through-Stud Nut . . . . . . . . . . . .  25 

SPECIAL TOOLS AND EQUIPMENT 

T h e s e  tools  a r e  ava i lab le  from Onan t o  a id  s e r v i c e  and 
repair work . 

. . . . . . . . . . .  Camshaft Bearing Driver 420-0066 
. . . . . . . .  Connecting Rod Aligning Set  420-0195 

. . . . . . . . . . . . .  Main Bearing Driver 420-0 127 
. . . . . . . . . . .  Oil S e a l  Guide & Driver 420-0181 

. . . . . . . . . . . .  Pis ton  Ring Spreader 420-0146 
. . . . . . . . . . . . . . . .  Ridge Reamer 420-0260 

. . . . . . .  Replacement  Blade for Reamer 420-0261 
. . . . . . . . . . . . . .  Ring Compressor 420-02 14 
. . . . . . . . . . . . .  Valve Grinding Tool  420-0 120 

. . . . . . . .  Replacement  Cup for Above 420-0 12 1 
. . . . . . . . . . . .  Valve L o c k  Replacer  420-0105 

. . . . . . . . . . . . . .  Valve Seat  Driver 420-0070 
. . . . . . . . . .  Valve Spring Compressor 420-01 19 



PERIODIC SERVICE GUIDE 

SERVICE THESE ITEMS 

Clean Crankcase  Breather  

Inspect  Magneto Breaker Po in t s  
Clean Commutator and Collector  Rings 
Check Brushes  
Check Valve Clearance 
Remove Carbon and L e a d  
Clean Generator 
Remove and C l e a n  Oil  B a s e  
Grind Valves (If Required)  
Clean  Carburetor 

x l  - With s e t  running, v i sua l ly  and audibly check  exhaus t  sys tem for l eaks .  
x2 - Replace  commutator b rushes  when worn t o  518 inch.  





COOLING SYSTEM 

T h e  MAJ u s e s  a water  cooled sys tem.  A water  pump 
impeller c i rcu la tes  cool ing water through the  engine 
and d i scharges  it into the exhaus t  l ine,  s e v e r a l  feet  
ahead  of t h e  muffler. 

WATER PUMP (FIGURE 1) 
Remove water  pump cover and inspec t  neoprene im- 
pel ler .  If worn or damaged, ins ta l l  new impeller.  
Pump should discharge a nominal .56gal . /min.  on 
1800 rpm p lan ts  or .85 gal .  jmin.  on 3600 rpm plants  
when thermostat i s  open. Instal l  pump cover  a i r  t ight 
to  prevent ear ly pump impeller failure. Tighten s c r e w s  
15 to 17 in-lb. 

COVER GASKET 

IMPELLER 

M P  BODY 

FIGURE I .  WATER PUMP IMPELLER 

T h e  neoprene impeller pump should  
never  be  run dry a n d  should  be primed 

in the s e t s  ini t ia l  s t a t e  a n d  a t  the beginning of e a c h  
s e a s o n  (Figure 2). 

When replacing water pump, a lways  use  Permatex or 
a n  approved s e a l a n t  on a l l  pipe f i t t ings i n  supply l ine  
to  water  pump. T o  prove suc t ion  l ine i s  a ir  t ight,  s e e  
that  no bubbles  appear  in the discharged water.  An 
a i r  l eak  reduces lubrication and shortens pump impeller 
l i fe .  

Check the  s t rainer  in t h e  water suc t ion  l ine  for any 
obstruct ions which mav reduce water flow. 

HIGH WATER TEMPERATURE 
T h e  s e t  u t i l i zes  a high water temperature cutout  which 
s h u t s  down the  s e t  if cool ing water reaches  a dan-  
gerously high temperature. B e s i d e s  the impeller,  one 
of t h e  f i rs t  things t o  check  if th i s  occurs  i s  the ther-  
mostat.  It i s  located on the  engine cylinder head and 
maintains the cool ing sys tem temperature a t  160' F. 

TESTING THERMOSTAT (FIGURE 3) 
If suspec t ing  a faulty thermostat,  t e s t  a s  follows 

1 .  Remove thermostat from cylinder head. 
3. Heat a pan of water  t o  approximately 150°F (using 

a thermometer immersed in the  water  t o  check 
temperature). 

3. Suspend the  thermostat in the hot water  s o  that 
the s e n s i t i v e  portion does not touch any  part of 
the pan.  

4. Bring the water temperature up to a range of 155" 
t o  165'F. Observe the thermostat;  i t  should s ta r t  
to  open within th i s  range. 

5 .  When thermostat i s  completely open, lift  it out 
of t h e  hot water and into the surrounding a i r .  . . . 
the thermostat should c l o s e  within a short  time. 

6. If the  thermostat d o e s  not operate  properly, replace 
with a new one. 

7. Ins ta l l  new gasket  when replacing thermostat.  

WIRE OR STRING 

E UP TO A 
155'-165'F 

IMMERSE 

-, 5 OR ELECTRIC STOVE f 
OR HEATING WATER 

---- - - 

FIGURE 2. PRIMING WATER PUMP FIGURE 3. CHECKING THERMOSTAT 



FUEL SYSTEM 

CARBURETOR 
A smal l  p iece  of dirt  lodged in the  jet c a n  c a u s e  hard 
s ta r t ing  and poor operation. Dirty gaso l ine  c a n  c a u s e  
the  je t s  t o  wear larger, resul t ing in e x c e s s i v e  gasol ine 
consumption. Before ad jus t ing  jet s e t t i n g s ,  mark t h e  
ex i s t ing  adjustment  or count the number of turns the  
needle w a s  backed out from i t s  s e a t .  Adjust  carburetor 
only with flame arrestor  resonator ins ta l l ed .  

The  carburetor i s  e i ther  a s i d e  (horizontal) draft type 
or a downdraft (ver t ical)  type,  and h a s  two ad jus t ing  
needles  (Figure 4). T h e  correct  s e t t i n g  for the  main 
jet needle g ives  the  b e s t  s tab i l i ty  a t  ful l  rated load 
operation. T h e  correct  s e t t i n g  for the  i d l e  needle 
gives the b e s t  s tab i l i ty  a t  no-load operation. Turning 
a needle inward gives a leaner  fuel  mixture for that  jet. 

IMPORTANT: Full-load and no-load operating condi- 
tions are necessary when making carburetor adjustments. 

Observe the following: 
AC Sets. T o  obtain a ful l  rated load condition, connec t  
a n  AC load e q u a l  t o  the  nameplate rating. 

T o  obtain a no-load condit ion;  (1) disconnec t  a l l  AC 
loads,  (2) l eave  s ta r t ing  ba t te r ies  connected,  (3) ad-  
just the  governor properly. 

DC Sets. T o  obtain a ful l  rated load on bat tery charging 
(DC) s e t s ,  l eave  the ba t te r ies  connected and increase  
the engine speed  s o  the  ammeter reading compares 
with that  on the  nameplate. T h i s  should b e  done only 
t o  a low charged bat tery.  Avoid high charging currents  
t o  a fully charged battery. 

T o  obtain a no-load conuition, l eave  t h e  ba t te r ies  
connected and d e c r e a s e  the engine s p e e d  s o  the  am- 
meter reading i s  ze ro  (or a s  low a s  poss ib le ) ,  or u s e  
fully charged bat ter ies .  



ADJUSTMENTS 
T o  ad jus t  the  carburetor, turn t h e  ad jus t ing  s c r e w s  in 
gently (finger tight) t o  their s e a t s .  Do not force them 
in, a s  they may be damaged by s e a t i n g  t o o  t ight ly.  
Rack  the main sc rew out about 2-1/2 (1-112 on down- 
draft carburetor) full  turns.  B a c k  the  idle  sc rew out 
3,'1 (1-1/2 on downdraft carburetor) of a turn. Star t  
the s e t  and allow it to thoroughly warm up under a 
full-load condition. 

Slowly turn the main adjust ing sc rew inward (clock-  
w i s e )  for leaner  mixture, until  the s e t  begins t o  l o s e  
s p e e d ,  or the voltage drops. Turn the sc rew outward 
(counterclockwise) until  the s e t  ca r r ies  the full-load. 
Check  the operation at various loads .  If there is a 
tendency t o  hunt (al ternately increase  and d e c r e a s e  
speed)  a t  any load, turn the ad jus t ing  s c r e w  out for a 
richer f u e l  mixture, until  the hunt ing corrects  i t se l f ,  
but d o  not turn the adjust ing sc rew out more than 1/2 
turn beyond the  point where obtaining maximum gen-  
erator  output.  For  AC s e t s ,  ad jus t  the idle sc rew with 
no AC e lec t r ica l  load connected.  F o r  bat tery charging 
s e t s ,  adjust  the idle sc rew a t  the  lowest  possible  
charge ra te .  Slowly turn the  idle ad jus t ing  sc rew inward 
(clockwise)  until  the s e t  l o s e s  s p e e d  from lack  of fuel .  
Then turn t h e  sc rew slowly outward until  the s e t  runs 
smoothly. 

Adjust the  throttle idle  s t o p  screw t o  c lea r  the throt t le  
shaft  s t o p  by 1/32 inch when the s e t  operates  a t  des i red  
speed  and a no-load condition. T h i s  se t t ing  he lps  pre- 
vent  hunting during changes  i n  load. 

ELECTRIC @HOKE 
AC remote control  s e t s  are  equipped with a thermal 
act ion e l e c t r i c  choke.  A thermostat ic  c o i l  (bi-metal) 
engages  t h e  choke shaf t  and i s  factory s e t  t o  give 
the correct  choking act ion for average temperature 
condit ions.  When t h e  s e t  s t a r t s ,  the generator s u p p l i e s  
current t o  a s m a l l  hea t ing  element  in the choke cover  
T h i s  hea t ing  element  c a u s e s  the thermal c o i l  t o  wind 
tighter and turn the  choke shaf t ,  gradually opening t h e  
choke a s  the s e t  warms up. When the s e t  s t o p s ,  the 
thermal c o i l  coo ls  off, caus ing  the  choke shaf t  t o  return 
to  the  correct  posi t ion for t h e  next s t a r t .  

At a temperature of 70°F, the  choke  should b e  approxi- 
mately 1 / 8 i n c h  from t h e  fully c l o s e d  posi t ion.  T h e  
thermal co i l  t ends  to  co i l  t ighter when heated.  

Extreme tenrperatures may require a s l igh t  adjustment 
of the  choke se t t ing .  T o  ad jus t  t h e  choke, loosen  t h e  
two s c r e w s  which retain the  choke  cover to the  choke 
body. Adjust  a s  i l lustrated in  Figure 5. 

If the  choke  d o e s  not operate  properly, check  to s e e  
that the heating element hea t s  properly. There  must 
be no binding of the  choke s h a f t  or thermal coi l .  B e  
s u r e  t o  tighten the  lockscrew after  any  adjustment .  

A manual operating lever and weight,  f as tened  on the  
opposi te  end of the  choke  s h a f t ,  may b e  used t o  operate  
the choke  in the  event  the e lec t r ic  element burns out 
or the  choke d o e s  not operate  for any  reason.  Turn 
the lever  to  i t s  horizontal posi t ion t o  open the  choke. 
Choking posi t ion of t h e  lever  i s  vertical.  

FLAME ARRESTER 
Remove and c lean  in approved solvent  a s  often a s  
necessary .  Dry and reinstal l .  

RESONATOR 

ARRESTER -2 , 'CARBURETOR 

GASKET .. ,'" 
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- 
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F I G U R E  5. C H O K E  ADJUSTMENTS 



GOVERNOR SYSTEM 

T h e  governor controls  t h e  engine s p e e d .  On AC e l e c t r i c  
s e t s ,  engine speed  determines generator output vol tage 
and frequency. By increas ing  engine s p e e d ,  generator 
voltage and frequency a l s o  increase  and by decreas ing  
s p e e d ,  generator vol tage and frequency d e c r e a s e .  Use  
a n  accurate  voltmeter when a d j u s t i n g  the  governor on 
AC s e t s .  A s m a l l  s p e e d  drop, not not iceable without 
instruments ,  wil l  resul t  in  a n  object ionable vol tage 
drop. 

T h e  governor arm f a s t e n s  t o  a s h a f t  which extends 
from the  gear cover, and is connected by a ba l l  joint 
and link t o  t h e  carburetor throttle arm. If removing 
the  carburetor or d i sassembl ing  the  governor, i t  may 
be  necessary  to  readjust  t h e  governor. 

A binding in the bearings of the  shaf t ,  which extends 
from the gear cover i n  t h e  bal l  joint,  or in  t h e  car-  
buretor throttle assembly,  c a u s e s  s low governor ac t ion  
or poor regulation. L o o s e n e s s  or e x c e s s i v e  wear  in  
the  governor mechanism c a u s e s  e r ra t ic  governor act ion 
or a n  a l t e rna te  increase  and d e c r e a s e  i n  s p e e d  (hunt- 
ing). A l ean  carburetor adjustment  may a l s o  c a u s e  

hunting. Springs have  a tendency t o  l o s e  their  cal i -  
brated tension af ter  long  usage .  If a l l  governor and 
carburetor adjustments  a r e  properly made, and t h e  
governor act ion is s t i l l  errat ic ,  replacing the  spr ing  
with a new one and reset t ing the  adjustments  usual ly 
corrects  the trouble. 

When the  s e t  s t o p s ,  t ens ion  of the  governor spr ing  
s h ~ u l d  hold the carburetor throt t le  arm a t  the  wide open 
position, pushed toward t h e  generator end of t h e  s e t .  
At wide open posi t ion,  t h e  lever on the  throt t le  shaf t  
should just  touch the  carburetor body or c lea r  i t  by no 
more than  1/32 inch. Obtain th i s  s e t t i n g  by increas ing  
or decreas ing  the length of the  connect ing l inkage a s  
necessary ,  turning t h e  b a l l  joint on the threads of t h e  
link. B e  s u r e  t o  ret ighten the  b a l l  joint t o  the  governor 
arm. T h i s  operation synchronizes governor ac t ion  with 
carburetor throttle act ion.  

Adjusting the Governor (AC Sets): Refer t o  F igure  7. 
Connect  a voltmeter ac ross  the  output of the  generator. 
With no e lec t r ica l  load connected,  s t a r t  t h e  s e t  and 
ad jus t  the  speed  ad jus t ing  nut t o  give a voltmeter 

GOVERNOR ARM 

GOVERNOR SPRING 

SPEED ADJUSTING NUT 

FIGURE 7. GOVERNOR ADJUSTMENTS 



reading of approximately 126 vo l t s  maximum for a  
120 volt s e t .  Apply a  ful l  rated e l e c t r i c a l  load and 
aga in  observe the  voltage reading which should be 
approximately 108 vol ts  or higher. F o r  240 volt p lan t s ,  
252 vol ts  a t  no-load i s  maximum and 216 full-load i s  
minimum. The  correct  sens i t iv i ty  adjustment  g ives  the  
c l o s e s t  regulat ion without caus ing  a  hunting condit ion.  
If the vol tage spread  between no-load and full-load 
condit ions i s  too great,  move the  end of the governor 
s p e e d  spr ing  c loser  t o  the governor shaf t .  T e s t  the  
governor ac t ion  a t  various load condit ions.  If vol tage 
regulation i s  good, but there i s  a  tendency toward 
hunting a t  t imes,  the  sens i t iv i ty  adjustment  i s  too 
c l o s e  or sharp .  T h e  sens i t iv i ty  s t u d  must then be  
turned s l igh t ly  outward. Any change  in the sens i t iv i ty  
adjustment  requires a  speed  readjustment. 

If us ing  a  tachometer for ad jus t ing  t h e  governor, engine 
speed  a t  full-load for a  60 c y c l e  plant should be  ap-  
proximately 1800rpm for a  4 p o l e  generator, or 3600 
rpm for a  2 p o l e  generator, with a  spread  of not more 
than 100  rpm between no-load and full-load for a n  
1800 rpm unit (200 rpm for a  3600 rpm unit). 

Adjusting the Governor (Battery Charging Sets): T O  
adjust  t h e  governor on battery charging generators ,  
turn the  knurled speed  ad jus t ing  nut (spring tension 
nut) to give the desired charge rate. The  rate  of 
charge i s  shown on the control box ammeter. T h e  
abi l i ty  of the governor to  keep the  charge rate  s t e a d y  
a t  the  des i red  rate  depends upon the  d i s t a n c e  between 
the center  of the  governor arm s h a f t  and the governor 
arm end of the spring.  

If the governor t ends  to "hunt" (al ternately increase  
and d e c r e a s e  speed) ,  turn the  sens i t iv i ty  ad jus t ing  
s tud  outward t o  move the end of the  spr ing  s l igh t ly  
farther from the  center  of the  governor shaf t .  

Any change  i n  the  sens i t iv i ty  adjustment requires  a  
compensat ing change in the s p e e d  (spring tension)  
adjustment .  Increasing sens i t iv i ty  resu l t s  in a  s l igh t  
decrease  in  engine speed .  T h e  desired adjustment  i s  
a  se t t ing  which gives the  c l o s e s t  regulation without 
hunting. Maximum speed  a t  ful l  load operation of bat tery 
charging s e t  i s  approximately 2400 rpm, a s  spec i f ied  
on the nameplate. 

GOVERNOR L I N K A G E  

Lubricate  the  l inkage a t  the  carburetor and ba l l  joint 
ends  with powdered graphite (preferably), or a  l ight ,  
sewing machine oil.  Do not lubricate  p l a s t i c  bal l  
joints,  they only require cleaning.  

Keep these points . 

Clean &X 
F I G U R E  8. GOVERNOR L I N K A G E  



I G N I T I O N  AND STARTING SYSTEM 

MAGNETO 
T h e  high tension magneto s u p p l i e s  ignition current t o  
the  spark  plug. Proper ignition timing i s  accomplished 
by a breaker mechanism ac tua ted  by a cam on the 
crankshaft.  T o  t e s t  the spark ,  d i sconnec t  the  c a b l e  
from the spark  plug and support  i t  s o  tha t  the  end of 
the wire i s  3 /16 inch  from a c l e a n  metal part of the 
engine.  Crank the engine with the  hand rope, observing 
the spark,  which should jump the 3/16 inch gap with 
e a s e .  If there i s  no spark ,  or a spark  that  i s  weak or 
yel lowish in  color, make repairs  a s  necessary .  

Remove the  flywheel guard and  loosen  t h e  flywheel 
bolt a few turns. While pulling or prying outward on 
the  flywheel,  s t r ike  the  flywheel bolt a sharp  endwise  
blow to loosen  t h e  flywheel.  Remove the  flywheel 
bolt and carefully pull the  flywheel off the  crankshaft .  
Examine the  magneto breaker  con tac t  points .  Contact  
points  which a r e  not badly burned or pi t ted may some- 
times be dressed  smooth with a thin f lexible  abras ive  
s t o n e  or removed and dressed  on any  f ine  s t o n e  or 
hone. Replace  badly burned or pitted points with new 
ones.  Adjust t h e  g a p  between points  a t  fu l l  separa t ion  
a s  given in the  Tune-up Specif icat ions.  

A defect ive condenser  must be  replaced with a new 
one  of proper capaci ty.  A flywheel magnet which h a s  
l o s t  i t s  magnetism c a n  b e  remagnetized. If the  magneto 

CONDENSER L E A D  

BREAKER POINT 7 
ASSEMBLY 3 C O l L  L E A D  I /I / 

TO SHIFT POINT 
. -  0.022" GAP A T  

SCREW SECUR 

I I 

FIGURE 9. SETTING POINTS 

backplate  h a s  been loosened or removed, see tha t  t h e  
gap between t h e  co i l  pole  s h o e s  and t h e  flywheel is 
.010" t o  ,015". Too  wide a n  a i r  gap wil l  produce a 
weak spark.  

TIMING THE IGNITION 
Proper ignition timing is important for good engine  
operation. Refer  t o  the  Tune-up Specif icat ions for t h e  
correct  degree of s p a r k  advance  before t o p  cen te r  (TC) 
position of pis ton t ravel .  If ava i lab le ,  u s e  a s e r i e s  
t e s t  lamp for accuracy.  

S e e  that  t h e  point gap is properly adjusted (Figure 9). 
Ins ta l l  t h e  flywheel loosely,  with i t s  key i n  p lace ,  and 
turn t h e  flywheel with rotation direct ion t o  the  posi t ion 
where the  mark on the  edge  of the flywheel is i n  a l ign-  
ment with the  proper degree on the  gear cover. T h e  
points should just s e p a r a t e  a t  th i s  point. If they d o  
not, remove the f lywheel  and loosen  the  magneto 
backplate  mounting s c r e w s  s l ight ly.  

If the  points  s e p a r a t e  too soon ,  shif t  the ent i re  back- 
p la te  assembly clockwise.  T igh ten  the  backplate  
mounting s c r e w s  and recheck the work for accuracy.  
When replacing the f lywheel ,  a lways  make s u r e  the  
key i s  properly in  p lace  on the  crankshaft .  

SPARK PLUG 

FIGURE 10. SPARK PLUG GAP 

ANTI-FLICKER MECHANISM 
T h e  anti-flicker mechanism (Figure 11) i s  used on 
1800 rpm AC s e t  t o  compensate  for the  power surge  
during the  power s t roke  of t h e  engine. T h e  breaker  
points ,  loca ted  on the  lef t  s i d e  of t h e  c r a n k c a s e  just  
behind t h e  gear cover, a r e  connected t o  a generator 
field resis tor .  A condenser  connected a c r o s s  the  
breaker points  prevents  sparking and burning of the  
contacts .  



Burned or pitted con tac t  points  a r e  usual ly a n  indi- 
ca t ion  of a defec t ive  condenser .  T h e  breaker  points  
gap a t  ful l  separa t ion  should be  0.020". If points  
and condenser  a r e  i n  good condition but light f l icker  
i s  e x c e s s i v e ,  check  for a defect ive res i s to r .  

If a n  ad jus tab le  resis tor  is used,  loosen the  s l i d i n g  
c l i p  on the  res i s to r  and while  watching a s m a l l  l ight 
connected with a n  average s e t  load, s l i d e  t h e  c l i p  
a long  t h e  res i s to r  t o  the point where the  l e a s t  flicker 
i s  not iceable.  T igh ten  the c l i p  a t  t h i s  posi t ion.  



OIL SYSTEM 

PRESSURE LUBRICATION 
P r e s s u r e  lubricat ion d o e s  not apply t o  a l l  models. 
P r e s s u r e  lubricated plants  have  a gear  type oi l  pump, 
oi l  intake c u p  and nonadjustable  relief valve.  If the  
oi l  pump fa i l s ,  ins ta l l  a complete  new pump. T h e  
relief valve c a n  b e  removed for cleaning.  T h e  internal  
oi l  l ine,  if accidental ly  damaged, i s  replaceable.  

C R A N K S H A F T  
B E A R I N G  

O I L  P A S S A G E  

O I L  P R E S S U R E  
R E L I E F  V A L V E  

F IGURE 12. O I L  SCHEMATIC 

Crankcase Oil: Use a good qual i ty  h e a v y d u t y  detergent  
o i l  that  meets the  A P I  (American Petroleum Inst i tute)  
s e r v i c e  designat ion SE. If S E  oi l  is not ava i lab le ,  
(API), SD or SD/CC oi l  may b e  used. Oi l  should b e  
labeled a s  having passed  the  MS Sequence T e s t s  and 
t h e  MIL-L-2104B T e s t s .  Recommended SAE o i l  num- 
bers  for expected ambient temperatures a r e  a s  follows: 

30' F and Above SAE 3 0  
O 0  F t o  3 0 ° F  SAE IOW-40, 5W-30 
Below 0 °  F SAE 5W 

D o  not mix brands nor grades.  Refer t o  Periodic  Service 
Guide for recommended o i l  changes.  Oil  drain plug is 
located on left front s i d e  of engine below o i l  f i l l  tube. 

When ins ta l l ing  the  oi l  pump, b e  s u r e  t h e  pump mounting 
gasket  i s  i n  good condition. Ins ta l l  the  intake pipe 
and cup  tightly and a t  the  correct  ang le  to  have the  
cup  paral le l  to  t h e  oi l  b a s e .  BE SURE T H E  PUMP 
IS PRIMED WITH OIL. 

VALVE COMPARTMENT OIL DRAIN 
A drain hole  from the  valve compartment en te rs  t h e  
crankcase.  T h i s  hole  must b e  unobstructed t o  provide 
for proper drainage of oi l  from the  va lve  compartment. 

CRANKCASE BREATHER VALVE (FIGURE 13) 
Every 1 0 0  hours or sooner ,  remove breather  tube and 
wash  valve (5/16 inch ba l l )  in a so lven t .  Check  the  
breather tube for secur i ty  and lea'ks. 

(KEEP CLEAN)  

F IGURE 13. CRANKCASE B R E A T H E R  

CAP AND OIL  
LEVEL  INDICATOR 

KEEP OIL 
AT  THIS L E V E L  ,,,-- #-FULL 

1 NEVER OPERATE 
ENGINE WITH OIL  

BELOW THIS LEVEL  ,,---- 

ABOVE 30°F 
DOF to  3 0 ' ~  
BE LOW OO F 

U ALWAYS REPLACE 
SAE 30 CAP TIGHTLY. OR 
SAE IOW OIL  LEAKAGE MAY 
SAE 5W OCCUR. 

O I L  - 
L E V E L  - 



ENGINE DISASSEMBLY 

If engine d i sassembly  i s  necessary ,  observe  t h e  fol- 
lowing order ( i . e .  Flywheel ,  Gear C o v e r .  . .). A s  
d isassembly  progresses ,  the  order may b e  changed 
somewhat a s  wil l  be  self-evident .  T h e  engine assembly  
procedure i s  the  reverse of d i sassembly .  Any s p e c i a l  
assembly  instruct ions for a particular group a r e  in-  
cluded in the  appl icable  sec t ion .  When reassembling,  
check  e a c h  s e c t i o n  for t h e s e  s p e c i a l  assembly  instruc-  
t ions or procedures. 

GEAR COVER 
When removing the  gear cover ,  i t  is not n e c e s s a r y  t o  
remove the  magneto assembly from t h e  cover. Jus t  
disconnect  the spark  plug lead a t  the  s p a r k  plug and 
the s t o p  wire. When ins ta l l ing  the  gear cover ,  make 
sure  the  pin in  the  gear cover engages  in  t h e  metal 
lined hole of the  governor c u p  (Figure 14). Turn t h e  
governor c u p  s o  that  hole  is in a n  upward posi t ion 
where i t  corresponds t o  the  1 2  o 'c lock posi t ion O L L  

the f a c e  of a c lock.  Turn the  governor arm and s h a f t  
c lockwise a s  far a s  poss ib le  and hold in  t h i s  posi t ion 
until  the  gear cover  i s  ins ta l l ed  f lush aga ins t  t h e  
c rankcase .  B e  careful not to  damage the  gear  cover  
oi l  s e a l .  Assemble careful ly t o  engage  t h e  water  
pump gear with the  cam gear. 

PROPERLY ASSEMBLED TO GEAR FACE 
THE DIM ENSION SHOWN 
ON DRAWING WILL BE 

AS INDICATED. 

CENTER PIN 

GOVERNOR CUP 

GOVERN0 R 

FIGURE 15. GOVERNOR CUP 

If a new governor cup  is being ins ta l l ed ,  the  d i s t a n c e  
from the smal l  lock ring on the  center  pin t o  the  f a c e  
of the governor cup  must b e  exac t ly  7/32" (Figure 15) 
when the  c u p  is pressed  back aga ins t  the f lybal ls  a s  
fa r  a s  poss ib le .  If the d i s tance  i s  too small ,  careful ly 

GOVERNOR CUP d r e s s  the  f a c e  of the c u p  a s  required, being s u r e  t o  
remove any burr from the ins ide  of the  cup  bore. If The  governor c u p  may be  removed from the  cam gear  

and shaf t  a f te r  f i rs t  removing the  smal l  lock ring from the d i s tance  is more than 7/32", carefully p ress  t h e  

the camshaft center pin. Catch the governor flyballs pin in the required amount. Do not damage the pin, as 

as the cup assembly is removed. All  models use 1 0  it is diff icul t  t o  replace i t  in  the-  f ie ld.  Replacement  

flyballs in the governor cup except 3600 rpm units of governor f lyba l l s  is e a s i e r  if the  s e t  is tipped back-  

which u s e  only 5 f lybal ls .  ward with the  timing gears  upward. B e  s u r e  that  a l l  
f lybal ls  a re  replaced and evenly spaced .  

GOVERNOR 

ENTER HOLE 1/2", 
BALL HAS 

FIGURE 14. GEAR COVER 
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FIGURE 16. TIMING GEARS 

TIMING GEARS 
If replacement of e i ther  t h e  crankshaft  gear or t h e  
camshaft  gear becomes necessary ,  ins ta l l  both gears  
new, never one only. U s e  a gear puller t o  remove the 
crankshaft  gear (F igure  16). 

T h e  camshaft gear is pressed  on and keyed to the  
camshaft.  T h e  camshaft  and gear must be  removed 
a s  a n  assembly ,  af ter  f i rs t  removing t h e  crankshaft  
gear lock ring and washer .  Before removirig the  cam- 
shaf t  and gear assembly ,  remove t h e  cylinder head 
and valve assembl ies .  Remove the  operating plunger 
for the breaker points .  Remove the  fuel  pump and 
tappets .  After removing the  governor c u p  assembly  
from the  gear, the camshaft  may b e  pressed  out of 
the gear by u s e  of a hollow tool or pipe which will  
fit  over the camshaft  cen te r  pin. Do not p r e s s  on the 
cen te r  pin or damage i t  in any  way. T h e  governor 
ba l l  s p a c e r  is a p r e s s  fit  to  t h e  camshaft  gear. 

When press ing  a camshaft  gear onto t h e  camshaft ,  b e  
s u r e  the gear is s ta r ted  s t raight  and that  the  key is 
properly i n  place.  Ins ta l l  the  governor c u p  assembly  
before ins ta l l ing  the  camshaft  and gear in  t h e  engine.  

Note that  e a c h  timing gear is stamped with an ('0" 
mark near the  edge (Figure 16). T h e  gear  t ee th  must 
mesh s o  that  t h e s e  marks exact ly coincide when t h e  
gears  a r e  instal led i n  the  engine.  B e  sure ,  when 
ins ta l l ing  t h e  camshaft  gear and shaf t  assembly ,  that  
t h e  thrust washer  is properly i n  p lace  behind the  
camshaft  gear. Replace  the retaining washer  and 
lock  ring t o  the crankshaft .  

VALVE SERVICE 
Properly s e a t e d  va lves  a r e  e s s e n t i a l  to  good engine 
performance. T h e  cyl inder  head is removable for valve 
servicing.  Do not u s e  a pry to  loosen  the cylinder 
head ,  rap sharply on t h e  e d g e  with a s o f t  faced hammer. 
U s e  a conventional valve spr ing  lifter when removing 
the  valve spr ing  locks .  C l e a n  a l l  carbon depos i t s  
from the  cylinder head ,  pis ton top, va lves ,  guides,  
e t c .  If a valve face  is burned or warped, or the  s tem 
worn, ins ta l l  a new valve.  

Worn valve stem guides may b e  replaced from ins ide  
the valve chamber. Valve locks  a r e  t h e  s p l i t ,  tapered 
type, the  smaller  diameter  of which must face  toward 
the  valve head. T a p p e t s  a r e  a l s o  replaceable from 
the  valve chamber, af ter  f i rs t  removing the va lve  
assembl ies .  

T h e  valve f a c e  ang le  is 44O. T h e  va lve  s e a t  ang le  is 
45O. T h i s  lo interference angle  resu l t s  i n  a s h a r p  
s e a t i n g  sur face  between the  valve and t h e  top of t h e  
valve s e a t .  T h e  interference angle  method of grinding 
va lves  minimizes f a c e  depos i t s  and lengthens valve 
life. 

Valves should not b e  hand lapped,  if a t  a l l  avoidable,  
s i n c e  the  sharp  contac t  may be  destroyed.  T h i s  is 
espec ia l ly  important where s t e l l i t e  faced va lves  and 
s e a t s  a r e  used.  Valve f a c e s  should be  finished in a 
machine to  44'. Valve s e a t s  should b e  ground with 
a 45O s tone ,  and t h e  width of t h e  s e a t  band should 
be 1/32 t o  3/64" wide.  Grind only enough to a s s u r e  
proper sea t ing .  Refer  t o  F igure  17. 

Remove a l l  grinding dus t  from engine par t s  and p l a c e  
e a c h  valve i n  i t s  proper locat ion.  Check e a c h  valve 
for a tight s e a t ,  us ing  a n  a i r  pressure type t e s t i n g  
tool. If s u c h  a tool  is not ava i lab le ,  make penci l  
marks a t  intervals  a c r o s s  the  valve f a c e  and observe  
if the  marks rub off uniformly when the  valve i s  rotated 
part of turn a g a i n s t  the  s e a t .  

Lightly oi l  t h e  va lve  s t e m s  and a s s e m b l e  a l l  pa r t s  
removed. Adjust t h e  va lve  tappet  c learance.  

T h e  posi t ive type exhaus t  valve rotocaps s e r v e  t o  
prolong valve l i fe ,  by rotating the valve a fraction of 
a turn e a c h  time it  opens.  While a t  open posi t ion the  
valve c a n  b e  rotated freely but in  only one direction. 
Try i t .  If rotocaps a r e  faulty, ins ta l l  new rotocaps.  

TAPPET ADJUSTMENT 
Tappet  c lea rance  may b e  e a s i l y  checked af ter  First 
removing the valve compartment cover. Crank the  
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F IGURE 17. V A L V E  T R A I N  

engine over  by hand until the intake valve ( the  one 
nearest  the  carburetor) opens  and c l o s e s .  Continue 
turning the  flywheel s lowly until  the  mark on t h e  
flywheel i s  in  alignment with the T C  mark on the  
gear cover .  T h e  correct tappet  c lea rance  for both t h e  
intake and exhaus t  valves appears  in  the  Dimensions 
and Clearances .  Tappe ts  a re  fitted with s e l f  locking 
adjust ing s c r e w s .  Use  a 7,116 " wrench for t h e  sc rew 
and a 9/16 " wrench for the  tappet  when making any  
adjustment .  

PISTON AND RINGS 
Remove the  pis ton and connect ing rod assembly  
through the  top of t h e  cylinder. T h e  pis ton is fitted 
with two compression rings and one oi l  control ring. 
Remove carbon depos i t s  from piston ring grooves. 
Check to be s u r e  the  oi l  return ho les  in  t h e  lower 
ring groove a r e  open. 

Before ins ta l l ing  new rings on t h e  piston, c h e c k  the  
ring gap by placing e a c h  ring square ly  in t h e  cylinder 
a t  a position corresponding t o  the bottom of i t s  t rave l  
(Figure 18). T h e  gap  between t h e  e n d s  of t h e  ring a r e  
given in t h e  Dimensions & Clearances.  F i l e  r ings which 
a re  s l igh t ly  overs ize  a s  necessary  t o  obtain the  correct  
gap,  but d o  not u s e  rings which require t o o  much f i l ing.  
Standard s i z e  r ings may b e  used on  a .005" overs ize  
pis ton.  U s e  .010", .020", .030" and .040" overs ize  
rings on .010", .020", ,030'' and ,040" overs ize  
p i s tons ,  respect ively.  Rings of the  tapered type a r e  
usual ly marked "TOP" on  one s i d e ,  or identified in  
some other manner, and t h e  ring must b e  ins ta l l ed  
with th i s  mark toward the  c losed  end of the  pis ton.  
Space  e a c h  ring gap one third of the  way around the  

/ 

VALVE 

WRONG 

in l ine with the  pis ton pin. F i t  the  bottom pis ton 
ring groove with a n  o i l  control ring and the  two upper 
grooves fitted with compression rings. 

The pis ton i s  fitted with a ful l  floating pis ton pin. 
The  pin is kept in  place by two lock rings in the  pis ton,  
one a t  e a c h  s i d e .  B e  s u r e  t h e s e  lock rings a r e  properly 
in place before instal l ing the piston and connect ing rod 
in the  engine.  Correct pis ton t o  cylinder c lea rance  
appears  in  the Dimensions & Clearances .  

PISTON RING 
I N  CYL INDER 60 

1 

FIGURE 18. CHECKING RING GAP 
piston from the  preceding one,  with no gap direct ly  



CONNECTING ROD 
Mark the connect ing rod before removing it  t o  a s s u r e  
proper reassembly.  Note that  t h e  oi l  dipper i s  ins ta l l ed  
to  s p l a s h  o i l  towards t h e  camshaft  s i d e  of the engine 
( sp lash  lubrication uni ts  only). 

Connecting rods a r e  ava i lab le  in  s tandard s i z e  or 
.010", .020" and .030" undersize.  

T h e  connect ing rod bearing c lea rance  to  t h e  crankshaft  
journal may be  reduced a s  necessary  by carefully 
d ress ing  the  c a p  on a s h e e t  of abras ive  cloth (#320 
grit or finer) placed f la t  on a s u r f a c e  p la te  or p iece  
of plate  g l a s s  (Figure 19). 

T h e  connect ing rod and pis ton assembly  must be  
properly al igned before assembly  t o  the  engine.  Align- 
ing should b e  done on a n  accura te  al igning gauge by 
a competent operator. 

CONNECTING 

ON A F L A T  SURFACE 

F IGURE 19. DRESSING ROD C A P  

Misalignment may c a u s e  rap id  wear 
of pis ton,  pin, cylinder a n d  con- 

nect ing rod. 

B e  sure  t h e  connect ing rod o i l  dipper is properly 
instal led,  a s  i t  is v i ta l  t o  proper lubrication ( sp lash  
lubrication uni ts  only). 

MAIN BEARINGS 
Crankshaft main bearings a r e  precis ion type and a r e  
avai lable  in  s tandard s i z e ,  .002", .010", .020" and 
.030" undersize.  Prec i s ion  type bearings d o  not 
require l ine  reaming. 

U s e  a p r e s s  or a su i tab le  drive plug t o  remove bearings.  
Have the  cylinder block supported t o  avoid dis tor t ion.  
B e  careful  not to  damage the  bearing bore, espec ia l ly  
if using a punch tool. 

Warm the bearing p la te  and cylinder block s l ight ly 
with hot water  or by placing i n  a n  oven heated to  
200°F. Avoid overheating. 

BEARING H O L E  IN  

. ... 

CRANKSHAFT BEARINGS 

. 
FIGURE 20. CRANKCASE BEARINGS 

Align the  o i l  hole i n  the  bearing and the  o i l  p a s s a g e  
hole in  the bearing bore (Figure 20). On s p l a s h  
lubricated uni ts ,  t h e  oi l  hole  is upward. On pressure  
lubricated units,  the  oi l  hole  is opposi te  from the  
camshaft.  Instal l  t h e  cold precis ion bearing s o  that  
the ins ide  end of the  main bearing is 1 /16"  t o  3/32" 
back from t h e  ins ide  end of the bore t o  allow c learance  
for the machined radius of the  crankshaft.  

Set  crankshaft  end  play (Figure 21) according t o  the  
Dimensions & Clearances  by using the  correct  th ickness  
of g a s k e t s  between t h e  rear bearing plate  and t h e  
cylinder block.  T h e s e  gaske ts  must not block t h e  o i l  
passage  on pressure lubricated units.  

Before mounting generator to  engine,  tighten the  rear 
bearing p la te  nuts .  After secur ing  generator t o  the  
engine,  s t r i k e  the  flywheel sc rew sharply to  read jus t  
crankshaft  forward end play. 

REAR BEARING 

MEASURE ENDPLAY 

(Refer to table of 

F IGURE 21. CRANKSHAFT END P L A Y  
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FIGURE 22. CAMSHAFT BEARINGS 

CAMSHAFT BEARINGS 
Camshaft bearings a re  precis ion type and d o  not 
require l ine reaming. P r e s s  the  front camshaft  bearing 
i n  f lush with t h e  outs ide sur face  of the  cylinder block 
(Figure 22). P r e s s  the rear camshaft  bearing i n  f lush  
with t h e  bottom of t h e  counterbore which rece ives  the  
expansion plug. 

OIL SEALS 
When replacing e i ther  crankshaft  o i l  s e a l  (Figure 23), 
be  sure  t h e  open s i d e  f a c e s  toward t h e  ins ide  of the  
engine. U s e  c a r e  not t o  turn back t h e  edge  of t h e  oi l  
s e a l  or damage i t  i n  any way. T h e  rear bearing p la te  
must b e  removed t o  replace t h e  rear oi l  s e a l .  Remove 
the gear cover  t o  replace the  front o i l  s e a l .  Sea l  
expanding and driving tools  a r e  ava i lab le  through 
your authorized Onan dealer .  

CYLINDER 
The  cyl inder  wears  very l i t t l e  in  normal se rv ice .  If, 
through improper lubrication or acc iden t ,  t h e  cylinder 
wall  should become scored  or worn badly, the cyl inder  
may be  rebored and honed t o  accommodate a new 
piston and rings of one of the  ava i lab le  overs izes .  
P i s tons  and rings a r e  ava i lab le  in  .010", .020", ,030'' 
and .040" overs izes .  Some engines  were f i t ted a t  
the factory with a .005" overs ize  pis ton,  and a r e  s o  
indicated by a l e t t e r  "E" following the  engine s e r i a l  
number s tamped on  the  s i d e  of the  c rankcase  and on 
the nameplate. If the cylinder i s  not being recon- 
ditioned, but new pis ton rings a r e  being ins ta l l ed ,  
remove any ridge which may have  formed a t  the  top 
of pis ton ring t ravel  in the  cylinder bore. U s e  s tandard 
s i z e  rings on a .005" overs ize  pis ton.  

GEAR 
COVER THlS SURFACE SHOULD B E  

CLEANED O F  ALL O L D  
SEALING COM'POUND BEFORE 

INSTALLING SEAL 

APPLY SHELLAC OR 
PERMATEXAROUND 
SEAL AT THlS POINT 

GEAR COVER 
OIL  SEAL 

THlS SURFACE SHOULD B E  
P L A T E  CLEANED O F  ALL O L D  

SEALING COMPOUND BEFORE 
INSTALLING SEAL 

O N  SEAL FLUSH WITH 
OUTER E D G E O F P L A T E  

BORE 

APPLY SHELLAC OR 
PERMATEX AROUND 

SEAL A T  THlS POINT 

REAR BEARING PLATE 
OIL SEAL 

I 

FIGURE 23. OIL SEALS 



GENERATOR MAINTENANCE 

There  a re  two b a s i c  generator des igns  for the  MAJ 
s e r i e s .  T h e  3600 rpm units  have a 2 pole generator. 
All other s e t s  have a 4 pole generator and differ a c -  
cording t o  model. 

BRUSH REPLACEMENT 
Instal l  new commutator b rushes  and other rectangular 
brushes when the old o n e s  a r e  worn t o  5/8" or l e s s  
in  length. T h e  cyl indrical  or nearly square  (1/4" x 
3 / 8 " )  type col lector  ring brush with spr ing  at tached 
may be used  until  worn to 5/16" in length.  It  is 
not necessary  to  remove t h e  brush rig to  ins ta l l  new 
brushes.  Remove the  end cover t o  e x p o s e  the brush 
rig. Brushes and l e a d s  a r e  then e a s i l y  a c c e s s i b l ~ .  
New brushes a r e  s h a p e d  t o  f i t  and seldom need s a n d i r g  
to  s e a t  properly. Always u s e  the correct  brush cis 

l i s ted  in the  parts  l i s t ,  never subs t i tu te  a brush w h ~ c h  
may appear  to  be  the  same,  but may have  different 
e lec t r ica l  charac te r i s t i cs .  B e  s u r e  t o  tighten the  
brush lead terminal nuts .  If some brush spark ing  occurs  
af ter  replacing brushes ,  run the s e t  a t  a light load until 
the  b rushes  wear t o  a good s e a t .  

BRUSH RIG POSlTlON 
T h e  position of the brush rig i s  important. T h e  correct 
s e t t i n g  resu l t s  in the  l e a s t  sparking a t  the  commutator 
brushes a t  average load operation. 

On standard models, t h e  neutral brush rig posi t ion i s  
determined and permanently fixed a t  the  factory. It 
cannot  shif t  from neutral posi t ion.  

Special  models may have  a brush rig of t h e  ad jus tab le  
des ign ,  where the neutral posi t ion i s  identified by a 
( I  witness"  mark a t  the  point of mounting (Figure 24). 
A s  long a s  t h e  original brush rig and armature a r e  
continued in se rv ice ,  t h e s e  reference marks must be 
observed. If a new brush rig or armature is 'installed, 
the  original alignment marks may have to b e  disregarded 
in order t o  find t h e  proper neutral position. 

LOCATION O F  
REFERENCE 

GRIND BLADE TO 
WIDTH O F  MlCA 

WRONG WAY 

MMUTATOR BARS WOR 
LOW LEVEL OF MlCA 

JUMPING. NOISY BRUSHES 

FIGURE 25. UNDERCUTTING MlCA 

COMMUTATOR AND COLLECTOR RINGS 
Commutator and col lector  rings acquire  a g lossy  brown 
f inish i n  normal operation. Do not attempt to  maintain 
a bright newly machined appearing surface.  Ordinary 
c lean ing  with a dry, l in t  f ree cloth i s  usual ly suff icient .  

Very find sandpaper  (#00) may be  used t o  remove s l igh t  
roughness. Use  only light pressure on the  sandpaper ,  
while the  s e t  is operating. D o  not u s e  emery or ca r -  
borundum paper or c loth.  C l e a n  out a l l  carbon d u s t  from 
the generator. 

After long se rv ice ,  the sur face  of the commutator may 
become worn down t o  the leve l  of the  mica insulat ion 
between t h e  commutator bars .  T h i s  condition would 
lead  to noisy brush ac t ion ,  e x c e s s i v e  brush spark ing  
ar,d wear  and pitting of the  comixutator bsrs,  Undercut 



the  mica between the  bars  t o  1/32" below the  sur face  
of  the bars  (F igure  25). If i t  i s  not convenient  t o  
take the  armature t o  a n  e lec t r ica l  shop ,  the  operat ion 
may b e  done  with a tool fashioned from a hack s a w  
blade. Grind t h e  blade t o  a th ickness  equa l  t o  the  
mica between the  bars .  Do not s c r a t c h  t h e  sur face  
of any bar. U s e  sandpaper  to  remove any  burrs lef t  
a long the e d g e s  of the  bars .  S e e  that  s p a c e s  between 
the bars  a r e  perfectly c l e a n  before assembl ing  t h e  
generator. 

T o  correct  e x c e s s i v e  run-out on armatures not having 
a ba l l  bearing, s t r i k e  a g a i n s t  a board held f l a t  to  the  
high s i d e  of t h e  lamination. 

T h e  frame will  mount only in  the correct s i d e  upward. 
If the brush rig h a s  been  removed, i t  must be  ins ta l l ed  
in i t s  or igical  posi t ion.  Avoid accidental ly  damaging 
brushes during assembly.  Check for good brush con- 
tact  and for good spr ing  tension.  

FIELD WINDINGS 
If t h e  commutator becomes damaged, or wears  unevenly Use a t e s t  lamp s e t  for checking for a grounded or 
s o  that  i t  i s  grooved or out of round, turn i t  smooth open circui t  in t h e  f ie ld c o i l s .  Disconnect  (and tag) 
in a l a the .  After turning, t h e  mica must b e  undercut . a l l  f ie ld l eads .  Refer  to the  proper wiring diagram. 
a s  described above.  

T e s t  the  f ie ld winding for  a n  open circuit by placing 

GENERATOR DISASSEMBLY (FIGURE 26) one t e s t  prod on e a c h  of  t h e  two terminal e n d s  of the  

1. Remove the  end cover. winding. If t h e  t e s t  lamp d o e s  not l ight ,  the  field 
2. L i f t  each brush high i n  i t s  guide,  s o  that  the winding i s  open. If the  open circuit c a n  b e  located 

brush  i s  held by spring pressure  a g a i n s t  i t s  s i d e .  in one of the  external  l e a d s ,  t h e  break c a n  be  e a s i l y  
It is not necessary  to  remove t h e  brush rig from repaired. An internal  break usual ly requires replace- 

i t s  support .  ment of the  co i l  s e t .  
3. T a g  l e a d s  which a r e  disconnected,  to a s s u r e  

correct. replacement. Mark the  posi t ion of other  A grounded condition c a n  b e  determined by placing 
parts  by sc ra tch ing  them t o  a id  correct  replacement. one t e s t  prod on a terminal end of the  winding and 

4. After removing the  two frame s tud  nuts ,  t h e  brush the other  t e s t  prod on a bare metal part of the gen- 
rig and frame may be  removed a s  a uni t ,  the  arma- erator frame. If the  t e s t  lamp l ights ,  a ground is 
ture bearing remaining on t h e  armature. indicated.  F ind  the point where the ground occurs  

5. T o  remove the  armature, loosen  t h e  armature and repair a s  necessary .  
cen te r  nut just  enough t o  avoid damaging t h e  
threads. While pulling outward on  t h e  armature, An internal short  c i rcui t  i s  b e s t  located with a s e n -  
s t r i k e  the  nut a sharp endwise  blow with a heavy s i t ive  ohmmeter. By comparing the res i s tance  of 
s o f t  faced hammer t o  loosen the armature. The each  individual co i l  winding, a short-circuited c o i l  
armature has a n  internal t aper  which fits into the i s  indicated by a lower res i s tance  reading. R e p l a c e  

external taper  of the engine when the en t i re  co i l  s e t  assembly if a short-circuit is in- 

the  armature is loose ,  remove t h e  s tud  nut and dicated. 
s l i d e  t h e  armature careful ly off t h e  through s tud .  

GROUND TEST (FIGURE 27) 
GENERATOR ASSEMBLY Use a s e r i e s  t e s t  lamp. T o  t e s t  the DC winding, 
B e  s u r e  t h e  run-out a t  the commutator end is not more place one t e s t  prod on the  armature s h a f t  and the  
than .012". E x c e s s i v e  run-out may b e  due  to a nick other on a commutator bar. If the t e s t  lamp glows, 
or dir t  on the  taper  of e i ther  the  armature or crankshaft .  a grounded circui t  i s  indicated.  
Remove any  foreign material,  ins ta l l  the  armature, then 
correct e x c e s s i v e  run-out by s t r iking the high s i d e  of T o  t e s t  the AC winding, p lace  one t e s t    rod on the  
the s h a f t  near t h e  ball bearing. Never s t r i k e  t h e  armature shaf t  and the other prod t o  a s l i p  ring. If 
commutator. the t e s t  lamp glows, a grounded winding or  s l i p  ring 

i s  indicated. 

ARMATURE 

F I G U R E  26. G E N E R A T O R  DISASSEMBLY 



FIGURE 27. TESTING FOR GROUNDED ARMATURE 

O P E N  C I R C U I T ,  A C  A N D  D C  WINDING 
T o  Test  the A C  Portion of the Generator: U s e  a s e r i e s  
t e s t  lamp. P l a c e  one  t e s t  prod on a s l i p  ring and 
the  other t e s t  prod to the  other s l i p  ring. T h e  t e s t  
lamp should light.  If the  generator h a s  four s l i p  rings, 
there a re  two s e p a r a t e  AC windings. T e s t  between 
the  two rings neares t  t h e  bal l  bearing. In e a c h  c a s e  
the  t e s t  lamp should glow. Fa i lu re  of the  lamp to 
light indicates  a n  open circui t .  On the  120/240volt  
reconnectible, the  t e s t  i s  made between the two center  
rings. T h e  t e s t  lamp should not glow. If the  t e s t  
lamp does  glow, a shor t  c i rcui t  between the s e p a r a t e  
windings is indicated.  See  F igure  28. 

If the  generator i s  a three p h a s e  (has  four s l i p  rings), 
the rings a re  connected together internally through 
the windings and the  l ight  should glow a c r o s s  any 
combination of s l i p  rings. If the generator is a three 
phase ,  three wire model, only three s l i p  rings a re  
used.  

To Test  the D C  Portion of the Generator: P l a c e  a 
t e s t  prod on a commutator segment  and hold i t  on  that 
one.  Touch t h e  other  prod to s u c c e s s i v e  bars  around 
the  commutator. If t h e  l ight  d o e s  not glow i t  ind ica tes  
a n  open DC winding. 

SHORT C I R C U I T  
An armature growler wil l  s e r v e  b e s t  for th i s  t es t .  
With growler current on, p a s s  a s t e e l  s t r ip  or hacksaw 
blade s lowly over t h e  laminat ions,  paral le l  to  s l o t s .  
Hold the  s t r ip  or blade aga ins t  the  laminations. A 
strong pull or vibration on a s l o t  ind ica tes  a shorted 
winding. 

After t es t ing  in  one posi t ion,  rotate  the  armature 
s l ight ly in  the growler and repeat  the t e s t .  Continue 
until  a complete revolution of the  armature h a s  been 
made (Figure 29). 

F IGURE 29. TESTING FOR SHORT CIRCUITS 

FIGURE 28. TEST ING FOR OPEN ARMATURE 



CONTROLS 

C O N T R O L  SYSTEM 
T h e  control  sys tem regulates  a l l  funct ions of the  marine 
generator and engine ignition, monitors temperature, o i l  
and bat tery charging funct ions.  A s e r v i c e  man should 
understand the  theory of operation thoroughly in  order 
t o  properly ad jus t  or troubleshoot the  Control System. 
T h e  operating c y c l e  includes s ta r t ing ,  s ta r t  d i sconnec t ,  
running, s topping and emergency shutdown funct ions.  
The  Onan components include the  s t a r t  s t o p  s w i t c h ,  
s ta r t  so lenoid ,  s t a r t  d i sconnec t  relay and bat tery 
charging res i s to r .  An optional e l e c t r i c  choke ,  high water  
temperature cu t  off swi tch  and low o i l  pressure cu t  off 
swi tch  a re  ava i lab le .  A battery charge diode is located 
in the generator end be l l  housing. Older models have a 
charge ammeter and a reverse current relay instead of a 
battery charge diode in the  control  panel.  

F U N C T I O N S  O F  COMPONENTS 
Start s w i t c h  when pressed completes  circui t  from bat tery 
posi t ive t o  s t a r t  solenoid.  

Start Solenoid: Supplies  voltage t o  s t a r t  eng ine  cranking.  
Magneto s u p p l i e s  ignition t o  spark  plug. 

Stop Switch: When energized th i s  e lec t r ica l ly  grounds 
the magneto through the s t a r t  d i sconnec t  relay. 

Start Disconnect Relay: Relay  d i sconnec ts  s ta r t ing  
circuit when engine s t a r t s  t o  run and generator bui lds  
up  t o  about 1 / 2  i t s  rated DC output voltage. 

Battery Charge Diode: Prevents  the bat tery from d i s -  
charging through the generator when unit is shutdown.  
Replaces  reverse  current relay used in older models. 

R E V E R S E  C U R R E N T  R E L A Y  
1. Used t o  prevent engine from cranking through the  

charge circui t  when s e t  is stopped.  
2, Disconnect  battery from generator when s e t  is 

stopped.  
3. Allows battery charging current t o  flow only to- 

wards battery - and not reverse - flow b a c k  into 
generator. 

4. Does no vol tage regulation regardless  of t h e  con-  
d i t ion  of the battery. 

B A T T E R Y  CHARGING RESISTOR 
Fixed  va lue  res i s to r  which determines t h e  rate  of 
charge depending on battery vol tage from 2-7 amps.  

Low O i l  Pressure Switch (Engine) 
Grounds magneto circui t  when oi l  pressure drops below 
9 lbs .  Allows engine oi l  pressure bui ldup during crank-  
ing. 
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High Water Temperature Switch (Engine) 
Grounds the  magneto when cool ing water  temperature 
e x c e e d s  235 O F. 

L o w  Oil  Pressure Switch (Engine) 
(Optional on 3600 rpm models equipped with o i l  pump). 
Grounds magneto circui t  when oi l  pressure drops below 
9 lbs .  Allows engine o i l  pressure bui ldup during crank-  
ing. Momentary contac t  swi tch  opens LOPKO circui t  
during emergency hand cranking. 

T E R M I N A L  BLOCKS (STANDARD) 
Remote - Gasoline 
1. Marked B +  (battery), I (ground) 2 (s top)  , 3 (start).  
2. Connect  # I  and 3 t o  s ta r t  - # l  and 2 t o  s top .  B t 

for use  with "HA" and "LT"  controls .  
3 .  Used on C l a s s  A uni ts  - except  "J" s e r i e s .  

Easy Check - The  unit c a n  b e  checked for problems 
by  grounding terminal 3 a t  the remote terminal block 
for checking s tar t ing,  and grounding terminal 2 t o  
c h e c k  stopping. 

SOLENOID C H E C K O U T  
1. Remove solenoid from circui t .  
2. Apply 12 vo l t s  t o  the  terminal marked " ~ a t t e r y " .  
3 .  Jumper a ground wire t o  the terminal marked "S" 

on s ta r t  solenoid.  
4. T h e  solenoid should ac t iva te .  
5. If the solenoid is good 1 2  vo l t s  c a n  b e  read between 

S 1  and ground. 

R E L A Y C H E C K O U T  
2 .  Remove relay from circui t .  
2 .  P l a c e  12 vol ts  on one s i d e  of the  relay c o i l  and 

ground t h e  other s i d e .  If the  relay a c t i v a t e s  it  
is operating. 

3. P l a c e  a 12 volt source  t o  one s i d e  of t h e  con tac t s .  
4. P l a c e  a voltmeter t o  the  other s i d e  of t h e  relay 

contact  and t o  ground. If 12 vo l t s  is present  when 
the relay is energized the relay is good. 

5. If the relay h a s  more than one s e t  of con tac t s ,  e a c h  
s e t  must be  checked in th i s  fashion.  

RESISTOR C H E C K O U T  
1. Remove bat tery B +  cab le .  
2. Disconnect  one s i d e  of the res i s to r  and us ing  a n  

ohmmeter measure a c r o s s  the  res i s to r  for a n  a c -  
cura te  reading. 

SWITCH C H E C K  
1. Remove B t cab le .  
2 .  P l a c e  ohmmeter l e a d s  a c r o s s  the switch.  
3. Activate  the swi tch .  If a short i s  read on the  meter 

the  s w i t c h  is good. 

SUGGESTIONS 
A. Servicemen should t a g  wires  t o  a s s u r e  proper 

reconnect ions.  
B. Otherwise take  photographs of more complex wiring 

before d i sconnec t ing  wires .  
C. Most reconnecting/rewiring is b e s t  accomplished 

by us ing  t h e  correct  wiring diagram and following 
the  connect ions shown on the diagram. 

ext inguishers  should  be  con- r - ' ~ ~ ' - )  r:2ently loca ted  when e lec t r ica l  
components a r e  being c l e a n e d  a n d  dried. O i l  vapors  
a n d  g a s e s  from s o l v e n t s  may be  flammable or exp los ive  
when mixed with air. B e  careful,  the gases may be 
irritating to  the  eyes ,  throat or nose.  Observe  good  
sa fe ty  p rac t ices  a t  all t imes while cleaning, drying, 
a n d  test ing e lec t r ic  equipment. 

Always d i sconnec t  the battery from the s e t  whenever 
servicing any  controls  or e lec t r ica l  equipment. Keep 
a l l  connect ions c l e a n  and tight and inspec t  l e a d s  oc- 
cas iona l ly  for worn insulat ion.  



WIRING DIAGRAMS 

T h e  wiring diagrams in th i s  s e c t i o n  a re  typ ica l  and 
apply only t o  s tandard  e lec t r ic  s e t .  Wiring diagrams 
for s p e c i a l  models a r e  avai lable  on request  from the  
factory,  s e n d  generator model, s p e c  and s e r i a l  numbers 
with the  request .  

Select  t h e  generator wiring diagram from tab le  below 
according t o  t h e  model, vol tage,  phase and number 
of output wires .  

-- 
ELECTRICAL DETAILS 

WIRING DIAGRAM PAGE NO. 
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HiGH 71 i? CUTOUT SM (WHEN USED) 

T E R M I N A L  BLOCK 
ND_ 3 3 z ~ e . z ~  

T E R M ,  B L O C K  HIT6 
B R K T .  N? 3 3 2 A 1 9 8  

--- 

N O  3 0 7  061 

S T A R T  S W L T C H  

N ?  3 0 8 - 1 5 5  

100 A M P .  FUSED S W I T C 4  
A N D  B A T T E R Y  F U R N I S H E L  
B Y  C U S T O M E R .  

- - - - -  
- I  *---1. t - -' 

ro za v .  14 
B A T T E R Y  ,---L~-- 

C O N T R O L  B O X  N: 3 0  i c z  l o +  
C O V E R  N P  J O i C  , 8 5 8  

- . S M r D . C O N D .  
N E 3  I 2  A l l  

ARMATURE 
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