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SECTION 2.1 - BASIC ENGINE MECHANICAL

2.1.1- Tightening Cylinder Head Bolts

Retighten cylinder head bolis while engine is cold (ap-
proximately 68" F. (20" C.), as follows:-

A Remove all spark plugs, oil pump drive gears,
retainer and bolis.

A

4 spark plugs

B Retighten bolis in the sequence shown. Tighten to
47-51 foot-pounds {64-69 N-m).

|

2.1.2- Tightening Manifold, Exhaust Tube
and Carburetor Fasteners

Intake Manifold Nuis:- 12-15 foot-pounds (16-21 N-m)
Exhaust Tube Nutls:- 22-26 foot-pounds (29-35 N-m)
Carburator Bolis:- 4.3-5.8 foot-pounds (6-8 N-m)

2.1.3- Adjusting Valve Clearance

Adjust valves while engine is warm but not running, as
follows:-

C  set No. 1 cylinder at top dead center (TDC) of is
compression stroke and adjust valve clearance 1, 2, 3
and 6. Then, set No. 4 cylinder at top dead center (TDC)
of its compression stroke and adjust valve clearance 4,
5, 7 and 8. Set valve clearance as follows:-

Valve Clearance HOT
INTAKE - 0.010 inch {G.25mm)

EXHAUST - 0.012 inch (0.30mm)

Front

D When vaive clearance is properly set, ighten the ad-
justing screw locknut to 8-11 foot-pounds (11-15 N-m).

D




2.1.4- Checking Drive Belis

E Inspect for cracks, fraying, wear or giliness.
Replace, if necessary. The belts should not touch
boitom of pulley groove. Belttensionis correct whena
force of about 22 pounds, (10 kg) applied midway
between pulleys, resulis in a beli defiection of about
1/2-3/4 inch (12.7-19.0mm).

2.1.5- Measuring Compression Pressure

F wam up engine. Then, shut down and remove all
spark plugs. Use a standard automotive type engine com-
pression tester. Hold throttle and choke valves on car-
buretor fully open, then crank engine and read the com-
pression pressure. Compression pressure should be as
follows:

STANDARD - 192 psi (13.5 kg/cm?) at 350 rpm
MINIMUM - 164 psi (11.5 kg/cm?) at 350 psi

DIFFERENCE BETWEEN CYLINDERS SHOULD
NOT EXCEED 14 PSH {1.0 kg/om®)

H compression is low in any cylinder(s), pour a small
amount of clean engine ofl into cylinders through the
spark plug opening. Then, retest compression and
evaluate as follows:

* If compression pressure increased after adding of,
check for worn or damaged piston rings.

* If pressure did NOT increase after adding oil, valve(s)
may be sticking or seating impropedy.

* I compression in any two adjacent cylinders is fow and
adding oif did not increase the compression, check for a
ieaking head gasket.




SECTION 2.2 - TIMING BELT REMOVAL, INSPECTION & INSTALLATION

2.2.1- Timing Belt Precautions 2.2.2- Timing Belt Removal
Comply with the following precautions when removing, in- A Remove BELT GUARD.

specting or installing the timing beit:
are free from oil and water.

No. 1 cylinder is set at top dead center (TDC) of iis
compression stroke.

*  Align the arrow on the timing be#t in the direction
of engine rotation.

belt tension.
crankshaft and camshaft separately {valves will

strike the piston heads).
* DO NOT bend or twist the timing belt ioo tightly.

A

Check that the timing belt, puliles and tensioner

Prior to installing the timing belt, make sure that

Remove alf spark pilugs before adjusting timing

When timing belt is removed, do NOT rotate

TIMING BELT AND RELATED COMPONENTS

i~ Lock washer

Timing belt*“x\ Vo
. @a
4
\

Upper dust i
cover gasket — : i \
i Camshaf:

// . }
/ pulley 7 \é
i g
\ ¢ VEHICLE
e Cylinder block  proONT

<— - Tensioner spring
; Tensioner

Crankshaft sprocket

i
y

Upper dust cover 7

Water pump assembiy

Lower dust
cover




B Loosen tension on drive belt by ivosening sea water
pump {ensioning boll. Remove Drive Bell.

)

s on

. TENSIOMMG

Lo
\\ N
N

C Remove Crankshaft Pulley.

C
Crankshaft pulley
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D Set No. 1 cylinder at top dead center {TDC) of iis
compression stroke. Then, remove upper and lower dust
covers and gaskets. Loosen timing belt tensioner and
return spring, then remove timing belt.

2.2.3- Timing Belt Inspection

E Beitis Broken: Caused by improper handiing, poor
belt cover sealing, coolant ieakage at water pump.

F Tooth Broken or Tooth Root Cracked: Caused by

camshaft jamming, distributor jamming, damaged
crankshaft or camshaft ol seal.

(G Back Surface is Cracked/Worn: Caused by ten-
sioner jamming, overheated engine, interference with
belt cover.

G

D

Tensioner

H side surface Worn: Caused by improper belt instal-
lation, defective crank pulley and/or timing belt plale.




J Belt Teeth are Worn: Caused by poor belt cover seal-
ing, coolant leakage at water pump, defective camshat,
defective distributor, excessive belt tension.

J

2.2.4- Timing Belt Installation

K check that No. 1 cylinder is at fop dead center {TDC)
of its compression stroke. Align camshatft and crankshaft
pulley marks.

K

Align

~ Camshaft puliey mark

Zlerankshaf‘f puliey mark

L instail tensioner and retum spring. Hook the return
spring to its stopper.

M Slide the tensioner to the left and tighten lock nut
temporarily.

N Check that the water pump and tensioner puileys can
be rotated smocthly, with no evidence of binding. Install
timing belt.

IMPORTANT: Make sure timing belt is clean and free
of oil and water. Do not bend the beli. Arrow on belt
must peint in normal direction of rotation.

Loosen tensioner lock nut. With all spark plugs removed,
rotate camshaft pulley two full turns counterclockwise.
Tighten the tensioner lock nut. Finally, check belt tension.

With force of 1.06-1.28 pounds applied, belt should
deflect about 0.08 inch (2mm).



Tighten tensioner lock nut to 11-12 foot-pounds (15-
17 N-m}.

Cam sprocket
wrench

Slowiy turn two
complete rotations




SECTION 2.3 - CYLINDER HEAD

2.3.1- Cylinder Head Removal

A Remaove-timing belt (Section 2.2). Then, remove OlL
PUMP IDLER GEAR.

2.3.2- Disassembly

D Remove bolt lock tabs and rocker shaft with rocker
arms, KEEP THEM IN PROPER ORDER,.

il o} id
Q pum fer r
//— i gea:

S wd de)
sl

B Remove cylinder head, Loosen bolts in the se-
guence shown.

B

C cyinder head is hard to separate, pry with a
screwdriver.

C

£ Bolt stopper




ENGINE CYLINDER HEAD

Rocker —..

stopper

Always use ;@

new parts.

¥

Bolt '

Rocker
pivot
retaine[

Rocker shaft -

Be sure to align rocker
shaft front mark to
timing belt side,

x
e E

Valve spring
retainer

Valve spring -

. |
Valve oil seal —

Vaive spring .
outer seat

Intake valve—/

& When installing sliding parts such as

bearings,

be sure to apply engine oil

on the sliding surfaces.
& Use new gaskets and oil seals.
® When installing welch plug, apply

sealant.

Rocker shaft bolt

Rocker arm

-— Valve spring
callet

- Exhaust valve

Camshaft oil

Qil pump

spring stopper

Qil pump regulator spring
Be careful of its direction.

seal —

Intake valve insert

Exhaust valve :.:ERV

Oil pump idler gear

Oil pump drive gear
Camshaft retainer

ﬁ Tapered plug
Valve rocker cover ﬂ %

__ @ The bolts should be loosened in
two or three stages.

e Tighten cylinder head bolts in five
stages.




G Remove valve oil seals, using suiiable puller.

G

2.3.3- Check Cylinder Head Distortion

H usea thickness gauge and straightedge o measure
cylinder head distortion. Lay the siraightedge across the
cylinder head surface as shown. Surface warpage must
not exceed 0.004 inch (0.1mm). if surface warpage ex-
ceeds the siated value, cylinder head may be resuraced.

Resurfacing Limit:- The amount of resurfacing that can
be done on the cylinder head depends on the amount of
resurfacing on the cylinder block. if the amount of HEAD
resurfacing is "A™ and the amount of BLOCK resurfacing
is "B", the maximum limit is as follows:

A + B = 0.008 inch (0.2mm)

H Measuring paints

Warpage of surface:
Lass than 8.1 mm (0.004 in}

~. 1 hickness gauge
%
L35

2.3.4- Valve Guide Clearance

J Use a suitable dial indicator o measure valve stem
to guide dlearance. Valve should be moved parallel to the
rocker arm, since most of the wear ocours in this direc-
tion. See ilustration for maximum limits.

J

Stem to guide ¢learancs:
Maximum limit
0.1 mm (0.0038 in}
Max. atlowable deflection
{Dial indicator reading)
0.2 mm {0.008 inj P

2.3.5- Valve Guide Replacement

K Heat cylinder head to 302°-320° F. (150°-160° C.).

K

L. Press valve guide out with a press, usinga 2.2 U.S.
ton (20 kN} force. If press is not available, use a hammer
and suitable driving tool.

L

10



N Heat cylinder head to 302°-320" F. {150°-160° C.},
then press service valve guide onto cylinder head.

N

O Ream valve guide o finished size of 0.2758-0.2764
inch (7.005-7.020mm).

o

==

W7
5

3
&

11

2.3.6- Valve Inserts

P Check valve inserts for evidence of pitting at valve
contact surface. Reseat or replace, it worn excessively.
The following rules apply:

* When repairing valve inserts, first check valve and
valve guide for wear, if worn, replace them. Then, comrect
valve seat.

* Cutting should be done with both hands, for more
uniform cutting.

P
= = :
L0 DA
S add &)
:‘-_:4,8\_? A 7 J
N i . =0
LAY 7 i

If necessary, replace vaive inserts as follows:
a. Ream the cylinder head recess.
b. Heat cylinder head to 302°-320° F. {150°-160" G.).

¢. Instalf insert. Make sure it bends at bottom face of its
recess and caulk at more than 4 places.

d. Newly fitted valve seais should be ground with a
suitable tool, to the specifications listed in the applicable
SPECIFICATIONS chart.

e. Apply a small amount of valve grinding compound to
valve contacting face and place valve into guide.

2.3.7- Camshaft Bearing Clearance

( Check camshatt bearing clearance as shown. Max-
imum clearance between bearing and its bore is 0.0059
inch (0.15mm).

F Check bore and check bearing ouiside diameter. Dif-
ference between them is bearing clearance.



T

T {Margin thickness)

2.3.8- Camshaft Runout

S Usea suitable measuring device to check camshatt
runout.

2.3.9- Valve Dimensions

T check dimensions of all valves. Refer o applicable
SPECIFICATIONS chart,

12

When valve head Is worn to 0.020 inch (0.5mm) mar-
gin thickness, replace the valve. Grinding aliowance
for vaive stem end surface is 0.008 inch (0.2mm) or
less.

2.3.10- Vaive Spring Squareness, Free
L ength and Tension

U Valva spring out-of-squareness must not exceed
0.079 inch (2.0mm). Hefer to applicable SPECIFICA-
TIONS chart for spring free length and tension.

U

_w;;.._s

1

2.3.11- Cyilinder Head Assembly

'V install valve oil seal. Then, install valve componenis

paris. Apply engine oil to camshaft oil seal and install the
seal.

W install camshaft assembly. Note positioning of cam-
shaft frontface when No. 1 cylinder is set at top dead cen-
ter (TDC) of its compression stroke.



YTiming beit

sice Cea_ter
retainer
1o C [

%

S

=)
!

TR Y

bErss
s,

14.8 - i5.2 mm
{0.583 - 0.598 in)

Rocker g
shaft — 4

W el

Timing belt N
Knock pin side i OE}

Punch mark

X Measure camshatt end play with thermostat hous-
ing and gasket instalied.

AA  instan oi pump idier gear and oil pump regulator
spring. Make sure spring faces in the proper direction.

AA

Oif pump regulator spring -

s
Y install Rocker Shaft with Rocker Arms. | [ it pump drive gear

Z  Attach bolt stoppers. ALWAYS USE NEW BOLT
STOPPERS.

Qil pump spring stopper

13



2.3.12- installation

BB Set No. 1 cylinder at TDC of its compression stroke
by first aligning the CRANKSHAFT THMING PULLEY
MARK with mark on main bearing cap.

BB
/
J

H
Crankshaft timing
puliey mark J

CC Align CAMSHAFT TIMING PULLEY MARK with
mark on cylinder head.

IMPORTANT: DO NOTROTATE CRANKSHAFT AND
CAMSHAFT SEPARATELY, BECAUSE VALVES WILL
HIT PISTON HEADS.

bD Install cylinder head with new gasket.
* Always use a new cylinder head gasket.

* Before fightening cylinder head bolis, check that the oil
pump drive gear can be turned freely by hand.

* Always install washers between bolts and head.

* Tighten cylinder head bolts in the sequence shown in
Mustration "DD".

©®

C

©
@

*

*

EE Cylinder Head Bolts Tightening Procedure:

* First, Tighten all bolts to 22 foot-pounds {29 N-m)

*

Then, tighten ali bolts tc 47 fool-pounds (64 N-mj}
Loosen ail bolts completely.

Tighten all bolts to 22 foot-pounds (29 N-m)
Tighten all bolis {o 47-51 foot-pounds (84-69 N-m).

*

14

IMPORTANT: When retorguing cylinder head bolls
for normal periodic maintenance, first loosen ali
eylinder head bolts slightly. Then (with engine COLD),
tighten all bolts in the correct sequence to 47-51 fool-
pounds {$4-69 N-m}.

FF installtiming beit. Install oit pump idler and oif pump
regulator spring. Make sure spring direction is correct. In-
stall UPPER DUST COVER, making sure ifs gasket
mates with cylinder head properly.



Cylinder head

Gasket D
\

Upper dust
cover

GG Tighten upper dust cover bolis to 2.9-3.6 foot-
g p
pounds {4-5 N-m).

15

Install spark plugs and ighten to 14-22 foot-pounds (20-
29 N-m).



SECTION 2.4 - OIL PAN AND OIL PUMP

2.4.1- Removal

A Dprain engine oil. Then, remove oil pump assembly
with oil strainer, BE CAREFUL NOT TO DROP QIlL
PUMP DRIVE SHAFT.

2.4.2- Inspection

Referto Part 3, ENGINE LUBRICATION AND COOLING
SYSTEM.

2.4.3- instatiation

Instali oil pump assembly and tighten to 13-16 foot-
pounds (18-22 N-m}.

IMPORTANT: Before tightening oil pump assembly,
rotate oil pump drive gear to make sure that pump drive
shait does not interfere with inner walf of cylinder
block.

B Apply RTV gasket sealant to oil pan as shown.

Apply sealant

16

C instalioliseals. Apply RTV sealantto upper and lower
surfaces of gaskets as illustrated.

C

Gasket A —

Gasket B

Instali gaskets and oli pan. Tighten to 2.9-3.6 foot-pounds
(4-5 N-m).



SECTION 2.5 - OlL SEAL REPLACEMENT

2.5.1- Replacement of Camshaft Qil Seal

A remove {iming belt. ol pump idler gear. Remove boit
stoppers and rocker shaft with rocker arms. Remove
camshaft. Remove camshaft oil seal. Apply engine oil to
new camshaft oil seal and install.

2.5.2- Replacement of Crankshaft Front Oil
Seal

B Remove fiming belt and cover. Remove oil pan.
Remove main bearing caps. Remove crankshatf! oif seal.
Apply engine oil to new off seal and install.

QOif seat

17



SECTION 2.6 - ENGINE OVERHAUL

2.6.1- Disassembly

A Piace enging on workstand. Remove timing belt
cover and fiming belt. Bemove cylinder head and oil pan.
Remove pistons.

B Remove crankshafi rear oll seal retainer. Remove
bearing caps. Finally, remove crankshaft.

B

\o =2 .:).»\,EC‘__O,_“_ E 3 @\}3
@@@fﬁ@i—@
ﬂ%ﬁ%ﬁn(\ @/N
YA INCTA A
Dwe=@ = @ O@gﬁ@’

= I

Loosen in numaerical order

2.6.2- inspection

C siide piston pin intc piston pin bore. Pin must slide
smoothly into bore at room temperature, without side play
and without binding.

Piston Pin to Piston {learance:- 0.0003-0.0005 inch
{0.008-0.012mm)

D Check side clearance as shown. Clearance should
not exceed the maximum fimit stated.

Top Ring....ooo. 0.0016-0.0028 inches (0.040-0.073mm)
Secend Ring ...0.0012-0.0025 inches (0.030-0.063mm)
Maximum

Tolerance........0.008 inch (0.2mm)}

D

N.G.
\
Thickness _§

gauge

O.K.

18



ENGINE OVERHAUL- CYLINDER BLOCK, CRANKSHAFT & PISTON

Rear oil seal retainer —
. Crankshaft rear oil seal

3\

\ i

Y\ r Engine rear
{ rubber

Cylinder block w\

Apply sealant to threads of plug % o7

and surfaces of gasket, =
(=1

> %
o ¢
@ ’ Main bearing
Crankshaft & e ; /' Select suitable thickness of main bearing
frent oil seal o /
e e
\% S B y {M/T model} - y P, y
) i // Flywheel ' 22

@»Pismn ring

_ &,% Fistor o A
Piston — ﬁﬁ\} ) 5oy,

RS AN
@ % \—Crankshaft /
Q)ﬂ %g (! Engine rear plate —'

in two or three
stages.

Tighten or loosen 4@

Qil pump drive—wé
shaft !
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E check piston ring gap as shown.

Top Ring

No, 1 Grade.....0.0083-0.0118 inch (0.21-0.30mm)
No. 2 Grade.....0.0071-0.0118 inch {0.18-0.30mm)
No. 3 Grade.....0.0071-0.0118 inch (0.18-0.30mm)

Second Ring ... 0.0059-0.0154 inch {0.15-0.39mm)
Sil Ring ..ocee.ee 0.0079-0.0311 inch (0.20-0.79mm)

F use “Piastigageg" to check bearing clearance. Com-
ply with the following:

* DO NOT turn crankshaft or connecting rod when plas-
figage is being inseried.

* When bearing clearance exceeds the specified fimit,
ceck that the comect bearing has been instalied. if exces-
sive clearance still exists, use thicker main bearing or un-
dersize bearing to oblain specified clearance.

Bearing Clearance
Main Bearing .. 0.0012-0.0020 inch (0.03-0.05mm}

Limit.ne 0.0030 inch (0.075mm)
Connecting

Rod Bearing.... 0.0008-0.0024 inch (0.02-0.06mm)
Limit.eeen. 0.0047 inch (0.12mm)

20

G Inspeact crankshaft journals for scoring, blas, wear or
cracks. Minor defects may be corrected using fine crocus
cloth. Use a micrometer fo check journais for taper and
out-of-round.

Out-of-
Round {X-Y).....0.0804 inch (0.01mm)

Taper (A-B)...... Less than 0.0008 inch {0.62mm)
G
r-_ —
A 8
8 ¢
{
"__'1/ e

H when regrinding crank pin journal, measure the "L."
dimension in fillet roll. Measured vaiue must exceed the
specified limit. if measurements are within the specified
limit, do not regrind.

Greater than 6.0051 inch {0.13mm)

IMPORTANT: DO NOT grind off fillet roll. Refer to
applicable SPECIFICATIONS chart for regrinding
crankshaft and available service paris.



J Check crankshaft runout.

Less than 0.0031 inch (0.08mm)

T.LR. = Tota! Indicator Reading

K surace warpage must be less than 0.004 inch
{0.1mm). If beyond the specified limit, resurface cylinder
block.

Resurfacing fimit of cylinder biock is defermined by the
amount of resurfacing done on cylinder head. K the
amourt of resurfacing on the cylinder head is "A" and the
resurfacing on the cylibnder block is "B", thye maximum
limit is as follows:

A+ B =0.008 inch {0.2mm)

IMPORTANT: When resurfacing, use care not to cui
off the punched piston grade number.

Warpage of surface
Less than 0.1 mm {0.004 ins}

i

ickness Qauge

S~
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L Use a bore gauge to measure cylinder bore for wear,
taper or out-of-round. inspect for scratches or seizure,
hone bore as necessary.

Standard

inside

Diameter......... 2.7953-2.7965 inch {71.00-71.03mm)
Cut-of-Round

{(X-¥Y) Limit .......0.0088 inch (0.02mm)

Taper Limit

{&-B)....cvrrrennnn..0.0008 inch (0.02mm)




M Use a micrometer to measure piston skirt diameter.

Standard Piston Skirt
Diameter.......... 2.6759-2.6770 inch (67.967-67.997mm}

M

N Measuring point for chacking piston skirt diameter

P check Fiywheel Runout:- Total indicator reading
(F.1LR.) should be less than specified. '

T.LR.
should be 0.35 inch (Smm) as shown (Point "L"). RUNOUL..coveee.. Less than 0.0059 inch (0.15mm)
N P

Piston clearance must be within the stated specification.

Pision
Clearance........ 5.0009-0.0017 inch (0.023-0.043mm)

0 Measuring Piston Clearance:- Use a 0.0016 inch
{0.04mm}) thick feeler gauge, inserted between piston and
cylinder bore. Force required to remove the feeler gauge
should be as specified.

Removat
FOICe ..vvvcannnnn. 1.1-3.3 pounds (0.5-1.5kg}

2.6.3- Assembly

Q Pision:- Numbers are stamped on connecting rod
and connecting rod caps, which correspond to the
cylinder number. Pistons, connecting rods, rod caps and
bearings should be installed only in the correct cylinder.
DO NOT COMBINE PARTS FROM DIFFERENT
CYLINDERS. When pressing piston pin into connectling
rod, apply engine oil to pin and small end of connecting
rod.



R Crankshaft:- Piace main bearings in their proper
position on cylinder block.

R

Upper main bearing

Timing belt side

Lower main bearing

Ne. §

it groave
No. &
m
No. 2 o
Mo, 1 o
|

k‘

U

Timing belt side

S mann Bearing Selection:- If the crankshafi, cylinder
block and main bearings are to be replaced, you must
select proper main bearing thickness as follows:

IMPORTANT: When either the crankshaft, cylinder
block or main bearings are to be re-used, it wil be
necessary to measure main bearing thickness with
plastigage.

Numbers are stamped on the engine which indicate
cylinder block main journal. Each bore mustbe measured
separately.

23

T Each crankshaft has stamped numbers which indi-
cate main journa! dimensions. Each jounal is measured
separately.

T

No. 2 journal — Is No. 3 journal 1

No. 1 journal — / ./ f«ﬁ Ni/“ jeurnal
< i _‘g
i
(3
Y
Timing rﬁg_‘\t
belt @ I} o
side fjm?’
)
\®)

U Select main bearing thickness and crder from
paris manual.

V  install Piston Assembly:- Install piston rings as
shown in illustration.

\'

- Piston pin directicn

Thrust direction

-— Top ring

L=
| 2nd ring
< \E il ring
S =

upper rail
Ly
R

Cifring

g
& g’
“;_ expander

Qi ring
iower rail

Piston front mark




W install main bearing caps and tighten bolts {o 34-38
foot-pounds (46-52 N-m). Always tighten in 2 or 3 stages.
Betore tightening bearing cap bolts, place cap in proper
position by shifting crankshaft axially. After tightening the
bearing cap bolis, make sure crankshaft turns smoothly
by hand.

X Measure crankshaft free end play at the center bear-
ing.

End Play.......... 0.0024-0.5087 inch (0.06-0.22mm)
Wear Limit....... 0.0197 (0.50mm)

Y Measure connecting rod end play.

End Play.......... 0.0039-6.0146 inch (0.10-0.37mm)
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3.1.2- Oii Pump Disassembly
3.1.3- Oit Pump Inspection
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PART 3
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3.6.2- Freezing Temperaiure Operation
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SECTION 3.1 - ENGINE LUBRICATION SYSTEM

3.1.1- Oil Pressure Check A

A wam up engine. Then, shut down and remove ol
pressure switch. Install a direct reading pressure gauge.
Start engine and check oit pressure with engine running
atno-load condition {no elecirical foads connected to gen-
erator). Oil pregsure should be approximately 40-46 psi
{2.8-3.2 kg/cm®) at 1860 rpm.

Engine Luibrication Circuit
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3.1.2- Ol Pump Disassembly

B when removing olf pump assembiy, be careful notio
drop the oil pump drive shaft. When instailing the pump,
apply engine oll 1o drive gear and shaft. The inner rotor
and shaft cannot be disassembled.

3.1.3- Oil Pump Inspection

C Visually inspect parts for wear and damage. Check
oif pressure reguiator valve sliding surfaces and valve
spring. Replace valve seat, if damaged. Using a feler
gauge, check the following clearances:

B

Gil purmnp body
Inner rotor and rotor shaft

Quter rotor

Gasket

Gil pump caver

Reguiator vaive
Valve set

Spring
Pin \
R
SV
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Oil pump drive gear

Cif pumgp idier gear

L ——— Qil pump drive shaft




* (1) Rotor Tip

Clearance........ L.ess than {.008 inch {0.2mm)
* {2) Outer Rotor to Body

Clearance........ Less than 0.008 inch {0.2mm)
* {3) Rotor to Straight

Edge...ccooreeeenne. Less than 6.008 inch {0.2mm)

3.1.4- Low Qil Pressure Shutdown

D shoud engine oil pressure during operation drop
below approximately 15 psi, an automatic engine shut-
down will occur. The low oil pressure switch sensing port
senses ofl pressure in the engine main oif gallery. The
switch is normally-closed (N.C.), is held open by ol pres-
sure during starfup and operation.

To test the low oil pressure shutdown feaiure, start en-
gine and run at no-load (all electrical loads disconnected
from generator). Remove wire from oil pressure switch
and hold its terminal end against a clean frame ground.
After a short delay, engine should shut down,

pd
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SECTION 3.2 - COOLING SYSTEM WATER PUMP AND THERMOSTAT

3.2.1- Water Pump

A The engine water pump cannot be disassembled and
must be replaced as a unil. Check pump for excessive
end play and smoothness of rotation. Bolt hotes are drilled
thorugh water jacket in the cylinder block. Use a sealant
and tighten the bolts to their recommended torque. After
instailation, operate engine and check for leaks.

3.2.2- Thermostat

B & C Check thermostat for proper seating at am-
bient temperature. It should seat tightly Check opening
temperature and valve Jift,

Valve Opening

Temperature... 190" F. (88" C.)

Maximum Valve

Lift e 0.31inch at 212" F. (Bmm at 100" C.)

Also check that valve closes at 9" F. (5™ C.) below valve
opening temperature.

Following installation, run engine and check for leaks.

Gasket

Thermaostat

A
= Water outlet

Water pump assembiy




SECTION 3.3 - HEAT EXCHANGER AND EXHAUST OUTLET

3.3.7- General

When working on the heat exchanger assembly, comply
with the following:

* Tighien all M6 fasteners on Heat Exchanger to 7 foot-
pounds

* Apply LOCTITER 242 10 all studs before installing them
into Heat Exchanger exhaust maniiold.

" Apply LocTiTeR pipe sealant fo all 1/2 and 5/8 inch
pipe filings on Heat Exchanger.

* Apply ANTI-SEIZE COMPOUND 1o EXHAUST QUT-
LET PIPE NIPPLE before installing it.

* Apply PLIOBOND" gasket sealant fo il gasket sur-
faces before insiallation.

* Apply PETROLEUM JELLY 1o exhaust manifold o-ring
hefore the tube bundle is installed.

#*

Fressure test caplive water coolant chamber in Heat
Exchanger at 30 psi (engine coolant chamber).

#

Pressure test sea water and exhaust outlet chamber
at 30 psi.

3.3.2- Radiator Cap

A Use an automotive type cooling system pressure
tesier 1o test radialor cap opening pressure. Opening
pressure should be approxdmately 12.5-13.5psi. The cap
i5 also equipped with a vacuum relief valve. Proper opera-
tion of both pressure and vacuum relief vaives is neces-
sary for operation of the coolant recovery system.

A

———\ e =~ PRESSURE
|| PEESS
g_ ' VALVE
—" VACUUM
RELIEF
e _VALVE

3.3.3- Zinc Anode

B This sacrificial anode will erode to protect other cool-
ing system parts against corrosion. Replace the anode If
eroded 50% or greater,

B

7 ZINC
ANODE

3.3.4- High Exhaust Temperature Switch

C tHwater temperature in exhaust outiet fitting exceeds
approximately 2487266 F. (119°-130° C.), engine will
shut down automatically. The switch protects the exhaust
system hoses against heat damage that might result in
leakage of exhaust fumes into areas inhabited by people.
See Seclion 3.4,
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SECTION 3.4 - AUTOMATIC PROTECTIVE SHUTDOWN SWITCHES

3.4.1- High Coolant Temperature Switch

A a normaliy-open (N.O.) thermostatic switch has a
sensing tip, which is immersed in caplive (engine water
jacket} coolant. Should caplive coolant exceed ap-
proximately 230" F. {110° C.}, the swilch contacis will
close and {(afier a short delay) the engine will shut down.

3.4.4- Testing High Exhaust Temperature
Switch
C  Use an ohmmeter to check closing temperatur of

swilch contacts. Contacts should close at 246°-266° F.
(119°-130° C.).

A i

baris |5
crepd
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3.4.2- High Exhaust Temperature Switch
See Paragraph 3.3.4 on Page 6.

3.4.3- Testing the High Coolant Tempera-
ture Swilch

B Remove swilch and check switch contacts closing
temperature with an chmmeter. Contagcts should close at
about 225°-235° F. (107°-113" C.}.

B

C
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3.4.5- Operational Tests

IMPORTANT: Operational tests of automatic shut-
down systems must be done with the engine at ho-
ioad {no elecirical ioads connected to generator).

[ Remove Wire #85 from switch terminal. Start engine,
let it siabilize and warm up at no-load. Heid terminal end
of Wire #85 into firm coniact with a dlean frame ground.
After a short delay, engine should shut down.

D
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SECTION 3.5 - SEA WATER SYSTEM

3.5.1- The Sea Water System

A seawater {raw water), rather than air, is used to ex-
tract heat from the captive coolant during operation. This
sea water is pumped inte the heat exchanger and exhaust
outlet by a sea water pump. The following rules apply to
this system:

IMPORTANT: Only a flush type (through the hutl) raw
water inlet fitting shouid be used on a vesel. DO NOT
USE “SCOOQOP TYPE” FITTING. A forward facing
scoop can force seawater past the seawater pump and
into the engine.

* Sea water system suction lines MUST be AIR TIGHT
or the pump will not self prime. The pump depends on
sea water for iis lubrication. NEVER RUN THE PUMP
DRY FOR LONGER THAN 30 SECONDS. Lack of water
will result in damage to the pump impeller.

*

Sea water pump maximum lift (when dry} is ap-
proximately 10 feet (3.0m). When wet, the pump will
produce a suction lift of about 22 fest (6.7m).

*

Water MUST be available to the sea waier pump
hefore the engine is started. Without an adequate flow of
water through the sea water system, pump damage and
engine/exhaust system overheating will occur.

* Sea water pump flow rate is approximatsly 6 U.S. gal-
lons per minute.

An engine water pump (Section 3.2} forces captive water
through the engine cylinder block, cylinder head and heat
exchanger. Sea {raw) water is pumped through the heat
exchanger, to cool fhe captive water, Afier being cooled,
the captive water Is returned o the engine water pump
and recircuiated through the system. The sea water is
pumped into the exhaust outlet fitting and overboard
through the exhaust system,.
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EXPLODED VIEW OF SEA WATER PUMP

DESCRIPTION

SCREW- M5-0.80 x 8mm
LOCKWASHER- M5
BACK PLATE

GASKET

IMPELLER

WATER SEAL

BALL BEARING

SHAFT

PUMP HOUSING

PUMP PULLEY

PUMP BEARING
INTERNAL SNAP RING
O-RING

PUMP CAM

ELBOW- 3/8" NPT x 5/8" 1D
SPRING CLIP

10




SECTIONAL VIEW OF SEA WATER PUMP
17
10

17

REF NC.

DESCRIPTION
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13
14
17
18

PUMP HOUSING
SHAFT

PUMP PULLEY
BACK PLATE
GASKET
IMPELLER
WATER SEAL

O-RING

BEARING

BEARING

PUMP CAM

INTERNAL SNAP RING
SCREW- M5-0.80 x 8mm
LOCKWASHER- M5

PACK AREA WITH GREASE
SCREW- M5-0.80 x 8mm

11




SECTION 3.6 - COOLING SYSTEM PERIODIC MAINTENANCE

3.6.1- Sea Water Pump Operation

The owner/operator of the vessel in which the marine
generator is instalied is responsible for the following
operational and maintenance requirements:

* Seawater pump opsration must be checked daily. This
¢an be done by cbserving the sea water flow from the
vessel's exhaust outlet.

" The vessel's sea water cock must be opened before
operaling the marine generator.

* If the sea water system includes a sea water filter, that
fiter MUST be checked periodicaily. Even a partially
clogged filter may result in engine and exhaust system
overheating.

¥ Ciamps and fittings on sea water suction hoses must
he tight and the systermn must be free of leaks. Any leakage
in the suction side of the sysiem can resuit in loss of the
pump’s self priming capability, loss of sea water flow, and
enginhe/exhaust system overheating.

AWARNING

Whhout adequate sea water, engine and/or exhaust
system damage may resuit. Damage to the exhaust
sysiem can resuli in serious injury or death 10 oc-
cupants of the vessel caused by carbon monoxide
peisoning.

3.6.2- Freezing Temperature Operation

The engine captive water system was factory serviced
with a B0-50 mixiure of ethylene glycol base anti-freeze
and soft water. When adding coolant, enly the recom-
mended 50-50 mixture should be used. i the recom-
mended 50-50 mixture is added consistently, the marine
generator wilt be adequately protecied against freezing
temperaiures,

12

HCAUTION

When adding coolant or when refilling the cooling
system afier flushing, use only a LOW SILICATE,
ethyiene glycol base anti-freeze formuia and use
SOFT WATER only. If a rust inhibiior is used, do not
use any chromate base inhibitor with ethylene glycol
base anti-freeze or the formation of "green slime”
{chromium hydroxide) will result. In addition, the for-
mation of "green slime” may be caused by {a) use of
high silicate anti-freeze boosters or additives, {(b)use
of hard water, or {c} use of a2 high ratio of anii-freeze
to water. Do not exceed 60% anti-freeze in the coolant
mixiure., Formation of "green slime” wil lower the
heat transfer rate and cause overheating.

3.6.3- Checking Captive Coolant Level

Daily checks of captive coolant level may be ac-
complished by checking the coolant recovery botlle. Add
the recommended 50-50 mixture to the recovery botile as
required.

Periodically, remove the pressure cap from the heat
exchanger to ensure the coofant recovery system is
functioning properly. Coolant level must be al top of
heat exchanger filler neck. if coolant level is low,
inspect gasket in pressure cap for damage or wear.
Replace cap, if necessary. Cap may be tested as out-
ined in Paragraph 3.3.2. Also inspect cooling system
and coolant recovery system for leaks.
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SECTION 4.1 - FUEL SYSTEM

4 1.1~ Fuel Recommendations

Any high quality LEADED or UNLEADED regular grade
gasoline having a minimum posted octane rating of 86
(research octane number 90) is satisfactory for use with
the marine generator,

The use of any gasoline containing alcohol {either
methanol or ethanol) is NOT RECOMMENDED.
Gasolines containing alcohol tend to absorb moisture
from the air. Such absorption causes the water and al-
cohol to separate from the gasoline in the fuel tank. Ad-
verse affects of alcohol increase in severity with mthyl al-
cohol {methanol). In addition, the effects worsen with in-
creasing alcohol content. Use of gasoline containing al-
cohol may cause one or more of the following:

* Corroslon of metal paris

* Deterioration of elastomer and plastic paris
* Fuel permeation through flexible fuel lines

* Wear and damage of internal engine parts

* Starting and operating difficuliies

it the use of gasoline containing alcohol cannot be
avoided, avoid storage of gasoline in the fuei tank(s) for
long periods of time. Long periods of fuel storage {com-
mon to boats) create unique problems. When used in
cars, alcohol blend fuels are consumed before they can
absorb enough moisture to cause problems.

IMPORTANT!: Use of improper gasofine can damage the
engine seriously. Engine damage resuiting from the use
of improper gasoline is considered misuse of engine and
resulting damages will not be covered by warranty.
Where possible, only gasolines that are free of alcohol
should be used. Where only fuel containing afcohol is
availabie or if the presence of alcohol is unknown, in-
creased inspection frequency for leaks and abnormalities
is required.

4.1.2- Fuel System Components

A During engine operation, fuel is pumped from the
FUEL TANK by the 12 volts d-¢ electric FUEL PUMP.
Pumped fuel is delivered through a FILTER and into the
CARBURETOR. The CARBURETOR mounis an
automatic, electric CHOKE. CARBURETOR throttle
valve setting is established by the action of a constant
speed GOVERNOR. The CARBURETOR atomizes the
fuel and delivers it to the engine cylinders, via the INTAKE
MANIFOLD.

A
CARBURATOR

GOVERNOR
5
! OVERNOIL
LEVER
MANIFOLD
CUSTOMER




CARBURETOR AIR INTAKE COMPONENTS (Continued)

REF. NO. DESCRIPTION REF.NQ. DESCRIPTION
i AIR CHAMBER BASE 23 PIPE PLUG- 1/2" NPT
2 AR CHAMBER COVER 24 CHOKE CONTROL LEVER
3 STUD- No. $0-32 x 2-3/4" 25 SCREW- No. 10-24 x 3/8"
4 FLAME ARRESTOR 26 COTTER PIN
5 FLANGED LOCK NUT 27 NUT- 5/16"-24
6 CRANKCASE VENT HOSE 28 SCREW- No. 4-40
7 SLOTTED HEX SCREW 28 CHOKE BI-METAL ASSY
8 SCREW- M8-1.25 x 60mm 30 CHOKE SOLENCID
8 LOCKWASHER- 5/16" 31 CHOKE BRACKET
10 CARBURETOR AIR BOX GASKET 32 LOCKWASHER- No. 4
11 STUD- M6-1.00 x 114mm 33 FLATWASHER- No. 4
12 INTAKE MANIFOLD GASKET KIT 34 ELBOW- 1/8" x 1/8" NPT
i3 FUEL FILTER 35 TEMPERATURE SWITCH
14 CARBURETOR ASSY 36 DASH POT
15 CARB. ADAPTER GASKET 37 DASH POT BRACKET
16 CARBURETOR ADAPTER 38 DASH POT CAM
17 SOCGKET HEAD SCREW- 1/4"20 39 LOCKWASHER- No. 10
18 INT. MAN. ADAPOTER GASKET 40 FLATWASHER- M5
19 NUT-M8-1.25 42 WASHER- M6
20 INTAKE MANIFOLD 43 NUT- M6-1.00
21 SCREW- M8-1.25 x 40mm 44 PAN HEAD SCREW- No. 10-32

22 LOCKWASHER- M8




SECTION 4.2 - FUEL PUMP

4.2.1- General

A The fuel pump is energized on by ENGINE CON-
TROL circuit board action during cranking, startup and
operation, via Wire #14. Wire #14 is electrically hot only
during cranking and operation. Circuit board and Wire
#14 action also energizes (a) a fuel lockolf solenoid, (b)
a choke heater, (¢} an opticnal hourmeter, (d) ignition
coil, and {e} an optional remote panel generator run lamp
{if so equipped).

4.2.2- Testing and Maintenance

B Anohmmeter may be used to test continuity of pump
windings. To perform operational test, disconneci outlet
side line from pump and connect inlet side to a tuel supp-
ly. Separaie pump wire lugs and connect a +12 volis d-¢
power source {such as a battery) to the pump WHITE
wire, a negative {(-) d-c POWER source to the BLACK
(ground} wire. Pump should operate and pump fuel. if
defeciive, replace pump.

B
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CARBURETOR ASSEMBLY

Float Bowt Gasket

Spring

Float Shaft

Choke Solenoid Assy

Fuel Solenocid




SECTION 4.3 - CARBURETOR

4.3.1- Disassembly

Remove carburetor air intake components {Page 2) as
necessary, to gain access {o carburetor. Disconnect car-
buretor/governor link. Disconnect fuel line. Remove car-
bureior, carburetor adapter and gaskets. Then, disas-
semble carburelor as follows:-

a. Remove two SCREWS and LOCKWASHERS, then
remove INLET PLATE and GASKET.

b. Remove two SCREWS and WASHERS and remove
automatic CHOKE.

c. Remove four SCREWS and WASHERS, then remove
FILOAT BOWL COVER along with GASKET, FLOAT,
FLOAT SHAFT, FLOAT SPRING, FUEL VALVE and
SEAT.

d. Bemove FLOAT SHAFT, SPRING, FUEL VALVE and
FILLOAT.

e. Hemove GASKET.
. Remove SEAT ASSEMBLY.
g. Remove two SCREWS, then remove CHOKE PLATE.

h. Remove two SCREWS, then remove THROTTLE
PLATE.

i. ¥ necessary for replacement, remove SOLENOID
VALVE and SEAL.

j. Remove IDLE ADJUSTING NEEDLE and SPRING.
k. Clean all parts in ¢lean gasoline.

4.3.2- Reassembly

Reassemble all paris in the reverse order of disassemb-
ly. During the reassembly process install new parts from
KIT and pay close attention to the {following:

* Open throttle plate slightly for idle speed.
* Setidie adiust screw 3/4 turn open.

A with Float Bowl Cover inverted and body gasket in-
stalied, set fioat level 0.125 inch (3.175mm) from body
gasket.

o
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B Tighten air intake mounting screws in the correct se-

quence, as shown.

B

* Check that throttle shaft rotates freely.
* Tighten solenoid valve to 70 inch-pounds.

C insert short leg of choke spring in smail hole in lever,
as shown.

D wind choke spring 1-1/2 turns counterclockwise
{CCW) and anchor on retaining screw boss.



4.3.3- instaliation

instail GASKET, ADAPTER, GASKET and CAR-
BURETOR. Retain with flat socket head machine screws
{1/47-20}.

4.3.4- Adjustment

Refer to Section 1.5 (ADJUSTMENTS).
automatic choke, proceed as follows:

To adjust

E Loosen choke bracket adjusting screws and adjust
choke position so that, with solenoid pulted in, choke plate
is closed. Tighten choke brackst adjusting screws. Then,
with sotenoid extended, bend tip of bi-metal until choke
plate is about 1/8 inch from vertical and lowards the
closed position.
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SECTION 4.4 - ENGINE GOVERNOR ASSEMBLY

4.4.1- General Description

A The mechanical, centrifugal type engine governor
utilizes spring tension versus certrifugal forge to maintain
a steady state engine speed regardless of load. When
centrifugal flyweight force exceeds governor spring len-
sion, flyweight action against a yoke rotates a rocker
shaft to decrease carburetor throttle setling and reduce
engine speed. Should engine speed decrease below a
specific setting, governor spring tension will become the
stronger force. Carburetor throttie setting will then be in-
creased to increase engine speed. Governor action will
cease when flyweight force and spring tension are equal
and cancet each other.

A
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The governor flyweights are driven by an engine drive
belt. The governor also supports and drives a d-c alter-
nator assembly, which delivers a charging curent {o the
generator battery during engine operation. See Pant 7,
ENGINE ELECTRICAL SYSTEM.

4.4.2- Governor Maintenance

Maintenance and repair of the engine governor is limited
to (a8} removal and replacement of the d-c alternaior as-
sembiy, (b) removal and replacement of governor lever,
spring and links, (c) removal and replacement of gover-
nor to carburetor linkage, and (d) adjustment of governed
speed.

4.4.3- Removal of d-c Alternator Assembily

See EXPLODED VIEW OF ENGINE GOVERNOR.
Remove HEX JAM NUT (item 43), WAVE WASHER

-3

{ltem 48), and PULLEY HALF (ltem 44). Then, remove d-
c alternator ROTOR (lfem 44}, Remove SOCKET HEAD
SCREWS {item 35) and LOCKWASHERS (ltem 22}, then
remove STATOR (ltem 47).

install the d-c alternator assembly in the reverse order of
removal. Tighten socket head screws that retain the
stator 1o 5 foot-pounds (7 N-m). Tighten the hex jam nut
(ltemn 43) o 35 foot-pounds (47 N-m).

4.4.4- Oil Servicing

B Remove OIL FILLER PLUG and OIL LEVEL CHECK
PLUG. Add engine oil through FILLER PLUG until oil just
starts o overflow CHECK PLUG opening. Pour slowly.
When oll level is correct, install OIL FILLER and ClL
LEVEL CHECK PLUGS.

B

Oit Filler Plug

Qil Level Check Plug’

4.4,5- Governor Lever, Links and Spring

C The GOVERNOR LEVER (ftem 52) is retained to the
G- OVERNCOR SHAFT (Hem 25) by a ROLL PIN {Rem 17).
When installing govemor lever {o carbureter linkage, set
length of link to 4-3/8 inches (measured between bail joint
centerlines).
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EXPLODED VIEW OF GOVERNOR ASSEMBLY

REF. NO. CESCRIPTION REF.NO. DESCRIPTION
1 GOVERNOR HOUSING 29 HEX SCREW- M6-1.00
O-RING 30 LOCKWASHER- M6
3 OVERNOR FLANGE 31 TENSION BRACKET
4 DRIVE SHAFT ASSY 32 TENSION BRACKET BUSHING
5 BALL BEARING 33 HEX SCREW- M6-1.00
6 OIL SEAL 34 SEALING WASHER
7 BALL BEARING 35 SOCKET HEAD SCREW- M4-0.70
8 TRUSS HEAD SCREW 36 HEX SCREW- M8-1.060
9 EXT. RETAINING RING 37 NUT- M6-1.00
10 FLYWEIGHT 38 BUMPER SCREW
11 DOWEL PIN 39 COMPRESSION SPRING
12 EXT. RETAINING RING 40 PIPE PLUG- 1/8" NPT
13 THRUST SLEEVE 41 SPACER
14 NEEDLE BEARING 42 PULLEY HALF
15 THRUST WASHER 43 HEX JAM NUT
16 THRUST WASHER 44 D-C ALTERNATOR
17 ROLLPIN 45 CABLE CLAMP
18 EXT. RETAINING RING 46 PAN HEAD SCREW- M4-0.70
19 INNER RING BUSHING 47 D-C STATOR ASSY
20 BEARING DRAW CUP 48 WAVE WASHER
21 HEX SCREW- M4-0.70 49 TENSION SPRING
22 LOCKWASHER- M4 50 HEX NUT- M6&-1.00
23 YOKE 51 SCREW- M6-1.00
25 ROCKER SHAFT 52 GOVERNOR LEVER
26 Oil. SEAL 53 GOVERNOR/CARB. LINK
27 BALL BEARING 54 BALL JOINT
28 EXT. RETAINING RING 58 FLANGED LOCK NUT- No. 10-32




Section 5.1 - Ignition System General
5.1.1- Components
5.1.2- Operation
5.1.3- Service Data and Specifications

Section 5.2 - Tests, Checks and Adjust-
menis
5.2.1- ignition Coil Resistance
5.2.2- Checking the Condensor
5.2.3- inspect Distributor Cap and Rotor Head
5.2.4- Contact Points
5.2.5- Check Governor Advance
5.2.6- Checking and Replacing Spark Plugs
5.2.7- Checking lgnition Wires
5.2.8- ignition Timing




SECTION 5.1 - IGNITION SYSTEM GENERAL

5.1.1- Components

The ignition system consists of {a) an ignition coil, (b} a
distributor, {¢) spark plug wires, (d) spark plugs, and (e)
a resistor.

5.1.2- Operation

Fused battery voitage is available to Terminal 1 of an
ENGINE CONTROL circuit board, via Wire #13,a 10
amp circuit breaker, Wire #1584, a 20 amp fuse, and
Wire #15. During engine cranking and operation,
ENGINE CONTROL circuit board action delivers that

5.1.3- Service Data and Specifications

Firing Order. ... cvsssecrnsnneenss 1-3-4-2
Distributor Rotation .cvveneeenenns Counterciockwise
Point Gap ..o 0.G18-0.022 inch
Cap insulation Reslistance............ More than 50
meg-chims

Hotor Head insulation

Resislance e More than 50
megohms

Cap Carbon Point Length.............. Nore than 0.012

inch (3mm) protruded length
lgnition Coll Resistance

battery voltage (+12 volts d-c) to the ignition coil, via | primary Coil....c..cocovrnrrnrenens S 1.3-1.5 ohms
Wire #14 and a resistor wire. The +12 voits d-c current | Secondary COll..vnnimviecrniiicncnns 8.7-11.7 k-ohms
flows through the ignitlon coll primary winding and to | Spark Plugs
the distributor contact points. During contact points | NGK ... BPRGES
closure, current flows to frame ground. Onopening of | Champion.........ccccviiensnnncnenens RN9YC
the distributor contact peints, the magnetic field col- | AC ... R42XLS
lapses to induce a high voliage into the ignition coil | Spark Plug Gap.........ccocvvniinnnens 0.031-0.035 inch
secondary coil which is distributed to the correct | Condensor Capacity ..o 0.2-0.24 micro-farads
spark plug by distributor rotor action.
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SECTION 5.2 - TESTS, CHECKS AND ADJUSTMENTS

5.2.1- ignition Coil Resistance

A connecttest probes of an ohmmeter across the posi-
tive and negative primary winding terminais of the ignition
coil and measure the resistance.

Primary Winding Resistance at 68°F. (200 C.}:-1.3-1.5
ohms

Resistance: x 1 range

B conrect ohmmeter test probes to secondary wind-
ing terminat and to primary winding negative (-) terminal,
and measure the resistance.

Secondary Winding Resistance at 68" F. (20" C.):-
8700-11,700 chms

B

5.2.2- Checking the Condensor

Use a capacity tester to check the condensor. If a capacity
tester is not available, the condensor may aiso be tested
using a volt-ohm-milliammeter with its range set to high
resisiance reading. When the tester needle swings
violendly and then moves back to infinity gradually, the
condensor is good. If tester needle indicates a sieady
reading or H it reads zero, the condensor should be
replaced.

5.2.3- Inspect Distributor Cap and Rotor
Head

inspect cap and rotor head for dust, carbon deposits and
cracks.

5.2.4- Contact Points

C inspect surfaces of contact points. lrregularities may
be removed with No. 500 or 600 sandpaper or with
oilstone. Loosen breaker point set screw and adjust gap
with a feeler gauge.

Points Gap:- £.018-0.022 inch (0.45-0.55mm)

5.2 .5- Check Governor Advance

D Turn rofor shaft counterclockwise, then release itand
check that it returns to the clockwise direction. Also check
that the rotor shaft is not excessively loose.



5.2.6- Checking and Replacing Spark Plugs

E Disconnect spark plug wires at boot. Do not pull on
the wires,

E

F

G clean spark plugs in a sand blast cleaner. Inspect
insulators for cracks, chipping. Inspect gasket for damage
or deterioration. Inspect electrode for wear, buring, pit-
ting. Replace plug(s) if defective. Check spark plug gap.

G Side electrode

install spark plugs and tighten to 14-22 foot-pounds
torque (20-29 N-m). Reconnect spark plug wires.

5.2.7- Checking Ignition Wires

H  check high tension wires for damage, cracks,
burned terminals, proper fit. Measure resistance of each
wire. Shake wires during the resistance test. Resistance
should be less than 30,000 ohms.

Less than 30 k2

5.2.8- Ignition Timing

J usean automotive timing light to check and adjust
fiming. A timing mark is provided on the crankshaft pul-
ley and a degree indicator is also provided. Set timing as
follows:-

ignition Timing at 1860 rpm and at No-Load:- 21°
BTDC



J Ignition Timing Adjustment




SECTION 6.1 - ENGINE EXHAUST SYSTEM

HDANGER

Exhaust gases contain DEADLY carbon monoxide
gas, an odorless and coloriess gas formed during the
combustion of hydrocarbon fuels. DO NGT operale
the marine generator engine if the exhaust system is
leaking or has been damaged. Carbon monoxide gas
can cause unconsciousness or even death.
Symptoms of carbon monoxide poisoning are {a) in-
ability to think coherently, (b} vomiting, (¢} twitching
muscies, {d) throbblng In temples, (e} dizziness, (f)
headache, (g) weakness or sieepiness. [f any ofthese
symptoms are experienced, move into fresh air im-
mediately. f symptoms persist, get medical atten-
tion. Never operate the marine generator engine un-
less exhaust gases are piped safely away and to an
area not inhabited by people,

6.1.1- Exhaust System Instailation

* When the marine generator is installed in a vessel, the
exhaust system must comply fully with U.S. Coast Guard
(USCG), National Fire Protection Association (NFFA),
and American Boat and Yacht Council (ABYC) require-
ments. if you are servicing or repairing an installed gen-
erator set, never do anything that might tend to place the
installation inte non-compliance with such requirements.

* In an installed system, sea water must not be able o
enter the engine exhaust manifoid and cylinders while the
vessel is underway, heeling, backing down, or any other
underway conditions.

* The installed exhaust system must be TIGHT and com-
plelely FREE OF LEAKS.

* Exhaust piping and hoses musi be of adequate size
{diameter) {o prevent excessive back pressure on the en-
gine. The number of exhaust fittings and elbows must be
kept to a minimum, since they will tend to creale back
pressure.

* Exhaust pining between the engine exhaust outlet fit-
fing and the exhaust muffler must be at least as large as
the exhaust outlet fitting. For every 10 running feet of ex-
haust pipe, an increase in diameter of one standard pipe
size is recommended.

* 1 exhaust piping runs in a vessel are excessively long,
back pressure should be checked. Back pressure should
not exceed 1.2 inches of mercury (Hg) (30mm or 4 kPa).

* Never combine the generator's exhaust systemwith the
exhaust from another engine.

* Install an approved, flexible length of exhaust pipe be-
tween the generator and any rigid exhaust piping. This
will permit engine vibraticn and movement without
breakage.

* Exhaust cutiets in any vessel should be placed afl of
sink, shower, and other cabin drains, to prevent backflow
of exhaust gases through such openings.

* When installing or replacing exhaust system hoses, use
piping and hoses recommended by the ABYC (Safety
Standards for Small Craft}.

6.1.2- Typical Exhaust Sysiem installations

Two typical exhaust system instaliations are shownin the
iflustrations on next page.

A Exhaust Outlet Fitting on Engine is Above the Water
Line

B Exhaust Outlet Fitting on Engine is Below the Water
Line

6.1.3- The Siphon Break

C  whenaninstalled generator's exhaust outlet fitting
is below the vessel's water line, a siphon break valve
should be installed. The valve Is a vacuum operated, anti-
siphon vaive that opens the exhaust line to atmosphere
when the engine is shut down. The valve prevents sea
water from being siphoned into the engine.

C i

6.1.4- Operating an Uninstailed Engine

When operating an uninstalled engine, connecta suitable
exhaust hose or piping to the engine exhaust outlet.
Rouie the hose or piping to a safe area, where exhaust
gases cannot accumulate and endanger people.
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SECTION 7.1 - BATTERY CHARGING SYSTEM

7.1.1- Componenis

A A d-c ALTERNATOR supptlies charging voltage to
the battery during engine operation, as regulated by ad-
¢ VOLTAGE REGULATOR. The circuit is protected by a
30 amp FUSE. The regulated charging current is
delivered to the unit 12 volts battery, via Wire #13A, the
fuse, Wire #13, the STARTER CONTACTOR terminal
stud, and the positive (+) battery cable.

7.1.2- The d-c Alternator

The belt driven, permanent magnet type d-c aliernator
is aftached 1o the engine speed governor (Section 4.4).
Maintenance on the alternator is limited to replacement
of defective parts. Removal of alternator parts from the
governor is covered in Paragraph 4.4.3.

7.1.3- Voltage Regulator

The solid state d-c voltage reguiator is housed in an
aluminum heat sink with all components covered with
epoxy resin. The regulator is not repairable. Reguiator
connector pins are numbered from ieft to right as follows:-

Pin 1 - Charging output to battery (12.5-14.5 volts d-c)
Pin 2 - Charging input from d-c aliernator

Pin 3 - Charging input from d-¢ alternator

Pin 4 - Not Used (Charge indicating lamp connection)
Pin 5 - Sensing voltage from batiery (Wire #15)

IMPORTANT: The d-c alternator delivers alternating
cutrent (a-c} to the voltage regulator. Rectification
(conversion to direct current} is done within the volt-
age regulator.

A

A
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SECTION 7.2 - ENGINE CRANKING SYSTEM

7.2.1- Operation

The battery positive (+) cable is connected o one of the
iarge terminal studs on the starter contactor. During en-
gine startup, the starter contactor {SC) is energized by
ENGINE CONTROL circuit board action, i.e., +12volis d-
¢ is applied to the starter contactor via Wire #56. Battery
output is then delivered to the starter assembly and to the
automatic choke circuit via Wire #16. The engine cranks,
When the Start/Stop swilch is released by the operator,
ENGINE CONTROL circuit board action opens the Wire
#56 circuit to the starter contactor and cranking ter-
minates.

ENGINE CRANKING SYSTEM
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7.2.2- Starter Motor Servicing Instructions

Hated Voltage:- Starter motor is rated 12 volis d-¢. The
voltage applied to the starter motor should never exceed
the rated voltage, or magnets In the motor may become
demagnetized.

Inspection:- Check for adverse wear on all beaings,
gears, shafls, etc. Check spring washer for wear, convex
side next to bearing. Add a drop of oil to face of bearing.

Thru-Bolts:- Tighten thru-bolis to 75 inch-pounds.

Drive Cap:- Apply a film of SAE #10 oil 1o the bearings
inthe drive cap. During reassembly, the insutating washer
must be placed against the drive cap.

Brush Assembly:- Brushes and brush springs should be
replaced at each overhaul. Any brush that is wom o 5/16
inch {or fess), measured on the short side of the brush,
or that has been in contact with grease, oil, or cleaning
fluid must be replaced. Assemble brushes with their
chamfered side away from the springs. Torque the brush
screw to 30-35 inch-pounds. Tighten the hot stud nut fo
45-50 inch-pounds.

Armature:- Check the armature for a ground, open or
shut, with a growler, Hold armature in a vise when install-
ing or removing the drive assembly. Apply a thin film of
Quicksilver non-conducting grease to the commutator
end of the armature shaft and to the portions of the shaft
that contact the bearings.

7.2.3- Starter Performance Test

CAUTION

Do not operate the starter motor continuously for
ionger than 30 seconds when testing.

Use atully charged, 12 volts battery connecled as follows:
1. Positive {+} ferminal o the starter motor input stud
2. Negative (-) terminal to the starter motor housing

Use a No. 10 cable {or larger), not over 8 feet in length.

Maximum current draw and starter speed should be as
follows:

17 amps at 6600-7200 rpm



SECTION 7.3 - ENGINE CONTROL CIRCUIT

7.3.1- Engine Control Circuit Board

A A solid state circuit board controls all angine starting,
running and stopping functions. The board receivesa+12
volts d-¢ input for control of those functions (Wire #15).
Circuit board terminals and connecting wires are listed in
the CHART on this page.

NOTE: A complete WIRING DIAGRAM may be found
on Page 18 of Part 1.

7.3.2- Circuit Operation

B Engine Shut Down:- Batlery voliage is availlable to
Terminal #1 of the Engine Contro! circuit board, via the
positive {+) battery cable, Wire #13, a 10 amp Circuit
Breaker, Wire #15A, a 20 amp Fuse, and Wire #15. In
shutdown condition, circuit board action hoids the circuit
open (similar to an automotive ignition switch). itis impor-
tant {o note that, without battery voltage at circuit board
Terminal #1, cranking and startup cannot occur.

A
[OIOTOI O Or ol
7 8 9101 12
ENGINE CONT.
1 2 345 6
[OIQIOIOIOIO]
ENGINE CONTROL CIRCUIT BOARD TERMINAL IDENTIFICATION
TERMINAL WIRE DESCRIPTION OR FUNCTION

1 15 Fused batiery voltage (+12 volis d-¢)

2 0 Common Ground

3 17 Engine crank & start (Ground {0 crank engine)

4 18 Engine stop (Ground to shut down engine)

5&%6 11, 22 Generator 120 volis a-c (frequency) sensing {or automatic
overspeed shutdowhn

7 56 +12 volis d-c 1o starier contactor {crank signal) with Stant/Stop
switch at START only

8 2 Engine ignition ground- terminates ignition when Start/Stop switch
is setioc 5TOP

9 14 +12 volis d-¢ to carburetor Fuel Sofencid during cranking and
running ondy {opens Fuei Solenoild) - Also +12 volis d-¢ {o automatic
Choke Heater during cranking and running only 7

10 14 +12 volts d-¢ to Fuel Pump, Hourmeter and "Generator Run”
lamp on optional remote start panel when running only

11 14 +12 volis d-c tc engine ignition circuit when cranking and
running only

12 85 Automatic protective shutdown circuit to High Exhaust Temperature,
Low Oi} Pressure and High Coolant Temperature swiiches - ground
Wire #85 to stop engine

NOTE:- Wire #14 is electrically hot (+12 voits d-c) with engine running only.




C  initial Cranking:- Setting the Engine-Start/Stop
swilch {on generator panet or on a remote panel) to
START position connecis the Wire #17 circuit to frame
ground {(Wire #0). Engine Control board action then
delivers +d-¢ voltage to the small terminai of the Siarter
Contactor, via Wire #56. The Starter Contaclor energizes
to deliver battery vollage to the Starter and the engine
cranks. On closure of the Starter Contactor contacts, +d-
¢ output is also delivered to a Choke Module (CM), via
Wires #16 and #90. The Choke Module houses a solid
state circuit which opens and dloses the Wire #90 circuit
at a rate dependent on amblent temperature. The Choke
Soltencid {C3) then opens and closes the carburetor
choke plate cyclically (about every 2 to 5 seconds).

IMPORTANT: The Choke Module (CM) aiso houses a
Field Boost Diode and Resistor, will deliver areduced
batiery voiiage {0 the gensrator Rotor windings
during cranking only. See Section 1.1,

D Startup and Running:- With engine cranking, En-
gina Controf circuit board action wiil deliver +d-c voltage
to ail Wires #14. The carburetor Fuel Solenoid (FS) will
open; the Fuel Pump (FP) will operate; ignition will oceur,
The engine will then stant. When the Start/Stop switch is
released, circuit board action wil open the circuit to Wire
#56. The Starter Contactor (SC) will then de-energize and
cranking will terminate. In addition, automatic choke and
fleld boost operations will cease.

IMPORTANTE On some installations, Wire #14 d-¢
output may also turn on an optional Hourmeterand a
remoie panei mounied "Generator RBun™ lamp.

E nNormal Shutdown:- Setiing the Start/Stop switch to
STOP resuits in connection of Wire #18 to frame ground.
Circult board action then opens ail Wire #14 dircuis to
terminate ignition, fuel pump operaticn, etc. Engine shut-
down wili then oceur.

F Engine Fault Shutdown:- Wire #35 from the Engine
Conirol circuit board connects 1o (a) a Low Oll Pressure
Switch, (b) & High Water Temperature Switch, and (¢) a
High Exhaust Temperature Switch. These engine safety
switches have normally-open contacts which will close on
occurence of the applicable engine faull. On contacts
closure, Wire #85 will connect to frame ground and an
automatic engine shutdown will occur.

IPORTANT: Generator a-c frequency (speed) sig-
nais are deliverad 1o the circuit board, via Wires #11
and #22. Should a-c freguency excesd approximate-
iy 70 Hz (60 Hz units} or 60 Hz (80 Hz units), an
automatic overspeed shutdown will ocour.
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SECTION 7.4 - TROUBLESHOOTING GUIDE

7.4.1- General

The following guide is provided fo assist the technician in
locating and correcting causes of a problem in the engine
electrical system. Follow the procedurs carsfully and per-
form each step inthe exact order given. itis assumed that
the troubleshooting technician has a working knowiedge
of d-c electrical circuits and how 1o test them.

7.4.2- 1f the Engine Won’t Crank

i the engine won't crank when the Start/Stop switch is
held at START, proceed as follows in the exactorder each
testis given:

A. Check the 10 amp Circult Breaker:- Try resetting the
"push-to-reset” type breaker. if breaker is reset and en-
gine still won't crank , first check for +12 volts d-c at the
breaker's Wire 13 terminal. Then, check for d-c volts at
the breaker's Wire 15A terminal,

RESULTS:
1. Voltage presert at Wire 13 terminal, but not at Wire
15A terminaf of breaker........... Replace Circuit Breaker

2. Voltage is present at both terminals...... Golo Step B
3. No voltage at either terminal................ GoioStep C

B. Check the 20 Amp Fuse:- Bemove fuse, inspect
andfor test with an ochmmeter. If use element has melted
open, replace with an identical 20 amp fuse.

RESULTS:-
1. Engine cranks normally. ... Tests complete
2. Engine still doesn’t crank....cccceeve GotoStep C

C. Check Battery and Battery Cables:~- Use an automo-
tive type battery hydrometer to test battery state of charge
and condition. Follow the hydrometer manufacturer’s in-
sfructions carefully. if specific gravity reading is less than
1.230, recharge the battery. H, after recharging battery,
the difference in specific gravily reading betwsen the
lowest and highest celis is greater than 0.050 (50 points),
the battery should be replaced.

Check ali battery cabies for lightness and corrosion.
Clean or tighten as required.

D. Check Start/Stop Switch:- Disconnect Wire 17 from
the Start/Stop switch, Held the terminal end of that wire
into firm contact with a clean frame ground. The engine
should crank.

RESULTS:

1. Engine Cranks normally with Wire 17 grounded, but
nat with Start/Stop switch....... Replace Start/Stop Switch

2. Engine does not crank.........c.eevevvevrinees GotoStepE

E. Check Engine Control Circuit Board Power Supp-
ty:- Use a d-¢ voltmeter to test voliage at Pin #1 of the
circuit board (Wire #15 connection). Battery voitage
should be present at this pin.

RESULTS:
1. Voltage checks good............ Goto Step G
2. No voltage indication................on GotoStepF

F. Check Circuit Board Power Circuit:- Check the cir-
cuit which includesWire 15, the 20 amp Fuse, Wire 15A,
10 amp Circuit Breaker, and Wire 13 back to the Starter
Contactor connection. Any open condition in this circuit
will result in loss of d-c power to the circuit board.

RESULTS:

1. Cireuitis open................. Repair or replace defective
wire or component(s)

2. Circuit checks Good......coovvicvinne GoiloStep G

G. Check Crank Signal from Circuit Board:- Hold the
Start/Stop switch at START while checking for +d-c voit-
age at Engine Conirol circuit board Pin #7 (Wire 56 con-
nection), If d-c voltage was available at Pin 1 (Step E) but
is not available at Pin 7 in this tesy, the Engine Control cir-
cuit board has probably failed.

RESULTS:
1. +d-¢ voltage is indicated................. Go to Step H

2. No voltage indicated, but good voltage in Step E was
read......onennne Heplace Engine Control circuit board

H. Check Wire 56:- Hoid the Start/Stop switch at START
while checking for +d-c volts at the Wire 56 terminal of
the Starter Contacior {large terminal stud).

RESULTS:
1. No voltage indicated............. Repair/repiace Wire 56
2. Voltage checks good.........cccv v ieanns Go to Step J



J. Check Starter Contactor:- Check for battery voltage
at the Wire 13 terminal {large stud) of the Starter Contac-
tor. This is the battery side of the Contactor. Then, hold
the Start/Stop switch at START while checking for battery
voitage at the Wire 16 terminai stud (large stud).

RESULTS:

1. No battery volts at Wire 13 terminal..... Recheck bat-
tery and battery cable (Step C)

2. Voltage indicated at Wire 13 stud, but not at Wire 16
stud with switch actuated............. Replace Starter Con-
tactor

3. Voltage good at both terminal studs...... Goto Step K

K. Check Starter:- Refer to Section 7.2 (Engine Crank-
ing Circuit).

7.4.3- Engine Cranks But Won't Start
If the engine cranks but won'i start, proceed as follows:

A. Check Fuel Supply:- On some installations, the gen-
erator fuel pickup tube may be shorler than the propul-
sion engine pickup tbe. Thus, the generator will "run out
of gas” while adequate fusl remains in the tank for the
propulsion engine. Check firel supply to the generator en-
gine, fuel filters, any shuloff valves, etc.

B. Check Fuel Pump:- Disconnect fuel pump outlet line,
crank engine and check fuel flow from pump. Also see
Section 4.2.

C. Check Fuel Solenoid:- Remove Solencid from engine
carburetor. Hold the Solencid housing inte firm contact
with a clean frame ground and set the Stari/Stop switch
to START. The Solenoid Valve tip should pull in. If it does
not operaie, repiace the Solenoid. If the Solenoid works,
nnstall it and tighten betfore proceeding.

D. Check Automatic Choke Operation:- While cranking
the Choke Solenoid should pull in about every 2 0 5
saconds. See Seclion 4.3.

E. Check ignition Power Suppiy:- Locate the Wire 14
terminal at the ignition Coil. Check for a +d-c voltage at
that terminal while cranking engine. if no voltage is indi-
cated, check Wire 14 between !gnition Coil and circuit
board for open condition. Repair or replace wire, as
needed.

F. Chack Engine lgnition System:- Refer to Part 5 of
Manual.

G. Check Englne Controi Clrcuit Board:- While crank-
ing engine, check for +d-c voltage at Pins 8, 10 and 11 of
the circuit board. If no voitage is indicated, reptace the cir-
cuit board.

H. Check Engine Compression:- See Part 2 of Manual.

7.4.4- Engine Starts Hard, Runs Rough

i engine starts hard and runs rough, refer {o the ap-
propriate parts of this manual and check the foliowing:-

1. Check air infake system

2. Check automatic choke operation
3. Check carburetor adjustments

4. Check engine governor adjusiment
5. Chack engine ignition system

6. Check engine

7.4.5- Engine Starts But Shuts Down When
Start/Stop Switch is Released

i engine cranks and starls, but shuis down as seon as
the Start switch is released, the problem is probably in
one of the angine protective devices. Check engine oll
tevel, check engine oil pressure. Then, check the Low Oil
Prassure, High Coolant Temperature, and High Exhaust
Temperature switches for proper operation, Refor to the
applicable sections for test procedures.
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MARINE GENERATOR SPECIFICATIONS

Model QS-4.0G (At 120/240 Volts, 60 Hz)

Type of EQUIPMIENt ... e e Revolving Field a-¢c Generator
Rated Maximum Continuous a-c Power QUiDUL..........ccccrvee e vennnecrninenne., 4000 walts (4.0 kW)
Bt VOHS ..t e e e e b s 120 and/or 240 voils a-¢
Rated Maximum Coniinuous Load Current

A 120 VORS 8-Cooiiii i e e 33.3 a-c amperes

AL 240 VOHS B0t et e e 18.7 a-c amperes
Raled a-C FreqUenCy ..o it s 60 Hz at 1800 rpm
PRASE ..ottt e et ettt et ...3ingle Phase
POWET FaTIOF ..ot et e st e s 1.0
Number of Revolving Field {Rotor) Poles.............o 4
Driven Speed of Revolving Field ... e 1860 rpm at No-Load”
Stator Excitation Winding Resistance {(plus or minus 10%) ... 1.65 chms
Stator a-c Power Windings Resistance (plus or minus 10%);

WITES 11 80 22 i e 0.43 chims

WIres 3310 44 o e 0.43 ochms
Rotor Winding Resistance {phius or minus 10%) ..o 6.6 ohms

* Rated voltage and frequency are obtained at 1800 rpm. The slightly higher "no-load” rpm setting helps
prevent excessive rpm, voltage and frequency droop under heavy electrical loading.

Model QS-4.0G (At 110/220 Volts, 50 Hz)

Type of EQUIPMENT ... e Revolving Field a-c Generator
Rated Maximum Continuous a-c Power Output............cineen, 3300 watts (3.3 kW)
Rated Vol . e e 110 and/or 220 volis a-c
Rated Maximum Continuous Lead Current

AL TT0 VOIS -0t e e 30 a-c amperes

AT 220 VOIS B-Cueiiiiiii e s s 15 a-¢ amperes
Rated a-cFrequency ... een e e 50 Hz at 1500 rom
PRASE e e et en e enan e s Single Phase
Eade V=T o To: {u USSP 1.0
Number of Revolving Field Poles ... 4
Driven Speed of Revolving Field. ... 1550 rpma &t No-Load*
Stator Excitation Winding Resistance (Plus or minus 10%) ... 1.65 ohms
Stator Power Windings Resistance {plus or minus 10%)})

WIFes 1110 22 . e 0.43 ohms

Wires 331044 vt vt e e nans 0.43 ohms
Rotor Winding Resistance {plus or minus 10%).....oooo i, £.5 ohms

* Rated voltage and frequency are obtained at 1500 rpm. The slightiy higher "no-load” speed helps
prevent excessive rpm, voltage and frequency droop under heavy electrical loading.



MARINE GENERATOR SPECIFICATIONS (Continued)

Model QS-6.5G (At 120/240 Voits, 60 Hz)

Type of EQUIDITIBNT ..ot eco e ceeeer it br s sn e st e s anee Revolving Fieid a-c Generator
Rated Maximum Continuous a-¢ Power Outpul.............ciiin. 6500 watts (6.5 kW)
Bated VOIS ...t et e s 120 and/or 240 volts a-c
Rated Maximum Continuous Load Current

AL T20 VORS. o 54.2 a-¢ amperes

AT 24D VOIS .ot e b a e 27.1 a-c amperes
Rated 8-C FreQUEBNCY ......cvi vt cee et s ss s e e e 60 Hz at 1800 rpm
P RASE . ceecocreeeeeeeeerrr rrerra neey g s Single Phase
POWET FACION .. oot e e ae e e e ree et s aaaeav et 1.0
Number of Revolving Field Poles ..., 4
Driven Speed of Revolving Field ... 1860 rpm at No-Load”
Stator Excitation Winding Resistance (Phs or minus 10%) ......ccccevvevinns 1.30 ohms
Stator a-c Power Windings Resistance (Plus or minus 10%)

Across Leads 11 and 22.......i e s 0.26 ohms

Across Leads 33 and 4., 0.26 ohms
Rotor Winding Resistance {Plus or minus 10%) ... 7.4 ohms

* Rated a-¢ voltage and frequency are obtained at 1800 rpm. Thye slightly high "no-load” setting helps
prevent excessive rpm, frequency and voltage droop under heavy elecirical loading.

Model QS-6.5G (At 110/220 Volis, 50 Hz)

Type of Equipment ... Revolving Field a-c Generator
Rated Maximum Continuous a-c Power Oulput ... 5200 watts (5.2 kW)
T Yo U OO PO 110 and/or 220 volts a-c
Rated Mauxdmum Continuous Load Current

AT TT0 VOHS e e e et 47.3 a-c amperes

AT 220 VORS. ..ottt e 23.6 a-¢c amperas
Rated 8-C FIOQUBNCTY ..ot esba e mss st sr s e 50 Hz at 1500 rpm
PG e e e e g s Single Phase
oY = 1o Lo U 1.0
Number of Revolving Field FPoles ..., 4
Briven Speed of Revolving Fleld ..., 1580 rpm at no-load
Stator Excitation Windings Resistance (plus or minus 10%).....occcmimmernanes 1.30 ohms
Stator a-¢ Power Windings Resistance (Plus or minus 10%)

Across Leads 11 and 22, ... e e 0.26 ohms

Across Leads 33 and 4. ... e (.26 ohms
Raotor Winding Resistance (Plus or minus 10%) ..o 7.4 ohms

* Rated a-c voltage and frequency are obtained at 1500 rpm. The slightly high "no-load” setting helps
prevent excessive rpm, frequency and voltage droop uder heavy elecirical loading.



MARINE GENERATOR SPECIFICATIONS (Continued)

Model QS-8.0G (At 120/240 Volts, 60 Hz)

Type of EQUIDITIBNT ..ot iners et e e a e Revolving Fieid a-c Generator
Rated Maximum Continuous a-c Power Quiput ... B0OO watls (8.0 kW)
Rated VoS .. isn e e e 120 and/or 240 volts a-c¢
Rated Maximum Continuous Load Current

AL 120 VOIS .ot i en e s e e i 66.7 a-c amperes

AL 240 VOIS ... coviee et a e e e e et 33.3 a-c amperes
Phase ..o e e 0 TG PhaSsE
POWer FACIOT ...t i e mra e e s n st e eta v ee e e 1.0
Number of Revolving Fleld Poles ... 4
Driven Speed of Revolving Field ... snnsn e 1860 rpm at No-Load”
Stator Excitation Winding Resistance (plus or minus 10%) ..o, 0.88 ohm
Stator a-¢ Power Winding Resistance (plus or minus 10%)

Acrossleads 11 and 22, 0.16 ohm

Across Leads 33 and 44 0.16 chm
Rotor Winding Resistance (plus or minus 10%)........iiii i, 7.4 ohms

* Rated voltage and frequency are obiained at 1800 rpm. The siightly high "no-load” speed sstting
helps prevent excessive rpm, frequency and voltage droop under heavy electrical loading.

Model QS-8.0G (at 110/220 Volis, 50 Hz)

Type of EQUIPIMBME ... oot e eee e s e Revolving Field a-c Generator
Rated Maximum Continuous a-c Power Cuiput.........coooviiiniins 6400 watts (6.4 kW)
Rated Volls ... i 110 and/or 220 volts a-¢
Rated Maximum Continuous Load Current

AL TTOVOHS ... 58.2 a-c amperes

At 220 VOIS, o 29.1 a~c amperes
[ £ T SRR UOUORPRUROION.c 13T | -3 o 4T- -1}
POWEF FaclOor. ..o et e et et e e 1.0
Number of Revolving Fieid Poles.................... O 4
Driven Speed of Revolving Field ... 1550 rpm at No-Load®
Stator Excitation Winding Resistance (plus or minus 10%) .c.cociniinen 0.88 chm
Stalor a-c Power Windings Resistance {pius or minus 10%;)

Across beads 11 and 22, 0.16 ohm

Actoss Leads 33 and 4. 0.18 ohm
Rotor Winding Resistance {plus or minus 10%}. . 7.4 ohms

* Rated voltage and frequency are obiained at 1500 rpm. The slightly high "no-load” speed setting
heips prevent excessive rpm, frequency and voltage dreop under heavy electrical loading.



GENERAL ENGINE SPECIFICATIONS

Engine Displacement ... 60 cu. in. {988cc)
NO. Of CYlIMABTS .ot rre e s e e e s ern e e i 4, In-Line
Bore and SIF0KE ...t e vre s e e e 2.68 x 2.68 inches (68 x 68mm)
Valve ATTanGement. ... o e et e Overhead Cam
FINNG OTAOr ... et s v p e e 1-3-4-2
ComPression Rl . ... et 95101
Type of Engine Spead GOVermMOr.........c it Fixed Speed, Mechanical Flyweighi
Governed Speed Setling
Units Rated 120/240 voits, B0 Hz. ... e 1860 rpm at Ne-Load
Units Rated 110/220 volts, 50 Mz SO SO 1550 rpm at No-Load

Engine Cooling System

TR ottt e e e e Heat Exchanger
Captive Water System Coolant Capacity ..o, 2.3U.8. guans
Recommended Coolant. ..o 50-50 mixture of low silicate

Ignition System

115 o O OO U UV P U 21" BTDC at 62 Hz {No-Load)
Distributor Point Gap ... e 0.018-0.022 inch (0.45-0.55mm)
DWOH ANGIO ... e e e 49°-55°
CoNdensor CaPACtHY ... i e 0.20-0.24 micro-farad
Recommended Spark Piugs

ChamMDION .o e ar st e e e s ee e RNSYC

G et e e bt ca e ae s e cane e R42XLS

T O OOV OO BPRBES
Spark Plug Gap........coc oo S PSS OTRPUPIOOI 0.031-0.035 inch (0.8-0.9mm)

Lubrication System

Ol PTOSSUTE......c..oocooeverceoeeeoeaeses s esesesearersesesenssenaeesseneess e saars et sssssnes s 25-50 psi {1.5-4.0 kg/em?)
Crankcase Oil Capacity {with Filter change) ..o, 3.0 U.S. quarts (2.8 liters)




ENGINE SERVICE DATA

Compression Pressure (at 350 rpm)

Standard ... 192 psi {(13.5 kg/cmz)
Y T S 164 psi (11.5 kgiom®)
Ditterence Limit

Between Cylinders ................ 14.0psi (1.0 kg/cmz)

Cylinder Head Flatness

Standard ... L ess than 0.0020 inch
{0.05mm)
LImit . 0.004 inch (0. 1mm)
Vaive Data

T {Margin thickness}

a—

R

Valve Head Diameter "D"

Intake......covee e, 1.358 inch (34.5mm)

Exhaust.........occommmiiiiininnns 1.18 inch (30mm)
Valve Length "L"

193 £ - TR 4.2736-4.2854 inch

(108.55-108.85mm)
4.2539-4.2657 inch
{108.05-108.35mm)

ExBaust ..o

Valve Stem Diameter "d”

Intake........ccooo 0.2744-0.2750 inch
(6.970-6.885mm)
Exhaust ... 0.2734-0.2740 inch
{6.945-6.960mm)
Valve Seat Angle "o
intake & Exhaust................. 45°15' - 45'4%’
Valve Margin "T" Limit............... 0.020 inch (0.5mm)
Valve Stem End Surface
Grinding Limit.......cocoinivnieiene 0.008 inch (0.2mm)
Vaive Clearance {Hot)
INEAKE . ...t 0.0098 inch (0.25mm)
Exhaust .......ccoevineeererrvnns ......0.0118 inch (0.30mm)
Valve Clearance (Cold)
Infake......ccccco i, 0.009 inch (0.22mm)
Exhaust ..o 0.008 inch (0.22mm)
Valve Spring
Free Height......cceconvveerins, 1.8386 inch {46.70mm)
Pressure Height.......coooieniea, f.122in.at 1226 lbs
{28.5mm at 55.6kqg)
Assembled Height...........ccccei. 1.457 in. af 36.4 Ibs
{37.0mm at 16.5 kg)
Out of Square "S" ...t 0.079 inch (2.0mm)

Valve Guide

Standard OD ...ocvveeeriecienee, 0.4340-0.4344 inch
{11.023-11.034mm)
Service LimitOD ... 0.4418-0.4423 inch
{11.223-11.234mm)
Valve Guide ID ....cccivviiinnnnnns 0.2758-0.2764 inch
{Finished Size) (7.005-7.020mm)



Vaive Guide (Continued)
Cylinder Head Vaive Guide Hole Diameter
Standard ..........cccovvrvnrneenn... 0.4315-0.4322 inch
{10.960-10.978mm)
Service Limit .........ccovveiieen. 0.4394-0.4401 inch
{11.160-11.178mm)
Interference Fit of
Valve Guide ..., 0.0018-0.0029 inch
{0.045-0.07 4mm}
Valve Stem to Valve Guide Clsarance

Itake (Standard) ................. 0.0006-0.0018 inch
(0.015-0.045mm)

Exhaust (Standard)............... 0.0018-0.0030 inch
{0.045-0.075mm)

Maximum Tolerance ............. 0.004 inch (0.1mm)

Valve Deflection Limit................ 0.008 inch {0.2mm}

Valve Seat
A
INTAKE A
A
15 (0.059) R4
[ 32.5(1.280) dia,
[ e
é 34.5-34.7 ("BSSF -1.366) dia,
EXHAUST
1.8 {0,071}

lags.207
| (1.161 - 1.169} die.

Unit: mm {in}

Camshaft and Camshaft Bearing
Camshaft Journal o Bearing Clearance

Standard.......ccovvevvivceenann, 0.0012-0.0028 inch
{0.03-0.07mm)
Maximum Tolerance..............0.0059 inch (0.15mm}
Camshaft Bearing 1D ................. 1.5748-1.5760 inch
{40.00-40.03mim)
Camshatt Journal OD................1.5728-1 5736 inch

{39.85-39.87mm)
Camshait Bend (Total indicated Reading)

Standard.......... Less than 0.0008 inch
{0.02mm)
Max. Tolerance..................... $.004 inch (0.1mm)
Camshaft End Play..................... 0.0012-0.0122 inch

{0.03-0.31mm)

Cam Height "A"

IMake....oocviieeee e, 1.3295-1.3394 inch
{33.77-34.02mm)
Exhaust ..o 1.3280-1.3378inch

33.73-33.98mm)
Woear Limnit of Cam Height....... 0.008 inch (0.2mm)

Cylinder Block
Surface Flatness
Standard...........ccoeeeiv s Less than 0.020 inch
{(0.05mm)
Limit. s 0.0039 inch {0.10mm)



Cylinder Block {Continued)
Cylinder Bore Inner Diameter

Standard ... 2.6772-2.6783inch
{68.00-68.03mm)
Wear Limit.........cceev e 0.0038 inch (0.10mm)
Cylinder Bore Qut-of-Round
) T VO PUT Less than 0.0008 inch
{0.02mm)
Cylinder Bore Taper
A-B o Less than 6.0008 inch
(0.02mmy)
Difference in ID Between Cylinders
Standard ... Less than 0.0020 inch
{0.05mm)
Wear Limit............on 0.0079 inch {0.20mm)
Main Journai iD
Grade No. 0 ... 1.9291-1.9283 inch

(49.000-49.004mm)

Grade Mo. T ... 1.9283-1.8284 inch
{45.004-49.008mm)
Grade No. 2..........ccccorenee.. 1.8294-1.9296 inch

{49.008-49.012mm)
Grade NO. 3 ooeooeeeoeeeecenn 1.9296-1.9298 inch
(49.012-49.016mm)

20 10.79)

! [
T

Piston
L —
= i |
1 IL._.\ 1————’LJ
s k/ )
= e Y
L

Piston Skirt Diameter "A”
Standard. ..o 2.6759-2.6770Inch

(67.967-67.997mm)

L7 Dimension............ccececeeenee.. . 0.35 inch (8mmy)

Piston Pin Hole Diameter ........... 0.6694-0.6698 inch
{17.003-17.012mm)

Piston Clearance

to Cylinder Block ........oceveiinens 0.0008-0.0017 inch
{0.023-0.043mm)

Piston Rings
Side Clearance (Standard)

TOD i 0.0016-0.0029 inch
{0.040-0.073mm)
20d . 0.0012-0.0025 inch
(0.030-0.063mm)
L0 DU 0.0068 inch {0.175mm)})
Side Clearance Limit (All)_.......... 0.008 inch {0.2mm)}
Piston Ring Gap {Standard)
Top (No. 1 Grade) ......cveneeee. 0.0083-0.0118inch
{0.21-0.30mm)
Top {No. 2 & 3 Grade)........... 0.0071-0.0118inch
{0.18-0.30mm)
2Nd 0.0059-0.0154 inch
(0.15-0.39mm)
O RIAG. oo e e 0.0078-0.0311inch
{0.20-0.79mm)

Piston Ring Gap Limit {All) .........0.031 inch {0.8mm)



Pision Pin

Outer Diameler .. 0.6663-0.6878 inch
{16.924-16.951mm)
Pin fo Piston Clearance ............. 0.0003-0.0005 inch

{0.008-0.012mm)
Interference Fii of Piston Pin
to Connecting Rod .................... 0.0007-0.0015 inch
{0.017-0.038mm)

Connecting Rod

Center Distance ...................... 45079 inch {114.5mm)
Bend Limit per 3.94 inch (100mm)

Limit ., 0.0020 inch (0.05mm)
Piston Pin Bore Diameter .......... 0.6678-0.6684 inch

(16.962-16.978mm)
Big End Play

Standard ... 0.0039-0.0148 inch
{0.10-0.37mm)
LM 0.620 inch {0.5mm)
Crankshatt
Main Journal Diameter
Grade No. 0 ..., 1.7703-1.7705inch
{44.966-44.570mm)
GradeNo. 1. 1.7702-1.7703 inch
(44.962-44.966mm)
GradeNo. 2 ..., 1.7700-1.7702inch
{44.958-44.962mm)
Grade No. 3 ... 1.7698-1.7700 inch
(44.954-44 .958mm)
Pin Journal Diameter "Dp"......... 1.5732-1.5736 inch
{39.96-39.97mm)
Center Distance ™ ......covvvevueeen. 1.339 inch {34.0mm)
Out-of-Round
KoY e Less than 0.004 inch
{0.0mm)
Taper
A-Bo 0.0008 inch {0.02mm)
Bend (Total indicator Reading).. Less than 0.0031 inch
{0.08mm)
Free End Play (Standard) .......... 0.0024-0.0087 inch
{0.06-0.22mm)
Free End Play (Limif) ................ 0.0197 inch (0.50mm)

Bearing Clearance
Main Bearing Clearance

Standard. ..., 0.0012-0.0020 inch
(0.03-0.05mm)
LIt 0.0030 inch (0.075mm)
Connecting Rod Bearing Clearance
Standard.......ccoooiniien, 0.0008-0.0024 inch
(0.02-0.08mm)
(015512 SO UPRIR 0.0047 inch (0.12mm)

Available Main Bearings (with or without
Qil Groove)

Grade No. 0
Thickness ..o 0.0787-0.0788 inch
{2.000-2.004mm}
Identification Color................. Black
Grade No. 1
Thickness .ccovevvciieceeecciies 0.6788-0.079C inch
{2.002-2.006mm)
fdentification Color................ Brown
Grade No. 2
ThiCKNBSS ..o 0.0789-0.0791 inch
{2.004-2.008mm)
identification Color................. Green
Grade No. 3
THICKNeSS ..o 0.0790-0.0791 inch

(2.006-2.010mm)
Identification Color................. Yeilow



Available Main Bearings (with or without
Qil Groove) - (Continued)

Grade No. 4
THICKNesSS ... 0.0791-0.0792 inch
{2.008-2.012mm)
Identification Color................ Blue
Grade No. 5
THICKNeSS. ..o £.0791-0.0793 inch
{2.010-2.014mm)
Identification Color ................ Pink
Grade No. 6
ThICKNeSS ... 0.0792-0.0794 inch
{2.012-2.016mm)
Identification Color................ Red

Main Bearing Undersize
Crank Journal Diameter "Dm”
Standard ... 1.7697-1.7705inch
(44.95- 44.97mm)
Undersize
0.0098 inch {0.25mm)........... 1.7598-1.7606 inch
(44.70-44.72mm)

Connecting Rod Bearing Undersize
Crank Main Journal Diameter "Dp”

Standard ......cocooeeevvvvenereennneen 1.5732-1.5736 inch
{39.96-38.97mm)
Undersize
0.0088 inch {0.25mm)........... 1.5634-1.5638 inch

(39.71-38.72mm}

Fiyweight Runout {Total Indicator Reading)
Less than 0.0058 inch (0.15mm)

Engine Lubrication System
Qil Pressure

AL 1200 FDM ..o 28psi (2 kg/em®)
AL 2000 IPM..nvrrreeerceerressaseenne 43psi (3 kglem?)
Oil Pump Clearances
Rotor Tip...oo e, less than 0.008 inch
{0.2mmy}

Engine Lubrication System (Continued)
Outer Oil Pump Rotor

to Body Clearance......................Less than 0.008 inch
{0.2mm)

Oil Pump Rotor

to Siraightedge Clearance.......... Less than 0.008 inch
(0.2mm)



TIGHTENING TORQUES OF STANDARD METRIC BOLTS

Tightening torque
Grade Bolt or nutsize | Bolt or*nut Pitch mm
diameter”™ mm N-m kg-m ft-1b
Mg 6.0 1.0 3-4 03-04 22-29
1.2b 8-11 08-1.1 58-840
Mg 8.0
1.0 g-1 08-11 58-8.0
.5 16-22 1.6-2.2 12 - 18
47 M1Q 10.0
1.25 16 - 22 16-2.2 1216
1.75 26 - 36 27-37 2027
M12 12.0 -
1.25 30-40 3.1-41 22 - 30
Mi4 14.0 1.6 46 - 62 4.7-63 34 -46
M6 6.0 1.0 6-7 0.6-0.7 4.3-5.1
1.26 14 .18 14-1.8 1013
M8 8.0
1.0 14 -18 14-18 10-13
1.5 25-35 26-36 19- 26
7T M10 10.0
1.25 26 -36 27-3.7 20-27
1.75 45 -61 46-6.2 33-45
M12 12.0
1.25 50 -68 51-6.9 37 - 50
M14 14.0 _ 1.5 76 - 103 7.7-105 56 -76
M6 6.0 1.0 811 08-11 58-8.0
1.25 19 - 26 19-25 14 - 18
M3 8.0
1.0 20-27 20-28 14-20
1.5 _ 36 -850 3.7-51 27 - 37
a7 M10 10.0
1.256 39 - 59 40-52 29-38
1.75 G6h - 88 6.6-9.0 48 - 65
Mi2 12.0 -
1.25 72-97 7.3-99 B3 -72
Mi4 14.0 1.5 108 - 147 11.1-15.0 80 - 108
Special parts are excluded.
This standard is applicable to bolts having the foliowing
marks embossed on the bolt head. *: Nominal diameter
Grade Mark
4T 4 i ‘[6
ra I Nominal diameter of bolt threads (Unit: mm)
T et g Metric screw threads

10



TIGHTENING TORQUES FOR ENGINE BOLTS

Infake and Exhaust Manifold NUts..........c e 12-15 ft-Ibs (16-21 N-m)
SPAMK PIUG ... oceiiiriiems e eiss s s e en s 18-22 {t-lbs (25-29 N-m}
Water PUMP BOM ... isn s st e e e e 2.9-3.6 fi-lbs (4-5 N-my)
Crankshaft PUleY Bl ... e s b bv s ne e sra e 61-69 f-lbs {83-93 N-m)
Thermostat Housing Boll.......cooiimc e 2.0-3.6 ft-bs {(4-5 N-m)
Ol Pressure SWIC ..o ieii e e et sib s e e s 9.0-12.7 ft-lbs {12.3-17.2 N-m)
Camshaft Pulley BOR ... s 6.5-8.7 ft-1bs (9-12 N-mj
Connecting Rod NUL ... e e 22-25 ft-lbs (29-34 N-m)
Cylinder Head BOoHS. ..o s See Paragraph 2.3.12
Cylinder Head Front COVEF..........oi i 2.9-3.6 ft-Ibs {4-5 N-m)
Flywneel BOHS ... 43-51 ft-lbs (59-69 N-m)
Drive Plate Boll. ... e e e sra s 51-58 fi-Ibs (69-78 N-m)
Main Bearing Cap Bol ..o 34-38 ft-bs (46-52 N-m)
OB PAN BO’ ..o re e e et e s eeve s e e sresaromeste s b e e s et ansanssasnnes 2.9-3.6 ft-bs (4-5 N-m)
Ol Pan DIain PIUQ. ....oc oot st aracassss s e ces s ks 26-35 ft-lbs {35-47 N-m)
Rocker Shafi Bolt ... s e 13-15 ft-ths {18-21 N-m)
Tensioner LOCK NULE ...t n e naae e 11-12 #t-ibs (15-17 N-m)}
ROCKET CoVEI NUL. . it eeer s s et e e e e s bbar s besrb b 2.2-3.6 ft-lbs (3-5 N-m)
Rocker Arm LOCK NUE ........vic e rne oo ceecce et sans s rnn e e 8-11 ft-lbs (11-15 N-m})
Ol Pump ldler Gear Boll ... 4.3-5.1 ft-bs {6-7 N-m)
Ol Pump Securing Bolt ..., 12-16 ft-Ibs (16-22 N-m}
Water Pump Securing Bolft............cooiii s 2.9-3.6 it-lbs (4-5 N-my)
Water Cutlet Securing Bol. ... i 3.6-5.8 ft-1bs (5-8 N-my)

* Tighten or loosen in 2 or 3 stages
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