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INTRODUCTION

The Hercules G4800 series Natural Gas engines consists of three six cylinder
models, natural aspirated, turbocharged, and turbocharged with after cooling. All are
aoverhead valve, four cycle, heavy-duty commercial type engines. The engines are built
as vertical engines (piston motion in & vertical plane). Extensive tests, both
laboratory and field, have proven that these engines are adaptable to purposes for
which such sizes and types are required.

All locations given as right-hand (R.H.) or left~hand (L.H.) have reference to
the observer’s position when facing the flywheel or clutch. The front of the engine
is the timing gear end. The f{lywheel and clutch end is the rear of the engine.
Therefore, when reference is made to No. 1 cylinder or front main bearing, it is always
the one nearest the timing gears. Cylinders, connecting rod, etc.,, are mumbered from
the front or timing gear end of the engine. All dimensions are given in inches and
fractions of inches, except as otherwise noted. All weights and measures are in United
States avoirdupois or liguid measure standards.

This book is divided into the following sections, which appear in the order named
Specifications, Operation, Lubrication, Description and Maintenance, Trouble Shooting,
Fits and Tolerances.

When necessary to refer to accessories which are not furnished by Hercules
Engines, Inc., information and comments given are general and may not apply to the
specific accessory used.

As an operator, you owe it to yourself to read this book carefully.
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HERLULES ENBINES, INC.

HERCULES ENGINES, INC.

LUBRICATING OIL FOR NATURAL GAS (NG) ENGINES

Lubrlcatlng oll recommendations are based on engine design, type of
service, and ambient air temperature. High quality oils combined
with necessary oil and filter changes are required to assure maximum
performance, long engine life and minimum operating cost. Hercules
Engines NG fueled engines require oils formulated with additives
specifically for NG engine operating conditions. It is acceptable to
use a multigrade oil for operation during winter when ambient
temperatures average below 30°F. However when average temperature is
above 30°F, our turbocharged engines will have best life expectancy
when a single grade (SAE 30 preferred) oil is used. The attached
lists examples of oils which meet Hercules Engines requirements. For
oils not 1listed, acceptable products must be desjgnated for natural
gas fueled engines and have a maximum sulfated ash content of 0.5% by
weight. An excellent reference ror selecting lub oils is the "EMA
Lubricating QOils Data Book" which is available from:

" Engine Manufacturers Association
One Illinois Center
111 East Wacker Drive
Chicago, IL. 60601

We strongly suggest that an il sampling and analysis program be
implemented for new applications to provide information necessary to
select optimum oil/filter change intervals.

101 Eleventh St., S.E., Canton, Ohio 44707-3802 « P Q. Box 24101, Canton, QOhio 44701-4101
(216) 454-5631 « Telex: 98-3439 HERCENGS CTN « Cable: HERCAND




Based on
following

(<0.5% max.).

HERLIULES ENBINES, INC.

LUBRICATING OILS FOR HERCULES NATURAL GAS ENGINES

information published

listed products

meet

in the
Hercules

"EMA Lubricating ©ils Data Book", the
Engines requirements for low ash level
Note that this list is not meant to be all inclusive.

Single viscosity (SAE Grade 30) for operation in average ambient temperatures above

30°F.

COMPANY

Archer Petroleum
Caterpillar Inc.
Chevron

Citgo

Conoco

Esso Petroleum
JI Case

Mobil ©il
Petro-Canada
Phillips

Shell

Sun Refining
Texaco

Troco Q0il Co.
West Penn 0il Co.

BEAND

GLP
CAT NGEO

Chevron Gas Engine
Citgo Pacemaker Gas Engine 80O

El Mar 3000/El
Essolube G30

Mar Ashless

Case IH Low Ash Engine
Mobil Pegasus 390

Sentinel 435
HDG

Shell Mysella
Sunoco SEO 683
Geotex LA
Geo-Guard 300
Emblem Low Ash

Gas Engine

Multigrade for operation at ambient temperature range as follows:

COMPANY

Esso Petroleum
Esso Petroleum
Phillips

Shell

Sun Refining
Texaco

Troce Q0il Co.
Tenneco

West Penn 0QOil Co.

10

[

20

-W 30
W 40
W 40

Minug 10°F to 50°F
Zero °F to 60°F
10°F to &0°F

BRAND

Essolube G10W30

Essolube G15W40

HDG

Mysella Multigrade

Sunoco SEQO Ashless

GEOTEX LA

GEO=-Guard 300

Low Ash GEO 2030

Emblem Low Ash Gas Engine

SAE GRADE

10W30
15W40
20wW40
10W40
15W40
20Wa0
15W40
15W30
15wW40

101 Elevanth St., S.E., Canton, Ohio 244707-3802 « P O, Box 24101, Canton, Chio 44701-4101
(216) 454-5631 » Telex: 98-31439 HERCENGS CTN + Cable: HERCANO




FUEL SYSTEMS - GASEQUS

Oss engines can be designed to operate
on various gaseous fuels, including
natural gas, HD-5 propane, digester
{sewage) g89, and landfill gas.

Each engine installation must be de-
signed with a particular fuel in mind,
because the octane rating and Btu con-
tent of different fuels can vary greatly
{see Table 15-1). A gas analysis should
be submitted to the engine manufacturer
if a non-commercial grade fuel is to be
used.,

Fuel Specifications

Type of Octane Btu/Ft
Fuel Rating LHV
Natural Gas 115-120 900
HD-5 Propane 95 2400
Digester Gas 115-120 600
Landfill Gas 115-120 400-450

NATURAL: GAS ENGINES

Natural gas engines are often used for
prime power applications. Generally the
gas. is supplied by utility owned lines
that run to the installation site. The
ma jor components in the natural gas fuel
system are the pressure regulators,
piping, and the carburetor (see Figure
15-1}.

Pressure Regulatora. Pressure regulators
{see Figure 15-2) are designed to con-
trol the pressure of the gas as it en-
ters the engine. Through an arrangement
of a diaphregm and springs, the pressure
of the natural gas coming to the engine
is lowered and controlled. This provides
a8 steady supply of gas to the carbure-
tor.

The fuel system uses a high pressure
line regulator, mounted in the main fuel
line, and a low pressure engine mounted
regulator. The line, or high pressure,
regulator lowers the gas pressure in the
lines that feed the engine mounted gas
regulators to a lower predetermined

value, depending on the application. The
engine regulator sets the gas pressure
to the carburetor. From the engine
mounted regulator the gas flows into the
carburetor, where air is mixed with the
Eas.

The mixture then flows into the engine
to be burned. Gas preasure to the engine
regulator is typically /5-25 iw w0
For G4BoOC SERI€S Fargrves, -

Low gas pressure will starve
the engine of fuel and reduce engine
output. Excessively high pressures could
damage the regulator, allowing excessive
fuel to . the cylinders. This could
lead to detonation and seriocus engine

damage.

If at all possible, avoid feeding any
gas operated equipment from the supply
line between the line regulator and the
engine regulator. The supply pressure to
the engine could be disrupted.-

A second line regulator may also be
necessary if the initial line regulator
15 located far from the engine.




a. Pressure drop between regulators. The
maximm pressure drop across a line
regulator is generally 50-75 psi (3.5-
5.2 bar). Consult the regulator manufac—
turer for specific information.

Carburetora. The carburetor on all gas-
eous fueled engines is designed to mix
gas and air into a combustible mixture.
Through a series of orifices, springs,
and diaphragms, gaseous fuel and air are
mixed to provide the proper fuel-to-asir
ratio for efficient engine operation.
Carburetors are used to provide a con-
stant fuel-to-air ratio under varying
and constant loads.

The gas-to-air mixture must be estab-
lished at start-up. Consult the engine
manufacturer for instructions on gas
carburetor settings.

Piping. Piping to the engine site is
generally supplied by the utility. In-
stallation piping will have to be fitted
from the meter or main feed line to the
engine. This piping should be absolutely
clean and scale free. If possible, blow
out the lines with clean, dry compressed
air before mounting the regulator. Pip-
ing should be black iron or steel to
avold reacting with the sulfur in the
fuel. Never use galvanized metal or ginc
alloy piping. S '

The pipe size used should be the same
size as the engine fuel inlet. All
threaded pipes should be sealed to pre-
vent leaks. A shut-off wvalve should be
installed slong the pipe span just be-
fore it enters a building.

WARNING

All gas installations in closed areas or
buildings should have a positive shut-
off valve to prevent gas leakage when
the engine is shut down. Consult all
applicable local, state, and federal
building codes for each installation.

Natural gas piping should never run near
furnaces, heating pipes, electric wir-
ing, or exhaust manifolds. The high
temperatures could cause an explosion.

Natural gas piping should always be
insulated for added protection.

Alvays incorporate a flexible pipe con-
nector in the piping system. Locate this
flex connector as close to the engine
regulator as possible.

Fuel treatment. Fuel filters and/or
scrubbers are often recommended to re-
move dirt, rust, scale, water, and chem—
ical contaminants from the fuel., If
debris remaina in the fuel, the regulas-
tor orifice and gas jets in the carbure-
tor could cleg up and reduce engine
performance. In areas where the gas has
a large sulfur content, specially treat-
ed scrubbers and cleaners should be
used. Sulfur in the fuel would combine
with the water formed in the combustion
process to make sulfuric acid. The acid
causes rapid corrosion of engine compo-
nents.

Gas mixing. Some gas distribution sys-
tems add a propane-air mixture to the
natural gas to compensate for low pres-
sure conditions. This is called gas
mixing.

Gas mixing lowers the octane level of
the fuel. To determine the octane drop,
take the percentage of propane added to
the gystem and multiply it by the dif-
ference between the two octane levels.
For example, if the normal natural gas
supply is established at 115 octane and
25% of 55 octane HD-5 propane is added,
the resulting octane number is decreased
by 25% of the difference between 115 and
95, or 5. The resulting octane level
would be 110, If the propane level is
increased to 50%, the octane level would
drop to 105. Depending on engine load,
gas mixing can lead to damaging detona-
tion. If detonation is experienced, the
load must be reduced or the spark re-
tarded, or both, when the engine is
adjusted for natural gas. In areas where
gas mixing is common, a second set of
marks on the magneto will help the oper-
ator retard the spark quickly. The addi-
tion of propane-air mixture is propor-
tioned so carburetor readjustment is not
Necessary.
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HD-5 PROPANE FUEL SYSTEMS

Propane is a high Btu, low octane fuel
that ie generally sold and stored as a
liquid. Propane is converted to a gas-
eous state at the engine, in a separate
piece of equipment called a vaporizer.
The liquified gas runs through the va-
porizer and is warmed and converted to
vapor. Propane fueled engines are most
often used for non-prime power installa-
tion.

CAUTION
The other LPG fuel, butane, has too low
an octane rating (approx. 80} to be a
satisfactory fuel in modern engines.

The gas-to-air mixture must be estab-
lished at start-up. Consult the engine
manufacturer for instructions on gas
carburetor settings.

This type of fuel system is very similar
to the natural gas system: however,
several additional components are need-
ed.

Filter. A smell liquid stage filter
should be used to protect the vaporizer,
carburetor, and engine against fuel tank
and line scale.

LPG vaporizer. This fuel is liquified by
compressing it while it is in the gas~
eous state. The high pressures caused by
compressing the gas convert it into a

liquid. The liquid fuel is then storefp.

Before the fuel can be used by the en-
Eine, it has to be reconverted to a gas
in the fuel vaporizer. Heated air or
water runs through the vaporizer and
warns the fuel to a gaseous state /From
there, the gas flows to the carburetor,
where it is mixed with air. A vaporizer
must be used on most LPG applications.
Only very small engines can run off the
gas vapor that forms in the fuel tank.
See Appendix Section A.9 for propane
vaporization data. Many local codes
require an outside location for the fuel
vaporizer. Contact your local distribu-
tor for the type of vaporizer that will
be best for your installation.

Exterior propane fueled engine installa-

tions can usually be equipped with a
combination vaporizer smd pressure regu-
lator (converter) mounted on the engine.
These engine mounted converters use
heated engine coolant to vaporize the

liquid propane.

Fuel tank. An approved LPG fuel tank
must be used to store the fuel. Shut-off
valves and pressure gauges are usually
incorporated in the tank. Consult the
tank manufacturer for more specific
information. .

Due to the volatile nature of the fuel,
the tank should never be located inside
any structure. {(Most local codes require
that the tank be installed outside a
building.) Always plan the installation
to keep the fuel tank awmy from open
flames, sparks, or electrical connec-
tions.

Since propane gas is heavier than air,
the tank enclosure should not contain
any piping trenches or floor drains that
would permit escaping gas to get under
the building or into city storm drains
or sewer systems.

Piping. As with piping for natural gas,
never run an LPG line near heat sources,
exhaust manifolds, or electric wires.
This particular fuel will vaporize at -
44°F (-42°C). Any excess heat or loss of
pressure could lead to rapid fuel vapor-
ization within the syatem. Try to keep
the pipe spans as short as possible.
Piping can be insulated for added pro-
tection.

Carburetora. As with the natural gas
engines, a propane carburetor is nothing
more than a gas axd air mixer. The
springs, orifices, and diaphragms will
determine the gas-to-air ratios. Carbu-
retor adjustment is outlined in the
engine operation arkl service manuals.




BASIC ENGINE SPECIFICATIONS

GENERAL

Engine Serial Number Location . . . . . . . . . . . Right side of engine near front
Weight of Dry Engine {Lb.)}...vviiviinaneunisnnnany . 1000

Number of Cylinders............. T .
Firing Order...... e et s s aaeanerennan verssaenes1-5-3-6-2-4
BOre€.vssrerens T T P I3
Stroke......... St e esees it P 3% -1 -
Piston Displacement {cu.in.)...... e P Xk
Engine Speed {rpm)
Low Idle.......... Cetieeaaes T .10 14
Rated.......... Preariaaraeeaaas e, OB 2 000
High No-Load.........covos, B - 34
Compression Ratio............... B 3
Cranking Speed (rpm)........ it ceeisenaranraasesanse 200

Compression Pressure at Cranking Speed with Engine

Warm. This is purely a nominal guide. Variations

will naturally be found according to equipment,

cranking speed and altitude........... . v.0eva...200-250 psi
Allowable Compression Pressure Variation between

Cyvlinders....ovvuvinnanaas taesasaacsssrararsasessaa 2 ps8i
Engine Operating Temperature....... ferrrerrtreraaas .. 180-200° F,

REcomm oy Pany e
'G-V Huo .Z.C.q o o

LUBR[CATION

Tope . ovei s R R Cerriaaaar e v+ s .. - PrESSUrE

Type of Pump.vvovvoniann, b tererieean .Gear

Oi] Filter Type.  vv v aronss P b e esarassFull-Flow
Recommended O1l............ ... e b se e vve.s.-See Operator’s Manual

Minimum Oil Pressure at Engine Operatlng Temperature
Main Gallerwy

Idle Speed. . vvvovinen o, Ceeeneaaareaas sereaee 15 psi
2286 RPM. ... ..ot e s e vosv . 30-50 psi
[ ]
011 Cooler Piston 0il Pressure
Bypass Cooling Regulator
Valve Relief Valve Valve

01l Pressure Relief or Bypass Valve Springs
Free Length 1.620 1.620 2.580
Compressed Length 1.380 @ 7.7+7 1b. 1.650 @ 21.5

0il Pressure Relief or Bypass Valve
Plunger Diameter




LUBRICATION {Continued)

0il Change Period......iiiiiiinrinsrsianssssssrsassealat @ 125 Hr.then every 500 Hrs,
Crankcase Capacity

Without Filters......viieiitennnnvnsesasnsianasaae19 gt.

With Filters.. i iinninirriirreisssacsssnnarans. 22 gt.
0Oil Filter Change Period.... v iviennnnn wsssss01ee.4.Bvery oil change

CAMSHAFT

Material. ... o iiiiinninnatonsasasssnnaassrnenssaae.Carbon steel-forged
Standard End Play. .. cciiiiiitatiincennernnensscasess,0.,006=-0.015 in.
Thrust Plate Thickness. et cr ittt iisincircnaraneses0,242-0.240 in.
Tvpe of Drive. . voviviiviaannnas s naaan R ¢ = ) o
Cam Lift
Intake....... et ia e it ee e srrraareaas2.0.315 in.
Exhaust.....cooieieuannan it e R %14

Front..... e e i iir i ereraneresrnaaneernns 2.4295-2,4285 in,
2N it e e et e eas2 2 38T0-2,3660 in.
B3 S ittt et iereasssssa2.3045-2,3035 in.
dtheeiiiins. e e s eietate et e ranreasel,9920-1.9810 in.

TYpe.o s Ceieaaaes b sasssriasena3teel backed, copper alloy
Bushing Bore A
Front. .o vinnennnnas b e Creit e c e 2.5620-2.5630 in.
Second v rnny e Pt raree serateea iy eeesa2.4995-2,5005 in.
Third..overeeanss e e S heteaanaa e nee.2.4370-2,4380 in.
=7 = e e »+2.1245-2.1255 in.

Front..... i icieinnnnens e r e Cteet e vl 2.4315-2.4325 in.
MANIMUM, o e e s e e nnens b e r e Cerreeaa sereeverea2.4355 in.
ST =tare) £ (s SO e veers0.2,3680-2,3700 inc.
MaxImm, o v e e ennsnns Neaiaatraraaaan Ceeratetacan v 00223730 in.
Third..v.veenrenren. et e e s eae e 0. 2.3065-2.3075 in.
MANIMU . « e v e nnrvnenen e Sttt «2.3105 in.
RAT sttt v et teer e e e rnneennnss e «...1.9940-1,9550 ‘in.
Maximum., ... 0000 Ch e e e C e beee e v e 1.9880 in,
Bushing Width
Front........... . e e e s r e e 1.12 in.
Second. ... i e e e e tviseecesess1,00 in,
Third..... e et et versa1.00 1n,
Rear....v.eevenes P h et e et veeeeea1.26 1in,
Running Clearance
Standard........ e e e e e 0.002-0.004 in.
Maximum. . o vvevvnnnnnnn C et tiisaataeaaaa e anaa.0,006 in.




CONNECTING RODS

Material., .. it iiiiinnniiisassnsanennnesasrsasnsesses 3AE 1045H steel forging
Rod Misaligmment..........iiiiiiiiniiiiinasenansssasAllowable twist--0.001 per inch
of bearing length
Length from Center of Small End to Center of Large...8.750 in.
Connecting Rod Side Clearance
Standard. . v oo inir it ittt enasascssnnaneness0.007-0,013 in.
Diameter of Piston Pin Bushing Bore.....ceveeesesss e 1.749=-1.750 in.
Diameter of Rod Bearing Bore.......ivveensssnneessss.3.251-3.252 in.
Maximum Difference Between Lightest and Heaviest Rod

inSetivivviviiiinnnean. T T I -
Number of Connecting Rod Cap Bolts....ovvvrvrnnncanaal
Bolt Thread Size........... st teaesranansrarnarrensss3/16-18 UNF-3A

CONNECTING ROD BEARINGS

Type..... e r e TeessescssrenaaassaeanesanrsessReplaceable shell, precision
Material.......... te i ren st essaersasasavnssssnsassSteel backed, copperlead base,
' tin plate
Running Clearance
Standard...... Ctteee e ennaaantanaaannsrraaaasss 0.0014-0.0044 in,.
Maximum...... b Cecerrariaaarr et esseasss0.0065 in.
Bearing Width.....vivcenn. I I LR 1 o
Undersize.coeenneennan, tisessaranrasssasenrriiaaessea0.010 and 0.020 in.
CRANKSHAFT
Material. .o oonenan et e et S bt s e a sttt Steel forging
TP s o v vvnnrans et e it iaasse ety Dynamically balanced
End Playv Controlled by....... tiseesrarssesrrassaassaCenter main bearing
End Play
Standard........ et it eeaaaerrer s 0.010-0.014 in.
Maximum........ e ke e aaanees 0.018 in.
Number of Main Bearings............ A i
Main Bearing Journal Diameter.....s.svacennsss varaa:03.6210-3.6220 in.
Maximum Journal Out-of-Round or Taper......... crees..0.0005 in.
Main Bearing Journal Length
1st, 2nd, 3rd, 5th,6th, Tth..... et dees e vvee..1.,608-1,618 in.
ith...... e e Ch e eanaas Cireesaeaas vere.42.137-2.139 in.
Connecting Rod Journal Diameter..... e eseeea vere..2.89970-2.9980 in.
Maximum Connecting Rod Journal Length.,......... vess0a1.778-1,782 in.
Main Bearing Cap Bolt Thread Size...vivvririinnreesss.93/16-12 UNC
Maximum F]ywheel Mounting Flange Runout...... veeene..0,002 in.

Maximum Allowable Shaft Misalignment.........,........0.003 in.@No. 4 main brg. journal
0.002 in. remaining main journals




CRANKSHAFT MAIN BEARINGS

T Pttt tnossunenssrtnanssaersssssssnsssssssssssssss Replaceable shell, precision
Material.oseer i ievronesnnsaonannns taissaeaaneassene s Steel back, trimetal lines, plated
Running Clearance

Standard. s .o i vttt et i et et e saa e esessersas0.018-0,0048 in.

MAaXimUM,. s v v vsnttrnrcnssnasrsrtasnsanssssarrsarean.0.0068 in,
Undersize. . cvernveenaeenses vessstasarssansannaaase...0.020, 0.010 in.
Bearing Shell Width (Except Center).........ve.vv..,..1.220-1.230 in. -
Thrust Bearing Width.. ... i iiinnnninnnnsnniinineness2.124-2,127 in.
Crankcase Bore. .. itiretoaartrrtnsttrtsuansnnsnssenssd,937-3.938 in.

CYLINDER HEADS {2)

Type...... Cercesiaaenaas feriiarararsesanssasenraes.sOverhead valve
Material...covivuveas asesrraraasananssssssansessasaCast iron
Stud Thread Size....... e e Cierisaeerserersan3/16-12NC x 9/16-1BUNF-3A
Number of Studs (Each Head}. ... . it ennesaald
Maximum Cylinder Head Rn—Cut. v iiiinneseneaes .. 0.005 in.
Valve Port Diameters
Intale. i it ives i it iasennrsssstaniarenrnerseaassl.TO in.
Exhaust....vivseunns T I 1 T
Valve Seat Angle )
Intake & Exhaust...... er s e r e I 114
Valve Seat Width
Intake. ..o iiiinnns G esaeaa e T 2 B 6 o
Exhaust......... b e e s r et ceareaaa.7/64 in,
Maximum Valve Seat Runout...... eetes s r e Ve .0.002 in.
Spark Plug Bore & Thread Size......... treercsonannee 89 Bore 14MM Thd
SPeEe Flog Gae SOT W,

VALVE

Material
Intake...cvvviivaes et e s et e b e veee..5tem 4140 Face-Stellite #1
Exhaust............. e et e creiernanasrsarses¥M3 201/49
Stem 4140 Face-Stellite #1
Valve Arrangement (Front to Rear).......... vesssses . I-E-I-E-1-E I-E-I-E-I-E
Valve Length Overall
Intake...,... e be e e ceeaans e ..6.1735 in.-6,203
Exhaust............. e Gttt ee e seene.6.1550 in.-6.203
Valve Stem Runout - Mavimum..... et beaaa cerrarane..3.0005 in.
Valve Stem Diameter
Tntake...v.ovivvnens et Gt earae s ceea 3371 - 4363
Standard....... e esanaeas e r e e veese.0,4369-0.4381 in.
MInimUm. e s i e e e e s cieeae..0.4358 in.
Exhaust
Standard......cvivnvann e resraiaaeea .. 4365 — L4357
Minimum, . ..oovenen - 1<y




VALVES {(Continued)

Valve Running Clearance in Guides 135 H.P.

Intake
Standard. ... . ittt e enasl0.0015 - 0.0039 in.
MAXimMUM. .o v sirennnniinnrsnassssssssannansssennnesd.0045 in,
Exhaust )
Standard. eeveverenravrenas et esaaeraerenrna.3.0021 - 0045 in.
MEXimMUm. .o oot nnncnronarsns it ia i saseesesaa 00,0087 in.
Valve Face Angle
Inteke & Exhaust....... D [0
Valve Protr. Above Dech.. i vii it ininiinrnerseseas..0.034 - 0.012
Valve Head Diameter
Imtake. ..o viiiv it innnsns fvassaasiearrraraenarress02.030 - 2,025 in.
Exhaust........ e r e Ciesaerisetsaraaaarsarsael.7B5 ~ 1.745
Valve Timing
Valve Clearance for Checking Valve Timing
Intake..... et etererasnansrareraee 3.010 in.
Exhaust..,.... et et aaraaaansanasa0.025 in.
Intake Opens..vvviveenrvnen trres it esss.=16° BTDC
Intake Closes.,..vovvieans chresearasararrennareseea20®% ABDC
Exhaust Opens........... it eesrsananaarraaaasea .34 BBDC
Exhaust Closes...... ettt trerssrsascarseee—18 ATDC
Valve Lift
Intake...... et D 4%
Exhaust............. f b e ceeseassnaaa 0,472 -~ ,BOB in.
vValve Port Diameter..... . vireessaasasesRefer to Cyl.head Specifications
Maximum Valve Face Runout............... Ciceeeenaas..0.002 in.
Maximum Valve Seat Runout... ............. vesesaessea0,002 in.
Valve Margin — MIDImMUIm. . ) v e e e nnnnveens s ene s ..1/64 in.
Vajve Clearance (Cold)
Intake....... et et tente e «+.0.010 in.
Exhaust .. .. i iiiiianenrnnnan et eraeaaaea eeerse0.025 in.

VALVE GUTDES

0 3 2, et ar e Cebteeeer s Straight
Material........ e e r e creaaeaas.Cast iron
Valve Guide Bore
Intake aml Exhaust. ... oottt iii s N 0.4388-0.4394 in.
g 3 111 trariaserereeess.0,44086 1n.
6T 3 et e vee...0,6885-0,.6880 in.
00 21~ 30 vera 3,46 in.
Valve (uide Height above Counterbore of
Cylinder Head. oo oo, e et et 1.260 in.




VALVE SPRINGS

Material. . ovee i iininrencssnnentnonianan rerretaaas
Free Length

«.Spring Steel

TTIEAKE s + v v e s s s eeas s esnsanssnsansen s earirssne 2,500

Exhaust, v iieritvnnnrr it tnrssetransensssnnnnnnrs

Compressed length
Valve Closed
B ) 2 < =T

«.2.500

..2.12 in.@ 102.2+ 3 1lb.

Exhaust.. i cviveannriitiiiiisnnsssnsasrinararsesesse 12 in,@ 102.2¢ 3 1b.

Valve Open
Intale. tvviiriioenisstvnnins et se et aa s
Exhaust, ..o ieesinenvnesssrrnranennns Crrasreanua

Type. i et raaa e Crda e i
Diameter

Standard. v veeinesaees S i E it s et ettty
Minimum......... e e e a e cre e

Standard....... L h e seeane St et e Cesertaany
Maximum....... e e e e eae i
Running Clearance. . ....-... e A e et

FLYWHEEL, WITH RING GEAR

Mavimum Runout....vviieennnn. et r e et rase s
Diametler. . v vs it i it i et aa e e
Ring Gear Teeth (Number)..... e e

IDLER GEAR

Shaft Diameter..... e e s P b e e e e

Relief Valve Spring
Free Length. o it s tiine i nnnarens .
Compressed Length............ S deacaaa e
Relief Valve Plunger Diameter.. oo, e
Drive & Driven Gear Clearance
Standard..... . e ne s e
Mavimum, ...., e e et bt

..1.67 in.@ 247.2+ 7 1b.

... 1,67 in.@ 247.2+ 7 lb.

..5traight

..1.2480-1.2475 1in,
..1.2425 in.

».1.2513-1.2523 in.
..1.2543 in.
..0.0033-0.0048 in.

..0.008 in,
..17.440 in.
..138

..0.7875-0.7872 1in.

.+2.000 in.
..1.81 in.@ 52+ 5.0 1b.
..0,8125-0.8120 in.

,»0.0020-0.0055 in,
..0.0080 in.




OIL PUMP (Continued)

Drive Shaft Running Clearance in Housing
Standard. ... .eererrsrrarta i caraairresrsarnensessaa0.001-0.003 in.
Maximum......... Tetesediarrasarsasarrnasnssenesess0.005 in.

Driven Shaft Running Clearance in Bushings
Standard....verreraatiinrrrrestarrrnesassarsasnnss 0.0010-0.0025 in.
MAaXImMUM. «vvesvesnanrensnnnnns teressestenntiaanenel3.0045 in.

PUSH RODS

length. i v it iiirniesrs i eneannnns tiesessaseaanraesed14.744 ¢ 0,015 in.
Maximum RUnout....coeevnsssrnennenne verterarssrssaeasas0,020 in.

ROCKER ARMS

Rocker Arm Shaft Spring
Free length. .o iin ittt itnnnnennns crrearnarreesas3.500 in.
Compressed Length...... Ph e Creiseietresennan .2 in.@ 8.8 + 1 1b.
Rocker Arm Running Clearance
Standard.. ... eienenn. ety sarreesereaa.0.002-0.004 in.
Mas imUms o v ovvve e rennenns et e treseesaaaas0.0050 in.

ROCKER ARM SHAFKT

Shaft Diameter
Standard. ... i iiin o e i e hresre e .1.0005-0.9998 in.
MiN MU, o e v s nnanson C et e vesesser i as0.9978 in.

PLISTONS

Material........... o aa e it veresssAlumimum alloy
Pistons Removed from....... e eeean s hee e Top
Length. .. .. ettt it ey e ar e .5.041
Maximum Skirt Dimension........ccvvueun ettt aa e e 4.5593-4.5592 in.
Top amdd 2nd Piston Ring Groove. .. oo evivena. Craa s e 4,133-4.123 in.
Qi1 Ring Groove Width. ... .ot iiiiii i nns et eaaas 0.1575-0.1565
Piston Pin Bore Diameter
Standard...... et bt e et tieeaea1.6251-1,6253 in.
Maximm..... et e e e e vrriaaes1.6263 in.
New Piston Fit in New Sleeve. oo nveannnns erraaen L0.0037- 00563 in.




PISTON PINS

T PRttt saaesrnurnnasotsasasssnssssasasssseserassnass.Full Floating
Installation...csiiveaiiiaiiirvrsessesasnnnnssasrsssFit pin at room temperature with
thumb pressure
Pin Held in Position by......vvviiiiivneieennenerssaRetaining rings
Qutside Diameter
Standard. . s o v et ii it it st sasseaas1.6249-1.6247 in.
Minimum,. . s ovinnneinrteneessstsnsaansensnsnasnsnansal.68243 in.
Running Clearance in Pistons
Btandard. cvvs vttt it eas.0.0002-0.0006 in.
MaX MU, o v s e snsnennsssntansvrnssvroesacsannnssaass 0,002 1n.
Running Clearance in Rod
Standard. .« vttt e it eneeesa0.0016-0,.0020 in.
MAaXITUM. s v eevvarevanscunanane siraasaasacraanansseed0.0030 in.
Rockwell "C" Hardness. ... viiviitierensnnnssnoeessens D862

PISTON PIN BUSHING

TVPE .t v v v el aa s erser e csaraieiaaaaees.3lotted and split
Material............ St et r e e e teeressssaasranares . Steel backed bronze
Inside Diameter

Reamed in Place......... s sstaaraaaanarasasiaanas..1.6260-1.8267 in.
73 T o+ TR U 211

PISTON RINGS

Material......cooveiiniina, et voo .. Top: Nodular Iron-Moly Filled
2nd: Nodular iron-chrome faced
Compression Rings per Piston.............. Cieberaaas .2
0il Ring Side Clearance....... i vieuieunn.. cereeerseasa0.002-0.004 in.
Compression Ring End Gap
Top...... Cree e e e «+.0,014-0.024 in.
Znd. ..., e e «¢..0,011-0.021 in.
MENIMUM. «ovrnnnrnnnns e e Ca e ..0.040 in,

Standard.....ccivyven. e et .0.015-0.025 in.
Maximam............. e b e e e v+0+.0.050 in.




GENERAL DESCRIPTICON AND FEATURES OF DESIGN

CYLINDER BLOCK AND CRANECASE

The cylinder block amd crankcase are
cast in one piece. In order to permit
more efficient cooling, the cylinders
are water jacketed the full length of
the bore. This construction results in a
very rigid unit, which provides a sturdy
support for the crankshaft.

MAIN HEARINGS

The six cylinder engine has seven main
bearings. This places a main bearing on
each side of each connecting rod bear-
ing, see Illustration No. 1. This con-
struction helps to eliminate vibration
at high speeds. The bearing caps are
held in place by two alloy steel cap-
sSCrews.

The crankshaft end thrust is controlled
by the center main bearing. This shell
has suitable flanges on both sides of
the bearing, which form a thrust bear-

1ng.

Precision or insert type bearings are
used. In this construction there is a
removable shell in each cap, as well as
for the upper part. The upper shell. is
not interchangeable with the lower shell
except for the thrust bearing. These
bearing shells are completely finished
before being put in place and no line
reaming or scraping is required. This
allows replacement of the bearings to be
easily accomplished. Each bearing shell
has a small ear or projection which fits
into a recess in the cylinder block or
cap, which allows the ear or projection
to rest against the adjoining case or
cap to prevent the shell from rocking or
rotating. These shells are trimetal
bearings, steel backed. This permits the
use of a hardened crankshaft.

CYLINDER HEAD.

The engine has two cylinder heads made
from heat treated alloy iron, wvalve
seats and valve guides are replaceable.
The head is held to the cylinder block
by studs, and nuts; and, in order to
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insure against leaks the head must be
carefully drawn down by means of the
stud nuts, which should be progresaively
tightened, working from the center of
the head toward the ends. See Illustra-
tion No. 20 for method and sequence for
torquing cylinder head.

CONNECTING RODS AND PISTONS

Like the main bearings, the connecting
rods have the precision or insert type
of bearing construction. No shims are
used, therefore, bearing adjustment is
asccomplished by installation of new
bearing inserts.

The piston pin is of very large diameter
and is of the full floating type. This
means that the pin can rotate in either
the piston bosses or in the bushing at
the top end of the connecting rod, but
the fit in the piston is tighter than




SLEEVES

TPttt vttt tatsicennans P ) ) 4.
Material.esseioeessrnciaiersosrsasionnsnnnnssrenresasssast Tron

Brimnell HardnesS. i cvivrs s sasssstonennoternsransse 229-269
Bore
Standard. . coiiir et c ittt aesaaass 4.56830-4,5645 in.
Maximum (Measured One Inch from Flange)............4.56656 in.
Out-cf-Round

Maximum {Not Installed).............. viereesasansas$,012 in.
Taper

MAXIMUM. s v e v v e on v s nnasnmnnens setier et essess0.0005 in.
Overall length............ ... I N YL T
Projection above Crankecase (for Gasket Crush}........0.0005-0.0050 in.
Crankcase Sleeve Bore. ... .. o0eivieeunns rerseaseessaad.7511-4.7520 in.

Crankcase Sleeve Counterbore.......iiivirvesseereassad.010-5.015 in.
Sleeve Counterbore Depth in Crankcase.....:.....v....0.,184-0.186 in,
Sleeve Flange Thickness........... teesraaareerereane.0.1880-0.1885 in.
Sleeve Quter Diameter
Upper Flange..vvve s iiumneeressriiiasanrasissensessed005-5.000 in.
Body..veoiiiiennan Cer it ti e tass e esaasrsasaanes s 2.7505-4,7495 in.
Sleeve Upper Flange Clearance in Crankcase...........0.005-0,015 in.

TIMING GEARS
Type..... s e Caeresaaas crerrsraaraiiaaees Helical
Material......... s E e araee veresraserrasnsAlloy Steel
Back Lash
Tdler Gear to Crankshaft Gear.........e.... veree0«:0.004-0,006 in.
Maximum for Wear................ et ada e .0.007 in.
Camshaft Gear to Crankshaft Gear.......... e eaas.0.002-0,004 in.
Maximun for Wear..... e et e e ....0.005 in.

TORQUE WRENCH VALUES IN FOOT-POUNDS (OILED)

Cvlinder Head Stud Nuts............. e .See X-541
Cylinder Head Cover Bolts and Nuts, e erre e veed=D
Main Bearing Cap Screws............ ..................135—140
Connecting Rod Cap Screws......... e creresaens.115-120
Water Manifold Cap Screws........... S VR
Manifold Nuts............ e e e Ciira s eaeeaasa20=-25
Rocker Arm Shaft Bracket Cap Screws.....vevieennnn.s.30-35
Fliwheel Cap Screws...... Cieeeeaaraanaaaan Penaaa ceee115-120
Flawheel Housing to Cylinder Block MNuts..............40-45
Vibration Dampner Cap SCrewsS..v.ivuuneer... s 30-35
Pulley Cap SCrew..vceeeerens G eaae e Ceeet et .. 225-250
Camshaft Gear Attaching Nut............ ceere a2 275-300
Qil Purp Attaching Bolts.............. Ciiiassaseanas48-54

011 Pump Drive Gear Nut............. e




the fit in the connecting rod bushing.
Consequently, the Piy cavwer RoTarg
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. The piston pin is prevented from
moving endwise and making contact with
‘the cylinder wall by means of snap
rings, which mre located in grooves
machined in the bosses of the piston.

CAMSHAFT

The camshaft is supported on removable
bearings in the crankcase. The camshaft
end thrust is controlled by a thrust
plate between the front camchaft bearing
and the camshaft gear. This plate is
held to the cylinder block by two cap-
screws.

VALVES

The valves are installed in the cylinder
head. The intake valve head is larger in
diameter than the exhaust valve head in
order to increase the efficiency and

insure more power. Both intake and ex-

haust wvalves are forged from special
alloy steel. The valve tappets are hol-
low to allow the push rod to properly
seat.

OIL SYSTEM

The lubricating system is the pressure
type, having gear type cil pump with the
suction end in the oil pan 0il sump and,
therefore, needs no priming. The oil
punp is gear driven through a suitable
gear arrangement at the front of the
engine. The oil tubes and oil pan may be
rotated depending on the application.

The o0il pump forces the oil under pres-
sure through a full-flow oil filter and
0il cooler to the main oil header in the
cylinder block. This oil header is a
drilled passage extending the length of
the cylinder block on the side opposite
the camshaft and is closed at both ends
with suitable plugs.

The o©il pressure is controlled by a
pressure control mechanism assembled on
right side of cylinder block, see Illus-

tration No. 35, which connects directly
with the oil header. Also, there is a
safety pressure relief valve assembled
to the oil pump which prevents excessive
pressure build-up. See item "A" Illus-
tration No. 1.

From the main header the o0il is distrib-
uted, under controlled pressure, through
drilled pessages to all main bearings,
camshaft bearings, and rocker arms. From
the main bearings, cil is delivered
under pressure, through drilled passages
in the crankshaft, to all connecting rod
bearinga. See Illustration.

The cam lobes, valve tappets, and so
forth are lubricated by means of oil
drain-back and the mist of o0il thrown
off around the various pressure-lubri-
cated bearings. The pistons are cooled
by a spray nozgle located on block. See
Illustration No.

External openings are provided for con-
nection of an o0il pressure gauge or
other accessories requiring pressure
lubrication.
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ALTRONIC V IGNITION SYSTEM INSTALLATION INSTRUCTIONS

WARNING: An improperly installed or operating ignition system may lead to improper
engine operation which consequently could pose the threat of personal injury to
operators or other nearby personnel.

The feollowing parts are required for each installation:

1. Altronic V Unit

2. Wiring Harness
3. Ignition coils - 40-2505254  1-Per Spark Plug

ENGINE
Set engine so that No. 1 cylinder is at the ignition firing point. 20° BTDC

Remove cil fill cap and verify that #2 Exh. rocker is in the down position, if not,
rotate engine 180°.

ROTATION
Determine the rotation of the Altronic V unit (looking at the drive end of the Altronic
unit) for the engine being equipped. (CW) }

ALTRONIC V UNIT '
Locate the timing mark on the housing for the proper rotation. Rotate the drive
coupling until the red mark on the shaft lines up with the proper mark on the housing.
Figure 1 shows the timing mark indication and drive coupling alignment for the standerd
SAE CCw and CW configurations. '

Mount unit to engine keeping the above two red lines together as close as possible. If
the two lines cannot be made to meet- by rotating the entire unit, remove the four
screws which fasten the back cover assembly to the unit. The entire back cover assembly
should then be pulled away from the unit keeping the internal plug connected. Rotate
the driven gear until the two marks described above line up. With the plastic cover
removed, use one finger on the timing decal to maintain the distributor shaft in the
correct position (proper red marks line up) and reinstall the cover to the unit,
engaging the gears. Securely tighten the four fastening screws. Final timing should be
checked using & timing light with the engine at idle speed. Rotate unit (W to retard,
CCW to advance.

IGNITTON OOTLS AND SEOONDARY WIRING

Use only one of the Altronic coils listed above; standard low-tension magneto coils
will not work properly with this system. Mount the coils as close as possible to the
engine spark plugs,

The use of a clear, silicone grease (such as Dow Corning DC-200) is recommended for all
high tension connections and boots. This material helps seal out moisture and prevent
corrosion from atmospheric causes as well.




NOTE

There are two oil holes (1) in camshaft rear bearing
bore (2). There are two oil holes (3) in rear camshaft
bearing (4).

Oil holes (3) are a little bit closer to one end of rear
camshaft bearing (4) than to other end. Rear cam-
shaft bearing must be put in rear crankcase web

(5) so that end of rear camshaft bearing with il holes
closest to it faces front of crankcase, as shown.

Mark rear crankcase web (5) with chalk or grease pencil next to oil holes (1)
in camshaft rear bearing bore (2).

CAUTION

Both oil holes (1) in camshaft rear bearing bore (2)
must line up with bath oil holes (3) in rear camshaft
bearing (4). Alinement of oil holes need not be per—
fect, but more than half the aren of oil holes (3)
must line up with oil holes (1). If this is not done,
oil flow will be blocked and engine will be damaged.

Using camshaft bushing remover and replacer kit, put'in new rear camshaft
bearing (4). Use chalk mark on crankcase web (5) to help line up oil holes
(3) with oil holes (1).




18. Install the fuel line.

19, Install and connect the air cleaner
and connect the exhaust pipe to the
manifold.

20, Connect the radiator hoses and fill
the radiator with clean water or anti-
freeze.

21. Install the oil pan, using new gag-
kets, and fill the crankcase with the
proper grade of lubricating oil.

CONNECTING ROD EEARTNG REPLACEMENT.

If excessive clearance develops between
the shaft and bearing shells, new bear-
ing shells should be installed. If the
clearance ig excessive with the new
bearings, regrind the shaft and use
undersized bearings. Undersized bearings
are available in sizes of .010 and .020.

The connecting rod bearings may be re-
placed as outlined below:

1. Remove the o0il pan. See "0il Pan, 0il
Pump & 0il Pump Lines”.

2. Locate the crankshaft so the connect-
ing rod cap can be removed.

3. Remove the screws.

4. With a soft hammer, tap the cap to
loosen it and remove the cap.

5. Replace the bearing shells as out-
lined under paragraph No. 8 and No. 9
(Connecting Rod Installing).

6. Reassemble the oil pan, cil pump and
lines to the engine. .See "0il Pan".

OOOLING SYSTEM.

Perhaps the best method for care of the
cooling system is to clean and flush the
system periodically; also, use some good
rust and corrosion preventive between
cleaning periods. Almost all natural
water contains some mineral salts which
stimulate corrosion.

Air leaks around the hose coﬁnections

. and through the water pmmp should be

carefully guarded agaminst. Check the
hose connections frequently for leaks.

If the engine or unit is equipped with a
pressure type sealed system, it is im-
perative that the correct type of radia-
tor cap be used. This is determined by
the type of system used.

There are two types of sealed cooling
systems which are used extensively. One
type has a safety relief valve arrange-
ment built intc the radiator filler cap,
Illustration No. 12. The overflow pipe
is alsco connected to the radiator filler
neck above the lower seat of the pres-
aure cap. In this mamner, if excessive
pregsure develops in the cooling system,
the lower part of the pressure cap will
raise from its seat and allow the vapor
to escape through the overflow pipe.
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Illustration No. 12

This type of cap should never be removed
quickly. Always turn the cap off slowly
until the pressure has escaped through
the overflow pipe, then remcve the cap.

The second type of pressure gsealed cool-
ing system has the pressure relief valve
and overflow pipe built inteo the top
tank as a separate unit (not connected
to the filler neck).




However, if any type of sealed cooling
system is used, the proper filler cap,
good gaskets and a smooth gasket surface
are essential if excessive loss of the
coolant is to be prevented.

From the above, it can be readily under-
stood why serious overheating of the
engine may result from loss of coolant
or cooling efficiency when the incorrect
filler cap, bad gaskets, or a rough
gasket surface is encountered.

Use a good commercial neutralizer in the
cooling system. To obtain the best re-
sults, follow the instructions of the
manufacturer. .

CRANKSHAFT

The crankshaft is a mechined forging
having all bearing Jjournals surface-
hardened. The nominal diameter of the
main bearings is 3 41/64" while the
nominal diameter of the connecting rod
Journals is 3". The shaft has pessages
drilled to carry oil, under pressure, to
the connecting rod bearings. These pas-
sages should be cleaned with a wire
brush, see Illustration neo. . before
the shaft is installed in the engine.

Illustration No. 13

The diameters given above are only nomi-
nal, see "Fits and Tolerances" for the
actual standard sizes.

WARNING: When regrinding a crankshaft,
it is imperative that the original 5/732"
radius from Jjournal to cheek be main-
tained. Crankshaft breakage may result
from improper grinding of this fillet,
The shafts are available in .010, and
.020 undersize only.

For installation of pilot bushing in
crankshaft, see Illustration No. For
method of indicating bushing, see Illus-

tration No. :

NOTE. WHIM INSTALLING BEARING
USE 07303 DIA MSTALLATION TOCH

BUSHING-TYME REAR.
NG TO AE FLUSH

// WITH TS SURFACE

g
ﬁ
~0

BUSHING-TYPE PILOT BEARING
INSTALLATION INSTRUCTIONS.

Illustration No. 14

TO REMNVE THE CRANKSHAFT GEAR

If a suitable arbor press is not avail-
able, the following method may be used.

This gear is a snug fit on the crank-
shaft, and it is possible to pull this
gear with any of the commercial pullers.
Since replacement of this gear would
only be brought about by the gear being
badly worn or damaged, meking replace-




ment necessary, it will be necessary to
replace all gears at the same time.

Illustration No. 15
CRANESHAFT GEAR, AND CAMSHAFT GEAR.

a. Removal. Remove crankshaft gear and
camshaft gear.

Align timing marks on crankshaft and
camshaft gears. Remove crankshaft gear.

b. Inspection end Installation: Inspect
and install crankshaft gear, and cam-

shaft gear.

1. Check condition of gear keyways. Key
must be in proper condition, not wornm,
and must fit tight in keyway. Check
thrust surface of camshaft.

CRANESHAFT DAMPER AND PULLEY ASSEMBLY.

8. General: The crankshaft damper and
pulley agsembly must be removed from the
crankshaft in order to replace the pul-
ley ard/or damper.

b. Removal: Remove crankshaft damper and
pulley assembly as follows:

Illustration No. 16

Illustration No. 17

1. Remove engine fan from water pump
pulley.

2. Remove drive belts.

3. Remove crankshaft damper pulley re-
taining bolt and lock plate. See Illus-
tration No. . Item A & B.
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4. Install mechanical puller on hub of C#&. Inspection and Repair:
. pulley. Puller holes are in pulley for
this purpose. 1. Inspect oil seal contect surface for
nicks or burrs which may damage oil
seal. Remove minor damage with Crocus
cloth,

2. Check keyway for burrs or damage.
Check damper and pulley for cracks.

3. Check rubber insert in damper for
cracks, cuts, or loose fit. If rubber
ingsert has separated from steel hub or
rim, replace damper.
S &, Check damper timing mark to be sure

they are in perfect alignment with tim-

ing marks on edge of pulley. See Illus-

tration No. If they are not, replace

damper, as this indicates that rubber in

damper is broken or damaged.

( %. A viscous damper which has no rubber
is sometimes used and should be inspect-
ed regularly and replaced if dented. Df. Installation:Before installing crank-
shaft damper and pulley assembly on
crankahaft, coat lip of crankshaft front
0il seal and sealing surface on pulley
with lubricating oil to prevent damage
. to o0il seal lip when pulley is in-~
stalled. Hold replacer bolt stationary
while turning plain nut to seat damper
end pulley assembly. When bolt holes in
lock plate do not align with threaded
hcles in pulley, the plate can be turned
over and positioned so the holes are
aligned.

CRANESHAFT FRONT OIL SEAL.

a. Removal: Remove crankshaft front oil
seal as follows:

1. Remove engine fan and all belts.
2. Remove water pump assembly.

3. Remove crankshaft damper and pulley
assembly.

4. Remove oil pan front screws that hold
pen to cover, loosen balance of cap-
screws 80 front of pan drops away from
gear cover.

Illustration No. 18 5. Remove tachometer adapter, drive
. : shaft, and mounting adapter.




ASSEMBLE OIL SEAL WITH
THIS EDGE TOWARD CRANKSHAFT
PULLEY SIDE OF COVER

CRANKSHAFT FRONT OIL SEAL

\nmmc GEAR COVER

INSTALLATION INSTRUCTION FOR
CRANKSBAFT FRONT OIL SEAL

Illustration No,

6. Remove crankshaft front oil seal from
timing gear cover agsembly.

b. Instaliation: Install crankshaft
front oil seal as follows: See Illustra-
tion No.

1. The crankshaft front cil seal has a
double lip which must be installed in
the timing gear cover assembly with
flange edge away from cover mounting
flange.

2. Position crankshaft front oil seal in
bore of timing gear cover assembly.
Install seal in bore using arbor press
and suitable press plate.

3. The timing gear cover assembly is
positioned on two locating dowel pins.
When installing cover, cover must be
properly positioned on pins before
tightening capscrews.

CYLINDER AND (RANECASE

The cylinders are cast integral with the
crankcase and have the water jacket
carried the full length of the cylin-
ders. This results in uniform cooling of
the piston and cylinder wall.

Material is cast iron with forged bear-
ing caps fastened to the cylinder block

with 9/16 capscrews. The most casual
ingpection of the cylinder block will
disclose the very rigid construction
provided to support the crankshaft and
this rigidity, coupled with the large
diameter of the crankshaft, results in a
very rugged and smooth rumning engine,
See Illustration No.

All engines are equipped with dry, re-
movable cylinder sleeves. See "Cylinder
Sleeve".

The cylinder block has a drilled pas-
sageway runing the length of the block,
known as an oil header, which is closed
on the ends with suitable pipe plugs.
From this header, various passages are
drilled to carry oil to the main bear-
ings, camshaft bearings and rocker arms.
See Illustration Ne. -

All oil passages should be thoroughly
cleaned with a wire brush and solvent at
overhaul time.

To replace the main bearings, see "Main
Bearings”.

Core openings are closed by expansion
type steel plugs. If any of these should
leak, remove and replace with new plugs.

e o =




CYLINDER HEAD

J1lustration No. 20

The cylinder heads are one piece cast-
ings and are interchangeable. The valve
seats and the wvalve guides are remov-
able. The head is held to the cylinder
block by studs; and, in order to insure
against lesks, the head must carefully
drawvn down by means of the stud nuts
which should be progressively tightened,
working from the center of the head
toward the ends, as shown in Illustra-
tion No. which shows torque of nuts
and sequence for tightening.

Step 1 - Tighten to 110 ft. lbs.

Step 2 - Tighten to 130 ft. lbs.

Step 3 - Tighten to 157 ft. lhs.

Step 4 - Re-torque to 157 ft. lbs.
ACTEK Berrox, 5 min,

NOTE: Do not use any sealants, aluminum

paint etc., on this gasket. Do not re-~

torque hot. If any seepage occurs, re-

torque celd only.

TO REMOWVE THE CYLINDER HEAD.

1. Drain the radiator and remcve the
water thermostat housing and hoses and

water manifolds. Also, disconnect the
water temperature gauge thermocouple.

"2. Disconnect the exhaust pipe.

3.Disconnect the air clesner or pipe
from the turbocharger and remove.

4. Shut off gas supply line to engine.
Disconnect gas supply line at engine.

5. Remove the cylinder head covers,
rocker arm assemblies and push rods,
Remove turbo exhaust manifold and intake
manifold.

6. Remove the cylinder head nuts and
lift the cylinder heads from the engine.
Tap the heads lightly with a soft ham-

.mer, if necessary, to lcoosen it. Do not

pry on the contact aurfeces.

By leaving intake and exhaust manifolds
on heads and using a spreader bar, both
heads can be removed together.




CYLINDER HEAD INSPECTION.

Cylinder head assembly: Check cylinder
head assembly for cracks especially near
fillets and around studs and pipe plug
openings. Check gasket surfaces for
burrs or nicks. Replace cracked cylinder
head.

Pressure test coolant passages of cylin-
der head at 40 PSI air immersed in 120°F
water, minimm time - 5 minutes. Reject
all cylinder heads with evidence of
lenknage.

IMPORTANT

Bridge cracks shall not be cause for
rejection except when the crack extends
below the valve seat insert and/or in-
sert counterbore.

Check the cylinder head for straight-
ness, The maximum permissible out of
flat when checking lengthwise is 0.005
inch. The maximum out of flat when
checking crosswise is 0.003 inch. In-~
spect studs for bent cordition or dam-
aged threads.

REPATR

a. CYLINDER HEAD: Replace stwds. that are
stripped or broken, replace complete
cylinder head assembly when cracked,

warped, or beyond repairs.

1. CYLINDER HEAD REFACING: When a cylin-
der head is warped beyond the maximm
permissible clearance, the cylinder head
can be refaced using a surface grinder.
When cylinder head is refaced, grind
valve seats as directed in paragraph on
valves. Replace the cylinder head when
excesgive grinding is regquired to recon-
dition gasket surface.

TO REPLACE THE CYLINDER HEAD.

1. Before installing the cylinder heads,
clean out the carbon deposits by scrap-
ing or brushing. If the valves are to be
ground or otherwise serviced, see
"Valves".

2, Clean the cylinder block and cylinder
head contact surfaces.

3. Install new cylinder head gaskets,

4. Place cylinder heads and valve assem-
bly on the block.

5. Start the head nuts and tighten even-
1y, using a torque wrench. Start at the
center of the head and work progressive-
ly to the outer ends, see Illustration
No. and "Fits and Tolerances".

6. Install the push rods and rocker
arms. Install panifolds, and turbocharg-
er.

7. Adjust the valve tappets to the prop-
er clearance. See "Valves",

8. Install the cylinder head cover,
using a new gasket, if required.

49, Connhect the gas line.

10, Inspect the thermostat. See "Thermo-
stat”, Illustration No.

11. Install the thermostat, housing,
hoges, and water manifold. Connect the
water temperature gauge thermocouple.

12, Install the air cleaner hose, using
new gaskets, if required.

13. Connect the exhaust pipe, using new
gazkets,

14, Fill the cooling system with the
proper solution (water and antifreeze.)

CYLINDER SLERVES

The cylinder sleeves are dry removable
type, precision mechined to size, and
are a slip fit. A puller may be required
to remove the sleeves, and dressing of
the cylinder bore may be necessary be-
fore installing.




— It is advised to step torque the head
gasket on a cold engine to the prescribed torgque per the seguence
indicated below.

Step 1 - Tighten to 110 ft. 1lbs,.
Step 2 - Tighten to 130 ft. lbs.
Step 3 - Tighten to 157 ft. 1bs.
Step 4 - Re-torque to 157 ft. lbs.

xXad1

NOTE : Do not use any sealants, aluminum paint etc., on this
gasket. Do not retorqgue hot. If any seepage occurs, retorgue
cold only.




No more than a total of 0.005 inch can be machined off
gasket surface of eylinder head (1). If cylinder head
has been resurfaced before, amount of metal machined
off is stamped-or etched on front of cylinder head about
1/2 inch from gasket surface.

resurface eylinder head (1) until no scratch or gouge is
deeper than 0.001 inch. Resurface cylinder head until it is not out-of-flat

lengthwise by more than 0.00% inch or out-of-flat crosswise by more than
0.003 inch. ‘

Measure thickness of cylinder head (1) from gasket surface to bottom of valve

spring counterbores (2). If thickness is less than 3.365 inches, get a new
eylinder head, :

GO TO FRAME 19
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Valve Guides and Valve Guide Bores Wear Limits

Size and Fit '

Index - of New Parts Wear Limit
Number Item.lPoint of Measurement (inches) . {inches)
1 Valve guide bore in cylinder :
head inside diameter 0.6865 to 0.6875 None
2 Valve guide outside diameter o.63BD To 0,688 NoME
1 and -2 Fit of valve guides in o.0005s T To D.00reT NoWNE

cylinder head bores .

T = TIGNT FIT

3




Exhaust Valve Seat Inserts and Counterbores Wear Limits

Size and Fit
Index of New Parts’ Wear Limit
Number Item /Point of Measurement (inches) (inches)
3 Exhaust valve seat counter-
bores inside diameter
Standard size 1.8080 tp 1.8090 1,80%55
1 Exhaust valve sesat insert
outside diameter
Standard size _ 1.8120 to 1.8130 None
PEPT N oF VaLve SEAT (NCERYT 0.382§ To 0:387%
3and 1 Fit of exhaust valve seat . -
insert in counterbore 0.0030T to 0.0050T 0.0025T

4
S
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Intake Valve Seat Inserts and Counterbores Wear Limits

Sjze and Fit
Index . of New Parts Wear Limit
Number Item /Point of Measurement (inches) (inches)
3 ~ Intake valve seat counterbore 2.05RO Y2 L. 059D Z.05935
i_nside diameter
1 Intake valve seat insert
ou_tside diameter ) 2,0615 to 2.0625 None
Jand 1 Fit of intake valve seat
: . insert in counterbore 0.0025T to 0.0045T 0.0020

BEPrH of VALVE SEAT INCERT

- 51 4158 T? 0. 4205
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Exhaust Valves and Guides Wear Limits

Size and Fit
Index - of New Parts Wear Limit
Number Item /Point of Measurement (inches) (inches)
2 Exhaust valve stem outside
diameter 0.4363 to 0.4368 0.4358
3 Exhaust valve guide inside
diameter 0.4388 to 0.4394 0.4420
2 and 3 Fit of exhaust valve stem in
exhaust valve guide 0.0020L to 0.0031L 0.0070L
Intake and Exhaust Valve Length Wear Limits
Size and Fit _
Index of New Parts Wear Limit
Number Item /Point'of Measurement {inches) (inches)
1 Intake valve length from tip to
gage line §,0820 to §,088¢ 6,0980
2 Exhaust valve length from tip :
to gage line 6.0700 to 6.0760 6. 0860




Valve Spring. Wear Limits

" Size and Fit .
. of New Parts Wear Limits
Index , _ o .(inches unless (inches unless .
Number Item !Pc_)int of Measurement otherwise noted) otherwise noted)
1 Outer velve spring free 2.590
length _ _2=500-ta=2T¥100 None
1 Outer valve spring load at 247,20 % 1T : ~
1.67 inches 153.7 to 167.7 pounds | K7 pounds
1 Outer valve spring load at | ivzc00 x93

2.12 inches .

62.7 to 68.7 pounds

\Bs-pounds ~




CHECK ONLY THOSE PARTS WHICH ARE CALLED OUT IN
THIS FRAME. PARTS WITHOUT CALLOUTS ARE SHOWN

ONLY FOR REFERENCE PURPOSES OR ARE CHECKED IN
ANOTHER FRAME. : ’

Valve Rocker Arm Bearings and Shafts Wear Limits

Size and Fit i
Index of New Partis Wear Limit :
Number Item/Point of Measurement {inches) {inches) :
. a Rocker arm bearing inside i
dlameter 1.0026 to 1.0038 1.0070 ] |
1 Rocker arm shaft diameter at fl
rocker arm besaring surface 0.9998 to 1.0006 0.9988
3and 1 Fit of rocker arm bearing
on shaft 0.0020L to 0.0040L 0.0090L
4 Valve adjusting screw
length A 1.740 . None

Valve Rocker Arm Thrust Spring Wear Limits

Size and Fit
Index : of New Parts Wear Limit
Number | Item/Point of Measurment |(inches unless otherwise noted) (inches)

£ Thrust spring free length 3.500 None
g Thrust spring load at 2
inches 8.8 to 9.0 pounds 7 pounds
. 5 | Thrust spring maximum
solid height 0.7300 .None




FAN ASSEMBLY (Cooling)

The cooling fan is mounted on the water
pump driven pulley, which is driven from
a drive pulley mounted on the crankshaft
by the use of one or more "Vee" belts.
Variocus accesgsories may be mounted on
the engine and driven by these belts.
Therefore, it is not possible to list
the fan belt specifications.

FLYWHEEL

Flywheels used on this series of engines
are made of cast iron and may be
machined to accommodate different types
and sizes of clutches, and other types
of couplings., The flywheel is fastened
to the crankshaft with six bolts. One of
these bolts is off center so that the
flywheel can only be installed in one
position. This properly Ilocates the
flywheel on the crankshaft.

Illustration No. 21
TO REMOVE THE FLYWHEEL.

1. Disconnect and remove the transmis-
sion and clutch or torque converter.

2. To mssist in the removal of the fly-
wheel, fabricate a 1/2 x 20 x 4" long

guide bolt by cutting off the head., See
Illustration No. 21.

Remove one flywheel bolt and install
this guide bolt in its place. Then when
balance of bolts are removed, there will
be a pilot for sliding flywheel on bolt
to assist in removal from housing.

3. Using a Lady-Foot pry bar, if neces-
gary, to pull the flywheel from the
crankshaft..

TO INSTALL THE FLYWHEEL AND INDICATE.

1. Reverse instructions under heading
"To Remove the Flywheel" above.

2. Use a dial indicator to check the
concentricity of the pilot bore. This
should not exceed .005 total reading.
See Illustration No.

3. Attach the dial indicator, as shown
in Illustration No. to check the face
of the flywheel. This should not exceed
.008 total reading.

4, Install the starting motor.

5. Install the clutch and transmission
as removed. ;

Illustration No. 22




SPARK PLIGS & IGNITION CABLES



GEAR HOUSING

The gear housing plate forms the front
suppert for the engine and is doweled to
the cylinder block. The gear housing
covers the gears. The front oil seal for
the crankshaft is also installed in the
housing. This housing may be removed for
the inspection of the gears, and so
forth.

TO REMOVE THE GEAR HOUSTNG.

Asauming that the radiator has been
removed, the gear housing may be removed
as follows:

1. Remove the fan blade and belt for
easier access to the gear housing and
gears.,

2. Remove the crank nut and fan drive
pulley and vibration damper.

3. Remove the screws from the gear hous-
ing and pull the gear housing forward
away from the engine.

4. If necessary to remove the gear hous-
ing plate, remove the camshaft gear as
" outlined under "Camshaft", remove the
attaching screws and pull the plate
forward away from the cylinder block. It
may be necessary to tap the plate with a
soft hammer to loosen it from the dowels
or gasket cement.

INSPRCTION.

The gear housing should be carefully
inspected for possible cracks, binding,
etc. Be sure that the camshaft gear
retaining nut is tight. Replace any worn
or damaged parts.

ALTERNATOR

A periodic inspection should be made of
the charging circuit. The intervals
between these checks will vary, depend-
ing upon the type of service. Dirt, dust
and high speed operation are factors
which will contribute to increased wear
of the bearings, brushes, etc. Under
normal conditions, an inspection of the

é.lbernator should be made every 400
hours.

1. Wiring — A visual inspection should
be made of all wiring to insure that
there are no broken wires and that all
connections are clean and tight. Special
attention should be paid to the ground
connections at the battery and alterna-
tor.

2. If the alternator does not function
properly after the above checks, the
alternator and the regulator or circuit
breaker should be talten to an authorized
service station for inspection and re-
pairs.

FITTING OF THE BEARTNGS.

The bearings in these engines are readi-
ly accessible after the oil pan and oil
punp are removed. The bearings should
never be fitted to tight that they bind
or drag, see "Fits and Tolerances". A
certain minimm clearance is required at
all times to provide an adequate oil
film between the shaft and bearing and
insure a free running engine. The bear-
ings in these engines are of ample pro-
portion and the full pressure lubrica-
tion system employed will give long
lasting bearings, provided they are
properly installed.

Illustration No. 32.




Tightening of +the main bearing cap
screws reguires some care to prevent too
much strain on the parts. Torque wrench-
es are on the market which enable the
mechanic to measure the force of his
pull when tightening such parts. The
wrench tension values given under "Fits
and Tolerances”, show the correct amount
of torgque to use. No attempt should be
made to refit these bearings by filing
or grinding the caps, as this will ruin
the caps so new shells camnnot be in-
stalled. See Illustration No.

REPLACEMENT OF THE MAIN BEARTNGS.

It is not necessary to remove the endine
from the unit ‘to replace the main bear-
ings unless, of course, the crankshaft
is damaged or worn to the extent that it
must be replaced.

The following outline may be used as a
guide for replacing the bearings when
the engine has not been removed from the
unit:

1. Disconnect the battery cable at the
battery as a safety measure.

2. If the starter is mounted below the
0il pan level and causes interference,

disconnect the starter cable and wiring;

then remove the starter.

3. Drain the crankcase oil.

4. Remove the oil pan.

5. Remove the o0il pump.

6. Loozen all main bearing cep screws.

Remove one bearing cap at a time and
make bearing replacement. To remove the
upper shell, a cotter pin, shaped like
Illustration No. , may be inserted in
the crankshaft oil hole and the shaft
rotated so that the pin will push the
bearing out. The new bearing may be
inserted in the same manner. See Illus-
tration No.

CAUTION: Be sure to remove the pin be-
fore assembling the bearing cap.

Illustration No. 33

Illuatration No. 34

9. Assemble the bearing cap and lower
shell s&snd tighten the screws. See
"Wrench Tension".

10. After installing new thrust bearings
on the center main bearing, check the
end thrust, see Illustration No. . See
"Fits and Tolerances". It is permissible
to dress the thrust bearing to obtain
the proper clearance, if necessary. This
is done by rubbing thrust flenges on a
piece of Crocus cloth on a flat surface
until proper clearance is obtained.
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11. Thoroughly recheck the inside of the
engine for locse screws, nuts, ete.

12, Install the oil pan.
13. Install the starter.
14. Connect the starter cables.
15, Connect the battery cable.

16. Fill the crankcase to the FULL mark
on the bayonet gauge, see Illustration
No. with the proper grade of oil.

17, Start the engine and immediately
check the o0il pressure. See "Oil Pres-
sure"”. If sufficient,; allow the engine
to run for a few minutes while checking
for oil lesks, etc.. Then stop the en-
gine and recheck the oil level. Add oil,
if necessary.

MANTFOLDS (Intake and Exhaust)

There are wvarious types of manifolds
used; therefore, it is not practical to
discuss them at length in this book.
Manifolds differ as to the air cleaner
attaching flanges and shape. Different
exhsust outlet flanges are used on dif-
ferent installations. From this list of
differences, one can readily. see the
importance of replacing the manifold on
the engine with the same type manifold
unless the engine is to be applied to &
different type of operation.

In installing the manifolds, it is es-
sential to use new gaskets and to be
sure that the manifold ports line up
with those in the cylinder head. When
tightening the manifold studs nuts, a
washer should be used under the nut and
the manifolds tightened progressively
from the center to the end, repeating
the operation at least three or four
times to make sure that the manifold is
tight.

In many instances, a companion flange
and gasket are used for the installation
of the exhaust pipe. Be sure these are
drawn up tight and square with the mani-
fold flange to avoid lesks.

TO REMOVE THE MANTFOLDS.

1. Remove the air cleaner or air clesner
connections from the intake manifold.

2. Disconnect the exhaust pipe from the
turbocharger.,

3. Remove the manifold attaching nuts
and washers and remove the manifold.
Both manifolds have to be removed to-
gether.

TO INSTAIL THE MANIFOLDS.

1. Make sure all gasket surfaces are
clean, place the manifold gaskets on the
attaching studs and assemble both mani-
folds to the engine with the nuta and
washers as removed.

2. Tighten the manifold into place.
Tighten all nuts lightly; then, starting
from the center, work progressively
toward the ends of the manifolds repeat-
ing until all nuts are tight.

3. Attach the exhaust pipe and tighten
the screws.

4, Install the air cleaner or connect
the air inlet tube to the intake mani-
fold.

5. After the engine has been operated a
day or more, tighten all manifold at-
taching nuts.

OIL FILTER

The lubrication system is designed with
a full-flow type oil filter and oil
cooler.

Filters should receive regular and care-
ful attention. A definite schedule for
replacement of the element can be deter-
mined from observation of the lubrica-
tion oil on the application in which the
engine is used. In some applications,
the period between changing the filter
element may be very short while in oth-
ers the change period may be extended
considerably. Cold engine operation and
long idling periods contribute to short




filter element life. See "Preventive

Maintenance Schedule”,

When new filter elements are installed,
add sufficient o0il to the crankcase so
the o0il level will be correct after the
engine has run long enough to refill the
filters. For filter location, see Illus-
tration in front of book.

OIL PAN

The o0il pan serves as a cover for the
bottom of the crankcase and also as an
oil reservoir.

Suitable drain plugs are located in the
bottom of the oil pan, one in each sump.
The bayonet type o0il gauge, used to
measure the o0il level in the pan, is
covered under "Bayonet Gauge”.

TO REMOVE THE OIL PAN.

1. Drain the crankcase o0il from both
sumps.

2. Disconnect the starter cable and
remove the starter, if mounted below the
center line. Tape any "hot" cable termi-
nals.

3. ‘Remt':we the bayonet gauge assembly.

4. Remove the cap screws from the oil
pan and remove the o0il pan from the
engine,

TO INSTALL THE OIL PAN.

1. Clean the ¢il pan thoroughly; also,
remove the old gaskets from the oil pan
and cylinder block.

2. Inspect the inside of the engine for
loose nuts, screws, cotter pins, lock
wires, etc.; tighten or replace,

3. Cement the new oil pan gasket tc the
oil pan.

4, Draw up all screws evenly and pro-
gressively.

5. Install the drain plugs.

6. Install the starter motor and connect
the cables.

7. Refill with oil to the correct level.

8. Reinstall the bayonet gauge assembly.

OIL PHESSURE REGULATCR

The oil pressure is automatically con-
trolled or regulated by a compression
type spring which controls a relief or
by-pass valve, This device is assembled
to the cylinder block, see Illustration
No. ~ It controls the o0il pressure
through a predetermined spring pressure
and therefore, no adjustment of the oil
pressure is required. There is also a
high pressure safety relief valve built
into the o0il pump which prevents the
build-up of excessive 0il pressure dur-
ing endine warm-up time, see Illustra-
tion No., Figure "A".

Illustration No. 35

The 0il pressure regulator is calibrated
to maintain a pressure of 30-65 1bs. in
the system. This will vary somewhat with
the temperature of the o0il and the SAE
weight of the oil, also, with the engine
speeds.

OIL PUMP

The oil pump is attached to the main
bearing cap with suitable screws and is
driven by a gear through an idler from
the crank gear. See Illustration No.

Figure "D". The oil pump has a suction
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pipe bolted to the suction side of the
purp, which externds down into the oil
pan, see Illustration No. - The oil is
drawn intc the pamp through a large
screen, Fig. "A", which prevents coarse
dirt from being dravn into the lubricat-
ing oil pump. On some engines, the oil
pump also has a scavenge pump section to
suck oil out of rear sump and deliver it
to front sump, regardless of what angle
engine may be. This extends into the
oil; therefore, the pump needs no prim—
ing. After the oil pan is removed, the
o0il pump is readily removed for inspec-
tion or repairs.

Illustration No. 36.

TO REMWVE THE OTL PUMP.
1. Remove the oil pan. See "0il Pan”.

2. Remove oil pump suction and pressure
lines.

3. Remove the acrews from the oil pump
attaching flange and remove the oil pump
from the engine.

TO DISASSEMBLE THE OIL PUMP. (See Illus-
tration No. ).

1, Pull gear from shaft with universal
gear puller.

2. Inspect pump carefully and replace
any worn or defective parts.

TO REASSEMBLE THE OIL. PUMP.

1. Press drive gear on to shaft after
pump is assembled.

TO INSTALL THE OIL PUMP.

1. Attach the pump to bearing caps and
securely bolt in place.

2. Assemble suction and pressure lines
to pump and securely fasten to engine
with brackets provided.

3. Ingtall the oil pan. See "0il Pan”.
4, Fill the crankcase to the proper

level with the correct grade of lubri-
cating oil.

Illustration No. 37.




OIl1. SEAL

The construction of these engines pre-
vents oil leakage when the gaskets are
in proper condition and all bolts and
screws are properly tightened. Whenever
a shaft extends through the engine case
and there is a possibility of 0il leak-
age, an oil seal is used, which also
ants as a dust seal, preventing dust
from entering the engine.

At the flywheel end of the crankshaft,
an oil seal is used, Illuatration No. 38
and No. .. As can be seen in the illus-
traticns, the 0il gseal is mounted on the
engine block so that it seals against
the flange of the crankehaft.

The crankshaft is prevented from leaking
at the timing gear end by the use of a
seal. 'This seal is pressed into the
timing gear cover. See Illustratiocn No.

Illustration No. 38

This type of seal requires very little
attention; however, at assembly the
shaft geal surfaces on which the seal
rides must be thoroughly and carefully
checked for nicks or scratches which may
have a tendency to damage the seal. If
any nicks or scratches are found, they
should be removed with an oil stone or
very fine every cloth and polished with
Crocus cloth. If the shafts have a key-
way which might damage the seal during
installation, this keyway should be
covered with a thin feeler gauge to
protect the seal.

I1lustration No. 39.

No special tools are required to install
the seals on the shafts. However, a
certain amount of care is required in
order not to damage the seals. A coating
of o0il soap on the seal surfaces of the
shafts, and also on the seals them-
selves, will be found beneficial during
the run-in period.

INSTALLATION OF REAR OF #7 MAIN BEARING
CAP WI'TH SEALS. :

Install gseal, Ttem "A", Illustration No.
.- in main bearing cap, using Perma Seal
No. 2 or its equivalent to hold seals in
cap and to make a tight joint between
seals and cylinder block. These seals
are right to left, so be sure new seals
go back in same location as old seals.




Install main bearing cap along with
bearing and snug down in place using a
straight edge, as shown in Illustration
Noc. 41. Be sure cap is perfectly square
with block. This operation is most im-
portant or ctherwise a leak will develop
at this point when crankshaft seal is
installed if bearing cap and block sur-
faces are not perfectly square with each
other.

Illustration No. 41 -

PISTON

The piston is mede of an aluminum alloy
and is of the solid skirt type. Three
piston rings are used, two rings being
compression type, while the third ring
from the top, which i=s above the piston
pin, is of the oil regulating type. In
addition to the above design, a piston
spray nozzle is used. See Lubrication
System, Page These nozzles are locat-
ed on the crankcase next to the main
bearing caps and spray oil on the under-
side of the piston to assist in cooling.
The nozzles are located on dowel pins to
assure proper alignment with piston.

The pistons should be fitted to the
cylinder bores with the proper clear-
ance. See "Fitas and Tolerances". If a
feeler ribbon is used, this should be a
ribbon 1/2" wide.

To remove or install pistons, see "Con-
necting Rod”.

PISTON PIN

The piston pin is a large diameter solid
pin of the full floating type. This
means that the pin can rotate in either
the piston bosses or in the bushing at
the top end of the connecting rod. But,
the fit in the piston is intended to be
much tighter than the fit in the con-
necting rod; consequently, the movement
in the piston consists of a light,
creeping action while the normal rota-
tion of the pin occurs in the bushing at
the top end of the comnecting rod. The
piston pin is prevented from moving
endwise and meking contact with the
cylinder wall by means of snap rings,
which locate in grooves machined in the
bosses of the piston. Piston pins should

" bhe fit in the piston bosses with the

proper clearance, as indicated in the
"Fits and Tolerances Table". See Illus-
tration No.

NOTE: At re-assembly assure that the
piston retaining ring opening is facing
down as shown in Illustration No.

IJ1lustration No. 42
PISTON RINGS
The piston rings, when fitted in the
cylinder bore of the engine, should have

e gap clearance as indicated in the
"Fits and Tolerances Table".

When installing new piston rings, each
ring should be tried in the cylinder
bore to see if it has the correct gap
clearance., If necessary to increase the
gap, the ring should be held and filed
as shown in Illustration No. If the
ring is held in a vise, the vise jaws
must be covered with some soft metal.
The end=s of the rings are squeezed to-




gether and the file cuts on both sides.
This will insure the end= being paral-
lel., When inserting the ring in the
cylinder bore to test the gap clearance,
push the ring part way through the bore,
using the top of a piston to square the
ring in the bore.

Il1lustration No. 43

Each new ring should be tried for clear-
ance in the piston groocve by reolling the
ring all the way around the groove. If
the piston grooves have been carefully
cleaned, the rings will be found to fit
correctly; but, if they are tight, they
can be lapped slightly on a sheet of
emery cloth (No. 000) laid on a flat
surface. If rings are loose in groove
and clearance is more than that speci-
fied in "Fits and Tolerances", replace
piston.

When assembling the piston rings to the
piston, if a ring spreader tool is not
available, the rings can be slipped over
thin strips of metal. Whatever method is
used, the rings must be handled careful-
ly in order not to distort or break
them.

THERMOSTAT AND BYPASS

The engines are equipped with a thermo-
atat, Tllustration No. 46, so designed
that it will not allow water from the
radiator to circulate through the engine
until the water in the engine is &t

operating temperature, but does bypass a
certain amount of water from the cylin-
der block, which is carried through the
by-pass tube to the inlet side of the
water pump, where it is again circulated
through the engine. This is repeated
until the water in the engine is heated
to operating temperature, when the ther-
mostat begine to open and permits the
water from the engine to enter the radi-
ator. This water is , at the same time,
replaced in the engine by the water pump

- drawing from the bottom of the radiator.

Thus, the water temperature is constant-
ly maintained in the proper heat range.

A defective thermostat of this type must
be replaced as it cannot be repaired.
The thermostat should be completely open
at temperature marked on the thermostat
in the still water test.

fﬁ..
200° F
0.310-IN,
0.345-IN, ——l
I 180° F—-
1 N
T
4 }
THERMOSTAT
THERMOMETER/
\. J

Illustration No. 45
The s8till water best is as follows:

Place approximately 4" of water in a pan
or pail. Insert a thermometer of this
heat ring in the water and set the ther-
mostat in the water with the bellows
sulmerged., Heat the water slowly and
carefully observe when the thermostat
valve is fully open and note the water

temperature. Then compare this tempera-
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Illustration No. 46

ture with that stamped on the thermo-
stat. (See Illustration No. 45.

Five degrees above or under those given
are permissible.

TURBOCHARGER

The turbocharger is a self-contained
unit composed of a gas turbine and a
centrifugal blower mounted on a common
shaft with the necessary surrounding
castings. The exhaust gas fram the en-
gine is forced into the turbine side of
the turbocharger, where the energy of
the gas is used to drive the turbine.
The blower mounted on the opposite end
of the shaft forces air under pressure
into the intake system. By providing a
greater amount of fresh air, a greater
amount of fuel can be burned. This in-

creases power output from the turbo-

charged engine.

The action of the turbocharger is en-
tirely automatic and requires no con-
trol. The speed and output of the turbo-
charger will wvary automatically with
variations of engine load or speed, or
both.

Turbochargers are ruggedly constructed
and have a rotor assembly which is fit-
ted and finely balanced to cperate at
speeds which may exceed 90,000 rpm.
Rotating force is obtained from hot
exhaust gases which rotate the turbine
rotor. This rotating force is transmit-
ted through a sleeve-bearing supported
shaft to a second rotor which draws in
fresh, cool air and compresses it in the
intake manifold system from which they
cylinders are charged as the intake
valves open. The 'shaft and sleeve bear

ing are lubricated and cooled by fil-
tered engine lubricating oil.

Illustration No. 47

The exhaust syetem of a turbocharged
engine installation must be very care-
fully designed to eliminate restriction
of the free flow of exhaust gases from
the turbocharger. The turbocharger ex-
haust outlet pipe flange is normally
shipped with engine equipped with turbo-
chargers. The flange is threaded to
accept the recommended size outlet pipe.
No reduction in this pipe size is per-
missible. Bends or turns in the outlet
pipe must be limited to a minimum radius
of 12 inches. For installation requiring
a radius less than 12 inches, write to
Hercules Engines, Inc. Engineering De-
partment, P. O. Box 24101, Canton, Ohio
44701 U.S.A. for specific recommenda-
tions.

NOTE: Back pressure in the exhaust sys-
tem, measured near the turbocharger
should not exceed 2.5" Hg or 35" H20. An
increase in exhaust beck pressure will
result in a corresponding decrease in
engine power output.




Mufflers can be used. Contact the facto-
ry for muffler specification for turbe-

charger-equipped engines.

NOTE: Turbocharger repairs should be
made only by authorized service centers
or competent turbocharger technicians.

BASTC SAFETY PRECAUTIONS

Miause, misapplication or modification
of the turbocharger can result in seri-
ous injury and property damage. Basic
safety precautions including the follow-
ing should always be followed:

1. Install turbocharger only on an en-
gine which has been approved for such
application. The turbocharger is a pre-
cision built product which has been
matched and tested for use on specific
engines only.

2. DO NOT modify or substitute any parts
of the turbocharger.

3. Do not modify or substitute any parts
of engine except in accordance with
engine owner's manual. DO NOT modify
engine fuel contrel system or restrict
exhaust system or air inlet.

4. Do not operate at excessive alti-
tudes.

5. Do not modify oil supply system or
decrease the diameter of the o0il drain
line.

6. Always warm up the engine to allow
warm 0il to reach the turbocharger be-
fore operating under load.

VALVES

The intake and exhaust valves are made
of special steel with a stellite finish,
and operate in valve guides pressed into
the cylinder head. They are held on to
their seats by strong steel springs,
which are fastened to the wvalves by
suitable spring seats and wvalve lock
arrangement. The valves, being located
in the cylinder head, are operated hy
conventional type tappets with hollow

push rods running from the tappets to
the rocker arms. The rocker arms are
lubricated by means of o0il forced
through a drilled hole in the rocker arm
support into the shaft on which they
rotate, Qil is forced out through amal)l
holes in the rocker arms, over the valve
stems and push rods. The replacement of
valve tappets will be found under the
subject of "Valve Tappets”.

In order to continue to get good perfor-
mance from an engine, it may be neces-
gary to grind or reset the wvalves at
varying intervels. The frequency for
doing this depends on the care in the
operation of the engine. If the air
cleaners have been properly cared for;
if all connections between the air
cleaner and engine have been kept air
tight; if the lubricating oil has been
properly maintained; and if the clear-
ance between the valve stem and rocker
arm has been properly adjusted, valve
grinding will be necessary very infre-
quently. Their seeting should be tested
periodically by rocking the engine
against compression. When the engine
will not rock, compression is leaking
through either the valves, cylinder head
gasket or past the piston rings. Check
the leak by listening for a "hiasing”
sound, when the engine is cranked by
hand, either at the cylinder head gasket
area or the breather. If at the cylinder
head gasket, remove the head and replace
the gasket, If in the breather, disman-
tle the engine and install new parts for
those found worn or scored. If no "hiss-
ing" is heard at either of these two
places, remove the cylinder head and
valves. Clean both thoroughly, removing
all carbon and oil. Inspect the wvalve
seats and velves. See "Valve Grinding".

TO REMOWE THE VALVES.

1. Remove the cylinder head. See "Cylin-
der Head".

2. With a clamp type valve spring com-
pressor, compress the valve springs and
remove the valve spring locks.




3. Remove the valve springs, valve stem
seals, and seats and lift out the
valves. Place the valves in a cardboard
or wood block, drilled and mumbered so
that the wvalves may be reinstalled in
their respective places when grinding or
reassembling {do not mark the wvalves
with a file or punch.)

4, Clean all carbon from the cylinder
head, piston heads, valve seats, valve
guides and valves with suitable scraping
or buffing tools.

VALVE GRINDING

Inapect the valve guides for excessive
wear. If the walve guides are to be
renewed, this should be done before any
work is done on the wvalve seats. This
will insure the seat being finished
square with respect to the new guide.
The exhaust wvalve guides will usually
show the most wear. To drive out the
guides, ugse a drift with a pilot sized
to the I.D. of the valve guide. Drive in
the new guides to the same depth loca-
tion as the old guides. See Illustration
No. 48, also see "Fits and Tolerances".

I1lustration No. 48
VALVE SEAT GRINDING
When valve seats can be repaired by

regrinding or when valve seats are re-
placed, grind as described:

1. Use a 30° angle grinding stone to
grind. Valve seats.

2. After grinding seat, check wvalve
contact.. See Illustration No.

3. Keep valve seat as near as possible
to center of valve face.

Narrow seat as necessary, using a 20°
grinding stone. Valve should never seat
at the top or bottom of the face.

Illustration No. 49.
VALVE SEAT REPLACEMENT.

Replace valve seats that camnot be re-
paired by grinding. Remove seat using
any method which will not damage count-
erbore of cylinder head machined sur-
face. Install new intake valve seat and
exhaust valve seat. Grind seat as de-
scribed in No. 1 above.

Inspect the wvalve gseats; and, if they
are pitted or if new guides have been
installed, the seats should be refin-
ished. Valve seat tools with proper
diameter pilots are required. The ex-
haust valve seats are rouxi. The intake
valve seats are finished on a 30° angle.
Reseat the seats with a vibrating angle
grinder type reseating tool. Because of
the large diameter and surface of the
valve sests, it is very difficult to
obtain a good reseating job with a ream-
er type tool. Remove all shoulders and
pits from the seat but do not grind any
deeper than necessary. Then finish the




new or refaced valve to the reseated
seat by hand in the usual manner. See
Illustration No. 49.

Inspect the valves carefully, and if the
stems are badly worn, or are not
straight, or if the valves are deeply
pitted, the valves should be replaced by
new ones, However, valves that are only
slightly pitted can be used by refacing
them on a valve grinder. Valves must
have an accurately finished face of the
correct angle. See "Fits and Tolerances"”
for the seat face width.

If the valves and seats are not deeply
pitted or shouldered, or have been re-
faced, grind or lap each valve to its
seat. Obtain & light coil spring with
enough tension to Just hold the wvalve
off the seat. Lubricate the valve stem
and apply a thin coating of good quali-
ty, medium grinding compound on the
valve face. Insert the wvalve in the
valve guide and rotate the wvalve beck
and forth, about a quarter of a turn, a
few times, pressing firmmly on the grind-
ing tool. (Avoid continuous round-and-
round motion that would cut grooves in
the valves or seat). Release the pres-
sure on the tool and the spring should
life the valve from its seat. Rotate the
valve 15¢ or 20® and repeat the grinding
process, It will probably be necessary
to wipe off and inspect the valve and
seat during this process to see what
progress is being made; also, the com-
pound may wear off the surface being
ground. In either case, reapply another
thin coating of compound and continue
grinding until inspection shows the
surfaceg are in contact. Then wipe off
all heavy compound and apply a thin
coating of "fine" compound and continue
the grinding. When the surfaces are
“"finished” and show a bright, silver-
like band of uniform width on both the
valve and seat, clean off all traces of
the compound. Test each wvalve for a
tight fit by making ten or twelve pencil
marks equally spaced across the turn and
again lift out the valve and observe if
al]l the pencil marks are rubbed out on
the contact surface. If not, regrind
until this test shows a gas tight mating
of the valve and seat.

NOTE: It is imperative that the valves
be assembled in the same seats to which
they were ground.

TO ASSEMBLE THE VALVES.

1. Thoroughly clean all traces of the
grinding compound off the valves, stems,
and guides; put B few drops of cil on
the valve stems and insert the wvalves.
Install the valve stem seals.

NOTE: Valve stem seals must be installed
with the Hercules valve seal installa-
tion tool. Part No. 40-3104703.

2. Using a wvalve spring compressor,
compress the wvalve springs and insert
the valve locks.

3, Turn the head on its side and pour
gascline in the valve openings. If gaso-
line seeps out around any valve seat,
remove that valve and regrind. Repeat
the test.

4. Install a new cylinder head gasket on
the engine. See "Cylinder Head".

5. Install the cylinder head mssembly.
See "Cylinder Head".

5. Adjust the valve tappets, Illustra-
tion No. 50, to the proper setting. See
"Fits and Toleranceg". This may be read-
ily and systematically accomplished in
the following mamnner. Perusal of the
following paragraphs and Illustration
No. will point out that the spotting
of the crankshaft and rocker arms fol-
lows the firing order (1-5-3-6-2-4) of
the engine (starting from the timing
gear end). The valve tappet screws have
a lockmut which must be securely locked.

a. Crank the engine over until both the
intake and exhaust valve of No. 1 cylin-
der are closed, Then adjust the tappets
on this cylinder. Repeat this on all
cylinders following the engine firing
order of 1-5-3-6-2-4, or set the tappets
as follows:




Illustration No.

Illustration

For ease of adjustment, not the follow-
ing:

With cylinder No. 1 intake valve wide
open, clearance can be adjusted on cyl-
inder numbers 2, 3, and 6 intake valves
and cylinder numbers 1, 2, and 4 exhaust
valves. With cylinder No. 6 intake valve
wide open, clearance can be adjusted on
cylinder numbers 1, 4, and 5 intake

valves and cylinders numbers 3, 5, and 6

exhaust valves.

The above completes the valve tappet
adjustment until after the engine is
started and warmed up to operating tem-
peratures, at which time the valve tap-
pets should be readjusted to the correct
hot operating clearance.

6. Instml]l the cylinder head cover and

any other parts that may have been re-
moved.

No.

s




7. Fill the cooling system with water or
a cooling sclution. Start the engine and
warm up to operating temperatures.

8. With the engine idling slowly, read-
just the tappets to the correct operat-
ing clearance.

VALVE TAPPETS

The valve tappet is straight and is
hollow to receive the push rods.

TO REMOVE THE VALVE TAPPETS.

1. Remove the rocker -arms and push rods.
See "Camshaft Removal®.

2. Remove the tappets from the cylinder
block. See Illustration No. 51.

3. Check the tappets for wear and re—
place any that have excessive clearance.

TO INSTALL THE VALVE TAPPETS.

1. Check each tappet in the cylinder
block position to see that it has the
correct clearance, gsee "Fits and Toler-
ances”, and install the tappets.

2. Adjust the valves. See "Valve Grind-
ing".

WATER PUMP AND FAN ASSEMBLY
This Secrion’

3 shows & breakdown of
the water pump as used on these engines.
This pump may be readily removed from
the engine after the removal of the
water inlet hose, by-pass hose and fan
blade. Then remove the water pump to
cylinder block attaching screws and 1ift
the punp away from the engine.

T TO-DISASSEMBLE_THE PUMP(Letters-refer

to Illustration No. 52)

1. Remove—the-pulley—hub—{A&r from—the

—pump_shaft andﬁremove—the—snapﬁrxga(-B)..

-— 2. Remové the screws-from-the water-pump.-

~to-cover-plate -and-remove--the -plate- and
-gasket.

3—Flace—the—front—of—the—pump-on a
suitable—support—in—the arhor pregs and
-press—the shaft-and-bearing agsembly out
of thepump-bedy—{C)}-and impeller—(D).

-4, _Remove-.ceramic _ssal—from—the—pump
by

The—shaft—and-bearing assembly {F). is
-one—unit.-and--no-attempt—sheuid—be—made
to-disassemble these-parts.

-Wash—and—clean—mall—parts —thoroughly;

- inspect--for—wear—and damags&i I1t—1s ad-

~visable to reface—theseal—surface of
-the_impeller—if-it-is-grooved—or-other-
wise marked-—PUt B coating—of groase—on
the_seal surface before-starting reas-
-sembly_of -the—pump.

~TO_ASSEMBLE THE PUMP.

-—t+—Install new ceramic—seal"into -the

p\mpfbody'—('G) .

2.-Preass—the shaft-and-bearing—assembly
into_the-body-(C)..

CAUTION:--Pregss-only-on-the-outer-bearing
.face_of—the-bearing—and-tiot on the end

* of the_shaft.




WATER PUMP RE-BUTLD INSTRUCTIONS

IMPORTANT: Remove dirt, dust or other foreign material from body and housing before

disassembly.
1. DISASSEMBLY: (See Figure 4)

A. Remove screws (11) and washers (12)
from housing flange.

B. Remove housing assembly (4) from body
{2). Remove gasket (3) and discard.

C. Remove pulley from drive shaft with a
gear puller or arbor press.

D. Remove snap ring (10} from housing
assembly (4}. :

CAUTION: Do not attempt to hammer or pry
impeller (5) from impeller
shaft (9). Damage to housing
{8) can result. -

E. Place housing assembly (4) in arbor
press with impeller (5) facing up, refer
to figure 1. Press impeller shaft (9)
through impeller (5} and from housing
(8).

Figure 1. Impeller Removal

F. Remove and discard seal assembly (6),
impeller shaft seal {7) and shaft (9).

2. CLEANING.

WARNING: CLEANING SOLVENTS ARE TOXIC
AND USUALLY FLAMMABLE. USE
ONLY IN A WELL VENTILATED
AREA, AND KEEP AWAY FROM OPEN
FLAMES.

A. Clean pulley, housing (8) and body
{2) thoroughly in solvent to remove dirt
or foreign deposits. As required, use a
wire brush to remove any built up corro-
sion.

B. Do not mar or scratch mating surfaces
of housing {(8) and body (2). Do not
remove metal from imnmer bore of housing
(8) or pulley.

C. Dry all parts with compressed air or
a clean cloth to remove all solvent.

3. INSPECTION.

A. Inspect pulley for cracks and/or dis-
tortion. Check pulley grooves for rust
or rough spots.

B. Inspect pump body (2) for cracks and .

worn or damaged threads. Replace or
salvage as necessary.

C. Inspect pump housing (8) for cracks
or for oversize bearing bore.

4. REPAIR.

Correction of defects found during in-
spection should be limited to removal of
scratches and burrs on mating surfaces
or where seals/gaskets will be installed
using fine emery cloth. Damaged threads
can be "chased™ using the same size tap.

Parts showing cracks or excessive defor-
mity should be replaced, not repaired.




6. ASSEMHELY.

A. Lubricate bearing bore in housing (8)
and impeller shaft (9).

B. Use proper size driver to press on
the cuter bearing assembly. Press impel-
ler shaft (9) into housing (8).

€. Install snap ring (10) in groove of
housing (8).

D. Turn housing (8) and impeller shaft
{9) over on press. Using a small amount
of sealer on the outer side of seal (7),
install seal . (7) over shaft (9) and
press seal (7} into housing (8) by
pressing on the outside or brass part of
seal {7}).

E. Lubricate the shaft (9) and install
the seal assembly (two parts) (6) with
ceramic side toward impeller shaft seal
(7).

Figure 2. Impeller Installation

F. Coat end of impeller shaft (9) with
Loctite, grade 601. Position housing (8)
and impeller shaft {9) in arbor press so
they are supported by impeller shaft
{9). Press impeller (5) onto impeller
shaft (9). Impeller (5) is correctly
installied when 0.100 inches clearance
exists between impeller {5) and housing
(9}, refer to figure 2.

G. Turn housing (8) over. Roughen sur-
face of drive shaft (9) with coarse

emery cloth, Coat the pulley bore and
impeller shaft (9) with Loctite, grade
601.

H. Install pulley on impeller shaft (9}
using an arbor press. Place assembly in
arbor press so load is on impeller shaft
{9) and not impeller (5},

TMPORTANT: There must be a measurement

from the top of pulley and mating sur-
face of housing (8). Refer to Figure 3.

)
See Chart

Figure 3. Assembly Measurements

I. Spin impeller (5) by hand. Check that
impeller (5) does not touch housing (8)
at any point. If it does, re-check
clearance as shown in Figure 2.

J. Install gasket (3) and housing assem-
bly (4) on body (2}. Align holes and
install screws (11) and washers (12).

Tighten screws progressively, in a.

cirgs-cross pattern, to a final torque
of 16 ft-1bs.

Dim.-Top

of Pulley

Pump Housing to Mating

Assy. Assy. " Pulley Surface
Part No. Part No. Part No. | of impeller

' 380374 4.410
40-3835069 | 40-3835254
B 2 Groove
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Figure 4. Water Pump Assembly

DESCRIPTION

WATER PUMP ASSEMBLY, MODEL D-4800
.BODY, PUMP

.GASKET, HOUSING

JHOUSING ASSEMBLY

. « IMPELLER

. .SEAL: ASSEMBLY (TWO PARTS)
+ .SEAL, IMPELLER SHAFT

. HOUSING, PUMP

. «SHAFT, IMPELLER

.«RING, SNAP

.SCREW, CAP, HEX HD
+WASHER, FLAT

ODGOHHHHHHH--‘HE 5




3\ Install the snap ring (B). Suypporting
the pump shaft on the outer ft end,
pregs the impeller (D} on to fthe shaft.

NOTE:\ The impeller should pressed on
to a pagition which permits/{010" clear-
ance between a straight/édge and the
impeller\ when the =
placed ackoss the rear/face of the pump
body.

4, Support tﬁi on the impeller end
of the shaft s.nd’ press the fan drive
pulley {A) on to. fthe shaft.

5. Install the new\cover gasket (G) and
pump cover (C)4 with, the screws as re-
moved. / \

/ N
6. Test the rotation of the pump to see
that it does not bind or hakany exces—
give resistance. \
When lnstalllng a water pump, alwgys use
a new gasket and tighten the attaching
sorews evenly and alternately to prevent
/posmble damage.

WIRING DIAGRAM

Due to many types of electrical equip-
ment and the variety of requirements
encountered in different installations,
it is impossible to illustrate a typical
wiring diagram.

However, the installation of wiring
circuits may be more readily understood
if the complete system is divided as
follows:

1. THE STARTER SYSTEM

This circuit consists of the battery
{electrical energy storage unit), the
starting motor and the necessary wiring
to connect the battery to the starter
switch and from the starter switch to
the starter,

In most cases, the ground or return flow
of current is carried through the frame
work of the unit to a point near the

battery from where a short cable is

connected to the battery to complete the
circuit.

When a magnetic type starter switch is
used, it is necessary to connect it to a
control switch, which may be either a
key switch or a simple push button
switch. The key switch has one side
connected to the battery side of the
ammeter and the other side to the mag-
netic switch with suitable wires. The
magnetic switch may have an external
ground post which must be grounded to
the unit framework. The push button
switch has one side connected to the
battery side of the ammeter and the
opposite side connected tc the magnetic
starter switch as outlined above.

2. BATTERY CHARGING SYSTEM

The battery charging system consists of
an alternator, which creates the elec-
trical current, a regulator to control
the current, and an ammeter to indicate
the amount of current being created or
used.

3. ACCESSORY SYSTEM

The accessory system consists of lights,
horns, heaters, etc. The current to
operate these accessories is usually
taken from the ammeter to a suitable
switch, which allows the accessories to
be operated or turned off as necessary.
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PRIMARY WIRTNG

The firing order of the Altronic V units is as follows:

CYL. [ WIT | CW ROTATION | WIRING DIAGRAM
BF TA3E A-F-E-D-C-B 5

* Unit fires each cylinder individually on compressicn stroke only.

Starting with lead "A: to the coil of #1 cylinder, the harness leads are connected in
accordance with the engine’s firing order to the positive (+) terminals of the coils
{see Wiring Diagrams). On exhaust stroke firing units (*%¥), the coils for the cylinders
with matching harness letters are connected in series as shown in the Wiring Diagrams.
The switch or shutdown panel wire is "E" for units with 5-pin connector and "G" for
units the 7-pin connector. A common ground lead connecting the negative {(-) terminals
of the coils must be run as shown in the diagrams.

All connections should be made using ring type terminals specified for 16 gauge wire
and #10 stud size. Terminals should either be soldered to the wire or attached with an
appropriate staking tool. All primary wiring should be protected from physical demage,
vibration and temperatures in excess of 220°F. Any unused leads in the wiring harness
should be taped and left open-circuited {not connected).

Make sure shorting plug is attached at back of mag. when not using external timing.

CW ROTATION UNIT 6434 - 6 CYLINDER

IGN. ROTATION ENGINE
CCW cW FIRING ORDER
A A 1

B F 5

C E 3

D D 6

E C 2

F B 4

Cyi, NO.

ALTRONIC WV

ROTATION E’;TSOB”
cCcw Cw WGROUND TO ENGINE
ry A AND CONNECT TO *D" LEAD
B [4) O
[4 B [
D DD
£ E TO" %A  TERMIMLEL . OW

GHTHON SWTOH




SERVICE MANUAL

ALTRONIC V IGNITION SYSTEM
4400 SERIES S/N 4400 & UP

IMPORTANT SAFETY NCTICE

The procedures called for herein require .the use of special tocls and heavy
duty machine equipment. Personnel performing such repairs should be trained

in the use of such equipment and be knowledgeable of their potential safety
hazards so as tc be able to safely perform the recommended procedures.

Proper repair and maintenance is essential tco the safe and reliable operation
of this equipment and the engine to which it is applied. Failure to follow the
recommended practices could lead to potentially hazardous conditions. An im-
properly installed or operating ignition system may lead to improper engine
operation which consequently could pose the threat of personal injury to oper-
ators or other nearhy personnel.




1.0 ALTRONIC V IGNITION SYSTEM - DESCRIPTION

Altronic V is an alternator powered, electronic ignition system. All electronic parts
are mounted to the back cover which disconnects as a module from the alternator
section.

The alternator (A) provides the power to charge energy sotrage capacitor (B). A
separate pick-up coil (C)} and SCR (D) are used for each of the system’s outputs which
correspond usually to each engine cylinder. A rotating timer arm (E) driven through
speed reducing gears passes over the pick-up coils to trigger on the 5CR switches in
sequence. This releases the capacitor’s stored energy to the ignition coils which step
up the voltage to fire the spark plugs.
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CROSS SECTTONAL VIEW - ALTRONIC V UNIT

A - Alternator D - SCR electronic switch
iV~ Fnergy storage capacitor E - Timer arm
T~ Pick-up coijl F - Distribution gears
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2.0 PARTS IDENTIFICATION AND SPECIFICATION

. REF. PART NO. DESCRIPTION
1 510 454-U Coupling
la 902 478 Spring Pin
3 410 063 Bearing-shaft(-A,-AM,-D)
510 654  Bearing-shaft{-AW,-GVW)
4 560 004-1 Housing(-A,-AM,-AW)}
560 004-2 Housing{-GV,-GVW)
560 004-3 Housing(-D)
4a 510 541 Ventilator
5 502 134  Nameplate - 2.0" X 1.9"
502 168 Nameplate - 3/5" X 1.1"
6 902 520 Drive pin
7 160 001 Magnet-rotor
8 410-039 Gasket
9 571 003 Stator
10 310 518 Drive gear 1.5:1
510 357 Drive gear 2:1
510 359 Drive gear 3:1
510 625 Drive gear 1:1
i 901 326  Washer
12 300 5914 Loclkovasher #8
13 902 465 Screw 8-32
14 510 462 O-ring
15 410 038  Spacer
164 902 585 Screw 5/16"-18
16 901 030  Lockwasher 5/18"
16¢ 902 586  Washer
. 17a 802 487 Snap ring
1Tk 902 503  Washer
1R 110 045 Spacer
14 902 531 Screw 8-32 .
20 900 996 Lockwasher =4
21 570 017-1 Driven gear ass’y, 1:1
AT0 N17-2 Driven gear ass’y. 2:1
270 017-3 Driven gear ass’y, 3:1
a70 017-6 Driven gear ass'y. 1.5:1
25 0z 564 Screw 4-10
26 570 401 Pick-up plate ass’y. 1A
570 402 Pick-up plate dss’v. 25
570 403 Pick-up plate ass’y. 34
570 404 Pick-up plate aqq". 4A
570 403 Pick-up plate ass’y. BA
570 106 Pick-up plate HS&’X. 64
260 Sec pg.1i Pick-up coil ass’v.

t Parte for unite with electronic timing

NOTYE :
same numtsr without

References

numbers with a letter
the suffiv. Example

2.1 PARTS LIST ~ ALTRONIC V - Reference the exploded view on page 4.

REF. PART NO. DESCRIPTION
26b 570 008 Plate-core ass’y. 2A
570 009 Plate-core ass’'v. 3A
570 015 Plate-core ass’y. 1A
570 023 Plate-core ass'y. 4a
570 026 Plate-core ass’v. DA
570 027 Plate-core ass’'y., 6A
26c 370 010 Plate-bushing ass’'y. 3A
570 011 Plate-bushing ass'y. 24
570 012 Plate-bushing ass’ 1A
570 020 Plate-bushing ass’y. 4A
570 021 Plate-bushing ass’y. 5A
870 022 Plate-bushing ass’'y. bA
26d 510 8627 Spacer - 1A, 24, 3A
510 651 Spacer - 1A, 5A, BA
26e 8902 574 Screw 6-32
26f 610 117 Snap ring
27 See pg 6 Circuit bhoard ass’y.
27a 301 208-2 Zener diode - 10M120Z5
301 233-3 Zener diode - 10M150Z5
27b 504 161 Nut 10-32 - zener diode
27c 583 007 Plug assembly
29 501 335 Gasket - 5-pin connector
501 368 Gasket - 7-pin connector
30 510 597  Spacer
31 570 005 Rear cover - 5-pin conn,
570 028 Rear cover - T-pinh connh.
570 028-1Rear cover-5-pin w/timing
570 029-2Rear cover-7-pin w/timing
31a 410 058 Bearing
31b 510 660 Shaft - driven
32 902 459  Nut 6-32
33 - 90Z 602  Washer
34 902 565  Screw §-32
35 902 591 Washer
37 302 106 Timing label - shaft
38 502 142 Timing label - cover
39 310 365 Cover plate
4G 902 058 Screw 6-32
41 901 004 Lockwasher #10
12 902 567 Screw 10-24 X 1.25"
902 587 Screw 10-24 X 2.0"
13 902 064 Screw 6-32
44 902 483 Screw 10-24
47 902 579 Washer - shim
¥ 562 001 Connector ass'v.
¥ 501 369 Gasket
¥ 900 996 Lockwasher #4
¥ 902 525 Screw 4-40

option (not illustrated}.

suffix are part of the assembly of the
{la} is part of (1).




2.2 PART NO. DESIGNATION

2 A 2

8

H T

A
l~-MUUNTING A=
VERT. FLANGE AM =
AW =
D =
GV =
GVW =
OPTIONS ————  H =
T =
CAPACITOR 4 =
g =
8 =
GEAR RATIO———1 =
2 =
3 =
6 =

FIRING PATTERN —A =

2.3 UNIT SPECIFICATIONS

UNIT

1A18
1A28
1A28H

2A14
2A18H
2A25
2A28
2A28H
2A64

3A14
3A25
3A35
3A64

4A24
4A34

5A24

6A24
6A34

BACK COVER ASS'Y.

NO. OUTPUTS

1 Slot Flange

Special Coupling Angle - 45 deg.
Extended Shaft for Gear

S5pecial Pilot Dia. - 3.00"

2 Slot Flange

2 Slot Flange, Extended Shaft

High OQutput Unit
Electronic Timing Option

4.8 mfd.
4.8 mfd.
8.0 mfd.

1:1 Internal Ratio
2:1 Internal Ratio
3:1 Internal Ratio
1.5:1 Internal Ratio

Even Interval

1, 2, 3, 4, 5, 6

CIRC. BOARD ASS'Y. (27)

581
581
581

581
581
581
581
581
581

581
581
581
581

581
581

581

581
581

401-1
401-2
401-2

404-1
402-2
404-3
402-1
402-1
404-2

406-2
406-4
406-3
406-1

407-1
407-2

405-1

408-2
408-1

. .. 572 612
572 612
H 572 612H

572 613
H 572 612H
572 613
572 612
H 572 612H
372 613

572 613
572 613
572 613
572 613

572 614
572 614

572 616

572 616
572 616

NOTE: It is recommended
that 572 40X circuit boards
"be updated {exchanged)
to the 572 61X series.




3.0 PERFORMANCE SPECIFICATTIONS

__A. Install unit on a test stand equipped with a suitable number of 501 061 coils and
spark gaps. Test stand wiring should conform to that shown in the Installation
Instructions form AV II for 6-cylinder engines.

3.1 VOLTAGE TEST
A. Remove the harness from the unit connector. At 500 RPM the positive voltage at
the pin shown with respect to ground should be:

CIRCUIT BOARD CONNECTOR PIN VOLTAGE

5§72 602, 572 612 "E" 114-126 vDC
572 602H, 572 612H "E" 143-157 VDC
572 603, 572 613 "E" 143-157 VDC
572 604, 572 614 "G" 143-157 VpC
572 606, 572 616 "G" 143-157 vDC

3.2 OPERATING TEST
A. At 90-120 RPM, & Tmm gap should fire consistently
B. At the TEST RPM, a 15 mm gap should fire consistently.

3.3 TIMING SPECIFICATION .

A. Timing should be as specified in the table below as measured on a standard
ignition test stand with the degree wheel indicator rotating at the unit
coupling speed.

B. If timing is out of specification, change the pick-up coil {26a) in question.

FIRING SEQUENCE IN DEGREES

UNIT MODEL TEST RPM A - B - C - D - E - F TOLERANCE *
1A18 1,300 0* -
1A28 1,300 0*+ ‘ -
2A14 2,000 0 - 180 2
2A18H 700 0 - 180 2
2A25 2,400 0 - 0 2
2A28 1,300 0 - 0 2
2464 3,000 0 - 90 3

180 - 270
3A14 2,000 0 - 120 - 240 2
3A25 2,000 0 - 240 - 120 2
3A35 3,000 0 - 0 - 0 3
3A64 3,000 0 - 0 - 0 3
180 - 180 - 180
4A24 2,000 0 - 180 - 0 - IB0 2
4A34 3,000 0 - 270 - 180 - 90 3
5A24 2,000 0 - 144 - 288 - 72 - 216 2
6A24 2,000 0 - 120 - 240 - 0 - 120 - 240 2
6A34 3,000 0 -180- 0 - 180 - 0 - 180 3

* 15-17 degree retard at low speed.
** 30~34 degree retard at low speed.




4.0 TROUBLESHOOTING

4.1 CIRCUIT DIAGRAM

A.

c.

The diagram below shows the Altronic V circuit for one output. Each component
in the Timing-Distribution section {to the right of the dotted line} is present
in & quantity equal to the number of system ocutputs; each output requires a
pick-up coil assembly, capacitor C3 and Power SCR2.

The operation is as follows: The AC voltage generated by the alternator is con-
verted to DC by rectifiers and stored in the energy storage capacitor (Cl). The
DC voltage level is controlled by zener dicde Z. Capacitor C2 is charged through
resistor Rl to provide the energy to trigger the power SCR {SCR2). This ocours
when the rotating distributer timer arm passes a pick-up coil (P} triggering on
SCR1 and connecting capacitor 0@ through resistor R3 to the gate of SCR2. SCR2
then turns on discharging capacitor Cl into the primary of the ignition coil
which steps up the voltage to fire the spark plug.

Capacitor C3 acts as a filter to prevent crossfiring between cylinders.

TO
SPARK
PLUG
™
SPARK
PLUG
D. Components:
C1 - Capacitor, energy storage SCR1,P,RZ2,R3 - Pick-up coil ass'y
C2 - Capacitor, trigger SCR2 - Power SCR :
C3 - Capacitor, filter R1 - Resistor, trig. circuit
D1 - Diode R4 - Resistor, SCR gate
D2 - Diode, dual Z - Zener diode .




PROCEDURE

See Section 3.0-3.3 for proper electrical performance,

Use Simpson model 260 meter on RX10,000 scale unless otherwise specified.
First discharge all capacitors. Carefully use a screwdriver to short from
the connector shell first to "E" pin on 5-pin connector or "G" pin on 7-pin
connector; then to all cother pins.

ONE QUTPUT DOES NOT FIRE

Check that the 2-lead pick-up coil connector is fully plugged into the circuit
board receptacle.

Check with ohmmeter as follows: Positive lead to case; negative lead to
cornector pin with no output. Move the timer arm {(2la) past the pick-up coil
corresponding to the test connector pin ("A" is red; "B", "C", etc. follow in
a8 CW direction from "A"); meter should pulse indicating pick-up coil output.
If not, replace pick-up coil assembly (26a) - see pg. 11.

If above tests are OK, replace circuit board assembly (27) - see pg. 11.

SYSTEM HAS WEAK OR NO OUTPUT

Check stator (9) resistance - replace if defective - see 5.0 below.

1. Center pin to outer pin: 450-650 ohms (RX100 scale)

2. Center pin to other outer pin: 5000-6000 ohms

3., Center pin to lamination core: infinite

Check circuit board assembly {27) - replace if defective - see pg. 11.

1. Positive lead to case; negative lead to "A" pin, then to "B" pin, then to
"C" pin. All should pulse with a final infinite reading.

2. Positive lead to "E" pin on 5-pin connector or "G" pin on 7-pin connector,
negative lead to the case. Meter should move to final infinite reading
within several seconds.

5.0 SERVICE - ALTERNATOR SECTION

Al

The unit breaks down into two major parts: the Altermator Section and the Back
Cover Assembly. Remove the four back cover attaching screws (42), (44) and
carefully pull the back cover assembly away from the alternator housing; unplug
the 3-prong internal connector.

The procedures of this section require the use of an arbor press.

DISASSEMBLY

Remove the phenolic spacer (15), O-ring (14) and stator (9) from the alternator
housing.

-AW, GVW unit OMLY - remcve hardware (18a), {(16b), (16c) or (17a), (17b) and
sleeve (18} from the unit shaft.

Drive spring pin (la) out of coupling (1} and shaft and remove coupling.
Remove screw:{13), lockwasher (12), washer (11) and drive gear (10}.

If it is necessary to replace bearing-shaft (3), support the housing on the
coupling end and press shaft out of the magnet-rotor assembly and housing.
Wrap magnet-rotor assembly (7) in a cloth or paper to keep it clean.




[w i o]

2
Al
B.

REASSEMBLY - ALTERNATOR SECTION

The procedures of this section require the use of a small arbor press.

Press a new bearing-shaft (3} into housing {(4) until it bottoms against shoulder.
Housing (4} should be supported behind the internal shoulder {tool no. 506 10iB).
Push on the outer race of the bearing with tool no. 506 101A.

Clean all debris from the magnet-rotor assembly (7).

Slide magnet-rotor assembly (7) over shaft with plate facing out as shown.
Support the shaft on the coupling end {tocl no. 506 102B} and press magnet-rotor
assembly (7) on the shaft .575" past the shoulder for the drive gear (use tool
no. 506 102C}.

Slide coupling (1) on the shaft and secure with spring pin (1la) through the
coupling and shaft.

—-AW, -GVW UNIT ONLY - Install sleeve (18} and engine gear. Secure with hardware
{16a), (16b), (16c) or (17a), (17b) - see page ?2?7.

Tnspect gear (10); replace if worn. Secure with new hardware (11}, (12} and
( 13) .

Reinstall stator with leads at the 6 o'clock position, a new O’ring (14) and the
spacer (150.

HOUSING (4)

COUPLING (1)

I’z’n’/’/’;fﬁj

o
Vo L L 4

ALTERTRLLRNRY

ALTTRMARNANNAN

|.575"
ég ///YAOVKAO?

MAGNET-ROTOR (7)

PIN (la)

2L




6.2
A,

SERVICE — BACEK COVER ASSEMBLY

Replace only those parts reguiring service.

CIRCUIT BOARD ASSEMBLY (27) - REPLACEMENT

Use a small screwdriver to pull the circuit board receptacle levers away from the
2-lead housing of the pick-up coil connectors; then unplug the pick-up connectors
from the circuit board (27).

Remove four screws (43), zener diode nut (27b), screw {34), washer (33} and nut
{32). The circuit board can then be removed from the cover. Keep track of
spacer (30).

Reverse steps 5.1A. and 5.1B. to reassemble.

NOTE: Use part no. 902 602 {aluminum) for washer {330.

PICK-UP COIL ASSEMELY (26a)} - REPLACEMENT

Remove hardware {19), (12), (11) holding the driven gear/magnet-arm assembly.
Pull driven gear/magnet—arm assembly (21) from the driven shaft.

Unplug the pick-up coil comnector in question - see 5.1A.

To replace a pick-up coll (26a), remove three screws (26e) and plate assembly
(26c). On l-cylinder units only, remove small snap ring {(26f). Then remove
the pick-up coil in question.

When installing the new pick-up coil, the end with the green line must face out
against plate {26c). Rotate the coil body so that the bulge does NOT face inside
the circle of the 0.B. of the bearing (31a) - see orientation in the drawing
below.

To reinstall top plate {26c), insert screws (26e) through plate (26¢) and spacers
{26d) into the plate-core assembly {26b}; then tighten screws {26e).

Plug in the pick-up coil connector into the circuit board receptacle.

570 401 (1A) 570 402 (2A) 570 403 (3A)

A - 551 002-1 A - 551 002-4 A - 551 002-1
8 - 551 002-4 B - 551 002-2
C - 551 002-3

570 404 (4A) 570 405 (5A) 570 406 (6A)

A - 551 002-5 A - 551 002-1

8 - 551 002-4 B - 551 002-2 A,E,F - 551 002-5

€ - 551 002-4 C - 551 002-2 B - 551 002-1

D - 551 002-2 D - 551 002-4 C - 551 002-2
E - 551 002-2 D - 551 002-3




6.3

DRIVEN GEAR/MAGNET ARM ASSEMBLY (21)

NOTE: Earlier assemblies having the driven gear held to the magnet-arm with
slotted pan-head screws should be updated to the equivalent one-piece
driven gear/magnet-arm assembly (21).

- Remove screw {19} and pull driven gear/magnet-arm assembly (21) from shaft (3ib!.

DO NOT loosen the three small button-head, hex-socket screws holding the gear
assembly together. Keep track of shim washers {47).

DRIVEN SHAFT (31b), BEARING (3la}.

NOTE: It is recommended that all units be updated to the current design
press—fit secured driven shaft {31b).

The procedures of this section require the use of a small arbor press.

Remove the driven gear assembly (21) per section 6.3.

Unplug the pick-up coil connectors - see step 6.1A.

Remove three screws {25) and lockwashers {20). Then pull the entire pick-up

plate assembly (26) off bearing (31a).

Remove cover plate (39) and timing decal (37).

- SNAP-RING SECURED DRIVEN SHAFT - Remove snap ring {81) and pull driven shaft

assembly (90) from bearing {(3la}.

- PRESS-FIT SECURED DRIVEN SHAFT - Press shaft (31b} out of bearing (31a).

Press bearing (31a) out of rear housing (310.

Support housing (31) with tool 506 103B; slide bearing (3la} over guide of

tool no. 506 103B and press bearing into housing with tool no. 506 103A until

it bottoms.

Support bearing (31a) on the inner race {tool no. 508 104B} and press on the

gear shoulder of current design shaft (31b) until shaft bottoms against bearing

{use tool no. 506 104A).

REASSEMBLE BACK COVER ASSEMBLY

Reinstall the pick-up plate assembly (26) and secure with hardware (20) and (25).
Plug in the pick-up connectors intc the circuit board receptacles.

Slip shims {47} - the same number as removed, if any - over the end of the shaft

- {22) apainst shoulder. Install the driven gear assembly (21} on the shaft and

secure with hardware {11), (12} and (19},

Check that the air gap between the rotating arm and the plate (26c) is .005"-
.018". If the air gap requires adjustment, first remove screw {19) holding the
driven gear and pull the assembly (21} from the shaft. Add or subtract a shim
washer (47) to increase or decrease the air gap. Reinstall assembly {(21) and
secure with hardware {11), (12) and (19).

Using a small brush, apply a thin coat of silicone compound {GC type 5Z; Altronic
part no. 503 259) to the teeth of the driven gear (21).

Tnstall washer (35}, timing decal (37}, lockwasher (12) and screw (19) but
tighten screw so that the lockwasher just starts to compress.

Place the timing arm (21) centered on the red pick-up coil core. The red mark
on decal (37) should then be placed midway between the CCW and CW marks of the
label. Tighten screw (19).

Install cover plate (39) and secure with two screws (401}.




6.6 REASSEMBLY - BACK COVER ASSFMBLY TO ALTERNATOR SECTION

A, Mate the back cover assembly with the timing mark for the proper rotation to the
alternator section with the coupling angle set as given below.

B. Secure the bach cover to the alternator with hardware (41),

COUPLING  ANGLE

UNIT NO. CCW CW
1A18-GV 0 -

1A28-A 0 70
2414-A,GV 0 70
2A414-AW,GVW - 70
2A14-D - 0

2A18H-GV - 70
2A25-A - 70
2A28-A,GV - 70
2A64-GVW - 70
3A14-4,GV 0 70
3A14-D - 0

3A25-GV 0 -

3A35-4 - 70
3464-4,GV 0 70
JAB4-AM - 45
3A64-AW,GVW - 70
4A24-A,GV 0 70
1A24-AW,GVW - 70
4A24-D - 0

1A34-GVW - 70
5A24-GV 0 -

6a24-D - 0

6AZ1-GV 0 -

6A34-4,GV 0 70
6A34~AM - 45
6A34-AW,GVW - 70

7.0 SERVICE -~ ASSEMBLY TOOLS

(42) and {(44).

COUPLING
ANGLE

A. The assembly tools referred to in sections 5.2 and 6.4 are available from
Altronic. Alternatively, they may be fabricated from drawings provided by

Altronic; request form AAT.

8.0 OPERATIONAL, TEST
A, Perform the tests following the guidelines of sections 3.0 through 3.3.
B. Run the Operating Test of section 3.2B. for one hour.
C. After the one hour Cperating Test, check the unit timing per section 3.3.




ALTRONIC V IGNITION SYSTEM INSTALLATION INSTRUCTIONS TIMING BOX

NOTE: DEVIATION FROM THESE INSTALLATION INSTRUCTIONS MAY LEAD TO IMPROPER
ENGINE OPERATION WHICH COULD CAUSE PERSONAL. INJURY TC OPERATORS OR
OTHER NEARBY PERSONNEL.

DESCRIPTION

The 581 603-a, -2 electronic timing units are deisnged for applications such as dual-
gas or dual-load requiring two different timing settings. The adjustment screw is used
to set the differential up to a maximum of 13 degrees, 2-cycle or 26 degrees, 4-cycle.
The 581 603 series units must be used with Altronic V units having the "T" option back
cover; these have the second connector {(3-pin} in addition to the regular harness
connector.

INSTALLATTON :

Mount the 581 603 unit so that connections will be protected from weather and the
maximun temperature exposure does not exceed 150°F, (65°C). The following specific
details are essential to proper operation of the 581 B03 device {refer to the Wiring
Diagram):

1. All connections to the 581 603 unit MUST be made with 24 AWG conductor, .032"
insulation wire {Altronic part no. 603 102). This is the wire in the Altronic
supplied cables 593 050 and 593 052. This applies to the leads from the Altronic
V 3-pin comnector AND to leads running from the 581 603 unit to any relay or
switeh device.

2. The leads toc the 581 603 unit from the Altronic V unit must not exceed 25 feet
(7,6m). The leads from the 581 603 unit to a switch or relay must not exceed
24 inches (610mm).

3. All wiring to the 581 603 unit MUST be kept separate from all other wiring., DO
NOT bundle together timing unit wires with any other wires.

3. The case of the 581 603 box must be grounded to engine ground. It is recommended
that panel ground or a separate engine ground be used. DO NOT connect the box
directly to the ignition system common coil ground.

5. Consult the application chart for instructions regarding the "V" terminal. It
1s essential for proper operation and to achieve the proper timing range for a
given application that the "V" terminal be either left open-circuited or grounded
per the application chart {see back side}.
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TIMING SETTING AND ADJUSTMENT

There are two ways the 581 603 electronic timing unit can be used:

A.

MANUAL ADJUSTABLE TIMING - Install the Altronic V unit with the back cover timing
marks lined up and with the engine set 7 degrees advanced from the most advanced
desired timing. With the 581 603 installation complete, use the TIMING ADJUST-
MENT screw to vary ignition timing to the desired setting at the normal engine
operating RPM. See the Application Chart below for the range for the specific
Altronic V unit.

TWO PRE-SET TIMING POINTS - Wire terminals A and B to a switch or relay contacts
as shown in the Wiring Diagrams. With the relay or switch contacts CLOSED and
the engine running at normal operating RPM, set the desired ADVANCED ignition
system timing by adjusting the Altronic V unit or coupling in the normal manner.
Then OPEN the contacts and turn the TIMING ADJUSTMENT screw to set the desired
RETARDED timing. The differential range is shown in the Application Chart below
for the specific Altronic V unit.

APPLICATION CHART - 581 603 SERIES

ELECTRONIC  ALTRONIC V TIMING RANGE ENGINE
TIMING UNIT  MODEL V" TERMINAL MANUAL (A) TWO-POINTS (B} TYPE

581 B03-2 6A34 To Ground ‘ 20° 6 - 26° 4-cycle




OPERATION

FRELIDE TO OPERATION

This series of Hercules GTA4800 Engine
consists of a turbocharged, aftercooled
gix-cylinder model.

The book has been compiled for your use
in obtaining the maximum efficiency and
trouble-free operation which have been
built into your engine by Hercules
craftamanship.

Should you have a particular problem not
covered in this book, we invite you to
write to Hercules Engines, Inc., Service
Department, P. 0. box 24101 Canton, Ohio
44701, U.S5.A., whose experienced person-
nel will be pleased to assist you.

PRECAUTTONS~-READ BEFURE
STARTING THE ENGINE

This section covers those items which
are of particular interest to the cpera-
tor and does not cover such work as
might be required of a maintenance
crews. This does not mean that an opera-
tor should not acquaint himself with the

various subjects covered in other sec-

tions of this book.

'I‘he-folluuing pxﬁm.utions,v if. folloued,
will help eliminate operating difficul-
ties and alnormal wear:

1. Filters--Keep them clean--they are
the guardians of your engine. Dirty
filters cause rapid wear and low engine
power output.

2. Lubricating Oil--Keep it clean--drain
the crankcase often. Use the best brands
obtainable.

3. Do not allow the o0il level to fall
below the full mark on the dipstick. Do
not fill above the full mark on the
dipstick.

4, Do not run the engine at any time
without lubricating oil and cooling
solution {water and antifreeze mixture).

1

il

4

5. Never run the engine with the coolant
solution boiling. This allows lubrica-
tion to break down and may seriously
damage the engine.

6. Do not put cold water in an overheat-
ed engine. It may crank the cylinder
head, block, etc.

7. Never allow your batteries to run low
or dry of water. In cold weather, do not
fill batteries with water when shutting
dowm as this makes them more subject to
freezing.

8. Do not attempt starting the engine
until the lubricating oil, water, and
fuel supplies have been checked.

9. Do not run the engine at high speed
without load, as this will cause undue
wear and shorten the engine’s life.

10. Do not idle the engine for long
periods. It is not only detrimental to
the engine but also increases operating
costs.

1Z. Never allow the engine to run with-
out sufficient oil pressure showing on
the gauge. Damage from lack of lubrica-
tion will result.

P8. Do not attempt to make repairs or
Bdjustments to the fuel systen unless
you are familiar with it.

M. Correct fuel pressure and volume is
essential to efficient operation.

#. Never run the starting motor longer
than 15 seconds at one time without =a
rest period of at least one minute be-
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fore allowing it to rm again. Failure
to follow this procedure may result in a
burned out starting motor.

¥= Do not attempt to start or operate
this engine without first reading the
instructions in this book carefully. As
an operator, you owe it to yourself.

STOPPING THE ENGINE

1. Stopping is generally effected by
turning the key to the off position.

INSPECTION OR ADJUSTMENTS
TO BE MADE DATLY

1. Go over the entire engine daily to
make sure there are no loose bolts,
nuts, screws, electrical connections or
parte and, also, stop all fuel, lubri-
cating oil and water leaks. There will
probably be very little tightening need-
ed but one locse part can cause serious

damage.

2. Check the lubricating oil level in
the engine and keep filled to the full
mark on the gauge.

3. Air cleaners should be inspected and
¢leaned before starting the days run. If
the engine is working- in -extreme dusty
atmosphere, it may be necessary to clean
these units more often than the regular
Scheduled Maintenance Intervals.

4. The water circulating system probably
receives legs attention and care than
any pert of the engine installation, and
vet it is one of the most important
units. Water should be checked daily to
make up for that lost in evaporation.
Also, observe if scale or sediment is
forming in the cooling system; if it is,
obtain water from a supply which will
not cause these troubles. If the water
pump is leaking, replace the seal. 50/50
mixture.

INSPECTION (R ADJUSTMENTS TO BE MADE
AFTER EACH 125 HOURS OPERATION

1. Inspect and adjust the fan belts, if
loose.

- 2, Check the spark plug gap.

3. Inspect the radiator and clean, if
clogged or shows scale formation.

4. Change engine oil and oil filters.

STARTING AND OPERATING SUGGESTIONS.

1. Alvays use single viscosity, low ash
0il. This oil should be capable of meet-
ing A.P.I. service classification, shown
in Lubricating 0il Specifications.

2. Use only the best lubricating oil
obtainable.

3. Mobil Pegasus 390 oil is a good grade
to start with; from this, the proper
grade can be determined by observing the
pressure gauge and the condition of the
o0il at change pericds.

4. Be sure all fuel line connections are
tight.

STARTING THE ENGINE.

SAVE YOUR BATTERIES. Two 12 volt batter-
ies in parallel will crank the engine
against compression for about six peri-
oda of 15 second=s each with a recupera-
tion or rest of one minute between each
period of cranking. ‘
FIRST TIME THE ENGINE STARTED or start-
ing the engine after a long period of
shutdosn.

1. Fill the cooling system.
2. Fill the crankcase.

3. Turn the engine over by means of the
starter three or four times to start oil
circulation and distribute the cil al-
ready on the surfaces.

Check the air cleaners to make sure
there are no obatructions, that they are
properly installed, and are clean.

Check the entire electrical system to be
sure there are no loose connections and




all component parts are properly con-
nected.

See that no tools, parts, etc., are
lying in, or on any part of the engine
as they could cause serious damage to
the engine or bodily injury to anyone
near.

Start the engine by operating the start-
ing button.

Allow the engine to run for several
minutes before load is applied to enable
the engine to properly warm up and in-
sure proper lubrication.

OPERATING INSTRUCTIONS AFTER STARTING

After the engine has started, an inspec-
tion of the whole engine unit should be
made to make sure all parts are func-
tioning properly.

1. Look at the lubricating oil gauge. If
ne pressure shows after the engine has
run 10 or 12 seconds, shut down the
engine and ascertain what the trouble
may be. With the bearings in good condi-
tion and the proper grade of oil, the
pressure should be 50 to 65 pounds at
full engine speed. If the oil is wvery
cold or heavy, this pressure may be much
higher. As the oil heats up, the pres-
sure will reduce.

2. Check the water temperature. If the
water temperature is above 200°, shut
down the engine to ascertain what the
trouble may be. Never operate with the
water boiling, as this heat on the cyl-
inder wmlls breaks down the oil film and
alsoc causes considerable water loss due
to steaming.

3. Obhserve the engine operation for
smoothness, quietness and exhaust condi~
tion.

4. See that there is an adequate supply
of fuel and that fuel is being delivered
to the regulator.

5. Check and see that there are no oil
or water leaks.

6. Observe the fan and belt operation.
Loose fan belts allow slippege which
reduces the efficiency of the fan and
wears the belts out rapidly and, also,
affects the efficiency of the water

PUmp.

7. See that the radiator is free of
obatructions between the fins or tubes
ag they will obstruct the air flow and
reduce the cooling efficiency of the
radiator unit.

STORING THE ENGINE FOR LONG PERICDS.

If slushing oil is not available, clean
crankcase lubricating oil heated to
about 180¢ to 200* may be substituted.
However, this does not have the protec-
tion qualities of the slushing ocil and
should be periodically reapplied.

A — Preparing the Engine

1. Before reinstalling the spark plugs,
take a pump type 0il can with a long
narrow spout, with a tip that will fit
into the s8R« Plu) hokEk.

, and give it six or
eight squirts per cylinder, then turn
the engine over slowly a few times to
distribute the oil.

BEFCRE STARTING, remove the spark plugs
and turn the engine over with the start-
ing motor to blow the excess oil out,

2. Drain the entire engine and water
circulating system thoroughly.

3. Drain the lubricating oil from the
engine and filters.

4. The crankcase should be filled to the
FULL mark on the bayonet gauge. See
Luboil Specification.

This o0il should be placed in the engine
crankcase at the beginning of the rum.

The above oils mre graded the same as
regular motor oil according to SAE
weight. Therefcre, the proper weight of
oil for the climatic conditions should
be chosen to facilitate starting.




5, Disconnect the wires leading to the
batteries and remove the batteries,
storing them preferably at some place
vwhere they can be charged periodically,
as batteries lose their charge rapidly
if not in use.

6. Cover the ends of the air inlet and
exhaust pipe s0 moisture cannot reach
the valve ports and cylinders, store the
engine where it will not be exposed to
the elements such as sun, rain, snow,
hail, etc., and preferably where it can
be kept warm and dry.

7. Every month the engine should be
cranked over by hand eight or ten revo-
lutions to redistribute the oil film
over the wearing surfaces. This will
prevent ruating of the wearing surfaces
ingide the engine.

The above methods have proven success-~
ful; however, Hercules Engines, Inc.,
cannot assume responsibility for engine
storage.

PREPARING THE ENGINE FOR STARTING AFTER
A LONG SHUTDOWN. If the engine has been
stored as outlined sbove, it will be
necessary to pursue the following proce-
dure to prepare it for starting again:

1. Check all fuel supply lines from the
main supply to the filter to make sure
the connections are tight and the lines
are open with no obstruction or
"pinched” places.

2. If the sperk plugs do not function
properly, clean as described.

3. Turn the engine by hand three or four
revolutions to spread the lubricating
0il on the walls and bearings and start
0il circulation.

4. Install the spark plugs and connect
the wires.

5. Fill the cooling system with clean
water or an antifreeze solution.

6. Follow the instructions as given for
“Starting the Engine the First Time”.

8. After the engine is rumnning, follow
the instructions as given for "Operating
Instructions After the Engine is Start-
ed.

The starting and operation of engine
encounter certain difficulties at high
altitudeg., These difficulties are not
commonly noticeable until 3000 feet is
reached. While the engine has lost only
sbout 10 percent at 3000 feet, at 6000
feet the loss is about 21 percent. From
these figures one can readily see that
no difficulty will be encountered in the
firast 3000 feet, but that some consider-
ation must be made in the power require-
ments at these higher altitudes. This
fuel adjustment must be made on turbo-
charged engines to prevent overspeeding
of the turbocharger.

Since air at higher altitudes is much
lighter and contains less oxygen than at
seq level, the amoumt of air or oxygen
drawn into the eylinders at higher alti-
tudes iz much less. This lowers the
compression pressures, causing hard
starting and poor combustion.

It is necessary to reduce the amount of
fuel entering the cylinder, as with the
original fuel setting and the smaller
amount of oxygen, the combustion is
incomplete and a amoky exheust reaults,
with the naturally asperated engine
only.

It is sometimes desirable to follow the
starting methods as outlined under "Cold
Weather Starting”.

For additional information on specific
cases, please write to Hercules Engines,
Inc., Service Department, P. 0. Box
24101 Canton, OChio 44701, U.5.A., giving
as much data as available,.




" RECOMMENDED LUBRICATING OIL SPERCIFICATIONS

LUBRTICATION
LUBRICATTION INSTRUCTIONS

0il Level. The level of the oil in the
crankcase is determined by a bayonet or
dip stick type of gauge. Wipe off the
gauge and reinsert to determine the oil
level accurately. The oil level should
be maintained at the full mark on the
gauge. See Illustration No. 4.

The engine must be stopped for at least
two minutes before the o©il level is
checked. This will allow the oil to
drain back into the oil pan " prevent
overfilling.

OTL CHANGING (1st 0Oil Change & Filters
at 125 Hrs.)

Frequency of oil changes depends upon
the application of the engine and the
severity of the operation. Under normal
operating conditions the oil should be
changed every 500 hours,

Lubricating oil recommendations are
based on engine design, type of service,
and ambient air temperature. High quali-
ty oils combined with necessary oil and
filter changes are required to assure
maximm performance, long engine life,
and minimum operating cost.

Illustration No. 4

The filter element should be changed at
the same time the oil is changed in the
crankcase. Recheck the oil level after
running the engine approximately five
minutes to fill the filters. Use the
bayonet gauge when replenishing the oil
supply and fill to the full mark on this
gauge, See "0il Level”.

ACCESSCRIES
Accessories mounted on the engine usual-

ly carry their own lubricating instruc-
tions, which should be followed.




OI1. PRESSURRE

Refer to "0il Pressure."” See Engine Name
Plate.

SUGGESTED PREVENTIVE MAINTENANCE SCHED-
ULRE

A. DATLY

1. Check air cleaner.

2. Check crankcase oil level.

3. Check coolant level.

4. Check alternator charge.

5. Check 0il pressure reading.

6. Check general condition of unit.
Tighten, repair, or replace parts as
necessary.

B. 125 HOURS OR 3000 MILES IN ADDITION
TO "A" SERVICES.

1. Change crankcase oil, and oil fil-
ters.

2. Clean crankcase breather.

3. Tighten accessory drive belts.

4. Check spark plug gap.

5. Check radiator air pessages for air

flow restrictions, dirt chaff, etc.
Clean, if dirty.

C. 500 HOURS OR 12000 MILES. IN ADDITION
TO "B" SERVICES

MAJOR TUNE-UP
1. Inspect engine for loose connecticns,

leaks in o0il, fuel and water system,
cracks, and free action of all moving

parts.

2. Check wvalve tappet clearance and
reset, if necessary.

3. Adjust governor and throttle linkage.

4. Change air filter.

5. Change spark plugs.

6. Check timing and adjust, if neces-
Bary.

Illustration No. 5 i

Jllustration No. © ]




DESCRIPTION AND MAINTENANCE

This section covers a brief description
and function of the varicus parts of the
engine along with complete instructions
covering the repair, disassembly and
reassembly of the various component
parts of the G480C series engines.

This section has the wvariocus subjects
arranged alphabetically for convenience
in locating.

. ATR CLRANERS
Dirt is the greatest enemy of any inter-
nal combustion engine and it is neces-
sary to take every precaution to prevent
it from entering the engine. This is
accomplished by using an efficient dry
type air cleaner. When dirty, a restric-
tion is created in the air intake, which
may cause excessive exhaust smoke, loss
of power, excessive fuel consumption,
internal engine deposits and result in
short engine life. Very little restric-
tion, due to dirty air filters, is suf-
ficient to create a very rich mixture.
Therefore, one of the most essential
preventive measurea is proper mainte-
nance of the air intake filter. This
unit should be checked at least once a
day and, if operating in dusty condi-

tions, may require cleaning or servicing-

of the elements even more often. Single
element style cleaners are used in nor-
mal applications.

When an Air Restrictor Indicator, either
electrical or vacuum type is used, it
will flash or show a red signal when the
air intake system has become clogged. If
the air stack cap, or precleaner screen-
er has been kept clean, indication will
be that the air cleaner element should
be serviced.

e eT EXCEED IS
A BEtreaction),
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‘A1l connections between the air cleaner

and manifolds must be absolutely air
tight. Abrasive laden air drawn into the
engine through a loose connection will
cause rapid wear of the pistona, rings

-ard upper cylinder surfaces,

The breather allows accumulated gases to
escape from the crankcase, the normal
process of engine breathing. The engine
is equipped with a draft tube to elimi-
nate these gases.

BELLBOUSING

The bellhousing is an aluminum casting
which fastens to the rear end of the
cylinder block. The bellhousing forms a
complete enclosure for the flywheel and
clutch, to which the transmissjon,
torque converter or other drive mecha-
niam is attached. The bellhousing also
forms the rear motor support.

PR
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STEP | TORQUE TIGHTEM NUTS
TO 20 POUND-FEET IN
SEQUENCE SHOWN .

TORQUE TIGHTENING SEQUENCE FOR FLYWHEEL HOUSING NUTS.

$TEP 2. TORGQUE TIGHTEN NUTS
TO 45 POUND-FEET IN
SEQUENCE SHOWN,

-
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STEP 3. TORQUE TIGHTEN NUTS
MARKED =X".TO 45
POUMD-FEET

Illustration No.

TO REMOVE THE BELLHOUSING

1. Remove the clutch or power take-off

2. Remove the flywheel. See "Flywheel”,
Illustration No., 21.

3. If the engine is in the unit, place
suitable supports under the rear of the
crankcase to support the engine.

4. Remove the rear motor .support screws.

5. Remove the bellhousing attaching stud
nuts. See Illustration No. 7. This also
shows torquing sequence and pounds
torque on nuts.

6. Pull the bellhousing away from the
engine. It may be necessary to tap the
housing with a soft hammer to loosen
from the dowels or gaskets sticking to
the block.

T Tgsprem Regfc CRAMNMRTNALT SERC .

- ReFuawc (FNooeqeany

TO INSTALL THE BELLHOUSING.

1. Install a new bellhousing gasket to
the cylinder block, as bellhousing lo-
cating dowels and studs will hold it in
place.

2. Check the bellhousing mounting dowels
to be sure that they are tight and in
good condition. Install bellhousing and
torque, tighten nuts in sequence shown
in Illustration No. 7.

3. Install the rear motor support BCcrews
and remove the jack or block from under
the crankcase.

4. Install the flywheel. See "Flywheel”,
Illustration No. 21, and “Indicator",
Illustration No. 22.

5. In=tall the clutch or torque convert-
er.
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Illustration No. B
CAMSHAFT

The camshaft is. supported.on large diam-

eter pressure lubricated removable bear- B

ings in the crankcase and is driven by
means of a suitable gear which meshes
with the crankshaft gear.

The timing of these two gears requires
no check of the valve position. It is
only necessary to align the two punch
marks on the cam gear with the one mark
on the crank gear.

The camshaft end play is controlled by a
thrust plate (A), Illustration No. 8,
located between the front camshaft bear-
ing and the camshaft gear. Correct end
play of .006 to .015 is regulated by the
thickness of the thrust plate.

To decrease the end play when it is
beyond specified limits. Replace thrust
plate "A", see Illustration No. 8.

To increase the end play, use a piece of
very fine emery or Crocus cloth on a
surface plate, polish the thrust plate

to the desired thickness to obtain the
proper end thrust.

TO ERMWWE THE CAMSHAFT, OR CAMSHAFT
GEAR.

Assuming that the radiator, and so forth
have been removed, the camshaft may be
removed as follows without removing the
engine from the chassis.

1. Remove the fan blade and belts for
easier access to the gear cover and
gears,

2. Remove the fan drive pulley nut, fan
drive pulley, and vibration damper as-
sembly.

3. Remove the gear cover.

4. Remove the rocker arm covers, rocker
arms and push rods.

5, Remove lube o0il filters and cooler
agsembly.

6. Remove side cover plates and lift out
tappets keeping them in same order as
removed for reagsembling in same posi-
tion.

NOTE: To remove and mssemble the cam-
shaft to the engine with the engine out
of the chassis, the same procedure is
followed, except Item No. 5 and No. 6
are disregarded. With the engine out of
the chassis, it is only necessary to set
the engine on the bellhousing, push the
tappets to the "up” position and remove
the camshaft. With the tappets in the
raised position, rotate the engine until
the two holes in the camshaft gear ex-
pose the thrust plate attaching screws.

7. Remove the thrust plate attaching
screws and pull the camshaft forward out
of the engine block.

Inspect the camshaft lobes, Jjournals,
etc., for wear or damsge. Alsc, inspect
the thrust plate for clearance.

NOTE: To remove the camshaft gear, the
cam assembly must be removed from the
cylinder block. The gear mist be heated
and pressed off.
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 Crankshaft Thrust Bearing Journal, Crankshaft Pulley End,
Crankshaft Gear, and Crankshaft Damper and Pulley Wear Limits

Size and Fit .
Index of New Parts © Wear Limit
Number 1tem /Point of Measurement {inches) (inches)
3 Crankshaft main thrust bearing
journal width 2.1370 to 2.1390 2.1420
5 Crankshaft pulley end rear .
outside diameter 2.2492 to 2.2498 None
6 Crankshaft gear inside diameter | 2.2495 to 2.2500 None
7 and 5 { Fit of crankshaft gear on rear
of crankshaft pulley end 0.0003T to 0.0008L None
8 Crankshaft damper and pulley
bore diameter
2.2478 to 2.2484 None
10 Crankshaft puliey end front
- outside diameter 2.2487 to 2.2492 None
9 and 10| Fit of crankshaft damper and
pulley on front of crankshaft
. pulley end
0.0003T to 0.0014T None




Standard Size Crankshaft Connecting Rod Journals Wear Limits

Size and Fit
Index of New Paris Wear Limits
Number Item/Point of Measurement (inches) (inches)
1 Connecting rod journal
through outside diameter 2.9970 to 2.9980 . 2.9860
6 - b .
0.0100-Inch Undersize Crankshaft Connecting Rod Journels Wear Limits
Size and Fit -
Index o of New Parts Wear Limit -
Number 1tem /Point of Measurement (inches) (inches) :
© 2 Connecting rod journal out- o
through side diameter 2.9870 to 2,9880 2.9850
6 .
0.0200-Inch Undersize Crankshaft Connecting Rod Journals Wear Limits
Size and Fit
Index of New Parts Wear Limit
Number Item/Point of Measurement {(inches) {inches)
1 Connecting Tod journal
hrough outside diameter 2.9770 to 2.9780 .2.9750
6




Standard Size Crankshaft Main Bearing Journals Wear Limits

Size and Fit
Index . ] of New Parts Wear Limits
Numl?er Item /Point of Measurement " (inches) (inches)
-1 Main bearing journals out- ,
through side diameter : 3.6210 to 3.8220 . 38.8190
0.0100-Inch Undersize Crankshaft Main Bearing Journals Wear Limits
Size and Fit
Index of New Parts Wear Limits
Number Item /Point of Measurement (inches) (inches)
1 Msin bearing journals out-
through side diameter 3.6110 to 3.6120 3.6090
7
0.0200-Inch Undersize Crankshaft Meain Bearing Journals Wear Limits
Size and Fit
Index . of New Parts Wear Limit
Number Item/Point of Measurement (inches) (inches)
1 Main bearing journals out-
through side diameter ~ 3.6010 to 3.6020 3.5990

7




OONNECTING KD

The ccnnecting rods are heavy alloy
gteel forgings with precision type bear-
ings for the shaft and bronze bushings
for the piston pin. With this precision
or insert shell type bearing, the cam
and rod is split at 45° to facilitate
removel. No shims are used and there-
fore, when reconditioning of the bear-
ings is necessary, only the bearing
shells need to be replaced.

CAUTION: Do not file or grind the caps,
as new bearings cannot be installed in a

A connecting rod that has been filed.

NOTE: As built at the factory, the con-
necting rods and caps are marked on the
camshaft side and to the front of the
engine with the cylinder number in which
they are used.

Connecting Rod

TO REMOVE THE CONNECTING RODS

CAUTION:--Connecting rods and caps are
matched -- keep them paired together, as
otherwise they cannot be reinstalled.

1. Drain the radiator and engine block.

2. Remove the thermostat housing and
thermostat and water manifolds. Also,
disconnect the water temperature gauge
thermocouple.

3. Discomnect and remove the air cleaner
hose from the manifold.

4. Disconnect the exhaust pipe from the
manifcld.

5. Disconnect the spark plug wires, and
remove spark plugs.

6. Remove the front and rear cylinder
head covers, rocker arm assemblies and

push rods.,

7. Remove the cylinder head nuts and
1lift the cylinder head assembly careful-
ly from the engine {manifolds may be
removed with the heads).

8. Remove the oil pan and lubricating
0il pump and lines.

9. Remove the piston oil spray nozzle
assembly from each cylinder.

10. Carefully scrape the carbon deposit
from the top of each cylinder bore so
that the pistons can be removed without
damage to the rings.

11. Turn the engine so0 that No. 1 and
No. 6 connecting rod caps can be removed
and the piston and rod essembly pushed
carefully upward with a block of wood or
hammer handle, Illustration No. 10, to
remove from the engine.

NOTE : —-Keep the rod caps and bearings of
each respective rod together --'do not

12. Turn the engine, as required, so0
that the other rods snd pistons may be
removed.

TO DISCONNECT THE CONNECTING RODS FROM
THE PISTONS.

Remove the piston pin retaining rings
and push the pin out of the piston and
connecting rod bushing.

Inspect the piston pin and bushing for
wear and replace, if necessary., If new
parts are used, check the comnecting rod
alignment on a standard aligning fix-
ture.

TO INSTALL THE OONNECTING RODS.
1. Assemble the connecting rod and pis-

ton and insert the retaining rings in
piston.




Illustration No. 10

2. Inspect the crankshaft for any rough
or scored marks that might damage the
connecting rod bearings. If any rough
marks are found, use an oil stone, very
fine emery cloth or Crocus cloth to
polish the shaft. Clean the shaft thor-
oughly after polishing.

3. Install the piston rings on the pis-

tons. See "Piston Rings".

4. Select the proper piston and ‘connect-
ing rod assembly and turn the crankshaft
so that it is in the correct position.

5. Apply a liberal coat of lubricating
0il to the cylinder bores, pistons,
rings, and piston pin. Space the piston
rings so that no two slots are in line.

6. With the piston rings compressed as
shown in Illustration No. 11, use a
hammer handle or block of wood to force
the piston and rings into the cylinder
bore. At the same time, use care that
the comnecting rod is in line with the
crankshaft journal.

7. With the piston entirely in the cyl-
inder bore, insert the upper bearing
ghell and pull the connecting rod down
to the crankshaft.

8. Place the shells in the cap and as-
semble. Tighten the cap screws to the
proper tension and try the connecting
rod for side movement. It should move
easily. See "Fits and Tolerances" for
proper clearance and proper nut tension.

9. Repeat the above operations for all
connecting rods.

10. Install the piston oil spray assem—
bly for each piston.

Tilustration No. 1l

11, Instal) oil pump and lines.

12. Inapect the top - -of the cylinder
block and pistons. Be sure no foreign
matter is present and install new cylin-
der head gaskets.

13. Install the cylinder head. See "Cyl-
inder Head Torque", per Illustration No.
20.

14. Insert the valve push rods and in-
gtall the rocker arm assemblies.

15. Adjust the tappets to the proper
clearance. See "Valves",

16. Install the cylinder head cover,
using a new gasket, if necessary. In-
stall the nuts and washers as removed.

17. Install the thermostat, thermostat
housing, water pump by-pass hose and
connect the water temperature gauge
thermocouple and water manifold.
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18. Install the fuel line.

. 19. Install and connect the air cleaner
arnd connect the exhauat pipe to the
manifold.

'20. Connect the radiator hoses and fill
the radiator with clean water g anti-
freeze. AuD

21. Install the oil pan, using new gas-
kets, and fill the crankcase with the
proper grade of lubricating oil,To The
rukl MARK o THE DIP STIG

CONNECTING ROD BEARTNG REPLACEMENT.

If excessive clearance develops between 268
the shaft and bearing shells, new bear- 152
ing shells should be installed, If the

clearance is excessive with the new

bearings, regrind the shaft and use

undersized bearings. Undersized bearings

are available in sizes of .010 and .020.

The connecting rod bearings may be re-
placed as outlined below:

. 1. Remove the oil pen. See "0il Pan, 0il
Pump & Oil Pump Lines”.

. 2. Locate the crankshaft so the connect-
ing rod cap can be removed.

3. Remove the screws.

4. With a soft hemmer, tap the cap to
loosen it and remave the cap.

5. Replace the bearing shells as out-
lined under paragraph No, B and No. 9
{Connecting Rod Installing}.

6. Reassemble the cil pan, oil pump and
lines to the engine. See “0il Pan".




Cylinder Sleeve Wear Limits

Size and Fit

CYernpDeg Swesve P(Za T:_;;nouaﬁa;aﬁuc

® O ocasTo 0,0050

Index of New Parts Wear Limit
Number Item /Point of Measurement (inches) (inches)
1 Cylinder sleeve outside diameter 4.7500 to 4.7510 None

1land 2 Fit of cylinder sleeve in bore of
crankcase 0.0005L to 0.0015L None
1 Cylinder sleeve inside diameter
(cylinder sleeve in erankcase) 4.5630 to 4.5645 4.5665
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Standard Size Crankshaft Main Bearings and

Qil Clearance Wear Limits

Size and Fit
Index of New Parts Wear Limit
Number Item /Point of Measurement (inches) - (inches)
1 Main bearings inside diameter 3.6252 to 3.6272 3.6292
Oil clearance between crankshaft
main journals and main bearings | 0.0032 to 0.0062 0.0080
0.0100-Inch Undersize Crankshaft Main Bearings and
0il Clearance Wear Limits
Size and Fit
Index . of New Parts Wear Limit
Number Item /Point of Measurement {inches) (inches)
1 Main bearings inside diameter 3.6152 to 3.6172 3.6192
1 01l clearance between crankshaft _
main journals and main bearings | 0.0032 to 0.0062 0.0080
0.0200-Inch Undersize Crankshaft Main Bearings and
Oil Clearance Wear Limits '
Size and Fit
Index . of New Parts Wear Limit
Number Item /Point of Measurement (inches) (inches)
1 Main bearings inside diameter 3.6052 to 3.6072 3.6092
1 0il clearance between crankshaft . '
main journals and main bearings 0.0032 to 0.0062 0.0080
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Cemshaft Journals Wear Limits

i
. Size and Fit : '
Index Item /Point of Measurement ‘of New Parts ~ Wear Limit
{Number : ‘ : (inches) |  -(inches)
1 Rear camshaft journal outside _
diemeter 1.9410 to 1.9920 1.9890
2 Rear intermediate camshaft )
iournal outside diameter 2.3035 to 2.3045 2.3015
3 Front intermediate camshaft '
journal outside diameter 2.3660 to 2.3670 2.3640
4 1 Front camshaft journal : ' i
outside digmeter 2.4285 10 2.4295 2.4265 :

. g
T *;é




Camshaft Bearing Wear Limits

Size and Fit
Index of New Parts Wear Limit
Number Item /Point of Measurement : (inches) {inches) -
1 - Camshaft rear bearing inside o
- diameter 1.9940 to 1.9950 1.9970 -
2 Camshaft rear intermediate
bearing inside diameter - 2.3065 to 2.3075 2.3095
3 Camshaft front intermediate
bearing inside diameter ’ 2.3690 to 2.3700 2.3720
4 Camshaft front bearing inside _
diameter 2.4315 to 2.4325 2.4345




Camshaft Bearing Bore Wear Limits

Size and Fit |
Index of New Parts Wear Limit
Number Item /Point of Measurement {inches) (inches)
2 Camshaft rear bearing bore inside ,
diameter 2.1245 to 2.1255 None
3 Camshaft rear intermédiate
bearing bore ingide diameter 2.4270 to 2.4280 None
4 Camshaft front intermediate
bearing bore inside diameter 2.4995 to 2.5005 None
5 Camshaft front bearing bore
inside diameter 2.5620 to 2.5630 None




Rear Camshaft Journals and Camshaft Bearings Wear Limits

Size and Fit

Index of New Parts Wear Limit
Number Item /Point of Measurement (inches) (inches)
1and 2 Fit of rear camshaft joumal in

rear camshaft bearing 0.0020 to 0.0040 0.0060 max
3and 4 Fif of rear intermediate camshaft

journal in rear intermediate

0.0020 to 0.0040 0.0060 max

camshaft bearing




Front Camshaft Journals and Camshaft Bearings Wear Limits

Size and Fit

Index . of New Parts Wear Limit
Number Item /Point of Measurement (inches) (inches)
1 and 2 Fit of front intermediate camshaft

journal in front intermediate

camsghaft bearing 0.0020 to 0.0040 0.0060 max
3 and 4 Fit of front camshaft journal in '

front camshaft bearing 0.0020 to 0.0040 0. 0060 max
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HERLULES ENGINES, INC.

101 Eleventh 51.. S.E.. Canton. Ohip 44707-3802

Parts (216) 438-1025
FAX: (216) 438-1030
Service (216) 438-1035




