Y

MAINTENANCE
MANUAL

' Four Cylinder
Overhead Valve
Gasoline Engines

P/N 40 0080202

HERCULES

ENGINES, INC.

Engine Specialists Since 1915




'MAINTENANCE
MANUAL

G1600

NATURAL GAS, GASOLINE & LPG

40-0090202



f ~ Introduction

This Manual is intended for guidance of the parsonnel, who operate, maintain, or repair
HERCULES engines or components. |t furnishes necessary information for operation, as well as for
adjustments, lubrications, periodic checks, and maintenance of the engine.

!

The Manual applies basically to the engine. Information cor{curnmg accessories are given
only when it relates to the engine and may not assist in the repatr of the accessory itself. An
accessory needing repair should be taken to the Authorized Service Depot.

i
‘ All locations given as right hand [r.h.) or left hand (Lh) are determined by the observer
| while facing the flywheel end of the engine. Number "one" cylinder is the one closest fo the
| gear cover end. All dimensions are given in inches or fractions of inches except as otherwise
’- noted, while all weights and measures’ are in U.S. Avoirdupois or liquid measure standards.
I
i
i

‘Proper service practices save expensive down time and costly repairs. When repairs or re-
placements are needed always insist on genuine HERC precision parts in ordering to insure
maximum satisfaction and long lasting service. Your dealer can supply these genuine parts and
assist you with any additional information that is required.

When or;:lering replacement parts always give the engine Model and Serial Number. These i
are stamped on the Identification Plafe located on the lower lofi-hand side of the cylinder i
block.

The Manual is divided into the foliowing Major Sections:

i

; ® FITS & TOLERANCES

‘ ® OPERATION

! ® SERVICE & MAINTENANCE
! ® TROUBLE SHOOTING

| ® SPECIFICATIONS

As an operator, you owe it fo yourself to read this Manual carefully and completely.

NOTE: ENGINE OPERATION BELOW 1200 RPM REQUIRES FACTORY AUTHORIZATION. “
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GENERAL SPECIFICATIONS

Bore and StroKe .t

No. of Cylinders ..

Horsepower-Stripped Engine (2800 RPM-corrected) .

Piston Displacement Cu. In. e )

Firing Order . .

Crankshaft Rotation (When viewed from front)

o

G1600 G1400
....... 47 x 314" 324" x 3"
4 4
67
et st 163 141
1-34-2 1-34-2
....... Clockwise
Counter-clockwise

Camshaft Rotation (When viewed from front)

~ Idler Rotation (When viewed from front)

Counter-clockwise

Accessory Drive Rotation (When viewed from front)

TN

CAMSHAFT

CYLINDER BLOCK

Material Gray Cast Iron

LUBRICATION
Forced Feed By Gear Pump

Qil Capacity, — Oil Pan 6 Qts.) plus
Oil Filter 1 Qt.)

CYLINDER HEAD ‘
Detachable oeeeeee One Piece Alloy

Cast Iron

Valve Arrangement .......ocooecurrnnn.e. Overhead
Exhaust Valve . "Hi Alloy Forginé
Two Piece Welded Sil-Chrome Steel

Intake Valve ... Hi Alloy Forging

Forty Stem Sil-Chrome Steel

NOTE: See Fits & Tolerances For Specified Data.

Clockwise

P ™

ACCESSORY
DRIVE

PISTON

Material ... Heat Treated Aluminum Alloy

PISTON PIN . _
* Full-Floating Type - Alloy Steel

CRANKSHAFT

Material .cococveeeene Heat Treated Steel Forging

Number of Bearings .. Three
CAMSHAFT

Driven Helical Gear

Number of Bearings ' Three
CONNECTING ROD

Material .....coe.o.-.. Heat Treated Steel Forging

WHITE ENGINES, INC. reserves the right to change design or specifications without notice,
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FITS AND TOLERANCES

G-1400 - G-1600

Distributor Timing ... ...

Distributor Point Gap

Distributor Dwell . e (Prestolite JAD-6013)

(Prestolite IBT-4405)
Valve Lash, Hot and Cold ... ... Intake & Exhaust

Spark PIUg GAD ecccoooirrmoememssesrssesessssssn s co s e cmsasan o s n s
Engine Idle SPeed et

v ( Prestolite IAD-6013 & IBT-4403)

Distributor and Oil Pump to Camshaft Gear Backlash .o

Crankshaft to Camshaft Gear Backlash ..
Crankshaft to Idler Gear Backlash

Idler to Accessory Drive Gear Backlash .

Fan to Engine Speed Ratio ... S

Water Pump to Engine Speed Ratio

Crank Gear to Crankshaft

Rocker Arm to Rocker Arm Shaft Clearance

Camshaft End Clearance eetueveneeanreans romeansesenanssssneans
Crankshaft End Clearance .......... G1600
G1400
Top of Block to Top of Piston oo (1600
’ G1400
Connecting Rod Side Clearance G1600
G1400

Camshaft Bearing Clearance

Crankshaft Main Bearing Clearance .....cccceen. G1600

G1400
* Valve Tappet Clearance in Block
Valve Stem to Valve Guide Clearance ....oweee....  Intake
Exhaust

Valve Seat Runout (Max.)

Valve Seat Width -

Valve Arrangement (Front to Rear)

Cylinder Head Mounting Face Max. Out-of-Flatness

In a2ny 6.00 inches
Overall

6° BTDC. @ 800 RPM
18° BTDC. @ 1800 RPM

020

39° - 45°
66° - 72°
015

030

500 RPM
003 -.005
0025 - .005
003 -.012
. .003 -.005
1.26:1
1.00:1

0005 T -.0015 T

002 - .004
003 -.007
004 - .009
004 - .009
028 - 036
0165 - 035
004 - 010
003 - 009
001 -.0025
0009 -,.0035
0004 - .002
0005 - 0021
001 -.0025
002 - 0035
002 T.LR.
070 - 080

EITIEEIIE

002 T.I.R.
.004 T.LR.

Page 5




FITS AND TOLERANCES — (continued)

Cylinder Block Mounting Face Max. Out-of-Flatness ...oovoceceeceeneennene .

Connecting Rod Bearing Clearance e

Connecting Rod Bearing to Crankshaft Journal .o e

Combustion Chamber Volume
With Valves and Spark Plug in Place ......

In any 6.00 inches
Overall

G1600

(add 13.1 - 17.2 cc for piston clearance G1600)
(add 11.1 - 16.8 cc for piston clearance G1400)

G1600
Piston Pin to Piston Clearance ...

' Piston Pin to Rod Clearance ...

Piston to Cylinder Bore Clearance

Piston Ring Groove Clearance
Top Compression Ring to Groove Clearance

Lower Compression Ring to Groove Clearance

Qil Control Ring to Groove Clearance

Ring Gaps

Top Compression Ring Gap at 4.000 Gage Dia.
Lower Compression Ring Gap at 4.000 Gage Dia.

Qil Control Ring Rail Gap at 4.000 Gage Dia.

Connecting Red and Cap Bearing Lock Slots to be assembled on same side.-

Notch on top of Piston to be-assembled towards front -of engine.

- G1400
"Piston Pin to Piston Clearance

Piston Pin to Rod Clearance

Piston to Cylinder Bore Clearance

Piston Ring Groove Clearance

Top Compression Ring to Groove Clearance
Lower Compression Ring to Groove Clearance

Qil Control Ring to Groove Clearance

: Piston Ring Gaps
Top Compression Ring Gap at woeoevcmee e
Lower Compression. Ring Gap at .oeemeceerocceeee
Nil Control Ring Gap at e ... '

Oil Pump Assembly
Oil Pump Gears Backlash

Oil Pump Gear End Clearance
Qil Pump Shaft Clearance with Body

Oil Pump Gears Clearance with Body
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002 T.LR.
004 TIR.
0013 - 0031
001 -.0028
0012 - 0041
80.5-84.5 cc
20000 - 0005
0002 - 0006
0012 - .0028
002 -.0035
002 -.004
Snug
010 -.020
010 -.020
015 -.055
L0001 - 0005
0001 - .0005
001 -.003
002 -.003%
..0015 -..0035
Snug
013 -.023
012 -.022
015 -.0055
006 -.008
002 -.005
001 -.002

001 -.005




TORQUE REQUIREMENTS

. {ALL THREADS LUBRICATED WITH SAE 20 QIL)
APPLICATION ‘ ' THD. SIZE TORQUE
Main Bearing Cap BOItS e /16 2 14 55- 60 ft. lbs.
Connecting Rod NUt e, rcmen e ane e SO 3/8-24 30- 35 it lbs.
Camshaft Gear 10 Camshaft e 3/4-10 50- 55 ft. lbs
Camshalt Thrust PIate oo e ee e s crmcertsanssta s srs e reamc e o 5/16-18 10- 15 ft. Ibs.
Front Plate to Blotk e e S Self-locking  5/16-18 10- 15 ft. tbs.
Tdler SBaft to BIOCK oororoooooeoroecocorecoososesesssrersessesceeerseoememe esmssonen et 1/2-13  90-106 ft. Ibs.
Gear Cover to BlocK oottt e e anrn o 5/16-18 ~ 17- 21 ft. Ibs.
Governor Attaching ot sr e e e s 3/8-16 20- 30 ft. Ibs.
Accessory Drive Adapter NUt oo 1/2-20 35- 40 ft. 1bs.
Hydraulic Pump to Adapter ..o emcosasssmes coemrermememes e 3/8-16 20- 30 ft. lbs.
Flywheel to Crankshaft ... oemremeaeeemeetavenass oot nnins smmnim amemres et 7/16-20 75- 85 ft. lbs.
Fiywheel Housing to Block
Two Center Holes must be Permatexedl ................................. Self-locking 3/8-16 40- 45 ft. lbs.
OHl PAN DITain Pl e e e ecemstssess st e srs et s e men s srns 7/8-14 25- 35 ft. Ibs.
Qil Pan to Block : e temeeeassssameeasasbansssssessssenssmemanrmrnammmemeemsascsb saemeas 5/16-18 7-9 ft. lbs.
Qil Pan tg Block ... eeeeeemmettsesstessesstseneatessreceminnarman 1/4-20 3- 4 ft. 1bs.
Crankshaft Pulley to Crankshaft . ..veeeesressomeen - 9/16-18  135-145 ft. 1bs.
.Nater Pump to Plate ' '
Apply Permatex 10 SCTeWS oottt 5/16-18 17- 21 ft. 1bs.
Water Pump Pulley to Water Pump (low fan) .................................................... 5/16-24 © 15- 18 ft. lbs.
Rocker arm shaft support to Cylinder Head N - 7/16- 14 35- 40 ft. 1bs.
Rocker Arm Shaft support to Cylinder Head Nut .o 7/16- 14 35- 40 ft. 1bs.
Rocker Arm Adjusting Screw croeeeemmsessonae : i 16- 20 7- 15 ft. 1bs.
Rocker Arm Cover to Rocker Arm support Nut 5/16-24 18- 24 in. Ibs.
Cylinder Head " 7/16-14 60- 65 ft. Ibs.
Tappet Cover to Block ... - . 1/4-20 3- 4 it 1bs.
Fuel Pump to Block -5/16-18 10- 15 ft. Ibs.
Qil Filter Adapter-to Block 1 .-+ 3/8-16 . . 23- 28 ft, 1bs.
* Qil Pump to Block: : - 5/16-18 10- 15 ft. Ibs.
Qil Strainer to Oil Pump 5/16-18 10- 15 ft. 1bs,
SPATK PIUE wecererrreeremerremsmamssmsasoressecceereosssmmeesssssessaseressossessssasesssasesossesscscssesssn-eecsesose 14 M/M 27 30 ft. ths.
Distributor Adapter to Block _. et st ar e 3/8-16 25. 28 it. Ibs.
Distributor t0 Adapter .o e 1/4-20 3- 4 ft. Ibs.
Alternator to Bracket oot " 5/16-18  10- 15 ft. 1bs.
Intake Manifold to Head . 3/8-24 30. 35 ft. Ihs.
Exhaust Manifold to Head
Apply Never Seeze Compound #NS-160. 3/8-24 30- 35 ft. Ibs.
.Carburetor or Adapter Nut 3/8-24 30- 35 ft. 1bs.
Water Qutlet Housing ......... 5/16-18 ~ 10- 15 ft. 1bs.
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GENERAL DESCRIPTION AND

MAINTENANCE

GENERAL DESCRIPTION AND FEATURES OF DESIGN

The cylinder block and crankcase are cast in one piece and, in order to permit more cfiicient coobing,

the cvlinders are water jacketed the full length of the piston travel

Three main bearings support the crankshaft. Main, connecting 1od and cawshaft bearings are the re-

placeable precision type. The upper-shell in the crankcase is not interchangeable with the lower shell.

except tor the center main, which 1s the thrust beanng. Hlustration No. 1 shows the sturdy construction,

A detachable cylinder head with balanced waterflow control and overheads valve arrangement is

provided.

Alumitnum alloy, three-ring pistons are used.

The lubricating syvstem is the pressurized style. activated by a gear-type 41l pump driven from the

camshaft.

The oil pump forces the Iuboil under controlled
pressure through the oil filter, through a passage in
the cvimder block and camshaft hearing to the cam-
shaft. which = hollow inside and acts as the man
hieader jor the luboil.

From the camshait the oil is distributed, under
pressure, through drilled passageways to all main.
connecting rod and camshaft bearings, and also to the
rocker arms and the governor. The cam lobes, valve
tappets and cylinder walls are Tubricated by means of
uil drain-back and the mist of oil thrown off around
the various pressure-lubricated bearings.

Eifective liguid cooling within closely controlled
temperature ral.gées is obtained by an efficient certri-
fugal water pump, together with thermostatic and
pressure regulation of the system. Radiators of ample
capacity and efficient fans are provided.

Twelve-volt electrical systems consisting of
starter, belt-driven alternators and heavyv-duty reg-
ulators are standard.

High efficiency, dry-type air cleaners of large
capacity are standard equipment,

Frovisions for other accessories, such as hydraulic
or vacuum pumps, special governors, etc., are pro-
vided.
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10.

11.

OPERATION

NEW EQUIPMENT SERVICE AND INITIAL STARTING

To start the engine for the first time or after a long period of shutdown, proceed as follows:
Perform a visual inspection of the engine to make sure there are no loose bolts, nuts, and screws.

Check that no loose bars, tools, and parts are Iying in or on any part of the engine when starting.
They could cause serious damage to the engine or bodily injury ‘to nearby personnel

Remove all plugs, caps, covers, and tape from all openings of the engine, fuel tank, and electrical
equipment. Do not overlook the exhaust pipe and intake openings.

Check the entire electrical system to be sure there are no loose connections and all éomponent parts
are securely mounted.

Check the lubrication of all accessories. Check the air cleaners to make sure they are not obstructed,
and that they are clean and properly installed.

Fill the cooling system with clean water:and rust inhibitor or, if the engine will- be subjected to ambient
air temperatures below freezing, use an antifreeze solution.

Remove any paper that was inserted between the pulleys and the belts to prevent belt sticking. Ad]ust
fan belt tension by positioning the alternator so that the fan belts can be deflected approximately 34
inch per foot of belt span when thumb pressure is applied at midpoint of the belt. Tighten alternator
mounting screws.

Drain all preservative oil from the fuel system. Opeu the drain on the bottom of the bowl of the fuel
strainer (if provided) and allow all water and sediment in the bowl to drain out. Close the fuel bow!
drain, and check that the carbureter drain is closed. Check all fuel supply lines from the fuel tank to
the fuel pump to make sure the connections are tight and the lines are open with no obstructions or
kinks.

Fill the fuel tank with gasoline having an octane of 85 minimum as measured by the motor method.
Leaded or unleaded fuel can be used.

Drain the crankease, replace the oil filter element, and fill to the FULL mark on the oil level bayonet
gauge, using lubricating oil recommended in Recommended Lubricating Oil Specifications, Add 1 quart
of oil to compensate for the filter.

Tag and disconnect the spark plug wires and remove the spark plugs from the cylinder head. Squirt

about a teaspoon of engine oil into each spark plug hole. Use the engine starter to turn the engine
over until the oil pressure pauge ‘on the instrument panel reads about 10'psi. This will ensure that the

‘bearings and cylinder walls are adequately lubricated before a‘load is'applied. - If the engine is equipped

with a mechanical fuel pump, this amount of cranking should also:adequately-prime-the fuel system.

Reinstall the spark plugs and connect the spark plug cables. 1

¢ If the engine-is- equipped with 2 manual choke, pull cut the choke control lever to close the choke, Open

the throttie about half way.
If the ambient air temperature is less than 32°F, refer to the cold weather starting instructions.

Do not crank the engine for more than 15 seconds at a time. Allow the starting motor to cool for
1 minute between periods of cranking.

Turn the ignition switch ON. Operate the ignition switch or start switch to crank the engine. It should
start almost at once. If the engine does not start after two or three attempts, refer to Troubleshooting
Section.

Once the engine has started, open the manual choke slightly until the engine runs smoothly. With an
automatic choke, this function is performed by manifold vacuum. Continue to open the choke in small
increments as the engine warms up. The choke should be fully open by the time the engine reaches
normal operating temperature.

To ensure proper lubrication and extend engine life, allow the engine to run for several minutes before
applying a load.
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OPERATING INSTRUCTIONS

kd:d

ROUTINE STARTING

If the engine has been operating recently and components have not been removed or repaired since it

last operated, proceed as follows:

1.
2.

Check that there is an adeguate fuel supply.

Check the lubricating oil level in the engine with the oil level bayonet gauge. Be sure the oil level is
above the ADD mark on the gauge. See Illustration No. 2. .

Check for proper level of coolant selution in the radiator.

Inspect the installation to see that all is secure and in good order, and that no loose tools, bars, or
parts are lying on the engine. :

If the ambient temperature is less than 32° F, refer to cold weather starting instructions.

Pull out the choke control lever to close the manual choke, An automatic choke closes itself. Open the
throttle about one-fourth of the way. :

Turn the ignition switch to ON. Operate the ignition switch or start switch to crank the engine and
start it. : .

Do not crank the engine for more than 15 seconds at a time. Allow the starting motor to cool for 1 minute
between cranking intervals.

When the engine starts, open the manual choke slightly until the engine runs smoothly. Continue to
open the choke in small increments as the engine warms up. The chéke should be fully open by the
time the engine reaches normal operating temperature. Opening of the automatic choke is controlled
by an electric heating element and manifeold vacuum. .

STOPPING

If the engine has been running hard, allow internal engine temperatures to equalize by idling engine for
several minutes. This will minimize the danger of warping or cracking the cylinder head or block,

Turn the ignition switch to OFF to stop the engine.

If the ambient temperature is below freezing, and no antifreeze solution is used, the complete cooling
system must be drained. This includes the cylinder block, water pump, radiator, and all hoses:

If antifreeze _solution is used, check the solution with a hydrometer to make sure it is the strength
recommended to provide protection below the lowest expected temperature,

£ COLD WEATHER STARTING

Check that the engine coolant has sufficient antifreeze: to- prevent freezing st thé lowest temperature
expected.

Refer to Lubricating Oil Specifications, to select the correct grade of engine oil. An oil that is too
heavy for the temperature will prevent the starting motor from cranking the engine at the required
speed.

Keep the fuel tank filled to reduce the amount of moisture which condenses in the fuel tank. If water

,contamination of the fuel is suspected, treat the fuel with a commercial gas line antifreeze or gasoline
dryer. Frequently drain water from the fuel pump fuel bowl. if equipped, and from the carburetor float

bowl.
Check that the batteries are fully charged and that all electrical connections are clean and tight.'

S. After starting, open the choke more slowly in cold weather. If the choke is opened too rapidly, the

engine will stumble or hesitate when the throttle is opened.
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OFPERATION

After the engine has started, make a thorough inspection of the engine unit to ensure that all parts are

functioning properly. Proceed as follows:

1.

)

Look at the oil pressure gauge. If insufficient pressure shows after the engine has run 10 to 12 seconds,
shut down the engine and determine the trouble. With bearings in good condition and proper grade
of 0il being used, normal pressure should be 40 to 60 psi at operating temperature (170°F) and full
engine speed. If the oil is very cold or heavy, this pressure may be much higher. As the oil heats, the
pressure will diminish.

Check the coolant temperature; if it exceeds 200°F, shut down the engine and determine cause. Never
operate the engine with the water at hoﬂmg temperature. This excessive heat on the cylinder walls will
break down the oil film, causing rapid engine wear. Rapid coolant loss will result due to steaming.

Check ammeter charging rate. The ammeter should indicate a charge immediately after starting and
should drop to near zero as the battery becomes fully charged. If the ammeter does not indicate proper
operation, stop the engine and thoroughly check the engine charging. system, -.

Check the engine for smooth, quiet operatlon and for proper exhaust condition.- ‘A cold engine may run
erratically because a cylinder or two is firing irregularly. As the engme begins to warm up, however,
all cylinders should fire regularly. .

If rough operation continues, refer to Troubleshooting Section.

HIGH ALTITUDE OPERATION

At altitudes above 3000 feet, lower atmospheric pressure reduces engine efficiency and upsets the cali-
bration of the carburetor. Make sure that the engine is properly tuned to reduce power loss at high
altitude.

For additional information on specific cases, write to! HERCULES ENGJNG. Service Department, Canton,
Ohio, giving as much information as possible. For recommended modifications to the carburetor, con-
tact the carbureter manufacturer.

LONG-TERM STORAGE

If the engine is to be idle for a month or more, take special precautions as follows to prepare the engine

so that rust will not form on the wearing surfaces or in the fuel system.

Engines which have been operating on leaded gasoline should be run on unleaded gasoline for at least
10 minutes in addition to the time it takes to run out the leaded pasoline in the fuel lines and carburetor.

Continue to operate the engine until it reaches normal operating.temperature.. Stop the engine and
drain all oil from the oil pan. Replace the oil filter.

Refill the crankcase to the FULL mark on the bayonet gauge with a-preservative lubrica.ting oil meet-
ing requirements of MIL-I.-21260 (Gul No-Rust Engine Oil,. Grade No: 1-:0or-2; .Shell Ensis MIL-L-
21260, Code 66200 or Code 66202; or equivalent). Use SAEIO or SAE30, wh:chever viscosity is neces-

-- sary to 'suit-climatic conditions.

NOTE: It is recommended that preservative oil be used when the end unit is to be shipped with lubricat-

4,

ing oil in the engine.

Remove the spark plugs. Fill a pump-type oil can with the preservation oil specified above and squirt
about a teaspoonful into each cylinder. Reinstall spark plugs.

Remove the cylinder head cover and s:de covers. Squirt or spray the pushrods, valve stems tappets.
and rocker arms thoroughly with preservative lubricating oil. Reinstall the covers, making sure the
gaskets are in good condition.

If the engine cooling system has not been winterized and/or rust treated, it should be flushed thor-
oughly with a water-soluble oil or other rust inhibitor to prevent rust formation.

Disconnect the battery cables. Remove the batteries and store them, preferably where they can be re-
charged periodically since batteries tend to lose their charge when not in use.
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LUBRICATION

8. (lean the entire engine exterior, except electrical system, with Diesel fuel oil or kerosene,

9. Release the fan belt(s) tension while the engine is in storage. Heavy paper strips inserted between
the pulleys and belt(s) will prevent hett sticking.

10. Cover the ends of the exhaust pipe and air inlets with waterproof and vaporproof material so that mois-
ture cannot reach the valve parts and cylinders. Store the engine where it will not be exposed to the.
elements, and preferably where it will be kept warm and dry. Moisture absorbing chelmcals are avail-

able commercially for use when excessive dampness prevails in the storage area.

11. Coat unpainted exterior and interior surfaces of the air cleaner with preservative lubricating oil. If
engines are stored with the clutch removed, coat the clutch contact surfaces, ring gear, and flywheel
with oil. Rust-proof all accessories, such as air comptessor and governor.

12. Periodically rotate the crankshaft while the engine is in storage. One-half turn every two weeks should
suffice. :

13. Periodically inspect the stored engine. Shouild there be any indication of rust or corrosion, take cor-
rective steps at once to prevent damage to engine parts.

LUBRICATIQN AND PREVENTIVE MAINTENANCE
LUBRICATION AND PREVENTIVE MAINTENANCE SCHEDULE

To obtain long life and maximum efficiency from your ~HERC gasoline engine, set up and follow a
definite maintenance program. The Lubrication and Preventive Maintenance Schedule, provides a recom-
mended maintenance schedule which may be altered for a specific application or to fit into the user’s own

preventive maintenance program.

The daily instructions pertain to routine starting of the engine and not to a new or reconditioned
engine or one that has been in storage. For a new or stored engine, follow instructions given in New Equip-~
ment Service and Initial Starting.

The time intervals of 50, 100, and 500 hours given in the Lubrication and preirentive Maintenance
Schedule, are actual operating hours of the engine. For engines used in road vehicles, the corresponding
mileage — 1500, 3000, and 12,000 miles — are also given.

The Lubrication and Preventive Maintenance Schedule indicates the items which must be serviced
and the required interval of service.

NMiustration No, 2 IMustration No. 3
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!
LUBRICATION AND PREVENTIVE MAINTENANCE

Subject: EOOF GOVERNOR, OIL LEVEL

Check oil level at every oil change. Remove plug as shown below, if oil
drips out, oil is at its proper level.  Use SAE #20 oil. Remove oil £iil
cap and pour oil in until it drips out of the sight hole. Coat plug with
teflon (or equal), and tighten securely. '

011 £111 cap. Use SAE #20 oil.

( 5 CD With engine stopped, remove
this plug to check ail level.
0il is at proper level if it
drips out. '

NOTE: COAT PLUG WITH TEFLON (OR EQUAL)
WHEN REPLACING PLUG.

12A




.ENGINE OIL AND FILTER

1. Frequency of oil changes depends on the application of the engine and the type of operation. An ex-
tremely clean operation could go 150 hours while a dusty operation could Yeqiire service in 50 hours
or less. It is recommended that new or reconditioned engines be started with 50 hour oil change periods.
Under normal operating conditions, the change interval can be gradually increased to 100 hours.

2. Drain the oil after the engine has been operating and while the oil is hot. Remove the drain plug from
the oil pan and drain the oil into a suitable container. Select the proper grade of oil in"accordance
with Recommended Lubricating Oil Specifications. Reinstall the oil drain plug and gasket and fill the
crankcase to the FULL mark on the bayonet gauge. Illustration No. 2.

OIL FILTER

These engines are equipped with a spin-on full-flow oil filter which should be replaced with each
oil change. This can be done as follows: :

1. Remove and discard oil filter.

2. Apply a thin coat of engine oil to the rubber gasket on the new filter and screw it onto the adapt-
er. Tighten the filter approximately one-half turn after the gasket contacts the filter base, See Illus-
tration No. 3. :

3. Add one extra quart of oil when refilling the crankcase to compensate for the oil in the filter.
Check for oil leaks after starting the engine. :

-

RECOMMENDED LUBRICATING OIL SPECIFICATIONS

. AMBIENT
AIR TEMPERATURE VISCOSITY GRADE
-10°F ta 30°F .. ___. —— - 10w
°Fto60°F _____. . __. — 20-20W
40°Fandup ________ 30
API classification ___ - - ' SD or SE

LUBRICATION AND PREVENTIVE MAINTENANCE SCHEDULE

. ENGINE TUNE-UP
TIME INTERVAL
HOURS 8 .50 100 .| &GO
- OPERATION MILES Daily 1500 | 3000 | 12,000 REMARKS
Lubrication system X Inciude in Tune-up.
. Engine Oil X X X | Check level and refill.
X X Change oil (See Lubricating Oil Chart).
Oil filter X Replace at every oil change.
Cooling system X Include in Tune-up.
Coolant X Check level daily. ,
Radiator X Remove dirt and debris from radiator
fins; check for leaks.
Water Pump Inspect and lubricate at engine over-haul.
Hoses ' X Inspect for leaks, cracks, and -
. deterioration.
(X) Indicates that service or inspection is required.
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OPERATING INSTRUCTIONS

Lubrication and Preventive Maintenance Schedule — Engine Tune-up (Con’t.)

TIME INTERVAL

HOURS 8 50 100 500
OPERATION MILES Daily 1500 (-3000 | 12,000 REMARKS
Fuel system X .| Include in Tune-up.

Fuel bowl X Clean fuel, water, and sediment from
bowl (if equipped).

Fuel filters (i used) X Replace,

P.C.V. Valve X Replace. )

(when provided)

Carburetor X Adjust as required, service according to

manufacturer’s instructions.

Governor X Adjust as required, service according to
manufacturer's instructions.

Fuel tank X Drain accumulated water and sediment
from tank.

Air system X | Include in Tune-up.

Air cleaner X X X X Service air cleaner, service daily in
dusty conditions.

Crankcase breather X X | Clean breather cap. : /

Electrical system X Include in Tune-up. _

Starting motor X X Lubricate with engine oil at oil cups
(if equipped); service according to
manufacturet’s instructions.

Alternator X X Adjust belt tension.

X Inspect for loose or broken wires and
other damage; service according to
manufacturer’s instructions.

Battery X X | Check electrolyte level; refill with
distilled or mineral-free water.

o X Clean battery, cables, and terminals.
Ignition system X Include in ‘-Tune-up.
Distributor X Inspect, adjust, and set timing.
Spark plugs ~X Inspect‘ and clein-br::replace.
Miscellaneous X Include in Tune-up.

General condition X X . |Inspect for loose wires, leaking fuel or
coolant lines, and loose mounting
hardware.

Drive belts X X 1Adjust belts to deflect 3; inch under
thumb pressure midway between pulleys.
Retighten new belts after 2 hours o
operation. —

Engine compression X  |Check compression.

Valve clearance X Check and adjust valve clearance.

{X) Indicates that service or inspection is required.
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TROUBLE SHOOTING

@

NOTE: Numbers in each cofumn fndfcate
sequence in which probiem should
be checked.

CAUSE

PROBLEM

Air Cleaner Dirty
Afr Inlet Pestricted

Exhaust System Restricted

Battery Weak or Discharged
Battery Cables Worn or Logse Lonnections

Low Cylinder Compression
Foreign Matter on Pistons
Worn or Scored Pistons, Rings, Etc.

11 [} § n
L3 18 7 i7{12

L

Valves Leaking or Sticking
Worn Valve Guides
| ¥aTves Incorrectly Adjusted

14 |15 16 15

chn h |~

Luboil Level Too Low

Luboll Level Too High

Luboi) Contaminated
ng Type of Luboil

13 (14 15 14

a—

11 Pump Inlet Screen Plugged
Pressure Regulator Not Functioning
Rocker Arm Shaft Upside Down
011 Header Plug Missing or Loose
Bearing Failed, Main, Rod, Cam.

20 18 9

—t

Excessive Angle Dperation -

- DoOoUI~ch [P

Excess{ve Thrust Pressure on Shafts

Fuel Tank Empty

Fuel Tank ¥Yalve (losed

Fyel Tank Vent Plugged

Fuel Pump Wom or Ingperative .
Fuel Contamination

Fuel Incorrect For Conditfons
Fuel Filter Dirty or Plugged _

m ™~ h i
-3 R i=~X-.1
~
Y
"~

_.
DM OWry—

—~ -
in

- " — -
00~y h tad S
—

Ignitfon Switch In OFF Position
Defective Points, Condenser, Cofl or S. Plugs
Ignition Timing Incorrect

[~ X7- ]
wd -
-4
F-3

| Throttle Linkage Adf.-Incorrect or Sticking
~Carburetor Choke Closed

Carburetor Malfunction

Ar Leak In Intake System

12

mow | ~m

1

Fan Belt Loose or Slipping

Radiator Fins or Tubes Dirty or Restricted
KHater System Piped Incorrectly

Low Coolant Level

Coolant In Cylinders

Inoperative Thermostat

Thermostat Missing

Internal Coolant Leak

Wrong or Defective Radiator Cap

~— O Pt

15 117 19

) i {ab
o
W

[

gine Overloaded
gine Overspeeded
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DESCRIPTION AND MAINTENANCE

GENERAL DESCRIPTION AND MAINTENANCE

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

This section has the various subjects arranged in associated groups, for convenience.

AIR SYSTEM
AIR CLEANEERS

Dirt is the greatest enemy of any ‘internal combustion engine and it is necessary to take every pre-
caution to prevent it from entering the engine. This is accomplished by, using an efficient dry-type air
cleaner. When dirty, a restriction 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 restriction; due to dirty air filters, is sufficient to create a very rich mixture; therefore, one of the
most essential preventive measures is proper maintenance of the air intake filter. This unit should be
checked at least once a day and, if operating in dusty conditions, may require cleaning or servicing even
more often. Single, disposable element-style cleaners are used in normal applications. See Illustration
No. 4. .

Niustration No. 4

All connections between the air cleaner and man-
ifold must be absolutely air tight. It is possible, under
certain conditions for enough abrasive laden air to be
drawn into the -engine, through a loose connection,
to cause rapidcwear of the pistons, rings and upper
cylinder surfaces.

NOTE: If a pre-cleaner is used it also must be removed and serviced regularly. - -

BREATHER

The breather and crankcase ventilation system allows clean air to enter, or accumulated gases to .

escape from the crankcase; the normal process of engine breathing.

The positive-type crankcase ventilation control {(Emmission) consists of the following:'
{See Illustration No. 5}

1. A crankcase ventilation metered control valve (A) mounted in the tube between the intake manifold
(B) and the rocker arm cover (D).

2. An induction tube connector (E) on the oil filler tube cap, which connects with an air tube from the
clean side of the carburetor air cleaner.
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. This insures clean air to the engine crankcase, reburning of the blowby gases and minimizes emmission
effect. :

Both the ventilating valve and the air cleaner must receive frequent and regular attention to insure
proper operation ; the period depending on the kind of operation encountered. When servicing, remove
the valve. disassemble, clean thoroughly in solvent and reassemble.

MANIFOQLDS

The intake and exhaust manifolds are separate.castings and can be installed or removed individually,
Since one gasket is used for both manifolds it is advisable to remove both of them when either one must
be removed, so a new gasket can be installed. In reassembling the manifolds to the cylinder head a flat
washer is used under each nut and the nuts should be tightened progressively from the center, toward the
ends.

A companion flange and gasket is used for installation of the exhaust pipe. Be sure these are drawn
up tight and square with the exhaust flange.

Exhaust pipes and mufflers are designed of ample size to insure-correct exhausting without excessive
back pressure, When replacements are required they must be replaced-with-pipes and-mufflers of equal
exhaust capacity.

COOLING SYSTEM

- -Perhaps the best ‘method for care of the .cooling system is-to clean and flush the system periodically;
also, use a good rust corrosion preventive and a cooling system sealer between cleaning periods. Ahmost
all natural.water contains some mineral salts, which stimulate corrosion. The use of soft, or rain water
is recommended, and water with permanent-type anti-freeze solution should be used in cold temperatures.

. ~ Add 5-pint water-soluble oil or other rust inhibitor to prevent rust formation when soft water is used
alone.

Air leaks, around the hose connections at the radiator and the water pump, should be carefully
guarded against, since oxygen is a major factor in promoting corrosion. Check the hoses and connections
frequently for leaks.

If the engine or unit is equipped with a pressure-type sealed system it is imperative that the correct
type of radiator cap be used. (7 PSI Pressure Release)

CHECKING COOLANT ) D

Check Cooclant level in radiator daily and maintain

e . .
Ls-inch below bottom of filler neck. INSTALL THERMOSTAT

CAUTION: Loosen radiator cap 4 turn to release © | | ~WITH VALVE FACING
pressure, before removing radiator cap. é - : | | ~OUTLET.
m

THERMOSTAT BEGINS TO OPEN AT 180°
FULL FLOW AT 202
Nlustration No. 6

®
B

Page 17




DESCRIPTION AND MAINTENANCE

THERMOSTAT AND HOUSING

The engine cooling system is ejuipped with the thermostatic valve (a), Illustration No. 7, designed
to operate with the water pump to control the coolant flow and temperatures. Water circulates through the
engine until the engine is heated to operating temperature, when the thermostat begins to open, permitting
circulation through the radiator to maintain the proper heat range of 180” to 200° F. (45°).

NOTE: A defective thermostat of this type must be replaced as 1t cannot be repaired.

THERMOSTAT REPLACEMENT

Drain coolant, disconnect radiator inlet hose from thermostat houglnn’ and remove thermostat housyng
cap screws. Remove thermostat housing, thermostat and gasket from cylmder head. Replace the thermostat,
install a new housing gasket, reinstall the thermostat housing to the cylinder head and connect hose to ther-
mostat housing,.

NOTE:

o WHEN ASSEMILING
ot TEM 2.

SUPPORT SHAFT
ON THIS SURFACE.

lllnsu'atmn No. 7 Hustration No. 8

WATER PUMP REMOVAL AND INSTALLATION

Drain the {oolant and remove the side panels, fan and belt. Remove the pump attaching-screws and
lift the pump ffom the engine. Scrape all gasket and cement particles from the block and pump attaching
surfaces, N

Reinstall the water pump by reversing the removal procedures. Use Permatex on all attaching screws
when installing the pump.

TO DISASSEMELE WATER PUMP
{ Numbers refer to ITlustration No. 8)

Pull the fan and pulley hub (2} from the bearing-and-shaft assembly (3).

2. Reverse the pump housing and press the bearing-and-shaft assembly (3) from the impelier (4) and
housing (1).

3. Reverse the _housing again and using a proper size drift, press the seal assembly (5) out of the
housing (1}.
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The shaft-and-bearing assembly (3) is one unit, and no attempt should be made to disassemble these

parts. They are permanently lubricated at the! factory, when assembled and sealed. If the shaft-and-bearing

assembly shows any sign of wear, replace it. Wash and clean all other parts thoroughly and inspect for

wear and damage. It is advisable to reface the seal surface of the impelier if it is grooved or otherwise

marked. Put a coating of grease on the seal surface before starting reassembly of the pump. Inspect the
impeller and pump housing for wear or scoring and replace. if required.

TO ASSEMBLE THE PUMP
1. Press the new seal (§) into the housing (1}. .

CAUTION: Press on the outer flange of the seal to 3
avoid damaging the ‘seal.

. 2. Press the shaft-and-bearing assembly (3) into the
housing (1).

CAUTION: Press only on the outer bearing face of
the bearing and not on the end of the shaft.

3. Supporting the pump shaft on the outer shaft end,
press the impeller {4) on the shaft.

BN NN AN \ ﬁL

NOTE: The impelier 1s installed correctly when 065" g )
to 015" clearance exists between the impeller and
shaft-housing, as shown in Illustration No. & -
4, Support the pl.lmp on the impeller end of the Shaft /7 . Booss \\\\\\\\\\'k\@)

and press the fan and pulley hub (2) onto the —
shaft.

DO NOT PRESS ON THE IMPELLER as the
clearance may be altered.

5. Test the rotation of the pump to see that it does
not bind or have any excessive resistance. TMustration No. 9

When installing a water pump always use a new gasket and tighten the attaching screws evenly and
alternately. Examine the water hoses and replace them, if necessary.

CAUTION: ALWAYS USE A WATERPROOF SEALANT ON ALL ATTACHING SCREWS
WHEN INSTALLING THE WATER PUMP.

FANS — Low and High Mountings

On-installations where a low mounted fan (Illustration No...8).is.used,.the. water pump fan drive

pulley-and fan are installed over-the pilot diameter of the fan and-pulley hub-(2), and secured with the
proper attachmg SCTEWS.

To install the high mounted fan (Illustration No. 9), the fan pulley shaft and bearing assembly (3)
is pressed into the fan pulley bracket assembly (6), then the fan pulley (7) is pressed onto the shaft and
the complete assembly is attached to the thermostat housing with two attaching screws through the
adjusting slots in the fan pulley bracket. The fan is installed on the fan pulley with four attaching screws.
No lubrication is required for the low or high fan application.

The drive belt tension on the low fan can be adjusted by moving the alternator on the adjusting arm.

Tension of the belt on the high mounted fan is adjusted with the adjusting screw (8) on the top of the fan
pulley bracket.

Fans will vary in size or capacity to produce the correct air flow required to cool the engine, but all
are carefully designed and balanced for use at speeds specified for the engine. Changes of fans, or speeds,

should definitely not be made without consultmg with the Engineering Department of HERCULES
Inc. ..
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DESCRIPTION AND MAINTENANCE

If a fan shroud is used the fan blade should be positioned properly in order to get maximum efficiency.
Two-thirds of the blade inside the shroud for suction-type, and one-hali outside the shroud for pusher-type
fans are normal positions for these engines.

LUBRICATING OIL SYSTEM

SYSTEM OPERATION

A positive pressure, gear-type oil pump draws the lubricating oil. from the oil pan.-through the sump
screen, and directs it under regulated pressure to the oil-filter. From there it is forced through a drilled
passageway in the block and the center camshaft bearing to the hollow camshaft, which acts as the distribut-
ing oil header. The pressurized oil flows from the drilled camshaft and bearings to the crankshaft main bear-
ings and connecting rod bearings. Also, a metered amouat is directed to the rocker arm shaft for distribution
to the rocker arms, valve stems and the oil pump drive gear at the camshaft.

The cam lobes. valve tappets. cylinder walls and other parts are lubricated by means of oil drain-back
and the mist of:oil, thrown off around the various pressurized lubricated bearings.

The predetermined oil pressure is maintained by a regulating valve, located in the oil pump body.
With the luboiliat operating temperature, the pressure is maintained at approximately 40 PSI. This may
vary somewhat with the temperature and the SAE weight of the oil, as well as the engine speed. No adjust-
ment to pressure-is provided. (Refer to lllustration No. 10.)

Connection facilities for accessory lubrication or pressure gauges are provided for in the oil filter
base.

LUBRICATION SYSTEM {SCHEMATIC)

ROCKER ARM & SHAET ASSEMB
¥ - PASS FOR GOVERNOR \LUBE \WE
OR QTHER ACCESHORIES
THAT REGURE LSOl
S
ow F 37 CrL,_PuUMP
oy FLOwW-CHOPFPER PAVE GEAR
EASURE T 1 Fi -
GAMIGE
R SAMSHAFRT
\M\ﬁ =]
1 Ny
.
.
- cmarinsnar
STAMKNER
= (=]} P
o = 040 BS 1 WIT . |

Mustration No. 10
0OII. PAN — Removal and Installation

The oil pan, which serves as a cover for the bottom of the crankcase, as well as an oil reservoir, may
be removed as follows:

1. Drain the crankcase oil and remove the bayonet gauge,
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NOTE FQSITION OF PIN -~
0> FROM DISTRIBUTOR
DRIVE TANG.

Mustration No. 11 Mostration No. 12

Disconnect the battery cable for safety; then, disconnect the starter cable and remove the starter.

2

3. Remove the oil pan attaching screws and remove the pan from the engine. Clean the oil pan thoroughly,
inside and out, and remove the old gaskets and seals from the cil pan, cylinder block and front cover
pan rails and the saddles on the front cover and rear main bearing cap. '

Inspect the inside of the engine for loose nuts, screws, etc. Tighten or replace, if required.

“TO INSTALL THE OIIL PAN

1. Cement new gaskets on the 0il pan and new saddle seals on the front cover and rear main bearing cap
saddles, making sure of careful, proper installation. Illustration No. 1 (B-B) shows the correct installa-
tion of the saddle seals to insure against possible oil leaks.

2. Place the oil pan on the bottom of the engine and carefully start all screws and washers. Draw up the
screws progressively, which permits the pan to center properly-at-both-ends.-- .

Install the drain plug and the bayonet gauge.
Install the starter and connect the electric]cables.

Refill with proper.luboil to the ecorrect level.
LUBE OIL PUMP

The lube oil pump is attached to the bottom of the crankcase, as shown in Illustration No. 1. With the
oil pan off it is easily removed from the engine as follows:

1. Turn the engine so that number one cylinder is at top dead center position and the distributor rotor at
#1 terminal position. Then remove the distributor.

2. Remove the attaching screws and carefu]iy pull the pump down out of the engine. Note that the dis-
tributor tang (A) of the pump shaft is practically parallel with the crankshaft, with the notch (B) in
the gear towards the front of the engine. See Illustration No. 11.

.TO DISASSEMBLE THE OIL PUMP FOR INSPECTION (See Illustration No. 11)

1. Remove the suction screen and line assembly and, then, the bottom cover assembly.
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DESCRIPTION AND MAINTENANCE

2. Remove the idler gear.

3. Drill the pin out of the distributor drive-and-shaft assembly, press the shaft out of the distributor gear
. and pull the shaft and driven gear from the pump body.

4. To remove the oil pressure regulator parts from the base plate, remove the cotter pin, spring seat.
regulating spring and the piston, in this order. (Note the position of the piston in the base plate, so it
will be properly reinstalled).

Inspect all the parts carefully for cracks, scores, wear, excessive clearance, etc. If any of the parts
show excessive wear or are in doubtful condition, dtscard the entire pump assembly and install a complete
new one, as repairs are not recommended.

If the pump is found in proper and usable condition it may be reassembled and installed in the reverse
order of the above removal and disassembly sequence.

NOTE: When reinstalling the oil pump in the engine,spot the engine on number one cylinder. The gear
and shaft should be positioned with the distributor drive tang of the shaft parallel with the crankshaft so
that the distributor rotor will properly mdex with #1 terminal, when the distributor is installed. See
Mark “B”, Illustration No. 2.

LR

LUBE OIL FILTERS

(Refer to “Lubrication” Section and Illustration No. 10)

FUEL SYSTEM

The fuel system includes an ample-size, vented fuel tank, a sediment bowl or water trap, supply pump,
the carburetor and the fuel lines necessary to counect the component parts.

Also, since the power and speed control of the engine are dependcnt upon the operation of the car-
buretor throttle levers, we include the governor and linkage in this group. Illustration No. 13 shows the
carburetor and governor and linkage.

CARBURETOR

A carburetor is'an accessory, designed to mix gasoline and air in proper 'proportions and to furnish
this proportionate mixture to the engine under varying operating conditions,

It is essential to clearly recognize that the function of the carburetor cannot extend beyond the pro-
portionate mixing of fuel and air. This knowledge will avoid many false leads in diagnosing so-called “carb
uretor troubles”.

The carburetor and all of its carefully designed and balanced jets, floats, passageways, compensators,
chokzes and.internal adjustments are determined and established at the factory, only after extensive and
exhausting ‘tests: to determine the correct air fuel mixture for all loads and speeds of ‘the engine. NO
TAMPERING OR CHANGES by inexperienced or unauthorized persons should be tolerated by any
operator, as serious damage can result,

If internal or major service is needed the work should be done only by an authorized carburetor ser-
vice center. They have.the spemflcations correct parts and know how to restore it to factory specifications
" and to insure proper operation.

The maintenance man must be sure all linkage, throttle levers, choke connections, etc., are kept
properly adjusted and tightened, so that full throttle and choke action is maintained. Also, air cleaner or
hose attaching parts must fit and be kept air tight, as described under “Air Cleaner.”

FUEL PUMP

The fuel supply pump used on these engines is the diaphragm-type, operated by a rocker arm, actuated
by an eccentric on the camshaft and mounted on the right-hand side of the engine.

In a great majority of cases trouble attributed to the fuel pump is generally caused by failure in some
other part of the fuel system, therefore be sure that the trouble is actually in the fuel pump, before
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removing 1t for inspection or repair. For 1nst'an'ce, 11 the engine 1S not getung encugn gascine, cneck ine
level of the fuel in the fuel tank and check for broken, leaking or clogged fuel supply lines. Then, before
removing the fuel pump from the engine, check for a leaking bowl gasket, loose diaphragm or top cover
screws or bad valves and springs. .

If the engine is getting too much fuel this is usually caused by a defective choke arrangement, punc-
tured carburetor float, defective carburetor needle valve or improper carburetor adjustment; this is generaliy
not caused by the fuel pump.

TO TEST THE FUEL PUMP

Before installing the fuel pump it is always desirable to test it. This can be accomplished as follows:

~ 1. Hook the fuel supply line from the tank to the pump inlet connection.

2. Holding the puinp in hand, work the rocker arm, using long, even strokes. After quite a few strokes the
bow] will fill with fuel and, after-it is filled, a few more strokes will force it through the pump and out
the outlet side.

3. With strokes approximately 34" to 14" at the tip of the rocker arm the pump should be able to deliver
quite a bit of fuel. If it does not, with these short strokes, this would indicate.that the pump requires
servicing and should be taken to an authorized Service Station.

GOVERNOR — MECHANICAL TYPE — EXTERNALLY MOUNTED

The governors used for this engine may vary from the velocity type, mechanical maximum speed type,
mechanical variable speed type or others. The most commonly used is the maximum or constant speed
centrifugal weight types, externally mounted on the gear housing plate and gear driven from the idler
gear, as shown in Illustration No. 13 and No. 14.

The “constant speed” type is used where it is necessary to operate equipment at one predetermined
governor controlled speed, regardless of power required (within the limits of the engine) to drive the
equipment at desired speed.

NOTE: I[f the governor is to be used as a “constant speed” control, a loose lever arrangement and manual
control mechanism should be utilized to over-ride the governor and return the engine to idle speed,
prior to stopping the engine. Lever (B) is hinged at the bolt shown, but is held straight by a spring
(A). This arrangement permits manual over-ride of the governor with minor effort, but returns to
full governor control of the engine, when the manual control is moved to wide open throttle position.
The “variable speed” type is used where 'it is necessary to change equipment speed and retain full gov
ernor contrel of the engine speed (w:thm the limits of the eng‘me and governor).

" THustration No. 13 ‘ Miustration No. 14
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DESCRIPTION AND MAINTENANCE

To adjust governor for constant speed:
I. With engine stopped the tension of spring (A) holds lever (B} in full throttle position, as shown.

2. Adjust length of rod assembly (C) to obtain 14,” — 1¢” clearance between throttle stop pin and lever
on back side of carburetor.

Start engine, attach speed indicating tachometer and open throttle while noting engine speed.

4. Turn screw (F) in (Clockwise) to increase speed, out {Counter-clockwise} to decrease the engine
speed. - ’

WARNING: Do not set the maxiinum engine speed above that specified by the equipment manufacturer.
To do so will invite possible equipment destruction or ‘bodily harm.

U

After correct speed is obtained lock the screw with the lock nut (G). :

6. Spring eye clip and bolt (H) are utilized to adjust the sensitivity of the governor. Lengthening the
distance (I} from the center of shaft to center of spring eye will decrease the sensitivity of the gov-
ernor action, but will increase over-run (difference between full-load and no-load engine speed).

Shortening ‘the distance (I) will increase sensitivity of the governor, but if shortened too much, it will
tend to-cause surging or hunting; therefore, the desired adjustment of this screw is to obtain minimum
over-run without inducing a surging condition.

Adjusting (bumper) screw (]) is used to dampen high-speed surging. Turn this screw in slowly until
the surge is just dampened. Then recheck the throttle closed or idle position. If the governor will not
allow the throttle to close, back this screw out and readjust the sensitivity adjustment as outlined in
paragraph 6.

|

TO REMOVE GOVERNOR

If necessary to inspect or repair governor, it can readily be removed for this purpose. Disconnect the
oil line, if used, and governor control rod. Remove the two cap screws and lift governor cover assembly
away from engine, then pull governor shaft, weight and gear assembly back out of engine. Illustration No,
14,

G-1600
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ELECTRONIC IGNITION FOR TNDUSTRIAL ENGINES

The electronic ignition system maintains a tuned condition longer,
since there are no points or condenser. Breaker point erosion and rubbing
block wear is eliminated. Wear on the distributor shaft and shaft bearings
is greatly reduced. Dwell is controlled by the electronics and sensor air
gap. Total electronic switching offers improved starting. The system is
eagy to troubleshoot requiring no elaborate test equipment or procedures.

The electronics are fully protectedeith a moisture resistant material
and are designed to resist shock and vibration. Protection against reverse
polarity and over voltage is built into the system. =

This system will trigger at any speed above zero RPM. Each cylinder
will fire at the proper time because of close tolerances in the trigger wheel
design. Elimination of points and condensers and their inherent problems
such as rubbing block wear, plug the longevity of solid state circuitry offer
much less downtime and more economical operation. p
The electronic system provides better overall performance because there

are no mechanical parts to deteriorate, so the engine stays “"in tune"
indefinitely.




A sensor ard trigger wheel device replaces the points and condenser ip
the distributor and control the precise timing needed to fire the spark
plugs. The electronic ignition unit controls timing and dwell by accurately
making and breaking the.ignition coil primary circuit.

2

The industry has used a mechanical switch to make and break the ignition coil

primary circuit "breaker points and condenser." Electronic systems
accomplish this same duty by means of an electrical switch, "a transistor.”

o ~ | N ._
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The Prestolite electronic ignition syBtem is "integrated". The
electronics are housed inside the distributor. Only 2 connections are made
to the coil.

_ The Prestolite deaign is lnown as & "tuned" system. It uses an
oscillator as its sensor. Acting as a "metal detector”, it senses the

- trigger wheel teeth turning with the distributor shaft. The presence of

metal (each tooth) causes s change to occur in the oscillator which in turn
commands the control unit transistor switch to turn off.

This off condition causes the primary current to stop flowing and the
magnetic field which built up during the on time now will collapse across the
gecondary coil winding causing the high voltage to fire the spark plug,

The sensor is a coil of very fine wire molded into a:plastic housing.
This plastic housing is mounted on the .moveble.base.plate and-connected
directly to the circuit board. The sensor is. not-replaceable, -

The electronic control system is a completely self-contained solid
state device which is coated to provide a moisture proof barrier. It is not
repairable and if necessary must be replaced as a complete assembly.

The distributor is of conventional design incorporating conventional

-advance mechanisms. Some applications use only mechanical advance while

others use both mechanical and vacuum advance.

The distributor cap is of a superior design to give excellent

dielectric strength and track resistance. The rotor contains a resistor to
aid in controlling RFI.




The ignition coil i= a sgpecial design for use with this system. A low
resistance primary winding achieves high output for starting. A ballast
resistor is not used, as primary current is regulated in the electronics.

As mentioned before, this systems operates as a metal detecting system.
The detected metal is each tooth of the trigger wheel when it is in close
proximity to the sensor coil. The system is not speed sensitive, that is,
it is not necessary to "generate” an electrical current by turning the
distributor ahaft, and will operate at any speed above zero RPM.

When a tooth of the trigger wheel near the sensor metal is detected,
the oscillator is at a low level, the transistor is off; nor primary current
flows., Thie condition can be compared to "pointe open."

1
METAL -~ OSCILLATOR TRANSISTOR =~
DETECTED Low OFF

When the trigger wheel is away from the sensor, metal is not detected,
the oscillator is at a high level, the transistor is on, current flows in the
primary winding. This condition can be compared to "pointa closed”.

NOMETAL  OSCILLATOR “TRANSISTOR




If a problem develops in this syatem, it is an easy matter to
troubleshocot. The complete ignition system is divided into 2 parts or

sections commonly known as primary arx secondary.

The primary section is the low voltage section and is composed of the
battery, the ignition switch, the ignition coil primary winding, distributor
electronics amxd associated wiring.

[:l—é
0.,
mon PRIMARY

™™ |GNITION SYSTEM

AMMETE

IGNITION
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The secondary section is the high voltage section and is composed of
the ignition coil secondary winding, the distributor cap, the rotor, the
spark plug cables -and the spark plugs.

. Electricity is "lazy" and will always seek the easiest path {lowest .
resistance) to complete its circuit.

It is very important that the secondary section be checked before
troubleshooting the electronic section. Secondary service is just as
necessary as it has been in the past but is very often neglected.

Machines with ignition complaints often have more that one problem.
Be sure to complete the entire troubleshooting procedure before returning the
machine to service.

T SECONDARY SYSTEM SERVICE

Check the coil tower for tracking. Check primary wires for tight
connections and proper polarity, make sure the tower .is clean and dry. Check
coil nipple for proper sealing and insulating qualities. If flashover occurs
here, the engine probably won’t start. :




Check the distributor cap for tracking and dirt inside and outside.
Moisture and direct make a good path for flashover. It is very important
that the cap be clean. Once a track has started, the cap must be replaced.
Check the rotor resistor with an chmmeter. Resistance should read 4000 to
6000 ohms. -

oo A
g’:’CONDARY SYSTEM SERVICE

Check the coil to cap cable for proper resistance anxd excesaive fold
over of the conductor where it enters the coil tower, check the fit of the
nipple on the coil tower. A high voltage leak at this point will cause a no
start condition. Remember an engine may run with poor insulation but will

" ‘refuse to start especially in damp or wet weather.

Check sperk plug cables for burning, cracks or deterioration, check for
torn or tracked spark plug and distributor cap boots. Test all cables for
proper resistance with an ohmmeter.

Check spark plugs for fouling,. check -for..cracked .insulators. Wipe
insulators clean before installing boots.

The use of a dielectric grease at high voltage connecting points such

" -as ©o0il and cap towers and spark plugs is recommended as an acceptable

practice.

If the engine cranks but will not start, remove the center cable from
the distributor cap and install an extension in the terminal. Hold the cable
end approximately 1/2" from the engine block, have someone crank the engine
with the starter. Check for a good spark. If a good spark occurs, the
electronic system is O.K. Check the distributor cap, rotor, spark plugs,
cables and carburetion.

If no spark occurred, remove the distributor cap, rotor and shield,
align a trigger wheel tooth with the center of the sensor and check sensor
air gap, which should be .008". Note that the sensor will operate from a
very small gap to quite a large gap. If the gap is out of spec, reset to
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.008" and repeat the spark test. Be sure that the distributor shaft turns
and is not broken or bent.

‘If the problem has not been located, it will be necessary to perform
primary system voltmeter tests.

NOTE: Even is a problem is found, perform a voltage drop test.

Remember, be sure to. complete the entire trouble shooting
procedure. '

VOLTMETER TEST

First position the trigger wheel so that the sensor is between 2 teeth.
This ia comparable to "points closed". Turn on the ignition switch. Primary
current should flow, Connect a voltmeter across the battery terminals.

Let's call this (V-1). (V-1) should read between 12 and 13 volts. If the
""mtter}' iS lOW, Chﬂrge it-

Now connect the voltmeter between the coil positive terminal and
ground. Let’s call this (V-2). (V-2) should read within one walt of that
which you read at the battery. Normally the reading will be about 1/2 volt

lower. If (V-2) reads low, a fault exists. The voltage drop test (V-4) will
help you find it. Perform a voltage drop test. _

( ' - VOLTMETER TEST Position Sensor between 2 Teeth
(Pnmary circast 15 on when Sensor 1 Datwesn leeth)
Turn Ignition Switch “On.”

CHECK BATTERY VOLTAGE

Faul =» Charge Battary

@)

CHECK VOL'.l'.AGE AT COIL POSITIVE

12-13 (Within 1. voit of battery) O.K.

LOow Fault ~

Perform Voltage Drop Test




.

how connect voltmeter between the coil negative terminal and ground,
Let's call this (V-3). (V-3) 'should read somewhere between 4 and 8 volts.

If {V-3) indicates 4-8 volts, this is normal. Now place a scresxdriver
in front of the sensor face. If (V-3) now indicatea 12 to 13 volts, either
the coil or the electronics is faulty. Test the coil or substitute a8 good
coil, Repeat screwdriver test. If still no spark occurs, replace
electronics. When installing new electronics, it will be necessary to adjust
sensor to trigger wheel air gap to .008",

f VOLTMETER TEST Position Sensor between 2 Teeth
(Pamary circuit 1S 0n when Sensor s batween toeth)

[]-_r Turn ignition Switch “On.”
D E;) CHECK BATTERY VOLTAGE

+ X.

p— oK
SOLENOID Fault — Charge Battary
STARTER

CHECK VOLTAGE AT COIL POSITIVE

{Within 1 voit of battery) O.X.

Fault — Perform Voltage Drop Test @,

CHECK YOLTAGE AT
COIL NEGATIVE

;

oK. -

12-13V
Test Coil
.1H.Good Replace |

“T~T"Eléetronics
Place Screwdriver
on Sensor Face




If {V-3) does not change when the screwdriver is placed in front of the

gensor or indicates less than 12 volts, the electronics are faulty and must
be replaced.

If (V-3) did not indicate 4 to 8 volts, a fault exists and must be

corrected. Let us consider a (V-3) reading or less than four volts, which
in all probability will be zero.

If (V-3} reads less than 4 wvolta, remove the wire from the coil
negative terminal and reconnect (V-3) to coil negative.

If (V-3} now reads 12 to 13 volts, it is an indication that the coil
primary winding has continuity and electronics are sahorted. Replace the

distributor electronics. If (V-3) reading has not changed, it indicates a
faulty coil, the primary winding is open. Replace the coil,

’ The other condition which could exist, is that {V-3) would indicate more than
' 8 volts, which in all probability would be 12-13, the same as
(V-2). This would indicate an open ground circuit and is highly improbable.
However, check the distributor for a good ground. If it is 0.K., replace the

electronics.
f VOLTMETER TEST  Position Sensor between 2 Teeth
{Pnmary circuit 15 ON when sensor is between teeth)
' Dg_r Turn Ignition Switch "On.”
Vi

CHECK BATTERY YOLTAGE
OX

LOW Frult - Charge Battery

CHECK VOLTAGE AT COIL POSITIVE

{within 1 volt of baftery) O.K,

ES) iGNmon (OW | Fault<» Pertorm Voltage Drop Tul'®
f‘).l.' d swm:u ¢

Siarte ‘ 1213V
i BULKHEAD ) Test Coll
) OONNECTORS CHECK VOLTAGE AT Il Good Rapiace
COIL NEGATIVE -1 - Eiectrunics
K- on Sensar Face Lets than 12V
Replace
Electronics
12-13¥
Replace
Aemove Brown Electronics
Faur =+ | e o o
Reconnect V3 Ng Change
Replace Coil

Check Distribatar for

Fault = | Ground — M goed. | -
Repiace Electronics .
e 4 ,
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Remember, most no start problems will be the result of one faulty

component. However, machines with ignition complaints, often have more than
one problem.

VOLTAGE DROP TEST

One part of the troubleshooting procedure, which was mentioned earlier,
is the voltage drop test. Let’'s call this (V-4). This test requires the
voltmeter (V-4) to be connected between the battery positive post and the
coil positive terminal.

Any poor connection in this circuit will cause resistance to current
flow. and a resulting drop in voltage to the coil, along with intermittent
engine misfire, cut outs, backfires, etc.

Position the sensor between two trigger wheel teeth. Connect (V-4's)
positive lead to the battery positive post and (V-4's)-negative lead to the
coil positive terminal. With the ignition switch "on", (V-4) should read
less than one volt, normally, about 1/2 volt. If the reading is 0.K., don't
stop but complete the test.

Check for poor circuit conditions by flexing, that is, wiggling the
connections at the battery cables, starter solenoid, bulk head connectors,
amneter terminals, and ignition switch. The diagram shown below is typical.
Your application may be different.

("  VOLTAGE DROP TEST )
H ' BATTERY FEED CIRCUIT CONNECTIONS

Fosion sensod o trigger
c«mmmmhnumm

Chack dar poor ccul conditions tylnngmo-—
gl e connectits &1 A following poi

1. Positive battery cable
2. Starng matar MR
3. BuMhead

& Ammale

5 dgnitan awrtch

it any ¢ the dbove cauled & MeCtulbon OF 48
B poor
uilli and muil ba correcied.
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timing. Be Sure to operate the engine at correct idle speed with the vacuum
advance line disconnected and plugged, if so equipped, to be sure of gan
accurate basic timing adjustment.

' (DISTRIBUTOF%- ADVANCE TESTN

TIMING
ADVANCE
UNIT

\ _J

VACUUM PUMP

Not all tachometers are compatible with this electronic ignition
system. Be sure to obtain a tachometer that has been verified accurate with

this system. You can get help on this by simply contacting your nearest
Prestolite representative.

Most automotive "scope" analyzers will work well with this system. The
pattern will be the same as that observed for breaker point type systems,

is normal and is an indication of primary current regulation. Some early
analyzers must be modified in order for the cylinder shorting test section

.of the analyzer to function_ properly.

o

w  If these procedures have been followed and corrections

perly made,
the ignition system will function as designed.
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.INSTALLATION OF PIERCE GOVERNOR

Pierce Governor Kits, numbered 40-2065159, 40-265150 and 40-2065161, according to governor speed,

are available to replace Hoof Governors on the G-1600 engines, INSTALL AS FOLLOWS:

REMOVAL OF HOOF GOVERNOR

1.
2.

Disconnect cables from battery and starter remove starter.

Disconnect governor rod at governor and. fuel line and choke cable from carburetor.

3. Remove manifolds, leaving carburetor attached to intake manifold.

4, Remove the Hoof Governor and adapter.

INSTALLATION OF PIERCE GOVERNOR

I

)

Position Pierce Governor in the pilot against rear of front plate and spot location of the two
mounting holes. Make sure the throttle arm (1)} Illustration No. 15 is about %" from the lower gear
housing attaching nut (2) to assure sufficient clearance.

CAUTION: (Prior to drilling) — Place a cloth in the gear housing to prevent metal chip§ from
getting into engine when drilling holes as described in Paragraph No. 2.

Drill and tap the two holes (A) and (B) in front plate where spotted, with a %" drill and 3"—
[6th. tap and install governor.

Install the manifolds using a new gasket,

With the carburetar throttle: wide open, move the throttle control-arm (3) to approximately the
11:00 o’clock position. )

When instailing governor control (5), ise an eqﬁal amount of threads in each balljoint (6) to ob-

tain a 14.” to 144" clearance between the carburetor lever and stop at wide position. Tighten lock
nuts (4) on rod.

Make sure when manually operating the governor rod the carburetor level positions against the
stop screw at idle.

Install cables to starter and battery.

Engine is now ready to start and adjust governor for specified setting.

Front Plate

Mustration No. 15
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ELECTRICAL SYSTEMS

Due to the many types of electrical equipment used and the \'ariety “of requirements with different
installations and manufactarers it is possible to illustrate only typical, basic wiring diagrams, such as
Ilustration No. 16 .

ELECTRICAL ACCESSORIES

A peripdic inspection should be made of the components of the Electric System. The intervals
between these checks will vary, depending upon the type of service.

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 alternator.

CAUTION: If a new regulator unit is required the new replacement regulator should be exactly like the
original one.

When service or repalrs are required they also should be done only by Authorized Service Depots or
gualified personnel

BATTERY. :.Z_l_?ECOM MENDATIONS

If a 12-volt battery is not furnished with the unit procure only those of a good brand and with the fol-
lowing capacity: 210 ampere-hours, 12-volt, 25-plate.

CAUTION: The size and capacity of the wires and terminals used in all wiring circuits are as important
as the electrical units themselves. Undersize wires or terminals, poor insulation, loose or corroded
connections, etc.,, may cause severe troubles or faflures in the system.

CHECKING ELECTROLYTE

Check liquid level in battery cells weekly. Maintain level 14” to 34" above battery plates, or as
recommended by battery manufacturer, by adding clean water, whenever necessary. Use a syringe to avoid
overfilling, Charging the battery may be necessary if water is added in freezing temperatures. Battery acid
with specific gravity of 1.165 will freeze at zero degrees Fahrenheit. It is recommended that the specific
gravity of battery electrolyte be checked with a hydrometer every 30 days. Recharge battery if reading
below 1.230 is obtained.

CAUTION: If battery electrolyte contacts skin or clothing, it must be neutralized immediately with
baking soda or flushed thoroughly with water.

REATTERY CHARGING SYSTEM

The battery charging system consists of an aliernator which creates the electrical current, a regulator
tn control thexurrent, art ammeter to indicate the amount of current being created or used, and the battery,
also the necessary wires and connections,

Immediately after the engine is started the ammeter should show a high charge rate-that w1II decrease
as the battery recovers, if no accessories are in use, such as lights, fan motors, etc. : -

. If the charge rate remains high and the battery continually boils away -its*water, the voltage regulator
should be checked. Consult the manufacturer’s literature for procedures and settings.

NOTE: Since the unit is equipped with an alternator, care must be taken when using “jumper cables” to
see that correct polarity is maintained. Reversing the battery connections, even for an instant, will
destroy the alternator’s diodes and make it inoperative. It is also important that the battery not be
removed while the machine is in operation becanse this too can destroy the diodes.

REMEMBER: Service or repairs should be done only by Authorized Service Depots or experienced
personnel.

THE STARTER SYSTEM

Because the starter motor requires a great deal of current to crank the engine, care must be taken to
see that the wires from the starter to battery and the battery ground strap are kept clean and tight.
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DESCRIPTION AND MAINTENANCE

. ELECTRICAL SYSTEMS

IGNITION SYSTEM

CHARGING SYSTEM
WITH ALTERNATOR

CRANKING
SYSTEM

. Dustration No. 16 Mlustration No. 17

‘The starter is usually controlled by a magnetic switch or solencid connected to the ignition switch or
a starter button on the control panel. If the starter fails to operate properly, when the battery is known to

be fully charged, this switch circuit should be checked for loose wires or a poorly grounded magnetic
switch.

NOTE: Do not operate the starter motor for more than 15 seconds without allowing at least one minute
for it to cool.

IGNITION SYSTEM

- All .wires in-this system must be kept in excellent condition to.assure .full .engine efficiency. Even

small amounts of corrosion or cracks in the insulation will-cause:misfiring, especially..during damp, cold
weather, : .

The distributor cap should be checked periodically -for-cracks-orucarbon:traces:-and--replaced, if any
are found.

" ‘When' constant hard starting is encountered, 2 check should be made to see if the coil is getting at
least 9V, while the starting motor is operating (4V. on a 6V. system). If the coil input voltage is too low,
it cannot supply adequate voltage to the spark plugs for easy starting.

IGNITION TIMING (Battery)

The distributor is driven from the oil pump by a tang and groove type arrangement. To install the
distributor check to be sure the notch on the oil pump gear (Shown as “B”, Illustration No. 12) is to the
front of the engine. To determine whether the engine is in firing position for No. 1 cylinder, the engine
can be cranked, with the spark plugs removed, to locate the compression stroke of No. 1 cylinder.

POTTING THE ENGINE ON TIMING MARKS

With the ignition points clean and making a square contact, and set to the proper gap opening of .018”
to 0207, turn the distributor rotor (A), Illustration No. 17, to the No. 1 cylinder firing position on the
distributor cap (B) and insert the distributor into the cylinder block and over oil pump shaft tang.
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ENGINE TIMING AT 6° BTDC ‘ .
Set idle at 800 RPM and use a timing light to align timing mark (A) on pulley with pointer (B) on gear
cover. Illustration No. 18,
NOTE: ON APPLICATIONS WHERE THE ENGINE CANNOT BE IDLED AT 80 RPM THE FOL-
LOWING WOULD APPLY.

ENGINE TIMING AT 18° BTDC
Set enginc at 1800 RPM and use a timing light toalign timing mark (C) on pulley with poiriter {(B) on
gear cover. Illustration No. 18.

BASIC ENGINE AND PARTS

CYLINDER HEAD, VALVES AND ROCKER ARMS
ROCKER ARM ASSEMEBLY AND PUSH RODS REMOVAIL

Disconnect the crankcase ventilation tube from the rocker arm cover. Remove the cover attaching nuts
and seals and remove the cover. Remove rocker arm support cap-screws, nuts, washers, oil tube brackets
(clips} and the oil tubes and lift the rocker arm assembly from the head. Remove push tods from engine
and check for straightness.

DISASSEMBLY
- {Refer to Illustration No. 19)
Remove cotter pins from ends of shaft and slide off washers, rocker arms, supports and springs,

Remove plugs from ends of shaft, if leaking.
ASSEMBLY

Install new plugs in ends of shaft, if required.

Install springs, rocker arms, supports and washers on shaift. Insert cotter pins in holes near ends of
shaft and bend ends of cotter pins to lock.

INSTALLATION

Install push rods in valve tappet sockets. Install rocker arm assembly. Replace O-ring (19) on oil tube
“A’ and install oil tubes A and B. See Illustration Nos. 19 and 20. Install washers, oil tube brackets (clips),
nuts and capscrews and tighten to specified torque tension. Adjust valve clearance to “Specifications”,
Illustration No. 21.

Check valve rocker arm cover gasket (replace if necessary) and install the rocker arm cover, seals
and nuts. -

ZI-@
ﬁ" ot
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Hlustration No. 18 Dlustration No. 19



DESCRIPTION AND MAINTENANCE

. CYLINDER HEAD AND VALVES
REMOVAIL '

If engine has not been removed, drain coolant from radiator and block. Remove the spark piug cables
and spark plugs.

Disconmect water temperature gauge sender. Remove crankcase ventilation parts, carburetor and
linkage and the intake and exhaust manifolds. Remove cylinder head cover, oil tubes, rocker arm assembls
and push rods. Remove water hose, thermostat housing and thermostat.

Remove cylinder head capscrews and lift cylinder head from cylinder block. Remove cyvlinder head
gasket and clean gasket surfaces on cylinder head and cylinder block thoroughly.
DISASSEMBLY

Remove lifting eyes from cylinder head. Compress valve springs and remove caps, keys and locks.
Release springs and remove retainers, springs, seals and valves. Place valves in a rack to insure reas-
sembly in original positions,

- INSPECTION
VALVES

Discard burned, warped, bent or worn valves. Examine seats for wear.

CYLINDER HEAD

- .Clean:water: jacket of excessive scale. Inspect for warpage, scores. scratches or mcks ‘Check to see if
the locating dowels are in place and clean.

VALVE GUIDES

. Check valve guide bores for wear. Examine port end of guide for bell mouth condition. If the guide
bores in the head are worn beyond limits, 'the heads may be machined, and valve guides inserted and
reamed to proper size. They must be positioned and machined to exactly the same guide length as the
original guide provisions.
VALVE SPRINGS

Check valve springs for proper pressure.

VALVE REFACING

Valve margin, face angle and runout are shown in “Specifications’. Reface valves in conventional

manner.

Miustration No. 20 Nlustration No. 21
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VALVE SEAT REFACING

Valve seat angle, runout and width are shown in “Specifications”. Seat should contact valve at approx-
imately center of valve face,

Hand lapping valves is not recommended; however, light hand lapping is permitted to determine valve
and seat contact. Do not lap excessively. If more than a few strokes are required, valve should be removed
and more accurately ground,

Check the clearance between cap and valve tip if used with the spring, retainer, and valve locks °
assembled.

Valve locks and tip caps, once fitted, must be kept in respective groups and valve locks that are
worn must be replaced.

ASSEMELY

Install intake and exhaust valves, springs and retainers. Compress valve springs and install locks and
keys. Install exhaust valve cap, if used. See Illustration No. 22,

NOTE: Starting with Engine Serial Number 4907856 and all engines thereafter the valve arrange-

ments were changed 2s shown in Illustration No. 22, Valve removal and assembly may be
accomplished as outlined above.

The valves and related parts used on engines prior to Serial Number 4907856 may be re-
placed with Service Kit Number 40-202551, intake valve and 40-202552, exhaust valve. All
valves and parts are to be changed on the initial changeover.

= ITAKE VALY ONGST VALVE

INTAKL VALYE

Y
keY
] car ROTATOR
f atTAININ
EXHAUS? WALAT
S A
saL N A
- > WALVE SPRINC 1.970 l.l:! -
E NALVE fraiwd VALVE SpR
e— o IVALYT CLOSED) MCIEHT wicHT
IVALVE CLOEER) RIVE CLOSED)
MOTE: CUISE ¥OUsD COILS OF | \_ - —
VALVE SPRINCE KUST BE SPRING WOTEI CLOSE ¥OUMO COLLE OF "~
F ] H:tn:;::a AGALHET " YALVE EFRIKGS m’:l' AL | _rrinc
e Sl AXXCMBLCD AGAIA.
WTAE RLAD wEw JRTASE :
vuv:‘fn:m:m VALVE ARRANG Illustration No. 22 oo pwausr vave  cromocs sgan. MEW EXHAUST VALVE
AMBANGURENT

Progressively tighten cylinder head bolts in num-

R ARRANGOHEWT

ber sequence as shown. :

1. Torque - 45-55 ft.1bs. (Power Production Wre- @ @ @

ench) - .
60-65 ft. Ibs. (Hand Torque Wrench) @ @ @ @ @

- Torque values apply to bolts with lubricated

threads. (Preservative oil acceptable). Mustration No. 23

INSTALLATION

Make sure mating surfaces on head and block are absolutely clean and install new head gaskef on
block. Install cylinder head on block and secure with the capscrews. Use a torque wrench and tighten
screws to specifications, using sequence as shown in Illustration No. 23, Install the push rods, rocker
arm assembly and the lube tubes “A” and “B”, Illustration No. 20. Adjust the valve tappet clearance to
specifications. :

2. Torque -

NQTE: Retighten the cylinder head capécrcws and reset valve tappet clearances after 25 to 40 hours of
operation, : '

Install valve rocker arm cover, using new gasket. Install intake and exhaust manifolds, theri'nbstat,
thermostat housing, water hose and crankcase ventilation tube. Connect wire to water temperature gauge
sender, install spark plugs and wires, and refill engine and radiator with coolant. Install carburetor and
linkage.
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DESCRIPTION AND MAINTENANCE

]
.CYLINDER BLOCK

The cylinders and crankcase are an integi-al unit, with the water jackets carried the full length of the
piston travel for more uniform cooling of the cylinder walls and the pistons.

Material is gray cast iron and an inspection of the block shows the very rigid cons!ruction provided
to support the large diameter crankshaft. This results in a very rugged and smooth running engine.

The cylinder block has various passageways, drilled to carry oil from the oil pump to the camshaft,
and bearings, to the main bearings, and through the cylinder head to the rocker arms, See Lube Section and
Oil Flow, Illustration No. 10, )

_ All @il passages should -be thoroughly
BEAKINGS TO BE ASSEMBLED cleaned with a wire brush and solvent at

IN BLOCK AS SHOWN g overhaul time.

+ TOP OF BLOCK J

= <

To -replace the main bearings, see
“Main Bearings.” Also, provisions for the
rear oil seal are machined in the cylinder
block and.rear main bearing cap.

Core openings are closed by expansion
‘type or threaded plugs. If any should leak,
remove and replace with new plugs.

IMPORTANT: Camshaft bearing in-
stallation requires special attention to in-
sure the luboil holes register properly with
the correct holes in the cylinder block. Illus-
tration No. 24 shows the proper location of
each bearing. The holes in the bushings
must be diagramed to match perfectly, or
oil flow restriction will result, which may
cause damage to the engine. When install-
ing new bearings, if they do not register
properly when pressed into place, remove
them and reinstall them properly.

After the rear cam bearing is installed
a cup.plug is driven'into the rear of the cyl-
inder block in order to seal the oil off. The

3 i —A plug, keeps .the.oil- from. the bearing from .
- OVIEW TARAT ‘ _ .. escaping: into..therarea ‘between the block
REAR BEARING * and bellhousing. ‘lIlustration No. 25 shows

[ustration No. 24 the cup plug (A) being installed, using a
proper driver (B).

CRANKSHAFT, BELLHOUSING AND FLYWHEEL
FLYWHEEL REMOVAL

Remove the engine clutch, other drives or couplings. Disconnect electric cabies and remove the starter,
Remove upper one of six capscrews and install a 7{4-20x4-inch long guide stud to aid in sliding the
flywheel from the bellhousing when the remaining screws are removed. |

Mark the position of the flywheel in relation to the crankshaft mounting flange, before removal.
Remove the remaining screws and slide the flywheel from the housing.

Inspect the flywheel for cracks, scores, enlarged or fretted attaching screw holes, etc. Inspect the

ring gear for broken, chipped or mashed gear tecth. Repair or replace, as required; brush and clean all
foreign material from surfaces. '
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TO REMOVE THE BELLHOUSING

FLYWHEEL INSTALLATION

Install the guide stud. See Illustration No. 26. Align the position marks made on the flywheel and
crankshaft flange and carefully lift and slide the flywheel into place on the crankshaft flange. Install the
capscrews; remove the guide stud. Progressively tighten the attaching screws with a torque wrench to
80 ft. lbs. Using a dial indicator, such as shown in Illustration No. 27, indicate the face and pilot bore of
the flywheel. This should be within .005-inch total indicator reading. Install the starter and electric wires
and then the clutch, transmission or power take-off, as removed.

When a stub shait is attached to the flywheel to be used as a drive unit, it should also be indicated
as in [llustration No. 28, '

BELLHOUSING

The bellhousing is a casting which covers the rear end of the cylinder block. There are many types
of housings used. some of wh:ch may be a piate-type housing and others which form a complete housing
for the f]ywheel and clutch to which the transmission, torque converter or other 'drive mechanism is
attached. The:bellhousing usually forms the rear motor support and provides the mounting and support
provisions for pthe starting motor.

1. Remove the clutch or power take-off mechanism
and electric starter. '

2. Remove the flywheel, see “Flywheel”. Gw-:.’.. Stud

Niastration No. 25

3. [Ii 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 screws and lock washers. ,

6. Pull the bellhousing away from the engine; it may be necessary to tap the housing with a soft ham-
mer to loosen from the dowels or gaskets sticking to the block. ‘

TO INSTALL THE BELLHOUSING — See “Note” and Torque Sequence below

Reverse the above procedure and using a dial indicator like that shown in Illustration No. 27 (under
“Flywheel”} check the runout of the bellhousing pilot bore and face. This should not exceed =.005”,

NOTE: The two top center bolts “A” and “B” must be installed with a water-proof. sealant and all the
belts torqued to 40-45 ft. Ibs. in the sequence shown in Illustration No. 29.
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DESCRIPTION AND MAINTENANCE

TMusiration No, 27 Hlustration No. 28
CRANKSHAFT

The crankshaft 1s a machined forging. having all bearing. journals surface-hardened. The nominal dia-
neter of the main bearings is 214" while the nominal diameter of the connecting rod journals is 27. The
shaft has passages drilled to carry oil, under pressure, to the connecting rod bearings. These passages
should be cleaned with a wire brush, see Illustration No. 30, before the shaft is installed in the engine.

Mustration No. 2% Illustration No. 30




-

' . * . » -
While the diameters given above are only nominal, the following table gives the actual sizes, both
standard and undersize, to which the shaft may be reground. '

WARNING: When regrinding a crankshaft it is imperative that the original radius from journal to cheek
be maintained. Crankshaft breakage may result from improper grinding of this fillet.

CRANKSHAFT
SIZE . MAIN CONNECTING ROD
Standard 2.2485 /224777 - 1.9987 /1.9979"
010" US. 2.2385,/2.2377" © 1.9887,/1.9879”
020" US. 2.2285 /2.2277" 1.9787 /1.9779"

T

MAIN BEARINGS

The main‘bearings are removable, precision, shell-type and the upper shell is not interchangeable
with the lower-shell for each bearing. No shims are used. Reconditioning of this type bearing is accom-
plished by replacing the shells, These precision-type shells are completely finished before being put in place
and no line réaming or scraping is required. The bearing metals commonly used in precision, shell-type
bearings are harder and have a higher melting point than ordinary babbitt metal and this requires the use
of ‘a hardened crankshaft.

FITTING OF BEARINGS

All bearings are readily accessible after the oil pan and oil pump have been removed. The bearings are
of ample proportion and the full-pressure lubrication system employed will give them longevity, provided
they are properly installed. See “Fits and Tolerances”,

Tightening of the main bearing capscrews requires some care to prevent too much strain on the parts,
For this reason a torque wrench is necessary when installing the bearing caps. The torque values are given
under “Fits and Tolerances”. No attempt should be made to refit these bearings by filing or grinding the
caps, as this will ruin the caps so new shells cannot be installed.

The rear main bearing cap and block are machined to provide for the rear oil seal and also, are
machined to accommodate the four joint seals, or gasket (A) and (B), between the block .and the cap, as
shown in Illustration Na, 31 and No. 32. . -

In installing and fitting these seals extreme care must be taken to insure they fit properly so no oil
leaks will result. No trimming or cutting on the seals is required——just press into place.

Tlustration No. 31 Hustration No. 32
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DESCRIPTION AND MAINTENANCE

.CRAN KSHAFT REMOVAL

(The crankshaft is removed with the engme out of the chassis).

-

Remove the oil pan, oil pump and strainer assembly, starter flywheel, bellhousmg fan belt, alternator,
water pump, fan drive puliey, crankshaft pulley, alternator mounting bracket and gear cover assembly.
Remove the connecting rods and pistons. See “Connecting Rods and Pistons” section.

During removal, bearings in the caps and block should -be marked to insure proper reinstallation.
They should not be mixed. The caps are marked with arrows pointing to the front of the engine.

Remove main bearing capscrews, caps and lower main bearing halves. NOTE: Mark bearings so they
may be properly reinstalled in original locations. If desired, check main bearing running clearances, using
Plastigage, before removing crankshaft. Next, carefully lift the crankshaft from the crankcase and remove
and mark the upper main bearing halves.

Check the bearing journal taper, out-of-round .and shaft. misalignment.: Replace bearings and recondi-
tion or replace crankshaft, as required. Examine the. crankshaft gear. for.excessive.wear or, damage. If not
in good condition, replace it. Also examine the balance of .the .gears:in:the .gear.:train.and replace, as re-
quired. The crankshaft gear is shrunk on the shaft and must be pressed.or..cut.off..Examine the key and

keyway. If in good condition, heat a new gear to approximately 400° F and drive it on the shaft solidly to -
the crankshaft shoulder. Let it cool normally—do notquench.

‘ " ’ IMustration No. 33

' CRANKSHAFT INSTALLATION . - Mostration No. 34

Locate the upper main' bearing halves m the cylinder:block-and-oilsthe:faces:lightly. Position the cam
. * - shaft gear so.that, when the crankshaft is installed, the timing marks will align as-in Illustration No. 38
4+« . and then lay the crankshaft.in.the block. Recheck to be sure the timing marks on the gears are aligned.
.Press new seal strips, “A” and “B”, Illustration No. 31 and No. 32, completely into their respective slots

in the rear main bearing cap. Do not remove any portion of these seals protruding beyond the machined
edges of-cap, as this excess provides a seal between the cap and crankease.

Position lower main bearing halves in the main bearing caps and carefully position them on the crank-
shaft in their respective places. .

Secure the capscrews and, using a torque wrench as shown in Illustration No. 33, tighten the screws
to specified torque. The shaft should now turn easily in the crankcase,

Check the crankshaft end play at the center main bearing as shown in Illustration No. 34. This should
be within .004” to .009” limit, free travel
. Install connecting rods and pistons. See “Connecting Rods and Pistons” section.
Lubricate the crankshaft flange and new crankshaft oil seal and, using a seal pilot-driver, correctly
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‘pump, fan drive pulley, alternator, belt and fan as removed.

Mustration No. 35 Niustration No. 36

install the seal in its position at the rear main bearing. See “A” and driver in Illustration No. 35. Install
the bellhousing over the dowels and secure with screws. Install the flywheel, see “Flywheel”.

Install'a new front oil seal, using a seal pilot driver to properly position it in the gear cover. Install
the oil pump and strainer assembly and oil pan. Install the alternator bracket, crankshaft pulley, water

Note: Pre-lube front oil seal. | |

CAMSHAFT, TIMING GEAR COVER AND PLATE

CAMSHAFT

The camshaft is supported on three large diameter, pfessure lubricated, removable bearings in the
crankcase and driven by means of a suitable gear, which meshes with the crankshaft gear. (To, replace
these bearings, see “Cylinder Block & Crankcase” section).

The timing of these two gears requires no .check of valve position. It is only necessary to line up the
punch marks on the camshaft gear, shown as “A”, and the crankshaft gear as “B” in Illustration No. 36.

The camshaft end play is controlled by a thrust plate “A”, Illustration No. 37, located between the
front camshdftjournal and the camshaft gear. Correct end play of .003” to .007” is regulated by the thick-
ness of the thrust plate, e

TO REMOVE'THE CAMSHAFT
Assuming the radiator, etc., have been removed: the ‘camshaft may-‘be~femoved -as follows, without
removing the éngine from the chassis, .

1. Drain the luboil, remove the oil pan and the oil pump and strainer assembly.

2. Disconnect and remove the distributor.

3. Remove the fan blade and belt, alternator, water pump and fan drive pulley for easier access to gear
cover and gears, '

4. Remove the crankshaft screw and pull the fan drive pulley. Remove the oil pan-to-gear cover attaching
screws. Remove the alternator mounting bracket and front gear cover assembly.

5. Remove the valve rocker arm cover, rocker arm oil tubes, rocker arm assembly, push rods and the push

rod side cover.

6. Valve tappets must be held in the “Up” position in order to remove and insert the camshaft. One
method of accomplishing this is to clamp or hold the valve tappets in the “Up” position, sufficient to =
clear the cam lobes, with clamps or rubber bands. '
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DESCRIPTION AND MAINTENANCE

.NOTE: To remove or assemble the camshaft to the engine, with the engine out of the chassis, the same

|

procedure is followed except disregard operation number 6, above. With the engine out of the chassis,
it is only necessary to set the engine on the bellhousing or upside down (support the engine with suit-
able blocks so that the cylinder head attaching screws will clear), push the tappets to the “Up” position
and remove the camshaft. ‘

With the tappets in the’ raised position. rotate the engine until the holes in the camshaft gear expose
the thrust plate attaching screws, “A”, in Illustration No. 38, Remove the screws and pull the camshaft

‘carefully forward out of the cylinder block.

Inspect the camshaft lobes, oil pump drive gear, journals, etc, for wear or damage. Also inspect the
thrust plate for clearance. If any of the parts need replacement or adjustment, disassemble the cam-
shaft and drive gear by removing screw “E” and lock “F”, Illustration No. 36, and pressing the shaft
out of the gear. Suitable supports should 'be placed under the gear, while pressing out the shaft,

- IMPORTANT :. The camshaft is hollow, and actualty-serves as the oil header for the engine. One end is

plugged with a cup plug, the other by the screw and -flat washer -that -holds: the cam gear in place.
When the camshaft is removed, it is important that the plug.in the rear.end.be removed, the internal
passageway and all drilléd oil holes thoroughly cleaned out with solvent:and:a wire brush. This should

. be- done before the shaft is laid aside to prevent any possible:residue-or--sludge formation from

hardening.

If the camshaft bearings are worn beyond limits, they should be replaced. See the instructions in the

“Cylinder Block” section and the Illustration No. 24. ;

To install the camshaft, reverse the above disassembly procedure, using new gaskets and seals, as

reqtired,

Py

Mustration No. 37 IMustration No, 38

IDLER GEAR & SHAFT AND FRONT PLATE

The idler gear is supported in the engine by means of a shaft and bearing assembly attached to the

cylinder block with a self-locking screw, as shown in Hlustration No. 39. The forward end of the shaft
extends through the gear cover where an O-ring is used on the shaft to seal in the luboil. Lubrication of
the idler gear and bearing is from the throw-off and splash of oil {from the other gears and bearings.

The front plate covers the front of the engine block and acts as a support for the governor, the water

pump and gear cover. Assuming the gear cover, etc.. are off, it is necessary to remove the camshaft gear,
the water pump, the idler gear assembly and the governor before the plate can be removed. It is secured to
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the block with screws and one dowel. When reassembling it to the block it should be cleaned thoroughly,
a new gasket attached and placed in position on the dowel. Attaching screws should all be started and then
progressively tightened to specifications. Then install the idler gear assembly, water pump, governor, etc.,

as removed.

GEAR COVER (Front Cover)

The gear cover contains the front crankshaft oil seal and covers the gear train. To properly install the
cover clean all attaching surfaces thoroughly, press a new front oil seal in place, attach a new cover gasket
and place the cover on the front plate, starting it over the dowel in the right-hand lower area. Secure with
screws and washers, as removed, then install the oil pan, water pump, fan drive pulley, crankshaft pulley,
fan, belt, etc,, as removed. .

PISTON AND CONNECTING RODS
REMOVAL .

Remove valve rocker arm cover, rocker arm oil tubes, rocker arm assembly, push rods, cylinder head
assembly, oil.pan, oil pump and strainer assembly and distributor.

Ream ridge from top of each cylinder liner.

Remove capscrews from connecting rods. Remove bearing caps. If desired, check bearing clearances
before removing pistons. Keep all rods and caps together, as well as the bearings. DO NOT MIX. Rods
and caps are marked on camshaft side.

Remove piston and rod assemblies from’ cylinders,
Note that the notch on the top of the pistons is in-
stalled towards the front of the engine. See Illustra-
tion No. 40.

Check pistons and liners for scoring. Check cylin-
der taper and out-of-round.

Check Pisfop!:q-l?ir_llgs

‘in Grooves
. -

Tlustrafion No. 39 TMustration No. 40

DISASSEMEBLY

Remove piston rings and clean ring grooves, Remove piston pin retainers and piston pins. Check
piston pin bore diameters. Remove piston pin bushings from each connecting rod, if replacement is re-
quired. Check connecting rods for misalignment. Check the crankshaft rod journals for wear, taper or
(s;oring: Regrind or replace the crankshaft as required and then install connecting rod bearings of proper

imensions.
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v DESCRIPTION AND MAINTENANCE

. ASSEMBLY

Install new piston pin bushing in each connecting rod if replacement is required. Finish bushing bore
to specified I.D. dimensions.

Position connecting rod and piston so that cylinder location numbers on connecting rod are on same
side as notched portion or fuel inlet side of piston. Illustration No. 40. Install piston pin and retaining
rings.

Deglaze the cylinder walls with hone. Check new rings for proper end gap and side clearance: If new
pistons are being installed be sure to check pistan clearance in bores. Install piston rings and stagger ring
end gaps as stated in Illustration No. 41,

PISTON RING POSITIONS \w —g——— TOP COMPRESSION

b RING

Connecting rod and cap bearing lock slots to be
assembled on same side,

. : LOWER COMPRESSION
Notch on top of piston to be assembled towards @"_ " RING
front of engine. ‘

Locate oil ring spacer gap opposite to notch on top

of piston. Stagger rail gaps 1.50 inches each side RAIL

. of notch.
Stagger compression ring gaps approximately 120° = OIL CONTROL RING
each side of oil ring spacer gap. ‘ ASSEMBLY

To prevent breaking or overstressing rings, use a \
4.000 inch diameter ring expander when installing RAIL
or removing piston rings.

SPACER {EXPANDER TYPE)

Hiustration No, 41

- INSTALLATION

o 2 Jr.Compress-piston.rings and install piston and rod assemblies in appropriate cylinders with numbers on
... connecting rods and caps facing camshaft side of engine. With piston in cylinder bore, install upper
bearing sheil and pull connecting rod and piston assembly down on crankshaft. Install bearing shell in
connecting rod cap and assemble rod cap to connecting rod with capscrews. Tighten to specified torque.

Reinstall oil pump and strainer assembly, oil pan, cylinder head assembly, push rods, rocker arm
assembly, rocker arm oil tubes, valve rocker arm cover and the distributor, as removed.
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Prestolite Presents

Prestalitae

PRESENTS

2T

. ' Eiectronic Ignition forindustrial Engines.

( ELECTRONIC
IGNITION
~ FOR &
 INDUSTRIAL

ENGINES

The electronic lgnmon system maintains
a tuned condition longer, since there are
no points or condenser. Breaker point
erosion and rubbing block wear is elim-

-inated. Wear on the distributor shaft and

. shaft bearings is greatly reduced. Dwell is
controlled by the electronics and sensor
air gap. Total electronic switching offers
improved starting. The system is easy to
troubleshoot requiring no elaborate test
equipment or procedures.

, 1
(o ; N\
o . _ Maintains tuned condition o r ;
e Shaft bearmg wear due to breaker -

7. point forces is eliminated
‘e Dwell is controlled by
- electronics and sensor air gap
- @ Starting is improved
* Easy to troubleshoot (no elaborate
test equipment needed)

- -
——
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The electronics are fully protected with a,
moisture resistant material and are de-
signed t@ resist shock and vibration. Pro-
tection against reverse polarity and over
voltage is builtinto the system.

This system will trigger at any speed
above zero RPM. Each cylinder will fire at
the proper time because of close toler-
ances in the trigger wheel design. Elimi-
nation of points and condensers and
their inherent problems such as rubbing
block wear, plus the longevity of soiid
state circuitry offers much less downtime
and more economical operation.

Shock and moisture resistant
Reverse polarity protected
Operates at temperature extremes
Fires at very low cranking speeds
Extremely accurate firing
Economicat operation

Less downtime

~

5

The electronic system provides better
overall performance because there are
no mechanical paris to deteriorate, so the
engine stays “in tune” indefinitely.

A.sensor and trigger wheel device re-
places the points and condenser in the

distributor and control the precise timing
needed to fire the spark plugs. The elec-

tronic ignition unit controls timing and .

dwell by accurately making and breaking
the ignition coit primary circuit.




S

S
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‘The industry has used a mechanical

switch to make and break the ignition coil
primary circuit “'breaker points and con-
denser.” Electronic systems accomplish
this same duty by means of an electrical
switch, '‘a transistor".

8

The Prestolite electronic ignition system
is “integrated”. The electronics are
housed inside the distributor. Only 2
connections are made to the coil.

9

The Prestolite désign is known as a

“tuned" system. it uses an oscillatorasits
-sensor. Acting as a "metal detector,” it

senses the trigger wheel teeth turning
with the distributor shaft. The presence of
metal {(each tooth} causes a change to
occur in the oscillator which in turn
commands the control unit transistor
switch to turn off. '




10

This off condition causes the primary cur-
rent to stop flowing and the magnetic
- field which built up during the on time
now will collapse across the secondary
B coil winding causing the high voltage to |
fire the spark plug.

11 '
The sensor is a coil of very fine wire
molded into a plastic housing. This plas-
tic housing is mounted on the movable
base plate and connected directly to the

circuit board. The sensor is not replace-
able. ’

The .electronic control system is a com- ~
s .40 opletely sself-contained.solid state device
' which is coated to provide a moisture
proof barrier. It is not repairable and if

necessary must be replaced as a com-
plete assembly.

i .
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The distributor is of conventional design !
incorporating® conventional advance :
mechanisms. Some applications use !
only mechanical advance while others !
use both mechanical and vacuum ad- ;

vance. i
. B

14

The distributor cap is of a superior design
to give excellent dielectric strength and
track resistance. The rotor contains a re-
sistor to aid in controlling RFI.

45

The ignition coil is of a special design for
use with this system. A low resistance
primary winding achieves high output for
starting. A ballast resistor is not used, as
-primary current is regulated in the elec~
tronics. '
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As mentioned before, this system oper-
ates as a metal detecting system. The de-
tected metal is each tooth of the trigger
wheel when it is in close proximity to the
sensor coil. The system is not speed sen-
sitive, that is, it is not necessary to “gen-
erate' an electrical current by turning the
distributor shaft, and will operate at any
speed above zero RPM.

rt

rNON SPEED SENSITIVE

™\
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When a tooth of the trigger wheel is near
the sensor metal is detected, .the oscil-
lator is.at a low level, the transistor is off,
no primary current flows. This condition
can be compared to "'points open”.

More ;. .
CHect. A GAFP
CotTH  AON ~/TAGAMITTIC
DY GHGE

METAL " OSCILLATOR TRANSISTOR .. .

LOw ‘OFF

DETECTED -

R When the trigger wheel is away from the

. sensor, 'metal is not detected, the oscil-
lator is at a high level, the transistor is on,
current flows in the primary winding..
This condition can be compared to
“points closed™.

r NOMETAL -, OSGILLATOR TRAN

, SISTOR Z&i. F
DETECTED = HI" .. RS -
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If a problem develops in this system it is
an easy matter to troubleshoof.

~ )

TROUBLESHOOTING

20

The complete ignition system is divided
into 2 parts or sections commonly known
as primary and secondary.

'PRIMARY

x

-




et )

The primary section is the low voltage"

section and is composed of the battery.
the ignition switch, the ignition coil prim-.

. ary winding, distributor electronics and.

associated wiring.

4 —

SOLENOID
! ' STARTER

SWITCH

PRIMARY
IGNITION SYSTEM

22
The secondary section is the high voltage
section and is composed of the ignition
coil: secondary winding, the distributor
cap, the rotor, the spark plug cables and
the spark plugs.
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Electricity is “lazy” and will always seek
the easiest path (lowest resistance) to
complete its circuit.

it is very important that the secondary
section be checked before troubleshoot-
ing the electronic section. Secondary
service is just as necessary as it has been
in the past but is very often neglected...

(

ELECTRICITY IS LAZY

)

24

Machines with ignition complaints often
have more than one problem. Be sure to
complete the entire troubleshooting pro-
cedure before returning the machine to
service.

BE SURE 10
COMPLETE

THE ENTIRE
TROUBLESHOOTING
- PROCEDURE

\-

y,

25—

-..Let's first review secondary system ser-

vice.

Check.the coil tower for tracking.
Check primary wires for tight connec-
tions and proper polarity, make sure the
. tower is clean and dry. Check coil nipple
for proper sealing and insulating qual-
ities. If flashover occurs here, the engine
probably won't start,

. . \
QECONDARY SYSTEM SERVICE
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Check the distributor cap for tracking'
and dirt inside and outside. Moisture and.

dirt make a good path for flashover. It is
very important that the cap be clean.
Once a track has started, the cap must be

replaced. Check the rotor resistor with an’

ohmmeter. Resistance should read 4000
to 6000 ohmes. '

s

CONDARY SYSTEM SERVIC?

27

Check the 'coil to cap cabie for proper

resistance and excessive fold over of the

.conductor where it enters the coil tower,

check the fit of the nipple on the coil
tower. A high voltage leak at this point will
cause a no start condition. Remember an
engine may run with poor insulation but

will refuse to start especially in damp or.

wet weather.

. )

28

Check *spark plug cables for burning,

. -cracks and deterioration, check for torn

or tracked spark plug and distributor cap

boots. Test all cables for proper resis-

tance with an ohmmeter. Retfer to the ap-

propriate service manual for system.

specifications.

r

SECONDARY SYSTEM SERVIC

B
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Check spark plugs for fouling, check for
cracked insulators. Wipe insulators clean (

before installing boots. SECONDARY SYSTEM SERVIC?E

30

The use of a dielectric grease at high
voltage connecting points such as coil
and cap towers and spark plugs is re-
commended as an acceptable practice.

'\“___,.—-——.‘/-

i
%‘ e
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If the engine cranks but will not start,
remove the center cable from the dis-
tributor cap and install an extension in
the terminal. Hold the cable end approx-
imately ¥2 inch from the engine block,

have someone crank the engine with the
starter. Check for a good spark. if a good
spark occurs, the electronic system is
O.K. Check the distributor cap. rotor,
spark plugs, cables and carburetion.

\

ENGINE CRANKS—WILL NOT START

Disconnsct high tension cable from center
towar lermingl of digtributor. Inzert sxlension
adapter info boot and engage in cable lermi
nal. Creale about Vi~ gap between axiension
sdapiet and engine Block.

Have an assistant

crank engine
SPARKS AT THE GAb—. ' [
ELECTRONICS ARE DX.

CHECK DISTRIBUTOR CAP. RDTOR,
SPARK PLUG CADLES. SPARK PLUGS
AND CARBURETION,

v - :

If no spark occurred, remove the dis-
tributor cap, rotor and shield, align a trig-
ger wheel tooth with the center of the
sensor and check sensor air gap, which
should be .008". Note that the sensor will

i ——

pp——

operate from a very small. gap to quite a
large gap. If the gapis out of spec, reset to
.008" and repeat the spark test. Be sure
that the distributor shaft turns and is not
broken or bent.

( ENGINE CRANKS—WILL NOT START

D4 high tension cable trom center

lower terminal of distributor. insert extension <. ... . .50
adapler imo boot and engege in cable teemi-- =, . . -
nal Create about V" gap betwesn extansion .
agdapter gnd sngine blocik

Have an assistant
crank engine

v

SEPLRAKS AT THE GAP— I NO SPARKS AT THE GAP . J
ELECTRONICS ARE O K *

CHECK DISTRIBUTOR CAP_ROTOR.
SPARK PLUG CABLES. SPARK PLUIGS
AND CARBURETION &

JICHECK SENSOR AIR GAP (SPEC .008 7Y
ICHECK SHAFT FOR AQTATION*

v ¥

AIR GAP OUT OF SPEC—ADJUST*
SHAFT PROBLEM—REPAIR*

% Even # a probiam is kocated, pecform e voitage drag test.
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If the problem has not been located, it will
be necessary to perform primary system
voltmeter tests.

-

4 ENGINE CRANKS—WILL NOT START

Disconnec! high tensian cable from center
tower lermiaal of distnb . Insert i
sdapier into boot and engapge in cabie lermi-
nal, Cresie Ebout ¥~ gap betwhen srnansion
adapier and angine biock.

_ Have an assistant
crank engine

SPARKS AT THE GAP— NO SPARKS AT THE GAP ]
ELECTRONICS ARE O K. I
CHECK DISTRIBUTOR CAP. AQOTOR, )
SPARK PLUG CABLES. SPARK PLUGS CHECK SENSOR AR GAF (SPEC 00814
AND CAREURETION * CHECK SHAFT FOR ROTATION #
v ' v
USING YOLTMETER, AIR GAP OUT OF SPEC—ADJUST#
TEST ELECTRONICS * SHAFT PROBLEM—HEFAIR *
* Evenils Dignt it k d, performa Ig® OrOp 1e5T.
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Even if a problem is found, perform a
voltage drop test. This test will be dis-
cussed later. Remember, be sure to com-
plete the entire trouble shooting proce-
dure.

Be SURE 1O
COMPLETE

THE ENTIRE
TROUBLESHOOTING
PROCEDURE
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First position the trigger wheel so thatthe
sensor is between 2 teeth. This is com-
F. parable tor ‘points closed”. Turn on the
ix ignition switch. Primary current should '
: flow. Connect a voltmeter across the bat-
tery terminals. Let's call this (V-1). (V-1)’
should read between 12 and 13 volts. If
the battery is low, charge it. :

TR,
Jo T

BATTERY

SOLENOID

STARTER

-~

f VOLTMETER TEST - Position Sensor between 2 Teeth

(Prnmary circuil is on when sensor is between teeth|

Turn Ignition Switch “On.”

®

CHECK BATTERY VOLTAGE

12-13

LOW

OK..

Fault -+ Charge Battery
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Now connect the voltmeter between the
coil positive terminai and ground. Let's
call this (V-2). (V-2) should read within
one volt of that which you read at the
battery. Normally the reading will be
about 12 volt lower. If (V-2) reads low, a
fault exists. The voltage drop test (V-4)
will help you find it. Perform a voltage
drop test. Refer to ltems 45 thru 48 on
pages 22 and 23.

r VOLTMETER TEST Position Sensor between 2 Teeth
(Pnmary Ciecuil 15 0N when sensor s between Leetn)

Turn ignition Switch “On.”

U—é—
D:?'\::;E CHECK BATTERY VOLTAGE
ol ]]:

/ BATTERY
[ Low | Fautt— Charge Ban
7 enoi [Ctow_] 90 Battery
'Wnnmn
AMMETER @

IGNITION

SWITCH CHECK VOLTAGE AT COIL POSITIVE
CONNECTORS 12-13 (Within 1 voit of battery) O.K.
LOW Fault —

Perform Voltage Drop Test
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-Now, connect voltmeter between the coil
negative terminal and ground. Let's catl

,-_.. this (V-3).(V-3) should read somewhere

between 4 and B voits,

f VOLTMETER TEST Position Sensor between 2 Teeth

(Pramary Circuit is On when sensor i between teeth)

Turn ignition Switch-“On.”

- CHECK BATTERY VOLTAGE

CHECK YOLTAGE AT COIL POSITIVE

e ot orsmmem o -

CHECK YOLTAGE AT
COIL NEGATIVE

4-8 QK. —

CODIL
- . DISTRIBUTOR
’ SENSOR
e BETWEEN
— TEETH
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If (V-3) indicates 4-8 volts, this is normal.

Now place a screwdriver in front of the When installing new electronics it will be
sensor face. If (V-3) now indicates 12to 13 necessary to adjust sensor to trigger
volts, either the coil or the electronics is wheel air gap to .008".

faulty. Test the coil or substitute a good e
coil. Repeat screwdriver test. If still no
spark occurs, replace electronics.

( VOLTMETER TEST Position Sensor between 2 Teeth \
{Pamary circuit is on whan sensor is betwaen teeth)
D_f Turn ignition Switch “On.”
ﬂ \4 CHECK BATTERY VOLTAGE
/ BATTERY R
Faull = Charge Battery -
SOLENOID .
% STARTER : '
A@ CHECK VOLTAGE AT COIL POSITIVE
L)
b AMMETER 112 {Within 1 volt of battery} 0K,
Petbin m Faull = Perform Voltage Drop Test @
BULKHEAD )

CHECK VOLTAGE AT
COIL NEGATIVE

HNECTORS
co::

QX =

_®__ 1213V
Test Cail e
If Good Replace N
DISTRIBUTOR Electronics
EENSOR Place Screwdriver | '

BETWEEN
BETWE on Sensor Face




If (V-3) does not change when the screw-

driver is placed in front of the sensor or
a indicates less than 12 volts, the elec-

- tronics are fauity and must be replaced.

4

e

VOLTMETER TEST

BULKHEAD &)
CONNECTORS

Position Sensor between 2 Teeth
(Prmary circuft i3 on when sensol is between teeth)
Turn lgnition Switch “On.”

CHECK BATTERY VOLTAGE

Fault — Charge Battery
CHECK YOLTAGE AT COIL POSITIVE
(Witin 1 vof of batieey) O
Faull —-Perform —Vot'lage-Drop:Tmi® :

X
CHECKX VYOLTAGE AT

1f Goat Replzce

COIL NEGATIVE Electronies

[ Joxa

Less than 12V
Replace
Eiectronics
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If (V-3) did not indicate 4 to 8 volts, a fault
exists and must be corrected. Let us con-
sider a (V-3) reading or less than four
volts, which in all probability will be zero.

/

s AMMETER

VOLTMETER TEST
D-&-
1 @

STARTER

IGNITION
SWITCH

Position Sensor between 2 Teeth

{Primary cirowl 15 on \fmen sensor 15 bebween eeth)
Turn Ignition Switch “On."
CHECK BATTERY VOLTAGE

oK

ow Faull — Charge Battery.

0

CHECK YOLTAGE AT COIL POSITIVE
(Within 1 voh of battery) Q.

LOW Fault = Perform Voltage Drop Test @
-

W

CHECK VYOLTAGE AT
COIL NEGATIVE

12.13y
Test Loil
1 Good Replace
Elecironics

Plate Screwdriver
QK=+ | o Sensar Fage l

Lest than 12V
Aeptace
Electronics

Less than 4 |Fault —»
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'f (V-3) reads less than 4 volts, remove the
wire from the coil negative terminal and
reconnect (V-3) to coil negative.

(

VOLTMETER TEST

CONNECTORS
-

.STARTER

AMMETER

IGNITION
SWITCH -

BULKHEAD

V)
®

Position Sensor between 2 Teeth

{Prrmary circuit 1s on when sensor s between leeth)

Turn Ignition Switch “On."

HECK BATTERY VOLTAGE

C.K.

" CHECK VOLTAGE AT

COIL NEGATIVE

[ Joxo
®

[Comrmane Jreuns

Fault —+ Charge Battery

HECK YOLTAGE AT COIL POSITIVE
- (Within 1 voli of battery) O.X,
' Fault = Pertorm Yohage:Drop Test @

12-13v
Test Coit

" Place Screwdriver
on Senzar Face

Less than 12V

.11t Good Reglace
| Electronics |

Replace

Eectronics

Remove Brown
Wire fram Coil
Reconnect V3

19
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if (V-3) now reads 12 to 13 volts, it is an
indication that the coil primary winding
has continuity and the electronics are
shorted. Replace the distributor elec-
tronics. If (V-3) reading has not changed,
itindicates a faulty coil, the primary wind-
ing is open. Replace the coil.

/ VOLTMETER TEST Position Sensor between 2 Testh \
. {Primary circurl i5 On when sensor is between 1aelh)
D_{_ Turn Ignition Switch “On.”

D V) CHECK BATTERY VOLTAGE
. ; .

/ BATTERY _ -
LOow Fault — Charge Battery R
SOLENOID :
STARTER AN
| CHECK VOLTAGE AT COIL POSITIVE
AMMETER {Within 1 voli of banery) OX.
- ﬂ‘ IGNITION LOwW Fauit —» Perlorm Voltuge Drop Test @
:*, ¢ SWITCH
rﬂ;
[ CHECK YOLTAGE AT
COIL NEGATIVE

Fon Semaae Face.
OK. =+ | an Sensor Face

Electronics

@

Remove Brown Rl
[Cesstana Jraun | i trom Gott S

Aeconnect ¥3

1213V
Replace No Change

k Electronics Repiace Coil | .
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The other conditiopn which could exist, is _
that (V-3) would indicate more than 8

volts, which in all probability would be

12-13, the same as (V-2). This would indi-
cate an open ground circuit and is highly
improbable. However, check the dis-.
tributor tor a good ground. If it is O.K,,
replace the electronics. . '

—

VOLTMETER TEST

—D:E

L

BATTERY

SOLENOID

STARTER

Q

BULKXHEAD
CONMNECTORS

AMMETER

IGNITION
SWITCH

B
V)

ALY

=

Position Sensor between 2 Teeth

{Pnmary circuil 15 on when sensor 15 between teeth|

Turn Ignition Switch ~On."

CHECK BATTERY VOLTAGE

LOW Fault —» Charge Battery

CHECK VOLTAGE AT COIL POSITIVE

{Whhin 1 voit of battery)] O.K.

Fault = Periorm Voltage Drop Test @

CHECK VOLTAGE AT

COIL NEGATIVE

0K -

®

Fout -+

Fasslt =

[

Place Screwdsiver
on Sensor Face

12-13¢

Test Coil
__1It Goog Replace

Electronics

Remove Brown

Reconnect ¥3

Check Distributor hf'
Ground — I good.

‘ Replace Elecironics |

Less than T2V

. Replace
Elecironics

12-13v
Replace
Electranics

Wire from Coil

No Change
Replace Coil

~
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Remember, most no start problems will
be the result of one faulty component.
However, machines with ignition com-

plaints, often have more than one prob-

lemn. Be sure to complete the entire troub-
leshooting procedure before returning
the machine to service.

e

\.

BE SURE 10

COMPLETE

THE ENTIRE -

" PROCEDURE

A .
EE I
L J P

.
~
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One part of the troubleshooting proce-
dure, which was mentioned earlier, is the
voltage drop test. Let's call this (V-4). This
test requires the voltmeter (V-4) 1o be
connected between the battery positive
post and the coil positive terminal.

Py

('

\

VOLTAGE DROP TEST
AIDS MECHANIC

IN LOCATING
POOR CIRCUIT
- CONNECTIONS

N

J
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Any poor connection in this circuit will
cause resistance to current flow and a
resuiting drop in voltage to the coil, along
with intermittent engine misfire, cut outs,
backfires, etc.

('

POOR CONNECTIONS
CAUSE

INTERMITTENT

'OPERATION
AND

FAILURE

\




diating | R BEA

A, 3 L]
,-r.\.i

LP T LT
M
4

THAR AR

REPLH O E I pyfeyhmpy nininrinet ST AWM THR prApTtalT by o0 2 b

Rl

ded ot LT

RLRC TR STTEWE N R L B L

r

position the sensor between two trigger
wheel teeth. Connect (V-4's) positive lead

to the battery positive post and (V74‘s)
negative lead to the coil positive terminal.

With the ignition switch “on,"” {V-4) should
read less than one voit, normally, about ¥z
volt. If the reading is O.K., don't stop but
comptete the test.

 VOLTAGE DROP TEST h

" BATTERY FEED CIRCUIT CONNECTIONS

PORUON BEAROT DRlweRA tord Inggel whird! 101N
Connecl valimris posikeve b ad to Defery posr-
v poill Bnd vollmeter negative ead ko sgnaion
eol poksres wrmnal. Tutn {gRmon swach 1o on
poswion. The volrmeter should read kess than
ohe volt.
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Check for poor circuit conditions by flex- . and ignition switch. The diagram shown

ing. that is, wiggling the connections at
the battery cables, starter colenoid, bulk
head connectors, ammeter terminals,

is typical. Your application may be diffe-
rent.

(

D-a

_—, VOLTAGE:DROP-TEST )

BATTERY FEED CIRCUIT.CONNECTIONS

Porimon semaoe between two trigger whes! ladth,
Connect volimater positive ad 1o batlery poss-
vy pasl v ¥ tead to Ignits
coll posiiive serminal. Turm ignition switch o sn
povion. Tha volimeter should read laus than
o vt

Chach 104 poor circult conditions by fering (mov-
ng) Mhe' conneciors &1 W following points,

1. Positiva banary cable

2. Saarking moior solenoid

1. Rulhosd
4 Arminats
5. ignilion swich
H any of the sbove coused 3 Huctualion or an

A prowoe
wuiy o0l MUl be CofrecH

RIBUTOR

DisT|
BENEDR
BETWEEHN
TEETH
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~Check the distributor advance mech-
anisms along with basic ignition timing.
Be sure to operate the engine at cor-
rect idle speed with the vacuum advance
line disconnected and plugged, if so
equipped, to be sure of an accurate basic
timing adjustment.

!
l
|
|
i
;

ﬁDlSTRIBUTOR ADVANCE TES'ﬁ

-'\
2

TIMING
ADVANCE
CUNIT

VACUUM PUMP

_/

Not all tachometers are compatible with
this electronic ignition system. Be sure to
obtain a tachormeter that has been veri-
fied accurate with this system. You can
get help on this by simply contacting your
nearest Prestolite representative.

Most automotive “scope” analyzers will
work well with this system. The pattern
observed will be the same as that ob-
served for- breaker point type systems,
with the exception being a slight hump
somewhere in the dwell section. This is
normal and is an indication of primary
current regulation. Some early analyzers
must be modified in order for the cylinder
shorting test section of the analyzer to
function properly.

(. TYPICAL SCOPEPATTERN . )

ol h

CURRENT
REGULATION

- 3
R .
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- If these procedures have been foliowed
and corrections properly made, the igni-

:".ion system'will function as designed.

!

|

IF THESE PROCEDURES
HAVE BEEN FOLLOWED
AND CORRECTIONS MADE
THE IGNITION SYSTEM
WILL FUNCTION
PROPERLY

53

Remember technical assistance is avail-

able from your Prestolite representative.
Have a nice day.

4

'HAVE A NICE DAY

THE END

\.

'NOTES
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HERCULES ENGINES, INC.

101 Eleventh St., S.E., Canton, OH 44707-3802

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




