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Waukesha CORE-SSE7) 

WANTED 
ENGINE 

POPULATION 
INFORMATION 

To help provide proper backup parts stock and availability at 
Distributor and Factory levels, it is important that we have 
information of your engine's location and application. We 
would appreciate it if you would supply us with the 
necessary information requested below. A complimentary 
gift will be forwarded upon receipt of card. 

Thank You 

M-992 0 OOOOOO OO OOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

NAME TITLE 

Z COMPANY NAME 

LU ADDRESS 
0 
G ENGINE PURCHASED FROM 
La 

PLEASE LIST ALL WAUKESHA ENGINES YOU OWN OR SERVICE: 
z 
0 
-J (G) TYPE EQUIP. 

1- MODEL SERIAL NO. SPECIFICATION NO. . USED IN 
n 
U.! 
U) 4 
L1J - J 
O. 

.TYPE OF SERVICE () 
INTERMITTENT 

CONTINUOUS 
STANDBY 
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Waukesha Engine Division 
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WAUKESHA F-817-G SERIES 

SAFETY PRECAUTIONS 

For details on safety rules and regulations in the 

United States, contact your local Occupational Safety 

and Health Administration (OSHA). 

These safety precautions are published for your 
information. The Waukesha Engine Division, Dresser 
Industries, Inc., does not, by the publication of these 

precautions, imply or in any way represent that these 

published precautions are the sum of all dangers 

present near industrial engines. If you are operating 
industrial engines, it is your responsibility to ensure 

that such operation is in full accordance with all 

applicable safety requirements and codes. All 
requirements of the United States Federal 
Occupational Safety and Health Administration Act 
must be met when Waukesha engines are operated 
in areas that are under the jurisdiction of that United 

States department. Engines operated in countries 
other than the United States of America must be 

installed, operated and serviced in accordance and 

compliance with any and all safety requirements of 

that country which may be applicable. 

BODILY PROTECTION 

Wear OSHA approved bodily, sight, hearing and 

respiratory system protection. Never wear loose 
clothing, jewelry or long hair around an engine. 

EXHAUST GASES 

Engine exhaust products are toxic and may cause 
injury or death if inhaled. All engine installations 
must have an exhaust discharge pipe so that exhaust 
gases are delivered into the outside air. A closed 

building or shelter must be adequately vented to 
provide a steady supply of fresh air. 

ENGINE FUELS 

Engine fuels are highly combustible and may ignite or 

explode. Fuels must be conducted to the engine with 
proper piping, free from leaks, and designed to resist 
breakage from vibration. When filling fuel tanks, 
never smoke or use open flame in the immediate 
area. Fuel tanks should be grounded to prevent 
buildup of static electricity. If a gas engine has been 

cranked excessively without starting, shut off the gas 

fuel supply and ignition. Then crank the engine to 

purge the cylinders and exhaust system of 

accumulated, unburned gas. If you fail to do this, a 

spark plug could ignite the gas and cause an 

explosion. 

POSITIVE FUEL SHUT-OFF 

(natural gas, liquified petroleum gas, etc.) should 
haYe another positive shut-off valve, preferably 
automatic, other than those in the carburetor or gas 

. pressure regulation equipment. It is the final 
responsibility of the engine owner to ensure that the 
installation is free from fuel or exhaust leakage, and 

such installation meets all applicable codes. 

GAS USED TO ENERGIZE STARTERS 

Gas used to energize starters must be discharged 
away from the engine into a harmless area. There is 

also a possibility of leakage around the starter output 
shaft during cranking. Ignition connections and 
electrical equipment on engines exposed to a 

potentially explosive atmosphere should be equipped 
to eliminate spark hazard. It is the responsibility of 
the engine owner to specify or provide such 
connections and equipment. 

SAFETY GUARDS 

Engines must be provided with guards to protect 
persons or structures from rotating or heated parts. It 
is the responsibility of the engine owner to specify or 
provide such protection. 

CRANKCASE ANTI-EXPLOSION VALVES 

These valves must be kept in proper working 
condition to relieve crankcase pressure. 

IGNITION SYSTEMS 

Ignition systems can cause electrical shocks. Avoid 
contacting ignition units and wiring. 

COOLING SYSTEM PRESSURE CAPS AND 
CONNECTIONS 

Do not remove the pressure caps while the engine is 

operating or while coolant is hot. The cooling system 
is under pressure and severe burns could result from 
the hot coolant spewing out when the cap is 

removed. Wait until the engine and coolant have 
cooled down before removing the radiator or surge 
tank caps. Always replace weak hoses, lines, and 
fittings. 

FUEL INJECTORS 

Never allow an injector to spray against the skin. The 
fuel oil will penetrate the skin and may cause serious 
infection and injury. 

GENERATOR SETS 

Some means of positive fuel shut-off should be 

provided for emergency use. Pressurized fuels The voltage produced by generator sets is dangerous. 
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WAUKESHA F-817-G SERIES 

Severe, possibly fatal, shock may result from contact. 
Make sure the generator set is grounded before 
operation. Be extremely careful when the unit or 

surrounding area is damp or wet. 

When servicing any part of the electrical system or 

making any connections, make sure main power 

switch is OFF. Clean or service generator set only 

when engine is shut down. 

In case of an accident from electrical shock, shut 
down the generator set at once. If it cannot be shut 
down, free the victim from the live conductor. Avoid 

direct contact with the victim. Use a dry board, dry 

rope, or any nonconducting implement to free the 
victim. If the victim is unconscious, apply artificial 
respiration and get medical help. 

Do not operate the generator set with the ammeter 
circuit open. Voltage, dangerous to both equipment 
and personnel, can be generated in an open 

secondary circuit of a current transformer. 

If the generator set is stopped by operation of safety 
devices, do not attempt to operate it until the cause 
has been eliminated. 

When the generator set is shut down after operation, 
disconnect all line switches to all external power load 

and parallel circuits. 

ENGINE AND EQUIPMENT, REPAIR AND SERVICE. 

Always stop the engine before cleaning, servicing, or 
repairing the engine or driven equipment. Place all 
controls in OFF position to prevent accidental 
restarting. If possible, lock all controls in the OFF 

position and take the key. Put a sign on the 
instrument panel warning that the engine is being 
serviced. Before restarting, make sure that all tools 
and other material are removed from the engine and 
equipment. 

Proper service and repair is important to the safe, 
reliable operation of engines and related equipment. 
The procedures recommended by Waukesha in this 
manual are effective methods for performing service 
and repair operations. Some of these procedures 
require the use of specially designed tools. The 
special tools should be used when and as 
recommended. Anyone who uses a service, repair, or 
installation procedure not recommended by 
Waukesha must first satisfy themselves thoroughly 
that their safety will not be jeopardized by the service 
methods they select. 

HOUSEKEEPING 

Good housekeeping results in a clean, safe work 

area. An orderly work area with clean walkways and 
neatly arranged tools and equipment is a major factor 
in accident prevention. 

ENGINE FAN BLADES 

1. Do not operate the engine with a fan which has 
been bent, multilated, modified or in any way 
damaged. 

2. Do not operate the engine if the fan contacts or 
strikes any engine accessory or the radiator 
shroud or core. 

3. Do not rebalance the fan. Contact the fan 
supplier if rebalancing is required. 

4. Ensure that all bolts attaching the fan are 
securely installed to a torque specified by the 
engine or vehicle manufacturer. 

5. Install the fan so the word "front" stamped on 
the fan faces the radiator. 

6. Perform all required maintenance on the 
subassembly to which the fan is attached 
(waterpump, fan drive, etc.) (See operator/ 
service manual.) 

7. Do not modify or substitute any parts of the 
engine without the approval of the Waukesha 
Engine Division Service Department. Take 
special care not to make modifications which 
will increase the operating speed of the fan. 

8. Install the fan only if the engine has been 
approved for fan installation. Likewise, install a 

subassembly to which the fan is attached 
(waterpump, fan drive, etc.), only if approved or 
specified for use on the engine. 

9. If the fan or fan drive contains any plastic or 
rubber component, have the fan and drive 
inspected by a qualified mechanic after 
operation at or exposure to excessively high 
temperatures [above 250° F. (120° C.) air 
temperature]. 

10. Replace the fan if indications of excessive 
corrosion or erosion appear in the fan. 

11. For reversible or adjustable pitch fans, make 
sure the blades are correctly locked in the 
proper position prior to operation. Also, inspect 
the fan prior to operation to ensure that ice and 
dirt have not accumulated on the fan to cause 
potential unbalance of the fan. 
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WAUKESHA F-817-G SERIES 

12. Be sure all fans, fan drives and belts are 
properly shielded. 

TURBOCHARGERS 

Turbochargers are specifically designed for each 

application. Nozzle rings must not be changed 
without consulting the engine manufacturer since 
they limit turbocharger rpm. Excessive rpm may 
result.in turbocharger failure with resultant personal 
safety hazards. Turbochargers operate at high 
temperatures. Therefore,. all flammable material 
must be kept away from them. Engines must be shut 
down and at room temperature before working on 

turbochargers or burns will result. Keep all foreign 
material away from turbocharger openings. 

ENGINE STORAGE CHEMICALS 

Waukesha Preservative Oil contains a petroleum 
distilate which is harmful or fatal if swallowed. Avoid 
contact with skin. Vapor is harmful and causes 
irritation of eyes, nose, throat and skin. Use only with 
adequate ventilation. Avoid prolonged or repeated 
breathing of vapor. Avoid contact with skin, eyes, and 
clothing. Do not take internally. Keep container. 
closed and away from heat. Always read and observe 
the "CAUTION- labels on the containers. Do not 
destroy the labels on the containers. 

Generally, heating of preservative compounds is 

confined to 200° F. (93° C.) or less. These 
temperatures are easily reached by placing the 
preservative container in heated water. If this is 
done, the container must be vented or opened to 
reduce the danger of explosion. Direct heating 
presents a dangerous and unnecessary fire hazard. 

FIRE PROTECTION 

Locate fire extinguishers so that they are easily 
accessible if a fire starts. Carefully maintain records 
of extinguisher inspection and recharging to ensure 
the fire extinguishing capabilities when required. 
Consult your fire extinguisher supplier or insurance 
engineer for recommendations on the type, size, and 
quantity of lire extinguishers required. Select and 
post alternate routes of escape from any engine 
installation. Design installation to meet all applicable 
fire codes. 

CLEANING SOLVENTS 

Use approved cleaning solvents in a well ventilated 
area. Avoid breathing fumes; some vapors can be 
fatal. Keep away from Open flames or sparks. Do not 
use gasoline or paint thinners or other highly volatile 
fluids for cleaning. Always read and observe the. 
"CAUTION" labels On containers. Do not destroy the 

labels on the containers. Cleaning solvents can 
cause various types of skin irritations. 

WELDING EQUIPMENT 

Welding gas cylinders can explode if damaged. 
Cylinders must be stored in accordance with 
manufacturer's specifications and applicable safety 
requirements.- 

When using acetylene, check valves should be 
installed between the regulators and hoses to 
prevent flashback into the regulators and supply 
tanks. Flashback could cause the regulators and 
supply tanks to explode. 

Oily and greasy materials must be kept away from 
oxygen valves, hoses, etc. Oxygen may combine with 
such materials and an explosive reaction could 
result. 

Always wear protective eye shields when welding, 
cutting or watching a welding operation. Protective 
clothing and face shields must be worn. Do not weld 
or cut near combustible materials. 

GROUNDING PRECAUTIONS WHEN WELDING 

When using an electric welder on an engine, clip the 
ground lead as close to the welding site as possible. 
Putting the ground lead too far from the welding site 
may result in arcing across the main bearings, and 
fusing them to the crankshaft. 

ELECTRIC POWER TOOLS 

Be certain the electric tool is properly grounded. 
Wear proper eye protection. Do not work in wet or 
damp conditions. Be sure the tool is in good condition 
and safety guards are in position. An electric trouble 
light must also be grounded. Do not carry electric 
power tools by the cord. Do not yank the cord when 
removing from an outlet; instead grasp the plug to 
remove it from an outlet. 

LEAD ACID BATTERIES 

Always disconnect the battery ground connection 
from batteries before performing any work on the 
engine or equipment. This will prevent sparks or 
burns when accidently shorting an electrical 
connection. 

Never expose batteries to .open flame or electric 
spark. Battery action generates a flammable, 
explosive gas. Don't allow battery fluid to contact 
skin, eyes, fabrics, or painted surfaces. Battery fluid 
is a sulphuric acid solution which could cause 
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WAUKESHA F-817 -G SERIES 

serious personal injury or property damage. Wear 
eye protection when working with batteries. 

Precautions When Using Booster 
Batteries and Cables 

Do not attempt to jump start an engine having a 

frozen battery. The battery may rupture or explode. 

Before starting, examine all fill vents on the battery. If 

ice can be seen, or if the electrolyte fluid cannot be 

seen, do not attempt to start with jumper cables. 

Batteries should be treated carefully when using 
jumper cables. The following procedures assist in 

reducing sparks and explosion hazards always 
present in both batteries when connecting charged 
batteries to discharged batteries: 

Turn off all electrical loads. Remove vent caps and lay 

a damp cloth over open vent wells of each battery. 
The charged booster battery or batteries must have 
the same voltage capacity as the discharged battery 
or batteries. 

The positive post is identified by a "+", pos. and red 

color and is larger in diameter than the negative post. 

The negative post is identified by a "-", neg. and 
gray color. 

Negative Grounded Battery or Batteries 

First, connect one jumper cable from the positive post 
on the charged battery or batteries to the positive post 
on the discharged battery or batteries. If more than 
one battery is connected in "series" or "series 
parallel", connect the jumper cable to the positive 
post that has the cable leading to the starting motor. 

Second, connect the other jumper cable from the 
negative post on the charged battery or batteries to a 

good ground on the engine. 

When removing jumper cables, always disconnect 
the ground jumper cable from the engine before 
disconnecting the other jumper cable. 

Positive Grounded Battery or Batteries 

This is the same procedure as for negative grounded 
battery or batteries, except the negative post will 
have the cable leading to the starting motor and the 
positive post will be grounded. 

COMPRESSED AIR 

Compressed air or gases should never be used to 
clean clothing or the body. Compressed air can pierce 
the skin and cause severe and very painful injury. 

Never use your hand to check air, gas, or liquid flow 
rates. Do not engage in "horseplay- with air, gas, or 
liquid hoses. Observe all applicable regulations as 
related to compressed gases. 

SODIUM FILLED VALVES 

When handling sodium filled valves always wear 
approved safety goggles, a hat or cap, long sleeves, 
and gloves. If refacing of sodium filled valves is 
required, do not exert undue force at the grinding 
wheel as this could crack the hollow valve stem and 
allow the sodium to escape. 

Do not handle broken sodium filled valves with bare 
hands. Sodium or sodium residue can cause severe 
burns. Sodium burns are of the same nature as 
caustic burns. Wash burns with large volumes of cold 
water, then neutralize with vinegar. The affected 
parts should then be treated as a burn and medical 
attention sought. 

If a broken valve should ignite, smother the flames in 
dry soda ash or dry sand. Water, carbon dioxide in any 
form, or carbon tetrachloride should never be used on 
sodium fires since these materials react violently 
with hot sodium. The smoke and fumes are irritating; 
adequate ventilation should be provided and 
inhalation or contact with the smoke and fumes 
avoided. 

Broken sodium filled valves may be stored prior to 
disposal in moisture free clean oil or kerosene. 
Unserviceable sodium filled valves must be disposed 
of in accordance with local, state and/or federal 
regulations as applicable. 

INTOXICANTS AND NARCOTICS 

Workers under the influence of intoxicants and/or 
narcotics are unsafe workers and are a hazard to 
themselves and other employees. 

SAFETY PRACTICES FOR HANDLING ACIDS. 

Throughout this manual, acid cleaning procedures 
are recommended for certain castings or pieces of 
equipment. 

WARNING 

Always add the acid to the water - never add water 
to acid when mixing solution. 

1. Avoid contact with skin, clothing, and eyes. 

2. Descaling operations should be performed 
away from all fire, sparks or other ignition 
sources. 
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WAUKESHA F-817-G SERIES 

3. Keep acids off of concrete floors, as it attacks 
lime in the concrete. If solution does get on 
concrete surfaces, apply an alkaline solution to 
neutralize. 

4. Acids can react with metals to form various 
gases. Generally, acid solutions on lime scale 
and rust. result in the formation of harmless 
carbon dioxide. However, when acids contact 
aluminum, zinc, cadmium, tin, sulfides, arsenic 
and cyanides, poisonous and explosive gases 
may be generated. When descaling is being 
done in closed equipment, install proper 
ventilation to carry the gases away. When an 
open tank or crock is used, gases should be 
diluted by adequate air flow above the open 
tank. 

5. Always fill closed vessels from bottom up. 

6. Be sure that there are no leaks in the vessel 
being descaled which will permit solution to 
leak into opposite side of equipment. Good 
practice is to fill the opposite side of the 
equipment being descaled with water to a level 
higher than the acid solution. 

7. Use an acid-proof pump, or an inexpensive, 
expendable one. 

8. When mixing with water, pour acid into the 
water, do not pour water in concentrated acid. 

9. Do not agitate acid solutions with air. 

10. Applications of acid should be followed by 
thorough rinsing, then neutralizing with an 
alkaline solution to remove all acidic residue, to 
prevent further action. 

11. Store acid solutions in either an acid-proof 
wooden or synthetic rubber lined steel 
container should be used. 

12. Check steel equipment to be treated with acid 
solution for copper or brass fittings or fusible* 
metal plugs. If possible, dissimilar metals 
should be removed prior to descaling to prevent 
electrolytic action which might interfere with 
the inhibiting action of acid solution. DO not use 
acid to descale equipment constructed of 
aluminum. 
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WAUKESHA F-817-G SERIES 

INTRODUCTION 
The Waukesha Engine Division, Dresser Industries, Inc., supplies this 

manual as a guide for operating and servicing Waukesha engines. For the 
convenience of the user certain conventional and well-established mainte- 
nance practices have been omitted or included by brief mention only. In such 
instances, good judgment and common sense should be used as a basis for 
whatever mechanical operation is involved. 

Occasionally, unusual or extreme circumstances may appear to justify 
some degree of variation from the recommended procedures. When this 
happens, it is strongly suggested that the problem be submitted to the Ser- 
vice Department of your local Authorized Waukesha Distributor. When re- 
questing information or ordering parts always be sure to include the engine 
model and serial number from the engine nameplate. In addition, any special 
features of the installation, or conversions made by the owner, should be 
mentioned. 

Where tabulated data is provided, the user should realize the clear- 
ances, part numbers, and so on, are subject to change. Consult your local 
Authorized Waukesha Distributor if any doubt arises as to the suitability of 
a given part or clearance. 

Throughout this manual we have used symbols to stress important in- 
formation. These symbols and their meanings are as follows: 

WARNING 

Note 

This symbol preceeds information 
which, if disregarded, may result 
in injury or death of the user of 
the engine or to others. 

This symbol preceeds information 
which, if disregarded, may result 
in damage to the engine. 

This symbol preceeds information 
which is vital to the operation or 
maintenance of the engine. 

Copyright 1964 
WAUKESHA ENGINE DIVISION 

DRESSER INDUSTRIES, INC. 
Waukesha, Wisconsin 

3000 11/77 ZPC 
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WAUKESHA F-817-G SERIES 
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WAUKESHA F-817-G SERIES 

6 

5 

4 

4 

10 

11 

3 2 1 

WAUKESHA MODEL F-817-G, DUAL IGNITION, Right Side 

1. Vibration Damper 7. Crankcase Breather Valve 
2. Water Pump Drive Pulley 8. Downdraft Gasoline Carburetor 
3. Water Inlet 9. Breather Cap 
4. Oil Jumper Line 10. Fan Belt Tension Adjustment Screw 
5. Water Drain 11. Water Pump Belt Tension Adjustment Screw 
6. Heat Shield 12. Oil Filler 

iv 
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WAUKESHA F-817-G SERIES 

WAUKESHA MODEL F-817-G, DUAL IGNITION, Left Side 

1. Oil Pan Inspection Plate 7. Fan Support Bracket Screws 
2. Breather and Oil Filler Cap 8. Timing Data Plate 
3. Tachometer Connection 9. Water Heated Intake Manifold 
4. Governor Spring Adjustment 10. Choke Cable Connection 
5. Governor Spring 11. Manual Fuel Pump Primer 
6. Governor Surge Adjustment 12. Timing Opening 
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WAUKESHA F-817-G SERIES 

1 8 

-wefital. 

3. 

t 

eos4.1420.44'-°-A'1, 

WAUKESHA MODEL F-817-G, INDUSTRIAL ENGINE, Right Side 

10 

1. Oil Drain Plug 7. Breather Cap 
2. Filter By-Pass Valve Plug 8. Water Temperature Connection 
3. Shunt Type Oil Filter 9. Exhaust Manifold Thermostat Housing 
4. Ignition Switch 10. Water By-Pass Line 
5. Throttle 11. Water Drains 
6. Air Cleaners 12. Oil Level Dip Stick 

vi 
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WAUKESHA MODEL F-817-G, INDUSTRIAL ENGINE, Left Side 
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12 

1. Oil Drain Plug 7. Alternator Belt Tension Adjustment 
2. Oil Pressure Relief Valve 8. Water Cooled Exhaust Outlet 
3. Oil Pressure Connection 9. Impco Carburetor Load Adjustment 
4. Semi-Low Tension Ignition Coil 10. Throttle Stop Adjustment 
5. Semi-Low Tension Magneto 11. Impco Carburetor Air Inlet 
6. Oil Supply Line 12. Oil Pressure Gage Connection 

vii 
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WAUKESHA F-817-G SERIES 

WAUKESHA MODEL F-817-G SERIES 

PRINCIPAL ENGINE DIMENSIONS 

Bore 

Stroke 

Displacement (Cubic Inches) 

5-3/8 
6 

817 

Intake Valve Diameter 2-9/16 

Exhaust Valve Diameter 2 

Connecting Rod Bearings, Diameter x Length 3 x 1-31/32 

Connecting Rod Length 11-3/4 

Front Main Bearing, Diameter x Length 3-1/2 x 1-27/32 

Center Main Bearing, Diameter x Length 3-1/2 x 3-15/32 

Intermediate Main Bearings, Diameter x Length 3-1/2 x 1-27/32 

Rear Main Bearings, Diameter x Length 3-1/2 x 2-29/32 

Piston Pin, Floating, Diameter x Length 1-5/8 x 4-15/32 

Piston Rings, Compreision (3) Width 3/32 

Piston Rings, Oil Control (2) Width 1/4 

Timing Gears, Face Width 1-1/4 

Carburetor, SAE Size (Standard) 2 

Carburetor, SAE Size (Fire Engines) 2 

Spark Plugs, SAE Size 14mm 

Flywheel Housing, SAE Size 2 

Flywheel Housing, SAE Size (Unit) 0 

Fan Diameter (Six Blade) 24 (28" unit) 

Cooling System Capacity (Units) 18 gallons 

Weight-Engine, Approximate (lb.) 1810 

Weight-Unit, Approximate (lb.) 2750 

Lubrication System Capacity 
(Engine Only) Standard Pan 18 quarts 

Lubrication System Capacity 
(Engine Only) Box Base 26 quarts 

(All dimensions in inches unless otherwise stated.) 

NOTE: Do not use the above for service adjustment. This information is for 
general purposes only. Consult the Clearance Section of this manual for specific 
information. 

viii 
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WAUKESHA F-817-G SERIES DESCRIPTION 

DESCRIPTION 

GENERAL 

Where variations exist among engines in a 
given series, mention will usually be made in the 
text, and detailed information may be obtained by 
writing the Service Department, Waukesha En- 
gine Division. Always include the engine serial 
number when writing. In most cases no attempt 
has been made to retrace the variations in de- 
sign over years past. 

F-817-G engines are produced in a commer- 
cial and industrial version. The main differences 
involve operational speeds and the crankshaft 
vibration dampner. Also, there are a number of 
variations in ignition, manifolding, flywheels, 
fans, and so on, possible within the framework 
of a given series and type. For this reason, the 
description of the parts must be somewhat gen- 
eralized. All models may be converted to oper- 
ate on either gasoline or gaseous fuels. They are 
not available for kerosene operation. 

When rebuilding or servicing an engine, it is 
suggested that the latest changes and clearances 
be incorporated. Tabular data printed here re- 
presents the latest recommendations at time of 
printing. Separate Parts Manuals, which facil- 
itate ordering of replacement parts and repair 
kits, are also available. 

For purposes of discussion, or correspond- 
ence, the following reference points have been 
established. 

CYLINDER NUMBERING - Cylinders are 
numbered consecutively from one to six, 
starting from the crankshaft pulley end of 
the engine. 

FRONT and REAR - Reference to such lo- 
cations on the engine shall be interpreted 
as meaning from the crankshaft pulley (front) 
and flywheel (rear) ends. 

RIGHT and LEFT - Shall be interpreted as 
meaning from the right and left of a viewer 
standing at and facing the rear (flywheel) 
end of the engine. 

ROTATION - Standard rotation is counter- 
clockwise standing at and facing the rear 
(flywheel) end of the engine. 

Since many of the parts described contain 
complex oil or water passages, no mention has 
been made of these openings in most cases. 

1 

Lubrication and cooling are discussed under 
separate headings later in the Description Sec- 
tion. 

CRANKCASE 

The crankcase of the model F-817-G is a 
single high-grade iron casting incorporating 
seven heavily ribbed main bearing supports and 
locations for the six wet-type cylinder sleeves. 
Cooling water passages are formed between the 
side walls of the crankcase and the cylinder 
sleeves. Thus, the sleeves are always in direct 
contact with the coolant for their full length. 

Since the cylinder sleeves are of the re- 
movable type, it is necessary to provide a seal 
at both ends. At the upper end this is done 
by the head gasket which seals the accurately 
finished mating surfaces at the joint between 
the sleeve flange and the crankcase deck recess. 
Two rubber seal rings are used at the lower 
end of the sleeve. Current engines utilize one 
rubber seal ring and one Teflon seal ring. 

The crankcase has four accurately aligned 
locations for the camshaftbushings. These bush- 
ings, located on the left side of the engine, 
support the camshaft at the front and rear, and 
at two intermediate points, all of which are line 
bored (precision service camshaft bushings are 
available) and supplied with oil under pressure. 
Immediately above the camshaft are 12 cam- 
follower guides cast as integral parts of the 
crankcase. These guides may be rebushed as a 
service measure, providing machine shop facil- 
ities are available. Drilled holes from the tappet 
compartment meter oil to each tappet and cam 
lobe. 

The forward end of the crankcase provides 
a housing for the crankshaft-drive gear, and 
the cam gear, magneto-drive gear, and idler 
gear. The front end of this housing is closed by 
a gear cover supporting the crankshaft oil re- 
tainer and camshaft and idler thrust-button 
plates. A line-bored idler bushing is pressed 
into the front of the case. A pre-fitted, pre- 
cision-type replacement is available for ser- 
vice use. 

At the rear end of the crankcase is a mount- 
ing surface for a flywheel housing and a retainer 
for the spring-loaded rear oil seal. To en- 
sure accurate mounting of the clutch or other 
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WAUKESHA F-817-G SERIES DESCRIPTION 

CRANKCASE 

FAN BELT TENSION 
ADJUSTING SCREW 

FAN BRACKET 

CRANKCASE lej, 
WATER DRAIN 

4 ©° 

4 - 

Ql 

WATER INLET LINE 

MAIN BEARING 
CAP (REAR) 

OIL JUMPER 
(FOR OIL COOLER- 

FULL FLOW 
FILTER SYSTEM) 

MAIN BEARING 
CAP (CENTER) 

OIL FILLER 
CAP 

BEARING RETAINER 
(MAGNETO DRIVE) 

IDLER SPINDLE BUSHING 

MAIN BEARING CAP 
(FRONT AND INTERMEDIATE) 

CRANKCASE - RIGHT SIDE F-817-G SERIES 

drive unit on the flywheel housing, the rear 
surface of the engine is held to very close 
tolerances. 

Inspection panels, located on the left side 
of the crankcase, permit cleaning if required. 

A longitudinal rifle-drilled passage extending 
along the left side of the crankcase forms the 
main pressure-oil header. Threaded plugs 
spaced along this rib indicate the intersection 
points of oil leads to the main bearings. Re- 
moval of these plugs permits cleaning of the 
oil passages after crankshaft and main bearings 
have been removed for inspection. 

Faced mounting bosses and connections are 
provided at various points on the crankcase 
exterior for mounting accessories, lines, and 
other equipment that may be selected by the 
engine operator. 

2 

CYLINDER HEADS 

The cast-iron cylinder heads used on this 
engine series are available in a number of 
variants depending upon the purpose and fuel 
for which the particular engine is designed. It 
is usually necessary to change both heads on 
a given engine when an older head is replaced 
by a new one of supersedingpart number. 

Also, promiscuous interchange of heads with 
conflicting part numbers between engines of dif- 
ferent variants can seriously impair perform- 
ance and result in costly damage. 

Do not attempt to judge two heads as being 
alike merely because they appear to be so. 
Differences in valve insert and guide metals, 
port ratios, cooling passages invisible to the 
eye, valve spacings, and so on are not readily 
apparent. Heads of different part number should 
be used only after consulting the Service De- 
partment, Waukesha Engine Division. 
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WAUKESHA F-817-G SERIES DESCRIPTION 

In those heads incorporating valve seat in- 
serts, the inserts are retained by a combination 
pressing and shrinking method. The inserts 
are both shrunk and pressed in place. 

On new or recently overhauled engines the 
cylinder head hold down stud nuts should be 
retightened to the proper torque values after first 
warm-up and after approximately fifty engine 
hours. It is equally important that the stud nuts be 
tightened in the proper sequence as illustrated in 
the clearance sections at the rear of this manual. 

CYLINDER SLEEVES 

The wet-type cylinder sleeves are cast from 
high-grade iron especially selected for long 
wearing qualities and resistance to distortion. 
Each sleeve has a shoulder and flange at the 
upper end to locate it in the crankcase upper 
deck and prevent shifting and leakage when 

the cylinder head and gasket are above it. 
Both this flange, and the crankcase deck recess 
into which it fits, have precision-finished mating 
surfaces to form a water seal in this area. 
The lower end of the sleeve is tapered, and 
immediately above the taper are two grooves 
for the rubber seal rings. Current engines utilize 
one rubber seal ring and one Teflon seal ring. 

CRANKSHAFT 

The F-817-G crankshafts are precision 
ground from heat-treated steel forgings. Operat- 
ing smoothness is gained from the torsional vi- 
bration dampner at the forward end. Crankshafts 
are of massive design to provide ruggedness for 
hard, continuous service and have seven locally- 
hardened main-bearing journals. Bearings are 
of copper-lead material. Drilled passages, run- 
ning diagonally from the main-bearing journals 
through the crankcheeks, carry pressure oil to 
the connecting-rod bearing areas. The rear ex- 

VALVE TAPERS ----012 EXHAUST VALVE SPRING RETAINER 

INTAKE VALVE 
SPRING RETAINER 

VALVE SPRING 

er't 

INTAKE GUIDE 
ROCKER ARM 

OIL CONTROL VALVE BUSHING 

OIL LINE 

ROCKER ARM 
11;1 INTAKE 

EXHAUST VALVE ROTATOR 

LONG STUD 

EXHAUST 
ROCKER ARM 

ROCKER ARM 
SHAFT 

ROCKER ARM SUPPORTS 

SHORT 
STUD 

COVER 
RETAINING NUT 

CYLINDER HEAD 
EXHAUST 

GUIDE 

EXHAUST 
SEAT INSERT 

INTAKE VALVE 
EXHAUST VALVE 

HEAD GASKET 

SNAP RING 

BREATHER CAP 

ROCKER COVER 

CYLINDER HEAD, DUAL IGNITION 
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CHROME 
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CONNECTING ROD 
BEARING HALVES 
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CYLINDER SLEEVE 
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VIBRATION DAMPENER 

CONNECTING ROD CAP 

REAR OIL SEAL 
(FACE TYPE) 

FLYWHEEL 

CRANKSHAFT, PISTON, SLEEVE, AND FLYWHEEL 

tremity of the shaft has an integral flange for the 
flywheel. This flange is drilled and tapped for 
eight flywheel mounting bolts. One bolt hole is 
offset in order to ensure the installation of the 
flywheel in the proper relationship with the 
crankshaft. The rear journal blends into a fin- 
ished shoulder surface designed to absorb thrust 
loads at the crankcheek. This shoulder bears 
against the thrust rings. The proper crankshaft 
end thrust must be maintained at all times within 
the allowable limits. 

The front extension of the crankshaft pro- 
vides two keyed mounting surfaces to support 
the crankshaft drive gear and fan pulley. 

In engines requiring it, a torsional vibration 
dampener is bolted to the outer face of the fan 
pulley. 

CONNECTING RODS 

Six forged and heat-treated I-section con- 
necting rods are used in F-817-G engines. Four 
heat-treated bolts and locking nuts retain the rod 
cap. The rods and caps are forged, heat-treated, 
and machined in one piece, then separated, and 
bored to accommodate steel-backed, precision 
bearing shells. The shells are positively located 

4 

in the rod and cap by small offsets that engage 
reliefs in the cap and rod at the joint. The cap 
has a locating dowel that engages a hole in the 
bearing shell in earlier engines. 

Steel backed aluminum bushings are pressed 
into the piston pin end of the rods, and diamond 
bored for precise alignment. These bushings are 
used as a master reference for boring the large 
end bearing shell seats. For this reason, con- 
necting rods are never bent for alignment pur- 
poses, at the factory or in the field. 

A rifle-drilled passage running upwards 
through the connecting rod center conducts oil 
from the crankpin bearing to the piston pin 
bushing and piston pin bosses. 

The connecting rods have a 1/8"-wide oil slot 
in each big-end outer face. These slots direct 
positive oil sprays to the cam-tappet area. Con- 
necting rods must be installed so these slots 
are toward the camshaft. 

PISTONS 

Pistons of several different configurations 
may be employed in F-817-G engines depending 
upon the engine application. Current ring setup 
calls for a chrome plated compression ring in 
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WAUKESHA F-817-G SERIES DESCRIPTION 

the top groove, plain compression rings in the 
second and third grooves, and an oil control 
ring in both the fourth and fifth grooves. When 
ordering rings or replacement pistons, the 
operator should carefully check the exact part 
number of the piston and its ring installation. 
In those cases where pistons have been rework- 
ed locally, it may be impossible to fit the proper 
rings. 

The piston pins are of full-floating, tubular 
design, lapped and hardened. They should be a 
light push fit at normal temperatures. Retainers 
in the piston-pin bosses limit pin end travel 
but enough freedom should be apparent here to 
be sure the pin is not binding. Considerable 
care should be used in service operations to 
ensure proper piston pin fitting. Carelessness 
may result in over-tight fits that encourage 
scoring, or loose fits that make for a noisy 
engine. 

VALVES AND MECHANISM 

Intake and exhaust valves are of the poppet 
type with hardened tips and annular recesses for 
split-taper locks. A considerable variation in 
valves and guides exists among the different 
engine models and also among superseding heads 
used on the same model. In some cases, the 
differences are entirely a matter of the metal 
employed. When replacing valves, valve guides, 
or valve seat inserts, exercise caution to use 
service parts of the correct material. Exhaust 
valve rotators are used on gasoline fueled en- 
gines in this series. 

Sodium filled exhaust valves have been used 
on some engines. Refer to the SAFETY PRE- 
CAUTIONS in the front of this manual for proper 
handling and disposal of sodium filled valves. 

Stellite seat facings are employed on the 
exhaust valves of some models and these valves 
seat on stellite faced inserts. In all cases, 
hardened exhaust inserts are used. 

Intake and exhaust guides are pressed into 
the cylinder head but may be removed and re- 
placed if necessary. 

Valves and springs are retained by hardened 
washers stepped to center the springs and seat- 
ing on split-taper locks. Dampener coils (close 
wound) on the valve springs should always be 
installed downward; . towards the head. Again, 
care must be exercised to use the proper springs 
for a given engine. 

Valve actuation is obtained through tungsten 
carbide faced alloy cam followers operating 
directly on the camshaft. This motion is trans- 
mitted to the rocker arms through steel push 
rods hardened at each end. 

5 

The forged steel rocker arms pivot on 
graphite-bronze bushings riding on a hardened 
hollow steel shaft. The bushings are pressed 
into place, then reamed. The rocker arms are 
offset to align with their respective exhaust 
and intake valves, and to ensure long wear 
and accurate adjustment are hardened.in the 
valve tip contact area. Since valve and guide 
lubrication are controlled by the width of the 
ridge leading from the oil hole to the tip, 
intake and exhaust rocker arms must not be 
interchanged at assembly.. 

The rocker arm shafts are plugged at each 
end and drilled outlets along the shafts mate 
with passages in the rocker arm bushings to 
permit lubrication. 

CAMSHAFT 

The Model F-817-G camshaft is a single 
forging with ground and hardened cam lobes and 
journals. 

An integral spiral gear is located between 
the rear intermediate and rear journals for the 
oil pump drive. Another spiral gear located 
midway on the camshaft drives the distributor. 
The forward end of the camshaft is keyed for 
the pressed-on cam drive gear and is drilled 
to provide a location for the spring-loaded thrust 
button. 

Rotation of the camshaft provides a regu- 
lating action, in proportion to engine speed, 
for the rocker arm lubrication. This intermittent 
oiling effect is obtained by one hole drilled 
through each of the intermediate camshaft 
journals. 

Intermittent oiling of the camshaft drive gear 
is obtained from two intersecting drilled pas- 
sages in the front camshaft journal. All cam- 
shaft journals run in pressure lubricated steel- 
backed babbitt bushings. 

In addition, an eccentric lobe, located pro- 
perly with respect to the crankcase mounting 
pad of the engine model involved, is used to 
drive the fuel pump. 

Modern cam designs have developed a cam 
on which a distinctly different timing check pro- 
cedure must be followed than is customary with 
the earlier cams. Other methods or clearances 
will give misleading and erroneous results. 
This is explained in the section of this manual 
dealing with valve timing and the reader is 
cautioned that camshafts with different part 
numbers must be checked with clearance limits 
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WAUKESHA F-817-G SERIES DESCRIPTION 

REAR-DOWN EXHAUST MANIFOLD 

EXHAUST MANIFOLDS 

As with the intake manifolds, exhaust mani- 
folds are suited to the engine installation. Pro- 
visions are made for various combinations to 
permit exhaust gas to exit at center or rear 
of the manifold: and in some cases in an upward 
or downward direction. Installations where high 
exhaust manifold temperatures might create a 
fire hazard or cause operator discomfort may 
be equipped with water-cooled manifolds. 

When designing systems to conduct exhaust 
gases from the engine, restrictions to flow 
should be minimized and back pressure held to 
one-half pound per square inch maximum. 

WATER-COOLED EXHAUST 

MECHANICAL GOVERNORS 

Mechanical governors used on the F-817-G 
series engines are of the familiar centrifugal 
type. Two weights, driven directly from the 
engine gear train, respond to variations in 
engine speed by moving inward or outward 
from the governor shaft. This movement is 
transmitted to the governor weight shifter lever 
through a pilot bearing sliding on the governor 
shaft. From the shifter lever the movement 
is carried to the butterfly valve between the 
intake manifold and the carburetor by a series 
of linkages. For example, as the engine tends 
to slow down under an applied load, the weights 
move inward due to the reduced centrifugal 
force. Through the linkage system, this weight 
movement causes the butterfly valve to open 
and admit more fuel and air to the engine, thus 
restoring normal loaded speed. 

The governor also acts as a protective 
device to prevent engine damage from over- 
speeding. Here, as the speed increases towards 
that speed established as the maximum, the 
weights move outward under the increased 
centrifugal force. This movement is opposed by 
the governor spring. When the force acting on 
the weights is balanced by the spring tension 
the butterfly linkage stabilizes. At this point 
the amounts of fuel and air entering the engine 
are held to those needed for the selected 
maximum speed and no more. 

From the preceding paragraph, it can be seen 
that the maximum speed of the engine is regulated 
by the tension of the spring. An increase in 
spring tension increases the maximum governed 

FRONT MOUNTED GOVERNOR 
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REAR-MOUNTED GOVERNOR 

speed; a decrease in spring tension decreases 
the maximum governed speed. 

Because overspeeding is apt to have such 
serious effects upon engine life, it is strongly 
recommended that the rated speed for any 
particular engine not be exceeded. In cases 
where some advantage seems possible through 
increased speed, the Service Department of the 
Waukesha Engine Division should be consulted 
before changes are made. 

For installations requiring speed variations 
with the top speed definitely limited, the main 
governor spring is attached to a movable pivot 
linked to a hand or foot throttle. 

Also, since the speed of response to load, 
the desired speed drop under load, and so on, 
will differ depending on the engine application 
and circumstances, it is recommended that 
unusual governing requirements be worked out 
with the assistance of the Service Department 
of the Waukesha Engine Division. Ordinarily, 
certain minor changes are all that is required 
to adapt this type of governor to its job. 

For use with the high-output versions of 
these engines, a governor type especially adapted 
for higher rotational speeds has been designed. 
This type of governor mounts on the pad used 
to support the magneto in other types of engines 
and is readily identifiable both from its location 
and its appearance. Also, the dome-shaped 
housing at the front of the gear cover is not 
used with this unit. In principle and general 
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construction, however, the rear-mounted gov- 
ernor does not differ from the others. Therefore, 
it requires no unusual adjustment techniques or 
service attention. 

As an aid to quick stabilization at minimum 
and maximum speeds, a small surge spring is 
incorporated in most governors. 

ZENITH MECHANOVAC GOVERNOR 

The Zenith mechanovac speed governor is a 
mechanical type governor which uses the engine 
manifold vacuum to actuate the throttle controls. 
As the name "Mechanovac" implies, it combines 
the use of mechanical force and vacuum to regu- 
late the speed of the engine. It consists of a con- 
ventional flyweight type speed unit and a vacuum - 
powered slave unit with a control cable assembly 
connecting the two units. 

The distance between the speed and slave units 
is not a matter of importance. The control cable 
and housing assembly is "tailored" to fit with as 
few bends as possible; and with no sharp bends 
which would interfere with the free travel of the 
cable inside the housing. The total travel of the 
cable is less than 1/2". 

The design of the valve includes a vacuum 
safety device. If for some reason the diaphragm 
in the slave unit becomes inoperative, the me- 
chanical force alone is sufficient to prevent a 
runaway engine speed. 

Operation 

The speed of the engine causes the flyweights 
in the speed unit to swing out. This motion is 
transmitted by the flyweight levers to the control 
valve in the slave unit by means of the cable that 
connects the two units. 

The governor spring in the speed unit and, in 
some installations, a buffer spring in the slave 
unit resist the free movement of the cable and, 
therefore, of the control valve. The governor 
spring rate and the tension are adjustable. The 
"pull" of the spinning flyweights increases with 
the speed of the engine. At a pre-determined 
speed the spinning flyweights have sufficient 
force to overcome the spring-tension and pull 
the cable to open the control valve in the slave 
unit. This permits manifold vacuum to evacuate 
the chamber back of the diaphragm. The evac- 
uation of the space back of diaphragm causes 
the throttle to be moved towards the closed po- 
sition against the tension of the throttle lever 
spring. 
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C11.1 SIT SCREW 

PORT PLUG 

VACUUM RELIEF PORT 

DIAPHRAGM 

THROTTLE LIVER 
SPRING 

THROTTLE LEVER 
(wide open position) 

at ride open 

CABLE ASSEMBLY 
(must be Iree of 
sharp bends) 

VALVE HEAD 
BUFFER SPRING 

(tome units only) 

VACUUM CHANNEL 

VALVE GUIDE 

VALVE PORTS 
dosed pewit lion, 
powelt Ir tree. sir 
vent its enter OO 

sheathe. thew wive 
ports) . 

VACUUM CHAMBER 

This CHAMIIR vented 
to atones 

VALVE GUIDE 

AIR VENT 

MANIFOLD VACUUM 
CHANNEL (thsi 

e body) 

LEVER POSITION NUT 

LOCKNUT 

SLAVE UNIT on THROTTLE BODY 

CABLE SET SCREW 

SET SCREW PORT PLUG 

ADJUSTING PORT COVER 
LOCK 

OIL LEVEL 
PLUG 

SPEED UNIT at POWER TAKE OFF 

CABLE ASSEMBLY NUT 

CARLE CONTROL ROD 

MAIN SPRING TENSION 
ADJUSTING NUT 
(left hand thread/ 

MAIN SPRING RATE 
ADJUSTING NUT 
(right hand thread 

MAIN SPRING 

THRUST BEARING 

RISER 

FLYWEIGHT AXLE 

FLYWEIGHT CARRIER 
A SHAFT 

MATCHED PAIR 
FLYWEIGHTS 

SHAFT BEARING 
iodise 

L 

TAPER PIN 

SHAFT DRIVER 

ZENITH MECHANICAL GOVERNOR, CROSS SECTION 

This movement of the diaphragm (and throttle) 
will continue to follow the movement of the valve 
until the bearing over-reaches the orifice in the 
control valve to permit orifice to function as an 
air bleed to bring the evacuated chamber into 
balance with the tension of lever return spring. 

The head of the valve is so designed that, in 
the event of a diaphragm or vacuum failure, it 
will press against the bearing to close the throttle 
mechanically and prevent a runaway engine 
speed. 

Any change in road or load conditions is re- 
flected immediately in the engine speed and man- 
ifold vacuum which causes the governor to re- 
spond automatically to the new demands. 

VACUUM COMPENSATOR 

The vacuum compensator which is used on 
certain applications and is located on the gov- 
ernor housing, is a tempering device which 
works in combination with the engine governor 
to provide closer speed regulation than is 
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possible with the governor alone. Its operation 
is a function of the intake manifold vacuum 
which reflects the load on the engine. (At 
full load, vacuum is low; at no load, vacuum 
is high.) Thus the governor's action is con- 
trolled not only by speed, as in ordinary oper- 
ation, but by load as well. This close regulation 
is necessary in generator operation to permit 
proper control of generator frequency and 
voltage. Adjustment of vacuum compensator 
equipped governors is discussed in the Service 
Section. 

HYDRAULIC GOVERNOR 

In engine applications requiring extremely 
close governor regulation the Woodward Model 
PSG Hydraulic Governor is frequently used. 
This governor is mounted vertically on a right 
angle drive housing and is driven by the gover- 
nor-magneto drive gear in the engine's gear 
train. 

The PSG governor is a hydraulic speed 
governor with buffer type compensation. It is 
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normally isochronous, that is, if the engine 
is not overloaded it maintains the same speed 
regardless of load, except momentarily at the 
time load change occurs. 

It is desirable that the engine be equipped 
with a separate overspeed device to prevent 
runaway in the event of any failure which may 
render the governor inoperative. A distributor 
drive featuring a tachometer or overspeed adap- 
ter can be provided to mount and drive a device 
of this type. 

The governor uses engine lubricating oil. 
Oil is supplied to the governor oil pump where 
its pressure is boosted to 175 psi above inlet 
pressure. Four check valves two of which are 
shown are used to permit rotation of the gov- 
ernor in either direction. Relief valve discharge 
is back to supply, so unused oil is recirculated 
within the governor. 

The governor oil under pressure is carried 
through ducts to the pilot valve, which is a 
three-way spool valve arranged to connect the 
area below the governor power piston to the 
pressure oil supply upon an underspeed signal 
or to discharge upon overspeed. The governor 
flyweights are carried on pivot pins in the 
rotating bushing which forms both the outer 
member of the valve and the drive shaft. The 
flyweights act upon a thrust bearing attached 
to the pilot valve plunger and their centri- 
fugal force is translated to axial force at the 
flyweight toes and opposed by the speeder spring. 

10 

Speeder spring compression, and therefore the 
speed at which the governor must run in order 
that the flyweight force will balance that of 
the spring, is adjusted by the position of the 
peed adjusting lever. 

The isochronous feature of this governor 
is provided through the use of a compensating 
system which establishes temporary speed droop 
stability and then dissipates this droop so that 
engine speed is constant under steady state 
conditions regardless of load. This compensating 
system consists of a buffer piston floating be- 
tween two springs to establish a pressure differ- 
ential as oil flows to or from a section of the 
power cylinder together with a compensating 
land on the pilot valve plunger across which 
this differential pressure is applied, and a 
needle valve through which the pressure differ- 
ence is dissipated. 

Upon a reduction in engine speed from its 
set value, the speeder spring force overcomes 
the reduced centrifugal force of the flyweights 
and the pilot valve plunger moves downward 
in its bore. This movement uncovers the port 
at the lower end of the plunger, permitting 
oil under pressure to enter the passage leading 
to the power cylinder. The power piston has 
two concentric areas, both of which are exposed 
to the control oil metered by the pilot valve, 
the lower smaller diameter being acted upon 
directly, and the upper annulus being connected 
through the bore in the power piston in which 
the buffer piston is carried. Flow of the oil 
into the power cylinder forces the power piston 
up against the return spring and some of the 
oil displaces the buffer piston to force oil 
into the upper annulus. This flow into the 
upper annulus establishes a pressure differential 
across the buffer piston, which is transmitted 
to the spaces above and below the compensating 
land on the pilot valve plunger. The higher 
pressure on the lower side of this land acts 
in the direction to supplement the flyweight 
force, causing the closure of the pilot valve 
before the original speed has been regained. 
As oil leaks across the needle valve this false 
speed signal is dissipated and the buffer piston 
recenters in its bore with engine speed returning 
to normal. 

Action under the influence of an overspeed is 
similar but in the reverse direction. The in- 
creased centrifugal force of the flyweights, due 
to the increased speed, overcomes the speeder 
spring force and lifts the pilot valve plunger. 
Upward movement of the pilot valve plunger 
opens the regulating port to drain and permits 
the power piston to be forced in the reduced 
fuel direction by the return spring. At the same 
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time, flow of oil out of the annular space 
between the two diameters of the power piston, 
uncenters the buffer piston in the downward 
direction. The pressure difference thus created 
across the buffer piston, acting on the compen- 
sating land, recenters the pilot valve plunger. 
As oil leaks across the needle valve this pres- 
sure difference is dissipated and the return of 
speed to normal brings the flyweight force back 
to normal. 

MAGNETO DRIVE 

In addition to driving the governor system, 
the gear and shaft of some F-817-G governors 
may be used for a magneto drive when magneto 
ignition is employed. For this purpose a standard 
key and slot magneto coupling is located at the 
back end of the governor shaft. It should be 
noted that the practice of marking one tooth 
on the magneto-drive gear has been discontinued 
although the letter "M" may still be found on 
the cam gear. This was done because the large 
number of magneto variations, timing differ- 
ences, and so on, required for different services 
made the setting of the magneto coupling in 
any fixed place impractical. 

The magneto coupling .discs have two key- 
ways, one of which is displaced 10° from being 
diametrically opposite the other. This permits 
a variation of about the width of one gear tooth 
when timing the magneto. That is, if the magneto 
coupling slot and keyway cannot be engaged with- 
out tilting the magneto beyond the limit of the 
adjustment slot for the mounting stud, it is 
possible to pull the coupling from the governor 
shaft, and shift it around to the other keyway. 
Generally, the magneto position will be about 
right if the key on the governor shaft is lo- 
cated as shown in the illustration accompany- 
ing the Magneto Timing instructions in the Ser- 
vice Section of this manual. 

LUBRICATION SYSTEM 

Current engines, although still supplied with 
the shunt type oil filter as standard equipment, 
feature a modified lubrication system which is 
designed for easy conversion to full flow oil 
filtering and oil cooling or both. Engines having 
this latest system are identified by the external 
oil cross tube which is located on the right side 
of the crankcase just below the water pump 
outlet to crankcase connection. 

11 

GEAR LUBRICATION SYSTEM 

The F-817-G engine uses a wet-sump, full 
pressure system. With the exception of the in- 
cidental oil ordinarily left in the lines, filters, 
and passages, the entire oil supply of the engine 
is contained in the sump unless an external oil 
leveler accessory is applied. 

The oil pump inlet is submerged within the 
oil screen and the equalizer cup. Therefore, 
the pump is self-priming under all normal 
conditions. When the engine starts and the oil 
pump gears rotate, the oil is picked up between 
the pump gear teeth and the pump walls and 
carried around to the outlet side of the pump. 

Oil leaving the oil pump outlet is carried 
through internal tubing to an oil passage located 
on the right side of the crankcase. Entering the 
passage on the right side of the crankcase, oil 
is directed out of the case into either a full 
flow type filter or an oil cooler. If the full flow 
filter or cooler are not used an external con- 
nection is used to direct oil back into the case 
where it passes through a transverse passage 
which connects to the main oil gallery on the 
opposite or left side of the engine. 

Roghan Rd Hardfill Leachate Pump Tip Engine OM Manual

Q-Pulse Id TMS652 Active 29/01/2014 Page 29 of 140



WAUKESHA F-817-G SERIES DESCRIPTION 

LUBRICATION SYSTEM SCHEMATIC 

On the oil pump a portion of the oil entering 
the housing is metered through small holes in 
the shaft and pump drive gear to lubricate this 
gear meshing with the spiral gear on the cam- 
shaft. 

The pressure relief valve, controlling oil 
pressure, opens off the main oil gallery. A 

spring-loaded piston of conventional design 
moves outward to relieve oil pressure through 
a spillback to the sump. The pressure at which 
this occurs is controlled by the screw adjustment 
regulating spring tension on the valve. The 
pressure relief valve is adjusted at the factory 
and should not require attention for a long period 
of service unless disturbed. 

The oil, with the exception of that by-passed 
through the pressure relief valve, flows through 
the main oil gallery under controlled pressure 
and enters the seven drilled passages through 
the crankcase webs to each main bearing. Each 
.crankshaft main-bearing journal is drilled diag- 
onally to provide a passage leading through the 
crankcheek and emerging at the crankpin to 

12 

lubricate a connecting rod bearing. Some of this 
oil leaves the connecting rod bearings through 
the bearing side clearance, the remainder passes 
upwards through the rifle-drilled connecting 
rods to lubricate the piston pin bushing. Oil 
from both of these sources sprays or splashes 
on the cylinder walls and is metered by the pis- 
ton rings for correct piston lubrication. 

A slot' in the upper bearing shell running sur- 
face is provided in a location 30° off center on 
the tab side. This slot conducts oil to mating 
slots on each face of the connecting rod. Oil 
leaving these openings impinges directly on the 
cam contact area of the tappets, thus providing 
positive lubrication at this point. 

Four drilled passages from the front, rear, 
and two intermediate main bearings lead to the 
camshaft journals. Oil delivered to these. jour- 
nals serves the primary function of lubricating 
the cam bearings and in addition accomplishes 
several auxilliary oiling functions. At the gear 
end of the camshaft, drilled holes in the journal 
intersect a passage leading outwards for a short 
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distance into the cam drive gear hub. Drilled 
holes allow oil under pressure and centrifugal 
force to escape towards the gear interior rim 
where part of it is trapped in a shallow groove. 
Short drilled holes leading from this rim through 
the gear teeth allow the oil to pass outward 
and lubricate the gear train. 

Both intermediate cam journals meter rocker 
arm oil, and the oil passes through drilled holes 
in a pillar-like strut running vertically across 
each tappet compartment. To provide for inter- 
changeability of heads, the mating oil hole in the 
cylinder head is duplicated by another hole that 
seats blind upon the upper deck of the crankcase. 
Both of these holes are equipped with fittings 
and tubes leading to the rocker arm lubricating 
system. Here, the oil pressure is relieved by 
metering orifices that serve to prevent over- 
lubrication of the valve guides. Field adjustment 
of these orifices may sometimes be needed in 
special circumstances. 

Scavenger oil drains back through the tappet 
compartments via the space around the push 
rods. A drilled passage leading from the tappet 
compartment at each tappet returns the oil to 
the crankcase and lubricates the cam lobes 
individually. 

The front end of the crankcase contains two 
other drilled passages not yet mentioned. One 
leads from the front crankshaft bearing to the 
idler gear shaft bushing. The other leads from 
a small groove behind the front cam bushing 
to the governor and magneto drive support 
pad. In the standard governors, this oil is 
forced through the governor drive shaft and re- 
leased between the sliding pilot and the outside 
surface of the shaft. The rear-mounted high- 
output governors are lubricated by oil led 
through a separate line from a case outlet at 
the left of the mount pad. A lower line leading 
from the rear of the governor to the oil filler 
elbow fitting is for drain purposes. 

In those operations where unusual angles 
may prevent oil from reaching the pressure pump 
gears at all times, scavenger pump units and 
pickups for various points in the oil pan are 
available. Fore and aft angles in excess of 
those stated in the Clearance Section require 
investigation by the Service Department, Wau- 
kesha Engine Division, to determine exact 
scavenging requirements. 

OIL PUMPS 

The lubricating oil pumps 
engines are all of the spur 
exact size, drive method, and 

used on F -817 -G 
gear type. The 

design of a given 
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pump depends upon the engine application and 
the oil pan design and type of lubrication system. 
Make sure that a pump designed for the new 
system is not used with the old system. Although 
the pump would fit correctly, the new pump does 
not have the necessary oil hole in the upper pump 
shaft support housing to deliver oil directly to the 
main gallery. Ordinarily, only a pressure pump 
is used, but where the engine may be subjected 
to angular operation a scavenger pump is avail- 
able. 

In all cases, the pumping action is obtained 
from a pair of precision gears running together 
within a closely fitted housing. Since the oil is 
carried from the inlet side to the pressure 
side of the pump in the pockets formed between 
the pump walls and the gear teeth, it is plain 
that clearances must be correct in this area. 
Hence, the use of gaskets of incorrect thickness 
when inspecting or repairing the pump may 
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lead to trouble. Also, foreign material such as 
hard carbon, bits of broken cotter pins, lock 
wire, and so on will ruin the pump if allowed 
to run through the gears. 

For the above reasons, as well as for the 
sake of the engine in general, the pumps are 
all provided with a so-called "diving bell" 
oil level equalizer and a screen. The level 
equalizer helps maintain an air-free supply of 

oil at the pump inlet regardless of engine move- 
ment. Together with the screen, this unit pro- 
tects the engine against poor lubrication. Re- 
moval of the screen followed by a thorough 
cleaning and replacement is recommended at 
intervals determined by experience with the 
service and oil involved. 

Oil pump drives of the spiral gear type ac- 
tuate the pumps from the camshaft through a 
shaft running in bronze bushings at each end of 

the pump casting. The pump drive gear in 
turn rotates the mating driven gear which runs 
on an idler shaft supported at each end by 
bronze bushings. Oil pressure control is main- 
tained by a conventional piston-type, spring- 
loaded, pressure relief valve located in the main 
oil header and adjustable from the outside of 
the engine. A second pressure relief valve 
integral with the oil pump is set at a pressure 
higher than the external valve and is not 
intended for service adjustment. 

OIL FILTER - SHUNT. TYPE 

14 

OIL FILTERING 

Oil filtering is usually accomplished by the 
shunt method in which a portion of the oil is 
bled from the main oil header, passed through 
the filter, and returned to the sump. With this 
system a severely clogged filter will not shut 
off oil pressure to the engine. On the other 
hand, a filter in a clogged condition permits 
rapid accumulation of foreign material in the 
lubricant and contributes greatly to engine wear. 
Current engines featuring the new lubrication 
system can be easily converted to the full- 
flow system if desired. 

Pressure lubrication for air compressors 
mounted on the accessory pad above the gear 
housing on the right side of the engine is pro- 
vided by a line leading from the main oil header 
on the left side of the engine. Scavenge oil 
from the compressor drains back through a 
passage in the mount pad into the gear housing. 

Full flow filters may be mounted remotely 
if practical. Extended engine service life is ob- 
tainable with full flow filtration but somewhat 
more attention to filter changes is required from 
the operator. Remember. . .with full flow filter- 
ing, all the oil going to the bearings must first 
pass through the filter. In addition, leaks at filter 
gaskets or improper assembly of filter com- 
ponents can have serious effects on oil pressure. 
For this reason, the use of filter elements not 
specifically made for the filter involved is not 
recommended. It is emphasized that a full-flow 
filter is a definite part of the engine oiling sys- 
tem. 

OIL COOLER INSTALLATION 

Special circumstances may make it necessary 
to provide oil cooling. Such an installation might 
be an irrigation pump operating in high ambient 
temperatures at relatively heavy load, and with- 
out the benefit of cooling fan blast. Such a 
combination of conditions may cause localized 
heating of accessories, primarily the magneto, 
and the use of an oil cooler will often ease 
the heat concentration in a practical manner. 
The Waukesha Engine Division has recommend- 
ed an external oil cooler which may be connect- 
ed into the engine oil system. Oil cooler mainte- 
nance is discussed further in the Service Sec- 
tion of this manual. 

COOLING SYSTEM 

The cooling system used on the F-817-G 
engine is of the pressure circulating type and 
may employ a variety of external cooling de- 
vices such as radiators, cooling towers, heat 
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exchangers, and so on. Maximum back pres- 
sures, feeding into cooling devices, should not 
exceed 1 lb. per square inch at 900 RPM, and 
2 lbs. per square inch at higher speeds. In 
all cases, the water enters the water pump 
inlet on the lower right side of the engine. The 
centrifugal pump causes this supply of cool 
water to pass into a fitting that leads directly 
into the engine cylinder jacket. The water en- 
ters the engine in the area of the cylinder sleeve 
lower ends. From here the water flow is di- 
rected about the cylinder sleeves in an even 
manner until it passes upward from the crank- 
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case and into the cored passages in the cylinder 
heads. These passages are carefully designed to 
allow cooling water access to all areas around the 
valves. A water manifold collects the water from 
the cylinder heads at several points on the right 
side of the engine and directs it to the radiator 
or other cooling device. Thermostats at the 
forward end of the water manifold control the 
exit temperature of the water. A bypass line 
from the thermostats leads vertically down the 
right side of the engine and returns the water 
to the pump inlet for recirculation under cold 
water conditions. When the engine is warmed up 
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and operating normally, the entire flow passes 
out of the engine for cooling unless temperatures 
are marginal, in which case occasional by- 
passing will occur. 

When the water heated intake manifold is 
used, the water for this purpose is picked up 
from the cylinder heads at the intake mani- 
fold attachment pads. After passing through the 
double walled intake manifold, the water is 
discharged through two external lines and di- 
rected to a fitting on the side of the crankcase. 
From here, the water passes across the case, 
emerges on the opposite side and is carried by 
a short line to join the by-pass line that runs 
vertically from the thermostat housing to the 
water pump inlet. This circuit is used in order 
to give a quick warm up. In operation, the water 
near the cylinder heads heats quickest and is 
therefore the most desirable for application 
of manifold heat. The connection through the 
by-pass line takes advantage of the water pump 
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suction action while the main circulating pattern 
through the radiator is still closed off by the 
thermostat. 

When a water-cooled exhaust is used, the 
water supply is taken from the main circulating 
stream at the elbow where the water enters 
the cylinder block after leaving the water pump. 
An external line conveys the water into the 
exhaust manifold jacket. At the exit point on 
the forward end of the manifold, a thermostat 
acts to direct the water to the by-pass line 
until it has warmed to approximately 165 de- 
grees. A short line leads directly to the junction 
of the by-pass line and the main engine thermo- 
stat housing. On reaching normal operating 
temperatures, the water in the exhaust jacket 
opens the outlet thermostat and then follows 
a line leading from the top of the exhaust 
manifold thermostat housing to an elbow con- 
nection in the main water outlet hose fitting. 
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WATER PUMP 

The water pump used on the F-817-G engine 
is a highly efficient, belt-driven, centrifugal 
type with a single permanent internal seal. Two 
single-row ball bearings support the pump shaft 
at the forward end and are lubricated by engine 
oil spray in the front gear housing area. Suitable 
oil seals are provided on each side of the bearing 
and support structure to prevent loss of oil or 
introduction of water into the engine. Water which 
might leak past the impeller seal will drain 
through a hole in the housing casting and be 
readily visible to the operator. 

The aluminum bronze impeller is a press fit 
on the shaft. The inner hub provides a surface 
for the water pump seal seat consisting of a 
neoprene ring and a mating ceramic ring. The 
neoprene rides against the impeller hub and 
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turns with it which in turn rotates the ceramic 
ring. The carbon seal which is fixed in place 
in the pump housing counterbore and is spring 
loaded, bears against the ceramic and seals the 
water at this point. The spring pressure is 
sufficient to press the rear face of the impeller 
against the housing cover when the drive pulley 
is not in place. No alarm should be felt if it is 
difficult or impossible to turn a new or rebuilt 
pump with the fingers without pulling the shaft 
forward against the seal spring compression. 
With the pulley in place, the pump shaft should 
rotate freely and smoothly. The drive pulley nut 
must be torqued to 40 foot pounds. 

BELT DRIVE 

To ensure proper belt tension and make belt 
replacement convenient, a belt tensioner con- 

BELT TIGHTENER 
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sisting of a ball bearing idler pulley mounted 
on a pivoted support plate is provided. A ten- 
sioning bolt permits raising or lowering the idler 
as needed. The idler and the water pump pulley 
have two grooves for conventional Vee belts. 

GASOLINE CARBURETION 

The standard carburetors used on gasoline 
fuel engines in this series are of Zenith manu- 
facture. The Zenith updraft 63 Series or the 
downdraft model IN67SJ or downdraft 29 Series 
carburetors are employed depending on the 
particular engine application. These carburetors 
feature a double venturi design which aids in 
more complete fuel vaporization. 

In the gasoline carburetor the functions of 
metering and vaporization of fuel are accom- 
plished through a float valve and an intricate 
series of jets and venturis according to the 
speed and load of the engine. This process 
is carried out in three phases; idling, part 
load, and full load, with each phase involving 
a particular combination of the carburetor 
system. 

Idling performance is obtained through a 
special fuel jet and air bleed past the throttle 
valve supplying fuel independently of the nor- 
mally loaded system of the carburetor. When 
the engine is working under part load, eco- 
nomical use of fuel is desirable and is obtained 
by a mixture leaning out provision that supplies 
only enough fuel to carry the load at the 
most economical fuel and air mixture. With 
the throttle wide open and maximum power is 
the major concern, the leaning out system 
becomes ineffective so that the fuel and air 
mixture becomes rich enough for maximum 
power. 

The extra amount of fuel needed for quick 
acceleration necessary when load is suddenly 
applied to the engine is provided by an accel- 
erating pump and special accelerating jet sys- 
tem. Without this provision the engine would 
operate momentarily after the throttles opened 
with too lean a mixture to 'pick up' the load 
rapidly. 

GAS CARBURETION 

On engines intended for operation on either 
gas or gasoline, the Ensign Model KGN1 "Com- 
bination Carburetor" was usually specified. For 
operation of current engines on natural gas only, 
Impco carburetors are specified. In addition, 
either of these carburetors may be used for 
LPG fuel or in combination with LPG and natu- 
ral gas when the proper regulating and vapor- 
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izing equipment is added to the installation. 
The details of these components and their method 
of operation are covered in the Service Section 
of this manual. 

IGNITION SYSTEMS 

Smooth combustion requires positive ignition 
in the cylinders at finely defined intervals. This 
function is performed on the engine by a mag- 
neto or distributor. Magneto equipped engines 
employ either high-tension, low-tension, semi 
low-tension, or breakerless magneto ignition 
depending upon the engine service involved. The 
magneto is mounted to the rear of gear housing 
and driven by governor drive gear. The distri- 
butor is usually mounted on the left front side of 
the crankcase and is driven by a spiral gear 
mating with a similar distributor drive gear on 
the camshaft. 

Dual ignition engines are quite common in this 
series. A magneto is often used along with a 
distributor or two distributors are sometimes 
used. On the dual distributor applications, the 
second distributor is mounted on and driven 
through a right angle drive to the governor. 

In both theory and service practice there 
is little difference between a magneto and a 
distributor, Whereas a distributor depends upon 
a generator and storage battery for its primary 
current, the magneto uses a primary current 
generated within itself by rotation of permanent 
magnets between the pole shoes. 

A new breakerless distributor ignition sys- 
tem is receiving some usage in certain engine 
applications requiring long periods of unattended 
service. The distributor used in this system 
does not have contact breaker points or auto- 
matic advance device. Since the only moving 
part in this system is the distributor rotor 
trigger wheel shaft assembly, longer periods 
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of operation are possible. The system currently 
in use employs an external electrical power 
source of 100 to 125 volts AC at 50-60 cycles. 

High-Tension Magneto Ignition 

Magneto equipped engines previously em- 
ployed a high-tension magneto in the variant 
required for the service involved. Here, the 
variable factors include the speed at which the 
engine is expected to operate continuously, the 
possibility of fire hazard from combustible 
vapors, installation factors requiring wire exit 
positions on vertical or horizontal lines, spark 
advance and impulse coupling angles, radio 
shielding and so on. These points should be 
considered when ordering replacement units or 
parts. 

An impulse coupling is built into the magneto 
to produce a spark at cranking speed to assure 
easy starting. When the magneto attains a speed 
of approximately 180 RPM, the coupling will 
automatically disengage and act as a positive 
drive timing the ignition to the normal spark 
advance. 

Low-Tension Magneto Ignition 

The low-tension magneto available as op- 
tional equipment generates and distributes low 
voltage current through low-tension cables to 
individual coils, one located adjacent to each 
spark plug. The current is stepped up to high 
voltage by the individual coils and is then con- 
ducted to the spark plug by a short length of 
high-tension cable at the proper firing interval 
of the cylinder. 

This low tension ignition system differs from 
the high-tension ignition system in several ways. 
Primarily, the low-tension system confines the 
high voltage electricity necessary to fire the 
spark plugs to a relatively small part of the 
entire system. Thus, possible deterioration of 
longer wires and loss of current is minimized. 

The low-tension system is less affected by 
moisture, since only the short high-tension lead 
is directly vulnerable. The stationary coil 
used in this magneto has only a single primary 
winding. The pivotless contact breaker is con- 
nected in series with the coil in the primary 
circuit. The condenser is connected across the 
breaker points. 

The small magneto distributor gear, located 
on the rotating magnet shaft, drives the large 
distributor gear and distributor cam. The ratio 
between these gears is such that the low-tension 
current is distributed by a group of contacts, 
one pair for each cylinder, arranged about the 
magneto distributor camshaft. The individual 
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high-tension coils, one for each spark plug, are 
enclosed in housings protecting them from 
moisture and vibration. The cartridge type con- 
denser is located inside the magneto housing. 

Semi-Low Tension Magneto Ignition 
(Standard) 

Semi low-tension ignition differs from low- 
tension ignition in that a single transformer 
or high-tension coil is used in place of the 
separate coil for each cylinder used in the 
low-tension system. In the semi low-tension 
system, current generated in the magneto is 
supplied through the primary terminal to the 
single coil which is usually mounted very near 
to the magneto. Here the low voltage is stepped 
up to spark voltage and returned to the magneto 
for distribution to the spark plug electrodes in 
the proper firing order. 

Breakerless Magneto Ignition 

Some F817G engines are equipped with Mag- 
tronic or Bendix S1800 breakerless ignition 
systems. Br e ak erless (capacitor discharge) 
magneto ignition systems consist basically of a 
magneto, transformer coils, and an intercon- 
necting wire harness with a plug attached to the 
magneto. The absence of breaker points and 
high tension distributor contacts makes the mag- 
neto completely free of internal arcing. Also, 
mechanical reliability is greatly enhanced. 

The magneto includes extensive use of pulse 
activated solid state electronic components. 
Alternating current is rectified and stored in 
the storage capacitors. Silicon controlled recti- 
fiers (SCR) function as switches to release the 
stored energy to the transformer coils. The 
switching or turning on of the SCR's is accom- 
plished by a trigger coil arrangement which pro- 
duces the small SCR turn-on voltage. 

Distributor Ignition 

Utilizing battery current and an ignition coil, 
the distributor functions in much the same way 
as the magneto. The retarded spark for starting 
is usually obtained by the centrifugal spark 
advance mechanism that automatically advances 
the spark as engine speed increases. The centri- 
fugal advance feature is used on all but a few 
engine applications. 

Breakerless Distributor Ignition 

The Bendix breakerless ignition system cur- 
rently used consists of three parts, (1) a dis- 
tributor with a magnetic triggering device, a dis- 
tributor rotor, and a standard distributor cap; 
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(2) a control unit which provides an energy 
storing circuit, a control circuit, and a trans- 
former coil; (3) a lead assembly to connect 
the distributor and control unit. Metal vanes 
mounted on the distributor shaft move past 
the end of a magnet in the triggering coil 
in the distributor, and, in passing, upset the 
magnetic flux through the coil. This change 
in flux produces an electrical pulse in the coil 
which is transmitted through the lead to the 
control unit, releasing the energy previously 
stored there. The output of the control unit 
discharges through the primary of the ignition 
coil, which is a part of the control unit assembly. 
This discharge of current through the coil pri- 
mary induces a high voltage current in the 
secondary and produces a spark across the 
spark plug gap. The trigger circuits immediately 
become nonconductive and the whole cycle 
repeats at as fast a rate as required for engine 
operation. 

20 

ELECTRICAL SYSTEM POLARITY 

The Waukesha Engine Division has for some 
time now, supplied new engines with negatively- 
grounded electrical equipment only. This stan- 
dardization of electrical system polarity is 
standard practice for most equipment manu- 
facturers and thus increases compatibility be- 
tween Waukesha supplied electrical equipment 
and that supplied by the equipment builder. There 
are instances, however, when it will be neces- 
sary to supply positive-ground electrical equip- 
ment to adapt to other equipment related to 
the engine. 

Therefore, servicemen engaged in the instal- 
lation and trouble shooting of electrical equip- 
ment must be aware of the importance of 
correct polarity to avoid damage to the system. 
In most cases damage to the voltage regulator 
and rapid battery discharge will result from 
incorrect polarity. Voltage regulators are 
marked to indicate their installation with a 
negative or positive ground battery. A typical 
Delco-Remy polarity marking is 24VP which 
indicates 24 volts and a positive ground, while 
6VN would indicate 6 volts and a negative 
ground. The regulator polarity is indicated 
either on the regulator base along with the Delco- 
Remy part number, or on a tape which has 
been affixed at the Waukesha Engine Division. 

Since it is the voltage regulator, for the most 
part, that dictates the polarity of an electrical 
system it is possible to change the polarity 
of a system by replacing the regulator and re- 
wiring the other components. In most cases 
the engine electrical equipment will include only 
a starter, generator, voltage regulator, ignition 
coil, distributor, and possibly an electric over- 
speed shutdown, fuel shutoff, and a choke. 
If a replacement regulator of the correct polarity 
is not available it is possible to change the 
polarity of the system by reversing the leads 
at the battery and coil, substituting a regulator 
with one of the opposite polarity and repolarizing 
the generator. Remember that the ignition coil 
lead wire to the distributor must correspond 
to the ground polarity of the battery. For a 
negative ground battery connect the distributor 
wire to the negative terminal of the coil. 

When engines are equipped with the Waukesha 
Engomatic Control System, however, it is im- 
perative to follow the polarity of the unit as 
marked on the panel. When a polarity change 
is required on an Engomatic Control System 
consult the Waukesha Engine Division. 

It is absolutely imperative that no attempt 
be made to change the polarity of a system 
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equipped with an alternator. In addition, im- 
proper connection of starting batteries or 
booster batteries will instantly damage the 
alternator and regulator. 

STARTING SYSTEM 

Any of several starting methods may be 
utilized, depending upon the particular appli- 
cation. All starters are gearedto an overrunning 
sprag clutch device which is in turn, engaged to 
the main engine flywheel ring gear during start 
up. An electric starting system similar to the 
typical automotive arrangement is frequently 
used. In certain applications the Waukesha Model 
ICK starting engine or an air driven starting 
motor is employed. 

Electric Starting 

The electric starting system consists of a 
heavy-duty starter and alternator and regulating 
devices, switches, and circuits similar to auto- 
motive installations. Starting is accomplished 
by closing a circuit from battery to starter 
with the instrument panel switch that actuates 
the magnetic switch. Positive engagement of 
pinion before cranking commences is accom- 
plished by the starting motor solenoid. After 
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cranking is completed and engine starts, the 
alternator replenishes energy expended by the 
battery. Cut-outs and regulators control the 
alternator's output and protect system from 
reverse currents and excessive charging rates. 

Alternators 

For a discussion of alternators, refer to 
Service Section. 

Starting Engine 

A Model ICK gasoline starting engine was 
previously provided for units requiring heavy- 
duty starting equipment that operates through 
a starter drive mechanism. The starter engine 
is easily started by a rope starter on the gear 
end. By furnishing adequate power for full 
cranking speeds even when the oil is heavy, 
dependable starts for the main engine are in- 
sured. 

The starting engine is built up of a four- 
cylinder block containing the valves and tap- 
pets; a cast head; a crankcase which supports 
the crankshaft and camshaft; and miscellaneous 
oil pan and cover parts. The crankshaft is 
supported by two single-row, annular, ball- 
bearings, one at each end. Remaining elements 
of design are entirely conventional with the 
exception that the cooling-water system is a 
branch of the main engine cooling supply. Those 
points involving the starting engine that are of 
importance to the operator are treated in their 
respective locations. 

Air Starting Motor 

Engines located near a convenient source of 
compressed air or near a gas supply of sufficient 
pressure may utilize the Ingersoll-Rand Air 
Driven Starting Motors. The velocity of gas 
or air entering the motor strikes the vanes 
causing a rotor shaft to revolve. The rotor shaft 
rides in two ball bearings and is geared to a 
Bendix starter device which is manually en- 
gaged when rotation is sufficient to crank the 
engine. 

When natural gas is used for engine start- 
ing through the air motor, the exhaust and 
breather openings should be connected and 
piped to a safe distance from the engine. The 
motor should also be checked periodically for 
gas leakage at all points where gaskets and 
seals are used. Refer to the SAFETY PRECAU- 
TIONS in the front of this manual for further 
recommendations. 
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SERVICE 

GENERAL 

The service life of any engine can be greatly 
extended if a regular and complete maintenance 
program is established and strictly adhered to. 
Even with the best maintenance, however, an 
engine can encounter trouble if such things 
as proper mounting, alignment with other equip- 
ment, flywheel run-out and sufficient crankshaft 
endplay are disregarded in the initial installation 
or in subsequent relocations of the engine. 
Although flywheel run-out and crankshaft endplay 
are firmly established within limits at the factory 
such things as rough handling or improper 
installation of power take-offs or clutches may 
adversely affect these clearances and lead to 
serious engine damage. These things should 
be checked prior to operation. Awell established 
maintenance program ensures that all of the 
following factors are prevalent throughout an 
engine's normal service, life. 

1. Clean lubricant of proper grade and vis- 
cosity for the operating conditions. 

2. Clean fuel of proper quantity and quality. 

3. Clean, correct fuel-air mixture. 

4. Valve clearances within limits. 

5. Hot, properly timed ignition system. 

6. Even, high compression pressures. 

7. Operation within proper temperature 
range. 

8. Proper valve timing. 

Attention to the above and the many related 
factors can often spell the difference between 
good performance and trouble. 

LUBRICATING OIL RECOMMENDATIONS 

The performance of a lubricant, like that of 
any manufactured product, is the responsibility 
of the refiner and producer. Also, the engine 
operator, to a large degree, controls the oil's 
performance, for he is the one who must make 
decisions on oil changes, filter changes, loads, 
general maintenance, and operating conditions. 
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A tabulation of lubricant producers and mar- 
keters, together with the performance grades 
for which the producers have indicated their 
products are qualified, is available from the 
Engine Manufacturers Association, 111 East 
Wacker Drive, Chicago, Illinois 60601. 
This publication is entitled "EMA Lubricating 
Oils Data Book for Heavy-Duty Automotive and 
Industrial Engines." The Waukesha Engine Di- 
vision has made it a practice not to recommend 
oil by brand name. 

NOTE 

All Waukesha industrial engines are 
considered to be in heavy-duty service. 
They are classified "A" or "B" accord- 
ing to displacement: Class A, engines 
up to 1000 cubic inches and Class B, 
engines above 1000 cubic inches. 

Oil is designated several ways; including the 
API, which is usually stamped on the container; 
the military, and the engine manufacturers. 
For Class A engines operating on gasoline or gas, 
Waukesha Engine Division recommends lubri- 
cating oil designated by the API as CC, SD, or 
SE, and by the military as MIL-L-2104B or 
MIL-L-46152. 

SPECIAL INDUSTRIAL SERVICE 

Extra precautions are necessary to provide 
adequate lubrication of industrial engines that 
must be started after long periods at rest or 
after standing in a cold place. They should 
be filled with fresh warm oil and run idle for 
a few minutes to permit the lubrication system 
to fill and ensure oil reaching all parts of the 
engine. 

FIRE ENGINE EQUIPMENT 

This type of engine requires special care to 
avoid serious damage when it is new. Until 
the engine has been thoroughly run in, lubri- 
cating oil must be added to the fuel--one pint 
of oil to each five gallons of gasoline. If the 
equipment is kept in a station where the tempera- 
ture is below 50°F., unless in frequent use, use 
a lighter oil than the standard recommendations 
in the following paragraphs. Besides using a 
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lighter oil, the oil supply should be checked 
frequently, and maintained at top level. 

OIL CHANGES 

The oil capacities of the F-817-G engines are 
listed here for oil pans only. When filters, 
oil coolers, and other accessories that require 
engine oil are installed, an extra quantity of 
oil is required. When the proper quantity has 
been established it may all be put in at one 
time. On the first run of a new installation, 
however, put in the listed quantity, run the 
engine 10-15 minutes, and then check the dip- 
stick for the oil needed to bring the level up 
to "Full". The proper quantity will then be 
known for subsequent fillings. 

Engine 
Model 

Hot Oil Pressure, 
Governed Speed 

Oil Capacity, Qts. 
St'd Pan Box Base 

F-817-G 40 + 5 psi 18 26 

The crankcase' level should be checked prior 
to each day's engine operation and at the same 
time the condition of the oil as revealed on the 
bayonet gauge should be observed carefully. 
Replace oil at any time it is plainly diluted, 
broken down, thickened by sludge, or otherwise 
deteriorated. Remember that some modern oils 
can not be judged on the basis of color alone 
because the additives are intended to hold car- 
bon particles in suspension. The standard filters 
supplied will not remove these particles. The 
dark appearance of the oil is not necessarily an 
indication that oil should be changed. Whenever 
oil is changed, the filters must be serviced. Oil 
performance will reflect engine load, tempera- 
ture, fuel quality, atmospheric dirt, moisture 
and maintenance. Where oil performance prob- 
lems arise or are anticipated, the oil supplier 
should be consulted. An oil change period of 100 
hours of normal service can be used as a guide 
for Class A engines, unless monitoring by analy- 
sis, such as available in the Waukesha Oil 
Analysis Program, indicates the requirement for 
a shorter change period. Extendeddrain periods 
may cause varnish deposits, oil oxidation, or 
sludge conditions to appear in the engine, which 
an oil analysis cannot detect. 

Extended oil change intervals should be uti- 
lized with caution on any engine using highly 
dispersant oils. The dispersants function by ab- 
sorption of particles of contaminants; however, 
when dispersant saturation is reached, these 
oils tend to "dump out" all of the suspended 
contaminants in a relatively short period of 
time. Laboratory analysis will not predict the 
"dump out" point precisely, consequently close 
attention to engine conditions by the operator is 
required when establishing an extended oil 
change interval. 
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When using an engine oil with which you have 
no previous operating experience, a well moni- 
tored maintenance program should be conducted 
to observe the engine's performance and inter- 
nal condition for the first year's usage. This 
procedure will help in determining if the new 
oil is compatible to your type of operation. The 
Waukesha Oil Analysis Program can be useful 
in supplementing physical inspections for this 
evaluation. 

If any indications of low or fluctuating oil 
pressure appear, we recommend the removal 
and cleaning of the screen mesh strainer be- 
low the oil-level equalizer in the oil sump. 
This screen strainer is readily removed through 
the hamthole in the bottom of the oil sump. To 
remove the accumulation of sludge and carbon 
gum from the screen mesh it is recommended 
that the screen be soaked in a suitable solvent. 
Soaking should continue until softening of the 
deposit permits easy removal without damage 
to the screen. 

LOW TEMPERATURE OPERATION 

At low temperatures an oil must be used 
which will provide proper lubrication when the 
engine is hot and working. If special heaters 
are needed to warm oil or coolant for starting, 
they should be used. Waukesha Engine Division 
will supply information on these devices upon 
request. Such heating systems permit the use 
of the recommended oil grades for the opera- 
ting loads and temperatures involved. 

OIL VISCOSITY RECOMMENDATION 

All other things such as oil type and quality 
being equal, the principal factor in choosing 
the proper oil viscosity is the operating tem- 
perature of the oil in the oil pan. It is this tem- 
perature that establishes the running viscosity 
of the oil. 

1. Make one or more check runs under ac- 
tual operating conditions of speed and 
load. Use SAE 30 oil for this test. Note 
the maximum temperature of the oil in the 
oil pan by means of an accurate oil tem- 
perature gauge immersed in the oil. 

2. Find the temperature noted in the.above 
test in the tabulation range below. The 
proper oil viscosity for these operating 
conditions will be found directly to the 
right. If different kinds of service cause 
the loads and operating conditions to vary, 
re-check the oil temperature as above and 
select an oil of lighter or heavier viscosity 
as required by the new conditions. 
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CLASS A ENGINES 

OIL PAN OPERATING 
TEMPERATURES 

SAE VISCOSITY 
NUMBERS 

210 -250 °F. 40 
160 -210 °F. 30 
130-160° F. 20 

When the actual operating oil temperature is 
not known, an estimate of the SAE oil grade to 
use can be made by assuming the oil tempera- 
ture will be 120 degrees above the air tempera- 
ture in heavy-duty service. For example: At an 
air temperature of 70°F, estimated oil tempera- 
ture would be 190°F. Use SAE 30 as indicated 
in the above table. Note: This is only an esti- 
mate, since the type of installation determines 
the amount of air circulation for cooling around 
the oil pan. Actual crankcase operating oil tem- 
peratures should be measured whenever pos- 
sible. 

Multi-viscosity oil should be used only where 
cold starting conditions make it absolutely 
necessary. Oil change periods should be reduced 
to 25 hours. At the present state of develop- 
ment, multi-viscosity oils are normally not 
recommended for use in heavy duty industrial 
engines. The viscosity improvers presently used 
may tend to deteriorate in continuous service; 
allowing the oil to revert to its original low 
viscosity base. In this state, the oil may not 
supply sufficient film strength and or oil pres- 
sure. 

Operating Temperatures 

Engines= operating with low oil temperatures 
(below 160°F. (71°C.)) can be expected to show 
excessive sludging and wear. Engines operating 
with high oil t e m p e ratures (above 230°F. 
(110°C.)) may experience lacquering and ring 
sticking due to oil oxidation. If, for any reason, 
oil temperatures cannot be corrected to the nor- 
mal operating range, more frequent oil changes 
may help in extending engine life. 

BREAK-IN 

New or overhauled engines should receive a 
break-in run. This operation can be performed 
with the lube oil specified above. After warm- 
up of approximately 30 minutes, proceed with a 
load and unload cycle. Repeated loading (mini- 
mum of half load, maximum full load), with 
equal idle periods in 5-minute intervals for a 
period of two hours, results in rapid break-in 
and quick seating of piston rings. Never idle 
for more than 15 minutes during the break-in 
or for the first 100 hours of operation. NOTE: 
Stand-by generator engines should follow this 
procedure using a load bank. 
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If a break-in oil is used in this pro- 
cedure, it must be removed from the 
engine within 100 hours to prevent dam- 
age to the engine. 

OIL CONSUMPTION 

Acceptable oil -consumption should range 
from 0.0005 to 0.004 pounds per horsepower- 
hours. To figure use - 

LBS/HP-HR = 1.82 x quarts of oil used 
Operating HP x total hours 

of operation 

OIL PRESSURE CONTROL 

Under all normal operating conditions, the 
high-capacity pump used on the Model F-817-G 
will maintain the oil pressure within the speci- 
fied limits of 40 ± 5 lbs. A cold engine, or _the 
addition of cold oil to the crankcase of a warm 
engine, will cause high cil pressure until the 
oil temperature stabilizes in the proper range. 
A warm engine will normally carry a low oil 
pressure at idle speeds and no alarm should 
be felt under these circumstances if it does 
not fall below 15 pounds. Moreover, the oil 
pressure gauge of an engine started under cold 
conditions may fail to register pressure im- 
mediately because of congealed oil in the gauge 
line. If pressure still fails to register after the 
engine has run for 25 to 30 seconds, the engine 
should be shut down and the cause of the lack 
of pressure determined and corrected. 

Adjustment of the oil-pressure relief valve 
is seldom necessary. This operation should 
always be done AFTER the engine and oil 
temperatures have stabilized at normal levels. 
It is equally important that all other factors- - 
proper grade of clean oil, bearing clearances, 
no leakage, and so on--be satisfactory before 
attempting to adjust the oil pressure. Tighten- 
ing the pressure relief valve is not proper com- 
pensation for diluted or broken-down lubricating 
oil. 

Oil pressure fluctuations may sometimes be 
caused by erratic operation of the pressure 
relief valve. If this occurs, it is recommended 
that the pressure relief valve adjusting screw 
and the spring be removed. It is then possible 
to check the pressure relief valve itself for 
freedom of movement. Small particles of carbon 
or other material may have jammed the valve 
or clogged the vent passage behind the valve 
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In both cases, the valve and the control valve 
body passages should be cleaned thoroughly. 
If burring or nicking of the valve seat is found, 
it may be beneficial to polish the damaged 
surface carefully with a hone and crocus cloth 
dipped in fuel oil. 

CRANKCASE VENTILATION 

Regular maintenance of the crankcase venti- 
lation system is very important. Excessive 
crankcase pressure caused by a poorly main- 
tained system can result in severe lubricating 
oil leakage especially around the crankshaft 
oil seal areas. On the other hand, excessive 
vacuum or negative pressures can cause small 
dirt particles to be drawn into the crankcase 
around these seals. Crankcase pressure should 
therefore be kept within the limits of 1/8" 
positive to 1/2" negative pressure measured in 
inches of water. A simple method of measuring 
pressure can be devised by removing the oil 
level dipstick, and tapping the dipstick hole to 
receive a brass elbow fitting to which a length 
of clear plastic tubing can be connected. Bend 
the plastic tube into a "U" shape and clip to 
a section of wood to make a manometer with 
negative and positive pressure scales as shown 
on the accompanying illustration. Water added 
to the manometer tube should just reach the 
zero mark on both positive and negative pres- 
sure scales. A dye or ink added to the water 
aids in reading the manometer when the engine 
is in operation. 

TO CRANKCASE OR OIL PAN FITTING 
(OIL LEVEL DIPSTICK HOLE) 

413 

VACUUM 
SCALE 

CLEAR 
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PRESSURE 
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(COLORED FOR EASY READING) 
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CRANKCASE PRESSURE 
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components of the ventilation system should 
be serviced when oil is changed; more often 
if unusual conditions are encountered. A typical 
system consists of a breather for each of the 
rocker arm covers. Service of the breathers 
consists of removing them from the engine and 
washing them in solvent. If sludge accumulation 
or rust formation is too great replace the 
breather. 

Regulated System 

In some commercial applications, crankcase 
ventilation is accomplished through a check valve 
ventilation regulator and breather line, con- 
tinuously circulating fresh air through the crank- 
case. Fresh air is admitted at the breather 
caps located on the cylinder head covers, dis- 
placing harmful blow-by gases which are ex- 
hausted at the ventilation regulator into the 
intake manifold. 

At high manifold vacuum, the weight assembly 
in the check valve ventilation regulator is lifted 
into the "up position" so that the weight pin 
restricts the flow of gases passing from the 
crankcase to the intake manifold. 

At low manifold vacuum, the weight assembly 
drops to the "down position", to allow the passage 
of increased blow-by gases. 

The crankcase ventilation regulator should 
be washed in cleaning solvent about every 250 
hours or when the discharge of oil vapors from 
the engine indicates increased pressure within 

CRANKCASE VENTILATION REGULATOR 
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the crankcase. Oil leaks may occur due to in- 
creased crankcase pressure, when the regula- 
tor is clogged. 

In this system, the breather-filler unit and the 
single rocker cover breather must also be 
serviced at frequent intervals. 

Oildex Ventilation System 

In certain applications, particularly crane 
operation, the usage of an Oildex unit has become 
common practice due to the units ability to 
prevent premature spark plug fouling resulting 
from crankcase oil contamination. This may be 
especially prevalent on engines subject to this 
type of alternating idle to full load operation. 
The Oildex unit removes- diluent crankcase 
vapors, extracts and filters these vapors and 
returns the remaining fumes containing unburned 
fuel and light oil vapor to the intake manifold. 

Although the Oildex does an effective job of 
removing water, acid, unburned gasoline, var- 
nish and other impurities from the crankcase 
it must be serviced frequently to prevent these 
contaminants from being introduced into the 
intake manifold. 
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In addition to the recommended service points 
as found on the accompanying Oildex illustration 
the unit should be completely disassembled and 
cleaned at least once a year. Particular at- 
tention should be given to cleaning of the volu- 
metric valve, the vapor inlet passage and the 
area around the Oildex baffle as these, if 
clogged, will seriously affect operation of the 
unit and cause excessive crankcase pressures. 

OIL COOLER 

Maintenance of the oil cooler unit on engines 
so equipped consists largely of periodic cleaning 
and inspection for clogging, corrosion, or an 
inoperative by-pass valve. Improper or fluc- 
tuating oil pressure, or an undesirable increase 
in oil temperature, may indicate the need for 
servicing the cooler more frequently. In general, 
the cooler should be removed from the engine, 
disassembled, and cleaned after each 500 hours 
of operation. Long service or expediency may 
make it more practical to replace the inner 
cooling core with a new unit. All rust and lime 
deposits should be removed from the water pas- 
sage area of the cooler at this time. The 
sludge deposits within the cooler core may be 
cleaned out by several solvents and methods, 
but in all cases, it is recommended that cleaning 
take place as quickly as possible after removing 
the cleaner from the engine. Ordinarily, clean- 
ing solvent, or a commercial sludge and car- 
bon remover will be effective if pumped vigor- 
ously through the cooler plates. Observe fire 
and safety precautions. 

OIL FILTERS 

Although some variations may appear in the 
oil-filter installations used on the Model 
F-817-G engines the same general principles 
of maintenance apply to most of them. In all 
cases the manufacturer's recommendations ac- 
companying the filter, or the instruction label 
applied to the side of the filter should be 
followed carefully. The filters supplied with 
the engine as it leaves the factory are intended 
for the so-called shunt-type connection. Here, 
at all times when the engine is operating, a 
portion of the oil passes from the pressure 
lubricating system, through the filters, and back 
into the engine sump as cleaned oil. In those 
cases where neglect of the filters or an unusually 
rapid accumulation of sludge tends to bring 
about filter clogging, a built in by-pass valve 
of the differential type opens to allow the oil 
a direct return to the engine without passing 
through the clogged filter elements. When this 
happens, the engine will not be starved of oil 
because of the filter condition, but it is very 
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important to remember that the dirty oil that 
brought about the filter clogging is now passing 
through the engine itself and may reduce engine 
life materially. 

Because of the above possibility, the recom- 
mendations made for filter change periods co- 
incide with the recommendations for oil change. 
If the oil shows evidence of sludge formation or 
improper filter operation it should be changed 
and the filter element as well. Also, a check 
should be made to see that the oil and water 
temperatures are within the desired range of 
160° to 180°, Fahrenheit. 

If experience indicates the practicality of 
running the lubricating oil for maximum periods 
between changes, then the filters may be con- 
sidered as satisfactory for this period of opera- 
tion. In all cases, the filter elements should 
be changed at the time of oil change. 

On those engines using full-flow filters it is 
emphasized that the filter is an integral part of 
the lubrication system. Never block off the 
filter, even temporarily, and run the engine. 

SHUNT TYPE OIL FILTER 
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FULL FLOW FILTER 

ALL OIL GOING TO THE ENGINE MUST PASS 
THROUGH THE FILTER. For this reason it is 
doubly important that the element be changed 
and the filter parts thoroughly washed to pre- 
vent clogging or blocking of the oil flow to the 
engine. When changing a full flow filter element, 
be sure to prefill the filter. 

No particular difficulties are involved in re- 
placing the oil filter element, although for 
the sake of cleanliness it is suggested that the 
filter be drained of the accumulation of sludge 
and oil before removing the element. About 
once a year it is good practice to remove the 
slotted-head screw plugs at the ends of the 
drilled passages through the filter base and 
flush out the entire unit with kerosene or some 
other non-volatile cleaning solvent. At the same 
time, the by-pass valves should be examined 
for freedom and proper operation. To ensure 
a clean job without leaks, it is important 
that the filter seal gasket be handled care- 
fully and renewed at the same time as the 
element. 
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LUBRICATION AND SERVICE GUIDE 

ENGINE SERVICE VALVES - Check clearance and readjust each 500 hours of operation. 
CYLINDER HEADS - Tighten to specified sequence and torque values 
at first warm up and after 50 hours on new or rebuilt engine. 

LUBRICATING OIL Check oil level and condition daily. Oil should be changed about every 
100 hours of engine operation or more often, if chemical analysis of 
the oil indicates the necessity of changing. 

OIL PUMP 
INLET SCREEN 

Low or fluctuating oil pressure may indicate oil pump inlet screen clog- 
ging. Remove and wash screen in solvent when necessary. 

OIL FILTER Oil filter elements must be changed at each oil change period. 

FUEL PUMP ' Observe fuel sediment bowl daily and remove and clean the bowl 
whenever an accumulation of foreign material appears. 

AIR CLEANERS Service cleaners according to the attached instruction decal when re- 
quired, daily or more often under severe operating conditions. 

COOLING SYSTEM COOLANT - Check level daily, adding clean coolant as needed to main- 
tain level. Soluble oil should be added to the coolant frequently to pre- 
vent rust formation. Clean and flush cooling system at least once yearly. 
Maintain sufficient anti-freeze protection. 

WATER PUMP - Inspect drive belts and tighten as needed. 

THERMOSTATS - Test periodically to see that opening and closing 
temperatures will maintain the desired 160°-180° temperature range. 
FAN HUB - Monthly, install fitting if needed. Use lithium soap type ball 
bearing grease. 
FAN BELTS - Check weekly for correct tension, replace belts (in sets) 
showing signs of cracks or unusual wear. 

ELECTRICAL 
SYSTEM 

BATTERY - Check electrolyte level weekly and maintain proper level. 
STARTER - Lubricate bearings with about five drops of light engine 
oil at every 300 engine hours. Avoid over lubrication! 
GENERATOR - Same instructions as given for starter. 

IGNITION SYSTEM SPARK PLUG - Remove, clean and re-gap plugs at 200 hour intervals. 
Replace plugs showing any signs of damage or unusual wear. Replace 
entire set at 500 hours. Replace long life plugs after 1000 hours. 
DISTRIBUTOR - Apply three or four drops of light engine oil to the ro- 
tor wick every 200 engine hours. Lubricate distributor shaft at oil plug 
every 1000 hours. Fill with SAE 20 engine oil. Grease tachometer drive 
until grease shows at relief hole. Use #2-1/2 grease. 
MAGNETO - Keep magneto external surfaces in clean condition at all 
times. Replace cam wick at overhaul. 

BREATHER CAPS 
AND VENTILATION 
REGULATOR 

Inspect breather caps each time oil is changed. Don't allow dirt to ac- 
cumulate. Rinse in kerosene or some other non-volatile cleaning solu- 
tion as required. Wash ventilation regulator in cleaning solvent about 
every 250 hours. 

AIR STARTER Check oil level weekly. Lubricate as described under "Air Starter Lu- 
brication". 

OIL COOLER Disassemble and clean cooler after first 300 to 500 hours of operation 
and thereafter as experience dictates. 

28 
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ACCESSORY LUBRICATION 

Those accessories not directly involved in the 
operation of the engine are generally selected 
to fill the specific needs of the engine operator. 
For this reason the variety of types and models 
of accessory devices becomes so large that the 
engine manufacturer must necessarily refer the 
operator to the recommendations of.the acces- 
sory manufacturer for service data. Commonly, 
however, the lubrication of accessories follows 
certain basic rules that may be used as a guide, 
but should not be construed as over-riding or 
substituting for exact instructions from the 
accessory manufacturer. 

Lubricate power take-off units according to 
the instructions of their manufacturers. Many 
modern units will be equipped with permanently 
sealed pilot bearings and require no greasing 
at this point. These bearings should normally 
be replaced every two years. 

Starter engine transmissions carry a small 
amount (about 1/2 pint) of oil in the housing. 
Use SAE 10 oil of good quality and fill through 
the opening in the upper side of the transmission 
case until the oil reaches the level of the drain 
fitting on the side of the case. Do not over-oil 
since this may cause clutch trouble. The starter 
engine crankcase requires 3 quarts of SAE 
10 oil. 

AIR STARTER LUBRICATION 

Check the oil level before starting the air 
motor by opening the oil level plug in the motor 
housing cover. The oil level should be checked 
weekly and oil added as required to fill the oil 
reservoir. On systems equipped with line lubri- 
cators, maintain the proper oil level as marked 
on the "Lubricator" bowl. Use SAE 10W oil 
above 32°F, use No. 2 Diesel oil below 32°F. 

The drain plug below the oil level plug should 
be removed occasionally to allow any water or 
condensate in the bottom of the housing cover to 
drain off. This should be done before adding new 
oil and after the motor has been idle long enough 
to permit the oil and water to separate. 

Once every three months, or as experience 
dictates, remove the pipe plug from the gear 
case and insert a grease fitting to apply a good 
quality No. 2 cup grease. Two or three strokes 
from a grease gun are sufficient for the gear 
case. Do not pack the gear case full. 
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QUICK ACTING 
VALVE BUSHING -IV; TO 4' 

UNION -34; 

A I R SUPPLY 
PIPE MIN. 

150 P.S.I. MAX. 
PRESSURE BUSHING 

11/2 TO 3/4 

UNION 
I )12" 

MINIMUM PIPE SIZE -1.1/2 

STARTING 
MOTOR 

LOCATE VALVE AND LUBRICATOR 
AS CLOSE TO MOTOR AS POSSIBLE 

USE S.A.E. IOW OIL OVER 32F. 
ADJUST LUBRICATOR NEEDLE 
VALVE TO INJECT IS TO 20 
DROPS OF OIL INTO LINE AFTER 
AIR IS TURNED OFF. VALVE 
SHOULD BE OPEN APPROXIMATELY 
1/8 TO 1/4 TURN AT 80.F. 

NOTE 
FOR COLD WEATHER (BELOW 
32.F ) USE NO.2 DIESEL OIL 

AIR STARTER 

Whenever the air starting motor is removed 
from the engine, unscrew the bushing oiler plug 
at the end of the drive housing and saturate the 
felt bushing oiler with SAE 20 motor oil. 

Do not adjust the built-in lubricator unless 
the starter exhaust is either oil-free or contains 
an excessive amount of oil. Turn either or both 
of the oiler adjusting screws in to decrease 
the oil flow; back them out to increase the oil 
flow. Both of the oiler adjusting screws are 
located in the housing cover. They are either 
both accessible through the air inlet or one oiler 
adjusting screw is accessible behind the air inlet 
(this has a locking screw on top of the adjusting 
screw) and the other oiler adjusting screw is 
accessible only after removing the housing cover. 

AIR-CLEANERS 
Servicing 

Although various types of engine installations 
will have differences in air-cleaner types and ar- 
rangements it is important for the operator 
to appreciate that the common purpose of all 
air-cleaners is to collect dirt and grit and so 
keep it out of the engine working parts. As a 
result, the cleaner units must themselves be 
cleaned, sometimes several times each day 
if operating conditions are particularly bad. 
Glass jars, on those cleaners employing glass- 
jar pre-filters, should be emptied whenever 
they approach half-full. Do not oil the jar 
interiors. Most modern cleaners are of the 
so-called oil-bath type. In principle, the intake 
air passes over a pool of oil located at the 
bottom of the filter shell. Some of the dust 
particles are simply caught by the oil and settle 
at the bottom of the pool; other particles 
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OIL BATH AIR CLEANER 

adhere to the oil vapor and droplets that leave 
the surface of the oil pool. The latter are pre- 
vented from entering the engine by a wire- 
screen element. 

To clean filters of the type described above, 
flush out the oil in the lower part whenever 
an obvious accumulation of sediment, or thicken- 
ing of the oil, makes itself apparent. Scrape 
away any accumulation, then refill the unit with 
fresh, clean engine oil. A bead pressed in the 
metal or an oil level stamping in some types 
indicates the proper oil level. The screen filter 
is easily washed out in non-volatile cleaning 
solvent. 

Because the dust particles are so small, yet 
possess the ability to cause great damage, it 
is absolutely imperative that air-inlet con- 
nections be kept in tight condition to avoid 
taking in unfiltered air. 
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COOLING SYSTEM MAINTENANCE 

The cooling system of the bare Model F-817- G 

engine holds 9-3/4 gallons of water without 
provision for radiators or other equipment. 
When adding anti-freeze compounds on a per- 
centage basis therefore, remember to include the 
coolant volume of the radiator and other external 
parts of the cooling system. The following table 
may be used as a guide. 

Ethylene 
Glycol 

"Prestone" 

Radiator 
Glycerine 
(G.P.A.) 

Freezing Points 

°F. °C. 

16% 37% 20 -7 
25% 55% 10 -12 
33% 70% 0 -18 
39% 81% -10 -23 
44% 92% -20 -29 
48% 100% -30 -35 

To prevent rust when using straight alcohol 
and water solutions, and using water alone, add 
one ounce of soluble oil for every gallon of 
coolant in the cooling system. 

Never fill an engine with straight water after 
it has been exposed to sub-freezing temperatures 
for any length of time. This applies even when 
warm water is used because the water in the 
radiator and jacket passages cools rapidly and 
is likely to freeze before the engine can be 
started. If it is planned to leave the coolant 
in the engine at the next shutdown, then mix 
the proper proportion of soluble oil, anti-freeze 
and water before filling the engine. If water 
alone is to be used, then be sure that enough 
water to fill the entire system is immediately 
available; start the engine; and add water 
quickly before overheating can occur. This last 
method requires, of course, that the water be 
drained immediately when the engine is shut 
down. 

Periodic additions of anti-freeze will be re- 
quired to compensate for evaporation. Use a 
hydrometer type test gauge to ensure that the 
anti-freeze solution is maintained at its proper 
strength. 

Under normal conditions, the two heat- 
sensitive thermostats in the outlet of the water 
manifold will maintain temperatures within the 
desired limits of 160° to 180° F. 

By way of caution, it must be remembered 
that if the engine is to be operated with the 
thermostats removed-and this is not recom- 
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mended except in case of emergency--provision 
must be made to block off the by-pass passage 
or else water will continue to recirculate without 
passing through the radiator or other external 
cooling system. Also, shutters or other means 
will be required to maintain the temperature at 
the desired level. 

Thermostat Removal 

Ordinarily, thermostats will seldom need re- 
placement in the field. They should be checked 
from time to time, however, and are quickly 
accessible by removing the thermostat housing 
at the forward end of the water manifold. The 
steps necessary to accomplish this are simply 
the removal of the by-pass line elbow, the water 
outlet connection hose, and the cap screws secur- 
ing the housing to the manifold. Thermostats 
damaged by corrosion or other causes are not 
repairable and must be replaced. 

THERMOSTAT TESTING 
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Thermostat Testing 

Thermostats should be tested in hot water 
for proper opening. A bucket or other container 
should be filled with sufficient water to cover 
the thermostats and fitted with a good quality 
thermometer suspended in the water so that 
the sensitive bulb portion does not rest directly 
on the bucket bottom or side. A stove or torch 
is used to bring the water to a heat range of 
160°F. while the thermostat is submerged in 
the water. Stir the water for even heating. As 
the temperature passes the 160° - 165° range the 
thermostat should start to open and should be 
completely open when the temperature has risen 
to 185° - 190° F. Lifting the thermostat into the 
colder temperature of the surrounding air 
should cause a pronounced closing action and the 
unit should close entirely within a short time. 
Both thermostats must be tested in this way. 
Two thermostats are used in order to ensure 
adequate reserve circulation for heavy operation 
and to pass large volumes of cooling water. Use 
care to seat the thermostat squarely and concen- 
trically to avoid interference with the thermo- 
static action. 

Cleaning Cooling System 

When clean, soft water is used as a coolant, 
and when the proper inhibitors and anti-freeze 
solutions are used, radiator and cooling passage 
accumulations will not be excessive. About once 
each year, however, the engine will benefit if 
the cooling system is cleaned of sludge and 
sediment. 

It is recognized that a number of excellent 
commercial cooling system cleaners are avail- 
able. The Waukesha Engine Division suggests, 
however, that an operator considering the use 
of such a cleaner first investigate its possible 
reaction with the copper and bronze parts in the 
engine. If such a cleaner is used, follow the 
manufacturer's recommendations carefully. 

Cooling Fans 

About the only maintenance work encountered 
in connection with cooling fans will be the oc- 
casional replacement of a blade damaged in 
some manner and the replacement of fan belts. 
In the case of slightly bent blades, it is im- 
portant to remember that inaccurate blade 
alignment can cause considerable roughness 
and vibration as well as inefficient cooling and 
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bearing wear. Refer to the SAFETY PRECAU- 
TIONS in the front of this manual for further 
recommendations. 

Fan Belts 

Periodic replacement of fan belts is good 
insurance against damaged radiators and inop- 
portune shut downs. Provision has been made to 
reduce the stretch between the fan pulley and 
the drive pulley on the engine and this adjust- 
ment should be used to install the belt. Attempt- 
ing to force the belt over the pulley while it 
is under tension is almost certain to damage 
the belt. 

To install new fan belts, (both should be 
replaced at the same time), follow the procedure 
below: 

1. Loosen four capscrews retaining the fan 
support bracket. 

2. Loosen the fan adjustment nut on top 
of the fan-support bracket and lower the 
fan hub and pulley until the belt tension 
is completely relieved and the old belts 
can be slipped free. 

3. Slip the new belts over the pulley and 
take up on the adjusting nut until the 
belts show some tension but are not 
so tight as to prevent movement with 
the thumb and forefinger for about one- 
half an inch to either side. 

4. Retighten the fan support bracket retaining 
capscrews. 

CHECKING FAN BELT TENSION 
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Water Pump Drive Belts 

Failure to maintain proper tension on the 
water pump drive belts may result in inade- 
quate cooling water circulation and serious en- 
gine damage. Belts must be in good condition, 
matched to each other, and of such tension that 
some movement is possible with moderate finger 
pressure. Never force the belts over the grooves. 
Always use the belt tensioner. Check the belt 
tensioner bearing for free, smooth rotation and 
replace if evidence of roughness or loss of lu- 
bricant is detected. 

Compressor Drives 

Many installations will use a three-point belt 
drive to drive an air compressor. This arrange- 
ment is detailed on the installation drawings 
obtainable from the Waukesha Engine Division. 

Greasing Fan Hub 

On those installations with a fan, it will be 
necessary to remove the screw plug from the 
fan hub about once a month, install a grease 
fitting temporarily, and apply a good quality 
lithium soap type grease selected for ball- 
bearing applications. 

This operation requires some judgment on 
the part of the operator since forcing grease in 
under full gun pressure will damage the bear- 
ing seals. If the hub seems to be full of grease 
before installing the fitting, the greasing may 
be omitted until the next scheduled inspection 
period. Add only enough grease to maintain an 
available supply without build up of internal 
pressure when the bearing is warm. NEVER 
FORCE GREASE IN UNDER HIGH PRESSURE. 
Use only light strokes with a hand grease gun. 

To make this procedure more convenient for 
the operator and to avoid bearing seal damage 
from excessive grease pressure two modifica- 
tions have been incorporated in current fan hubs. 
The first modification is the permanent install- 
ation of a grease fitting in the 1/4" NPT hole 
formerly fitted with a pipe plug. The second 
modification is the provision of a 1/4" pipe plug 
in a second hole located opposite the grease 
fitting. This hole is normally closed with a pipe 
plug during operation and must be opened to 
provide a grease vent while greasing. In those 
applications where it is desired to provide these 
features on existing engines, it is suggested that 
the hub and bearings be totally disassembled at 
overhaul or when convenient. The poisibility of 
introducing metal chips into the bearing cavity 
makes it undesirable to attempt the change with- 
out disassembly. 
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IGNITION ELECTRICAL SYSTEM MAINTENANCE 

The F-817-G series engines may be equipped 
with either battery or magneto ignition. In some 
applications both battery and magneto are used 
and dual spark plugs are employed with special 
cylinder heads. For top engine performance, 
each unit of the ignition system must be in good 
condition and properly adjusted. Normal main- 
tenance consists of replacing defective units at 
periods determined by experience withthe type 
of service involved. Adjustment several times 
during the service life will extend the usefulness 
and help benefit engine life. 

The battery is often subjected to abuse and 
insufficient maintenance in a distributor igni- 
tion system. Occasionally the starting motor and 
generator brushes and commutator require 
reconditioning. For other repairs and adjust- 
ments, these units should be referred to a 
qualified service man with the necessary tools 
and instruments. 

Battery 

Check the electrolyte level weekly and main- 
tain it 3/8" above to even with the lead plates. 
If possible check the specific gravity at this time 
since that information is valuable in detecting 
trouble before damage occurs. A specific gravity 
of between 1.250 and 1.285, all cells reading 
within 0.010 and 0.015 of each other, indicates 
a well charged battery. Readings below 1.250 
indicate the necessity for commercial charging 
while repeated specific gravities below 1.250 
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COLD REDUCES BATTERY POWER 
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call for thorough inspection of the electrical 
system. Deposits that appear on the battery 
cables may be removed by washing with a weak 
baking soda and water solution or household 
ammonia. A vasoline coating on the exposed 
parts will prevent the formation of more de- 
posits. 

Starter and Generator 

The starter and generator bearings, when a 
generator is used, must be lubricated with about 
five drops of light engine oil every 300 hours, 
oftener for the starter if it is used frequently. 
Do not over lubricate because excess oil may 
reach the commutator, brushes, or insulation 
and seriously impair the unit's operation. 

Also after 300 hours of operation inspect the 
commutator and brushes for indications of 
excessive wear. A slightly tan commutator 
that is smooth and shiny is in good condition 
and will not require attention. If it is rough and 
dirty, place a strip of 00 or 000 sandpaper, not 
emery cloth or paper, over a block of wood and 
hold it against the commutator while the motor 
is turning over. Continue this operation until 
the commutator is free from dirt and rough 
spots but do not remove any more stock than 
is necessary. Then blow any sandpaper dust 
out of the motor. 

The mica insulating strips between copper 
segments should be about 1/32" below the com- 
mutator surface. If through wear or several 
dressings of the commutator the mica is flush 
with the copper, remove the unit and refer it 
to a service shop for undercutting. Any visible 
out of round must be corrected by turning the 
commutator then undercutting the mica. 

COMMUTATOR COMMUTATOR 

Start Groove In Mica 
With Three Corner file 

SEGMENTS 

MICA 

RIGHT WAY 

Mica Must Be Cut Away 
Clean Between Segments 

Undercut Mica With Piece Of 
Hacksaw Blade 

r 
--SEGMENTS 

MICA 

WRONG WAY 

Mica Must NOT Be Left With 
A Thin Edge Next To Segment 

UNDERCUTTING MICA 
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During each 300 hour inspection check to 
see that the brushes are looSe in the holder, 
remove them, clean in gasoline or solvent 
until they fit freely. Replace the brushes when 
worn down to one half their original length. 
New brushes should be fitted to the commu- 
tator by placing a strip of 00 or 000 sandpaper, 
abrasive side facing upward, under the brush 
and sanding until about 3/4 of the brush end 
makes contact with the commutator. 

Regulator and Solenoid Switch 

Do not attempt repairs or adjustments of 
the regulator or solenoid switch -without the 
aid of a competent service man and special 
instruments. Generator manufacturers report 
that almost every case of early failure of the 
generator is due to tampering with the charg- 
ing rate or voltage adjustment by inexperienced 
personnel. 

Spark Plugs 

Misfiring or ragged operation may be due to 
faulty spark plugs caused by carbon accumu- 
lations and burning of the electrodes. They 
should be cleaned, inspected, and the gaps 
checked approximately every 200 hours of 
operation, or oftener if the engine idles for 
prolonged periods. After 500 hours, it is advis- 
able to replace the entire set when any spark 
plug is defective. 

Deposits on the electrodes and insulator may 
be removed by commercial abrasive cleaners. 
Scraping the insulator is not recommended 
since the resulting scratches increase the 
tendency of carbon deposits to form. 

After the spark plug has been cleaned, ad- 
just the gap with a round wire gauging tool to 
.025" (gasoline and gaseous fuels) by bending 
the outer electrode. As the spark plugs will 
have a tendency to burn the electrodes and 
widen the gap, it is important that gap be check- 
ed whenever the plugs are removed from the en- 
gine. Missing at low speeds is very often due to 
a wide spark plug gap. 

Also inspect the plug for cracked or porous 
insulator and check condition of the ingition 
cable. 

When replacing spark plugs, use new gas- 
kets. Proper seating of the gasket is necessary 
for sealing the combustion chamber and trans- 
ferring heat from the plug. 

34 

IGNITION SYSTEM CHECKLIST 

The following tabulation will be found useful 
when checking through the ignition system. 
DO NOT SLIGHT MINOR POINTS, THEY ARE 
ALL IMPORTANT. 

SPARK 
PLUGS 

LEAD 
WIRES 

Check for correct heat range. Ex- 
amine for cracked porcelain, leak- 
age, burned electrodes, deposits on 
center insulator, correct gap, good 
washers, and clean threads and 
seating surface. 

PLUG GAP 

Gasoline, Gas 
and LPG .025 

Check for sound, unburned, insu- 
lation without cracks, breaks, or oil 
contamination. Terminals at each 
end should seat firmly on clean, un- 
corroded contacts. 

DISTRIBUTOR 
CAP Check for secure seating, clean ex- 

terior, and interior free from oil, 
grime, powdered metal, paint, or 
hairline cracks. Clean corrosion 
from terminal sockets. 

DISTRIBUTOR 
ROTOR Check for cleanliness, firm seating, 

shiny center contact, arm contact 
not eroded short, nor striking cap 
contact lugs. 

BREAKER 
POINTS Check for wear on fiber cam fol- 

lower; secure mounting; tight, clean, 
well-insulated low-tension wire; 
correct spring breaker tension (19- 
23 ounces); point contacts meeting 
squarely and not excessively pitted; 
point movement (gap) .016"-.018" 
for distributors and magnetos. 

CONDENSER 
Check for secure ground to breaker 
plate, freedom from oil and grease, 
wire connection solid. Try new con- 
denser if in doubt. 

BREAKER 
HOUSING Check for interior cleanliness, free- 

dom from oil and grease, free move- 
ment of centrifugal advance system 
without looseness or slack in parts. 
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DISTRIBUTOR 
SHAFT Provide periodic lubrication at 

grease plug; test manually at break- 
er cam for wobble from excessive 
bushing clearance. 

TIMING Use simple .light circuit across 
points to establish correct point 
opening with flywheel marks or 
crankshaft pulley notch and timing 
pointer, when applicable. Centrifu- 
gal advance compensates for higher 
speed timing. Time for the correct 
degree of advance on the engine 
instruction plate or in the clearance 
table in this book. 

COIL 
If a coil is suspected to be defec- 
tive, test by replacing with one 
known to be good. 

TIMING TAPES 

The Waukesha Engine Division has elimi- 
nated the stamped timing marks, except for 
TDC, from all flywheels in current production. 
Instead, industrial type adhesive-backed timing 
tapes with degree markings are being affixed. 

The new tapes with special adhesive backing 
are a readily visible silver color with black 
markings and will indicate flywheel positions 
from 40° before top center to 20° after top 
center. The engine direction of rotation and the 
top dead center (TDC) point are also shown. 
Straight or curved tapes, shaped to fit the 
flywheel rim or face, are used depending upon 
the location of the flywheel housing timing 
opening. 

The actual engine timing procedure is still 
basically the same. The positioning of the cor- 
rect flywheel degree mark under the housing 
pointer differs somewhat in that the service- 
man must now refer to a timing data chart 
mounted on the engine crankcase or valve 
cover. This timing chart displays all of the 
necessary timing information. The timing charts 
for spark ignition engines are stamped accord- 
ing to engine fuel, type of ignition system (mag- 
neto or distributor), and engine operating speed. 
Timing data is also listed in the Clearance Sec- 
tion of this manual. 

IGNITION DISTRIBUTOR 

The primary or low-tension circuit of an 
ignition distributor passes directly from the 
primary wire connection, through the breaker 
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points, to the grounded body of the distributor. 
One side of the condenser is connected to the 
insulated primary wire connection; the other side 
is grounded to the distributor body. Each time 
the rotating cam in the center of the distribu- 
tor permits the breaker points to close the pri- 
mary circuit is complete. Hence, the cam and 
breaker assembly is nothing more than a switch 
timed to pass primary current through the igni- 
tion coil six times for every two revolutions of 
the engine crankshaft. 

When the cam forces the brpaker points apart, 
the primary current flow throkigh the coil is in- 
terrupted. It is this abrupt interruption in 
primary current that induces the secondary 
current in the separate secondary winding of 
the coil. An explanation of the induction prin- 
ciple will be found in the publications of elec- 
trical equipment manufacturers. From the 
standpoint of engine maintenance, it is only 
necessary to be able to recognize when ignition 
units are in good condition, working properly, 
and accurately adjusted. 

The high-voltage secondary current induced 
in the coil passes through another circuit of 
the distributor. Entering the distributor cap 
at the center tower, the current passes through 
the carbon button at the center of the cap 
into the rotating distributor rotor. The distribu- 
tor rotor rotating contact is held against the 
carbon button by spring pressure. The distribu- 
tor rotor passes in turn each of the six elec- 
trodes leading to the spark plugs. The position- 
ing of the rotor tip opposite an electrode occurs 
at the same time the breaker points separate 
to cause a high voltage discharge through the 
secondary system. Consequently, this high- 
voltage current jumps from the rotor tip to the 
opposite electrode and into the lead going to the 
spark plug. 

Since the mechanical arrangement of the 
engine requires a certain firing order, the wires 
leading to the spark plugs must be crossed 
to lead the successive sparks to the proper 
cylinder. Thus, the proper method is to start 
with number one spark plug wire in the terminal 
of the distributor cap to which the rotor points 
when number one cylinder is approaching TDC 
on compression stroke. The next wire would 
go to number five cylinder, the next to number 
three cylinder, and so on in firing order 
1-5-3-6-2-4. Since the F-817-G engine has 
clockwise distributor rotation (viewed from 
above the cap) the wires are installed clock- 
wise around the cap. 
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Primary Wire 
from Switch 
and Battery 

High Voltage 
to Distributor 

1E1 

Primary Wire to Distributor 

Ground to 
Engine 

TYPICAL BATTERY IGNITION SYSTEM SCHEMATIC 

Timing-Distributor Ignition 

The steps in timing the ignition system are 
shown in the accompanying illustration. This 
cannot be accomplished until the breaker points 
are accurately adjusted for clearance. Point 
clearances may be adjusted with the distributor 
installed in the engine. In some cases, however, 
it will be found much more convenient to 
remove the capscrew holding the adjustment 
collar and carefully lift the entire distributor 
from the engine for inspection and adjust- 
ment. This avoids working in cramped quarters 
and difficulties in trying to crank the engine 
over to bring the cam peak under the fibre 
bumper block. 

Distributor points do not have to be absolutely 
free of pits and grey oxide for satisfactory per- 
formance. Excessive cratering and build-ups 
of sharp peaks, however, require new breaker 
points. Slight point roughness may be cleaned 
up as much as is practical with a fine hone. 
Never use abrasive cloth or paper regardless 
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of what the abrasive material is. A file is 
equally unsatisfactory with regard to continued 
point life, although improved performance may 
be obtained for a short while. If points are 
cleaned up with a fine hone, clean them with 
chlor-ethylene to remove oily film which re- 
sults from honing. 

A feeler gauge is not an accurate method of 
setting points, particularly when there are some 
inequalities in the contact surfaces. 

An accurate method of setting points is the 
use of a dial indicator. Here, the gauge is 
solidly clamped to the distributor body in 
whatever manner is convenient. The gauge tip 
is brought to bear against the movable breaker 
point just behind the contact surface and the 
gauge is set to read zero with the fibre bumper 
on the flat of the cam and the points closed. 
Thus, by rotating the distributor cam, with 
the starter if the distributor is installed, or 
with the fingers if being bench adjusted, the 
exact point opening in thousandths is read on 
the dial indicator. This method will also reveal 
worn cams and distributor shafts that are loose 
in the bushings because the opening readings 
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FEELER GAUGES 
ARE INACCURATE 
ON PITTED POINTS 

DISTRIBUTOR POINT ADJUSTMENT 

will be erratic. Clearances are adjusted in 
the conventional manner by turning the eccentric 
screw holding the fixed point. Do not forget 
to re-tighten the fixed point clamp screw after 
adjustment. A better method of measuring point 
opening is by use of a dwell meter. The distri- 
butor used on Waukesha engines should be set 
33 to 36 degrees dwell. 

When the breaker point clearance is ac- 
curately adjusted, the engine should be turned 
to firing position on the compression stroke 
for #1 cylinder. This may be determined by 
bringing the degree mark on the flywheel to 
the center of the timing hole in the flywheel 
housing or aligning the timing pointer on the 
gear cover with the notch on the crankshaft 
pulley. At the same time make sure that both 
valves on number one cylinder are closed, or 
remove number one spark plug and feel the 
compression with the thumb. 

If the distributor assembly was removed from 
the engine, turn the rotor to the same position 
it was in when removed. Insert the drive shaft 
carefully in the opening with the distributor 
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body held approximately the same as it was 
when removed. For example, if the primary 
wire terminal and the grease plug were to the 
right originally, reinstall them that way if 
possible. 

When the distributor drive strikes its mating 
member in the crankcase, it may be necessary 
to rotate the shaft slightly by turning the rotor 
back and forth until the proper alignment is 
felt and the distributor drops into position. 
Install and tighten the capscrew holding the 
slotted adjustment arm to the boss on the 

Compression 
Stroke No. 1 

Both 
Valves 
Closed 

Center 
Timing Mark 

Distributor Point 
Clearance Correct; 
Points Just Opening 

FINAL TIMING: 

Rotate Distributor 
as needed to find 
exact point opening 
position where light 
goes out. Do not time 
on wrong slope of cam. 

STEPS IN TIMING DISTRIBUTOR IGNITION 
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crankcase with the capscrew in the approxi- 
mate center of the slot. The screw and nut 
holding the split clamp collar on the distributor 
body may now be loosened just enough to permit 
slight rotation of the distributor body for final 
adjustment. 

The exact timing of the spark depends on the 
actual breaking of the electrical circuit by the 
points. Hence, checking for the apparent me- 
chanical separation with feeler stock, cello- 
phane, and so on is apt to be misleading. To 
assure accurate timing, make up a simple light 
circuit consisting of an automotive light bulb 
with soldered on leads or a socket with lead 
wires attached. Clip or wedge one lead to the 
ungrounded side of the starting battery, and at- 
tach the other lead to the primary wire connec- 
tion at the side of the distributor. Final timing 
should be done with the engine running, using a 
power timing light. 

With the above installation, if the bulb is 
lit the points are closed and the distributor 
should be shifted slightly to determine the 
point of opening where the light just goes 
out. The distributor clamp may now be tightened 
and the flywheel turned backwards about a 
quarter of a revolution and then brought for- 
ward towards the timing mark on the flywheel 
as before. The light should just go out as the 
proper mark on the flywheel centers in the 
flywheel housing opening. 

Since the engine is set for number one 
cylinder firing, install the distributor cap and 
start installing the spark plug wires with 
number one in the hole to which the rotor 
points and working clockwise around the cap. 

It is best to install a wire at the distri- 
butor, and then without installing any more 
follow up that wire and secure it to the proper 
spark plug in firing order. Take each in turn 
to avoid confusion. 

Once the timing is properly set for the idle 
(no-speed) position, the centrifugal weight sys- 
tem of the distributor will automatically advance 
the spark as required by changes in engine 
speed. The mechanism involved is matched 
to each engine application by laboratory tests 
determining the best spark advance point over 
the entire speed range. Therefore, substitution 
of unmatched parts from other equipment will 
impair timing and engine performance. The 
advance curve shown in the accompanying graph 
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CENTRIFUGAL ADVANCE CURVE 
(Typical; Not for Service Check) 

is intended only as an illustration and actual 
service data should be obtained from the dis- 
tributor manufacturer's service data. 

The distributor requires lubrication of the 
shaft, advance mechanism, breaker cam, and 
breaker lever pivot. For shaft lubrication, a 
supply of oil is placed in the oil reservoir 
at the time of assembly sufficient to last 1000 
hours under normal operating conditions. Thus, 
the oil plug need not be removed oftener tha.i 
this period (or at overhaul) except when unusual 
heat or other operating conditions are ex- 
perienced. Add grade 20W oil when the plug 
is removed. Avoid over-filling; there should be 
a small air space above the plug hole when the 
plug is replaced. Seal the plug with a sealing 
compound that will retain oil. 

For breaker cam internal lubrication, add a 
drop or two of light engine oil to the center hole 
of the lubricator if the cam wick appears to be 
dried out. The cam should be lubricated only 
with cam grease. Inadequate lubrication here is 
shown by excessive wear of the breaker bumper. 
Excess oil is indicated by fouling of the points, 
carbon streaks under the points, and a general- 
ly dirty appearance of these parts. Every 200 
hours put one drop of light engine oil on the 
breaker lever pivot, and a few drops on the felt 
wick under the rotor. 

The centrifugal advance mechanism can be 
checked for freeness by turning the breaker 
cam in the direction of rotation and then re- 
leasing it. The advance springs should return 
the cam to its original position without sticking. 
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STANDARDIZED IGNITION COILS 

A standard 12-volt coil is used on all battery- 
distributor ignition systems but is adapted to 
24-volt and 32-volt systems by introducing one 
or two resistors, respectively, in the primary 
lead from the battery. The resistors, Part No. 
69526, must be used on all voltages other than 
12 volts and failure to use them will cause coil 
and breaker point damage. 

BREAKERLESS DISTRIBUTOR IGNITION 

The Bendix Breaker less Ignition system con- 
sists of the following three parts: (1) a control 
unit which provides an energy storage circuit, 
a control circuit, and a transformer coil; (2) a 
distributor which includes a magnetic triggering 
device, a distributor rotor, and a standard dis- 
tributor cap; and (3) a lead assembly which 
electrically connects the control unit and the 
distributor. 

The engines for which this system is designed 
usually operate on Natural or LP gas and are 
used to run commercial and residential air 
conditioners, refrigeration units, and heat 
pumps. The Bendix Breaker less Ignition System 
operates from an external electrical power 
supply of 100-125 volts ac at 50-60cps. 

- The input is fed into the control unit by 
means of a three-wire lead. The green wire 
is grounded inside the control unit. The black 
wire goes to a 1/4 amp, 3 AG type 250 volt 

fuse and then to the filter unit. The white wire 
connects directly to the filter unit. The fil- 
tered input current goes to an electronic 
module which converts it to dc. The direct 
current is then used to charge a capacitor in 
the energy storage circuit. This capacitor is 
connected to the high-voltage transformer coil 
through a trigger circuit containing a switching 
device which is normally non-conductive or 
"open." 

The distributor includes a trigger wheel with 
four vanes and a magnetic pickup unit. When 
one of the vanes approaches the tip of the 
pickup with sufficient speed, an electrical pulse 
is generated in the pickup. This pulse goes 
thru the lead from the distributor to the control 
unit and is used to turn on the switching device 
in the trigger circuit. This permits the elec- 
trical energy in the storage capacitor to dis- 
charge thru the primary winding of the high 
voltage transformer coil. The resulting high 
voltage from the secondary winding of this 
coil is conducted to the distributor and then 
to the spark plugs. The trigger circuit quickly 
recovers its non-conductive state and the whole 
cycle of events is repeated at the rate required 
by the engine rpm. 

Installation Timing 

Before installing the distributor on engine, 
rotate engine to its No. 1 firing position as 
specified. Hold the distributor so the con- 
nector points in the direction most convenient 

3. DISTRIBUTOR 

I. CONTROL UNIT 

D.C. POWER CONNECTION 
(D.C. SYSTEMS) 

2-PRONG 
CONNECTOR 

LOCATION 

2. TRIGGER COIL 
LEAD 

FUSE LOCATION 
115 VOLT A.C. 

POWER CONNECTION 
(AC. SYSTEM) 

Power for these Bendix Components is obtained from 115 V. 60 cycle A. C. , 

or 12 or 24 volt D.C. Fuse is provided for circuit protection. 
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for installation of the lead between the distri- 
butor and control unit. Lower the distributor 
into position so the drive member mates with 
the engine drive. Remove distributor cap and 
note the two timing bosses on the inside wall 
of the distributor housing. Each boss is identi- 
fied by an arrow above it. Rotate the distributor 
until one of the trigger wheel vanes is in line 
with the proper timing boss as indicated in 
the timing illustration. Arrow adjacent to each 
timing boss indicates direction of distributor 
shaft rotation. 

Install the distributor cap after noting with 
which electrode and cable tower the rotor elec- 
trode is aligned. Install high tension cable be- 
tween this cable tower and the spark plug in 
the No. 1 cylinder. Install the other cables rela- 
tive to distributor rotation and engine firing 
order. With engine running at governed speed, 
adjust final timing. A power timing light is re- 
quired for final timing. Secure distributor to the 
engine. Make sure that the mounting surface of 
the control unit is grounded. 

CAUTION 

It is recommended that the control unit 
be mounted so its coil outlet is at the top 
and the mounting flange in full contact 
with a horizontal metal surface to provide 
a good heat sink for the unit. 

Install the end of the power input cable in 
an electrical junction box which provides 100- 
125 volt ac 50-60 cps power. Connect the 
green wire to a good earth ground. Make sure 
that the correct fuse (1/4 amp, 3 AG type 
250 volt) is in the fuse holder on the side of 
control unit. 

TIMING BRE AKE RLESS IGNITION SYSTEM 
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Connect the control unit to the distributor 
using the Bendix lead assembly and tighten 
retaining nuts. 

Install one end of a high tension cable in the 
coil outlet at top of control unit and the other 
end in the center cable tower of the distributor 
cap. No terminal is required on the end which 
is installed in the coil. To assist in weather- 
proofing the system, it is recommended that 
a light film of Scintilla #47 Compound or 
equivalent non-hardening sealing compound be 
applied to the first 1/4 inch of the cable out- 
side diameter before insertion into the coil. 
Insert the lead into coil a minimum of 5/8 
inch. 

Maintenance 

The Bendix Breakerless Ignition System 
is designed to give thousands of hours of 
maintenance-free service. However, the fol- 
lowing preventive maintenance procedures, if 
followed at each engine inspection period, will 
greatly prolong its trouble-free service life. 

Remove the distributor cap by unhooking the 
two clips which secure it. In confined areas, 
be sure the cap is lifted enough to clear the 
spring terminal on distributor rotor before 
moving it to the side. 

Wipe cap with a clean, dry cloth if cleaning 
is necessary. Check all cable towers and elec- 
trodes to insure that they are clean and free 
of corrosion. If necessary, carefully clean the 
inside of distributor housing with a dry cloth. 

CAUTION 

The vanes of the trigger wheel are of 
necessity made of a relatively soft metal. 
Use extreme care that they do not get 
bent at any time. Their location controls 
the timing accuracy and proper function- 
ing of the ignition system. Therefore, any 
change in their position relative to the 
shaft will adversely affect engine oper- 
ation. 

Inspect all wiring insulation for fraying, 
scuffing, cracking, or other conditions that 
could cause leakage of high voltage. Replace any 
defective wiring and locate it so the above con- 
ditions will be avoided. 

CAUTION 

The clearance dimension between trig- 
ger wheel and pickup tip is critical. If 
the connector and pickup assembly on 
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BREAKERLESS IGNITION DISTRIBUTOR 
(TRIGGER WHEEL TO PICKUP CLEARANCE) 

side of distributor is removed "for any 
reason, this dimension shall be checked 
during reassembly. Adjust the clearance 
to 0.003 to 0.005 inch between each vane 
and the pickup tip by adding or removing 
Bendix shims where indicated in the ac- 
companying illustration. Nonconform- 
ance with this requirement will cause 
malfunction of the system. 

TROUBLE SHOOTING BREAKERLESS 
DISTRIBUTOR IGNITION 

1. Engine Power Loss: (But not roughness or 
misfiring) 
a. Check induction system and controls. 

b. Check distributor timing to engine. (See 
below.) 

WARNING 

Do not connect a tester or ohmmeter to 
trigger lead receptacle on control unit. 

2. Engine Rough or Misfiring: 

a. Check spark plugs. 

b. Inspect plug leads. 

c. Check distributor cap. 

d. Look for loose connections in all parts of 
system including power supply circuits. 

3. Engine Will Not Start Or Run: 

a. Check input power, check fuse. 
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b. Check for breaks, shorts or poor contact 
in connectors of the trigger coil lead be- 
tween control unit and distributor. 

c. Older type trigger leads have a 2-prong 
connector. To insure good contact, the 
prongs should be twisted slightly as shown 
below. 

?I Ill 

(5) 

USE TWO PAIRS OF -0 
THIN NOSED PLIERS FINISHED JOB 
AS SHOWN. TWIST 3/16 SHOULD LOOK 
OF END CLOCKWISE. LIKE THIS. 

TWISTING TRIGGER LEAD CONTACTS 

d. Check for loose trigger wheel or improper 
trigger coil air gap. 

e. Check trigger coil for open circuit. Should 
be 2500-3500 ohms between contacts of 
trigger coil connector. 

f. If trouble cannot be isolated, replace parts 
as follows: 

First: 
Second: 
Third: 

Trigger coil lead. 
Control unit. 
Distributor. 

MAGNETO IGNITION SYSTEM VARIATIONS 

Four different types of magneto ignition 
systems have been employed on engines in this 
series. They are the high tension, low tension, 
semi-low tension, and breakerless systems. 
Usage of each particular system is dependent 
on the engine application. 

In the high tension system, the magneto pro- 
duces and distributes high voltage directly 
through insulated high tension leads to the en- 
gine spark plugs. The conventional or high ten- 
sion magneto contains a single internal coil 
which has both primary and secondary windings. 
The low tension and semi-low tension magne- 
tos differ from this in that they generate only 
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low tension or primary current. In the low ten- 
sion system the magneto distributes this pri- 
mary current to individual coils, one for each 
cylinder, where current is transformed into high 
voltage current and delivered to the spark plug 
through a short high tension lead. The semi- 
low tension system employs a single external 
coil. In this system the low tension current 
generated in the magneto passes out of the mag- 
neto primary terminal to the external coil 
where it is transformed into high voltage. From 
the coil the current flows back into the magneto 
where it is distributed in the proper firing order 
through high tension leads to the spark plugs. 
Breakerless magneto ignition is similar to low 
tension magneto ignition, except the solid state 
magneto doesn't use breaker points. 

MAGNETO-GENERAL 

Minor servicing of the magneto is confined 
to cleaning, replacement, and adjustment of the 
breaker points. More extensive repair and over- 
haul operations require specialized training 
and equipment and should be made only at 
authorized service agencies. 

In both theory and service practice there is 
little difference between a magneto and a dis- 
tributor. Whereas a distributor depends upon 
a generator and storage battery for its primary 
current, the magneto uses a primary current 
generated within itself by rotation of permanent 
magnets between pole shoes. Because of the 
movement of the permanent magnets and the 
periodic reversals of magnetic flux a magneto 
must be timed internally as well as with rela- 
tion to the engine. The internal timing should 
be adjusted at the factory or a service agency. 

HIGH TENSION MAGNETO 

Timing Instructions 

The magneto timing procedure follows very 
closely the steps given for timing the distri- 
butor. The flywheel must be rotated until the 
proper mark on the flywheel is centered in the 
timing opening and number one piston is coming 
up on compression stroke. This is the point at 
which firing occurs when the engine is running 
and the impulse coupling has disengaged. 

When the impulse coupling is engaged, as it 
is when starting to time the magneto, it must 
be released or "snapped" in order not to incor- 
porate its lag angle in the timing procedure. 
The easiest way to do this is to turn the magneto 
impulse coupling backwards (against the arrow 
on the name plate) as many turns as needed to 
align the arrow in the inspection window with 
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7/V/APPROXIMATE POSITION 

LOCATE 
COUPLING FOR 
BEST MAGNETO 
POSITION 

ALWAYS REMOVE 
1/8' PIPE PLUG FOR 
MAGNETO OPERATION 

MAGNETO COUPLING POSITION 

the terminal connecting to number one spark 
plug. Instead of aligning an arrow in an inspec- 
tion window, currently used high tension magne- 
tos require centering a timing mark on the ro- 
tor in the timing window on the side of the end 
cap. If the high tension magneto doesn't incor- 
porate either an inspection window or a timing 
window, then the end cap cover must be removed 
and the rotor finger aligned with the timing boss 
marked "6" inside the end cap. Reverse rotation 
automatically disengages the impulse unit. Con- 
nect the magneto drive to the engine. 

In some cases, it may be found impossible 
to engage the slot and tongue magneto drive 
without tilting the magneto so far that it either 
strikes against the crankcase or leans outward 
from the engine more than desired. Also a 
situation of this kind may require the magneto 
to be tilted beyond the range of the slot for 
the mounting stud. 

To correct the above condition, when the mag- 
neto tends to lean in too close to the engine, re- 
move the coupling nut, pull the slotted coupling 
from the governor shaft, and relocate the cou- 
pling so the other keyway slot engages the key 
in the governor shaft. This provides 10 degrees 
variation, or the equivalent of one gear tooth. 
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ENGINE FIRING ORDER 1-5-3-6-2-4 

GROUND WIRE 

LOW TENSION MAGNETO 

(Counter Clockwise Rotation 
Viewed From Coupling End) 

TRANSFORMER 
MOUNTING BRACKET 

TIMING 
WINDOW 

TERMINAL 
No. 1 

IGNITION SWITCH 

LOW TENSION IGNITION, WIRING SCHEMATIC 

When building up an engine after overhaul, 
the above difficulties will ordinarily be avoided 
if care is used to install the governor and 
magneto drive gear so that the key securing 
the magneto coupling to the shaft points ver- 
tically with the proper mark on the flywheel 
centered in the timing opening and number one 
piston coming up on compression stroke. 

Final timing is done with the flange mounting 
screws snug. Connect a battery powered timing 
light to the spark plug lead of number one cylin- 
der and check the timing with the engine running. 
If timing is not correct, tap the magneto by 
hand enough to rotate it on the mounting flange. 
With careful tapping, one direction or the other 
as required, exact timing is readily determined 
and the flange mounting screws must be tighten- 
ed. 

LOW TENSION MAGNETO 

Installation and Timing Instructions 

Use the following procedure to obtain peak 
performance of Fairbanks-Morse heavy duty 
low tension magnetos. 
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1. Rotate the engine flywheel until the No. 1 

cylinder is in running or advanced spark 
position on the compression stroke. 

2. Remove the timing bolt from the top of 
the magneto end cap. Turn the magnetic 
rotor shaft until the yellow timing mark, 
on the edge of the distributor disc, is 
centered in the timing window. This mark 
denotes that the end cap cover terminal 
stamped No. 1 is approximately ready to 
fire the No. 1 cylinder. 

3. Install the magneto on the engine as de- 
scribed for the high tension magneto. 

4. After the magneto is installed on the en- 
gine, connect the transformer lead wires 
on the end cap terminals. Starting with 
the No. 1 terminal, connect the wires to 
agree with the engine firing order. When 
facing the end cap cover, the No. 1 termi- 
nal is at the upper left. Connect the wires 
in counterclockwise rotation as viewed 
from the terminal end of the magneto. 

5. Final timing is done with the flange 
mounting screws snug. Connect a battery 
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powered timing light to the spark plug 
lead of number one cylinder and check the 
timing with the engine running. If timing 
is not correct, tap the magneto by hand 
enough to rotate it on the mounting flange. 
With careful tapping, one direction or the 
other as required, exact timing is readily 
determined and the flange mounting screws 
must be tightened. 

SEMI-LOW TENSION MAGNETO 

Installation and Timing Instructions 

The following installation procedure should 
be used to obtain peak performance of Fair- 
banks=Morse Type FM-LX semi-low tension 
magnetos. 

1. Rotate the engine flywheel until the No. 1 

cylinder is in the advance firing position 
on the compression stroke. 

2. Turn the magneto rotor until the timing 
mark on the rotor is centered in the tim- 
ing window which is located on the side of 
the end cap. The terminal in line with the 
timing window is designated as No. 1 ter- 
minal. 

3. Install the magneto on the engine as de- 
scribed for the high tension magneto. 

4. Mount the transformer on the engine close 
to the magneto in any position to fit the 
installation. 

5. Using No. 14 stranded wire, connect the 
primary terminal on top of the magneto 
housing to the positive (+) transformer 
primary terminal. If desired, a wire may 
be connected from the magneto housing 
terminal to a switch or relay to ground 
the installation. Refer to the semi-low 
tension wiring schematic. Connect the re- 
maining transformer primary terminal to 
the magneto end capscrew. Using 7 mm 
ignition wire and clips, connect the trans- 
former high voltage tower to the magneto 
end cap cover center tower. Beginning 
with the No. 1 magneto tower, connect 
the high tension towers to the engine 
spark plugs in the correct engine firing 
order in a counterclockwise direction. 

6. Final timing is done with the flange 
mounting screws snug. Connect a battery 
powered timing light to the spark plug 
lead of number one cylinder and check the 
timing with the engine running. If timing 
is not correct, tap the magneto by hand 
enough to rotate it on the mounting flange. 
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With careful tapping, one direction or the 
other as required, exact timing is readily 
determined and the flange mounting screws 
must be tightened. 

BREAKERLESS MAGNETO 

Timing Instructions 

When leading edge of longest (red) finger of 
distributor rotor is approximately in center of 
timing window in cover of Magtronic magneto, 
it's ready to fire No. 1 cylinder. 

When timing pointer on large distributor 
gear is centered in timing window on Bendix 
S1800 magneto housing, it's ready to fire No. 1 

cylinder. 

Timing must be checked with stroboscopic 
type timing light at governed rpm with the 
flange mounting screws snug. If timing is not 
correct, tap the magneto by hand enough to ro- 
tate it on the mounting flange. With careful tap- 
ping, one direction or the other as required, 
exact timing is readily determined and the 
flange mounting screws must be tightened. 

MAGNETO MAINTENANCE 

From the maintenance standpoint, most of 
the principles applying to distributors can be 
applied to magnetos as well. Cleanliness, free- 
dom from dirt, grease, and burning, and so on, 
are equally important. Point clearance is ad- 
justed to :016 " -.018" in the same manner as 
with the distributor. 

High Tension Magneto 

The cam lubricating felt wick should be re- 
placed at overhaul. The magnet rotor ball bear- 
ings and the distributor gear oil-less bearings 
require no lubrication between overhauls. 

Low and Semi-Low Tension Magneto 
The ball bearings of the magneto are packed 

in grease and require no lubrication except at 
overhaul time. Then the grease should be wash- 
ed out and replaced with high temperature bear- 
ing grease. 

Be sure that the felts attached to the cam 
followers &re replaced at overhaul. 

Breakerless Magneto 

Breakerless magneto ignition systems are 
designed to operate from one engine overhaul 
period to the next without requiring any inter- 
mediate inspection or maintenance procedures. 
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This has been accomplished through the solid 
state design of its circuitry and by elimination 
of many of the normal magneto parts which 
make rubbing or intermediate contact. 

If the engine should develop trouble which 
appears to be definitely associated with its igni- 
tion system, inspect wiring, spark plugs, and 
transformer coils for the difficulty. If the trouble 
appears definitely related to the magneto, re- 
move it from the engine and replace it with a 
unit known to be good. It is suggested that a 
spare magneto be kept on hand at the facility 
for these emergency situations. A defective 
magneto should be sent to a qualified service 
station for overhaul. 

The magneto and transformer coils will 
benefit from periodic cleaning with a cloth 
dampened with solvent. Inspect the primary 
terminals and harness plug for security and 
make certain that the ignition cable is inserted 
all the way into the high tension terminals. 
They may be cleaned with a fine brass wire 
brush. Periodic inspection of the mounting bolts 
is also recommended. 

It is not necessary to open the magneto for 
periodic inspection. Opening of the unit will 
only permit dirt to enter. 

IMPULSE COUPLING 

The impulse coupling is engaged only when 
starting. Its purpose is to snap the magneto 
rotor faster than normal at the engine crank- 
ing speed. In addition, the impulse coupling 
automatically retards the spark. Thus, the 
spark occurs after the piston has passed top 
center and kickback is eliminated. The gain in 
spark intensity resulting from snapping the ro- 
tor makes boosters and auxiliary starting de- 
vices unnecessary. 

Once the engine starts and attains a speed 
of about 100 RPM the impulse automatically 
disengages and the magneto is driven directly 
from the engine in normal timing. 

American Bosch 

This coupling employs sliding "L" shaped 
weights and a curved coil spring. The vertical 
movement of the sliding weights is guided by 
ears of the impulse coupling hub which en- 
gages the housing into which is assembled the 
coil spring. The coupling is released by the ar- 
rester housing mounted at the shaft end of the 
magneto frame. The majority of the parts are 
designed so that they can be assembled for 
either clockwise or anti-clockwise rotation. 
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CYLINDER AND SPARK PLUG SEQUENCE 

ENGINE FIRING ORDER I - 5 - 3 - 6 - 2 - 4 

SEMI LOW TENSION MAGNETO, WIRING SCHEMATIC 
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COUPLING FELT WICK 
HOUSING IN SPRING 

ARRESTER )) 
1% Z COUPLING HUB 

SPRING 
HEADPINS 

EAR Of 
COUPLING NUB 

WEIGHTS 

AMERICAN BOSCH IMPULSE COUPLING 
ASSEMBLY 

When disassembling the coupling to check 
parts for wear or damage, use a puller to re- 
move the coupling hub from the magneto shaft. 
Damaged or worn parts must be replaced. Re- 
assemble balls and coil spring with felt wick 
to the coupling housing. Balls must rest against 
groove in housing channel. With ear of coupling 
hub facing you, locate weights in elongated hub 
slots. IMPORTANT: If the coupling is being 
assembled for clockwise rotation, letter "C" 
stamped on weights must be face up; for anti- 
clockwise rotation letter "A" must be face up. 

AMERICAN BOSCH IMPULSE COUPLING 
REMOVAL 
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Place cam in coupling housing with letter "A" 
or "C" facing spring as required. Engage ear 
of coupling hub between pins in housing and 
mesh the two assemblies. 

To provide accurate setting of the coupling 
retard, marks spaced 5° apart have been placed 
adjacent to the upper left-hand slot of the ar- 
rester housing. When the heavy center mark 
lines up with the fastening hole in the magneto 
housing, the automatic retard or lag angle of 
coupling is approximately 30° for either clock- 
wise or anti-clockwise rotation. 

Turning the arrester housing in a clockwise 
direction increases the automatic retard or lag 
angle and turning it in an anti-clockwise direc- 
tion decreases the automatic retard or lag angle 
for clockwise magnetos. The opposite is true 
if the magneto operates in an anti-clockwise 
rotation. Locate impulse member assembly on 
magneto drive shaft and fasten in place with 
rotor shaft nut and lock washer. NOTE: Hub 
of the impulse member assembly is provided 
with two keyways, one for clockwise rotation 
marked "C", the other for anti-clockwise rota- 
tion marked "A". Be sure to select the proper 
keyway. 

Fairbanks-Morse 

This impulse coupling assembly consists of 
a shell, flat drive spring, and coupling hub as- 
sembly which is keyed to the magnetic rotor 
shaft. The drive spring has one end engaged in 
the longer slot in the coupling hub while the 
other end has a loop formed which fits into the 
coupling shell. The coupling shell is fitted into 
the drive member on the engine drive shaft. 

FAIRBANKS-MORSE IMPULSE COUPLING 
COMPLETE - CW ROTATION 
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FAIRBANKS-MORSE COUPLING HUB 
ASSEMBLY, DRIVE SPRING AND SHELL - 

CCW ROTATION 

When the engine is operating at slow speed, 
the pawl in the coupling hub engages the stop 
pin in the magneto housing which prevents 
further movement of the magnetic rotor. As 
the engine continues to operate, the shell winds 
up the drive spring. At the point in the engine 
cycle when the fuel mixture should be ignited, 
the pawl is released by movement of the coup- 
ling shell, and snaps the magnetic rotor forward 
at high speed through its firing cycle. As the 
engine speed increases, centrifugal force with- 
draws the pawls to a position where they no 
longer engage the stop pin. 

Remove the impulse coupling assembly after 
removing the nut and washer. Separate the 
shell and spring from the hub, then use a hub 
puller to remove the hub from the rotor shaft. 
If the hub is hard to pull, tap the puller screw 

FAIRBANKS-MORSE COUPLING HUB 
PULLER 
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SPRING ANCHOR 
IN SHELL 

COUP LING 
DRIVE 

SPRING 

CCW 
ROTATION 

HUB 
SLOT 

END OF 
SPRING 

COUPLING SHELL 
CW 
ROTAT ION 

FAIRBANKS-MORSE DRIVE SPRING IN 
COUPLING SHELL 

with a hammer to loosen the hub. Clean and 
lubricate the impulse coupling before reassem- 
bling it to the magneto. 

Insert the drive spring in the coupling shell 
so that it coils in the proper direction when 
looking into the shell; clockwise from the center 
for counterclockwise rotation and counterclock- 
wise from the center for clockwise rotation. 
Catch the inner end of the drive spring in the 
longer slot of the coupling hub and complete 
the assembly by winding the drive spring one 
full turn. Push the assembly together and key 
the coupling onto the rotor shaft. Replace the 
impulse coupling washer and securely screw 
the impulse coupling nut into place. 

Fairbanks-Morse impulse couplings can not 
be adjusted to change the lag angle. The correct 
coupling must be used for the specified lag 
angle. 

IGNITION-ELECTRICAL SYSTEM POLARITY 

The basic objective of observing polarity 
in the ignition system is to deliver negative 
voltage at the spark plug center electrode. 
If improper wiring causes positive voltage to be 
delivered to the plug the voltage required to 
jump the gap may be increased as much as 
45%. Obviously, if the ignition system is not 
capable of delivering this increased voltage 
requirement the plug will not fire and fouling 
or missing will occur. 

Negative voltage at the spark plug center 
electrode is desirable because the electron flow 
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in the circuit is from negative to positive. Since 
the center electrode normally runs at a sub- 
stantially higher temperature than the shell 
electrode, the space immediately surrounding it 
tends to ionize more readily and the spark 
path is, in a sense, better prepared for the 
final discharge of the spark. Sometimes this 
fact is explained by the theory that the hotter 
center electrode is able to discharge a spark 
better than a colder one in the same way that 
the heated filament in a radio or TV tube emits 
electrons only when glowing. Regardless of 
the theory involved, actual tests show better 
plug performance with the negative voltage 
applied to the center electrode. 

In instances where spark plug troubles, hard 
starting, and ignition complaints are under 
investigation, this is one of the first things 
to check. If a high voltage voltmeter is avail- 
able, simply ground the positive lead and momen- 
tarily touch the negative lead to the spark plug 
terminal with the engine running. The voltmeter 
needle should swing up scale. If it does not, 
reverse the coil leads so the opposite coil 
lead comes to the distributor. 

Lacking a voltmeter, an ordinary wooden 
pencil inserted as shown into an air gap drawn 
between the plug lead and the terminal will 
show a slight orange flare on the plug side 
if the polarity is correct. A flare towards 
the wire side indicates that the coil wire is 
incorrect and should be reversed. 

POLARITY CHECK 

Sometimes a cupped appearance of the ground 
electrode may be a symptom of reversed coil 
polarity. Very often coils will be marked with 
positive and negative terminals. A letter from 
Delco Remy is quoted below and covers the 
reason for this... "In a negative grounded system, 
the minus (-) terminal (of the coil) is connected 
to the distributor whereas in a positive grounded 
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system, the positive (plus) terminal is con- 
nected to the distributor. By connecting the coil 
in this manner the magnetic lines always cut 
across the primary and secondary windings 
in the same direction when the lines collapse 
at the time the contact points break, regard- 
less of the system polarity, to deliver negative 
voltage at the center electrode of the spark 
plug through the secondary wire." Thus, if the 
rule given in the first sentence of this quotation 
is observed when coils are marked, and, if a 
check is made when they are not, many stub- 
born cases of ignition trouble may be improved 
or eliminated. 

Generator Polarity (when generator is used) 

The Waukesha Engine Division has received 
frequent inquiries about how to polarize a gener- 
ator properly after it has been repaired or tested. 
If the generator is not properly polarized 
serious damage will result. 

The Delco-Remy Company covers this matter 
in their Training Chart Manual DR-5133E. The 
following information is taken from that manual. 
An "A" circuit may be considered a standard 
circuit and a "B" circuit as a heavy duty cir- 
cuit. 

The magnetism of the pole pieces is deter- 
mined by the field coil's current and its direc- 
tion of flow. The residual magnetism and the 
polarity of each pole will remain the same as 
induced from the magnetism of its field coil 
the last time current was passed through it. 
Generators, therefore, will build up voltage 
that will cause current to flow in either direction 
depending upon residual magnetism in the poles. 
When working on electrical units, and when 
"ringing out" circuits with a small battery 
and bell, it is possible for current to accidentally 
flow through the field coils in the wrong direction 
and the generator will become improperly 
polarized with respect to the battery in the 
vehicle. An instantaneous flash is all that is 
required to create a reverse polarity of the 
generator. 

After a generator has been repaired and 
installed on a vehicle, or at any time after 
a generator has been tested, it must be polarized. 
This is to make sure that it has correct 
polarity to develop voltage that will cause cur- 
rent to flow in the proper direction to the 
battery it is to charge. Failure to polarize 
the generator in agreement with the battery 
on the vehicle may result in burned cut-out 
relay points, a run-down battery, and possible 
serious damage to the generator itself. If the 
direction of current flow from the generator 
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to the battery is correct, the battery will 
be charged. However, if the direction of cur- 
rent flow from the generator to the battery 
is wrong, voltages of the battery and generator 
will be added together to give approximately 
double voltage across the contact points of the 
cut-out relay. 

What can happen when the generator is of the 
opposite polarity from that of the battery is 
shown in the illustration. Plus and minus symbols 
are used to indicate the direction of current 
flow. It is assumed that current will flow from 
plus to minus. 

As the generator builds up in voltage, current 
will flow in the operating coil of the cut-out 
relay causing the contact points of the relay 
to close, completing the circuit between the 
battery and generator. The battery and generator 
are now connected together in series and their 
respective voltages are added together. Approxi- 
mately double system voltage is now obtained 
across the contact points and extremely high 
currents will result from the high voltage short 
circuited in the battery and generator circuit. 
This high current produces heat that can weld 
the contact points together instantly. 

However, as the illustration shows, at the 
instant the points of the relay close, there 
is battery voltage on the insulated side of the 
operating coil of the cut-out relay and generator 
voltage (which will be approximately the same 
as battery voltage) on the ground side of the. 
operating coil. Since there is little or no dif- 
ference in voltage between the ends of the coil, 
the current flow in the coil is insufficient to 
hold the points of the relay closed and spring 
pressure may open them. 

OPPOSITE POLARITY DIAGRAM 
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Generator voltage will again close the points 
and the action is repeated. The points of the 
relay thus open and close very rapidly with 
voltage and current present. Eventually heat 
and arcing from the high current and voltage 
will cause the points to actually weld together. 

Relay points welded together allow the battery 
and generator to be connected together at all 
times. Since resistance of the generator is low, 
the battery has a very low resistance path 
back to the battery and large discharge current 
will flow from the battery through the generator 
and back to the battery. This, in a short time, 
completely discharges the battery and the large 
current may develop enough heat to burn the 
armature of the generator and render it in- 
operative for future use. 

The importance, therefore, of polarity cannot 
be stressed too highly. Lack of understanding 
generator polarity and its relationship to the 
vehicle battery has been responsible for many 
unnecessary electrical failures in the cut-out 
relay, battery and generator. 

The procedure to follow in correcting gener- 
ator polarity depends upon the generator reg- 
ulator wiring circuits--that is, whether the 
generator field is internally grounded or is 
grounded through the regulator. Procedures for 
polarizing "A" and "B" type circuit generators 
differ. 

Polarization of "A" Circuit Generators 

Generators using an "A" circuit are polarized 
by connecting a jumper lead from the insulated 
or "hot" side of the battery to the armature 
or "A" terminal of the generator. The battery, 
generator and regulator grounds must be con- 
nected. On the vehicle this is done through the 
frame. This causes current to flow in the 
normal direction through the field coils which 
will correctly polarize the generator's pole 
shoes. A touch of the jumper lead is all that 
is required and a flash or arc will be noted 
when the lead is removed. 

Insulating the brushes is recommended with 
all 24 or 32 volt generators of circuit '"A" 
construction during polarizing. If the brushes 
are not insulated, low resistance of the generator 
armature will cause an extremely high discharge 
current -through the armature when the jumper 
lead is connected between the battery and gener- 
ator terminal. This can result in a badly burned 
armature. With the brushes insulated, only field 
current will flow. 
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POLARIZATION OF "A" CIRCUIT 
(STANDARD) GENERATORS 

An easily accessible place to polarize the 
generator when it is located on a vehicle is 
at the regulator. A short jumper lead between 
the battery and armature terminals of the regu- 
lator is all that is required. 

Polarization of "B" Circuit Generators 

Generators designed for a "B" circuit are 
polarized by disconnecting the field lead from 
the regulator and momentarily flashing this 
lead to the battery terminal of the regulator. 
Battery and generator ground circuits must be 
connected together. Current will flow through the 
field coils in the proper direction to correctly 
polarize the generator's pole pieces. A touch 
of the field lead is all that is required and a 
flash or arc will be noted when the lead is 
removed. 

It is important to remove the field lead 
from the regulator. Failure to do so will result 
in burned regulator points if a jumper lead is 
used between the battery and field terminals 
of the regulator. A very low resistance circuit 
from the battery through the points to the 
generator armature to ground and back to the 
battery would carry high current if the connection 
were not broken. 
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jj-F ,DISCONNECT 

POLARIZATION OF "B" CIRCUIT 
(HEAVY DUTY) GENERATORS 

The importance of generator polarity cannot 
be stressed too greatly. For proper polarization, 
the rule should be to pass current through 
the field coils in a direction that will have 
the ground side of the coils connected to the 
ground side of the vehicle battery. 

ALTERNATORS 

Many Model F-817-G engines will be equipped 
with alternators to take advantage of the reduced 
maintenance and extended service life afforded 
by these devices compared to the conventional 
generators formerly used. Certain practices 
common in servicing generators, however, will 
cause serious damage to the alternator equip- 
ment if used. The following summary of general 
service recommendations should be closely 
observed, since even one momentary "mistake" 
in connecting a battery or booster will definitely 
be destructive... 

1. When installing a battery, always make 
absolutely sure the ground polarity of the 
battery and the ground polarity of the 
alternator are the same. 

2. When connecting a booster battery, make 
certain to connect the negative battery ter- 
minals together and the positive battery 
terminals together. 
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3. When connecting a charger to the battery, 
connect the charger positive lead to the 
battery positive terminal and the charger 
negative lead to the battery negative ter- 
minal. 

4. Never operate the alternator on open cir- 
cuit. Make absolutely certain all connec- 
tions in the circuit are secure. 

5. Do not short across or ground any of the 
terminals on the alternator or regulator. 

6. Do not attempt to polarize the alternator. 

Alternator Maintenance 

The frequency of inspection is determined 
largely by the type of operating conditions. High 

speed operation, high temperatures, and dust 
and dirt all increase the wear of brushes, slip 
rings and bearings. 

At regular intervals, inspect the terminals for 
corrosion and loose connections, and the wiring 
for frayed insulation. Check the mounting bolts 
for tightness, and the belt for alignment, proper 
tension and wear. Belt tension should be adjusted. 
When tightening belt tension, apply pressure a- 
gainst the stator laminations between the end 
frames, and not against either end frame. 

Noisy Alternator 

Noise from an alternator may be caused by 
worn or dirty bearings, loose mounting bolts, 
a loose drive pulley, a defective diode, or a de- 
fective stator. 

SUMMARY OF CHECKS* 

COMPONENT CONNECTION READING RESULT 

Rotor Ohmmeter from slip ring to shaft 

110 volt test lamp from slip ring to shaft 

Ohmmeter across slip rings 

110 volt test lamp across slip rings 

Battery and ammeter to slip rings, 
voltmeter across slip rings 

Very low 

Lamp lights 

Very high 

Lamp fails to light 

Observe voltmeter 
and ammeter read- 
ings 

Grounded 

Grounded 

Open 

Open 

Compare with 
specifications 
in 1G-186 for 
shorts 

Stator Ohmmeter from lead to frame 

110 volt test lamp from lead to frame 

Ohmmeter across each pair of leads 

110 volt test light across each pair 
of leads 

Very low 

Lamp lights 

Any reading very high 

Fails to light 

Grounded 

Grounded 

Open 

Open 

Diode Ohmmeter across diode, then reverse 
connections . 

12 volt test lamp across diode, then 
reverse connections 

Both readings very low 

Both readings very high 

Lamp fails to light in 
both checks 

Lamp lights in both 
checks 

Shorted 

Open 

Open 

Shorted 

*For Delco-Remy - Delcotron 
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FIELD TESTS, Motorola Alternators 

KEY OFF-Correct voltage at auxiliary 
terminal is OV. This test determines con- 
dition of isolation diode. If voltage meas- 
ured at auxiliary terminal is the same 
as voltage at output terminal, the isolation 
diode is shorted. 

KEY ON ENGINE NOT RUNNING-Cor- 
rect voltage at auxiliary terminal is ap- 
proximately 1.5V. This test evaluates 
field circuit. If voltage at auxiliary ter- 
minal is higher than 2V, field circuit is 
defective - check brushes. If voltage 
reads OV at auxiliary terminal, check 75 
ohm resistor and associated circuit. If 
this voltage is not correct, make test #4. 
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15.4 VOLTS 

- DC VOLTS 

GREEN 
RED 

AUX 

FLD 

0 
BLACK 

GND 

VOLT 
REG 

OUTPUT 
14.4 VOLTS 

DC VOLTS 

BATTERY 7r. 

KEY ON ENGINE RUNNING-Correct 
voltage at auxiliary terminal is 15.4V and 
at output terminal is 14.4V. If voltage at 
auxiliary terminal is 15.4V, while at out- 
put terminal it is 12V or battery voltage, 
the isolation diode is open. 

FIELD DRAW TEST, KEY OFF-This 
test evaluates complete field circuit, in- 
dependent of voltage regulator. Circuit is 
through brushes, slip rings, field coil to 
ground. Current should be 2 to 2.5 amps. 
If less than this, check brushes and slip 
rings. It is desirable to use a field rheo- 
stat in series with meter for protection 
of the meter. If field is shorted, excessive 
current would flow through meter and 
possible damage would result. 
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GREEN 
DISCONNECTED 

- DC VOLTS 

FIELD PLUG DISCONNECTED 
VOLT REG PLUG DISCONNECTED 
AUX TERM SHORTED TO FLD TERM 
KEY ON ENGINE RUNNING AT IDLE 

This test isolates defect to either the 
alternator or regulator. If voltage at 
auxiliary terminal rises to 15 - 16 volts 
now, when it did not with regulator con- 
nected, then defect is in regulator and 
it should be replaced. If voltage does not 
rise at auxiliary terminal, defect is in 
alternator stator or rectifier diodes, if 
field circuit checked out properly. For 
defects in stator or diodes, remove alter- 
nator. 

The above tests a -e made with the alternator 
installed with output and regulator connections 
maintained to the alternator except as noted in 
Steps 4 and 5. The field plug and voltage reg- 
ulator are disconnected for these tests 

Test Precautions: 

Do not disconnect alternator output lead while 
alternator is operating. 

Do not disconnect voltage regulator while 
alternator is operating. 

Do not ground field terminal. 

Check battery condition. Use a fully charged 
battery when testing alternator. 

Disconnect ground cable of battery when re- 
moving and installing the alternator. 

For 12 Volt, negative ground, "A" Series 
Alternators. 
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FUELS 

Fuels for internal combustion engines are 
composed principally of hydrogen and carbon 
in such proportions that in the presence of 
a suitable proportion of oxygen they will burn 
and liberate heat energy. This heat energy is 
transformed into mechanical energy. The heat 
value of a given fuel is a measure of the 
heat energy which can be liberated with perfect 
combustion, and is measured in BTU (British 
Thermal Units). One BTU is the heat required 
to raise the temperature of one pound of water 
one degree Fahrenheit. Therefore a thousand 
BTU, which is a common heat value assigned 
to natural gas, will raise the temperature of 1,000 
pounds of water one degree Fahrenheit, or 
100 lbs. of water ten degrees Fahrenheit. Most 
fuels used to power internal combustion engines 
are petroleum derivatives, and are classified 
as either gaseous or liquid by their physical 
properties. Gasoline is a liquid fuel that must 
be atomized (carbureted) before it can be burned 
in an internal combustion engine. Butane and 
propane are also liquid fuels when stored under 
pressure. At most atmospheric pressures and 
temperatures they become a gas. Natural gas, 
as the name implies, is a gaseous fuel. Butane 
gas, and propane gas are often referred to 
as LPG, or liquified petroleum gas. 

One of the most important characteristics 
from the engine builder's and engine user's 
standpoint is the anti-knock value (octane rating) 
of the fuel, although other physical properties 
are important from a practical standpoint. 
Volatility affects easy starting. Gum and carbon 
content will affect the valve and ring mechanism. 
Sulphur will affect some bearing materials. 

Dealers in LPG control the volatility with the 
season so that any reputable brand will give 
satisfactory performance in Waukesha gas en- 
gines. The octane rating, which is a measure 
of the anti-knock value, must be higher with 
high compression ratios, and may be lower 
with low compression ratios. Be sure to use 
a fuel that does not detonate under load in your 
engine. The proportion of propane to butane is 
very important. A minimum of 60% propane- 
40% butane is recommended for most appli- 
cations. Do not take chances. Insist that your 
fuel supplier certify the fuel proportions. 

An engine that is designed to operate on 
natural gas, butane or propane gas has gas 
type cylinder heads and cannot be operated on 
low octane gasoline. However, in an emergency, 
an engine with a gas type head can be operated 
on gasoline of 85 octane or better. 
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GASOLINE CARBURETORS 

The F-817-G series engine has been built 
with a considerable variation in carburetor 
details to provide for specialized operating 
conditions. Therefore, carburetors should not 
be interchanged or replaced indiscriminately. 
Remember, a few thousandths of an inch in jet 
size can make the difference between normal 
engine operation and burned valves, ring stick- 
ing, poor economy, and so on. The carburetors 
are identified by stamped tags riveted to the 
top of the float bowl cover. When ordering 
replacement carburetors, always give all infor- 
mation on the tag plus the engine serial number 
and specification number. 

The carburetors generally used on these 
engines are of Zenith manufacture in three basic 
types...Of these types, the 63AW-16, 63AW-14, 
and 29AW-16, and IN167SJ are typical, although 
a number of variations of them, with respect of 
venturi and jet sizes, installation details, and 
so on, will be found. 

Carburetor service consists largely of main- 
taining the fuel supply in a clean condition, 
making proper adjustments at rare intervals, 

and leaving the carburetor alone when no specific 
attention is needed. More carburetors are ruined 
by tampering than by hard service. 

When it becomes necessary to perform major 
cleaning and service operations, the carburetor 
manufacturer's special bulletin for the unit at 
hand should be followed without deviation. 

Gasoline Carburetor Adjustments 

The throttle stop screw should be screwed 
in (clockwise) against the stop pin to hold the 
throttle just slightly open. Adjust the throttle 
stop screw to obtain the desired idling speed 
of the engine. 

Adjust the idling adjusting screw to obtain 
smooth idling when engine has become thoroughly 
warmed up. Turning the screw in (clockwise) 
cuts off air, making the idling mixture richer; 
while turning it out ,(anti- clockwise) admits 
more air, making the mixture leaner. 

If it becomes necessary to turn the screw 
in to less than 1/2 turn off the seat to obtain 
good idling of the engine, it would indicate 
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Note: Gasket 
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either an air leak or a restriction in the flow 
of fuel for idling. Look for air leaks at the 
manifold flange; at carburetor throttle body to 
intake gasket, and at carburetor bowl to cover 
gasket, due to loosened assembly screws or 
damaged gaskets. A badly worn throttle shaft 
will produce sufficient air leakage to affect the 
idling mixture. 

Dirt or other foreign matter in the idling 
jet calibration will restrict the flow of fuel for 
idling and affect the mixture. If the idling jet 
becomes completely clogged, it will be im- 
possible to run the engine at idling speed re- 
gardless of adjustment of the idling adjust- 
ment screw. 
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Some models of these series are supplied 
with a main jet adjustment. Turning the needle 
clockwise cuts off fuel making the medium and 
high speed mixtures leaner. The needle should 
be adjusted to give highest manifold vacuum (or 
highest R.P.M. on a tachometer) for a set- 
throttle position. If engine is equipped with speed 
governor, set the throttle to hold the engine 
speed just below the governed speed while ad- 
justing the main jet adjustment. If adjustment 
is set too lean, the engine will lack power and 
the fuel economy also will be poor. If set too 
rich, the engine will be sluggish and the fuel 
economy poor. 

Accelerating Power Jet 

When a speed governor is used it is in- 
stalled between the carburetor and the intake 
manifold. A vehicle so equipped is usually 
operated with the carburetor throttle held wide 
open relying on the governor throttle plate to 
regulate the speed. It is necessary in this case 
to use the suction in the intake manifold rather 
than the suction between the carburetor and 
the governor butterfly. Generally, in all ap- 
plications where speed control is through the 
governor butterfly, the vacuum by-pass screw 
should be installed in the carburetor as shown. 

The restriction caused by the partially closed 
governor butterfly will cause a higher suction 
to exist in the manifold than that which exists 
below the throttle valve in the carburetor. 
For example: When a vehicle is operated at 
a speed of 50 miles per hour with the carburetor 
throttle held wide open and the engine speed 
is being regulated by the governor butterfly 
there will be approximately 10" of mercury 
suction in the intake manifold and only about 
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4" of mercury suction in the carburetor. Under 
these conditions the power jet will be in operation 
because the low suction in the carburetor is 
not strong enough to offset the tension of the 
vacuum piston assembly spring. 

The power jet system is so arranged that the 
passages to the vacuum cylinder can be by- 
passed around the governor butterfly thus using 
the suction in the intake manifold to control 
the power jet system under all operating con- 
ditions. This is accomplished by installing the 
vacuum passage by-pass screw (A) in the 
threaded end of the vacuum passage in the flange 
of the carburetor. The screw will shut off 
the short passage (B) from the vacuum passage 
into the throttle body bore but being hollow will 
leave the vertical vacuum passage (C) open 
to the face of the flange. 

Speed governors are designed with a vacuum 
passage in the governor butterfly body that 
will line up with the passage in the carbu- 
retor flange. A flange gasket must be used 
when making the carburetor-governor instal- 
lation which is cut out to permit connecting 
the passage in the carburetor flange to that 
in the governor butterfly. 

GAS-GASOLINE COMBINATION CARBURETOR 

The Ensign Type "KGN1" is a combination 
gasoline and dry gas (butane or natural gas) 
carburetor for updraft use only. 
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A choke automatically produces the correct 
gas mixture when set in starting position, which 
will start the engine at slow cranking speeds. 

The key to the "combination" operation of 
the "KGN1" is the gasoline shut-off and float 
lock "W" which, when set for operation on gas, 
as illustrated, shuts off the gasoline supply at 
valve "U" and locks float "S" in a rigid position 
to protect it from destructive vibration in the 
dry float bowl. 

Operation 

To start on gas, choke disc "F" is closed; 
valve lever "M" closing main orifice "N". Air 
is drawn in through orifice "G" in disc "F" and 
gas through orifice "L". Starting gas mixture 
is adjusted at "H" which should then be locked 
in position as gas to air ratio will remain 
constant. Choke lever "J" is used in changing 
from starting to running position. Load adjust- 
ment "K" regulates the passage of gas through 
orifice "N". When once properly adjusted, "K" 
should be locked in position as gas to air ratio 
will remain constant. Gas inlet "L" is con- 
nected to gas outlet of the regulator. Balance 
tube connecting "E" on the carburetor to the 
fuel regulator compensates for increased air 
cleaner resistance thereby maintaining a con- 
stant mixture in the carburetor. "R" is the con- 
nection for the idle tube from the regulator. 

To change from gas to gasoline operation: 
Gas supply is shut off and float control "W" 
is turned to unlock float valve "U" which allows 
gasoline to fill the float bowl as controlled by 
float "S". When starting on gasoline, the car- 
buretor is choked in the conventional manner 
by choke lever "J". "P" is the gasoline idle 
fuel adjustment screw. "C" is the gasoline load 
adjustment screw which controls flow of fuel 
through orifice "Y". Gasoline enters the venturi 
at nozzle "Q". 

In a thorough check-up on this carburetor 
it should be thoroughly cleaned making sure 
all the bleeds are open before reassembling. 
The throttle bearing bushings and shaft should 
be replaced when worn excessively. 

Inspect the float valve assembly, float lever 
pivot, and the float assembly. If the float has 
too much side play, indicating worn pivot 
bearing, replace the float assembly. When the 
float valve leaks no attempt to reseat it should 
be made; install a new valve. In putting a new 
float assembly in the bowl see that the letters 
"TOP" are on top. For gravity fuel feed the 
top of the floats should be at the same height 
and parallel to the upper mark in the fuel 
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bowl. For pressure type fuel feed the top of 
the floats should be at the same height and 
parallel to the lower line in the bowl. To 
adjust the float bend the lever. Check by 
holding the bowl upside down. 

The special fuel bowl referred to above is 
the same as the standard type "K" fuel bowl 
except for the float control device attached. 
This device in one of its positions provides 
for closing the float valve and holding the 
float off the bottom of the bowl thereby pre- 
venting wear on the floats and float valve when 
gasoline is not being used for fuel. The other 
position with screw screwed all the way out 
counterclockwise allows the float and float 
valve to operate normally. When the screw is 
screwed all the way out the head of the screw 
in the bowl contacts a seat to prevent fuel 
leaking around the threads. 

New gaskets should be installed, making 
sure the air horn gasket is installed so it 
will clear properly between the balance pas- 
sage in the throttle tube, and the annulus in 
the air horn casting. 

In the proper working of the starting feature 
it is necessary that the choke disc move exactly 
90° from the wide open position and at the 
same time move the cam lever so that the 
gas nozzle passage and small hole in the air 
horn are covered by the large and small end 
of the lever respectively. The purpose of this 
lever motion is to stop any flow of gas through 
these holes which means that these two surfaces 
need be flat and smooth. 

The wide open and choke positions of the 
disc are controlled by the choke lever contact 
with positive stops on the air horn cover. Any 
error in the choke position which is straight 
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across the bore, must be corrected otherwise 
hard starting will result. 

In reconditioning a carburetor for use on an 
engine other than the one it was supplied for, 
check the size of the venturi. If it is not of 
the correct size for the engine it is to be 
used on, replace with the correct one. Do 
not use a carburetor larger than 2" on the 
F-817-G engine. 

ENSIGN GAS CARBURETOR 

The Ensign Model "KG1" gas carburetor 
is designed to enable internal combustion engines 
operating on straight gas, natural gas, manu- 
factured gas and LP gas to be started directly 
on gas without any form of priming. It is equip- 
ped with the patented Ensign easy starting 
device. This consists of a unique type of choke 
which automatically produces the correct gas- 
air mixture and when set in "starting posi- 
tion" permits easy starting at slow engine 
speeds. 

Extensive testing and experimentation has 
indicated different batches of the same type 
fuel (also different types LPG vs. natural 
gas) may vary sufficiently in heating value to 
require starting mixture readjustment and also 
wide variations in air temperature can affect 
the mixture sufficiently to require readjusting. 

Principle of. Operation 

The Ensign patented easy starting feature 
provides a separate set of gas air orifices for 
starting which produces a slightly richer mixture 
for this purpose. The starting mechanism is not 
intended to function in an intermediate position. 
It is strictly a two position choke control either 
wide open or fully closed. When the choke disc 
is closed a valve closes off the main gas supply 
to the venturi. Air for starting is drawn through 
the orifice in the choke disc and gas for starting 
is taken through a small orifice adjusted by 
the starting adjusting screw which is locked 
when best position is found. The choke lever 
is used in changing from starting to running 
position. 
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Gas load adjustment regulates the passage 
of gas through main fuel orifice. The gas 
inlet is connected to the gas outlet of the 
Ensign Fuel Regulator or LP-Gas vaporizer- 
regulating .unit. The balance line connection 
communicates air horn depression to the Ensign 
Fuel Regulator thereby automatically balancing 
the system against variations in air cleaner 
and other air entrance losses. 

Initial Adjustment 

1. Throttle should be at least one-half open 
while starting and adjusting starting mix- 
ture. 

2. Set starting adjustment 1-1/4 turns open. 
Good results can be obtained by turning 
the adjusting screw while cranking in order 
to seek the proper mixture. Turning the 
adjusting screw clockwise leans the mix- 
ture and turning it counter-clockwise rich- 
ens the mixture. 

3. Set load adjustment 4 turns open. 

4. Set idle adjustment 1-1/2 turns open. 

5. Close the choke. 

6. Crank the engine. 

7. After the engine starts and with the choke 
still closed, adjust the starting mixture 
for maximum engine speed and then enrich 
slightly until engine speed just begins to 
drop. Tighten lock nut. 

8. Open choke and close throttle simultane- 
ously. The choke has no intermediate posi- 
tions; it is either open or closed. 

9. Make temporary adjustment of load screw 
for highest r.p.m. while holding throttle 
at about two-thirds rated speed (1400 
r.p.m.). 

10. With engine warm, set idle stop screw for 
correct idle speed and adjust idle screw 
for best idle. 

Service Hints 

1. Readjustment of the starting mixture is es- 
sential when changing from LPG to natural 
gas or vice-versa. 

2. A new supply of the same type of fuel may 
require readjustment if the heating value 
varies considerably. 

3. Wide ambient temperature variations may 
necessitate starting mixture readjustment 
even with the same fuel. 
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To Set Load Screw Without Load 

A reasonable adjustment can be made when 
it is not possible to load the engine, as follows: 
Disconnect economizer and plug intake manifold 
connection. Bring engine to a high speed. Adjust 
load screw to maximum r.p.m., then carefully 
screw in to the point where the r.p.m. just 
begins to fall. Set screw to the midpoint of 
these two positions and tighten locknut. The 
idle adjustment must be carefully made before 
using this method as it influences the mixture 
under this engine condition. 

To Set Load Screw Without Analyzer 

Open throttle wide and load engine to obtain 
an engine speed of 1/2 to maximum operating 
speed. (If engine has a governor, keep speed 
below any governor action). Find the two load 
screw settings where the engine speed begins 
to drop, when going richer and leaner, and set 
at the midpoint. Recheck idle. 

To Set Load Screw with Analyzer 

1. Open throttle wide and load engine to obtain 
an engine speed of from one-half to maxi- 
mum operating speed (if engine has a gov- 
ernor, keep speed below any governor 
action). Set load screw to give a reading of 
12.8 on a gasoline scale or 14.3 on an 
analyzer with LPG scale. 

2. To check the part throttle analyzer reading, 
a vacuum gauge should be used. With engine 
loaded, set the throttle to give a manifold 
vacuum of 10 to 13 Hg at similar speed 
to the previous check. The analyzer should 
then read 13.8 to 14.5 gasoline scale or 
14.9 to 15.5 LPG scale. 

3. Recheck idle adjustment 12 to 12.8 on gaso- 
line scale or 13.5 to 14.2 on LPG scale, 
or best idle. 

NOTE 

The KG1 Gas Carburetor information has 
been compiled from Ensign Form Sheet 
#7060C, dated Sept. 1957 with approved 
deviations submitted by Waukesha Engine 
Division. 

GASEOUS FUEL OPERATION 

Operation of Waukesha spark ignition engines 
on gas type fuels requires that the fuel be 
delivered to the engine in adequate volume and 
pressure throughout the entire speed and load 
range of the engine. Reference to the illus. 
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tration will show that a gas fuel system con- 
sists of a primary or "field" regulator, a 
secondary or "B" regulator, and a gas car- 
buretor. A typical LPG system consists of a 
carburetor and a combination regulator and 
vaporizer unit. If the vaporizer does not con- 
tain any pressure regulating device, a field 
and secondary regulator must also be included 
in the system. The components of either system 
appear similar in most cases but it must be 
remembered that the internal parts such as 
orifices and diaphragm springs determine gas 
flow capacity. Only strict adherence to the 
recommendations given in this manual will re- 
sult in optimum engine performance. In ad- 
dition, it is extremely important to use a fuel 
with an adequate anti-knock characteristic for 
the engine involved. 

NATURAL GAS FUEL SYSTEMS 

Natural gas, whenever available, is an ideal 
fuel for stationary type internal combustion 
engines. It is inexpensive and easily obtainable 
in many areas throughout the United States. 
For this reason it is very practical to operate 
these engines on natural gas when the engines 
are installed in areas where natural gas is 
readily available. 
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The desirability of natural gas is not only 
enhanced by its low cost as a fuel but also 
by the minimum of carbon produced and the 
elimination of crankcase dilution. These factors 
considerably reduce the cost of engine repairs 
as well as permitting much longer periods of 
time to elapse between engine overhauls and 
general maintenance. When natural gas is used 
as a fuel, operators have found the crankcase 
lubricating oil can be used considerably longer 
under like conditions. Due to the elimination 
of crankcase dilution, however, the oil may have 
a tendency to increase in viscosity if used too 
long. 

Natural gas is commonly referred to as a 
"dry" gas to differentiate between it and liquid 
fuels. Natural gas has a higher octane rating. 

The heat and energy of a gas is measured 
in terms of its low heat B.T.U. value. Consump- 
tion and horse power is based on 1000 B. T. U. gas 
for these engines. Efficiency with natural gas 
increases with increased engine cylinder com- 
pression which makes it particularly adaptable 
to engines with high compression ratios. 

Field Regulators (Primary) 

Field regulators noted in this discussion are 
manufactured by the Fisher Governor Company, 
Marshalltown, Iowa. The purpose of the field . 

regulator is to reduce the gas supply line 
pressure to a value low enough to be easily 
controlled by the sensitive "B" regulator. The 
tabulation shows the Fisher Series 730 regu- 
lators which will control pressures up to 150 
psi. It is recommended, however, that the 
maximum and minimum inlet pressures listed 
in the tabulation be definitely maintained. Fail- 
ure to supply gas within the recommended pres- 
sure range will result in insufficient gas volume 
for optimum performance and field experience 
has proven that damage to the regulator is 
a possibility. If the line pressure is greater 
than that recommended for the inlet to the 
Fisher 730 Series, a Fisher Model 630 regulator 
can be used. This Model will handle pressures 
up to 1500 psi and if the situation warrants 
the control of higher pressure, the regulator 
can be converted further. 

Inlet Re'qd. 
Fisher Reg. Diaphragm Press. Outlet 

Reg. Pipe Spring Orifice Range Press. 
Model Size Number Size PSI Ounces 

F-817-G 730-B-32 2" B-194 3/4" 20-50 4-6 

The Fisher 730 series field regulators will 
gradually be superseded by the Fisher Model 
S-202 in many production Waukesha gas engines. 
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Both faster response and more convenient 
mounting make this desirable in most ap- 
plications. The S-202 regulator body maybe ro- 
tated 360 degrees around the Tee connection 
without disturbing its operating characteristics. 
An aircraft type flange union is used and only 
two bolts need be loosened to rotate the regu- 
lator body. In addition, the aluminum regulator 
body, valve stem, and orifice reduce weight and 
add ease of handling. 

Fisher S-202 Regulator 

WMCO Pipe 
Number Size 

Inlet Reted 
Press. Outlet 

Spring Orifice ,Range Press. 
Color Size PSI Ounces 

162895 1-1/2" Gray 3/4" 20-50 4-6 

Outlet pressures from the field regulator 
regardless of engine size, speed, or load must 
be correct for the type of carburetor involved. 
The outlet pressure is determined by the dia- 
phragm spring in the regulator and its adjust- 
ment. The correct springs are listed in the 
tabulation and the pressure is adjusted by re- 
moving the large hex-head cover screw at the 
top of the regulator and turning the screw within 
to the right or left to establish the recommended 
pressure. Remember, an ounce pressure gauge 
is to be used at this point. 

Sufficient volume of gas for maximum per- 
formance is determined by the orifice size in 
the "T" connection to the regulator. Orifice 
sizes increase as engine size increases and 
failure to provide adequate gas volume will 
not only impair performance but will cause 
damage because of lean mixtures. Orifices are 
easily changed by loosening the large nut 
between the "T" connection and the regulator 
body which permits the body to be removed 
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to provide access to the orifice. The orifice 
is removed with a socket wrench and the 
correct size is easily reinstalled. 

In the illustration of the field regulator note 
that the vent assembly is mounted in the down- 
ward position. The vent permits atmospheric 
pressure to affect movement of the regulator 
diaphragm and must be installed in the position 
shown to provide a weather proof opening. This 
unit may be installed outside of the building 
or wherever atmospheric pressure is most 
stable. This vent is used only on the 733C-1 
series regulators in that the 730-B-32 series 
and the S-200 incorporate a combination stabi- 
lizer and vent within the regulator body. 

Low Pressure "B" Regulators 

Low pressure regulators used on some en- 
gines are manufactured by the Ensign Car- 
buretor Company. The regulator and carburetor 
may be considered as a unit in that the reg- 
ulator serves a function similar to the float 
valve in the fuel bowl of a gasoline carburetor. 
The regulator must accurately control low 
pressure gas fuel according to the needs of 
the engine: The name "B" which is generally 
used in reference to the low pressure regulator 
is a model designation given by the manufacturer. 

Engine 
Model 

Inlet 
Ensign Ensign WMCO Pipe Pressure- 
Model Number Number Size Oz. 

F-817-G B 9526 162865A 2" 4-6 

These low pressure regulators are specified 
for engines according to size and the corre- 
sponding fuel requirements. The chart 'points 
out the particular regulator model required and 
the inlet and outlet pipe size to be used. Note 
also that the inlet pressure to the regulator 
must be 4-6 ounces for all engines and regu- 
lators. 

Low pressure regulators are equipped with 
an idle adjustment consisting of a gas line 
between the regulator and the carburetor and 
a screw type adjustment at the regulator. Idle 
adjustment under operating conditions is covered 
in the fuel system adjustment section. Another 
similar line called a balance line is also used 
to equalize the atmospheric pressure between 
the regulator and the carburetor air horn 
and compensate for air cleaner restriction. It 
is important that both these lines be a mini- 
mum 3/16 O.D. copper tubing. Failure to fol- 
low this recommendation will not permit suf- 
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BALANCE 
LINE 

PI LOT 
VALVE 

UPPER 
DIAPHRAGM 

DIAPHRAGM 
PUSH ROD 

IDLE FUEL 
ADJUSTMENT 

PRESSURE 
PASSAGE 

EQUALIZER 
OR I FILE 

LOWER 
DIAPH RAGM SUCTION 

PASSAGE 

GAS INLET 

MAIN VALVE 

GAS OUTLET 
(TO CARBURETOR) 

ENSIGN LOW PRESSURE "B" REGULATOR 

ficient movement of the regulator diaphragm and 
will result in erratic engine operation. 

"B" Regulator Operation 

With the engine at rest the main valve is 
closed and gas supply through the inlet exerts 
a pressure below the lower diaphragm and 
equally above this diaphragm through equalizer 
orifice. Atmospheric pressure through the car- 
buretor air intake is exerted on the upper side 
of the upper diaphragm through opening the 
balance line and on the under side of upper 
diaphragm through suction orifice. The "B" 
regulator is connected to the carburetor air 
intake by a small tube known as the "balance 
tube connection." This connection compensates 
for increased air cleaner resistance, thereby 
maintaining a constant mixture in the car- 
buretor. 

When the engine is started, suction from 
the carburetor is applied to the regulator at 
the gas inlet and communicated by way of 
the suction passage and the orifice to the under 
side of the upper diaphragm which is pulled 
down. As this diaphragm moves down, the push- 
rod opens a pilot valve. The reduction is pres- 
sure of gas over the lower diaphragm is bled 
through pressure passage which permits the 
lower diaphragm to lift and to open the main 
valve which in turn passes gas through to the 
carburetor. 
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ENSIGN "B" REGULATOR AND 
TYPE KGN1 CARBURETOR 

At idle engine speed the carburetor throttle 
is nearly closed and therefore little suction 
is applied at the gas outlet: The differential 
type regulator functions accurately at slow idle 
speed by means of a patented "idle fuel con- 
nection system." This system applies suction 
from the engine side of the carburetor throttle 
through the idle connection tube directly to the 
under side of upper diaphragm. Fuel for the 
engine at idle, is controlled therefore, by 
the idle fuel adjustment. Part of the idle 
fuel is supplied directly through the idle tube. 

The fuel regulator should be protected from 
all foreign matter which might injure the 
regulator's valve seat. 

Line Sizes 

It is important that the line sizes of a natural 
gas fuel system be large enough to supply 
adequate gas volume. The line between the 
high and low pressure regulators must not be 
reduced in size from that provided for at the 
regulator inlet and outlet. 

FUEL SYSTEM 

Adjustments-Natural Gas, Ensign 

1. Install vacuum gauge in manifold between 
carburetor and the engine. 

2. With the engine stopped, adjust the gas 
pressure to the inlet of the "B" regulator 
to read 4 to 6 ounces. 

3. On initial start-up back out the carburetor 
load adjustment approximately 5 turns and 
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the regulator idle adjustment out approxi- 
mately 3-1/2 turns. 

4. Start engine and allow it to warm up 
ten to fifteen minutes. 

5. Open throttle 1/3 and apply a partial load 
to the engine. Loosen the load adjustment 
lock nut and turn the screw in or out for 
highest vacuum reading. Check the adjust- 
ment by turning the screw out (rich posi- 
tion) until the reading drops and then in 
for highest vacuum reading. A slightly 
rich setting is preferred. Tighten the lock 
nut. 

6. Operate the engine without load at low 
idle speed (approximately 500 rpm) and 
adjust the idle screw on the "B" regulator 
the same as the load adjustment above. 

7. Operate the engine throughout its speed and 
load range and note the gas pressure at 
the inlet to the "B" regulator. The pres- 
sure must be 4 to 6 ounces at all times. 
If it is low on acceleration or load the 
engine is operating on a dangerously lean 
mixture and the following should be checked. 

(a) Make sure the "B" regulator is of ample 
capacity as stated earlier. 

(b) Check the gas supply line sizes. They must 
all be the same size from the inlet to 
the field regulator to the carburetor. 

(c) The field regulator must be the correct 
model, have the correct spring and orifice, 
be adjusted properly, and be installed as 
close to the "B" regulator as possible. 

(d) In applications where a volume tank is 
used the pressure at the inlet to the tank 
must be the same throughout the speed 
and load range as the pressure at the "B" 
regulator. 

LPG FUEL SYSTEMS 

Operation of Waukesha engines on LPG 
(liquefied petroleum gas) follows the same 
general recommendations as for Natural Gas 
engines. In both cases factory specifications in 
regard to regulator sizes, line sizes, and pres- 
sures must be followed. The basic difference 
between the two fuels is that LPG is initially 
a gas that has been compressed under extreme 
pressure to a liquid state. The liquid is then 
transported in a pressure vessel meeting rigid 
government construction specifications. The 
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liquid must then be transformed into a gas 
at the engine for efficient mixing of fuel and 
air in the carburetor. LPG usually consists 
of a mixture of propane and butane. In some 
areas one or the other may be sold separately 
but for Waukesha engines 100% propane is 
recommended and a mixture of 60% propane 
and 40% butane is the minimum for safe oper- 
ation. 

A complete LPG fuel system consists of a 
high pressure liquid regulator, a vaporizer, 
and a low pressure gas regulator. All of these 
components are usually contained in one unit 
with the addition of idle and balance lines to 
the carburetor. In some applications the vapor- 
izer is a separate component and the complete 
system must then include a field regulator and 
a "B" regulator as in the natural gas system. 

Vaporizers 

The vaporizer-regulator combinations fre- 
quently used on F-817-G engines are given the 
Ensign model designation "NS". These units 
make up a complete LPG fuel system in that 
they provide high pressure regulation, vapor- 
ization of the liquid, and final low pressure reg- 
ulation of the gas fuel for efficient mixing 
with air in the carburetor. The vaporizer 
utilizes the heat of engine coolant to pro- 
vide, sufficient temperature differential between 
the liquid fuel and the vaporizer body to aid 
in vaporization of the liquid and prevent icing 
of the regulator parts. Icing occurs when the 
expanding liquid absorbs heat with a resulting 
refrigeration effect. 

Ensign 
Vaporizer Ensign 

Engine Regulator WMCO Vaporizer WMCO 
Model Model Number Model Number 

F-817-G NS 154409 HD* 116886 

*Require use of "B" and field regulator in 
system. 

The balance and idle lines used with the 
combination vaporizer-regulator units must be 
large enough in diameter to provide adequate 
movement of the regulator diaphragms. Correct 
balance and idle line sizes are listed in the 
chart. Larger balance lines, than those listed, 
may be required where vaporizer-regulators are 
placed some distance from carburetor. A line 
too small in this instance results in erratic 
operation and poor acceleration. 
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NS vaporizer- 
regulator 

B regulator 

Balance 
Line 

1/4" I. D. 

3/16" O. D. 

Idle Line 

3/16" O. D. 

3/16" O. D. 

When Model HD or M vaporizers are used 
they do not incorporate pressure regulating de- 
vices that reduce pressure to ounce values or 
lower which are required for efficient mixing 
of fuel in the carburetor. In this type of appli- 
cation the system must include a field or high 
pressure regulator and a low pressure or "B" 
regulator as in the natural gas system. The 
"HD" or "M" vaporizer will vaporize the 
liquid and reduce the pressure of the gas to 
8 to 10 pounds. 

All Ensign carburetors are equipped with a 
pitot tube in the air horn at the carburetor end 
of the balance line. Reference to the inset 
in the combination natural gas LPG fuel system 
illustration will show that the pitot tube is 
fitted with a small bleed orifice. When the 
carburetor is used with the Ensign "B" regu- 
lator the orifice should remain in the tube. 
When the carburetor is used with a combi- 
nation vaporizer-regulator however, the ori- 
fice must be removed to permit adequate 
movement of the LPG regulator diaphragm. 
Failure to remove the screw will result in 
backfiring and missing on acceleration. 

LPG Carburetor Adjustnients 

Carburetor adjustments for LPG systems fol- 
low the same recommendations as for natural 
gas systems. Carburetors are equipped with 
load adjustments and the combination vaporizer- 
regulator has an idle adjustment identical to 
that of the "B" regulator. Low pressure fuel 
requirement to the "B" regulator is 4 to 6 

ounces throughout the entire speed and load 
range of the engine. 

SUGGESTIONS FOR LOCATING TROUBLE ON 
GASEOUS FUEL ENGINES 

When Engine Fails to Start 

No Fuel to Carburetor 

Lines plugged. 

Tank empty. 

Fuel regulator main diaphragm broken 
thereby preventing valve opening. (Model 
"B" fuel regulator only). 
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Check pressure at tank, on "B" regulator. 

Too Much Fuel 

Fuel regulator leaking. 

Valve stuck open. 

Starting adjustment set too rich. 

Choke at fault causing wrong mixture. 

When Engine Fails to Idle Properly 

If the range of the idle adjustment screw 
will vary the mixture from too lean to 
too rich without an improvement in the 
idling of the engine the trouble is outside 
the carburetion equipment. 

Model "B" Fuel Regulator 

If in adjusting the idle, the mixture is 
found to be too rich with idle screw closed 
tight it may be the regulator is leaking 
more gas than is required to idle the motor. 
If in adjusting idle, the mixture is found 
to be too lean with the idle screw out 
several turns you will find one of the 
following: 

1. Idle connections between regulator and 
carburetor leaking. 

2. Idle connection plugged, such as: small 
hole in carburetor bore above throttle 
disc, small hole above brass plate in 
regulator bowl and adjusting screw 
seat. 

3. Upper diaphragm too stiff. 

4. Upper diaphragm ruptured. 

5. Pilot valve pin low. 

Balance tube (or vent, if used) plugged or 
badly restricted. 

When Engine Fails to Operate Properly 
Under Load 

Improper fuel adjustment. 

Intake manifold too hot. 

Fuel supply restricted or valve closed. 

Fuel lines too hot. 
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Varying pressure in vaporizer due to high 
pressure regulator valve sticking, caused 
by using dirty fuel. 

Regulator discharging in surges. 

Liquid butane passing through fuel regu- 
lator and carburetor. 

Balance tube plugged or badly restricted. 

Diaphragm by-pass bleed, partially plug- 
ged. (On Model "B" fuel regulator.) 

Fuel Regulator Leaks ("B" Regulator) 

Main valve or seat scored. 

Pilot valve leaks. 

Diaphragm by-pass bleed, plugged. 

Lower diaphragm too stiff or too tight. 

Main Valve Sticks Open 

Guides and stem gummy. 

Springs on top of main diaphragm broken. 

Particles lodged between valve and seat. 

Diaphragm by-pass bleed, plugged. 

Diaphragm too stiff. 

Butane Fuel Regulator Discharges in Surges 

Pressure on vaporizer is excessive. May 
be helped by reducing pressure. 

Discharging of high pressure regulator 
erratic because of sticky valve. 

Four leaf springs on top of main diaphragm 
do not conform to dimension in manufac- 
turer's data. 

Balance tube connection in carburetor air 
intake plugged or too large. 

Liquid Butane Passing Through Fuel 
Regulator and Carburetor 

Water circulation through 
paired. 

heater im- 

1. Connections improperly made. 

2. Water pump damaged. No thermostat. 
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3. Hot water connection too high on engine 
so as to allow it to be uncovered when 
cooling system loses water. 

4. Heater and water passages become 
plugged due to dirt in water. 

5. Heating coil leaks: Butane leaks into 
water space expelling water. Observed 
by butane vapor bubbling in radiator 
top tank. 

IMPCO GAS CARBURETORS 

The Impco carburetor may be arranged to 
operate on natural gas or a combination of 
natural gas and LPG with automatic changeover. 
These carburetors are of the air valve type, 
designed to operate directly from an "ounce" 
regulator. Normal pressure to the carburetor 
is 5" water column at idle for 1000 BTU natur- 
al gas. For natural gases of different heat 
values, slightly higher or lower pressures 
are required and adjustment is normally made 
in the field. LPG contains more heat units for 
a given volume than natural gas and for this 
reason the pressure at the carburetor inlet 
must be regulated at 1-1/2" water column maz 
ative. This pressure is non-adjustable and is 
controlled by the regulator. 

The Impco carburetor is structurally quite 
simple, consisting of a main body with a con- 
ventional butterfly valve and a diaphragm oper- 
ated gas metering valve. The amount of air going 
to the engine is measured by an air-flow meas- 
uring valve which rises in direct proportion 
to the air volume passing through. The gas 
metering valve is mechanically fixed to the air 
measuring valve and rises with it, thus opening 
the gas passage an amount proportionate to the 
air entering the engine. This establishes and 
holds a definite fuel/air ratio throughout the 
operating range. The actual movement of the 
parts results from the negative pressure at the 
air measuring valve which is communicated to 
the back side of the diaphragm through four 
small holes. 

On natural gas, the Impco carburetor is 
somewhat less sensitive than other types to 
the effects of moderate air cleaner restriction 
and a balance line may not be needed. When 
operating on LPG, however, the results of air 
cleaner restriction may be quite significant 
and a balance line is important. 

Installation 

The several possibilities for installing Impco 
carburetors are shown in the three illustrations. 
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1 
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IMPCO LP GAS INSTALLATION 

The normal arrangement for natural gas uses 
a field regulator to reduce pounds pressure to 
the final value of 5" water column maximum. 
Excessive pressure will increase gas fuel con- 
sumption. This pressure will have its main 
effect on fuel economy. 

For reasons of safety...ALL GAS INSTAL- 
LATIONS IN CLOSED AREAS OR BUILDINGS 
SHOULD HAVE A POSITIVE SHUT OFF VALVE 
TO PREVENT GAS LEAKAGE WHEN THE EN- 
GINE IS AT REST. 

The LPG installation shows the combination 
vaporizer and regulator at the left. The liquid 
fuel should be filtered before entering the va- 
porizer. The liquid fuel is converted to gas by ad- 
dition of heat from the hot water from the engine 
jacket which is circulated through the water 
chambers of the vaporizer. The regulator section 
reduces the high pressure gas to the desired 
level for use. Because of the high BTU content of 
LPG, the gas volume required is smaller than 
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needed for natural gas and the pressure at the 
carburetor is maintained at a negative value. A 
balance connection from the carburetor inlet to 
the regulator should be used in this installation 
although it is not shown in the illustration. 

Dual-fuel application using either LPG or 
natural gas may be made as shown in the illus- 
tration. Automatic changeover is accomplished 
by the use of two regulators...a line pressure 
regulator for natural gas and a vacuum operated 
regulator for propane. The difference in pres- 
sures compensates for the greater BTUvalue of 
propane. During operation on natural gas, a 5- 
inch water column pressure exists in the common 
line to the carburetor. This pressure closes the 
propane regulator. Cutting off natural gas pres- 
sure creates a partial vacuum in the line and 
the propane vacuum regulator opens to admit 
propane to the system. A separate power load 
adjustment in the propane line allows precise 
setting of the air/fuel ratios on each fuel. 
Changeover is entirely automatic with the en- 
gine in operation. 
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NATURAL GAS 

LOAD ADJUSTMENT 

VALVE 

"-LIQUID LP-GAS LINE 

IMPCO MODEL E B CONVERTER 

VAPORIZER 

IMPCO CARBURETOR 

LIQUID LP-GAS FILTER 

LP-GAS LOAD ADJUSTMENT 

IDLE FUEL MIXTURE 

ADJUSTING SCREW 

LIQUID LP-GAS FUEL INLET...TANK PRESSURE 

LINE SERVICE REGULATOR 

WATER 
COLUMN 

NATURAL GAS INLET 

10 TO 25 LBS. 

IMPCO LP AND NATURAL GAS 

The illustration showing the natural gas 
installation of an Impco carburetor is largely 
self explanatory. The field regulator on the left 
must be large enough and of suitable pressure 
reducing capability to handle the fuel source 
involved and provide an adequate volume of 
natural gas. Note that no mechanical choke is 
provided for starting and none is necessary with 
this type of carburetor. 

GENERAL IMPCO SERVICE INSTRUCTIONS 

Natural Gas 

With the 1-1/2" line pressure regulator, fol- 
lowing orifice size and type of spring must be 
used to obtain required pressure to carburetor. 

Inlet Line 
Pressure 

Orifice 
Size 

Spring 
Color 

Outlet Pressure 
to Carburetor 

10 to 25 lbs. 3/4 Red 5" water column 
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Adjustments 

1. Set natural gas pressure with engine idling, 
by adjusting line pressure regulator to 5" 
water column plus or minus 1/4" for 1000 
BTU LHV gas with idle mixture screw back- 
ed out 3 turns and power fuel mixture turned 
to rich (R) position. 

2. Full load gas pressure may drop as low as 
3" water column at the carburetor gas inlet. 
Exact pressure at full load is immaterial 
as long as power mixture adjustment is still 
effective (carburetor can be set over-rich). 

3. With the engine warm and running full load 
at governed speed, adjust the power fuel 
mixture from rich (R) towards lean (L) slow- 
ly to obtain maximum vacuum. After maxi- 
mum vacuum is obtained, adjust for slightly 
leaner mixture to decrease vacuum 1/2" of 
mercury. This setting will improve fuel 
economy. If application is such that transient 
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load changes occur, such as a generator set, 
omit this adjustment to decrease vacuum. 
The power adjustment is not effective at a 
fast idle or light load. 

Low Idle Adjustment 

1. Reduce governor speed setting to bring car- 
buretor butterfly lever against low idle stop. 

2. Adjust carburetor idle stop screw to obtain 
desired engine RPM. 

3. Adjust carburetor idle fuel adjustment screw 
to obtain highest engine RPM. 

4. Re-adjust idle stop screw to obtain desired 
engine RPM. 

LP Gas 

The adjustment sequence for Impco carbu- 
retors when operated on liquid or vaporized 
LPG, either as the only fuel source or as a 
dual fuel source along with natural gas, is very 
similar to the adjustment sequence for natural 
gas, with the following exceptions: 

1. L.P. gas inlet pressure to the carburetor 
must be 1-1/2" (negative) water column as set 

by the IMPCO "EB"vaporizer regulator (blue 
spring). 

2. If vaporized LPG is used, the Impco pressure 
reducing valves (with regulator spring re- 
moved and valve mounted upside down) pro- 
vide 1" water column negative pressure to 
the carburetor fuel inlet. Line pressure 
regulators utilized with vaporized LPG are 
adjusted the same as for natural gas to sup- 
ply 5" water column gas pressure to the 
pressure reducing valve. 

3. The idle fuel adjustment for dual fuel en- 
gines need not be repeated for LPG after it 
has been set for natural gas. 

4. Dual fuel installations require load adjust- 
ment for both fuels, since they utilize sepa- 
rate load adjustment controls. 

Balance Lines 

1. Due to the insensitivity of the air valve car- 
buretor to minor inlet air restrictions, most 
installations do not require a balance line. 

2. Balance lines may be used on all IMPCO 
carburetors. Series #200 carburetors use a 
7/16" I.D. balance line. 

LINE SERVICE REGULATOR 

ATMOSPHERIC VENT 

TOT 
11".T.JMN 

--- 

I 

U 
..1.--=ti., I--&---- 

19 TO 25 Les. 

INLET PRESSURE 

FLEX PIPE JOINT 

ORIFICE 
REPLACEABLE 

POWER FUEL 

MIXTURE 
ADJUSTMENT 

VALVE 

WAT R 

COLUMN 
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CLOSED 

BALANCE 
CONNECTION 

IMPCO NATURAL GAS INSTALLATION 
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Digester Gas 

1. For low BTU fuels (500 to 800 BTU) a 
special DG model carburetor must be used. 

2. Digester gas is used at 6" water column 
pressure into the carburetor. 

3. For combination digester gas and natural 
gas, the Impco pressure reduction valve 
(with spring removed and mounted upside 
down) provides 1" water column negative 
pressure to carburetor fuel inlet. 

4. The idle fuel adjustment for dual fuel en- 
gines need not be repeated for digester gas 
after it has been set for natural gas. 

5. Dual fuel installations require load adjust- 
ment for both fuels since they utilize sepa- 
rate load adjustment controls. 

MECHANICAL GOVERNOR 

There are several types of mechanical gov- 
ernors used on the F-817-G series engines. The 
particular method of governing depends directly 
on the engine application. In the case of a 
generator set application, extremely close speed 
control is necessary. This is often controlled 
by means of a vacuum compensator. 

Resetting the Mechanical Governor 

If it should be necessary to dismantle the 
governor at any time for other adjustments- - 
and it is only for that purpose that is should 
ever be necessary to disturb this mechanism- - 
there are some basic requirements which should 
be observed. These requirements can all be met 
if the governor parts are carefully marked 
before they are removed so that they will be 
reassembled with the same adjustment and in 
the same places from which they were removed. 
Most important, make sure that the operating 
linkage and the adjusting nuts are accurately 
assembled exactly as before to prevent improper 
positioning of the butterfly valve. Also, be sure 
the lock nuts are in place and securely tightened 
to prevent change in the length of any of the 
linkage. Notice carefully, and mark, the posi- 
tion of the butterfly valve so that it goes back 
exactly as before. Close it, and with a pencil, 
mark the top side and the adjacent wall of the 
intake so that it is not re-assembled upside 
down, or backwards. If these precautions are 
followed, the governor should operate exactly 
as before when it is again put into service 
provided the tension of the governor spring and 
the length of the operating rods have not been 
changed. To secure the best operation, make 
sure that the length of the operating rod is 
adjusted so that the butterfly stands a trifle 
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LONG END 
OF VALVE 

CARE. SIDE 

GOVERNOR BUTTERFLY VALVE 
BASIC POSITION 

towards the closing position when the engine 
is stopped. Variation from the proper speed 
can be corrected by tension of the regulating 
spring. Increasing the tension increases the 
maximum speed, and decreasing the tension 
decreases the maximum speed. 

Governor Butterfly Valve Position 

Due to the diversified application of engines 
in this series a great variation in governor 
butterfly valve positioning exists. For this 
reason it will be impractical to attempt to 
illustrate all the proper positions of the valves 
in the space allowed in this manual. If a 
question arises regarding the positioning of the 
butterfly in any given engine, information will 
be supplied upon request. Contact the Service 
Department of the Waukesha Engine Division. 
If possible state the part number of the butter- 
fly assembly used and the serial number of the 
engine involved. 

VACUUM COMPENSATOR 
(For Close Governor Regulation) 

The vacuum compensator, located on the en- 
gine side plate is a tempering device which 
works in combination with the engine governor 
to provide closer speed regulation than is pos- 
sible with the governor alone. Its operation is 
a function of the intake manifold vacuum which 
reflects the load on the engine. (At full load, 
vacuum is low; at no load, vacuum is high.) 
Thus the governor's action is controlled not 
only by speed, as in ordinary operation, but 
by load as, well. This close regulation is neces- 
sary in generator operation to permit proper 
control of generator frequency and voltage. 
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The governor is a flyball type in which, as 
the speed increases, the lever. S, is moved 
to the left, toward a closed throttle position. 
The movement of S is restricted by the spring, 
R, maximum tension of which is controlled by 
the screw. Q, and should not be disturbed. It 
will be noticed that spring tension can also 
be decreased or increased as the transfer lever, 
P. moves up or down respectively. This move- 
ment is controlled by the intake manifold 
vacuum and the compression of the compen- 
sator spring, D, as follows: 

When the vacuum in the manifold increases, 
due to reduced load, the diaphragm, F, moves 
up against the compensator spring, D. This 
upward movement is transmitted by the rod, 
L, to the lever, P; and as a result, the tension 
of the governor spring, R, is decreased to per- 
mit the lever, S, to move to the left toward 
closed throttle position. Knob, A, sometimes 
located on the instrument panel, controls the 
compression of spring, D, and the degree to 
which it affects governor spring tension and 
engine speed. Clockwise rotation of the knob 
increases speed: counterclockwise rotation de- 
creases speed. The compensator reduces the 
speed drop from no load to full load operation 
to 3% to 5% of maximum speed. 

In cases where two engine driven generators 
must be synchronized, the compensator permits 

close manual regulation of speed by means 
of the knob, A. 

Assembly 

Relieve the tension on the vacuum compen- 
sator spring, D, by backing off the adjusting 
screw, C. Remove the vacuum cylinder cover 
assembly. Position the diaphragm, F, and wash- 
ers, G, on the push rod, L, by adjusting T, and 
lock nuts, H, located on either side of the dia- 
phragm, so when the diaphragm is held against 
the vacuum cylinder base the distance between 
the cylinder base and the stop collar, K, is 1/2 
inch. With the diaphragm in place, slip the spring, 
D, on the adjusting screw, C, and position the 
cover assembly on the vacuum cylinder base. In- 
stall the capscrews and tighten evenly. The above 
procedure must he followed so that the diaphragm 
has the proper amount of wrinkle for 1/2 inch 
travel. 

Adjustment 

Be sure the vacuum line does not leak. With 
the engine running at governed idle speed, adjust 
the screw, C, until the stop collar, K, clears J 
by 3/32 inch. Check speed and correct by adjust- 
ment at M. Make sure the stop collar, K, clears 
J by 3/32 inch. 

REAR-MOUNTED MECHANICAL GOVERNOR INSTALLATION 
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VARIABLE SPEED GOVERNOR 

On engines equipped with the variable speed 
"swinging spring" type governor as illustrated, 
the following procedure may be used when 
adjustment becomes necessary: 

1. Before starting engine, with tension on the 
governor spring so that the governor is in 
the full throttle position, adjust governor 
rod length -so that throttle fly is cocked 
toward the closing side from wide open. 
Throttle butterfly can be cocked so that 
the ends are even with the sides of the 
throttle shaft without power loss. 

2. Back off the low speed stop and move gov- 
ernor control lever forward to low speed 
position so that governor rod and throttle 
go to the low speed position. Low idle ad- 
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justing screw on carburetor should contact 
the stop. 

3. Start engine and adjust low speed stop to 
limit governor control lever forward travel 
to the point where it permits return to low 
idle, but no more. Allowing the lever to 
go farther forward than necessary for low idle 
only makes it necessary to move the throttle 
control farther to get response when higher 
speed is desired. This is done with reasonable 
tension on governor spring. 

4. Swing governor control lever back in the 
high speed direction until spring is almost 
perpendicular to the lever it hooks into on 
the governor cross shaft. Adjust high speed 
stop to limit travel at that point. Additional 
travel is useless. 

5. Adjust governor spring tension for proper 
high idle speed. 

6. Re-check low speed position of control lever 
and readjust stop screw if necessary to per- 
mit return to low idle. 

7. Select radius on control lever which matches 
travel of operator's control and connect 

VARIABLE SPEED "SWINGING 
SPRING" GOVERNOR 
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linkage. If operator's control does not have 
sufficient travel to accommadate full range 
of governor control lever, it may be neces- 
sary to settle for less travel. In that case 
more governor spring tension will be re- 
quired to obtain full speed. 

CARBURETOR TYPE GOVERNOR 

This governor is intended for use in those 
automotive applications where the clearance 
available between the intake manifold and the 
hood does not permit the installation of the 
standard governor butterfly housing. Thus, the 
governing action must be obtained by connecting 
the governor rod from the centrifugal governor 
directly to the carburetor butterfly. Since the 
truck operator's foot feed control is also con- 
nected to the butterfly valve of the carburetor, 
it is apparent that some sort of floating con- 
nection must be provided so the governor can 
override a wide open foot feed and hold the 
engine speed to the allowable maximum. On 
the other hand, the operator must be able to 
maintain complete and instant control of engine 

speed throughout the operating range without 
interference from the governor. 

Examination of the accompanying carburetor 
type governor illustration will show that both 
of the above requirements are satisfied in this 
installation. As the operator opens the foot 
feed, the floating lever moves forward and 
allows the butterfly to move towards the open 
position to any extent desired by the driver. 
If, however, the operating conditions and load 
tend to make the engine exceed the safe max- 
imum speed, the governor rod will move for- 
ward in response to governor action, the bell 
crank will translate the forward motion into 
vertical motion and move the clamp lever 
upward so that its shoulder moves against the 
small pin shown installed at zero degrees, 
thereby moving the butterfly towards the closing 
position until the engine speed stabilizes at 
the set maximum RPM of governor setting. 

The engine governor is mounted on the front 
of the gear cover and the governor rod ad- 
justed to the proper length to hold the bell 
crank at approximately the angle shown in the 
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small drawing at the lower right. This is the 
wide open position which the governor naturally 
assumes when the engine is not running. Before 
installing the carburetor, examine the position 
of the butterfly valve and mark or scratch a 
line on the end of the shaft exactly in line 
with the valve so that the position of the valve 
may easily be determined with the carburetor 
in place. Now install the vertical control rod 
and adjust the length so that the butterfly 
valve is about 10° towards the closing side 
when the governor is in the wide open posi- 
tion as described. Do not make an adjustment 
that will position the butterfly absolutely straight 
up and down in the carburetor since this will 
cause it to give excessive governor drop. 

The truck throttle control rod may now be 
installed and checked for action. The butterfly 
valve should respond to the movement of the 
foot feed in a perfectly normal manner if all 
connections are aligned properly and are free 
running. 

. Install a tachometer and after allowing the 
engine to warm up, open the foot throttle to 
determine the point at which the governor 
takes over control of maximum speed. This 
should be at 2600 RPM for Model F-817-G 
when the governor stabilizes although a mo- 
mentary overrun of 80 to 90 RPM will usually 
occur if the throttle is opened quickly. If the 
governed speed is too high, reduce the tension 

on the governor spring; if it is too low, increase 
the tension by tightening the adjustment nut 
slowly until the desired speed is reached. 

ADJUSTING DUAL CARBURETORS 

The following procedure should be followed 
when adjusting fire truck dual carburetors. 
1. Connect vacuum gauge to intake manifold. 

Several locations are possible. 

2. Adjust idle stop screw on front carburetor 
until engine speed is at 500 ± 25 rpm. 

3. Adjust two idle mixture screws on front 
carburetor until vacuum is at highest and 
steadiest reading. 

4. Adjust idle stop screw on second carburetor 
until engine speed increases to 550 ± 25. 

5. Adjust second set of idle mixture screws 
until vacuum gauge again reads highest and 
steadiest reading. Tachometer should be 
reading 550 ± 25 rpm and vacuum gauge 
reading 17-20 inches of mercury. 

6. Repeat steps 3 and 5 as required. 

HYDRAULIC GOVERNOR-WOODWARD TYPE PSG 

When the PSG governor is installed on the 
engine, particular care should be exercised to 
see that it is mounted squarely and that the 

GOVERNOR LINKAGE FOR DUAL CARBURETORS 
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drive connection to the engine is properly 
aligned. A gasket should be used between the 
base of the governor and the engine mounting 
pad. Be certain the gasket does not block off 
any holes in the governor base. Install fuel 
control linkage, making sure that the governor 
in its closed position can cut fuel flow off 
completely and that it is capable of opening 
fuel control mechanism to its full load posi- 
tion. Be sure linkage is free from friction or 
lost motion. 

The governor is single acting, that is, it 
utilizes oil pressure in one direction only and 
depends upon spring force to move the fuel 
control linkage in the fuel off direction. This 
spring is incorporated in the governor cover 
in some models, particularly those used with 
completely enclosed linkage, but most governors 
require an external spring exerting a torque 
of 50 lb. in. on the terminal shaft. 

Unless the engine pad is drilled for oil sup- 
ply to the governor through the mounting flange 
a 3/8" oil line must be connected from the 
engine lubricating oil pump pressure line or 
separate oil sump. An automotive type oil 
filter must be installed in the line to eliminate 
the possibility of dirty oil reaching the governor. 
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It should be a 40 micron filter with a minimum 
capacity of 2 G.P.M. 

Free discharge of oil from the governor 
pilot valve must be assured by provision of 
adequate (1/4" diameter or equivalent in multi- 
ple holes) drain holes from the drive coupling. 
No back pressure can be tolerated. Also, the 
drain passages from the governor ballhead cavity 
must be free in the engine adapter housing. 

The governor may be mounted with the drive 
shaft horizontal if desired but the control and 
terminal shafts must also be horizontal and 
the servo side down in this case. If the hori- 
zontal mounting is used a 1/4" pipe tapped 
hole must be provided in the low end of the 
governor cover and connected to the engine 
sump or to the separate governor sump. 

Regular engine lubricating oil is usually 
satisfactory for the governor. Special conditions 
such as low temperature starting in an instal- 
lation using a separate sump may require 
use of a lower viscosity than engine lubricating 
oil. 

Installation Adjustment 

Start the engine and position the speed ad- 
justing shaft for desired running speed and allow 
the engine to warm up. Open the compensating 
needle valve two or three turns and allow the 
engine to hunt or surge for about one-half 
minute to bleed trapped air from the governor 
oil passages. Gradually close the needle valve 
until hunting just stops. Closing the needle 

1130 
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valve farther than necessary will make the 
governor slow to return to normal speed after 
a load change. Test action by manually dis- 
turbing engine speed. Engine should return 
promptly to original steady speed with only 
a small overshoot. 

Speed Adjustment 

Several different means for speed adjust- 
ment may be supplied with this governor. A 

speed control shaft is attached to the speed 
adjusting lever through a serrated connection. 
The outer end of this lever forms a pivot 
point for the speed droop lever, the purpose 
of which will be explained later. Rotation of 

the control shaft and speed adjusting lever 
will raise or lower the end of the speed droop 
lever and change the compression of the speeder 
spring. Extreme limits of travel, and therefore 
maximum and minimum speed settings, are 
established by adjustment of the stop screws 
in the governor body and cover. The high 
speed stop is the horizontal screw in the body 
and the low speed stop the vertical screw in 

the cover. Rotation of the control shaft in the 
low speed direction beyond minimum rpm will 
shut the engine down by positively raising the 
pilot valve plunger through the speeder spring, 
which is attached rigidly to the upper and lower 
seats. 

For local manual speed adjustment, the 
governor is sometimes furnished with a stub 
speed control shaft and adjustment is made 
through the low speed stop screw. 

Synchronizing motor speed adjustment is sup- 
plied as a special auxiliary. This motor is a 
split field universal motor which drives the 
speed adjusting shaft through a worm and gear 
with a friction clutch to protect the motor if 
the adjustment is run against the stops. 

Speed Droop 

Speed droop adjustable (internally) between 
zero and seven percent is provided. Speed droop 
may be used to permit load division between 
two or more engines operating in parallel on 
an alternating current system or connected to 
a single shaft. If the engine is operated alone 
or on a DC system with proper generator 
compounding, the governor may be set for zero 
droop (isochronous operation). 

A.C. generating units tied in with other 
units should have droop set sufficiently high 
to prevent interchange of load between units. 
If one unit in the plant or system, has enough 
capacity, its governor may be set on zero 
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droop and it will regulate the frequency of 
the entire system. This unit will take all 
load changes within the limits of its capacity 
and will control frequency if its capacity is 
not exceeded. 

The system frequency is adjusted by chang- 
ing the speed setting of the governor having 
zero droop. The distribution of load between 
units is accomplished by changing the speed 
setting of the governors having speed droop. 

Speed Droop Adjustment 

The governor is shown with the top cover 
removed to expose the speed droop mechanism 
and adjustments. The speed droop bracket is 
clamped to the terminal lever by the slotted hex- 
agonal head screw. When loosened, it can be 
moved radially to the terminal shaft. The bracket 
carries a pivot pin for the speed droop lever 
and this pin can be adjusted from a position 
on the terminal shaft centerline to a location 
and a radius of about one-half inch. When the 
pin is at the shaft center rotation produces no 
vertical movement of the pin and therefore no 
movement of the speed droop lever. As the pin 
is moved out away from the shaft center, rotation 
produces movement of the end of the speed 
droop lever which is pivoted on the speed 
droop pin. This speed droop lever movement 
thus produces a speed setting which is a function 
of terminal shaft position with speed decreasing 
as fuel flow increases. This is speed droop. 

Speed droop is increased by moving the 
bracket outward and is reduced to zero when 
the pivot pin is at the shaft center. Since there 
is no calibration for the droop adjustment the 
zero droop position may be set only by trial 
and error on the engine or by use of a dial 
indicator on the speed droop lever during manual 
rotation of the terminal shaft. If speed droop 
is required, it must be set by operation on 
the engine, readjusting the slides to obtain the 
desired speed droop between full load and 
no load. 

ZENITH MECHANOVAC GOVERNOR 

Operation 

The Zenith governor consists of a conven- 
tional flyweight governor mechanism and a 
slave or power unit. The purpose of the two 
units is to obtain sensitivity and control with 
moderate weight force in the speed sensing 
mechanism and to have this force amplified by 
means of a booster unit which will overcome 
throttle plate frictional and velocity forces with- 
out affecting governor sensitivity. An important 

Roghan Rd Hardfill Leachate Pump Tip Engine OM Manual

Q-Pulse Id TMS652 Active 29/01/2014 Page 93 of 140



WAUKESHA F-817-G SERIES SERVICE 

feature of this governor is that all speed and 
regulation adjustments may be made while the 
engine is running. 

The drawing shows the governor slave unit 
in the position for wide open throttle carburetor 
operation. The throttle plate is moved towards 
wide open throttle position by return spring L 
and vacuum behind the diaphragm (A) opposes 
this spring force. Air is evacuated from behind 
the diaphragm by means of vacuum channel B, 
holes C and D and passage E. Vacuum for 
channel B is obtained from any point below the 
throttle plate, no calibration being required. 
Holes C, D and passage E are drilled in valve F 
which is guided by bearings G. Valve F consists 
of three sections: a central part which is held 
to very close tolerances and two sections of 
larger diameter H and J. One end of control 
cable K is fastened to section J of the valve and 
the other end of the cable is fastened to the 
speed sensing unit. 

In operation, assuming full load condition, 
the flyweights are in and the slave unit is in 
the position shown with the butterfly wide open. 

As load is removed and speed increases the 
flyweights will swing out and this motion is 
transmitted to the valve by means of cable K. 
The chamber behind the diaphragm will be evac- 
uated and bearing G in diaphragm will follow 
hole D in valve and will locate itself with re- 
spect to hole D, bleeding air into the diaphragm 
chamber, so that the diaphragm force will 
automatically be in balance with the throttle 
return spring force. Thus, the rate and load of 
return spring L are relatively unimportant. This 
design of the valve also serves as a vacuum 
safety device. If for some reason diaphragm A 
becomes inoperative, mechanical force would be 
available to prevent runaway engine speed, 
although the no load speed will be above gov- 
erned speed. 

Installation and Adjustment 

For a general description of the operation of 
this unit, refer to the Description Section of this 
book. 

Installation of the governor must be made with 
the slave and speed units both in wide open throt- 

ZENITH MEC HANOVAC GOVERNOR, SECTIONAL 
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tle position. If the speed unit has been properly 
set, there will be sufficient spring tension to 
hold the weights closed. If there is any doubt 
as to whether or not the weights are closed, 
spring tension may be increased by turning nut 
X counterclockwise when looking into the adjust- 
ing port and away from the governor weights. 

The slave unit is in wide open throttle po- 
sition when the shoulder of section J of valve F 
butts against stationary bearing G. 

The cable housing should be bent to the re- 
quired shape using a minimum bend radius of 
2-1/2". The housing should remain straight for a 
minimum of 1" beyond the fitting used to secure 
the housing to speed or slave units and the hous- 
ing shape must be such that the housing need not 
be forced into place. After the fittings have been 
placed over the housing the ends should be care- 
fully flared so that the housing remains free 
from burrs and so that there is no reduction in 
inside diameter. The cable should be cut approx- 
imately 2-3/8" longer than the housing and the 
cable ends filed to remove any burrs. A very 
light coating of grease should be applied to the 
cable. 

The cable should first be locked into the 
valve of the slave unit by means of the Allen 
set screw M in section J and then the housing 
should be fastened into place at this end. By 
pushing on the other end of the cable the valve 
is brought into wide open throttle position. If 
cable friction is insufficient to hold the valve 
in position, an Allen wrench held in the set 
screw may be used. The end of the cable should 
then be inserted into the control rod of the speed 
unit and the housing secured to the speed unit 
cap before locking the cable by means of the 
Allen set screw N. The slave unit cap which 
exposes the valve must be replaced before oper- 
ating. 

Adjusting nuts X and Y of the speed unit 
control speed and regulation. When the given 
regulation is obtained and in production this 
will be set in the plant, the one adjustment X 

will control speed. This is done by the combin- 
ation of internal and external thread pitch and 
the spring wire diameter. The external thread 
of nut X is a left hand thread, therefore, to 
increase governed speed this nut must be turned 
counterclockwise when looking into the adjusting 
port and away from the governor weights.. 

To eliminate a surge or broaden regulation, 
the spring rate must be increased and the spring 
load decreased. To accomplish this, adjusting 
nut Y, which controls spring load, must be 
turned in a counterclockwise direction reducing 
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load. Turning adjusting nut X in a counterclock- 
wise direction increases rate and at the same 
time increases load. However, when the desired 
speed is again reached, the net spring load will 
have been reduced and the spring rate increased. 
This operation must be continued until the re- 
quired regulation is obtained. Conversely, to re- 
duce regulation or decrease the difference be- 
tween no load and full load speeds, spring load 
must be increased and spring rate decreased. 
This is accomplished, of course, by the reverse 
of the above directions. 

When the desired regulation is obtained, ad- 
justing nut Y should be locked in position by 
means of the set screw Z located in the side of 
the housing. Although shown as a set screw in 
the illustration, when the Zenith Mechanovac 
governor is used on the Model F-817-G this ad- 
justed will be permanently fixed by a plug. When 
the desired speed is obtained, adjusting nut Xis 
locked by means of the key on the cover plate W 
which engages a .slot in the adjusting nut. 

The speed unit should be filled with approxi- 
mately 3 ounces of S.A.E. 20 oil at time of 
installation on engine. 

SYNCHRONIZATION PROCEDURE (ENGINES IN 
COMPOUND) 

The following procedure is listed for applica- 
tions where more than one engine is used in 
compound to overcome a load. 

1. First adjust carburetors as outlined earlier 
in this section under Carburetor and Fuel 
System Adjustment. 

2. Put engines in compound and adjust low 
idle stop on carburetor until all engines 
have the same vacuum. (Since all engines 
are in compound all will be running the 
same speed.) 

3. Disengage one engine clutch from com- 
pound and set throttle in wide open position 
to allow 'engine to run against governor. - 

The desired governor speeds loaded are not 
to exceed the loaded speeds for continuous 
service. High idle speed will exceed loaded 
speed approximately 7 per cent. Adjust gov- 
ernor spring tension to permit this speed on 
this engine. 

4. Now put this engine in compound with the 
other engine (or engines) and place throttles 
of all engines in wide open position. Adjust 
the governor adjusting screw so that the 
vacuum reading on the other engine or engines 
is the same as the one adjusted in Step 3. 
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5. The engine now should be in compound so 
that the vacuum readings on each will fol- 
low one another from idle to full governor 
speed and on load. 

NOTE 

If after the above adjustment, you cannot 
get the engines to run together, check the 
relative position of the governor butter- 
fly valve of each engine (stopped). If you 
find a slight difference in the position of 
the governor butterfly this can be ad- 
justed by changing the length of the gov- 
ernor rod at the rod ends. 

6. Do not attempt to make adjustments on the 
carburetor to obtain equal vacuum on the 
engines in compound as this will offset the 
fuel mixture making the engines run too 
rich or too lean. Always adjust the carbu- 
retor for load before you try to synchronize 
engines in compound. 

VALVE RUNNING CLEARANCES 

Accurate valve clearance settings materially 
prolong engine life and aid performance. In 
addition to impairing performance, excessive 
clearances are detrimental to cams and tappets 
as well as the rest of the valve mechanism. 
On the other hand, when clearances are too low, 
timing is again disturbed and the possibility of 
burned valves becomes much greater. 

Valve clearances specified in the tables of 
clearances and on the engine nameplates are 
for engines cooled to normal ambient tem- 
peratures. . .NOT FOR HOT ENGINES. When 
checking clearances or timing, the rocker arms 

ADJUSTING VALVE RUNNING CLEARANCES 
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must be contacting the valve tips evenly and not 
be holloW. When the rocker arm to valve tip 
surfaces are worn hollow, it is impossible to 
make an accurate check with a feeler gauge. 
Never attempt to adjust valve clearances without 
loosening the adjusting screw lock nut and 
re-tightening it when completed. 

Whenever the rocker covers are removed, 
the valve and spring mechanism should be 
examined for evidence of inadequate lubrication 
due to sludging or plugged oil lines. Excessive 
sludge in the rocker arm area is an indication 
of too low oil operating temperatures, poor 
filtering action, or an oil that breaks down and 
is unsuited for the operation involved. 

VALVE TIMING CHECK 

It is very seldom necessary to check valve 
timing. The timing of the camshaft is estab- 
lished at the time of assembly by the proper 
matching of the timing marks on the timing 
gears. Since there are no couplings or other 
adjustment mechanisms to slip, there is no way 
in which the timing can be changed. Moreover, 
it is often difficult for a person inexperienced 
in this operation to check for proper timing 
with absolute accuracy even though the engine 
is correctly timed. This is because of the 
many factors such as gear backlash, manufac- 
turing tolerances, cam wear, rocker arm wear, 
and personal judgment that vary. 

Since however, improper valve timing may 
have very serious effects on engine performance 
and service life, any symptoms of low power, 
overheating, backfiring, or similar troubles 
showing up after repair or overhaul procedures 
should be investigated and a valve timing check 
made to prevent damage to the engine. 

The initial opening of the intake valve and 
exhaust valve, as well as the final seating 
action are accomplished very gradually in order 
to hold the mechanical load on the valve and 
lifter parts to a minimum. For this reason, 
it is more practical to check timing at a 
different point in the cam action where the 
movement is quite pronounced. This is done by 
setting the valves to a special timing clearance 
temporarily. Use the timing clearance given on 
the rocker cover, or in the back of this book. 
Re-set after checking. 

The actual steps in making a timing check 
for these engines are as follows: 

1. Bring number one piston to top center on 
the compression stroke so intake and ex- 
haust valves are both closed. 
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No. 1 Piston TDC, Compression Stroke. 

Set No. 1 Intake Clearance to that 
specified for Timing, not Running. 

Rotate crankshaft through 
Power and Exhaust Stroke 
on No. 1 Cylinder. 

Use Dial Gage to Determine 
Point where No. 1 Intake 
Valve Starts to open. Check 
for TDC position on flywheel. 

VALVE TIMING SEQUENCE 

2. Adjust the clearance of number one intake 
valve to that given in the rear of this book 
for checking valve timing - not operating 
clearance. 

3. Rotate the engine in the direction of nor- 
mal operation (to remove backlash from the 
gear train) through the power and.exhaust 
stroke until the number one piston is again 
approaching top center, this time for the 
beginning of the intake stroke. 

4. Very carefully feel for the instant that the 
rocker arm starts to bear against the valve 
stem. This is easiest to determine by ro- 
tating the upper end of the push rod between 
the fingers. 

5. When the push rod just becomes snug, the 
intake valve is starting to open. Check the 
flywheel position through the inspection open- 
ing. It should be on or about TDC. If the 
flywheel markings are inaccessible, TDC may 
be determined visually by watching the piston 
through the spark plug hole with the aid of 
a flashlight. 

6. Reset the intake valve to normal cold clear- 
ance for running. 

It should not be concluded from this method 
of checking that the intake valve actually opens 
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on TDC. This location is merely used for a 
convenient check point. Because the cam design 
starts the valve mechanism moving in a gradual 
manner, the actual point where the tappet is 
first lifted by the intake slope of the cam is 
difficult to detect without precision equipment. 
Later, in the valve opening process the rate 
of valve movement is increased and the move- 
ment is large enough to detect easily. Hence, 
using a mathematically calculated clearance 
and this location on the cam is more practical 
from a field standpoint. 

ROCKER ARM OIL CONTROL 

Adjustable rocker arm oil control valves are 
used on Waukesha Model F-817-G engines. The 
purpose of the valve is to control the oil flow to 
the rocker arms. A valve is mounted on the cen- 
ter rocker arm support on each head. 

The control valve screw is factory pre-set to 
a height of 5/16 inch. This allows a minimum oil 
flow to the rocker arms. If the operator loosens 
the lock nut and turns the screw down, oil will 
be partially shut off from the by-pass hole and an 
increased quantity will be forced through the re- 
strictor and into the rocker arms. Conversely, 
backing the screw out will by-pass or "spill" 
more oil and less oil will flow to the rocker 
arms. It is impossible to shut the oil flow off 
completely. This may be more clearly under- 
stood by following the accompanying illustration. 

ADJUSTING SCREW LOCATION 
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In operations requiring long periods of idle 
or light load conditions, the factory setting is 
recommended. In operations requiring continu- 
ous heavy loads or full load conditions, the 
valve setting may be adjusted slightly, as de- 
scribed above, to increase oil flow. The amount 
of the setting should be determined by exper- 
ience. Avoid heavy smoking and large increases 
in oil consumption. The valve assembly is avail- 
able as a service part. 

NEW ENGINE PRECAUTIONS 

There are a few special precautions that 
should be taken before and after starting and 
applying the load to a new engine. The following 
are recommended: 

A. See that the fan hub is lubricated. 

B. Remove the spark plugs and squirt ap- 
proximately a teaspoonful of light cylinder 
oil into each cylinder to insure lubrication 
of the pistons and cylinders when the engine 
first starts. 

C. Using an external pressure source, such as 
a pump or air tank, force oil through the 
lines and filters to avoid prolonged opera- 
tion before the line, passages, and filters 
fill. 

D. Allow the engine to idle the first fifteen 
minutes to fill all the bearings with oil. 

E. Check for water leaks after the engine warms 
up and take corrective steps if leaks are 
found. 

F. Tighten all the cylinder head nuts after the 
engine is hot. THIS IS IMPORTANT. RE- 
TORQUE TO THE VALUES SPECIFIED in 
the Clearance section. 

In recognition of the fact that it is often 
impractical if not impossible to provide a 
"break-in" period for a new engine, the engine 
manufacturer has designed this engine with suf- 
ficient clearances and tolerances so that it 
can be put to work as soon as the previously 
mentioned precautions have been taken. How- 
ever, if it is at all possible, the engine should 
be operated for a short time at approximately 
50% power before applying the full load. 

If the engine has been overhauled, and the 
engine application will permit it, run the engine 
at idle for 4 or 5 hours, then if possible with 
half load for a day or more, then for a few 
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days at 50% power. If the engine overheats, 
reduce the load. 

OPERATING INSPECTION SCHEDULE 

Thorough inspections at regular intervals 
will save money and prevent minor troubles 
from arising at inconvenient times. 

ANY NEW or OVERHAULED ENGINE should 
always be checked over for unusual conditions 
at the end of the first week of operation. For 
example, cylinder head gaskets, oil pan and 
gear-cover gaskets, and so on, should be ex- 
amined for tightness. Re-torque cylinder-head 
hold-down nuts in order to ensure top perform- 
ance at approximately the first fifty hours of 
operation. 

The following embraces a practical inspec- 
tion routine that may be adapted as needed 
to individual variations in operating schedules. 
It is suggested that the operator consider the 
requirements of accessory maintenance and 
other features of the installation so as to fit 
these details into the regular engine inspection 
schedule. 

DO; Inspection 

1. Water temperature and oil pressure--ob- 
serve both before shutting down. 

2. Oil level and quality. If engine is operating 
for the first time, examine oil after 10 
hours for signs of deterioration. 

3. Coolant--examine condition and adequacy of 
supply. Rusty, scummy, or oily water may 
indicate the need for cleaning the cooling 
system or other servicing. 

4. Fuel supply. Drain sump traps and strain- 
ers. Be sure gas pressure is maintained at 
correct value. 

5. Air-cleaners and breathers--inspect for 
cleanliness; under some operating condi- 
tions these units may require cleaning sev- 
eral times each day. 

6. Water, fuel and lubricant lines- - make a visual 
examination for indications of leaks, dam- 
aged tubing, or bad joints. 

7. IGNITION: visually check spark and igni- 
tion wires for cracks or signs of damage. 

8. Accessories--service in accordance with 
the manufacturer's recommendations. 
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9. Grease cups--turn down; replenish with pro- 
per grade of grease if necessary. 

Weekly Inspection 

(Based upon approximately 50 hours) 
Accomplish Items 1-9 in Daily Inspection. 

1. Noises--any that may indicate need for 
repair or service should be traced to their 
source and corrected. 

2. Engine exterior--clean thoroughly using a 
suitable solvent such as kerosene or mineral 
spirits; use care not to wash grit and dirt 
into inaccessible locations, around the spark 
plugs, for example, where it might fall 
into the engine later on. 

3. Starting engine clutch--adjust if needed. 
Grease Bendix bearings. 

4. Mating surfaces--examine for indications of 
leaking gaskets; test for loose capscrews, 
nuts and engine hold-down bolts. Torque 
nuts, in areas where leaks are indicated, 
to specified values. Replace gaskets and 
re-torque evenly if leakage continues. 

5. Clutch pilot bearing--grease this and other 
shaft bearings, with the proper grade of 
grease, but DO NOT OVER-GREASE. Do not 
grease permanently lubricated bearings. 

6. Fan belts--inspect this and other belt drives 
for proper tension, incipient breakage, fray- 
ing or other damage. (Replace belts in 
matched sets.) 

7. Water-pumps--examine for evidence of leak- 
age. 

Monthly Inspection 

Accomplish Items 1 through 9 in Daily In- 
spection, and Items 1 through 7 in Weekly 
Inspection. 

1. Valve clearances--:remove valve covers and 
measure with feelers. Re-set any tappets 
not within correct limits. 

2. Top water manifold, thermostat housing- - 
remove from main engine and water cooled 
exhaust manifold, if used, and clean away any 
scale or deposit in thermostat area. 

3. Check and lubricate fan hub bearing, if 
fan is used. 

4. Remove, clean and re-gap spark plugs. 
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500-Hour Inspection 

1. Spark plugs--remove and check the gap 
with a feeler gauge. Correct gap is 0.025" 

2. Magneto--check for correct magneto breaker 
point clearance (.016"-.018") and condition. 

3. Compression--check each cylinder. Be sure 
to close the fuel shut-off valves, have the 
ignition switch in "off" position, and have the 
throttle wide open. Uneven compression or 
pressures lower than those stated in clear- 
ance section call for further investigation. 
When foregoing inspection has been com- 
pleted, it may be necessary to decide on 
valve re-grinding, bearing adjustment or 
other overhaul. 

4. Oil cooler--if increase in oil temperature is 
noticed, remove and clean cooler unit, if used. 

TROUBLE SHOOTING 

In the operation of any mechanical equipment, 
situations arise that require the operator to 
analyze the source and take appropriate cor- 
rective measures. Such situations are normally 
called "trouble shooting" and range from such 
elementary problems as locating a grounded 
wire or closed valve to complex installation 
engineering decisions. A certain amount of 
common sense and ordinary reasoning can 
eliminate many false starts and much wasted 
time in attempting to correct symptoms rather 
than the trouble source. Troubles may arise 
generally from the following sources: 

1. Misapplication or improper installation 
of the engine 
Under this heading may be considered the 
problems associated with incorrect gear 
ratios, extensive idling at low temperatures, 
constant overloads, inadequate cooling, un- 
usual exposure to weather and sand or 
other elements, and innumerable other situ- 
ations which may sometimes benefit from 
the help of the Waukesha Engine Division 
Service Division or its authorized dealers. 
The Waukesha Engine Division is always 
ready to make available the experience of 
over 70 years of industrial engine building 
and application. 

2. Normal wear and service 

In the course of normal service, any engine 
will lose the precise adjustments it had 
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when new. These conditions arise from 
such things as small deposits and constant 
movement in the carburetion and ignition 
system; combustion chamber deposits; wear 
of the piston rings, valves, bearings and 
other running surfaces; and an occasional 
failure of a minor part such as a spark 
plug or fuel regulator diaphragm. Normal 
adjustment and maintenance will prevent most 
of these conditions from becoming "troubles" 
and careful thought about any symptom that 
does appear will usually lead to its im- 
mediate repair. 

3. Sometimes for reasons beyond the control 
of any given operator operating difficulties 
occur from such sources as poorly serviced 
oil or air filters, bad cooling water, failure 
to make regular inspection and maintenance 
checks; and even the use of unsatisfactory 
fuels or lubricants. Analysis and under- 
standing of such problems will often point 
the way to more satisfactory operation in 
the future, sometimes with only a minor 
change in the operating or maintenance 
techniques. 

Engine troubles may be considered general 
troubles or local troubles. For example, an 
inadequate fuel supply, partially closed fuel 
valve, grounded magneto, or clogged radiator 
would affect the entire operation of the engine, 
no one cylinder or group of cylinders being 
distinctly better or worse than others. This is 
a general trouble and in trouble shooting, 
sources of trouble capable of producing this 
effect should receive first consideration. On 
the other hand, a valve tappet with insufficient 
clearance, a fouled spark plug, or a leaking 
intake manifold gasket might affect one cylinder 
very noticeably without reflecting in the opera- 
tion of the others. This is a local trouble 
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and normal good judgment would suggest that 
the correction is not likely to be found, for 
example, in adjustment of the governor or chang- 
ing the fuel mixture. 

EXERCISE OF STANDBY UNITS 

It is recommended that the generator set or 
other standby unit be exercised once each week. 
A record should be maintained of performance, 
incidental servicing, and output of both the en- 
gine and driven equipment. 

Always run the engine long enough to stabilize 
oil and water temperatures at the normal op- 
erating level expected under load. Do not oper- 
ate under no load conditions for other than very 
brief periods. Loads of at least one-third up to 
the normal rated capacity are recommended. 
Ordinarily, an exercise run of one to two hours 
will be needed to stabilize temperatures. 

It is recognized that some types of driven 
equipment cannot be operated without fairly ex- 
tensive procedures to "put them on the line." 
Examples are hospital generators in some 
types of switching configurations; air-condi- 
tioning compressors which can only be loaded 
by changing over to chilled water from heating 
water circulation; and pumps which are not set 
up for waste discharge or recirculation. In such 
cases, weekly exercise periods may have to be 
reduced, where possible, to operational periods 
long enough only to prove the engine's ability 
to crank and start, or, check out of starting 
circuitry and safety equipment with the starter 
disabled. In this event, special attention must 
be taken to prevent internal corrosion, sticking 
and gumming of fuel controls, and deteriorated 
starting batteries. In all cases, arrangements 
should be made to run the engine and driven 
equipment under load at least every 90 days. 
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OVERHAUL AND MECHANICAL ADJUSTMENT 

GENERAL 

The overhaul and adjustment of the F-817-G 
series engines, like any other mechanical opera- 
tion on precision machinery is best accomplished 
by experienced personnel using equipment built 
for accurate work. On the other hand, assembly 
and disassembly present no unusual features 
requiring special tools or techniques. For this 
reason, no effort has been made to detail in 
this manual the steps that are self evident or 
well established mechanical practices. In those 
instances where a considerable number of these 
engines are being overhauled, the Waukesha 
Engine Division will be glad to make sugges- 
tions on permanent type tooling such as pullers, 
jigs, and other fixtures. 

There are a number of good practices that 
should be followed in overhauling any engine, 
some of these are listed below. 

Do Not Mix or Confuse Engine Parts 

Mark for position on disassembly; tag as- 
semblies from different engines; stamp or other- 
wise identify parts reground to special sizes. 

Do Not Mix Bolts, Capscrews, and Washers 

Capscrews and like parts are of a length, 
material, and heat-treatment suited to the place 
they are used. Numerous instances have been 
reported where too long or too short a cap- 
screw has resulted in leakage or interference 
with internal parts. Washers of various mate- 
rials and types are selected according to 
application. Standard soft steel washers, for 
example, when used to retain a bearing cap 
are known to have caused complete engine fail- 
ures. Hardened washers are used at that parti- 
cular point. 

Inspect as Engine is Disassembled 

Once engine parts have been disassembled 
and cleaned, many valuable indications of engine 
condition are lost. Materials found in the oil 
or on burned or carboned surfaces at disas- 
sembly often point to operating, service, or 
maintenance improvements of genuine value to 
the operator. 
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Protect Delicate Parts and Surfaces 

Do not pile engine parts, ignition equipment, 
carburetors, and bearings, indiscriminately. Oil 
surfaces likely to rust. Tape surfaces subject 
to scratching or nicking during repair opera- 
tions. Plug off passages likely to accumulate 
dust, abrasives, and machining chips. Some 
heavy-duty detergents and cleaning compounds 
will etch or corrode bearing materials and 
bushings. Test any cleaner before using it 
on good parts. 

Clean Thoroughly 

No engine is completely overhauled if it is 
not cleaned internally and externally to "new 
part" condition. Dirty parts can not be inspected 
nor fitted; neither do they conduct heat pro- 
perly nor allow top engine performance. Modern 
chemical cleaners easily remove all engine 
grime; but don't forget to remove the cleaners 
from oil passages and casting pockets when 
the job is completed. 

Work Accurately 

Use precision gauges where needed; follow 
tables of limits and tightening torque values 
for best performance. 

DISASSEMBLY 

Vibration Dampner and Fan Pulley 

The vibration dampner, used on high output 
models, is easily removed by taking out the 
capscrews holding it to the fan pulley. Torque 
for the vibration dampner retaining capscrews 
is 700 inch pounds for the 1/2" capscrews and 
300 inch pounds for the 3/8" capscrews. To re- 
move the fan pulley from the crankshaft it is 
necess 'ary to remove the fan pulley nut and 
employ a three-jaw puller of suitable size since 
the pulley is pressed on the shaft. 

When replacing the fan pulley, it will be 
found practical to make up an installing tool 
capable of sliding over the shaft and driving 
squarely against the pulley hub. The instal- 
lation will be much easier, particularly on the 
high-output models if the pulley is heated to 
approximately 400-500°,F. Never heat with 
dampner mounted or install dampner on a hot 
pulley. 
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Gear Cover 

Remove the capscrews securing the gear 
cover to the crankcase and oil pan. The crank- 
shaft fan pulley key must be removed and any 
incidental burrs honed from the shaft before 
sliding the cover oil seal over it. Ordinarily 
the oil seal may be left in place and used 
again. 

Flywheel 

Before loosening the flywheel retaining 
screws, make up a "dogleg" hoist eye to support 
the weight and permit swinging the wheel out 
without canting. Take up some of the weight 
on the hoist, remove the capscrews, and using 
suitable threaded pullers if necessary, pull 
the wheel free and swing it out of the housing. 
It is recommended that new bolts be used when- 
ever a flywheel is re-installed. 

Water Pump 

The water pump is removed as a unit except 
for the front pulley and lower water inlet elbow. 

The pulley must be removed to permit the pump 
to be withdrawn from the gear housing and the 
elbow must be removed for access and clear- 
ance for the lower inner capscrew. 

Six bolts retain the pump. Four, extending 
through the front gear housing from front to rear 
are readily visible; two, located between the 
water pump and the crankcase are less ac- 
cessible and a 3/8" drive socket with an exten- 
sion is suggested. On those engines using an air 
compressor, the pump may be removed without 
disturbing the compressor, however, it will be 
most convenient to work from the lower side of 
the engine if possible. 

Cylinder Heads 

Both front and rear cylinder heads, including 
the intake and exhaust manifolds may be re- 
moved as a unit if desired. First, loosen the 
hose connection at the upper end of the water 
by-pass line. Remove the crown nuts retaining 
the water manifold and lift off the manifold. 
Loosen the rocker arm oil lines and remove 
the rocker arm support bracket retaining nuts 

BELT-DRIVEN WATER PUMP 
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so the rocker arm assemblies and push rods 
may be lifted free. 

The cylinder head hold-down nuts will now 
be accessible. 

When the cylinder heads are replaced after 
the intake manifold has been removed for any 
reason, it is important to carry out the steps 
below in the order given. 

1. Place the heads in position and run down 
three or four retaining nuts just enough 
to pull the heads squarely in place against 
their gaskets. Do not overtighten. 

2. Install the intake manifold and tighten all 
nuts evenly. 

3. Torque down the head nuts to the values 
specified in the table at the back of this 
manual. Always tighten evenly, starting at 
the center of the head and working out- 
ward. 

4. Install the exhaust manifold, rocker arms 
and push rods, oil lines, and water mani- 
fold. 

The point to note about the above procedure 
is that the heads are left partly loose when 
installing the intake manifold. Thus, they are 
free to move slightly and square up with the 
manifold mounting flanges. If the heads are 
pulled down first, tightening the intake mani- 
fold nuts may put a strain on the manifold that 
will cause cracking or leaking in service. 

Idler Gear and Camshaft 

The idler gear is easily removed by pulling 
it forward and out of its bushing after the gear 
cover has been removed. Do not lose the small 
thrust button and spring set in the recess at 
the center of the idler shaft. Idler gears and 
shafts are welded assemblies. 

Camshaft removal requires prior removal of 
the oil pump and its drive assembly, the distri- 
butor and drive assembly, and in the case of 
a fuel pump with the shoe riding directly on 
the camshaft this too must be removed. Unless 
the engine is inverted on a work stand or tipped 
on its side on a table, provision must be made 
to keep the cam followers lifted clear of the 
cam lobes while the cam is withdrawn. Various 
methods have been devised to hold the followers 
clear of the cam lobes. These range from wooden 
or plastic spring clip clothes pins, to tape 
or pieces of snug fitting hose slipped over 
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CAM FOLLOWER RETENTION 

the shank of the follower. If care is taken 
to wipe most of the oil from the exposed sur- 
face, simply slipping "0" rings or hose washers 
of suitable size down the shanks of the fol- 
lowers with the followers held at the upper 
limit of travel will prevent them from dropping 
down against the cam lobes or falling out after 
the camshaft is removed. 

Withdraw the camshaft from its bushings by 
pulling gently and making sure that the lobes 
are not catching in the bushings or case. If 
the edges of the cam lobes are allowed to 
drag across the bushings, grooves and scratches 
may be formed that will impair lubrication and 
service life. Removal of the gear from the 
camshaft requires an arbor press and a suitable 
support plate to hold the gear. Do not attempt 
to remove the gear by makeshift methods that 
may distort the shaft or gear. 

Cam Followers 

The cam followers may be removed by work- 
ing from the underside of the crankcase after 
the camshaft is removed. Keep each cam fol- 
lower in order as removed and re-install 
in the same place. When a worn or damaged 
cam follower is found, always inspect with 
particular care the cam lobe upon which it 
was operating. It is recommended that whenever 
lifter replacement is required they be installed 
as a complete set and not on an individual lifter 
basis. 

Camshaft Gears 

F-817-G series engines are equipped with 
a camshaft incorporating a threaded bore to 
receive a camshaft gear lock screw. As shown, 
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HOLES 
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the lock screw is hollow and provides a means 
of locating the thrust plunger and spring which 
bears against the thrust button. It should be noted 
that this assembly insures positive retention of 
the cam gear. 

CRANKGEAR PULLER 
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Crankshaft Gear 

In those instances where replacement of 
the crankshaft gear is necessary, remove the 
gear with a puller as shown in the accompany- 
ing illustration. 

VALVES AND MECHANISM-REPAIR 

Valves require grinding at various intervals 
during the engine service life. These intervals 
cannot be specified exactly because a host of 
variable factors enter the picture, often without 
the engine operator's knowledge. Of these fac- 
tors, the following have been found to a greater 
or lesser degree to make for reducedvalve life. 

1. Fuels that break down to form deposits 
that impair seat contact and prevent heat 
conduction and valve cooling. 

2. Deposits from either fuels or oils that 
accumulate on the valve stems and cause 
sticking and burning. 

3. Oil not reaching rocker arms due to clogged 
lines or improper fittings. 

4. Shutting down a hot engine without idling 
for a few minutes. Exhaust valves that 
happen to be off their seats when engine 
stops may warp so that burning occurs on 
restarting. 

5. Tappet clearances not properly maintained 
so that at least .008 to .010 is available 
when running. 

6. Lean mixtures due to improper carburetor 
or adjustment. 

7. Pre-ignition due to wrong plugs, carbon de- 
posits, excessive operating temperatures. 

Compression Checks 

A compression check is the best method of 
determining whether valves need grinding. Since 
different pistons will develop different crank- 
ing compression pressures due to compression 
ratio variations, no specific figures are given 
for this test. The most significant thing is 
for the pressures on the individual cylinders 
to match with a fair degree of evenness. If 
it is felt that compression may be leaking past 
the piston rings, inject some heavy engine oil 
through the spark plug hole before making the 
test. This will seal the rings temporarily. 
In addition, a quick knowledge of valve condition 
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TYPICAL ROTATOR AND STANDARD 
VALVES 

may be gained by listening at the carburetor 
entrance (disconnect air cleaner) and the ex- 
haust outlet while the engine is cranked over. 
Piston ring blow-by may be heard at the oil- 
filler opening as the pistons are slowly brought 
onto compression and the air allowed to seep 
past. If valves are leaking badly, the piston 
ring leakage may not be noticeable. Another 
indication of leaking valves is an unsteady 
vacuum reading, particularly at idle. 

Valve Mechanism 

When the push rods have been withdrawn 
they should be tagged or otherwise marked so 
that each rod may be replaced in its own tappet. 
Examine each rod to make sure it is straight, 
and that both upper and lower ends are in 
good condition. Replace-do not straighten-any 
that are bent, and if there are any of the ball 
and socket fittings, pressed into the ends of 
the rods, that show signs of wear beyond the 
case hardening, replace these fittings also. 
Sockets at the rocker arm end must not be 
used if they are worn so deep that the upper 
edge rides the adjusting lock nut or the rocker 
arm at any point. 

The end of each valve stem is fitted with 
a shallow steel retainer that accommodates the 
end of the valve spring, and is held to the 
stem by a pair of split tapers. The locking 
tapers must be removed before the valve can 
be withdrawn. To release the lock from the 
recess in the spring retainer, it is only neces- 
sary to push the retainer down against the 
spring until the tapers fall away from the valve 
stem. Weak or cocked springs should be dis- 
carded and new ones installed when re-assem- 
bling. Free-type rotator caps are used on ex- 
haust valves when required. For proper fitting 
of these caps, refer to Service Bulletin No. 
7-1974. 
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GUIDES AND SEATS 

Upon removing each valve examine it care- 
fully. Remove all carbon and burned oil and 
check the valve stem and its fit in the guide. 
Excessive wear in either the stem or guide 
will make it impossible to secure a tight 
seat by grinding unless the valve or guide, and 
possibly both, are replaced. Special notice of 
the exhaust valve guide and valve stem shoulder 
should be taken to make sure the guide does 
not project into the valve gas passage, and 
that the shoulder on the valve stem shoulder 
should be taken to make sure the guide does 
not project into the valve gas passage, and 
that the shoulder on the valve stem is sharp. 
This shoulder should be slightly below the top 
of the valve guide when the valve is seated. 
Thus, any accumulation of carbon around the 
guide and stem will be sheared off each time 
the valve is lifted, and in this way prevent 
valve sticking. 

Worn valve guides and valve seat inserts 
should be replaced with new ones. The guides 
are a pressed fit in the head casting, and service 
guides are especially machined to press in 
place, and give proper stem clearance without 

INSTALLING VALVE GUIDE 
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further machining. On the other hand, the 
valve seat in the head MUST be re-cut con- 
centric with the new guide whenever new guides 
are installed. The valve seat inserts are fur- 
nished in 1/64, 1/32, and 1/16 oversize for a 
press fit, but require shrinking to anchor 
them in place. 

To obtain the optimum service life from re- 
placed inserts, the use of Waukesha Stellite- 
faced, die steel seat inserts especially made for 
this job is strongly recommended. The steel 
and heat-treatment of these inserts has been 
developed by long service and laboratory ex- 
perience for the very best characteristics 
of heat resistance and expansion control to 
provide the correct shrink fit and maintain 
this fit under hard usage. 

The accuracy of the machine method of valve 
grinding depends entirely upon the condition of 
the valve guide and the pilot mandrel's fit, 
both in the guide itself, and the hub of the 
grinder stone. It is vitally important, therefore, 
to make sure that the mandrel is a snug push 
fit in the valve guide, and will not wobble 
at the upper end. If it does have any upper-end 
movement the seat will not be ground true. 
Guides that are worn too much to give the 
mandrel solid support should be replaced before 
grinding is attempted. The maker's instructions 
for dressing the grinding wheel must be followed 
to secure smooth, accurate seats. 

VALVE GRINDING 

Modern valves are much harder than formerly 
so that a valve grinding machine is much quicker 
and more accurate than hand grinding. If ma- 
chine grinding equipment for both valves and 
seats is not immediately at hand, it will often 
save time and money, as well as getting a better 
job if the head and valve assembly are sent to 
a local specialist. Even if hand grinding is 
employed, the valve stems and guides must be 
a good fit without wobble to insure a concentric 
seat and a tight valve. 

Hand Grinding Method 

Apply a good, medium grinding compound 
sparingly around the entire valve seat, slip 
a light lifting spring over the stem, lubricate 
the stem, and drop the valve into its original 
place in the cylinder head. The spring should 
just barely hold the valve off its seat. Place 
the grinding tool in the two holes or slot in 
the head of the valve to be ground.-Press down 
until the valve is seated. Turn the valve a quarter 
turn, first in one direction then in the other. 
Do this three or four times. Release the pressure 
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CHECKING SEAT FOR CONCENTRICITY 

on the valve, and the little spring will lift 
it off its seat. Now turn the valve about 10 

or 15 degrees to another position, and repeat 
the grinding. Do this until all the compound 
is rubbed off the valve seat. Withdraw the valve, 
and put on some fresh compound. Repeat the 
grinding operation. 

Clean the valve and its seat occasionally 
to see how the grinding is progressing. When 
all pits and grooves have disappeared, clean 
the valve and valve seat, and place eight or ten 
equally spaced marks with a soft lead pencil 
on the seat. Then drop the valve in place, 
give it a quarter turn, and remove it. A perfect 
seat will be indicated if every pencil mark shows 
where the valve has rubbed it. If any pencil 
marks are left untouched, continue the grinding. 
When the grinding is completed, check the valve 
seat for concentricity with a dial indicator, then 
oil the valve stem, clean all traces of the grinding 
compound from the valve chamber and ports, 
and RE-ASSEMBLE EACH VALVE IN ITS OWN 
OPENING. 

REPLACING CYLINDER HEAD 

First, make sure that any oil leads which 
may be drilled in the head to feed the rocker 
arms, as well as the drilled oil leads in the 
cylinder block, are clean to insure full oiling 
of the valve mechanism. Always install the heads 
finger tight and align by installing the intake 
manifold before final torquing. 
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HEAD TIGHTENING SEQUENCE 

A torque wrench when used according to the 
table at the rear of this book will prevent 
over-straining studs, while insuring a tight 
joint. The order of tightening is also important. 
As shown in the typical case, the hold-down 
studs should be tightened in two or three 
successive stages starting with the center and 
working toward each end alternately. This will 
insure even pressure over the entire surface 
of the cylinder head and gasket. If the outside 
nuts are pulled up first instead of the center 
ones, the head will be cocked, and the gasket 
will not fit tight enough to prevent blowing out 
between cylinders. A torque wrench, where used 
according to the maker's directions, is the best 
way of setting up cylinder head nuts to insure 
full tension without excessive strain that might 
stretch the studs. 

Do not neglect to connect the oil lead to 
the rocker arm shaft. Test it to be sure it 
is not clogged. 

Cylinder heads should be re-tightened to the 
specific torque and sequence after first warm up 
and after approximately fifty hours of operation. 
Cylinder head stud projection is 6-1/16" to 
6-1/8" (long studs) and 1-13/32" (short studs). 

BEARING ADJUSTMENT 

All main and connecting rod bearings in the 
F-817-G engines are of the steel-backed pre- 
cision type. Because of the extremely close 
machining of this type bearing, no fitting, filing, 
scraping, boring, or other adjustment is required 
or permissible. Replacement must be in com- 
plete bearing units. Never replace only one half 
of a bearing. Service bearings are available in 
.020 and .040 undersize for use on regound 
crankshafts. Never attempt to adjust a bearing 
by filing, grinding, or lapping, the bearing cap. 
The bearing seats are precision bored with the 
caps in place. Hence, any metal removed from 
either side forever prevents proper fitting of 
a connecting rod bearing in the rod, and in the 
case of a crankcase makes the entire case un- 
suited for further use. 

Be sure that the bearings seat on absolutely 
clean surfaces and that the back of the bearing 
is wiped perfectly clean. The slightest bit of 
dirt or carbon squeezed between the back of 
a bearing and its seat can cause rapid bearing 
failure due to a localized high spot. 

Equally important in obtaining maximum 
bearing life is the correct tension on the 
bearing cap nuts. Pull down on all nuts evenly, 
going from one side of the bearing to the 
other. Apply final tension with a torque wrench 
using a slow steady pull and holding the wrench 
"on torque" for a few seconds when the proper 
value is reached. Desired torque values will be 
found in the Clearance Section. 

.03 -- -84..031" 
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TH RUST 
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Previous over-torquing, or some other dam- 
age to the bolt or nut is sometimes encountered 
and will be felt by the torque "softening up" so 
that the nut can be turned without appretiable in- 
crease in wrench tension. Never allow a bolt and 
nut in this condition to remain in an engine. 

A recent connecting rod change eliminates 
the dowel from the rod cap and the associated 
hole from the rod bearing insert. When the cur- 
rent bearings are to be used in rods which in- 
corporate dowels, the dowels must be removed. 
After removal, light stoning or polishing is 
recommended to blend out any raised metal a- 
round the dowel hole. 

Connecting rods have an oil slot in each big- 
end outer face to direct oil spray to the cam 
tappet area and must be installed with these 
slots towards the camshaft. 

Thrust Rings 

With the thrust rings temporarily clamped 
lightly in place, slip a bearing insert in place 
to check for clearance between the ends of the 
insert and the inner edges of the rings. About 
0.031" is normal. The crankshaft and bearing 
cap may now be installed in the usual manner. 
ALWAYS CHECK FOR NORMAL CRANKSHAFT 
END THRUST OF 0.005"-0.013" after placing 
shaft and again after tighteningbearing caps. 

The Waukesha Motor Company F- 817. -G En- 
gine Series bearing replacement kits are avail- 
able with standard, 0.020" and 0.040" undersize 
bearings. The bearings are designed to give a 
theoretical oil clearance of 0.0015" to 0.0045", 

CRUSH 

BEARING CRUSH, EXAGGERATED 
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OVERHAUL 

The thrust rings included in the 0.040" under- 
size -bearing kits are furnished with a 0.010" 
oversize thrust flange to compensate for nor- 
mal thrust area wear encountered on crankshafts 
requiring .040" undersize bearings. Order thrust 
rings separately when ordering .020" oversize 
bearing kits since either standard size or 
.010" oversize may be required. 

Side Clearances 

Although less critical than the bearing running 
clearances, no bearing should be assembled 
without checking side clearance. This may be 
done by forcing the rod fully to one side 
or the other and inserting a feeler between the 
crankcheek and the bearing end. Shaft end play 
is measured with a feeler between the shaft 
flange and the rear main bearing flange when 
the shaft is at full forward or rearward position. 
A dial indicator may also be used for this 
purpose. Consult the table of limits for the 
proper clearances. 

Running Clearances 

Even in the case of precision bearings, it 
is good mechanical practice to check running 
clearances when installing bearings. There are 
several methods of doing this, some of which 
are merely checks of whether any clearance 
exists and others that give an indication of 
how much clearance is present. The familiar 
test of connecting rod bearing clearance con- 
sists of manually gripping the rod cap after 
the bearing bolts are tightened and attempting 
to move the bearing from side to side in the 
direction of end clearance. A well-fitted bearing 
is usually just loose enough to be "snapped" 
from side to side without actually feeling so 
loose as to push easily. Sometimes a slightly 
snug bearing will not move under finger pressure 
but will move readily under light blows from 
a soft-face hammer. This is usually considered 

TESTING BEARING FOR TIGHTNESS 
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CHECKING CRANKSHAFT RUN-OUT 

as satisfactory providing the engine is given 
adequate break-in time. In the final analysis, 
this test is a matter of judgment and is not 
altogether suitable for general use. 

A similar test on main bearings consists 
of tightening each bearing cap in turn and turning 
the shaft to detect binding. Again, the difference 
between tight and "about right" is a matter 
of judgment. 

More accurate tests may be carried out 
with fuse wire or with a special crushing 
gauge material that squeezes between the shaft 
and the bearing to flatten into a measurable 
gauge. 

It is emphasized that any unusual bending 
or run-out in a crankshaft makes it impos- 
sible to fit bearings accurately. For this reason, 
the time spent in making a run-out check at 
overhaul is well worth while. Also, magnetic 
inspection of the crankshaft and other stressed 
parts is recommended if the proper equipment 
is available. 

DO NOT FORGET TO COAT ALL RUN- 
NING SURFACES WITH CLEAN, FRESH EN- 
GINE OIL WHEN INSTALLING NEW BEARINGS! 

CRANKSHAFT AND DAMPNER 

All Waukesha Model F-817-G series engines 
will be serviced with a single, hardened, non- 
counterweighted crankshaft, except for special 
applications. 

Always examine the dampner for evidence 
of deterioration, overheating, excessive run- 
out, or mechanical damage. Replace it with 
a new dampner if its condition is doubtful. 
Never heat a crankshaft front pulley with 
the dampner attached and never mount a damp- 
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FACE TYPE REAR OIL SEAL 

ner on a pulley which has been heated until the 
pulley cools to approximately room temperature. 

GOVERNOR RETAINER RING 

Either of two types of governors may be used 
on Waukesha F-817-G engine, however, it is 
necessary when rebuilding or ordering a short 
block to either provide or omit the governor 
retainer ring depending upon which governor, 
front-mounted or rear-mounted, is used. Re- 
moval of the retainer ring after the engine is 
installed may necessitate many hours of labor 
which can be avoided by close attention to the 
following... 

Since it is not usually known which type of 
governor will be involved when a new short 
block is ordered, the retainer ring for the rear- 
mounted governor is pressed into place. Refer- 

FRONT 
MOUNTED 

CRANKCASE 

- - - WWI 

54.....*"*PIPE 
PLUG 

RETAINER RING 

REAR MOUNTED 

111111111 

STUD 
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ence to the illustration will show that this ring 
cannot be removed towards the rear because of 
the small flange at the front. Moreover, although 
not apparent from this illustration, the cam gear, 
and, of course, the front cover, would prevent 
removal of the ring after the engine is assembled 
and installed. Obviously, it is undesirable to 
encounter these facts in the final steps of instal- 
ling a rear-mounted governor. Secondly, the 
small pipe plug which is omitted with a magneto 
and front-mounted governor must be in place 
securely when the rear-mounted governor is 
used. Omission of the plug will result in a 
severe oil leak which may not be apparent in 
some equipment and vehicles until the engine 
runs out of oil. The proper procedure for adapt- 
ing a new short block to either governor is given 
here. 

When the front-mounted governor is used: 

1. Do not install the 1/8" pipe plug in the bot- 
tom of the housing. The hole must be left 
open. 

2. Install the magneto mounting stud in the hous- 
ing. The stud is shipped with loose parts. 

When the rear-mounted governor is used: 

1. Remove the drive shaft bearing retainer 
ring. Do this by sliding the camshaft for- 
ward about 1" to allow the ring to drop out. 
Drive the ring forward with a hammer and 
drift pin, carefully, to avoid damaging the 
ring seat or cam gear. (Caution: some means 
must be provided to support the lifters while 
the cam is being moved. If this is not done, 
the lifters may fall off the cam lobes.) 

2. Install the 1/8" pipe plug in the provided 
hole. The plug is shipped with loose parts. 

3. Install the magneto mounting stud in the 
housing. 

The Waukesha Engine Division custom builds 
short blocks upon request; otherwise the blocks 
are removed from stock and shipped. If, when 
ordering a custom built block, the type of gov- 

rnor to be used is indicated, the necessary 
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work to suit it to the governor will be com- 
pleted at the factory. 

CYLINDERS AND PISTONS 

Matching Replacement Pistons, Sleeves, and Pins 

The precision and skill with which pistons 
are re-fitted during overhaul is sure to have 
a very great effect on later engine performance. 

Unusually loose pistons will soon show up 
as noisy, with excessive blow-by, high oil 
consumption and sluggish power characteristics. 
Overly tight pistons may be even more dan- 
gerous because of the possible severe damage 
to sleeves or cylinder walls and other running 
parts. Less well understood, but very definitely 
important, is the necessity for using pistons 
that match each other within specified weight 
limits. Off-balance conditions established by 
relatively slight variations in piston weight can 
bring about effects ranging from merely annoying 
vibrations to fatigue failure within a short 
time. 

The vital point about the above details is 
that an overhaul job where they are ignored 
or improperly handled is often worse than 
no overhaul at all. It is not enough to use new 
pistons and sleeves assembled from-open service 
parts stock. The pistons should all come within 
the specified weight range and the piston-to- 
sleeve clearances must fall within a selective 
fit tolerance as actually measured by a person 
skilled in this operation. 

All of the above facts are borne out by 
the long experience of the Waukesha Engine 
Division both in production and in providing 
service parts. We therefore believe that the very 
best way to obtain properly matched and fitted 
pistons, sleeves and pins, is to order factory 
selected sets as complete units for a given 
job. 

When ordering parts of the above type, the 
following points should be remembered: 

1. Pistons, sleeves, and pins, ordered as sepa- 
rate items for stock cannot, of course, be 
fitted at the factory and will be selected 
at random. To ensure a sufficiently wide 
assortment of parts to select the correct 
fit on the above basis requires a large inven- 
tory. To use assemblies that have not been 
so fitted is an injustice to the engine. 
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HEAVY-DUTY SLEEVE PULLER 

2. Complete assemblies ordered as such, that 
is . . . all pistons and sleeves; pistons, 
sleeves, pins and retainers; or other com- 
binations for a given engine, will be selected 
for both weight and clearances at the fac- 
tory and will be equivalent to new factory- 
production assemblies when properly in- 
stalled. An extra charge is made for labor 
involved to make this service possible. We 
are sure your experience will prove this 
extra cost is more than justified. 

3. Instances where a portion of a factory as- 
sembly, for example, one sleeve and piston; 
several pistons in an engine; and so on is 
replaced and is to run in conjunction with 
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some of the original parts, it is good prac- 
tice to order replacement pistons that will 
match the original weights. To do this, 
clean the original piston until the weight 
figure stamping becomes legible, or, if these 
markings are obscured, weigh the piston to 
the nearest quarter ounce without the pin 
or retainers. This may be done on a postal 
scale. 

If the weight is not reported with the 
order, open stock parts must be supplied 
and consequently there is no assurance of 
a good match between old and new parts. 

Identification Marking 

To aid accurate fitting of pins to pistons, 
each piston and pin is checked with precision 
equipment and marked for size classification by 
red, white, and blue code. 

Pins and Piston Bosses 

Example Color 
of Size Mark 

.8748-.8749" 

.8749-.8750" 

.8750-.8751" 

Red 
White 
Blue 

(Matching colors of pin and piston should 
give a hand push pin fit at room temperature. 
Current production engines have only Red and 
Blue piston pins.) 

Ordinarily, pistons and pins with the same 
color are fitted together, although merely match- 
ing colors is not considered a sufficient check 
for correct fit. Instead, the colors should be 
used as a guide to save time in eliminating 
unnecessary trial fits of parts dimensionally 
impossible to fit properly because they are in 
the wrong range. 

In addition a numerical marking will also 
be found. This is the piston weight and may be 
stamped as total ounces of weight, for example, 
"97", 97-3/4, 96-1/2, or it may be stamped as 
pounds and ounces, for example, 5-10, 5-11-1/2, 
or whatever the weight may be. Ordinarily this 
mark will be found on the top of the piston. 
In some cases, however, weight markings are 
located in such places as the lower edge of the 
skirt, the lower side of the pin boss, or else- 
where. 

Other markings will be found on some pistons. 
Some of these will appear as letters and others 
will be merely devices or designs. These are in- 
spector's marks and may be disregarded. In 
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Incorrect: Puller Bearing on 

Flanges of Other Sleeves and 
Crankcase Center Webs. 

Correct: Puller Bearing 
on Crankcase Walls 

SLEEVE PULLER IN USE 

the case of pistons installed in an engine at 
the factory, the numerical order of the cylinders, 
1 through 6, will also be found. Pistons with 
such designations should always be re-installed 
in proper order and facing the original dir- 
ection. 

Many pistons will be found with a small 
arrow, the word "front", or both, stamped on 
top. In such cases the word "front" or the 
arrow must always point towards the gear- 
cover end of the engine when installing the 
piston. This is important. 

Piston part number marks are usually stamp- 
ed on the top of aluminum pistons and cast 
on the inside of the skirt of iron pistons. 

Selecting a Piston, Sleeve, and Pin Set 

Presuming it is desired to check the fit of a 
set of pistons and pins to new sleeves or a new 
block already in stock, the general procedure is 
as follows: 

1. Select enough sets of pistons within the 
specified weight range to permit a careful 
fitting to the best obtainable clearances. A 

tabulation of the factory recommended weight 
range is included at the end of the manual. 
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2. Use a dial bore gauge, or inside micrometer 
to check the sleeve bore for distortion due 
to handling. Here, a maximum permissible 
out-of-round of .001" had been established 
as a practical limit. Eccentricities slightly 
in excess of this may be corrected by care- 
ful application of a wooden or plastic face 
mallet as needed to roundup the sleeve. 

3. Using several strips of one-half inch wide 
feeler stock to make up a gauge as speci- 
fied in the clearance limits for the engine 
being overhauled, attach a spring scale to 
this gauge and take the measurement of 
piston clearance. 

Installation of Spring-Loaded Teflon Sleeve 
Seal Rings 

A significant advance in sleeve sealing tech- 
nique is now -being incorporated in Waukesha 
Model F-817G engines and is also available for 
service use. The new seal consists of a ma- 
chined Teflon ring with a flat-wound stainless 
steel inner spring. The materials used make this 
seal extremely resistant to temperature var- 
iables and attack by crankcase or cooling water 
chemicals. The Teflon seal is employed in the 
lower groove only and a large-diameter, natural 
rubber ring is used in the upper (water side) 
groove. 

Certain installation procedures must be fol- 
lowed to ensure success with the Teflon seal . . . 

1. All seating surfaces and all surfaces over 
which the seal must pass on the sleeve and 
within the crankcase must be absolutely free 
of burrs and nicks. The crankcase bore 
must be smooth and the upper edge entering 
portion must be blended so the seal can slip 
into it freely without catching. 

2. The seal ring should not be stretched by hand 
to slip over the lower end of the sleeve. A 
tapered sleeve is required and its use is 
illustrated. Lubricate the exterior of the in- 
stallation tool and the lower end of the sleeve 
with Parker 0-Lube or equivalent. After 
aligning and starting the ring on the taper, 
it should be thrust down to the groove smartly 
with hand pressure. Current sleeves include 
a large chamfer on the lower end and do not 
require use of the tapered sleeve. 

3. The above procedure stretches the ring and 
if installed in this condition, it is probable 
that excess Teflon will be sheared off and the 
seal ruined. A compressor tool such as the 
clamp or band commonly used to install pis- 
ton rings may be used to re-size the seal 
ring. A scrap of thin material such as Mylar 
or heavy cellophane should be used at the 
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clamp slip joint to protect the seal against 
notching at this point, or the inside end of 
the compression tool must be feathered to a 
fine edge. Torque the lock nut of the com- 
pression tool to 10-15 ft. lbs. to re-size the 
ring. After removing the compression tool, 
the sleeve is ready for installation in the 
crankcase. 

4. If a compressor is not available it is prefer- 
able to allow the seals to set overnight by 
which time they will regain approximately 
their former dimensions. Also, the sleeve 
with the Teflon seal only installed may be 
submerged in boiling water for 15 minutes 
to re-size it. A No. 105 rubber band is an- 
other good substitute when only a few sleeves 
are involved. Using the rubber band, the seals 
must set from a few hours to overnite. 

5. Lubricate the seal with liquid soap or other 
lubricant in the conventional manner and in- 
stall and inspect as usual. Check for leakage 
and cylinder bore roundness. 

It must be noted that the natural rubber seal 
ring must be used with the current cylinder 
sleeve. The former cylinder sleeve lacks a suit- 
able groove for the larger ring, and the older 
synthetic rubber seal ring is too small to be 
used with the new sleeve with deeper groove. 
The Teflon seal may, however, be used with the 
older sleeve if the synthetic seal ring is used 
above it. 

Removing and Installing Sleeves 

Removal of the wet-type cylinder sleeve is 
a comparatively easy operation since the only 
substantial force required is that needed to 
loosen the lower rubber seal rings. A screw- 
jack type puller may be made up with a plate 
seating against the lower end of the sleeve 
and connected by a through bolt to a bridge- 
like structure at the top of crankcase. Once 
the rubber rings have been freed, the sleeve 
is readily lifted out. Rubber rings cannot be 
re-used. 

There are several important points to note 
on installing the sleeves. First in importance 
is the use of seal rings that are fresh and 
elastic. Do not use aged and hardened rings 
since these will not compress evenly and 
sleeve distortion will result. Also, the ring 
seating surfaces must be clean and well lubri- 
cated with liquid soap. Do not use engine oil 
on rubber rings. After slipping the rings over 
the sleeve and into the grooves, run a pencil 
or like instrument around under the ring to 
distribute the rubber material around the sleeve 
more evenly. 
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Inspect all seating surfaces at the upper 
end of the sleeve and in the crankcase counter- 
bore to ensure that no dirt will interfere with 
accurate seating. 

After the rubber rings and surrounding area 
are well soaped, align the sleeve in the crank- 
case and force it home with a smart, firm 
thrust of the hands. No hammering or driving 
is necessary or desirable. 

When all sleeves are in place, check the 
sleeve bores for distortion that might have 
occurred due to inaccurate placement of the 
seal ring material. This must be done with 
a clamping load on the top of the sleeve and 
a dial indicator of the extension arm, three 
contact type. Practical limits for maximum out- 
of-round permissible are .001"-.0015". The 
clamping action may be obtained from any 
accurately built ring that simulates the cylinder 
head pressure and is retained by the head 
studs. If a considerable number of sleeves are 
to be replaced over a period of time, it may 
prove convenient to make up a clamping tool 
from a discarded cylinder head with openings 
cut out to allow the gauge to drop through 
into the cylinder. 

It is not unusual when fitting this type of 
sleeve to find it necessary to withdraw the 
sleeve, re-soap and even up the rings, and 
re-install it several times before obtaining an 
out-of-round reading within the limits in the 
back of this manual. Uneven distribution of 
the rubber rings causes this trouble. Always 
make this check in the seal ring area. 

In connection with the above check for out- 
of-round, it may be more convenient to make a 
gauging piston by re-grinding an oversize piston 
to just slide through the sleeve within the 
proper tolerances. Such a gauge requires some 
skill and judgment in use since forcing it 
through a distorted sleeve will not correct 
the distortion and may cause score marks or 
scratches. 

SPRING SIDE TO 
TOP OF SLEEVE 

(TOWARDS CYLINDER HEAD) 

INSTALLING TEFLON SEAL RINGS 
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Cylinder Head Gasket Crush 

In order to prevent sleeve movement and seal 
the water at the joint between the upper sleeve 
flange and the crankcase, the sleeve must project 
a few thousandths above the crankcase deck. 
This distance is important and a definite and 
measurable amount must exist. In effect, this 
projection provides a localized crush in a con- 
centrated area around the top of each sleeve. 
Improper tightening of the cylinder head or 
detonation may cause this crush to be lost. 
If this occurs, the thrust action of the piston 
may cause enough rocking action of the sleeve 
to wear the sleeve seating counterbore in the 
case unevenly. Thus, even though the sleeve 
indicated a projection as specified above the 
deck, it would actually be riding on a high spot 
and the clamping action would not be satis- 
factory. Check for such wear with a depth 
micrometer or dial indicator. The counterbore 
depth of an 817 engine should be .373"-.375". 
If measurement shows these dimensions to be 
incorrect, re-machine the counterbore so that 
the addition of a .004 to .005 shim will bring 
the counterbore back to proper depth. Shims 
for the 817 engine are available under part 
number 118228. 

The operator is cautioned against using head 
gaskets other than those specified by the Wau- 
kesha Engine Division. Cases have been report- 
ed where gaskets of somewhat harder material 
have overloaded the sleeve flange and started 
cracks in this area. By the same token, tighten 
cylinder hold-down nuts to the correct torque 
value. A cylinder head gasket in obviously good 
condition may be re-used. It is poor economy, 
however, to risk engine damage and extra la- 
bor if the gasket is at all doubtful. 

SEATING SURFACE 
MUST BE CLEAN 

CHECKING SLEEVE PROJECTION ABOVE 
CRANKCASE DECK 
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RING SQUARE 
IN CYLINDER 

MEASURING PISTON RING GAP 

Piston Fitting 

Proper fitting of pistons requires at least 
four different precision checks. These are: 
Ring gap, ring side clearance, pin clearance 
in boss, and piston skirt to sleeve clearance. 

Ring gaps are easily checked with a feeler 
gauge. Slip a piston ring into the sleeve. Slide 
a piston into the sleeve above it. Push the piston 
up against the ring to square the ring with the 
bore. Move the piston out of the way and 
measure the gap in the ring with a feeler 
gauge. Those rings with gaps less than specified 
in the table of limits in the back of this manual 
should be carefully dressed off with a flat cut 
file until the correct clearance is obtained. 
Contrary to popular impression, fairly wide ring 
gaps, near the top limit, are far less detri- 
mental to engine performance than gaps which 
are too tight. 

Piston ring side clearance must always be 
checked when fitting rings to pistons which have 
been in service. In this case, the object of 
the check is to spot any pistons in which the 
ring grooves may have worn excessively wide. 
A piston in this condition must be replaced. 
To check side clearance, select a piece of feeler 
stock of the maximum clearance specified in the 
table of limits. With the ring in place, insert 
the feeler if possible between the ring land 
and the ring held well back in the groove. 
If the feeler slides in at any point, it indicates 
the clearance is at or over allowable maximum. 
A snug fit of the feeler points to further con- 
sideration by the operator as to whether the 
piston warrants reinstallation since the groove 
wear is at the top limit. On all pistons passing 
the above check, make an inspection for mini- 
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PISTON RING SIDE CLEARANCE 

mum clearance with a feeler of the minimum 
thickness specified in the table of limits. This 
feeler should slide freely all around the groove 
as the piston and ring are rotated. 

Piston pin fitting is a job requiring great 
precision and pin and piston assemblies are 
usually sold in matched sets. Oversizes of . 003" 
and .005" are available, however, if desired. 
The specified pin clearance will permit a hand 
"push" fit at ordinary room temperatures. Some 
engines with aluminum pistons, however, have 
been fitted with pins that cannot be pushed in 
by hand until the piston has been heated to 
about 100° F. 

A pin that is loose enough to drop through 
the piston by its own weight, is ordinarily 
considered too loose. From the service stand- 
point, a fit of this variety, if not due to severely 
worn parts, will cause an engine to be somewhat 
noisy but will not necessarily impair per- 
formance or reduce engine life. 

If oversize pins .are installed, do not forget 
to check the fit of the pin in the connecting rod 
bushing since the new pin will be too snug in 
a standard rod. 

Piston to sleeve clearance is probably the 
most critical dimension in the entire piston 
fitting sequence. For this reason, pistons and 
sleeves are sold in matched sets. Also, pistons 
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are sold for re-dimensioned sleeves in .010", 
.020", and .040" oversizes. They are not sold 
in semi-finished condition for these engines, and 
it is not recommended that a piston of given 
oversize be re-ground to a smaller oversize. 

There are several reasons for this, including 
such factors as the nature of the equipment 
required, the necessity for specialized knowl- 
edge and skill, and the characteristics of cam- 
ground pistons. By cam-grinding, it is meant 
that the piston area below the rings is not 
round but slightly cam shaped or "oval". The 
long axis of the oval is located at 90° to the 
piston pin. Consequently, a micrometer meas- 
urement of the piston skirt diameter along the 
axis of the pin will be slightly less than a 
measurement taken across the thrust faces. The 
amount of "cam" for any piston is carefully 
worked out to compensate for the metal mass, 
the engine temperature, and so on, that control 
piston expansion. Hence, the additional material 
at the piston pin bosses brings about an expansion 
that rounds out the piston under operating con- 
ditions. 

Because of the foregoing facts, it is clear 
that piston skirt to sleeve clearance can only 
be taken on an axis 90° to the piston pin. That 
is, across the thrust faces. To take the clearance, 
select the pieces of 1/2"-wide feeler stock 
8 to 10" long and totaling the desired skirt 
clearance. A single strip is not satisfactory 
because it is too stiff to conform to the curve 
of the sleeve bore and thus gives an erroneous 
reading. Attach the feeler stock to an accu- 

CAM GROUND PISTON (Exaggerated) 
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rate spring scale. Invert the piston and support 
it with one hand while holding the feeler and 
spring scale in the other hand. Place the feeler 
stock in the sleeve and lower the piston into po- 
sition in such a manner that the feeler stock is 
spaced 90° from the piston pin. Hold the piston 
and withdraw the feeler stock. If the correct 
clearance is present, the tension required to 
withdraw the feeler should read 4-8 pounds. 

When fitting a piston to a new or accurately 
re-sized sleeve, the sleeve inner diameter 
should be the same at top and bottom and the 
clearance may be taken at either end. In sleeves 
that are worn, but not re-sized, some taper 
is likely. In such cases, the clearance must 
be checked at the bottom of the sleeve where 

`3 the wear is least and the fit is closest. Remember 
to check skirt, not land, clearance. 
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WATER PUMP, SECTIONAL VIEW 

WATER PUMP REBUILDING 

Disassembly 

Overhaul of the Model 817 water pump is best 
accomplished with suitable shop equipment, 
including a medium size hydraulic' or mechanical 
press, snap ring pliers, and wash tanks and 
sandblast facilities to clean the castings com- 
pletely free of scale and rust. Although dis- 
assembly steps may be varied to suit circum- 
stances, the following procedure will be satis- 
factory. 

1. Remove the fronLoil seal by drilling for self 
tapping puller screws or by turning up a 
portion of the metal with a suitable chisel 
and pulling the seal from its counterbore. 
Do not nick or burr the seal bore in the 
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casting. A new water pump pulley of heavier 
hub construction is currently being used and 
is considered an improved service replace- 
ment. Anew front oil seal is also required 
since the revised pulley hub is 1/4" larger in 
diameter. 

REMOVING FRONT SEAL 

2. Remove the snap ring which retains the front 
bearing. 

REMOVING SNAP RING 
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REMOVING REAR COVER 

3. Remove the rear cover capscrews and cover. 

4. Make up a suitable puller and remove the 
impeller from the shaft. Shaft and im- 
peller are a press fit but are not pinned. 
Considerable force will be needed for pul- 

1 

PULLING. IMPELLER 
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ling. The puller holes in the impeller are 
tapped 5/16"-18 and are on 5/8" centers 
each side of the shaft or a total of 1-1/4" 
apart on centers. The shaft diameter is 
nominally 5/8" at this point and a 9/16" 
diameter puller jack screw is suggested. 

The bearing outer races are a relatively 
free fit in the housing and the shaft, bear- 
ings, and spacer should remove readily 
after the impeller has been removed. 

REMOVING SHAFT AND BEARINGS 

6. The old water seal and the inner lip type oil 
seal may now be drifted from the housing 
with a suitable brass or wooden punch and 
discarded and the reuseable parts prepared 
for cleaning. 

Pump Assembly 

1. Inspect the pump internally and externally 
for cleanliness and freedom from nicks and 
burrs, especially at the mating surfaces and 
in the bearing and seal counterbores and 
seats. 

Press the inner oil seal into the counterbore 
in the central area of the pump housing. Be 
sure the lips are turned forward towards 
the ball bearings and pulley. Use a suitable 
piece of round bar stock as a pressing tool. 
The seal is 1-1/2" OD and the bar stock 
should be just slightly less so the pressing 
action is effective around the walls of the 
seal and not concentrated in the center where 
it could cause distortion. 

7 
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1 

INSTALLING INNER OIL SEAL 

3. Assemble the snap ring, rear bearing, 
spacer, and front bearing on the shaft in 
perfectly clean condition. These bearings 
are a free sliding fit on the shaft and re- 
quire no press. They may be assembled 
facing either direction. 

4. Lubricate the section of the shaft whichwill 
pass into the inner oil seal with Lubriplate 
or similar material and carefully slide the 
shaft into the pump. Be sure the seal area 
is free of even minor nicks which might 
cut the seal lips. Install the front snap ring 
and check the shaft for free rotation. 

5. Invert the pump on an arbor press and sup- 
port it at the housing so the impeller end 
of the shaft is upward. Carefully place the 
cup and spring portion of the seal over the 
shaft and start the cup into the housing 
counterbore. A light film of liquid Perma- 
tex or like sealer may be used on the out- 
side of the cup if desired. If used, wipe 
away all traces of excess later. Use a 
suitable tubular sleeve to press the cup into 
the counterbore. It is suggested that the 
pressing sleeve be turned to 1-3/8" inner 

diameter and 1-5/8" outer diameter to 
match the flange of the seal cup. This area 
need be only about 1/2" deep and the overall 
sleeve length may be 4 to 5" for convenience. 
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PRESSING IN PUMP SEAL 

6. Carefully wipe the carbon teeplelite sealing 
surface and the mating ceramic surface with 
a soft cloth or absorbent paper to remove 
all traces of wax, grease, or oil. Use a small 
amount of solvent if necessary. To provide 
for initial lubrication of the seal, apply 
either a 1% soluble oil and water solution or 
ethylene glycol type antifreeze to both of the 
sealing faces. Lubrication of the seal after 
installation is provided by the engine cool- 
ant. When using only water as the engine 
coolant, about 1% soluble oil should be added 
as a seal lubricant and cooling system cor- 
rosion inhibitor., 

7. Place the ceramic seal over the shaft with 
the ceramic against the carbon face and the 
rubber ring facing outwards towards the 
impeller end of the shaft. 

8. Support the pump in the inverted position with 
a hard wood or soft metal pad under the drive 
end of the shaft so the force of the press is 
against the shaft. Press the impeller onto 
the shaft until the end of the shaft is flush 
with the rear face of the impeller. If this is 
attempted with the pump supported on the 
housing, the pressure will be against the 
snap ring at the front of the pump and the 
ring or the casting maybe damaged. 

Roghan Rd Hardfill Leachate Pump Tip Engine OM Manual

Q-Pulse Id TMS652 Active 29/01/2014 Page 118 of 140



WAUKESHA r-817-G SERIES OVERHAUL 

INSTALLING CERAMIC SEAL 

9. Inspect the seal carbon and ceramic for 
breakage by looking through the pump inlet. 
Check the assembly thus far for free and 
smooth rotation with your fingers. 

10. Install the pump cover and its gasket. It 
will probably be difficult or impossible to 
turn the pump shaft with your fingers after 

...-installing the cover. This is because the 
rear face of the impeller is forced against 
the inside of the housing cover by the pres- 
sure of the seal spring. Normally, a strong 
pull with your fingers will pull the shaft 
through the inner races of the bearings into 
the forward position where the shaft will 
turn freely. This same action will be ac- 
complished by the drive pulley when it is 
installed after the pump is installed. 

The drive pulley, when properly retainedby 
an adequately torqued nut, acts.as a clamping 
device to hold the inner bearing races in 
position against the central spacer between 
them. Looseneis can easily result in a 
cracked seal, worn spacer, and damaged 
bearings. 

11. Turn the pump so the housing cover is down 
on the press mounting pad and install the 
front oil seal., This seal may be pressed 

PRESSING ON IMPELLER 

in flush with a tool 2-1/4" OD or slightly 
larger. The lip must face rearward, towards 
the bearing. The seal is installed as a last 
step after installing the impeller to permit 
inspection of the snap ring to be sure it is 
still seated properly. 

Water Pump Testing 

Water pumps used on the F-817-G series 
are of the spring loaded permanent seal type 
and depend upon an extremely precise surface 
contact between the sealing parts for effective 
sealing. During rebuilding operations it is some - 
times quite easy to break the seal parts, or 
mis.,align them, with the result that the seal 
leaks. Breakage is also common during shipping 
and shelf storage. To avoid the loss of time 
resulting from installation of a new pump only 
to find the seal defective, the following practical 
test procedures are suggested. 

WATER PUMP TEST EQUIPMENT 
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WATER PUMP SEAL TEST 

Water is introduced under moderate pres- 
sure, 8-15 pounds, through an expansion type 
adapter fitting gasketed with rubber. A similar 
adapter with a vent cock allows removal of 
air until the pump is full of water and release 
of pressure after test. It is suggested that 
permanent plates for commonly used pumps be 
made up and identified for convenient use. 

Water pressure from standard sources may 
be used if a small reducer valve and gauge 
is provided to prevent accidental build up of 
dangerous pressures. If desired, a small pump 
with a pressure relief valve offers the advantage 
of being able to use a water with corrosion 
inhibitor added, and, to make the test some- 
what more severe by adding about 50% perma- 
nent type anti-freeze. This arrangement re- 
quires a reservoir and return circuit from the 
relief valve. 

Normally, holding the pressure in the pump 
for one minute will disclose even slight leaks. 
Carefully examine the pump around the shaft 
and in any drain holes or cavities. If a few 
drops of water appear, remove the fittings 
and recheck. No water at all should pass the 
seal. 

The expansion adapter is made by sliding 
round sections of .fairly soft rubber over a 
threaded pipe and clamping them with a nut 
and large washer. Obviously, a suitable selection 
of rubber discs will be required for various 
pumps. The vent plate is self explanatory. 

The illustrations show typical adapter parts 
which must be fabricated locally as they are 
not available from Waukesha Engine Division. 

WATER PUMP INSTALLATION 

When installing a new pump, the following 
steps are recommended.. . 

1. Inspect the pump seal through the water 
pump body inlet opening to be sure the cer- 
amic and carbon seal parts are not cracked, 
chipped, or fouled with grease or preserva- 
tive. If grease or oil are visible in this area, 
carefully wash them away with solvent. Do 
not install the inlet elbow. 

2. Attempt to rotate the pump shaft with your 
fingers. If the shaft will not turn freely or 
the impeller drags on the housing cover, 
pull the shaft forward. Normally, the spring 
in the seal will cause the shaft to ride to the 
rear until the drive pulley is installed. A 
stiff pull with the fingers will lift the impeller 
clear of the housing cover. If unable to obtain 
free rotation in this manner, temporarily in- 
stall the pulley as a further check. If the pump 
now turns freely, continue with the instal- 
lation. 

3. Clean all gasket surfaces and the work area 
to avoid improper alignment and dropping 
dirt into the gear housing opening. Before 
placing the gasket and front "0" ring on the 
pump, align the pump and mount it in the 
normal position by hand. If the pump aligns 
and mounts freely, remove it, place the gas- 
ket and "0" ring in position and continue 
with the installation. If it is difficult to align 
the pump in proper position because of in- 
terference between the crankcase casting 
and the inner edge of the pump cover, note the 
area of interference and relieve the inter- 
ference by grinding or filing the pump 
cover. Normally, this is the result of minor 
casting variation and requires no more than 
rounding the edge of the pump cover in the 
area of the three flat head screws. Occas- 
ionally, it may help to use a small air or 
electric grinder to remove a light cut of 
metal from the crankcase corner at the point 
of interference. 

4. When the pump is properly aligned and pi- 
loted at the front cover with the gasket and 
"0" ring in place, install the four front cap- 
screws and the two rear inner capscrews. 
The inlet elbow was left off to facilitate the 
insertion of the lower, inner capscrew. 
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5. Tighten the capscrews, install the inlet and 
outlet connections, check the pulley for free 
rotation after installing, and install and 
tighten the drive belts. The pulley nut must 
be tightened to 40 ± 5 ft. lbs. 

ALIGNING FLYWHEEL HOUSING 

Whenever the flywheel or flywheel housing 
have been removed, or whenever a clutch as- 
sembly is installed, the run-out of both the 
flywheel and flywheel housing should be checked. 
These parts are carefully aligned,at the factory 
and the housing face and bore are finish machined 
in place. Severe shocks and jars during ship- 
ment or transporting, however, may cause 
deflection to some degree. Moreover, it is 
well to check the fit of the pilot bearing in 
the pilot bearing bore and for lubrication of 
the pilot. For the sake of safety, always check 
the flywheel retaining capscrew torque at this 
time. 

Runout maximums are .005" for the pilot 
bearing, .010" for the flywheel face, .008" for 
the housing bore and .008" for the housing face. 
These'are total indicator readings. 

In order to be sure that grease is going 
to reach the pilot bearing when the clutch is 
in use, it is necessary to be sure that the 
grease channel through the clutch shaft is 
full of the proper grease at installation. By 

CHECKING HOUSING BORE RUN-OUT 
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CHECKING FLYWHEEL RUN-OUT 

packing this channel, the operator can eliminate 
doubt and overlubrication or, equally bad, no 
lubrication at all. In any case, the recom- 
mendations and instructions from the clutch 
manufacturer should be used. 

ENGINE STORAGE 

Preservation of engines in storage involves 
several basic requirements. For a completely 
new engine, these are as follows: 

1. Protection of machined metal surfaces from 
the effects of both dampness and salt or 
other corrosive substances in the atmos- 
phere. 

2. Protection of openings into the engine a- 
gainst foreign matter of all types. 

3. Protection of accessory equipment and fan 
belts against corrosion, dirt, moisture satu- 
ration and progressive deterioration. 

4. Protection of cooling system against freez- 
ing, rusting or seizure of water pump seals. 

5. Protection of a general nature against the 
elements, rain, snow, extremes of tempera- 
ture, improper stacking and piling and ob- 
jects that might scratch or batter the ex- 
terior, especially the radiator cores. 
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In the case of engines previously operated, 
several additional items must be considered. 

6. Protection of interior engine parts against 
corrosion by the products of combustion 
combined with atmospheric moisture and 
corrosion by lubricating oil contaminants. 

7. Protection of fuel system units against gum- 
ming and the effects of stale gasoline, oil, 
and gas residues. 

The extent of the attention given to each of 
the foregoing points of possible damage, de- 
pends on the judgment of the person in charge 
of the engine. Generally speaking, the following 
factors should be taken into account before de- 
ciding how much or how little preservation is 
required. 

1. The period of time the engine is likely to 
be inoperative. 

2. The severity of the weather and atmospheric 
conditions at the point of storage. The prob- 
lems of storing an engine in a tide-water 
warehouse, for example, differ greatly from 
storage problems in a location where the 
air is very dry and dusty. 

3. The accessibility of the engine for periodic 
inspection and attention. An engine on a 
show-room floor that may be turned over 
occasionally and given periodic oiling re- 
quires less extensive treatment than engines 
crated and stocked in a warehouse. 

Protecting New Engines 

Engines recently received from the factory 
and not intended to be used for an indefinite 
period may be stored successfully in the fol- 
lowing manner. As mentioned above, circum- 
stances may compel omitting some steps and, 
on the other hand, special conditions may point 
to greater emphasis on other steps. 

All F817G engines shipped by Wau- 
kesha Engine Division receive storage 
measures internally which prepare the 
engine for a storage period of up to 6 

months, unless they are test run, oper- 
ated for any reason, or have the external 
openings unsealed. Engines stored out- 
doors or in a humid environment may 
require more frequent represervation. 
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Nude-Oil 

Nucle-Oil, a product of the Daubert Chemical 
Co., is offered in one gallon cans through Wau- 
kesha Engine Division under part No. 166709-A. 
This product is similar in appearance to a con- 
ventional lubricating oil of about SAE No. 10 
viscosity. As its description suggests, however, 
it contains volatile-corrosion-inhibiting chemi- 
cals which vaporize slowly and diffuse through- 
out any closed void such as the interior of an 
engine or gear housing. These chemicals form 
an invisible protective layer on the exposed 
surfaces even though the surfaces were not ori- 
ginally coated with the oil. This protection is of 
almost indefinite duration as long as the engine 
or machinery is left sealed. Obviously, absolute 
sealing of an engine may not be 100% practical 
in the field but reasonable blockage of the es- 
cape paths for the vaporized chemicals is not 
difficult and ordinary storage times present no 
problem. 

Equally important, especially when large 
engines are involved, the Nucle-Oil may simply 
be added to the existing crankcase oil in the 
amount of 2%without concern for future removal. 
It is stressed that Nucle-Oil cannot and will not 
protect engine surfaces in intimate contact with 
highly corrosive used engine oil. In other words, 
Nucle-Oil will do an effective job if added to 
engine oil in normal clean condition. If high sul- 
fur fuel or improper control of oil condition 
from whatever cause, has left highly corrosive 
oil in the bearings and close contact surfaces, 
it is self evident that the protective vapors can- 
not be expected to force the oil from the bearing 
clearances and substitute a protective layer. 
Such engines should have an oil change and be 
run long enough to circulate the clean oil. 

Nucle-Oil is not intended as an external sur- 
face coating protective measure since it would 
be about the same in effectiveness as coating 
the surface with conventional lubricating oil. 
Other excellent products are available for pol- 
ished or machined surfaces and should be used 
when needed. 

One ounce of Nucle-Oil per cubic foot of air 
space will provide good VCI protection in sealed 
systems. In considering the amount required for 
each upper cylinder, approximately ten times 
this amount was used for calculating the Nude- 
Oil requirement for each cylinder. The recom- 
mended amounts of Nucle-Oil should be added 
through the spark plug opening. The amounts 
recommended will provide safe VCI protection 
allowing for possible leakage of the VCI in- 
hibitors. 

Roghan Rd Hardfill Leachate Pump Tip Engine OM Manual

Q-Pulse Id TMS652 Active 29/01/2014 Page 122 of 140



WAUKESHA F-817-G SERIES OVERHAUL 

Engine Model 

Upper Cylinder Crankcase 
Air 

Filter 
Fuel 
Tank 

Total 
Ounces 

No. 
Cyl. 

Displ. 
Ozs. of 

Nucle-Oil 
Per Cyl. 

Ozs. of 
Nuc le-Oil 
All Cy ls. 

Oil 
Cap. 
Cgs. 

Ozs. 
Nucle- 

Oil 

Ozs. 
Nude- 

Oil 

Ozs. 
Nucle- 

Oil 

Nude- 
Oil 

Required 

F-817-G 6 817 1 6 18 12 2 32 52 

2% Nuc le-Oil added to the crankcase oil is 
recommended to customers for VCI protection 
in this area. The amounts recommended in the 
table are based on this approximate concentra- 
tion. 

Generally, Nucle-Oil is recommended for use 
in fuel tanks at the rate of 1 oz. Nucle-Oil per 
20 gallons of air space plus enough additional 
Nucle-Oil to flush through the fuel lines. 

WARNING 

Nucle-Oil contains Petroleum Distillate. 
Harmful or fatal if swallowed. Avoid 
contact with skin. Vapor is harmful. 
Causes irritation of eyes, nose, throat 
and skin. Use only with adequate venti- 
lation. Avoid prolonged or repeated 
breathing of vapor. Avoid contact with 
skin, eyes, and clothing. Do not take 
internally. Keep container closed and 
away from heat. In case of contact, im- 
mediately flush skin or eyes with plenty 
of water for at least 15 minutes; for 
eyes, get medical attention. Remove 
and wash clothing before reuse. If af- 
fected by exposure, move to fresh air. 
If swallowed, do not induce vomiting. 
Remove ingested material by gastric 
lavage with 2 to 4 quarts or liters of 
tap water or milk. Follow with fruit 
juice or vinegar to neutralize the alkali. 

The following procedure for preservation is 
suggested: 

1. Start with a cold engine (below 100°F) con- 
taining clean oil and filter elements. 

2. Add 12 oz. of Nucle-Oil to the crankcase 
and 2 oz. to the oil bath air filter. 

3. Crank engine for 20 seconds, if possible. 

4. Add 1 oz. of Nucle-Oil to each cylinder 
through the plug openings and replace plugs. 
Apply to rocker arm area by light brushing 
or pouring. Replace the rocker covers. 

5. Drain carburetor and fuel pump of gasoline 
if practicable. Be sure to remove water 
from butane vaporizer if freezing is likely. 
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6. Remove distributor cap or magneto cover 
and apply small amount of petroleum jelly 
to polished surface of breaker cam. Where 
dampness in storage is expected, removal 
of magneto may be worthwhile. 

7. Wipe engine clean and dry. Apply wax type 
masking tape or like material to all open- 
ings such as intake openings in air cleaner, 
exhaust outlets, breathers, magneto vents 
and open line fittings. 

8. Relieve tension on fan belts and generator 
drive belts. This is important because con- 
tinual tension on these parts without the 
working action that occurs in normal oper- 
ation causes deterioration of the rubber. 

9. Apply a coating of heavy preservative com- 
pound with brush to all exposed machined 
surfaces such as flywheels, clutch shafts 
and like areas. 

10. Store engine up to one year. If storing for 
more than one year, inspect and repre- 
serve annually, as necessary. 

For more complete information on the use of 
Nucle-Oil, refer to Service Bulletin #16-1855B. 

Storing Engines That Have Been in Service 

In the course of normal engine operation 
residues of various combustion products such 
as lead and sulfur accumulate in the combustion 
area and in the lubricating oil. Butane engines 
are probably less subject to this than others. 
Portions of these residues combine with atmos- 
pheric moisture to form corrosive compounds 
of a destructive nature. The following treat- 
ment will help reduce damage from this source. 

1. Engine in operable condition. 

A. Run engine until original oil is thor- 
oughly hot. Drain. 

B; If practical, run engine with a good flush- 
ing oil in crankcase and drain while 
hot. 

C. Refill crankcase with 'preservative oil, 
or with the proper grade of lube oil 
to which an inhibitive type preservative 
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oil has been added in the proportion 
recommended. 

2. When engine is not operable. 

A. Carry out instructions as for an inopera- 
ble new engine. 

B. If in the judgment of the operator, stor- 
age conditions and the time period likely 
warrant it, the engine should be dis- 
assembled, thoroughly cleaned and re- 
assembled for treatment as a new engine. 
Ordinarily, this last procedure is un- 
necessary except in cases where fuels 
contain considerable sulfur, or where 
extremely bad climatic conditions pre- 
vail. 

PRESERVATION EQUIPMENT AND MATERIALS 

Sprays and Atomizers 

In the foregoing instructions it is recognized 
that many times it is necessary to apply pro- 
tective compound under difficult field conditions. 
Several simple tools may be used to atomize 
preservative oil and force it into the mani- 
folds and combustion chambers. One of these 
is a manually operated gun used ordinarily to 
lubricate inaccessible points on car and truck 
chassis. Another is a hand operated pump type 
sprayer with a pointed discharge nozzle com- 
monly used with insecticides. If desired,, small 
oil pumps may be rigged with a motor drive 
to make a convenient spray unit of the mechani- 
cal pressure type. In almost all cases, the 
air available from shop compressor lines car- 
ries too much moisture to be safe for this 
purpose. Do not use high-pressure air from 
this source. 

Heating Compounds 

Many preservative compounds are most ef- 
fective when heated before application. Heat- 
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ing reduces their viscosity so as to gain pene- 
tration into inaccessible areas. In addition, the 
hot compound reduces the moisture film at 
the metal surface and thus avoids trapping 
moisture under the preservative layer. 

Generally speaking, such heating is confined 
to 200° F., or less. These temperatures are 
easily reached by placing the preservative con- 
tained in heated water. Direct heating presents 
a dangerous and unnecessary fire hazard. 

Specifications for Protective Materials 

Internal Surfaces, Cyls., Etc. 

U.S. Army Spec. 2-126 
(Available as SAE 10 

or SAE 30) 

Nucle-Oil #120 
Mil Spec. MIL-L- 
4600Z Grade 1 

External Surfaces 

U.S. Army Spec. 2-121 
(Waxy Coating) 
Army Ordnance Spec. 
AXS 673 (Harder 
black coating) 

PREPARING ENGINE FOR OPERATION 

The steps needed to bring an engine in active 
service after storage in accordance with these 
instructions are about the same as those nor- 
mally carried out on any new engine. These 
are inspection, checking for free rotation, 
adequate cooling water or anti-freeze, ample oil 
of the correct grade and proper adjustments. 
In addition, accumulated dust and dirt should 
be wiped or washed from the exterior be- 
fore removing the covers over the engine 
openings. Engines that have not been rotated 
for some time should be oiled through the 
spark plug openings and cranked by hand or 
with the starter before actually running. Any 
resistance to free cranking should be investi- 
gated; rust and corrosion can cause severe 
seizure that cannot be forced clear without 
engine damage. 
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WAUKESHA F-817-G SERIES OVERHAUL 

GENERAL TORQUE VALUE RECOMMENDATIONS 

The values specified below are to be used only in the absence of specified torquing instructions 
and are not to be construed as authority to change existing torque values. A tolerance of ±5% is 
permissible on these values. 

HEAT TREATED MATERIAL SAE GRADE 5 & GRADE 8 

SAFE TORQUE (LB-FT.) (Multiply by 12 for inch pounds) 

THREAD SIZE 

GRADE 5 

(3 radial dashes on bolt or 
cap screw head) 

GRADE 8 
(6 radial dashes on bolt or 

cap screw head) 

DRY THREADS OILED THREADS DRY THREADS OILED THREADS 

1/4-20 8 6 12 9 

1/4-28 10 7 14 11 

5/16-18 17 13 24 18 

5/16-24 19 15 27 21 

3/8-16 31 24 44 34 

3/8-24 35 27 49 38 

-7/16-14 49 38 70 54 

7/16-20 55 42 78 60 

1/2-13 75 58 105 82 

1/2-20 85 65 120 90 

9/16-12 110 84 155 120 

9/16-18 120 93 170 132 

5/8-11 150 115 210 165 

5/8-18 170 130 240 185 

3/4-10 270' 205 375 290 

3/4-16 295 230 420 320 

7/8-9 395 305 605 455 

7/8-14 435 335 670 515 

1-8 590 455 905 695 

1-14 660 510 1030 785 

1-1/8-7 795 610 1285 990 

1-1/8-12 890 685 1440 1110 

1-1/4-7 1120 860 1820 1400 

1-1/4-12 1240 955 2010 1550 

1-3/8-6 1470 1130 2380 1830 

1-3/8-12 1670 1290 2710 2085 

1-1/2-6 1950 1500 3160 2430 

1-1/2-12 2190 1690 3555 2730 

1-3/4-5 3075 2370 4980 3810 

2-4-1/2 4620 3550 7480 5760 
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WAUKESHA F-817-G 

CLEARANCES AND WEAR LIMITS 
F-817-G SERIES ENGINES 

NOTE: Illustrations found in this section are for locating purposes only - -they are 
therefore not intended as accurate representations of the parts involved. 

GENERAL 

Cylinder no. and arrangement 
Bore and stroke 
Displacement (cubic inches) 
Valve arrangement 
Firing order 

. . Six-in line 
5-3/8 x 6" 

. . .817 cu. in. 
Overhead 

1-5-3-6-2-4 
TORQUE VALUE RECOMMENDATIONS 

*Cylinder head (long) 2400-2500 
Cylinder head (short) 1800-1850 
Main bearings 3200-3300 
Connecting rods (Marsden) . . . 800-825 

(Esna Self-Locking) 675-725 
(Grade 5) 875-900 

Flywheel 1350-1400 
Cam gear nut 1200 
Front support . . 1500 (full nut) 700 (thin nut) 
Vibration damper 700 (1/2" bolt) 300 (3/8"bolt) 
Oil filter 360-480 
Water pump drive pulley nut 420-540 
Crank nut or crank jaw 3550-3650 
Spark plugs (dry) 312-360 

(oiled) 234-270 
Above values stated in inch pounds. 
Divide by 12 for foot pound values. 

*Note: Consult the Valve Sequence and Cylinder Head 
Bolt Tightening Diagram for the proper head bolt 
tightening sequence. 

TYPICAL CYLINDER SLEEVE 
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CYLINDER SLEEVES 

Type 
(A) Heat dam projection 
(B) Flange height 
(C) Sleeve projection above 

crankcase 
(D) Flange diameter 
(E) Sleeve diameter (below 

flange) 
(F) Sleeve length . . . . . 
(G) Sleeve bore diameter . . . 

(H) Sleeve diameter lower seal 
area 

Sleeve out of round limits . 

Wet type, replaceable 
None 

378-.379" 

003-.006" 
6.179-6.181" 

5.850-5.860" ... 12-1/2" 
5.3753-5.3758" 

5 8725-5.874" 
.001-.002" 

CRANKCASE 

Main bearing number & type Seven-precision 
Camshaft bearing number 

and type 
(A) Sleeve counterbore dia. 
(B) Sleeve counterbore depth 
(C) Crankcase upper bore . 

(D) Crankcase lower bore . 
Crankcase main bearing journal 

bore 
Crankcase camshaft bushing 

bore 

Four-line bore 
. 6.187-6.188" 
. . .373-.375" 
5.9325-5.9425" 
. 5.875-5.876" 

3.7525-3.7532" 

2.6245-2.6255" 

TYPICAL SECTION THROUGH CRANKCASE 
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WAUKESHA F-817-G 

PISTON PIN 

Piston pin diameter 

Red 1.6243-1.6244"+ 

Blue 1 6245-1.6246" 

Piston pin length 4 465-4.475" 

Piston pin fit: Pin selected 
(color) to provide a loose fit 
at normal room temperature .0002-.0004" 

PISTON 

Piston material . . Tin plated aluminum alloy 

Piston fit: (Aluminum) Use two strips of 1/2" 
wide .002" feeler stock and one strip .003" 
feelers inserted at thrust side, bottom of skirt 
and must pull out with four to eight pounds pull. 

Pistons are removed from top of cylinders. 

When applicable, piston stamped with arrow 
and/or word front indicating gear end of 
engine. TYPICAL PISTON 

(E) Piston skirt diameter (top) 5 3642"-5.3637" 

(F) Piston skirt diameter (bottom) 5 3682"-5.3672" 

(G) Piston pin hole bore Red 1.6246"-1.6247"+ 

Blue 1 6248"-1.6249" 

(H) Piston skirt to sleeve clearance (thrust area) .007-.0085" 

Top 2nd 3rd 4th 5th 

(I) Groove width .097-.098" .096-.097" .096-.097" .2505-.2520" - .2505-.2515" 

Weight Maximum recommended weight variation 1/2 ounce in sets 

PISTON RINGS 

Top ring Chrome plated compression 
Second ring Compression (top marked "Top") 
Third ring Compression (top marked "Top") 
Fourth ring Oil control 
Fifth ring Oil control 
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WAUKESHA F-817-G 

TYPICAL PISTON RING 

Top 

(A) Ring gap . . . . .017-.032" 

(B) Ring diameter . . 5.375" 

(C) Ring wall . . . . .269" max 

(D) Ring width . . . .0935-.093" 

(E) Side clearance . . .0035-.005" 

MAIN BEARINGS 

TYPICAL CRANKSHAFT 

CRANKSHAFT 

Crankshaft end play .005-.013" 
End play adjustment . . Replacement of rear 

main bearing thrust rings 
(A) Connecting rod bearing running 

clearance (fitted) 001-.003" 
(B) Connecting rod bearing journal 

diameter 2 999-3 000" 
(C) Main bearing journal maximum 

undersize 040" 
(D) Main bearing running 

clearance 0015-.0045" 
(E) Main bearing journal 

diameter 3 499-3.500" 

2nd 3rd 4th 

.017-.032" .017-.032" .017-.032" 

5.375" 5.375" 

.205" max .205" max 

.0925-.0935" .0925-.0935" 

.0025-.0045" .0025-.0045" 

Number Seven 
Type Precision 
Material Steel backed, tri-metal 
Undersize bearings 

available 020 and .040" 
Adjustment . . Replacement (precision type) 
Running clearance 

(theoretical oil) 
Thrust ring thickness 

Standard 123-.125" 

.010 Oversize .133-.135" 

CAMSHAFT 

5,375" 

.218" max 

.2485-.249" 

.0015-.0035" 

5th 

.017-.032" 

5.375" 

.218" max 

.2485-.249" 

.0015-.003" 

Camshaft bushing bore* . . . . 2.501-2.504" 

Camshaft journal diameter . 2.499-2.500" 

Camshaft running clearance in 
bushing 001-.005" 

Camshaft end play adjustment Thrust button 
(Replacement) 

.0015-.0045" Cam lift (Intake) 351" 
(Exhaust) ** 351" 

*Replacement bushing available as either pre-sized 
precision type or undersized for line boring. 

**.290" for low speed camshaft. 
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WAUKESHA F-817-G 

FLYWHEEL AND HOUSING 

Pilot bearing run-out 

Face run-out on wheel 

Housing bore run-out 

Housing face run-out 

0 005" 
Total Indicator Reading 

0 010" 
Total Indicator Reading 

0 008" 
Total Indicator Reading 

0 008" 
Total Indicator Reading 

CONNECTING ROD, BUSHING AND BEARING 

Rod material. . . . Heat treated-steel forging 
Rods, permissible weight 

variation 1/2 oz. in sets 
(A) 

center 11.751-11.752" 
(B) Rod small end finish 

size 1 7495-1.7505" 
(C) Bushing bore diameter 1.6252-1.6257" 
(D) Bushing in rod Press fit 
(E) Rod large end finish 

size 3 2215-3.2220" 
(F) Bearing running clearance . . .001-.003" 

(theoretical oil) 
Rod width 
Rod bearing width 
Rod bearing undersizes available: 

Standard (Non-counterbalanced) 
crankshafts 
Counterbalanced crankshafts . 

Rod length, center to 

2 240-2.242" 
1 966-1.973" 

.020, .040" 

.020, .040" 

VALVE TRAIN, VALVE PORT CLEARANCES 

(A) Valve Length 

(B) Valve Stem Diameter 

(C) Valve Head Diameter (nominal) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L*) Guide 

Valve Seat Angle 

Guide Length 

Guide Outside Diameter 

Guide Inside Diameter 

Insert Outside Diameter 

Insert Inside Diameter 

Insert Depth 

Insert Seat Angle 

TYPICAL CONNECTING ROD, BUSHING 
AND BEARING 

Intake Exhaust 
8-1/8" 

.4965-.4975" 

8-13/64" 

.4955-.4965" 

2 562 +.000" 2 . 00+.010" 
-.010" -.000" 

30° 45° 

4-5/16" 4-5/16" 

876-.877" .876-.877" 

.500"-.501" .500"-.501" 

none 2 253-2.254" 

none 1-13/16±.005" 

none 4355-.4375" 

none 45° 

Shoulder Clearance Above Head 010" 010" 
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WAUKESHA F-817-G 

H 

cJ- 

K- 

-T INTAKE 

NOTE: ILLUSTRATION FOR LOCATION PURPOSES 
ONLY- CONFIGURATIONS ARE NOT INTENDED 
TO BE ACCURATE 

EXHAUST 

VALVE TRAIN, VALVE PORT CLEARANCES 

Intake 

(L) Guide, Straight Type - Extends Above none 
Head (Used on Standard Automotive Head) 

(M) Guide Bore in Head 874- .875" .874-.875" 

(N) Insert Counterbore Depth none 448-.453" 

(0) Insert Counterbore Diameter none 2 249-2.250" 

(P) Valve Port Depth (Nominal) 1-9/16" 1-7/8" 

(R) Valve-Centerline to Centerline 2 843" 2 843" 

Exhaust 

1-11/16" 
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WAUKESHA 

VALVE CLEARANCES 

Valve Running 
Clearance (cold) . . .014-.016" .034-.036" 

Intake Exhaust 

Note: Valve clearances to be adjusted with en- 
gine stopped and cooled to normal ambient tem- 
peratures. 

VALVE TIMING 

Waive Timing 
Clearance . 

Intake 

. . .064" 
(valve opens 

TDC) 

Exhaust 

.070" 
(valve closes 

TDC) 

Note: Valves must be re-adjusted to the proper 
valve cold clearance setting after the timing 
check. 

*TIMING NOTE: For checking low speed cam- 
shaftvalve timing: Set intake valve clearance at 
.021". Intake valve should open at top dead center. 
Set exhaust valve clearance at .038". Exhaust 
valve should close at top dead center. 

Intake Exhaust 

Cam lift (measured at 
push rod) .351" **.351" 

**.290" for low speed camshaft. 
VALVE SEQUENCE AND HEAD BOLT TIGHTENING DIAGRAM 

F-817-G 

280 
270 
260 
250 
240 
230 
220 
210 
200 
190 
180 
170 
160 
150 
140 
130 
120 
110 

100 
905 

USUAL RANGE 

6 7 8 9 10 

COMPRESSION RATIO 

COMPRESSION PRESSURE VS RATIO 

/4 ENGINE FRONT 

\I (GEAR ENO) EXHAUST SIDE 

CYLINDER HEAD 
TIGHTENING SEQUENCE 

INTAIIE SIDE 
LONG STUDS-TORQUE 2400-2500 INCH POUNDS 
SHORT STUDS-TORQUE 1800-1850 INCH POUNDS 

ENGINE FIRING ORDER 
1-5-3-6-2 4 

Note: Re-torque cylinder head stud nuts on a new or overhauled engine after first start 
and after approximately 50 hours of operation with engine warm. 

SPARK ADVANCE RECOMMENDATIONS 

Comp. 
Ratio Fuel 

Distributor 
Timing 

Magneto Timing @ Engine RPM 

800 12-1500 12-1600 15-2000 16-1800 16-2000 18-2100 20-2400 21-2400 

6.3 to 1 

7.3 to 1 

7.3 to 1 

7.3 to 1 

9.0 to 1 

9.0 to 1 

9.0 to 1 

Gasoline 
Gasoline 

LPG 
Nat. Gas 
Nat. Gas 

LPG 
Gasoline 

2° BTDC 
TDC 

6° BTDC 
8° BTDC 

10° BTDC 
1° ATDC 
5° ATDC 

24 °BTDC 
14°BTDC 
10' BTDC 

18° BTDC 
23° BTDC 
30° BTDC 
27° BTDC 
17° BTC 
13° BTC 

18° BTDC 
21° BTDC 
26° BTC 
30° BTDC 30° BTDC 

30° BTDC 
20° BTC 
16° BTC 

24° BTDC 

30° BTDC 

25° BTDC 

30° BTDC 30° BTDC 

21° BTC 
2400 RPM 

Note: Adjust breakerless ignition timing to magneto timing specifications with engine running at governed speed. 
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WAUKESHA F-817-G 

IGNITION DATA 

Electrical System 

Spark Plug Size 

Spark Plug Type 
*Gasoline 
Gaseous Fuel 
Crane 
Generator Sets 

. 12-Volt Negative Polarity 
unless specified otherwise 

14mm 

60626, 60377, 78154 
69577A 

69432 
60377 

Spark Plug Gap 
Gasoline and Gaseous Fuel .025" 

Distributor Breaker Point Gap . . .016-.018" 

Magneto Breaker Point Gap 
(most) .016 -.018" 

*Light, Medium, & Heavy Duty Respectively. 

TIMING GEAR BACKLASH 

Between All Timing Gears . . . . .004-.006" 

MAXIMUM ANGLE OF OPERATION 

The maximum figures stated are for intermit- 
tent duty only. Consult the Waukesha Motor 
Company if continued operation at angles ap- 
proaching the maximum are anticipated. 

MAXIMUM ANGLE OF OPERATION 

Pan 
Type 

Pump 
Type 

A 
Rear Down 

B - 

Front Down 
C 

Side Down, Left 
D 

Side Down, Right 

STD STD 
(Rear Pressure 30° 57% 10° 17% 30° 57% 15° 26% 
Sump) 

STD 
(Rear Scavenger 31° 60% 25° 46% 40° 84% 25° 46% 
Sump) 
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WAUKESHA F-817-G SERIES 

DISTRIBUTORS AND SERVICE 

The Waukesha Engine Division, Dresser Industries, Inc., has established a system of reputable dis- 
tributors with trained mechanics and full facilities for maintenance and rebuilding, and to carry 
an adequate parts stock in all areas of major engine population all over the world. Their sales 
engineers are available for installation consultation. If you cannot locate a Waukesha distributor in 
your area, contact the Waukesha Service Department, 1000 West St. Paul Avenue, Waukesha, Wis- 
consin 53186, or call (414) 547-3311. 

Authorized distributors can respond to your 
service needs more quickly if the following 
procedures are observed: 

1. Give engine model, serial number and speci- 
fication number which are stamped on the 
nameplate attached to the crankcase. The 
serial number is also stamped on the crank- 
case at either the gear cover or flywheel 
housing end. 

2. When ordering parts, always furnish the 
complete description and part number, where 
known, of the parts wanted. Do not use the 
words "complete" or "sets" - state the quan- 
tity of each item required. 

3. Tell the distributor how and where to ship 
parts--state' whether to ship by freight, ex- 
press or parcel post--furnish shipping point 
and post office address. Without specific 
shipping instructions the distributor will use 
his own discretion and willnot be responsible 
for any charges by doing so. Be sure to mark 
your name, address, and where you can be 
reached on any order for parts as well as on 
any correspondence. 

4. Terms on repair--to avoid delay, all re- 
pairs will be C.O.D. unless prior arrange- 
ments are made with the distributor. 

In situations which may fall within the parame- 
ter of the Waukesha standard warranty obliga- 
tions, proceed as follows: 

1. When placing a request for service, speci- 
fically state that the repair is believed to be 

within the terms of warranty (this may be 
indicated on the purchase order if desired). 
Produce documentation showing the date of 
start up or installation of the engine and the 
engine model, serial number and specifica- 
tion number. 

2. Once the service or repair is completed, pay 
for the service and/or parts in accordance 
with whatever terms were previously ar- 
ranged, but indicate with the payment that a 
claim is pending under the provisions of 
warranty. 

3. Confirmation of the submission of a warranty 
claim can be requested from the Waukesha 
distributor handling the repair. This is usual- 
ly done by a notation on the distributor's in- 
voice to the end user. 

4. The Waukesha Distributor will notify you via 
letter or credit on an invoice of the decision 
of Waukesha as to the request for warranty 
on a particular repair. 

5. Any parts replaced in the repair which may 
be subject to warranty should be left with the 
distributor for proper handling. 

6. Any part replaced under warranty assumes 
the identity of the part which it replaces in 
regard to warranty. That is to say, if the en- 
gine is six months old the new part placed 
in that engine for a failed part is six months 
old in regard to any future warranty deter- 
mination. 

Remember - you own the best. If repairs are needed use only Genuine Waukesha Parts purchased 
from Authorized Waukesha Distributors. 
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WAUKESHA ENGINE DIVISION, DRESSER INDUSTRIES. INC. 
EXPRESS LIMITED WARRANTY FOR PRODUCTS USED IN CONTINUOUS DUTY APPLICATIONS 

INTRODUCTION 

CONTINUOUS DUTY DEFINITION: The highest load and speed which can be applied, subject to Waukesha's approved ratings in effect at time of sale. 

I. TERMS OF EXPRESS LIMITED WARRANTY 

Waukesha Engine Division warrants that it will repair or replace. AT ITS ELECTION AND EXPENSE, any part of an engine, or Enginatore, or product 
(hereinafter referred to as "Products") manufactured by Waukesha, which proves to have had a defect in material or workmanship. 

II. TERM LIMITATIONS OF EXPRESS LIMITED WARRANTY 

A. This coverage shall commence upon initial new Products start-up date and shall expire upon the earlier of the following: 

1. 12 months (6 months for VR engines) after the initial new Products start-up date; or 

2. 24 months (18 months for VR engines) after the original shipment date of the covered Products by Waukesha Engine Division. 

B. Notwithstanding the foregoing, Waukesha further warrants that the cylinder block casting, cylinder head castings, connecting rod forgings, and 

crankshaft forging will be free from defects in material or workmanship. This additional warranty only covers failures of the specific items noted 

within this subparagraph, and is not applicable to the VR engine family. 

This coverage shall expire upon the earlier of the following: 

1. 60 months after the initial new Products start-up date; or 

2, 25,000 hours of operation of the covered Products; or 

3. 72 months after the original shipment date of the covered Products by Waukesha Engine Division. 

NOTE: No damage from other sources, such as damage from the loss of p crankshaft bearing, shall be considered as a forging detect. 

III. WAUKESHA'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY 

Waukesha shall be responsible for: 

A. The repair or replacement, at Waukesha's election, of covered defective parts and all reasonable labor required regarding a warranted failure 
during the express limited warranty term. All such labor shall be provided by Waukesha's authorized contractor or distributor. 

B. Reasonable and necessary travel and expenses incurred by Waukesha's authorized contractor or distributor. 
C. Replacement of lubricating oil, coolant, filter elements, or other normal maintenance items that are contaminated and/or damaged as a direct 

result of a warranted failure. 

NOTWITHSTANDING THE FOREGOING, WAUKESHA SHALL NOT BE RESPONSIBLE FOR LABOR COSTS ASSOCIATED WITH WARRANTY CLAIMS 

BROUGHT PURSUANT TO SUBPARAGRAPH II (B). 

IV. OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY 

Owner shall be responsible for: 

A. The operation and maintenance of the Products within the guidelines established by Waukesha. 
B. Making the Products available to Waukesha or Waukesha's authorized contractors or distributors for any warranty repair, during normal 

business hours. 
C. All additional costs incurred for premium or overtime labor, should owner request that repairs be made on a premium or overtime schedule. 
D. All costs incurred as the result of removal or reinstallation of the Products as may be required to effect any warranted repair. 
E. All administrative costs and expenses resulting from a warranted failure. 
F. Any costs of transportation, towing, repair facilities, or associated costs. 
G. All labor, travel, mileage, and other related costs and expenses associated with a claim made pursuant to subparagraph 11(B) above. 

H. All customs, brokers fees, insurance, and taxes of whatever kind save only taxes on Waukesha's income. 
I. Loss of revenue and loss of/or damage to real and/or personal property. 

V. LIMITATION OF WAUKESHA'S OBLIGATIONS 

The obligations of Waukesha under this express limited warranty shall be waived and voided, and Waukesha shall not, thereafter, be responsible for: 

A. Any failure resulting from owner or operator abuse or neglect, including but not by way of limitation, any operation, installation, application, or 
maintenance practice not in accordance with guidelines or specifications established by Waukesha; or 

B. Any failure resulting from unauthorized modifications or repairs of the Products; or 
C. Any failure resulting from overload, overspeed, overheat, accident, improper storage; or 
D. Failure of owner to promptly provide notice of a claimed defect; or 
E. Failure of Products for which Waukesha did not receive properly completed start-up reports; or 
F. Repairs of a covered failure performed with non-genuine Waukesha parts; or 

G. Repairs of a covered failure performed by non-authorized contractors or distributors; or 
H. Failure to make Products available to Waukesha or its authorized representatives; or 
I. Failure to supply documents such as drawings and specifications relating to the specific application of the Products. 

VI. APPLICABILITY AND EXPIRATION 

The warranties set out above are extended to all owners in the original chain of distribution. The warranties and obligations of Waukesha shall 

expire and be of no further effect upon the dates of expiration of the applicable warranty periods. 

The foregoing sets forth Waukesha's only obligations and owners' exclusive remedy for breach of warranty, whether such claims are based on breach 
of contract, tort (including negligence and strict liability), or other theories, and the foregoing is expressly in lieu of other warranties whatsoever 
expressed, implied, and statuatory, including without limitation, the IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS. 

Notwithstanding the proceeding, in no event shall Waukesha be liable for any direct, special, incidental or consequential damages (whether 
denominated in contract, tort, strict liability, negligence or other theories) arising out of this Agreement or the use of any Products provided under this 
Agreement. 

Any action arising hereunder or relating hereto, whether based on breach of contract, tort (including negligence and strict liability), or other theories 
must be commenced within one (1) year after the cause of action accrues or it shall be barred. 

Effective 6-1-89 
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WAUKESHA ENGINE DIVISION, DRESSER INDUSTRIES, INC. 
EXPRESS LIMITED WARRANTY FOR PRODUCTS USED IN STAND-BY APPLICATIONS 

INTRODUCTION 

STAND-BY DEFINITION: A product used as backup or secondary source of electrical power, which operates at Waukesha Engine Division's stand-by rating, 
for the duration of a prime power source outage. 

I. TERMS OF EXPRESS LIMITED WARRANTY 

Waukesha Engine Division warrants that it will repair or replace, AT ITS ELECTION AND EXPENSE, any part of an engine, or Enginatore. or product 
(hereinafter referred to as "Products") manufactured by Waukesha, which proves to have had a defect in material or workmanship. 

II. TERM LIMITATIONS OF EXPRESS LIMITED WARRANTY 

A. This coverage shall commence upon initial new Products start-up date and shall expire upon the earlier of the following: 

1. 36 months (12 months for Engomatice controls and switchgear) after the initial new Products start-up date; or 
2. 48 months (24 months for Engomatice controls and switchgear) after the original shipment date of the covered Products by Waukesha 

Engine Division; or 
3. 2,100 hours of operation of the covered Products. 

B. Notwithstanding the foregoing, Waukesha further warrants that the cylinder block casting, cylinder head castings, connecting rod forgings, and 
crankshaft forging will be free from defects in material or workmanship. This additional warranty only covers failures of the specific items noted 
within this subparagraph, and is not applicable to the VR engine family. 

This coverage shall expire upon the earlier of the following: 

1. 60 months after the initial new Products start-up date; or 
2. 3,500 hours of operation of the covered Products; or 
3. 72 months after the original shipment date of the covered Products by Waukesha Engine Division. 

NOTE: No damage from other sources, such as damage from the loss of a crankshaft bearing, shell be considered as a forging defect. 

III. WAUKESHA'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY 

Waukesha shall be responsible for: 

A. The repair or replacement, at Waukesha's election, of covered defective parts and all reasonable labor required regarding a warranted failure 
during the express limited warranty term. All such labor shall be provided by Waukesha's authorized contractor or distributor. 

B. Reasonable and necessary travel and expenses incurred by Waukesha's authorized contractor or distributor. 
C. Replacement of lubricating oil, coolant, filter elements, or other normal maintenance items that are contaminated and/or damaged as a direct 

result of a warranted failure. 

NOTWITHSTANDING THE FOREGOING, WAUKESHA SHALL NOT BE RESPONSIBLE FOR LABOR COSTS ASSOCIATED WITH WARRANTY CLAIMS 
BROUGHT PURSUANT TO SUBPARAGRAPH II (B). 

IV. OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY 

Owner shall be responsible for: 

A. The operation and maintenance of the Products within the guidelines established by Waukesha. 
B. Making the Products available to Waukesha or Waukesha's authorized .contractors or distributors for any warranty repair, during normal 

business hours. 
C. All additional costs incurred for premium or overtime labor, should owner request that repairs be made on a premium or overtime schedule. 
D. All costs incurred as the result of removal or reinstallation of the Products as may be required to effect any warranted repair. 
E. All administrative costs and expenses resulting from a warranted failure. 
F. Any costs of transportation, towing, repair facilities, or associated costs. 
G. All labor, travel, mileage, and other related costs and expenses associated with a claim made pursuant to subparagraph II (B) above. 
H. All customs, brokers fees, insurance, and taxes of whatever kind save only taxes on Waukesha's income. 
I. Loss of revenue and loss of/or damage to real and/or personal property. 

V. UMITATION OF WAUKESHA'S OBLIGATIONS 

The obligations of Waukesha under this express limited warranty shall be waived and voided, and Waukesha shall not, thereafter, be responsible for: 

A. Any failure resulting from owner or operator abuse or neglect, including but not by way of limitation, any operation, installation, application, or 
maintenance practice not in accordance with guidelines or specifications established by Waukesha; or 

B. Any failure resulting from unauthorized modifications or repairs of the Products; or 
C. Any failure resulting from overload, overspeed, overheat, accident, improper storage; or 
D. Failure of owner to promptly provide notice of a claimed defect; or 
E. Failure of Products for which Waukesha did not receive properly completed start-up reports; or 
F. Repairs of a covered failure performed with non-genuine Waukesha parts; or 
G. Repairs of a covered failure performed by non-authorized contractors or distributors; or 
H. Failure to make Products available to Waukesha or its authorized representatives; or 
I. Failure to supply documents such as drawings and specifications relating to the specific application of the Product. 

VI. APPLICABILITY AND EXPIRATION 

The warranties set out above are extended to all owners in the original chain of distribution. The warranties and obligations of Waukesha shall expire 
and be of no further effect upon the dates of expiration of the applicable warranty periods. 

The foregoing sets forth Waukesha's only obligations and owners' exclusive remedy for breach of warranty, whether such claims are based on breach 
of contract, tort (including negligence and strict liability), or other theories, and the foregoing is expressly in lieu of other warranties whatsoever 
expressed, implied, and statuatory, including without limitation, the IMPUED WARRANTIES OF MERCHANTABILITY AND FITNESS. 

Notwithstanding the preceeding, in no event shall Waukesha be liable for any direct, special, incidental or consequential damages (whether 
denominated in contract, tort, strict liability, negligence or other theories) arising out of this Agreement or the use of any Products provided under this 
Agreement. 

Any action arising hereunder or relating hereto, whether based on breach of contract, tort (including negligence and strict liability), or other theories 
must be commenced within one (1) year after the cause of action accrues or it shall be barred. 

Effective 6-1-89 
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M-991 

WAUKESHA ENGINE DIVISION 
WELCOMES 

YOUR COMMENTS 

In order to continue bringing you the BEST in Waukesha product information, we 
ask that you take a moment to let us know about any errors or omissions in this 
publication. Comments and suggestions are also welcome. 

Please use one of the self-addressed, postage paid cards attached below, and 
thank you for your comments. 

TECHNICAL COMMUNICATIONS DEPARTMENT- 

Waukesha /ORFSSFN WAUKESHA ENGINE DIVISION 
COMMENT CARD 

PUBLICATION NAME 

PUBLICATION NUMBER ISSUE DATE 

HOW WOULD YOU RATE THIS PUBLICATION? 

EXCELLENT VERY GOOD GOOD FAIR POOR 

COMMENTS 

NAME 

COMPANY 

ADDRESS 

CITY STATE ZIP 

Waukesha ORE 551 WAUKESHA ENGINE DIVISION 
COMMENT CARD 

PUBLICATION NAME 

PUBLICATION NUMBER ISSUE DATE 

HOW WOULD YOU RATE THIS PUBLICATION? 

EXCELLENT VERY GOOD GOOD FAIR POOR 

COMMENTS 

NAME 

COMPANY 

ADDRESS 

CITY STATE ZIP 
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