


WANTED'!

ENGINE POPULATION INFORMATION

To help prowce proper backup parts stock and availability at Distributor and Factory levels,
it is umportant 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.

Name & Title Company Name

Engine Purchased From
Model Serial No. {G) Specification No.

|
Type Service {(Use, Equipment, etc)
{1 Standby O Continuous O Intermittent

Please List Any Other Waukesha Engines You Own Or Service
Mode! - Serial No. Type Service

|
|
|
|
Name & Titl ‘{L Company Name
Engine Purchased From

Model _ Serial No, (G) Specification No.

i
Type Service (Use, Equipment, etc)
O Standby O Continuous O Intermittent

Please List Any Other Waukesha Engines You Qwn Or Service
Model Serial No. Type Service
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SAFETY PRECAUTIONS

EXHAUST GASES

The exhaust products of an internal combustion engine are toxic and may cause injury or death if inhaled.
All engine installations, especially those within a closed shelter or building, should be equipped and main-
tained with an exhaust discharge pipe so that exhaust gases are delivered into the outside air. A closed
building or shelter must be adequately vented. A means of providing fresh air into a closed building or
shelter is necessary.

ENGINE FUELS

All internal combustion engine fuels are highly combustible and may ignite or explode. Fuels must be con-
ducted 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.

POSITIVE FUEL SHUT-OFF

All engine installations should be equipped with a means of positive fuel shut-ofi for emergency use when
fuel is conducted to the engine from aremote source. Fuels under pressure such as natural gas or liquified
petroleum gas, should be controlled by a positive shut-off valve, preferably automatic, other than those in-
tegral with the carburetor or gas pressure regulation equipment. It shall be the final respongibility 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 startiers must be discharged away from the engine into a harmless area. Ignition
connections and electrical egquipment on engines exposed to potentially explosive ambient atmospheres
should be specially equipped to eliminate spark hazard and it is the responsibility of the engine owner to
specify or provide such connections and equipment.

SAFETY GUARDS

Internal combustion engines must be properly provided with guards against hazards to persons or struc-
tures in close proximity to rotating or heated parts and 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 when regulations re-
quire their installation on engine crankcases.

IGNITION SYSTEMS

Breakerless, magneto and battery ignition systems can cause electrical shocks., Avoid contacting these
units or their wiring. The reaction from the shock could cause persons to fall or jerk their hands, thus
striking other objects and injuries could occur.

ENGINE SURGE TANK AND RADIATOR PRESSURE CAPS AND CONNEC TIONS

Do not remove the pressure caps while the engine is operating or while coolant is hot, The ¢ooling gystem
is under pressure and severe burns could result from the hot coolant spewing out when cap is removed.
Wait until engine and coolant have cooled down before removing radiator or surge tank caps. Always re-

place 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 canse serioug
infection and injury.
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GENERATOR SETS

The voltage produced by generator sets is dangerous to personnel coming in contact with any part of the
electnca.l system during operation. Severe, possibly fatal, shock may result. Make sure the generator set
iz 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 mak_mg 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. Avcud 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 qperate 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 EQUIFPMENT, 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. 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
proceduxies 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 uged when and as recommended. Anyone who uses a service, repair, or installation procedure
not recommended by Waukesha must first satisgfy themselves thoroughly that their safety will not be jeop-
ardized by the service methods they select.

HOUSEKEEPING

Good housekeeping results in a clean, safe workarea. An orderly work area with clean walkways and neatly
arranged tools and equipment is conducive to better work performance and morale, and is a major factor in
accident |prevention. Accidents resulting from poor housekeeping include tripping over loose objects on the
floor, stairs, or platforms, slipping on greasy, oily, wet, or dirty floors, falling of poorly piled material,
and cuts from sharp edges.

ENGINE FAN BLADES
If a fan blade or fan drive shaft is bent or damaged in any way, it should be replaced. No attempt should be

made to |repair the damaged parts. Fan assemblies must remain in proper balance. When damaged, an un-
balanced|fan can fly apart during use and create an extremely dangerous condition.

TURBOCHARGERS

'I\lrbochargers are specifically designed for applicable engine horsepower and altitude ratings. Nozzle
rings mulst not be changed without consulting the engine manufacturer since they limit turbocharger rpm.
Excesswle 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 hefore working on turbochargers or burns will result. '

ENGINE STORAGE CHEMICALS

Nucle-0il contains Petroleum Distilate. Harmful or fatal if swallowed. Avoid contact with skin, Vapor is
harmful. |Causes irritation of eyes, nose, throat and skin. Use only with adequate ventilation. Avoid pro-
longed or repeated breathing of vapor. Av(nd contact with skin, eyes, and clothing, Do not take internally.
Keep contamer closed and away from heat. Alwayg read and observe the "CAUTION' labels on the con-
tainers. Do not destroy the labels on the containers.
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Generally speaking, heating of preservative compounds is confined to 200°F. (93°C.) or less. These tem-
peratures 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 unnecesgary 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 fire extinguishers required for the engine installation. Select alternate routes of escape from any engine
installation and post such routes in accordance with local and government requirements.

CLEANING SOLVENTS

Use approved cleaning solvents in a well ventilated area. Avoid breathing fumes. Keep away from open
flames or sparks. Do not use gasoline or paint thinners or other highly volatile fluids for cleaning. Breath-
ing carbon tetrachloride or carbon disulfide fumes can be fatal. Always read and observe the "CAUTION"
labels on containers. Do not destroy the labelson the containers. Cleaning solvenis can cause various types
of gkin irritations.

WELDING EQUIPMENT

If a welding gas cylinder is damaged by falling or being struck, it could burst with destructive force. Cylin-
ders must be stored in accordance with manufacturer's specifications and applicable safety requirements.

When welding, brazing or cutting with acetylene, check valves should be installed between the regulators and
hoses to prevent flashback into the regulators and supply tanks. Without these check valves, the flashback
could cause the regulators and supply tanks to explode.

Qily 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 combugstible materials.

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 outlet; instead grasp the plug to remove it from 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 hydrogen gas which is
flammable and explosive. Don't allow battery fluid to contact skin, eyes, fabrics, or painted surfaces. Bat-
tery fluid is a sulfuric acid solution which could cause 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 because the battery may rupture or explode.
If a frozen battery is suspected, examine all fill vents on the battery. If ice can be seen, or if the electro-
lyte fluid cannot be seen, do not attempt to start with jumper cables.

Both charged and discharged 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 con-
necting 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. ’
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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 charged battery or batteries to pogitive post on
dlscharged battery or batteries. If more thar one battery is connected in "series' or "series parallel”
connect|jumper cable to positive post that has cable leading to starting motor.

Second,| connect other jumper cable from negative post on charged battery or batteries to a good ground
on engine.

When removing jumper cables, always disconnect the ground jumper cable from the engine before discon-
necting ithe other jumper cable.

Pogitive Grounded Battery or Batteries

Same procedure as for negative grounded battery or batieries, 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 shouldnever beusedto clean clothing or body of foreign materials. A highly com-
pressed stream of air flowing through a very small opening can pierce the skin and cause severe and very
painful |m]ury 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 sodium filled valves is required, do not exert indue 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 as the sodium or sodium residue can cause se-
vere burns. Sodivm burns on the skin are of the same nature as caustic burns. They must be washed with
large volumes of cold water before being neutralized with vinegar. The affected parts should then be treated
as a burn and medical attention sought.

If a brl'oken valve should ignite, it may be extinguished by smothering in dry soda ash or dry sand. The
smoke and fumes are irritating; adequate ventilation should be provided and inhalation or contact with the
smoke |and fumes avoided. Water, carbon dioxide in any form, or carbon tetrachloride should never be
used on' sodium fires since these materials react violently with hot sodium,

Broken|sodium filled valves may be stored prior to disposal in moisture free clean 0il or kerosene. Un-
serviceable sodium filled valves must be disposed of in accordance with local, state and/or federal regula-
tions as applicable.

INTOXICANTS AND NARCOTICS

Workers under the influence of intoxicanis and/or narcotics are unsafe workers and are a hazard to them-
selves and other employees.

SAFE DRESS

When around machinery, loose clothing, neckties, rings, wrist watches, bracelets, etc., should not be worn.
Severe injuries have resulted from this all too common practice,

HAIR LENGTH
Long hair worn around rotating equipment is dangerous. Hair is charged with static electricity and ¢an be

drawn to a piece of rotating machinery like a magnet. Persons with long hair must wear complete head
covering when around rotating machinery.
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NOISE PROTEC TION

Wear 0.8.H.A. approved hearing protection devices when around excessive noise,

FOOT PROTEC TION

Wear O.5.H.A. approved steel tip safety shoes.

HEAD PROTECTION

Wear O.S8.H.A. approved safety helmets,

EYE PROTECTION

Wear O.5.H.A, approved eye shields, safety glasses, and sweat bands.

RESPIRATORY SYSTEM PROTECTION

Wear O.S5.H.A. approved equipment when near dust and toxic fumes to protect the eyes and respiratory
system. This type of equipment must be checked and maintained on a regular basis,

REFERENCES

For details on safety rules and regulations in the United States, contact your local Qccupational Safety and
Health Administration (0.S.H.A.).

The publication of these safety precautions is done for your information. The Waukesha Engine Division,
Dresser Industries, Inc. does not, by the publication of these precautions, imply or in anyway 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 insure that such operation is in full accordance
with all applicable safety requirements and codes. All requirements of the United States Federal Qccupa-
tional 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.
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DISTRIBUTORS AND SERVICE

The Waukesha Engine Division has established a system of reputable distributors with trained mechanics
and fu11|facilities for maintenance and rebuilding, and to carry an adequate parts stock in all areas of
major elng"lne population all over the world, Their sales engineers are available for installation consulta-
tion. If you cannot locate a Waukesha distributor in your area, contact the Waukesha Service Division,

1000 We.

~

Authoriz;ed distribuiors can respond to your service
needs more quickly if the following procedures
are observed:

1,

Give lengine model, serial number and specifi-
cation number which are stamped on the name-
platel attached to the crankease. The serial
number is also stamped on the crankcase at
gither the gear cover or flywheel housing end.

. When| ordering parts, always furnish the com-

plete description and partnumber, where known,
of the parts wanted. Do not use the words "com-
plete’ [ or "sets"—state the quantity of eachitem
required.

Tell |the distributor how and where to ship
partsl—-state whether to ship by freight, express
ar parcel post—furnish shipping point and post
offxce address. Without specific shipping in-
structmns the distributor will use his own
dlS(‘.l‘ethIl and will not be responsible for any
charges by doing so. Be sure to mark your
name! address, and where you can be reached
on anj( order for parts aswellason any corres-
pondence.

Terms on repair—to avoid delay, all repairs
will Be C.0.D. unless prior arrangements are
made with the distributor.

In situations which may fall within the parameter
of the Waukesha Engine Division standard war-
ranty obligations, proceed as follows:

1.

When placing a request for service, specifically
state that the repair is believed to be within the

st St. Paul Avenue, Waukesha, Wisconsin 53186, or call (414) 547-3311.

terms of warranty (this may be indicated on the
purchase order if desired). Produce documenta=
tion showing the date of start up or installation
of the engine and the engine model, serizal num-
ber and specification number.

. Once the service or repair is completed, pay

for the service and/or parts in accordance with
whatever terms were previously arranged, but
indicate with the payment that a claim is pend-
ing under the provisions of warranty,

. Confirmation of the submisgsion of a warranty

claim can be requested from the Waukesha dis-
tributor handling the repair. This is usually
done by a notation on the distributor's invoice
to the end user.

. The Waukesha distributor will notify you via

letter or credit on an invoice of the decision of
the Waukesha Engine Division as to the request
for warranty on a particular repair.

. Any parts replaced in the repair which may be

subject to warranty should be left with the dis-
tributor for proper handling.

. Any part replaced under warranty assumes the

identity of the part which it replaces in regard
to warranty. That is to say, if the engine 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 determination,

Remember—you own the best. If repairs are needed use only Genuine Waukesha Parts purchased from
Authorized Waukesha Distributors.
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L

UNITED STATES

ALABAMA

BIRMINGHAM, 35233
Carloss Well Supply Company
Branch Office
2901 - 3rd Aveoue, South
Phone: (205) 324-0839

Main Gffice - Sce Tennesses

ALASKA

ANCHORAGE, 99502
Waukesha-Alaska Corporation
239 E, International Airport Road
Phone: (807) 278-8651

ARIZONA

PHQOENTX, 85005
Arizona Engine E Pump Co.
P.0. Box 6159, Capital Staticn
Phone: (602) 252-1731

CASA GRANDE, 85222 - Branch Office
896 West Gila Bend Highway
Phone: {602) 838-8731

ARKANSAS

FT. SMITH, 72901 - Branch Office
Waukesha-Pearce Industries, Inc,
8. 32nd at Waen St,
P. O, Box 6312
Phone: (301) 646-4396

CALIFORMIA

EMERYVILLE, 94608
King-Knight Company
6202 Christie Avenue
Phonc: (15} (58-9400

COMPTON, 90221
Waukesha Englne Servicenter, Inc.
17803 8. Santa Fe Avenue
Phone: (213) 774-5700

BAKERSFIELD, 93301 - Branch Office
1221 - 33rd Street
Phone: (805} 327-7571

VENTURA, 93001 - Branch Office
1636 N. Ventura Avenue
Phane; {305) 648-18G5

EMERYVILLE, 94608
Waukesha Englne Division
(Western Aeglanal Office)
1900 Powell St,, Suite 435
Phone: {415) 6531824

COLORADOC
DENVER, 8023%
PAMCO
P. 0. Box 39068
10777 East 45th, Avenue
Phone: 303} 371-0330

FLORIDA
JACKSONVILLE, 232205
Gator Service & Supply, Inc.
5213 Edgewoad Ct,
P. D. Box 37448
Phone: (204) 783-1230

POMPANO BEACH, 33061
Melley Energy Systema, [ne,
P.0. Box %99
941 5. W. 12th Avenus
Phone; (305) 341-0200

GEORGIA

ATLANTA, 30315
Southeastern Engine B Generator, Inec.
1170 Sylvan Rd., 5. W.
Phone: (404} 762-5188, T62-9273

DECATUR, 30035
Wauvkesha Engine Division
(Southeastern Regicnal Office)
4336 Covington Highway
Sulte 204C
Phode: @04} 289-0560

Distributor Directory

ILLINOIS

VILLA PARK, 60181
Charles Equipment Company
P.0. Box 368
187 East North Aveoue
Phone: (312} 534-6000

GRAYVILLE, G2B44
Qil Field Motor Service, Inc.
P.0O. Box 98
Phone; (G18) 375-2181

INDIANA

INDIANAPQLIS, 46202
FEagle Machlae Compaay, Ine.
P.0. Pox BB
635 East Market Street
Phone: (417) 637-2521

IOWA

WATERLOCO, 50704
Lewis Motor Supply Tne.
1801 Waehingion Street
P.0O. Bax 328
FPhone: (318) 235-1481

KANSAS

KANSAS CITY, 66103
AAA Engine & Electric, Inc.
700 Sputhwest Blvd,
Phore: (913) 236-3871

GREAT BEND, B7530
PAMCO - Branck Office
714 Paiton Ropd
Phune: (316) T93-3553

Main Office - See Colorado

LIBERAL, 67881
PAMCO - Branch Office
210 Country Estates Road
Phone: (318) 824-5674

Main Office - See Calarado

KENTUCKY

LOUISVILLE, 40203
Atlas Machine & Supply Ine.
1328 West Jefferson
Phone: (502} 584-7262

LOVISIANA

HARVEY, 70058
Rezgen Equipment Company
P. Q. Drawer 628
2220 St. Joaeph Lane
Phope: {504) JB7-1B70

MORGAN CITY, 7¢380 - Branch Cifice
P. 0. Drawer 2487
Highway B0 Enat
Phone: (504) 631-0321

VIDALLA, 71373 - Branch Office
P.0. Box 914
Highway 84 West
Phone: (318) 336-7161

NEW IBERIA, 70660
Waukesha-Pearce Industries, Inc.
Branch Oifice
P.O. Box 938
339 Jane Street
Phone: (318) 369-3741

Main Office -~ See Texas

SHREVEPORT, 71107
Waukesha-Pearce Industries, Ioe,
Branch Office
P.0. Box 7066
1815 Barton Drive
Phone: (318) 221-4075

Main Office - See Texas

MASSACHUSETTS

ALLSTON, BOSTON, 02134
W, A. Kraft Corporation
308 North Harvard Street
Phone: (817} 782-0076

MICHIGAN

NOVI, 48050
Engine Supply
P.0. Box 437
44455 Grand River
Phone: 313y 340-9330

SOUTHFIELD, 43076
Waukesha Engine Division
Dresser Industries, Ine.
(Central Regional Office)
29433 Southfie} Rd,, Suite 102
Phone: (313} 557-2470

MINNESOTA

SOUTH §T. LOUIS PARK, 5542¢
Jaffco Power Systems
2238 Florida Avenue S.
Phone: (612) 546-556A

MISSISSIPPY

HEIDELDERG, 39439
Reagan Equipment Co. -Branch Olfice
P.O. Box 285
Highway 28 West
Phone: (§01) 787-2221

Main Office - See Louisiana

JACKSON, 39203
Feagan Equipment Co. - Branch Office
F.Q. Drawer 5700
Highway §0 East
Phane: {601) 939-4512

Main Office - See Louisiana

MiSSOURI

§T. LOULE, 63318
Charles Equipment Catnpany
1100 Gravois Avenue
Phone: {314) 771-4700

MEW JERSEY

CARLSTADT, 07072
W, A, Kraft Corporation - Branch Cifice
485 Washington Avenue
Phone: (201} 933-5151
(212) B58-0135

Main Office - See Massachusetts

RIDGEWODD, (7451
Waukesha Engine Divieion
(Northeaatern Reglonal OIfice)
1156 East Hidgewood Avenue
Phone: {201) 6521808

NEW MEXICO

FARMINGTOXN, 57401
PAMCO - Branch Office
#.0. Fox 1558
218 Airport Drive
Phone: (505) 325-752%

Main Office - Ses Colorado

HOBBS, 85240
Wankesha-Pedrce Industries, Inc.
Branch Office
P.0O. Box 488
25801 West Marland
Phone: {505) 3$3-9135

Main Office - See Texas 516777
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NEW YORK

SYRACUSE!, 13202
Power Plant Equlpment Corp.
529 5. Salina Street
Fhone: {J15) 475-7251

LATHAM, |121l0
Power Plant Eguipment Corp.
6 Northway Lane
Phene: (518) 783-1991

TONAWANDA, 14150
Ronco Powear Systema
595 Sheridgn Drive
Phene: (716) 873-0760

NORTH lI!AK()‘I'A

WILLISTON, 53801
PAMCO & Branch Office
P.0. Bok 1147
Highway 2 North
Phane: (701) 572-8343

Main Offlce - See Colorado

OHIO

YOU’NGSI‘O}VN. 44500
Power Equlpment, [ne.
168 South Meridian Road
Fhone: (218} T92-1475

COLUMBUS, 43219 - Branch Office
P.0O. Box 19086
RA9 N. 22nd Street
Phone: {614) 253-2711

NORTH ROYALTON, 44133 - Branch Office
10156 Royalton Road
Phone: (216) 237-1818

OKLAHOMA

WOODWAH]IJ. 735801
Wauvkesha-Pearce Induatries, Ine.
Branch Office
P.D. Box 1088
Martin Road
Phone: (405) 256-7421

'
Main Office « See Texas

OKLAHOMA CITY, 73111
Waukesha-Pearce Industrles, Ine.
Branech Office
5800 N, Eastern Avenue
P.Q, Box 11196
Phore; (405) 424-1468

Main Office - S8ee Texas

CREGON

PORTLAND, 97210
I-D, Ine.
P.Q. Box 10124
2355 N, W. Quimby Avenue
Phone: (503) 228-7966

PEHNNSYLVANIA

i
PHILADELEHIA, 10134
North American Engines Co., Inc.
3219 "B"|Sireet
Phane: {$15) 423-3700

PITTSBURGH, 15234
P.C. McKenzie Company
3561 Valley Drive
Phone: (412) 333-2100

SOUTH CAROLINA

CHARLESTON, 29405
DHegel Engineers, Ine.
2025 Austin Avenue
P.O. Box 4398
Phene: (803 554-5151

TENMNESSEE

|
MEMPHIS, 38105
Carloss Well Supply Company
111 North Parkway Avenue
Fhone: {901) 526-1141

NASHVILLE, 37213 - Branch Qffice
101 South] First Street
Phone: {615) 254-1669

TEXAS

HOUSTON, 77035
Waukesha-Pearce Industries, Ine.
P.O. Bax 35068
12320 South Main Sireet
Phone: (713) 723-1050

ABILENE, 73604 ~ Branch Office
P.., Box 1962
3542 8, Treadaway
Phone: (915) 6924045

CORPUS CHRISTI, 78408 - Branch (ffice
P.O. Box 9267
5226 Frontage RHoad 1-37
Phane: (51%) §84-3275

TRVING, 75060 - Branch Offlce
P.O. Bex 365
625 North Loop 12
Phone: {2i4) 2539-1581

KILGORE, 75662 - Branch Office
P. 0. Box 1185
Industrial Blvd.
Phoue: {214) 984-201L

ODESEA, 79760 - Branch Office
P.O. Box 3548
1000 Weat 2nd Bireet
Phone: (915) 332-9106

PAMPA, 79066 = Branch Office
P.0. Box 1576
201 N, Price Road
Phone: (806) GG9-3251

SAN ANTONMIO, 78217 - Branch Offce
8602 N, New Braunfels
Phone: (512) 824-7256

SAN JUAN, 78589 - Branch Office
P.O. Box 246
Phone: (312} TBT-4231

WICHETA FALLS, 76307 - Branch Office
P, 0. Box 2185
4725 Jacksboro Highway
Phone: (H17) TE7-5234

HOUSTON, 77027
Waukesha Engine Division
{Mid-Continent Regional Office)
1535 West Loop South
410 Honeywell
Phone: (713) 626-0255

UTAH

BALT LAKE CITY, 84115
Diesel Electrlo Service & Supply
P.0, Box 15858
652 W, 17th Street, South
Phone: (801) 972-1536

VERNAL, 84078
PAMCO - Branch Office
P.O. Box 400
Highway 40 East
Phone: (801} 780-3353
Main Office - See Colorado

VIRGINIA

HEBNDON, 22070
North American Eagines Co,, Inc, Branch Office
13835 Redekin Drive
Phone; {703} 471-5481

Main Office - See Pennsylvanta

WASHINGTON

SEATTLE, #81a7
Kem Equipment, Inc.
4301 Leary Way, N. W.
Phane: (206) TB4-2372

WISCONSIN

APPLETON, 54911
Arthur G. THetrich Co., Ine.
€41 llickory Farm Lane
Phane; (414) T31-6666

MILWAUKEE, 53217
Atthur G. Dietrich Co., Inc.
8035 N. Port Washington Rozd
Phone: (414} 352-7452

WAUKESHA, 53186
Waukesha Eagine Division
Main Office
P.Q. Box 379
1000 West St. Paul Avenue
Phone; (414) 547-3311

WYOMING

CASPER, 32601
PAMCO ~ Braoch Office
P.O. Drawer 2785
3400 West Yellowstone Read
Phone: (307) 234-1548

Main Office - Bee Colorade

CANADA

ALBERTA

EDMONTON 82 - TGE 4N&é
PAMCO, Lid,
P.O. Box 5788 Postal Station L
8235 Wagner Road
Phone: (403) 465-5371

CALGARY - T2C 1019 - Branch Cifice
5241 - 31at 5t,, 8.E,
Phone: (403) 279-5561

REDCLIFFE - TIA 7HN4 - Branch Office
P.Q. Box 1447
No. 2 1091 Highway Avenue, N.
Phone: (403) 548-3935

CALGARY X-T2P OM2
Waukesha Englne Division
{Western Cenada Reglonal Office)
Aguitaine Tewer, Sulte 549
540 - 5th Avenue, 8. W.
Phore; (403) 266-8666

BRITISH COLUMBIA

NORTH VANCOUVER - VTP 1R4
Farwest Diesel & Equipment, Ltd.
1189 West 16th Streat
Phone: (604) $80-8394

MANITOEA

WINNIPEG R34 OXB8
Keewatin Electrlc & Dlesels, Lid.
1040 Coulter Avenue
Phone: (204) 772-0443

NEW BRUNSWICK

MONCTON - E1C 6N8
Consolidated Engines & Machinery
Co., Ltd. - Branch Office
146 Albert Street
P. 0. Box 848
Phone: (506) E54-0982

Main Office - See Quebsc

NOVA SCOTIA
HALIFAX
Consclidated Engines & Machinery
Co,, Lid, - Brasch Office
P. 0. Bex 1015, Saite 309
The Trade Mart Bullding
BeoHa Square
Phone: (802) 422-8421

Main Office « See Quebec

ONTARIO

TORONTO 16 - M4A 2N3
Atlas Polar Company, Lid,
60 Northline Road
Btatlon "O", P, ), Box 160
Phone: (416) 751-7740

QUEBEC

MONTREAL H4T 1L7
Cotsgolidated Engines & Machinery
Co., Ltd.
8550 Delmeade Road
Phone: (514) 342-9233

LORETTEVILLE G2A AT2
Cananlidated Engines & Machlnery
Co., Litd,
38, Louis Hebert
Phone; (418) 842-8531

5/15/77




WAUKESHA VHP SERIES

INTERNATIONAL

ARGENTINA

TIPFSA-Teenica Induatrial ¥
GCoemereial Petrolera, §, C, A,
Territory: Argentina
Cordoba 1367, 3rd Floor
Buebos Aires, Argentioa
Phone: 42 1367 Cable: TIPSA

Branch: Ban Martin 1002,
Comodaro Rivadavia

AUSTRALIA

A.N_L Perkins THvialon
A.N.T. Avgtralia Pty, Limited
Territory: Australia
16 Parramatta Road, P.0O, Box 117
Lideombe, N.S.W., 2141, Australia
Phone: 6484088 Cakle: PERKAUST
SYDNEY

AUSTRIA

FILTOR

Gross-und Klefnhandals-Gres, M.b, h,

Territory: Austria
Kalser-Ebersdorferstrasse 254
1110-Vienna, Austria
Phope: (0222) 77 73 69

BANGLADESH

Dana Engineers, Internationai
Territory: Bangladesh
€7, Bangahandhu Avenue
P.0, Box No. 914, Dacca=2
Bangladesh
Phone: 244025 Cable: DANARS-DACCA

BELGIUM

Waukesba Engine Division

Dresger Europe 8. A,

{Bruasels Regioaal Offioe)
Beulevard Do Seuverain 191-157 "{B.3)
DB=1180 Brussels, Belgium
Phone: 660, 20,60 Cable: DRESSER CLARK

Werkhulzen Frana Stevena N.V,
Territory: Belglum
Slachthuislnan-21
2000 Antwerp
B-Belgium
Fhooe: 031-36.92.02 TELEX: 33342
{STEVEN B)

BGLIVIA

Oll Industry Supply & Service Company
Territory: Bolivia
Calle Bieho No, 144 - Casiila 1288
La Paz, Bolivia
Phone: 23217 Cable: QISSCO

COLOMBIA

Genernl Sales Carporation Lida,

Territory: Celombia - Marine Engines Only
Adr Mail Box 395
Rarranquilla, Colombia, S, A,
Phone: 12-501 Cable: MAECOD

Milchem Westera Hemisphere, Inc.

Tarrftory: Colombia - Excludiag Marine Engines
Apartado Aereo 8313
Bogota, D, E,, Colembia
Phone: 813704 Cables MILCHEM

ECUADOR

Milchem Western Hemigphere, Inc,
Territory: Ecouador
Avenida de la Republica #20-50
y 10 de Agosto, Casilla 4143
Quito, Ecuador
Phone: Z46-820,
245-524

Cable: MILCHEM

EGYPT

HCH Supply Co,, Ltd.

Territory: Arab Republic of Egypt
110,28 July Stract
Ea.ma.lek Cairo, Egypt
Phone: 818721 TELEX: 2431HCH

GREECE

Gemeo
Stavropoulos-Leptourgos 5. A
Territory: Greece
24 Capodistriou St.
Athens 208, Greece
Phone: 21 364772 Cable: STAVROMOTORS

GUYANA (British Guiena)

Paaila Bros,
Terrftory: Guyana
P.O. Box 140
Water & Ilolmes Sireets
Georgetoyn, Guyana
Phone: 4170 Czble: PSATLA

HONG KONG

Gilman & Co, Ltd. Marine Department
Territery: Hong Kong
P. 0. Box 56
178 Gloucester Road
Wanchai, Hong Kong
Phone: 5-726384,
5726387

TELEX: 53667 GILMN

ICELAND

Velasan, H. F.

Territory: Il¢eland
P.Q. Box 1006
Reykjavik, Jecland
Cable: VELASAN

INDIA

AEICORP Private Limited
Terrftory; India
Mercantile Bldgs,, 10,
Lall Bazur Street
Calcutta 700001, India
Phone: 23-5120 and 23-0879
Cable: FAGFRNESS

Branch; Arun Chamber, Rm. 428 (4th Floor)
Tardeo Rd., Bombay - 34
Globe Agencica Chambers, H3-6,
Kailash Colony Market, New Dethi 110045
Central St., Hindpiri, Ranchi, Behar

IRAN

Shaya Co., Ltd.
Territary: Iran
Shaya Bullding, Argentine Squars
38, Alvand Street
P, 0, Box 155
Tehran, Iran
Phone: 685-281 to B85-265
Cablee TEKXKMOSHAVER TENRAN

ITALY

Eurodiesel-Milaoo 8. R. L.

Territory: Jtaly

Via E. Cosenz 44

Milano, Italy

Phone: 3763450 Cable: EURODIESEL

KUWAIT

‘The Trzding & Industrial Equipment Co.
Territory: Kuwgit, Iragq, United Gulf
Emlrates, Fakistan
P. 0. Rox Safat 2158
Kuwalit Town, State of Kowadt
Phone: 8191794819188 Cable; SUCCESS-

KUWALT
Waukesha Engine Divislon
Dresser Europe 5. A,
(Mlddle East Regional Officer
P. Q. Box Safat 4544
Kuwsit Town, State of Kuwait
Phone: 412126/412124 Cable: DRESSERIND—
KUWAILT

LEBANON

5. Sadaka & Sons

Territory: Lebanon, Syria, Jordan
P.0O, Box 4
Zahle, Lebanon
Phone: B2-00-31 TELEX: 21211

LIBYA

Sahara Cilfleld Services Co. of Libya, Lid.
Territory: Libya

S¢. Bidi Isea; P, O, Box 800

Tripoli, Libyu

Phone: 34874/37773 Cable: 508

MALAYSIA

Maiayan Development Machinery SDN. BHD.
Territory: Malaysin
1£/18 Jalan Kemafuan, Petaling Jayn
P, 0. Box 1033
Kuala Lumpur, Selangor, Malaysia
Phone: 51111/6 Cable: EARTHMOVE

MAURITIUS & REUNION ISLANDS
Robert Le Maire, Ltd.
Territory; Mauritius & Reualon Islands

26 Sir William Newton Street

Port Louis, Mauritius

Cablo; ROBEMER

MEXICO

Moto Equipos, S.A.

Territory: Republie of Mexico {Excluding
state of Bonora, state of Sinaloa up
to and inciuding Cabo Corrlentes in
the State of Jaliscoe for Marine
Products Only)

Alemania 14
Mexdco 21, D. F., Mexico
Phone: 549—32—65/66/67 Cable: MEOCSA

Propulsion Industrial ¥ Marine, S A

Territory: Slate of Sonora, state of Sinafoa up
to and Including Cabo Corrigntea in
the State of Jallseo (Marine Englnes

Only)
A. Serdan y Calle 27-AP 74
Guaymas, Soonora, Mexico
Phote; 2-05-20

Waukesha Engine Division
Dresser International, 5, A,
(Mexdes /Central America/Caribbean Reglonal
Cifices)
Dinamarca 85=4 Fiso
Mexico 6, D, F.. Mexico

Phone: (905) 533-G809 TELEX: 00177-2588
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MOROCCO

Stanislag Jullien

Territery: Merocco
256 Bouleverd Ba Hamad
Casablanca, Morocoo
Czble} ORPI

H!TH!R[IANDS

Landre & Glinderman, N. V.
Division [Landre Ruhaak Motoren

Territory: Netherlands (Industrial Gas and

Desel Producta Only)
P, |Box 63
Industrieweg, 20
Vianen {Z.1.) 2620, The Netherlands

Phong; 3473-3044 Cable: LANDREMAXN

Branch: [Rotterdam; Hangelo

Laan & Kooy Technische Elandelmaatschappl) BV
Territory: The Netherlands (Marine Products Oaly)

Zwingtraat 45
Den Oaver, Hokland
Phona: 02271-841

NEW IEALAND

Motor Speclaities Limited

Territory: New Zealand
SD—SGEA.nza.c Avegue, P. 0. Rox 3201
Auckland 1, New Zealand
Phone: 71-67¢ Cable MOTOSPECS

NICARAGUA

Casa Comercial MeGregor, 5. A.
Territory:; Nicaragua
3a. Calle 8. E. No. 104; Aptda. 448
M.mmgua Nicaragua
Phoner | 2-1311  Cable: MCGREGOR |

NIGERIA

Allied Gilfleld Services, Tid,
Territory: Nigeria
38, Norman Williams Street
3. W, | Beoyd
P, 0. Box 7403
Lagoa! Nigeria
Phone; 22863/27469/
56068 Cable: DILTOOLS

NORWAY

Sverre Nllsen, Jr. A/S
Territory: Norway
Prinsengt, 3B
P. 0. Box 655/6 - Sentrum
Oslo 1, Norwa

1 ¥
Phone! (02) 41 85 80 Cable: MOTORNILSEN

PAKISTAN

Breatford, Yusuf & Company Limited
Territory: Paklstan

'Canaan’, 4-B, Lalazar

P.O. Box No. 4327

Karaehi, Pakistan

Phone! 230029 Cable: BRENTICO

1
Branch; T.0. Box 85, The Mall, Lahore

PORTUGAL

Muotodiesel Limitada
Territory: Porfugal
LRua de Saoc Paulo 246,1°¢
Apartade 2053
Lisbon, Po:
Phone: 32 39 38 Cahle: MOTODIFSEL

PUERTO RICO & VIRGIN ISLANDS

West India Machinery & Supply Company
Territory: Puerto Rico and Virgin (slands
Roosevelt Avenue at 2Gth Street
G.P, 0, Box 4303
San Juan, Puerto Rice 00936
Phone: 782 2850 Cable: WIMSCO

SAUDI ARAEBIA

Abdullah Tbrahim Alkhorayef
Territory: Saudl Arabla
P.0O. Box 305
Riyadh, Saudi Arabia
Phone: 51475, Cable: AL-KHORAYEF
51480

SINGAPORE

Avery-Laurence Equipment PTE, Iid.
Territory: Singapore, indcaesia, Bruncl &
Burma, Petroleum Products Omnly
Sth Floor, Cathay Building
P, Q. Box 130
Singapore 9
Phone: 32412%  Coble: AVLIAU

Branch: 22ad Floor, Prince's Building
G, P, 0. Box 630, Hong Kong

Waukesha Engine Division
Dresser Industries, Inc,
(Siegapore Reglonal Officey
358 Qrchard Ra,
lst Floor, lido Theatre Buflding
Slngapore 9
Phone: 378-588
Cable; WAUKASIA SINGAPORE

SPALIN

Tberdiesel/Navalux 5. A.
Territory: Spain, inciuding Majorea,
[hiza, & Canary Islands
Honduras, 4 1*
Madrid (18), Spain

Phone; 457 56 62 TELEX: 42237 NALB

SUDAN

The New Plant Equipmoent Cornpany
Territory: Sudan

P. 0. Box 2221, 865

Fhartoumn, Sudan

Phone: 77275 - 72566 Cable: PLECOY

TAIWAN (Republic of China)

William Buat & Co. {Iot'l) Inc.
Territory; Taiwan, Republic of China
&th Floor, Lung-Men Building
128 Chung Hsiaa Fast Road, Sec, 4
Taipef, Talwan, Republic of China
Phone: 721-9711/9713/9716 Cablee WILHUNT

THAILAND

Egat Asia Intertiational Co., Lid.
Territery: Thailand

142 N. Sathon Road

Bangkok, Thalland

Thone; 34595/36202 Croble: EASIATRCO

TRINIDAD & TQBAGO, B.W.I.

Engineering Services & Supply Co,, Lid,
Territory: Trinidad and Tobago

Lady Hailes Avenue

P.O. Bax 14

San Fernando, Trinidad

Phone: 77355 Caoble: ESSCOL

TURKEY

DBA Automotive & Mining Co. Lid.
Territory: Turkey
Vali Dr. Reslt Cad, 40/2
Cankaya. Ankare, Turkey
Phone: 27-10-28,

27-78-52 TELEX: 42835

UNITED ARAB EMIRATES

The Trading & Industrial Equipment Co.
P.0. Box 52891 Deira
Dwbai, United Arab Emirates
Phone: 28255 Cable: TIECO-DUBAL

UNITED XINGDOM

Doegam Ltd.
Applied Energy Systemg
Territory: United Kingdom, Nerthern and
Republic of Ireland
1 Whippendell Road
Watford Herts WIN 7L.Z, England
Phone: Watford 42222 TELEX;: 935328

WEST GERMANY

Tndustrie & Schiffstechnik
Territory: West Germany
2000 Hambu rg—SchenaIeld
Qaterbrooksweg, 21
P.O. Pox 1365
West Germany
Phone: 40 630 5041 Telex: 0212633

VENEZUELA

Bompet de Yenezuela C. A,
Territory: Venezuela

Apartado 749

Maraceibe, Venezucln

Phone: 71163 Cable: USIVEN

Dresser International S. A,

Waukesha Engine Divislan

{South American Regional Office)

Bompet de Venezuela, C, A,

Edificio Acacias, Planta Bajo Of, No, 7
Avenida Rio Paragua, Complejo Prado Humboldt
Prados Del Eate, Caracas 108, Venezuela
Phone: 973-03-68,

978-21-46 TELEX: 395-232-87

YUGOSLAVYIA

Stojan Interbatlonal
Territory: Yugoslavia
Trattnerhof 2, Postfach 12
1014 Vienna, Austria
Phope: 52 75 58 TELEX: 01-1675
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Waukesha Engine Division
Dresser Industries, Inc. :

Y

WARRANTY AND LIMITATION OF REMEDY AND LIABILITY

N

i

Effective September 1, 1976

i

i

A.  Seller warrants ondy that its products and parts, when shipped, and its work (including start-upl, when
performed, will meet all applicable specifications and other specific product and wark requirements, in-
cluding those of performance, if any, of this agreement, and will be free from defects in material and work-
manshig. With respect to products, parts and work not manufactured ar performed by Seller, Seller’s only
obligation shall be to assign to Buyer, to the extent possible, whatever warranty Seller receives from the B
Manufacturer, All claims for defective products or parts under this warranty must be made in writing im.
medijately upon discovery and, in any event, within eightesn {18) months after shipment, but not to exceed
twetve {12} months of service or 4000 operating hours after initial startup, whichever occurs first, and all =
cfaims for defective work must be made in writing immediately upon discovery and in any event within one _':f
{1) year of conpletion thereaf by Seller, Defective iterns must be held for Seller’s inspection and if requested pA=
by Seller returned to the original f.0.b. point, transportation prepaid. THE FOREGOING 1S EXPRESSLY IN =
LIEU OF ALL OTHER WARRANTIES WHATSOEVER, EXPRESS, IMPLIED AND STATUTORY IN-

=

YT

otk

CLUDING WITHOUT LIMITATION THE IMPLIED WARRANTIES TO MERCHANTABILITY AND
FITNESS. It is undersiood that Seller’s warranty shall not apply to products or parts, which in Seller's
apinion, have been damaged as a result of uverloading, overspeeding, overheating, inadequate maintenance,
accident or improper installation or storage. b

B. Upon Buyer's submission of a claim as provided above and its substantiation Selter shall at its option
either (il repair or replace its product, part or work at the business establishmant of a Waukesha Distributor
or ather location authorized by Waukesha, during said Distributor normal business hours, This Warranty does
nat include reimbursement of any costs for transporting the product or part to suth establishment, or far
removal or reinstallation of a product when necessary in connection with a Warranty repair, or (ii} refund an
equitabie portion of the purchase price. In no avent shall Seller be liabie for the cost of labor in connection
with replacement or repair of defective paris when the engine or power unit has been in the possession of
the using owner or rental eperator for a period of six {6) months or longer,

C. THE FOREGOING 15 SELLER'S ONLY OBLIGATION AND BUYERS EXCLUSIVE REMEDY FOR
BREACH OF WARRANTY AND, EXCEPT FOR GROSS NEGLIGENCE WILLFUL MISCONDUCT AND
REMEDIES PERMITTED UNDER THE PERFORMANCE, INSPECTION AND ACCEPTANCE AND THE

Rilchinikt

PATENTS CLAUSES HEREQOF, THE FOREGOING IS BUYER'S EXCLUSIVE REMEDY AGAINST o=
SELLER FOR ALL CLAIMS ARISING HEREUNDER OR RELATING HERETO WHETHER SUCH ]

CLAIMS ARE BASED ON BREACH OF CONTRACT, TORT {INCLUDING NEGLIGENCE AND STRICT
LIABILITY) OR OTHER THEORIES; BUYER'S FAILURE TO SUBMIT A CLAIM AS PROVIDED ABOVE
SHALL SPECIFICAELY WAIVE ALL CLAIMS FOR DAMAGES OR OTHER RELIEF, INCLUDING BUT
NOT LIMITED TO CLAIMS BASED ON LATENT DEFECTS. IN NO EVENT SHALL BUYER BE EN-
TITLED TQ INCIDENTAL QR CONSEQUENTIAL DAMAGES. ANY ACTION ARISING HEREUNDER
OR RELATING HERETO WHETHER BASED ON BREACH OF CONTRACT, TORT (INCLUDING NEG-
LIGENCE AND STRICT LIABILITY] OF OTHER THEGRIES, MUST BE COMMENGED WITHIN ONE {1}
YEAR AFTER THE CAUSE OF ACTION ACCRUES OR IT SHALL BE BARRED.

by
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WAUKESHA VHP SERIES

INTRODUCTION

OPERATION

- Waukesha VHP engines are intended for use in veryhigh power

applications. They are four stroke cycle, medium speed, over-
head valve engines, available as six cylinder in-line or as twelve
cylinder 80° Vee versions, gas or diesel fueled, naturally aspi-
rated or turbocharged.

The information in this manual has been written in an easy to
read style and arranged in a time saving manner to provide
factual technical information for Waukesha VHP engines. The
common construction features of these engines makesg it con-

PREVENTIVE
MAINTENANCE

venient to operate and service any engine in the series through
the use of this manual. Differences in procedures due to fuel use,

aspiration, and in-line or Vee type construction will be pointed

out as needed. Overhaul instructions are not included, except
where certain special procedures are required. SPECIFICATIONS
information, located in the REPAIR AND REPLACEMENT UNIT,
will allow a competent mechanic to determine when parts are no

longer usable,

O
Z
o
o]
Q
i
W
L
-l
@
- D
(o)
o
_!—

All tabular data and recommendations contained in this manual
represent the latest information available at the time of printing,

and are of course subject to change,

Throughout this manual we have used symbols to stress important
information. These symbols and their meanings are as fcllows:

| WARNING ' .+ ... This symbol preceeds information
which, if disregarded, may result

in injury or death of the user of
the engine or to others,

; CAUTION This symbol preceeds information
' which, if disregarded, may result

in damage to the engine.

REPAIR- AND
REPLACEMENT

Thia symbol preceeds information
which is vital to the operation or
maintenance of the engine,

INSTALLATION




WAUKESHA VHP SERIES

F2895G illustrated MH-001-161

F2895G - F3521G SERIES NATURAL OR LIQUIFIED PETROLEUM (LPG)
GAS FUEL ENGINES

ENGINE MODEL SERIES F2895G F3521G i
. cu, in 2894 3520
Displacement liters 47,4 57,1
inches 8-1/2 9-3/8
Bore mm 216 238
inches 8-1/2 8-1/2
Stroke mm 216 218
Speed Range rpm 450-1200 450-1200
Maximum Centinuous
Horsepower - Turbocharged 570 @ 1200 rpm 694 @ 1200 rpm
85° Intercooler Water In
Normal D1l Pressure psi 45 + 5 454 5
Oil Temperature ng égso égé
Normal Coolant Tempera- °F 180° 180°
ture Out of Engine °C 82° 82°
Standard Spark Plug Waukesha 69512 - Gap .015




WAUKESHA VHP SERIES

F2896DEI

illustrated

F2895D - F2896D SERIES DIESEL FUEL ENGINES

ENGINE MODEL SERIES

F2895D - F2896D

Displacement liters

cu. in.

2894
47 4

inches

Bore mm

B-1/2
218

inches

Stroke mm

8-1/2
218

Speed Range rpm

430-1200

Maximum Continuous Horsepower -
Turbocharged 85° Intercooler
Water In

702 @ 1200 rpm

Normal Oil Pressure

45+ 5

(il Temperature

185°
85°

Normal Coolant Temperature
Out of Engine

180°
82°

MH-0{01-35




WAUKESHA VHP SERIES

L5790G illustrated MH-001-32

L5108G - L5790G - L7042G SERIES NATURAL OR LIQUIFIED PETROLEUM (LPG)
GAS FUEL ENGINES

ENGINE MODEL SERIES L5108G L5790G L7042G

—_— — —_—
cu. in. | 5100 5788 7040
Displacement liters 83,6 94,9 1154
inches 8-1/2 8-1/2 9-3/8
Bore mm 216 216 238
inches 7-1/2 8-1/2 8-1/2
Stroke mm 180,5 216 216
Speed Range rpm 450-1200 450-1200 450-1200

Maximum Continuous
Horsepower -~ Turbocharged 1006 @ 1200 rpm 1140 @ 1200 rpm 1387 @ 1200 rpm
85° Intercooler Water In

Normal 0Oil Pressure psi 45+ 5 45+ 5 45 £ 5
Oil Temperature °F 185 185° 185°
°C 88 88° 88°
Normal Coolant °F 180 180° 180°
Temperature °C 85 "85° 85°
Standard Spark Plug Waukesha 69512 - Gap .015

18




WAUKESHA VHP SERIES

o
L5792DSI MARINE illustrated MH-001-29

L5790D - L5792D SERIES DIESEL FUEL ENGINES

ENGINE MODEL SERIES L5790D - L5792D
———— |
. cu, in. 5788
Displacement liters 94,9
inches- 8-1/2
Bore mm 216
inches 8-1/2
Stroke mm 216
Speed Range rpm 450-1200
Maximuwn Continuous Horgsepower -
Turbocharged 85° Intercooler 1403 @ 1200 rpm
Water In
Normal Oil Pressure psi 45 £ 5
i °F 185°
0il Temperature °C g5°
. Normal Coolant Temperature og ;g‘l _

19




WAUKESHA VHP SERIES

ENGINE REFERENCE POINTS

FRONT
crankshaft putley end

REAR
flywheel end

STANDARD
ROTATION

MH-001-28

CYLINDER NUMBERING - Cylinders are numbered congecutively from one to six
{on both right and left banks, Vee engines) starting from the front of the engine.

FRONT FRONT
crankshaft pulley crankshaft pulley
‘ —1
left @ D right left : right
side @ @ gide side @ side
0| O
——
FLYWHEEL HOUSING FLYWHEEL HOUSING
REAR REAR
ER
TWELVE CYLINDER ML-003-24 SIX CYLIND MLn003-100
FIRING ORDER:
SIX CYLINDER - 1536 2 4 (Standard Rotation)
- 6351 4 2 (Opposite Rotation)

1R 6L SR 2L 3R 4L 6R 1L 2R 5L 4R 3L (Standard Rotation)
1L 6R 4L 3R 2L 5R 6L 1R 3L 4R 5L 2R ({Opposite Rotation)

TWELVE.CYLINDER

-
-

20




WAUKESHA VHP SERIES

MODEL, SERIAL, AND SPECIFICATION NUMBERS

The model! serial, and specification numbers are stamped on the name plate, The name plate is located on the

i
eylinder bllock, toward the left front side on twelve cylinder engines, and the center right side on six cylinder

engines, The serial number is zlso stamped on the cylinder block, above the name plate pad on six cylinder

models, and on the top of the eylinder block in front of the number one left cylinder head on the twelve cylinder

models.

MH-16-7

STAMPED SERIAL NUMBER LOCATION —
TWELVE CYLINDER

21
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STAMPED SEBIAL NUMBER LOCAT!ON
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WAUKESHA VHP SERIES

UNDERSTANDING WAUKESHA MODEL DESIGNATIONS

b Waukesha ¢
mooEL F 2896 DSIMY
SI1ZE
SPEC.
SERIAL ShEED
pVISIG
® °
MI~16-9

Number of cylinders, F=6, L =12 —MmMm——

Displacement in cubic inches (nominul)———j

Type of fuel, G = Gas, D = Diesel

Turbo-supercharged

Intercooler equipped

Marine equipped

Power wunit

22




WAUKE

SHA VHP SERIES

OPERATION

BEFORE STARTING . . . .. . . .. ... . ... 1-3
STARTING . . . . . .. .. ... I Y
OPERATING . . . . .. ... .. .... Rt
STOPPING . . . . . . ... .. .... e e . 1-8
QUICK TROUBLE CHECK CHART FOR GPERATORS . 1-9
STARTING WITH GASOLINE STARTING ENGINE . . . 1-10
COLD WEATHER STARTING . . . . . .., . . ... 1-10
BREAK-IN PROCEDURE . . . . . . . . . . . . .. 1-10
EXERCISEQF STANDBYUNITS . . . . . . . . . . . 1-11
ENGINE PERFORMANCE RECORD . . . . . , . . . . 1-11
OPERATIONAL INSPECTION . . ., . . . . . . . . . 1-12
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WAUKESHA VHP SERIES

N

PARTN
ORDERING

GENUINE WAUKESHA PARTS ARE
AVAILABLE WORLDWIDE AND MUST
BE ORDERED THROUGH YOUR LOCAL
WAUKESHA DISTRIBUTOR. FOR THE
DISTRIBUTOR CLOSEST TO YOU,
REFER TQ THE

DISTRIBUTOR @)
LISTING IN
THIS MANUAL. /

Waukesha
GENUINE PARTS

<&

ML -1000-30




WAUKESHA VHP SERIES

BEFORE| STARTING

Be sure |that the clutch, circuit breaker, or other
main power transmission device is disconnected.

OPERATION

ML-500-49 MH-001-151

Check the coolant level. If it is necessary toadda
large guantity of coolant, be sure to open the cooling
system air vents to allow any air trapped in the sys-
tem to escape.

Trace the entire cooling system to be sure all con-
trol valves are properly opened and all drain cocks
are closed.

MH-~200-50

Ingpect drive belts (oil cooler water pump, alternator,
or other |driven equipment), Examine for good con-
dition and correct tension. If a cooling fan is used,
be sure it is free to turn, properly lubricated, and
the belt tension is correct.

Mi-60-104

Make certain all guards are secure on engine and
equipment,

MH-201-1




WAUKESHA VHP SERIES

BEFORE STARTING (Continued)

Check air cleaner restriction indicator. Clean air
filter if indicator shows red.

MH-208-20

Check the oil level as indicated on the dipstick. Add
recommended oil as needed, Make sure the injection
pump(s) are filled with lube o0il, especially on new
engine start-up or if pump was removed and rein-
stalled or replaced.

i &
MH-03=1

Use the barring device (if installed) or starterto turn
the engine over several revolutions to be sure that
nothing will interfere with operation.

Operate the manual lubrication pump until a positive
indication is seen on the oil pressure gauge.

e

fid
MH-80-63




WAUKESHA VHP SERIES

BEFORE |STARTING (Continued)

DIESEL P~

Check fuel level in diesel oil tank and open fuei line
shut-off valve.

OPERATION

MH-213-2
Push in gauge button Re-get overspeed switch
until lockout engages. if engine shut down on
overspeed.

MH-19-6
Open fuel injection pump hleed valve. Hold Amot
control lever up (start position} and operate manual

MH-213-37 MH-213-3 fuel o0il pressure pump to clear filters and injection
pump of air. Release Amot lever and close injection
Open fuel Shut-off valve Turn ENGINE SAFETY pump bleed valve,
(both sides on twelve CONTROL knob to START

cylinder). position,

MH-41-3

Check to be certain that the air shut-off valves are

MH-214-65 open,
Make sure that auxiliary throttle s in open position. WARNING

NOTE NEVER RESTART AN ENGINE WHICH HAS
. BEEN STOPPED BY CLOSING THE AIR
Enginles equipped for using either natural SHUT-OFF VALVES WITHOUT FIRST
gas or LPG: be sure the proper valve for CHECKING THE ENGINE. BAR THE ENGINE
starting has been turned on and the other OVER BY HAND TO BE SURE THAT THE

valve turned off, CYLINDERS ARE CLEAR.

1-5




WAUKESHA VHP SERIES

STARTING
GAS v DIESEL v
1. Place governor throttle control lever one-third 1. Place governor throttle control lever in low speed
open. Be sure main ignition switch is on. position,

2. Operate starter control while holding Amot lever

2. Operate starter control. in "up" position.
NOTE

Allmarine and some other VHP diesel engines
utilize an Amot control lever which latches
and does not require holding during start-up.
See Service Bulletin 1-1824 for additional in-
formation.

MH-08~107

NOTE

For starting with gasoline starting engine, see page 1-10.

3. Check for 0il pressure indication when engine starts.

| WARNING l

IF OIL PRESSURE IS NOT INDICATED WITHIN 30 SECONDS,
SHUT ENGINE DOWN AT ONCE.

4. Warm engine by running with little or no load until 0il pressure is normal
and coolant temperature reaches 100°F '(38°C). NOTE: Do not run turbo-
charged engines at low power or idle speed for extended periods of time,
Running under these conditions can foul the turbocharger.

5. If possible, apply load to engine gradually to avoid overloading engine.
NOTE: Turbocharged engines are somewhat more sensitive to the rate at
which a load is applied. Apply the load at a rate which allows the turbo-
charger time to respond to the increasing exhaust gas energy.

1-6




WAUKESHAI VHP SERIES
OPERATING A
There are a2 number of important things to check ‘
while the engine ig running.

)

Observe and

0Oil pressure 40-50 psi, water and oil temperature
160°F to 180°F. Changes from normal may be signs
of developmgr trouble.

Check oil level daily, adding oil as necessary to
maintain 1evel above low mark., Dipstick bayonet
gauge may be read while engine is running,

Check gener

exhaust connectxons pelt, guard bolts tight, etc.

record the normal operating readings.

DIESEL MH-202-8-

Check the air intake restriction indicator while en-
gine is rumning,

Listen to the engine. Certain problems, such as oc-
casional misfiring, turbocharger bearing failure, or
accessory water pump problems may first be notice-
able in the engine sound,

Check for oil or coolant leaks.

MH-208-20

al engine security such as air intake and




WAUKESHA VHP SERIES

STOPPING

1

1-8

Remove load by disengaging main clutch or other
power transmission device (generator circuit
breaker, etc.)

Place throttle control lever in medium idle speed
position and allow engine to idle for a few minutes
to equalize engine temperatures.

Gas g~

. Gas engines should normally be stopped by shut-

ting off the fuel supply. Gas engines equipped with
an ignition switch can be stopped by placing the
ignition switch in OFF position. Gas engines
equipped with Minneapolis-Honeywell control
switches can be stopped by rotating the control
knob to STOP position. Gas engines equipped with
Murphy safety controls can be stopped by depres-
sing the. stop button) (see illustration),

MH-213-37

NOTE

WARNING NOTICE

ALLOW ENGINE TO COOL FOR TEN MIN-
UTES AFTER STOPPING, BEFORE OPENING
CRANKCASE OR OIL PAM. AN OVERHEATED
OR SAFETY SHUT-DOWN ENGINE SHOULD

NOT BE RESTARTED UNTIL REASON FOR
STOPPING HAS BEEN DETERMINED.

Waukesha [CLEDLY)

ML~ 16-SI

DIESEL g™

3. Engines equipped with Amot safety controls can be

stopped by depressing the manual dump button on
the instrument panel. On marine engines the
PULL/STOP knob located near the instrumen
panel should be pulled. :

NOTE

For emergency shutdowns, engines equipped
with air shutoff valves can be stopped by clos-
ing the air shutoff valves. On marine engines,
the knob on the Amot control can be pulled to
shut the engine down. See Service Bulletin No.
1-1824 for additional information.

MH-202-3

Unless otherwise protected, the exhaust pipe should be capped after
shutting down the engine for long periods of time to prevent condensa-
tion, rain, or snow from getting into the engine if it is exposed to the

-elements.




WAUKESHA VHP SERIES

P —

doesn't start slow start low power runs hot new noises

QUICK TROUBLE CHECK CHART FOR OPERATORS

CHECK CONTROLS follow starting steps, re-getting safety controls
remote or automatic operation engines have special
procedures,

CHECK FUEL be sure fuel is getting to engine; check valves for

open position, check possibility of water, rust, pipe
scale: diesel - check supply lines for air lock and
fuel filters for plugging

CHECK COOLING SYSTEM coolant level ok and system not air locked

radiator not blocked {trash), shutter open, and
fan operating

raw water valves open to heat exchanger

poor air circulation as a result of wind conditions or
faulty installation

CHECK AIR INTAKE AND air filter dirty, check air restriction indicator
EXHAUST SYSTEMS air intake or exhaust outlet capped
FOR BLOCES diesel - check air shut-off valves
CHECK MECHANICAL check throttle and governor control linkage for freedom
THINGS from sHeking and interference

examine accessory drive belts for condition and tension
if cranking speed seems low, check battery condition
or air supply pressure

CHECK IGNITION ON water on ignition parts and wires
GAS ENGINE signs of corrosion at wire terminals or broken wires
spark plugs poorly gapped or worn out

IF THESE CHECKS DO NOT SOLVE PROBLEM, REFER TO SERVICE MANUAL
TROUBLE SHOOTING

1-9
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WAUKESHA VHP SERIES

STARTING WITH GASOLINE STARTING
ENGINE

1. Empty any water or dirt present in glass sedi-
ment bowl, Open fuel valve below the small tank.

2, Turn out float lock on carburetor.
3. Open throttle one-quarter.

4. Close choke valve and turn engine over several
times with crank. '

NOTE
Choking is not always needed in warm
weather or with. warm engine. Never
choke a hot engine.

5. Turn ignition gwitch on,

6. Pull up starting crank quickly. Reduce choking
as required to keep engine running.

Py

BE SURE TO RELEASE THE STARTING
CRANK WHEN ENGINE STARTS.

7. Oil pressure should be about fifteen psi. affer
engine warms up.

8. After engine is warm, engage the clutch and turn
the main engine over geveral times (with fuel off)
to be gure it is free.

9. In cold weather, place gasoline engine spark con-
trol in full retard position and open throttle to
full speed. This will supply extira heat to the main
engine, Experience will indicate the proper heat-
ing period for easy starting at various tempera-
tures.

10. Return spark control to advance position and
maintain full throttle,

11. Follow starting procedures provided for gas or
diesel engine.

CAUTION ]

—

The starting engine for turbocharged engines
should not be run without starting the main
engine, a8 lube oil from the main engine oil
header is required to recharge the turbo-
charger pre-lube accumulator after the start-
ing engine has been shut down,

1-10

12. Engage clutch momentarily until Bendix engages
flywheel, then apply enough pressure to crank
engine. Release clutch when engine starts.

To Stop Gasoline Engine
1. Close throttle to idle position.

2, Close fuel valve on small fuel tank and allow en-
gine to run carburetor dry.

3. Turn ignition switch off.

4, Turn in carburetor float lock.

COLD WEATHER STARTING

ENGINES EQUIPPED WITH PRE-HEATERS

Engines normally required to start at temperatures
below 32°F (0°C) should be equipped with oil and/aor
coolant heaters. These heaters permit gtarting the
engine while using oil of the correct viscosity for
operating conditions, If the heaters are manually
controlled, turn them on in time to zllow the engine
to become warm enough for normal starting.

ENGINE WITHOUT PRE-HEATERS

Priming the lubrication system is especially impor-
tant in cold weather. The engine should not be started
if the priming system cannot produce apressure indi-
cation on the oil pressure gauge.

At certain low temperatures, the engine may attempt
to start, yet not develop enocugh torgue to overcome
internal frietion sufficiently to run. If this occurs,
pre-heaters must be installed, or a method of re-
moving the oil after shut-down and warming it before
refilling the crankcase must be developed.

BREAK-IN PROCEDURE

Break-in procedures allow the working paris of anew
or repaired engine to develop the tolerances needed
for full power operation. The engine should be run for
brief periods under medium to heavy load, followed
by cooling periods (about five minutes). Follow the
proper schedule listed below. Minor variations of this
schedule may be required due to individual charac-
teristics of the ingtallation, however, an equal sched-
ule should be worked cut for every new or overhauled
engine.




WAUKESHA VHP SERIES

EBREAK- IN SCHEDULE FOR FIXED SPEED LOADS
generators certain compressors, etc,

OPERATING INSTRUCTIONS
PERFORM NORMAL
START-UP INSTALLATION
& ENGINE CHECKS

OPERATING
SPF.ED

Goverfied RPM Starting and warm-up

(30 min.)

Goverl:wd RPM Operate 15 minutes 25% load

Governed RPM Idle engine five minutes

{No Load)

Governed RPM Operate 15 minutes 50% load

Governed RPM Idle engine five minutes

(No Load)

*Repeat |50% load and idle cycle three times, then
continue cycling at 75% load for thirty minutes with
five mmute cooling periods, for a total of six opera-
ting Hours.

Do not operate generator at less than 100 RPM
below synchronous speed, unless the voltage
regulator ig disabled.

BREAK-IN SCHEDULE FOR VARIABLE SPEEDS
AND LO{&DS
oil field use, marine engines, etc.

OPERATING INSTRUCTIONS
PERFORM NORMAIL
START-UP INSTALLATION
& ENGINE CHECKS

OPERATING
SPEED

I
600 -RPM Starting and warm-up

(30 min.)

1000 iRPM

Operate 10 minutes 25% load

700 RPM Idle engine five minutes

{No Load)

1200 :RPM Operate 15 minutes 50% load

700 RPM Idle engine five minutes

{No Load)

*Repeat (50% load and idle cycle three times, then
contmue cyeling at rated load for thirty mmutes at
governed RPM, for a total of six operating hours.

NOTE

Do not idle engine in excess of ten minute
periods until it has operated for 100 hours.
An oil and filter change after the first 100
hours is recommended. The normal operating
oil should be used during the break-in period.

EXERCISE OF STANDBY UNITS

A generator set or other standby unit should be exer--

cised once each week., A record should be maintained
of performance and servicing of both the engine and
driven equipment.

Always run the engine long enough to stabilize oil and
water temperatures at the normal operating level ex-
pected under load. Do not operate under no load con-
ditions 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,

CAUTION

"TURBOCHARGED ENGINES SHOULD NOT
BE IDLED FOR EXTENDED PERIODS., AC-
CUMULATED CARBON MAY DAMAGE TUR-
BOCHARGER. BHUT DOWN AND RESTART
WHEN NEEDED".

Some types of driven equipment cannol be operated
without fairly extensive procedures to "put them on
the line',

Weekly exercige may have to consist of periods long
enough to prove the engine's ability to crank and start,
or check starting circuitry and safety equipment with
the starter disabled. Special attention must be taken
to prevent internal corrosion, sticking and gumming
of fuel controls, and deteriorated starting batteries.
Arrangements should be made to run the engine and
driven equipment under load at least every 90 days.

ENGINE PERFORMANCE RECORD

Engine operating information, recorded during regu-
lar inspections, is necessary to apply proper Pre-
ventive Maintenance schedules. Accurate records heip
control costs by avoiding unnecessary servicing, en-
suring needed servicing, and provide "trend" infor-
mation on the general engine condition. We recom-
mend keeping a record of the following information,
selecting items applying to your engine.

HOUR METER READING

TACHOMETER (RPM)

FUEL METER READING

OPERATION




WAUKESHA VHP SERIES

ENGINE OIL PRESSURE

ENGINE OIL TEMP

COOLANT TEMPERATURE

INTERCOOLER WATER TEMP

OIL COOLER WATER TEMP

GAS PRESSURE @ CARBURETOR
INTAKE

MANIFOLD PRESSURE pos/neg

CRANKCASE PRESSURE pos/neg

UNUSUAL NOISE (S) VIBRATION

OIL LEAKS

COOLANT LEAKS

ALTERNATOR QUTPUT

1-12

OPERATIONAL INSPECTION

Examine fuel, water, and lubricant lines for signs of
leaks, damage, or corrosion,

Inspect the coolant level and condition. Rust, foam-
ing, or oil in the coolant shows need for cooling sys-
tem servicing.

Air cleaners and breathers should be checked daily
for cleanliness and tightness.

Examine engine foundation for condition of grout,
tightness of hold down bolts, and general alignment
of driven equipment.
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PREVENTIVE
MAINTENANCE

FUELS c e
LUBRICATING OILS . . . . . e e e e e e
SELECTING OIL VISCOSITY
OIL CONSUMPTION ., ., . . . . . . .. .. e
LUBRICANTS . 4 4 v v v v e v v b e e e e e
OILCHANGES . . . . . . ..
OIL FILTER (7 and 14 Element) . . . . . . . C e
OIL FILTER (4 Element)
SERVICE SCHEDULE AND PROCEDURES

----------

.............

COOLING SYSTEM . . . . . . e e e e e e e e
VALVE ADJUSTMENT ., . . . . .
GAS ENGINES HYDRAULIC PUSH RODS CURRENT
MODELS . . & & v v v v v v 4 o e o v v 0 v
DIESEL -ENGINE SOLID PUSH RODS— CURRENT
ENGINES . . & 4 v v v s s e e v e e e e e u
GAS AND DIESEL ENGINES HYDRAULIC PUSH RODS-—
EARLYMODELS ., . . . . . . . . . ¢ e« 4 &
COMPRESSION TESTING . . . . v + v & + « « 2 &
GAS ENGINE COMPRESSION TESTING , . . . . . . .
DIESEL ENGINE COMPRESSION TESTING . . . . . .
CARBURETGR AND REGULATOR ADJUSTMENT , . .
NATURALLY ASPIRATED ENGINES , , . . . . . . .
TURBOCHARGED ENGINES . . . . . &« 2 « « v « « «
LPG (Liquified Petrolenm Gas} . . . . . + + « . . .
DIGESTER GAS ADJUSTMENT
POWER LIMITER ADJUSTMENT
TIMING AND ADJUSTING THE FUEL SYSTEM ., . . .
DIESEL FUEL CONTROL RACK ADJUSTMENT . . . .
WOODWARD SG AND PSG GOVERNORS , . . . . . .
INITIAL ADJUSTMENT OF PSG GOVERNCOR . . . . .
INITIAL ADJUSTMENT OFSGGOVERNOR . . . . . .
SPEED ADFUSTMENT . . . . . . . . . e e e e a4
SPEED DROOP ADJUSTMENT . . . . . v + « « « « -«
FINAL SPEED DROOP ADJUSTMENT OF PSG
GOVERNOR . . . . ... .. ...
FINAL SPEED DROOP ADJUSTMENT OF SG
GOVERNOR . . . . v v v v e v s v o s s e
WOODWARD SG AND PSG GOVERNOR e e e e e s
WOODWARD GOVERNOR, UGS TYPE
IGNITION SYSTEM MAINTENANCE . . . . . . . . .
LOW TENSION MAGNETO MAINTENANCE . . . . . .
LOW TENSION MAGNETO TIMING .
MAGNETO CONNECTIONS . . . . . . . v v o« « « .
PERIODIC INSPECTION OF BREAKERLESS IGNITION
SYSTEMS . . e e
ADJUSTING THE OVERSPEED GOVERNOR ......
OIL PRESSURE ADJUSTMENT . . . . . . « = « « + &
WATERPUMPDRIVEBELTS . . . . . + + « « . -
ENGINESTORAGE . . . . . . - . .+ . s e e e e e e
NUCLE-QILSTORAGE . . ., . v v v v v « « » v e e
CONVENTIONAL STORAGE .

...........

-----

LI R e e e A

PRESERVATION EQUIPMENT AND MATERIALS , .
PREPARING ENGINE FOR OPERATION AFTER STORAGE
STORAGE OF FUELINJECTORS , . . .. .. . . .
PRESERVATIVEOIL , . . . . . . . . .« .. ...
PREVENTIVE MAINTENANCE SERVICE REPORT . . .
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WAUKESHA VHP SERIES

ANTICIPATE YOUR PARTS
REQUIREMENTS

a) ORDER PARTS EARLY IN
THE DAY,

b)KEEP A SUPPLY OF NORMAL
MAINTENANCE PARTS IN
STOCK.,

c) OBTAIN A PARTS STOCKING
RECOMMENDATION FROM
YOUR DISTRIBUTOR.

2-2

PARTN
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WAUKESHA VHP SERIES
S ————

FUELS

GAS - | Waukesha VHP gas engines are designed to
burn selveral different types of fuel. Fuels most com=
monly nsed are natural gas and Houified petroleum
gas (LPG) Ii is important that gas engine users are
aware of the possible variations in the LPG fuel they
purchase and the results of these variations.

Na).turalI gas is normally considered as having an
antl-k.nock (octane) rating equivalent to 120, This is
an excellent anti-knock value and many engines are
demgned to take advantage of it. Substitution of
hquifled petroleum gas (LPG), which has a lower
octane ratmg, for natural gas reduces the margin of
anti- lmock safety and requires RETARDED IGNITION
TIMING if the correct natural gas timing was used
(see ad]ustments) LPG also has a high vapor pres-
sure, s0 unless a vaporizer or converter of adequate
size is|installed to warm LPG enough to force fuel
to the reg‘ulator in adequate volume, the engine will
be operatmg on a lean mixture, a condition which
often causes detonation.

DIESEL - The VHP diesel engines will operate on any
good domestm commercial #2 Diesel fuel oil of 40
Cetane 'or above (see accompanying tahle). The fuel
must be free from water, foreign material, and de-

R

terioration dve to prolonged storage. Storage periods
of one year should be considered maximum, after
which fuel tanks should be drained, inspected, and
fresh fuel provided. When fuel oil {rom sources other
than the usual reputable refiners is considered, the
Engineering Department of the Waukesha Engine Di-
vision should be consulted.

Jet, "A™ fuel is generally a satisfactory fuel for VHP
diesel engines from ithe standpoint of cetane rating
and operational satisfaction with the following excep-

tions:

1. There may be Jet "A" from some refineries which
does not meet our minimum cetane value of 40.
In cases of doubt, a cetane rating should be ob-

tained.

2. Jet "A'" fuel may have a lighter specific gravity
than No. 2 diesel fuel which averages around 0.83.
If the Jet "A" is substantially lighter, engine maxi-
mum power will be reduced because of the lower
BTU content per specific injected volume of fuel.
This reduction will be in approximately the per-
centage by which the Jet "A'" is lighter than No. 2

diesel fuel,

FUEL OIL SPECIFICATIONS

ASTM

;Fuel Qil Physical Properties Limits Test Method
IAPI Gravity 30 min, D-287
Cetane Number 40 Min, (Note 1) D-613
Sulptur % 0.7 Max. D-129
8U Viscosity-Sec, @ 100°F. 30-50 D-88
Water and Sediment - % 0.1 D-96
Pour Point °F. Min, 10°F. Below Amb. Ailr D-97
Conradson Carbon 0.25% D-189
Ash % Max. 0. 02 D-482
Alkali or Mineral Acid Neutral D-974
Distillation °F, D-158

10% Min. 450

50% 475 to 550

90% Max. 875

End Point Max. 725
(Flaud Point Note 2 D-97

Note 1: For automatic starting units, a fuel with 50 cetane minimum is recommended.

Note 2: Cloud Point should not be more than 10°F. above Pour Point,

PREVENTIVE

MAINMTENMANCE
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LUBRICATING OILS

The Waukesha Engine Division does not recommend
lubricating oils by brand name. A table of lubricating
oils, and the performance grades for which their
suppliers indicate these products are qualified, is
available from the Engine Manufacturers Association,
111 East Wacker Drive, Chicago, Illinois - 60601,
Thig publication is titled, "EMA Lubricating Oils
Data Book for Heavy-Duty Automotive and Industrial
Engines'. All Waukesha VHP engines are congidered
Class B, that ig over 1000 cu, in, (163, 9 1} displace-
ment.

CLASS B GAS ENGINES - We recommend lubricating
0il compounded for natural gas engine operation. The
additive level of the lubricating oil ghall have 5,000
BPPM of barium, calcium, or combination of both with
a maximum of .03 percent zine. The suliate ash level
should be 2 to 3.4% by weight. High ash oils reduce
valve face and seat erosion. The EMA Lubrication
Oils Data Book specification columns headed "Nat.
‘Gas /LPG-High Ash" and "Ash Content % by WT." will
assist in selection of oils to this specification. How-
éver, several oil companies have now successfully
formulated low ash oils that also protect valve seats
and faces. Check with your oil supplier.

Waukesha Engine Division's warranty doesnotinclude
responsibility for satisfactory performance of the lu-
bricating oil. This iz the responsibility. of the oil
supplier.

CLASS B DIESEL ENGINES - We recommend lubri-
cating oils designated by the API (American Petro-
leum Institute) ag ""CD", by the military ag "MIL-L-
45199B" or "MIL-L-2104C", or by the manufacturer
as 5-3.

SELECTING OIL VISCOSITY

The correct lubricating oil viscosity (often referred
to as "weight") must be determined with the engine
operating under its normal loaded speed and tempera-
ture, using either SAE 30 or SAE 40 oil.

1. Start and load engine as described under "START-
ING".

2. After oil and coolant temperatures no longer in-
-creasing, note the temperature of the o0il in the oil
header or oil pan. Use a temperature gauge of
known gccuracy, Compare this temperature with
the chart at the top of next column, The correct 0il
viscosity will be found in the right hand column.

Multi-viscosity oilg (10W-30, for example) should be
used only when cold starting conditions make it abso-
lutely necessary. Oil change periods should not ex-
ceed 25 hours, because multi-viscosity oils may
rapidly loge their highest vigeosity rating in indus-
trial service.
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CLASS "B'"" ENGINES
OIL TEMPERATURE METHOD

0Oil Header 0il Pan SAE

Operating Operating Viscosity
Temperatures Temperatures Numbers
190° — 210° F. 210° — 230° F. 40
150° — 190° F, 180° — 210° F. 30
130° — 150° F, 150° — 180° F, 20

Engines operating with low oil temperaiures (below
160°F (71°C)) can be expected to show excessive
sludging and wear. Engines operating with high oil
temperatures (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 normal operating range, more frequent oil
changes may help in extending engine life,

QIL CONSUMPTION

(il consumption should range from 0.0005 to 0.004
pounds per horsepower hour as determined by the
following formula:

LBS/HP-HR = 1.82 x guarts of oil used
Operating HP x total hours of
operation
LUBRICANTS

Lubrication points and recommended lubricants are
in the Iubrication chart. The intervals are recom-
mendations for normal service only, These intervals
should be changed if dirt, excessive heat, or unusual
wear of parts is apparent.

1. Store all lubricants in cloged containers in a clean
dry place away from heat.

2, Keep lubrication egquipment clean and ready for
use.

3. Clean areas around lubrication points with a lint
free cloth, moistened with solvent to remove hard-
ened lubricants.

4, Do not over lubricate, Wherever possible, recom-
mended quantities of lubricant are stated in the
lubrication chart.

The following service schedule has been determined
for normal operating conditions, It may be necessary
to change some of the intervals of service to meet
abnormal operating conditions guch as extreme cold
or very dirty conditions,

OIL CHANGES

The crankcase level should be checked prior to each
day's engine operation and at the same time the con-
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dition o"f the oil as revealed on the bayonet gauge
should be observed carefully. Replace o0il at any time
itis plainly diluted, broken down, thickened by siudge,
or othezl'mse deteriorated. Qil performa.nce will re-
flect engine load, temperature, fuel quality, atmos-
pheric dlirt, moisture and maintenance, Where oil per-
formance problems arise or are anticipated, the oil
supplier| should be consulted. For Class B engines,
an oil cpange veriod of 500 hours of normal service
can be used as a guide, unless monitoring by analysis,
such as|available in the Waukesha Qil Analysis Pro-
gram, indicates the requirement for a shorter change
period. ‘Extended drain periods may cause varnish
deposits‘, oil oxidation, or sludge conditions to appear
in the englne which an 0il analysis eannot detect.

Extended vil change intervals should be utilized with
caution I|:m any engine using highly dispersant oils,
The dispersants function by absorption of particles of
contammants however, when dispersant saturation is
reached,| these oils tend to "dump out'" all of the sug-
pended conta.mma.nts in a relatively short period of
time. I_.alboratory analysis will not predict the "dump
out" pcurllt precisely, consequently close attention to
engine cond1t10ns by the operator is required when
estabhshlmg an extended oil change interval.

When uslmg‘ an engine oil with which you have no pre-
vious ope?ra.ting experience, a well monitored mainte-
nance program should be conducted to observe the
engine's [performance and internal condition for the
first yeaf:' s usage. This procedure will help in deter-
mining {f the new oil is compatible to your type of
Gperatlon The Waukesha Qil Analysis Program can
be usefull in supplementing physical inspections for
this evaluation.

OIL FILTER {7 and 14 Element)

Change elements when filter outlet pressure gauge

reads 15 psi under inlet pressure, If not equipped
. i = . 3

with gauges, change filters during oil change.

Place mdex mark on cover and filter body. Remove
drain plug, drain filter. Release the swing-bolts se-
curing eover remove cover taking care not to dam-
age the "O" ring.

NOTE

The l'arge cover "O" ring should be replaced
at least every fourth filter change and more
often |if inspection shows signs of deteriora-
tion. [The small ring on the standpipe should
be carefully inspected at each filter change,
and changed when necessary.

Remove lnuts and washers securing spider; remove
spider and follower springs. Remove o0ld elements
and clean shell thoroughly.

Select dual density standard element No. 167602 (dou-
ble length No. 168660) or dual density treated element
No. 16'7602 A (double length No. 168660-A) which is
used when high sulphur fuels are involved. Install new
elements|over center tubes placing arrow on element
toward bottom Fill filter with lubricating oil, let
stand to soak elements and add oil until oil level sta—
bilizes.

DRAINING OIL FROM OIL PAN

8Y- PASS VALVES

O RING
SEAL

S
e

OUTLET

ML-55-1

14 ELEMENT FULL FLOW OLL FILTER

PREVENTIVE
MAINTENANCE
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Install sealing washers (7) No. 199270, follower
spring assemblies, and upper seal plate spider. Re-
place sealing washers if they harden, crack, or be-
come otherwise unserviceable. Check filter by-pass
valves to ensure they close fully and seat properly.

Install washers and nuts over seal plate. Tighten
each nut several turns, and repeat until golid bottom-
ing is felt. Install cover with cover "0 ring, using
index marks on cover and body to maintain alignment.

MH-55-22

Secure cover with swing-bolts,
NOTE

Tighten each nut several turns, then repeat
until snug, Torque each nut to 35 to 37 Ibs. ft.

QIL FILTER (4 Element)

To replace 4 element filter elements, proceed as j
follows:

Drain filters. Loosen the bolts securing the filter
shells. Remove shells and clean thoroughly. Replace
elements and install drain plugs. Install the shell
assemblies and tighten bolts to 60 lbs. ft.

MH-001-3¢




WAUKESHA VHP SERIES

SERVICE SCHEDULE AND PROCEDURES

OIL COOLER

Drain and clean at each engine oil change.

PREVENTIVE
MAINTENANCE

CRANKCASE
‘OIL SCREENS

Clean at 2500 hours, less frequently depending on
condition.

=T iy
p N

MAGNETIC PLUGS

Inspect and clean at each oil change.

MH-66~15
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GOVERNOR (UG8 ONLY)

Check oil level in sight gauge daily.

Change oil every 1000 hours or every six months.
Use the same lubricating oil used in the engine,

SYNCHRONIZING MOTOR (Governor)

Below 32°F (0°C), use Bodine LG2 or Beacon No. 325,

Above 32°F {0°C), use D.A. Stuart HMP
Hodson No. 2-1000,

Above 212°F (100°C), or with motor mounted with
LY gear housing up, use Dow Corning No. 44; put grease
MH-201-1 directly on gears.

FUEL INJECTION PUMP(S)

Change oil whenever engine oil is changed. Use same
0il as used in engine,

FAN

Pack bearings with lithium soap
. Grease every 2000 hours

WATER PUMPS (ENGINE AND
SEA WATER)

Apply lithium soap grease to auxiliary pump, V12
only, 2 grease fitting.
Use hand-gun, 1 stroke, every 720 hours.

Apply water pump grease to auxiliary water pump
stuffing box. 1 stroke, every 100 hours (some models).

MH-60-104

Apply lithium soap grease to engine pump and sea
water pump (1 grease fitting).
Use hand-gun, 1 stroke, every 720 hours.

WATER PUMP IDLER PULLEY

MH-60-105 Apply lithium soap grease to grease fitting,.
Use hand-gun, 1 stroke, every 720 hours.
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A

AIR ACTUATOR

Lithium s0ap grease
Hand-gun, 2 grease fittings every 720 hours.

STARTING ENGINE

Check oil level daily, change oil every 100 hours.
0Oil pan c'apa.mty four quarts. Transmission oil inde-
pendent of engine lubrication. Use 1/2 pint SAE 10
engine 011 for transmission, Fill and turn down Bendix
grease cups weekly.

AIR STARTER

Keep lubricator filled to level with SAE 10W oil
above 32°F, 0°C, or No. 2 Diesel Oil below 32°F,
0°C. Lubricate every three months with No. 2 cup
grease through grease fittings. Adjust lubricator to
provide a light oil vapor at the starter exhaust.

MH-225-5

FUEL FILTERS

Replace elements at about 720 hours operatlon, or if
fuel system pregsure either drops or is erratic. Use
manual priming pump to fill filters after element re-
placement.

FUEL STRAINER {If used)

Wash the strainer element discs in lacquer thinner at
apprommately 720 hours of gperation. Do not blow
off with direct air! If strainer is knife type, clean
weekly, more often if fuel pressure either drops or
is eyratic.

MH-001-29

2-9
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L

MH-215-42

'SPARK PLUGS {Replace a5 needed)

Spark plug size , ., , . . 18 mm with 1/2" reach
Torque to 40 to 45 1bs. ft, dry
Torque to 30 to 34 lbs. ft. oiled
Spark plug type:
(standard - for all applications) . . . . 69512
(platinum tip - for all applications
except generator sets). . 60999B
{shielded - for all applications
except generator sets). . 60999E
(shielded - for generator set applica-
fionsonly) . . . . . . . 187037
Spark plug gap:
(standard) ...
(platinum tip) . . . ... .. .. .. .01"
{shielded - except gen, sets). . , . , . .015"
(shielded - gen. setsonly). . . . . . . .0Z5"
Magneto point c¢learance ., . . . . ., .016"-.018"

MH-70-14

SYNCHRO-START OVERSPEED SWITCH

Aero Shell TA MIL-G-23827 or equivalent
Lubricate every six months. (New models since
1972 require no lubrication.)

Remove cap and switch, and weights and shaft assem-
blies, Fill 3/4 full between bearings. Reassemble, Ad-
just to fen percent above high idle speed by loosening
and rotating cap clockwise to lower or counter-clock-
wise to raise ghut off speed. Hold cap and tighten
lock screw,

ML=-22-50

CRANKCASE BREATHER

Disassemble and clean monthly. Remove the lid and
lift out the removable top element. Wash both the top
element and the body which includes the permanent
filter in kerosgene or some other non-volatile clean-
ing solution. Remove and clean oil separator at crank-
case, After washing, dry these parts thoroughly with
low pressure compressedair. High-pressure air could
damage the eagily crushed light metal filter maze and
eventually cause breather system restriction and the
resultant excessive crankcase pressure condition.




WAUKESHA VHP SERIES

|
BREATHIER REGULATOR
('lurbo?hnrged Engines)

The breather regulator characteristics have been
carefully worked out and no adjustment of this regu-

lator is |required in maintaining correct crankcase :'{‘EﬁbgﬂNER VENTUR!
pressures. CHAMBER gapy
1

) -

| Ry

LOWER / N
CRANKCASE BREATHER VENTURI VENTURI LS
(12 Cylinder Turbocharged Engines)

OIL

If the venturi assembly is not functioning properly SEPARATOR
due to carbon deposits, it must be disassembled and AN

cleaned. |A restriction disc is installed in the hose
just above the breather regulator. This disc is re-
quired for proper operation of the crankcase ventila-
tion syste'm.

RESTRICTION

=

BREATHER
REGULATOR MI1-70-18

CRANKCASE BREATHER VENTURI
(6 Cylinder Turbocharged Engines)

If the venturi fails to function properly due to carbon
deposits, it must be cleaned. The nozzle must be
rodded out or soaked in a carbon solvent.

TO CRANKCASE OR OIL PAN FITTING
[OIL LEVEL PIPSTICK HOLE)

GPEN TO
ATMOSPHERE

Crankcase Air Pressure Measurement [T———CLE4R
PLASTIC TUBING

To measure crankcase pressure, remove the pipe plug
from the oil depth gauge support and replace it with a &= ==
1/8 inch nipple. Then connect a length of clear plastic vacM | =] 1w =" | | PRESSURE

- . ~—= = = -1 sca
tubing to the nipple. e | |
Bend the plastic tubing into a "U" shape and clip it o 0" MAXIMUM
to a section of wood to make a manometer with nega- POSITIVE
tive and positive pressure scales as shown in the il- "} PRESSURE
lustration.| Water added to the manometer tube should RecoL T Fod 2an o eaney |
just reach|the zero mark on both positive and negative ¥
pressure scales. Dye or ink added to the water aids
in reading, the manometer when the engine is in op-
eration,

ML-1i8-~13
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o

MH-214-59
CLEANING PANEL TYPE DRY AIR FILTER
ELEMENTS

Air filters should be cleaned when the air cleaner
restriction indicator shows red. If differential pres-
sure indicator is used, the element.should be cleaned
at fifteen inches of water restriction. Filters should
not be cleaned and reused more than three times.

1, Water wash (Preferred Method)

4. Soak element in a lukewarm water and non-
foaming detergent solution for approximately
10 minutes, Air inlet side should be submerged
and air cutlet side held above water level.

b. Rinse element in clean water with air inlet side
down.

¢. Shake excess water from element by hand.

d. Allow element to dry thoroughly in a dust free
area with outlet side down.

e. When element is completely dry, examine it
carefully from the outlet side for breaks or
ruptares, If anybreaks or ruptures are apparent,
the element must be discarded,

2. Air wash

a. Use a soft, open jet of compressed air from the
outlet side. Never use air pressure over 20 PSI
to avoid rupturing the element,

b. Shake loosened contaminants from the element
holding the jnlet side down.

The flow arrows on the edges of the element point
towards the air outlet side. Always store elements
with the air cutlet side down to prevent dust and dirt
from accumulating on the outlet side and being passed
into the engine when the element is installed.

Be sure to ingtall filter element so that particle
escape holes are on bottom side of housing.

2-12

GAS CARBURETOR DIAPHRAGM

Inspect annually and replace if cracked.

MH-208-24

CLEANING OF MARINE ENGINE AIR
CLEANER ELEMENTS

Wetted Metal Mesh Type

NOTE

Metal mesh marine air cleaner elements can
be ‘cleaned and reused indefinitely unless they
become damaged 80 that unfiltered air can
enter the engine air intake.

1, Where hot water, compressed air and draining
facilities are available

Method A, Immerse filter in a boiling solution of
water and a suitable grease solvent
(Oakite No. 20; 3 pounds to 5 gallons of
water, Tri-Sodium Phosphate, 2 pounds
to 5 gallons of water). Boil 20 to 30 min-
utes. Rinse in plain hot water and allow
to dry.

Method B. Stand or hang filter and flush with hot
solution (150 to 180°F} of water and
suitable grease solvent. Spray from out-
let side first and then from inlet side.
Rinse in clear hof water and allow to
dry.
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} CAUTION |

DO NOT USE CAUSTIC SODA OR LYE.

. Where| hot water is available at normal tap pres-
sure of 65 to 90 psi.

Method A, Immerse filter in a hot solution (150 to
180°F) of water and grease solvent.
Agitate {filter with outlet side down.
Rinse in hot water and allow to dry.

Method B. Stand or hang filter and flush with hot
water (150 to 180°F). Hold nozzle 3
‘inches from surface to be cleaned,
Flush outlet side of filter first, then
inlet side, An ordinary garden hose
can be used, but it requires many
transverses of the filter to assure com=-
plete cleaning.

DO NOT USE CAUSTIC SODA OR LYE.

3. Where| hot water and compressed air are not
availa}?le

Method A. Immerse filter in Oakite Sturol or Qak-
ite No. 9 and agitate. It may be neces-
sary to use a scrub brush. Rinse thor-
oughly in plain water and allow to dry,

l CAUTION

rubber gloves for protection of hands.

MH-208-22

Method B. Immerse filter in a commercial petro-
leum solvent and let it soak. Agitate
until filter is clean, Remove and allow
to dry. IMPORTANT: Do not put back
into air stream until completely dry.

; CAUTION 1

This is emergency method only and should be’
used outdoors to eliminate danger of explosion.

4. Servicing Inspection

Look through the filter toward the light. When thor-
oughly ciean, no cloudy areas will be seen, While the
entire media can be cleaned bright, itisnot necessary
to wash off blackened oil coating on wire element.
Ingpect for damage and replace if required,

5. Wetting

Immerse filter in Air-Maze Filterkote or other suit-
able adhesive (SAE 30-50 engine 0il). Permit surplus
0il to drain off. Place filter in heated chamber where
temperature of 20 to 30°F above working ambient
temperature is maintained. Allow filter to drain for
4 minimum of 8 hours. Wipe surplus oil from frame,

Where only compressed air is available, immerse
filter in Air-Maze Filterkote. Permit surplus oil to
drain off. Use compressed air of 85-100 PS5, starting
at top of element with nozzle and working down. Blow
heavy oil deposit off from both sides. Wipe surplus
0il from frame.

Place filter over a drain pan. Pour Air-Maze Filter-
kote or oil over the element, making sure the entire
area is covered. Allow surplus oil to drain off and
use compressed air to blow off heavy oil deposits.
Wipe surplus oil from frame before mounting in air
box,

Where compressed air and a spray gun are available,
use Air-Maze Filterkote. Use minimum pressuré re-
quired to emit Filterkote from spray gun. Traverse
both sides of filter with nozzle 3 to 5 inches from
element. It normally requires 1/2 pint Filterkote per
square foot of filtex area. After filter element has
been coated thoroughly allow panels to drain, face
down, or on edge. A receptacle should be used to
catch excess adhesive,

Dry Paper Type
INSPECTION

These air cleaner elements ghould be inspected daily
and serviced whenever a substantial dirt build up can

2-13
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be observed on the surface. If an air restriction indi-
cator is ingtalled, clean element when indicator shows
red.

CLEANING

1t is recommended that the dry paper type element be
cleaned a maximum of three times before being re-
placed. Use one of the following methods:

Method A: Cleaning with compressed air.
Direct compressed air (100 psi max.)
through the element opposite the direction
of the air flow arrows on the element. Do
thig until the element is clean at which
time it can be reinstalled,

Method B: Water washing
Soak element in water and mild detergent.
Rinse with water {40 psi max.) until clean.
Air dry element and reinstall. Do not use
compressed air to air dry element.

COOLING SYSTEM

Clean and flush the entire codling system about once
each year, unless evidence of corrosion or sediment
build-up shows the need for more frequent coolant
changes, Use clean, soft water, free from gilt and not
contaminated by organic acids or sulphur.

1. Run engine until normal temperature is reached.
Stop engine and slowly and carefully remove pres-
sure cap. Open all vent and drain cocks.

2. After system has completely drained, close all
drain cocks and fill cooling system with solvent
solution that will not harm engine parts. Close
vent cocks after cooling system is filled.

»

COOLANT LEVEL INDICATOR' MH-200-5¢
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3. Run engine with solvent solution in if for gbout an
hour. Drain system as above.

4, If water under pressure is available, leave drain
cocks open and place end of water hose in filler
opening. Flush system with clean clear water at
no more than 30 psi for 15 to 20 minutes,

5. Close drain cocks and open vent cocks, and fill
cooling system with one ounce of soluble oil per
gallon of water or a recommended corrosicn pre-
ventive or inhibitor and clean water, or glycol
type anti-freeze solution if required for cold
weather operation.

Surge Tunk Heat Exchanger

Use a suitable round, soft wire brush to clean scale
and corrosion from the heat exchanger tubes. Flush
the assembly thoroughly with Oakite or an equivalent
cleaning solvent. Flush the gurge tank thoroughly.

VALVE ADJUSTMENT

[ CAUTION

DO NOT ROTATE THE CRANKSHAFT UNTIL
THE ADJUSTING SCREWS ARE COMPLETE-
LY BACKED OFF AFTER ANY PROCEDURE
WHERE ROCKER ARMS HAVE BEEN DIS-
TURBED, OR A CYLINDER HEAD RE-
PLACED, OR FAULTY VALVE ADJUST-
MENT IS SUSPECTED. COLLISION BETWEEN
VALVES AND PISTONS IS ALWAYS SERIOUS.

These pro¢edures must be carried out in sequence on
each cylinder head with each piston brought into ap-
proximate top center position, compression stroke.

Valve adjustment must be repeated occasionally to
compensate for slight differences in wear between
valves and seats. Whenever a rocker cover is re-
moved, check for evidence of inadequate lubrication.
Excessive sludge in the rocker area may show low
oil operating temperatures, inadequate filtering, or
improper lubricating oil.

GAS ENGINES HYDRAULIC PUSH
RODS -- CURRENT MODELS

These engines may be identified by removing the
rocker arm cover and checking for a cap screw (non-
adjustable) over the push rods. See Hlustration on

page 2-16, X
i CAUTION

Be sure that the O-rings and retainer ringgare
NOT instalied on turbocharged engines which
operate between 0" to 1" positive pressure. If
the engine is operating over 1" positive pres-
sure, the oil deflector, O-rings and retainers
should all be removed. These 0il control parts
are intended for use only when engine oper-
ates with negative intake manifold pressure.




WAUKESHA VHP 5SERIES

/g--____o -RING 3. Insert a piece of .005" (0,13 mm) shim stock, five
RETAINER inches (127,0 mm) long between the flats of both
9 b,‘Q\VALVE the intake valve adjusting screws.
O 4= sz RING
TAPERS
olL \ NOTE
DEFLECTOR A
= ;‘?_,1 g L\:EG It ig important that .005" (0,13 mm} be
% @3 PR present over each pair of valve stems at
= = RETAINER the same time to avoid incorrect setting
g of the last screw tightened.
“NExHAUST
4, Turn the valve adjusting screws down with finger
pressure until the fixed screw just contacts the w
push rod socket without depressing it. See illus- "
tration. Use a screw driver and wrench to lock the w2
adjusting screw nuts. > <
=2
5. Remove the shim stock. Recheck both adjustments T E
to be sure screws did not turn by sliding the shim J= =
under the screw while holding the non-adjustable '&' <
screw in contact with the push rod. a2

6. Repeat steps 3, 4, and b for the exhaust valves.

NOTE
Be sure the internal socket of the hydraulic
lifter on each push rod is fully extended
MIL-02-161 against the ring at the TOP ofitstravel and

that the lifter ig filled with engine oil.

|
CYLINDER HEAD - EXPLODED VIEW

7. Tighten both non-adjustable screws one-half turn,
{until seated) then torque each screw to 60 ft. lbs.

Gas engines are equipped with hydraulic push rods (8,30 mkp). This will pre-load the push rod lifter

to reduce|the frequency of valve lash adjustment correctly into the upper range of lifter travel.

intervals often found necessary in operation with this

fuel. The hydraulic unit is located at the top of the

push rod.

1. Loosen |the lock nuts and adjusting screws at all
four valve stem tips.

NOTE

Observe the contact between the flats and
the valve stem tips. The contact should be
fa.1r1y well centered on the valve stem tip.
It not minor adjustment can be made by
loosemng the rocker arim supports and
shifting them slightly.

2. Carefully back out both non-adjustable screws
1/2 turn.

. NOTE

The |1/2 turn is important for setting pre-

load!| on hydraulic pushrods. Incorrect pro- ML-02-18
cedure may result in hydraulic lifter bot-
tommg. RIGHT AND WRONG ADJUSTING SCREW CONTACT

2-15




WAUKESHA VHP SERIES
—

ADJUSTABLE
SCREW

[’WE

e

BALL FLAT

BE SURE BALL FLAT
15 1IN THES POSITION
WHEN ADJUSTING FIXED SCREW

ON VALYE 3TEM

ML-02-34

VALVE ADJUSTING COMPONENTS

Before gtarting the engine, rotate the crankshaft
manually to be certain that no oversights have oceur-
red which might cause valve and piston interference.
After starting, and before tightening down the rocker
covers, observe the action and oiling of each set of
rocker arms.

DIESEL ENGINE SOLID PUSH RODS --
CURRENT ENGINES

This valve adjustment procedure must be repeated
every thirty days as a service measure to compen-
gate for slight differences in valve and seat wear
between the two valves of each pair.

1. Inspect the contact between the adjusting screw
flats and the valve stem tips. The contact should
be fairly well centered on the valve stem tip. If
not, minor adjustment can be made by lcosening
the rocker arm supports and shifting them slight-
ly; then loosen the lock nuts and adjusting screws
at all four valve stem tips.

2, Make sure the two non-adjustable screws are
fully seated. The non-adjustable screws should be
torqued to 60 ft. lbs. They are a fixed position
screw and are not used in this valve adjustment
sequence,

3. Insert a piece of .005" (0,13 mm) shim stock, five
inches (127,0 mm) long between the flats of the
intake valve adjusting screws and the valve stem
tips. Turn valve adjusting screws down with finger
préssure until a slight drag is felt when trying to

2-16

remove the feeler. Use a gcrew driver to hold the
adjusting screws in this position while uging a
wrench to lock the adjusting screw nuts. Recheck
the .005" clearance to ensure that the adjusting
screws did not rotate while locking the adjusting
screw nuts,

. Repeat step 3 for the exhaust valves using .021"

feelers.

MH-02-109
VALVE ADJUSTING ARRANGEMENT
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5. Before starting the engine, rotate the crankshaft
manually to be certain that no oversights have
occurred which might cause valve and piston inter-
ference After starting and before tightening down
the Il'ocker arm covers, observe the action and
oiling of each set of rocker arms.

GAS AND DIESEL ENGINES HYDRAULIC
PUSH |(RODS -- EARLY MODELS

These engmes may be identified by removing the
rocker arm cover and checking for adjusting screws
located over both push rods, and fixed screws located
over oné intake and one exhaust valve. See illustra-
tion,

1. Loosen the lock nuts and adjusting screws at the
push rods.

2. Taking each pair of valve contacts in turn hold the
ﬁxed| screw contact firmly against the valve stem
tip with finger pressure.

3. Turn| down the matching adjusting screw on the
same side of the head with finger pressure until
the flat just contacts the valve stem tip.

4, Use a screw driver and wrench to lock the adjust-
ing screw nut. Both flats should just be contacting
the va,lve stem. Check to be sure the screw did not
turn whxle locking by trying to slide a .0015" piece
of feeler stock under either side while holding the
rocker assembly down manually.

MH-003-61
VALVE ADJUSTMENT (Early Hydraulic)

5. Repeat the above procedures, 2 through 4, for the
opposite pair of contacts.

6. Be sure the internal socket of the hydraulic lifter
on each push rod is fully extended against the ring
at the TOP of the travel.

7. Using fingers only, and with the contacts held
against the valves, turn down the adjusting screw
at the push rod end of either rocker arm until it
just touches the lifter socket without actually de-
pressing it.

8. Turn the screw 1/2 turn more in a clockwise di-
rection. Lock the adjusting screw. This will bring
the adjustment into the mid-range of the lifter
travel or SET position.

9. Repeat steps 7 and 8 above on the other rocker
arm.

Before starting the engine, rotate the crankshaft
manually to be certain no oversights have occurred
which might cause valve and piston interference.
After starting and before tightening the rocker arm
covers, observe the action and oiling of each set of
rocker arms. Qil flow down the back of the long
rocker arm to the contact shoe which actuates the
intake rocker arms should be adjusted by bottoming
the metering screw in the long rocker arm and then
backing it out just enough to establish a light flow of
oil. Later rocker arms may not have this adjusiment
and require none because the oil is conducted inter-
nally.

COMPRESSION TESTING

Normal compression pressures at cranking are listed
in GENERAL ENGINE DATA. Uneven compression or
pressures lower than normal call for further investi-
gation, It may indicate the need for valve regrinding,
piston ring replacement, or other overhaul proce-
dures,

GAS ENGINE COMPRESSION TESTING

Before checking compression, be sure the engine has
been warmed up to operating temperature, the throttle
is held in open position, and the ignition and gas
supply is shut off so that the engine cannot start dur-
ing the test. A standard automotive type compression
tester with threaded adaptor should be vsed. Note the
number of compression strokes required to obtain
the highest indication. Repeat compression testing for
each cylinder using the same number of strokes.

DIESEL ENGINE COMPRESSION TESTING

A gpecial compression test adaptor, Part No. 499941,
and a standard compression gauge and hose assembly
is required to periorin a compression check. The
rocker cover and injector must be removed and the
adaptor with the injector sealing washer instalied.
Use the injector hold down clamp to hold the adaptor.
Engines equipped with air shut-off valves connected
to the Amot control must have the Amot control reset
lever held in the raised position during the test.
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I WARNING l

Be sure the throttle control lever is in QFF
position so the engine can’t start while crank-
ing for test.

CARBURETOR AND REGULATOR
ADJUSTMENT

The settings used in thig manual apply to engines
using sales or field gas with 2 BTU value of 875 -
1000 LHV.

NOTE

Prior to making any adjustments to the fuel
system, it is very important that the link-
ages between the butterfly valve housings and
between the carburetors be adjusted, ifneces-
sary, s0 that buiterflies are synchronized--
that is, both butterflies are fully open and
fully closed simultaneously. If adjustment is
required, it is accoinplished by a slight rota-
tional movement of the universal joint coupling
spiders, which is possible with the coupling
bolts loosened.

NATURALLY ASPIRATED ENGINES
(Models 600, 600D and 200T)

1

Set the primary, or "line' regulator to have 10 to
25 PSI at the inlet to the engine mounted regula-
tor.

. Adjust the engine mounted regulator so that the

pressure at the carburetor inlet is 5" water col-
umn, plus or minus 1/2", with the engine idling,

ONE LEG OPEN TO
ATMOSPHERE

MERCURY MANOMETER
CONNECTION AT
INTAKE MANIFOLD

MH-18-73
INTAKE MANIFOLD PRESSURE CONNECTIONS,
MERCURY (hg) MANOMETER
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TURN
j COUNTER~
& "-!‘ CLOCKWISE
TO RICHEN

= LOAD

ADJUSTMENT
SCREW

CARBURETOR LOAD ADJUSTMENT

Carburetor Load Adjustment (6-Cylinder
Engines)

1.

Apply load until 7" mercury or less intake mani-
fold vacuum is chserved.

. Turn the load adjusting screw toward the rich

direction until the intake manifold vacuum drops
1" of mercury in vacuum.

Turn the load adjusting screw from rich toward
lean until the highest intake manifold vacuum read-
ing is obtained. Note this reading.

Continue to turn the load adjustment in the lean
direction, slowly, far enough to lower the intake
manifold vacuum reading to 1/2" mercury vacuum
below the reading noted in step three,

Carburetor Load Adjustment (Each
bank of 12 and 16 cylinder engines)

1.

Apply load until 7" mercury or less intake mani-
fold vacuum is observed.

Turn load adjusting screw toward the rich direc-
tion until the intake manifold vacuum drops 1"
of mercury.

Turn load adjusting screw from rich toward lean
until the highest intake manifold reading is obtain-
ed. Note this reading.

Continue to turn the load adjustment in the lean
direction far enough to lower the intake manifold
vacuum reading of each bank by 1/4" mercury.
Thig adjustment should give a total change in
manifold vacuum of 1/2" mercury below the read-
ing noted in Step 3 for each bank. If the reading is
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I
not 1/2!' lower, adjust both banks in equal incre-
ments until 1/2" is obtained.

TURN COUNTERCLOCKWISE
TO REDUCE PRESSURE

TURN CLOCKWISE TO
INCREASE PRESSURE

NOTE

It is itrlporta,nt that the gas supply be sufficient
to allow the carburetor to be set "over-rich"
with engine at full load, This can be determin-
ed by moving the load adjustment from rich
toward| lean and back again. Somewhere be-
tween these two points should be a position
where |highest manifold vacuum is obtained,
With the engine at full load, the gas pressure
to the carburetor should not be any less than

10 to 25 pai
GAS PRES-
SURE INTOQ
REGULATOR
(Naturally
aspirated
engines)

2 to 3 inches of water pressure lower than the
initial 'setting (5" water pressure). If the full
load pressure is less than this, it indicates
one of |the following: undersize piping and/or
gas regulators, incorrect orifice or spring
in the| regulator, insufficient pressure in
the line to the regulator.

Balance|the Banks (on Vee engines
only)

1,

Check the intake manifold vacwum on both banks.
Neither| bank should show more than 1/2" mer-
cury greater or less than the other.

. If the difference is greater than 1/2" check and if

necessa{ry readjust the engine mounted Fisher
regulat,(')rs s0 that the gas pressure is the same,
within 1/2" of water column.

LIt step‘ 2 does not balance banks, adjust linkage
between butterfly valves to balance banks.

TURBOCHARGED ENGINES
(Models | 600, 600D and 200T)

1.

Set the| primary, or "line' regulator to have 20
to 26 PSI[ at the inlet to the engine mounted regu-
lator.

. Adjust It;he engine mounted regulator so that the

pressure at the carburetor inlet ig 5" water
column, plus or minus 1/2", with the engine idl-
ing.

Carburetor Load Adjustment (600, 600D
and 2007 under 130 BMEP)

1, Apply full load to engine.

. Start with the load adjusting screw turned toward

the rich direction to obiain an over-rich mixture.

. Turn the load adjusting screw from rich toward

lean unltil the lowest manifold pressure reading
is obtained.

{2007 over 130 BMEP)

1

2.

Apply full load to the engine.

Turn the load adjusting screw toward the rich
direction until the intake manifold pressure in-
creases|1' mercury.

PRESSURE :
ADJUSTMENT NUT [ESMH-214-68

REGULATOR ADJUSTMENT

. Then turn the load adjusting screw from rich

foward lean until the lowest intake manifold pres-
sure reading is obtained.

. Now turn the load adjusting screw toward the rich

direction far enough to increase the manifold
pressure by 1/2" mercury.

. Recheck the engine mounted Fisher regulators so

that the gas/air pressure is positive.

Balance the Banks {on Vee engines
only)

1. Check the intake manifold pressure on both banks,

Neither bank should show more than 1/2" mer-
cury greater or less than the other.

. If more than 1/2" mercury pressure differential

exists, check and if necegsary readjust the en-
gine mounted Fisher regulators so that the gas
over air pressure of both regulators is positive
and the same within 1/2" of water column,

NOTE

Gas over air is defined as the difference in
air pressure between the carburetor air horn
and the carburetor natural gas inlet. It is |
measured with a water manometer conngcted
to these two points.

. If gtep 2 does not balance bankg, adjust linkage

between butterly valves to balance banks.

NOTE

It is important that the gas supply be sufficient
to allow the carburetor to be set "over-rich"
with engine at full load, Thig can be determin-
ed by moving the load adjustment from rich
toward lean and back again, Somewhere be-
tween these two points should be a position
where lowest manifold pressure is obtained. '
With the engine at full load, the gas pressure
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WATER MANOMETER ‘THIS LINE OPEN

. N ¥ T(} ATMOSPHERE
GAS PRESSURE ) ¥4 FOR NATURALLY
TO CARBURETOR [|' NAW ASPIRATED ENGINES

CONNECTION :
"\ AWELLEDY

CONNECTION
{TURBOCHARGED
ONLY)
CARBURETOR .
j AIR HORN MH-18+72

GAS AND GAS OVER AIR CONNECTIONS,
WATER MANOMETER

to the carburetor should not be any .less than
2 to § inches of water pressure lower than the
initial setting (5" water preasure), If the full
load pressure is less than this, it indicates
one of the following: undersize piping and/or
gas regulators, incorrect orifice or spring in
the regulator, insufficient pressure in the line
to the regulator.

LPG (Liquified Petroleum Gas)

The adjustment sequence for Impco carburetors 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 se-
quence for natural gas, with the following exceptions:

1. The Impco "EB" vaporizer-regulators with blue
spring provide 1-1/2" water columnnegative pres-
sure to the carburetor fuel inlets,

2. If vaporized LPG is used, the Impco pressure re-
ducing valves (with regulator spring removed and
valve mounted upside down) provide 1" water col-
umn negative pressure to the carburetor fuel in-
lets. Line pressure regulators utilized with vapor-
ized LPG are adjusted the same as for natural gas
to supply 5" water column gas pressure {o the
pressure reducing valves.

3. Dual fuel installations require load adjustment for
both fuels, since they utilize separate load adjust-
ment controla.

DIGESTER GAS ADJUSTMENT

The adjustment sequence for Impeco carburetors when
operated on digester gas, 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. Digester gas is furnished at 6" water column pres-
sure to the carburetor fuel inlets. If used as a dual
fuel ingtallation along with natural gas, Impco pres-
sure reducing valves {with regulator spring remov-
ed and valve mounted upside down) are used in the
natural gas supply lines to provide 1" water column
negative pressure to the carburetor fuel inlets.
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2. Dual fuel installations require load adjustment for
both fuels, since they utilize separate load adjust-
ment controls.

POWER LIMITER ADJUSTMENT

The power limiter should be adjusted only if absolute-
1y necessary and only after determining the engine is
operating properly with correct ignition timing and
fuel settings, and both banks are equalized {12 cylin-
der engines only). Before setting the power limiter,
determine the intake manifold pressure required to
produce the designed brake horsepower at maximum
full load governed speed, This information can be ob-
tained from the Waukesha Engineering Department by
supplying the engine's serial number or by referring
to Standard Sheet Series $-5911 and selecting the cor~
rect model and curve. If a gage value is obtained for
gsea level, it may be corrected by adding 1.0 Hg per
1,000 feet altitude above sea level. Absolute intake
manifold pressure values do not need correction.

To Set Power Limiters, Proceed as Follows:

1, With the engine stopped, disconnect the power
limiter control rod from the carburetor throttle
control shaft lever. Secure the carburetor throttle
butterfly valve in full open position.

2. Remove the linkage guard from the power limiter
and inspect to assure the linkage is free. Check
the travel of the control rod—it should travel 3/4"
to T/8" from the fully retracted position to the
fully extended position. Also, check the free action
of the spring loaded control rod. This rod is made
with a slip joint so the butterfly can be closed to
low idle manually, if necessary. If rust, gum, or
paint prevent it from extending to itsnormal length
after compresging the spring, the length of the push
rod assembly may vary in operation and the butter-
fly valve position will not be consistent.

3. With the carburetor throttle butterily secured in
full open position, start the engine, allow it to
warm up, and then apply the designed load at gov-
erned speed.

4, Use a mercury manometer to measure intake mani-
fold pressure. Manifold pressure should agree with
the pressure listed for the designed load. Loosen
the spring locking clamp, Use a screw driver to turn
in or back out the spring adjusting plug so that the
control rod of the power limiter just begins to move
at this intake manifold pressure. Tightenthe spring
locking clamp.

5. Unlock and move the throttle butterfly toward the
closed position until it starts to take control of the
engine. Note that when the throttle butterfly takes
control of the engine, the governor utterfly will
start to move towards full open position.

6. Adjust the heim joint on the power limiter control
. rod s0 the capscrew through the heim joint easily
aligns with the hole in the lever on the throttle
control shaft, without moving either the throttle
butterfly or the power limiter control rod. In some
cases, the lever on the throttle control shaft will
require relocating.

7. Turn the carburetor load adjustment towards "R"
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(left ba|,nk only of 12 cylinder engines) to gradually
1ncrease intake manifold pregsure. You will notice
the power limiter closing the throttle butterfly to
take control of the engine. When manifold pressure
has lncreased about 1,0" Hg, the power limiter will
take control of the engine.

8. Re-set [the carburetor load adjustment to its ori-
ginal setting. Note that the throttle butterfly moves
toward|0pen position and the governor butterfly
moves toward closed position, thus regaining con-
trol of [the engine. Repeat the carburetor load ad-
justment several times to assure that the power
limiter|takes control of the engine approximately
1.0" Hg above the normal designed BHP intake
manifold pressure. The spring adjusting plug of the
power llimiter can be trimmed slightly if necessary
for minor corrections. A final check can be made
if a snflm_ll overload can be applied to the engine
tempOranly to increage intake manifold pressure.
The poulrer limiter should take control ofthe engine
after approximately a 1.0 Hg increase in manifold
pressure.

9. After the power limiter is set correctly, discon-
nect 1ts control rod from the throttle contrel shaft
lever, replace the linkage guard and re-seal it.
When the engine is either stopped or operating with
intake mamfold vacuum, the carburetor throttle
butterfly should be approximately 10 degrees from
full open position, and the control rod of the power
limiter 'should be completely retracted.

In installations where full load is not available, the
power lim;lter mugt be set by applying air pressure
equal to de51gned load pressure. Disconnectthe mani~
fold pressure line and connect an air supply line, Con-
nect a mercury manometer in the air supply line and
set the power limiter aspreviously described. Adjust-
ing the power limiter under these conditions is not as
accurate, but it will provide protection for the engine
and driven| equipment until such time when a full load
is available. When full load is available, it will be
necesgary to readjust the power limiter.

TIMING |AND ADJUSTING THE FUEL
SYSTEM

Timing Tapes and cCharts

The timing tapes attached to the flywheel, are silver
color with black markings and indicate flywheel posi-
tions from|40° before top center to 20° after top cen-
ter, The engine direction of rotation and the top dead
center {(TDC) point are also shown.

The positioning of the correct flywheel degree mark
undér the |hous'mg pointer differs from the early
stamped marks in that the serviceman mustnow refer
to a tumng data plate on the engine crankcase. This
displays the necessary timing information,

Timing Injection Pump to Engine

Injection pump fiming is properly set and sealed at
the factory and should not be disturbed unless it is
necessary |to replace the injection pump or timing
gears. When timing an injection pump follow this
procedure.

1. Examine the new injection pump for any evidence
of dirt or packing material (excelsior, and so on)
that might adhere around the delivery valves or in
similar locations.

2. I the engine ig in an installation and is dirty, take
time to wash away all loose dirt from the injection
pump and surrounding area.

3. Refer to INJECTION PUMP TIMING in FITS AND
CLEARANCES at the rear of section4todetermine
proper injection fiming. To time 12 cylinder
engines, bar the engine over in the direction of
normal rotation until number one piston (right
bank) is at the injection point before top center
on the compression stroke. For left bank injection
pump timing, time the pump to number & left bank
piston. Six cylinder engines are timed to number
one piston. The flywheel is marked for top center
for both banks and hag a timing tape with each
top center marking. To be sure that the cylinder
being timed is actually on compression, be sure
intake and exhaust valves for that cylinder are
closed.

NOTE

Oppogite rotation 12 cylinder engines are timed
to number six piston (right bank) and number one
piston (left bank), Opposite rotation 6 cylinder
engines are timed to number six piston.

The injection point must be accurately established by
means of the correct degree mark on the timing tape
and the pointer centered in the opening on the flywheel
housing. When bringing the flywheel into this posi-
tion, turn it very carefully asthe mark and the pointer
start to line up. If the flywheel is accidentally turned
too far, it will be necessary to turn it back against
rotation for about one-quarter turn and then come up
on the pointer again in the direction of normal rota-
tion. This avoids inaccuracies due tothe normal run-
ning clearances of the gears. The engine should not
be disturbed now until the pump is installed and bolted
to the coupling.

4. Rotate the coupling on the injection pump until the
chisel mark on the rotating member (use the RH
mark for the right bank pump and the LH mark for
the left bank pump) and the angular chisel mark
(approx. 45° from vertical) on the injection pump
are in alignment. Six cylinder engines are timed
using the RH mark only.
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MH-08-109

ALIGNING PUMP TIMING MARKS

5. Place the pump on the support bracket, and install
the hold-down bolts, The saddle mount prevents
angular misalignment, and the mount should be
positioned so that the spaces between the ends and
the center part of the coupling are approximately
equal. The disc pack of the coupling should be flat.
For fuel injection pump drive flex disc replace-
ment and alignment, refer to Service Bulletin No.
9-2017.

6. Re-align, if necessary, the two chisel marks
mentioned above, this time with great aceuracy,
and hold this alignment while installing two cap-
screws in the multiple-hole coupling. Two opposite
holes will be found to align.

7. Inspect chisel marks and flywheel marks once
more for evidence of accidental moving, then
safety-wire the coupling capscrews.

DIESEL FUEL CONTROL RACK ADJUSTMENT

The eontrol rack on the six cylinder engines (right:

bank on twelve cylinder engines) is set at the factory
by an adjustable stop (see illustration) for full load
delivery. The left bank injection pump on the V-12
is not equipped with an adjustable stop for full load
fuel delivery since both pump racks operate together
from full "off" to full load. The measurement for
rack projection from the back face of the injection
pump for full load operation is listed under “'Calibra~
tion" in the General Engine Data section at the back
of this manual. Due to operating variables, especially
altitude, this stop usually has to be adjusted for
smoke control on a nafurally aspirated engine or ex-
haust temperature on a turbocharged engine when a
fuel injection pump is installed.

On V-12 engines, the right and left control racks must
move equally and simultaneously from the complete
fuel shut-off position. This is provided for by the
cross-~engine governor linkage. All control rods are
adjustable in length to provide accurate control,
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NOTE

For adjustment procedures, the right bank on
the V-12 engines is identical to the 6 cylinder
engines and the left bank is for V-12 engines
only.

First disconnect the governor rod end from the con-
trol shaft lever,.and with the stop control lever or
Amot control in "Stop' pogition, adjust the right bank
pump rod so the right bank pump rack is in full "off"
position when the pump rod end aligns with the hole
in the control shaft lever. Reconnect the pump rod
end to the control ghaft lever.

Now with the right bank pump in full Yoff" position,
adjust the left bank pump rod so that it is in full “off'
position too. This provides a starting point so both
pumps can open up from full “off' position.

Next check the right bank full load rack travel and
reset it if necessary to the measured length given
in the General Engine Data section. This setting may
require trimming later.

With the fuel injection pump rack in the full OFF po-
sition and with the governor lever on the terminal
shaft in the OFF position, adjust the governor rod
end so it just aligns with the hole in the control shaft
lever without compressing the spring and without any
mechanical strain on these parts. Reconnect the
governor rod end to the control shaft lever. If the
governor is a UGS, and the governor lever will not
rotaie to OFF position, trapped oil below the power
piston in the governor must be relieved. If the gov-
ernor is a UGS dial control type, turn the load. limit
knob towards O while rotating the lever to OFF posi-
tion. If the governor is a UGS lever control type, lift
the oil filler cap and with a long nosed pliers lift
up on the shutdown rod while rotating the lever to the
OFF position,

The governor lever on the terminal shaft should be
positioned so that when the lever is in mid-range it
is pérpendicular to the governor rod. Note that the
governor rod connects to the end hole in the governor
lever.

With the fuel injection pump in the full OFF position,
disconnect and adjust the overspeed air shut-off con-
trol rod end so that the air shut-off valve is in its
fully closed pogition when the rod end aligns with

RACK TRAVEL

FULL LOAD
FUEL SETTING

RACK STOR POSITION
TUBE
CLEVIS CLAMP

ey
L
e ) .

s 2 \
TUBE
SETTING ASSEMBLY

LOCK NUT

T INJECTICN
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SEAL WIRE

ML=08-103

SETTING RACK STOP




WAUKESHA VHP SERIES

GOVERNOR
ROD END

AIR SHUT-OFF
ROD CONNECTION

INJECTION
PUMPRODEND

B
MH-213-44

AMOT CONTROL LINKAGE

the hole |in the shut-off lever. Reconnect the rod end
to the shut-ofif lever. The valve is fully open when the
rod end |is clogsest to the fuel injection pump. The
overspeed air shut-off device on this engine provides
a qumker shut-off by blocking the air intake manifold
when the injection pump rack is moved to the OFF
position,

The engine may now be.run, and if further trimming
of the fu]l load stop is requu-ed to reduce smoke at
full load or to reduce exhaust temperatures on a

percharged engine, adjust the control rack adjust-
able "smoke" stop as required.

Make a fma.l check of the governor and rack linkage
system to be sure that the stopcontrollinkage is cor-
rectly ad]usted When the stop conirol lever or Amot
control moves the injection pump control rod toward
the shut-off position, the governor will naturally open
up in response to the engine speed drop. The com=-
pression |spring on the fuel control rack absorbs this
governor (action and allows the rack to be closed in
spite of the governor. Check for iree action, full rack
closing, gnug and secure rod end assemblies, and
freedom from bottoming of the coil springs. Set rack
position indicator at "0" at high idle, no load.

If the control rack cover on the front of the injection
pump is removed be certain that the clevis lock nut
which locks the threaded control rack extension on
the control rack with a clevis is securely in place
and that the extensgion ig fully threaded into the clevis,
If this nut is not snug, it will prevent the control
rack from being moved to the complete fuel shut-off
position, |Th1s ig also possible if the stop nuts are
not loosened and turned separately as the threaded
extension |could then be turned out of the clevis.

If the control rack cover is removed, note the shims
between it and the pump face. These shims are no
longer necessary.

WOODWARD 5G AND PSG GOVERNORS

VHP Diesel engines are equipped with either Wood-
ward SG or PEG hydraulic governors. The governor
ig vertically mounted and is driven through the acces-
sory drive. The Woodward SG governor is a speed
droop type governor used when isochronous (constant
speed) control ig not required, The designofthe speed
droop governor allows the governed system to operate
at a slower speed as engine load increases. It is
through this characteristic that stability of the gover-

ned system is achieved and division of load between
paralleled units made possible. The Woodward PSG

governor includes buifer type compensation and is
normally isochronous, that is, if the engine is not
overloaded, the governor maintaing the same spaeed
regardless of engine load, except momentarily at the
time load change occurs. The PSG governor can be
adjusted for speed droop. Both governors use engine
supplied oil as a hydraulic medium.

Both governors can be fitted (when required) with
speed adjusting motors to enable switchboard opera-
tors to match the frequency of an alternator with that
of other units or a system before synchronizing and
to change load distribution after synchronizing, A
manual speed adjusting knob with a friction clutchas-
sembly is inecluded when speed adjusting motors are
utilized.
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PS5G GOVERNOR - COVER REMOVED

INITIAL ADJUSTMENT OF PS5G GOVERNOR

Start the engine and position the speed adjusting shaft
for desired running speed. Allow the efigine 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 gover-
nor oil passages. Gradually close the needle valve
until hunting just stops. Closing the needie valve far-
ther than necessary will make the governor slow to
return to normal speed after a load change. Test
action by manually disturbing engine speed. Engine
should return promptly to original steady speed with
only a small overshoot,

INITIAL ADJUSTMENT OF S5G GOVERNOR

Start the engine and position the speed adjusting shaft
for the desired running speed. Allow the engine to
warm up.

If the engine surges during warm-up, remove the
governor cover while the engine is running and adjust
the speed droop bracket and pin towards maximum
position {i.e,, away from governor ballhead).

When the engine is warmed up, adjust the speed droop:
bracket and pin as much towards minimum as pos-
gible while maintaining steady speed. Manually move
the engine fuel linkage to cause a temporary engine
speed increase. If the engine returns to the original
steady speed, the adjustment is satisfactory for most
single engine installations. If the engine speed does
not settle out, increase droop slightly (approx. 1/16"
movement of bracket) and test again. Continue to in-
crease the droop untll the operation is satisfactory.

SPEED ADJUSTMENT

The speed adjusting shaft is used to set the governor
for the desired running speed. Low speed and high
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speed stop screws are provided to limit the speed
range of variable speed governors. If the engine is
to be operated at one speed setting, the stop screws
may be used fo lock the position of the speed adjust-
ing shaft, '

Shut-down of the engine can be accomplighed by turn-
ing the speed adjusting shaft below the idle speed
getting position,

When used, a synchronizing motor drives the speed
adjusting shaft through a worm and gear with a frie-
tion clutch to protect the motor if the adjustment is
run against the stops. If the friction clutch is disas-
sembled, adjust it to slip at 4-1/2 lbs. in. and lock
with getscrew. Synchronizing motor must be mounted
50 as t0 ¢enter motor shaft in clutch. Full travel of
the motor shaft in each direction should produce no
binding.

A manual speed adjustment knob is included on units
fitted with a speed adjusting motor. Turning the man-
ual speed adjusting knob in the direction of its arrow
increases gpeed,

SPEED DROOP ADJUSTMENT

A PBG governor is illustrated with the top cover re-
moved to expose the speed droop mechanism. The
speed droop bracket is clamped to the terminal lever
by the slotted hexagonal 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
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droop lelver. As the pin is moved out away from the
shaft center, rotation produces movement of the end
of the speed droop lever which is pivotedon the speed
droop pin. This speed droop lever movement thus
produces a speed setting which is a function of ter-
minal shaft position with speed decreasing as fuel
flow increases. This is speed droop.

Speed droop is increased by moving the bracket out-
ward and is reduced to its minimum when the pivot
pin ig at the shaft center. Since there is no calibra-
tion for|the droop adjustment, the minimum droop
position may be set only by trial and error on the en-
gine or by use of a dial indicator on the speed droop
lever durmg manual rotation of the terminal shaft.
Speed droop must be set by operation on the engine,
re-adjugting the slides to obtain the desired speed
" droop between full lgad and no load.

FINAL SPEED DROOP ADIJUSTMENT
OF PSG GOVERNOR

Speed droop may be used to permit load division be-
tween twp 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 sys-
tem with proper generator compounding, the PSG
governor| may be set for zero droop (isochronous op-
eration).

AC generating units tied in with other units should
have droop set gufficiently high to prevent mterchange
of load between units, If one unit in the plant or sys<
tem has Iem‘.lugh capacity, its governor may be set on
Zerg 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 fre-
guency if|its capacity is not exceeded,

The system frequency is adjusted by changing the
speed setting of the governor having Zero droop.
The distribution of load between units is accomplished
by cha.ngmg the speed setting of the governors having
speed droop

FINAL SPEED DROOP ADIJUSTMENT OF
$G GOVERNOR

The droop setting required to gain stability varies
with each ingstallation; in most instances it must be
get to mcrease unit speed two or three percent over
the termmal shaft rotation used from rated power out-
put at rated speed to zero power output, The range
of adjustment is from one-half of one percent to ap~
proximately seven percent over the full 36° available
travel of the governor terminal shaft.

SINGLE ENGINE OPERATION: Set the speed droop
bracket a,s near minimum as possible {consistent with
satisiactory performance) to have the least decrease
in speed as load is added to the unit.

OPERATING IN PARALLEL WITH OTHER ALTER-
NATORS: |The S5G type speed droop governor will
maintain system frequency. An isochronous (constant

jor! "sLMmY),
THLET; FROM ' y

WQODWARD GOVERNOR -SECTIONAL VIEW

speed) PSG governor, installed on one of the units
having sufficient capacity to abgorb all load changes,
is needed to maintain gystem frequency. The other
units may then be equipped with SG governors. Set the
droop sufficiently high (towards maximum) to secure
satisfactory load division between units. H load does
not divide properly, increase droop on units taking
too great a portion of the load. Increasing the droop
setting will also prevent interchange of load between
units.

The distribution of load between -synchronized units
is accomplished by adjusting the speed setting of the
5G governors or other governors with speed droop.

DC GENERATING UNITS ELECTRICALLY INTER-
CONNECTED: Set the droop as near minitnum as
possible consistent with satisfactory operation. If
load does not divide as desired, increase droop on
units taking too much of the load.

WOODWARD SG AND PS5G GOVERNOR

When the governor is installed on the engine, particu-
lar care should be exercised to see that it is mounted
squarely and that the drive connection to the engine
is properly aligned. A gasket must 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. The sgplined drive shaft
must fit the engine drive with a free, glip fit; no
tightness is permitted, 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
position, Be sure linkage is free from friction or lost
motion.
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WOODWARD GOVERNOR, UGS TYPE

The engine may be equipped with either a UGS dial
type governor or a UGS lever type governor, depend-
ing upon engine application reguirements.

The UGS dial type governor is of the hydraulic type
and isochronous (will maintain the same engine speed
regardless of engine load). Speed adjustment, speed
droop and load limit controls are standard features.
The UGS lever type governor does not have an ex-
ternal speed droop control.

UG8 Dial Type Governor

The gynchronizer, or speed adjusting control, is used
to change the engine speed when running alone or to
change the engine load when the engine has been paral-
leled with other units. The synchronizer indicator lo-
cated directly below the synchronizer merely indicates
the number of revolutions of the synchronizer knob.

An optional synchronizing motor may be mounted on
a special cover for the governor to provide remote
speed control. Its use enables the operator to match
the output of an engine driven machine with that of
other units. The motor is of the split field, series
wound, reversible type. It can be usedoneither direct
current or alternating current at its specified volt-
age. A slip coupling is provided between the motor
shaft and the gynchronizer adjusting gear to allow the
engine operator to adjust speed by turning the syn-
chronizer control knob on the governor. Thiscoupling
is of the friction type.

The speed droop contirol can be set to automatically
divide and balance the load between engines driving
the same shaft, or paralleled in an electrical system.

Droop is incorporated in the governor through a link-
age which varies the compression of the speeder
(speed adjusting) spring as the terminal shaft rotates.
Increased fuel reduces spring compression, reduces
the governor setting accordingly, and the unit will
gradually reduce its speed as load is applied. This
relationship between load and speed acts as a resis-
tance to load changes when the unit is interconnected
with other units either mechanically or electrically.

As droop is reduced toward zero the unit becomes
able to change load without changing speed. As a gen-
eral rule, units running alone ghould be set on Zero
droop, interconnected units should be run at the low-
est droop setting that will give satisfactory load divi-
sion,

Alternating current generating unitg tied in with other
units should have droop set sufticiently high 30 to 50
on the dial) to prevent interchange of load between
the units. If one unit in the plant, or system, has
enough capacity, its governor may be set on Zero
droop and it will regulate the frequency of the entire
system. This unit will take all the load changes within
the limits of its capacity and will control frequency
if its capacity is not exceeded.
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MH-31-92
UG-8 DIAL CONTROL GOVERNOR

The system frequency is adjusted by operating the
synchronizer of the governor having zero droop. The
distribution of load between units is accomplished by
operating the synchronizers of the governors having
speed droop.

For more detailed instructions on speed droop set-
tings, see the Woodward Governor bulletin on Plant
Operating Problems.

The load limit control hydraulically limits the load
that ean be put on the engine by restricting the angu-
lar terminal shaft rotation of the governor, and con-
sequently, the quantity of fuel supplied to the engine.
The control may alse be used for shuttmg down the
engine by turning it to zero.

B a e

p CAUTION

.

Do not manually force engine linkage to in-
crease fuel without first turning load limit
knob to 10,

UG8 Governor |nﬂu||¢|ionl

The engine is normally shipped with the governor in-
stalled on the engine. If it should become necessary
to insatall the governor on the engine, be sure it is
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mounted| squarely and that the drive connection to the
engine is aligned properly. A gasket should be placed
between | the base of the governor and the mounting
pad on the engine,

P .

Do n‘ot drop or rest the governor on its drive
shaft.

The gear placed on the governor drive shaft should
be chec}ced to insure that it is meshing properly.
There sl}ould be neither excessive backlash nor bind-
ing. Irregularities caused by uneven gear teeth, shaft
runout, t%tc., will be picked up by the governor, trans-
mitted t? the fuel control system, and will resuit in
erratic governing.

Since the load limit device operates hydraulically
rather than mechanically, the load indicating pointer
position |cannot be changed by turning the load limit
control unless the governor is running (or has oil

SERVICE ADJUSTMENTS - UG8 DIAL CONTROL GOVERNOR

pressure in its accumulators). When installing gov-
ernor the terminal shaft must be rotated by a lever
in order tc obtain no fuel (zero load} position.

The linkage from the governor terminal shaft to the
fuel control system should be free from lost motion
or excessive friction.

UG8 Governor Lubrication

A neutral (non-acid, non-alkali) petroleum oil is the
most satisfactory for use in governors. Normally
the same oil that is used in the engine may be used
in the governor. Use SAE 20 or 30 oil for ordinary
temperature conditions. If governor operating condi-
tions are extremely hot, use SAE 40 or b0, if ex-
tremely cold, use SAE 10. The oil must not contain
additives which are used to free up rings, remove
carbon, etc., unless a non-foaming additive is also
present. The oil should not foam or sludge excessively
when agitated, nor form gummy deposits when heated.
Oil contaminated with water will cause foaming.
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DIRTY OIL CAUSES MOST
GOVERNOR TROUBLES

All containers must be clean and should be
rinsed with light grade fuel oil or kerosene be-
fore uging. Use clean new oil or filtered oil.

The correct level is when the oil is between the upper
and lower lines on the sight glass with the engine
warm and running, Keep governor oil at the correct
level. Change the oil every 4,300 running hours if
operating conditiong are normal. If the governor is
extremely active it may be necessary to change the
oil oftener as required to maintain good governor
operation,

UG8 Governor Servicing

It is impossible to anticipate every kind of trouble
that will be encountered in the field. Poor regulation
may be due to faulty governor performance, or due to
the governor attempting to correct for faulty operation
of auxiliary equipment. If auxiliary equipment is used
the effect of this equipment on the overall control re-
quired of the governor must be considered.

Approximately 85% of all trouble may be correcied
by following these instructions, the other 5% will be
of a nature requiring the service of a governor en-
gineering specialist,

UG8 Governor Compensating Adjustment

The compensating needle valve must he adjusted with
the governor controlling the engine, although the
compensation may have been previously adjusted at
the factory or on governor test equipment.

Although the governor may appear to be Operating
satisfactorily because the engine runs at constant
speed (without load) the governor still may not be
correctly adjusted. High overspeeds and low under-
speeds after load changes and slow return to normal
speed are some of results of incorrect compensation
adjustments.
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SERVICE ADJUSTMENTS - UG8 LEVER
CONTROL GOVERNOR

IGNITION SYSTEM MAINTENANCE

For top engine performance, each unit of the ignition
system must be in good condition and properly ad-
justed, This table will be wuseful when checking
through the ignition system. DO NOT SLIGHT MINOR
POINTS, THEY ARE ALL IMPORTANT.

SPARK PLUGS

Spark plug size:
Spark plug type:

Check for correct heat range in plug manufacturer's chart. Examine for cracked
porcelain, leakage, burned electrodes, deposits on center insulator, correct
gap, good washers, and clean threads and seating surface.

18 mm with 1/2" reach. Torque to 40 to 45 lbs. ft. {dry); 30 to 34 lbs, ft. (oiled).

known to be good.

(Standard) For all applications . . e v -+« + « « « « . Waukesha Part No. 69512
(Platinum tip) For all applications except generator sets . . . . Waukesha Part No, 60999B
(Shielded) For all applications except generator sets . . . . Waukesha Part No. 60999E
(Shielded} For generator set applicationsonly . . . . . . ., Waukesha Part No, 167037
Spark plug gap 020" {standard) .015" (shielded — except generator sets)
.011" (platinum tip) 025" (shielded — generator sets only)
LEAD WIRES Check for sound, unburned, insulation v;fithout cracks, breaks, or oil contamina-
tion, Terminals at each end should seat firmly on clean, uncorroded contacts.
COIL If a transformer coil is suspected to be defective, test by replacing with one
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LOwW TE|NSION MAGNETO MAINTENANCE

I
BREAKER POINTS

Check for wear on fiber cam follower; secure mounting; tight, clean,

well-insulated low-tension wire; correct spring breaker tension 40 oz.
min, for FM-LTR point contacts meeting squarely and not excessively
pitted; point gap 018"~

.018" for FM-LTR.

|
CONDENSER

overhaul.

Check for secure ground to breaker plate, freedom from oil and
grease, wire connection solid, Try new condenser if in doubt.
I
LUBRICATION The ball bearings of the magneto are packed in grease and require no

lubrication except at overhaul time, Then the grease should be washed
out and replaced with high temperature bearing grease,

Be sure that the felt attached to the cam follower is replaced at

I
DISTRIBUTOR BLOCK
BRUSHES

Brushes should move freely in brush holders and be under slight spring
tension., Heplace worn or damaged brush assemblies.

|
DISTRIBUTOQR DISC

Replace distributor discs that are pitted, corroded or have enlarged
hub bore. If replacing distributor disc, also replace brush and spring
assemblies. Serviceable discs should be cleaned with petroleum sol-
vent and polished with fine emery paper,

LOW TENSION MAGNETO TIMING
General

1. Bar engine flywheel so correct degree mark on
timing tape for bank being timed is centered in
timing Bole and first piston of that bank in firing
order (1R or 6L for 12 cylinder engines and 1R
for 6 cjrlinder engines) ig approaching top center,
compressmn stroke. The first pistons in firing
order for opposite rotation engines 'are 1L or 6R
for 12 cylmder engines and 1L.for 6 cylinder en-
gines, ’Il‘hss is the point at which firing occurs
when engine is running and impulse coupling has
d1senga,ged

2. Remove,the timing bolt from the topof the magneto
end cap. Turn the magneto rotor shaft backwards
until the yellow timing mark on the edge of the
dlstrlbultor disc is centered in the timing window.
This mark denotes that the end cap cover terminal
sta,mped No. 1 is approximately ready to fire No, 1
cylmder.

Base Mounted Magnetos

Since all base mounted magnetos are connected to
the engme|dr1ve shaft by a drive member, the align-
ment of the timed magneto to the engine drive unit
must be made by adjusting the drive coupling.

Timing must be checked using tlmmg light with en-
gine opera.t.mg at governed RPM. Use temporary high
tension lead between plug and coil to connect timing
light. Be sure to lockwire drive coupling screws
when tlmmg ig correct.

Flange Mounted Magneto

Timing must be checked using timing light with engine
operating at governed RPM. Use temporary high ten-
sion lead between plug and coil to connect timing light.
If timing is not correct, tap magneto by hand enough
to rotate it on mounting flange. With careful tapping,
one direction or the other as required, exact timing
is readily determined and flange mounting screws
must then be tightened.
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R
MAGNETO CONNECTIONS

After low tension magnetos are installed on engine,
connect transformer coil lead wires to magneto end
cap terminals, Starting with No. 1 terminal, connect
wires to agree with engine firing order. When facing
end cap cover, No, 1 terminal iz at upper left. Con-
nect wires in counterclockwise rotation as viewed
from terminal end of magneto. The No. 1 magneto
terminal connects to the negative (-} terminal of the
transformer coil for the first cylinder in the firing
order; the No. 2 magneto terminal connects to the
positive (+) terminal of the transformer coil for the
second cylinder in the firing order; the No. 3 mag-
neto terminal conpects to the negative (-~} terminal of
the transformer coil for the third cylinder in the firing
order, etc., with connections continuing in the firing
order to alternate negative (-) and positive (+) termi-
nals of the transformer coils. Magneto rotation for op-
posite rotation engines isclockwise. Ground terminals
of the transformer coils connect through jumper wires
to the magneto end cap screws. The primary terminals
on the magneto housings connect to the ignition switch,

TIMING BREAKERLESS IGNITION SYSTEMS

When leading edge of longest (red) finger of distribu-
tor rotor is approximately in center of timing window
in cover of Magtronic, it's ready to fire the first
cylinder in the firing order.

When red mark on distributor shaft aligns with CCW
mark on Altronic III housing, if's ready to fire the
first eylinder in the firing order. Opposite rotation
engines must have the CW marks aligned.

When slot on intermediate drive disc is aligned in
center of timing window in cover of Bendix housing,

it's ready to fire the first cylinder inthe firing order.~

When yellow timing mark is centered in timing open-
ing, the Fairbanks Morse SCSA unit is ready to fire
the first cylinder in the firing order.

Timing must be checked with stroboscopic type tim-
ing light at governed rpm. If timing is not correct,
shutdown engine and readjust.

PERIODIC INSPECTION OF BREAKERLESS
IGNITION SYSTEMS

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

If the engine should develop trouble which appears
to bhe definitely associated with its ignition system,
ingpect wiring, spark plugs, and transformer coils
for the difficulty. If the trouble appears definitely
related to the ignition generator, remove it fromthe
engine and replace it with a unit known to be good.
It is suggested that a spare ignition generator be kept
on hand at the facility for these emergency situations.
A defective ignition generator should be sent to a
qualified service station for overhaul.
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The ignition generator and transformer coils will
benefit from periodic cleaning with a cloth dampened
with solvent. Inspect the primary terminals and har-
ness 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 mount-
ing holts is also recommended.

It is not necessary to open the ignition generator for
periodic inspection. Opening of the unit will only per-
mit dirt to enter.

ADJUSTING THE OVERSPEED GOVERNOR

Use a tachometer of the hand or cable type. Remove
the acorn mut from the overspeed governor andloosen
the thin hexagon nut to permit adjustment, Turn the
adjusting screw inward to raise the shutdown speed
or outward to lower it. Overspeed governors are gen-
erally adjusted to 10% above desired high idle speed.
Using a screwdriver to maintain this setting, tighten
the thin hexagon nut. Then install the acorn mut to
protect the adjusting screw.

MH-31-85
ADJUSTING THE OVERSPEED GOVERNOR

OIL PRESSURE ADJUSTMENT

Adjustment of the ocil-pressure relief valve is seldom
necessary. It is important that the proper grade of
clean ¢il, bearing clearances, no leakage, and so on,
be s=satisfactory before attempting to adjust the oil

pressure.
i CAUTION |

The following procedures are based on fairly
cool oil. If the initial setting of 75 to 80
psi. were made with hot oil, the relief valve
would probably be bottomed solidly and cause
oil pump damage on cold start.

Engines With Non-Adjustable Oil Pump Valve

1, Start engine and adjust relief valve at oil cooler
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outlet to 45 psi header pressure as indicated hy
oil gauge in instrument panel.

Operate engine until oil is up to normal engine
operatmg temperature (minimum 160°F, 71°C),
then readgust relief valve at oil cooler outlet to
45 psi header pressure, if required.

Engines With Adjustable OQil Pump Valve and
Auxiliary Oil Relief Valve

1

Start up engine and operate until oil temperature
is approximately 50 to 60°F, If possible, operate
engine |at high idle, no load, while making adjust-
ment.

Close auxlhary relief valve by turning adjusting
screws! all the way in.

Adjust |engine oil pump relief valve until oil gauge
in instrument panel indicates 75 to 80 psi (header
pressure).

Start engine and adjust relief valve at oil cooler
outlet to 45 psi header pressure as indicated by
oil gauge in instrument panel.

Dperate engine until oil is up to normal engine
operatmg temperature (minimum 160°F, T71°C},
then rea,d]ust relief valve at oil cooler outlet to
45 psi header pressure, if required.

Engines With Adjustable Oil Pump Valve and
Without Auxﬂlary 0il Relief Valve

1

Start engine adn adjust relief valve at 0il pump to
45 psi| header pressure as indicated by the oil
gauge in instrument panel.

Operate engine until oil is up to normal engine
operatmg temperature (minimum 160°F, 71°C),
then readJust 0il pump relief valve to 45 psi if
needed!

NOTE

Field reports have indicated that some opera-
tors have been attempting to adjust oil pres-
sure by loosening the large lock nut which re-
tains and locks the relief valve sleeve screw.
This results in violent movement of the plunger
and causes rapid and severe wear. All users
sshould1 be advised that the sleeve should be
bcttomed and its threaded retainer drawn
down snugly and locked to prevent this condi-
tion, If reassembling the relief valve sleeve
screw] thread it approximately 1/2" into the
oil pump body, apply a drop of Loctite Sealer
to the|exposed threads, and then thread it in
until it bottoms.

WATER PUMP DRIVE BELTS

L

Loosen|the bolts which secure the idler pulley
mounting bracket to the engine.

- —50-10
WATER PUMP BELT TENSION

. Pivot the idler pulley bracket toward the center

until the old belts can be slipped free.

| WARNING l

ALWAYS REPLACE DRIVE BELTS IN PAIRS.

. Slip the new belts over the pulleys and move the

idler pulley bracket outward until the belts permit
movement by hand of 1/4" to 1/2" as illustrated.

4. Retighten the idler pulley bracket bolts,

i

PREVENTIVE
MAINTENANCF
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ENGINE STORAGE

Preservation of engines and generators in storage
involves several basic requirements. For new en-
gines and generators, these are as follows:

1. Protection of machined metal surfaces, cylinders,
valves, bearings, and so on, from the effects of
both dampness and salt or other corrosive sub-
stances in the atmosphere.

2, Protection of openings into the engine apainst
entrance of dirt, abragive material, and foreign
matter of all types.

3. Protection of accessory equipment, including
carburetors, gas regulators, magnetos, starters,
generators, and fan belts against corrosion, dirt,
moisture saturation and progressive deteriora-
tion.

4. Protection of cooling system, intercoclers, and
LPG vaporizers against freezing, rusting, or
seizure of water pump seals.

5. Protection of a general nature against the ele-
ments, rain, snow, and extremes of temperature,

6. Protection of batteries by discomnecting and re-
moving them to a slow charging station where
they can be kept fully charged, If thisis neglected,
the plates may be damaged and ruined by becom-
ing sulphated.

7. Protection of the generator or alternator by
covering all openings to prevent the entry of dust,
moisture, dirt, and rodents. A heavy krait paper
will serve this purpoge., Where these openings are
in the form of screened or louvered guards or
cover plates, the protective paper should be
placed under these removable parts. If this is not
possible, a pressure sensitive tape can be used
to hold the paper in position. Do not use masking
tape--it is not suitable for this type of service
and will be very difficult to remove after extended
use. Application of nrotective paper should be on
both inside and outgide of large, fixed, louvered
surfaces. Large opeh areas should have a corru-
gated cardboard backing for the paper.

8..Protect switchboards in the same manner as
generators.

In the case of engines previously operated, additional
items must be considered.

9. Protection of interior engine parts, particularly
bearings, cylinder walls, and valves against cor-
rosion by the products of combustion combined
with atmospheric moisture and corrosion by lu-
bricating oil contaminants.

10. Protection of fuel system units against gumming
and the effects of stale fuel oil or gas residues.
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The extent of the atiention given to each of the fore-
going points of possible damage, depends on the judge-
ment of the person in charge of the equipement. Gen-
erally speaking, the following factors should be taken
into congsideration before deciding how much or how
little preservation is required:

1, The period of time the egquipment is likely to be
inpperative,

2. The severity of the weather and atmospheric
" conditions at the point of storage. The problems
of storing equipment in & tidewater warehouse,
for example, differ greatly from storage problems
in a location where the air is very dry and dusty.

3. The accessibility of the equipmeni for periodic '

ingpection and attention. An engine on a showroom
floor that may be turned over occasionally and
given periodic oiling requires less extensive
treatment than engines crated and stocked in a
warehouse.

NUCLE-OIL STORAGE

Nucle-Qil, a product of the Daubert Chemical Com-
pany, is offered in one gallon cans through Waukesha
Motor Company under Part No. 166709-A and offers
a practical and economical solution to storage prob-
lem. Thig product is similar in appearance to a con-
ventional lubricating ¢il of about SAE No. 10 viscosity.
It contains volatile-corrosion-inhibiting chemicals
which vaporize slowly and diffuse throughout any
cloged void such as the interior of an engine or gear
housing. These chemicals form aninvisible protective
layer on the exposed surfaces even though the sur-
faces were not originally coated with the oil. Obvious-
ly, absclute sealing of an engine may not be 100%
practical in the field but reasonable blockage of the
escape paths for the vaporized chemicals is not
difficult and ordinary storage times present no prob-

lem.
| WARNING I

Nucle-0il contains Petroleum Distilate, Harm-
ful or fatal if swallowed. Avoid contact with
skin. Vapor is harmful. Causes irrifation of
eyes, nosge, threoat and skin. Use only with
adequate ventilation. Avoid prolonged or re-
peated breathing of vapor. Avoid contact with
skin, eyes, and clothing. Do not take internal-
ly. Keep container closed and away from
heat. In case of contact, immediately 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 ai-
fected by exposure, move to fresh air. If swal-~
lowed, 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.
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NUCLE-QIL APPLICATION CHART

Total
. 0il Bath Injection Ounces Fuel
Upper Cylinder Crankcase Air Filter Pump(s) Engine Tank
Number Ozs, of Ozs, of
of Nuele-OH Nuele-0il 5td. Oil Pan* Ozs Ozs Nucle-0il
. . f - Ozs.
Cylinders Per. Cyl. All Cyls. Cap. Qta. Nuele-0il | Muele-0il | Mucle-Oil Reqguired Nucle-0il
Six 3-1/2 21 43 2 3 136 1 oz. per
(100 cc) (620 cc) {40. 7 liters) {3250 ec} {60 cq) (90 cc) (402¢ cc) | op gat. of
air space
(30 cc per
Twelve 3-1/2 42 43 4 6 182 (Tasdftliitt.:zszﬂ
(100 cc) (1240 cc) (40. 7 liters) {8250 cc) {120 cc) (180 co) (4730 e} | for Hnes)
*Proporti;mately greater quantities of Nucle~Oil must he added to deep sump and marine oil pans,

Equally important, especially when large engines are
involved, the Nucle-0il may simply be added to the
existing crankcase 0il in the amount of 2% without
concern for future removal. Nucle-0il will do an ef~
fective Job if added to engine o0il in normal clean
condition. If high sulfur fuel or improper control of
oil condltwn has left highly corrosive oil in the bear-
ings and close contget surfaces, the protective va-
pors ca.nnot be expected to force the oil from the
bearing clearances ang substitute a protective layer,
Such engmes should have an oil change and be run
long enough to circulate the clean oil.

Nucle-0il iis not intended as an external surface
coating pr9tecuve measure Since it would be about
the same in gffectiveness as coating the surface with
convenhonal lubricating oil. Other excellent products
are avmla.ble for polished or machined surfaces and
should be used when needed. Refer to those steps un-
der CONVENTIONAL STORAGE for external protec-
tion recommendations.

Although basic instructions for the use of Nucle-0il
are oifered on each can label, the following material
taken dxrectly from our correspondence with Daubert
Chemical ig highly explanatory and should be read
carefully.

Generally, Nucle Qil is recommended for use in fuel
tanks at the rate of 1 oz, Nucle-0il per 20 galions of
air space plus enough additional Nucle-Qil to flush
through the [fuel lines.

The following procedure for preservation is sug-
gested:

1. Start with a cold engine (below 100°F) containing
clean oil and filter elements.

2. Add ﬂ\é required amounts of Nucle-Oil {o the
crankcase oil bath type air filters, and fuel
tanks and multi-plunger injection pumps.

3. Crank engine for 20 seconds, if possible, {o help
disperse Nucle-0il, with fuel supply line picking
up Nucle-Oil to protect injectors, and single
plunger ‘injection pumps (when applicable).

4. Add the required amounts of Nucle-Qil to each
cylinder through the spark plug or injector open-
ings and replace plugg or injectors. Apply to
rocker area by light brushing or pouring. Replace
rocker covers.

5. Store engine up to one year. If storing for more
than one year, inspect and represerve annually,
a8 necessary.

CONVYENTIONAL STORAGE

Storing New Engines

Engines recently received from the factory and not
intended to be used for an indefinite period may be
stored successfully in the following manner. All VHP
engines shipped by Waukesha Engine Division receive
storage measures internally which prepare the engine
for a storage period of up to one year, unless they
are test run, operated for any reason, or have the ex-
ternal openings unsealed. Circumstances may compel
omitting some steps and, on the other hand, special
conditions may point to greater emphasis on other
steps. Engines stored outdoors or in ahumidenviron-
ment may require more frequent represervation.

1. When engine is installed in an operable unit.

A. Mix an inhibitive type preservative oil with
the engine lbricating oil in the proportions
recommended by the manufacturer of the pre-
gervative oil, or, no mixing may be necessary.
Operate engine until oil i3 hot. Cooling water
used in this run should have inhibitor added in
ageordance to manufacturer's instructions.

B. Remove air cleaners of gas engines. With
manually operated aprayer, squirt can,or other
means, inject preservative oil of a type suited
for this purpose into the air intake while the
engine is running. Approximately one minute
is ordinarily adeguate. If possible, stop engine
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by "slugging” enough 0il through intake to stall.
Continue injecting oil until engine stops turning,

| CAUTION |

ek

Never inject oil into the air intake of a
diesel engine.

C. Drain ¢il and water while hot. If extra protec-
tion is desired, the rocker arm covers may be
removed and a4 quantity of preservative oil
poured over the rocker arm and valve mecha-
nisms.

D. For diesel engines or for gas engines not
stopped by "slugging", remove injectors or
spark plugs and squirt or gpray geveral tea-
spoons of pregervative oil into each combustion
chamber. Coat injectors or spark plugs andre-
ingtall.

E. Remove distributor cap or magneto cover and
apply small amount of petroleum jelly to polish-
ed surface of breaker cam. Where dampness
in storage is expected, removal of magneto may
be worthwhile.

F. Refer to "STORAGE OF FUEL INJECTORS"
for additional instructions for diesel engines.

G. Wipe engine clean and dry. Apply wax {ype
magking tape or like material to all openings
such as intake openings in air cleaners, exhaust
outlets, breathers, magneto vents, and open
line fittings.

H. Relieve tension on beits. This is important be-
cause continual tension on belts without the
working action that occurs in normal operation
causes deterioration of the rubber.

1. Apply a coating of heavy preservative com-
pound with brusgh to all exposed machined sur-
faces such as flywheels.

Engines treated in accordance with these instructions
will normally be protected for 6 months or longer.
Continual ingpection, however, is the only way to
determine if protection is adequate, If posgsible, crank
the engine by hand for one or two turnsg about once a
month, This helps prevent seizure of water pump
seals. If this is done, however, it ig usually best to
add more preservative oiltoeachcylinder. Some types
of preservative oil are not well suited to periodic en-
gine rotation because they are scraped from the cylin-
der walls which are then unprotected. Other oils are
not scraped away, and for this reason the operator
should carefully investigate the characteristics of the
cil used.

2. When engine ig not operable,

A. Open draing as required to remove 0il, water,
and fuel.
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B. Remove the injectors or spark plugs and pour
or squirt about a teaspoon of preservative gil
into each cylinder.

C. With hand or mechanically operated atomizing
spray {(do not use ordinary compressed air),
inject preservative oil into each cylinder.
Crank engine in normal direction about one-
quarter turn and spray each cylinder again,
Do this about eight times, or until engine has
been turned through two complete revolutions.
The purpose of this procedure ig to bring each
valve into an exposed position so the preserva-
tive oil will coat it.

D. Depending on the judgment of the operator as
to the severity of storage conditions, open oil
pan access doors, valve rocker covers, gear
cover plates, and as many points as possible
where 0il may be gprayed, poured, or squirted
over the interior parts. Replace all plugs and
covers.

E. Remaining steps may be the same as listed in
"E" through "I" for an operable engine,

Storing Engines That Have Been
In Service

In the course of normal engine operation, residues
of various combustion products such as lead and sul-
phur accumulate in the combustion area and in the
lubricating oil. Portions of these residues combine
with atmospheric moisture to formrcorrosive com-
pounds 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 hot. Drain.

B. If practical, run engine with a good flushing
cil in crankcase and drain il and water while
still hot.

C. Refill crankcase with preservative o0il, or with
the proper grade of lube oil to which an inhibi-
tive type preservative oil has been added in the
proportion recommended.

D. Carry out previoug instructions "D" through 1"
as the circumsgtances indicate,

2. When engine is not operable.

A, Carry out instructions as for an inoperable new
engine.

B. If the judgment of the operator and storage
conditions warrant, the engine should be disas-
sembled, thoroughly cleaned, and reassemblad
for treatment as a new engine. Ordinarily, this
last procedure is unnecessary except in cases
where fuels containing considerable sulphur
have heen used, or where extremely bad cli-
matic conditions prevail.
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|
PRESERVATION EQUIPMENT AND
MATERIALS

Sprays| and Atomizers

In the foregomg instructions it is recognized that
many tlmes it is necessary to apply protective com-
pound under difficult field conditions. Several simple
tools ma.'y be used to atomize preservative oil and
force it into the manifolds and combustion chambers.
One of these is a manually operated atomizing gun
used ordmarily to lubricate inaccessible points on
car and [truck chassis. Ahother is a hand operated
pump type sprayer with a pointed discharge nozzie
commonly used with insecticides. If desired, small
oil pumps may be rigged with a motor drive to make
a conven;lent spray unit of the mechanical pressure
type. In altlmostuall cases, the air available from shop
compressor lines carries too much moisture to be
gafe for this purpoge. Do not use high-pressure air
from this source.

Heating of Preservative Compounds

Many prese rvative compounds are most effective when
heated before application. If possible engine should be
warmed i)rmr to applying preservatives, Heating re-
duces théir viscosity so as to gain penetration into
inaccessible areas. In addition, the hot compound re-
duces the: moisture film at the metal surface and thus
avoids trapping moisture under the preservative layer

| WARNING l

Generally speaking, such heating is confined
to 200° (93°C), or less. These temperatures
are elasﬂy reached by placing the preserva-
tive contamer in heated water. Direct heating
preselnts a dangerous and unnecessary [ire
hazard.

PREPARING ENGINE FOR OPERATION
AFTER [STORAGE

The steps needed to bring an engine into active ser-
vice after storage in accordance with these instruc-
tions are about the same as those normally carried
out on any new engine. These are inspection, checking
for free |rotation, adequate cooling water or anti-
freeze, ample lubricating oil of the correct type and
vascomty, and proper adjustments.

In additioln, accumulated dust and dirt should be wiped
or washeld irom the exterior before removing the
covers over the engine openings. Removal of installed
protectmn should occur upon normal inspection of the
engine, generator, and switchgear interiors prior to
start-up. |Part1al removal may be necessary in the
course of installation, but this should be kept ata
mmlmuml Engines that have not been rotated for
some tlme should be oiled through the injeclor or
spark plug openings and cranked by hand or with the
starting équipment before actually running. Any re-

sistance to free cranking should be investipated; rust
and corrogion can cause severe geizure that cannot
be forced clear without engine damage.

) CAUTION 1

PraghafipAaty

all generators and switchgear which have

been stored must be checked for insulation
registance with a "Megger'" prior to being
put into service., The megger used should
produce 500 V.D.C. Disconnect voltage regu-
lator, rotating diodes, supresgsors and any
other solid state devices which may be con-
nected to the stator or rotor windings. The
megger value should be: operating voltage
$ 1000 + 1 (i.e., machine voltage 0{480 V.A.C.
$# 1000 = 480 + 1 = 1,480 megohmg). If any
circuit to ground measures less than calcu-
lated value, consult the Waukesha Motor Com-
pany Service Department for uny cmrrective
measures as may be necessary.

Never attempt to start an engine that has been stored
without first cranking it over with the injectors or
spark plugs out. Spurting oil, water or preservative
compound from these openings indicates possible hy-
draulic lock if an attempt had been made to operate.
Continue to crank engine with starter until liquid is
no longer ejected from openings. Inspect intake
passages and manifolds for thickened preservative
oil, 0Oil accumulated in this condition may melt
when the engine warms up and cause a runaway.

Specifications for Profective Materials

Internat Surfaces, Cyls., Ete. External Surfaces

U. 5. Army Spec. 2-126
{Available as SAE 10 or
SAE 30)

U.S. Army Spee. 2-121
{Waxy Coating)

Army Ordnance Spec.
AXS 673

Nucle Qil #120 (Harder black coating)
Mil Spee. MIL-L-
46002 Grade 2

STORAGE OF FUEL INJECTORS

Storage

Unless properly protected from corrosion and gum-
ming, injectors, pumps and lines are subject to
serious damage while idle for more than a few days'
time. To protect against such damage when using
conventional storage methods rather than Nucle-0il
storage, any of the preservative oils listed at the
end of this section are recommended. Carry out the
following instructions in the sequence given:

1. Disconnect main fuel supply line wherever con-
venient, carefully wipe it clean of dirt, and place
in container filled with preservative oil.
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2. Run engine until all of preservative oil has been
taken into fuel system.

When preservative oil has been run through the in-
jectors as in the foregoing instructions, they will
ordinarily be protected for short periods of a week
up to several months depending on climatic and stor-
age conditions. Whenever dampness or long term
storage up to a year seem likely, carry out the fol-
lowing operations after the above steps are com-
pleted: '

1. Remove the injectors from the engine,

2. Ingtall caps or tape over fuel line outlets and in-
jector connection fittings. Seal injector openings
in cylinder heads with plugs. Replace rocker arm
covers,

3. Injectors should be gerviced by a competent diesel
repair station and hot wax sealed for storage.

4, Store injectors in clean, dry location,

Operution After Storage

If injectors were serviced as above, remove gealing
wax and reinstall in engine.

If storage has been prolonged over avery long pericd,
the pregervative oil should be washed from the {ilters
and lines by thoroughly purging with fuel oil with the
fuel control racks in oif position. Purge by operating
hand priming pump.
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PRESERVATIVE OIL

In addition to Nucle-0il, the following preservative
oils are of a type that has been found satisfactory for
the protection of fuel injectors. Other equally good
oils are probably available and omission of them from
this listing does not necessarily mean they are not
acceptable. In main, the properties making an oil
suitable for preservative requirements are good
aging stability; high resistance 0 gumming, oxidation
and polymerization, low pour point and viscosity;
freedom from acids, asphalts, resins, tars, and water.

.

PRESERVATIVE
SUPPLIER OIL
American Qil Company Amoco Anti-Rust il
4-V
Guif Oil Corporation No rust Engine Qil
Grade 1
Mokil oil Company Mobil Arma 522
Shell Oil Company Donax T-6
Atlantic Richfield Co. Dexron
Texaco, Ine. #800 Regal Oil A
® 0

NOTE

Dexron automatic transmission fluid may be
uged if none of the above preservative oils
are available.
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OWNER DATE ORDERED
ADDRESS DATE LAST PM
SITE SPEC NO.
MACHINE DESC. SERIAL NO,

HOURMETER READING

OIL USED: BRAND TYPE

A,

PREVENTIVE MAINTENANCE SERVICE REPORT

DATE PUT IN SERVICE

SAE

Engine Running:

10!
11}
12]

13.
14,

Shu

O =T O3 O i L B9

Py

. Record crankcase oil pressures______PSI
Record water temperature
Record battery charge rate Amps. DC
Record AC volts Volts

. Record AC current Amps,
Record AC watts KW

. Record engine speed RPM
Record Frequency HZ

Check governor stabilify - linkage tight?
Governor Iine secure?

Check exhaust, water, fuel, oil piping for leaks
Check for loosa wires on sensors or batteries

Any unusual noise or vibration?
Generator bearing ? I P\'

Running gmoothly ?
Any shutdown lights on ?
t Engine Down — Open Breakers or Switches:

9.
10.
11.
12,

.|Drain oil. Any unusual foreign material ?
.01l electric starter sparingly
Change air cleaner oil
Clean and/or replace oil and fuel filters
Replace plug and fill crankcase with ofl
Check oil level gauge
. |Check water level
Take compression chieck
Left I 2 3 4__5___6
'Right 2. 3. 4__ 5 B____

‘If low compression, check rings and valves,
Check safety shutdowns

Check battery fluid level. Specify gravity
Vacuum clean control box, alternator, radiator

Start engine manually:

Record crankcase oil pressure PsL
Check injection Hming
Right °BTDC
Left *BTDC

. Record engine speed RPM
Record Freguency HZ
Hecord AC volts Volts

. Check governor stability

Check for air, exhaust and oil leaks—especially around
filters

Check controls and bregkers t0 be gure unit ig in
standby /ready position.

OK

NEEDS
ATT.

WORK

COMPL.,

PREVENTIVE
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PARTS
ORDERING

DRESSER
wocel L I61E DSIM

G-28777

staia 252418 Soeeo 2000LD0
"L L4
kg L14

ALWAYS SPECIFY THE
ENGINE MODEL DESIGNATION,
SPECIFICATION NUMBER, AND
SERIAL NUMBER, As FOUND oN (%7

THE ENGINE NAMEPLATE.

ML-1000-2¢
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TROUBLE | SHOOTING

Good trouble shooting methods determine the cause
or causes oi unsatisfactory operation and point out
the action rlaeeded to correct the problem. Knowledge
of how engme systems work, together with the trouble
shooting cha.rt in this unit and current information
from the eng’me instrument panel provide the best
background for good trouble shooting.

AUTOMATIC ENGINE CONTROLS

Gas engine| automatic controls operate through the
1gn1t10n system to provide engine shutdown whenever
a harmful operatmg condition develops. When any of
these control devices detects a system fault, the
magneto or|ignition generator stops driving the high
voltage coils and trips the gas fuel supply shut-off
valves(s).

SWICHGAGE SWICHGAGE
OIL PRESSURE HIGH COOLANT
,\________IEMP_'ERATURE
| & |
MAGNETO! D) i
|:I | |
| OVERSPEED
IGNITI ON! GOVERNOR
GENERATDR ___ ~— 1 SWITCH

FUEL SHUTOFF
VALVE (TWO ON
TWELVE CYL))

ML-213-38

GAS ENGINE CONTROQLS -
BLOCK DIAGRAM

MH-213-37

Diesel engme automatic controls (except marine) use
engine oil pressure to control a spring loaded shut-
down dev1ce {Amot control). After the engine is start-
ed, engine pil pressure holds the Amot safety control
in the RUN position. Low oil pressure, high water

temperature, engine overspeed, or operation of the
manual dump valve relieves the oil pressure to the
safety control, which closes the injection pump fuel
rack{s) and the intake manifold air shui-off valves, to
stop the engine.

Since there is no oil pressure when starting the en-
gine, the operator must lift and hold the safety con-
trol lever in the RESET position until the engine
starts and the o0il pressure builds up to a safe oper-
ating minimum. This prevents false starts and starting
with low cil pressure. Marine engine Amot safety
controls actuate for shutdown on oil pressure, only
if the engine overspeeds, or when engine is shut down.
When lifted to RESET position, the marine Amot con-
trol latches and the handle can be released. The
latching Amot control is optional equipment on other
VHP diesel engines,

WATER
RESTRICTOR TEMPERATURE
GALLEY DUMP  RELEASE
BUTTON

o
/ OVERSPEED

AMOT GOVERNOR

CONTROL MI-21339

DIESEL ENGINE CONTROLS - EXCEPT MARINE
BLOCK DIAGRAM

COOLING SYSTEM

The single centrifugal type water pump is mounted
on the center of the gear cover and is driven by two
belts from the crankshaft pulley. The pump causes
the coolant” t0 pass into the cylinder block water
jackst, where it circulates around the cylinder sleeves.
The coolant enters each cylinder head where it is
directed especially at the valve area, then passes to
the exhaustmanifold, Current engines, equipped with a
thermostat for each cylinder head, use the thermostat
housing to pass the coolant to the “water" cooled ex-
haust manifold. Earlier engines use a simple elbow
from head to cooled exhaust manifold, while tempera-
ture control is maintained by a single valve type
thermostat atop the exhaust manifold, The coolant
discharge from the engine may be cooled by one of a
variety of devices, such as aradiator, heat exchanger,
and so on.
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COOLER

INDIVIDUAL CYLINDER THERMOSTATS MH-200_47

SIX CYLINDER COOLING SYSTEM SCHEMATIC
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TWELVE CYLINDER COOLING SYSTEM SCHEMATIC - WITH SINGLE OIL COOLER
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AIR INTAKE SYSTEM

Huge quantities of combustion air are required for
all internal combustion engines. Common sources of
trouble in air intake systemsg are most often related
to inadequate installation, and include the following:

1. Combustion air required for engines installed in
heated, air conditioned buildings or marine engine
rooms may upset heating and ventilating caleula-
tions unless it is supplied via an external air in-
take,

2, If an external air intake is required, it- must he
suitably designed to supply intake air of the proper
temperature range (high intake air temperature
results in power loss while extremely cold intake
air may hinder starting of automatic standby units),
to prevent pick up of exhaust gas materials or ex-
haust from other industrial operations (such as
foundry dust or paint spray), to prevent pick up of
flammable vapors, and to prevent entry of rain
and water.

3. All ducting, as well as air cleaner to manifold
connections, must be airtight to avoid the intake
of unfiltered air.

4. The restriction through the air intake system must
be kept to a minimum, Restricted inlets, sharp or
numerous bends and undersized ducting will all
increase restriction unnecessarily.

5. Engine heat radiation will affect ambient air tem-
peratures in building and marine installations, re-
ducing power rating. Generous access to outside
air must be provided.

EXHAUST SYSTEM

The huge quantities of combustion air consumed by
internal combustion engines must be properly ex-
hausted after combustion occurs. Therefore, every
possible provision must be made to minimize restric-
tion with resultant back pressure of an exhaust sys-
tem.,

Some of the adverse effects of excessive back pres-
sure are loss of power, poor fuel economy, excessive
valve temperatures and engine coolant overheating.

Vent passages or a chimney in an existing structure
not specifically designed for service as an engine ex-
haust passage should be carefully checked for com-
pliance with all fire and venting codes. Itis extremely
poor practice to discharge engine exhaust into a brick,
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tile, cement block, or structure of like marterial.
The characteristics of the exhaust pulsationsare very
capable of causing severe structural damage.

Exhaust pipes must be adequately sized and support-
ed. A condensate trap and drain must be provided at
some low point ahead of the engine exhaust manifolds.
The back pressures caused by elbows and other pipe
bends prohibit their use in a -well designed exhaust
system, Welded tube turns with a radius of four or
five diameters should be used.

One of the worst exhaust installation practices is to
bring two manifold branches into a single pipe by the
use of a "T" connection--this condition leads to the
pulses of each bank's exhaust interfering with the
other and causing surprisingly high back pressure,
Multiple exhaust comnections to a common header
are not recommended, as this can result in erratic
operation and damage.

=

-1

MH-88

MULTIPLE EXHAUST CONNECTIONS TO A
COMMON HEADER ARE VERY POOR
PRACTICES

Sometimes, pulsing effects can set up interferences
in a single straight pipe, thus making it advantageous
in every installation to leocate the silencer as close
to the engine as possible.

Attention must be given to adequate silencing of the
engine, as unnecessary noise is objectionable and a
public nuisance. Objectionable noise is unnecessary
today with the available mufflers which can be used
for silencing.
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CRANKCASE BREATHERS

Naturally Aspirated

A slight negatlve crankcase pressure (0 to 1'" water
colurmn} 15 maintained by using the pregsure drop in
the air intake gystem of the engine, A filter located
in the line|prevents oil vapor from entering the intake
system.

MH-70-14

|
CRANKCASE BREATHER - NATURALLY ASPIRATED

Turbocharged Engine

Turbocharged engines are equipped with a closed
positive type venturi breather system. On thig type
of breather system, the crankcase fumes pass through
an. oil sepa.rator, then on through a breather where
the oil ]IllSt is filtered cut, condensed and allowed to
drain back to the oil pan. The requirednegative pres-
gure ig obta.ined through a venturi located in the ex-
haust outlet.

Carburetion

To understand the operation of the IMPCO air valve
type of ca.rburetor, it is necessary only to realize
that the ﬂow of air through the carburetor is control-
led by the butterfly valve in the carburetor throat
(the same as any other carburetor). Thisflowis mea-
sured by the air-flow measguring valve in the bowl of
the carburetor The greater the air flow, the higher
the air- flolw measuring valve rises. The gas meter-
ing valve is connected directly to the air valve so that
it rises exactly the same amount, The gas valve is
shapedto a.dmlt the correct amount ofgas at any height
" to which the air-flow measuring valve rises, The air-

flow measuring valve sets up a pressure drop of 5"
of water column which gives a very high metering
force up to the fuel entering the carburetor at low
engine speeds and allows easy starting without prim-
ing, with excellent low speed torque. At full engine
speed, with the air-flow measuring valve at the top
of its travel, it becomes an inverted venturi and will
allow passage of a great amount of air beyond that

point.

A strong metering force on the fuel entering the bowl
of the carburetor is of great benefit in minimizing
the effect of air-cleaner drag. A balance line from the
carburetor to the regulator is seldom necessary.
Tests show that the effect of air-cleaner drag on
natural gas mixtures is negligible.

Operation

IMPCO carburectors are designed to use natural gas
under pressure. These carburetors have a buili-in
shutoff valve to stop the flow of gas when the engine
is stopped. No atmospheric regulator is needed with
natural gas. Natural gas carburetors normally oper-
ate with approximately three ounces of pressure at
idle with 1000 BTU gas. Full-load gas pressure may
drop 1 to 1-1/2 ounces at the carburetor inlet. As
long as power mixture adjustment is effective, exact
pressure at full load is immaterial. Natural gas with
higher or lower BTU values can be accommodated by
raiging or lowering the output pressure of the regu-
lator.

- - VENTURI ASSEMBLY

‘TURBOCHARGER I'

QI
SEPARATOR

ML-70-2

VENTURI TYPE BREATHER SYSTEM
3-7
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IMPCO carburetors may be used with liquid petroleum
gas by using a final stage of regulation to atmos-
pheric pressure. All mixtures are controlled by pres-
sure in these air-valve carburetors. LP-gas contains
more BTU value than natural gas, consequently the
inlet pressure to the carburetor must be lower ona
fuel with more BTU value and higher pressures must
be used with natural gas or manufactured gas, Natural
gas may be used with LP-gas as a standby fuel. Both
fuels are fed to the carburetor through a tee. A gate
or globe valve ig installed ahead of the natural gas
line regulator., With this valve open the pressure of
the natural gas will keep the LP-gas regulator closed.
If the natural gas supply is cut off, the lack of natural
gas pressure zutomatically opens the LP-gas regula-
tor. The changeover from natural gas to LP-gasis
made without a change of orifices or power gsettingg—
the engine does not stop during changeover.

-214-66
POWER MIXTURE ADJUSTMENT 2

CARBURETOR
iR HORN

S —
IMPCO 800
CARBURETOR / \— L
THROTTLE Il
LEVER nt f—

|
\H‘\ GAS PRESSURE TO
ADJUSTMENT CARBURETOR
— s+ 172" WATER
COLUMN AT IDLE
- 2" NPT
. /PIPING

NCTE: PLACE ALL CONTROL VALVES, SOLENCID, €TC.,
UPSTREAM OF LINE REGULATOR

2" LINE PRESSURE
REGULATOR

NATURAL GAS INLET FROM
GAS SAFETY SHUT OFF VALVE
AND GAS COCK

MI1-214-73

SCHEMATIC DIAGRAM FOR TYPICAL NATURALLY ASPTRATED NATURAL GAS ENGINE
WITH IMPCO 600 CARBURETORS
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[ e —

BALANCE LINE — V4" PIPE OR 172" COPPER TUBE

'F

PRESSURE OF GaAS

THROTTLE LEVER

NOTE: PLACE ALL CONTROL VALVES, SOLENQIDS, ETC,
UPSTREAM OF LINE REGULATOR.

p——
CARBURETOR N
AIR |HORN
PRESSURE TO
\ CARBURETOR
IMPCO 600 - _;
CARBURETOR » ” X
ADJUSTMENT

OVER AIR
PRESSURE,
Is 5"% 172"

=T 2"NPT
/PleG

2" LINE PRESSURE
REGULATOR

\NATURAL GAS INLET FROM GAS
SAFETY SHUT OFF VALVE AND
BAS COCK

MI~214.74

DIESEL FUEL SYSTEM

The fuel system consists of a fuel tank, a primary
{coarse) fuel filter or strainer, a fuel priming pump,
a fuel supply pump, and secondary (fine) fuel filter,
a fuel injection pump and fuel injectors.

Fuel injection pumps have a control rack which regu-
lates the amount of fuel discharged by each plunger
stroke, The 'governor moves the control rack accord-
ing to the engme load and s0 matches the fuel de-
livery and power output to load requirements. The

SCHEMATIC DIAGRAM FOR TYPICAL TURBOCHARGED NATURAL GAS ENGINE
WITH IMPCO 600 CARBURETORS

point at which injection beging is fixed and does not
vary with engine speed or load.

The injectjon pump plungers have no pumping action
on the inlet side and must be supplied with fuel under
pressure, It is usually necessary to transfer fuel
from a tank located a short distance from the engine,
These two purposes are both provided for by a posi-
tive displacement gear pump. This pump is driven
from the rear of the right bank injection pump and is
of very simple and long-lived design since the only
moving parts are the two pumping gears and the drive
shaft. Unless dirt is permitted to pass through this

3-9
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R E————
DELIVERY
VALVE
i
BARREL
OVERFLOW
VALVE
PLUNGER
PLUNGER FUEL LEAKAGE
‘ | [ L RETURN PASSAGE
A1
LUBRICATING CIL ‘ml H m
" PRESSURE INLET TO
MINIMIZE PLUNGER
= FUEL LEAKAGE TO SUMP S l
Z )
|_—— PLUNGER CONTROL /
| | RETURN RACK Z
% SPRING
§ 2
/ CAM
%/?BLLOWER D
| SoSt— |
CAM
SHAFT TAPERED — & = O
ROLLER
BEARING Q§
ML-08-1186

SECTIONAL VIEW OF FUEL INJECTION PUMP

pumnp, very little service attention is required. Large
particles of foreign material will jam the gears and
result in shearing of the drive pin. The pump is
capable of delivering approximately 2 gallons of fuel
per minute at 1200 rpm and will develop pressure far
greater than needed by the injection pump. This pro-
vides for an adequate flow through the injection pump
at all times, thus returning air or fuel vapor to the
tank. This type of pump is not recommended that ver-
tical fuel lifts of over 12 feet be attempted without an
auxiliary pump.

Injection pump{s} must be filled with lube 0il prior to

3-10

new engine start-up or if the pump was removed and
reinstalled or replaced. They are then supplied with
a constant metered flow of filtered lubricating oil
from the engine with the overflow returning to the
engine sump. Lube o0il is used to lubricate the pump
camshaft, bearings, and other components in the
lower portion of the pump.

1f repair of the fuel injection pump becomes neces-
sary, contact ai authorized Waukesha Distributor who
will usually have exchange equipment available, or
contact an authorized Robert Bosch service station.
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ZPULSER ==

E SECTION
! {ONE PER CYLINDER)

PULSER SECTION
(ONE PE; CYLINDER} —

I~
GENERATOR | o
colL ; LT
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I |
! b L
v FAL = =
' | 1
: 1 |[ —_—
| : |. =
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e J_+2
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d
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8-12 CYLINDERS

I~ IGNITION GENERATOR COIL
2-DIODE RECTIFIER

3- LOAD RESISTOR

4-QUTPUT RECTIFIER

5- STORAGE CAPACITOR

6- ZENER DIODE

7- CURRENT LIMITING RESISTOR
8- POWER SCR

9- BY-PASS CAPACITOR

10- TRIGGER COIL

Il - TRANSFORMER COIL

12- SPARK PLUG

ML-22-11

BREAKERLESS IGNITION SYSTEMS

Breakerless (capacitor discharge) ignition systems
congist basmally of an ignition generator, trans-
former c:culs, and an interconnecting wire harness
with a plug attaching to the ignition generator,

The absence of breaker points and high tension dig-
tributor clontacts makes the ignition generator com-
pletely free of internal arcing. Algo, mechanical
re11ab111ty is greatly enchanced.

MAGTRONIC IGNITION SCHEMATIC

The ignition generator includes extensive use of pulse
activated solid state electronic components. Alterna-
ting current is rectified and stored in the storage
capacitors. Silicon controlled rectifiers (SCR) func-
tion as switches to release the stored energy to the
transformer coils. The switching or turning on of the
SCR's is accomplished by a trigger coil arrangement
which produces the small SCR turn-on voltage.

TROUBLESHOOTING
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START WINDING — H
2-1GNITION GENERATOR COIL, T
RUN WINDING . =
3- BRIDGE RECTIFIER
4-QUTPUT RECTIFIER
5- STORAGE CAPACITOR 9-FLUX COUPLER ROTOR 13-PICK UP COIL
6- ZENER DIODE |- PULSE TRANSFORMER SECONDARY |4 - TRANSFORMER COIL
7-POWER SCR . Il -TRIGGER SCR 15- SPARK PLUG
8-PULSE COIL PRIMARY | 2- VANE ML-22-4
BENDIX 51800 IGNITION SCHEMATIC
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I-HIGH VOLTAGE GENERATOR COIL T- ZENER DIODE 13~ POWER SCR
2-LOW VOLTAGE GENERATOR COIL B- BIAS POWER SUPPLY CAPACITOR 14 - TRANSFORMER COIL
3-BRIDGE RECTIFIER 9-20VOLT SUPPLY CAPACITOR I5- PULSE GENERATING COIL
4-BRIDGE RECTIFIER 10-ZENER DIODE REVERSE BIAS 16- TRIGGER SCR
5-CURRENT LIMITING RESISTOR 11-STORAGE CAPACITOR 17-TIMING RESISTOR
6-SPARK ADVANCE CONTROL DIQDE 12-POWER SCR GATE RESISTOR |18-POWER CAPACITOR
ML-22-12
FAIRBANKS MORSE SCSA IGNITION SCHEMATIC
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——
LUBRICATION

The gear type oil pump is externally mounted on the
front of the engine. The flow of ¢il from the pump is
routed through the oil cooler and full flow oil filter.
These engmes have a thermostatically controlled by-
pass valvé which permits oil to by-pass the cooler
as necessary to hold proper oil temperature, The 0il

flow passes an 0il pressure relief valve, which re-
leases excess oil directly to the crankcase as re-
quired to maintain correct oil pressure, then through
the oil cooler and a separately mounted oil filter.
The f{iltered oil enters the main oil header for dis-
tribution to all working surfaces in the engine, after
which it drains to the crankcase.

ROCKER
ARM OIL

{EADER

©

=
e
o~
-~
¥
"'
rd
rs
/
O ;
/
S
_ ) {
PRIMER |
PUMP
MAIN OIL
PRESSURE HEADER ’
RELIEF
VALVE
I
K
/
|o T olL
&/ COOLER
Qe n
g \ N Yo,
n“ ~alfene— i l—— 4{—
D
I (=]
|
FULLFLQW e
FILTER

QlL COOLER
B8Y-PASS VALVE

ML-66-30

LUBRICATION SYSTEM SCHEMATIC - WITH SINGLE OIL COOLER
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INTAKE
ROCKER ARM

INTAKE
ACTUATOR

Ol DEFLECTOR
{USED ON INTAKE
VALVES ONLY)

HYDRAULIC

LIFTER
PUSH ROD
ML-02-153
ML-02-153
ROCKER ARM LUBRICATION
Turbocharger Prelubrication System
01l HEADER
Turbocharged engines are equipped with a turbo pre-
lube system. An accumulator is filled with oil sup- CHECK
plied by the hand primer pump or the engine pump. A VALVE
On air or gas starting engines, the accumulator is SUF!IEL\‘

pressurized when the starter is used, forcing oil into
the turbocharger supply line. On electric start en-
gines, the accumulator holds engine operating oil
pressure until the starter is used. A solenopid valve,
activated with the starter circuit, releases the oil to
the turbocharger lines.

TURBOCHARGER

The turbocharger is an exhaust gas driven centri-
fugal air compressor. Its purpose is to deliver more
air to the engine than is available from the pressure
of the normal atmosphere (natural aspiration). The
increased air supply allows the engine to burn more
fuel effectively, and as a result, produce more power.

3-14
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AIR
VALVE
E.— T K
ACCUMULATOR
I CYLINDER

AIR TO STARTER

ML-27-53

AIR OPERATED PRELUBRICATION SYSTEM
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OIL HEADER
COMPRESSED CHECK
AIR VALVE
B
| .. |OIL LEVEL
CHARGED
OIL
TANK
QIL LEVEL
DISCHARGED
SOLENQID
OPERATED (F—= =
VALVE
CHECK
VALVE A
J
A e —
ML-27-55

SOLENQID OPERATED PRELUBRICATION SYSTEM

The turbine uses some of the heat energy in the ex-
haust gas. The exhaust from the engine enters the
turbine l'iousing irom the exhaust manifold. It enters
the turbine wheel around its ouiside diameter and

expands and cools while going through the turbine
wheel passages. This results in energy being given
to the turbine wheel, causing it to turn, This drives
the centrifugal compressor mounted on the same
shaft,

Air enters the spinning compressor wheel and flows
radially {(outward) through a diffuser section to the
compressor housing. This air is now compressed
above (denser than) atmospheric pressure, and is
delivered to the engine air induction system. The
denser air requires more fuel to maintain the cor-
rect fuel to air ratio for combustion, resulting in &
greater power output from the engine.

INTER-COOLING

The density of the air discharged from the compres-
sor section of the turbocharger can be increased by
cooling. A water cooled heat exchanger, located be-
tween the turbocharger and the enpine induction sys-
tem, transfers heat from the compressed air stream
to the heat exchanger coolant. The cooled compressed
air stream increases in density, requiring more fuel
than non-intercooled systems to maintain correct
fuel to air ratio for combustion, resullingina greater
power outpuf from the engine.

COMPRESSOR
NON COMPRESSED
/ > TURBINE
ooe20e
COOLED
INTERCOCOLER COMPRESSED
AlIR
(s]e]e]eYs]
‘.-'——————‘—'-‘
R / 5o00 A
CLEANER EXHAUST
GASES
HEATED COMBUSTION CHAMBER
COMPRESSED
AR
WATER WATER
ouT IN ————PISTON

ML-27.1

SCHEMATIC OF TURBOCHARGER - INTERCOOLER PRINCIPLE
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TROUBLE SHOOTING CHART

SYMPTOM PROBABLE CAUSE REMEDY

Crankshaft cannot be . 7
barred over using [ CAUTION 1

barring device.
DO NOT ATTEMPT TO ROTATE
CRANKSHAFT WITH STARTER.

Load not disengaged from engine. Disengage load.
Coolant or obstruction in ¢ylinder: NOTE
REMOVE SPARK PLUGS OR

INJECTORS TO VENT CYLIN-
DERS OF ACCUMULATED

COOLANT,
a. Blown head gasket. a. Replace head gasket.
b. Blown water cooled exhaust b. Replace exhaust manifold gasket.
manifold gasket.
c. Cracked head. ¢. Replace head,
d. Cracked sleeve, d. Replace sleeve.
e. Cracked crankcase. e. Replace crankcase,

Fuel in cylinder from leaking
injector {diesels). NOTE

REMOVE INJECTORS TO VENT
CYLINDERS OF ACCUMULATED
FUEL.

Replace or overhaul injector.

Seized piston. Replace piston assembly and possibly
sleeve, Determine cause of seizure—
insufficient ring gap, insufficient
lubrication, inadequate cooling,

overload,
Bearings too tight:
a. Main bearing caps ingtalled a. Check each bearing cap, place in
outl of location. proper location.

b. Improper torgue. b, Loosen bearing caps and retorque.

c. High spots on bearings. c. Replace bearings.
Engine will ¢rank but Stop-run switch in stop position Place switch in run position--replace
will not start, or defective. defective switch.

Fuel throttle or manual shutoff Place fuel throttle or manual shut-

eontrol in off position. off control in on position.

Safety shut-down contrel not re-set. Re-set safety shut-down control.




WAUKESHA VHP SERIES

TROUBLE SHOOTING CHART (Continued)

SYMPTOM

PROBABLE CAUSE

REMEDY

Engine will crank but
will not start
{continued)

Insufficient cranking speed:
a. Low starting air pressure,

b. Run-down battery or electric
starter system mailfunction.

c. Lube oil viscosity too high.

Fuel system inoperative:

a. Insufficient fuel supply.

b. Air bound (diesels).

c. Water in fuel (diesels),

o

Clogged fuel filters and
strainerg (diesels or LPG
engines).

e. Inoperative fuel supply pump
{diesels).

f. Improper control rack setting
(diesels).

g. Incorrect ignition or injection
timing.

h. Malfunctioning injection pump,

i. Stiff carburetor diaphragm (gas
engines).

j. Worn carburetor air-pas valve
assembly (gas engines).

g

Ruptured line pressure regula-
tor diaphragm {gas engines).

1. Bent line pressure regulator
control rod (gas engines).

Faulty ignition system (gas engines):

a. Low tengion magneto breaker
points stuck open.

b. Low tension magneto distributor
brushes stuck or damaged.

¢. Low tension magneto distributor
disc loose or broken.

a. Build up air pressure,

b, Charge or replace battery: check
starter system.

n

Change to lower viscosity as
recommended,

a. Fill fuel tank {diesels)— check
gas pressure and carburetor
adjustments (gas engines).

b. Operate hand primer pump until
air is expelled. Repair source
of air entering into system.

c, Drain water at strainers, filters,
and fuel tanks. Replace filter
elements,

d. Clean strainers and replace fuel
filter elements.

2. Rebuild or replace pump.

f. Re-set control rack linkage.

g. Re-time,

h. Repair or replace injection pump.

i. Replace air-gas valve assembly,

j. Heplace air-gas valve assembly.

k. Replace diaphragm.

1. Replace control rod.

Replace breaker assembly,

4]

b. Free or replace brushes.

¢. Replace distributor disc and
Secure.

[
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TROUBLE SHOOTING CHART {(Continued)

* SYMPTOM

PROBABLE CAUSE

REMEDY

Engine will crank but
will not start
(continued)

d. Breakerless ignition generator
power board faulty.

e, BreaKkerless ignition generator
distributor pulser faulty.

f. Broken leads.
g. Drive disc broken
Insufficient or no intake air:

a. Intake air shutoff valve(s)
closed (diesels),

b. Clogged intake air filters.

¢. Clogged intercoolers (alr side),

Gavernor inoperative:
a. Insufficient oil:
(1) UGS low oil level,

{2) Gasket blocks off oil supply
hole (after repair).

{3) Carbon/sludge in oil
passages.

b, Binding controi linkage:
(1) Linkage dirty.
(2) Linkage broken,
(3} Linkage pivot points,

DPoor compression:

a. Worn rings.

b. Leaking valves.

¢. Leaking head gaskets.

Camshaft gear not in tme with
crankshaft gear.

d. Replace power board.

. Replace distributor pulser.

. Replace leads.

. Replace disc—check timing.

. Open valve(s),

NOTE

BAR ENGINE OVER BY HAND
TO ASCERTAIN THAT CYLIN-
DERS ARE CLEAR. INSPECT
INTAKE MANIFOLDS FOR AC-
CUMULATIONS OF LUBE OR
FUEL OIL.

. Remove and clean,

Remove and clean,

(1) Add oil.

(2) Re-position or replace gasket,

(3) Clean or replace governor,

(1) Clean.

(2) Repair linkage,

(3) Re-adjust or replace pivot
point bearing surfaces.

a. Renew rings.

b. Recondition heads and valves.

c. Replace head gaskets,

Set crankghaft at T.D.C. #1 R.B.
(#1 L.B. for opposite rotation en-
gines). Align camshaft, idler and
crankshaft gear match marks.
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TROUBLE SHOOTING CHART (Continuved)

|
STIMPTOM PROBABLE CAUSE REMEDY
Eng"imla stops Fuel:
suddenly.
a. Insufficient fuel supply. a. Fill tank {diesels)= Check gas

pressure (gas engines).

b, Alr in fuel (diesels). b. Operate hand primer pump until
air is expelled. Repair source
of air entering into system,

c. Water in fuels (diesels). ¢. Drain water at strainers, filters
and fuel tank. Replace filter
elements,

d. Clogged fuel strainers and d. Clean strainers and replace fuel

filters (diesels). filter elements,

e. Clogged fuel supply hose {(diesels). | e. Replace hose.

f. Fuel supply pump failure (diesels). f. Repair or replace pump.

g. Loose fuel control Hnkage, g. Readjust and tighten.
Low oil pressure causes safety Inspect lubricating oil system and 0
control to shut down engine. components—correct cause. E
=
High coolant temperature causes Inspect cooling system and com- O
safety control to shut down engine. ponents—correct cause. g
Faulty ignition system {(gas Repair or replace components as ﬂ
engines). required. E'
=2
Engine overspeed causes safety Determine and correct caugse of O
control to shut down engine, overspeed, o
Excessive load causes engine to Determine and correct cause of

stall. overload.

Insufficient intake air:

a, Intake air shutoff valves closed a. Open valves, defermine cause
(diesels), of closing.

NEVER RESTART AN ENGINE
WHICH WAS STOPPED BY CLOS-
ING THE AIR SHUTOFF VALVES
WITHOUT FIRST CHECKING
THE ENGINE, INCLUDING BAR-
RING IT OVER BY HAND TO
ASCERTAIN THAT THE CYLIN-
DERS ARE CLEAR. INSPECT
INTAKE MANIFOLDS FOR AC-
CUMULATIONS OF LUBE OR

FUEL OIL.
b, Clogged intake air filter(s). b. Remove and clean,
c. Clogged intercoolers (air side). ¢. Remove and clean.
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I ]

TROUBLE SHOOTING CHART (Continved)

Piston seizure:

a. Insufficient cooling.

b. Insufficient lubrication,

¢. Insufficient ring gap (applicable

only immediately after overhaul).

Obstruction in cylinder,

Seizure of bearings—main, con-
necting rod, piston pin or camshalt,

a. Lack of lubrication.

b, Dirt in lube oil.

SYMPTOM PROBABLE CAUSE REMEDY
Engine stops Obstructed exhaust manifold. Determine obstruction and remedy
suddenly cause,
{continued)

a. Replace scored piston, sleeve
and rings. Clean and/or fill
cooling system, including heat
exchangers.

b. Replace scored piston, sleeve
and rings. Clean oil passages,
and /or determine cause of lack
of lubrication.

¢. Replace scored piston, sleeve
and rings. Adjust ring gap.

Replace all parts that failed.

Replace bearings—clean up or re-
place crankshaft, camshaft, or piston
pins as required.

a, Check lube oil system=—correct
cause,

b. Check lube oil filters.

Engine power loss.

Insufficient fuel:

a. Dirty fuel filters or strainers
(diesels),

b. Low gas pressure {gas engines),

¢. Cracked fuel lines /filters
(diesels),

d. Worn fuel supply pump {diesels).

€. Worn injection pump or fuel
_injectors {diesels).

Air in fuel (diesels).

Air intake system malfunction:

a. Dirty intake air filters.

b. Clogged intercoolers.

a. Clean strainer and replace fuel
filter elements.

b. Check gas fuel system,

¢. Replace cracked line/filters.

d. Overhaul or replace,

e. Qverhaul or replace.

Operate hand primer pumnps until
air is expelled. Repair source of air
entering system.

a, Remove and clean,

b. Remove and clean.
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TROUBLE SHOOTING CHART

|Cominued).

SIYMPTOM PROEABLE CAUSE REMEDY
|
Engine power loss c. Air shutoff closed on one bank c. Open valve.
(continued) (12 cyl, diesels). A
CAUTION 1

Injectors malfunction {diesels):

a. Clogged.

b, Dirty

Air leaks in intake system (turbo
supercharged gas engines),

Turbocharger malfunction or
failure:

a. Lack of lubrication.

b. Foreign material.
c, Excessive back pressure.

Engine misfiring (gas engines):

a. Incorrect carburetor or
regulator adjustment,

b. Faulty ignition system.

Ignition or injection system
out-of-time.

Low compression pressure:
a. Leaking head gasket.

b. Leaking exhaust; intake valves,

¢. Misadjusted intake and exbaust
valves (if recently overhauled).

d. Worn rings (excessive blow-by).

e. Worn pistons Aliner.
f. Cracked piston.
g. Cracked cylinder head.

Excessive exhaust system back
pressure.

BAR ENGINE OVER BY HAND
TO ASCERTAIN THAT CYLIN-
DERS ARE CLEAR, INSPECT
INTAKE MANIFOLDS FOR AC-
CUMULATIONS OF LUBE OR
FUEL OIL.

a. Overhaul injector, clean tip or
replace.

b. Overhaul and clean.

Correct as required.

a, Determine cause: repair or re-
place turbocharger.

b. Repair or replace turbocharger,

c. Determine cause and correct.

a. Readjust.

k. Repair or replace components
as required.

Re-time,

a, Replace head gasket—inspect for
warped cylinder head and/or
crankease—replace if necessary,

b. Recondition head and valves,

o

. Adjust valves.

. Replace rings.

. Replace.

d
e. Replace as necessary.
f
g¢. Replace.

Correct as required.
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TROUBLE SHOOTING CHART (Continued)

S§YMPTOM

PROBABLE CAUSE

REMEDY

Engine will not
shut down when
using normal
stopping pro-
cedures.

Defective stop-run switch,

Governor control linkage mis-
adjusted (diesels).

Lubricating oil entering cylinder
through valve guides (diesels).

QOverheated combustion chamber
deposits allow gas engine to
"diesel",

NOTE

CLOSE AIR SHUTOFF VALVES
FOR POSITIVE SHUTDOWN OF
DIESELS OR SHUT OFF GAS
SUPPLY FOR POSITIVE SHUT-
DOWN OF GAS ENGINES.
NEVER RESTART A DIESEL
ENGINE WHICH WAS STOPPED
BY CLOSING THE AIR SHUT-
OFF VALVES WITHOUT FIRST
CHECKING THE ENGINE, IN-
CLUDING BARRING IT OVER
BY HAND TO ASCERTAIN THAT
THE CYLINDERS ARE CLEAR.
INSPECT INTAKE MANIFOLDS
FOR ACCUMULATIONS OF LUBE
OR FUEL OIL.

Replace.

Adjust linkage.

Replace valve guides/recondition
heads.

Allow e-ngine to cool down before
attempting to stop.

Engine will not
reach rated speed.

Engine overloaded.

Insufficient fuel supply.
Restricted air intake.
Governor misadjusted.

Fuel control rack linkage not
properly adjusted {diesels).

Injectors or ignition not properly
timed.

One or more injectors stuck
{diesels).

Tachometer inaccurate.

Determine and correct cause of
overload,

Check fuel supply system.
Correct cause,
Readjust.

Readjust linkage,

Re-time,

Replace or overhaul injectors.

Calibrate or replace tachometer,

Engine hunts or
surges,

Governor and fuel linkage sticky
or sloppy.

Misadjusted governor compensa-
ting needle valve,

Remove all dirt and burrs from
linkage. Realign and re-set.

Adjust compensating needle valve,
Slow reaction-—open needle valve.
Fast (overshooting) reaction—close
needle valve,

3-22




WAUKESHA VHP SERIES
[

TROUBLE SHOOTING CHART (Continued)

SYMPTOM

PROBABLE CAUSE

REMEDY

Engine-: hunts or
surges (continued).

Dirty governor.

Speed droop adjustment incorrect.

Clean or replace governor.

Increase speed droop.

Low or fluctuating
lubric;llting oil
pressure.

Insufficient oil.

Gauge inaccurate.

0il gauge line plugged or valve
shut,

Lube oil filters plugged.

Lubricating oil pressure regulating
valve stuck in open position.

0il pressure regulating valve set
too low,

Lubricating oil dilution.
Lubricating oil of low viscosity.

Lubricating oil foaming.

Clogged oil inlet screen(s).

Engine operated at angles in excess
of maximum safe tilt angles.

Dirty oil cooler,
Worn lubricating oil pump,

Worn bearings (connecting rod,
main, and camshaft).

Cracked or leaking lubricating
oil piping.

e

CAUTION |

SHUT DOWN ENGINE
IMMEDIATELY.

Add oil as reguired.

Compare 0 master gauge—replace
gauge,

Renew gauge line /open valve.

Change elements, Clean filter.
Free valve,

Readjust cil pressure regulating
valve for 40-50 psi at governed

speed.

Change oil and filter elements. Deter-
mine and correct source of dilution.

Change to higher viscosity oil as
recommended,

Use oil grade recommended, Check
for water leaks into oil,

Remove and clean screens.

Operate within maximum safe tilt
angles.

Clean,
Repair or replace pump.

Replace worn bearings.

Repair or replace piping.

Low gas pressure
(gas engines),

Incorrectly adjusted gas regula-
tors,

Insufficient line pressure.

Incorrect orifice and/or spring
in gas regulators.

Undersize gas regulators.

Readjust.

Increase line pressure.

Replace orifice and /or spring,

Replace with gas repulators of
adequate size,
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WAUKESHA VHP SERIES

TROUBLE SHOOTING CHART

{(Continued)

SYMPTOM

PROBABLE CAUSE

REMEDY

Low gas pressure
(gas engines)
(continued).

Undersize piping.

Gas regulators mounted too far
from engine,

Replace with piping of adequate size.

Remount gas regulators as close to
carburetors as possible.

High gas pressure
(gas engines).

Incorrectly adjusted gas regulators.

Incorrect spring in gas regulators.

Excessive line pressure,

Readjust.
Replace spring.

Reduce line pressure.

Low jacket water
pressure.

Low water level.

Clogged jacket water heat
exchanger or radiator,

Air entering system through sue-
tion side of jacket water pump.

Wrong pressure cap.

Gauge inaccurate.

Gauge line clogged or valve shut,
Leaking pump seals.

Blown water cooled exhaust
manifold gasket.

Cracked water cooled exhaust
manifold.

Fill cooling system,

Clean.

Repair leak—purge air from system.

Replace,

Compare to master gauge—replace
gauge,

Replace line—open valve.,
Repair pump.

Replace gasket,

Replace manifold.

High lubricating
oil pressure,

Misadjusted oil pressure regula-
ting valve,

Lubricating oil temperature too
low,

Lubricating oil of high viscosity.
Lubricating oil pressure regula-
ting valve stuck in closed position.

Gauge inaccurate.

Readjust oil pressure regulating
valve for 40-50 psi.

Raise temperature.

Change to lower viscosity oil as
recommended,
Free valve.

Compare to master gauge—replace
gauge.

High fuel oil
pressure (diesels).

Defective fuel supply pump relief
valve, '

Clogged or collapsed fuel return
hose,

Gauge inaccurate,

Free relief valve or replace pwmnp.

Replace hose,

Compare to master gauge—replace
gauge,
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TROUBLE SHOOTING CHART (Continued)

SYI\%IPTOM

PROBABLE CAUSE

REMEDY

Low fuél oil pressure
(diesels)

Gauge inaccurate.

Gauge line clogged or line valve
shut.

Fuel filters and strainers clogged.
Clogged or collapsed fuel supply
hose.

Air leak on suction side of pump,

Defective fuel supply pump.

Compare to master gauge—replace
gauge.

Replace line or open valve.
Clean strainers and replace filter
elements,

Replace hose,

Locate and repair leak.

Replace pump.

Low raw water
pressure (marine
diesels).

Clogged sea inlet strainer.
Gauge Inaccurate.

Clogged gauge line /gauge line
valve shut,

Air entering system through suc-
tion side of pump.

Valve closed in sea system.
Worn sea water pump.

Clogged heat exchanger /inter-
cooler,

Clean.

Compare to master gauge—replace
gauge.

Replace line /open valve.

Repair leak—purge air from system.

Trace system—open valve,
Replace or overhaul pump.

Clean heat exchanger /intercooler.

Low jacket water
temperature,

Gauge inaccurate.

Inoperative /malfunction
thermostat(s).

Compare to master gauge—replace
gauge,

Replace thermostatic element or
thermostats (as applicable).

High japket water
temperature,

Gauge inaccurate.

Low coolant level.

Inoperative /malfunction
thermostat(s),

Cooling system is air bound.

Insufficient raw water pressure
(marine diesels).

i CAUTION |

COOL ENGINE SLOWLY,

Compare to master gauge—replace
gauge,

Fill cooling system.

Replace thermostatic element or
thermostats {as applicable).

Purge air from cocling system.

See Low Raw Water Pressure
causes.
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WAUKESHA VHP SERIES

TROUBLE SHOOTING CHART (Continued)

SYMPTOM

PROBABLE CAUSE

REMEDY

High jacket water

Engline overloaded,

Determine and correct cause of

oil consumption,

system.

Improper viscosity,

Leaking oil seal(s)—rear and/or
front.

Worn intake valve guides,

Stuck /worn piston rings,

One or more pistons with rings
upside down (after overhaul),

Excessive connecting rod bearing
running clearance,

temperature overload. '
(continued).
Insufficlent circulation of air Correct as required.
(radiator cooling). .
Poor coolant circulation, Check entire cooling system.
Worn jacket water pump or seals. Replace or overhaul pump.
Froozen coolant. Completely thaw cooling system
before re-starting engine.
Blown head gasket. Replace head gasket,
Late ignition or injection timing. Re-time ignition or injection pump.
Cracked head, Replace head.
Cracked sleeve, Replace sleeve.
High lubricating Qil leaks in lubricating oll Locate and repair leaks,

Change to recommended viscosity
for operating temperatures,

Change seal(s).

Change head—renew guides, or
valve stem seals if used.
Renew rings,

Remove piston—correct position of
rings,

Replace bearings.

Lubricating oil
contaminated.

Lubricating oil contaminated with
water: )

a. Sleeve seals leaking /or sleeve
cracked.

b. 0Oil cooler leaking,
c¢. Cracked crankcase,

Lubricating oil contaminated with

dirt:

a. Lube oil filter by-pass valves
opening because elements are
plugged.

NOTE
CHANGE OIL.

a. Replace sleeve o-rings.

b. Replace oil cooler,

¢, Replace crankcase,

a. Replace elements.
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L _ -
TROUBLE SHOOTING CHARTY (Continued}
I
SYMlPTOM PROBABLE CAUSE REMEDY
Lubrica:ting ol b. Lube oil filter elements b. Replace elements,
contami.lna.ted punctured.
(continued).
¢. Air intake filters punctured. ¢. Replace air intake filters,
i CAUTION |
Excessilve '
vibration, STOP ENGINE AT ONCE~
INVESTIGATE CAUSE,

Foundation bolts:

a. Loose. a. Torque.

b. Cracked. b. Replace bolts—torque all bolts,

Unbalanced cylinders:

a. Injectors improperly set a. Replace injectors.

(diesels),

b. One or more injectors in- b. Replace all defective injectors,

operative {diesels).

¢, Misfiring ignition system ¢. Repair or replace components

(gas engines). as required,

Vibration damper:

a. Loose, a. Replace all securing bolts, Torque
bolts to specifications.

b. Malfunctioning. b. Replace damper.

Crankshaft:

a. Cracked. a, Conduct a complete investigation
of entire engine for damage.

b. Main bearing nuts loose, b, Determine reason for loosening,
investigate the entire lower
crankcase before torquing and
gubjecting engine to use.

Loose flywheel. Determine cause and correct.

Blue-white Worn or stuck piston rings, worn Replace rings and/or sleeves.
exhaust|(diesel), sleeves,

Worn valve guides. Replace guldes.

Craci{ed piston, Replace plstdn.

Thermostats not maintaining engine Test and replace thermostats as

temperature (particularly on required.

naturally aspirated engines at

start-up).
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WAUKESHA VHP SERIES

TROUBLE SHOOTING CHART (Continved)

a. Intake air filters clogged.
b. Malfunctioning turbocharger.

Engine overloaded.

Inoperative injector,
Late injection pump timing,

Low compression:
a. *Insufficient valve c¢learance.
b, Burned valves,

¢. Worn/stuck rings and sleeves.

SYMPTOM PROBABLE CAUSE REMEDY
Black exhaust Insufficient intake air:
{diesels), a. Clean

b. Replace turbocharger

Determine and correct cause of
overload,

Replace or repair defective injector.

Re-time.

a, Re-get valves,
b. Replace or overhaul head.
¢. Overhaul,

High hubricating oil Gauge inaccurate.
temperature,

Engine overloaded,

Insufficient cooling:

a. Low jacket water pressure.

b, Low raw water pressure,

¢, High jacket water temperature.
d. Dirty lube oil cooler.

e. Dirty jacket water heat
exchanger or radiator.

Low lubricating oil pressure.

Compare to master gauge—replace
gauge,

Determine and correct cause of
overload.

See Low Jacket Water Pressure
causes.

-4

b. See Low Raw Water Pressure
causes,

c, See High Jacket Water Tempera-
ture causes,

d. Clean or replace.

e. Clean or replace.

See Low Lubricating Qil Pressure
causes.

Knocking or unusual Low octane fuel (gas engines) or
noises., low cetane fuel {diesels).

Engine overloaded.

Overly advanced ignition or
injection timing.

Excessive valve clearance.
Sticking valves or rocker arms,

Damaged or excessively worn
accessory drives.

Loose bearings (failed).
Loose piston pins (failed).

Excessive erankshaft end play.

Misfitted or excessively worn
timing gears.

Adjust timing for fuel being used (gas).
Replace fuel with better grade (diesel).

Determine and correct cause of
overload. .

Re-time,

Readjust valve clearance,
Free up or replace,

Repair or replace components as
required,

Replace bearings,

Replace piston pins and/or pin
bushings as required.

Replace main bearing thrust rings.
Replace.
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TROUBLE SHOOTING CHART (Continued)

|
SYMIPTOM PROBABLE CAUSE REMEDY
Excessiv,le fuel Carburetor adjusted overrich Readjust.
consumption, (gas engines).
Leaks in fuel system. Repair as required.
Excessively worn fuel injectors Repair or replace.
(diesels),
Faulty ignition system (gas Repair or replace components as
engines), required.
Late ignition or injection timing, Re-time,
Engine overloaded. Determine and correct cause of
overload,
Poor synchronization of multi- Balance loads.
engine installations.
Improper matching of torque Replace torque convertor.
convertor to engine and load.
Poor compression. Determine cause(s) and effect
repair.
TROUBLE SHOOTING DATA FOR WOODWARD SG AND PSG GOVERNORS
|
|T ROUBLE ! CAUSE CORRECTION

I
1. Eng}ne hunts or
Surges,

A. Speed droop adjustment
ineorrect.

B, Dirty oil in governor,

C. Foamy oil supplied to governor.

- D, Insufficient oil supply.

E. Lost motion in engine linkage,

F. Binding in engine linkage.

G. Governor worn or not cor-
rectly adjusted.

1. Increase speed droop.

1., Clean governor, change engine
oil if necessary.

1. Drain engine oil. Refill with oil
of proper type.

1. Clean oil supply line,

1. Repair linkage.

1. Repalr and realign linkage.

1. Repair and adjust governor. See
governor instruction builetin,

Check ballarms for sticking.
b. Inspect wear on ballarm toes.
¢, Check pilot valve bearing.

d. Pilot valve may be sticking.

e, Polish pilot valve and inside
of bushing,

f. Inspect for excessive end play
of drive shaft.

a
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R

TROUBLE SHOOTING DATA FOR WOODWARD SG AND PSG GOVERNORS (Continued)

TROUBLE

CAUSE

CORRECTION

I. Engine hunts or
surges (Cont.)

H. Low oil pressure.

J. Engine misfiring.

1. Pump gear clearance incorrect,
Use 0,005" gasket between case
and base. No gasket used if base
has rubber seal ring.

2. Lap base and case surfaces flat,

3. Relief valve plunger may be
sticking.

4, Excessive end play of drive shaft.

1. Check pyrometer readings (diesel)
or compression readings (gas) of
each cylinder and make neces-
sary repairs or adjustments.

B, Speed droop at critical setting.

C, Governor base not bolted down
evenly.

K. Voltage regulator (if used) 1. Adjust or repair voltage regula-
not operating properly. tor.
TI. Fuel pump rack A, Low oil pressure. 1. See IH.
{diesels)} or butter-
fly valve (gas) does
not open quickly
when eranking
engine,
Ol. Terminal shaft or A, Rough engine drive, 1, Check alignment of gears,
rod and engine
linkage jiggles. 2. Inspect for rough gear teeth.
3. Inspect for eccentric gears.
4, Check backlash of gears,

1. Reduce droop to eliminate
critical, if possible. Load divi-
sion will be affected if this is
done. Readjust droop on units
affected,

1, Loosen bolts, realign, and
secure.

Iv. Load does not
divide properly
on interconnected
engines,

A. Speed droop adjustment incor-
rect, ’

B, Speed droop adjustment vibra-

ting out of position.

NOTE: Speed droop is not essen-
tial in a D, C, electrical system.
The equivalent of speed droop in
a D.C. system is obtained by
changing the compounding of the
generators at the bus between
generators, An under compounded
generator is equivalent to a speed
droop governor. Governors with

1. Readjust droop to divide load
properly.

2. Increase droop to regist picking
up {or dropping off) load,

3. Reduce droop to increase pick-
ing up (or dropping off) load.

1. Readjust droop and tighten
gcrew securely,
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L

TROUBLE SHOOTING DATA FOR WOODWARD SG AND PSG GOVERNORS (Continued)

':I‘ROUBLE

CAUSE

CORRECTION

Iv. Lo’a.d does not
divl'ide properly on
interconnected
engines (Cont.).

speed droop adjustment are com~
monly used for D.C. service
since the droop adjustment may be
used to correct for errors or in-
ecqualities of generator compound-
ing.

C. Shlppage in hydraulic or electric
couplings if used.

Adjust couplings.

V. Ené'ine is slow to
respond to a speed
change or a load
change,

A. Governor i not sensitive in
measuring speed change,

B. Governor may be intentionally
designed to protect engine from

overloading during a load change.

Low oil pressure in governor.

D, Engine may be overloaded.

E. Restricted fuel supply,

. See IH,

. Clean out fuel supply line and

See I,

No field correction,

Reduce load.

filters.

VL Eng'ine will not
pick up rated
full|load,

A, Fuel rack (diesel) or butterfly
valve (gas) will not open far
enough.

B. Restricted fuel supply.

C. Voltage regulator (if used) not
functioning,

D, Engine misfiring,

E. Slipping clutch (if used) between
engine and driven load.

F. Speed adjustment of the gover-
nor is restricted.

. Adjust engine to governor fuel

. See clutch instruction manual,

. Inspect speed adjusting linkage

linkage.
Adjust load limiting device or
fuel pump stop.

See VE.

Readjust or repair.

Check pyrometer readings (diesel)
or compression readings (gas) of
each cylinder and make neces-
sary repairs or adjustments,

Foaming oil or low oil level in
hydraulic clutch,
Check maximum speed limit

adjustment.

for interference.

VI. Governor oil
overflows,

>

Drain holes plugged,

B. Insufficient drain capacity below
governor.

Clean governor.
The governor to engine gasket

may be resiricting the two drain
holes at the governor pilot,

Engine to governor drive shaft
{coupling, shaft, gear, ete.)
not assembled properly.

Drain holes in engine plugged
up.
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PR e

TROUBLE SHOOTING DATA FOR WOODWARD UG8 GOVERNORS

TROUBLE

CAUSE

CORRECTION

Engine hunts or
surges

Compensation adjustments in-
correct,

Dirty oil in governor.

Foamy oil in governor

Low oil level.

Lost metion in engine linkage.
Binding in engine linkage.

Governor worn or not correctly
adjusted.

Compensating spring incor-
rectly adjusted.

Low oil pressure. Normal opera-
ting pressure is 110 to 120 Ibs. per
Ssquare inch,

Power piston sticking.

Engine misfiring.

Voltage regulator not operating
properly.

Adjust needle valve and compensa-
ting adjusting pointer,

Drain oil, clean governor, and
refill,

Drain oil. Refill,

Add oil to correct level on gauge
glass. Check for leaks, especially
at drive shaft.

Repair linkage,

Repair and realign linkage.
Repair and adjust governor. See
governor instruction bulletin.

1. Check ballarms for sticking.
2. Inspect wear on ballarm toes.
3. Check speeder rod bearing,

4. Pilot valve or speeder rod may
be sticking. See that floating
lever is free.

5. Polish moving parts.

6. Inspect for lost motion of re-
ceiving compensating piston.

Inspect pilot valve adjustment.

8. Check for lost motion in gover-
nor internal linkage,

Make adjustment, See governor
instruction bulletin.

1. Pump gear clearance incorrect.
Use 0.005" gasket between con-
trolet and base. No gasket used
if controlet has oil groove.

2. Pump check valves not geating.

Check alignment of piston, power
link and power lever, Check for
side play in terminal shaft,

Check pyrometer readings (diesel)
or compression readings (gas) of
each cylinder and make repairs
or adjustments.

Adjust or repalr voltage regulator.
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TROUBLE SHOOTING DATA FOR WOODWARD UG8 GOVERNORS (Continued)

|
TiROUB LE

CAUSE

CORRECTION

Termlinal shaft and
21 N

engine linkage

jigeles.

Rough engine drive.

Compensating spring adjustment
at eritical setting.

Speed droop (if used) at critical
setting,

Governor base not bolted down
evenly,

Erratic action of flexible drive
shaft.

. Check alignment of gears,
. Inspect for rough gear teeth.
. Inspect for eccentric gears.

. Check backlash of gears.

[ I R

. Compensate for the roughness
by changing the flexibility of the
ballhead drive shaft,

Change compensating spring pre-
compression approximately 0.005™
either way.

Reduce droop to elitninate critical
setting, Load division will be af-
fected if this is done. Readjust
droop on units affected.

Loosen bolts, realign. and secure.

If governor has laminated spring
drive inspect flexible drive parts
for burrs, wear, or broken lamin-
ations,

Load does not divide
propelrly in inter-
connected engines.

Speed droop adjustment incorrect,

Speed droop shaft vibrating out of
position,

NOTE

If droop adjustment is not provided
the governor is isochronous only,
and cannot be used for parallel
operation. Speed droop is not es-
sential in a DC electrical system.
The equivalent of speed droop in a
DC system is obtained by changing
the compounding of the generators
at the bus between generators. An
under compounded generator is
equivalent to a speed droop gover-
nor. Governors with speed droop
adjustment are commonly used for
DC service since the droop adjust-
ment may be used to correct
errors or inequalities of generator
compounding,

Slippage in hydraulic or electric
couplings if used.

1. Readjust droop to divide load
properly.

2, Increase droop to resist picking
up {or dropping off} load.

3. Reduce droop to increase pick-
ing up {or dropping off) load.

Increase tension of speed droop
friction spring.

Adjust coupling.
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TROUBLE SHOOTING DATA FOR WOODWARD UGE GOVERNORS (Centinued)

TROUBLE

CAUSE

CORRECTION

Engine ig slow to
respond to speed
change or a load
change,

Needle valve adjustment incor-
rect,

Governor i8 not sensitive in
measuring speed change.

Governor may be intentionally
designed to protect engine from

-overloading during a load change.

Pilot valve not centered, It must
open control ports equally in both
directions.

Low oil pressure in governor.

Engine may be overloaded.

Restricted fuel supply.

Load limit knob set to restrict fuel.

Readjust compensating needle
valve. Open further if possible to
do so without causing instability
when running without load. Com-
pengation pointer may be too far
toward maximum.

See "governor worn or not ¢or-
rectly adjusted’ cause.

No field correctlon,

Make pilot valve adjustment. See
governor instruction bulletin,

See "low oil pressure' cause.

Reduce load.
Clean out fuel supply line and filters.

Open up on load limit.

Engine will not pick
up rated full load.

Fuel racks (diesel) or butterfly
valves {(gas) will not open far
enough.

Restricted fuel supply.

Voltage regulator (if used) not
functioning.

Engine misfiring,

Slipping clutch (if used) between
engine and driven load.

Speed adjustment of the governor
is restricted,

1. Adjust engine-to-governor fuel
linkage.

2. Adjust load limiting device.

3. Check tension of load limit fric-
Hon spring. Low tension may
permit load limit cam to gradu-
ally work toward reduced load
position,

Clean out fuel supply line and filters,

Readjust or repair.

Check pyrometer readings (diesel)
or compression readings (gas) of

each cylinder and make necessary
repairs or adjustments.

1. Foaming 0il or low oil level in
hydraulic clutch.

2, See clutch instruction manual,

1, Check maximum speed limit
adjustment on dial control gov-
ernor.

2. Inspect speed adjusting linkage
for interference on lever con-
trol governor.
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REPAIR &
REPLACEMENT

CRANKCASE , .

CYLINDER HEADS AND VALVES

SLEEVES . . . . e e e .

PISTONS . . e e e e e

CONNECTING RODS

CRANKSHAFT . . .

GAS CYLINDER HEADS .

DIESEL CYLINDER HEADS .

CYLINDER HEAD GASKETS . . . .

TIMING GEARS . . . . . . . . .

FUEL INJECTTION PUMP DRIVE .

FUEL INJECTORS . .

DIESEL EXHAUST TEMPERATURE
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TURBOCHARGER . . , e 4
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4
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WAUKESHA VHP SERIES

PARTN
ORDERING

Mg
ALWAYS INCLUDE THE EQ;’:',)
PART NUMBER, WHEN oY

KNOWN, ALONG WITH THE

DESCRIPTION OF w

THE PART, STATE [EXAMPLE: 172607 - Filter Element™= (1) Ordered. |
THE QUANTITY OF i

THE PART YOU WISH
TD ORDER. IF A SPECIAL
PART |S NEEDED, THE ENGINE

APPLICATION SHOULD ALSO BE -~
STATED. C ’.:? Q

ML -1000-31
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WAUKESHA VHP SERIES

CRANKCASE

The crankcase and eylinder block is of one piece
constructmn using a ferro-alloy casting of adequate
strength fqr heavy duty industrial use. Main bearing
caps are retained by four studs and two cross bolts,
providing a high degree of rigidity. An O-ringoil seal
is used between the crankcase and the oil pan.

Lubrica.tioxll for the various bearings is provided
through drilled passages connected to the main oil
header extending along the side of the crankcase.
Mounting bosses and cennections are provided at
various pomts on the crankcase exterior for mount-
ing accessories and other equipment.

0AB-C

.CYLINDER HEADS AND VALVES

Each cylinder in the engine is served by a separate
four valve cylinder head. Cylinder heads are inter-
changeable between in-line and Vee engines and be-
tween right and left banks of Vee engines. THEY ARE
NOT INTERCHANGEABLE BETWEEN GAS AND
DIESEL ENGINES. Intake and exhaust valve seats
are Stellite, and are a "shrink" {fit in the head. Valve
guides are a presas fit.

The two intake and two exhaust valves are sym-
metrically disposed around the spark plug. Valves
are of the poppet type with hardened tips and Stellite
facings. Valve operation is obtained through guided
roller cam followers riding on the cam lobes. This
motion is transmitted to the rocker arms through
hollow push rods.

QAB-3

SLEEVES

The wet-type interchangeable cylinder sleeve has a
flange at its upper end to locate it in the crankcase
upper deck. The sleeve flange and the crankcase re-
cess into which it fits form a water seal. A seal ring
(not on current 8-1/2" bore engines) between the
sleeve flange .and the crankcase recess forces the
cylinder sleeve to project a few thousandths toensure
a tight crush at the head gasket joint. The sleeve
carries three external grooves for the sieeve tolower
crankcase deck geals. The upper two rings are of'a
rubberlike synthetic material. The lower ring is a
Teflon ring with an internal spring (Omnisealj.

4-3
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0AB-D

PISTONS

one is an 0il control ring. The piston pin is full float-
ing, retained by spring clips in the piston. Pistons are

The pistons are heavy-duty castings, cam-ground,
-cooled by oil carried through the connecting rod,

tapered full skirt type, and carry four piston rings.
The upper three are compression rings; the lower

MH-04-12
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|
CONNECTING RODS

Drop-forged connecting rods are of I-section design.
They are spllt at a 30° angle at the crankpin end to
make plston removal thru the cyhnder sleeve pos-

sible. Dne of the four rod cap bolts is of the close

fitting type which, together with the serrated faces
hetween cap and rod assures proper alignment, Two
hard bronze bushmgs are press fitted in the piston
pin end. Rods are stamped to identify their cylinder
location.

Four place type bolts retain the rod caps. It is im-
portant to|install the "body bound" bolt to full depth
before torquing the other three rod cap bolts. The
special size bolt hole is identified by an '"X" mark
on the surfax:e of the connecting rod cap, which is
machined Iﬂat for cap screw head seating in the im-
mediate area of the special bolt hole.

NOTE

Twelve| cylinder rods can be used in six
cylmder engines by adding spacer, while
removal of spacers allows use of six cylin-
der rods in twelve cylinder engines. Rods in
six cylinder engines must be installed with
spacers towards front of engine.

' SPACER

MH-07-17

25 X 45°

32 CHAMFER\

SPACER—™

"

ROLL
PINS

ML-07-11

—~——ROD

CONNECTING
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CRANKSHAFT

The crankshaft has seven hardened main bearing
journals which run in steel-backed tri-metal bearing
shells. Drilled passages, running diagonally from the
main-bearing journals through the crankcheeks, carry
Pressure 0il to the connecting rod bearing, In addition
to the spiral grooves which reverge the rearward
flow of oil, a graphite coated packing type rear ovil
seal protects against oil leakage at the flywheel end
of the crankshaft.

The {front crankshaft journal controls end play.
Thrust bearings are two piece bronze thrust rings
doweled in place on each side of the front main bear-
ing, Thrust forces acting to move the crankshaft
rearward are absorbed by a steel thrust washer
bearing against the front thrust ring. The crankshaft
drive gear is located directly ahead of the thrust
washer and is keyed to the crankshait, A dish-shaped
oil slinger rides against the outer face of the ¢crank-

shaft drive gear.
i CAUTION |

When performing any repair work on counter-
balanced crankshafts do not remove counter-
weights for any reason.

QAB-F

GAS CYLINDER HEADS

Refer to Service Bulletin No. 7T-1880 to clarify inter-
changeability requirements for the gascylinder heads.

CAUTION 1

Be sure that the deflectors, o-rings, and re-
tainer rings are NOT installed on turbocharged
gas engines which operate with intake mani-
fold pressures from "0" to PQSITIVE pres-
sure. These oil control parts are intended for
use only when engine operates with negative
intake manifold pressure. Current cylinder
head assemblies are without deflectors and
o-rings, but include new intake valve guides
and seals.

4-8
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DIESEL CYLINDER HEADS

Refer to Service Bulletin No. 7-1967 to clarify inter-
changeability requirements for diesel cylinder heads.

NOTE

Starting with Serial No. 297506, all produc-
tion VHP diesel engines will have oil deflec-
tors installed on azll four intake and exhaust
valves in each cylinder head. VHP diesel
engines manufactured prior to Serial No.
287506 had these oil defléctors installed on
the intake valves only. Qil deflectors should
be installed on ail four vaives on ali VHP
diesels at the time of the first top overhaul.
O-rings and retainer rings are also used on
all four intake and exhaust valves in each die-
sel cylinder head.

CYLINDER HEAD GASKETS

Always select and use only the correct cylinder head
gasket., Installation of an incorrect gasket could re-
sult in ruined parts or engine failure.

Because cylinder head gasket selection is determined
by cylinder sleeve flange design, please refer to Ser-
vice Bulletin No. 1933 when replacement is required.

TIMING GEARS

It is necessary to mate one of the "x" marks on the
idler gear between the camshaft and the crankshaft
with the '"x" mark on the crankshaft gear. With these
"g" marks in line, mate the other "x" mark on the
idler gear with the "x" mark on the camshaft gear.
Nominal backlash at these points is 0,008" to 0.012".
Other gears which mesh with the crankshaft gear
may be assembled without regard for the "x" marks
on them.

The oil pump idler gear rung between the crankshaft
gear and the oil pump drive gear and is mounted on

%
MH-15-40
TIMING GEARS - 12 Cylinder Engines
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| MH-15-42
TIMING GEARS - 6 Cylinder Engines

an idler spmdle which is locked into the front main
bearing cap The proper backlash between the crank-
shaft gear and the oil pump idler gear is 0.008" to
0.012", The proper backlash between the oil pump
idler gear the oil pump drive gearis 0.015" to 0.020".

The gear; cover seals off the front end of the housing
and sim.wT the forward extension of the crankshaft ex-
tends through the cover, a front oil seal is provided
here. The gear cover embodies mounting provisions
for the hlgh capacity water pump.

The self—lockmg nut securing the camshatt or acces-
sory drlve idler gear spindles to the crankcase has
been superseded by a steel nut, Part No. 207329, This
is a 1eft|hand 1-1/2-12 thread nut {(class 3 fit) used
on the current production engines and available for
field senuce when a new idler gear spindle nut is
required!.

NOTE

V- 12 only) Either the left or the right bank
numl:lwer one piston, rod assembly, and cylin-
der sleeve must be removed to get clearance
for wrench on center apindle nut.

Use Loctite 271 or 297 {equivalent to Stud-
lock} on clean spindle threads before install-
ing washer and nut. Loctite primer is not re-
quired. The recommended torque value is 750-
780 1b. ft. (103,73 - 10%,88 kegm).

FUEL INJECTION PUMP DRIVE

The flywheel formerly mounted on the fuel injection
pump drive shait is no longer required.

Replacement drive shafts, without the flywheel, are
interchangeable with the flywheel type.

Fuel Injection Pump Repair

The precigion construction and accurate calibration
of the Bosch fuel injection pump make it mandatory
that all repair work be accomplished under condi-
tions of utmost cleanliness and with instruments of
laboratory type. Hence, if it becomes necessary to
repair a fuel injection pump, contact an authorized
Waukesha Distributor who will usually have exchange
equipment available, or an authorized Robert Bosch
service station. The only exception to this is the fuel
transfer pump which may be cleaned and repaired in
the field provided that cleanliness precautions are
observed rigorously.

Fuel Injection Pump Removal and

installation

Whenever a line is disconnected or when installing the
pump, make every effort to keep even minute particles
of dirt from entering the openings exposed. Before dis-
connecting aline, or opening the vent cap, g0 aover pump
with a small paint brush and fuel oil to wash away ac-
cumulated dirt. Wipe outside surfaces clean and dry
before starting work and keep them that way until the
job is sealed up. Use particular care to protect the
delivery valve openings with tape or caps whenever fuel
lines must be disconnected. Also cover ends of fuel
lines. Be sure to fill putnp sump with lube oil to over-
flow level whenever reinstalling or replacing a pump.

Injection Pump Calibration Flvid

This specification covers one grade of calibration
and flushing fluid for use by the Waukesha Motor
Company manufacturing, laboratory, and field person-
nel for flow bench testing, leakage tests, and flushing
injection pumps. This fluid is recommended for use
in all bench -testing of injection pumps, especially
when such pumps are stored or unused for indefinite
periods of time before heing placed in service,

1. Property Requirements
The material purchased to this specification shglil
conform tothe requirements listed in the following

table,
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PROPERTY REQUIREMENTS OF CALIBRATION FLUID

Property

Viscosity at 100°F, SUS
Gravity, API
Color, ASTM

Color, after storage 6 months
at 110°F, £ 5°F., ASTM

Humidity Corrosion, hours
Galvanic Corrosion, 10 days

Bulfur, percent weight

Distillation, 90 percent BP, °F.
Flash, °F.

Water and Sediment, percent
volume

Foaming Tendency at 75°F,, ML
after 5 minutes blowing

Foam Stability at 75°F., ML
after 2 minutes settling

Gum

Specification Limit Test Method
34-35 ASTM D-2161
37-41 ASTM D-287
2-1/2 maximum ASTM D-1500
4 maximum ASTM D=-1500
45 minimum
Pass FTMS 5322.1
0.4 maximum ASTM D-129

: or

ASTM D-1552
560-580 ASTM D-86
160 minimum ASTM D-93
0.005 maximum ASTM D-1796
50 maximum ASTM D-3802
0 maximum ASTM D-892
Anti-Gumming

Fuel Injection Pump Linkage and
Discharge Lines

The continued long-time service built into the injec-
tion pump is directly dependent upon the preservation
of its precision parts through intelligent care and
maintenance.

Careful attention to details in connecting and adjusting
the control rack linkage is necessary. Check all ball
joints, clevis pins, and clevises for wear, binding, or
misalipnment. Replace all worn or guestionahble link-
age parts.

When attaching discharge lines always center each
line over its delivery valve holder before tightening
the union nut. This will prevent initial stregses that
might cause tubing to break during operation.

A few instances have been reported of fuel leakage at
the inlet and outlet hushings used on injection pumps.
In the event that they are found to be loose or leaking,
it is suggested that they be re-installed with a suitable
thread seal such as LocTite.

Overflow Valve

Supplementary to the fuel supply pump is an overflow
valve mounted at the front of the injection pump.

4~-8

The overflow valve serves two purposes. First, it
maintains uniform supply pressure in the sump
(reservoir around the pump plungers) at a value high
enough for optimum performance without being so
high as to force excessive quantities of fuel oil into
the lower portion of the injection pump, In addition,
this valve provides a constant escape path for trap-
ped air or fuel vapor which is returned to the tank
and vented. The bleed lines from the injectors return
the injector bleed-off fuel into the intake manifold
poris,

NOTE

Under no circumstances should the overflow
or bleed line fuel be taken directly back to
the fuel supply pump inlet. This will result
in recirculationof air and vapor until eventual-
ly enough air will accumulate to reduce engine
output or stop the engine,

The overflow valve may become gummed or dirty
and need an cccasional cleaning. This is easily ac-
complished with benzol or similar solvent and should
be all that iz required to make the valve operate
freely. Again, observe cleanliness precautions.

Occasional replacement of the valve will be peces-
gsary, A solid delivery stream from the overflow
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valve witl.hout excessive air bubbles is indicative of
proper operation of the fuel supply and fuel injection
pumps.

FUEL INJECTORS

The fuel [injectors are of the inward opening multiple
hold type. Opening pressure settings are listed in the
FITE AND CLEARANCES at the end of this seetion,

This opening pressure is adjustable providing the
injectors|are taken to a Robert Bosch service station
where injector testing equipment is available. DO
NOT UNDER ANY CIRCUMSTANCES ATTEMPT TO
ADJUST INJECTORS WITH MAKESHIFT EQUIPMENT
IN THE FIELD.

Removing Fuel Injectars

Before removing an injector, remove the rocker arm
cover and disconnect the drain-back line and the fuel
supply line at the couplings. To prevent the entrance
of dirt t0 either the nozzles or the tubing, cap the
openings with suitable caps or masking tape. Remove
the two screws and lockwashers and the injector
clamp and lift out the injector. Remove and discard
the nozzle gasket and the nozzle holder ¢o-ring and
use a new gasket and o-ring when replacing the in-
jector. Clean the nozzle recess before reinstalling
the injector, A seat cleaning tool is available for

CONNECTION

ADJUSTING
SCREW

LOCK NUT
FUEL QUTLET CAP

HOLDER
BODY

4—— SPINDLE

NOQZZLE CAP NUT

VALVE

PRESSURE

CHAMBER NOZZLE

-ML-09-37

carbon removal. On engines which have beenoperating
for some time, it may be necessary totap the injector
very lightly with a soft-face hammer, Do not use
violent methods fto loosen stuck injectors, but work
carefully and evenly on all sides to prevent cocking.
Use cauntion to avoid dropping dirt into the injector
opening, and plug it to prevent any dirt from enter-
ing while the injector is not in place.

On current diesel engines an edge type filter is used
to filter fue! before it enters the injector (see illus-
tration). The element in this filter is not replaceable;
only the complete filter can be purchased, The filter
does not require servicing due to its self cleaning
action,

Servicing Injectors

Unless service station equipment is available and the
operator is skilled in its use, there is little actual
repair work that can be accomplished on injectors.
If an injector is suspected of improper operation,
however, it may be given a general test by allowing
it to spray into the atmosphere while cranking the
engine over. Experience is the best indication of what
may be considered a satisfactory spray pattern.

l WARNING l

Never allow an injector to spray against the
skin. The fuel 0il may penetrate the flesh and
cauge serious infection and injury.

In checking multiple hole injectors for spray pattern,
an attempt should be made to visualize whatthe spray
pattern will look like if all the orifices are clear and
delivering an equal quantity of fuel. Each orifice
should deliver about the same quantity of fuel and
there should be no coarse dropg in the pattern, A
distorted pattern indicates a clogged or eroded ori-
fice. Comparison of the spray pattern with that of a
similar nozzle known to be in good condition will
resolve any doubts. Undesirable injector operation
is usually characterized by dribbling, sprays of badly
distorted patterns, sprays projected sideways, or up,
or down, from the nozzle, and other rather self-
evident troubles, The best remedy is replacement
with another nozzle and return of the old one for re-
pair,

When handling injector nozzles remember their pre-
cigion construction and avoid gripping in a vise or
similar abuses. When storing or shipping nozzles,
always make provision for moisture protection to
prevent corrosion.

DIESEL EXHMAUST TEMPERATURE
PYROMETERS

Diesel engines are equipped with exhaust temperature
pyrometers. The dial of this instrument has a selec-
tor switeh permitting checking individual cylinder
exhaugt temperatures as desired. The pyrometer also
permits checking exhaust temperature to the turbo-
charger. The pyrometer gerves two basic purposes.

1-9
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First, the exhaust temperature readings may be com-
pared with the temperature Vs. horsepower curve
and the approximate power output of the epgine thus
established and maintained for any given conditions.
Overloading may be avoided and engine life prolonged
by due regard for the pyrometer readings, In this
respect, the pyrometer serves much the same pur-
pose as the vacuum gauge on spark ignited gas en-
gines.

In addition, the pyrometer offers a readily available
means of checking individual cylinder performance.
Here a variation between one or two cylinders and
the others indicates some service problems needing
attention. Stuck or leaking injectors, leaky valves
and low compression,- delivery valve difficulty, and
similar conditions will often be revealed by the py-
rometer.

It must be remembered that the horsepower Vs. ex-
haust temperature curves are not accurate unless
the engine is operating properly, Retarded timing,
low nozzle pressure settings, rack adjustment er-
rors, and other factors subject to servicing and
installation mistakes will raise or lower the exhaust
temperature and at the same time reduce the horse-
power available from the engine.

Mounting the Thermeocouple

The thermocouple assembly must not protrude into
the exhaust manifold so far as to strike the metal of
the manifold. Metat contact with the thermocouple
unit will definitely give an inaccurate reading at the
pyrometer. Normal practice is to install one thermo-
couple in each exhaust outlet, Pyrometer assemblies
using a single thermocouple unit are available. This
would, of courge, read only the average exhaust
temperature for all of the engine cylinders,

Connecting the Pyrometer and
Thermocovple

The pyrometer operates on the thermo-¢lectric prin-
eiple, is actually a rugged galvanometer which mea-
sures the voltage generated by a juncture of two dis-
similar metals termed a thermocouple. Since this
voltage is of minute value it is most imperative to
provide for perfect electrical connections throughout
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the entire system. All wire ends and terminal con-
nections must be clean, bright and dry. Both the
pyrometer and the thermocouple terminals are mark-
ed {+white) for positive and (-red) for negative. The
lead wires must be connected positive to positive and
negative to negative. Do not, under any circumstances,
use a battery powered test light or gimilar device to
"ring out" the circuit without completely disconnect-
ing the instrument. Uncontreclled voltage applied to
the pyrometer will cause severe damage. Even the
small battery in a volt-ohmeter will damage the
instrument,

Wiring

Either of two types of connecting wires may be used
between the thermocouple and the pyrometer. Alloy
connecting wires may be identified by the color code;
white for positive and red for negative. Iron-constan-
tan wire on the other hand, if it is not color coded,
may be identified by using a magnet. The positive
iron wire is attracted to the magnet while the nega-
tive constantan wire is non~magnetic.

Checking the Wiring

After the wiring ig completed the pyrometer should
read up scale when the selector switch is positioned
to indicate the temperature of a heated thermocouple.
The indicator will read in the opposite direction when
the wiring is reversed between the indicator or the
thermocouple. As noted before, the iron wire may be
identified by the use of a2 magnet but alloy wires are
non-magnetic. In this instance, remove the  wires
from the thermocouple terminals and twist them to-
gether. Applying the heat of a match flame to the
wire at thiz point will cause the indicator to read wp
scale if the connections are correct. If not, reverse
the lead wires at the pyrometer.

If necessary, additional cables leading from the
thermocouple elements to the indicating dial may be
installed to relocate the dial where desired.

Adjustment

After all connections have been made and it is deter-
mined that the scale reads in the upwards direction
with application of heat at the thermocouple note the
temperature indicated with the selector in the OFF
position. It should read ambient air temperaturs.
Minor corrections may be made with a small screw
provided on the dial face of some instrumenis.

Maintenance

When the pyrometer fails to respond to sudden
changes in exhaust temperature such as after load
application, or at the time of engine overhaul it is
advisable to remove the thermocouple and clean any
carbon which has accumulated on the stem. The
thermocouple assembly consists of two wires of dis-
similar metals which are connected within a protec-
ting tube or stem, After extensive use it may not be
feasible to clean this unit and it gshould be replaced.
Give complete data when ordering, serial numbher,
type of thermocouple, etc.

—
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TURBOCHARGER
Turbocharger Installation

The turbocharged engine is normally shipped with the
turbochargers in position on the engine. If a turbo-
chargerjis to be installed on an engine in the field,
please refer to the following operating instructions
and to these mounting instructions. Information on
Waukesha ingtallation prints, if supplied, takes prece-
dence over these instructions.

The turbocharger is shipped assembled. Do not re-
move covers or plugs until immedialely prior to
installation, and use extreme care to ensure no dirt
enters the unit.

The turbme housing and/or compressor housing may
be rotated with respect to the center housing, Incre-
ments olf orientation vary as to the method of hous-
ing attachment The center line of the 0il drain in the
center housmg should be within 35 degrees of vertical
after the turbocharger has been instalied,

Immedlately prior to mounting the unit, prime the lu-
bncatton system as follows: Invert turbocharger, fill
center housmg with new, clean oil through oil inlet,
Turn rotatmg assembly by hand to coat bearings and
thrust washer with oil.

Coat threads of attaching bolts or studs with high
temperalture thread lubricant. Secure turbocharger to
itg moqult Connect ducts and make sure all connec-
tions are air tight.

Flush Uill through oil inlet line and ensure that line is
clean a.nld uncbstructed. Fill engine and oil inlet line
with new, clean lubricating oil, and connect line. Con-
nect oil|return ling. A check valve is installed in the
oil inlét| line to maintain an oil supply, thereby mini-
mizing Fhe possibility of oil starvation upon engine
start up while c¢il pressure is building up. A good flow
of warm 0il must be going to the turbocharger be-
fore loadmg the engine. Current turbocharged en-
gines are equtpped with a turbocharger pre-lube
system wh1ch is actuated during cranking to supply
the turbocharger bearings with lubricating oil prior
to sustained engine operation.

CAUTION 1

Connlect turbocharger ducts so as to impose
no compresswe bending, or torsional loads
on turbocharger

all air oluct connections must be air tight. Inlet air
to compressor must be free of dirt and protected
from contamination.

Ma.ximunlm distortion of the flexible exhausi connector
due to connected exhaust piping is +1/4 inch offset
and +1/4|inch axial deflection.

The posubmty of excessive muffling or unusually
restrictive exhaust pipe installations should always

be considered when checking turbocharger efficiency.
In general, the turbocharger is an effective muffling
device in itself and mufflers are not ordinarily con-
sidered necessary. Where circumstances compel
some consideration of supplemental muffling, it is
suggested that the Waukesha Motor Company be con-
sulted. The same factors apply to the use of tail
pipes and exhaust pipes other than short direct outlet
stacks.

Turbocharger Operating Instructions

If the turbocharger(s) are to be installed on a new or
newly overhauled engine, operate the engine for ap-
proximately one hour without the turbocharger install-
ed, or use a separate oil filter in the oil supply line
to the turbocharger during the first hour ofoperation.
This must be done t0 ensure that no metal particles
are carried from the engine into the turbocharger
lubrication system. The turbocharger oil supply lines
are equipped with magnetic plugs as a precautionary

measure.
i CAUTION

Before starting the engine, ensure that the
turbocharger and oil supply lines have been
filled with oil as directed in the turbocharger
installation paragraph.

-Ma.ke sure there is oil in the turbocharger before

allowing the rotor assembly to trn {oil pressure
should be 10 psig minimum). Disconnect the supply
line at the turbocharger, then hold the compressor
impeller from turning and start the engine. As soon
as oil appears at the end of the supply line, attach
the line. After the line is attached, release the im-
peller.

Check all ducts and gaskets or leaks. Repair all
leaks before proceeding.

Operate engine at rated output and listen for sounds
of metallic contact from the turbocharger. If any
such noise is apparent, shut down immediately and
correct the cause.

Turbocharger Low Output Operation

The turbocharger iz intended to increase engine power
cutput. Do not operate at low power more than necesg-
sary or for prolonged periods. DONOTIDLE TURBO-
CHARGED ENGINES FOR EXTENDED PERIODS!
This type of operation will foul the turbocharger and
make expensive disassembly and cleaning necessary.

Air Leaks

Since the turbocharger is basically a centrifugal air
pump driven by a gas turbine, anything which causes
leakage or impedes the air flow will reduce the ef-
ficiency and power output. In all cases where engine
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supercharging and power cutput seem to be less than
normal, check first for possible leaks in the connec-
tions at the intake manifold and exhaust manifold. Very
slight leaks are sometimes serious contributors to
low efficiency. The next point to check under these
conditions would be the possibility of a partially
clogged air cleaner. It is egsential that the air clean-
ers be as efficient as possible in order to prevent
substantial amounts ofdirt from reaching the impeller.
Proper and regular air cleaner maintenance helps
greatly.

Cleaning the Turbocharger

Since even the most efficient air cleaner is certain
to pass a slight amount of fine dirt, it is possible for
some of this material to collect on the impeller if
sufficient o0il or other binder material is present.
This can cause impeller unbalance and will defin-
itely reduce efficiency. Depending on condifions, a
schedule should be established for removal of the
air inlet connection at the impeller to inspect for
dirt accumulation on the impeller surfaces. When
and if dirt is found, caution anyone entrusted with
the cleaning against using the common methods of
seraping away such material with a screwdriver,
dirty rag, sandpaper, emery or steel wool. Such
techniques are certain to damage the impeller, Clean-
ing may usually be accomplished with a clean, soft
brush and solvent such as trichlorethylene, lacquer
thinner or benzol. Trichlorethylene has the advantage
of being nonflammable so that any residue accumula-
ting in the air inlet will not cause a damaged or run-
away engine, Cleaning must be complete and even all
the way around.

Turbocharger Maintenance

If the machine is to be ghut down for an extended
period of time, the turbocharger must be protected
Ideally, where corrosion is froublesome, the unit
should be dismantled and the shaft surfaces and all
bearings thoroughly covered with vaseline for profec-
tion. All exposed surfaces should be slushed with rust
preventive compound. Before placing the unit in op-
eration again, it must be dismantled to permit
thorough cleaning and removal of the protective coat-
ing. In less severe conditions, running the engine as
outlined under Conventional Storage on page 2-33 may
provide adeguate protection; or, removal of the turbo-
charger to a clean, dry place may be best.

The turbocharger is designed and constructed to
elinimate hand fitting of moving parts. All repair
parts should be entirely interchangeable without
forcing or f{fitting. It is essential in assembly and
repair of the turbocharger that parts be handled
carefully and kept clean gince tolerances on some
parts are such that nicks, burrs or dirt will interfere
with the proper operation of the machine,

Determining .Turbocharger Repairability

A bearing clearance inspection procedure is used to
determine whether it is necessary to replace or re-
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pair a turbocharger. In most cases this bearing check
can be made while the turbocharger is still mounted.

Prepare for bearing clearance inspection by fasten-
ing a dial indicator {plunger type with one inch travel)
using a mounting plate and a two inch extension rod,
to the turbocharger oil drain mounting pad. The
mounting plate and indicator can be secured with the
bolts which were removed to gain access to the cil
drain hole. :

Turbocharger Radial Bearing Check

Mount the dial indicator through the oil hole as ijlus-
trated at "B'. Grasp each end of the rotating assem-
bly and applying equal pressure at each end move the
rotating shaft toward and then away from the dial in-
dicator pin. The total dial indicator reading should be
between 005 and .010. The unit must be repaired if
not within these limits.

"These checks can be made with the housing attached.
A magnetic base for the dial indicator is also helpful,

ML -27-6.

TURBOCHARGER BEARING CHECK

Yurbocharger Axial Bearing Check

Mount the dial indicator on the compressor side of
the turbocharger ag iliustrated at "A". Move the
shaft axially back and forth by hand. The total indi-
cator reading should be between .004 and .014. The
unit must be repaired if not within the limits.
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Daily |Turbocharger Service and
Maintenance Inspection

1. Inspect mounting and connections of turbocharger
for securlty, lubricant leakage, or air leakage.

2. Check engine crankcase breather for restrictions
to air (flow.

3. Operate engine at rated cutput, and listen for un-
usual |turbocharger noise. If a shrill whine (over
and above normal turbine whine) is heard shut
down immediately. Whine is indicative of imminent
turbocharger bearing failure. Remove turbocharger
for overhaul. Other unusual noises would result
from |improper clearance between turbine wheel
and tprbine housing. If such noises are heard,
turbocharger must be removed from the engine,
disassembled and ingpected.

4. Check turbocharger for unusual vibrations while
operatmg engine at ratedoutput. If excessive vibra-
tion is evident remove turbocharger, disassemble,
and m'spect

3. Inspect and service the engine air cleaner if re-
quired.

6. Check engine under loaded conditions. Excessive
exhaulst smoke indicates improper fuel-air mixture
and could be a result of either engine overloading
or turbocharger malfunction.

Periodic Turbocharger Service and
Maintenance Inspection

In a.dditilon to daily inspection, periodic inspection
should ble made in conjunction with engine periodic
ingpection.

Inspect all air ducting and connections for leaks.
Make mspectwn both with engine shut down, and with
engine 1;unnmg Check at manifold connections to
turbine inlet and at engine exhaust manifold gasket.

CAUT ION

Do not operate the turbocharger if leaks exist
in the ducting, or if air cleaner is not filter-
ing efflmently Dust leaking into air ducting
can dama,ge turbocharger and engine.

Remove air inlet duct and compressor housing and
check for dirt or dust buildup. Remove all such
foreign matter determine and correct cause. Uneven
deposits left on impeller can affect balance and cause
premature bearing failure.

_ With compressor housing removed, push impeller
‘toward turbme end and turn rotating assembly by
rand. Check for binding or rubbing. Listen carefully
for unusua.l noises, I binding or rubbing is evident
remove turbocharger for disassembly and inspection.

If shims were removed for inspection, use same
thickness of shims at reassembly.
Turboctharger Trouble Shooting

Refer to the trouble shooting table for aid in deter-
mining the cause of turbocharger malfunction.

Summary of Turbocharger Operation
and Maintenance

The points below represent the main factors in oper-
ating and maintaining a turbocharged engine.

1. Do not operate engine under load until a flow of
warm ¢il is available to the turbocharger.

2. Do not exceed recommended speed of the turbine
and impeller.

3. Idle engine before shutdown.

4, Be sure oil line to turbo and its return are clear
before starting,

5. Be sure the oil in the engine is clean and filters
are well maintained.

6. Pre-oil new or stored turbochargers before
starting,

7. Do not be alarmed by slight oil leakage at idling
speeds.

8. Always check for tight air and exhaust connec-
tions before going further if the turbo output
seems low. ‘

9. Keep air cleaner serviced.

10. Clean turbo impeller carefully as needed.

11, NEVER use cutting, scraping, abrasives, or cor-
rosives on impeller or turbine.

12, Avoid restrictive mulflers or exhaust pipes.

13. Do not idle for prolonged periods.

Turbocharger Overhavl Instructions

The following tools should be available.

1. A furnace, oven, or hot oil bath which can be
temperature controlled between 350 and 375°F
(177 and 191°C).

2. A [ixture or stand which will prevent the rotating
assembly from turning while tightening or loosen-
ing the impeller nut.

3. A sleeve which can be assembled on the rotating
assembly shaft in place of the impeller,
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TROUBLESHOOTING DATA FOR AIRESEARCH TURBOCHARGERS

TROUBLE CAUSE REMEDY

Provide required oil pressure. Clean
or replace oil line. If trouble persisis,
overhaul turbocharger.

Lube oil pressure low, Improper
bearing lubrication, Loading en-
gine before warm oil is supplied
to turbo.

Excessive noise
or vibration,

Tighten loose connections or replace
manifold gaskets as. necessary.

Leak in engine intake or exhaust
manifold.

Engine will not Clogged air filter. Clean air filter.
deliver rated
power. Disassemble and clean, Overhaul

turbocharger,

Foreign material lodged in com-
presgsor impeller or turbine.

Fxcessive dirt build-up in com=- Thoroughly clean compressor assembly,

pressor,

manifold,

Leak in engine intake or exhaust

Rotating assembly bearing seizure.

Service air cleaner and check for leak-
age.

Tighten looge connections or replace
manifold gaskets as necessary,

Overhaul turbocharger.

4, A fixture or stand which will hold the assembly
in a vertical position,

The part, serial and model numbers and other per-
tinent information appears on the nameplate attached
to the turbocharger. Include this information in all
correspondence with the Service Department of the
Waukesha Engine Division.

Prepare to disagsemble the unit by cleaning the ex-
terior with a pressure spray of cleaning solveat.

WARNING '

Use cleaning solvent in a well-ventilated area.
Avoid breathing fumes. Keep away from open
flames.

Disassemble only as required to make necessary
inspections or repairs. As each part is removed
place it in a clean protective container,

NOTE

Measure the thickness of the compressor
housing and the turbine housing shims as they
are removed. Record the measurements so
that the same thicknesses can be used at
reassembly,

Remove the bolts and lock plates which hold the com-
pressor and turbine housings to the center housing
group. Tap housing with a soft headed hammer if
force is needed for removal. Then remove the nozzle
and diffuser.
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NOTE

Exercise care when removing houging to pre-
vent damage to compressor or turbine wheel.
Once damaged they cannot be repaired.

Place the center housing group in a suitable fixture,
which will hold the turbine wheel from turning. Re~
move the impeller nut, Heat the remainder of the as~
sembly in a furnace, ovenor oil bath, to a temperature
of 350 to 375°F (177 to 191°C) for no longer than ten
minutes. If hot oil is used, immerse impeller only.
Do not use direct flame heating in the impeller.

Ty

b CAUTION

Do not overheat the impeiler,

Press the rotating agsembly from the impeller using
an arbor press. Keep the shaft centered with the
bearings until the shaft is clear of the center Housing,

"CAUTION |

Be careful to aveid scuffing bearing journal
surfaces of the rotating assembly and inner
surface of bearings with the diamond knurl
Iocated on the shaft between the bearing
journals,

Remove thrust plate screws and lock tabs. Tap the
thrust plate lightly to remove from recess inthe cen-
ter housing,
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Before cleaning, inspect parts for signs of burning,
rubbing,l or other damage which might not be evident
after cleaning. Then soak all parts in clean carbon
solvent for about 25 minutes,

I WARNING '

Use Iclea.ning solvent in a well ventilated area.
Avoid breathing fumes. Keep away from open
flames.

After soaking use a stiff bristle brush and remove
all dirt Iparticles. Dry parts thoroughly with {iltered,
moisturcla-free, compressed air at approximately 20
psig pressure.

NOTE

Normally, a light accumulation of carbon de-
posits will not affect turbine operation.

General | inspection requirements are given in the
table at the bottom of this page.

Replace [any part which fails to meet inspection re-
quirements.

Replace [the following parts: thrust plate o-ring and
lock plail:es, nozzle retaining nut gaskets, piston ring,
and bearings.

Replace all damaged studs and nuts.

Check z?ach part prior to installation to ensure
clea.nline?ss. As parts are assembled, cover openings
to prevent entry of dirt or other foreign material.

NOTE

If any particle falls into the turbocharger dur-
ing assembly, remove the particle imme-
diately, even though exiensive disassembly
is required.

Lubricate o-rings with a light coat of liquid soap
or "Molykote, Type Z'" before insiallation,

Agsemble in reverse order of disassembly, noting the
following:

1. Align diaphragm on center housing, install shim
and back plate. Torque back plate to 25 to 30 foot
pounds. Secure back plate with tabs of lock plates.

2. Lubricate OD of bearihgs and insert in center
housing. Install snap ring.

3. Lubricate bearing journals of rotating assembly
shaft. Guide assembly straight through bearings,
using care not to scuff or scratch bearing journal
surfaces with threads of turbine and seal on cen-
ter housing. Exitreme care must be exercised
while pushing shaft assembly through bearings in
order to prevent corner at compressor end
journal as well as diamond knurl on shaft between
bearing journals from scuffing or scoring inner
surface of bearings.

4, Ensure that hole and cutout in thrust washer en-
gage pins in center housing, and that washer is
seated flat against the housing.

5. Install thrust plate washer and thrust ring with
piston ring in thrust plate, Ensure that cutouts in
washer mate with ribs in thrust plate and that
washer is seated flat against thrust plate, Slide
assembly over shaft and tighten thrust plate bolts
evenly to 80 to 100 inch pounds torque.

| Threads must not be nicked, crossed, or stripped,

ROTATING ASSEMBLY

[
INSPECTION TABLE FOR AIRESEARCH TURBOCHARGER g E

ITEM TURBOCHARGER INSPECTION REQUIREMENTS < 5

9

GENERAL Parts must not show signs of damage, corrosion, or deterioration, % «
o a

[TTTT

e o

Turbine wheel must show no signs of rubbing, and vanes must not
be eroded. Shaft must show no signs of scoring, scratches, or
seizure with the bearings,

|
IMPELLER

Must show no signs of rubbing and must be completely free of dirt
or other foreign material. Impeller bore must not be galled.
I
HOUSINGS Must show no signs of contact with rotating parts. except at slinger
grooves, Oil and air passages must be clean and free of obstrue-
tions,
|
. | NOZZLE Vanes must not be eroded and must not be bent to a different nozzlie
It area.

|
DIFITUSER Must be completely free of dirt and foreign material.
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6. Make a sleeve which will fit over shaftof rotating

10.

11.

assembly and bear against face of thrust ring.
Length of sleeve must be same as iength of bore
of impeller. Install sleeve over shaft and gecure
firmiy with plain washer and nut. Check axial
(thrust) play of rotating assembly. Play should be
0.002 to 0.010 inch. Remove nut, washer and
sleeve,

. If the same compressor housing, diffuser, im-

peller, and rotating assembly are being reassem-
bled intop same center houging, use same thick-
ness of shims for diffuser as recorded at
disassembly. Install same shims onto the center
housing. Install diffuser plate assembly and se-
cure with lock washers and nuts. Tighten nuts
evenly to 12.5 to 16.6 foot pounds torgue.

. Heat impeller in furnace, oven, or hot oil bath

to 350°F, 177°C, for no longer than ten minutes.
Install impeller. While impeller is still hot,
install washer and nut. Ensure that orientation
marks on rotating assembly, thrust ring, impeller,
and wagher are aligned. Tighten nut to 30 to 35
foot pounds torque. After impeller cools to less
than 150°F, 66°C, tighten nut to 40 to 50 foot
pounds torgue. Clean impeller of oil if hot oil
bath was used for heating.

e

b CAUTION 1

Impeller nut must be tightened in such a man-
ner as to apply no bending loads on shaft. It
is recommended that g wrench with a double
universal joint be used.

. Secure nozzle to turbine housing, and tighten

nuts to 35 to 45 inch pounds torgue.

NOTE

Nozzle retaining bolts may be rotated 180
degress to facilitate assembly. Bolt heads
must pear on nozzle and not on turbine hous-
ing.

Apply a thin coat of Permatex Super 300 to dif-
fuger mating face and bolt holes of compressor
housing, install compresser housing on diffuser
and secure with bolts and lock washers. Tighten
bolts evenly to a torque of 150 to 200 inch pounds.

If same housings, diffuser, impeller, and rotating
assembly are being reassembled, use same thick-
ness of shims as recorded at disassembly. Instail
correct shims, orient turbine and compressor
housings with center housing and carefully install
each housing in position. Tighten nuts center
housing to turbine housing evenly to 300 to 350
inch pounds torque and secure with lockplates.
Tighten nuts center housing to diffuser evenly to
159 to 200 inch pounds torque.
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12,

13.

14.

15,

16,

17.

18.

19,

NOTE

If any parts listed in step 11 are new, select
shims which will give correct turbine wheel
and compressor impeller clearance. Deter-
mine correct shim thickness in accordance
with steps 12 through 16. If impeller, thrust
ring, or rotating assembly require replace-
ment, center housing rotating assembly must
be replaced entirely. This is a factory bal-
anced assembly and interchanging of rota-
tional parts is not recommended due to
possible loss of balance.

Assemble center housing assembly as outlined
in steps 1 through 7, using 0.045 inch shimsg when
installing the diffuser assembly.

Place center housing assembly upright with tur-
bine wheel resting on surface plate or similar
parallel surface.

Place parallel bar across diffuger vanes. Mea-
sure depth from top of bar to face of thrust ring
with a depth micrometer. Record depth reading.
Measure {from top of parallel bar to face of dif-
fuser vane and record depth reading. Subtract
readings. Difference indicates height of diffuser
vanes above thrust ring {ace. Rotate parallel bar
180° and take second set of readings. Agreement
within 0.001 inch maximum is desired,

Place impeller face up on gage block, on flat
parallel surface. With vernier height indicator,
measure height of blade tip. Measure at least
one-eighth inch back from tip edges. Record
height reading. Remove impeller from gage block
and measure height of gage block. Record height
reading. Subtract readings. Difference indicates
height of impeller. Rotate impeller 180° and re-
peat measurements, Agreement of within 0.001
inch maximum is desired.

Subtract impeller height from diffuser vane height.
A difference of 0.013 to 0.017 inch is required.
Seleet ghims to add or subtract from shims pre-
viously placed under diffuser in order to gain
proper dimension,

Heat impeller in furnace, oven, or hot oil bath
and install as outlined in step 8. If properly shim-
med, diffuser vanes will be from 0.013 to 0.017
inches higher than impeller biade tips.

Use feeler gage to measure clearance at three
equidistant points between nozzle, turbine vane
ends, and inner ghroud of turbine housing. Note
clearance. Maximum tolerance is 0.003 inch.

Place turbine houging assembly face up so that it
rests on turbine exhaust flange. Install combina-
tion of shimg to provide thickness of 0.040 inch.
Install center housing rotating assembly, check
turbine wheel for free spin. Tighten nuts to 25 to
30 foot pounds torque.
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20. If turbine spins freely, remove nuts, separate
unit and remove 0.010 inch shim. Repeat proca-
dure|until turbine rubs lightly on turbine housing.

21. Separate unit and add combination of shims to
provide additional 0.019 to 0.029 inch. This is
required face clearance tolerance.

22, Install selected shims. Orient turbine housing
fo cxlanter housing as required. Tighten nuts to
torque of 25 to 30 foot pounds and secure lock-
plates Rotate shaft to check for binding,

23. Oriell'nt compressor housing to diffuser assembly
and secure with bolts and lock washers. Ensure
that matmg surfaces of compressor housing and
dlffuser assembly have been thinly coated with
Permatex 300. Torque bolts to 12.5 {o 16.6 foot
pounds. Rotate shaft and check for binding.

After assembly, push the rotating assembly as far as
possible |fr0m the turbine end, turn, and check for
binding. Repeat check pushing frorm the compressor
end.

If unit 15 to be stored, lubricate internally, install
protectwe covers on all openings.

Turbocharger Testing

Turbocharger does not require testing after overhaul.
After turbocharger ig reinstalled, inspect the installa-
tion follqwmg recommendations in paragraphs titled
"Dally Tyrbocharger Service and Maintenance Inspec-
tion", "Periodic Turbocharger Service and Mainte-
na,m,e In§pect10n", and "Turbocharger Operating In-
gtructions",

VALVE |SERVICING AND ADJUSTMENT

Servicing Reoller Type Valve Tappet
Assemblies

Waukesha Motor Company has revised the method
of fabncatmg the roller type valve tappets used in
this engme Because these methods cannot be dupli-
cated effectively in field shops, only complete as-
semblies|can be used for service replacement pur-
poses.

Servicing Hydraulic Push Rods

Any of the following may be encountered when trou-
bleShootmg a malfunctioning hydraulic push rod sys-
tem.

1. Complete failure (all or most of the push rods
are noisy).

2, Single push rod failure.
3. Intermittent failure.

4, Starting noise,

Analysis and Correction of Hydravlic
Push Rod Failures

1, COMPLETE FAILURE

This type of failure is caused by interruption of the
0il supply to the hydraulic push rods.

A, An example would be the loss of engine oil
pressure because of line breakage.

B. Too much oil in fhe crankecase can cause a
similar condition. The entire o0il supply can be
whipped into foam with excessive air in the oil
making the fluid so0 compressible that the hy-
draulic push rods are inoperative,

C. Complete failure may be caused by water leak-
ing into the oil supply (especially where per-
manent antifreeze such as ethylene glycol is
used). The push rods would gradually become
noisier if most or all were affected. Starting
the engine in cold weather would be very diffi-
cult since a similar coating would be formed
in the engine requiring congiderably more tor-
que to turn the engine over.

D. Complete failure can also be caused by a leak
on the inlet side of the oil pump. Intake of air
can make the fluid compressible enough to cause
noige and can cause valve seating before it has
slowed down (resulting in broken valves among
other things) because of loss of dampening ac-
tion.

E. Anything causing o0il pressure drop, such as
burned out bearings or any unusual loss of oil
can cause push rod malfunction. A clattering
noise may result at idling after long hard run-
ning. This is due to high oil temperature or
thinning oil so that pressure cannot be main-
tained when there is an excessive loss of oil
due to worn parts. As can be seen, generally
these failures are due to some unfavorable con-
difion in the oiling system.

2. SINGLE PUSH ROD FAILURE

A. A faulty hydraalic unit, such as one having a
fast leak-down usually would not show up with
cold oil or during normal operation, but a slight
noise would be heard at idling or when the oil
ig hot. This is not dangerous, does not affect
operation or cause breakage, but because it
does produce annoying, noige at idling with hot
oil, the unit should be replaced.

Locate the noisy push rod by pressing against
the upper end of the valve spring with fingers
{(if oil i=s hot, use a hammer handle or similar
wooden handle). The shock of the valve seating
will be clearly felt. Also, the noisy push rod
can be located with a listening device by com-
paring it with the sounds of other push rods.
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L

B. The push rod hydraulic valve may be stuck at

the bottom of the body allowing the intake or
exhaust valves to operate at full dry clearance
(approximately 1/8 inch). IT 1S DANGEROUS
TO OPERATE AN ENGINE AT HIGH SPEED IN
THIS CONDITION--VALVE BREAKAGE IS
PROBABLE.

Stop the engine with the valve lifter on the base
circle of the cam. Manually press down on the
rocker arm. There should be no interference
from the push rod, indicating the stuck hydrau-
lic valve. Sticking may be due to excessive dirt
or a trace of ethylene glycol in the oil, Deter-
mine the cause so that proper steps can be
taken to prevent a recurrence. Examine the oil
filter for unusual amounts of dirt, and if found,
replace the filter elements and 0il, Examine
the hydraulic unit for cause of failure. Burned
bearings or scored engine parts fill the oil
with particles of metal, necessitating a thorough
engine cleaning plus parts replacement.

. A sgticking rocker arm can cause single push

rod noise. Locate the noisy push rod, then hold
the engine valve end of the rocker arm down,
forcing the arm against the valve stems. Nor-
mally, the hydraulic wnit spring with a four to
six pound force, moves the rocker arm, but the
rocker sticking on the shaft can prevent its
action and thug prevent refilling the hydraulic
unit. Holding down on the rocker arm assists
the spring, causing the unit to fill with oil and
become quiet.

. A worn valve guide or misalignment of the valve

seat can cause push rod noise. Rotate the valve
spring about 180 degrees. If the noise stops
temporarily but returns after the spring works
back to the original position something is
wrong with the valve seating, Aworn guide, bent
valve, or misalighed seat is ugually the cauge,
s0 a replaced push rod will not correct the
trouble. This noise isn't usually loud and should
do no harm at high speed operation.

. When engine valves or stems are gummed or

sticking, preventing full valve closing, it may
sound like a push rod noise accompanied by
irregular engine operation due to the wvalve
holding open. High fuel consumption may indi-
cate that a valve overhaul is necessary. This
can also be caused by wrong lubricating oil or
fuel type uged.

. Any condition preventing o0il delivery to a single

push rod will cause noise. Check each part re-
moved to determine that there arenorestricted
passages.

Some conditions cause scoring between the cam
and the lifter roller, in turn causing an irregu-
lar profile on the roller/cam surface. It can
gound like a noisy push rod. Measure the lift of
the valve by shimming between the rocker arm
and the valve stems until the hydraulic unit hot-

toms and the valves are held off the seat slight-
Iy.

} CAUTION |

Do not cause valves to be held off seats more
than .005" fo preclude possibility of bending
valve heads by striking the piston.

Compare the lift to other valves or tothe height
given in the fits and clearances section.

3. INTERMITTENT FAILURE

Intermittent noise, such as a clatter at idling after
hard running, may be caused by excessive or too little
oil in the crankcase. An air leak on the inlet side of
the 0il pump or low pressure (due to worn pump or
bearings) may cause excessive loss of oil pressure,
naticeable in the hydraulic units. See paragraph 1 for
these counditions, Of course intermittent noise may be
caused by a push rod unit which is sticking part of
the time, by a tight rocker arm or by a tight lifter
in its guide,

4. STARTING NOISE

Starting noise may be due to slight sticking of the
hydraulic unit. A little time and warm-up is required
to move the plunger into gperating position, however,
note that this may be the beginning of trouble from
antifreeze leaking into the oil. Starting noise due to
antifreeze in the oil may quiet as soon as the oil
reaches a temperature where the deposit softens.

Hydraulic Push Rod Overhaul
CLEANING

During engine valve overhaul, clean and inspect the
hydraulic units, After long operation, a deposit forms
above the operating position of the plunger, so the
plunger cannot move above this pogition. The hydrau-
lic units fill with oil to this point, so ag they are re-
moved, they will go down slowly, appearing to be
stuck, but they are not. When a hydraulic unit sticks,
it sticks at the bottom of travel. In handling and clean-
ing hydraulic push rods, provide for a clean working
area, free from splinters or filings. Cover the work-
ing area with paper. Keep the paris for each unit
geparate to avoid misassembly (and noisy push rods)
later. Clean all ports and inspect contact surfaces
for wear, pitting, corrosion, and other appearances
of deterioration. The filter (8) must be replaced as
required,

ASSEMBLY

Agsemble the plunger sub-assembly by placing the
cup-shaped valve retainer (1} in an open end up posi-
tion, On early engines insert the thin wave washer
curved spring (9} into the retainer (spring curvature
ecan be up or down). On later engines ingtall conical
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PUSH ROD TYPE HYDRAULIC VALVE LIFTER

¢oil spring with small end towards check valve. Place
the check valve (3) into the retainer, either side up.
Ingert th:-:i nose end of the plunger (4)into the retainer
and press it all the way in. The plunger sub-assembly
is now complete.

To assemble the component parts into the push rod
unit, it will be necessary to use an arbor press and a
fixture to hold the unit. Place the push rod with the
hydraulic! unit body (5) up in a vertical position in the
fixture. Drop the plunger spring (2) into the body
making sure that it goes into the spring cavity. Fill
the body 5pprox'1mately 1/2 full of clean kerosene and
tarefully|insert the plunger sub-assembly into the body
with a slight rotating motion. Do not force the plunger
into the Pody. The air being trapped between the oil
in the bpdy and the bottom of the plunger will leak
out slowly if the plunger is held down by hand for a
short per‘liod of time. Fill the plunger inside diameter
with clean kerosene and place the plunger cap (6) in
position on top of the plunger. With the unit in the fix-
ture plat«'a and in position on the arbor press directly
under theé arbor press ram, place a short length of
%/16" diameter rod between the arbor ram and the
socket ofl the plunger cap. Apply downward pressure on
the plunger cap and move the plunger into the body
until the top surface of the plunger cap is slightly be-
low the retaining ring groove in the body. Insert the
retaining| ring (7) into the groove on the ID of the
body using a small screw driver. Raise the arbor
press ram up and observe that the plunger spring
forces the plunger and the plunger cap up against the
retainingi ring. The assembly is now complete and
the unit ready to be installed in the engine.

Mgy iy iy

"CAUTION |

PP

In handling the hydraulic units, cleanliness
and good ingpection procedures must be prac-
ticed. Care must be exercised to assemble
the parts properly. There is no interchange-
ability of parts. Hydraulic valve lifters should
never be ingtalled dry. Always prime the lift-
ers with clean recommended 0il,

After filling, determine whether unit is holding
properly by comparing with another unit. Although
unit may be compressed, it will resist rather than
collapsing quickly.

Valve Removal and Replacement

Using a valve spring compressor, compress the
valve springs and remove the retaining ring, o-ring,
split taper keepers, and valve spring retainer,

NOTE

Mark each valve for identification so that it
is installed in its original position. Ingpect
the valve, the valve pguide and valve insert
for wear, etc.

Ingpect each valve carefully’ for warpage, cracking,
scoring and stem wear. Inspect the valve faces for
pitting, cracks and evidence of burning. Excessive
wear Of either the stem or the guide will make it im-
possible to secure a tight seal by grinding unless the
valve or guide, or possibly both, are replaced. Make
sure valves are marked for reassembly in the same
guides.

CAUTION

Do not use a stiff wire brush., Examine the
springs for any sign of pitting, corrosion,
damage or bright spots. Replace any spring
which shows any of thesé conditions, regard-
less of degree, Compare, spring length to that
of a new spring. If it is more than 3 percent
shorter, replace it. Spring failure can cause
extensive damage to the engine, Check spring
specifications in the fits and clearances sec-
tion,

Inspect valve puides. Use a Dial Bore Gauge or simi-
lar instrument to check the bore of valve guide and
dimensions against those specified in the fits and
clearances at the end of this unit.

Valve Guide Removal and
Replacement

Remove worn valve guides with a suitable press,
Press new guides into place on an arbor press with
a mandrel of the proper size to prevent damage,
Guides should extend 1-3/4 + 1/32 inches above the
face of the cylinder head.
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Care must be taken when replacing water
cooled exhaust valve guides. The outside
diameter at the valve head end of the guide
is larger than the outside diameter at the
valve stem end of the guide; therefore, the
guide must be pressed out toward the valve -
seat insert and must be pressed in from the
valve geat insert side of the head.

Apply a gond heavy body lubricant, sech as white lead
mixed with SAE 30 lube oil, to the outside diameter
of the valve guide before pressing into the cylinder
head. When pressed into the head, the guide has a
tendency t0 work harden. For this reason, the guide
must be reamed in place. Always start the reamer
irom the valve seat insert gide of the head. A carbide
faced reamer with a No. 2 Morse taper is available
from Waukesha under part number 499953.

The exhaust valve stem seal must be ingtalled flush
with the end of the guide after the guide has been
reamed in place. The seal is a light press fit, and
must be installed with the seal lip facing down toward
the valve seat.

NOTE

Install valve carefully to avoid moving seal
in exhaust valve guide.

The piston ring type valve guide seal used in the
204109 intake valve guide must also be installed after
the guide has been reamed in place. Refer to Service
Bulletin No. 7-2021 for installation instructions.
DAMAGED VALVE GUIDE BORES IN
CYLINDER HEAD

Some valve guide bores in the cylinder head are
damaged when valve guidesg are removed. These heads
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| ‘A}f‘r"?':" with a reamer and the new valve guides are reworked

by one of the following methods:
NOTE

The O.D. of reworked valve guides should re-
sult in a .0005" to .0025" press fit,

ELECTRO-COPPER PLATING (RECOMMENDED)

This process ig available at most bright chrome
plating shops. It is accurate, requires no clean up
work, and provides good heat transfer quality. Thick-~
nesses up-to .005" on a side (010" Q.8.) can be ob-
tained with good adhesion,

SPRAY COPPER COATING (ALTERNATE)

This process is available at certain specialty shops.
It provides good heat transfer quality. Some machin-
ing is necessary to obMain concentricity and required
outside diameters,

KNURLING (NOT RECOMMENDED)

Knurling can be used with limited success on non-
water cooled guides (use a 45° diamond shaped cut).

CAUTION 1

Guides, if knurled, will probably shear the
metal from the head casting when being in-
stalled. This may lead to premature loosening
of the guide and induce higher valve stem
temperatures due to poor heat transfer be-
tween the guide and the head.
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I
FLYWHEEL AND FLYWHEEL HOUSING

Flywheel and Flywheel Alignmen!

A major Ifactor in obtaining long service life {rom
any engme and clutch or power take-off assembly is
the proper alignment of the flywheel housing, fly-
wheel, and pilot bearing bore. Distortion or lack of a
common center on any of these parts will setup
forces whmh will be destructive to bearings, crank-
shaft, clutph and the driven equipment. In addition,
because of normal manufactoring tolerances, when an
engine is |insta11ed in a mounting formerly occupied
by another engine, it is not safe to assume that the
drive shalt of the power take-off will automatically
line up willth a coupling located for the previous engine,
In such cirecumstances, either the engine mounts must
be shimrrlied or adjusted, or the driven mechanism
must be relocated and adjusted a few thousandths to
bring the [entire drive line from crankshait bearings
to driven shaft coupling into good alignment,

Distortion or misalignment of the fiywheel, housing,
or both may oceur because of a number of reasons,
even though the alignment is carefully checked before
the engine leaves the factory. Some of these reasons
are listed below,

1. Rough |handling in shipping or storage. Jolting and
roughness in railway shipment will definitely cause
this trouble.

2. Improper loading or unloading techniques. The uge
of fork trucks, lift trucks, bulldozers and similar
equipment to bump or skid an engine from a freight
car or truck, or for pushing in a warehouse or on
a loa.ding dock is a common source of misalign-
ment trouble.

3. Dropping, sliding violently down skids, tipping the
engine; on end for repair work, prying against
wheel [or housing with bars, or uneven mounting
surfacles during operation will also produce mis-
alignnient.

4. Removal of the flywheel, the housing, the crank-
case, [or the crankshaft for service and mainte-
nance |operations always introduces the possibility
of misalignment,

Flywheel Housing Mounting

The machined contact surface of the flywheel housing

mounts on the machined rear surface of the crank-
case.

Before installing the flywheel housing, use a straight
edge 1o check the housing rear surface for high spots
around the bolt holes and burrs or pick ups that might
prevent accurate seating. Dress these off if found.
When the housing has been installed and the bolts
snugged up just enough to hold it in place make the
followmg check for concentricity before installing
the dowels.

1. Support a dial indicator in the same general man-
ner as shown and check the run-out of the housing
bore all the way around,

2. Use a soft-face hammer as shown to correct mis-
alignment until the run-out does not exceed 0.015"
total indicator reading.

3. Tighten bolts partially, working back and forth
across the housing. Recheck with dial indicator,

4, Before starting the dressing operation, check to
make certain the housing bolts are snug and the
dowel holes are aligned. Unless the dowel holes
are in perfect alignment, it will be necessary to
ream them for an oversize dowel or re-drill and
ream in a new location. Do not force the dowels
into a misaligned hole since this will definitely
spoil the alignment job. If the bolts and dowels
are not snug, the tool may cause the housing to
ghift during the cutting operation and this, of
course, will produce a very unsatisfactory job.

After tightening bolts to final tension. relocate the
dial indicator to indicate the flywheel housing face.

1. Housing face run-out should be confined to 0.010"
or less, Although under emergency conditions it
may be possible to correct minor distortions by
means of a block of hard wood and a hammer,
this procedure is definitely not recommended as
good operating practice. If correction is required,
it should be done with a cutting tool mounted on a
radius arm and firmly attached to the flywheel or
flywheel flange. Thus, by rotating the crankshaft
by means of a suitable drive, the cutting tool will
dress the housing face into a plane in alignment
with the crankshaft flange.

2. When making the above inspection it is very im-
portant not to be misled by end movement of the
crankshaft. To prevent this, use a pry bar to bring
the shaft into full forward position at each point
where the indicajor reading is taken. Do not pry
against the housing or crankshaft flange. Work
through the side door and insert the bar carefully
between the crank throw and a main bearing cap.
If inspection does not reveal any other reason for
excessive run-ouf, it will be necessary to mount
a cufting tcol on the wheel and face off the housing
slightly to bring the two surfaces into the correct
relationship. Machining of the housing bore may
also be accomplighed at this time if needed.

Ag with the flywheel housing, the mounting surface of
the flywheel and the crankshait flange must be free of
burrs and conditions which would prevent accurate
seating. '

1. The drilling of the flywheel holes prevents the
wheel from being located improperly. With the aid
of adequate hoisting equipment, lift the wheel and
align the offset hole so that the wheel mounts on
the flange.

2. Use a torgue wrench to apply the correct tighten-
ing value to all bolts evenly, working across the
wheel from one to another in several stages. Refer
to the table of tightening torque values in the back
of this unit,
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&

Mount a dial indicator on a bar extending across the
flywheel housing and check the run-cut of the pilot
bearing bore. Run-out should not exceed 0.005",

Remount the dial indicator to measure the run-out of
the flywheel face. Again, it is emphasized that each
reading must be taken with the crankshaft moved all
the way forward to contact the thrust bearing, Unless
dirt or burrs have prevented the flywheel from geat-
ing, or rough handling has somehow distorted the
wheel or crankshaft flange, maximum run-out should
not exceed 0.015",

LIFTER REPLACEMENT

When a new camshaft is installed to replace a failed
or excessively worn camshaft, an entire set of new
valve lifters must also be installed. Wear patterns
on the old lifters and/or damaged old lifters can re-
gult in early failure of the new camshaift when new
lifters are not installed,

MAIN BEARING CAP TORQUE

1. Generously apply engine oil to main bearing studs
and nuts immediately before installing nuts.

2. Turn main bearing cap nuts until bearing caps are
held firinly against engine block. Follow the crogs-
over sequence as shown in the illustration, stari-
ing with number 8.

3. Apply 3M Scotch Grip Industrial Adhesive EC 847,
or equal, to both sides of the crosstie cap screw
washers. Install cap serews and turn in until seat-
ed following the number gequences 1 thru 7 and 36
thru 42.

4. Tighten the crogstie cap screws and the bearing
cap nuig in the steps of increasing torque values
given in table below,

TORQUE VALUES
CROSSTIE MAIN CROSSTIE
CAP SCREWS |BEARING CAP | CAP SCREWS
LEFT SIDE NUTS RIGHT SIDE
STEP 1 | 60 lhs. ft. 68 lbs. fit. 60 lbs. ft.
(8,35 kgm) (9,5 kgm) (8,35 kgm)
STEP 2 | 120 lbs. ft. 136 lbs. ft. 120 lbs, ft.
(16,80 kgm) (19,00 kgm) (16,60 kgm)
STEP 3 [ 180 lbs. ft. 205 lbs, ft. 180 lbs. ft,
(24,90 kgm) (29,00 kgm) (24,90 kgm)
FINAL 242-250 lbs. ff.| 271-2791bs. ft. | 242-2501bs. fi.
(33,34-34,59 (37,48-38,58 (33,34-34,59
kgm) kgm) kgm)
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BOTTOM VIEW OF CRANKCASE

INSTALLATION OF SPRING-LOADED
TEFLON SLEEVE SEAL RINGS

Certain installation procedures must be followed to
ensure success with the Teflon geal......

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
gseal 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. Lu-
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bricate the exterior of the installation tool and the
lcrwe:rI end of the sleeve with Parker O-Lube or
equlvalent After aligning and starting the ring on
the taper, it should be thrust down to the groove
sma.rtly with hand pressure. Current sleeves in-
clude|a large chamfer on the lower end and do not
require use of the tapered sleeve.

. The above procedure stretches the ring and if in=-

sta.lled in this condition, it ig probable that excess
Teﬂon will be sheared off and the seal ruined. A
compressor tool such ag the clamp or band com-
monly used to install piston rings may be used to
re-size the seal ring. A scrapof thin material such
as Mylar or heavy cellophane should be used at
the clamp slip joint to protect the seal against
notehing at this point, or the inside end of the com-
pression tool must be featheredtoa fine edge. Tor-
que the lock nut of the compression tool to 10-15
ft. lbs to re-size the ring. After removing the
compresswn tool, the sleeve is ready for installa-
tion in the crankcase,

The Itapered sleeve installation tool and the com-

pression tool can be purchagsed from your author-
ized Waukesha distributor,

. If a compressor is not available, it is preferable

to allow the seals to set overnight by which time
they|will regain approximately their former di-
mensions. Algo, the sleeve with the Teflon seal
only |installed may be submerged in boiling water
for 15 minutes to re-size it.

. Lubricate the geal with liquid soap or other lubri-

cant [in the conventional manner and install and
inspect the sleeve as uauval. Check for leakage and
bore |roundness.

CLEANING AND PRELUBRICATION OF
CAM FOLLOWERS USED FOR SERVICE
REPLACEMENT

Cam followers uged for service replacement are
shipped from the factory coated with Cosmoline. We
have received reports of followers being dipped or
immersed in cleaning solvent to remove the Cosmo-
line. This practice not only removes the Cosmoline,
but also removes the Molycote from the follower roll-
er bushing and pin which can result in follower
failure.

The Cosmoline should be removed from the followers
by wiping them with either a dry cloth or a cloth
dampened with cleaning solvent. After the Cosmoline
has been removed, we recommend immersing the
followers in clean engine lubricating oil for 4 to 5
minutes to insure adequate roller bushing and pin
lubrication. Don't wipe the oil from the followers be-
fore installing them in the engine.

These prelubrication procedures also apply to rein-
stallation of removed cam followers which are being
reused.

WATER PUMP SEAL

When installing a new water pump seal, carefully
wipe the carbon or teeplelite sealing surface and the
mating ceramic surface with a soft eloth or absorbent
paper to remove all traces of wax, grease, or oil.
Use a small amount of solvent if necessary. To pro-
vide 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 coolant. When using only water as the
engine coclant, about 1% soluble oil should be added
as a seal Iubricant and cooling system corrosion in-
hibitor.
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GENERAL TORQUE RECOMMENDATIONS

The values specified below are to be used only in the absence of specified torquing instructions and are not fo be
construed as authority to change existing torque values. A tolerance of +3% is permissible on these values, which
are for oiled threads. ,

HEAT TREATED MATERIAL SAE GRADES & GRADE 8
NOTE: INCREASE VALUES 1/3 FOR DRY THREADS
GRADE 5 GRADE 8
(3 radial dashes on bolt or (6 radial dashes on bolt or
cap screw head) ¢ap screw head)
THREAD SIZE U.S. Pounds-Feet Metric Kgm U.S. Pounds-Feet Metric Kgm
1/4-20 ] ' 0,8 9 1,2
1/4-28 7 0,9 1 1,5
5/16-18 13 1,8 : 18 2,5
5/16-24 15 2,1 21 2,9
3/8-16 24 3,3 34 4.7
3/8-24 27 3,7 38 5,3
7/16-14 38 5,3 54 7.5
7/16-20 42 5,8 60 8.7
1/2-13 58 7,9 82 11,3
1/2-20 65 8,9 90 12,4
9/16-12 84 11,7 120 16,6
9/16-18 93 12,9 132 18,3
5/8-11 115 157 165 . 22,8
5/8-18 130 17,9 185 25,8
3/4-10 205 28,4 290 40,1
3/4-16 230 . 31,8 320 443
7/8-9 305 42 2 455 82,9
7/8-14 335 48,3 515 : 71,2
1-8 455 62,9 695 96,1
1-14 510 70,5 785 108,6
1-1/8-7 610 84 .4 990 136,9
1-1/8-12 685 947 1110 153,5
1-1/4-7 860 118,9 1400 193.,6
1-1/4-12 955 1321 1550 2144
1-3/8-6 1130 156,3 1830 253,1
1-3/8-12 1290 178,4 2085 2884
1-1/2-6 1500 207.,5 2430 336,1
1-1/2-12 1690 233,7 2730 277,56
1-3/4-5 2370 327.8 3810 526,9
2-4-1/2 3550 490,9 3760 796,68
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FITS AND CLEARANCES

Cylinder heads should always be torqued in the proper
sequence as illustrated. Lubricate studs, nuts, and
flat washers with SAE 30 engine oil. First hand se-
cure nuts in positions 1 and .2, making sure that the
head dowels are seated. Hand start the remaining
nuts. The lirst time through the torque sequence usge
25 percent of the total torque value; each succeeding
time through the torque sequence increase the torque
getting by 25 percent of total torque value until final
-torque is reached. In order to be sure of proper tor-
que, the torque sequence should again be repeated
with the torque wrench set to the total torque value.
Do not overtorque, If any nuts are overtorqued by 15
lbs. ft. (2,1 KGM) on 7/8" studs, or 20 lbs. ft. (2,8
KGM) on 1" studs, reduce torque on ali nuts 1o 75% of
total torque and repeat entire torquing sequence.

TORQUING CYLINDER HEAD STUD NUTS.
ILLUSTRATION ALSO SHOWS LOCATIONS
OF INTAKE AND EXHAUST VALVES.

ML-2-93

TORQUE RECOMMENDATIONS (VALUES STATED ARE FOR OILED THREADS)

U.s.
Pounds-Feet Metric Kgm
Cylinder head (Consult the illustration on this page for the stud
nut tightening sequence. )

1 inch studs (current design) . e e e e e e e e e e e e e 625-630 86,4-89,9

n/8 mch T 446-450 £1,7-62,2
Consult the Repair and Replacement unit for the proper mam bearing
cap nut and bolt tightening Sequence.

Elasltlc stopnuts , . ., . . . s s e e e e e e e P e e . 2712579 37,5-38,6

CI‘OSS-tle CAPBCTEWS . . . 4 + = = « & = 2 & o « = e e e e 242-250 33,5-34,6
Connecting rods . . . . ¢ « . 2 v o . . . e e e e e e e e e 175-192 24 2-26,8
Edge type fﬂter to m]ector ..................... 65-72 8,9-9.9
Mjectoriuelouﬂetcap e e e e e e e e h e e e e e e a e e e e e 45-50 6,2-6,9
Injector spring cap . . . . ., . . . . . .. e e e e e e e e e 58-72 8,0-9,9
Injector adjusting screw lock nut. i e e e e e e e e e h e e e . s 7-8 0,96-1,1
Injector nozzle CAP ML . . . o . . . 4 e b v e e e e e e e e .. T5-100 10,4-13,8
Injector tolcylinder head . . . . . . v .o L. u oL .. 19-23 2,63-3,18
Camshaftgearnut . . . . . . . . . . . .. ... f e e e e e 433-450 59,8-62,2
Idler stud nut {in crankease, LH thread) Self-locking . . ., ., . . 667-683 92,2-94.5

Standard  , , ., ., . . ., . 750-780 103,7-101,3
Idler stud nut (in bearing cap, solid idler spindle) . . . . . ., . . . . . 175 24,2
Idler stud hut (in bearing cap, hollow idler spmdle) e e e e e 300-320 41 5-44 3
Vibration damper . . . . . . . ... . e e e e e e e e e e 87.5-92 12,1-12.7
Flywheel |. . . . v v v v i v i C e e e e e 1714175 23,6-24,2
QilPan 3/4-10 . . . . .., S e e et e e e e e e e e s 204-208 28,2-28,8
W2-13 © . L e 83-87.5 11,5-12,1

Rocker a.rm COVEY SCTEWE . . . & v & & s « = 2 o o = 4 4 v = 4 o . . 30-35 4,15-4,84
Valve lifter screws (fixed type only) . . . . . . . . . . e e e e e 60 8,3
*Crankshaftl counterweights . . . . . . . .. ... ........ . 483-500 66,8-69,2
Qil filter (4 element) shell bolts . . . . , ., ., ., . e e e e e e 60 8,3
Qil filter (7 & 14 elementjcover bolts . . . . . . . .. . . .. ... 35-37 4,84-5,11
Spark plugs ...... P e e e e e e e e e e e e e e e e P 30-34 4 15-4,70

*NOTE: Check counterweight torque 30 to 60 days after start up and then annually.
4-25




WAUKESHA VHP SERIES

_ S
A a—+ % QUTER RiM
a -l
T i
0 §
\I ' NOTE
| : Curren: diesal cylinder sleeve Hange
| 1 projection above crepkease deck is
' : DIF° — 014" when measured in
F : & , groove as illustrated. If measured on
B ! outer rim of sleeve, projection is
: § y 020"~ 026"
l"§ |
: f. CURRENT DIESEL
I | CYLINDER SLEEVE
! " ML-003-89
TYPICAL CYLINDER SLEEVE
CYLINDER SLEEVES - DIESEL
U. 8. inches Metric mm
TYPE = & v o v v v s v e v e e e e e e e s Wet type, replaceable
{A) Heat dam prmectmn of orlgmal sleeves with 9,864-9.868" flange OD .045-,049 1,143-1,245
(B) Flange height of current sleeve with 10,188-10,190" flange OD . . . .5725-.5745 14,542-14,592
Flange height of original sleeves with 8.864-3.868" flange OI. . . . .5345-.5365 13,576-13,627
{C) Sleeve projection above crankcase:  Current sleeves . . . . . . . .010-.014 0,254-0,356
Original sleeves . . . . . . . 0.000-0,006 0,000-0,152
(D) Flange OD of current S1BGVE . . . . . v v & + « = « & = = = + 10.188-10.180 258,775-258,826
Flange OD of original sleeve . . . . e e e e e e e e 9.864-9,868 250,545-250,647
(E} Sleeve OD {below flange) of current sleeve e e e e e e e e e e 9-11/16 246,050
Sleeve OD {below flange) of original sleeve , . . . . . . . . . 9-7/16 239,725
{F) Sleevelength ., . . . . . . . « . . « . . e e e e e e 18-5/8 473,075
(G) Sleeve ID . . . . .« v v v i i e e e e e e e e e e e e e 8.5003-8,5008 215,908-215,920
(H) Sleeve OD (lower seal area) of current gleeve . . . . . . . . .. 9.675-9.677 245,745-245,796
Sleeve OD (lower seal area) of original sleeve. . . . . « « . . . . 9,4345-9.4380 239,636-239,725
Sleeve out of round limit {measured inplace) . . . . . . . . « . . . . .001 0,025
Sleeve seal area to crankease clearance . . . . . . . . v e 4. e . 0.000-0,0055 0,000-0,140
CYLINDER SLEEVES - GAS
Type . . . Che e e e e 4w Wet type, replaceable
(A} Heat dam prcn]ectmn .o . . .. e e e . L045-.049 1,143-1,245
(B) Flange height (sleeve used w1th ﬂange sealmg rmg) C e e e e .5345-,5365 13,576-13,627
Flange height (current 8-1/2" bore sleeve used without flange
sealing ring} . . . . . . e e .5635-.5655 14,313-14,364
{C] Sleeve projection above crankcase (w:th 028 030" flange sealma rmg) .000-.006 0,006-0,152
Sleeve projection above crankcase (current 8-1/2" bore engines
without flange sealing ring) . . . . . . .+ . . 4 4 o0 o« s .. .D01-.005 0,025-0,127
(D) Fiange OD: F2895, L5108G and L5790G (orlgmal sleeve) e e e 9.864-9.868 250,546-250,647
Flange OD: F2895, L5108G and LE790G {current sleeve) . . . . . 10.188-10.190 258,775-258,826
Flange OD: F3521, LT042G ., . . . 10,616-10.618 269,646-269,697
(E) Sleeve OD (below flange] F2895, L5108G and L5790G (0r1g1na1 sleeve) 9-7/16 239,725
Sleeve OD (below flange) F2895, L5108G and L5790G (current sleeve} 9-11/186 246,050
Steeve OD (below flange) F3521 and LT7042G . . . . . . . . 4+ « . . 10-1/4 260,350
(F) Sleeve length . . . e e e e e e e 18-5/8 473,075
(G) Sleeve ID: F2895, L5108G and L5790G e e e e e e e e e e 8.5003-8.5008 215,908-215,920
Sleeve ID: F3521 and L7042G . . . . 9.3753-9.3758 238,133-238,145

{H} Sleeve OD lower seal areg: F2895, L5108G and L5790G (origmal sleeve) 0.4345-9.4380 239,636-239,725
Sleeve OD lower seal area: F2895, L5108G and L5790G (current sleeve) 9.675-9.677 245,745- 245,796

Sleeve OD lower seal area: F3521 and L7042G . . . . . . . . .. 10.243-10.245 260,172-260,223
Sleeve out of round limits . . . . . . C e e e e e e e e e e e e .001 0,025
Sleeve geal area to crankcase clearance v e e e e e s e e e e .000-.0055 0,000-0,140
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TYPICAL SECTION THROUGH CRANKCASE
CRANKCASE - DIESEL
U.8. iﬁches Metric mm
(A) Slee‘lre counterbore diameter of current sleeve ., . . . . . . 10.199-10,202 259,055-259,130
Sleeve counterbore diameter of original sleeve ., . . . . . . . . . 9,875-9.877 250,825-250,876
(B) Sleeve counterbore depth . . . . . . . e e e e e e e . . .5605-.5625 14,237-14,288
(C) Crankcase upper hore of current crankcase . . . . . . . . . . - . 9.750-9.760 247 650-247 904
Crankcase upper bore of original crankease ., . ., . . . . . . . . 9.500-9.510 241,300-241,554
{D} Crankcase lower bore of current crankease . . , , . . ., . .. . 9.678-9.680 245,821-245,872
Crankcase lower bore of original crankease . . . . . . . . . . . 9,438-9.440 239,725-239,776
Crankcase main bearing journal bore ., . ., . . . . . F e e e e e e 6.6615-6.6630 169,202-169,402
Crankcase camshaft bushing bore (6 cylinder engines) . . . . . . . . . 3.7495-3.751  95,237-95,276
(12 cylinder engines) . . . . . . 3.752-3.753 95,301-95,326
CRANKCASE - GAS
{A) Sleeve counterbore dia.: F2895, L5108G and L5790G (original sleeve). 9.875-9,877 250,825-250,858

(B) Sleeve counterbore depth

---- L |

........

F2895, L5108G and L5790G (current sleeve).
F3521 and L7042G

e s s

(C) Crankcase upper bore: F2895, L5108G and LST90G (original sleeve) ,

F3521 and L7042G

F3521 and L7042G
Crankease main bearing journal bore
Cravkease camshaft bearing bore (6 cylinder engines)

LI

(12 cylinder engines) . . .

F2895, L5108G and L5790G (current sleeve)

L . T T

(D} Crankcase lower bore: F2895, L5108G and L5790G (original sleeve) .
F2895, L5108G and L5790G {(current sleeve)

L

10.199-10,202
10.625-10.528

5805-.5625

9.500-9.510
9.750-9.760
10.312-10.317

9.438-9.440
9.678-9.680
10.246-10.248

6.663-6.6615

3.7495-3,151
3,752-3.753

259,055~-259,130
269,875-269,951

14,237-14 288

241,300-241,554
247,650-247,904
261,024-262,051

239,725-239,776
245,821-245,872
260,248-260,299

169,240-169,202

95,237-95,276
95,301-95,326
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PISTON PIN - GAS
-} ~E
v.s. | 1
inches Metric mm I ! ;__]T
1
PBiston pin diameter C |
Red . . . ......... 2.9991- 76,1771- m ¢ 0 Q0 9 U
2.9994 76,1848 A »
Blue . . . ., . ... ... 2.0994 76,1848~
2.9997 76,1923
Piaton pin lengih
F2895, L5108G and L5790G . . 7.33375- 186,27725-
7.34375 186,53125
F3521 and L7042G , , . . . , 8.33375- 21167725~
8,34375 211,93125 D"‘I 8 -
Piston pin fit: Pin selected (colqr) MI-003-3
to provide a loose hand push fit
at normal room temperature ., .0010- 0,0254-
,0015 0,0381 TYPICAL PISTON
PISTON - GAS U. 8. inches Metric mm
Piston material . . . ., ., . . . . . . .. Tin plated aluminum alloy
DPigton type et e e e e e e e e e e e e e . Cam ground
Pistons are removed from . . , . + v « « + + « «Top of crankcase
Permissible weight variation per set ..... 8 ounces (203 grams)
biston hole center to piston crown standard compression ratio:
L5108G (8.25t01) . ., . . v v v v v e e e e e e e e e e 6.245-6.255 158,623-158,877
F28953, L7906 (8.25to 1) . . . . . . . . . . o .. ... . 5.620-5.630 1432 .748-143,002
F3521, L7042G (80t0 ) . . . . . . . . . . . ... .. . 5,465-5.475 138,811-139,065
10,0:1 Compression ratio:
F2895, 1L5108G . . . . . s e e e e e e e . . . 6.587-6.597 167,310-167,564
F3521, L5790G and L7042G e b e e e e e e e e e 6.087-6.097 154,610-154 864
{A) Piston skirt diameter (top) in line with pin hole:
F2895, 1L5108Gand L5790G . . . , . . . . . . . .. . . 8.461-8.462 214,909-214,935
F3521, LTO42G . . . . . . . v o o e e e e e e e e e e . 9,336-9,337 237,134-237,160
907 from pin hole: :
F2895, L5108Gand L5790G . . . . . . . . .+ . -+ + .+ . . . B.477-8478 215,316-215,341
F3521 L7042G , . . . . .. e e e e e e 9.352-9.353 237,541-237,566
{B) Piston sklrt diameter (bottom) in lme with pm hole
F2895, L5108G and LHTIOG . . . . . . . . . + 4 + + o 4 . . . B.480-8.481 215,392-215,417
F3521, L7042G , , ., . . . . . . . e e e e e e . « . . 9354-9355 237,592-237,617
90° from pin hole:
F2895, 15108G and L5790G ., . . . . . . . . . P e e e e e e 8.488-8.480 215,595-215,620
Fi3521, L7042G 9.362-9.363 237.,795-237,820

Piston pin hole bore
Red
Blue

Piston skirt to sleeve clearance (thrust area)
F2895, L5108G and L53790G
F3521, L7042G ,

(D)

------ . e . P

{E) Groove width:
Top, 2nd and 3rd:
F2895, L5108G and L5790G ., . . . . . . . . . . ..
Top:
F3521, LY042G . . . . . . . . . . - . ... . .
2nd and 3rd:
F3521, Ly042G . . . . . . . . . .. PP .
4th and 5th:
F2895, L5108Gand L5790G . , . . . . . . . . <« « - + . .
F3521, LT042G . . . . & . i e e e e e e e e e e e e
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3.0004-3.0006+
3.0007-3,0009

.0113-.0128
.0123-.0138
.189-.190
.1915-,1925
.180-.191

.313-.314
.376-.377

76,2102-76,2152
76,2178-16,2229

0,2870-0,3251
0,3124-0,3505
4,801-4,826
4,8641-4,8895
4,826-4,8514

7,950-7,9756
9,550-9,576




WAUKESHA VHP SERIES

PISTON PIN - DIESEL

Piston pin diameter:

-------------

L

Piston pin fit: Pin selected (color) to provide a 1loose hand push

U. 8, inches

2.9991-2,9994
2.9994-2,9997

Metric mm

76,1771-76,1847
76,1847-76,1923

fit ia.t normal room temperature , ., ., ., . . . . 0 . . . . . . .0010-,0015 0,0254-0,0381
Pistonpinlength . . . . . . . . . . . . . i e e e e, 7-11/32 186,529
L 1£F
l I
I I 1
T B © O O [+ UJ'I'J
A oy
D—-| s 2] -
ML-003-3
TYPICAL PISTON
PISTON - DIESEL U. 8. inches Metric mm
Piston material ., . . . . . . . .. Parko Lubrite finished cast iron
Piston type e e 4 e st 4 e 4 e e e s e s e . . Camground
Pistons are removed from . . . . . . . . . . . Top of crankcase
Permissible weight variation per set . . . . 2 ounces (56,7 grams)
Piston hole center to pistonecrown , . . . . . . . . . . . . 6.095-6.097 154,813-154,864
Top of piston below top of crankcase e r e . . e . . .016-,033 0,406-0,838
(A) Piston skirt diameter (top)
Inline withpinhole . . . . ., . ., .. .., ... ... ... 8.475-8.477 215,265-215,315
W frompinhole . . . . . . . . e e e e e e e e .. 8,488-8.489 215,595-215,621
(B} Piston skirt diameter (bottom) )
quine withpinhole . . . . . . . . ... ... ...... 8.490-8.492 215,646-215,697
90° from pin hole e e e e e e e e e e e e e . 8.495-8.496 215,773-215,798

{© Piston pin hole bore
Red .
Blue . . . ... ...

{D) Piston skirt to sleeve clearance (thrust area) . .

(E) Groove width - Top . . . . .
2nd and 3rd .

......

--------

-----

3.0004-3.0008
3.0007-3.0009

.0043-,0058

-189-.190
.251-,252

76,2102-76,2152
76,2178-76,2229

0,1092-0,1473
4,801-4 826

6,375-6,401
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WAUKESHA VHP SERIES

—>] j~—a
B
C
E
3o
{I\\d:

]
'

ML-003-19

TYPICAL PISTON RING

PISTON RINGS - DIESEL

Topring. . . . . . . . .. Chrome plated wedge type compression

Secondand third rings ., . . . . . .. Tapered face compression
{top marked "Top' or "Up™)

Fourthring . . . . . . Conformable grooved oil ring with expander
{top marked "Top" or "Up'}

(A) Ring gap
Top . . ... .. ..... e e e e e e e e e e e
Zndand 3rd . L L L, L L L L . e e e e e e e e e e e
1

Top . . . . . 0 o v v i o e e e e e e e e

4th ., . . . . e e e e e e e e e e e e e e

11+ e e e e e e e e e e e
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U.8. inches

.035-.050
J025-.040
.030-.050

8.500" at 17 lbs.

minimum

8.500" at 15 1bs,

minimum

8.500" at 28 Ibs.

minimum

.280-.295
.300-.315
.185-.200

.1835-.1850
.2475-,2480

.0040-,0065
.0020-.0045

Metric mm

0,889-1,270
0,635-1,016
0,762-1,270
215,9@ 7,71 kg
215,9 @ 6,80 kg

215,9 @ 12,70 kg

7,112-7,493
7,620-8,001
4,699-5,080

4,6609-4,6990
6,2865-6,3246

0,1016-0,1651
0,0508-0,1143




WAUKESHA VHP SERIES
I

— f—a
B
C
E D
X 1 '
TEL 3
! Kl ML-003-19
TYPICAL PISTON RING
PISTON RINGS - GAS
Topring| . . . . . . ¢ i i e e e e e e e e e e e e e e e e e e e e Crowned plasma coated compression
Second and third rings . , . . . . . . .. .. ... Tapered face compression (top marked "Top" or "Up")
Fourth rlng . . . . . . ... . . Conformable grooved oil ring with expander (top marked "Top'" or '"Up')
Fifth ring (when used) , . ., . . e e e e e e e e e e e e e e Grooved oil ring (top marked " Top")
NOTE: Metric measurements given in parenthesis below U, S, inches measurement,
Top 2nd and 3rd 4th 5th
(when used)*
(A} Ring gap .
F2895, L53108G, L5T90G .040'" - 065" L0257 -,040" .015"-.035" 025" -,040"
(1,016-1,270) (0,635-1,016) {0,381-0,889) {(0,635-1,0186)
F3521, L7042G 045 - 060" .030"-,045" .015"-.,035" .015"-,035"
(1,143-1,397) {0,762-1,143) {(0,381-0,889) (0,381-0,889) —_
(B) Ring diameter az
F2895, L5108G, L5780G 8,500" @ 304 Min, 8,500 @ 15# Min. 8,500" @ 28,5Min.  8.500@ 174 Min, [ E
{215,900 @ 13,6) {215,900 @ 6,80) (215,900 @ 12,93)  215,900@7,71) [l =
F3521, L7042G 9.375" @ 224 Min. 9,375" @ 15# Min, 9.375'" @ 244 Min. 9.375@ 254 Min. FWEE,
(238,12 @ 9,98) (238,12 @ 6,80) (238,12 @ 10,88) (238,12 @ 11,34) E <
° il
(C) Ring wall e o
F2895, L5108G, L5790G .300-.315" .300-.315" L225M" -, 240" L3047 =319 & o
(7,62-8,00) (7,62-8,00) {5,715-6,096) (7,721-8,102)
F3521, L7042G .302m-.317" L2302 =319 .290m" - 310" 327 - 342
{7,670-8,051) (7,670-8,051) (7,366-7,874) (8,305-8,687)
(D) Ring, width
F2895, L5108G, L5790G .185""-.1865"" .1835"-,185" .3085"-.310" .3095"-.3110"
(4,699-4,7371) (4,6609-4,599) (7,8359-7,874) (7,8613-7,8994)
F3521, L7042G 185"~ ,1865" .1857-.1865" 372 - 3735", 372", 3735
(4,699-4,7371) {4,699-4,7371) (9,449-9,4869) {9,4488-9,4869)
(E) Side|clearance
F2895, L5108G, L5790G .0025"-,005" 004" -.0065" .003"-,0055™ 002" -,0045"
(0,0635-0,127) (0,1016-0,1651) {0,0762-0,1397) {D,051-0,1143)
F3521, L7042G 005" - 0075 .0035"-.006" L0025 -,005" .0025"-,005"

*Not used on production engines

(0,127-0,1905)

(0,0889-0,1524)

and not supplied in service kits.

(0,0835-0,127)

(0,0635-0,127)
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. ]
ML-003-5
TYPICAL CRANKSHAFT
CRANKSHAFT
U.8. inches Metric mm
Crankshaftend play . . . . &« . « ¢ ¢ ¢ ¢ o v v v 0 4 o = o + o » .005-.016 0,127-0,406
End play adjustment . . . . . G d e 4 e e (oversize thrust rings) .010 0,254
Thrust ring thickneéss (standard) . . . . . . . . . . . . . .. .. ,216-.218 5,486-5,537
{A) Connecting rod bearing running clearance (theoretical) . . . . . . .0026-.0060 0,0660-0,1524
(B) Connecting rod bearing journal diameter ., ., . . . . . . . . . . 6.2485-6,250 158,725-158,790
Early Model I5108G . . . . . « & 4 + v + & v v v 4 o v v = & 5.749-5.750 146,024-146,050
Connecting rod bearing journal maximum undersize . . . . . . . . . 040 1,016
(C) Main bearing journal maximum undersize . . . . . ... ... .040 1,016
(D) Main bearing running clearance (theoretical} . . . . . . . . .. .0035-.0074 0,0889-0,1880

{E) Main bearing journal diameter

CAMSHAFT

Camshaft journal diameter . .
Camshaft service bushing assembled ]D - {6 cylinder engines) (bushmgs
to be assembled as indicated by word "FRONT" and arrow) .
Camshaft journal running clearance {theoretical) (6 cylinder engines)
(12 cylinder engines)

--------------

Camshaft end play (6 cylinder engines) . . . . . e e e . . o
(12 cylinder engines) ., . . - .« . . . . o4 o2 o2 . .

End play adjustment (6 cylinder engines) .Replace thrust plate
(12 cylinder engines) . . . . . . . .002 shims

Thrust plate thickness (6 cylinder engines) , . . . . . . . . . . . .
Thrust ring thickness (standard) (12 cylinder engines} . . . . . . . .
Cam lift (Intake and Exhaust) . . . . . . . v v 4« &« = 4 4 o 4

Rocker arm ratio
Camshaft coupling must never be loose,

FLYWHEEL AND HOUSING

Pilotbearingrun-out . . . . . . . . . . L0 . e e e e

Facerun-outonwheel . . . . . . . . v ¢ 4 s 4 4 4 s 4w w0 ;
Hougingborerun~out . . . . . . .+ . s v v« v e s w e e .
Housing face run-out e e e e e e e e e e e e e e e e e e
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6.2485-6.250

3.498-3.499
3.501-3,5035

158,725-158,750

88,849-98,875
88,925-88,989

.002-,0055 0,051-0,140
.003-.0056 0,076-0,142
".005-,017 0,127-0,432
.005-.008 0,127-0,203
.515-.525 13,081-13,335
,154-,156 3,011-3,962
670 17,018
1,0026 to 1

Totzl Indicator Reading

.005 0,12

018 0,40

012 0,30

.012 0,30
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ML-003-62

CONNECTING ROD, BUSHING AND BEARING

Rod material
Permissible weight variation per set

{A) Rod length, center to center

(B) Rod small end finish siZe . . ... . . . © « v o « o v « v « v .

(C) Bushing bore diameter (diamond bored) (Assemble 2 bushings
with open ends of grooves toward inside)

----------

Bushing pressinrod . . . . . . . . . . ¢« ¢ 00

Pin clearance in bushing

-------------------

(D) Rod Ilarge end finishsiZe . . . . . . . . v v v v v i e

Rod large end width (12 cylinder engines)
(6 cylinder engines)

Rodside clearance (12 cylinder engines)
(6 cylinder engines)

...........

...........

............

Bearing running clearance (theoretical)

--------------

Actual running clearance . . . .

-----------------

TYPICAL CONNECTING ROD AND BUSHINGS

U. 8. inches

2 ounces
18.001-18,003

3.250-3.251

3.0015-3.002
-0035-.0065
.0018-.0029

6.625-6,626

2.799-2.802
3.065-3.074

.021-.033
011,025

.0026-.008

.003-.0064

Metric mm

56,7 grams
457,225-457,250

82,550-82 575

76,238-76,508
0,0889-0,1651
0,0457-0,0736

168,275-168,300

71,095-71,171
77,851-178,079

0,533-0,838
0,279-0,635

0,0660-0,1524

0,076-0,162
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Valve spring free length 204035 (inner)

WAUKESHA VHP SERIES
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ML-003-6

VALVE TRAIN, VALVE PORT CLEARANCES - DIESEL AND GAS

VALVE TRAIN,

(A} Valve length .
{B) Valve stem diameter (mtake) ......
(exhaust) . . . . .

{C) vValve head diameter
(D) Valve face angle
{E) Guidelength ., ., , .,
{F) Guide outside diameter . . .
{F)! Exhaust guide upper outside diameter . .
(G} Guide inside diameter (ream) .
Guide ID to stem OD clearance (intake) .

(exhaust)

---------

LI I )

(H) Insert outside diameter
{I) Imsert inside diameter
() Msertdepth . . .. .. ... ....
Insert seat angle . . .
Guide extends above head
Guide boreinhead . . . . . . .. ..
{(M)! Exhaust guide upper bore in head . . . .
{N) Insert counterbore depth
Insert counterbore diameter
Valve insert seat width (minimum)
Valve face width

---------
-------

. e s

204135 (outer) , . .
Valve closed spring length 204035 {inner) . .
204135 (outer) . .
Valve open spring length 204035 (inner)
204135 {outer)
*Rocker arm bushing ID {see note on next page)
(Press fit in arm and diamond bored)
Rocker arm shaftOD ., , , . . . . . . . .
Running clearance, rocker arm bushing to shajt
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VALVE PORT CLEARANCES -

L T I T T |

DIESEL

----------

.......

----------
.........
----------

------

..........
----------
----------
----------
----------

----------

Intake and Exhaust

U.s

. inches

10-57 /64
.55%7-.5658
.9593-.5598
.5575-,658
2.825-2.835
44° 30" + 15
5-3/16
1.0015-1,0025
L997-.,098
.0608-,5615
002 8-,0045
.001-.004 (taper)
3.128-3.129
2.360-2,365
J106-,710

45° +30' ~0°
1-3/4 + 1/32
1.000-1.001
.9956-,996
.B245-,8285
3.124-3.125
5/32

5/32 +1/32
3-25/32 + 1/16
4-9/32 + 1/16
3" @ 56,7+ 3 lbs,

3-27/64"@ 111 + 5 lbs.
2-17/64"@ 110 + 5 1bs.
2-11/16" @205 + i01bs,

1.375-1.376

1,3735-1,3745
.0005-,0025

Metric mm

276,62
14,147-14,708
14.206-14,219
14,1605-14,173
71,755-72,009
44° 30" + 1%
131,7625
24,4381-25,4635
25.324-25,3492
14,2443-14,2621
0,0711-0,1143
0,025-0,107
79,451-79,476
59.944-80,071
17,932-18,034
45° 430" -0*

44 45 + 0,792
25,4-25,425
25.273-25,298
20,942-21,044
78,349-79,375
3,969

3,969 + 0,794
96,04248 + 1,587
108,74248 + 1,587
76,2@ 25,72 + 1,36
86.91@ 50,35 +2,27
57,6@ 49,80 +2,27
£8.3@ 92,99 + 4,54
34.925-34,950

34,8869-34,9123
0,0127-0,0635




WAUKESHA VHP SERIES

* NOTE:| The intake rocker arm bushing must be installed flush with the hub with the grooves in the bushing
located at the bottom of the rocker arm (notch in bushing on horizontal centerline), Also, with the lifter
adjusting screw removed, the oil holes must be drilled through the bushing before the bushing is diamond
hored. |The flatted ball oiling hole and the lifter adjusting screw oiling hole are both #11 drilt (.121") (4,851
mm} but are plugged with rivets and must be recpened before drilling through the bushing. These must be
plugged again after the oil holes are drilled through the bushing. Similarly, the exhaust rocker arm lever
has a #11 drill (.191") (4,831 mm) oil hole to the lifter adjusting screw which is plugged with a rivet and
this hole and the 1/8" (3,2 mm) diameter oiling hole through the valve adjusting screw hole at the other
end of[ the lever must be drilled through the bushings (with the screws removed) before the bushings are
d1amond hored. Be sure to plug the lifter adjusting screw oiling hole after the bushmg is drilled through.
The bushmgs in the exhaust and intake rocker arm levers must be installed flush with the hub ends and
with the grooves in the bushings located at the botlom of the levers with the open ends of the grooves
towards the center of the lever (notch in bushing on horizontal centerline). The intake rocker arm lever
bushin,'gs do not require any oiling holes to be drilled before the bushings are diamond bored.

VALVE |[TRAIN, VALVE PORT CLEARANCES - GAS Intake and Exhaust
T.S. inches Metric mm
(A) valvelength , . . . . ... ... e e e e e e e e e e s 10-57 /64 276,62
(B) Valve stem diameter (intake) . , . . . . . e e e e e e ’ .557-,558 14,148-14,173
(45° exhaust on nat. aspirated) . ,5565-.,556 14,098-14,122
(45° exhaust on turbo. and all 30° exha.usts) ,5593-,5598 14,206-14,2189
taperto . . . . . - . . e e e e e e .5575-.558 14,1605-14,173 .
{C) Valve head diamefer . . . . .+ + + « ¢« « « & Ve e e e e s 2.825-2.835 T1,755-72,000
(D) Previous valve faceangle . . ., . .. . . .. v e e e e . 44° 30" = 15 44° 30" + 15’
Currentvalve face angle . . . . + « « + « ¢ ¢ + = « o & . . 30° + 157 30° + 15
(E) Guidelength . ... .. ........ C e e e e e 5-3/18 131,8
{F} Guide outside diameter . . . . ¢ « & « « = « - e e e e e s 1.0015-1,0025 25,4381-25,4635
(F)' Exhaust guide upper outside diameter . . . « . . . . . . .. .997-.998 25,323-25,349
(G) Gu1|de inside diameter (ream) , ., . . . . . e e e e e e .5615-.5608 14,2621-14,2443
Guide 1.D. to stem O.D, clearance {intake) . . . . . . . . . .0028-.0045 0,0711-0,1143
{45° exhaust on nat. aspirated) .0048-,0065 0,1219-0,1651
(45° exhaust on turbo, and all 30° exhausts) .001-,004 (_taper) 0,0254-0,102
(H) Insert outside diameter (45°) . e e e e e e e e 3.128-3.129 79,451-79,477
Insert outside diameter {30°) . . . . . C e e e e e - 3.126-3.127 79,400-79,426
D Insertinside diameter (45°) . . . . . .. .. ... ... 2,640-2,650 67,056-67,310
Insert inside diameter (30° ) ¢ 4 s e s . 2.441-2,451 62,001-62,255
(1) Insclart depth (45°%) . . . . . . . . v v e e e e e e ... .605-.610 15,367-15,494
Insertdepth (30°) . . . . . v s v v v v o o o Ve s e s .550-,655 13,970-14,097
(K) Insert seatangle (previous) . . . . . .. .. .. ... .. 45° 30" + 15 45° 30" + 15
Insert seat angle (current) . . . . . e e e e e e e e e .. 30° +30* -0 30° +30' -0°
(L) Guide extends above head . , . . . . . . . e e e 1-3/4 + 1/32 44,5 £ 0,742
(M) Guide boreinhead. . . . ... . . .. e e e e e e 1,000-1.001 25,400-25,425
(M) Exhaust guide upper boreinhead . . . . . . . . r e e e .995-.996 25,273-25,298
(N) Insertcounterboredepth . . . . . . . .« . . . « . .. ¢ e .8245-.8285 20,942-21,043
{O) Insert counterbore diameter , . . ., . . . .« . ¢ 4 4 4 . . . 3.124-3,125 79,350-79,375
Valve insert seat width (45°) . . . . . ., . . . o . - 0 . . . 5/32 + 1/64 3,969 + 0,397
Valve ingert seat width (30°) . . . . . . . . . .. e e e e e 6/32 + 1,/64 4,763 + 0,397
Valve face width (45%) v v v e e e e e e e e e e e e e e e e 5/32 = 1/64 3,969 + 0,397
Valve face width (30%) . . . . . .. ... s e e e b e e e e e 17 /84 6,747
Valve spring free length 204035 (inner) . . . . .+ « + « « + . . 3-25/32 + 1/16 96,0 + 1,6
204135 (outer) . . . . . e e e e e e e . 4-9/32 + 1/16 108,7 + 1,6
Valve closed spring length 204035 {inner}. . . . . . « - . « « « & 3"@56,74# 1 3# 76,2@ 25,72 £1,36
204135 (outer) . . . . . e e e e 3-27/64" @ 86,9@ 50,35 kg
111# + 5% +2,27

{Continued on next page)
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WAUKESHA VHP SERIES

o R ——
U.S. inches Metric mm
Valve open spring length (204035inner) . . . . . ., .. .. .. 2-17/64"@ 1104 57.5@ 49,80 ke
+ 54 +2,27
(204135 outer) . . . . . . . . . . . . 2-11/16" @ 205¢# 68,3 @ 92,99 kg
+ 104 +4,54
*Rocker arm bushing I.D. . . . . . . . . . . . ... .., 1.375-1.376 34,925-34,950
(Press fit in arm and diamond bored)
Rocker arm shaft Q. D. e et e e e e e e e e e e e e P 1.3735-1,3745 34,8869-34,9123
Running clearance, rocker arm bushingtoshaft . , . , , , . , . , . .0005-.0025 0,0127-0,0635

*NOTE: The intake rocker arm bushing must be installed flush with the hub with the grooves in the bushing
located at the bottom of the rocker arm {notch in bushing on horizontal centerline). Algo, with the lifter
adjusting screw removed, the oil holes must be drilled through the bushing before the bushing is diamond
bored. The fiatted ball oiling hole and the lifter adjusting screw oiling hole are both #11 drill (,191") (4,851
mm) but are plugged with rivets and must be reopened before drilling through the bushing. These must be
plugged again after the oil holes are drilled through the bushing. Similarly, the exhaust rocker arm lever
has a #11 drill (.191") (4,851 mm) oil hole to the lifter adjusting screw which is plugged with a rivet and
this hole and the 1/8" (3,2 mm) diameter oiling hole through the valve adjusting screw hole at the other
end of the lever must be drilled through the bushings (with the screws removed) before the bushings are
diamond bored. Be sure to plug the lifter adjusting screw oiling hole after the bushing isdrilled through.
The bushings in the exhaust and intake rocker arm levers must be installed flush with the hub ends and
with the grooves in the bushings located at the bottom of the levers with the open ends of the grooves
towards the center of the lever (notch in bushing on horizontal centerline). The intake rocker arm lever
bushings do not require any oiling holes to be drilled before the bushings are diamond bored.

VALVE CLEARANCE - GAS

Valve clearance . . . . . . . . Hydraulic lifters
Cam lift (measured at
pushrod) . . . .. . . . . .B70" (17,018 mm) TOC
INTAKE EXHAUST
OPENS CLOSES

VALVE LIFTERS - GAS

SEQUENCE
[s]

Valve lifter body to valve lifter EVENTS

guide clearance . . . . . . . . . .002"-004"
(0,051-0,101 mm)
Valve lifter body oD, .. ... 1.4965"-1,4975" EXHAUST 107 INTAKE
(38,0111-38,0365 mm) oPEN iz
Valve lifter guide I.D, ., , , . . 1,5005"-1,4995"

(38,1127-38,0873 mm)

VALVE CLEARANCE - DIESEL EXHAUST

OPEN

Valve clearance
Hydraulic valve lifters . . . . . Not applicable
Solid push rods (intake) . . . . . ,004"-,006"
(0,102-0,152 mm)
{exhaust) . , . . . .020"-.022" INTAKE
{0,508-0,558 mm) CLOSES
Cam lift (measured at push rod) . . . . (1-7 -018'670'; CRAMKSHAFT DEGREES SHOWN
K mm

OPENS

VALVE LIFTERS - DIESEL ML -003-58

Valve lifter body to valve lifter )
guide clearance . . . . , , . . . L002' - 004" VALVE SEQUENCE
(0,051-0,101 mm)
Valve lifter body O.D. . . , , . 1,4965"-1.4975"
(38,0111-38,0365 mm)
Valve lifter guide I.D, , . . . . 1,4995"-1.5005"
{38,0873-38,1127 mm)
436 ‘




WAUKESHA VHP SERIES

OlIL PUMP
Backlash oil pump pressure gears . . . . . .« - -« s 5 -
Pressure gear(s) to cover end play . . . . . . . .
Drive shaft bushing ID (ream) Incover . . . . . . . . . .
Inbody. . . . . . . e e
Drive shaft running surface OD Incover . . . . . . - - .
Inbedy . . . . . . .. ..
Drive shaft running clearance In cover bushing . . . . . .
In body bushing . . . . . . .
Idler gear bushing ID . . . . . . . . . ... e e
Idler shaft oD S

Idler gear running ciearance on shaft
Radial clea.rance between pumping pear teeth and pump
chamber wall . .
Space drive gear at assembly 1/32" (0,79 mm) from body.
Drill through 1/4" (6,35 mm),
Press driven gear on shaft 1-1/2" (38,1 mm) from end.
Drill a.nd ream 1/4" (0,79 mm) at assembly,
Assemble drive shaft bushmg in body so that hole in bushing
lines i up with hole in bore.
Cra-nkshaft to oil pump drive idler gear bushing ID
Idler gear stud OD (Running surface) .,
Cranlcshaft to oil pump drive idler gear running clearance
Crankshaft to oil pump drive idler gear end play

-------------

......

-----------

------

TIMING GEAR BACKLASH

Between|oil pump drive idler gear and oil pump drive gear . .

Between|all other timing gears . . . . &+ « « = -+ - . .
CAPACITIES
OIL (FLll engine to capacities shown—run engine, then check

dlpstick add oil to bring level to full mark; record for future
ofl cha.nges )

0Oil pan (low level depth gauge)
Oil pan (high level depth gauge)
Qil pan for Marine engine
Lubrlcatlng oil filter (delement) ., . . . . + v v ¢« & = = » &
Lubricating oil filter (7 element}) . . . .
Lubrlcatmg oil filter (14 element) . . . . . . . . . . . . .
Lubricating oil filter, Marine engine . . . . . + « + + « . .
Fuel m]éctlon pump(s) Fill before new engine start-up . . . .
Qil cooler (6 inch)
0il cooler (8 inch)

--------------

------ PR T T T R B T S S S T )

I T S T R T SR Y R R N L I R I )

Lubrication System, Pressures

(il pressure recommended before releasing safety valve
handle at start-up

-------------------

Normal stnblhzed oll pressure at idle speeds . . . . . . . .
Low o0il pressure (safety control valve will shut off engine) .

Normal stabilized oil pressure with engine loaded . . . . . .
Mmunum oil pressure at the turbocharger . . . . . . . . .

FC Starting engine normal oil pressure . . . . . . . . . .

Lubrication System, Temperatures

Minimum stabilized low oil temperatura

U8, Measurement

Metric Measurement

012" -.015"
005" -.011"
1,2515"-1.2525"
1.376"-1.377"
1.248'7-1,2485"
1,372"-1.3725"
003" -.0045"
.0035"-.005"
1.0005"-1,0015"
.998"-,90985"
.002" -, 0035

.002"_-003”

1.4995"-1.5005"
1.4975"-1.498"
.0015""-,003"
0107-,016"

.015"-.020"
.008" -, 012"

35 gallons
43 gallons

120 gallons

9 gallons

23 gallons

30 gallons

13.5 gallons

1 quart

2.5 or 5.0 gallons
8 gallons

20 to 30 psig
15 to 40 psig
10 psig

45 £ 5 psig
10 psig

15 psig

160°F.

0,305-0,381 mm
0,127-0,279 mm

31,7881-31,8135 mm

34,950-34,976 mm
31,699-31,712 mm
34,849-34,862 mm
0,076-0,1143 mm
0,0889-0,127 mm

25,4127-25,4381 mm

25,348-25,3619 mm
0,051-0,0889 mm

0,051-0,076 mm

*38,0873-38,1127 mm

38,0365-38,049 mm
0,0381-0,076 mm
0,254-0,406 mm

0,381-0,508 mm
0,203 - 0,305 mm

132.5 liters
163 liters
454 liters
34 liters
87,1 liters
113,6 liters

" 51 liters

L9463 liter
9,46 or 18,9 liters
30,3 liters

41 to 2.11 kg per sq em
05 to 2,80 kg per 8¢ cm’

.10 kg per sq ¢m

.70 kg per sq cm

1.

1.

0,7

3,16 + 0,35 kg per sq cm
0,7

1,0

.05 kg per 8q cm

71°C.
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WAUKESHA VHP SERIES

BASIC DATA

Type of cylinder sleeves . , Wet type, replaceable
Flywheel housing size SAE No. 00
Main bearing number and type . . . Seven precision

Camshait bushing number
and type . . . . . . 7 steel-backed, lead base
Timing gears, face width , . . . . . PP -1
(57,15 mm)

Lubrication System, Engine Transient
Tilt Angles

Permisaible engine transient tilt angles at low oil
mark, based on keeping suction screen submerged.

Standard Marine

Engine Engine
Frontdown . . . . . 4° 9°
Reardown . , . ., . 2° 10°
Left side down . . . 8° 28°
Right side down ., . . 8° 28°
360° rotation . . . . 2° -

COMPRESSION PRESSURE - DIESEL

RPM PSI

110 415 (29,175)
150 440 (30,932)
600 470 (33,041)
900 490 (34,447)

INJECTION PUMP TIMING

Current turbocharged engines:

RPM TIMING
To 800 30° BTDC
801-1000 32° BTDC

1001-1200 34° BTDC

Current naturally aspirated engines:

SPEED RPM TIMING
To 800 36°BTDC
Constant 801-1000 38°BTDC
1001-1215 40°BTDC
Variable All Speeds 36°BTDC

CAUTION: Reier to engine timing plate, especially
for turbocharged engine(s).

FUEL INJECTORS

Opening pressure setting for turbocharged engine
injectors wsed with injection pumps equipped with
standard delivery valves:
{service) 4000 + 50 psi
{production} 4200 + 50 psi

(281,2 £ 3,5 kp/cmz)
{295,2 + 3 5 kp/cm )

4-38

Opening pressure setting for all naturally aspirated
engine injectors and for turbocharged engine injec-
tors used with injection pumps equipped with double
check delivery valves:
(service) 3500 + 50 psi
(production) 3600 + 50 psi

(246 + 3,5 kp/em?2)
(253,1 '3 ,5 kp/em2)

INJECTION PUMP CALIBRATION DATA
AND RACK SETTINGS

CALIBRATION DATA
Pump:
Right bank and 6 cylinder standard

rotation DandDS) . . ., . . . . . . AG9564C
Right bank and 6 cylinder standa.rd

rotation DST) . . . . . . . . . AB9564F
Right bank and 6 cylinder Opposute

rotation (Dand DS} ., . . . . . . A69564D
Right bank and 6 cylinder Opposite

rotation DSI) . . . . . e e e e e A69564G
Left bank standard rotation

DandDS) . .. ... ... .... AG9565C
Left bank standard rota.tion (DSI) . . . . A69565F
Left bank opposite rotation

DandDS) ... .......... A69565D
Left bank opposite rotation DSD) . . . . AB69565G

Drive at right hand end (Right Bank)

Drive at left hand end (Left Bank)

Rotation: Standard . . . . ., ., . . . . . Clockwise
Opposite . .« « . + « Counterclockwise

Right bank and 6 cylinder firing order:

Standard Rotatlon . . . , . . . 1-5-3-6-2-4
Opposite rotation . . . .. . . ., 6-3-5-1-4-2
Left bank firing order:

Standard rotation . . .., . . . . 6-2-4-1-5-3
Opposite rotation ., . . .. . . ., 1-4-2-6-3-5

MH-08-105
TOP DEAD CENTER "TDC" MARK




WAUKESHA VHP SERIES

No. 1 ouflet is at right hand end of right bank pump.

Na. 6 outlet is at right hand end of left bank pump.

Control rack shuts off to the right (right bank).

Control rack shuts off to the left (left ha.nk}

Supply pump pressure: 21 psi (1,47 kp/em?2),

Port closure at plunger lift 2.0 + 0.1 mm from
bottom|dead center

Test Instructions , . . . . Robert Bosch BT 113-6

Tubing size: 2mm 1.D, x 8mm O.D, x 1500 mm long

Testoil| . . . . . . .Per Waukesha Specification

see page 4-7

105°F (40°C)

Test nozzles EFEP 216A, nozzle holder
EFEP 215, opening pressure set at
2500 psi (1'?5 kp/em?)

These injectors are standard Robert
Bosch injectors.

Test oil temperature . . . . . . .
Injectors:

lLivery:

Allowable

Delivery

Tolerance
cc/100
Strokes

Rack Qty.
Setting cc/100
(in. -mm) Strokes

Pump Rpm

Used Pl!unp Test
600 23/64.9

Equal Delivery
660 l45/64— 18
600 61/64—24
290 23/84—9

19.6—-22.,2

58.5—69.5)
57.0—103.0
12.5—15.6

FULL I‘.OAD RACK SETTING

Set control rack to dimension shown for required
horsepower either naturally aspirated, turbocharged,
or turbocharged intercocled. All rack settings are

meagured from the "rack stop" position (see illustra-
tion).

INJECTION PUMP RACK TRAVEL DATA

Rack settings are compiled from our own test room
and laboratory figures for bare engines and this must
be recognized since normal field conditions would in-
volve such things as altitude, air intake temperature,
barometric variations, and accegsories. All of these
influence power available.

The horsepower values listed are for intermittent
duty and are corrected to sea level barometric pres-
sure of 29.92" (760 mm) hg. and standard tempera-
ture of 60°F (16°C). For DSI engines, horsepower
values are based on 85°F (28°C) intercooler inlet wa-
ter temperature.

Moreover, the exact value of the rack setting for any
given load may vary from pump to pump and engine
to engine, For this reason, it is very important that
the user of these rack settings understand their limi-
tations. Failure to produce the expected power with a
given setting may reflect any number of factors
ranging from pump timing'and primary supply pres-
gure problems to improper turbo performance. Thus,
it is expected that the person using the rack setting
data given in this tabulation will use good judgment,
both in the mechanical sense and in his evaluation of
the performance obtained,.

NOTE

Rack travel is adjusted at the factory before
shipping. The ad]ustment made is predicated
upon engine load regquirements which are
specified at the time ihe engine is ordered.
Normally, adjustment of rack travel is not
necessary umleSs engine requirements have
been changed,

CONTROL
RACK

CLEVIS
LOCK NUT

OFF

RACK STOP POSITION

prar s P& TN DT

RACK TRAVEL

TUBE
CLAMP

7]

FULL LOAD
FUEL SETTING

REPAIR AND
DEDI ASCAACNT

P A A A 4

- “‘52;‘ A B RR AR R WY

TUBE
CLEVIS SETTING ASSEMBLY
LOCHK NUT

INJECTION
PUMP

SEAL WIRE

SETTING RACK TRAVEL




WAUKESHA VHP SERIES

RACK TRAVEL SETTINGS (FROM RACK STOP TQO FULL FUEL)

CURRENT DIESEL ENGINE SERIES PREVIOUS DIESEL ENGINE SERIES

RACK TRAVEL | ENGINE RACK TRAVEL

ENGINE
IN, —MM mopgL, | HORSEPOWER IN. —MM

MODEL HORSEPOWER

L5792DSI 1184 49/64—19,5 L5790DSI 890 38/64—15,1

L5792DSI 1315 50/64—19,8 1.5790DS1 1200 45 /64—17.9

LoT792DSI 1579 52/64.-20,6 L5730DSI 1300 46/64--18,3

L5792D8 847 47/64—18,5 L5790DS 940 © 45/64—117,9

L5792DS 1052 44/64—17 4 L5790D8 1150 53/64—21,0

L5792D8 1263 48/64—19,1 L5790DS 1250 50,/64—19,8

L5792D 720 39/64—155 L5790D 730 44/64—17 4

L5792D 794 39/64—15,5 L5790D 810 41/64—16,3

L.5792D 921 37/64—14,8 L5790D 925 42 /64—186,7

F2896DSI 592 49/64—19,5 F2895DS1 427 36/64--14,3

F2896DSI 658 50/64—19,8 F2895DSI 570 40/64—15,9

F2896DS1 789 52/64—20,6 F2895DSI 625 40/64-15,9

F2896D83 474 47 /64—18,5 F2895DS 387 44 /64—17,4

F2896D8 526 44 /64—17,4 F2895DS 429 51/64—20,2

F2896DS 631 48/64=19,1 F2895D5 512 48/64—19,1

F2896D 360 39/64-15,5 F2895D 293 42/64—16,7

F2896D 397 39/64—15,5 F28385D 321 39/64—15,5

F2896D 463 37/64—14,8 F2895D 371 40/64—15,9

IGNITION DATA Spark plug gap:
(standard) 020"
Spark plug size 18 mm with 1/2'" reach (platinum tip} . . 011"
Torque to 40 to 45 1bs. ft. dry {shielded - except gen, sets), ., . ., . . 015"
Torque to 30 to 34 lbs, ft, oiled (shielded - gen. sets only) 025"

Spark plug type: Magneto point clearance 016" -.018"
(standard - for all applications) . . . . 69512
(platinum tip - for all applications
except generator sets). . G0999B When a shielded ignition system is used, tighten gll
{shielded - for all applications connector nuts and spark plug extensions finger tight
except generator sets). . 60999E plus 1/8 to 1/4 turn. Do not touch terminal connectors
(shielded - for generator set applica- with bare fingers and make sure all parts are clean
tionsonly) . . .. . . . 167037 before asgsembling them,

4-40
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S

IGNITION TIMING

Ratio

Compression

RPM

Natural Gas

LPG

7.0:1
7.0:1
8.0:1
8.0:1
8.25:1
8.25:1
10.0:1
10.0-1

600-899
900-1200
600-899
200-1200
600-899
900-1200
600-899
800-1200

24" BTC
28° BTC
20° BTC
24° BTC
21° BTC
24° BTC
22° BTC
24* BTC

CAUTION
For LPG

ignition
timing
refer to
Service
Bulletin
No. 14-2149.

GAS ENGINE COMPRESSION PRESSURE

COMPRESSION PRESSURE-PS!I AT NORMAL CRANKING SPEED

280

260

250

240

230

220

210

200
190

180

4 USUAL RANGE

170

160

150

140

130
120
e
G0

N

80

N

[+

7 8

9 10

COMPRESSION RATIO

il
M1-002-11

COMPRESSION PRESSURE VS RATIO
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INSTALLATION

AUTOMATIC STARTING

SPACE REQUIREMENTS ., ., . . . . .
STATIONARY INSTALLATIONS
STARTING AIR REQUIREMENTS
COOLING SYSTEM

AIR INTAKE 3YSTEM

EXHAUST SYSTEM

GAS FUEL SYSTEM

LUBRICATING OIL SYSTEM

PROTECTION OF HOUDAILLE VIBRATION
DAMPERS

CHECKING FLYWHEEL AND HOUSING
RUN-OUT AND CRANKSHAFT ENDPLAY

- INSTALLATION
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woskL 4 1616 DSIM
s:E 3 3/4 X S I6

ALWAYS SPECIFY THE
ENGINE MODEL DESIGNATION,
SPECIFICATION NUMBER, AND
SERIAL NUMBER, AS FOUND ON
THE ENGINE NAMEPLATE.

PARTN
ORDERING

ALWAYS INCLUDE THE
PART NUMBER, WHEN
KNOWN, ALONG WITH THE
DESCRIPTION OF

GENUINE WAUKESHA PARTS ARE
AVAILABLE WORLDWIDE AND MUST
BE ORDERED THROUGH YOUR LOCAL
WAUKESHA DISTRIBUTOR. FOR THE
DISTRIBUTOR CLOSEST TO YQU,
REFER TO THE
DISTRIBUTOR
LISTING IN
THIS MANUAL.

Waukesha

GENUINE PARTS

[
C“JLQ

ANTICIPATE YOUR PARTS
REQUIREMENTS ¢

a) ORDER PARTS EARLY IN
THE DAY,

bJKEEP A SUPPLY OF NORMAL
MAINTENANCE PARTS IN
STOCK.

¢) OBTAIN A PARTS STOCKING
RECOMMENDATION FROM
YOUR DISTRIBUTOR.

O

S

THE PART, STATE

[EXAMPLE: 172607 - Filter Element™= (1) Ordered. ]

THE QUANTITY OF
THE PART YOU WISH
TO ORDER. IF A SPECIAL

PART IS NEEDED, THE ENGINE
APPLICATION SHOULD ALSO BE

STATED.

5-2
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WAUKESHA VHP SERIES

SCOPE

These are general installation requirements. For
more specific and detailed installation requirements,
refer to|the Waukesha Engine Division Installation
Manual or to the Waukesha Engine Division Marine
Engine Installation Manual.

AUTOMATIC STARTING

We recommend the inclusion of lube oil heaters and
a.utoma.tm prelube systems for installations of Wau-
kesha engmes which are subjected to unscheduled
automatic starts and instantaneous loading.

The temperature coniroller for the lube oil heater
should be adjusted to open its contacts at 140°F. and
close them at 115°F. With the engine shut down, the
lube oil temperature at approximately 90°F., and the
lube oil clrculatmg pump operating, adjust the relief
valve for| the circulating pump for a maximum of 5
psi oil header pressure, Circulating oill pump pres-
sure in the 0il header in excess of 5 psi will flood
the turbochargers with oil.

SPACE REQUIREMENTS

In order to ensure adequate access for engine instal-
lation, ventilation and in-service maintenance, engine
location ﬁnust be carefully considered. This is even
more 1mporta.nt for marine installations, since marine
engine overhaul is usually performed w1th the engine
in its operating location.

The engines described in this manual require a mini-
mum of 36" between engines or between engine and
wall., End clearance required to remove camshaft ig
4B inches. Sufficient overhead clearance is required
to permit|the use of achain hoist for removal of heavy
engine parts. The heaviest part of these engines is
the cylmder block which weighs 1080 lbs. The cylin-
der heads weigh 124 1bs. each.

I WARNING '

Use only engine lifting eyes to position the
enginés. WHEN LIFTING THE ENTIRE EN-
GINE, SPREADER BARS SHOULD BE USED
BETWEEN THE LIFTING POINTS TO AVOID
DAMAGING THE ENGINE AND THE LIFTING
EYES! Use adequate cables or chains to
easﬂy support the engine. Exercise caution
when |moving the engine to avoid personnel
injury, and/or engine damage.

To preverllt foreign objects from entering the engine,
leave covers on all engine openings until ready to
connect the openings during installation.

STATIONARY INSTALLATIONS

Engine Foundations

Nearly all stationary engine applications require a
foundation or mounting base. This bage serves to
isolate the engine from the surrounding structure and
absorb or inhibit vibration. Equally important, such
a base provides a permanently accurate surface upon
which the engine (and ugually the driven equipment)
may be mounted .and aligned. To serve these pur-
poses, the foundation must have a suitable size and
mass, rest on an adequate soil or bearing surface,
be provided with an accurately finighed mounting sur-
face for the engine, and be equipped with properly
sized retaining bolts in the correct locations to ge-
cure the engine firmly in position.

Movunting Box Base Engines

The engine is placed on the sole plates, or skid, and
rough aligned with the driven equipment, being sure
fo keep both the engine and driven equipment level.
The engine, and usually the driven equipment, can be
leveled by means of the jack screwsin the base flange.

VHP series engines may be either four point or six
point mounted. Refer to Service Bulletin No. 14-1563C
for six point mounting procedures.

In the case where four point mountings are used, the
procedure used to determine the correct thickness of
final shims is quite simple. The first step is to bolt
the engine down tightly after roongh shimming. A dial
indicator is then placed near one of the corners. This
bolt is then loosened and if the indicator shows a de-
fiection, shims should be added until there is less
than .005" dial indicator reading upon loosening and
tightening the bolt or bolts. This procedure should be
followed for the other three corners, one at a time.

Only one corner should need to be shimmed. All
shimming should be rechecked until indicator read-
ings at all four corners in succession give a deflec-
tion of less than .005'" upon loosening and tightening
the bolts.

Recommended Procedure for Shimming

Box Base Engines Mounted on Steel
Skids

From time to time, reports of crankshaft, ¢crankcase
and bearing damage indicate that improper mounting
of box base engines on steel skids has caused definite
engine distortion. No installation can be considered
complete if a check has not been made for this condi-
tion. Obviously, failures resulting from this cause
cannot be considered as justifiable warranty claims,
This is true even when the engine has been mounted
and aligned at the factory since shipping and place-
ment of the engine in position for operation will al-
most certainly distort the skids.

It is always desirable to have some shims under both
engine and driven equipment so future alignment prob-

5-3
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WAUKESHA VHP SERIES

lems at time of rebwilding or replacement will not
present the situation where good alignment would re-
quire removing metal from the bottom of the engine
or the skid, both approaches being impractical.

We recommend the following procedure for shimming
box base engines mounted on steel skids.

1. Attempt To Obtain A True Picture Of
The Distortion

Using three indicators, if possible, releage all
hold down bolts on one side of the engine, If only
one instrument is available, take readings at each
end and in the middle by loosening and retightening
all bolts for each reading. Although involving extra
work, thig is the only real way to detect a humped
skid with one gage. Also, be sure skids are secured
to their support and bolts on opposite sides are
evenly snugged down. Very deceptive readings will
be obtained if engine ig rocking laterally with loose
bolts on both sides.

2. Be Sure Engine Is Actually Bearing On Skid

Many instances when a skid appears high and the
engine appears to be resting on the high point,
turn out to be bits of weld gpatter, burrs, foreign
matter or even scale and paint between the engine
bage and the skid. It is plainly a waste of time to
attempt to shim the rest of the engine base on one
side t0 match a high spot of a "pinpoint' or limited
area nature when the proper procedure would be
to jack the engine clear (after loosening all bolts)
and file or dress the skid or engine base surface
clean and flat.

3. Make Up Trial Shims And Recheck

The nature of the shimming procedure is essential-
ly "cut and try". Use easily cut steelor brass shim
stock to make up trial shim pads. Remember that
the area of the shim pad must be large enough to
support the considerable weight and pressure of
the engine when the bolts are drawn down. Shimg
which are too small or not properly stacked tend
to shift under load and give false readings. When
all trial packs are correct, the tighteningor
loogening of all bolts on that side of the engine
should ¢ause no significant gage readings although
a one-half to one thousandth release of shim com-
pression is congidered normal,

4. Make Up Final Shims

If at all possible, final shims should be steel
plates of such thickness that only the last few odd
thousandths need be filled out with thinner shim
stock. Always use shims of adequate width to per-
mit the full base mounting area to bear on them,
Do not shim jugt the outer edge of the engine base,
If the skid flange is distorted so that the same
amount of shim' cannot be inserted at both the
inner and outer edge of the engine mounting sur-
face on the pan base, install the extra shim needed
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for the greatest gap under the heavy shim to bring
the latter up flush against the engine. Do not lay
the heavy shim under the engine and attempt to
pack in small bits of shim stock between the heavy
shim and the engine base surface. In this type of
situation, it ig preferable to jack the engine slight~
ly, place the shims needed in a solid and stable
stack with the top shim the heaviest and extending
the full width of the engine mount surface, The
engine should then be lowered onto the shim pack.

5. Re-check All Work on Both Sides

When both sides have been shimmed as recom-
mended, repeat the previous dial indicator checks
to be sure that shimming the second side did not
disturb the result initially obtained on the first
side.

Fleating Mounts

Where it is necessary to mount either an engine or a
skidded unit on flexible mounts, either of the "spring",
Yeork' or "rubber" type, to isolate vibration from
being transmitted to other equipment or the building,
it is our suggestion thai the supplier of such mounts
be consulted. Where mounts are to be supplied with
the complete unit, the supplier of such equipment is
responsible for the proper selection and placement
of the flexible mounts.

Where isolation pads or spring isolators are o be
used under an inertia block, the engine should be
solidly mounted to the inertia block on sple plates.
The isolators should be mounted between the block
and the supporting floor. This will give the best vibra-
tion dampening for engines and driven equipment in-
stalled within buildings. If engines and driven equip-
ment are to be mounted on a common gkid, this skid
should be mounted solidly to the inertia block,

In many cases, where it is not possible to carry the
engine and driven equipment on a floating (spring iso-
lated} "inertia" foundation, the skid mounted unit ig
isolated from the floor with various spring or vibra-
tion absorbing mounts.

Alignment Procedures

After the engine has been leveled, rough shimmed
and tightened down, the driven equipment can be
aligned. In the case where the driven equipment is
mounted permanently, the engine will have to be
aligned relative to the driven equipment.

When engine and driven equipment are mounted on 2
common gkid base, shims should be used under both
which will compensate for roughness and unevenness
of the rolled or fabricated skid rails. This will also
provide shims under drive and driven units for final
alignment.
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The corrlect aligning procedure may vary slightly
with different types of driven equipment. Many manu-
facturers|of driven equipment will specify the method
uged to a_hgn their equipment. In general, the object
is the same; to make the driven shaft concentric with
the driver sha.ft and to make the centerline of the
driven shaft parallel with the centerline of the driver
ghaft.

Aligning Single Bearing Generater
Couplings

The multiple-dise coupling is widely used to transmit
power from an engine flywheel to a single-bearing
generator. In this type of coupling, a number of rela-
tively thm steel discs are mounted in a close {itling
flywheel counterbore. The discs provide for anumber
of 1mport'ant functions as follows:

1. Pilot and support the front end of the generator
rotor.

. Eliminate the need for a generator drive end bear-
ing.

. Permit some minor angular misalignment because
of the laminated construction,

. Permit engine crankshaft end play and gsome minor
longitudinal movement of the rotor.

Misalignnl1ent occurs when the center of the generator
rear bearmg is offset from the center axis of the en-
gine mam bearings. If the assembly is allowed to run
in thig condltmn the discs must flex in aliernate
dlrectmné twice for each revolution. This is true
for both latera_l and vertical misalignment and may
be compgunded by a combination of both misalign-
ments.

It is 1mporta.nt to minimize the amount of disc flex-
ing, smce if it is excessive, the assembly will event-
ually colq fracture, usually near the shaft hub. Aiso,
serious flexing of the dises will cause generator vi-
bration, Perfect bearing alignment, altheugh desir-
able, is léss important than keeping disc deflection to
the very inmlmum possible. Here/it is presumed that
the pilot bore of the discs is in the exact center and
the ﬂywheel counterbore has no practical runout. With
these cond1t10ns egtablished, perfect bearing align-
ment will exist when zero deflection of the discs is
attained.

When checkmg alignment in the field, measurement
of disc couplmg deflection will demonstra.te if mis-
a.hgnment exists. The magnitude of misalignment and
the dlrectlon of displacement of the generator rear
bearing may also be determined from the deflection
measurement.

To make |this check, fasten a dial indicator to either
the generator shaft or cooling fan with the point rest-
ing on the head of a coupling disc capscrew. This
estabhshes a bridge between the discs and the rotor
with the a.xxs of the indicator at a fixed radius from
the center of the shaft. The indicator rotates as the
engine is|turned. Bar the engine over in the normal

—_—

direction of rotation. Do not allow it to rock back on
compression at the end of the travel of each reading.
It is unnecessary to zero the indicator since all that
ig required is a total indicator reading. This will be
the sum of the numerical vahies of the maximum posi-
tive and the maximuin negative.

CAPSCREW
HEAD

FLEX.
VCOUPLI NG

INDICATOR
-liHﬁiFT

= 1 | F

ML-28-1

MOUNTING OF GENERATOR COUPLING
ALIGNMENT DIAL INDICATOR

Six or eight equally spaced readings will provide a
total indicator reading. Half of the total reading will
equal the amount of digc bending. A typical example
ig shown in the illustration.

The example illustrates a. total indicated runout
(T.I.R.} of .017". This is arrived at by adding plug
.005" and minus .012". The indicator appears to be
cloger. to the capscrew head at the top and further
from it at the bottom. This indicates that the genera-
tor rear bearing is high. Since the side readings are
equal, the generator is centered laterally. If shims
were removed irom under the generator pad to the
extent that the .005" plus readings were reduced to
.0035" minus, the .012" minugs would be changed the
same amount, to ,0035" minus. In brief, one half of
the total of .017", .0085", is being added at the top,
and the same .0085" is being removed at the bottom.

A simple method for determining the amountof shims
to remove is to match the indicator radius against
the distance between the support pad shim pack and
the indicator. For example, if the radius was 11" and
the shims were 33" back, the dimensions relate on a
3 to 1 basis. Three times the correction amount of
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*
+005

»*
+.005

*_o0 -001 *

REAR OF GENERATOR
HIGH TOTAL RUNQUT
(T.LR) .01 7"

ML-28-2

EXAMPLE OF GENERATOR COUPLING
ALIGNMENT RUN-OFF

.0085", or about ,025" in shims could be removed to
lower the generator.

As a rule of thumb, the T.I.R, should not be more
than one thousandth of an inch for each inch of radius
{center of shaft to axis of indicator). In the case of
the 11" radius used in the example, the T.I.R. allow-
ance would be .011". This would only require a cor-
rection of .008" from the T.LR. of .017". A reading
of plus 002" at the top and minus .009" at the bottom
would fall within the allowable limit.

After checking alignment, always make a final check
of the crankshaft end play!

STARTING AIR REQUIREMENTS

All engines described in the manual require a 3/4"
diameter pipe to supply compressed air for air start-
erg. Compressed air regulators should be set for 150
psi maximum, with 2 minimum 60 psi.

COOLING SYSTEM

Cooling System Design

Premature engine component failures and abnormal
operating and maintenance conditions can often be
traced to improper design or sizing of radiators or
other coolers.

The Waukesha Engine Division will not be regponsible
for engine or component failure when the following
cooling system design and application recommenda-
tions are not followed.
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Recommendation for Specifying a Radiator or Other
Cooler Design For Continuous Duty Operation

1. Use 185°F. engine water outlet temperature. On
compressor applications, uge 180°F. engine water
outlet temperature to agree with A, P.I. Standard
11K.

2. Base water flow and temperature rise across
radiator core or cooler on jacket water pump
curve.

3. Presgure drop through radiator core or cooler
with full water flow at rated speed must not ex-
ceed 3 to D psi.

4. Allow 15% reserve for variationg in application
and environmental conditions, i.e., wind direction,
dirt and debris. This is in addition to mormal
design fouling factors.

5. When possibility of using 50-50 solution of ethy-
lene glycol exists, radiator core or cooler area
should be sized 15% larger since there is a 15%

. yeduction in heat transfer coefiicient for ethylene
glycol when compared with water.

6. Select radiator or cooler for highest ambient or
sea water temperature that will be experienced
in operation. For radiators, allowance must be
made for air temperature rise across engine with
blower fan, or in engine room if suction fan is
used.

7. Radiators and surge tanks must have 7 psi pres-
sure caps.

8. Provision must be made for de-aeration of cool- -
ant, such as divided top tank or separate surge
tank.

9, Provision must be made for balance line connec~
tion to engine pump suction to prevent pump cavi-
tation,

10, Adequate expansion volume for complete cooling
gystem must be provided in radiator or separate
surge tank,

11. Provisions must be made for connecting auxiliary
pump to circulate water through oil cooler and/or
intercooler where applicable.

12, Maximum back pressure, feeding into radiator or
cooler, should not exceed 5 psi at 2000 RPM.

13, Maximum inlet head to jacket water pump is 45
feet of water.

Recommendation for Specifying a Radiator or Other
Cooler Desipn for Intermittent or Standby Operation

Same as for Continuous Duty Operation, except:

1. Use 200° F. (instead of 185° F.)} engine outlet
temperature.
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2, Allow 5% {instead of 15%) reserve for variations
in a.pphca.tmn and environmental conditions.

Recommendation for Specifying a Radiator or Other
Cooler Design for Torque Converter Application

When the engine cooler is used for cooling a torque
converter in addition to the engine, the cors or cooler
surface sh&uld be at least 30% larger than the core
required for the engine alone.

Cooling System Capacity

The cooling system capacity is approximately 48
gallons (181.7 liters) for all 6 cylinder VHP engines
and 107 gallons {405 liters) for all 12 cylinder VHP
engines. These capacities are for the engine only and
do not take into account radiators or other cooling
equipment. (When adding anti-freeze compounds on a
percentage | basis remember to include the coolant
volume of the radiator and/or other external parts of
the cooling|system. The following table may be used
as a guide.

Radiator Freezing
Glycerine Points
(G.P.A.) °F, °C.

Ethylene
Glycol

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

To prevent| rust when using water alone, either use a
recommended corrosion preventive or inhibitor, or add
one ounce of soluble o0il for every gallon of coolant
in the coolir ng system.

Cooling System Installation
Recommendations

After the cooler installation is completed and prior
to filling the cooling system, clean all dirt and weld-
ing spa.tter| from low points in the gystem, Flugh ac-
cesgible sectaons of the piping and cooler to eliminate
ag much dirt as possible prior to operation of the en-
gine,

After filling the system, check closely for leaks.
Tighten all|clamps and fittings prior to engine start-
up to avoid loss of time at start-up.

The fo].lowmg installation suggestions are offered {o
improve coohng system performance and make future
maintenance easier and less time consuming:

. Mount all cooling system components such as
water inlet connections, control valves, and raw
water pumps with at least enough clearance to
permit normal maintenance and removal and re-
placement of accessories at the frontofthe engine
without major disruption of the cooling system,

. Use suitable couplings so large portions of the
piping and valves and raw water pump complex
may be disconnected and moved agide as a unit
for engine repair and maintenance. This avoids
removal of individual pieces of pipe and "working
backwards'' to reach a given threaded connection.

. Provide convenient drainage points to remove
water from both fresh water and raw water sys-
tems.

. Provide large access clean-out plugs or plates to
permit complete inspection and cleaning of keel
caolers or skin coolers at drydocking.

. Provide readily cleaned sea chests or other ar=-
rangements to allow removal of debris from raw
water system while underway.

. Provide easily opened air venis to remove air
blocks from cgooling system piping and allow im-
mediate priming of system.

. Mount all belt driven water pumps so¢ belts may
be tightened easily while operating. Locate pump
couplings and drive pulleys so packing can be re-
moved and replaced without major disassembly or
pump removal.

. Keep the system clean!

. Avoid electrolysis; use Zinc anodes or other ca-
thodes protection.

AIR INTAKE SYSTEM

Huge quantities of combustion air are required for
all internal combustion engines. Combusgtion air re-
quirement for engines described in this manual may
be obtained from your Waukesha Distributor.

Certain factors must be considered to ensure an ade-
quate clean supply of combustio:n air for internal com-
bustion engines., These are as follows:

1. Combustion air required for engines installed in
heated, air conditioned huildings or marine en-
gine rooms may upset heating and ventilating
calculations unless it is supplied via an external
air intake,

. If an external air intake is required, it must be
suitably designed to supply intake air of the proper
temperature range (high intake air temperature
results in power loss while extremely cold intake
air may hinder starting of automatic standby
units), to prevent pick up of exhaust gas materials
or exhaust from other industrial operations (such
as foundry dust or paint spray), toprevent pick up
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of flammable vapors, and to prevent entry of rain
and water. :

. All ducting, as well ag air cleaner to manifold
connections, must be airtight to avoid the intake
of unfiltered air. '

. The restriction through the air intake system must
be kept to a minimum. Restricted inlets, sharp
or numerous bends and undersized ducting will
all increase restriction unnecessarily.

. Engine heat radiation will affect ambient air
temperatures in building and marine ingtallationg,
Engine heat radiation is 3% of fuel input for all
engines described in thig manual. Properly lo-
cated intake and exhaust fans will be required
when necessary to ventilate engine rooms.

EXHAUST SYSTEM

The huge quantities of combustion air consumed by
internal combugtion engines must be properly ex-
hausted after combustion occurs, Therefore, every
possible provigion must be made to minimize restric-
tion with resultant back pressure of an exhaust sys-
tem.

Some of the adverse effects of excessive back pres-
sure are loss of power, poor fuel economy, excessgive
valve temperatures and engine coolant overheating,
Maximum exhaust back pressure is 15 inches of water
for naturally aspirated engines and 12 inches of water
for turbocharged engines.

To measure exhaust back pressure, proceed as fol-
lows:

1. If the exhaust elbows aren't tapped to measure
back pressure, drill and tap a 1/8 inch NPT hole
in one side of each exhaust e¢lbow near the inlet
to the elbow,

. Install a tubing connector and a length of copper
tubing (to permit dissipation of heat) in each tap-
ped hole and connect a2 manometer hose and mano-
meter. To ensure accurate measurement, it is
important that the manometer line fitting doesnot
protrude beyond the inner surface of the exhaust
elbow or pipe. On a turho supercharged engine,
the pipe tap must be located downstream from the
turbine.

Measure exhaust back pressure, and for diesel en-
gines record exhaust temperatures, at various speeds
up to maximum speed and load conditions.

After the tests are completed, remove the manometer
lines and install a pipe plug in each tapped hole.

If exhaust back pressure is found to be excessive,
check for undersized piping, undersized or inefficient
silencer or muffler, or excessive bends or restric-
tions in the exhaust line, Correct any deficiencies.
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Exhaust pipes must be adequately sized and support-
ed. A condengate trap and drain must be provided
at some low point ahead of the engine exhaust mani-
folds. The back pressures caused by elbows andother
pipe bends prohibit their use in a well designed ex-
haust system. Always use welded tube turns with a
radius of four or five diameters.

MH-88-1

MULTIPLE EXHAUST CONNECTIONS TO A
COMMON HEADER ARE VERY POOR PRACTICES

One of the worst exhaust installation practices is to
bring two manifold branches into a single pipe by the
use of a "T" connection--this condition leads to the
pulses of each bank'sexhaust interfering with the other
and causing surprigingly high back pressure. Multipls
exhaust connections to a common header are not
recommended, as this can result in erratic operation
and damage.

Sometimes, pulsing effects can set up interferences
in a single straight pipe, thus making it advantageous
in every installation to locate the silencer as close
to the engine as possible.

Attention must be given to adequate silencing of the
engine, as unnecessary noise is objectionable and a
public nuigance. Objectionable noise is unnecessary
today with the available mufflers which can be used
for silencing.

Before using any vent passage or chimney in an
existing structure not specifically designed for ser-
vice as an engine exhaust passage, it should be care-
fully checked for compliance with all fire and venting
codes. It is extremely poor practice to discharge en-
gine exhaust into a brick, tile, cement block, or struc-
ture of like material. The characteristics of the ex-
haust pulsations are very capable of causing severe
structural damage.

Exhaust flow requirements for engines described in
this manual may be obtained from your Waukesha
Distributor.

Some flexible exhaust connectors can be installed in
one direction only as stamped thereon.
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The exhaust outlet diameter is 5" on six cylinder
naturally] aspirated engines and 6" for gix cylinder
turbocharged engines. On the twelve cylinder engines
the exhal:.lst outlet diameter is 8" for both turbo-
charged and naturally aspirated engines,

Flexible |exhaust connectors fail due to excessive
distortion. To prevent this type of failure, the follow-
ing installation caution must be adhered to:

E CAUTION i

MAXIMUM DISTORTION OF FLEXIBLE EX-
HAUST CONNECTOR DUE TO CONNECTED
EXHAUST PIPING IS :1/4 INCH OFFSET
AND't1/4 INCH AXIAL DEFLECTION.

GAS FUEL SYSTEM

Natural gas inlet pipe is 2 inches. Required natural gas pressure
to the line|pressure regulators is 10-25 psi (nat. asp) or 20-2a psi
(turbo).

— S —

| WARNING l

For reasons of safety.....ALL GAS INSTAL-
LATIONS IN CLOSED AREAS OR BUILDINGS
SHOULD HAVE A POSITIVE SHUTOFF
VALVE TO PREVENT GAS LEAXAGE WHEN
THE ENGINE I35 AT REST.

On naturally aspirated natural gas applications, the
Impeo carburetor is somewhat less sensitive than
other carburetors to the efiects of moderate air
cleaner restriction and a balance line may not be
needed. When operating on LPG, however, the re-
sults of air cleaner restriction may be quite signifi-
cant and a balance line is important.

A balance line must also be used on all turbocharged
engines from the pressurized air at the carburetor
air horn to the atmospheric vent in the regulator.

DUAL IMPCO MODEL E B
CONVERTER VAPORIZER —

BALANGE LINE

CARBURETOR
AIR HORN

£

LP-GAS LOAD ADJUSTMENT VALVE

>~

LIQUID LP-GAS LINE

LIQUID LP-GAS FILTER

LIQUID LP-GAS FUEL INLET..,
TANK PRESSURE

IMPEO 8007 BT

CARBURETOR

ADJUSTMENT,

THROTTLE LEVER

-

ﬁ;/@ju

FLEX PIPE JOINT

|
l

SERVICE
REGULATOR

LINE /H;Lnrih

U

WATERX

COLUMN

5-25 LBS.
NATURAL GAS
INLET

ML-214-75

TYPICAL IMPCO COMBINATION LP AND NATURAL GAS INSTALLATION

r
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IMPCO 00
CARBURETOR

THROTTLE /

H

N
LEVER —5
B

At
PRESSURE TO

ADJUSTMENT ]

NOTE: PLACE ALL CONTROL VALVES, SOLENQID, ETC.,
UPSTREAM OF LINE REGULATOR

CARBURETOR
s"+1/2" WATER
COLUMN AT IDLE

2" NPT
PIPING

2" LINE PRESSURE
REGULATOR

NATURAL GAS INLET FROM
GAS SAFETY SHUT OFF VALVE
AND GAS COCK

ML-214-8

TYPICAL IMFCO NATURAL GAS INSTALLATION - NATURALLY ASPIRATED

This will raise gas pressure equal to air pressure
rige,

Balance lines may be used on all IMPCO carburetors.
Series 200 and 200D carburetors use a 7/16' LD.
balance line. .

LUBRICAYTING OIL SYSTEM

Lubricating 0il specification recommendationsg as well
ag oil sump and filter capacities are contained in the
front portion of the "Preventive Maintenance' unit.
The installation should include adequate provisions for
draining lube oil.

Adherence to angular operating limits is very impor-
tant to successful operation in many engine applica-
tions and users should be cautioned when jobrequire-
ments are such that the engine can be tilted to extreme
angles, This sometimes occurs when machines have
been modified for jobs different from their original
purpose without proper consideration to the type of0il
pan or oil pump used. In other cases the ramps or
stockpiles on which the machine is working are too
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steep and the engine loses oil pickup each. time the
engine is tilted. Obviously, loss of oil pressure, even
for brief periods, can have destructive results, Refer
to Service Bulletin No. 14-1629 for maximum safe tilt
angles,

PROTECTION OF HOUDAILLE VIBRATION
DAMPERS

It is extremely important that all persons handling,
shipping, or installing Houdaille viscous type vibra-
tion dampers be aware that they must not be dented
or damaged in any manner. The basic construction
congists of a flywheel member floating in a silicone
fluid and surrounded by a lighter outer shield. The
clearance between the inner member and the shield
is very small and any dent deeper than 1/32" will
destroy the damper for further use.

For this reason, extra care is required in handling
Houdaille dampers and it ig obvious that they should
never be used as a push point for fork lift trucks,
wrapped with chains for lifting or pulling, or struck
while moving other equipment around the engine.
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3
j‘rgﬂ INLET

OR QUTLET

iMPGCO MODEL £ B CONVERTER —\ I

VAPORIZED GAS TO CARBURETOR

[5' NEGATIVE WATER COLUMN

CARBURETOR
AIR HORN

IMPCO 600 o

:

THROTTLE
LEVER

CARBURETOR ]
ADJUSTMENTa/Eu

3
WATER |h

OR QUTLET

LIGUD
LP-GAS FILTER

ML-214-76

CHECK!!’IG FLYWHEEL AND HOUSING
RUN-QUT AND CRANKSHAFT ENDPLAY

Even with the best maintenance, an engine can en-
counter frouble if such things as proper mounting,
allgnment with other equipment, flywheel and hous-
ing runout and sufficient crankshaft endplay are dis-
regarded|in the initial installation or in subsequent
rBlOCatmns of the engine. Although flywheel and hous-
ing runout and crankshaft endplay are firmly estab-
lished w:thm limits at the factory, such things as
rough ha.ndlmg or improper installation of power take-
offs or clutches may adversely affect these clearances
and lead| to serious engine damage. These items
should be checked prior to operation.

TYPICAL IMPCO LP GAS INSTALLATION

A major factor in obtaining long service life from
any engine and clutch or power takeoff assembly is
the proper alignment of the flywheel houging, flywheel
and pilot bearing bore. Distortion or lack of a com-
mon center on either of these parts will set up forces
sure to be destructive to bearings, crankshaft, cluich,
and the driven equipment. In addition, because of
normal manufacturing tolerances, when an engine is
installed in a mounting formerly occupied by another
engine, it is not safe t0 assume that the drive shaft
of the power takeoff will automatically line up with a
coupling located for the previcus engine. In such cir-
cumstances, either the engine mounts must be shim-
med or adjusted, or the driven mechanism must be
relocated and adjusted a few thousandths to bring
the entire drive line from crankshaft bearings to
driven shaft coupling into good alignment.
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Make the following check for flywheel housing hore
concentricity:

1. Support a dial indicator in the same general
mamner as shown and check the runout of the
housing bore all the way around.

| MH-13-4
CHECKING HOUSING BORE RUN-OUT

. If the flywheel housing is out of alignment, loosen
all of the flywheel housing bolts, remove the
small dowel pin on the right side of the flywheel
housing and proceed as follows,

. Use a small bar inserted in a bolt hole to cor-
rect misalignment until the runout does not ex-
ceed .012" total indicator reading.

. Tighten bolts partially, working back and forth
acrogs the housing. Recheck bore concentricity
with dial indicator.

5. Install appropriate dowel in right side dowelhole.

Relocate the dial indicator as shown to indicate the
flywheel housing face.

1. Housing face runout should not exceed .012" total
indicator reading. If correction is required, it
should be done with a cutting tool mounted on a
radiug arm and firmly attached to the flywheel.
Thus, by rotating the crankshaft by means of a
suitable drive, the cutting tool will dress the
housing face into a plane in alignment with the
crankshaft flange.

. When making the above inspection, it is very im-
portant not to be misled by end movement of the
crankshaft. To prevent this, use aprybarto bring
the shaft into full forward position at each point
where the indicator reading is taken.
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CHECKING HOUSING FACE RUN-OUT

Mount a dial indicator on the flywheel housing as
shown and check the runout of the pilot bearing bore,
Runout should not exceed 005" total indicator read-
ing.

Remount the dial indicator as shown to measure the
runout of the flywheel face. Again, it is emphasized
that each reading must be taken with the crankshaft
moved all the way forward to contact the thrust bear-
ing. Unless rough handling has somehow distorted
the wheel or crankshaft flange, maximum runout
should not exceed .016" total indicator reading.

CHECKING FLYWHEEL FACE
RUN-OUT
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Measure |crankshaft endplay with a dial indicator
mounted an the crankcase. Uge a small pinch bar to
move the |crankshaft fully forward. Set the indicator
at zero and use the bar to thrust the shaft to fully
rearwa.rd.[ Check endplay reading on dial indicator,
Crankshaft endplay must be .005" - .O16",

iyt

CAUTION

The importance of correct crankshaft endplay
cannot be overstressed. Operation of an en-
gine having insufficient or excessive crank-
shaft |endplay can result in serious damage.
Insufficient clearance will prevent proper lu-
brication of the thrust surfaces, causing main
bearings to overheat and lock on the shaft.

CHECKING PILOT BEARING  mu-13-1
BORE RUN-QUT
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