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SAFETY PRECAUTIONS

The exhaust products of an internal combustion engine are toxic and may cause
injury to health or death if inhaled. All engine installations, especially those within
a closed shelter, or building, should be equipped and maintained with an exhaust
discharge pipe so that exhaust gases are delivered into the open air.

All internal combustion engine fuels are highly combustible and may explode
under certain conditions. Fuels must be conducted to the engine with gsecure piping,
free from leaks, properly designed to resist breakage from vibration.

All engine installations should be equipped with & means of positive fuel shutoff
for emergency use when fuel is conducted to the engine from a remote source. In
addition, fuels under pressure suchasnatural gas or liquified petroleum gas, should
be controlled by a positive shutoff valve, preferably automatic, other than those in-
tegral with the carburetor or gas pressure regulation equipment. It shall be the
final responsibility of the engine owner to ensure that the installation is free from
fuel or exhaust leakage.

Gas used to energize starters must be discharged away from the engine into a
harmless area. Ignition connections and electrical equipment on engines exposed
to potentially explosive ambient atmospheres should be specially equipped to mini-
mize spark hazard and it is the responsibility of the engine owner to specify or
provide such connections and equipment,

Internal combustion engines must be properly provided with guards against

hazard to persons or structures in cloge proximity to rotating or heated parts and
it is the responsibility of the engine owner to specify or provide such protection.

Copyright 1987
WAUKESHA MOTOR COMPANY
WAUKESHA, WISCONSIN

Printed in U.S.A.
4724-1000-9/67-MB-7P




WAUKESHA F-2895-G AND F-3521-G SERIES

INTRODUCTION

The Waukesha Motor Company supplies this handbook as a guide
to those operating and servicing Waukesha Model F-2895-G series
engines. In most cases, the procedures in the following pages are to be
regarded as recommendations -- they should be combined with good
judgment and common sense on the operator's part. It is emphasized,
however, that these recommendations are based on many years of
practical experience with internal-combustion engines, andare general-
ly applicable under average conditions. Occasionally, unusual or ex-
freme circumstances may appear 1o jusiify some degree of variation
in operating or maintenance technique. In such cases, it is urgently
requested that the problem be submitted to the Service Department,

Waukesha Motor Company, Waukesha, Wisconsin,

When requesting information from the manufacturer, include
the engine model and serial number found on the engine name plate.
In addition, any conversions or changes from the original design made

by the engine owner should be mentioned,
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O OO 0OO®OW

WAUKESHA MODEL F-2885-G - RIGHT SIDE VIEW

1. Air Cleaner i 14. Qil Pressure Adjustment

2. Air Cleaner Resistance Indicator 15. Lubricating Oil Primer Pump

3. Crankcase Breather 16. Low Tension Magneto

4, Throttle Lever 17. il Level Dipstick

5. Starting Engine Fuel Tank 18, Safety Shutdown Control

6. 0il Pressure Gauge 19, Starting Crank Engagement Lever

7. Ignition Switch _ 20. Starting Engine Choke Lever

8. Tachometer 21, Starting Engine Clutch Lever

9. Vacuum Gauge . 22, Starting Engine Electrical Receptacle
10, Water Temperature Gauge 23. Starting Engine Throttle Control
11. Water Temperature Shutdown Valve 24, Starting Engine Ignition Switch
12, Rocker Arm (il Header 25. Starting Engine Oil Pressure Gauge
13. Overspeed Governor Adjustment 26. Starting Engine Starter Switch

iv




WAUKESHA F-2895-G AND F-3521-G SERIES

WAUKESHA MODEL F-2895-G - LEFT SIDE VIEW

1, Governor Low Speed Stop Screw 14. Barring Device

2. Governor Lever 15. 0il Filler Pipe

3. Governor Control Rod 16. Leveling Bolt

4, Overspeed Shutdown Switch 17. Oil Pan and Bearing Access Door
5. Lifting Eye 18. Main Bearing Cap Lateral Bolt

8. Thermostatic Valve Assembly 18. Full Flow Lubricating Oil Filters
7. Thermostat Housing Vent Line 20, 0il Cooler

8. Air Bleed Vent 21, 0il Line to Rocker Arm 0il Header
8. Water Temperature Sensing Element 22, (il Pan Drain Plug
10. Thermostatic Controls 23. 0il Pump
1i. Exhaust Manifold Water Shield 24. Belt and Pulley Guard
12. Valve Lifter Access Door 25. 0il Line to Governor
13. Main Qil Header 26, Speed Control Lever




WAUKESHA F-2895-G AND F-3521-G SERIES

WAUKESHA MODELS F-2895-G AND F-3521-G
GAS ENGINES

PRINCIPAL ENGINE DIMENSIONS

(All Dimensions Same For Both Models Unless Noted)

F-2885-G F-3521-G
Boreand Stroke . . & « & v 4 v - « o o s & 2 o s a 8-1/2 x 8-1/2 9-3/8 x 8-1/2
Number of Cylinders . . « «+ &+ v v 5 4 & o = & « + o 6 6
Digplacement, cubicinches . . . . . . & & v & & & & 2894 3520

{same for both models)

Numberof Main Bearings . . . « + v o v ¢ « = = » & 7

Front Main Bearing, diameter x length . . . . . . . . 6-1/4 x 4-1/8
Center Main Bearing, diameterxlength . . . . . . . 6-1/4 x 4-1/8
Rear Main Bearing, diameterxlength . . . . . . . . 6-1/4 x 4-1/8
Intermediate Bearings (4), diameter x length . . . . . 6-1/4x 3
Crankshaft Thrust . . « + & ¢« « ¢« ¢« o v & ¢« & & « & Taken at front main bearing
Connecting Rod Large Bearing, diameter x length ., . . 6-1/4 x 2-1/2
Comnecting Rod Length, c. toe. . . . v « « & ¢ o o 18

Pigton Pin, floating, diameter. . . . . . . . . . . . 3

Valve, intake, clear diameter (2) . . . « « + « + « & 2-3/4
Valve, ‘exhaust, clear diameter (2) . . « « + o « + « . 2-3/4
Timing gears, facewidth . . . . . « «+ ¢ v + « & & 2-1/4

Fan, 8-blade, diameter. . . . . . . ¢ + + + « + « 60

Firing Order . . . ¢ & ¢ v 4 v 4 & o s « o s 2 + « 1-5-3-6-2-4
Flywheel Housing, SiZ& . + & v ¢« & 4 « o o & & &« & SAE 00
Spark Plug . . « . ¢ ¢ « o & “ rw e e s s 18 mm,
Carburetor Flange, SAE size (updraft) “ e e m e 4

Cooling System, capacity, gal. (no rachator) e« s 2 e s 45

Cooling System, capacity, gal. (with 60"

wide radiator) . . . . . 4 h f 4 4 e v e e e e s . 83

Cooling System, capacity, gal. {with 72" wide

Fadiator) . & & v 4 4 i s d e e e e e e ee o a e a5

Qiling System, capacity, gal. {(not including lines

and filters) v v « o v ¢ v s 4 s e s o w e s e e s s 35

Weight, naturally aspirated engine with FC starting

engine and standard accessories (approx.) lbs. . . . 11,800

All dimengions stated in inches unless otherwise indicated.
Do not use for service adjustments.

vi




WAUKESHA F-2895-G AND F-3521-G SERIES

DESCRIPTION

DESCRIPTION

GENERAL

The Waukesha Model F-2895-G series are
six cylinder, four-stroke eycle, overheadvalve,
spark ignition, gaseous fuel engines,

The information in this manual applies to the
Waukesha Model F-2895-G and F-3521-G en-
gines, both naturally aspirated and turbo super-
charged. These model designations may be in-
terpreted as Icllows. The prefixletter "F'" as the
6th letter of the alphabet indicates 6 cylinders.
The numbers 2895 and 3521 indicate the nominal
displacement in cubic inches. The suffix letters
indicate the type of fuel {"G" gasecus) andif the
engine is turbo gupercharged and intercooled
(""SI'"). Thus, a Model F-2895-GSI is a 6-cylinder,
2894 cubic inchdisplacement engine, operates on
gasecus fuel, and is turbo supercharged and
intercooled.

Since the Model F-2895-G is the basic model
in this series, references to this model will be
made throughout this manual. However, unless
specifically pointed out, the information in this
manuzl applies equally to both the engine models
in this series and variations of these models.
The major difference between the models in this
series ig the displacement, which is 2894 cubic
inches for the F-2895-G and 3520 cubic inches
for the F-3521-G. The bore and stroke is 8-1/2
by 8-1/2 inches for the F-2895-G and 9-3/8 by
8-1/2 inches for the F-3521-G.

Since these engines are used in many differ-
ent applications with numerous engine equip-
ment variations, this manual will cover only the
standard engine and the most commonly used
optional equipment and accessories, -

The following operational and service data
have been prepared from a practical viewpoint.
There are no special techniques or "tricky''ad-
justments necegsary to keep the unit in good
operating condition. Consistently careful main-
tenance of the engine and its fuel, oil, and cool-
ant, will more than pay for itself in prolonged
good performance and reliability. Never gver-
look the great contribution that properly ser-
viced air cleaners can make fo engine life. In
addition, reasonable storage care, egpecially of
the precision parts is extremely important.

For purposes of discussion or correspond-
ence, the following reference points should be
establizhed.

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

FRONT AND REAR - References to var-
ious locations on the engine shall be inter-
preted as meaning from the gear-cover (front)
and flywheel {rear) ends, respectively.

RIGHT and LEFT -- 5hall be interpreted
as meaning from the right and left of a
viewer facing the rear (flywheel) end of
the engine.

Since many of the parts described contain
complex oil or water passages, no mention has
been made of these passages except as is nec-
essary to avoid uncertainty.

CRANKCASE

The cooling water passages are formed be-
tween the side-wall structures of the crankcase
and the cylinder sleeves. Thus, the sleeves are

CYLINDER BLOCK - CRANKCASE




WAUKESHA F-2895-G AND F-3521-G SERIES

DESCRIPTION

always in direct contact with the coolant. Since
the cylinder sleeves are of the removable type,
it is necessary to maintain a seal at the upper
and lower sleeve-ta-crankecase contact surfaces.
This is accomplished in the upper contact area
by the head gasket which seals the accurately
finished mating surfaces at the joint between
the grooved sleeve ilange and the cylinder head
and with copper sealing rings used between the
sleeve flange and the crankcase recess for added
sealing efficiency. Three synthetic sealrings are
utilized in the crankcase to lower cylinder sleeve
sealing area.

Permanent, positive alignment of all parts
of the power train is assured by a thick top
deck and heavy webs between seats for the
camshaft and crankshaft. In addition to four studs
and elastic stop nuts, each main bearing cap is
retained by two cross bolts which secure
it laterally to provide additional rigidity of
main bearing alignment. The lower surface

of the crankcase is finish machined to form

a seal with the box type oil pan upon which
it mounts. An O-ring type oil seal is utilized
between the crankcase and the oil pan, with the
seal recess in the mating surfaceof theoil pan.

To insure correct valve timing of the Model
F-2895-G engine, it is necessary to mate oneof
the "x" marks on the idler gear between the
camshafit and the crankshaft with the "x" mark

RN

1 %\\\\
M

|
|
[
I

: I

et
(o
T~ -

TIGHTEN FIRST
TIGHTEN LAST

BEARING CAP SUPPORT

on the crankshaft gear. With these "x" marksin
line, mate the other "x" mark on the idler gear
with the "x" mark onthe camshaft gear. Nominal
backlash at these points is .008"-.012'. The
idler gear which meshes with the accessory
drive gear may be assembled without regard for
the "x'" marks on it.

TIMING GEAR INSTALLATION

2




WAUKESHA F-2895-G AND F-3521-G SERIES

DESCRIPTION

CHECKING GEAR BACKLASH

The oil pump idler gear runs between the
crankshaft gear and the oil pump drive gear
and is mounted on an idler spindle which is
locked into the front main bearing cap. The
proper backlash between the crankshaft gear
anhd the oil pump idler gear is .008'" - .012'".
The proper backlash between the oil pump idler
gear and the 0il pump drive gear ig 0.015" to
0.020",

The gear cover seals off the front end of
the housing and since the forward extension of
the crankshaft extends through the cover, a front
0il seal is provided here. The gear cover em-
bodies mounting provisions for the high capacity
water pump.

At the rear endofthe crankease isa mounting
surface for a flywheel housing of the specified
size and two {upper and lower) packed-type
crankshaft oil retainers. To ensure accurate
mounting of the clutch or other drive unit in the
flywheel housing, the rear surface of the engine
is held to very close tolerances, and when a
flywheel housing is specified, the housing itself
is machined true after it iz assembled to the
engine, Whenever the power take-off, the fly-
wheel, or flywheel housing are removed, the
run-out and eccentricity of the related parts
should be checked and adjusted to the following
limits: flywheel housing should not be eccentric
more than 0.015-in. total indicator reading;
nor should therebe more than 0.010-in, indicator
reading for the face runcut. The most important

flywheel limit is; 0.005-in. indicator reading
for the elutch pilot bearing eccentricity.

Lubrication for the various bearings through-
out the crankcase is provided by drilled passages
directly or indirectly connected with the external
main ¢il header extended along the left side of
the crankcase. The main oil header is a rigid
tube with connection fittings spaced to match the
passages extending inward to the main bearing
locations.

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

Inspection panels, located on the left side
of the crankcase, allow access for removal and
inspection of the valve lifters and permit re-
moval of any sludge that may collect in this area.

ROCKER ARM COVER

= HYDRAULIC
FIXED ROCKER VALVE LIFTER
ADJUSTING

ARM SCREWS
SCREWS

| EXHAUS]
"8 METERING

LEVER ! SCREW

= INTAKE

,ﬁ%“*—-noc KER

VALVE
SPRINGS
VALVE MAGNETIC
SPRING __c—e- PLUG
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'a
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CYLINDER HEAD - EXPLODED VIEW
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DESCRIPTION

CYLINDER HEADS

The six interchangeable alloy iron cylinder
heads are especially designed and fabricated
for the temperatures and pressures of industrial
use. Each head carries complete rocker arm
and valve mechanism for one cylinder. Cast
aluminum rocker arm covers are interchange-
able, However, if the rocker arm coversare in-
terchanged, new rocker arm cover gaskets must
be used. Hard Stellite seat inserts are shrunk
into place in both intake andexhaust valve seats.
The intake manifold is mounted on the right side
of the cylinder heads and the exhaust manifoldis
mounted on the left side of the cylinder heads.
Each head hag mount pads for this purpose, In ad-
dition, a smaller exit from the head in the pad
area above the exhaust port provides a water inlet
to the exhaust manifold water shield or water
cooled manifold which is used as an upper col-
lection point for cooling water after the water
has passed through the engine, Water passages in
the heads are arranged for directional coolant
flow to eliminate hot spots.

~ When replacing cylinder heads or after over-
haul, the cylinder head hold down stud nuts
should be retightened to the proper torque values
after running the engine either idle or after load
testing if possible. It is equally important that
the stud nuts be tightened inthe proper sequence
as illustrated in the fits and clearances section
at the rear of this manual.

SLEEVES

The wet-type, interchangeable and easily
replaceable cylinder sleeves are cast from
close grained alloy iron especially selected
and machined for oil retention, long wearing

SLEEVE PROJECTION

ABOVE CASE
001
Q03

4
Y

FLANGE -~
THICKNESS COUNTER BORE
.5345 DEPTH .5605
5365 5628
SLEEVE —P| SEAL RING
.0285
0305

SLEEVE PROJECTION WITH SEALING RING

CYLINDER SLEEVE WITH
SEALING RINGS

qualities, and resistance toc distortion. Each
sleeve has a shoulder and grooved flange at
its upper end to locate it in the crankcase
upper deck and prevent shifting and leakage
when the cylinder head and gasket are se-
cured above it, The sleeve flanpe and the
crankcase deck recess into which it fits both
have precision finished mating surfaces to
form a water seal at this point. Additional sealing
efficiency is achieved through the usage of a
copper sealing ring between the sleeve flanpe
and crankcase recess. The eylinder sleeve flange
projects a few thousandths above the deck to
ensure a tight crush at the gasket joint. When-
ever sleeves are installed a check should be
made o be sure that this projectionis present.

CYLINDER SLEEVE OUT-OF-ROUND
INSPECTION
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DESCRIPTION

The outer surface of the sleeve lower end
is tapered, and immediately above the taper
are three grooves for the synthetic seal rings.
Two rings of like eolor are used in the two
upper sleeve grooves while the ring of different
color is installed in the bottom groove.

CRANKSHAFT

The Model F-2895-G dynamically balanced
crankshaft is precision ground from drop-
forged, heat-treated steel and gains unusual
operating smoothness from a torsional vibration
damper. Crankcheeks are of massive design to
provide ruggedness for hard, continuocus service.
The crankshaft has sevenlocally-hardened main
bearing journals which run in precision-type
steel-backed, aluminum bearing shells. Con-
necting rod bearings are of similar construc-

tion for maximum serviceability. Drilled pas-
sages, running diagonally from the main-bearing
journals through the crankcheeks, carry pres-
sure oil to the connecting rod bearing areas.
In addition to the spiral grooves which reverse
the rearward flow of oil, a graphite coated pack-
ing type rear oil seal protects against oil
leakage at the flywheel end ol the crankshaft.
The oil seal, which is splitfor replacement pur-
poses, is held securely in position by grooves
in the removable rear oil seal retainer upper
and lower halves.

.The rear extremity of the shaft has an
integral mounting flange for the flywheel., This
flange is drilled and tapped for twelve 5/8 - 18
flywheel mounting holts. One bolt hole, opposiie
number six crankpin, is offset 1/8 inch inorder
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DESCRIPTION

REAR OIL RETAINER INSTALLATION

to ensure the installation of the flywheel in the
proper relationship to the crankshaft.

The front crankshaft journal blends into a
finished shoulder designed to absorb thrust
loads. This shoulder bears against a two piece
bronze thrust ring which is one of two rings
doweled in place on each side of the front main
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CRANKSHAFT END PLAY

CHECKING CRANKSHAFT END PLAY

bearing. Thrust forces acting to move the crank-
shaft rearward are absorbed by a polished steel
thrust washer bearing against the front thrust
ring. The crankshaft end play is controlled by
the amount that the crankshaft can move before
either one of the thrust surfaces contacts the
front or rear thrust ring. Oversize thrust rings
are available. The crankshaft drive gear is lo-
cated directly ahead of the thrust washer and is
keyed to the crankshait. A dish-shapedoil slinger
ring rides against the outer face of the crankshaft
drive gear.

The front crankshaft extension supports a
fan and water pump drive pulley and a vibration
damper.

CONNECTING RODS

Six drop-forged connecting rods ofI-section,
rifle-drilled design, are employedin the F-2895-
G. The rods are forged and heat treated in one
piece, then separated and serrated atthe ecrank-
pin end before being assembled and machinedto
accommodate the steel-backed precision type
aluminum bearings. The serrations ensure posi-
tive alignment and also eliminate shear stresses
on the rodbolts, Hardbronze bushings are press-
fitted and broached in the piston pinendand then
diamond bored for precise size and alignment,
These bushings are used as a master reference
for finish boring the large end bearing seaf.
For this reason the connecting rods are never
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bent for alignment either at the factory or in
the field.

A rifle-drilled passage permits transfer of
pressure oil vertically through the rod for piston
pin oiling and cooling of the piston crownunder-
side, Here, the cooling is accomplished by di-
recting a jet of oil against the piston crown by
means of an opening in the end of the rod.

CONNECTING ROD WITH SPACER

Four place type bolts retain the rod caps.
One side of the cap has a deeper bolt flange and
utilizes the two longer bolts. Toensure accurate
location of the cap and rod relative to each
other, the serrations on one side of the rod and
cap are offset from the serrations on the other
side of the rod and cap, so that it will be im-
mediately apparent if an attempt were made ac-
cidentally to install a cap and bearing shell in
reverse position on the rod.

It will be noted that the split line of the rod
and cap is not at a right angle with the rod
center line, but is at a 30° angle, Also, each
rod has a spacer pinned to the upper thrust
face at the large end of the rod. The rods may be
installed with the spacer towards either endof the
engine, but must all face the same way in the
same engine. It is very important that the spacer
is always pinned to the upper half of the rod on
the side with the 1/32" radius (as illustrated).
If the spacers are pinned to the side of the rod
with the 5/32" radius, the rod bearings will
interfere with the crankpin fillets.

The connecting rods are stamped to idenftify
their cylinder location so that they can be re-
placed in the proper location whenever they
are removed.

il‘l
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PISTONS

The tin plated aluminum alloy pistons are
heavy-duty castings of the cam-ground, tapered
full gkirt type. The five ring grooves are rec-
tangular, with the top groove incorporating a
ni-resist iron insert. The top ring is a chrome
plated compression ring. The second and third
rings are tapered face compression rings. The
fourth ring isa conformable grooved oil ring with
eXxpander, and the fifth ring is a groovedoil ring
and is located below the piston pin. The two oil
ring grooves have a number of drain passages
leading to and providing oil control in the piston
skirt area. The full floating tubular piston pinis
hardened and lapped, and is a hand press {fit in
the piston bosses at room temperatures. Spring
clip retainers control the end travel of the pins.

VALVE MECHANISM

There are four valves for each cylinder, two
intake and two exhaust, symmetrically disposed
around the spark plug to provide maximum
breathing. The valves are of the poppet type with
hardened tips. Stellite seat facings are employed
on the valves and the valve seat inserts are
Stellite. The valve guides are a special alloy.
When replacing valves, valve seat inserts or
valve guides, exercisze caution to use service
parts of the correct material. The valve seat
inserts are retained by a shrink fit in the
cylinder head and the intake and exhaust guides
are a press fit in the cylinder head, but inserts
and guides may be pulled and replaced if neces-
sary. Valves and springs are retained by
hardened washers stepped to center the springs

VALVE MECHANISM LUBRICATION SCHEMATIC
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and incorporating split-taper keepers. The in-
take valves utilize o-rings for oil control.

Valve actuation is obtained through guided
roller cam followers riding on the cam lobes.
This motion is transmitted to the rocker arms
through tubular steel push rods whichincorpor-
ate hydraulic valve lifters at the upper end.

The cam {followers are firmly seated in
cam Ifollower guides, and are accessible by
removing the crankcase upper doors.

The exhaust rocker arm lever for each cyl-
inder is equipped with rocker armandhydraulic
valve lifter adjusting screws and actuates both
of the exhaust valves for the cylinder. The in-
take rocker arm is equipped with a hydrauvlic
valve lifter adjusting screw and pivots on the
same shaft as the exhaust rocker arm lever,
but in turn actuates the intake rocker arm
lever which is equipped with rocker arm adjust-
ing screws to actuate both of the intake valves
for the cylinder. The rocker arm adjusting
screws incorporate a pivoting flatted ball to
maintain constant non-sliding contact with the
valve stem tips. The flatted balls arelebricated
through 2 passage in the rocker arm.

The ductile iron rocker arms pivot on split-
type, steel-backed, leaded bronze bushings rid-
ing on a hardened hollow steel shaft. The bronze
bushings are pressed in place, lubrication pas-
sages are drilled, and the bushings are then
reamed.

Full pressure lubricating oil from the rocker
arm oil header is fed through a passage in the
cylinder head which connects to an oil passage
in the right hand exhaust rocker arm shaft sup-
port. The lubricating inlet passage in the
plugged exhaust rocker arm shaft mates with
the oil passage in the exhaust rocker arm shaft
support. An oil tube connects the oil passage in
the right hand intake rocker arm shaft support
to the oil passage in the right hand exhaust
rocker arm shaft support. The lubricating inlet
passage in the plugged intake rocker arm shaft
mates with the oil passage in the intake rocker
arm shaft support. Both rocker arm shafishave
0il passages to lubricate the intake rocker arm
and the rocker arm levers. The intake rocker
arm has an o0il passage to lubricate the mating
surfaces of the intake rocker arm and the
intake rocker arm lever, as well as an oil
passage to the hydraulic lifter adjusting screw
to supply cil to the hydraulic lifter in the end
of the intake push rod, A metering screw in
the top of the intake rocker arm prevents
over oiling of the mating surfaces of the intake
rocker arm and the intake rocker arm lever.

Current production engines utilize a slightly
different lubricating passage without a meter-
ing screw. The exhaust rocker arm lever has
o0il passages to the hydraulic lifter adjust-
ing screw to supply 0il to the hydraulic lifter
in the end of the exhaust push rod and to
lubricate the rocker arm adjusting screw
balls and the exhaust valve stems and guides.
The intake rocker arm lever has oil pas-
sages to lubricate the rocker arm adjust-
ing screw balls and the intake valve stems and
guides,

CAMSHAFT

The single camshaft has ground cams and
journals held within very close tolerances of
dimengion and alignment.

Individual, hardened cams actuate each of
the twelve cam followers. The forward end
of the camshaft is keyed and threaded for
retention of the cam drive gear. Thrust is
absorbed and end play is controlled by a thrust
plate assembled to the crankcase directly behind
the camshaft gear.

Seven steel-backed, babbitt-lined bushings,
pressed and line reamed in the crankcase, sup-
port the camshaft at each end, at the center,
and at four intermediate points. The bushings
must be assembled as indicated by the word
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"FRONT" and the arrow stamped on their outer
surface. The bushings are grooved to provide
valve lifter roller lubrication.

Replacement of the gears in the cam drive-
accegsory drive set up is not recommended
as a field procedure.

OIL PUMP

The Model F-2895-G uses an externally
mounted, gear-type, pressure oil pump with
a large reserve capacity, The pump consists
of a cast body unit and removable cover,
which together act as a housing for the twog
oil pump gears. The oil-pump drive gear
is keyed and pinned to the heat-treated drive
shaft which runs in replaceable bushings in
the housing and cover. The ¢il pump idler

gear, like the drive shaft, has replaceable
bushings for long wear and continued accuracy
of displacement. Combination pressure and
scavenger type oil pumps utilize two sets of
pumping gears,

The oil-pump cover to oil-pump body seal
is effected by a paper gasket of 0,017 to 0.019
inch thickness, Substitution of thinner or thicker
gasket materials will disturb the end-clearance
relationship of the pump gears,

LUBRICATION SYSTEM

The Model F-2895-G uses a wet-sump, pres-
sure lubrication system with the additional fea-
ture of oil cooling. With the exception of the oil
that normally remains in the lines, filters, and
passages, the eantire oil supply of the engine is
retained in the engine base.
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The suction produced on the inlet side of the
oil pressure pump gears draws the oil into the
oil-level equalizers and screens in the sump,
from which it passes to connections on the lower
rear face of the pump. Having entered the oil
pump, the oil is carriedaround the space between
the gear teeth and the pump walls by the
mechanical action of the oil pump gears and is
digcharged under pressure af the front of the

pump.

After being discharged from the pump, the
oil passes through a short line to the oil cooler
on the leit side of the engine where it flows
around the cooling tubes, giving up heat to the
water. A temperature confrol valve in the oil
line allows the oil to by-pass the cooler as nec-
essary to maintain a nominal temperature of
170°F. From the cooler, the oil flows through the
fuil flow filters and then to the main oil header
which extends lengthwise along the left side of
the engine. Qil under pressure is thereiore
distributed the full length of the header.

The pressure relief valve, controlling oil
header pressure, opens off the main oil pagsage
of the pump. A spring-loaded piston of conven-
tional design moves outward to relieve oil
pressure through a spill-back to the sump,
The pressure at which this occurs is controlled
by the screw adjustment regulating spring ten-
sion on the valve. The pressure relief valve
is adjusted at the factory and should not require
attention for a long period of service unless
disturbed.

The oil, with the exception of that by-pasgsed
through the pressure relief valve, flows through
the main oil gallery under controlled pressure
and enters the drilled passages through the
crankcase webs to each crankshaft mainbearing
journal and ecamshaft bushing. Bach journal
is drilled diagonally o provide a passapge lead-
ing through the crankcheek and emerging at the
crankpin to lubricate the connecting rod bear-
ings. Some of this oil leaves the connecting rod
bearings through the bearing side clearance, the
remainder passes upwards through the rifle-
drilled connecting rods to Iubricate the piston
pin bushing. il from both of these sources
sprays or splashes on the cylinder walls and is
metered by the rings for piston lubrication.

In addition, a jet of o0il from the upper end of
the connecting rod is directed at the lower side
of the piston crown, thus providing a cooling
action and preventing heat concentration in this
area.

13

Drilled passages irom the front main bear-
ing journal provide, through oil tubes, for oil-
ing the gear train and the accessory drives.

Full pressure oil from the main oil header is
supplied to the rocker armoil header which sup-
plies oil to the cylinder heads to lubricate the
overhead valve members. The rocker arm oil
header is equipped with a magnefic plug as a
precautionary measure. The valve lifter rollers
are supplied with lubricating oil via directional
grooves in the camshaft bushings.

The cylinder heads are equipped with fit-
tings and tubes leading to the rocker armlubri-
cating system.

Scavenger oil drains back through passagesin
the heads and through the tappet compartments
via the space around the push rods.

The oil filter system is full-flow, and, with
full-flow filtering, all oil in the pressure system
must go through the filters or their by-pass
valves before entering the engine bearings. Dirt-
clogged filters will cause the dirty oil toby-pass

‘and enter the engine.

AUXILIARY WATER PUMP AND
OIL COOLER BY-PASS VALVE
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Oil for the turbocharger is piped directly
from the main oil header under full pressure
and is returned to the engine sump. The turbo-
charger oil supply line is equipped with a mag-
netic plug as a precautionary measure,

OIL COOLERS

To assist in maintaining proper oil tempera-
ture and viscosity, the Model F-2895-G engines
are equipped with an oil cooler located on the
left front side of the oil pan. An auxiliary water
pump, mounted at the left front of the engine,
belt driven by an accessory drive, supplies
coolant to the oil cooler. The interior of the
cooler providezs a tube and baffle heat ex-
changer into which oil enters from the pump.
Qil leaving the oil cooler passes through the
full flow filters and then into the engine main
0il header. There are provigions for draining
both the o0il and the water from the cooler.

WATER PUMP

Model F-2895-G engines use a single centri-
fugal type water pump which is mounted on the
gear cover and is driven by two belts from the
crankshaft pulley. The pump itself is a vaned
impeller, mounted on a hardened shaft, and
operating in the chamber formed between the
cast water-pump body and the water-pump
cover. This is a self-contained pump with a
ball bearing supported shaft and a spring packed
carbon type seal on the pump shaft to prevent
water seepage. The pump is lubricated with
ball and roller bearing grease. To insure com-
plete draining of the cooling system, a drain
cock is provided at the bottom of the pump
casting. For venting the pump when filling the
cooling system, an air bleed vent is provided at
the top of the pump casting. An adjustable idler
pulley provides the belt tension adjustment.
The idler pulley is lubricated with ball and roller
bearing grease.

COOLING SYSTEM

The Model F-2895-G cooling system is of
the pressure circulating type and can be con-
nected to a variety of external cooling devices
such as radiators, cooling towers, heat exchang-
ers, and so on. Maximum back pressure, feeding
into the cooling devices, should not exceed 4 1b.
per square inch at 900 rpm. The water eénters
through the water pump inlet on the left side of
the engine.

The centrifugal pump causes the supply of
cooling water to pass directly into the engine
cylinder jacket through the water header which
extends on the right side of the crankcase for its

15
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entire length. Here, heat is picked up from the
cylinder sleeves which are surrounded for
nearly their entire length by circulating water.
Carefully located holes allow the water to enter
the cored cylinder heads in the desired pattern.
To ensure effective cooling of the cylinder head
between the intake and exhaust valve seats, the
flow of water is accurately directedin this area.
The exhaust manifold water shield which sur-
rounds the exhaust manifold, or the water cooled
exhaust manifold, collects the water at each
cylinder head and feeds it through the thermo-
stat housing to the radiator or other cooling
system. The exhaust manifold water shield or
the water cooled exhaust manifold is equipped
with drain cocks.

The thermostat housing is a butterfly design
which has all vital components outside of the
water flow. Thus, only the butterflies are sub-
jected to the possible corrosive effect of the
coolant. When the engine is cold, most, or all,
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of the water will by-pass to enter the water
pump for re-circulation. When the engine is
warmed up and operating normally, the entire
flow passes out of the engine for cooling, un-
legs temperatures are marginal, in which case
occasional by-passing will occur,

An auxiliary water pump, mounted at the
left front of the engine and belt driven by an
accessory drive supplies coolant to the oil cool-
er, and when applicable, to the intercooler,

For the FC starting engine, cooling water is
tapped off from a fitting at the rear of the crank-
case, passed through the FC, and returnedto the
main engine system through a line leading to the
water cooled exhaust manifold or shield (as
applicable). If the main engine is cold, heated
water from the FC passes through the by-pass
and back into the circulating system of the
main engine ag an aid to warming prior to start-
ing.

Perfect cooling system performance requires
a clean cooling system without leaks. When
filling the cooling system of an engine which
has been drained, be sure to open the air bleed
vent in the thermostat housing to allow any air
trapped in the system to escape. Close the air
bleed vent when air has been purged and a solid

17

stream of water begins to flow. The water pump
ig also equipped with an air bleed vent which
should be opened when filling the cooling system
until any air trapped in the pump has escaped.

ACCESSORY DRIVES

The magneto (or Mag-tronic ignition genera-
tor, when applicable) used on the Model F-2895-G
engine is coupled to and driven by the magneto
drive shaft which is driven by the accessory
drive shaft. Both the magneto drive shaft and
the accessory drive shaft ride in ball bearings
in the accessory drive housing. The accessory
drive shaft is driven by the accessorydrive gear
in the engine gear train,

The governor, the overspeed governor, the
hour meter and the tachometer are driven off
the accessory drive.

STARTING ENGINE

The Model FC starting engine commanly
employed on the Model F-2895-G is a con-
ventional four-stroke cycle gasoline engine with
magneto ignition. This engine uses a manually
operated Bendix device for driving the starter
pinion.
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- SERVICE

GENERAL

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

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

. Clean fuel of proper net BTU content.
Clean air and correct fuel-air mixture.
Correct valve adjustments.

Hot, properly timed ignition system.

6. Even, high compression pressures.

7. Operation within proper temperature
range.
8. Proper engine timing.

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

LUBRICATION

Because Waukesha engines are in serviceall
over the world, this company does not attempt
to recommend either by name or brand all the
lubricating oils which are suitable for use.
The viscosity, or "body" of the oil is the only
property specified in the lubrication recom-
mendations. Quality, including such things as
life, heat resistance, detergency, and other
commonly specified physical properties - should
be the supplier’'s responsibility. Also, the engine
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operator, to a large degree, controls the oil's
performance, for he is the one who must make
decisions on oil changes, filter changes, loads,
general maintenance, and operating conditions.

Ot CAPACITY

The 0il capacity of the Model F-2895-G with-
out filters or other equipment connected to
the engine oil system is 35 gallons, Waukesha
4-element full-flow filters used require an ad-
ditional 9 gallons of oil. If additional filters
or other engine lubricated equipment is used,
the capacity should be determined and the cor-
rect amount added. Engines operating with a
full-flow type oil filter must have the filter
prefilled. Prefilling the filter is necessary be-
cause the engine will be starved for oiluntil the
filter and lines are filled. Use the lubricating
oil primer pump or fill the filters through the
filler openings in the filter bases to prefill
the filters.

After prefilling the filters, refill the oil pan
to the proper level and operate the engine 10
or 15 minutes without load. Shut the engine
down to determine how much, if any, additional
0il is needed to bring the level to "ull" on the
dipstick. This will establish the total amount
required for future oil changes.

OIL CHANGES

The crankcase level should be checked prior
to each day's engine operation and at the same
time the condition of the oil as revealed on the
bayonet gauge should be observed carefully.
Replace oil at any time it is plainly diluted,
broken down, thickened by sludge, or other-
wise deteriorated. Remember that some mod-
ern oils cannot be judged on the basis of color
alone because the additives are intended to
hold carbon particles in suspension. The stand-
ard filters supplied will not remove these
particles. The dark appearance of the oil is
not necessarily an indication that the oil should
be changed. Whenever oil is changed, the filters
must be serviced. If it is desired to use oil
longer than 300 hours of active duty, it is sug-
gested that a lubrication engineer of the oil
supplier be consulted. Not all oils in every type
of engine will give maximum service, therefore
be careful to examine the oil after the first
draining to determine whether it is standing
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up in service. Trial periods of ten hours are
suggested and at the end of such periods make
careful inspection of the oil depth gauge for
sludging, frothing and emulgification. Such con-
ditions call for more irequent changes or a
different cil. In winter operation, low oil temper-
atures (below 160°F.) are particularly likely
to cauge sludge formation, Temperature-control
devices - curtains, shutters, and so on --
should be used if needed in order to hold the oil
temperature around 180°F. It is strongly rec-
ommended that the supplier of the lubricating
oil run tests on the lubricating oil at intervals,
to more closely determine the periods of most
economical change for the particular type of
service the engineis performing andthe particu-
lar brand of oil being used.

OIL SCREENS INSTALLED IN OIL PAN

ROCKER ARM OIL HEADER MAGNETIC PLUG

OIL SCREENS AND MAGNETIC PLUGS

Incidental to changing the oil, and very im-
portant to maintaining proper lubrication, is
the removal and cleaning of the screen mesh
strainers below the oil-level equalizers in the
oil sump. These screen strainers are readily
removed through the handholes in the sides
of the box base. To remove any accumulation
of sludge and carbon gum from the screen mesh,
it is recommended that the screen be soaked in
a suitable solvent, such as benzol or lacquer
thinner. Soaking should continue until softening
of the deposit permits easy removal without
damage to the screen. Remove and clean the
magnetic plugs at the iniets to the rocker arm
oil header and the turbocharger.

TURBOCHARGER INLET MAGNETIC PLUG
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SELECTING OIL VISCOSITY

All other things such as oil type and quality
being equal, the principal factor in choosing the
proper oil viscogity is the operating tempera-
ture of the oil in the crankcase. It is this
temperature that establishes the running vis-
cogity of the oil.

1. Make one or more check runs under
actual operating conditions of speed and
load. Use SAFE 40 oil for this test. Note
the temperature range of the oil in the
crankcase by means of an accurate oil
temperature gauge immersed in the oil,

. Find the temperature range noted in the
above test in the tabulation below. The
proper oil viscosity for these operating
conditions will be found directly to the
right. If different kinds of service cause
the loads and operating conditions tovary,
re-check the ¢il temperature as above
and gelect an oil of lighter or heavier
viscosity as required by the new condi-
tions.

CLASS "B" ENGINES
OIL TEMPERATURE METHOD

0Oil Operating SAE Viscosity

Temperatures Numbers
210° - 230°F. 40
150° - 200°F. 30

OPERATING TEMPERATURES

Engines operated with low oil temperatures
below 160°F. can be expected to show exces-
sive sludging and wear. Engines operated with
high oil temperatures above 230° may experi-
ence lacquering and ring sticking. The unde-
girable effects of operating at abnormally low
or high oil temperatures can be alleviated to
some extent by the use of additive type oils.

ADDITIVE TYPE OILS

Practically all oil companies are marketing
additive type oils to meet service requirements
common to industrial engine operation. The
Internal Combustion Engine Institute {201 N.
Wella Street, Chicago, Illinois 60606) has pub-
lished a list of brand name oils represented by
their supplier as meeting four definite perform-
ance levels. The ICE] list (Form 800) ig divided
into four groups designated as MIL-L-2104A,
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SUPPLEMENT 1 (S-1), MIL-1L-2104B, and SER-
IES 3. The performance levels of these four
groups are defined by the following specifica-
tions:

MIL-L-2104A - Run with 0.35% sulphur fuel

SUPPLEMENT 1 (S-1) Run with 1% sulphur
fuel per MIL-L-2104A.

MIL-L-2104B - Meets U.S. Military Specifi-
cation MIL-1-2104B.

SERIES 3 - "Superior Lubricants' MIL-L-
45199A.

For gas engines over 1000 cubic inches dis-
placement the Waukesha Motor Co. recommends
either MIL-L-2104B or Serieg 3 oil.

Formulation of lubricants is a progressively
changing compounding technique guided by field
experience and new diacoveries to meetoperat-
ing conditions, The oil supplier should make
recommendation for the engine oil, taking into
account the loadfactor, oil consumpticn, temper-
atures of air-water-and oil, deposit problems,
change periods, etc, Some gas engine oils or low
ash oils give satisfactory performance. Exper-
ience shows that valve and valve seat wear are
improved when oils having a high additive level
are uged, such as Series 3.

Multi-viscosity oil should be usedonly where
cold starting conditions make it absclutely nec-
esgary. The oil supplier should assume full
responsibility for satisfactory performance of
the multi-viscosity oil at both low and normal
engine operating temperatures.

MINIMUM VISCOSITY

The oil temperature chart is arranged on the
bagis of providing a minimum viscosity for
each class of engine throughout the operating
temperature range.

WARM OIL FOR COLD WEATHER STARTING

In winter operation low temperatures con-
geal oil and increase engine internal friction
greatly. With below zero temperatures the en-
gine sometimes cannot be started even though
it fires on each cylinder while the starting
engine is cranking it over. This results from
the cold, heavy o0il on the bearing surfaces
raising the friction load to a higher value than
the torgue the engine is able to develop at
starting speeds. It has been determined by
dynamometer tests that SAE 30 oil, at 30
below zero, may require more than three
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times the torque the engine is able to develop
to overcome friction and maintain running.
Under such conditions, the engine may be
cranked over almost indefinitely with inter-
mittent firing without actually starting. At the
same time, the oil temperatures reached once
the engine is started prevent the use of light
oils, In such cases, the problem centers around
providing a means of warming the oil before
gstarting or a policy of removing the o0il during
shut-down periods and warming it before re-
filling the crankcase.

0Qil heater pipes can be installed as optional
equipment on engines used in colder climatesor
where warm o©il is required prior to starting.
On these engines, warming the oil before start-
ing can best be accomplished by circulating
hot water or steam through the "U" shaped
oil heater pipe assembly which is installed
in and clamped to the floor of the oil pan. The
open ends of this pipe assembly extend out
through the lower rear sides of the pan.

OIL FILTER

Model F-2835-G engines are factory equipped
with large capacity full-flow oil filters. When
a condition arises where neglect of the filters
or an unusually rapid accumulation of sludge
tends to bring about filter element clogging,
the engine will not be starved of o0il becaunse
of this condition, but it is very important to
remember that the dirty oil that brought about
the filter element clogging is now passing
through the engine itself; and may reduce
engine life materially.

Because of the above possibility, the recom-
mendations made for filter change periods
coincide with the recommendations for oil
change.

Ii the oil shows evidence of sludge formation
or improper filter operation, it should be changed
and the filter elements as well, Also a check
should be made to see that the oil and water
temperatures are within the desired range' of
160°- 180° F.

If experience indicates the practicality of
running the lubricating oil for maximum peri-
ods between changes, then the filter may be
congsidered as satisfactory for this period of
operation. In all cases, the filter elements
should be changed at the time of oil change.

Be sure that all oil lines and pipes installed
between the 0il filter outlet and the oil header
are clear and free from scale, rust anddirt.
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BY-PASS DETAIL

WAUKESHA OIL FILTER

Use Genvine Filter Elements

The genuine dual density filter elements are
of a patented type and are designed to contin-
uously self-adjust the pressure within the filter
and allow for a full stream of filtered oil to the
bearings without opening by-passes.

The two different filtering materials are in
series rather than inparallel, Effective filtering
is accomplished at all times, yet the flow char-
acteristics of the filter remain constant over a
long period of service. This reduces the possi-
bility of operating with a partially open by-pass
valve because of pressure drop across the filter
resulting from inadequate filter maintenance,
The by-pass valve, now provided, however, is
especially positioned to avoid plugging under
such conditions and will, of course, open ifnec-
essary.

We are not aware that any "replacement”
element, other than the genuine element will
provide the 'controlled pressure' in this full

"flow system. It is urged that no chance of

damage to these engines be risked through an
attempt to use any except genunine f{ilter ele-
ments.

Technical Data

Selection of the correct filter element isim-
portant and the following description is provided
to avoid confusion,

Element No. 167602. Dual density standard
element. Used in single and dual element filters
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and in fourteen element filter only for L-5100 and
larger engine models.

Element No, 167602-A. Dual density treated
element. Used when high sulphur fuels are in-
volved. Same application as indicated for part
humber 167602,

Element No. 167603, Single or constant den-
gity standard element. Used in fourteen element
filter on engines smaller than L-5100 model.
Not used on larger engines because of insuffic-
ient flow capacity for oil volumerequired.

Element No, 167603-A. Single or constant
density treated element. Used whenhigh sulphur
fuels are involved. Same application as indicated
for part number 167603. Also used in seven,
fourteen and twenty-one element gas condition-
ers.

OIL PRESSURE CONTROL

Under all normal operating conditions, the
high-capacity pump used on the Model F-2895-G
will maintain the oil pressure within the speci-
fied limits. A cold engine, or the addition of
cold oil to the crankcase of a warm engine,
will cause high oil pressure until the oil tem-
perature sfabilizes in the proper range. A
warm engine will normally earry a low oil
pressure at idle speeds, and no alarm should
be felt under these circumstances if it does
not fall below 15 pounds. When starting up,
if pressure still fails to register after the
engine has run for 25 to 30 seconds, the engine
should be shut down and the cause determined.
Excessive damping of the gauge may cause
this. Oil pressure will be about 40 psi at
engine governed speed.

OIL PRESSURE ADJUSTMENT

Adjustment of the oil-preszure relief valve
is seldom necessary. This operation should
always be done AFTER the engine and oil
temperatures have stabilized at normal levels.
It is equally important that all other factors--
proper grade of clean oil, bearing clearances,
no leakage, and go on, be gatisfactory before
attempting to adjust the oil pressure.

Field reports have indicated that some op-
erators have been attempting to adjust oil pres-
sure by loosening the large check nut which re-
tains and locks the pressure reliefvalve sleeve.
This results in violent movement of the plunger
and causes rapid and severe wear, All users
should be advised that the sleeve should be bot-
tomed and its threaded retainer drawn down
snugly and locked to prevent this condition.

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

QiL COOLER

. Maintenance of the oil cooler unit consists
largely of periodic cleaning and inspection for
clogging or corrosion. Improper or fluctuating
oil pressure, or an undesirable increase in oil
temperature, may indicate the need for ser-
vieing the cooler more frequently. In general,
the cooler should be removed from the engine,
disassembled, and cleaned after each 500 hours
of operation. All rust and lime deposits should
be removed from the water passage tubes of
the cooler at this time. The sludge deposits
within the cooler body may be cleaned out by
several solvents and methods, but in all cases,
it is recommended that cleaning take place as
quickly as possible after removing the cleaner
from the engine, Ordinarily, benzol, lacquer
thinner, or a commercial sludge and carbon
remover will be effective if pumped vigorously
through the cooler body. Observe fire and
safety precautions.
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CRANKCASE VENTILATION

Regular maintenance of the crankcase venti-
lation system is very important. Excessive
crankcase pressure caused by a poorly main-
tained system can result in severe lubricating
0il leakage especially around the crankshaft
oil seal areas. On the other hand, excessive
vacuum ©r hegative pressures can cause small
dirt particles to be drawn into the crankcase
around these seals. Crankease pressure should
therefore be Kkept within the limits of 1/8"
positive to 1/2" negative pressure measured in
inches of water. A simple method of measuring
pressure can be devised by tapping a crankcase
door to receive a brass elbow fitting to which a
length of clear plastic tubing can be connected.
Bend the plastic tube into a U™ shape and clip
to a section of wood to make a manometer with
negative and positive pressure scales as shown
on the illustration. Water added to the mano-
meter tube should just reach the zero mark on
bath positive and negative pressure scales. A
dye or ink added to the water aids in reading
the manometer when the engine isinoperation.

Components of the venilation system should
be serviced on a monthly basis or more often
if unusual conditions are encountered.
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GREASING

Use a good grade of cup grease to lubricate
the Bendix outboard bearing and steady-rest
bearing. Fill cups and turn down as needed.
A good grade of ball bearing grease is needed
for cooling fan bearings when a fan is used.
See "GREASING FAN HUB." Grease water pump
fitting every 500 hours and idler pulley fitting
every 100 hours with a good grade of ball and
roller bearing grease,

ACCESSORY LUBRICATION

Those accessories not directly involved in
the operation of the Model F-2895-G are gen-
erally selected to fill the specific needs of
the engine operator. For this reason the vari-
ety of types and models of accessory devices
becomes so large that the engine manufacturer
must necegsarily refer the operator to the
recommendations ofthe accessory manufacturer
for service data. Commonly, however, the lubri-
cation of accessories follows certainbasic rules
that may be used as a guide, but should not be
construed as over-riding or substituting for
exact instructions from the accessory manu-
facturer.

Electrical equipment of the ''motor' type-
generators, and so on, ordinarily requires a
minimum of lubrication. At each oil change, a
few drops of light oil should be placed in the
cups provided for this purpose. Over-lubrica-
tion of electrical equipment is usually harmiful
and should be avoided. Never oil commutators
or brushes.

Lubricate power take-off units according to
the instructions of their manufacturers. Apply
a good grade of grease to the pilot bearing
with a pressure gun capable of forcing the grease
the length of the hollow shaft and into the pilot
hole. Remember, however, that these ghaftsare
filled before installation at the factory, and
should also be {filled when installed in the field;
hence great quantities of grease are not de-
sirable.

Starter engine transmissions carry a small
amount (about 1/2 pint} of oil in the housing.
Use SAE 10 oil of good quality and {ill through
the opening in the upper side of the transmis-
sion case until the oil reaches the level of the
drain fitting on the side of the case. Do not
over-oil sinee this may cause cluteh trouble.
The starter engine ¢rankcase requires 4 quarts
of SAE 10 oil.
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AIR STARTER LUBRICATION

Maintain the proper oil level as marked on the
“"Lubricator" bowl. Use SAE 20 oil above 30°F.
and SAE 10W oil below 30°F. For cold weather
{below 10°F.) use No. 2 Diegel oil. For warm
weather (above 70°F.) use SAE 30 oil.

Once every three months, or as experience
dictates, remove a pipe plug from the housing
cover and the gear case andinsertgrease fittings
to apply a good quality No. 2 cup grease. Two or
three sirckes from a grease gun are sufficient
for the housing cover and for the gear ease. Do
not pack the gear case full.

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

QUICK ACTING n B
VALVE BUSHING -1} TO ¥

a
uNian -3

AIR SUPPLY
1) PIPE MIN.

150 PS. | MAX.
PRE SSURE

MORGREN
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" p

MINIMUM PIPE SIZE~1Jo—*
STARTING
MOTOR

BUSHING
(v
1o To 3y
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1

LLOCATE* VALVE AND LUBRICATOR
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USE S.A.E 20 OlL OVER 30°F. —SAE.

I0W UNDER 30°F. —ADJUST LUBRICATOR
NEEDLE VALVE TC INJECT 15 TO 20
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1§ TURNED OFF. YALVE SHOULD BE
OPEN APPROXIMATELY I/B TO 14 TURN
AT 60°F.

NOTE

FOR COLD WEATHER
(BELOW 10°F.) USE
NO.2 DIESEL OIL.
FOR WARM WEATHER
(ABQVE 7Q°F) USE
S.A.E 30 OIL.

AIR STARTER

AIR CLEANERS

Model F-2895-G engines are factory equipped
with dry type air cleaners, It is important for
the operator to appreciate that the purpose of
air cleaners is to collect dirt and grit and so
keep it out of the engine working parts. As a
result the cleaner units must themselves be
cleaned, sometimes several times each day if
operating conditions are particularly bad,

Because the dust particles are so small, yet
possess the ability to cause great damage, it
is absolutely mandatory that air-inlet connec-
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tions be kept in tight condition to avoid taking
in unfiltered air.

DRY TYPE AIR CLEANERS AND
CONDITION INDICATOR

The dry type air cleaner is mounted at the
rear of the engine,

An air cleaner condition indicator gauge
mounted in the air duct serves ag positive evi-
dence that air cleaner service is necessary.

As dirt trapped by the air cleaner gradually
restricts the flow of air, the condition indicator
signal, which is preset for a maximum restric-
tion, rises within the gauge. When the maximum
restriction is reached, the signal locks into full
view indicating the need for servicing the air
cleaner element.

CAUTION

Unless the signal is locked in view in-
dicating a clogged element, it will return
to a3 normal setting upon engine shut-
down. Normally the element is serviced
long before the gauge indicates a need,
but the operator is cautiofied to check
the gauge every day while the engine is
running,

When removing the filter element, use care
to avoid spilling dust in the air duct.

When dirty, elements can be cleaned with
compressed air or with any commercial dry
cleaning solvent. Otherwise, they can be washed
in clear water, or a solution ofwater and a mild
detergent can be used to remove excessive dirt.
Reverse washing from the downstream side is
recommended where water nozzles are used;
however, high pressure nozzles should never be
used. Elements should be completely dried be-
fore placing back in service,

COOLING SYSTEM

Cooling And Anti-Freeze

The cooling system of the bare Model F-2895-
G engine holds 45 gallons of water without pro-
vision for radiators or other equipment. When
adding anti-freeze compounds on a percentage
basis therefore, remember to include the cool-
ant volume of the radiator or other external
parts of the cooling system. The following
table may be used as a guide.
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Pure
Methyl | Denatured | Ethylene Radiator Freezing
Wood Wood Glycol Glycerine Poiats
Aleohol | Aleghol "Prestone’ | (G.P.A) | °F. °C,
13% 17% 16% 37% 20 -7
20% 26% 25% 55% 10 -12
27% 34% 33% 70% 0 -18
32% 40% 39% B1% -10 -23
37% 46% 44% 92% -20 -29
40% 53% 48% 100% =30 -35

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

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

quires, of course, that the water be drained
immediately when the engine is shut down,

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

Thermostatic Valve Assembly

Model F-2895-G engines employ a single
pellet type power unit to actuate butterfly valves
in the engine water discharge housing. The two
valves operate in such a manner astodivert the
water to the radiator, through the by-pass, or
partially through each as needed to control the
engine water temperature.

Adjustment of the control assembly is seldom
required in the field. The main requirement, in
the event it becomes necessary to replace the
power element or associated components, is to
provide approximately 1/4" clearance between
the face of the spring retainer and theoperating
rod. It is very important to note, however, that
the power element as received, with the plunger
in the element hole more or less loosely, must
be forced by hand until the plunger bottoms. This
can be done by pressing the plunger very firmly
againgt a bench top until the plunger feels solid
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USE AUTOMATIC RADIATOR SHUTTERS
IF NECESSARY TO MAINTAIN CORRECT
ENGINE TEMPERATURE

in the power element. The element may then be
screwed into the plug adapter. With the spring
retainer and rod seated over the plunger tip, the
tip should not quite reach up into the retainer
far enough to touch the rod end. The power ele-
ment must be at room temperature when making
this check. The adjustment of the rod (as des-
cribed and illustrated) to provide approximately
1/4" clearance between it and the face of the
spring retainer will effect the proper plunger
tip and rod end clearance,

Do not attempt to change the linkage otherwise
unless it is required to alter the 4-7/8" dim-
engion slightly to provide the best positioning
of the butterfly valves.

Cleaning Cooling System

When clean, soft water is used as a coplant,
and when the proper inhibitors and anti-freeze
solutions are used, radiator and cooling pas-
sage accumulations will not be excessive, About
once each year, however, the engine will bene-
fit if the cooling system is cleaned of sludge
and sediment. A washing soda solution will
ordinarily do this job satisfactorily.

To clean the cooling system . . .

1, Drain gystem and measure water volume.

2, Replace half of measured volume with
fresh water.
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3. Boil other half of volume and add washing
soda until no more will dissolve.

Add hot soda solution to cooling system
{fill up).

5. Operate engine normally for 24 hours,

Drain, flush, refill with clean water to
which a soluble oil has been added in a
proportion of 1 ounce per gallon of water.

Commercial Cleaners

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

Cooling Fans

About the only maintenance work encountered
in connection with cooling fans will be lubrica-
tion and the occasional straightening of a blade
damaged in some manner andthe replacement of
fan belts. In the casze of slightly bent blades, it
ig important to remember that inaccurate blade
alignment can cause considerable roughness
and vibration as well as inefficient cooling and
bearing wear. Hence, bent blades should be
brought into track, adjusted to the same angle
as the other blades, and examined for security
of the hub attachment and possible cracks in the
spider area.

Fan Belts

Periodic replacement of fan belts is good
ingurance against damaged radiators and in-
opportune shut downs, Provision has been made
to reduce the stretch between the fan pulley
and the drive pulley of the engine by moving
the idler pulley and this adjustment should be
used to install the belis. Attempting to force
a belt over the pulleys while it is under tension
is almost certain to damage the belt,

To install new fan beltg, (all should be re-
placed at the same time), follow the procedure
below:

1. Loosen the bolts which secure the idler
pulley and its mounting bracket to the
radiator.
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the side of the radiator until the belts
show some tension but are not so tight
ag to prevent movement with the thumb
and the forefinger for about one-half inch
to either side.

4, Retighten the idler pulley assembly bolts.

Greasing Fan Hub

Sixty inch fan: Repack fan bearing every
10,000 hours (Idler bearing is permanently
racked). Seventy-two inch fan: Repack fan and
idler bearings every 10,000 hours. Use soda-
soap type grease. (Over-greasing may cause
seals to blow out.)

VALVE ADJUSTMENT

General

Hydraulic push rods maintain constant and
uniform valve adjustment, automatically, at all
loads and speeds. Basically the same as hy-
draulic valve lifters, these units are located

CHECKING FAN BELT TENSION at the top end of the push rods. Hydraulic push

2. Turn the idler pulley adjusting screw to
move the idler pulley assembly towards
the center of the radiator until the belt
tension is completely relieved and the old
belts can be slipped free.

3. Slip the new belis over the pulleys and
by using the adjusting screw again move
the idler pulley assembly back towards

ADJUSTING WATER PUMP BELT TENSION ADJUSTING VALVE ACTUATING SCREW
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rods will also run more quietly, and the hy-
draulic dampening effect prolongs valve andas- .‘.,TH“_. 1 V4 TURNS
gociated valve train part life. ‘

Whenever the rocker covers are removed,
the valve and spring mechanism should be
examined for evidence of inadequate hubrication
due to siudging or plugged oil lines. Excessive
sludge in the rocker area is an indication of
too low 0il operating temperatures, poor filter-
ing action, or an oil that breaks down and is
unsuited for the operation involved.

Adjustment

The following adjustment procedure should be
followed at all times as normal service pro- '
cedure and after removing or replacing a cyl- CORRECT LIFTER ADJUSTMENT
inder head or rocker assembly.

Place the piston of each cylinder in turn on gtock under either side while holding the
T.D.C. compression stroke before proceeding. rocker assembly down manually. Thisad-
justment must be repeatedoccasionally as

1. Loosen the lock nuts and adjusting screws a service measure to compensate for slight

at the push rods. difference in valve and seat wear between

the two valves.

2. Taking each pair of valve contacts in turn
hold the fixed screwcontact firmly against 5. Repeat the above procedures, 2 through4,
the valve stem tip with finger pressure. for the opposite pair of contacts.

3. Turn down the matching adjustable screw 6. Be sure the internal socket of the hydraulic
on the same side of the head with finger lifter on each push rod is fully extended
pressure until the flat just contacts the against the ring at the TOP of the travel.

valve stem tip.

4. Use a screw driver and wrench tolock the
adjusting screw nut. Both flats should just
be contacting the valve stem. Check to be
sure the screw did not turn while locking
by trying to slide a .0015" piece of feecler

&
| SPRING
COMPRESSER

RIGHT AND WRONG ADJUSTING SCREW
CONTACT ADJUSTING HYDRAULIC LIFTER SCREW
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LUBRICATION GUIDE

ENGINE CRANKCASE Check oil level and condition daily, Crankcase oil
capacity 35 gallons (not including lines and filters).
Change oil as chemical analysis indicates necessity
or at regular intervals.

ENGINE OIL PAN Clean and inspect oil pan at each oil change or less
frequently as experience shows is required.

OlL SCREENS AND MAGNETIC Clean at each oil change, or less frequently as ex-
PLUGS perience shows is required.
FILTERS (Waukesha Elements) Replace filter elements at each o0il change. (Use gen-

uine Waukesha elements.) Inspect used elements for
unusual conditions. The filters require an additional
9 gallons oil.

GOVERNOR (Woodward UG-8 only) Check oil level in sight gauge daily. Change oil every
500 - 1000 hours depending on operating condition, Oil
must be changed every six months regardless of hours
of service. Use neutral (non-acid, non-alkali) petro-
leum oil.

AIR CLEANER Check and clean as required or as indicated by air
cleaner condition indicator {daily or more often in
unusual operating conditions).

FAN & IDLER Repack bearings with soda-zoap type grease every
10,000 hours {60 fan idler permanently packed).
Avoid over greasing.

WATER PUMP Add soluble oil to cooling system occasionally, grease
water pump fitting every 500 hours and idler pulley
fitting every 100 hours with a good grade of ball and
roller bearing grease.

STARTING ENGINE Check oil level daily, change oil at least every 100
hours. 0Qil pan capacity four quarts. Transmission
0il independent of engine lubrication. Use 1/2 pint
SAE 10 engine oil for transmisgsion. Fill and turn
down Bendix grease cups weekly.

AIR STARTER - Lubricate weekly with #2 cup grease throuph the
grease fittings, Keep Norgren Lubricator filled to
level (SAE 30, SAE 20 or SAE 10W oil or No. 2 Diesel oil),

CRANKCASE BREATHER Inspect each time o0il is changed. Don't allow dirt to
accumulate. Rinse in gasoline as required, allow to
dry, and then re-oil breather mesh with engine oil.
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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 depress-
ing it.

8. Turn the screw 1-1/4 turns more in a
clockwise direction. Lock the adjustment
screw. This will bring the adjustmentinto
the mid-range of the lifter travel or SET
position.

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

The above procedure must be carried out in
sequence on each cylinder head with each piston
brought into approximate top center position,
compression stroke, as inany conventional valve
adjustment operation.

Before starting the engine, rotate the crank-
shaft manually to be certain no oversights have
occurred which might cause valve and piston
interference. After starting andbefore tightening
down the rocker covers, observe the action and
oiling of each set of rocker arms. Oil 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 meter-
ing screw inthe long rocker arm and then backing
it out just enough to establish a light flow of oil.
Current production rocker arms do not have
this adjustment but utilize a different oiling
passage to lubricate the intake rocker arm
contact shoes.

GOVERNOR LINKAGE

If it should be necessary to remove the
governor at any time, there are some basic
requirements which should be observed. Most
important, make sure that the operating linkage
and the adjusting nuts are accurately assembled
exactly asbefore to prevent improper positioning
of the butterfly valve. Also, be sure the lock
nuts are in place and securely tightened to pre-
vent change in the length of any of the linkage.
Notice carefully, and mark, the position of the
butterfly valve so that it goes back exactly
as before. Also notice that it closes against
the sharp edge. Close it, and with a pencil,
mark the top side and the adjacent wall of
the intake so that it is not reassembled upside
down, or backwards. If these precautions are
followed, the governor should operate exactly
as before when it is again put into service pro-
vided the setting of the governor and the length
of the operating rod has not been changed. To
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gsecure the best operation, make sure that the
length of the operating rodis adjusted so that the
butterfly stands a trifle towards the closing posi-
tion when the engine is stopped.

The following governor linkage adjustments
are necessary to provide mechanically desir-
able changes in the governor lever travel inre-
sponse to changes in engine load.

1. Install the governor lever on the Woodward
governor terminal shaft in a nearly hori-
zontal position (approximately 10° above
horizontal), with the engine at restandthe
governor set in "CLOSED' position.

2. Rotate the butterfly valve shaft lever on
the butterily valve shaft to closed position
with the butterfly valve closedonits sharp
edge.

3. Adjust the governor control rod to the

,  approximate length (49-1/8")between lev-
ers. The control rod connects to the end
hole in the governor lever. Now install
the governor control rod, with the governor
lever positioned on the governor terminal
shaft, with the engine at rest and the
governor sef in "CLOSED" position. Make
the necessary minor adjustment of the
governor control rod length to just close
the butterfly valve on its sharp edge.

FLYWHEEL AND FLYWHEEL HOUSING
ALIGNMENT

A major factor in obtaining long service life
from any engine and clutch or power take-off
assembly is the proper alignment of the fly-
wheel housing, flywheel, and pilot bearing bore,
Distortion or lack of a common center on either
of these parts will set up forces sure to be
destructive to bearings, crankshaft, cluteh, and
the driven equipment. In addition, because of
normal manufacturing tolerances, when an en-
gine is installed in a mounting formerly occu-
pied by another engine, it is not safe to assume
that the drive shaft of the power take-off wiil
avtomatically line up with a coupling located
for the previous engine. In such circumstances,
either the engine mounts must be shimmed or
adjusted, or the driven mechanism must be re-
located and adjusted a few thousandths to bring
the entire drive line from crankshaft bearings
to driven shaft coupling into good alignment.

Distortion or misalignment of the flywheel,
housing, or both may occur because of a num-
ber of reasons, even though the alignment is
carefully checked hefore the engine leaves the
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factory. Some of these reasons are listed be-
low.

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 use of fork trucks, lift trucks, bull-
dozers and similar equipment to bump or
skid an engine from a freight car or
truck, or for pushing in a warehouse or
on a loading dock is a common source
of misalignment trouble.

3. Dropping, sliding violently down skids,
tipping the engine on end for repair work,
prying against wheel or housing withbars,
or uneven mounting surfaces during oper-
ation will also produce misalignment,

4. Removal of the flywheel, the housing, the
crankcase, or the crankshaft for service
and maintenance operaticns always intro-
duces the possibility of misalignment,

FLYWHEEL HOUSING MOUNTING

The machined contact surface of the flywheel
housing mounts on the machined rear surface
of the crankcase.

Before installing the flywheel housing, use a
straight edge to check the houging rear surface
for high spots around the bolt holes and burrs
or pick ups that might prevent accurate seat-
ing. 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 follow-
ing check for concentricity before installing
the dowels.

CHECKING HOUSING BORE RUN-QUT
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1. Support a dial indicator in the same gen-
eral manner as shown and check the run-
out of the housing bore all the way around.

2. Use a soft-face hammer as shown to cor-
rect misalignment until the run-out does
not exceed .015" total indicator reading.

FLYWHEEL HQUSING ALIGNMENT

3. Tighten bolts partially, working back and
forth across the housing. Re-check with
dial indicator.

After tightening bolts to final tension, re-
locate the dial indicator as shown to indicate
the flywheel housing face.

1. Housing face run-out should be confined
to .010" or less. Although under emer-
gency 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 cut-
fing tool mounted on a radius arm and
firmly attached to the flywheel or fly-
wheel flange. Thus, by rotating the ¢rank-
shaft by means of a suitable drive, the
cutting tool will dress the housing face
into a plane in alignment with the c¢rank-
shaft flange.
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CHECKING HOUSING FACE RUN-OUT

2. When making the above inspection it is
very important not to be mislead by end
movement of the crankshaft. To prevent
thig, use a pry bar to bring the shaft into
full forward position at each point where
the indicator 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 throwand
a main bearing cap.

3. 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 shift
during the cutting operation and this, of
course, will produce a veryunsatisfactory
job.

As with the flywheel housing, the mounting
surface of the flywheel and the crankshaft
flange must be free of burrs and conditions
which would prevent accurate seating,

1. The drilling of the flywheel holeg prevents
the wheel from being located improperly,
With the aid of adeguate hoisting equip-
ment, lift the wheel and align the offset
hole so the wheel mounts on the flange,

2. Use a torque wrench to apply the correct
tightening value to all bolts evenly, work-
ing across the wheel from one to another
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in several stages. Refer to the table of
tightening torque values in the back of
this manual.

Mount a dial indicator on a bar extending
across the flywheel housing and check the run-
out of the pilot bearing bore as shown. Run-out
should not exceed .005".
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CHECEKING PILOT BEARING BORE

Remount the dial indicator as shown to
measure the run-out of the flywheel face. Again,
it is emphasized that each reading mustbe taken
with the crankshaft moved all the way forward
to contact the thrustbearing. Unless dirt or burrs
have prevented the flywheel from seating, or
rough handling has somehow distorted the wheel
or crankshaft flange, maximum run-out should
not exceed .015",

H inspection does not reveal any other rea-
son for excessive run-out, it will be necessary
to mount a cutting tool on the wheel and face
off the housing slightly to bring the two sur-
faces into the correct relationship. Machining
of the housging bore may also be accomplished
at this time if needed.
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CHECKING FLYWHEEL FACE RUN-OUT

ENGINE STORAGE

Preservation of.engines in storage involves
several basic requirements. For a completely
new engine, these are as follows:

1, Protection of machined metal surfaces,
cylinders, valves, bearings and so on,
from the effects of hoth dampness and
salt or other corrosive substances in the
atmosphere,

2, Protection of openings into the engine
against entrance of dirt, abrasive mate-
rial, and foreign matter of all types.

3. Protection of accessory equipment, in-
cluding carburetors, gas regulators, mag-
netos, starters, generators and fan belts
against corrosion, dirt, moisture satura-
tion and progressive deterioration.

Protection of cooling system against
freezing, rusting or seizure of water pump
seals.

5. Protection of a general nature against the
elements, rain, snow, extremes of tem-
perature, improper stacking and piling

34

and objects that might scratch or batter
the exterior, especially the radiator cores.

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

6. Protection of interior engine parts, par-
ticularly bearings, cylinder walls, and
valves against corrosion by the products
of combustion combined with atmospheric
moisture and corrosion by lubricating oil
contaminants.

Protection of fuel system units against
the effects of gas residues.

The extent of the attention given to each of
the foregoing points of possible damage, de-
pends on the judgment of the person in charge
of the engine. Generally speaking, the Iollow-
ing factors should be taken into account before
deciding how much or how little preservation
is required.

1. The period of time the engine is likely to
be inoperative,

2. The severity of the weather and atmos-
pheric conditions at the point of storage.
The problems of storing an engine in a
tidewater warehouse, for example, differ
greatly from storage problems in a loca-
tion where the air is very dry and dusty.

3. The accessibility of the engine for peri-
odic inspection and attention. An engine
on a show-room floor that may be turned
over occasionally and given periodic oil-
ing requires less extensive treatment than
engines crated and stockedin a warehouse.

NUCLE-OIL STORAGE (Recommended Procedure)

Although instructions will be found following
these which describe more or less standardand
traditional procedures for engine preservation,
these NUCLE-OLL procedures basedon volatile-
corrosion-inhibiting chemicals are factoryrec-
ommended for reasons of lower cosi, conven-
ience and greater reliability. The primary ad-
vantages are avoidance of large and expensive
guantities of special oil, freedom from the need
to change the oil again when going bhack into
service, and a simplified application technique
without any requirement to actually coat the en-
gine internal surfaces with oil.

Nucle-0il, a recently developed storage oil
that offers excellent engine protection over ex-
tended storage periods, plus ease of application
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NUCLE-OIL APPLICATION CHART

Upper Cylinder Crankcase Total Ounces
Ozs. of Ozs. of 0il Ozs. Nucle-
Nucle-0il Nucle-0il Cap. Nucle- Qil
Per Cyl. All Cyls. Qts. Qil Required
3 18 140 89 107
(3-1/2 FOR F=-3251-G)

with 2 minimum of quantity, is recommended by
and agvailable from the Waukesha Motor
Company. This oil is similar in appearance toa
conventional lubricating oil of about SAE Neo. 10
viscosity.

A unique feature of Nucle-0il is its volatile-
corrosion-inhibiting chemicals which vaporize
slowly and diffuse throughout any closed void
such as the interior of anengine or gear housing.
These chemicals form an invisible protective
layer on the exposed surfaces, even though the
surfaces were not originally coated with the oil,
for an almost indefinite duration as long as the
engine is left sealed. Absolute sealing of an en-
gine may not always be practical, but reason-
able blockage of the escape paths for the vapor-
ized chemicals is not difficult and ordinary stor-
age procedures should present no problem.

Applied in the required amounts and in the
proper way, Nucle-0il will offer above average
protection of engines stored for over one year,
however, this oil cannot and will not protect
engine surfaces in close contact with highly cor-
rosive, used engine oil. In other words, Nucle-
Oil will do an effective job if added to engine
0il in normal clean condition. If high sulphur fuel
or improper controi of oil condition from what-
ever cause, has left highly corrosive oil in the
bearings and close contact surfaces, the protec-
tive vapors cannot be expected to force the oil
from the bhearing clearances and substitute a
protective layer. Such engines should have an
oil change and be run long enough to circulate
the clean oil,

The following procedure for preservation with
Nuele-0il is suggested:

1. Start with a cold engine containing fairly
fresh clean oil and filter elements.

2. Add the required amount of Nucle-Qil to
the crankease.
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3. Turn engine over 20 seconds.
4. Allow engine to cool, if necessary.

5. Add the required amount of Nucle-0il to
each cylinder through the plug openings and
replace plugs. Apply to rocker arm area
by light brushing or pouring. Replace the
rocker covers.

6. Store engine up to one year.

CONVENTIONAL STORAGE

Engines recently received from the factory
and not intended to be used for an indefinite
period may be stored successfully in the fol-
lowing manner. As mentioned above, circum-
stances may compel omitting some steps and,
on the other hand, special conditions may point
to greater emphasis on other steps.

Gas or Gasoline Engines

1. When engine is installed in an operable
unit.

A, Mix an inhibitive type preservative oil
with the engine lubricating oil in the
proportions recommended by the man-
ufactuerer of the preservative oil, or,
no mixing may be necessary. Operate
engine until oil is thoroughly hot. Cool-
ing water used in this run should have
two to three per cent soluble oil
added.

Remove azir cleaner. With manually
operated sprayer, squirt ¢an, 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 ordinar-
ily adequate, If possible, stop engine
by "slugging' enough oil through intake
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to stall. Continue injecting oil until
engine stops turning.

Drain oil and water while hot, If ex-
tra protection is desired the rocker
arm covers may be removed and a
gquantity of preservative oil poured
over the rocker arm and valve mech-
anisms.

Remove spark plugs and squirt or
spray several teaspoons of preserva-
tive oil into each combustion chamber,
Coat plug threads with oil and re-
ingtall plugs.

. Remove water from butane vaporizer
if freezing is likely.

. Remove magneto covers and apply
small amount of petroleum jelly to
polished surface of breaker cams.
Where dampness in storage is ex-
pected, removal of magnetos may be
worthwhile.

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

. Relieve tensgion on fan belts. This is
important because continual tension
on these parts without the working
action that occurs in normal operation
causes deterioration of the rubber.

I. Apply a coeating of heavy preservative
compound with brush to all exposed
machined surfaces such as flywheels,
cluteh ghafts and like areas.

Engines treated in accordance with these
instructions will normally be protected for six
months or longer. Continual inspection, how-
ever, is the only way to determine if protection
is adequate. Tf possible, crank the engine by
hand for one or two turns about once a month.
This helps prevent seizure of water pump
seals, If this is done, however, it is usually
best to add more preservative oil to each cyl-
inder. Some types of preservative oil are not
well suited to periodic engine rotation because
they are scraped from the cylinder walls which
are then unprotected. Other oils arenotscraped
away, and for this reason the operator should
carefully investigate the characteristics of the
0il uged.
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2. When engine is not operable.

A. Open draing in oil pan, radiator, car-
buretor, and butane vaporizer to re-
move oil, water and fuel,

Remove spark plugs and pouror gquirt
about a teaspoon of preservative oil
into each cylinder.

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 is to bring each valve
into an exposed position so the pre-
servative cil will coat it,

Depending on the judgment of the op-
erator as to the severity of storage
conditions, open as many points as
possible . . . oil pan plugs, valve
rocker covers, push rod covers, front
gear cover plates and so on, where
oil may be sprayed, pouredor squirted
over the interior parts. Replace all
Plugs and covers.

Remaining steps may be the same as
listed in "F' through "I" for an oper-
able engine.

Storing Engines That Have Been in Service

In the course of normal engine operation
residues of various combusgtion products suchas
lead and sulphur accumulate in the combus-
tion area and in the lubricating oil. Butane
engines are probably less subject to this than
others. Portions of these residues combine
with atmospheric moisture to form corrosive
compounds' of a destructive nature. The follow-
ing treatment will help reduce damage from
this source. .

1. Engine in operable condition.

A. Run engine until original oil is thor-
oughly hot. Drain.

B. If practical, run engine with a good

flushing oil in erankcase and drain

while hot.

Refill crankcase with preservativeoil,
or with the proper grade of lube oil
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to which an inhibitive type preserva-
tive o0il has been added in the pro-
portion recommended.

D. Carry out previoug instructions '"B"
through "I as the circumatances in-
dicate.

2. When engine is not operable.

A. Carry outinstructions as for an inoper-
able new engine.

B. If in the judgment of the operator,
storage conditions and the time period
likely warrant it, the engine should be
disassembled, thoroughly cleaned and
reassembled for treatment as a new
engine. Ordinarily, this lastprocedure
is unnecessary except in cases where
fuels contain considerable sulphur, or
where extremely bad climatic condi-
tions prevail.

PRESERVATION EQUIPMENT AND MATERIALS
Sprays and Atomizers

In the foregoing instructions it is recognized
that many times it is necessary to apply pro-
tective compound under difficult field condi-
tions. Several simple tools may be uged to
atomize preservative oil and force it into the
manifolds and combustion chambers. One of
these is a manually operated gun used ordi-
narily to lubricate inaccessible points on car
and truck chassis. Another is a hand operated
pump type sprayer with a pointed discharge
nozzle commonly used with insecticides. If
desired, small pil pumps may be rigged -with
a motor drive to make a convenient sgpray
unit of the mechanical pressure type. In almost
all cases, the air available from shop com-
pressor lines carries too much moisture to
be safe for this purpose. Do not use high-
pressure air from this source.

Heating Compounds

. Many preservative compounds are most ef-
fective when heated before application. Heating
reduces their viscosity so as to gain peneira-
tion into inaccessible areasg. In addition, the
hot compound reduces the moisture film at
the metal surface and thus avoids trapping
moisture under the preservative layer.

Generally speaking such heating is confined
to 200°F., or less. These temperatures are
easily reached by placing the preservative
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container in heated water. Direct heating pre-
sents a dangerous and unnecessary fire hazard.

PREPARING ENGINE FOR OPERATION

The steps needed to bring an engine inactive
service after storage in accordance with these
instructions are about the same as those nor-
mally carried out on any new engine. These
are Inspection, checking for Ifree rotation,
adequate cooling water or anti-freeze, ample
oil of the correct grade and proper adjust-
ments, In addition, accumulated dust and dirt
should be wiped or washed from the exterior
before removing the covers over the engine
openings, Engineg that have not been rotated
for some time should be oiled through the
spark plug openings and cranked by hand or
with the starting engine before actually run-
ning. Any resistance to free cranking should
be investigated; rust and corrogion can cause
severe seizure that cannot be forced clear
without engine damage.

Specifications for Protective Materials

Internal Surfaces, Cyls., Etc. External Surfaces

U.S. Army Spec. 2-121
(Waxy Coating)

Army Ordnance Spec.
AXS 673 (Harder
black coating)

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

Nucle-0Oil #120
Mil Spec. MIL-L-
4600Z Grade 1

WOODWARD GOVERNOR, “SG" TYPE

The Woodward SG governor is a hydraulic,
speed droop type governor used where isochron-
ous (constant speed) control is not required.
The design of the speed droop governor is such
that the governor operates at a slower speed as
engine leoad increases. It is throughthischarac-
teristic that stability of the governed system is
achieved, and division of load between paralleled
units made possible,

The governor uses engine oil as a control
medium; it does not have an independent sump.

GOVERNOR DRIVE: The governor drive shaft
is splined to fit into the engine drive.

SPEED ADJUSTMENT: The speed adjusting
shaft is used to set the governor for the desired
running speed. Low speed and high speed stop
screws are provided to limit the speed range
of variable speed governors. If the engine iz to
be operated at one speed setting, the stop screws
may be used to lock the position of the speed
adjusting shaft,
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LOW SPEED
ADJUSTING

SPEED
ADJUSTING
SHAFT

TERMINAL
SHAFT
(FUEL CONTROL)

OlL SUPPLY
CONNECTION

DRIVE SHAFT

SG GOVERNOR

Shutdown of the engine can be accomplished
by turning the speed adjusting shaft below the
idle speed setting position.

SPEED DROOP ADJUSTMENT: Speed droop
adjustment is provided inside the governor. The
droop setting required to gain stability varies
with each installation; in most instances it
must be set to increase unit speed two or three
percent over the terminal shaft rotation used
from rated power output at rated speed to zero
power output. The range of adjustment is from
one-half of one percent to approximately seven
percent over the full 36° available travel of the
governor terminal shaft.

AUXILIARIES

SPEED ADJUSTING MOTOR: The SG gov-
ernor can be fitted with a speed adjusting motor
to enable the switchboard operator to match the
frequency of an alternator with that of other
units or a system before synchronizing, and to
change load distribution after synchronizing.
The motor used is of the split field, series

"RETURN SPRING

{NOT FURNISHED BY

WOODWARD GOVERWOR -
COMPANY)

DECREASE
FUEL

SPEED DROOP SPEED OROOP
LEVER PIN BRACKET (TD
INCREASE ORODP

LEVER {NOT
FURNISHED BY

WODDWARD GONVERNOR
COMPANY )

LOW SPEED
STOP SCREW

INCREASE
FUEL

SPEED ADJUSTING
SHAFT

POWER
PISTOM

= _ TD INCREASE
( o O SPEED SETTING
__J|
HIGH SPEED
SPEED ADJUSTING STOP SCREW

LEVER

PLUNGER SLEEVE

WOODWARD "SG" GOVERNOR OQPERATION SCHEMATIC
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wound, reversible type. It is available in all
standard voltages.

A manual gpeed adjusting knob with friction
clutch asgembly is included on units fitted with
a speed adjusting motor.

SPRING DRIVEN BALLHEAD: A spring
driven ballhead assembly is available to filter
undesirable torsional vibrations transmitted
from the engine drive to the governor ballhead.

OPERATION: The schematic arrangement of
the SG governor components is shown.

As indicated earlier, the governor uses engine
oil as a control medium and does not have an
independent sump. The engine oil enters the
governor at the relief valve, drops down into
the cavity on the suction side of the governor
oil pump, and is carried by the pump gears
around to the pressure gide of the pump.

If the supply of pressure oil is greater than
is required for governing purposes, the governor
pump will build up pressure until the relief
valve plunger is pushed to the right against the
force of the relief valve plunger spring. The gov-
ernor pump will then recirculate the oil within the
gOVernor,

If pressure oil is reduced, the spring will
move the relief valve plunger o the left. The
recirculating passage is thus blocked so that
operating pressure is maintained.

The pilot valve plunger controls the move-
ment of the power piston by directing oil to and
from the area beneath the power piston. The
power piston, operating through the power piston
pin and terminal lever, positions the terminal
shaft to which the engine fuel linkage connects.

When the governor is running on speed, the
control land of the pilot valve plunger covers
the control port of the ballhead bushing, and
the power piston remains stationary.

If the engine load is increased, the governor
speed decreases, and speeder spring force —
now greater than lifting effect of the centri-
fugal force developed by the rotating ballarms
— pushes the pilot valve plunper down. Pres-
sure oil is directed to the area under the power
piston and pushes the piston up. The power
piston and pin rotate the terminal lever and
terminal shaft in the direction to increase fuel.

Note that, ag the terminal lever rotates in
the "increase fuel"” direction, the speed droop
pin is raiged. The right end of the floating
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lever pivots about the speed adjusting lever
pin as the left end of the lever is raised,
Raising the left end of the floating lever raises
the spring fork anddecreases the speeder spring
force. Thus, the governor ballhead is enabled
to recenter the pilot valve plunger at lower
speeds as fuel is increased, a characteristic
described as "speed droop". Closing the con-
trol port stops further movement of the power
piston simultaneous with the return of the
engine to the lower speed, a speed determined
by the new speeder spring force,

If the engine load is decreased, the gover-
nor speed inereases and the ballarms lift the
pilot valve plunger against the downward force
of the speeder spring. The uncovered control
port in the ballhead bushing connects the oil
under the power piston to sump. The absence
of pressure under the power piston allows the
external spring force to rotate the terminal
shaft and terminal lever in the "decrease fuel"
direction.

When moving in the decrease fuel direction,
the power lever lowers the speed droop pin.
The floating lever lowers the spring fork to in-
crease the speeder spring force. The increase
in speeder spring force recenters the pilot
valve plunger, and requires an increase in
speed to keep it centered. Closing the con-
trol port stops further movement of the power
piston simultaneous with the return of the en-
gine to the higher speed required by the higher
gspring force.

The amount of speed change for a given
terminal shaft rotation depends upon the setting
of the speed droop pin. Moving the pin towards
the ballhead decreases the speed change; moving
it away from the ballhead increases the speed
change.

INSTALLATION: When the governor is in-
stalled on the engine, particular care must be
taken to mount it square with the engine link-
age and in line with the engine drive. A gas-
ket should be placed between the base of the
governor and the engine mounting pad. Be
sure the gasket does not block off the two drain
holes adjacent to the centering pilot of the base.
The splined drive shaft must fit the engine drive
with a free, slip fit, No tightness is permitted,
the governor must drop onto the engine pad of
its own weight without any force being applied.

Regular engine lubricating oil is used in the
governor, Dirty oil causes most governor
troubles and any dirt present in the engine gil
because of clogged filters will eventually be
deposited in the governor.
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STARTING THE ENGINE FOR THE FIRST
TIME: 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 droop bracket and pin towards
maximum position (i.e., away from governor
ballhead).

PRELIMINARY SPEED DROOP ADJUST-
MENT: When the engine is warmed up, adjust
the droop bracket and pin as much towards
minimum as poessible 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 increase the droop until
the operation is satisfactory.

FINAL SPEED DROOP ADJUSTMENT

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

OPERATING IN PARALLEL WITH OTHER
ALTERNATORS: The SG type speed droop gov-
ernor will maintain system frequency. An iso-
chronous (constant speed) governor, installed
on one of the units having sufficient capacity
to absorb all load changes, is needed {0 main-
tain system 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,
If load does not divide properly, increase droop
on units taking too great a portion of the load.
Increasing the droop setting will also pre-
vent interchange of load between units,

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

D.C. GENERATING UNITS ELECTRICALLY
INTERCONNECTED: Set the droopasnear mini-
mum as possible consistent with gatisfactory
operation. If load does not divide as desired, in-
crease droop on units taking too much of the
load.

WOODWARD PSG GOVERNOR
INSTALLATION AND ADJUSTMENTS

When the governor is installed on the engine,
particular care should be exercisedto seethatit
is mounted squarely and that the drive connec-
tion to the engine is properly aligned. A gasket
should be used between the base of the governor
and the engine mounting pad. Be certain the
gasket does not block off any holes in the gov-
ernor bagse. The splined drive shaft must fit the
engine drive with a free, slip fit. No tightness is
permitted; the governor must drop onto the en-
gine pad of its own weight without any force be-
ing applied. Install fuel control linkage, making
sure that the governor in its closed positioncan
cut fuel flow off completely andthatitis capable
of opening fuel control mechanism to its full load
position. Be sure linkage is free from friction or
loat motion.

The governor is single acting, that is, it
utilizes oil pressure in one direction only and
depends upon spring force to move the fuel con-
trol linkage i the fuel off direction. This spring
is incorporated in the governor cover in some
models, particularly those used with completely
enclosed linkage, but most governors require
an external spring exerting a torque of 501b. in.
on the terminal shaft.

-
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Regular engine lubricating oil is used in the
governor. Dirty oil causes most governor
troubles and any dirt present in the engine oil
because of clogged filters will eventually be
deposited in the governor,

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

Speed Droop

Speed droop adjustable (internally) between
zero and seven percent is provided. Speed droop
may be used to permit load divisionbetween two
Oor more engines operating in parallelonanalter-
nating current system or connected to a single
shaft. If the engine is operated alone or ona
DC system with proper generator compounding,
the governor may be set for zero droop (iso-
chronous operation).

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

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

Installation Adjustment

Start the engine and position the speed ad-
justing shaft for desired running speed. Allow
the engine to warm up. Open the compensating
needle valve two or three turns and allow the
engine to hunt or surge for about one-half min-
ute to bleed trapped air from the governor oil
passages. Gradually close the needle valve until
hunting just stops. Closing the needle valve
farther than necessary will make the governor
slow to return to normal speed after a load
change. Test action by manually disturbing en-
gine speed. Engine should return promptly to
original steady speed with only a small over-
shaoot.

Speed Adjustment

Several different means for speed adjustment
may be supplied with this governor. A speed
control shaft is attached to the speed adjusting
lever through a serrated connection. The outer
end of this lever forms a pivot point for the speed
droop lever, the purpose of which will be ex-
plained later. Rotation of the control shaft and
speedadjusting lever will raise or lower the end

/—TERMINAL SHAFT
v

FSPEED DROOP
LEVER

TERMIMNAL LEVER

SPEED DROOP
ADJUSTING
BRACKET

PSG GOVERNOR, COVER REMOVED
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of the speed droop lever and change the com-
pression of the speeder spring., Extreme limits
of travel, and therefore maximum and min-
imum speed settings, are established by ad-
justment of the stop screws in the governor
body and cover. The high speed stopis the hori-
zontal screw in the body and low speed stop
the vertical screw in the cover. Rotation of the
control shaft in the low speed direction beyond
minimum rpm will shut the engine downby posi-
tively raiging the pilot valve plunger through the
gpeeder spring, which ig attached rigidly to the
upper and lower seats.

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

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

Speed Droop Adjustment

The governor is illustrated with the top cover
removed 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 andthis pin can be
adjusted from a position on the terminal shaft
centerline to alocation and a radius of about one-
half inch. When the pin is at the shaft center
rotation produces no vertical movement of the pin
and therefore no movement of the speed droop
lever. As the pin is moved out away from the
shaft center, rotation produces movement of the
end of the speed droop lever which is pivoted.on
the speed droop pin. This speed droop lever
movement thus produces a speed setfing which
is a function of terminal shaft position with speed
decreasing as fuel flow increases. This is speed
droop.

Speed droop is increased by moving the brack-
et outward and is reduced to zero when the pivot
pin is at the shaft center. Sincethereis no cali-
hration for the droop adjustment the zero droop
position may be zetonlybytrialanderror on the
engine or by use of a dial indicator on the speed
(;lroop lever during manual rotation of the termi-
nal shaft. If speed droop is required, it must be
set by operation on the engine, readjusting the
slides to obtain the desired speed droopbetween
full load and no load.
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ACTUATOR POSITIONER MAINTENANCE

The ‘'"actuator" positioner used on some
F-2895-G engine applications is operated by air
supplied by a controller valve which maintains
pressure on the actuator diaphragm. Diaphragm
movement is transmitted through a spring
loaded pusher rod to an operating lever which
is connected to and controls the governor oper-
ating lever. When control pressure is less
than 10 psi, the spring returns the diaphragm
and its associated operating lever to release
position, fixing a minimum speed position.
As control pressure is increased, the diaphragm
and operating lever are moved until the force
of the air pressure equals the opposing force
of the spring. The greater the air pressure on
the diaphragm, the greater the movement of
the pusher rod and the travel of the positioning
lever.

The actuator should be dismantled periodi-
cally for inspection, cleaning and lubrication.
Wash all parts with an approved non-inflammable
solvent and dry with a low-pressure air jet.
Parts which are worn or defective must be
replaced. Particular attention should be given
to the diaphragm, which must be replaced if
cracked, worn or has damaged sealing beads.

In reassembling, all friction surfaces must
be lubricated sparingly with a grease not
critical to temperature. Lubricate pin joints
daily with machine lubricating oil. Apply a gun
containing a good grade of grease toall fittings.

Adjustments are provided for limiting the
maximum travel of the pusher rod and the final

ACTUATOR GGVER

NEEDLE BEARIMGS OPERAT /G LEVER

AIR ACTUATOR POSITIONER
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position of the operating lever, As assembled,
these adjustable elements are matched to pro-
vide zero lever travel with 10 psi on the dia-
phragm and 2" maximum lever travel with
60 psi pressure. If necessary to take care of
variations in lever travel, this can be done by
varying the length of the operating arm. For
decreased proportionate lever travel, loosen
the jam nut and screw the clevis or adjusting
link further into the operating lever. Then
tighten the jam nut to secure this position. The
proportionate lever travel can be increased by
unscrewing the clevis or adjusting link.
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Thus two or more actuators can be matched

g0 that they will have the same movement for a

given change in air pressure. It is alsopossible
to deliberately mismatch the actuators so that
each will have different travel to compensate
for inequalities in operating characteristics of
the controlled device.

If necessary to adjust for correct initial
pressure, remove or add shims (0.010" or
0.031'") as needed. :
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SAFETY CONTROLS

Waukesha Model F-2895-G series engines
are factory equipped with Sentinel safety valves
to shut off the engine in the event of a lube oil
pressure failure (below 10psi)or anexcessively
high water temperature (above 200°F.) The
valves shut off the fuel tothe engine. The opera-
tion of the valves maybe seeninthe accompany-
ing illustration. Oil pressure from the main oil
header enters the oil inlet and acts against a
piston in the cylinder to raise the fuel valve off
its seat. This allows fuel to pass through t¢ the
engine. If the oil pressure falls below a pre-set
value, the return spring will close the valveand
stop the engine,

A second smaller valve which responds to
water temperature is usedin conjunction with the
oil sentinel. Oil pressure from the oil sentinel
is connected to the oil inlet of the heat sentinel.
When the engine is operating within the desired
temperature range the ball check wvalve will
remain closed and prevent the oil from flowing,
If the engine overheats, the valve will open and
allow the oil to flow to a non-pressurized point
in the block. This, of course, will relieve pres-
sure in the oil sentinel and the fuel valve will
close to stop the engine,
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SAFETY CONTROLS
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Since there is no ¢il pressure when starting
the engine, the operator must re-set the fuel
shut-off valve in the oil sentinel. This is done
by rotating the reset lever completely clockwise.
After the engine starts, its normal cil pressure
will release the reset lever automatically, Be
sure the engine develops sufficient oil pressure
to release the reset lever as the oil sentinel
is not in operation until it releases. After every
start or attempted start the oil sentinel must
be re-set in this manner.

Model F-2895-G series engines are also
factory equipped with an overspeed governor,
which when activated, allows oil pressure to
actuate a trip plunger which flips a toggle
switch to ground the magneto. The toggle switch
must be re-set before restarting after an
overspeed shutdown,

' The engine may be stopped by placing the
ignition switech in "off' position which will
ground the magneto,

PRE-STARTING CHECKS

Before starting any engine, there are sev-
eral things that should be checked to avoid
accidents and damage to the engine or other
equipment. The following points apply to newly
installed engines, but are also applicable with
minor and evident vibrations to any engine,

1. Be sure the main clutch or other power-
transmission device is disengaged.

2. Inspect the crankcase oil-Ievel gauge on
both the main engine and the starting en-
gine, as well as the starting engine trang-
mission. Make certain that the oil filters
are full before starting the engine. Use the
lubricating oil primer pump as required.

3. Trace through the external cooling system
to make sure all control valves are prop-
erly opened and the drain cocks cloged.
Check the coolant level. If it is necessary
to add a large quantity of coolant be sure
to open the thermostat housing vent to
allow any air trapped in the cooling sys-
tem to escape.

4. Lubricate all electrical equipment, com-
pressors, and other accessories in ac-
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cordance with manufacturer's instruc-
tions. Turn down as required on grease
cups or fill with the proper grease if
empty. Lubricate pressure-gun fittings
on power take-coff a small amount.

. If possible, particularly on a newinstalla-

tion, or on an engine long shut down, or
in freezing weather, bar the engine over
through several revolutions to be sure
nothing will interfere with operation.

. Be sure the fuel shut-off valve is opened

prior to attempting to start the engine.

For engines with combination equipment
for burning either natural or butane gas,
be sure the main natural gas valve is
closed and the butane gas shut-off valve
and the liquid butane shut-off valve are
both open when the engine is to be started
on butane gas. Conversely, when the en-
gine is to be started on natural gas, be
sure the natural gas shut-off valveis open,
and the butane gas shut-off valve and the
liquid butane shut-off valve are both
closed.

.-If a cooling fan is used, be sure that it is

free to rotate, that the bearing is lubri-
cated, and that the belt drive is snug and
in good condition.

. Relieve extra loads such as auxiliary air
. compressors or similar equipment,

STARTING PROCEDURE

To start the FC engine:

1.

Open fuel valve below the small tank.
Drain water from glass bowl. Turn out
float lock on carburetor.

. Open FC throttle one-quarter way.

Close choke valve; turn engine over sev-
eral times with crank, Choking is not al-
ways needed in warm weather or with
warm engine. Never choke a hot engine.

. Turn on FC ignition switch.

Pull up starting crank smartly.

Be sure to release the starting crank en-
gagement lever when the FC engine starts.

FC oil pressure should be about 15 pounds
after engine warms up.
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8.

When the FC engine is warm, engage the
clutch and turn the main engine over sev-
eral times fwith fuel off) to be sure it ig
free. This is important in cool weather.

The main engine may now be started by fol-
lowing the procedure below:

1.

Place the main engine throttle between
one-quarter and one-half open.

Be sure to turn on the main engine ignition
switch if it has not been left on,

Re-get the fuel shut-off valve in the oil
gsentinel. Do this after each attempted
start.

CAUTION

Use the lubricating oil primer pump to
fill the lubricating lines and passages
before starting a cold engine.

4, Engage the starting engine Bendix gradual-

ly (with the FC at full throttle) and hold
until the main engine starts. Release the
clutch immediately when the main engine
starts. Continued engagement will over-
speed the Bendix and cause severe damage.
If the engine is equipped with electric,
pneumatic or hydraulic starting, operate
the starter to crank the engine. If the
engine fails to start within 15 or 20 sec-
onds, prime it for a second or two. If
after priming, the engine still fails to
start, then close the choke. If the choke
is used for starting, be sure to release it
as soon as the engine starts, thereby re-
turning it to normal operating position,
Priming and choking are with Ensign
carburetor only.

Check the oil pressure and adjust the main
engine gpeed to medium idle for warmup.

CAUTION

IF OIL PRESSURE IS NOT INDICATED
WITHIN 25 - 30 SECONDS, STOP THE
ENGINE AT ONCE AND CORRECT THE
CAUSE. DO NOT CONTINUE TO OPER-
ATE WITHOUT OIL PRESSURE ON THE
HOPE THAT A FAULTY GAUGE OR
COLD OIL IS CAUSING THE TROUBLE.
CHECK THAT FUEL SHUT-OFFVALVE
RESET HAS RELEASED OR ENGINE
CAN CONTINUE TO RUN WITHOUT OIL
PRESSURE.
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6. Reduce the starting engine speed to idle;
shui-off the ignition and gasoline, andlock
the carburetor float.

7. Warm the main engine until the oil pres-
sure stabilizes and the water temperature
reaches at least 100° - 120°F.

8. After the engine is warmedup the load may
be applied, The engine speed for applying
the load will vary depending upon the engine
application. Generally, the load should be
applied gradually with the engine speed set
sufficient to carry the load.

STARTING ENGINE CLUTCH ENGAGEMENT

Rapid jamming of the clutch should be avoid-
ed. The proper procedure is to momentarily
engage the clutch, and in so doing the contact
of the Bendix with the flywheel ring gear will be
heard, Then the clutch should be engaged with
sufficient pressure to crank the engine. Exces-
sive pregsure on the engaging lever will not
help,

STOPPING PROCEDURE

1. Release the load by disengaging the zlutch
control lever.

2. Place the throtile control lever in an idle
speed position and allow the engine toidle
for a few minutes to reduce andnormalize
the water temperature. It may be advis-
able after the engine has overheated due
to excessive load or some fault of the
cooling system, to run the engine at idle
speed for ten minutes or longer before
shutting it down. This is very important
with a turbocharged engine.

3. When the engine has cooled sufficiently
the operator should then close all the
valves or shut-off cocks from the fuel
supply to the carburetor to stop the en-
gine, If it is impracticable to shut off the
fuel supply, stop the engine by shutting off
the ignition. If the ignition shut-off system
is used, be sure to run the engine at idle
speed prior to stopping.

4. The exhaust pipe should be capped upon
shutting down the engine for long periods
of time to prevent condensation, rain, or
snow from getting into the engine if it is
expogsed to the elements. A pail or bucket
inverted over the exhaust pipe will be suf-
ficient.
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5. Test the coolant solution for adequate anti-
freeze to protect the engine from freezing
during shut-down. The immediate and
anticipated air temperature will govern
the amount of anti-freeze needed. If other
than radiatoer means of cooling is employ-
ed, it will be necessary to drain the engine
during shut-downs if the engine is operated
in areas where the air temperature drops
considerably below freezing, 32 degrees
F. (O degrees C.).

INSPECTION

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

ANY NEW or OVERHAULED ENGINE should
always be checked over for unusual conditions
at the end of the first week of operation. For
example, cylinder head gaskets, base pan and
gear-cover gaskets, and so on, should be exam-
ined for tightness. Re-torque replacedcylinder-
heads after running the engine either idle or
after load testing if possible.

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

Daily Inspection

1. Water temperature and oil pressure —
observe hoth before shutting down.

2. 0il level and quality — measure in both
main and starting engine. If engine is
operating for the first time, examine oil
after 10 hours for signs of deterioration.

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

4. Fuel supply — measure in starting-engine
fuel tank. Drain sump traps and strainers.
Be sure main engine gas pressure is
maintained at correct value.

5. Air-cleaner and breather —- inspect for
cleanliness; under some operating condi-
tions these units may require cleaning
several times each day.
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6. Water, fuel and lubricant lines — make a
visual examination for indications of leaks,
damaged tubing, or bad joints,

7. Back-fire valves — be sure they are in
closed position. Check for condition and
for evidence of damage.

8. Accessories — serviceinaccordance with
the manufacturer's recommendations.

9. Grease cups — turn down; replenish with
proper grade of grease if necessary.

Weekly Inspection

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

1. Noises — any that may indicate need for
repair or service should be tracedto their
source and corrected,

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

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

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

5. Clutch pilot bearing — grease this and
other shaft bearings, with proper grade
of grease, but DO NOT OVERGREASE.

6. Fan belts - inspect this and other belt
drives for proper tension, incipientbreak-
age, fraying or other damage.

7. Water-pump — examine for evidence of
leakage.
100-Hour Inspection

Grease water pump idler pulley fitting with
ball bearing grease.

Monthly Inspection

Accomplish Items 1 through 9 in Daily In-
spections, Items 1 through 7 in Weekly In-
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spection and 100-Hour Inspection.

1. Top water manifold, thermostat housing —
remove from both main engine and start-
ing engine and clean away any scale or
deposit in thermosgtat area.

2. Check and lubricate fan hub bearing, iffan
is used. '

500-Hour Inspection

1. Spark plugs — remove and check the gap.
Correct gap is .013"-.016", ‘

2. Magneto — check for correct magneto
breaker point clearance and condition.

3. Compression — check each cylinder. Be
sure to close the gas shut-off valves, have
the ignition switeh in off" position, and
have the throttle wide open. Uneven com-
pression or pressures lowerthanthosein
FITS AND CLEARANCES call for further
investigation. When foregoing inspection
has been completed, it may be necessary
to decide on valve re-grinding, bearing
adjustment or other overhaul,

4. Oil cooler — if increase in 0il tempera-
ture is noticed, check operation of o¢il
temperature control valve, and if nec-
essary, remove and clean cooler unit.

5. Greaze water pump fitting with ball
bearing grease.

TROUBLE SHOOTING

The essence of successful trouble shooting is
the location and isolafion of an unsatisiactory
condition without bringing several other equally
bad troubles into existence by unsystematic
"tinkering”. When an engine is operating im-
properly, take time to define the difficulty clear-
ly. Visualize the system involved and attempt to
picture the most likely point where a condition
might exist that would give the observed symp-
toms.

Engine Fails to Start or Starts with Difficulty

No Fuel to Carburetor

Lines plugged.
Tank empty.

Fuel regulator main diaphragmbroken there-
by preventing valve opening.
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Engine Description

#1 Engine Serial #
#1 Drawworks Engine

#2 Engine Serlal #
#2 Drawworks Engine

DAILY ENGINE INSPECTION REPORT

#3 Engine Serial 4

#1 Pump Engine COMPANY LOCATION
LL] Eng_lne Serial 4
#2'Pump Engine DATE DATE

#5 Engine Serial #
#3 Pump Engine

ENGINE NUMBER

ENGINE NUMBER

MORNING TOUR

1. Manifold Yacuum Reading

Engine RFM

0Qll Pressure

01l Temperature

Check il - Amt. Add Gal. - Change

Check Qil Governor

Check Oil Starting Engine

Lubricate Gov. & Linkage

sleialelolelein

Water Temp. /Check Rad. Water

-
e

Check Breathers & Oil Fillers

—
—

. Check Fuel Filters & System

-
L

Check Water Pump, Fan & Belts

iy
=

. Oil Leaks - Water Leaks - Clean Eng.

._.
b

Operating Hours Per Tower

Motorman Signature

EVENING TOUR

-

Manifold Vacuum Reading

Engine RPM

Qil Pressure

Qil Temperature

Check Oil - Amt. Add Gal, - Change

Checle 0il Governor

Check Oi] Starting Engine

Lubricate Gov. & Linkage

R R Bl Rl Bl Il Ball B

Water Temp. /Check Rad. Water

-
2

Check Breathers & Oil Filtera

—
-

. Check Fuel Filtera & Sysiem

-
[~

. Check Water Pump, Fan & Belts

-
(5]

. 0il Leaks ~ Water Leaks - Clean Eng.

-
-

Operating Hours Per Tower

Motorman Signature

Remarksa:® {Work Done, Needed Repairs)

Lube Oil Sample

Total Rours on Lube Oil

Total Hours on Engine

Mechanic Copy

Chief Mechanic

Approved

SUGGESTED DAILY ENGINE INSPECTION REPORT
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Fuel shut-off valve closed.
Too Much Fuel
Fuel Regulator leaking.
Valve stuck open,
Starting adjustment set too rich.
Choke at fault causing wrong mixture,
Ignition Switch

Be sure ignition switch has been turned on
and is not damaged.

Safety Controls

The oil sentinel fuel shut-off valve must be
re-set after every start or attempted start.
Also the overspeed shut-down switch mustbe
reset after an overspeed shutdown.

Improper Spark Plug Gap Adjustment

Remove the spark plugs and check the gap.
Correct spark plug gap is .013'-.016".

COVER
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ELECTRODE
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SPARK PLUG CONNECTIQONS
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Inspect all wiring terminals. See that the
metal tips are pinched onto the wire ends
and are not pulled away from the ends of
spark conducting wire, Ignition wires should
be securely fastened in the magneto dis-
tributor block and be firmly attached to
their respective plugs. Loose connections
reduce the spark intensity or break the cir-
cuit completely. Wires on which the insulation
has hecome cracked or frayeddue to constant
rubbing against some metallic part of the en-
gine, will cause a short when the wire grounds
against the engine, Wires saturated with oil
or moisture can alzo cause shorting, Make
gsure all connections and terminals are clean
and in good condition,

Magneto

Check the magneto breaker points — dirty
or maladjusted points will cause poor start-
ing, Check the magneto to be sure that
current is being delivered to the No. 1 cyl-
inder spark plug when the flywheel timing
peinter lines up with the correctdegree mark
on the flywheel timing tape, depending on
the fuel and compression ratio. Be sure the
magneto impulse coupling is operative. The
impulse coupling springs may be broken or
other parts may be worn to such an extent
that proper operation is impossible.

Throttle

Hand throttle should be set between ocne-
quarter and one-half open for starting and
immediately adjusted to give recommend-
ed idling speed of 450-500 R.P.M.

Air Intake

Clogged air cleaner, or proteciive covers
accidentally drawn into the manifold, will
cause starting difficulties.

Liguid Lock

It is possible for oil or water to forma
positive stop between the piston crown and
the cylinder head. This can occur if too
much flushing oil has been poured into the
cylinder for storage, or if cooling water
has leaked past a head gasKket. To detect
this condition and thus prevent sericus en-
gine damage from this source, always try to
bar the engine over if leakage is suspected
— or after any lengthy period of storage. Do
not force over center if resistance ig felt.
Remove spark plugs and locate scurce of
trouble.
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Compression

Other things being equal the easiest start-
ing engine will ordinarily be the one with
the bhest compression. When poor compres-
gsion is indicated, check each cylinder for
pressures within the range specified under
FITS AND CLEARANCES. A good compres-
sion gauge should be used. The ignition switch
should be in the "off'* position, the fuel shut-
off valves should be clozed, and the throttle
wide open.

Cranking Speeds

Low. cranking speeds also contribute to hard
starting. Poor starting engine condition, or
thick, cold oil will reduce speeds consider-
ably. Slow cranking may stem from too short
a warm-up, a glipping clutch, or improper
adjustment of the small engine governor. The
starting engine, although used for compara-
tively shorttimes, will performbetter if given
occasional valve overhauls. Once each year
will ordinarily be adequate.

Faifure of Engine to Develop Power or
Irregular Running

Governor

Lack of lubrication restricts free action —
Control rods or cables bent, sticking, or
creeping — Inspect entire system and cor-
rect to ensure free movement and secure,
accurate settings. Check security of lock-
ing on adjustable control rods, eye bolts,
and clevis assemblies. Governor improp-
erly adjusted. Refer to Woodward Governor
section.

Load

Slipping clutch or bvelt drives. Wide vari-
ations in loads or poor regulation on elec-
trical equipment. Use vacuum gauges to avoid
overloading from improper synchronization
of multi-engine installation.

Air Intake

Examine manifold and air cleaner for pos-
sibility of obstructions.

Compression

Low or uneven compression — Check hy-
draulic valve lifter settings and re-set if
necessary. With properly set valves, con-
tinued indications of low compression signi~
fy the need for valve and seat overhaul and

possgibly the replacement of piston rings or
other parts., Always make vigual ingpection
for possibility of a broken valve spring.
Sticking valves may sometimes be freed with
penetrating oil or similar gum-cutting lubri-
cants. Occasionally, sticking cam followers
may give the same symptomas.

Carburetion

Check the fuel pressure. Perhaps a volume
tank should be installed to aid aceeleration.
The carburetor or the gas regulator, or
both, may be improperly set andneed adjust-
ment,

Air Leaks

Air leaks to intake manifold, manifold gas-
ketz, and throttle shaft may cause irregular
running. Test with a vacuum gauge, If the
reading is low with a steady indicator, air
leaks are indicated. Take corrective steps.

Exhaust

Exhaust back pressure is excesgive, Check
for bent, undersize, or clogged exhaust pipe,
Clean out or replace as necessary,

Engine Stops
Fuel

Fuel supply is exhausted or fuel supply lines
clogged. Check the fuel supply, be sure all
fuel line valves are open and clean fuel supply
lines if clogged.

Ignition

Ignition system defective or grounded. Check
wiring for bad or loose connections or for
grounding due to wear or saturation. Check
magneto for proper operation.

Lubrication

Excessive loads, speeds, or temperatures
may result in piston seizure. Neglect of the
oil filters may cause pluggedoil passagesand
lubrication failure. Low oil pressure, below
10 pounds per square inch, will automatically
cause the safety shut-down to shut off the
fuel and stop the engine.

Cooling

Excessive loads, speeds, frozen cooling sys-
tem, or inadequate provision for reducing
cooling water temperature may bring on




WAUKESHA F-2895-G AﬁD F-3521-G SERIES

OPERATION

overheating {over 200°F.) sufficient to cause
safety shut-down to stop engine.

‘Overspeed

Engine overspeed will automatically cause
the gverspeed governor to ground the mag-
neto and stop the engine.

Load

Excessive overloads or improper governor
adjustment for the loads involved may cause
the engine to stall.

Engine Misfires
Carburetion

One of the most common causes of misfiring
is incorrect carburetor or regulator adjust-
ment, particularly at idling speeds. Make
adjustments as required. Remove and clean
the carburetor, fuel regulator, or fuel supply
lineg if necessary. Checkfuel pressure gauge
reading. If supply pressure is too great, a
secondary regulator should be installed in the
line. Check fuel regulator diaphragms for
dryness or stiffness which will prevent them
from operating freely.

Ignition

A common cause of misfiring is dirty spark
plugs. First check {o see that current is
flowing to each plug, then remove the plugs
and inspect the electrodes. Clean the plugs
and set the gaps. Replace plugs as necessary.
Dirty plugs indicate faulty valve operation,
or worn pision rings allowing oil to enter
the combustion chamber. If the spark plugs
are not the cause of misfiring, check the rest
of the ignition system.

Sticking Valves

Remove a manifold plug and attach a mani-
fold vacuum gauge to the intake manifold.
Ii the indicator drops several inches at reg-
ular intervals with the engine idling, the cause
is generally a sticking valve or a defective
spark plug. If the spark plugs are not de-
fective it is assumed that the action of the
vacuum gauge is a result of sticking valves.
Sticking intake valves will result in a spitting
or popping sound as the explosion in the cyl-
inder backfires through the backfire valves.
Check the hydraulic lifter setting. Valves
holding open can be caused by weak or broken
valve springs, however, use of poor fuel will
cause valve stems to become gummed up so
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they do not work freely in guides. Inspect
valves and gprings and take corrective steps.

Leaking Intake Manifold (at low idle)

Inspect the intake manifold for loose plugs,
cracks or damaged manifold gaskets, Take
steps to remedy the indicated condition,
Replace intake manifold if necesgsary.

Engine Not Warmed Up

Permit the engine to run at 450 - 500 R.P.M.
until the water jacket temperature reaches
100 -~ 120 degrees F. before applying any load
to the engine.

Compression

Test each cylinder to see if there is any
loss of compression. Valves mayneed grind-
ing or excessive blow-by may indicate need
for replacement of rings.

Knocking or Unusual Noises
Operation

The knocking sounds arising from unsatis-
factory fuels, overloading, improper tim-
ing, and similar operational variables are
ugually easy to recognize and distinguish
from genuine mechanical noises. Such con-
ditions require some change in operating
technique, Mechanical noises, however, may
indicate the needfor repairs or adjustments.

Engine loose on mounts, vibration disturb-
ances of loose control rods, air cleaner,
muffler, or similar parts. Do not fail to
check accessories such as compressors,
generators, fans, and so on. A notched-out
Vee belt, for example, can sometimes pro-
duce a misleading knocking scund.

Mechanical

Loose bearings — connecting rods, piston
pins, camshaft, or crankshaft. Loose flywheel
or distorted housing. Damage, looseness or
wear in water pump, oil pump, or magneto
drives.

Excessive crankshaft end play.

Improperly adjusted valves, sticking valves,
rocker arms, or tappets.
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Excessive time since overhaul — Worn pis- Load
tons, stuck or broken rings, carbon or piston
CTOWN. Excessive load — Poor synchronization in

Bearing looseness — A loose connecting rod
bearing may be located by running the engine
briskly, and then closing the throttle. Rat-
tling, as the engine slows down, is a good
indication of one or more loose rodbearings.
Main bearing knocks are harder to isolate
and it is usually necessary to shut the engine
down and test the bearings manually.

Excessive Fuel Consumption
Carburetion

Carburetor adjusted too rich — Will pro-
duce a popping sound from the exhaust out-
let. The engine will also "load up" and oper-
ate in a sluggish manner. Cloggedair cleaner
resulting in an improper mixture. Check for
any leaks in fuel system.

Ignition

Improperly adjusted or dirty spark plugs —
Remove and clean or replace. Be sure to
use the correct type plugs. Loose wiring
or broken connections — Make sure wires
are firmly seated in magneto. Dirty, pitted,
* or improperly set magneto points — Service
and adjust points as necessary. Damaged or
carbon tracked rotor — A cracked rotor will
cause shorting. Improper magneto timing.
Loose or worn magneto coupling. Broken
impulse coupling. Magneto timing is late.

multi-engine installations. Poor regulation of
electrical loads. Use vacuum gauges to bal-
ance loads, Improper matching of torgque
converter to engine and load. Failure to
recognize normal loss through converter.

The engine that is in best mechanical con-
dition is usually the most economical to
operate. Poor compression from any cause,
and general deterioration may indicate their
presence and the need for a shop overhaul
by high fuel consumption and smoking.

Overheating

Cooling System

Insufficient coolant — Measure coolant level.
Frozen coolant — Place hand on radiator and
hoses to detect frozenareas. Partial freezing
slush, and ice particles when present in only
small amounts can cause severe overheating.
Poor coolant circulation — Examine hoses
inside and out for signs of collapse, rotting
and air leaks; replace if not in good condition.
Lime deposits must be removed. Thermo-
static valve agssembly not operating properly
— Check gettings and operation, Insufficient
circulation of air — Ifthe engineisin a small
enclosure or engine room fresh air shouldbe
circulated around the radiator and engine
proper by pusher type fans with ducts leading
outside the building. Do not restrict the cir-
culation by placing an obstruction near the
radiator.

Water Pump

Cranking a frozen engine will sometimes
cause water pump damage; likewise corrosive
cooling water may have destructive effects.
Remove outlet connections and examine im-
peller as {irst check. Fan belts slipping —
Vee-type fan belts should be of proper width
to seat on sides of Vee without hottoming in
groove., Excessive tension is undesirable and
not necesgary if correct belts are used,

Timing

Late timing may cause overheating — Isnor-
mally detected by excessive exhaugt tempera-
tures.
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Lubrication

Improper oil or excessive time between 0il
changes — Replace with fresh oil of type
satisfactory for heavy duty lubrication; clean
filters and replace elements. Oil too hot —
Check oil temperature control valve, clean
oil cooler.

Load

Prolonged service at excessive loads will
cause overheating. Improper synchronization
g0 that one engine pulls more than another in
an installation is a possible source of over-
loading., Use vacuum .gauges to indicate the
extent of load and to ingure equal distribution
of the load on each engine.

Installation

High exhaust back pressure due to improper
piping or muffling may cause overheating
and power loss.

better quality oil, change more {requently,
clean filterg, clean oil cooler, overhaul en-
gine, clean sumyp screens. Wrong oil vis-
cogity, change oil to viscogity indicated in
Service Section. Cold 0il sludging — control
oil temperature to hold 170° - 180°, F. Min,

Oil foaming — Change oil grade, check for
water leaks.

Pressure Regulation

Relief Valve — Sticking, carboned, seat worn,
cut of adjustment or vibrating loose, vent
behind relief valve plugged. Gauge operating
inaccurately — Clean gauge line; replace
gauge.

Pump

Inlet strainer screens clogged — Remove and
clean in benzol or other solvent. Damagedor
worn pump gears — Oil lines and passages
clogged — clean thoroughly (this condition
may result from using detergent oils in
engines already very dirty).

Low or Fluctuating Qil Pressure

WARNING: STOP ENGINE AT ONCE. Mechanical

Qil Excessive bearing clearances on camshaft

Insufficient 0il — Check and replenish oil
regularly. Diluted or broken-down oil — Use

o4

or crankshaft — Engine ready for shopover-
haul. Cracked or broken oil line, leaking
gasket on suction gide,
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FUEL SYSTEM

Waukesha Model F-2895-G engines are de-
signed to burn several different types of fuel,
depending primarily upon the engine application
and location, Fuels most commonly used are
natural gas, and propane/butane.

Operation of Waukesha sparkignition engines
on gas type fuels requires that the fuel be
delivered to the engine in adequate volume and
pressure throughout the entire speed and load
range of the engine. Reference to the illus-
trations will show that a gas fuel system con-
sists basically of aprimary or "field" regulator,
a pressure reducing valve (when necessary)and
a gas carburetor. Atypical LPG gystem congists
of a carburetor and a combination regulator and
vaporizer unit. If the vaporizer does not con-
tain any pressure regulating device, a field
regulator must also be included in the system.
The components of either system appear similar
in most cases but it must be remembered that
the internal parts suchas orifices anddiaphragm
springs determine gag flow capacity. Only strict
adherence to the recommendations given in this
manual will result in optimum engine perform-
ance.

It is extremely important that gas engine
users, especially those with high power output
requirements, understand and appreciate the
possible variations in the LPG fuel they pur-
chase and the results of these variations in
terms of engine service life and operating cost.

1. Natural gas is normally considered as
having an anti-knock (octane} rating equiv-
alent to 120. This is an excellent anti-
knock value and many engines are de-
signed to take advantage of it.

2. Substitution of liguified petroleum pgas
{LPG) for natural gas reduces the anti-
knock margin of safety and often requires
retarded ignition timing if the optimum
natural gas timing was previously used.
The detonation or knocking which can
occur under certain load and operating
conditions in combination with low octane
fuel is dangerously destructive to the en-
gine parts, frequently causing broken pis-
tons, broken piston rings, bearing fatigue
damage, heat gasket failures, and the as-

sociated troubles which follow the initial
damage.

3. In addition to the higher octane rating of
propane, it also has a higher vapor pres-
sure, Unless the natural vaporizing tend-
ency for the fuel is high enough to force
the fuel from the tank to the regulator
and carburetor in adequate volume, the
engine will perform erratically and will
be operating on a lean mixture. Since
leanness is a condition often associated
with detonation, the lower vapor pressure
of butane may therefore contribute, with
its lower octane value, to an even more
dangerous combination.

4. Examination of the accompanying chart
will show that propane will maintain about
20# pressare even down to sub-zero tem-
peratures. Butane, on the other hand be-
comes marginal as the temperature ap-
proaches freezing.

The above facts should be taken into con-
sideration when making the initial installation
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since the fuel tanks and associated {fittings
must be capable of handling the higher pres-
sures of propane during warm weather. If
such provisions are made, no problems will
arise later when ordering fuel. The person
charged with this responsibility should make
certain that the supplier can and will supply
a guitable propane specification, Ignition timing
must always be adapted to the fuelinuse. Never
run on LPG with natural! gas timing, and if
freguent alternation between fuels is necesgsary,
a compromise timing is suggested.
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NATURALLY ASPIRATED CARBURETOR
ADJUSTMENT CHART

The variation in BTU content of gaseous
fuels makes it quite important to readjust
the carburetor when changing over from one
to another. Failure to readjust may cause
lean mixture, valve burning, back firing, and
detonation, and in the case of some gaseous
fuels, lacquering. Laboratory tests and field
experience have shown the best and most
practical puides for carburetor adjustment are
manifold vacuum (naturally aspirated engines)
and RPM. When adjusted for maximum vacuum
and RPM the engine is operating efficiently and
producing maximum power with the greatest
margin of safety. In the case of engines where
sudden acceleration loads are common or hard
lugging at low RPM is anticipated, a slight
over-adjustment towards the rich side is sug-
gested to compensate for detonation tendencies
and protect against minor variations in gas
pressure. Other adjustment methods using ex-
haust temperature of field type gas analyzers
are not regarded as accurate or safe by the
Waukesha Motor Company and their use may
prove to place the engine in a marginal range
of operation.

LINE SIZE

It is important that the line sizesofa natural
gas fuel system be large enough to supply ade-

quate gas volume, The line between the regulator
and the carburetor must not be reduced in size
from that provided for at the regulator inlet
and outlet.

LPG FUEL SYSTEMS

Operation of Waukesha engines on LPG (lig-
uified petroleum gasg) follows the same general
recommendations as for Natural Gas engines.
In both cases factory specifications in regard
to regulator sizes, line gizes, and pressures
must be followed. The basic difference between
the two fuels is that LPG.is initially a gas
that has been compressed under extreme pres-
gure to a liquid state. The liquid is then trans-
ported in a pressure vessel meeting rigid
government construction specifications. The
liquid must then be transformed into a gas
at the engine for efficient mixing of fuel and
air in the carburetor.

A complete LPG fuel system consists of a
high pressure liguid regulator, a vaporizer,
and a low pressure gas regulator. In these
applications the vaporizer is a separate com-
ponent and the complete system must then
include a field regulator as in the natural gas
system,

VAPORIZER

The vaporizer utilizes the heat of engine
coolant to provide sufficient temperature dif-
ferential between the liquid fuel and the va-
porizer body to aid in vaporization of the figuid
and prevent icing of the regulator parts. Icing
occurs when the expanding liquid absorbs heat
with a resulting refrigeration effect,

SYNCHRONIZATION PROCEDURE

The following procedure listed for appli-
cations where more than one engine is used
in compound to avercome a load. In particular,
this would be a drilling rig application where
two or three engines are used to power the
drawworks, rotary, and mud pump.

1. First adjust carburetors as outlinedunder
Adjustment.

2. Put engines in compound and adjust low
idle stop on carburetor until all engines
have the same vacuum or manifold pres-
sure. {Since all engines are in compound
all will be running the same speed.)

3. Disengage one engine clutch from com-
pound and set throttle in wide open posi-
tion to allow engine to run against gover-
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nor. The desired governor speeds loaded
are not to exceed the loaded speeds for
continuous service. High idle speed will
exceed loaded speed approximately 7 per-
cent depending upon the governor used,
Adjust governor to permit this speed on
thi= engine,

4, Now put this engine in compound with the
other engine (or engines) and place throt-
tles of all engines in wide cpen position.
Adjust the governor as necessary so that
the performance reading or manifold pres-
sure on the other engine or engines is the
same as the one adjustedin Step#3, ahove.

5. The engines now should be in compound so
that the performance readings on each will
follow one another from idle to full gov-
ernor speed and on load.

NOTE

If after the above adjustment, you cannotf
get the engines to run together, check
the relative position of the governor
butterfiy valve of each engine (stopped).
If you find a slight difference in the pogi-
tion of the governor butterfly this canbe
adjusted by changing the length of the
governor rod at the rod ends.

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

Carburetor service consists largely of main-
taining the fuel supply in a clean condition,
checking proper adjustments at rare intervals,
and leaving the carburetor alone when no
gpecific attention is needed. More carburelors
are ruined by tampering than by hard service.

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

SCRUBBER TANKS

Natural gas powered engines frequently em-
ploy a scrubber tank, If the natural gas is high
in sulphur content, a special scrubber is re-
quired. The scrubber tank filters the majorim-
purities out of gag. Consequently, these impur-
ities settle to the bottom of the tank and should
be drained off. Periodically the operator should
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drain the oil from the tank and wash the tank with
an accepted washing compound or solvent. Re-
plenish the oil supply. Fill the scrubber tank
slightly less than one-half full of motor oil.

IMPCO CARBURETORS

The Impco carburetor may be arranged to
operate on natural gas or a combination of
natural gas and LPG with automatic changeover.
These carburetors are of the air valve type,
designed to operate directly from an '‘cunce"
regulator. Normal pressure to the carburetor
would be about 2-1/2 cunces, with the engine
stopped, for 1000 BTU natural gas. For natural
gases of different heat values, slightly higher
or lower pressures are requiredand adjustment
is normally made in the field. LPG contains
more heat for a given volume than natural
gas and for this reason the pressure at the
carburetor inlet must be regulated at 1-1/2
inches water column negative. This pressure
is non-adjustable and is controlled by the reg-
ulator.

The Impco carburetor consists of a main
body with a conventional butterfly valve and
three diaphragm operated gas metering valves.
The amount of air going to the engine is meas-
ured by three air-flow measuring valves which
rise in direct proportion to the air volume
passing through, The gas metering valves are
mechanically fixed to the air measuring valves
and rise with them, thus opening the gas passages
an amount proportionate to the air entering the
engine. This establishes and holds a definite
fuel/air ratio throughout the operating range.
The actual movement of the parts results from
the negative pressure atthe gir measuring valves
which is communicated to the back gide of each
diaphragm through four small holes.

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

NOTE

When used, mount reducing valve close to
carburetor and place all other control
valves, solengids, ete. up-stream of
reducing valve,

INSTALLATION

The illustration showing the natural gas
installation of an Impco carburetor is largely
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OUTSIDE NUMBERS INCHES OF WATER COLUMN
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ADJUSTMENT ~T | T40 PRESSURE REQUCING VALVE
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NATURAL GAS INLETX

TYPICAL NATURAL GAS PIPING LAYOUT

self explanatory. The line pressure regulator
must be large enough and of suitable pressure
reducing capability to handle the fuel source
involved and provide an adeguate volume of
natural gas. The Thermac reducing valve (if
used) does not seal off with the engine at rest
and pressure measurements tocheck pressureat
the carburetor when a Thermac reducing valve
is used must be made with the engine running at
idle speed. Note that no mechanical choke is
provided for starting and none isnecessary with
this type of carburetor. The carburetor may be
installed as either an updraft or downdraft type
without change.

GENERAL 1MPCO SERVICE INSTRUCTIONS
Natural Gas

The normal arrangement for natural gasuses
a field regulator to reduce pounds pressure to
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the final value of 4-1/2" water column {2-1/2 0z.)
maximum. Excegsive pressure will increase gas
fuel consumption. This pressure will have its
main effect on fuel economy.

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

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

Adjustment

With the 2'' line pressure regulator, the fol-
lowing orifice size and type of spring must be
used to obtain required pressure to the carbur-
etor.

Inlet Line Orifice | Spring Qutlet Pressure
Pressure Size Color to Carburetor
20 to 50 lbs. 3/4 Brown 2-1/2 ounces

1. Set natural gas pressure at idie (if Ther-
mac reducing valve is used) or with en-
gine stopped if Thermac is not used, to
2-1/2 ounces {4-1/2" W/C) for 1000 BTU
gas.

2. Full load gas pressure may drop as low
as atmospheric ({(naturally aspirated) at
the carburetor gas inlet. Exact pressure
at full load is immaterial as long as.
power mixture adjustment is still effective.

3. For naturally aspirated engines, adjust
carburetor under load for maximum power
and vacuum at full load. The power ad-
justment is not effective at a fast idle or
light load. Consult Waukesha Motor En-
gineering Department for specific adjust-
ments of turbocharged engines.
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Thermac Pressure Reduction Valve

1. Natural gas pressure atecarburetor should
never exceed 2-1/2 ounces (4-1/2" W/C)
for 1000 BTU gas. When pressure cannot
be reduced at the line regulator to 2-1/2
ounces, or more pressure must be used
to overcome line loss of pressure due to
small pipe or long line, use a Thermac
secondary pressure reduction valve atthe
carburetor. The line (primary} regulator
may then be set as high as 14 ounces
25" W/C).

2. A Thermac pressure reduction valve at
each carburetor is desirable when several
engines are using gas from a single line
regulator,

LP Gas

1. L.P. gas inlet pressure to the carburetor

must be 1-1/2" fmegative) water column as

CARBURETOR CONTROLS AND set by the IMPCO "EB" vaporizer regula-
ADJUSTMENTS tor (blue spring).

; IC |
‘\- BALAMCE LINE ‘ I‘;’
£ ripe N o
" I + PIPE
ong- COPPER 4
TUBE —f— OR
aL + COPPER TUBE
STATIC
LINE SERVICE A
REGULATOR

REMOVE - g
RELIEF VALVE

IMPCO MODEL 200 CARBURETOR

TURBOGHARGER PRESSURE -APPROX~.__
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QRIFICE
REPLACEABLE

20 TG 50 LBS
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Balance Lines

1. L.P. gas inlet pressure to the carburetor
must be 1-1/2" (negative) water colurnnas
set by the IMPCO "EB" vaporizer regu-
lator {blue spring).

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

Series 200T carburetors use a 7/16" 1.D.
balance line with no compensator except in
rare cases.

Turbocharged Engines

1. A balance line must be used on all turbo-
charged engines from the pressurized air
at the carburetor air horn to the atmo-
spheric vent in the regulator. This will
raise gas pressure equal to air pres-
sure rise.

Use carburetor with internal seals for
turbocharged engines.

TURBOCHARGING AND INTERCOOLING
Turbocharging

The following information is supplied as a
general guide to the better understanding of the
principles gurrounding the operation of turbo-
supercharged models, and is not tobe construed
as complete engineering or gervice data. It is
recognized that in some instances special cir-
cumstances may be encountered in the operation
of high-output turbocharged engines where
specialized operation and maintenance tech-
niques will be required. Under such circum-
stances, it is recommended that the Service
Division of the Waukesha Motor Company be
consulted.

As shown in the accompanying very simple
schematic diagram, the exhaust driven turbine
and its impeller are not connected to the work-
ing parts of the engine in any physical manner
with the exception of the exhaust and air mani-
folding and the oil lines. Hence, the turbo-
charger will not be troubled by gear train,
belt, or other mechanical drive troubles. More-
over, since the supply of hot gases under high
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N

SRR

INTERCOOLER

COOLED
COMPRESSED

4

s |
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velocity supplied to the exhaust turbine is a
reflection of the engine speed and load, the
supercharger output is closely matched to the
engine air requirements. Without enlarging be-
yond the scope of this discussion, examination
of the schematic diagram will make it apparent
how the high speed impeller driven by the ex-
haust turbine provides additional air for the com-
bustion process and thus materially boosts the
power output of the engine. In this connection,
since the question is often asked, it should be
peinted out that the increase in exhaust back
pressure which might at first be anticipatedbe-
cause of the turbine is actually very slight since
it is the velocity of the gas and itz unused
energy which is put to work.

The turbine or driving member of the unit is

made of a special heat resisting alloy and is sur-
rounded by a nozzle ring which directs the flow
of exhaust gases onto the turbine blades. On the
opposite end of the same shaft which supports
the turbine; the precision-made aluminum alloy
impeller operates within a surrounding diffuser
housing. Both turbine and impeller turn at the
same speed. The full load speed of the two units
together with their shaftis approximately 30,000
(thirty thousand) RPM. For thig reason, these
parts must be in as close to perfect balance as
it is humanly possible to make them, Therefore,
not even the slightest filing, scraping, sand-
.blasting, drilling, or other cleaning or repair
procedure which could conceivably remove or
add metal can be permitted in the field. A very
small amount of unbalance can cause severe
damage at the speeds involved.

The physical construction of the engine proper
remaing the same for both the superchargedand
the non-supercharged models and all major
components such as the crankshaft, camshaft,
and cylinder heads are identical. The fuel sys-
tem, however, differs in that the supercharged
model is adjusted to provide the additional
fuel needed for the higher power output and the
gas pressure must relate to the manifold air
pressure rather than ambient air pressure.

Air Leaks

Since the turbocharger is basgically a centri-
fugal air pump driven by a gas turbine, anything
which causes leakage or impedes the gas flow
will reduce the efficiency and power output. In
all cases where engine supercharging and power
output seem to be less than normal, check first
for possible leaks in the connections at the in-
take 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 par-
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tially clogged air cleaner. It is essential that the
air cleaners be as efficient and capable as pos-
sible in order to prevent substantial amounts of
dirt from reaching the impeller. Proper and
regular air cleaner maintenance helps greatly.

Turbo Cleaning

Since even the most efficient air cleaner is
certain to pass a slight amount of [ine dirt, it is
possible for some of this material tocollecton
the impeller if sufficient ¢il or other binder
material is present. This can causeimpeller un-
balance and will definitely reduce efficiency. De-
pending on conditions, a periodic program should
be established for removal of the air inlet con-
nection at the impeller to inspect for dirt accum-
ulation on the impeller surfaces. When and if
dirt is found, caution anyone entrusied with the
cleaning against using the common methods of
scraping away such material with a screwdriver,
dirty rag, sandpaper, or emery or steel wool.
Such technigues are certain to damage the im-
peller. Cleaning may usually be accomplished
with a clean, soft brush and solvent such as
carbon tetrachloride, tri-chlorethylene, lacquer
thinner or benzol, Carbon tetrachloride has the
advantage of being non-inflammable so that any
regidue accumulating in the air inlet will not
cause a damaged or runaway engine. Cleaning
must be complete and even all the way around.

Mufflers

The possibility of excessive muffling or un-
usually restrictive exhaust pipe ingtallations
should always be considered when checking
turbocharger efficiency. In general, the turbo-
charger is an effective muffling device in itself
and mufflers are not ordinarily considerednec-
essary. Where circumstances compel some con-
gideration of supplemental mufiling, it is sug-
gested that the Waukesha Motor Company be
consulted. The same factors apply to the use of
tail pipes and exhaust pipes other than short di-
rect outlet stacks.

Low Output Operation

The turbocharger is intended to increase
engine power output. Do not operate at low power
more than necegsary or for prolonged periods.
DO NOT IDLE TURBOCHARGER ENGINES FOR
EXTENDED PERIODS! This type of operation
will foul the turbocharger and make expensive
disassembly and cleaning necessary.

General Maintenance Comments

If the machine is to be shut down for an ex-
tended period of time, the turbocharger mustbe
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protected, Ideally, where corrosion is trouble-
some, the unit should be dismantled and the
shaft surfaces and all bearings thoroughly cov-
ered with vaseline for protection. All exposed
surfaces should be slushed with rust preventive
compound. Before placing the unit in operation
again, it must be dismantled to permit thorough
cleaning and removal of the protective coating.
In less severe conditions, running the engine as
outlined under PREPARING ENGINE FOR STOR-
AGE may provide adequate protection; or, re-
moval of the turbocharger to a clean, dry place
may be best.

The turbocharger is designedandconstructed
to eliminate hand fitting of moving parts. Allre-
pair parts should be entirely interchangeable
without forcing or {fitting. It is essential in as-
sembly and repair of the turbocharger that parts
be handled carefully and kept clean since toler-
ances on some parts are such that nicks, burrs
or dirt will interfere with the proper operation
of the machine,

Summary

The points below represent the main factors
in operating and maintaining a turbochargeden-
gine,

1. Do not operate engine under load until a
flow of warm oil is available to the turbo-
charger.

2. Do not exceed recommended speed of the
turbine and impeller.

3. 1dle engine before shut-down if it is hot
from heavy loads.

4. Be sure oil line to turbo and its return is
clear before starting.

5. Be gure the oil in the engine is clean and
filters are well maintained.

6. Pre-oil new or stored turbochargers he-
fore starting.

7. Do not be alarmed by slight oil leakage at
idling speeds.

8. Always check for tight air and exhaust con-
nections before going further if the turbo
output seems low.

9. Keep air cleaner well serviced and of
Proper capacity.

10. Clean turbo impeller carefully as needed.
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11. NEVER use cutting, scraping, abrasives,

or corrgsives on impeller or turbine,
12, Avoid restrictive mufflers or exhaust
pipes.

13. Do not idle for prolonged periods.

Installation

The turbocharger is shipped assembled, Do
not remove covers or plugs until immediately
prior to installation, and use extreme care to
ensure no dirt enters the unit. Ifaninlet strain-
er is found on a service unit, remove it at once
or after approximately 8 hours onanoverhauled
engine, :

\ .

The turbine housing and/or compressor
housing may be rotated with respect to the center
housing. Increments of orientation varyastothe
method of housing attachment. The center line of
the oil drain in the center housing should be with-
in 35 degrees of vertical after the turbocharger
has been installed.

Lubrication Requirements

The 0il supply should be engine oil whichhag
been filtered by a full-flow engine oil filter or an
auxiliary by-pass oil filter of 20 micron filtra-
tion. Qil pressure at the turbocharger must be
a minimum of 10 psig.

Qil mugt drain from the turbocharger by
gravity under all operating conditions. Minimum
I.D. of oil supply line should be 0.250 inch, and
minimum L D. of the oil discharge line shouldbe
3 times larger.

Immediately prior to installation, prime the
turbocharger per instructions in Mounting par-
agraph below,

Air Duct Requirements

All air duct connections must be air tight. In-
let air to compressor must be free of dirt and
protected from contamination.

Mounting

Immediately prior to mounting the unit, prime
the lubrication system as follows: Invert turbo-
charger, fill center housing with new, clean oil
through oil inlet. Turn rotating assembly by
hand to coatbearings and thrust washer with oil,

Coat threads of attaching bolts or studs with
high temperature thread lubricant. Secure tur-
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bocharger to its mount. Connect ducts and make
sure all connections are air tight.

Flush oil through oil inlet line and ensure
that line is clean and unobstructed. Fill engine
and oil inlet line with new, clean lubricating oil,
and connect line. Connect oil return line. The oil
inlet lines have check valves installed to'maintain
an oil supply, thereby minimizing the possibility
of oil starvation upon engine start up while oil
pressure ig building up. A good flowof warm oil
must be going to the turbo before loading the
engine.

CAUTION

Connect turbocharger ducts so as to
impose no compressive bending, or
torsional loads on turbocharger.

Initial Run-in

If the turbocharger is to be installed on a
new or newly overhauled engine, operate the
engine for approximately one hour without the
turbocharger installed, or use a separate oil
filter in the oil supply line to the turbocharger
during the first hour of operation. This must
be done to ensure that no metal particles are
carried from the engine into the turbocharger
lubrication gystem.

CAUTION

Before gtarting the engine, ensure that
the turbocharger and oil supply lines
have been filled with oil as directed in
Mounting paragraph above,

Make sure there is oil in the turbocharger
before allowing the rotor assembly to turn (oil
pressure should be 10 psig minimum). Dis-
connect 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 impeller.

Check all ducts and gaskets for leaks. Re-
pair all leaks before proceeding,

Operate engine at rated outputandlistenfor
sounds of metallic contact from the turbo-
charger. If any such noise is apparent, shut
down immediately and correct the cause.

Daily Service and Maintenance Inspection

a. Inspect mounting and connections of turbo-
charger for security, lubricant leakage, or
air leakage.
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b. Check engine crankcase breather for re-
strictions to air flow.

Operate engine at rated output, and listen
for unusual turhocharger noise, If a ghrill
whine {over and above normal! turbine
whine) iz heard shut down immediately.
Whine is indicative of imminent turbo-
charger bearing failure. Remove turbo-
charger for overhaul. Other unusual
noises would result from improper clear-
ance between turbine wheel and turbine
housing. If such noiges are heard, turbo-
charger must be removed from the engine,
disagsembled and inspected.

Check turbocharger for unusual vibrations
while operating engine at rated output. If
excessive vibration is evident remove
turbocharger, disassemble, and inspect.

. Check engine under loaded conditions. Ex-
cessive exhaust smoke indicates improper
fuel-air mixture, and could be a result of
either engine overloading or turbocharger
malfunction,

f. Inspect and service the engine air cleaner
per manufacturer's instructions.

Periodic Service and Maintenance Inspection

In addition to daily inspection, periodic in-
spection should be made in conjunction with en-
gine periodic inspection.

Inspect all air ducting and connections for
leaks. Make inspection both with engine shut
down, and with engine running. Check at mani-
fold connections to turbine inlet and at engine
exhaust manifold gasket, Refer to air cleaner
condition indicator instructions for information
on that component.

CAUTION

Do not operate the turbocharger if leaks
exist in the ducting, or if air cleaner
is not filtering efficiently. Dust leaking
into air ducting can damage turbocharger
and engine.

Remove air inlet duct and compressor housing
and check for dirt or dust buildup. Remove all
guch foreign matter, determine and correct
cause. Uneven deposits left on impeller can af-
fect balance and cause premature bearing fail-
ure.
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With compressor housing removed, pushim-
peller toward turbine end and turn rotating as-
sembly by hand, Check for binding or rubbing,
Listen carefully for unusual noises. If binding
or rubbing iz evident remove turbocharger for
dizassembly and inspection.

If shims were removed for inspection, use
same thickness of shims at reassembly.

Trouble Shooting

Refer to Table I for aid in determining the
cause of turbocharger malfunction,

Bearing Inspection

The purpose of this procedure isto determine
whether it is necegsary to replace or repair the
turbocharger. In most cases this bearing check
can be made while the turbocharger is still
mounted.

Radial Bearing Check

After securing a dial indicator properly,
move the rotating shaft forward and away from
the indicator. Use care to move the shaft
in the same direction as the dial indicator
travels. Equal pressures shouldbe applied to the
shaft at both ends simultanecusly. The total dial

indicator displacement should be lessthan 0,010
inch; if the measured movement is 0.010inchor
more, the turbocharger must be repairedor re-
placed, The minimum shouldbe noless than 0.005
inch.

-

200400147,

AR

TURBOCHARGER BEARING CHECK

TABLE I - TROUBLE SHOOTING

TROUBLE CAUSE

REMEDY

Excessive noise
or vibration.
is supplied to turho.

Improper bearing lubrication.
Loading engine before warm oil

Supply required oil pressure. Clean
or replace cil line; clean oil strainer.
If trouble persists, overhaul turbo-
charger.

manifold.

Leak in engine intake or exhaust

Tighten loose connections or replace
manifold gaskets as necessary.

Engine will not
deliver rated

Clogged manifold system.

Clear all ducting,

power,

Foreign material lodged in com-
pressor impeller or turbine,

Disassemble and clean.

Excessive dirt build-up in
compressar.

Thoroughly clean compressor assem-
bly. Service air cleaner and check

for leakage.

Leak in engine intake or
exhaust manifold.

Tighten loose connections or replace
manifold gaskets as necessary.

Rotating assembly bearing
seizmre,

' Overhaul turbocharger.
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Axial Bearing Check

Fasten a dial indicator to the center housing
so that the indicator tip rests on the end of the
rotating shaft on the compressor side. Move
the shaft axially back and forth by hand; the
total indicator reading should be between 0,004
and 0.014 inch. If the total indicator reading ex-
ceeds (.014 inch, the turbocharger must be re-
paired or replaced.

Intercooler

The turbo-intercooled engines are equipped
with a fin and tube type intercooler which is in-
stalled between the turbocharger air outlet and
the manifold inlet. The purpose of the inter-
cooler is to reduce the temperature of air which
has been heated by compression in the turbo-
charging process. Since a greater mass of air
can be contained in a given area when cool than
when hot, intercooling further increases the
amount of air available to the engine.

Generally speaking, the intercooler as sup-
plied on engines of this series is rated to cool
the compressed air expelled from the turbo-
charger from approximately 225° to about 125°
Fahrenheit. To accomplish this, fifteen to twenty
gallons per minute of water at an approximate
temperature of 85 deprees must flow through
the intercooler at all times. These figures are
for pgeneral information only. Consult the
Waukesha Motor Company for the exact data
for each particular engine application.

The intercooler is installed with air from the
turbocharger entering the fin side and raw water
entering the tube side inlet. For peak efficiency,
air and water must be in counterflow within the
intercooler. If freezing temperatures are antici-
pated during an engine shutdown period, be sure
the intercooler is completely drained or suf-
ficient anti-freeze is added. When placing the
engine in operation, be sure that the intercooler
is properly vented and that inlet and outlet con-
nections are secure. If possible, check fluid
inlet temperatures to see that. they are within
the desired range for efficient cooling.

Maintenance

Usually the raw water flowage rate iz sui-
ficient in providing a turbulent action which will
keep mineral or salt accumulationata minimum
for long periods of time. It is however recom-
mended that the intercooler be removed from
the engine periodically for complete disassembly
and thorough cleaning. This is accomplished by
"rodding-out" the tubes with a soit wire brush
or by circulating a commercially available
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solvent such as Oakite through the tubes, Pre-
cautions must be taken when employing a chem-
ical cleaner to make sure that the solution used
does not corrode the tubes or aluminum fins.
If an acid solution is used, the residue in the
intercooler must be neutratized. Normally the
air or fin side of the intercooler can be cleaned
by blowing steam over the fins. A zinc¢ anode is
pressed into the pipe plug which is located mid-
way between the intercooler water inlet and out-
let. This is provided to minimize galvanic cor-
rosion caused by the salt content in some water
supplies, If salt content is high, this anode may
be replaced occasionally.

IMPCO CARBURETOR - ADJUSTMENT

Asg inall Impco carburetion éystems, an initial
pressure of 4-1/2" water column is required to
the carburetor gas inlet with the engine stopped.

Using the same pipe and fitting sizes indicated
for the naturallyaspiratedengine, add a balance
line from the carburetor air horn to the vent
hole of the regulator.

The gas pressure will then rise with the air
pressure as the engine accelerates. The differ-
ence in the gas and air pressure will remain the
same as in naturally aspirated carburetion sys-
tems.

POWER LIMITER

The power limiter is a Waukesha patented
device to control the permissible power de-
veloped by a turbocharged gas engine. To inspect
and adjust this device it is helpful tounderstand
the reason for its use and its basic principles.

To a normally aspirated gas engine running
at full load and governed speed with the carbur-
etor butterfly full open, any increase inload will
gsimply cause the engine to slow down. The
governor will attempt to maintain speed, but the
ultimate result of overload will be Iugging down
in 2 manner very evident to the operator who will
then ease off on theloador take other corrective
action, The turbocharger, however, can permit
the engine to agsume heavy and dangerous over-
loads before the operator could be made aware
of it, because the turbocharger immediately
responds to the increased heat energy inthe ex-
haust causedby loadincrease and governor open-
ing. Raising the turbocharger speed automatical-
ly raises the intake manifold pressure and
forces more air into the engine. This cycle of
increased turbo output and subsequent increased
engine loading can pyramid until either turboor
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WAUKESHA POWER LIMITER

engine damage occur. To prevent this, the power
limiter can be applied to the carburetor butter-
fly of Waukesha turbocharged gas engines. It
will react by limiting the air passing through
the carburetor, thereby holding the engine
to safe loading limits even though the gov-
ernor butierfly opens fully. In some cases,
the separate governor butterfly will not be
used and the governor will connect to the carb-
uretor butterfly cross shaft by a spring loaded
conneciion which will permit the limiter to
function regardless of governor action.

The essential components of the power limit-
er are a diaphragm, control rod assembly,
adjustable spring, and the power limiter caps
which secure the edges of the diaphragm. One
side of the diaphragm is exposed to atmospher-
ic pressure and the other side is exposed to
manifeld vacuum or pressure through a suitable
line to the intake manifold. In actual operation,
the vacuum becomes pressure as the engine is
loaded and the turbocharger outputincreases the
manifold pressure above atmospheric (0 inches
vacuum}. The diaphragm moves in response to
this manifold pressure.
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The spring bears against the atmospheric
side of the diaphragm which connects to the
control rod. Thus, spring pressure opposes
manifold pressure. In operation, the increased
engine load will increase manifold pressureand
cause the diaphragm to move against spring
pressure, This moves the control rod and linkage
and swings the butterfly control arm to close the
carburetor butterfly. CObviously, the manifold
pressure at which this action will start will de-
pend on the pressure on the spring. Adjustment
congista of establishing the carrectspring pres-
sure and making sure the linkage is free and
traveling the proper distance to cbtain the de-
sired power limiting action for a given engine
installation.

, Before installing the limiter and before at-
tempting to adjust it, the following details should
be checked . . .

1. 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 its normal length after compressing
the spring, the length of the push rod
asgembly may vary in operation and the
butterfly valve position will not be con-
sistent. °

2, Be sure no control rods or other linkages
are connected to the carburetor butterfly
cross shait. If a control rod has been in-
stalled to move the throttle for low idle
operation, it will interfere with the limiter
action and must be removed.

3. Be gure the pressure chamber is air
tight. Check this by bench testing the unit.
Light air pressure of 4to 6 inches of mer-
cury (HG) may be applied from a small
pump or suitable shop pressure reducer.
Use a mercury manometer teed into the
pressure line. Do not use conventional
automotive oil pregssure gauges or such
equipment. They are not accurate or re-
liable enough for such use.

4, The exact pressure at which the limiter
starts to act will depend on the engine
model and power required. Normally, how-
ever, 1/16 to 3/32 inch of movement in-
dicating the start of action will be seen
at 4 to 6 inches HG. If the spring pressure
is not correct, remove linkage guard, loos-
en the spring locking clamp and adjust it
at this time by turning the spring adjusting
plug. Be sure that the spring locking clamp
is tightened before testing further.
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After bench test and adjustment, the limit-
er may be ingtalled. No binding or friction
c¢an be permitted in the limiter action or link-
age. The butterfly shaft action must also be
gmooth and free of gticking. Be sure the mani-
fold pressure line is air and vacuum tight,
To adjust the limiter . ., .

1. Warm up and load the engine to the correct
speed and intake manifold pressure with
the limiter lever loose on the carburetor
cross shaft. The limiter is usually setfor
5% over the rated horsepower.

2, Close the butterfly manually until the
slightest reduction in load and speed can
just be detected.

3. Lock the limiter to the crosgs shaft sothat
limiter action will just come into play at
this manifold pressure.

4. The procedure is essentially the same even
though the governor and the limiter are
both connected to the carburetor butterfly.

NOTE

Before initial start-up, the cap screw
joining the power limiter arm to the
carburetor should be removed and the
carburetor butterfly wired in the full
open position. This is done so that move-
ment of the power limiter before it is
properly adjusted will not affect the other
engine adjustments.

SERVICING HYDRAULIC PUSH RODS

Any of the following may be encountered when
troubleshooting a malfunctioning hydraulic push
rod system.

I. Complete failure (all or most of the push
rods are rioisy).

Single push rod failure.

Intermittent failure.

Starting noise.

1I.
1L
.

I. COMPLETE FAILURE

This type of failure is caused by interruption
of the oil supply to the hydraulic push rods.

A. An example would be the loss of engine
oil pressure because of linebreakage.

Too much oil in the crankcase can cause
a similar condition. The entire oil supply
can be whipped into foam with excessive
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air inthe oil making the fluid so compress-
ible that the hydraulic push rods are in-
operative,

. Complete failure may be caused by water
leaking into the oil supply (especially
where permanent anti-freeze such as
ethylene glycol is used). The push rods
would gradually become noizier if mostor
all were affected. Starting the engine in
cold weather would be very difficult since
a similar coating would be formed in the
engine requiring considerably more
torque to turn the engine over.

. Complete failure can also be caused by a
leak on the inlet side of the oil pump. In-
take of air can make the fluid compress-
ible encugh to cause noise and can cause
valve seating hefore it has slowed down
(resulting in broken valves among other
things) because of loss of dampening ac-
tion,

. Anything causing oil pressure drop, such
a3 burned out bhearings or any unusual
loss of oil can cause push rod malfunction,
A clattering noise may result at idling
after long hard running. This is due to high
oil temperature or thinning o0il so that
pressure cannot be maintained when there
is an excess loss of oil due to worn parts.
As can be seen, generally these failures
are due to some unfavorable condition in
oiling system. :

O. SINGLE PUSH ROD FAILURE
A. A faulty hydraulic unit, suchasonehaving
a fast leak-down usually would not showup
with cold oil or during normal operation,
but a slight noise would be heard atidling
or when the oil is hot. This isnot danger-
oug, does not affect operation or cause
breakage, but because it does produce
annoying noise 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 f{if oil is hot, use a ham-
mer handle or similar wooden handle).
The shock of the valve seating will he
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. A leak-down comparison can be
made by holding the valves slightly open
g0 that the hydraulie unit overfills, while
upsetting the idle of the engine, The time
reguired for the engine to recover should
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be noted, indicating the relative leak-down
rate of the hydraulic components, A fast
recovery indicates rapid leak-down due to
non-sealing hydraulic parts, therefore
push rod replacement would be desired.

The push rod hydraulic valve may be stuck
at the bottom of the body allowing the in-
take or exhaust valves to operate at full
dry clearance (approximaitely 1/8 inch).
IT IS DANGEROQUS TO OPERATE AN EN-
GINE AT HIGH SPEED IN THIS CONDI-
TION -- VALVE BREAKAGE IS PROB-
ABLE. Locate the defective push rod as
described in the fast leak-down compari-
son (recovery of engine idle should be
immediate).

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, in-
dicating the stuck hydraulic valve.Sticking
may be due to excesgive dirt oratrace of
ethylene glycol in the oil. Determine the
cause so that proper steps can be takento
prevent a recurrence. Examine the oil fil-
ters for unusual amounts of dirt, and if
found, replace the filier elements and oil.
Examine the hydraulic unit for cause of
failure. Burned bearings or scored en-
gine parts fill the oil with particles of
metal, neceasitating a thorough engine
cleaning plus parts replacement.

. A sticking rocker arm can cause single
push rod noise. Locate the noisy pushrod,
then hold the engine valve end of the rocker
arm down, forcing the arm against the
valve stems. Normally, the hydraulic
unit spring with a four to six poundicrce,
moves the rocker arm, but the rocker
sticking on the shaft can preven! its
action and thus prevent refilling the hy-
draulic unit. Holding down on the rocker
arm assists the spring, causing the unit
to fill with ¢il and become quiet.

A worn valve guide or misalignment of the
valve seat can cause push rod noise. Ro-
tate the valve apring about 180 degrees.
If noise stops temporarily but returns
after the spring works backtothe original
position something is wrong with the valve
seating, A worn guide, bentvalve, or mis-
aligned seat is usually the cause, soare-
placed push rod will not correct the
trouble. This noise izn't uswvally loud and
should do no harm at high speedoperation.
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E. When engine valves or stemsare gommed
or sticking, preventing full valve clos-
ing, it may sound like a push rod noise
accompanied by irregular engine opera-
tion due to the valve holding open. High
fuel consumption may indicate thatavalve
overhaul is necessary. This can algo be
caused by wrong lubricating oil or fuel
type use.

Any condition preventing oil delivery to a
single push rod will cause noige. Check
each part removed to determine that all
ports are not restricted.

Some conditions cause scoring between
the cam and the lifter recller, in turn
causing an irregular profile on the roller/
cam surface. It can sound like a noisy
push rod. Measure the lift of the valve by
shimming between the rocker armandthe
valve stemg until the hydraulic unit bot-
toms and the valves are held off the seat
sliphily. Compare the lift to other valves
or to the height given in the Fits & Clear-
ances.

III. INTERMITTENT FAILURE

Intermittent noise, such as a clatter atidling
after hard running, may be caused by excessive
or too little ¢il in the crankecase. An air leak
on the inlet side of the oil pumpor low pressure
{due to worn pump or bearings) may cause ex-
cessive loss of oil pressure, noticeable in the
hydraulic units. See paragraph I. for these con-
ditions. Of course intermittent noise may be
cauged 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.

IV. 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 operating posi-
tion, however, note that this may be the beginning
of trouble from anti-freeze leaking into the oil.
Starting noise due to anti-freeze 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 can not move above
this position. The hydraulic units fill with oil
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to this point, so as they are removed, 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 eleaning
hydraulic push rods, provide for a clean working
area, free from aplinters or filings. Cover the
working area with paper, Keepthe parts for each
unit separate to avoid misasgsembly (and noisy
push rods} later. Clean all ports and inspect
contact surfacesg for wear, pitting, corrosion, and
other appearances of deterioration.

Assembly

Seat the valve retainer (1) firmly into the
valve spring {2). Position the check valve (3) into
the retainer (1) and place on flat surface.

NOTE

Be sure that the check valve (3} convex
side lies down so that it fits into the hole
in the retainer (1). The concave (re-
cessed) side should then lie up.

Press the plunger (4) smaller O.D. into there-
tainer (1}, Carefully turn the assembled parts
over and insert them into the unit body (5) with-
out disturbing the check valve posgition as stated
in the note above.

7 RETAINING
RING

1 WALVE RETAINER

5 BODY

PUSH ROD TYPE HYDRAULIC
VALVE LIFTER
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Testing

To fill the unit for testing, brace it upright,
submerged in clean kerosene, With a thin tool,
push the check valve down only enough to
allow air bubbles to escape, When air bubbles
cease completely and all air is out of the unit,
replace the plunger cap (6) and the retaining
ring (7). Be careful not to mishandle because
if tipped over or dropped, the plunger may
move ocutward allowing the check valve to turn
over in which caseitisnecessary totake it apart
and start over. If preferred, use a small arbor
press or drill press, then submerge the unit
without previous filling, but with the cap (6)
and the ring (7) ingerted, and pump until all
air is bled out of the unit. After filling, deter-
mine whether the unit is holding properly, by
comparing with another unit, Although the unit
may be pushed all the way down, it will resist
being compressed rather than collapsing quickly.
After this test, prime the unit for installation
with clean recommended o0il in the prescribed
filling manner. Removal of the kerosene is not
necezggary, as the small amount left afier filling
with the clean oil will do noharm, After install-
ing and operating, the push rod should quietin a
few minutes. If noize persists after longer run-
ning, and the set was previously satisfactory,
something in the assembly of the parts, or
the check valve position, may be wrong.

CAUTION

In bhandling the hydraulic units, cleanli-
ness and good inspection procedures
must be practiced. Care must be exer-
cised to reassemble the parts properly.
There is no interchangeability of parts.

CRANKCASE VENTILATION SYSTEM

The crankcase ventilation system consists of
a breather, piping, retaining hardware, a regu-
lating unit, ¢turbocharged engines only) and a
venturi and exhaust ejector assembly in the ex-
haust outlet for turbocharged engines (naturally
aspirated engines have the breather sysatem
vented to the air intake).

The breather filters oil mist from the vented
crankcase air by means of a metal nozzle ele-
ment, condenses it and lets the drops drainback
to the crankcase.

Exhaust flowing through the venturi of turbo-
charged engines creates a pressure drop draw-
ing the filtered air from the breather through
the exhaust ejector assembly, In order to keep
the system f{rom ypulling excess vapor into
the exhaust, the regulator admits outside air
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FLEXIBLE CONNECTION

BREATHER AND VENTURI ASSEMBLY

EXHAUST EJECTOR TYPE BREATHER SYSTEM

to the system to keep the flow from the breather
when the limits of 0 to 1/2 inch negative pres-
sure are reached.

The breather regulator characteristics have
been carefully worked out and no adjustment of
this regulator is required in maintaining correct
crankcase pressures. If the venturi is not func-
tioning properly due to carbon deposits, it must
be cleaned. The ejector tube must be rodded out
if it has carbon deposits. If crankease pressures
continue to build even after careful cleaning of
the system, make sure that the exhaust venturi
is properly installed and that the breather
regulator is working properly.

Maintenance of the breather system consists
of cleaning of the breather at monthly intervals
or more often on engines operatedunderunusual
conditions. To service the breather, it must be
removed from the engine, Remove the lid and 1ift
out the removable top element. Washboth the top
element and the body which includes the per-
manent filter in kerosene or some other non-
volatile cleaning solution. After washing, dry
these parts thoroughly with low pressure com-
pressed air. High-pressure air could damage the
easily crushed light metal maze and even-
tually cause breather system restriction andthe
resultant excessive crankcase pressure condi-
tion.

After the Ejector breather system and re-
lated components are properly serviced and the
engine is again placed in operation, re-check
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crankcase pressures to make sure that the
system is functioning properly.

IGNITION SYSTEMS

Waukesha Model F-2895-G engines are equip-
ped with low tension or Mag-Tronic ignition
systems. For top engine performance, each
unit of the ignition system must be in good
condition and properly adjusted. Normal main-
tenance consists of replacing defective units at
periods determined by experience with the type
of service involved. Adjustment several times
during the service life of the ignition gystem
will extend its usefulness and help to prolong
engine life,

MAG-TRONIC IGNITION SYSTEM

The American Bosch Mag-Tronic ignition
system is available for these engines. This sys-
tem is both "breakerless' and self-powered, so
it is useful in unattended or remote applications
where prolonged, reliable operation is vital.
The absence of both breaker points and high ten-
sion distributor contacts prevents internaiarcing
making for a "low-fire-hazard" ignition device.
The inductor rotor and electronic distributor
shaft (mounted in ball bearings) are the only
moving parts,

The system consists of three main elements;
an ignition generator (MTC), a wiring harness
(HAA), and an ignition transformer (TCD). The
ignition generator delivers six pulses for every
360° of the inductor rotor and can fire a max-
imum of 12 spark plugs. Each pulge is rectified
by a diode circuit and stored in a capacitor or
capacitors until triggered tofire. The electronic
timer-distributor shaft is driven through timed
internal gears from the inductor rotor shait at
one-hall engine speed. A distributor magnet
rotor phased to the engine timing requirements,
in conjunction with a series of silicon controlled
rectifiers, performs the distribution and timing
function. These are essentially electronic
switches with triggering coils, one for each
cylinder. A low tension wiring harness with con-
nectors and high frequency ignition transformer,
for each spark plug, complete the Mag-tronic
ignition system. The Mag-tronic transformers
have cores of ceramic magnetic material which
responds faster than conventional iron core
material. Relatively small in size, the high
frequency transformers can be mounted either
in contact with the spark plugs or in wells
directly above the spark plugs.

Mag-tronic transformers have a low energy
factor which minimizes spark plug electrode
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erosion, The rapid voltage rise time, inherent
in this system, often permits the transformers
to fire partially fouled spark plugs. The solid
impregnation resists stress and vibration and,
when mounted correctly, there is a minimum of
flash-over from the spark plug terminals to
ground.

The wiring harness consists of an appropri-
ate number of #14 A.W.G. stranded copper wires
ingulated with a heat resistant material, and
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fitted with a molded terminal plug that mates
with the receptacle in the ignition generator’
Each lead in eachharness is identifiedby a letter
stamped into the ingulation at the plug and which
corresponds with a similarly identified terminal
in the harness receptacle., Regardless of the
direction of rotation or number of cylinders
served, the firing order of the ignition generator
at the receptacle terminals is always in alpha-
betical sequence, beginning with the letter "A".
All of the harness leads, excepting harness
leads "N" and "P", are connected to the spark
plugs in accordance with the engine firing order.

CAUTION

Under no condition should leads "N'' and
"P" ever be connected to a single pole
ignition switch. The result would be the
same as grounding the primary of a mag-
neto.

Installation

Mount each transformer as close as posgsible
to each spark plug, using the mounting bracket
and primary terminal hardware furnished.
Ground the negative terminal to the engine with
a short length of #14 insulated wire. The high
tension lead from the transformer to the spark
plug must not exceed two (2) feet. Inverted
transformer mounting is recommended if prac-
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tical. With upright mounting, a sealant such as
American Bosch TSE 52115 is suggested to ex-
clude moisture from the terminal well.

When installing the generator, set the engine
on number 1 ¢ylinder compression stroke, and
align the correct timing mark on the flywheel,
Then rotate the drive shaft coupling on the gen-
erator, in the direction of rotation, until the
leading edge of the longest finger of the dig-
tribufor rotor is approximately in the center
of the timing window in the cover. Now assem-
ble the drive disc to the drive plate and then
connect the unit to the engine drive, It is very
important to establish 1/32-inch axial float in
the drive disc. Check to be certain that the in-
ternal timing has not been disturbed. Base
mounted units should now be secured in place
with the mounting bolts. Flange mounted units,
however, should only be tightened enough to hold
the unit in place. Make certain that the flange
gasket is in place andthat final timing is correct
before securing the unit in place.

Connect the harness terminal plug to the re-
ceptacle on the ignition generator. Remember
that the firing order of the generator is in
aiphabetical order, beginning with the "A" ter-
minal. Also, harness leads "N" and ""P'" require
a double pole switch. A single pole switch is
used with the "P'" harness leads. Never connect
""N'' and "P" leads to a single pole switch. Doing
80 will ground the system,

The timing should be checked and adjusted
with a timing light after initial installation. Use
a temporary high tension lead between plug and
transformer to connect the light with well-
mounted units. To adjust a flange mounted unit,
loosen the flange bolts and rotate the entire unit
as required, making certain that the flange se-
curing bolts are tightened afterwards. Base
mounted units should be adjusted at the drive
couplings as required, Again, make certain that
the coupling nut is secured and lockwired when
finished.

Periodic Inspection

The generator and ignition transformers will
benefit from periodic cleaning with a cloth damp-~
ened with solvent. Inspect the primary terminals
and harness plug for security and make ceriain
that the ignition cable is insertedall the way into
the high tension well. If corona appears to have
affected the high tension terminals, they maybe
cleaned with a fine, brass wire brush. Periodic
inspection of the mounting bolts is also rec-
ommended.
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Since there are only two moving parts within
this unit, and no breakers, it is not necessary
to open the unit for periodic inspection. Opening
of the unit will only permit dirt to enter.

Safety Shut Downs

Many engines are equipped with automatic
shut-off devices to shut the engine down by
grounding the magneto or Mag-Tronic when
temperature limits, oil pressure, engine speed,
ete,, exceeded normal operafing range.

Such an automatic shut-off device will keep
the ignition system grounded only as long as the
particular malfunction is beyond its normal
range.

To prevent the engine {rom cycling, safety
switches of relay type (Murphy type and others)
are used in conjunction with the shut-off devices.
The relay type switches keep the engine perma-
nently shut down until it is reset. A relay type
safety control system usually operates on the
primary current of a magneto, usually in the
order of 3 amperes,

The Mag-Tronic is a capacitor discharge
system which uses a high voltage and low cur-
rent generator and the current is not sufficient
to operate the relay type grounding switch. An
SSA-101 adapter has been designed to operate
the grounding relays when used with the Mag-
Tronic ignition system,

The SSA-101 takes power from the Mag-
Tronic during the first few revolulions and stores
this power in such form that it can be delivered
at the required current level to operate the
safety control system. During normal opera-
tion of the Mag-Tronic and the control system,
no power is drawn from the system after the
first few revolutions. The required power for
SSA is generated and stored below starting
speeds so there is no effect on the operation
of the ignition timer,

The SSA-101 provides for two inputs from the
Mag-Tronic and a single line oui-put to the safety
controls, This makes possible the use of one SSA
101 for control of gne Mag-Tronic of seven to
twelve cylinders.

The output of two or more SSA adapters may
be paralleled when dual Mag-Tronics are used
in a single application. Isolation is provided
within the adapter such that there is no inter-
action between MTC inputs when the outputs
of the SSA adapters are placed in parallel. This
still retains the single line shut-off control
system for multi-timer applications.
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Only one SS5A-~101 is required with each
Mag-Tronic regardless of the number of relay
type safety switches used.

Murphy type relays #101-DI10IPHand 101-D-
PH require the use of the American Bosch
S5A-101 adapter. There possibly are other
Murphy applications that will require the safety
switch adapter, however, these are all that canbe
confirmed as of this time,

The Murphy master units which as the 202,
404 and 606 types are replaced in their entirety
by one or more SSA-101 units operating in con-
junetion with the Murphy #101 series of relays.

The safety switch adapter is available from
the factory under Part Number 69579.

The nature of the electrical discharge make
shielding of the spark plug leads unnecessary
and undegirable.

LOW TENSION IGNITION

The Fairbanks Morse FM-LTR low tension
magneto used generateg and distributes low
voltage current through low tension cables to
individual coils, one located adjacent to each

T4

gpark plug. The current is stepped up to high
voltage by the individual coils and is then con-
ducted to the spark plug bya shortlength of high
tengsion cable at the proper firing interval of the
cylinder.

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

Timing
1. Rotate the engine flywheel until the No. 1
cylinder is in running or advanced spark

position on the compression stroke, Refer
to table of "Fits and Clearances'.

2. Remaove the timing bolt from the top of the
magneto end cap. Turn the magnetic rotor
shaft backwards until the yellow timing
mark, on the edge of the distributor disc,
ig centered in the timing window. This
mark denotes that the end cap cover ter-
minal stamped NMo. 1 is approximately
ready to fire the No. 1 cylinder. The
point opening can easily be determined by
ingerting a thin piece of cellophane be-
tween the contact points, by using a timing
light or by the use of a sounding device.

3. Align the painted groove on the impulse
coupling shell with the painted groove on
top of the coupling outer shell. When
these two marks are properly aligned
and the yellow mark on the edge of the
distributor disc is centered in the timing
window, the magneto is timed to fire the
No. 1 cylinder.

Since all base mounting magnetos are
connected to the engine drive shaft by a
drive member, the alignment of the timed
magneto {0 the engine drive unit must
be made by adjusting the drive member.

4, After the magneto is installed on the en-
gine, connect the transformer lead wires
on the end cap terminals. Starting with the
No. 1 terminals, connect the wires to agree
with the engine firing order. When facing
the end cap cover, the No. 1terminalis at
the upper left. Connect the ‘wires in clock-
wise rotation.

b, After the engine is running, the timing
should be checked with a timing light.
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IMPULSE COUPLING

=y
MAGNETO SHAFT

TYPICAL LOW TENSION FM-LTR MAGNETO

Adjustable Drive Members

Ordinarily, the position of the drive member
ig not altered when removing the magnetobut,
when necessary, the drive collar nut canbe loos-
ened to permit relative movement of the engine
drive shaft. The drive member slots J can then
he turned for alignment with the impulse coupling
lugs, after which the nut L should be tightened.
Turn locking washer lugs M up around the nut
to prevent it from loosening.

Installation Instructions

Use the following procedure to obtain peak
performance of Fairbanks-Morse heavy duty
Type FM-LTR low tension magneto,

Install the magneto on the engine as described.
When this is completed, the engine No, 1cylinder
will be on the compression stroke ready tofire.
The magneto timing mark on the edge of the
distributor disc will be visible through the tim-
ing window and the No. 1 magneto terminal will
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be ready to fire. The No. 1 magneto terminal is
in the upper left hand corner of the magneto end
cap cover when facing the cam end of the mag-
neto,

Using No. 14 stranded automotive lighting
wire, connect the No. 1 magneto terminal to
the negative (-} terminal of the transformer
at the No. I right engine cylinder.

After noting the engine firing order, connect
the No. 2 magneto terminal to the positive (+)
terminal of the transformer at the cylinder
which is second in the engine firing sequence,

Connect the No. 3 magneto terminal to the
negative (-) terminal of the transformer which
is third in the engine firing sequence,.

Complete the wiring of the magneto terminals
to the transformers in accordance with the engine
firing order with transformers being connected
in alternate negative {-), positive {+)sequence,
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By means of a jumper wire, interconnect the
remaining primary transformer terminals.
From the transformer nearest the magneto, con-
nect the jumper wire or the common ground
wire of the transformers to the magneto end
cap serew.

Connect a ground wire from the primary
terminal, on the magneto housing, to the engine
panel switch or relay.

Recheck the hookup to be sure all screwsare
tight and that the magneto and transformers are
connected in the correct engine firingorder,

Start the engine and check the magneto-to-
engine timing with a timing light.

TIMING TAPES AND CHARTS

The Waukesha Motor Company has eliminated
the stamped timing marks, except for TDC,
from all flywheels. Instead, industrial type
adhesive-backed timing tape with degree mark-
ings ig affixed.

The tapes with gpecial adhesive backing are
a readily vigible silver color with black mark-
ings and will indicate fiywheel positions from 40°
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before top center to 20° after top center. The
engine direction of rotation and the top dead
center (TDC) point are also shown,

The actual engine timing procedure is still
bagically the same. The positioning of the
correct flywheel degree mark under the hous-
ing pointer differs somewhat, however, in that
the serviceman must now refer to a timing
data chart mounted on the engine crankcase
or valve cover. Thiz mounted chart displays
all of the necessary timing information. The
timing charts for spark ignition engines are
stamped according to engine fuel, type of ignition
system {magneto or distributor), compression
ratio, and engine operating speed.

CROSS-BOLTED BEARINGS

Model F-2895-G crankcases utilize special
self-locking bolts which pass inwardthrough the
crankcase side wall and enter the main bearing
caps from each side for additional security.The
use of 3M sealer on both surfaces of the cross-
bolt head washers is recommended. The correct
tightening sequence for these bolts and the
main bearing cap nuts is . . .

1. Tighten to snug fit (2)nuts, dowel pin side.
2. Tighten to snug fit (2) nuts, opposite side.

3. Torque {1) nut 300 FT-LBS., dowel pin side.

4. Torque {1) nut 300 FT-LBS., cross over
opposite zide,

TORQUING DOWEL PIN SIDE
MAIN BEARING CAP NUT

i

TORQUING OPPOSITE SIDE MAIN
BEARING CAP NUT

. Torque other nut 300 FT-LBS,, dowel pin

side.

. Torque other nut 300 FT-LBS., cross

over opposite side.

. Torque capscrew 250 FT-LBS., opposite

side of il header.

. Torque capscrew 250 FT-LBS., oil header

gside.

TORQUING MAIN BEARING CAP CROSS BOLT

CRANKSHAFT GEAR REMOVAL

The crankshaft gear has two 3/8-16 N.C.
puller holes and a tapped port in the front face
of the gear opposite the keyway to accommodate
a 1/4-28NF hydraulic fitting. This hole is con-
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nected by a drilled passage to a groove on the
inner diameter of the gear.

When used in conjunction with a heavy-duty
puller, a hydraulic pump or grease gun forces
fluid or grease into the gear and around the
groove creating a high hydraulic pressure be-
tween the gear and the crankshaft. This pres-
sure will overcome and relieve the shrink fit of
the gear just enough to allow removal of the
gear (and consequent re-use) without damage
to it or any other parts.

CAMSHAFT GEAR REMOVAL

The camshaft gear has two 1/2-13 N.C. puller
holes in the web of the gear and a tapped port
which is angledinto the hub of the gear to accom-
modate a 1/8-27TNPSIhydraulic fitting. This hole
is connected by a drilled passage to agroove on
the inner diameter of the gear.

When used in conjunction with a heavy-duty
puller, a hydraulic pump or grease gun forces
fluid or grease into the gear and around the
groove creating a high hydraulic pressure be-
tween the gear and the camshaft. This pressure
will overcome and relieve the shrink {it of the
gear justenough to allow removal of the gear (and
consequent re-use) without damage to it or any
other parts.

SERVICING ROLLER TYPE VALVE
TAPPET ASSEMBLIES

Waukesha has revised assembly methods for
roller type valve tappets used in Waukesha
Model F-2895-G series engines. As we do not
believe that these methads can be duplicated
effectively in field shops, only complete assem-
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blies can be used for service replacement pur-
poses.

LEFT HAND ROTATION ENGINE DATA

GENERAL: This information applies only to en-
gines having left hand or counterclockwise
rotation as viewed facing the frontor gear cover
end of the engine. Due to thig direction of rota-
tion, which is reverse of the common right
hand rotation engines, such things as valve tim-
ing, ignition wiring and firing order are differ-
ent. Firing order of the left hand rotation engine
is: 6-3-5-1-4-2,

{Right & Left-facing rear or ilywheel end)
The following listed parts are not to be inter-
changed with right hand engine parts.

CAMSHAFT, Cam lobe configuration,
CRANKSHAFT, Rear oil grooves reversed.
OIL PUMP, Body inlet & oulet reversed.

WATER PUMP, Impeller vanes, Body configura-
tion,

GEARS, Flywheel ring gear, enginedrive gears,
accessory gears may have different P.D., helix
angle.

MAGNETO, Clockwise Rotation (Facing coup-
ling end).

STARTING UNITS, Reverse gtarting,

To avoid any confustion resulting from the
different direction of rotation it may be a
good idea to specify Left Hand Rotation in
any correspondence ar parts orders for these
engines,



WAUKESHA F-2895-G AND F-3521-G SERIES

FITS AND CLEARANCES
F-2895-G AND F-3521-G SERIES ENGINES

(INFORMATION APPLICABLE TO ALL MODELS, EXCEPT AS NOTED)

NOTE: Illustrations found in this section are for locating purposes only - they are therefore not
intended as accuraie representations of the parts involved.

GENERAL TORQUE VALUE RECOMMENDATIONS

Cylinder number and arrangement . 6-in-line *Cylinder head . . . . . . . . . 4750-4800
** Main hearing

Bore and stroke Elastic stepnuts . . . . . . . 3500-3600

F-2895-G . ... ... ..81/2x8-1/2" Place type bolts . . . . . . . 2900-3000

F-3521-G ... ... ...9-3/8x8-1/2" Connecting rods . . « . . . . . . 2100-2200
Camshaft gearmat ., . . . ., . . . . 5400

Displacement (cubic inches) Idler stud nut (in crankcase) . . . . . . 8200

F=2895-G . . « v 4 o = 4 « + + . » 2894 Idler stud nut (in bearingcap) . . . . . 2100

F-3521-G . . « ¢« & « v+ + + + . . » 3520 Vibration damper . . . ... . .. . 1050
Flywheel . . . .. .. . . . . . 1450-1500

Compression ratio Oilpan . & & v v v 4 = 4 s v o« o « « 2500

Standard piston . . . 7.0:1, 8.0:1, or 8,25:1

High compression pistons . . . . . . 10.0:1 (Above values stated in paunds inch,

Divide by 12 for pounds-foot values.)

Valve arrangement . . . Overhead {two intake, (Values stated are for oiled threads.)

two exhaust per eylinder) *NOTE: Consult the Valve Location and Cylinder Head

. n Bolf Tightening DHagram in this section for the
Firingorder. . . . . . . . . . 1-5-3-6-2-4 proper head bolt tightening sequence.

) *¥* NOTE: Consultthe Service Maintenance Section for

Flywheel housing size. . . , . . SAE No. 00 the proper main bearing cap nut and bolt tightening

GENERAL TORQUE VALUE RECOMMENDATIONS 0 oo

The values specified below are to be used only in the absence of previously specified torquing
instructions and are not to be conatrued as authority to change existing torgue values. A tol-
erance of +5% is permissible on these values.

Heat treated material may be identified by the following markings on the bolt or cap screw head;

Grade 5 3 radial dashes, 120° apart
Grade 6 4 radial dashes, 90° apart
Grade 7 & radial dashes, 72° apart

Grade 8 § radial dashes, 60° apart

If there is no marking, torque readings must be reduced 50% unless the hardness is checked
and found to be in range of 19 Re to 38 Rc scale readings.

RECOMMENDED TORQUE
HEAT TREATED MATERIAL SAE GRADE 5, 6, 7, and 8
(62000 PSI BOLT STRESS)

THREAD SIZE QILED THREADS DEY THREADS

1/4 - 20 95 LB-INCH or 8. LB-FT. 105 LB-INCH or 8.8 LB-FT.
1/4 - 28 101 " or 8.4 " 112 " or 94 "
5/16 - 18 195 " or 16.2 " 206 " or 172 "
5/16 - 24 207 " or 17.3 " 230 " or 19,2
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THREAD SIZE QILED THREADS DRY THREADS
3/8-16 320 LB-INCH or 26.5 LB-FT. 356 LB-INCH or 29.7 LB-FT.
3/8 - 24 351 " or 28, r 3490 r or 32.6 "
7/16 - 14 528 " or 44, " 565 " or 47. "
7/16 - 24 558 " or 48, " 612 " er b1, "
1/2 - 13 788 " or 65, " 876 " or T3, "
1/2 - 20 855 " or 71. v 950 " or 79. "
9/16 - 12 1098 " or 91. " 1220 " or 102, "
9/16 - 18 1211 " or 101, n 1345 " or 112, "
5/8 - 11 1539 i or 128. " 1710 " “or 142, "
5/8 -~ 18 1697 " or 141. " 1885 " or 157. "
3/4 -~ 10 2700 " or 224. " 3000 " or 250, "
3/4 - 16 2961 " or 246, " 3290 " or 274, n
7/8~9 4397 " or 366, " 4885 " or 403. "
7/8 ~ 14 4956 " or 410, " 5440 " or 445, "
1-8 6480 " or 530, " 7200 " or 600, "
1-14 7137 " aor 584, " 7930 " or 660, "
1-1/8 -7 770. " 855, "
1-1/8 - 12 842. " 935. "
1-1/4 - 7 1080. " 1200. "
1-1/4 - 12 1170. " 1300. "
1-3/8 -6 1413, " 1570, tr
1-3/8 - 12 - 1566, " 1740, "
CYLINDER SLEEVES (C) Sleeve projection above crankcase
Type . . « ¢ ¢ ¢ 4 & Wet type, replaceable ° :(r\:lng)l-.ﬂ.ZSF . ..03-05. . . 'e ?e?h{]golu__oosn
{A) Heat dam projection . . . . .045"-.049" (D) Flange diameter .
(B) Flange height , . . . . . .5345"-,5365" F-2895-G . & « v o v . 9.866"-9.868"
F-3521-G . ... .. 1D.,618"-1D.618"
(E) Sleeve diameter (below flange)
A B c F-2895-G . ... .. .. . 9—7/}6“
i F-3521-G . ...« .. . . 10-1/4"
?;F_T_ i (F) Sleeve length . . . . « . . . . 18-5/8"
D -{ (G} Sleeve bore diameter
N NXE F-2895-G . . ... . 8.5003"-8.5008"
§ € Y- F-3521-G . . . . . . 9.3753"-9,3758"
| % N (H) Sleeve diameter lower seal area
| & | F-2895-G . . . . ., . 9,4345"-9.4360"
N : F-3521-G . . . . . 10,2425"-10.2440"
N N | Sleeve out of round limits . . . . . . . . oo1*
! Q Ry ! Sleeve seal area to crankcase
N\ N ! clearance . . . . . . . . .002" to .0055"
F o %—-————— G—-——-—§ :
: % % 1 CRANKCASE
=] 1
L 3 Qd} Main bearing number and type . . . . Seven-
N precision
§ Camshaft bearing number
§ N andtype . . « . « . . . Seven, line-bored
R N " (A) Sleeve counterbore dia.
N N | F-2895-G . . . . . . . 9.875"-9,877"
BN “§ | F-3521-G . . . . . . 10.625"-10.627"
} | : ! (B) Sleeve counterbore depth . .56057-.5625"
fe————H (C} Crankcase upper bore
F-2895-G ., ... ... 9.500'"-9.510"
F-3521-G . ... .. 10.312"-10.322"
(D) Crankecase lower bore
TYPICAL CYLINDER SLEEVE F-2895-G .. ... .. 9,438-9,440"
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WAUKESHA F-2895-G AND F-3521-G SERIES ;

F-3521-G . . . . . . 10,2456'-10.248" Piston hole center to piston crown

Crankcase main bearing journal 7.0:1 Compression ratio , . . 5.666"-5,676"
bore., . + o s = - « . . - . B,B63"-H5.662" 8.0:1 Compression ratio . . , 9.465"-5.475"
Crankcase camshaft bushing B.25:1 Compression ratio . . 5.620"-5.630"
bore. . . . . .« « o« . .« .3.74957-3.751" 10.0:1,Compression ratio . , 6,087"-6.097"

(A) Piston skirt diameter (top)
In line with pin hole
F-2895-G ... ... . B8.461"-8462"
F-3521-G . . . . .. . 9.336"-9.337"
A 90° from pin hole
F-2895-G. . . . .. . . 8.477"-8.478"

al
d
r

\ S \| F-3521-G. . . . . . . . 9.352"-9,353"
N i (B) Piston skirt diameter {bottom)
B In line with pin hole
\ F-2895-G. . . . . . . . 8.480"-8.481"
c ! > F-3521-G. . . . . . . . 9.354"-9,355"

90° from pin hole

F-2895-G. . . . . . . . 8.488"-8.483"

F-3521-G. . . . . .. . 9.362"-02363"
(C) Piston pin hole bore

Red . . ... ... 3.0004"-3.00055"

White~ , . . . . . . 3.00055"-3.0007"

Blue .., ... ... . 3.0007"-3.0009"
{D} Piston skirt to sleeve clearance

(Thrust area)

F-2895-G. . . . . . . . .0113"-.0128"

F-3521-G. . . + « + « . .0123"-.0138"
(E) Groove width

Top, 2nd and 3rd

F-2895-G, . . . . . . . . .189"-,190"

247

Sr———————TF

[=)
eL—~———J

|
B Ty e PES— R

R — S ——Y
— = = -] —_— ]

' r
\ ' Top
. ,' F-3521-G. . . . . ... .1915"-,1925"
| 1 2nd and 3rd
F-3521-G, . . . . . . . . .190"-.191"
4th and 5th
F-2895-G. . . . . . .. . .313"-.314"
TYPICAL SECTION THROUGH CRANKCASE F-3521-G. . . « . . . . . .376"-.377"

PISTON PIN

Piston pin diameter £

Red « v v v v v v o o . . 2.9991"-2,9903" I IF

White . . . . . . « . . . 2.9993"-2.9095" I I

Blu€ . » . v . v v 4 v . . 2.9995"-2.9997" - Ny
s

(]

Piston pin length

F-2895-G . . . . . . . 7.33375"-7.34375"
F-3521-G . . . . . . . 8.33375"-8.34375" A
Piston pin fit; Pin selected {color)

to provide a loose hand push fit

at normal room temperature . .0010"-.0014"

PISTON

Piston material . . Tin plated aluminum alloy
Pistontype . . .. . ... . . Camground D [+=——8 >
Pistons are removed

from ... .. .«. .. .Topof crankcase
Permissible weight variation

perset . .., . .+« ¢ ...+ .+ . . Bounces TYPICAL PISTON
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Top ring . . .
Second and third

a v * o

PISTON RINGS

(A) Ring gap

F-2895-G
F-3521-G

(B) Ring Diameter

L050"-, 070"
060"-,075"

2nd and 3rd

025,040
.030"-.045"

4th

.015'"-.035"
.015"-.035"

« « « « Chrome plated compression
. Tapered face compression (top marked '""Top" or "Up')
. . Conformable grooved oil ring with expander (top marked "Top" or "Up™)
Grooved oil ring (top marked "Top")

5th

L025'"-,040"
L015"-,035"

F-2895-G 8.500" @204 Min.  8.500"@ 18# Min.  8.500"'@ 28.5# Min. 8.500'@ 17# Min.
F-3521-G 9.375"@20# Min.  9.375"@15#Min.  9.375"@24#Min. 9.375"@ 25# Min.
{C) Ring wall
F-2895-G .280"-,295" .305"-,315" .225"-,240" .304"-.318"
F-3521-G .302"-,317" 3027-317" .290"-,310" .3271-.342"
(D) Ring width
F-2895-G .185"-,1865" .1835"-,185" .3085"-.310" 3085"-.3110"
F-3521-G .185"-,1865" .185"-,1865" L372"-.3735" .372'-,3735"
(E) Side clearance
F-2895-G .0025"-,005" .004"-,0065" 003"-.0055" .002"-,0045"
F-3521-G L0057-.0675" J0035"-,006" 0025'"-,005" .0025"-.005"
(B} Comnecting rod bearing journal
diameter . . . . . . .. 6.249"-6,250"
] f—a Connecting rod bearing journal
maximum undersize . . . . . - ¢« o n40"
{C) Main bearing journal maximum
undersize ., « . s s 0 0 e 4. . . 040"
{D) Main bearing running clearance
(theoretical). . . . . . . .004"-,0074"
8 (E} Main bearing journal
diameter . . . . « . . . 6.249"-6.250"
5 i 1
[ T3 SRRl
¥ o b E‘ Voo

TYPICAL CRANKSHAFT
TYPICAL PISTON RING

CAMSHAFT
CRANKSHAFT
Camshaft journal diameter ., . 3,498'-3.499"
Crankshaft endplay. . . . . . . .008"-.016" Camshaft bushing I.D. (line ream in place -
End play adjustment ,010" and .020" oversize bushings to be assembled as indicated by
thrust rings word "FRONT' and arrow) . . 3.501"-3,502"
{A) Connecting rod bearing running Camshaft journal running clearance
clearance (theoretical) . . .0026"-,006" (theoretical) . . . . « « . . 002,004
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WAUKESHA F-2895-G AND F-3521-G SERIES

r e s =« « « L0057 017"
Replace thrust plate
.+« s + 515"~ 525"
Cam lift {Intake and Exhaust) . . . . . .670"
Rocker arm ratio. . . . . . . . L10926to1
Camshaft coupling fit should never be loose.

Camshaft end play
End play.adjustment . .
Thrust plate thickness

FLYWHEEL AND HOUSING

Pilot bearing run-out . . . . « . .« . . 005"
Total indicator reading

Face run-out on wheel
24"1to 30" wheels &+ & « v 4 4 . . . . L0127
30"andoversize ., . . . . . . . . . 015"
Total indicator reading
Housing bore run-out . . . . . . . . ., .015"
Total indicator reading
Housing face run-out , ., ., . . . . , . 010"
Total indicator reading

CONNECTING ROD, BUSHING AND BEARING

Rod material. . ., . Heat treated-steel forging
Permissible weight variation
per set
(A) Rod length, center to
center . . ., . . . . .
(B) Rod small end finish
size

8 ounces

18.001"-18.002"

3.250"-3.251"

TYPICAL CONNECTING ROD, BUSHING

83

(C) Bushing bore diameter
(diamond bored)
(Assemble 2 bushings with open ends
of grooves toward inside) 3.0015"-3.002"
Bushing press in rod .0035"-.0065"
Pin clearance in bushing .0018"-,0029"
(I} Rod large end finish size 6.625'-6.626"
Rod large end width . . . 2.799'-2.802"
Rod bearing width . . . 2.490"-2,500"
Bearing running clearance
(theoretical) . . . . . .
Rod large end width
Rod bearing width

= & e »

.0026"-.006"
2.799"-2.802"
2,490"-2.500"

» & 4 & ®

VALVE TRAIN, VALVE PORT CLEARANCES

Intake and 'Exhaust

10-57/64 £ 0.010"
.557"-,558"

{A) Valve length . . . . .
(B) Valve stem diameter . . . .

(C) Valve head diameter
(nominal) . . . . . . . . 2.825"-2.835"

(D) Valve seatangle ., . . . . 44°30' +15'
(B} Guidelength . . . . . . ... ... 6"
(F} Guide outside diameter . 1,0015'"-1,0025"

{G) Guide inside diameter (new) .5615"-.5625"
Guide I.D, to stem
O.D. clearance ., . . . .

(H) Insert outside diameter . .
(1) Insert inside diameter. . .
(J) Insertdepth . . . . .. ..
(K) Insert seatangle . . . .., ... . 45°
(L) Guide extends above head , , . 1-25/32"

{M) Guide bore inhead . . . . 1.000"-1.001"
Guide to head bore press fit .0005"-.0025"

(N) Insert counterbore depth . . .825"-.830"

(O) Insert counterbore
diameter . . . . . ., . .

{P) Valve port depth (nominal) . . .

{R) Valve - centerline to centerline
Intake to intake and exhaust
toexhaust . . . . . . .
Intake to exhaust . . . .
Valve insert seat width . .
Valve face width , . . . .
Valve spring free length

204035 (inner) . . . . 3-25/32" + 1/16"

204135 (outer) . . . . 4-9/32"+ 1/16"
Valve closed spring length

204035 (inner) . . . . 3" @ 56.7# + 3#

204135 (outer) 3-27/64" @ 1114 + 5%

.0035"-.0055"
3.128"-3.129"
2.360'-2.365"
.708"-,710"

3.124"-3.125"
3-1/16"

3.676"-3.696"
3.990"-4.010"
Jd58"-.187"
J157m"-,172"
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TO BE ACCURATE

NOTE: ILLUSTRATION FOR LOCATION PURPOSES
OMLY— CONFIGURATIONS ARE NOT INTENDED

VALVE TRAIN, VALVE PORT CLEARANCES

Valve open spring length
204035 (inner) . . 2-17/64" @ 1104 + 5#
204135 (puter) . 2-11/16" @ 205% & 10#

* Rocker arm bushing 1.D. . . . 1.375"-1,376"
(press fit in arm and diamond bored)

Rocker arm shaft O,D, . . . L3735"-1.3745"

Running clearance, bushing to
ghaft. . . « + « . . . « « . JO005"-,0025"
* Note: The intake rocker arm bushing must be
installed flush with the hub with the split in the
bushing approximately 128° counter-clockwise
from the metering screw oiling hole when looking
at the long side of the rocker arm hub. Also,
with the metering screw and the hydraulic lifter
adjusting screw removed, the oil holes in these
areas mustbe drilled through the busghing before
the bushing is diamond bored. The metering
screw oiling hole is 1/8" diameter and the lifter
adjusting screw oiling hole is 3/32" diameter,
but was welded or brazed shut and must be re-
opened before drilling through the bushing.
Similarly, the exhaust rocker arm lever has a
3/32" diameter oil hole to the lifter adjusting
screw which was welded or brazed shmt, and
this hole and the 1/8" diameter oiling hole
through the valve adjusting screw hole at the
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other end of the lever must be drilled through
the bushings (with the screws removed) before the
bushings are diamond bored. Be sure to weld
or braze shut the lifter adjusting screw oiling
holes after the bushingsare drilled through, The
bushings in the exhaust and intake rocker arm
levers must be installed flush with the lmb ends
and with the split in the bushing at the top of
the vertical center lines of the levers. The in-
take rocker arm lever bushings do not require
any oiling holes to be drilled before the bushings
are diamond bored. Current production intake
rocker arms don't utilize the metering screw
but need a 1/16" drill through the bushing at
the side of the rocker arm.

VALVE CLEARANCE
Valve clearance . . . . . . Hydraulic lifters

Cam lift {measured at
pushrod). . . . . .. .4 . . . . . 670"

VALVE LIFTERS

Valve lifter body to valve lifter
guide clearance . . . « .+ . .

.002"-,004"
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INTAKE 1
OPENS

EXHAUST
CLOSES

2

ROTATION

234°
EXHAUST

OPEN
EXHAUST
FULE

QPEN

z INTAKE EXHAUST l

CLOSES OPENS

VIEWED FROM FRONT QF ENGINE
CRANKSHAFT DEGREES SHOWN

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

INTAKE

QPEN
INTAKE
FULL

OPEN

VALVE SEQUENCE

Retorgue replaced cylinder heads after running
the engine either idle or after load testing.

VALVE LOCATION AND CYLINDER
HEAD BOLT TIGHTENING DIAGRAM

OIL PUMP

Backlash oil pump pressure gears .012"-,015"
Pressure gear(s) to cover end play .007"-,013"
Drive shaft bushing I.D. (ream)

Incover . . . . . . . . . 1.2506"-1.2515"

Inbody. . + « « « « o » . « 1,375"-1.3755"
Drive shaft running surface 0.D.

Incover . . . . . . . . . .1.248"-1,2485"

Inbody. . « . « « + « « . «1.3727-1.3725"
Drive shaft running clearance

In cover bushing . . . . . . ,002"-,0035"

In body bushing . . . . . . . .0025"-,0035"
Idler gear bushing 1.D, 1.0005"-1,0015"
Idler shaft O.D. .998"-,9985"
ldler gear running clearance

on shaft
Radial clearance between pumping

gear teeth and pump chamber

wall o @ v 0 s e s s e e e e
Space drive gear at assembly 1/32"

from body. Drill through 1/4"
Press driven gear on shaft 1-1/2" from end,

Drill and ream 1/4'" at assembly
Assemble drive shaff bushing inbody so that hole

in bushing lines up with hole in bore.
Crankshaft to oil pump drive idler gear

bushing L.D. 1.4995"-1.5005"
Idler gear stud Q.D, (running)

surface) . + . + + + +« . o 1,4075"-1,498"
Crankshaft to oil pump drive idler gear

running clearance , . . . . . ..0015"=,003"
Crankshaft to cil pump drive idler

- o »

a & ¢ & ® B * 4 0 @

.002"-.0035"

002"-,003"

gearendplay . . « + + . - » . L010"-,01B"
TIMING GEAR BACKLASH
Between oil pump drive idler gear

and oil pump drive gear . . . . .016"-.020"
Between all other timing gears . .008"-.012"

CAPACITIES

OIL ({(Fillengine to capacities shown -- run en~
gine, then check dipstick; add oil to bring
level to full mark; record for future cil
changes.)

Qil pan
FilterS. « 4 « o o ¢ ¢ = « = &

e s s o s s 5 s s a « 35pals.
9 gals,

COOLING SYSTEM (engine only) . ., . 45 gals.

IGNITION DATA

ELECTRICAL SYSTEM . . . . . . Either gix
cylinder low tension magneto with individual
coils for each cylinder, or American Bosch
Mag-tronic six cylinder ignition timer with
spark plug well mounted ignition transform-
ers.
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Spark plug size. . . . 18 mm with 1/2" reach COMPRESSION PRESSURE
Torque to 32 to 38 Ibs, ft.

Use steel gasket Champion A-678.
[a]
W
Spark plug type . . . . . Champion RM-77TN &
o 280
=
Sparkpluggap . « - « « . « . . J013"-.016" £ 2 y4
Z 260
© 250
240
TIMING I 230 4 ]
g 220 ays
Note: Time low tension magnetos with engine 2 210
stopped. Time Mag-tronicunits with tim- b 200 T
ing light at operating rpm. B :gg 4 T USUAL RANGE
g 170
S
Compression 2 :gg A
Ratio RPM Natural Gas | LPG § 140
¥
o e
7.0:1 600-800 24° BTC | 24 BTC z ool 7
7.0:1 900-1200 | 28° BTC | 28° BTC s ol A
8.0:1 600-800 20* BTC 2 100
8.0:1 900-1200 | 24° BTC E ool
8.25:1 600-800 21° BTC z 5 6 7 8 9 10 T
13%51:1 ggg—éggo g‘é: g’jl;g Q COMPRESSION RATIO
10.0:1 900-1000 | 22° BTC
19.0:1 1100-1200 24° BTC COMPRESSION PRESSURE VS RATIO
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DISTRIBUTORS AND SERVICE

The Waukesha Motor Company has established a system of dis-
tributors of unquestioned reputation with trained mechanics and full
facilities for maintenance, rebuilding, and consultation, and to
carry adequate parts stock in nearly every state of the Union and
Canada as well as most Latin American and overseas countries.
In addition, the Waukesha Motor Company owns and operates
branch warehouses and servicing facilities in the Carlstadt,
New Jersey; Tulsa, Oklahoma; and Los Angeles, Californiaareas,
go that owners and operators are thus always within easy reach
of a "Waukesha man.' See the title page for correct addresses.

Your service needs will be greatly facilitated whenever you have occasion to call upon either
an Authorized distributor, a Factory Branch, or the Factory Service Department if the following

procedure is observed:

Give Engine Model Number — Always speci-
fy size, model, and number of the engine, which
is stamped on the nameplate attached to the
crankcase. The engine number may also he
stamped on the crankcase at either the gear cover
or flywheel housing end, and sometimes on the
front end of the crankcase. Be sure to give the
number stamped after the model as F-2895-G-1,
or whatever the number maybe onthe particular
engine.

When ordering parts — Always furnishcom-
plete description and number, where known,
of the part or parts wanted. Do notuse the word
"complete', state exactly each item that is
wanted and do not designate the quantity by
"sets'; mention how many parts are required.

Tell How to Ship and Where — State whether
to ship by freight, express or parcel post; fur-
nish shipping point and post office address.
Without specific shipping instructions the ship-
per will use his own discretion, and will not be
responsible for any charges by so doing.

Mail Shipments — Goods shipped by mail

a1

are entirely at customer's risk, unleas cash or
postage for insurance accompanies the order.

When Shipped to Us — Shipments to us
should be accompanied by the bill of lading
or express receipt with a letter of advice.
Do not enclose shipping papers with the gshipment.

How to Mark Shipment to Us — 1t is very
important to have all shipments properly marked
with the sender's name and address, to insure
prompt identification upon receipt. Always pre-
pay the charges.

Terms on Repairs — To avoid delay, all
repairs will be sent C.0.D. unless cash accom-
panies the order. All prices quoted are f.o.b.
Waukesha, Wisconsin,

How to Return Parts for Credit — When
returning parts for inspection and credit, (see
Warranty, on page 88 of this book), the engine
number from which the parts were taken mustbe
given and all transportation charges must be
prepaid. Our receiving departmentis not author-
ized to accept "Collect" shipments.




WAUK-ESHA F-2895-G AND F-3521-G 5ERIES

WAUKESHA MOTOR COMPANY
STANDARD WARRANTY

(Effective March 15, 1858)

The Waukesha Motor Company warrants each new Waukesha, Climax or Roiline
engine or power unit manufactured and gold by them to be free from defects in mate-
rial and workmanship for eighteen (18) months from date of shipment, but not to
exceed one (1) year of service, including rental or demonstration service or the first
100,000 miles of operation, whichever ghall first occur.

The obligation under this Warranty, statutory or otherwise, may be limited to
the replacement or repair at the Waukesha factories of such part or parts as ghall be
determined by the Waukesha Motor Company, upon inspection at such point, to have
been defective in material or workmanship.

Thizs Warranty does not obligate the Waukesha Motor Company to bear the
cost of labor or transportation charges in connection with the replacement or repair
of defective parts, unless the Waukesha Motor Company or an Authorized Waukesha
or Roiline Distributor assumes such obligation, prior to the time repairs are made,
In no event will the Waukesha Motor Company assume or require its Distributors
to bear the cost of labor in connection with the replacement or repair of defective
parts, when the engine or power unit hag been in the possession of a using owner or
rental operator for a period of six (6) months or longer or has operated more than-
50,000 miles,

The Waukesha Motor Company makes no Warranty in respect to trade acces-
sories, such being subject to the Warranties of the respective manufacturers.

This Warranty shall not apply to engines or power units, which in the opinion
of the Waukesha Motor Company or an Authorized Waukesha or Roiline Distributor
have been damaged as a result of overloading, overspeeding, overheating, inadequate
maintenance, accident or improper installation or storage. :

The Waukesha Motor Company sghall in no event be liable for consequential
damages or contingent liabilities arising out of the failure of any engine or power
unit or parts to operate properly.

This Warranty does not obligate the Wavkesha Motor Company to provide
"tune up service'.

Waukesha Motor Company

88 .
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