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SAFETY PRECAUTIONS

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

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

Locate fire extinguishers close to the engine so that they are easily
accessible if a fire starts. Carefully maintain records of extinguisher in-
spection and recharging to ensure the fire extinguishing capabilities when
required. Consult your fire extinguisher supplier or insurance engineer
for recommendations on the type, size, and quantity of fire extinguishers
required for the engine installation. We also recommend selecting alternate
routes of escape from any engine installation in the event.of fire.

All engine installations should be equipped with a means of positive fuel
shutoff for emergency use when fuel iz conducted to the engine from a remote
gource. In addition, fuels under pressure such as natural gas or liquified
petroleum gas, ShOuld be controlled by a positive shutoff valve, preferably
automatic, other than those integral 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 harmlegs area. Ignition connections and electrical equipment on en-
gines exposed to potentially explosive ambient atmospheres should be
specially equipped to minimize 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 close proximity to rotating or

heated parts and it is the responsibility of the engine owner to specify or
provide such protection.

WAUKESHA MOTOR COMPANY
WAUKESHA, WISCONSIN

Printed in U.S.A.




INTRODUCTION

The Waukesha Motor Company supplies this handbook as a guide to those
operating and servicing Waukesha WAK and F-1197-G series engines. In most
cases, the procedures in the following pages are to be regarded as recommen-
dations -- they should be combined with good judgment and common sense on the
operator's part. It is emphasized, however, that these recommendations are based
o many years of practical experience with internal-combustion engines, and are
generally applicable under average conditions. Oceasionally, unusual or extreme
circumstances may appear to justify some degree of variation in operating or
maintenance technique. In such cases, it is urgently requested that the problem
he 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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WAUKESHA MODEL WAKC, LEFT SIDE VIEW
DOWNDRAFT GAS CARBURETION ENGINE
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PRINCIPAL ENGINE DIMENSIONS

BORE AND STROKE .., . ... . “h e e e e e e e . 6-1/4x6-1/2
NUMBER OF CYLINDERS . , . . + . « « . . e e e e e ... B
DISPLACEMENT, cubicinches .. ... .. ... ... e en e e 1397
NUMBER OF MAINBEARINGS . . . v ¢ v s 4o v o v o o 4 e e e .. T
FRONT MAIN BEARING, diameter xlength . . . . .. .. .. 4x2-3/18
CENTER MAIN BEARING, diameter xlength . . ... ..... 4x3-9/16
REAR MAIN BEARING, diameter x length . . . . . e e 4x3-1/4
INTERMEDIATE BEARINGS (4), diameter x length . . . . . .. 42x2-3/16

THRUST — taken at front main bearing
CONNECTING ROD LARGE BEARING, . . . - .. .. .. .3-3/8x2-1/18
diameter x length

CONNECTING ROD SMALL BEARING, ... ... ..... 1-7/8x2-1/4
diameter x length

CONNECTING ROD LENGTH, c. t0C.  + v v v v v v o v 4 e 13-1/4

PISTON PIN, floating, diamseter xlength . . ... ... .. 1-7/8 x 5-1/2

RINGS, straight side, compression (3). . . . . S VL

RINGS, straight side, oilcontrol (2} . . ... .+ v v v v v v e 174
(1 for 1800 RPM operation)

VALVE, Intake, clear diameter ... . ... e e e e e e e . 2-3/8
VALVE, Exhaust, clear diameter ... ... ... e e s e s s e 2
TIMING GEARS, facewidth . . . . . v o v v vt v v v v v v 1-1/2
FAN, Bbladedlameter . v+« s+ 32and 36
CRANKSHAFT THRUST — taken at front mam bearmg

FIRINGORDER . . . v v v v s s o & O e N
FLYWHEEL HOUSING, SiZ€ + + » =+ + = = + « & e e e e e e SAE 0
SPARK PLUGE . . . . . @t v v v vt e e ot vv e an s e e s 18mm.
CARBURETOR FLANGE, SAE size (downdraft) gaseous fuels ... 2-1/2
CARBURETOR FLANGE, SAE size, gasoline . . . . . .. e e s e s 2
OILING SYSTEM, capacity, gal. (not including lines and filters} . . ... 8
WEIGHT, Engine (bare) approximate 1b. . . . . .. s i s e s e .. 3080

WEIGHT, unit (with starting engine and PTO)Ib. . .. .. ... .. . 5680

All dimensiong stated in inches unless otherwise indicated.
Do not use for service adjustments,
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DESCRIPTION

DESCRIPTION

_GENERAL

The Waukesha Model WAK and F-1197-G are
six e¢ylinder overhead valve, spark ignition,
gaseous fuel engines designed and constructed
for heavy duty applications. The 1197 cubic
inch displacement engines are, because of their
sturdiness and smooth performance, ideally
suited for many industrial power services. Since
these engines are inmany different applications,
which results in numerous engine equipment
variations, this fext will cover the standard
engine and the most commonly used optional
equipment and accessories. Although reference
is made to the WAK throughout the manual,
this information also applies to the naturally
aspirated F-1197-G engine series,

The following operational and service data
have been prepared from a practical viewpoint.
There are no special techniques or "tricky'ad-
justments necessary to keep the WAKC in good
operating condition. Consistently careful main-
tenance of the engine and its fuel, ¢il, and cooclant,
will more than pay for itself in prolonged good
performance and reliability, Never overlook the
great contribution that properly serviced air
cleaners can make to engine life. In addition,
reasonable storage care, especially of the pre-
cision parts, is extremely important.

For the purpose of discussion, or correspond-
ence, the following references are used:

CYLINDER NUMEBERING - Cylinders are
numbered consecutively from one to six,
starting from the gear cover end.

FRONT and REAR - Reference to such lo~
cations on the engine shall be interpretedas
meaning from the gear-cover (front) and
flywheel (rear) ends,

RIGHT and LEFT - Shall be interpretedas
meaning from the gear-cover (front) and
standing at and facing the rear {flywheel)
end of the engine,

Since many of the parts described contain com-
plex o0il or water passages, no mention hasbeen
made of these passages except as is necessary
to avoid uncertainty. Lubrication and cooling
are discussed under separate headings atthe end
of this section,

CRANKCASE

The main crankcase of the WAKC engine is
a single high-grade iron casting incorporating
seven heavily ribbed main-bearing supports and
locations for the six wet-type cylinder sleeves.
The cooling water passages are formed between
the side-wall structure of the crankcase casting
and the cylinder sleeves. Thus, the sleeves are
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-to-crankcase contact surfaces.
This ig done by the head gasket which seals the
accurately finished mating surfaces at the joint
between the sleeve flange andthe crankcase deck
recess at the upper end, and by two seal fings
at the lower end of the sleeve.

The crankcase has four accurately aligned
locations for the camshaft bearing bushings,
Theze bushings, located on the left side of the
engine, support the camshaft at the front and rear
and at two intermediate points, all of which are
supplied with oil under pressure, Immediately
above the camshaft are 12 locations for the sleeve
type cam follower guides,

At the rear end of the crankcase 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 ofthe en-
gine is held to very close tolerances and the
housing itself is machined true after the engine
has been assembled. Whenever the power take-
off, the fly-wheel, or fly-wheel housing are
removed, the run-out and eccentricity of the
related parts should be checked and adjusted to
the following limits: fly-wheel housing should
not be eccentric more than 0.010-in, total in-
dicator reading; nor should there be more than
0.010-in, indicator reading for the housing face
run-cut, The maximum indicator reading for the
clutch pilot bearing eccentricity is 0.005 inch.
Flywheel face run-out should not exceed 0.012".

Inspection panels, located on the left side of
the crankcase, allow access for removal andin-
spection of the cam followers and permit removal
of any sludge that may collect in this area.
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CRANKCASE
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CRANKCASE, EXPLODED VIEW _

A longitudinal rib extending along the right
side and about midway up on the crankcase is
drilled t¢ form the main pressure-oil header.
Six threaded plugs spaced along this ribindicate
the intersection points of oil leads to the main
bearings. Remaoval of these plugs permits clean-
ing of the oil passages after erankshaft and main
bearings have -been removed for major in-
spection or repair,

Faced mounting bosses and connections are
provided at various points on the crankcase ex-
terior for mounting accessories, lines, and other
equipment selected by the engine operator,

CYLINDER -HEADS

Two cast-iron cylinder heads are designed and
fabricatéd especially for the temperatures and
pressures of industrial and commercial use.
Three intake-valve guides and three exhaust-
valve guides are pressed into each head. To
assure maximum valve performance and life,
inserts are used in intake -and exhaust valve

seats., Mounting pads for the intake and exhaust
manifolds are provided on the left and right side
of each head. Two mounting pads on each head,
support a water manifold that collects the coolant
leaving the engine or in some applications,
"hot’* exhaust manifolds. The cylinder headsmay
be interchanged between front and rear positions,
but if this is done it is necessary to move the

‘rocker-arm oil line conmection from one end of

the head to the other and install a plug in the
hole formerly uged.

CYLINDER SLEEVES

The wet-type cylinder sleeves are cast from
high-grade ironespecially selected and hardened
for long wearing qualities and resistance todis-
tortion. Each sleeve has a shoulder and flange
at the~upper end io locate it in the crankcase
upper deck and prevent shifting and leakage
when the cylinder head and gasket are secured
above it. This flange, and the crankcase deck
recess into which it fits, both have precision-
finished mating surfaces to form a-water seal
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CYLINDER SLEEVE PROJECTION

in this area. The cylinder sleeve projects 0.002-
0.005-in. above the deck to insure a tight crush
gasket joint. Whenever sleeves are installed,
this should be checked. The lower end of the
sleeve is tapered, and immediately above the
taper are two grooves for the rubber seal rings.
Engines with special cooling use a Teflon seal
ring in the bottom groove.

VALVES AND MECHANISM

. Intake and exhaust valves are both of the
poppet type with hardened tips and annular re-
cesses for split-taper locks. Stellite seat facings
are employed on the exhaust valves, The seat
angle of the intake valve is 30 degrees, while the
exhaust valve has a 45-degree seat, To aid in
maintaining free travel in the valve guide, the
exhaust valve stem has a sharp shoulder for a
light scraping action,

The intake and the exhaust valves seat on
inserts in the cylinder heads. These seatinserts
are shrunk in place and have a small recess to
permit insertion of-a puller, for removal.Intake
and exhaust guides are pressed into place inthe
cylinder heads but may be pulled and replaced.
Each guide has a separate collar that rests on
the top of the cylinder head to support the
springs. Intake and exhaust guides may be dis-
tinguished by a 45-degree taper on the upper
end of the intake guide, The upper end of the
exhaust guide has a 3/32-inch radius.

Valves and springs are retained by hardened
washers stepped to center the springs and seating
on split-taper locks. The springs incorporate
damper coils and are interchangeable between
intake and exhaust valves, but should always be’
installed with the close-wound coils towardsthe -

GEAR COVER

WATER PUMP
SHAFT, SUPPORT

WATER PUMP
SHAFT COVER

TRUNNIGHM

GEAR COVER

GEAR COVER
GASKET

DOWEL PIN
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head (downward)., Low speed industrial engines
employ only one spring: othersusually have two,

Valve actuaticn is obtained through chilled and
polished molybdenum-iron alloy roller type cam
followers, riding directly on the camshaft. This
motion is transmitted to rocker arms through
tubular steel push rods equipped with hardened
zockets at each end. Another socket seats in
the cam follower and receives the lower end
push-rod tip.

The forged steel rocker arms iaivot on split-

type graphite-bronze bushings riding on a hard-
ened hollow steel shaft, The bronze bushings
are pressed in place, then reamed, The rocker
arms are curved to align with their respective
intake or exhaust valve tips and to ensure long
wear and accurate adjustment are hardened in
the valve-tip contact area. The rocker-arm
shafts are plugged at each end by spot-welded
expansion plugs, Drilled openings along the
shaft mate with passages in the rocker-arm
bushings and rocker arms to permit lubrica-

tion of the entire overhead mechanism. Three
grooves across one side of each shaft prevent
shaft rotation.
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PISTONS

The aluminum alloy pistons are heavy-duty
castings and of the cam-ground, tapered, full-
skirt type. The piston pins are of the full
floating type and are retained in the piston by
‘spring type clips. These pistons were furnished
in "A", '"B", "C", and "D" sizes, differing by
about 0,0005 (one-half thousandth) on the skirt
diameter, In addition, they are matched for
weight within one ounce, Weight marking should
be noted and service pistons selected to match
others in the engine.

CONNECTING RODS

Bix I-gection connecting rods of the split-
big-end type are used in the WAK Series.
The rods and caps are forged, heat-treated,
and machined in one piece, then separated at

the crank pin end to accommodate gteel backed,

precision-type bearings. Hard bronze bushings
are a press fit in .the piston-pin end and are
burnished in place, then diamond bored for pre-
cise alignment. These bushings are used as a
master reference for horing the large end
bearing seat. For this reason, the connecting
rods in the WAK Series arenever bent for align-
ment purposes, at the factory nor in thefield. A
rifle-drilled passage running slightly tothe right
of the rod center permits oil transfer from the
large-end bearing to the piston-pin area. A
locating dowel for the bearing is fitted in the
cap at a point 7/16 inch towards the front face of
the rod. Observation of this point wil]l prevent
improper installation of the rod cap. Current
engines utilize bearing lugs instead of bearing
locating dowels. Four heat-treated bolts with
slotted nuts retain the bearing caps in place.
Bearing clearance is controlled by 0,002-inch
shims laminated to a total of 0.008 inch thick,
one pack on each side, These shims may be
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peeled apart for adjustment -purpeses, but if
~-such a procedure is undertaken, it will also
be necessary to remove equal amounts from
the bearing shell crush ends-by filing, or lap-

ping on 'a surface plate. The upper and lower -

‘halves of these bearings must not be inter-
changed; to do -so will stop oil circulation to
the piston and pin. Current engines have the
same upper and lower rod bearing halves and
.do not uge” shims.

CRANKSHAFT

‘The Model 6-WAKC crankshaft is precision
ground from a -heat- treated steel forging. In
all WAK models, crankcheeks are of massive
design to provide ruggedness for hard, contin-
uous service. The crankshaft has sevenlocally-
hardened main-bearing journals which run in
precision-type steel-backed, aluminum alloy
bearing shells. The uwpper and lower halves of
these bearings must not be interchanged. Upper
halves have atransverse sloton the outside; low-
er halves do not. Drilled passages, running
diagonally {rom the. main-bearing journals
through the crankcheeks, carry pressure oilto
the connecting-rod bearing areas. The rear
extremity of the shaft has an integral mount-

" ing flange for the flywheel. This flange is

drilled and tapped for ten 1,/2-20 flywheel -

mounting bolts. One bolt hole opposite num-
ber-six crankpin, is offset.1/16 inch in order

to ensure the installation -of the -flywheel in
the proper relationship to the crankshaft, The
front crankshaft journal blends into a finished
shoulder ' surface designed to absorb thrust
loads. This shoulder bears against the inner

- of the twobronze flanges doweled in place on each -

side of the front main bearing. The front exten-
sion of the crankshafi provides twokeyed mount-
ing surfaces to support the crankshaft drive gear
and the fan pulley. The foregoing parts are a
press fit, retained by a.crank-jaw nut, The crank -
shaft mustbelocked forward whenever anew pul-
ley is installed, Failure to do this could result
in improper end play.

CAMSHAFT

The camshaft is a single forging, with ground
cams and journals held within very close toler-
ances of dimengion and alignment. Individual,
hardened cams actuate each of the twelve cam-
followers, An integral worm gear drive,located
between the rearward intermediate journal and
the rear journal drives -the intermnal oil pump.
The forward end of the camshaft is drilled and
tapped and keyed for the retention of the cam-
drive gear and-the governor drive gear. Thrust
and end play are sdbsorbed by a thrust platie
assembled directly behind the cam drive-gear.
A diagonal slot on the camshaft rear bearing
journal, and a drilled hole .in the front journal
control intermittent pressure oiling tothe over-
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LUBRICATION SYSTEM

head valve members. Four steel-backed babbitt
bushings, doweled in the main erankcase, sup-
port the camshaft at each end and at two inter-
mediate points, Replacement of the gears in the
cam drive or governor drive set-up is not
recommended as a field procedure,

Formerly these gears were a selective fit,
with size markings stamped on them. A stand-
ard size is now used without size marks. Only
in extreme cases should a selective fit be nec-
essary.

LUBRICATION SYSTEM

The WAK Series uses a wet-sump, pressure
lubrication system. With the exception of the
inciderr al 0il that normally remainsinthe lines,
filters, and passages, the entire oil supply of the
engine collects in the engine sump. In the rear-
sump oil pan, this sump isdesigned to receive the
oil in such a manner as to minimize turbulence

and to spread it outina smoothflowing sheet for
contact with the aluminum wall surfaces., An
overhang above the deepestportionof the sump
impedes any surging action to the forward end
of the sump under rough operating conditions,

The suction produced on the inlet side of the
ofl pressure pump, or the scavenger pump if
used, draws the oil into the oil-level equalizer
cup and screen in the sump and conducts it to the
0il pressure pump inlet. Having entered the oil
pump, the oilis carried around the space between
the pear teeth and the pump walls by the mech-
anical action of the oil pump gears and is dis-
charged under pressure at the top of the pump.

The pressure-control valve, or pressure-
relief wvalve as it is sometimes termed, is
located in the main oil header and prevents
excessive variations in il pressure in the face
of many conditions —heat and cold, new parts
and worn parts, speed variations, and so on—
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under which an engine must operate, This valve
iz a very effective, and simple, device, and its
proper adjustment is important to engine life.
For this reason, the setting is properly made
at the factory and it ordinarily will be unnec-
essary to make any adjustment for along period
of operation, In operation, the oil enters the
pressure-relief- valve body as a first step into
the main engine pressure passages, If excess
pressure, beyond that for which the spring
has been adjusted, builds up for any reason,
the valve or piston moves away from its seat
.and permits the pressure to relieve by spilling
oil directly into the crankcase, The remaining
quantity of oil that is held at the desired and
established pressure now enters the main oil
header which passes through a horizontal rib
extending the length of the right side of the en-
gine. From this main header, drilled passages
extend through the crankcase webs toeachofthe
seven main bearings. One of these passages, at
the front of the crankcase, intersects a groove
around the idler-gear stub shaft on its way to
the front main bearing. A small portion of the
oil. enters this hollow stub shaft and feeds
through to another groove in the bronze bushing
supporting the idler gear. In addition to lubri-
cating the idler gear bushing, this oil is bled
through three small holes to the outside of the
gear hub and then is thrown by centrifugal action
to the inner rim of the idler gear. A collector
groove in the rim retains a small amount of the
oil and again bleeds it outward through two
holes, this time to the gear teeth contact sur-
faces,

BY-PASS DETAIL

OIL PAN, EXPLODED VIEW

WAUKESHA OIL FILTER

After lubricating the front main bearing,
another portion of this oil is again diverted and
passes upwards to the front camshaft bushing.
Here, a hole drilled through the cam-~shaftbear-
ing journal indexes with a hole in the bushing
twice each revolution in the manner of a simple
rotating valve, Pressure oil passging through
this hole, and thus metered in accordance with
engine speed, passes through a drilled passage
upwards through the crankcase, througha mating
passage in the cylinder head, and emerges
through a fitting and tube on the top surface of
the cylinder head, The tube conducts this oil to
the rocker arm shaft where it is allowed to
bleed to individual rocker arms bushings by
drilled outlets in the shaft. Further lubrication
of the overhead mechanism is accomplished
by bleed holes through the rocker arms and
bushings which allow oil to escape to a flat-
tened ridge on top of the rocker arms and flow
down onto the valve stems and push rod sockets
before draining back to the sump., A similar
intermittent lubrication pattern lubricates the
rear cylinder head with the exception that the
controlling passage in the camshaft journal is
a diagonal slot rather than a drilled hole,

A small portion of the oilfedtothe front cam-
shaft bearing journal passes to adrilled opening
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behind the camshaft bushing and through the
mounting flange for the governor drive into a
mating hole in the governor housing.

A major portion of the oil originally conducted
to the front main bearing enters a drilled passage
leading from the front main bearing journal
diagonally to the crankpin of number one con-
necting rod. Part of this oil lubricates the con-
necting rod bearing and escapes to the cylinder
walls and adjacent areas by spray, Another por-
tion of it, however, passes into a groove behind
the connecting rod bearing shell and into a rifle-
drilled passage leading up the connecting rod to
the piston pin bushing,

The oil filtering system is full-flow., With
this system all ¢il in the pressure system must
go through the filter element or its by-pass
valve before entering the engine,

OIL PUMP

An internally mounted, gear-type, pressure
0il pump with a large reserve capacity is used.
The pump consists of a cast body unit and re-
movable cover, which together act as a housing
for the two 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 oil-pump idler
gear, like the drive shaft, has replaceable bush-
ings for long wear and continued accuracy of
displacement,

The oil-pump cover to oil-pump body seal is
effected by a paper gasket of 0.010-inchthickness.
Substitution of thinner or thicker pasket mater-
ials will disturb the end-clearance relationship
of the pump gears. An internal scavenger pump,
employed on some models, is located just above
the main pumping gears and isdrivenby the same
spiral drive gear on the cam shaft. This pump
is of the conventional spur-gear type.

OIL COOLER

To help maintain the cil at the proper tempera-
ture and viscosity under all operating conditions,
the Model 6-WAKC is equipped with an oil
cooler, Mounted externally, this radiator-like
cooler provides a large number of passages
through which the oil flows under pressure, Cool-
ing water surrounding the passages provides a
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heat-exchange medium and stabilizes the tem-
perature of the engine oil. Under conditions of
unusually high oil viscosity, such as occur on
starting, a by-pass valve allows the thick oil to
flow around the cooler core and directly intothe
engine, An air vent from the oil cooler jacket to
the engine water jacket prevents air lockingand
excesgive oil temperature,

-

COOLING SYSTEM

The cooling system used on the WAK Series
is of the pressure circulating type and may
employ a variety of external cooling devices
such as radiators, cooling towers, heat ex-
changers, and so on, In all cases, the water

enters the water pump inlet on the lower right
gide of the engine, The centrifugal pump causes
this supply of cool water topass into and through
the oil cooler and thenthrougha fitting that leads
directly into the engine cylinder jacket, The
water entersthe engine inthe area of the cylinder
sleeve lower ends. From here the water flow
is directed about the cylinder sleeves inaneven
manner until it passes upward from the crank-
case and into the cored passages in the cylinder
heads. These passages are carefully designed to
allow cooling water access to all areas around
the valves., A manifold collects the water from
the cylinder heads on the right side of the engine
and directs it to the radiator or other cooling
device. Thermostats at the forward end of the
water manifold control the exit temperature of

1

SCHEMATIC OF COOLING SYSTEM

10
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the water, Back pressure atthe water outlet must
not exceed 2 pounds per square inch regardless
of the type of cooling system employed. A by-
pass line from the thermostats leads vertically
down the right side of the engine and returns the
water to the pump inlet for recirculation under
cold water conditions, When the engine is warmed
up and operating normally, the entire flow passes
out of the engine for cooling unless temperatures

are marginal, in which case occasional by-

passing will occur, When the Model ICK gaso-
line starting engine is used, external lines
couple the starting engine cooling system with
the main engine passages.

WATER PUMP

The water pump used on the WAK Series
is an externally mounted centrifugalwnitdriven
by a positive gear train from the crankshaft.
The pump itself is a vanedimpeller, press{itted
on a hardened shaft, and operating in the
chamber formed -between the cast water-pump
body and the water-pump cover, Athird member
of the unit is an iron casting that acts as a car-
rier for the water-pump ball bearing and serves
as a mounting surface when the pump is in-
stalled on the engine, The water-pump shaft runs
in a grease-lubricated bearing located just
behind the impeller, and is supported at the
drive end by the ball bearing pressed into the
carrier, This bearing is located just behind the
drive gear. An oil retainer, also pressed into
the bearing carrier, prevents engine oil {rom
the gear housing from passing along the shaft,

Self-adjusting automatic type seals attwopoints
on the pump shaft prevent water seepage. A
grease cup supplies grease to the water-pump
bearing.

INTAKE MANIFOLDS

The intake manifolds used on the WAKC
series are selected according to the engine ap-
plication. They may be of the water-heated type
for gasoline or the conventional cold type for
gaseous fuels; in either case updraft.or down-

" draft types are available,

GOVERNOR
DRIVE

DRIVE GEAR ARRANGEMENT
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EXHAUST MANIFOLDS

Ag with the intake manifolds, exhaust mani-
folds are suited to the engine installation, Pro-
visions are made for various combinations to
permit exhaust gas to exit at center or rear of
the manifold; and in some cases inanupward or

downward direction. Installations where high-

exhaust manifold temperatures might create a
fire hazard or make for operator discomfort
may be equipped with water-cooled manifolds.

When designing systems to conduct exhaust
gases from the engine, restrictions to flow
should he minimized and back pressure held to
one-half pound per square inch maximum. For
high speed operation with a muffler, one pound
per square inch is permissible.

IGNITION SYSTEMS

Smooth combustion requires positive ignition
in the cylinders at finely defined intervals. This
function is performed on the WAKC engine by
a magneio or distributor. Magneto equipped
engines employ either a high-tension or low-
tension magneto system depending upon the en-
gine seryice involved. Magnetos are mounted
to the rear of and driven by the water pump
through shaft. The distributor isusually mounted
on the left front side of the cramkcase and is
driven by a spiral gear mating with a similar
distributor drive gear on the camshaft,

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

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

High-Tension Magnsto Ignition

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

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

~ drive timing the ignition to the normal spark

advance,

Low-Tension Magneto Ignition

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

This low tension ignition system differs from

" the high tension ignition system in geveral ways.

Primarily, the low tension system confines the
high wvoltage electricity necessary to fire the
spark plugs to a relatively small part of the
entire system, Thus, pcssible deterioration of
longer wires and loss of current is minimized.

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

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

Distributor Ignitian

Utilizing battery current and an ignition coil,
the distributor functions in much the same way
as the magneto. The retarded spark for starting
is obtained by the centrifugal spark advance
mechanism that automatically advances the
spark as engine speed increases.

Breakerless Distributor lgnition

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

GASOLINE CARBURETION

In the gasoline carburetor the functions of
metering and vaporization of fuel are accom-
plished through a float valve and an intricate
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TYPICAL IGNITION DISTRIBUTOR

geries of jets and venturis according to the
speed and load of the engine, This process is
carried out in three phases; idling, part load,
and full load, with each phase involving a par-
ticular combination of the carburetor system.

Idling performance is obtained through a
special fuel jet and air bleed past the throttle
vaive supplying fuel independently of the nor-
mally loaded system of the carburetor. When
the engine is working under part load, econ-
omical use of fuel is desirable and is obtained
by a mixture leaning out provision that sup-
plies only encugh fuel to carry the load at the
most economical fuel and air mixture. With
the throttle wide open, maximum power is the
major concern, and the leaning out system
becomes ineffective s0 the fuel and air mixture
becomes rich enough for maximum power.

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

Operation of the engine on gaseous fuels
requires the use of a gas carburetor, fuel line
regulators, and fuel filter,

The gas mixer, or carburetor, consists of a
simple jet, a throttle valve and special idling
system passages and venturi to operate in
conjunction with the carburetor regulator. Some
models of gas carburetors with air shutter type
choke are provided with an economizer action
that permit part load operation with economical
mixtures and enrich the mixture for maximum
power when necessary.

When liguified petroleum gases (LPG) such
as hutane or propane are used, the fuel sys-
tem will include a butane filter, butane regu-
lating unit, either a gas or gas-gasoline car-
buretor and a heat exchanger to vaporize the
fuel,

The butane regulating unit reduces the higher
incoming fuel pressure to that required by the
carburetor and converts LPG fuel from a
liquid state under tank pressure into a dry
gaseous fuel slightly below atmospheric pres-
sure. This is_achieved by heating the fuel with
hot water drawn from the engine cooling system,

GOVERNORS

‘ The standard Waukesha WAKC engine is fur-
nished with a centrifugal type mechanical gover-

nor which provides speed regulation and also
prevents engine -damage from overspeeding,
A vacuum compensator, which works off intake
manifold vacuum and thereby reflects load con-
ditions, is used in combination with the mech-
anical governor in applications requiring closer”
engine speed and load regulation. An optional
hydraulic type governor, the Woodward Model
P3G, is used in place of the mechanical gover-
nor in certain close regulation applications,

Mechanical Governor

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

The governor also acts as a protective device
to prevent engine damage from overspeeding,
Here, as the speed increases towards that speed
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established as the maximum, the weights move
‘outward under the increased centrifugal force.
This movement i8 opposed by the governor
spring. When the force acting on the weights
is balanced by the spring tension the butterfly
linkage stabilizes. At this point the amounts of
fuel and air entering the engine areheldto those
needed for the selected maximum speed and no
more.

From the above paragraph, it can be seenthat
" the maximum speed of the engineis regulatedby
the tension of the spring. An increase in spring
tension increases the maximum governed speed;
a decrease in spring tension decreases the maxi-
mum governed speed.

Because overspeeding isapt to have such seri-
ous effects upon engine life, itis strongly recom-
mended that the rated speed for any particular
engine not be exceeded. In cases where some
advantage seems possible through increased
speed, the Engineering Department of the
WAUKESHA MQOTOR COMPANY should be
consulted before changes are made.

Also, since the speed of response to load, the
desired speed drop under load, and so on, will
differ depending on the engine application and
circumstances, it is recommended that unusual
governing requirements be worked out with the
assistance of the Engineering Department of the
WAUKESHA MOTOR COMPANY, Ordinarily,
certain minor changes are all that is required
to adapt this type of pgovernor to its job.
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Woodward PSG Governor

The PSG governor is a hydraulic speed gov-
ernor with buffer type compensation. It is nor-
mally isochronous, that is if the engine iz not
overloaded it maintains the same speed regard-
less of load, except momentarily at the time load
change occurs,

The governor uses engine lubricating oil or
an oil supply from a separate sump furnishedby
the engine manufacturer. If the latter is used,
lift should not exceed 12 inches and a foot valve
should be furnished,

It is desirable that the engine be equipped with
a separate overspeed device to prevent runaway
in the event of any failure which may render the
governor inoperative.

0il is supplied to the governor oil pump where
its pressure is hoosted to 179 psi above inlet
pressure., Four check valves two of which are
shown are used to permit rotation of the gov-
ernor in either direction. Relief valvedischarge
is back to supply, so unused cil is recirculated
within the governor.

The governor oil under pressure is carried
through ducts to the pilot valve, whichisa three-
way spool valve arranged to ¢omnect the avea
below the governor power piston to the pressure
oil supply upon an underspeed signal or to dis-
charge upon overspeed. The governor flyweights
are carried on pivot pins in the rotating bushing
which forms both the outer member of the valve
and the drive shaft. The flyweights act upon a
thrust bearing atfached to the pilot valve plunger
and their centrifugal force is translated toaxial
force at the flyweight toes and opposed by the
speeder spring. Speeder spring compression,
and therefore the speed at which the governor
must run in order that the flyweight force will
balance that of the spring, is adjusted by the
position of the speed adjusting lever.

The isochronous feature of this governor is
provided through the use of a compensating sys-
tem which establishes temporary speed droop
stability and then dissipates this droop so that
engine speed is constant under steady state con-
ditions regardless of load. This compensating
system consists of 3 buffer piston floating be-
tween two springs to establisha pressure differ-
ential as oil flows to or from a section of the
power cylinder together with a compensating
land on the pilot valve plunger across which
this differential pressure is applied, and a
needle valve through which the pressure differ-

ence is dissipated.
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Upon a reduction in.engine speed from its set
value, the speeder spring force overcomes the
reduced centrifugal force of the flyweights and
the pilot valve plunger moves downward in-its
‘bore. ‘This movement uncovers the port at the
lower end of the plunger, permitting oil under
pressure to enter the passage leading to the
power cylinder. ‘The power piston has two con-
centric areas, both of which are exposed to the
.control oil metered by the pilot valve, the lower
smaller diameter being acted upon directly, and
the upper annulus being .connected through the
bore in the power piston in which the buffer
piston is carried. Flow of the oil into the power
cylinder forces the power piston up against the
return spring (not shown in diagram) and some
of the ¢il displaces the buffer piston to force
oil into the upper annulus. This flow into the

upper annulus establishes a pressure differen-.

tial across the buffer piston, which is trans-
mitted to the spaces above and below the com-
pensating land on the pilot valve plunger.Higher
pressure on the lower side of this land acts in
the direction to supplement the flyweight force,
-causing closure of the pilot valve before original
speed has been regained, As 0il leaks across
the needle valve this false speed signal is dis-
sipated and the buffer piston recenters in its
bore with engine speed returning fo normal.

Action under the influence of an overspeed is
similar but in the reverse direction. Increased
centrifugal force of the flyweights, due to in-
creased speed, overcomes the speeder spring
force and lifts the pilot valve plunger, Upward
movement of the pilot valve plunger opens the
regulating port to drain and permits the power
piston to be forced in the reduced fuel direction
by the return spring. At the same time, flow of
0il out of the annular space between the two
diameters of the power piston, uncenters the
buffer piston in the downward direction, Pres-
sure difference thus created across the buffer
piston, acting on the compensating land, recen-
ters the pilot valve plunger. As oil leaksacross
the needle valve this pressure difference is dis-
sipated and return of speed to normal brings
the flyweight force back to normal.

STARTING SYSTEM
The starter mechanism used for these en-

gines is either electric starting, a starter
engine, or an air motor starter.

Electric Starting

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

Starting Engine

A Mopdel ICK gasoline starting engine is pro-
vided for units requiring heavy-duty starting
equipment that operates through a starter drive
mechanism, The starter engine is easily started
by a rope starter on the gear end. By furnish-
ing adequate power for full cranking szpeeds
even when the oil is heavy, dependable starts
for the maijn engine are insured.

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

Air Starting Motor

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

When natural gas is used for engine starting
through the air motor, the exhaust and breather
openings should be connected and piped toa safe
distance from the engine, The motor should also
be checked periodically for gas leakage at all
points where gaskets and seals are used.
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LUBRICATION

The performance of a lubricant, like that of
any manufactured product, is the responsibility
of the refiner and producer. Also, the engine
operator, to a large degree, controls the oil's
performance, for he is the one who must make
decisions on oil changes, filter changes, loads,
general maintenance, and operating conditions.
A tabulation of lubricant producers and market-
ers, together with the performance grades for
which the producers have indicated their pro-
ducts are qualified, is available from the Engine
Manufacturers Association (EMA), 333 North
Michigan Avenue, Chicago, Illinois - 60601. The
Waukesha Motor Company has made it a practice
not to recommend oil by brand name,

NOTE

All Waikesha industrial engines are con-
sidered to be in heavy-duty service, They
are classified "A" or "B" according to
displacement: Class A, engines up to 1000
cubic inches and Class B, engines above
1000 cubic inches.

For Class B engines operating on gaseous
fuels, Waukesha Motor Company recommends
oils compounded [or gas engine operation. In
addition, the oil shall have 5,000 PPM of barium,
calcium, or combination of both with a maxi-
mum of .03 percent zine. In addition the sulfated
ash level should be 2 to 3.4% by weight. Some
lower ash oils give satisfactory performance,
but experience shows that valve and valve seat
wear are improved when oils having a high ash
level are used,

We have seen considerable evidence, pointing
to failure of some low ash and ashless lube oils,
compounded especially for natural gas engines,
to retard valve and seat wear,

Our inspection of a considerable number of
cylinder heads has also revealed the formation
of lacquer on valve stems that could be avoided,
providing the oil is changed more frequently.

Waukesha laboratory tests, conducted over a
period of several years and verified by some of

the major oil companies, have indicated a dra-
matic reduction inthe rateof valve and seat wear
when lube oils, with 5,000 parts per million of
Barium, Calcium or combination of both is used.
There is now a feeling that the Zinc content of
these Series 3 lube oils shouldbeheldto a mini-
mum, especially when the gas engines are turbo-
charged, to reduce fouling of turbo rotating parts
- and nozzle rings.

Qur experience during the past year has in-
fluenced us to again specify lube oilg containing
5,000 parts per million of Barium, Calcium or
combination of both for Waukesha gas engines.

We are completely aware that some suppliers
of lube oil will prefer to disregard our recom-
mendation and may continue to use special gas
engine oils in their engines, In addition, we are
aware that some engines will not tolerate Ser-
ies 3 lube oils, due to build-up of deposits in
combustion chamber areas. This problem does
not exist in our WAK Series engines.

It is necessary for use to emphasize the im-
portance of our recommendation. Waukesha will
not accept responsibility for excessively rapid
valve and seat wear unless these new recom-
mendations are followed,

Many owners will request a list of lube oils
that meet our recommendation and we have
contacted many of the lube o0il suppliers, to ob-
tain their reaction and their reference to the
specific oils that do conform. A list of such oils
is available from the Waukesha Motor Company
or any of its field agencies,

Multi-viscosity oil should be usedonly where
cold starting conditions make it necessary. The
0il supplier should assume full responsibility
for satisfactory performance of the multi-vis-
cosity oil at both low and normal engine opera-
ting temperatures.

QiL CAPACITY

The oil capacity of the main engine with-out
filters or other equipment is 32 quarts. When the
Waukesha full-flow filter is used additional oil
will be required. If additional filters or other
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engine lubricated equipment is used, the ca-
pacity should be determined and the correct
amount added. Engines operating with a full-
flow type oil filter must have the filter pre-
filled. Prefilling the filter is necessarybecause
the engine will be starved for oil until the
filter and lines are filled.

After prefilling the filter, operate the engine
10 or 15 minutes without load. Shut the engine
down to determine how much, if any, additional
oil is needed to bring the level to "full” 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 filter 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 filter
must be serviced, Oil performance will reflect
engine load, temperature, fuel quality, atmos-
pheric dirt, moisture and maintenance. Where ¢il
performance problems arise or are anticipated,
the oil supplier should be consulted. For Class B
engines, an oil change period of 500 hours of nor-
mal service can be used asaguide,unless mon-
itoring by analysig indicates the suitability of a
shorter or longer change period. One partofthis
analysis is monitoring the viscosity change,
which should not exceed two SAE grades from the
new oil. When extended drain periods are con-
templated, the supplier's analysis, or that of a
reputable laboratory, should determine the suit-
ability of oil for further service. 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 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 emulsi-
fication. Such conditions call for more fre-
quent changes or a different oil, In winter opera-
tion, low oil temperatures {below 160°F.) are
particularly likely to cause sludge formation.
Temperature-control devices — curtains, shut-
ters, and so on — should be used if needed
in order to hold the oil temperature around
180°F.

OIL SCREENS

If any indications of low or fluctuating oil
pressure appear, we recommend the removal
and cleaning of the screen mesh strainer below
the oil-level equalizer in the oil sump. To re-
move 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 remaoval without damage to the screen.

SELECTING OIL VISCOSITY

All other things such as oil type and quality
being equal, the principal factor in choosing the
proper 0il viscosity is the operating tempera-
ture of the oil in the crankcase. It is this
temperature that establishes the running vis-
cosity of the oil.

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

. Find the femperature 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 to vary,
re-check the oil temperature as above
and select an oil of lighter or heavier
viscosity as required by the new condi-
tions.

CLASS "B ENGINES
OIL TEMPERATURE METHOD

SAE Vigcosity
Numbers

0il Operating
Temperatures

190° - 210° F. 40
150° - 180° F. 30

GREASING

Every effort has been made tc make the WAK
Series "clean” engines requiring little lubrica-
tion beyond the automatic functions of the oiling
system. Consequently, grease applications have
been reduced to a single grease cup on the
water pump for which ball bearing grease must
be used as indicated on the tab. Onthose instal-
lations with a fan, it will be necessaryto remove
the screw plug from the fan hub about once a
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month, install a grease fitting temporarily, and
apply a good quality grease selected for ball-
bearing applications,

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-
sirable effects of operating at abnormally low
or high oil temperatures can be alleviated to
some extent by the use of additive type oils.

BREAK-IN

New or overhauled engines shouldbe "broken-
in" to seat piston rings properly on a low addi-
tive type oil for the first 100 hours of operation.
(NOTE: Stand-by engines should have a specific
break-in cycle before being put into service).
Never idle for more than 15 minutes. Load and
unload procedure is best. Repeated loading with
equal idle periods in 5-minute intervals for a
period of one hour results in more rapid
break-in of the engine,

OIL CONSUMPTION

Acceptable oil consumption should range from
0.002 to 0.004 pounds per horsepower-hour. To
figure use —

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

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 cranking it over.
This results from the cold, heavy oil on the
bearing surfaces raising the friction load to a
higher value than the torque the engine is able
to develop at starting speeds. It has beendeter-
mined by dynamometer tests that SAE 30 oil,
-at 30 below zero, may require more than three
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
starting or a policy of removing the oil during
ghut-down periods and warming it-before re-
“filling the crankcase.

OIL FILTER

Model F-1197-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 oil because
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 itgself, and may reduce
engine life materially.

Because of the above possgibility, the recom-
mendations made for filter change periods coin-
cide with the recommendations for oil change,

If the oil shows evidence of sludge formation
or improper filter operation, it shouldbe 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 run-
ning the lubricating oil for maximum periods
between changes, then the filter may be consider-
ed as satisfactory for this period ofoperation. In
all cases, the [ilter elements should be changed
at the time of oil change. When changing full
flow filter elements, be sure to prefill the filter,

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

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 genuine filter ele-
ments.




WAUKESHA WAK AND F-1197 -G SERIES

SERVICE

Technical Data

Selection of the correct fiiter element is im-
portant and the following description is provided
to avoid confusion.

Element No. 167602. Dual density standard
element. Used in single and dual element filters
and in fourteen element filter only for 1.-5100 and
larger engine models.

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

Element No. 167603. Single or constant den-
sity 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 volume required.

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

QIL PRESSURE CONTROL

Under all normal operating conditions, the
high-capacity pumps used on the WAK Series
will maintain the oil pressure within the spec-
ified limits of 40 Ibs, A cold engine, or the
addition of cold o0il to the crankcase of a
warm engine, will cause high il pressure
until the oil temperature stabilizes in the pro-
per range, A warm engine will normally carry
a low oil pressure at idle speeds and no alarm
should he felt under these circumstances if it
does not fall below 15 pounds. Moreover, the
oil pressure gauge of an engine started under
cold conditions may fail to register pressure
immediately because of congealed oil in the
gauge line, If pressure still fails to register
after the engine has run for 25 to 30 seconds,
the engine should be shut down and the cause
of the lack of pressure determined and cor-
rected. ‘

Adjustment of the oil-pressure relief valve
is seldom necessary. This ¢peration 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 cil, bearing clearances,
no leakage, and So on - be satisfactory before
attempting to adjust the oil pressure, Tighten-
ing the pressure relief valve is not proper com-
pensation for diluted or broken-down lubricating
oil,

il pressure fluctuations may gsometimes be
caused by erratic operation of the pressure
relief valve. If this occurs, it is recommended
that the pressure relief valve adjusting screw
and the spring be removed. It is then possible
to check the pressure relief valve itself for
freedom of movement, Small particles of 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 hone
and crocus cloth dipped in fuel oil,

OIL COOLER MAINTENANCE

Maintenance of the oil ¢ooler unit consists
largely of periodic cleaning and inspection for
clogging, corrosion, or an inoperative by-pass
valve, Improper or fluctuating oil pressure, or
an undesirable increase in oiltemperature, may
indicate the need for servicing the cooler more
frequently. -Generally, the cooler should be re-
moved from the engine, disassembled, and
cleaned after each 500 hours of operation,
After long service, eXpediency may make it
more practical to replace the inner cooling
core ‘with a new unit. This may be done by
removing the cap screws retaining the cover
on the cooler body and lifting out the core.
All rust and lime deposits should be removed
from the water passage area of the cooler at
this time, The sludge deposgits within the cooler
core may be cleaned out by several methods.
It is recommended that cleaning take place as
quickly as possible after removing the cleaner
from the engine, Exposure of the tube interiors
to the air, or blowing air throughthe tubes, con-
tributes to a hardening action that makes for
difficult cleaning, Cleaning fluids suitable for
sludge removal range from benzol, orcoal-far-
naphtha, fo more complex industrial washers
and degreasers utilizing trichlorethylene, car-
bon tetrachloride or some of the excellent indus-
trial detergents available, Personnel doing such
cleaning should remember that most cleaning
substances capable of removing oil varnish are
also, toagreaterorlesserdegree, toxic and may
be injurious to skin, eyes, and respiratory pas-
sages., Moreover, adequate ventilation and fire-
protection measures are essential in most cases.
Technigues for sludge removal will vary some-
what acecording to the equipment at hand. Gen-
erally, it is best toallow a soaking period during
which the cooler core unit is submerged in the
cleaner, When the cleaner has loosened the de-
posits, usually within about 15 minutes, a pres-
sure pump should be used to force the cleaner
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back and forth through the core passages. This

pumping should continue for several minutes,
When all foreign material appears to be re-
moved, drain and dry the core, then test it in
a clean solvent solution for traces of deposits
still remaining, Reassembly of the ocil cooler
unit is the reverse of disassembly, Observe
normal precautions with- the gaskets to pre-
vent leaks and to ensure that no oil passage
holes are blocked. )

AIR CLEANERS -

Although various types of engine installations
will have differences in air-cleaner types and
arrangements it is important for the operatorto
appreciate that the common purpose of all air-
cleaners is to collect dirt and grit and so keep
it out of the engine working parts. As a result,
the cleaner units must themselves be cleaned,
sometimes several times each day if operating
conditions are particularly bad. Glass jars, on

'OIL COOLER AND-RELIEF VALVE, EXPLODED VIEW

those cleaners employing glass-jar pre-filters,
should be emptied whenever they approach half-
full, Do not oil the jar interiors. Most medern
cleaners are of the so-called oil-bath type. In
principle, the intake air passes over a pool of
oil located at the bottom of the filter shell.” Some
of the dust particles are simply caught by the
0il and settle-at the bottom of the pool; other
particles adhere to the oil vapor and droplets
that leave the surface of the cil pool. The latter
are prevented from entering the engine by a
wire-screen element,

To clean filters of the type described above,
flush out the oil in the lower part whenever an
obvious accumulation of sediment, or thickening
of the oil, makes itself apparent, Scrape away
any accumulation, then refill the unit withfresh,
clean engine 0il. A bead pressed in the metal
indicates the proper oil level, The screen filter
is easily washed out in gasoline or a similar
solvent, :
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Screen

OIL BATH AIR CLEANER

Because the dust particles are so small, yet
possess the ability to cause great damage, it is
abgolutely imperative that air-inlet connections
be kept in tight condition to avoid taking in
unfiltered air, :

COOLING AND ANT-FREEZE

‘The cooling system of the bare WAK Series
engines holds 10-3/4 gallons of water without
provision for radidtors or other equipment.
When adding anti-freeze compounds on a per-
centage basis therefore, remember to include
the coolant volume of the radiator or- other
external parts of the cooling system. The
_ following table may be used as a guide,

Pure .
Methyl Denatured Ethylene
Wood Wood Glycol
" Aleghot Alcohol "Prestcne”

Radiator Freezing
-Glycerine Proints
(G.P.A)  °F. ‘C.

13% 17% 16% - 3% 20 -7

20% 26% . _oeng . 55% .10 -12 -

27, 34 13% 0% 0

32% 40% 39% <10

3%, 48% 44% -30 .29
40, 530, 48% -30

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

Never fill an engine with straight water after
it has been exposed to sub-freezing temperatures
for any length of time, This applies even when -
warm water is used because the water in_the
radiator and jacket passages cools rapidlyandis
likely to freeze before the engine canbe started.
If it is planned to leave the coolantin the engine
at the next shutdown, then mix the proper pro-
portion of scluble o¢il, anti-freeze and water
before filling the engine. If water alone is to be
uged, 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 requires,
of course, that the water be drained immediately
when the engine ig shut down.

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

Undeér normal conditions, the two heat-~-sensi-
tive thermostats in the outlet of the water mani-
fold will maintain temperatures within the
desired limits of 160°to 180° F, :

.By way of caution, it must be remembered
that "if the engine is to be operated with the
thermostats removed - and this is not recom-
mended exceptincase of emergency - provision
must be made to block off the by-pass passage

‘or else water will continue to recirculate without

passing through the radiator or other external
cooling system. Also shufters or other means
will be required to maintain the temperature at

- the desired level.

Thermostat Removal

Ordinarily thermostats -will seldom need re-
placement in the field. They should be checked
from time to time, however, and are gquickly
accessible by removing the thermosgtat housing
at the forward end ‘of the water manifold. The
steps necessary to accomplish this are simply
the removal of the by-pass line elbow,the water

“outlet connection hose, and the cap screws secur-
- ing the housing to-the manifold. Thermostats

damaged by.corrosion or other causes are not
-repairable and must be replaced. -




“WAUKESHA WAK AND F-1197-G SERIES

SERVICE

Thermostat Testing

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

Thermometer

.THERMOSTAT TESTING

Cleaning the Cooling System

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

To clean the cooling system', . ,

1. Drain gsystem and measure water volume,

2, Replace half of measured volume with
fresh water,

3. PBoil other hal of volume and add wash-
ing soda until no more will dissolve,

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

5. Operate engine normally for 24 hours,

6. Drain, flugh, refill with c¢lean water to
which a soluble o0il has been added in a
proportion of one 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 sucha cleaner first investipate its possible
reaction with the copper and bronze parfs in
the engine, If such a cleaner is used, follow the
manufacturer's recommendations carefully,

Cooling Fans

About the only maintenance work encountered
in connection with cooling fans will be the
occagional straightening of a blade damaged in
some manner and the replacement of fan belts,
In the case of slightly bent blades, it is impor-
tant 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 intotrack,
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 Belis

Periodic replacement of fan belts is good in-
surance against damaged radiators and inoppor-
tune shut downg. Provision has been made to
reduce the stretch between the fan pulley and
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the drive pulley on the engine and this adiust-
ment should be used to install the belt, Attempt-
ing to force the belt over the pulley while it is

under tension is almost certain td damage the

helt.

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

1. Loosen the fan-hub nut located behind
the fan-support bracket,

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

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

4. Retighten the fan-hub retaining nut,

Compressor Drives

Many installations will use a three-point belt
drive to drive an air compressor, This arrange-
ment is detailed on the installation drawings
obtainable from the WAUKESHA MOTOR COM-
PANY.

Greasing Fan Hub

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

CLUTCH AND POWER TAKE-OFF

The clutch and power take-off, on engines so
equipped, is a heavy duty dry friction disc type
unit capable of withstanding continuous service
with little attention from the operator. Spring
loaded friction discs compensate for normal
wear and when adjustments are necessary, they
can be made with tools normally available.

If the eclutch slips, overheats, or if the
operating lever jumps out of the engaged posi-
tion, the friction disc springs have extended to
a length where they are no longer effective,
clutch adjustment is usually necessary.

Clutch Adjustment

1. Remove the clutch housing inspection
cover.

. Rotate the engine until the adjusting
Yock pin can be reached.

Pull =adjusting lock pin out and turn
‘adjusting yoke clockwise until the op-
erating lever requires a distinct effort
to engape,

After the adjusting yoke is turned to
this point, engage the lockpin in the
nearest notch.

- PILOT BEARING

TYPICAL POWER TAKE-OFF SHOWING
LUBRICATION FITTINGS

A new clutch generally requires several
adjustments until the friction surfaces are worn
in. After considerable service, wear may occur
to the extent that further adjustments with.the
adjusting yoke cannot be made, and the iriction
discs must be replaced.

AIR STARTER LUBRICATION

.Check the o0il level before starting the air
motor by opening the oil level plug in the motor
housing cover. The oil level should be checked
weekly and oil added as required to fill the oil
regervoir. On systems equipped with line Jubri-
cators, maintain the proper oil level as marked
on the "Lubricator' bowl. Use SAE 20 oil ahove
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30°F. and SAE 10W oil below 30°F. For cold
weather (below 10°F.) use No. 2 Diesel oil. For
warm weather (above 70°F.) use SAE 30 oil.

The drain plug below the oil level plug should
be removed occasionally to allow any water or
condensate in the bottom of the housing cover to
drain off. This should be done before adding new
0il and after the motor hasbeenidle long enough
to permit the oil and water to separate.

Onece every three months, or ag experience
dictates, remove the pipe plug from the gear case
and ingert a grease fitting to apply a good quality
No, 2 cup grease. Two or three strokes from a
grease gun are sufficient for the gear case.
Do not pack the gear case full.

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

Do not adjust the built-in lubricator unless
the starter exhaust is either oil-freeor containg
an excessive amount of oil. Turn either or both
of the oiler adjusting screws in to decrease
the oil flow; back them out to increase the o0il
flow. Both of the ciler adjusting screws are
located in the housing cover. They are either
both accessible through the air inletor oneoiler
adjusting screw is accessiblebehindthe air inlet
{this has a locking screw on top of the adjusting
screw) and the other oiler adjusting screw is
accessible only after removing the housing cover.

% Batlery
Quiput

COLD REDUCES BATTERY POWER

IGNITION SYSTEM MAINTENANCE

The WAKC series engines may be equipped
with either distributor or magneto ignition.
For top engine performance, each unit of the
ignition system must be in good condition and
properly adjusted, Normal maintenance consists
of replacing defective units at periods deter-
mined by experience with the type of service
involved. Adjustment gseveral times during the
service life will extend the usefulness and help
benefit engine life,

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

Battery

Check the electrolyie level weekly and main-
tain it 3/8" above to even with the lead plates.
I possible check the specific gravity at this
time since that information is valuable in de-
tecting trouble before damage occurs. A spe-
cific gravity of between 1,250 and 1.285, all
cells reading within 0,010 and 0.015 of each
other, indicates a well charged battery. Read-
ings below 1,250 indicate the necessity for
commercial charging while repeated specific
gravities below 1,250 call for thorough inspec-
tion of the electrical system, Deposits that
appear on the battery cables may be removed
by washing with a weak baking soda and water
solution or household ammonia. A vasoline
coating on the exposed parts will prevent the
formation of more deposits,

Starter and Generator

The starter and generator bearings must be
lubricated with about five drops of light engine
oil every 300 hours, oftener for the starter if
it is used frequenily, Do not over lubricate :
because excess o0il may reach the commutator,
brushes, or insulation and seriously impairthe
unit's operation,

Also after 300 hours of operation inspect the
commutator and brushes for indications of
excessive wear, A slightly tan commutator that
iz smooth and shiny is in good condition and
will not require attention. If it is rough and
dirty, place a strip of 00 or 000 sandpaper, not
emery cloth or paper, over a block of wood and
hold it against the commutator while the motor
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COMMUTATOR

Undercut Mico With Piece OF
Hacksow Blade

W—— SEGMENTS

MICA
WRONG WAY

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

Start Groove In Mica
With Three Comer File

RIGHT WAY

Mica Must Be Cut Away
Clean Between Segmeants

UNDERCUTTING MICA

is turning over. Continue this operation until
the commutator is free from dirt and rough
spoty but do not remove any more stock than is
necessary, Then blow any sandpaper dust out of
the motor.

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

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

Regulator and Solencid Switch

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

Spark Plugs
Misfiring or ragged operation may be due to

faulty - spark plugs caused by carbon accumu-
lations and burning of the electrodes, They

should be cleaned, inspected, and the gaps
checked approximately every 200 hours of
operation, or oftener if the engine idles for
prolonged periods. After 300-400 hours, it
is advisable to replace the entire set when any
spark plug is defective.

Deposits on the electrodes and insulator may
be removed by commercial abragive cleaners,
Scraping the iInsulator is not recommended
gince the resgulting scratches increase the ten-
dency of carbon deposits to form,

After the spark plug has been cleaned, adjust
the gap with a round wire gauging tool to 0.0256"
by bending the outer electrode. As the spark
plugs will have a tendency to burn the elec-
trodes and widen the gap, it is important that
gap be checked whenever the plugs are removed
from the engine. Missing at low gpeeds is very
often due to a wide spark plug gap.

Also ingpect the plug for cracked or porous
insulator and check condition of the ignition
cable,

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

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

IGNITION SYSTEM MAINTENANCE CHECKLIST

Check for correct heat range in
plug manufacturer’'s chart, Exam-
ine for cracked porcelain, leakage,
burned electrodes, deposits oncen-
ter insulator, correct gap, good
washers, and clean threads and
seating surface. Remember, aplug
may APPEAR satisfactory and still
miss,

Spark
Plugs

Check for sound, unburned, insula-
tion without cracks, breaks, or oil
contamination, Terminals at each
end should seat firmly on clean,
uncorroded contacts,

Distributor Check for secure sgeating, clean

Cap exterior, and interior free irom
oil, grime, powdered metal, paint, -
or hairline cracks. Clean corrosion
from terminal sockets,
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case, freedom from oil and grease,
wire connection solid. Trynew con-
denser if in doubt,

27

High Voltage
to Distributor
Primary Wire .
from Switch 4 3
and Battery i &
—
LU
=
azzanm —
e “mam= Ground to
R =" Engine
TYPICAL BATTERY IGNITION SYSTEM, SCHEMATIC
‘Distributor Check for cleanliness, firm seat- Breaker Check for interior cleanliness,
Rotor ing, shiny center contact, arm con- Housing freedom from oil and grease, free
tact not eroded short, nor striking movement of centrifugal advance
cap contact lugs. system without looseness or slack
in parts, Observe operation of vac-
Distributor Refill at oil plug with SAE 20 en- uum load retard.
Shaft gine oil every 200 hours; test man-
ually at breaker cam for wobble Coil If a coil is suspected to be defec-
from excessive bushing clearance, tive, test by replacing with one
known to be good.
Breaker Check for wear on fiber cam fol- Breaker -For magneto, lubricate with SAE
Points lower; secure mounting; tight, Cam Wick 50 or .60 oil approximately every
clean, well-insulated low-tension 500 hours of operation. For dis-
wire; correct spring breaker ten- tributor, 3 to 4 drops of light
sion (19-23 ounces); point contacts engine oil every 200 hours., Do
meeting squarely and not exces- not over lubricate as excess oil
sively pitted; point movement (gap) is apt to cause contact points to
0.018'-0.020" fur distributors, burn,
0.016' to 0.018" {for magnetos.
Timing Use simple light circuit across
Condenser Check for secure ground tobreaker points to establish correct point

opening with flywheel marks, Cen-
trifugal advance compensates for
higher speed timing.
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TIMING TAPES

On current production engines the flywheel
stamped timing marks, except for the TDC
marking, have been eliminated. In place of
the stamped markings, industrial type adhesive
backed timing tapes with degree markings are
used, Each engine having the timing tape will
also have an adhesive backed Ignition timing
chart and another chart giving the valve cold
clearance setting,

DISTRIBUTOR

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

When the cam forces the breaker points apart,

the primary current flow through the coil is in-
terrupted. It is this abrupt interruption in
primary current that induces the secondary
current in the separate secondary winding of the
coil. An explanation of the induction principle
will be found in the publications of electrical
equipment manufacturers. From the standpoint
of engine maintenance, it is only necessarytobe
able to recognize when ignition units areingood
condition, working properly, and accurately
adjusted.

The high-voltage secondary current induced
in the coil passes through another circuit of the
distributor, Entering the distributor cap at the
center lead, the current passes throughthe car-
bon button at the center of the cap interior and
into the rotating distributor rotor, The distri-
butor rotor moving contact is held against the
carbon button by spring pressure. The distri-
butor rotor passes in turn each of the six
electrodes leading to the spark piugs. The posi-
tioning of the rotor tip opposite an electrode
occurs at the same time the breaker points
separate to cause a high voltage discharge
through the secondary system. Consequently,
thiz high-voltage current jumps from the rotor
tip to the opposite electrode and into the lead
going to the spark plug.
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©OM PITTED POINTS

SETTING DISTRIBUTOR POINTS

Since the mechanical arrangement of the
engine requires a certain firing order, the wires
leading to the spark plugs must be crossed to
lead the successive sparks to the proper cylin-
der. Thus, the proper method is to start with
number one spark plug wire in the terminal of
the distributor cap to which the rotor points
when number one cylinder is TDC on compres-
gion stroke. The next wire would go to number
five cylinder, the next to number three cylinder,
and so on in firing order 1-5-3-6-2-4,

Timing Distributor Ignition

The steps in timing the ignition system are
shown in the accompanying illustration. This
cannot be accomplished until the breaker points
are accurately adjusted for clearance, Point
clearances may be adjusted with the distributor
installed in the engine, In some cases, however,
it will be found much more convenient {0 remove
the capscrew holding the adjustment collar and
carefully lift the entire distributor from the
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engine for ingpection and adjustment. This
avoids working in cramped quarters and diffi-
culties in trying to crank the engine over to
bring the cam peak under the fibre bumper
block.

Distributor points do not have tobe absolutely
free of pits and grey oxide for satisfactory per-
formance. Excessive cratering and build-ups of
sharp peaks, however, require new breaker
points, Slight point roughness may be cleaned

Conip}ession
Stroke Neo. 1

Center
Timing Mark

- Distributor Pgint
Clearance Correct;
Points Just Opening

FINAL TIMING:

Rotate Distributor

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

STEPS IN IGNITION TIMING

up as much as is practical with a fine hone,
Never use abrasive cloth or paper regardless of
what the abrasive material is, A file is equally
unsatisfactory with regard to continued point
life, although irnproved performance may be ob-
tained for a ghort while,

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

The simplest method, and the most accurate, is
the use of a dial indicator. Here, the gauge is
solidly clamped to the digtributor body in what-
ever manner is convenient. The gauge tip is
brought to bear against the movable breaker
point just behind the contact surface and the
gauge is set to read zero with the fibre bumper
on the flat of the cam and the points closed.
Thus, by rotating the distributor cam, with the
starter if the distributor is installed, or withthe
fingers if being bench adjusted, the exact point
opening in thousandths is read on the dial indi-
cator. This method will-also reveal worn cams
and distributor shafts that are looseinthe bush-
ings because the opening readings will be erratic.
Clearances are adjusted in the conventional man-
ner by turning the eccentric screw holding the
fixed point, Do not forget to re-tighten the fixed
point clamp screw after adjustment,

When the breaker point clearanceis accurately
adjusted, the engine should be turned to firing
distributor position on the compression stroke-
for #1 cylinder. This may be determined by
bringing the correct degree marking on the fly-
wheel to the center of the timing hole in the
flywheel houging or aligning the timing pointer
on the gear cover with the notch on the crank-
shaft pulley. At the same time make sure that
both valves on number one cylinder are closed,
or remove number one spark plug and feel the
compression with the thumb,

If the distributor assembly was removed from
the engine, turn the rotor tc the same position
it was in when removed. Ingert the drive shaft
carefully in the opening withthe distributor body
held approximately the same as it was whenre-
moved, For example, if the primary wire ter-
minal and the grease plug were to the right
originally, reinstall them that way if possible.

When the distributor drive strikes its mating
member, it may be necessary to rotate the shaft
slightly by turning the rotor back and forthuntil
the proper alignment is felt and the distributor
drops into position, Install and tighten the cap
screw holding the slotted adjustment arm to the
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boss with the cap screw in the approximate cen-
ter of the slot. The screw and nut -holding the
“split clamp collar on the distributor body may
now be loosened just enough to permit slight
rotation of the distributor body for final adjust-
ment.

The exact timing of the spark depends on the
actual breaking of electrical contact across the
points. Hence, checking for the apparent me-
chanical separation with feeler stock, cello-
phane, and so on-is apt to be misleading depend-
ing on the condition of the points and the skill of
the operator. To assure accurate timing, make
up a simple light circuit consisting of an auto-
motive light bulb with soldered-on leads or a
socket with lead wires attached. Clip or wedge
one lead to the ungrounded side of the starting
battery, -and attach the other lead to the prim-
ary wire connection atthe side of the distributor.

Note: K using a G-voltbulbanda 12-volt start-
ing battery, use only half of the battery voltage
by clipping the wire to one of the inter-cell
straps midway on the battery,

With. the above installation, if the bulb is lit
the points are closed and the digtributor should
be shifted slightly to determine the point of open-
ing where the light just goes out. The distributor
* ¢lamp may now be tightened and the flywheel
turned backwards about a quarter of a revolu-
tion and then brought forward towards the timing
mark on the flywheel as before. The light
should just go out as the correctdegree marking
on the flywheel timing tape centers in the
flywheel housing opening.

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

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

Once the timing is properly set for the idle
(no-speed) position, the centrifugal weight sys-
tem of the distributor will automatically advance
the spark asrequired by changes in engine speed.
The mechanism involved is matched to eachen-
gine application by laboratory tests determining
the best spark advance point over the entire
speed range. Therefore, substitution of un-
matched parts from other equipment will impair
timing and engine performance.

The distributor requires lubrication of the
shaft, advance mechanism, breaker cam, and
breaker lever pivot. For shaft lubrication, a sup-
ply of oil is placed in the oil reservoir at the
time of assembly sufficient to last 1000 hours
uhder normal operating conditions. Thus, the
oil plug need not be removed oftener than this
period {or at overhaul) except when unusual
heat or other -gperating conditions are ex-
perienced, Add grade 20W -0il when the plug is

. removed. Avoid .overfilling; there should be a

small air space above the plug hole when the
plug is replaced. Seal the plug with a sealing
compound that will retain oil.

For cam lubrication, add adroportwo of light
engine 0il to the center hole of the lubricator if
the cam wick appears to be dried out. Inadequate
lubrication here is shown by excessive wear of
the breaker bumper fibre and traces ofthe fibre
material on the cam surface. Excess oil is
indicated by fouling of the points, carbon streaks
under the points, and a generally dirty appear-
ance of these parts. Every 100 hours put one
drop of light engine oil on the breaker lever
pivot, and a few drops on the felt wick under
the rbtor.

The centrifugal advance mechanism can be
checked for freeness by turning the breaker cam
in the direction of rotation and thenreleasingit.
The advance springs should return the cam to
its original position without sticking.

BREAKERLESS DISTRIBUTOR {IGNITION

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

The engines for which this system is designed
usually operate on Natural or LP gas and are
used’ to run commercial and residential air

. conditioners, refrigerationunits and heat pumps.

The Breakerless Ignition System operates from-
an external electrical power supply of 100-125
volts A.C, at 50-60 cps.

The input is fed into the control unit by
meansg of a three-wire lead. The green wire is
grounded inside the control unit. The black wire
goes to a 1/4 amp, 3 AG type 250 volt fuse and
then to the filter unit. The white wire connects
directly to the filter umit. The filtered input
current goes to an electronic module which
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TRIGGER
WHEEL VANE

TIMING BOSS

TIMING BREAKERLESS DISTRIBUTOR
IGNITION

converts it to D.C. The direct current is then
used to charge a capacitor in the energy
storage cireuit. This capacitor is connected to
the high voltage transformer coil through a
trigger circuit containing a switching device
which is normally nonconductive or 'open."

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

Installation - Timing

Before installing the distributor on engine,
rotate ‘engine to its No, 1 firing position as
specified. Hold the distributor so the connector
points in the direction most convenient for
installation of the lead between the distributor
and control unit. Lower the distributor into
- position s0 the drive member mates with the
engine drive. Remove distributor cap and note
the two timing bosses on the inside wall of
the distributor housing. Each boss is identified
by an arrow above it, Rotate the distributor
until one of the trigger wheel vanes is in
line with the proper timing boss as indicated

in the timing illustration. Arrow adjacent to
each timing boss indicates direction of distri-
butor shaft rotation.

Install the distributor cap after noting with
which electrode and cable well the rotor elec-
trode is aligned. Install high tension cable
between this cable well and the spark plug in
the No. 1 cylinder, Install the other five cables
relative to distributor rotation and engine firing
order, With engine turning, adjust final timing
in accordance with engine instructions. Secure
digtributor to the engine. Make sure that the
mounting surface of the control unit is grounded
to the engine to complete the high voltage
circuit to the spark plugs.

CAUTION: It is recommended that the con-
trol unit be mounted so its coil outlet is at
the top and the mounting flange in full contact
with a horizontal metal surface to provide a
good heat sink for the unit,

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

Connect the control unit to the distributor
using the Bendix lead assembly and tighten
retaining nuts,

Install one end of a high tension cable in
the coil ocutlet at top of control unit and the
other end in the center cable well of the dis-
tributor cap. No terminal is required on the
end which is installed in the coil. To assist
in weatherproofing the system, it is recom-
mended that a light film of Seintilla #47 Com-
pound or a non-hardening sealing compound be
applied to the first 1/4 inch of the cable outside
diameter before insertion into the coil, Insert
the lead into coil a minimum of 5/8 inch.

Maintenance

The Bendix Breakerless Ignition System is
designed t{o give thousands of hours of main-
tenance-free service. However, the following
preventive maintenance procedures, if followed
at each engine inspection period, will greatly
prolong its trouble-free service life.

Remove the distributor cap by unhooking the
two clips which secure it, In confined areas,
be sure the cap is lifted enough to clear the
spring terminal on distributor rotor before
moving it to.the side,
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Wipe cap with a clean, dry cloth if cleaning
is necessary. Check all cable wells and elec-
trodes to insure that they are clean and free
of corrosion, I necessary, carefully clean the
inside of distributor housing with a dry cloth.

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

Inspect all wiring insulation for fraying, scuf-
fing, cracking, or other conditions that could
cause malfunction. Replace any defective wiring
and locate it so the above conditions will be
avoeided.

CAUTION: The clearancedimensionbetween
trigger wheel and pickup tip is critical. If
the connector and pickup assembly on side of
distributor is removed for any reason, this
dimension shall be checked during reassembly,
Adjust the clearance to 0.003 to 0.005 inch
between each vane and the pickup tip by adding
or removing Bendix shims where indicated in
the accompanying illustration. Nonconformance
with this requirement will cause malfunction
of the system,

~

HIGH YOLTAGE
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0.003-0.005
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BREAKERLESS IGNITION - TRIGGER
WHEEL TO PICKUP CLEARANCE

MAGNETO

The bagic magneto used on the WAK engines
is the same in most applications, however,
gpecial conditions require different lag angles
of the impulse coupling. Therefore, replace-

MAGNETO, COVER REMOVED

ments should be made with magnetos bearing
the same lag angle designations.

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

The magneto uses a primary current gener-
ated within itself by rotation of permanent mag-
nets between the pole shoes. Because of the
movement of the permanent magnets and the
pericdic reversals of magnetic flux a magneto
must be timed internally as well as with rela-
tion to the engine. To accomplish this internal
timing requires an edge distance gage of a size
specified for the magneto involved and for this
reason a magneto that is properly adjusted at
the factory or a service agency should not be
upset by tampering with the breaker plate
adjustment,

Magneto Maintenance

From the maintenance standpoint, most ofthe
principles applying to distributors can be ap-
plied to magnetos as well. Cleanliness, freedom
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from dirt, grease, and burning, and so on, are
equally important. Point clearance adjustment
to 0.014"-0.016" is accomplished in the same
manner a5 with the distributor.

The cam lubricating felt wick should be re-
lubricated at intervals with a small quantity of
SAE b0 or 60 oil, Avoid overlubrication. The
magnet rotor ball bearings and the distributor
gear oil-less bearings require no lubrication
between overhauyls.

Timing Magneto

The magneto timing procedure follows very
closely the steps given for timing the distributor.
The engine must be turned over until number
one piston is on the correct degree mark, com-
pression stroke. This is the point at whichfiring
occurs when the engine is running and the im-
pulse coupling has disengaged. Hence, thisisalso
the point at which the breaker contacts must just
begin to separate when the magneto is rotated
in the direction indicated by the arrow on the
name plate,

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

CEMTER
DISTRIBUTOR BRUSH

TIMING
WINDOW

DISTRIBUTOR

MAGNETO COVER

the terminal connecting to number one .spark
plug. Reverse rotation automatically disengages
the impulse unit. With the breaker point cover
open, it will be seen that the points just close
as the arrow lines up with the terminal. Rotate
the impulse coupling very slightly in the op-
posite (normal} direction enough to justopenthe
points, hold the rotor from further turning, and
connect the magneto drive to the engine.

Final timing is done withthe magnetoinplace.
Here, either a timing light or cellophane imay be
used to determine the exact location where the
points open. If cellophane is used, be extremely
careful that a tiny fragment does not tear away
and remain between the points. K a timing light
is used, ample current will be availabie from a
few flashlight cellg, Clip one side of the circuit
to the breaker points and the other side to the
magneto housing for a ground. If excessive cur-
rent is used for such a timing light, two things
may happen. First, by grounding back through
the primary coil, which has too much resistance
to permit passage of a small current, erroneous
results will be obtained. Secondly, passage of
current through the primary wires may cause
weakening of the magnets.

Whichever method is used to determine point
opening, the-remaining steps are the same, With
the engine in firing position, rotate the coupling
slightly one direction or the other asneeded, the
exact point opening position is readily deter-
mined and the coupling screws may be installed.
Replace the breaker cover,

FM-LTR6A MAGN ETOS

Timing Type FM-LTR Base Mounting Magnetos to the
Engine

When installing all base mounting type FM-
LTR magnetos, it will be necessary to use
the C2B62B Float Disc unless otherwise desig-
nated in the application sheet. This disc serves
ag a flexible coupling to properly align the
mounting holes in the magneto housing with the
holes in the engine mounting pad.

1. Rotate the engine flywheel until the No. 1
cylinder is in running or advanced spark
position on the compression stroke,

. Remove the timing bolt from the top of the
magneto end cap. Turn the magnetic rotor
shaft until the yellow timing mark, on the
edge of the distributor disc, is centered
in the timing window. This mark denotes
that the end cap cover terminal stamped
No. 1 is approximately ready to fire the
No. 1 cylinder. The point opening can
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easily be determined by inserting a thin
piece of cellophane between the contact
points, by using a timing light or by the
use of a gounding device.

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 alighment of the timed
magneto to the engine drive unit must be
made by adjusting the drive member.
After the magneto is installed on the engine,
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, Whenfacing the end
cap cover, the No. 1 terminal is at the
upper left for both rotations. Connect the
wires in counterclockwise rotation for left
hand rotation engines and clockwise for
right hand rotation engines. B

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

Adjustable Drive Members

Ordinarily, the position of the drive memberis
not altered when removing the magneto but, when
necessary, the drive collar nut can be loosened to
permit relative movement of the engine drive
shaft. The drive member slots J can then be
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 magnetos.

Install the magneto onthe engine as described.
When ' this is completed, the engine No. 1
cylinder will be on the compression stroke
ready to fire. The magneto timing mark on the
edge of the distributor disc will be visible

IMPULSE COUPLING

MAGNETO SHAFT

TYPICAL FM-LTR6A MAGNETO
! .
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INSTALLATION WIRING DIAGRAM

through the timing window and the No. 1 mag-
neto terminal will be ready to fire. The No. 1
magneto terminal is in the upper left hand
corner of the magneto end cap cover whenfacing
the cam end of the magneto,

Using No. 14 stranded automotive lighting
wire, connect the No. 1 magneto terminal to
the negative {-) terminal of the transformer
at the No. 1 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 inaccordance with the engine

firing order with transformers bheing connected
in alternate negative (-}, positive (+) sequence.

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 screw,

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

Using 7 mm ignition wire and clips, connect
the transformer high voltage power to the
corresponding number engine cylinder spark
plug.
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Recheck the hookup to be sure all screws are
tight and that the magneto and transformersare
connected in the correct engine firing order.

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

MAGNETO IMPULSE COUPLING

The impulse coupling is engaged only when
starting. Its purpose is to snap the magneto
rotor over faster than the relatively slow en-
gine cranking speed. In addition, the impulse
coupling antomatically retards the spark for as
many degrees as it has been adjusted to do so.
Thus, the spark occurs after the piston has
passed top center and kickback is eliminated.
The gain in spark intensity resulting from snap-
ping the rotor over makes boosters and auxiliary
starting devices unnecessary,

Once the engine starts and attains a speed of
about 180 RPM the impulse automatically dis~
engages and the magneto is drivendirectly from
the engine in normal timing.

The coupling employs sliding "L" shaped
weights and a curved coil spring which absorbs
the impulse shock. The vertical movement of the
sliding weights is guided, by ears of the impulse

COUPLING FELT WICK COUPLING HUB.

HOUSING,

SPRING

HEADPINS EAR OF

COUPLING HUB

REMOVING IMPULSE COUPLING

IMPULSE COUPLING ASSEMBLY

member hub which engages the housing into
which are assembled the spiral spring and
cam, The coupling is released by the arrester
plate mounted at the shaft end of the magneto

‘frame. The majority of the parts are designed

s0 that they can be assembled for-either clock-
wige or anti-clockwise rotation. :

When disassembling the coupling to check
parts for wear ordamage, use a puller o remove
the coupling hub from the magneto shaft. Dam-
aged or worn parts must be replaced. Reas-
semble pins and spiral spring with felt wick to
the coupling housing. Pins must rest against
groove in houging channel, With ear of coupling
hub facing you, locate weights in elongated hub
slots. IMPORTANT: If the coupling is being
assembled for clockwise rotation, letter "C"
gtamped on weights must be face up; for anti-
clockwise rotation letter A" must be face up.
Place cam on coupling hub with letter "A" or
"C" facing upward as required. Engage ear of
coupling hub between ping in housing and mesh
the two assemblies.

Installing Coupling on Magneto

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

Turning the arrester plate in a clockwise di-
rection increases the automatic retard or lag
angle and turning it in an danti-clockwise direc-
tion decreases the automatic retard orlagangle
for clockwise magnetos. The opposite is true if
the magneto operates in an anti-clockwise rota-
tion. The coupling arrester plate has only two
marks indicating coupling rotation when the
plate is assembled to a magneto, Graduation
marks spaced 5° apart are on the face of the
magneto flange. Retards of from 10° to 50° are
obtained by moving the arrester plate as out-
lined above. Fasten the arrester plate to the
magneto frame, Adjust plate to required retard
and securely fasten in place; Locate impulse

member assembly on magheto drive shaft and |

fasten in place with rotor shaft nut and lock
washer,

NOTE: Hub ofthe impulse. member assembly
is provided with two keyways - one for clock-
wise rotation marked "C", the other for anti-
clockwise rotation marked "A", Be sure to
select the proper keyway. The correct retard
angle for the WAK is 50°,

GASOLINE CARBURETORS

‘The WAK Series engifies have been built
with a considéerable variation in carburetor de-
tails to provide for specialized operating con-
ditions. Therefore, carburetors should not be
interchanged or ‘replaced indiscriminately.
Remember, a few thousandths of an inch in
jet size can make the difference between nor-
mal engine operation and burned valves, ring
sticking, poor economy, and so on. The car-
buretors are identified by stamped tags riveted
to the top of the float bowl cover. When ordering
replacement carburetors, always give all infor-
mation on the tag plus the engine serial number
and specification number.

The carburetors generally used on these en-
gines are of Zenith manufacture, 63AW-16,
although a number of variations of them, with
respect to venturi and jet gizes, installation
details, and so on, will be found.

Carburetor service consists largely of main-
taining the fuel supply in a clean condition, mak-
ing proper adjustments at rare intervals, and
leaving the carburetor alone when no specific

attention is needed, More carburetors are ruined
by tampering than by hard service,

When it becothes necésaary to perform major
cleaning and service operations, the carburetor
manufacturer's gpécial bulletin for the unit at
hand should be followed without deviations

Gasofine ‘Carburstor Adjustments

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

Adjust thé idling adjusting screw to obtain
smooth idling When engine has becoine thor-
oughly warmed up, Turning the screw in(clock-
Wwise) cuts Off air, fnaking the idling mixture
richer; while turning it out (afti-clockwise)
admits more air, making the mixture leaner.

—

If it becomes necessary to turn the screw in
to less than 1/2 tuin off the séat to obtain good
idling of the engine, it would indicate either an
air ledk or a restnctlon in the flow of fuel for
idling, Look for air leaks at the manifold flange;
at carburetof throttle body to intake gasket, and
at carburetor bowl to cover gasket, due toloos-
ened assembly SCTews or damaged gaskets A
badly worh throttle shaft will produce Sufficient
air leakagé to affect the idling mixture,

Dirt or other foreéign midtter in the n‘ﬂing jet

“calibration will restrict the flow of fuel for idling
-and affect the mixture. If the idling jet becomes

completely clogged, it will be impossible to run
the engine at idling speed regardless of adjust-
ment of the idling adjustment screw.

Some models of these series are supplied with
a main jet adjustinent, Turning the heedle clock-
wise cuts off fuel making the medium and high
speed mixtures leaner. The needle shouldbe ad-
justed to give highest manifold vacuum (or high~
est R.P.M. on a tachometer) for a set-throttle
position, H engine is equipped with speed gov-
ernor, set the throttle to hold the engine speed
just below the governed speed while adjusting
the main jet adjustment, If adjustment is set
too lean, the engine will lack power and the fuel
economy also will be poor. If set too rich, the
engine will be sluggish and the fuel economy
poor,
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" GAS CARBURETION

Operation of Waukesha spark ignition engines
on-gas type fuels requireg that the fuel be deliv-
ered to the engine in adequate volume and pres-
sure throughout the entire speed and load range
of the engine. Reference tp the illustration will
show that a gas fuel system consists of a pri-
mary or "field" regulator, a secondary or "B"
regulator, and a gas carburetor, A typical LPG
system consists of a carburetor and a combina-
tion regulator and vaporizer unit, If the vap-
orizer does not contain any pressure regulating
device, a field and secondary regulator must
also be included in the system. The components
of either gystem appear similar in most cases
but it must be remembered that the internal
parts such as orifices and diaphragm springs
determine gas flow capacity. Only strict adher-
ence to the recommendations given in this man-
ual will result in optimum engine performance.

‘In addition, it is extremely important to use a
fuel with an adequate anti-knock characteristic
for the engine involved.

NATURAL GAS FUEL SYSTEMS
Field Regulators

Field regulators noted in this discussion are
manufactured by the Fisher Governor Company,
Marshalltown, Iowa. The purpose of the field
regulator ig to reduce the gas supply line pres-
sure to a value low enough to be easily controlled
by the sensitive "B'" regulator. The tabulation
shows the Fisher Series T30 regulators which
will control pressures up to 150 psi, It is
recommended however, that the maximum and
minimum inlet pressures listed in the tabula-
tion be definitely maintained. Failure to supply
gas within the recommended pressure range
will result in insufficient gas volume for op-
timum performance and field experience has
proven that damage to the regulator is a pos-
gibility, If the line pressure is greater than
that recommended for the inlet to the Fisher
730 Series, a Fisher Model 630 regulator can
be used. This Model will handle pressures up
to 1500 psi and if the situationwarrants the con-
trol of higher pressure, the regulator can be
converted further.

Field Regulator Recommendations

Inlet Re'qd.
Fisher Diaphragm Pressure Dutlet
Regulator Regutator Spring  Orilice Range Pressure
Model Pipe Size Number Size B3I Qunces
WAKC 730-B-32 an B-1%4 374" 20-50 4-6

38

s

=

MTOT  SLFED
TURE  ACHEW,

CARBURETOR
[ —————PBALANCE LINE

™~ LoAb moausTMERT

FDLE ADJUSTMENT
.\' OUNCE PRESSURE GAUGE
. {MAINTAIN 4 - & QUNCES)

ENGINE
COOLANT
IN  QuT

t

[ ~~'8" REGULATOR

FIELD
AEGULATOR

(=

LPG FILTER

NATURAL GAS VAPCQRIZER

INLET LPG INLET

COMBINATION NATURAL GAS
LPG SYSTEM

The Fisher 730 series field regulators have
been gradually superseded by the Fisher Model
5-202 in many production Waukesha gas engines.
Both fagter response and more convenient
mounting make this desirable in most applica-
tions.

The S5-202 regulator body may be rotated 360
degrees around the Tee connection without dis-
turbing its operating characteristics. An air-
craft type flange union is used and only two bolts
nheed be loosened to rotate the regulator body.
In addition, the aluminum regulator body, valve
stem, and orifice reduce weight and add ease of
handling,

Fisher 5-202 Regulator Inlet Reg'd
. Press. Qutlet
, WMCO Pipe Spring Orifice Range Press.
Number  Size Color Size PSl  Ounces
162595-B ar Gray 3/4m 20-50 4-6

Qutlet pressures from the field regulator re-
gardless of engine size, speed, orload mustbe 4
to 6 ounces pressure measured at the inlet to the
"B" regulator. The outlet pressure is determined
by the diaphragm spring in the regulator andits
adjustment. The correct springsarelistedinthe
tabulation and the pressure is adjusted by re-
moving the large hex-head cover screw at the
top of the regulator and turning the screw within
to the right or left to establishthe recommended
pressure at the inlet to the "B" regulator. Re-
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FISHER REGULATOR

member, an gunce pressure gauge is to be used
at the "B" regulator,

Sufficient volume of gas for maximum per-
formance is determined.by the orifice size inthe
"T" connection tothe regulator, Orifice gizesin-
crease as engine size increases and failure to
provide adequate gas volume will not only impair

‘performance but will cause damage because of
lean mixtures. Orifices are easily changed by
loosening the large nut between the "T" connec-
tion and the regulator body which permits the
body to be removed to provide access to the
orifice., The orifice is removed with a socket
wrench and the correct size is easily reinstalled,

In the illustration of the field regulator note
that the vent assembly is mounted in the down-
ward position., The vent permits atmospheric
pressure to affect movement of the regulator

diaphragm and must be installed in the position .

shown to provide a weather proof opening. This
unit may be installed outside of the building or
wherever atmospheric pressure is most stable,
This vent isused only onthe 733C-1 series regu-
lators in that the 730-B-32 series and the 5-200
incorporate a combination stabilizer and vent
within the regulator body.

low Pressure Regulators and Carburetors

Carburetors and low pressure regulators
presently used on production engines are manu-
factured by the Ensign Carburetor Company.
The regulator and carburetor must be consid-
ered as aunitinthat the regulator serves a func-
tion similar to the float valve in the fuel bowl
of a gasoline ecarburetor, The regulator must
accurately control low pressure gas fuel ac-
cording to the needs of the engine. The name
"B" which is generally used in reference to the

low pressure regulator is a model designation
given by the manufacturer.

Intet
WMCO Pipe Pressure-

Number Size

Engine Ensign
Model Modet

Ensign
Number

WAKC B 5121 50582 2" 4-6

These low pressure regulators are specified
for engines according to size and the corres-
ponding fuel requirements. The listing points out
the particular regulator model required and the
inlet and outlet pipe size to be used. Note also
that the inlet pressure to the regulator must be
4-6 ounces.

Low pressure regulators are equippedwithan
idle adjustment consisting of a gas line between
the regulator and the carburetor and a screw
type adjustment at the regulator, Idle adjust-
ment under operating conditions is covered in
the carburetor adjustment section of the man-
ual. Another similar line called a balance line

“is algo used to equalize the atmospheric pres-

sure hetween the regulator and the carburetor
air horn and compengate for air cleaner restric-
tion. It is important that both these lines be a
minimum 3/16 O,D. copper tubing. Failure to
follow this recommendation will not permit suf-
ficient movement of the regulator diaphragm and
will result in erratic engine operation,

Line Sizes

It is important that the line sizes of a natural
gas fuel system be large enough to supply ade-
guate gas volume, The line between the high
and low pressure regulators must not be re-
duced in gize from that provided for at the reg-

_ulator inlet and outlet,

Carburetor Adjustments -- Natural Gas

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

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

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

. Start engine and allow it to warm up 10
to 15 minutes, _

. Open throttle 1/3 and apply a partial load
to the engine. Loosen the load adjustment
lock nut and turn the serew in or out for
highest vacuum reading. Check the adjust-
ment by turning the screw out (rich posi-
tion} until the reading drops and theninfor
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highest vacuum reading, A slightly rich

getting is preferred. Tighten the lock nut.

Operate the engine without load at low idle

speed (approximately 500 rpm) and adjust

the idle screw of the "B'' regulator the same
as the load adjustment above,

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

{a) Make sure the "B" regulator isof ample
capacity. Refer to chart.

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

(c) The field regulator must be the correct

model, have the correct spring and
orifice, be adjusted properly, and be
installed as close to the "B'" regulator
as possible,
In applications where a volume tank is
used the pressure atthe inlettothe tank
musgt be the same throughout the speed
and load range as the pressure at the
"B" regulator.

LPG FUEL SYSTEMS

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

A complete LPG [uel system consists of a high

pressure liquid regulator, a vaporizer, and a low
pressure gas regulator. All of these components
are usually contained in one unit with the addi-
tion of idle and balance lines to the carburetor.
In some applications the vaporizer isa separate
component and the complete system must then

include a field regulator and a '""B" regulator as
in the natural gas system,

Vapotizer and Regulator Combinations

The vaporizer-regulator combinations used on
Waukesha engines are manufactured by the En-
sign Carburetor Conipany and are given the
model designation "S'. These units make up a
complete LPG fuel system in that they provide
high pressure regulation, vaporization of the
liquid, and final low pressure regulation of the
gas fuel for efficient mixing withairinthe carbu-
retor. The vaporizer utilizes the heat of engine
coolant to provide sufficienttemperature differ-
ential between the liquid fuel and the vaporizer
body to aid in vaporization of the liquid and pre-
vent icing of the regulator parts, Icing occurs
when the expanding liquid absorbs heat with a
resulting refrigeration effect.

LPG Vaporizer or Regulator

Ensign
Vaporizer
Engine Regulator WMCO
Model Model Number

WAKC 5 161542-A

The balance andidle linesused withthe combi-
nation vaporizer-regulator units must be large
enough in diameter to provide adequate move-
ment of the regulator diaphragms. Correct bal-
ance and idle line sizes are listed in the chart,
Larger balance lines, than those listed, may be
required where vaporizer-regulators are placed
some distance from carburetor. Aline too small
in this instance results in erratic operation and
poor acceleration,

Balance and Idle Line Sizes

Balance
Line Idle Line

31/16" O.D,

& vaporizer-regulator 5/16" T.D.
3/16" Q. D,

B regulator 3/16" 0.D.

Carburetor

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

Carburetor adjustments for LPG systemsfol-
low the same recommendations as for natural gas
systems. Both carburetors are equipped with
load adjustments andthe combination vaporizer-
regulator has an idle adjustment identical tothat
of the "B" repulator. Low pressure fuel require-
ment to the "B" regulator is 4 to 6 ounces
throughout the entire speed and load range of
the engine.

MODEL "S" VAPORIZER-REGULATOR COMBINATION
USED FOR NATURAL GAS5S OPERATION

Although the Engign Model "S" vaporizer-
regulator is usually consgidered initially for use
with LPG fuel it can be adapted to permit oper-

“ation on Natural Gas also. In this case, the
Natural Gas is introduced.through piping into
the regulator body at 10 pounds pressure and re-
duced to._almost zero pregsure at the regulator
outlet for efficient mixing with air in the carbu-
retor. The gas line pressure drop to ten pounds
can be accomplished by the use of the Fisher
Model 630 regulator. The tabulation below shows
the correct Model 630 regulator to use, Note the
maximum and minimum inlet pregsure to the
Model 630 regulator that must be maintained for
optimum performance.

Engine Reg. Regulator Oriflice Diaphragm Spring Initial
Model Model Bize Size Size No. Pressure

WAKC 630 1 /2" B w192 20# to 100#

ENSIGN COMBINATION CARBURETOR

The accompanying drawing illustrates the En-
gign model Dg gas carburetor in seection, Air
entering through the air horn mixes with gas
entering at nozzle (A) within the venturi: The
mixture then passes through throttle tube into
the engine, Gas enters carburetor at (B}, passes
through orifice (C) where the main load adjust-
ing screw (D) controls the amount of flow to
venturi nozzles,

Starting

To start engine close the choke in the usual
manner, Air choke disc (E) and gas choke disc
{(F) are mounted on the same ghaft, therefore,
both air and gas are choked together. QOrifice
(G) in the air choke disc permits passage of
enough air for starting and idling, The correct
amount of gas for starting passes first through
orifice (C) and then by-passes around gas choke
disc (F) through opening (H) in which passage-
way starting gas adjustment (I) is located.
Btarting gas adjusting screw is locked in place

once the correct mixture for starting is found,
This mixture usually is richer than for normal
operation.

Enough air and gas are allowed to enter the
englne on “'starting position' to run well past
idling speed. When the choke is returned to its
open position this "Easy Starting Device''is ren-
dered inoperative and the main air-fuel orifices
are put into operation. Gas idle line from regu-
lation is connected at (S).

Economizer

The purpose of the economizer is to reduce
flow of fuel during part throttle operation when
mixtures can safely run a little leaner, Yet the
economizer must automatically become inopera-
tive for full load when maximum fuel is required.

Manifold vacuum applied at (J} through line
(K) pulls diaphragm (L) back, also closing off
secondary gas passage ai (M). When engine
reaches 75 to 80 percent of its maximum power,
the manifold vacuum is reduced permitting dia-
phragm (L} with aid of spring (N) to move in-
ward opening valve (0} to position shown by
dotted lines. This allows additional gas to flow
as indicated by curved arrows. A fixed calibrated
orifice {U) controls the flow of fuel through
economizer,

NOTE: When the Dg carburetor is used on
engines equipped with governor the economizer
connection (K) should be made at a point onthe
inlet manifold between the governor and engine.

Balance line connection (T) communicatesair

-horn depression to the Ensign fuel regulator au-

tomatically reducing the flow of gas in propor-
tion to the reduction in the flow of air ag caused
by excessive air cleaner restriction and other air
entrance losses. The Ensign regulator for use
with thig carburetor may be either the Ensign
Model B differential pressure type or Ensign
Butane Regulating Unit Model S,

Balance Line

The bleed screw, installed at the factory,
in the air horn of all Model 2-1/2" and 3"
Dg carburetors is intended for use with En-
sign Model B Fuel Regulators, The Model
3-1/2" Dg carburetor is not equipped with
bleed screw,

When carburetor is used with Ensign Model S
Butane Regulating Unit the bleed screw should
be removed.
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ENSIGN COMBINATION CARBURETOR

Installation

Installation of - the Ensign Dg carburetor is
universal in its application. It may be mounted
in either updraft or downdraft position directly
to engine inlet manifold, To facilitate easy instal -
lation, the main gas inlet (B} may be turned 180°
on the four screws holding the gas inlet connec-
tion to the air horn. Gas starting adjustment (I)
may be used on either side of the carburetor in
position shown, or at position {P). Throttle lever
(R) may alsc be used on either side of the car-
buretor, The entire air horn may be rotated 360°
on round four bolt flange (Q). When making bal-
ance line connection from carburetor to regula-
tor, or butane-propane vaporizing unit, care
should be taken to provide fittings and hose hav-
ing a minimum opening of 1/4" diameter.

Service
The Ensign Dg carburetor serves for bothbu-

tane and natural gas, Due to its simplicity and
few moving parts, it rarely needs attention. When

it is necessary to look to the carburetor for
trouble, a thorough cleaning and replacement of
worn parts is recommended.

In reassembling the carburetor, make sure the
passages are open, The throttle bearing bushings
and shaft should be replaced when worn exces-
sively. The air horn assembly will attach to the
throttle tube in any one of four positions., A new
air horn gasket should be ingtalled.

The economizer is disassembled by removing
the five cover screws., It should be thoroughly
cleaned. The only part that may need replacing
is the diaphragm. Carefully check vacuum con-
trol connections to economizer for air leaks.

ENSIGN TYPE "B” FUEL REGULATOR

The Type "B" fuel regulator has the same gen-
eral function with gas as the float bowlof a gaso-
line carburetor has with gasoline; it accurately
regulates the supply of gas tothe carburetor and
it shuts off the supply of gas when engine demand
has ceased.
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The Type "B" fuel regulator is supplied in 1"
and 2" sizes, The 1" size can be used with all
sizes of carburetors from 1" to 2"inclusive and
is available in several models each differing
slightly in internal specifications, according to
the B.T.U. value and pressure of the gas to be
used. When the 1" fuel regulator is used with
natural gas of 1100 B.T.U. at an inlet pressure
of from 4 to 6 oz. (7 to 10" water column) it has
sufficient capacity for 125 HP.

The 2' fuel regulator can be used with S.A.E.
size carburetors from 2" to 3-1/2". When used
with natural gas of 1100 B.T.U. and at an inlet
prezsure of 4 to 6 oz, (7 to 10" water column) it
has sufficient capacity for 325 H.P.

Operation

The fuel regulator operates asfollows: (Refer
to illustration.)

With the engine at rest *- the main valve "K"
is closed and gas supply through the inlet "J"
exerts a pressure below the lower diaphragm "I"
and equally above "I" through orifice "H", At-
mospheric pressure through the carubretor air
intake is exerted on the upper side of the upper
diaphragm D" through opening "B" and on the
under side of "D'" through orifice "O", passage
"M' and opening L', '"B'" is connected to the
carburetor air intake by a small tube known as
the '"balance tube connection.” This connection
compensates for increased air cleaner resis-
tance, thereby maintaining a constant mixturein
the carburetor,

When the engine is started, suction from the
carburetor ig applied to the regulatorat L' and
communicated by way, of passage "M" and ori-
fice "Q" to the under side of diaphragm '"D"
which is pulled down, As diaphragm '"D'" moves
down, push-rod "C" opens pilot valve "F'". The
reduction is pressure of gas over 'T'" bled
through passage "G'" by the opening at "F'' per-
mits "I" to lift and to open main valve "K'
which in turn passes gas through to the car-
buretor.

Passage of gas through "K' info "L" relieves
some suction on '"D" by way of "M" and "O"
thus partly closing "F'" - allowing pressure to
increase over "I which in turn partly closes
"K" to accurately maintain pressure at "L of
3/16" water column below atmosphere. When
the engine stops - suction ceases entirely,
permitting "F'" and "K'’ to close and completely
shut off the supply of gas to the engine,

IDLE FUEL
ADJUSTMENT

GAS QUTLET

oas et (J)
sy vaLve (K)

ENSIGN REGULATOR, TYPE B

At idle engine speed the carburetorthrottleis
nearly closed and therefore little suction is ap-
plied at "L". The differential type regulator
functions accurately at slow idle speed by means
of a patented "idle fuel connection system™. This
system applies suction from the engine side of
the carburetor throttle through the idle - connec-
tion tube directly to the under side of upper
diaphragm '"D" by way of "R", "P" and "O" to
operate the valve "K' as described above. Fuel
for the engine at idle, is controlledtherefore, by
the idle fuel adjustment "A', Part of the idle
fuel is supplied directly through the idle tube.

The fuel regulator shouldbe protected fromall
foreign matter which might injure the regulator's
valve seat,

SYNCHRONIZATION PROCEDURE {Engines an Compound
Load)

The following procedure is listed forapplica-
tions where more than one engine is used in
compound to overcome a load. Inparticular, this
would be a drilling rig application where two or
three engines are used to power the draworks,
rotary, and mud pump.

1. First adjust carburetors as outlined under
Carburetor Adjustment.

2. Put engines in compound and adjust low
idle stop on carburetor until all engines
have the same vacuum, (Since all engines
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are in compound all will be running the When Engine Fails To Idle Propery

same speed,)

3. Disengage one engine clutch from com-
pound and set throttle in wide open position
to allow engine to run against governor,
The desired governor speeds loaded are not
to exceed the loaded speeds for continuous
service, listed below, High idle speed will
eXceed loaded speed approximately 7 per
cent, Adjust governor spring tension to
permit this speed on this engine.

4, Now put this engine in compound with the
other engine (or engines) and place throttles
of all engines in wide open position. Adjust
the governor adjusting screw so that the
vacuum reading on the other engine or en-
gines iz the same as the one adjusted in
Step #3, above.

5, The engine now should be in compound go
that the vacuum readings on each will fol-
low one another from idle to full governor
speed and on load.

NOTE: If after the above adjustment, you
cannol get the engines to run together,
check the relative position of the governor
butterfly valve of each engine (stopped).
If you find a slight difference in the posi-
tion of the governor butterfly this can be
adjusted by changing the length of the gov-
ernor rod at the rod ends,

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

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

Model “B” Fuel Regulatoer

If in adjusting the idle, the mixture is found
to be too rich with idle screw closed tight
it may be the regulator is leaking more gas
than is required to idle the motor,

If in adjusting idle, the mixture is found
to be too lean with the idle screw out several
turns you will find one of the following:

1. Idle connections between regulator and
carburetor leaking,

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

3. Upper diaphragm too stiff,

4, Upper diaphragm ruptured.

5. Pilot valve pin low,

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

When Engine Fails Te Qperate Properdy Under Load

Improper fuel adjustment,
Intake manifold too hot.

Fuel supply restricted or valve closed,

SUGGESTIONS FOR LOCATING TROUBLE ON GASEOUS
FUEL ENGINES

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

When Engine Fails To Start

No Fuel to Carburetor

Lines plugged.

Tank empty.

Fuel regulator main diaphragm broken thereby
preventing valve opening. (Model "B fuel reg-
ulator only).

Check pressure at tank, on "B" regulator.

Regulator discharging in surges.
Balance tube plugged or badly restricted.

Diaphragm by-pass bleed, partially plugged.
{On Model "B" fuel regulator,)

Too Much Fuel Fuel Regulotor Leaks

Main valve or seat scored.

Pilot valve leaks.

Diaphragm by-pass bleed, plugged.
Lower diaphragm too stiff or too tight.

Fuel regulator leaking.

Valve stuck open.

Starting adjustment set too rich,
Choke at fault causing wrong mixture.

44
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Main Valve Sticks Open

Guides and gtem gummy.

Springs on top of main diaphragm broken.
Particles lodged between valve and seat.
Diaphragm by-pass bleed, plugged.
Diaphragm too stiff,

IMPCO CARBURETORS

The Impco carburetor may be arranged to
operate on hatural gas or a combination of
natural gas and LPG with automatic changeover.
These carburetors are of the air valve type,
designed to operate directly from an "ounce"
regulator. Normal pressure to the carburetor
is. Sinches water column, with the engine stopped,
{check at idle and readjustif necessary) for 1000
BTU natural gas, For natural gases of different
heat values, slightly higher or lower pressures
are required and readjustment is normally made
in the field. LPG contains more heat units for a
given volume than natural gas and for this
reagon the pressure at the carburetor inlet
must be regulated at 1-1/2 inches water column
negative. This pressure is non-adjustable and ig
controlled by the regulator.

The Impco carburetor consists of a main
body with a conventional butterfly valve and
‘two diaphragm operated gas metering valves,
The amount of air going to the engine is meas-
ured by two 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 at the air measuring valves
which is communicated to the back side of each
diaphragm through four small holes.

On natural gas, the Impeo carburetor is
somewhat less sensitive than other types to
the effects o! 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 Thermac reducing
valve close to carburetor and place all
other control valves, solenoids, etc. up-
stream of reducing valve.

INSTALLATION

Natural gasingtallation of anImpco carburetor
requires a line pressure regulator large enough
and of suitable pressure reducing capability to
handle the “fuel source involved and provide an
adequate veolume of natural gas. The Thermac
reducing valve (if used) does not seal off with
the engine at rest and pressure measurements
to check pressure at the carburetor when a
Thermac reducing valve is used must be made
with the engine running at idle speed. No mech-
anical choke is provided for starting and none
is necessary with this type of carburetor.

GENERAL IMPCO SERVICE INSTRUCTIONS

Natural Gas

The normal arrangement for natural gasuses
a field regulator to reduce pounds pressure to
the final.value of 5 inches water column (3 oz.)
maximum. Excessive pressure will increase gas
fuel consumption. This pressure will have its
main effect on fuel economy.

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

LPG installations should have the liquid fuel
filtered before entering the vaporizer or "EB"
converter. The liquid fuel is converted togas by
addition of heat from the hot water from the
engine jacket which is circulated through the
water chambers of the vaporizer. The regulator
gection reduces the high pressure gas tothe de-
sired level for use. Because of the high BTU
content of LPG, the gas volume required is
gsmaller than needed for- natural gas and the
pressure at the carburetor is maintained at a
negative value. A balance connection from the
carburetor inlet to the regulator should be used
in this installation.

Adjustment

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

Cutlet Pressure
to Carburetor

Orifice
Size

Inlet Line
Pressure

Spring
Color

20to501lbs.| 3/4 Red | 5" Hz0 column

1. Set natural gas pressure at idle if Ther-
mac reducing valve is used or with en-
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gine stopped (check at idle) if Thermae
ig' not uged, to 5" water column (3 02.)
for 1000 BTU gas with idle mixture screw
backed out 2-1/2 turns.

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

. If intake manifold vacuum is below 8"
mercury with the engine running loadedat
governed speed, adjust the power fuel mix-
ture from rich towards lean slowly to
obtain maximum vacuum at a fixed speed
or until the governor throttle begins to open
further. The power adjustment is not ef-
fective at a fast idle or light load. If with
full load, the manifold vacuum is above 8"
mercury, adjust the field regulator (in-
stead of the power fuel mixture) to lower
or raise the gas pressure to the carbur-
etor to obtain a leaner or richer fuel
mixture for maximum vacuum,

Thermac Pressure Reduction Valve
1. Natural gas pressure at carburetor should
never exceed 3 ounces (5 inches W/C)
for 1000 BTU gas. When pressure cannot
be reduced at the line regulator to 5" W/C,
or more pressure must be used to over-
come line loss of pressure due to small
pipe or long line, use a Thermac secondary

POWER MIXTURE
ADJUSTMENT

[DLE MIXTURE
ADJUSTMENT

CARBURETOR ADJUSTMENTS

pressure reduction valve at the carburetor.
The line (primary) regulator may then be
set as high as 14 cunces (25" W/C).

. 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" (negative) water columnas
set by the IMPCO "EBR" vaporizer regula-
tor (blue spring).

Balance Lines

1. Due to the insensitivity of the air valve car-
buretor to minor inlet air restrictions,
most installations do notrequire abalance
line.

. Balance lines may be used on all IMPCO
carburetors. Series 200D carburetorsuse
a 7/16" 1.D. balance line,

VALVE CLEARANCES

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

Valve clearances specified in the tables of
clearances and on the engine nameplates are
for normal room temperatures . . . NOT FOR
HOT ENGINES. When checking clearances or
timing, the rocker arms must be contacting the
valve tips evenly and not be hollow, When the
rocker armtovalvetip surfacesare worn hollow,
it is impossible to make an accurate check with
a feeler gauge, Never attempt to adjust valve
clearances without loosening the adjusting screw
lock nut and re-tightening it when completed,

. VALVE TIMING CHECK

It is very seldom necessary to check valve
timing, The timing of the camshaft is established
at the time of assembly by the proper matching
of the timing marks as shown elsewhere in this
manual, Since there are no couplings or other
adjustment mechanisms to slip, there is no way
in which the timing can be changed. Moreover,
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VALVE CLEARANCE ADJUSTMENT

itisoften difficult for a personinexperienced in
this operation to check for proper timing with
absclute accuracy even though the. engine is
correctly timed. This is because of the many
factors such as gear blacklash, manufacturing
tolerances, cam wear, rocker arm wear, and
personzl judgment that vary.

If the valve timing should be disturbed during
the replacement of wornparts, or, if for any rea-
son it may be suspected of being incorrect, be
sure to use the valve timing clearances rather
than the valve running clearances. These clear-
ances are different, The valve running clear-
ances specified on the engine nameplate and in
the table of clearances are not correct for set-
ting valve timing, After the valve timing oper-
ation is completed, be sureto reset the valves at
the proper running clearances as indicated on
the engine nameplate.

VALVE TIMING SEQUENCE

The actual steps in making a timing check
are not complicated.

1. Bring number one piston to top center on
the compression stroke so intake and ex-
haust valves are both closed.

2. Adjust the clearance of number one intake
valve to .016.

3. Rotate the engine in the direction of normal
operation {to remove backlash from the

gear train} through the power and exhaust
stroke until the number one piston igagain
approaching top center, this time for the
beginning of the intake stroke.

Very carefully feel for the instant that the
rocker arm starts to bear againstthe valve
stem, This iseasiest todetermine by rotat-
ing the upper end of the push rod between
the fingers,

When the push rod just becomes snug, the
intake valve is starting to open. Check the
flywheel position through the inspection
opening.,

6. After timing check, reset valves to cold
clearance settings.

Whenever the rocker covers are removed, the
valve and spring mechanism should be examined
for evidence of inadequate lubrication due to
sludging or plugged oil lines. Excessive sludge
in the rocker arm area is an indication of too
low 0il operating temperatures, poor filtering
action, or an oil that breaks down and is un-
suited for the cperation involved.

MECHANICAL GOVERNOR

There are several types of governors used on
the WAK series engines, The particular method

No. 1 Pisten TDC, Compression Stroke,

Set No. 1 Intake Clearance to that
specified for Timing, not Running,
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Rotate crankshaft through
Power and Exhaust Stroke
an No, 1 Cylinder.

S
Use Dial Gage to Determine Point where =
Ne. 1 Intuke Valve Starts to open, Check BEinS
fer TDC position on fiywheel, B \"E?}\"a\k\i

VALVE TIMING SEQUENCE
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of governing depends directly on the engine ap-,

plication. In the case of a generator set appli-
cation, extremely close speed control is neces-
sary, This is often controlled by means of a
vacuum compensator,

Resetting the Mechanical Governor

K it should be necessary to dismantle the
governor at any time for other adjustments -
and it iz only-for that purpcse that it should
ever be necessary to disturb this mechanism -
there are some basic requirements which should
be observed. These requirements can all be met
if the governor parts are carefully marked be-
fore they are removed so that they will be re-
assembled with the same adjustment and in the
same places from which they were removed.
Most important, make sure that the operating
linkage and the adjusting muts are accurately
assembled exactly asbefore toprevent improper
positioning of the butterfly valve. Also, be sure
the lock nuts are in place and securely tightened
to prevent change in the length of any of the
linkage, Notice carefully, and mark, the position
of the butterfly valve 50 thatitgoesback exactly
as before. Close it, and with a pencil, mark the
top side and the adjacent wall of the intake so
that it is not reassembled upside down, or
backwards. If these precautions are followed,
the governor should operate exactly as before
when it is again put into service provided the
tension of the governor spring and the length
of the operating rods have not been changed.
To secure the best operation, make sure that
the length of the operating rod is adjusted so

48

VACUUM COMPENSATOR STOP
COLLAR ADJUSTMENT

that the butterfly stands a trifle towards the clos-
ing position when the engine is stopped. Vari-
ation from the proper speed can be corrected

- by tension of the regulating spring. Increasing

the tension increases the maximum speed, and
decreasing the tension decreases the maximum
speed.

GOVERNOR TO BUTTERFLY VALVE
LINKAGE ADJUSTMENT
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THROTTLE

FULL
THROTTLE
WOODWARD

GOVERNOR §

VIEWED FROM LEFT SIDE OF ENGINE

—J
3, 0
Voo
i

TYPICAL CARBURETOR

1
i
1
I
|
|
L

WOODWARD GOVERNOR

Adjust the linkage so that full governor travel
provides somewhat less than full throttle travel.
When the engine is shut off the external return
spring moves the governor lever to the off or
minimum position, With the governor lever in
that position the linkage should be adjusted so

the butterfly iz very near completely closed.
With the governor lever in the maximum or full
throttle position, the throttle butterfly should
be somewhat less than wide open. 10° to 15°
short of wide open is sufficient for full power.

D OPEN
Souemon _, GOVERNOR,

MECHANICAL \
GOVERNOR

N

TIMING
GEAR
[END

VIEWED FROM LEFT SIDE OF ENGINE

TYPICAL BUTTERFLY VALVE
HOUSING

MECHANICAL GOVERNOR

With the engine shut off the governor lever
will be in the wide open throttle position.
Adjust the linkage so that the butterfly leans
toward the closed position, approximately 10°

to 15°. Lever length ratios are designed so
that full throttle travel is obtained with slightly
less than full available governor travel.

GOVERNOR BUTTERFLY LINKAGE ADJUSTMENTS
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VACUUM COMPENSATOR (For Close Governor
Ragulation}

The vacuum compensator, located on the en-
gine side plate is a tempering device which
works in combipation with the engine governor
to provide closer speed regulation than is pos-
gible with the governor alone. Its operation is a
function of the intake manifold vacuum which re-
flects the load on the engine. (Atfullload, vacu-
um is low; at no load, vacuum is high.) Thus
the governor's action is controlled not only by
speed, as in ordinary operation, but by load as
well. This close regulation is necessary ingen-

- erator operation to permit proper control of
generator frequency and voltage.

The governor is a flyball type in which, as the
speed increases, the lever, S, is moved to the
left, toward a closed throttle position. The move-
ment of 8 is restricted by the spring, R, maxi-
mum tension of which is controlled by the screw,
Q, and should not be disturbed. It will be noticed
that spring tension can also be decreased orin-
creased as the transfer lever, P, moves rightor
left respectively. This movement is controlled
by the intake manifold vacuum and the compres-
sion of the compensator spring, D, as follows:

When the vacuum in the manifold increases,
due to reduced load, the diaphragm, F, moves
right against the compensator spring, D. This
movement is transmitted by the rod, L, to the
lever, P; and ag a result, thetensionof the gov-
ernor spring, R, is decreased to permit the
lever, S, to move to the left foward closed throt-
tle position. Knoh, A, sometimes located on the
instrument panel, controls the compression of
spring, D, and the degree to which it affects

governor gspring tension and engine speed.
Clockwise rotation of the knob increases speed;
counterclockwise rotation decreases speed. The
compensator reduces the speed drop from no load
to full load operation to about 3% of maximum
speed.

In cases where two engine driven generators
must be synchronized, the compensator permits
close manual regulator of speed by means of
the knob, A,

. Assembly

Relieve the tension on the vacuum compensa-
tor spring, D, by backing off the adjusting screw,
C. Remove the vacuum cylinder cover assembly.
Position the diaphragm, F, and washers, G, on
the push rod, L, by adjusting the nuts, T, and
lock nuts, H, located on either side of the
diaphragm, so when the diaphragm is held
against the vacuum cylinder base the distance
between the cylinder base and the stop coliar,
K, is 1/2 inch. With the diaphragm inplace, slip
the spring, D, on the adjusting serew, C, and
position the cover assembly on the vacuum cy-
linder base. Install the eap screws and tighten
evenly. The above procedure must be followed so
that the diaphragm has the proper amount of
wrinkle for 1/2 inch travel.

Adjustment

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

. _CLOSED THROTTLE
FOSITION

{

3
GOVERNOR

GOVERNQR VACLIUM SPRING
SPRING CYLINDER
TENSHON BASE

ADJUSTMENT

LOCK ADJUS;ING

G
COLLAR DIAPHRAGM D
WASHERS VACUUM
J COMPENSATOR

VACUUM COMPENSATOR —— GOVERNOR REGULATION
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PSG GOVERNOR INSTALLATION AND ADJUSTMENTS

When the governor is installed on the engine,
particular care should be exercisedtoseethatit
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 base. Install fuel control linkage, making
sure that the governor in its closed position can
cut fuel flow off completely andthatitis capable
of opening fuel control mechanism to itsfull load
position. Be sure linkage isfreefromfrictionor
lost motion.

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

Unless the engine pad is drilled for oil supply
to the governor through the mounting flange a

WOODWARD PSG GOVERNOR
EXTERNAL VIEW~

3/8" oil line must be connected from the engine
lubricating oil pump pressure line or separate
oil sump, An autometive type oil filter must be
installed in the line {0 eliminate the possibility
of dirty oil reaching the governor. It shouldhbe a
40 micron filter with a minimum capacity of
2 G.P.M,

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

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

Regular engine lubricating oilisusually satis-
factory for the governor, Special conditions such
as low temperature starting in an-installation
using a Separate sump may require use of a
lower viscosity than engine lubricating oil.

Speed Droop

Speed droop adjusiable (internally) between
zero and seven percent is provided, Speed droop
may be used to permit load division betweentwo
or more engines operating in parallel on an alter-
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 set onzerodroopand it will
regulate the frequency of the entire system, This
unit will take.all load changeg within the limits
of its capacity and will control frequency if its
capacity is not exceeded,

The. system frequency is adjusted by chang-
ing the speed setting of the governor hav-
ing zero droop. The distribution of load be-
tween units is accomplished by changing the
speed setting of the governors having speed
droop.
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S TERMINAL SHAFY

/-SF‘EED ORCGOR

L rERMINMAL LEVER
{_spe=p pROGP
2OJUSTING
BRACKET

PSG GOVERNOR, COVER REMOVED
Installation Adjustment

Start the engine as instructed by the engine
manufacturer, Pogition the speed adjusting shaft
for desired running speed and allow the engineto
warm up. Open the compensating needle valve
two or three turns and allow the engine to hunt
or surge for about one-half minute to bleed
trapped air from the governor oil passages.
Gradually close the needle valve until hunting
just stops, Closing the needle valve farther than
necessary will make the governor slow to return
to normal speed after a load change, Test action
by manually disturbing engine speed. Engine
should reiurn promptly to original steady speed
with only a small overshoot,

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 thislever froms a pivot point for the speed
droop lever, the purpose of which will be ex-
plained later, Rotation of the control shaft and
speed adjusting lever will raise or lower the end
of the speed droop lever and change the com-
pression of the speeder spring. Extreme limits
of travel, and therefore maximum and mini-
mum speed settings, are established by ad-
justment of the stop screws in the governor
body and cover. The high speed stopisthe hori-
zontal screw in the body and the low speed stop
the vertical screw in the cover, Rotation of the
control shaft in the low speed direction beyond
minimum rpm will shut the engine down by posi-
tively raising the pilot valve plunger throughthe
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speeder spring, which ig attached rigidly to the
upper and lower seats,

For local manual speed adjustment, the gover-
nor is sometimes furnished with a stub speed
control shaft and adjustment is made throughthe
low speed stop screw,

Synchronizing motor speed adjustment is sup-
plied as a special auxiliary. Thiz motorisa gplit
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 adjust-
ment is run againgt the stops.

Speed Droop Adjustment

The governor with the top cover removedto ex-
pose the speed droop mechanism and adjust-
ments, The speeddroop bracketis 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 apivot
pin for the speed droop lever andthispin 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 producesno vertical movement of the pin
and therefore no movement of the speed droop
lever, As the pin is moved out away from the
shaft center, rotation produces movement of the
end of the speed droop lever which is pivoted on
the speed droop pin. This speed droop lever
movement thus produces a speed setting which
is a function of terminal shaft position with speed-
decreasing as fuel flow increases. Thigis speed
droop.

Speed droopis increased by moving the bracket
outward and is reduced to zero when the pivot
pin is at the shaft center. Sincethereis no cali-
bration for the droop adjustment the zero droop
position may be setonly by trial and error on the
engine or by use of a dial indicator on the speed
droop 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 droop between
full load and no load.

MURPHY SAFETY SWITCH

Many engines in this series will be equipped
either in the field or at the factory with Murphy
safety shut-down switches, The adjustment and
operation of the Murphy type switch is easily
understood since an emergency shut-down will
oceur if either the oil pressure or water tem-
perature gage needle moves into the dangerous
range far enough to make electrical contact with
an adjustable ground connection pin.
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Therefore, the indicator needles on both oil
and water gages serve as movable elements in
a switch. The operation of the shut-down feature
thus becomes perfectly visible to the operator,

To adjust the precise value of temperature or
pressure where grounding of the magneto pri-
mary circuit will stop the engine, loosen the
small check nuts onthe fixed contact and turn the
contact screw in or out to shift the cut-off point
to a higher or lower range.

The function of the Re-set buttons should be
recognized before attempting to startthe engine.
Clearly, since the oil-pressure shut-down con-
tact cuts the ighition whenever the oil pressure
is too low, it will also cutit when no pressure at
all exists, as while starting the engine. Hence,
this shut-down feature must be made temporarily
inoperative. This is done by the Re-set button
which pushes the indicator needle back away from
the contact. Unless some provigion were made to
hold the needle here, the operator would be re-
quired to maintain pressure on the button until
the engine started, but in most switches a small
automatic latch retains the needle, After start-
ing, the normal running oil pressure moves the
needle farther across the dial and disengages
the automatic latch. The instrument will then
stop the engine if the il pressure dropstoo low
(usually 10 to 20 Lbs.) or if the water tempera-
ture goes too high (usually about 205°% TF.).

ELECTRICAL SYSTEM POLARITY

The Waukesha Motor Cofnpany has for some
time now, supplied new engines with negatively-
grounded electrical equipment only. This stan-
dardization of electrical system polarityis stan-
dard practice for most equipment manufacturers
and thus increases compatibility between Wau-
kesha supplied electrical equipment and that sup-
plied by the equipment builder. There are in-
stances, however, when it will be necessary to
supply positive-ground electrical equipment to
adapt to other equipment related to the engine,

Therefore, servicemen engaged in the instal-
lation and trouble shooting of electrical equip-
ment must be aware of the importance of cor-
rect polarity to avoid damage to the system. In
most cases damage to the voltage regulator and
rapid battery discharge will result from incor-
rect polarity. Voltage regulators are marked to
indicate their installation with a negative or posi-
tive ground battery. A typical Delco-Remy
polarity markingis 24 VP whichindicates 24 volts
and a positive ground, while 6 VN would indicate
6 volts and a negative ground., The regulator

=

ELECTRICAL SYSTEM WITH AUTOMATIC
CHOKE & VOLTAGE REGULATOR

polarity is indicated either onthe regulator base
along with the Delco-Remy part number, or on
a tape which has been affixed at the Waukesha
Motor Company.

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

When engines are equipped with the Waukesha
Engomatic Control System, however, it ig im-
perative to follow the polarity of the unit as
marked on the panel, When a polarity change
is required on an Engomatic Control System
consult the Waukesha Motor Company.
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'CH_ECKING DELCO-REMY GENERATOR POLARITY ON
WAUKESHA ENGINES ‘ ' i

The Waukesha Motor Company has received
frequent inquiries about how fopolarize a gener-
ator properly after it has been repaired or tested.
If the generatorisnot properly polarized serious
damage will result,

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

Genarator Polarity

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

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

What can happen when the generator is of the
opposite polarity from that of the battery is
shown inthe illugtration, Plus and minus symbols
are used to indicate the direction of current flow,
It is assumed that current will flow from plus to
minus.
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OPPOSITE POLARITY DIAGRAM

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

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

Generator voltage will again close the points
and the action is repeated. The points of the re-
lay thus open and close very rapidly with voltage
and current pregent. Eventually heat and arcing
from the high current and voltage will cause the
points to actually weld together.

Relay points welded together allow the battery
and: generator to be connected together at -all
times. Since resistance of the generator is low,
the battery has a very low resistance path back
to the battery and large discharge current will
flow from the battery through the generator and
back to the battery. This, in a short time, com-
pletely discharges the battery andthe large cur-
rent may develop enough heat to burn thearma-
ture of the generator and render it inoperative
for future use,
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POLARIZATION OF "A" CIRCUIT
GENERATORS

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

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

Polarization of "A" Circuit Generators

Generators using an "A'" circuit are polarized
by comnecting a jumper lead from the insulated
or "hot" side of the battery to the armature or
"A" terminal of the generator, The battery,
generator and regulator grounds must be con-
nected. On the vehicle this is done through the
frame. This causes current to flow in the nor-
mal direction through the field coils which will
correctly polarize the generator's pole shoes.
A touch of the jumper leadisallthat is required
and a flash or arc will be noted when the lead ig
removed.

Insulating the brushes is recommended with
all 24 or 32 volt generators of circuit "A" con-
struction during polarizing, If the brushes are

POLARIZATION OF "B" CIRCUIT
GENERATORS

not insulated, low resistance of the generator
armature will cause an extremely highdischarge
current through the armature when the jumper
lead is connected hetween the battery and gener-
ator terminal. This can result in a badly burned
armature, With the brushes insulated, only field
current will flow,

An easily accessible place topolarize the gen-
erator when it is located on a vehicle is at the
regulator, A short jumper lead between the bat-
tery and armature terminals of the regulator ig
all that is required.

Polarization of "B” Circuit Generators

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

It is important to remove the field lead from
the regulator. Failure to do so will result in
burned regulator points if 2 jumper lead isused
between the battery and field terminals of the
regulator. A verylow resistance circuitfrom the
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battery through the points to the generator
armature to ground and back to the battery
would carry high current if the connection were
not broken. ‘

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

ENGINE STORAGE

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

1. Protection of machined metal surfaces
from the effects of both dampness and
salt or other corrosive substances in
the atmosphere.

2. Protection of openings into the engine
against foreign matter of all types.

3. Protection of accessory equipment and fan
belts against corrosion, dirt, moisture
saturation and deterioration.

4. Protection of cooling system against freez-
ing, rusting or seizure of water pump seals.

5. Protection of a general nature against
the elements, rain, snow, extremes of
temperature, improper stacking and pil-
ing and objects that might seratch 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 paris from
corrosion by the products of combustion
combined with atmospheric moisture and
corrosion by lubricating oil contaminants.

7. Protection of fuel system units against
gumming and the effects of stale gaso-
line, oil and gas residues.

The extent of the attention given to each of
the foregoing points o0fpossible damage, depends
on the judgment of the person in charge of the
engine. Generally speaking, the following fac-
tors should be taken inid account before decid-
ing how much preservation is required.

1. The period of time the engine ig 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 lo-
cation where the air is dryanddusty.

3. The accessibility of the engine for peri-

odic inspection and attention. An engine
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on a show-room floor that may be turned
over occasionally and given periodic oil-
ing requires less extensive treatment than
engines cratedand stocked ina warehouse,

NUCLE-QIL STORAGE (Recummendec! Procedure)

Although instructions will be found following
these which describe more or less standardand
traditional procedures for engine preservation,
these NUCLE-OQOIL procedures basedonvolatile-
corrosion-inhibiting chemicals are factory rec-
ommended for reasons of lower cost, conven-
ience, and greater religbility. The primary ad-
vantages are avoidance of large and expensive
quantities of special oil, freedom from the need
to change the oil again when going back into
service, and a simplified application technique
without any requirement to actually coat the en-

.£ine 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
with 2 minimum of quantity, is recommendedby
and available {rom the Waukesha Motor
Company. This oil is similar in appearance toca
conventional lubricating oil of about SAE No. 10
viscosity.

A unique {eature of Nucle-0il is its volatile-
corrosion-inhibiting chemicals which vaporize
slowly and diffuge throughout any closed void
such as the in{erior ofanengine 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, thig oil cannot and will not protect
engine surfaces in close contact with highly cor-
rosive, used engine oil. In other words, Nucle-
0il will do an efiective job if added to engine
oil in normal clean condition. If high sulphur fuel
or improper control of oil condition from what-
ever cause, has left highly corrosive oil in the
bearings and cloge contact surfaces, the protec-
tive vapors cannot be expected to force the oil
from the bearing clearances and substitute a
protective layer., Such engines should have an
oil change and be run long enough to circulate
the clean oil.
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The following procedure for preservation with
Nucle-(Qil is suggested:

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

2. Add20-1/20%. of Nucle-0il to the crankcase

and 2 oz, to the oil bath air filter.

. Turn engine over 20 seconds.

. Allow engine to cool, if necessary.

Add 1 oz. of Nucle-0il to each cylinder

through the plug openings and replace plugs.

Apply to rocker arm area by light brush-

ing or pouring. Replace the rocker covers.

6. Store engine up to one year,

an oW W

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.

1. When engine is operable.

A, Mix an inhibitive type preservative oil
with the engine lubricating oil in the
proportions recommended by the man-
ufacturex of the preservative oil, or,
o 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 air cleaner. With manually
operated sprayer, squirt can, or other
means, inject preservative oil of a
type suited for this purpose into the
air intake while the engine iS running.
Approximately one minute is ordin-
arily adequate. If possible, stop engine
by "slugging" enough oil through intake
to stall., Continue injecting oil until
engine stops turning,

Drain oil and water while hot. If extra
proiection iz desired the rocker arm
covers may be removed and a quan-
tity of preservative oil poured over
the rocker arm and valve mechanism,
. Remove spark plugs and squirt or
spray several teaspoons of preserva-
tive oil into each combustion chamber.
Coat plug threads with oil and re-
install plugs,

Drain carburetor and fuel pump of
gasoline if practicable. Be sure to
remove water from butane vaporizer
if freezing is likely.
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F. Remove distributor cap or magneto
covers and apply small amount of
petroleum jelly to polished surface of
breaker cam., Where dampness in stor-
age is expected, removal of magnetos
may he worthwhile.

Wipe engine clean and dry. Apply wax
type masking tape or like material to
all openings such as intake openings in
air cleaner, exhaust outlets, breathers,
magneto vents and open line fittings,
Relieve tension on fan belts and gen-~
erator drive belts, This is important
because continual tengion onthese parts
without the working action that occurs
in normal operation causes deteriora~
tion of the rubber.

I, Apply a coating of heavy preservative
compound with brush to all exposed
machined surfaces such as flywheels,
clutch shafts and like areas,

Engines treated in accordance with these in-
structions will normally be protected for six
months or longer. Continual inspection, how-
ever, is the only way to determine if protection
is adequate. If 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 cylinder,
Some types of preservative oil are not well
suited to pericdic engine rotation because they
are scraped from the cylinder walls which are
then unprotected. Other oils are not scraped
away. Therefore, the operator should carefully
investigate the characteristics of the oil used.

2. When engine is not operable.

A. Open drains in oil pan, radiator, car-
buretor, butane vaporizer and fuel pump
to remove oil, water and fuel,

Remove spark plugs and pour or squirt
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 heen turned through two
complete revolutions. The purpose of
this procedure is to bring each valve
into an exposed position so the pre-
servative oil will coat it.

B,
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D. Depending on the judgment of the op-
erator as to the severity of storage
conditions, cpen as many points asg
possible. . ., . oil panplug, valve rock-
er covers, tappet chamber cover, front
gear cover and so on, where oil may
be sprayed, poured or 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,

Staring Engines That Have Been in Use

In the course of normal engine operation-

residues of various combustion products such
as lead and sulfur accumulate in the combustion
area and in the lubricating oil, Portions of
these residues combine with atmospheric mois-
ture to form corrosive compounds of adestruc-
tive nature, Butane engines are probably less
subject to this than others. The following
treatment will help reduce damage from this
gource, _
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 o0il in crankcase and drain
while hot.

C. Refill crankcase with preservative oil,
qQr with the proper grade of lube oil
to which an inhibitive type preservative
oil has been added in the proportion
recommended.

D. Carry out previoug ingtructions "B"
through "I as the circumstances in-
dicate.

. When engine is not gperable,

A, Carry out instructions as for an in-
operable 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
reagsembled for treatment as a new
engine. Ordinarily, this last procedure
is unnecessary except in cases where
fuels contain considerable sulfur, or
where exiremely 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 conditions,
Several simple tools may be used to atomize

preservative oil and force it into the manifolds
and combustion chambers, One of these is a
manually operated gun used ordinarily to lu-
bricate inaccessible points on car and truck
chagsis, Another is a hand operated pump type
sprayer with a pointed discharge nozzle com-
monly used with insecticides, If desired, small
oil pumps may be rigged with a motor drive to
make a convenient spray unit of the mechanieal
pressure type, In almost all cases, the air
available from shop compressor line 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 effec-
tive when heated before application, Heating
reduces their viscosity so as togainpenetration
into inaccessible areas. In addition, the hot
compound reduces the moisture film at the
metal surface and thus avoids trapping mois-
ture under the preservative layer.

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

Specifications for Protective Materials

Internal Surfaces, Cyls., Ete. External Surfaces

U.S. Army Spec, 2-121
(Waxy Coating)
Army Ordinance
Spec. AXS 673
(Harder black coating

U. 8. Army Spec, 2-126
(Available as SAE 10 or
SAE 30)

Nucle-0il #120
Mil, Spec. MIL-L-

4600Z Grade 1

PREPARING ENGINE FOR OPERATION

These steps needed to bring an engine into
active service after storage in accordance with
those instructions are about the same as those
normally carried out on any new engine, These
are inspection, checking for free rotation, ade-
gquate cooling water or anti-freeze, ample oil
of the correct grade and proper adjustments.
In addition, accumulated dust and dirt should be
wiped or washed from the exterior before.re-
moving the covers over the engine openings.
Engines that have not been rotated for some
time should be oiled through the spark plug
openings and cranked by hand or with the
starter before actually running. Any resis-
tance to free cranking should be investigated;
Tust and corrosion can cause severe seizure
that cannot be forced clear without engine
damage.
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OVERHAUL AND MECHANICAL ADJUSTMENT

GENERAL

The overhaul and adjustment of the WAK
Series engines, like any other mechanical opera-
tion onprecision machineryis best accomplished
by experienced personnel using equipment built
for accurate work. On the other hand, assembly
and disassembly present nounusual features re-
quiring special tools or techniques, For this
reason, no effort has been made to detailin this
manual the steps that are self evident or well
established mechanical practices. In those in-
stances where a considerable number of these
engines are being overhauled, the WAUKESHA
MOTOR COMPANY will be glad to make sug-
gestions on permanent type tooling such as
pullers, jigs, and other fixtures,

All major parts in the Waukesha Model
6-WAKC engineare replaceable as units in the
field without special tools or equipment. Main
and connecting rod bearings are of the precision
type and require no special fitting procedures
beyond routine inspection of the crank journal
and pins for roundness and condition. Cylinder
sleeves are easily removed with conventional
pullers, For best resultg install new pistons of
a letter size mating with the letter size of the
new sleeve, Order "A" gize pistous far"A' size
sleeves, '"B" size pistons for "B" size sleeves,
and so on. Each progressive letter size of piston
and sleeve is approximately 0.0005" {one-half
thousandth) larger. Current engine pistons and
sleeves are of only one size range.

Piston pins should also be orderedin matched
sets. Otherwise, when possible match the color
marks on the underside of the new pistons, White
ping in White painted pistons, Red pins in Red
pistons, and Blue pins in Blue pistons, The dif-
ferences here are in 0.0001" (one tenth of a
thousandth) graduations, although the deciding
factor should always be a piston fit that permits
an easy hand push to insert the pin.

Water pumps should either be replaced as a
unit or re-built using the Waukesha Motor Com-
pany Repair Kits which include the parts neces-
sary to replace those parts which are subjectto

wear and to the corrosive action of engine

coolants,

There are a number of good practices that
should be followed in overhauling any engine,
some of these are listed below,

Do Not Mix or Confuse Engine Parts

Mark for position on disassembly; tag as-
semblies from different engines; stampor other-
wise identify parts reground to special sizes,

Do Not Mix Bolts, Capscrews and Washers

Capscrews and like parts are of a length,
material, and heat-treatment suited to the place
they are used. Numerous instances have been
reported where too long or too shorta capscrew
has resulted in leakage or interference with
internal parts. Washers of various materials
and types are selected according to application,
Standard soft steel washers, for example, when
used {0 retain a bearing cap are known to have
caused complete engine failures, Hardened
washers are used at that particular point.

Inspect as Engine is Disassembled

Once engine parts have beendisassembled and
cleaned, many valuable indications of engine
condition are lost., Materials found in the oil or
on burned or carboned surfaces at disassembly
often point to operating, service, or maintenance
improvements of genuine value to the operator.

Protect Delicate Parts and Surfaces

Do not pile engine parts, ignition equipment,

'carburetors, and bearings, indiscriminately. Oil

surfaces likely to rust. Tape surfaces subject
to scratching or nicking during repair oper-
ations, Plug off passages likely to accumulate
dust, abrasives, and machining chips, Some
heavy-duty detergents and cleaning compounds
will etch or corrode bearing materials and
bughings, Test any cleaner before using it on
good parts.

Clean Thoroughly

No engine is completely overhauled if it is
not cleaned internally and externally to 'new
part' condition, Dirty parts can not be inspected
nor fitted; neither do they conduct heat properly
nor allow top engine performance. Modern
chemical cleaners easily remove all engine
grime; but don't forget to remove the cleaners
from oil passages and casting pockets when the
job is completed,
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Work Accurately

Use precision pgages where needed; follow
tables of limits and tightening torque values
for best performance.

INSPECT COMPLETELY

Magnetic inspection of crankshaft, connecting
rods, valves, and other critical parts is highly
recommended, Inspect each part, piece bypiece,
for wear, evidence of damage, and indications
that might point to improvement of operating
technique or service procedures,

DISASSEMBLY

Vibration Dompner and Fan Pulley

The vibration dampner is easily removed by
taking out the cap-screws holding it to the fan
pulley, To remove the fan pulley from the
crankshaft it is necessary to remove the fan
pulley nut and employ a three-jaw puller of
suitable size since the pulley is pressed on the
shaft, The pulley nut may be replaced on the
crankghaft if desired for turning the crankshaft
during later operations.

CAUTION: Lock the crankshaft forward to
prevent end thrust shims from dropping causing
improper end play when installing pulley.

When replacing the fan pulley, it will be found
practical to make up an installing tool capable
of sliding over the shaft and driving squarely
against the pulley hub., The installation will be
much easier, particularly on the high-output
models if the pulley is heated to approximately
400-500°,F,

Gear Cover

Remove the capscrews securing the gear cover
to the crankcase and oil pan, The crankshaft fan
pulley key must be removed and any incidental
burrs honed from the shaft before sliding the
cover oil seal overif. Ordinarily the oil seal may
be left in place and used again,

Flywheel

Before loosening the flywheel retaining screws,
make up a ''dogleg" hoist eye to support the
weight and permit swinging the wheel out with-
out canting. Take up some of the weight on the
hoist, remove the capscrews, and using suitable
threaded pullers if necessary, pull the wheel free
and swing it out of the housing. It is recom-
mended that new bolts be used whenever a fly-
wheel is re-installed, - -

Water Pump

The water pump is removed as a unit after
removal of the six through bolis extending
through the gear housing. It is not necessary
to disturb the bolts holding the two halves of
the pump together, Neither, is it necessary to
remove the inspection plate in the gear housing
cover,

Pistons

Before attempting to lift the pistons from the
sleeves, prepare a suitable arrangement toper-
mit the use of an overhead hoist. After the
pistongs and connecting rods have been lifted
free, be careful {o avoid swinging the rod too
far from side to side., If this precaution is not
observed, the small oil jet tube projecting from
the top end of the rod may be bent, broken, or
cracked against the sides of the piston slot.

Cylinder Sleeves

When the cylinder heads have been removed,
the only thing that prevents the sleeves from
being lifted out freely is the sticking action of
the rubber seal rings. Often, considerableforce
is required to break loose the seal rings and a
screw-jack or hydraulic pulleris recommended.
Attempts to drive the sleeves outfrom the lower
ends, forcing them withblocks against the crank-
shaft, and other unworkmanlike methods will
usually damage the engine in some respect.

FLYWHEEL LIFT HOOK




WAUKESHA WAK AND F-1197-G SERIES

OVERHAUL

Cylinder Heads

Both front and rear cylinder heads, including
the intake and exhaust manifolds may be re-
moved as a unitif desired. First, loosenthe hose
connection at the upper end of the water by-pass
line. Remove the crown nuts retaining the water
manifold and lift off the manifold, Loosen the
rocker arm oil lines and remove the rocker arm
support bracket retaining nuts so the rocker
arm assemblies and push rods may be lifted free.

The cylinder head hold-down nuts will now
be accessible.

When the cylinder heads are replaced after
the intake manifold has been removed for any
reason, it ig important to carry out the steps
below in the order given.

1. Place the heads in position and run down
three or four retaining nuts just enough
to pull the heads squarely in place against
their gaskets. Do not overtighten.

2, Install the intake manifold and tighten all
nuts evenly.

3. Torque down the head nuts to the values
specified in the table at the back of this
manual, Always tighien evenly, starting at
the center of the head and working out-
ward.

. Install the exhaust manifold, rocker arms
and push rods, oil lines, and water mani-
fold.

The point to note about the above procedure
is that the heads are left partly loose when in-
stalling the intake manifold, Thus, they arefree
to move slightly and square up with the mani-
fold mounting flanges., If the heads are pulled
down first, tightening the intake manifold nuts
may put a strain on the manifold that will cause
cracking or leaking in service,

Crankshuft Gear

In those instances where replacement of the
crankshaft gear is necessary, it is easiest to
remove the gear with a puller as shown in the
accompanying illustration, ¥ such a puller is
not available, or if the gear has no puller holes
it is necessary to split the gear as shown, First

1 |

T T

Vi

BRI

l—— DRILL HOLE

N )

CRANKGEAR PULLER

REMOVING CRANKGEAR BY SPLITTING




WAUKESHA WAK AND F-1197 -G SERIES

CVERHAUL

drill a hole of approximately 1/4-inch diameter
lengthwise of the gear and between the keyway
and the teeth, Thus, a variationindrilldirection
will result in nothing more than damage to the
replaceable key., After drilling, a light blow
with a cold chisel will spread the gear a few
thousandths and permit removal,

CLEANING -

Cleaning disassembled engine parts -is a
necessary part of overhaul practice for a
number of reasons, First, of course, cleanparts
are much easier to work onaccurately. Equally,
important, is the exclusion of dirt from re-
finished bearings and running surfaces on re-
assembhly.

Inspection is sometimes almost impossible
until oil varnish, rust, or carbon have hbeen
removed, and, not often considered, the cooling
of operating parts by the oil circulationdepends
on the ¢il coming in intimate contact with the
hot metal. If dirt on the engine interior, or rust
in the water cooling area, prevent intimate heat
pick-up and impair ¢il or water circulation the
engine will not perform properly regardless of
its mechanical fitness.

Shop cleaning methods may be considered
under three headings -- washing with steam,
water or mild solvent; chemical loosening of
insoluble deposits; and mechanical removal of
material softened by the chemicals. Pre-dis-
assembly washing is an example of the first
class, ag i8 de-greasing inunleaded gasoline, or
mineral spirit solvent prior to chemical clean-
ing. Chemical cleaning includes stripping heavy
grease, varnish, gum, paint, and $0 on from
surfaces as well as softening carbon and rust,.

Mechanical cleaning is usually resorted to
when removing previously softened carbonfrom
ring grooves, brushing out oil passages, and
scraping gasket surfaces,

External washing should be 2 pre-disassembly
step. Internal washing and external washing dif-
fer to a considerable degree, Thorough internal
washing is very often an economy in that it pre-
vents the contamination of expensive carbon
softeners with ordinary oil and dirt. A number
of wash baths of the tank type are available,
Here, a water sclution of commercial cleaner,
often of the "tri-sodium-phosphate-sodium-met-
asilicate’ type is heated and agitated in a large
tank, A liftable basket is used for holding the
parts. This type of tank may be heated by gas,
steam, or electricity; usually itisheldata tem-
perature of about 140°F. for alkaline base
solution,

Agitation is accomplished by air, a circulat-
ing pump, or live steam, Immersion in the bath
for normally dirty parts will usually run about
an hour or more. Final rinsing is sometimes
confined to simple drainage, but a better prac-
tice is to pressure rinse away all traces of
cleaning solution with a hot water jet and follow
up with an air jet for drying and removal of
water from pockets and passages.

The importance of complete removal of clean-
ing solutions from parts is seldom realized..The
commonly used alkaline or soap compound
cleaners will sometimes remain in drilled
passages or casting pocketsin sufficient quantity
to form a scap when combined with cil in the
presence of combustion gas acids. The resultant
oil foaming and impairment of lubrication will
cause excessive wear and failure from this
totally unsuspected source,

Engine parts cleaned to a chemically clean
surface by efficient washing are immediately
subject to rust, Polished surfaces such as
crankshaft journals and piston pins should not
be touched with the bare hands because of the
corrosive characteristics of pergpiration. To
prevent damage of this nature, a light, non-
gumming oil may be sprayed over parts to be
used within. a short time, Parts intended for
long-term storage should be protected with one
of the compounds especially made to form are-
latively heavy and tough coating on the gurface,

A final consideration to parts washing, where
done on a continuous basis, is maintenance of
the wasgh bath in an efficient condition, Infre-
quent removal of sludge, erratic addition of
fresh chemicals to solutions, and promiscuous
intermixing of different brands of chemicals
will sooner or later cause trouble in the form
of corrosion, lost time, and heat losses in the
tank,

WASH TANK
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Chemical Cleaning

When the top coating of oil and sludge has
been removed from many engine parts, consider-
able deposits of hard carbon, varnigh, lead
compounds, and so0 on will normally remain,
In field service work, such materials may have
to be removed by manual scraping or like
methods, but these techniques in the overhaul
shop are costly 'and certaih to result in a per-
centage of damaged parts,

Depending on the job in hand, chemical clean-
ing equipment may range from the convenient
bucket tank furnished with the solution by some
manufacturers to steam-heated pressure tanks
for production cleaning in alarge overhaul shop,

Usually, the solutions used in heated tanks--
open tanks run about 100°F.; pressure tanks
about 270°F,--are faster than the so-called
cold solutions, A pressure tank will soften hard
piston carbon that is not touched by open tanks
or cold solutions. Before using any solution on
expensive parts, the operator ghould try its
effect on various metals, separately and to-
gether, Numerous ingstances can be cited of
effective cleaners that are unsuited for a
particular job because they react with special
metals used in bearing bushings, seals, and so
on. Sometimes this effect appearstobe chemical,
at other times it can be traced to electrolytic
action, For cleaning injectors, pistons, and like
parts, a carbon solvent such as Cities Service
Solvent #62 is suggested.

Maechanical Cleaning

Immediately after removing the paris from
the chemical bath, remove deposits as much ag
possible with a stiff bristle brush. In those
instances where parts contain drilled oil pas-
sages remove plugs leading to these openings
before cleaning and follow chemical cleaning
with a thorough internal brushing,

Use brushes with long extension handles of
the type used for cleaning guns., Be sure that
atl loosened material is completely rinsed and
blown out of these passages.

Some parts, such as pistons and valves may
still show some deposits after chemical cleaning
and brushing,

Some specialized tools may be considered
under the head of cleaning, Exampiesare ream-
ers used to cut carbon from valve pguides, and
refinishing tools for cylinder sleeve bores,

Selecting Cleaning Methads

Engine deposits should be considered as to
source and nature before expending costly clean-
ing agents on them. An example is the familiar
low-temperature engine sludge commeonly found
at overhaul, This sludge could, of course, be
removed by a chemical cleaner. Such treat-
ment, however, would soon render the chemical
useless and would do no better job than a quick
washing with a petroleum solvent under pres-
sure, or a water solution, Remaining gum or
varnish deposits could very likely be polished
away without excessive effort, Onthe other hand,

" inspection might reveal very stubborn deposits

in the oil passages within these parts which
would make a follow-up with chemical cleaning
necessary.

At other times the cylinder sleeves and crank-
case are badly deposited with sludge. This
sludge is the result of some engine or water
pump lubricant entering the coolant, forming a
gummy substance in combination with heat and
possible anti-freeze, and finally a binding to-
gether of silt and rust particles with the gum.
Silt particles came from impure water, plus
rust from not using a small amount of inhibitor
in the coolant,. Here, the problem is one of
forming a flushable solution of the sludge in
the water passages. This can probably be done
successfully with a hot tank solution, Very
thorough agitation and copious flushing under
pressure will remove most of this material.

Some other cooling system deposits are less
readily removed, Cylinder blocks and water
heated intake manifolds with lime deposits are
sometimes found, Since these deposits are
alkaline in nature, most washing solutions have
little effect upon them. Some opening of such
passages can be gained before disassembling the
engine, by muriatic acid tréatment. Attempis to
remove deposits with acid while the engine is
disassembled are very difficult because of the
necessity for proteeting running and mating sur-
faces against acid action,

Ball or roller bearings should never be thrown
into a cleaning solution with other parts. Wash
them ina small container of fresh, clean solution,
examine for condition -- grease or ¢il, and wrap
in wax paper until ready for assembly, Small
particles of grit are extremely damaging to
these bearings. Ball bearings of the sealed or
self-lubricated variety should receive no more
than an external wiping with a clean cloth, Im-
mersion in cleaning solutions is not recom-
niended. When such bearings show need for
internal cleaning because of roughness or stick-
ing, they should be replaced.
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VALVES AND MECHANISM - REPAIR

Valves require grinding at various intervals
during the engine service life; These intervals
cannot be specified exactly because a host of
variable factors enter the picture, often without
the engine operator's knowledge. Of these fac-
tors, the following have been found to a greater
or lesser degree to make for reduced valve life.

1, Fuels that break down to form deposits
that impair seat contact and prevent heat
conduction and valve cooling.

2. Deposits from either fuels or oils that
accumulate on the valve stems and cause
sticking and burning,

3. 0il not reaching rocker arms due to
clogged lines or improper fittings,

4, Shutting down a hot engine without idling
for a few minutes. Exhaust valves that
happen to be off their seais when engine
stops may warp so that burning oceurs on
restarting.

5. Tappet clearances not properly main-
tained so that at least 0.008 to 0.010 is
available when running,

6. Lean mixtures due to improper carburetor
or adjustment.

7. Pre-ignition due to wrong plugs, carbon
deposits, excessive operating tempera-
tures.

Compression Checks

A compression check is the best method of
determining whether valves needgrinding, Since
different pistons will develop different crank-
ing compression pressures due to compression
ratio variations, no specific figuresaregivenfor
this test. The most significant thing is for the
pressures on the individual cylinders to match
with a fair degree of evenness, I it is felt that
compression may be leaking past the piston
rings, inject some heavy engine oil through the
spark plug hole before making the test. This
will seal the rings temporarily. In addition, a
quick knowledge of valve condition may be
gained by listening at the carburetor entrance
{disconnect air cleaner) and the exhaust outlet
while the engine is cranked over. Piston ring
blow-by may be heard at the oil-filler opening
ag the pistons are slowly brought onto com-
pression and the air allowed to seep past. If
valves are leaking badly, the piston ring leakage
may not he noticeable, Another indication of
leaking valves is an unsteady vacuum reading,
particularly at idle.
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Valve Mechanism

When the push rods have been withdrawn
they should he tagged or otherwise marked so
that each rod may be replaced in its own tappet.
Examine each rod to make sure it is straight,
and that both upper and lower ends are in good
condition. Replace--do not straighten--any that
are bent, and if there are any of the ball and
socket fittings, pressed into the ends of the
rods, that show signs of wear beyond the case
hardening, replace these fittings also. Sockets
at the rocker arm end must not be used if they
are worn so deep that the upper edge rides the
adjusting lock nut orthe rocker armatany point.

The end of each valve stem is fitted with a
shallow steel retainer thataccommodatesthe end
of the valve spring, and is held to the stem by
a pair of split tapers. The locking tapers must
be removed before the valve can be withdrawn,
To release the lockfrom the recessinthe spring
retainer, it isonly necessary to push the retainer
down against the spring until the tapers fall
away from the valve stem. Weak or cocked
springs should be discarded and new ones
installed when reassembling, Free-type rota-
tors are available for exhaust valves on com-
mercial engines when required.

ROLLER TAPPETS

It is a good idea when overhauling the engine
to examine the roller tappet assemblies for any
signs of wear, which would result in improper
lifter action, An improved roller tappet assem-
bly is now available for WAK and F-1197-G
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LIFTER ALIGNMENT TOOL

series engines. This new assembly is inter-
changeable only in pairs along with two com-
patible lifter guides and clamp with the old
assemblies. In the newassembly, alonger roller
pin is are welded to the lifter body in four
places. As shown in the illustration the new
lifter assembly has a larger lifter diameter
and increasged guide bore.

When tightening the clamps betweenthe roller
lifter guides the lifter assemblies may tend to
twist in the crankease and cause misalignment
between the lifter roller and the face of the
cam lobe. Such misalignment could be a con-
tributing factor to early camshaft failures.

To aid in proper alignment when tightening
these clamps, a tool as shown _is a definite
must. In use the ends of the tool are inserted
into the lifter guide slots while the clamp is
being tightened. The tool can be made of cold
rolled steel and -hardened if facilities are
available, The holes drilled in the tool are for
lightening purposes.

GUIDES AND SEATS

Upon removing each valve examine it care-
fully, Remove all earbon and burned oil and
check the valve stem and its fit in the guide.
Excessive wear in either the stem or guide will
make it imposgsible to secure a tight seat by
grinding unless the valve or guide, and possibly
both, are replaced. Special notice of the exhaust
valve guide and valve stem shoulder should be
taken to make sure the guide.does not project
into the valve gas passage, and thatthe shoulder
on the valve stem is sharp. This shoulder should
be slightly inside the end of the valve guide when
the valve is seated. Thus, any accumulation of
carbon around the guide and stem will be sheared
off each time the valve is lifted, and in this way
prevent valve sticking. -

Worn valve guides and valve sSeat inserts |
should be replaced with new ones. The guides
are a pressed fit inthe head casting, and service
guides are especially machinedto pressinplace,
and give proper stem clearance without further
machining, On the cother hand, the valve seat
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STRAIGHT SHANK GUIDES

SPRING
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PRESSING IN VALVE GUIDE

in the head MUST be re-cut conceniric with the
new guide whenever new guides are installed,
The valve seat inserts are furnished in 1/64,
1/32, and 1/16 oversize for a press fit, but
require’a shrinking process to anchor them in
place, '

The accuracy of the machine method of valve
grinding _depends entirely upon the condition of
the valve guide and the pilot mandrel's fit, both
in' the guide itself, and the hub of the grinder
stone, It ig vitally important, therefore, to make
sure that the mandrel is a snug push fit in the
valve guide, and will not wobble at the upper
end, If it does have any upper-end movement
the seat will not be -ground true, Guides that
are worn too much to give the mandrel solid
support should bhe replaced before grinding is
attempted, The maker's instructions for dress-
ing the grinding wheel must.be followed to
secure smooth, accurate seats,

Valve Grinding

Modern valves are muchharder than formerly

sa that & valve grinding machine is much quicker
and more accurate than hand grinding., If ma-

- chine grinding equipment for both valves and

seats is not immediately at hand, it will often
save time and money, as well as getting a better
job if the head and valve assembly are sent to
a local specialist, Even if hand grinding is
employed, the valve stems and guides must be
a good fit without wobble to insure a concentiric
seat-and a properly fitted valve,

Hand Grinding

Apply a good, medium grinding compound
sparingly around the entire valve seat, slip a
light lifting spring over the stem, lubricate
the stem, and drop the valve into its original
place in the cylinder head. The spring should
just barely hold the valve off its seat, Place the
grinding tool in the two holes or slot in the
head of the valve to be ground, Pressdown until
the valve iz seated, Turn the valve a quarter
turn, first in one direction then in the other.
Do this three or four times. Release the pressure
on the valve, and the litile spring will lift it
off its seat, Now turn the valve about 10 or 15
degrees toanother position, and repeat the grind-
ing. Do this until all the compound is rTubbed

CHECKING SEAT FOR CONCENTRICITY
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HEAD TIGHTENING SEQUENCE

off the valve seat. Withdraw the valve, and put
on some fresh compound. Repeat the grinding
operation,

Clean the valve and its seat occasionally to.

see how the grinding is progressing. When all
pits and grooves have disappeared, clean the
valve and valve geat, and place eight or ten
equally spaced marks with a soft lead pencil
on the seat. Then drop the valve in place, give
it a quarter turn, and remove it. A perfect seat
will be indicated if every pencil mark shows
where the wvalve has rubbed it. If any pencil
marks are left untouched, continue the grinding,
When the grinding is completed, check the valve
seat for concentricity with a dial indicator, then
oil the valve stem, cleanall traces of the grinding
compound from the valve chamber and ports,
and REASSEMBLE EACH VALVE IN ITS OWN
OPENING.

REPLACING CYLINDER HEADS

First, make sure that any o0il leads which
may he drilled in the head to feed the rocker
arms, as well as the drilled oil leads in the
eylinder block, are clean to insure full oiling
of the valve mechanism,

A torque wrench when used according to the
table at the rear of this book will prevent over-
straining studs, while insuring a tight joint.
The order of tightening is also important. As
shown in the typical case, the hold-down studs
should be tightened in two or three successive
stages starting with the center and working
toward each end alternately. This will insure
even pressure over the entire surface of the
cylinder head and gasket. If the outside nutsare
pulled up first instead of the center ones, the
head will be cocked, and the gasket will not fit
tight enough to prevent blowing out between
cylinders. A torque wrench, where used ac-
cording to the maker's directions, iz the best
way of setting up cylinder head nuts to insure
full tension without excessive strain that might
stretch the studs.

Retorque replaced cylinder heads after run-
ning the engine either idle or after load testing.

Do not neglect to connect the oil lead to the
rocker arm shaft. Test it to be sure it is not
clogged.”

CRANKSHAFT END THRUST ADJUSTMENT

As shown in the accompanying illustration,
increasing the number of shims between the
thrust washer and the shoulder on the front of
the front main journal will increase the shaft
end play. Reducing the number of shims reduces
end play. Current production engines have a
slightly increased front main hearing length
on the crankshaft and crankcase to give the
correct end play without using shims.

Measure end play with a dial indicator clamped
to the case and seating against the end of the
shaft as shown. A small pinchbarisused t0 move
the crankshaft forward until itis snug against the
thrust surface of the rear thrust ring. The dial
indicator is then set at zero when positioned
against the rear flange, Now, use the bar to
move the shaft as far rearward as it can go.
The dial indicator should then read directly in
thousandths of an inch of end play.
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CHECKING CRANKSHAFT THRUST

Obviously, the above reading will not be ac-
curate unless the shims are tightly compressed
between the shoulder on the shaft and the thrust
washer, In operation, the crankshaft nut serves
to force the crank gear solidly against the thrust
washer and thus compressesthe shims. Since the
crank gear-s a very tight {fit, however, it would
involve some inconvenience to draw itintoplace
only to measure the end play and find that addi-
tional shims were needed, orthat some hadto be
removed. To eliminate this problem, make a
short sleeve about the same length as the gear,
This sleeve should slide easily over the shaft and
the cut off ends should be square. Tubing, pipe,
or an old gear which has been split will serve
equally well, By substituting the sleeve for the
gear, the crankshaft nut may be drawn up, the
end play measured, and the nut and sleeve quick-
ly removed to add or subtract shims as needed.

Normal end play for the WAK Series is 0.005
to. 0.013, and the shims are 0,002 thick,

CAUTION: In those instances where it be-
comes necessary to remove the fan pulley from
the crankshaft in the field, certain precautions
will help to avoid dropping the crankshaft end
thrust shims from their correct location. First,
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it is suggested that the end play be measured
with a dial indicator before and after removal
and replacement of the pulley. Thus, anaccurate
check will be available to show up any shim dis-
placement, Secondly, while the pulley is missing
from or loose on the shaft, do not permit the
crankshaft to be turned or moved lengthwise.
Before installing the pulley, back upthe flywheel
or shaft to prevent driving the shaft backward
while seating the pulley, Failure to observe
these precautions may result in the thin steel
thrust shims being dislodged from their proper
position in relationship to the bearing thrust
flanges and later torn and dropped into the
oil pan, If at some time after pulley replace-
ment, a deposit of thin steel shim material
is found in the oil pan, this is the probable
source and further investigation must be made,
To remove the fan pulley from the crankshaft,
however, it is necessary to remove the fan
pulley nut and employ a three-jaw puller since
the pulley is pressed on the shaft. Never
attempt to pull the pulley by applying the
puller to the rim of the vibration dampner,
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After removing the pulley, examine the crank-
shaft front extension for any nicks, burrs, or
rough spots that might damage the fromnt oil
seal, Use a fine file or stone to clean up such
places.

The starter crank jaw may be threaded back
on the shaft for use in furning the crankshaft
if desired.

Check for proper end thrustbefore asgembling
a power take-off to an engine. Check again
after the power take-off is assembled to the
engine, If the crankshaft has lost end clearance
it can probably be restored by 'bumping' the
end of the crankshaft, Place a block of wood
against the end of the crankshaft and strike
the wood.

" Rear Qil Seal Replacement

Rear oil seal replacement is seldom nec-
essary except at overhaul. When investigating
rear seal leakage in thefield, crankcase breath-
ing should always be checked first, With the
desired slight negative pressure, very little oil
will escape at the seal,

“In production, the-rear seal retainers are
assembled and doweled in place and the bore is
then sized to its final dimension by means of a
cutting tool piloted in the crankshaft rear main
bearing bore, Two factors are critical in fitting
and locating the retainer halves. First, the
lower retainer must be flush with the face of
the crankcase so it will seal against the oil pan;
secondly, with the lower .half so located, the
clearance between the retainer bore and the
crankshaft should be even within afew thou-
sandths of an inch all around. These checks are
made without the seal packing in the retainer
groove but with the gasket between the upper
and lower halves of the retainer,

Once the retainer assembly has been fitted
as described above, there should be no reason
to re-locate it, lf, however, breakage or other
damage makes field replacement of the retainer
necessary, the following procedure should be
followed. Remove the flywheel to gain access
to the retainer, Remove the external oil pan
to crankcase bolts. Remove flywheel housing
to oil pan external bolts, and disconnect any
oil, water, or exhaust connections which would
interfere with dropping oil pan or with raising
the engine. Drop the cil pan or in the case of
the base type oil pan raise the engine with a
suitable hoist, or jacks, until the lower retainer
half may be dropped down to clear the crank-
shaft flange. )

UPPER

RETAINER .
(O\

FLYWH £ EL—ppeed
HOUSING

QIL SEAL RETAINER
LOCATION

FLYWHEEL ™

REAR OIL SEAL INSTALLATION

The dowels in the retainer upper half may
be driven deeper to permit sliding out the
upper retainer. Later these dowels may be
drilled out or new ones installed in a new
location,

Service retainers currently have a smaller
bore than the production retainers since the
extra metal left for the centering cut at as-
sembly has not been removed, The following
steps will permit the proper fitting of the
bore without special tooling,

1. Temporarily install the new lower half so
the lower edge is flush with the crankcase
when checked with a straight edge.

2. With the retainer lower half thus located,
slide a long piece of feeler stock around
and between the crankshaft and the un-
finished bore of the retainer. Try several
sizes until the clearance at this point is
determined, It may prove to be very litile,
possibly none at all.

Install the top retainer half, using the
lower half as a locating means. Secure the
top half and remove the lower half so
feeler measurements of the upper half
clearance to the crankshaft can be made,
. After making the above measurements of
the retainer bore to crankshaft clearance,
it should be possible to calculate the metal
which must be removed to give approxi-
mately 0,015" running clearance all around.
Remove the retainer assembly and with
the two halves (with gasket) bolted together,
mount and center it on a lathe face plate so
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the correct.bore gize may be machined.
‘Remember, the amount of metal to be re-
moved may not be the-same onbothhalves.
The important thing is to remove the cor-

- rect amount from the lower half so it will
have both the correct running clearance
and the desired flush location with the
bottom of the crankcase.

. Ingtall the upper and lower halves and
- space them from the shaft with shim stock
or feelers. Secure, drill, and ream for
dowels in the upper half,
With the retainer disassembled, roll in
the seal packing. Trim the ends so they
are slightly above flush on each half, In-
stall the retainer and drive in the dowels
which loecate the upper half.

REAR OIL SEAL PERFORMANCE [MPROVEMENT

Improved o¢il control in the WAKC and
F-1197-G series engines has reduced the quan-
tity of ¢il pregent in the rear sealarea, thereby
lessening the chance of seal saturation and
leakage, Current engines also use a redesigned
0il pump pressure relief valve. The oil relief
holes on this new valve are located on the
sides instead of on the top and bottom as
"was the case on the earlier relief valves, This
avoids discharge from the upper relief hole
directly into the rear seal area whichmay cause
excessive saturation of the seal,

Since modification of earlier engines is re-
latively easy and economical it is recommended
that these changes be incorporatedinall engines
where this condition is eritical at the next oil
change period. Replacement of the earlier style
0il pressure relief valve is not necessary as
an inexpensive oil deflector can be used to
direct oil from the upper relief hole away from
the rear seal area.

To modify bearing oil drains in the engine
proceed as follows after draining and removing
the engine 0il pan.

WAKC
ForiLL (was3)

£oRiLL- (was §)

(O®)

BEARING CAP

BEARING

BEARING AND BEARING CAP

. Carefully remove the rear main bearing
cap and lower bearing half from the
engine,

. Place the cap with the bearing in position
and align on the base of a drill press.
Block the bearing and cap securely to
prevent distortion when drilling.

. Using the accompanying illustration as a
reference, enlarge the bearing drainwitha
1/4" size drill. Drill completely through
the bearing shell before removing the
bearing from the cap. It is neither neces-
sary nor recommended to attempt widening
of the bearing oil drain groove.

With the bearing removed from the cap,
enlarge the cap drain using a 5/16" drill.

. After drilling hoth the bearing and cap,
carefully remove any burrs, then thor-
oughly clean the parts in a cleaning
solution,

Further protection against rear oil leakage
involves removing the relief valve at the oil

HOLE . -
LOCATION

PUMP TC CRANKCASE
~0IL LINE CONNECTION -

: - OlL DEFLECTOR
RELIEF / [COVERS UPPER RELIEF)

RELIEF HOLE
POSITION

UPPER RELIEF HOLE (BOTH SIDES])

jj:— - iﬂﬂn!i L

JEARLY STYLE .RELIEF - BODY
(REQUIRES OIL QEﬂL_ECTOR}
_-USAGE VS

PARTS SEQUENCE P

MODIFIED RELIEF BOOY
(DOES NOT REQUIRE
DEFLECTOR)

\RELIEF BODY (EARLY)

[

REAR OIL-CONTROL
L .'170 C
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line connection and installing an oil deflector.
The relief valve is secured to this connection
by two cap screws, Remove the cap screws and
the relief valve. Remove and discard the old
gasket. Clean the gasket surface on both the
relief valve flange and the oil connection, The
oil deflector must be reassembled with agasket
between it and the oil line connection, and
another between the relief valve flange as shown
in the relief valve illustration. The only new
parts required for this modification are two
gaskets and the oil deflector, that can be
obtained from WMCo, The oil deflector must
be installed so that it deflects oil spurting from
the upper relief. After this is completed, the
oil pan can be reinstalled and the engine oil
supply replenished prior to starting.

TIMING GEAR OVERHAUL

All gears in the front end of the engine
should be inspected carefully as the engine
is Dbeing disassembled, It is suggested that
they be washed off reasonably clean with sol-
vent and backlash reading be taken with a
dial indicator. Marrow strips of feeler stock
may be used instead, if a dial indicator is
not available. Gears on which the backlash
(running clearance) appears to be excessive
or too tight, should be checked further. Some-
times unusual running clearances may not
be the fault of the gear but may result in-
stead from badly worn bushings or bearings.
Before deciding that agear mustbe replaced, in-
spect its shaft or bearings tobe surethe gear is
not dropping out of position, Readings taken at
thiz time will indicate those bearings and bush-
ings which must be ordered for replacement.
Also, the gear sizes ghould be noted, and those
gears for which replacements are ordered should
be specified according to the size desired. All
gears are currently made in standard sizes and
marked accordingly. The letter "S'" on the gear
rim means "Standard",

Because wear, previous overhauls or servic-
ing, and slight accumulations of variations in
center differences may have altered the retation-
ships of the gears to each other to a small ex-
tent, gear fits rmust be piven afinal check with a
dial indicater or feeler stock. Do not hesitate
to select a gear that will give the correct back-
lash rather than run the gears too loose or too
tight, Slightly loose gears, although noisy, are
better than gears which run too tight.

Timin_g Marks

To time the Model 6-WAXKC engine, itisneces-
sary to mate "X" mark on the crank gear with

"X" mark on the idler gear; and "C'" mark on
the idler with "C" mark on the cam drive gear.

Always check the crank gear, idler,.and cam
gear to be sure the timing marks are clearly
visible before disassembly. I, for some reason,
the mark on any one of them is obscured, re-
mark it before disturbing the mating position.

If the timing gears are removed during over-
haul or for replacement, it is advisable to check
the valve timing when reassembling the gear
train to ensure proper meshing of the gears.

In addition to excessive wear, gears may re-
quire replacement for other damage such as
might occur from foreign material passing
through them, plugged oil feeds or other causes.
Examine each gear footh carefully for chips,
nicks, breaks, severe pitting, or indications of

cracks.

As a general recommendation for engines in
heavy duty service, it is a good idea to replace
all main gears at the same time if it becomes
necessary to replace one or two of them.

Remaving end Installing Gears

The cam gear and crankshaft gear carry the
relatively heavy load between crankshaft and
camshaft. They must, therefore, be securely held
in place. Both of these gears require pullers of
the heavy duty type to remove them. To pull the
cam gear, first remove the two capscrews and
gear retaining washer on the front of the shaft,
Screw the puller studs into the threaded holes
in the gear. A similar puller is needed to re-
move the crankshaft drive gear. As mentioned
elsewhere under disassembly, it may be neces-
sary to heat the crankgear before it will loosen,

To ease the installation of these gears, it is
recommended that they be heated in an oil bath
or other even source of heat attemperatures not
to exceed 400°F. After heating long enough for
the gear to be thoroughly saturated, quickly put
the gear on the shaftand hold it securely in posi-
tion until cooling takesplace, A soft face hammer
or driving tool should be immediately available to
tap the gear home if slight cocking or binding
should cause it to stick, A lubricant such as
Lubri-Plate is often helpful when installing
shrink-fit gears on a shaft.

When removing the idler gear, bend down the
lock tab washer and remove the retaining cap
screws, Note that the end play of the idler gear
is controlled by the selected shims. Save these
shims.

CAMSHAFT AND CAM-FOLLOWER OVERHAUL

Good engine performance demands accurate
valve timing, and accurate valve timing startsat
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the camshaft, The entire camshaft mechanism
should be carefully inspected at overhaul, Incir-
cumstances where internal engine damage such
as a broken connecting rod has occurred, an
exceptionally careful check should be made, In
some instances, broken parts have caused severe
camshalft damage in a.localized area,

Under field conditions, the camshaft may be
removed by opening up the front of the engine
via the gear cover, loosening the rocker arm sup-
ports to permit blocking or wiring up the cam
followers, and withdrawing the shaft after re-
moving the.two capscrews holding the camshaft
thrust plate in the case,

Inspecting Camshaft

The {following points should be carefully
checked,

1. Shaft journals for out-of-round at several
points, Record measurements and subtract
from inside micrometer readings of journal
bushings to determine running clearance,

. Micrometer check each cam lobe for wear
at tip. Visually examine for signs of batter-
ing, scuffing, spalling, pitting, or similar
trouble,

. If the cam gear hasbeen removed, examine
‘key way and geating -suriace of gear for
signs of looseness..

~Any condition found by the above checks must
be correctable by relatively light honing or pol-
ishing, or else the camshaft must be replaced.
Ordinarily, excessive running clearances in the
camshaft bushings will indicate the need for
hushing replacement rather than shaft wear,

Replacing Camshaft Bushing

Excessively worn bushings must be removed,
new ones pressed in place, and final sizing and
alignment established by alignboring, The bush-
ings are a press fit in the crankcase., A re-
moving tool of the type shown inthe accompany-
ing illustration will permit driving the old bush-
ings out. The flange of the driving tool must be
sufficiently smaller than the outer diameter of
the bushing to allow it to pass{reely through the
bushing bore in the case. Use a drivingbar long
enough to permit working from the front of the
case. A portable hydraulic power unit or other
means of driving may be used., When all bush-
ings have been removed, clean up the bore sur-
faces and remove any sheared metal, It is best
to replace all bushings at once,

To ensure accurate placement of the new bush-
ings, use.a driving tool with an accurate pilot
in the bushing bore, Work slowly and carefully

when driving to prevent cocking and scraping or
distortion of the bushing, If a good installing
todl is not available, or, if space is limited, a
threaded puller type tool may be made upto puil
the bushing into place, Be sure the puller plate
bears squarely against the bushing, When start-
ing the installation, very carefully align the oil
hole in the bushing with the oil hole in the case,
Be sure the holes are open and clean,

Align Boring Cam Bushings

Aligned boring of new camshaft bushings is al-
ways necessary. The crushing action of pressing
them into place, plus the importance of having
all the bores on a common center, prevents bor-
ing before installation.

This is not a difficult job when the proper
equipment is used. Be sure the boring bar pilot
is exactly centered inthe crankcase cambushing
at front and rear, To prevent chips from enter-
ing the oil passages during the align boring, it .
is suggested that bee's wax or like material be
used to fill the oil hole inthe cam bushing, When
finished, carefully clean away all chips and re-
move the wax plug.

Camshaft End Thrust

End thrust on the WAKC series ig taken by
a thrust plate which is secured to the crankcase
just forward of the front camshaft shoulder,
Forward end travel of the camshaft is limited
by the front shoulder riding against the near
face of the thrust plate while rearward travel
is likewise limited by the rear thrust face of
the cam gear which rides against the front
face of the thrust plate. Camshaft end play,
if excessive, is adjusted only by thrust plate
replacement and by re-establishment of the
proper 0.004" to 0.006" cam gear to thrust
plate clearance, Correct end thrust is obtained
with the camshaft removed from the engine and
the cam gear assembly removed from the cam-

. shaft, Install a thrustplate of the correct 0,1825"

to 0.1835" thickness onthe camshaft, After heat-
ing, press the gear assembly on the ghaft until
the 0,004'" to0.006" clearance is measuredbyin-
serting feeler stock between the camgear thrust
face and the thrust plate. After thisclearanceis

BUSHING REMOVAL TOOL
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obtained, lock the pgear assembly with the re-
tainer and lock nut. With the camshaft assembly
properly re-ingtalled in the crankcase, secure
the thrust plate to the crankcase with the two
lock washers and capscrews which are inserted
and tightened through the holes provided in the
cam and fuel pump drive gear assembly,

Cuom Followers: Removal and Replacement

If a cam follower is suspected of sticking due
to oil gumming or some other cause, it should
be removed and cleaned in benzol, or renewed.
To accomplish this, remove the rocker armas-
sembly and lift out the push rods. Next take
out the cap screws retaining the side cover plates
on the left side of the engine and slide the plates
clear. Usually it will be found possible to do
this without disturbing the safety shutdown
mechanism mounted on the rear plate, It will,
of course, be necessary to disconnect and cover

the lines to this unit, The cam followers will now -

be visible and may be lifted outfor examination.
Sometimes o0il deposits will make it difficult to
lift a cam follower entirely out of its bore. In
such cases the polished surface of the part should
be protected with a piece of brass or copper
wrapped about it; it will then be possible to grip

the cam follower carefully with a pair of pliers
and rofate it from side to side to work it free.
In no case should the cam followers be allowed
to become mixed when out of the engine, Always
re-ingtall them in their original position.

Any nicks or burrs on the edge.of the cam-
follower opening, or in the bore of the opening,
ghould be carefully removed with a light hone
or file to avoid scratching or scuffing the cam
follower, Always examine the cam-follower face
for pitting, dishing, or other unusual conditions,

BEARING ADJUSTMENT

All main and connecting rod bearings in the
WAK engines are of the steel-backed precision
type. Because of the extremely close machining
of this type bearing, no fitting, filing, scraping,
boring, or other adjustment is required or per-
missible, Special treatment of shimmedbearings
is discussed later in this section, Replacement
must be in compiete bearing units, Never replace
only one half of a bearing, Service bearings are
available in 0,020 and 0,040 under size for use on
reground crankshafts, Never attempt to adjust
a bearing by filing, grinding, or lapping, the
bearing cap, The bearing seats are precision
bored with the caps in place, Hence, any metal
removed from either side forever prevents
proper fitting of a connecting rod bearing in the
rod, and in the case of a crankcase makes the
entire case unsuited for further use,

Be sure that the bearings seat on absolutely
clean surfaces and that the back of the bearing
is wiped perfectly clean, The slightest bit of
dirt or carbon squeezed belween the back of a
bearing and its seat can cause rapid bearing
failure due ¢ a localized high spot,

Equally important in obtaining maximum bear-
ing life is the correct tension on the bearing
cap nuts. Pull down on all nuts evenly, going
from one side of the bearing to the other, Apply
final tension with a torque wrench using a slow
steady pull and holding the wrench "on torque”
for a few seconds when the proper value is
reached. Desired torque values will be found
in the table of limits at the end of this manual,
Never back off onabearing nut toinstall a cotter -
pin, It is preferable to go to a slightly higher
tension if necessary. If it is apparent that the
cotier pin cannot be installed without bringing
the tension dangerously near the limit of the
bolt, remove the nut and try again with another
nut at the location. Previous over-torquing, or
some other damage to the bolt or nut is some-
times encountered and will be felt by the torque
"softening up" so that the nut can be turned
without appreciable increase in wrench tension,
Never allow a bolt and nut in this condition to
remain in an engine,

Current production engines are equipped with
Marsden, self-locking nuts on the connecting
rod assembly. The torque values for them is
the same as the castellated type nut.

Shimmed Rod Bearings

Although the connecting rod bearings in these
engines are of the precision type, they are pro-
vided with laminated shims to permit a slight
amount of adjustment. These shims do not
extend into the bearing itself and are clamped
between the cap and the rod but not between
the crushed edges of the bearing shells. When
assembling bearings use caution to properly

—

BEARING CRUSH
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align these shims this way. When the rods are
machined, the shims are clamped in place and
the holis tightened to the proper torque so that
the final bearing seat is the exact diameter re-
quired to accommodate the two bearing shells
plus the desired crush with all shims in place,

For this reason, whenever a gshimis removed,
and_such adjustment should only be consideredin
an emergency, it isalsonecessary to remove the
same amount from the crush edge of one of the
hearing shells, For example, the shims are lami-
nated in four thicknesses of 0,002 each. If it
were decided to take up 0,002 on the bearing,
one layer on each shim would be peeled away,
Never remove shim stock on one side only.
After removing the shim stock, the bearing shell
must be reduced 0,002 on the crush edges of
one shell, or 0.00f on all four crush edges of
both shells if desired., This may be dcne on a
lapping plate, or by carefully dragging the
shell edges across a flat mill-cut file clamped
to a flat surface. Obviously, this is a job
requiring both skill and experience. It is con-
sidered best practice to replace the bearings
completely rather than attempt to adjust them.
Current engines do not use shims,

Bearing Replacement in the Field

Under normal circumstancesitis seldomnec-
essary to replace individual bearings inthe field
between regular overhauls, When sucha require-
ment arises, however, the precision type bear-
ings used in the WAK Series may be installed
without special fitting or adjustments providing
the following factors are given proper considera-
tion,

1. What caused the indivdual bearing failure?
Was it dirt; plugging of an oil passage;
improper installation; some condition pe-
culiar to a given journal or erankpin, such
as out-of-round; and is it possible under
field conditions to correct the trouble
source before installing the new bearing ?
Has the shaft been damaged in any way
which would prevent future satisfactory
running? If thedamagedbearing is believed
to have run in that condition for any pro-
longed period of time, some thought should
be given to the possibility of a fatigue
crack starting as a result of that portion of
the shaft being unsupported. If a situation
such as this is known to exiet, it may be
safest to take the engine in for overhaul so
the shaft can be magnetically inspected.

. Is the nature of the bearing failure such
that particles of bearing metal may have
been conducted to other bearings orforced
-back into oil passages?

4,. Did the damaged bearing shells turnin their
rod or mainbearing seat and produce a sur-~
face unfit for seating a new bearing? Was
the rod or cap overheated enough to dig-
color? Parts in this condition usually re-
¢uire replacement,

If good judgment indicates the practicality of
installing a newbearing, the conventional method
of "rolling” in the top insert of a main bearing
may beused. Connecting rodingerts are replaced
directly after cleaning the bearing seatincapand
rod, Never attempt to adjust a precision type
bearing by shimming or filing, Removal of metal
from the bearing cap mating surfaces will for-
ever prevent proper fitting of a new bearing.

Ordinarily, a loose connecting rod will be most
noticeable on deceleration after quick speed up
of the engine without load, Sometimes listening
at an oil filler opening or breatber will help to
identify the noise by general location. Main bear-
ing noises, on the other hand, usually are most
noticeable as thumping, heavy sounds when the
engine is pulling a load.

If it is indicated that a localized knock is de-
finitely present in a given cylinder, a further
check may be made by removing the 0il pan to
gain access to the suspected bearing, Use a pinch
bar to move the lower end of the rod and at the
same time feel for relative motion between the
rod and crankcheek, A loose bearing will usually
be detectable by an unusually large movement,

Further inspection of abearing, of course, re-
quires removal of the cap. It is definitely not a
good practice to disturb precision type bearings
whichdonot require service. When thig is done,
the parting edges of the bearing have atendency
to roll inward and impair the crushwhenthe cap
is again tightened down. For this reason, be as
careful as possible to locate thebearing causing
the noise before disassembly, Do not work with
oily bearings on a dirty bench or work surface,
This permits small particles to bepickedupac-
cidentally and introduced behind the inserts orin
other critical places. Examine each inzert for
proper position of 0il passages and to prevent
possible mis~location, With regardtothis, it will
be noted that the dowels in the bearing cap mat-
ing surface are off-set, and the locating tabs on
the ingerts must enter the recesges provided for
them, If the cap or insert is not in the proper
position, it should be very apparent. Whenever
any difficulty or extra force seems involved in
assemblying a bearing, do not go further until
everything has been checked over., If burrs or
damaged threads on the bearing cap studs are
present, they should be cleaned up. Any damage
to the studs of more than very minor nature is
cause for replacement with new studs,
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TESTING BEARING FOR TIGHTNESS

Side Clearances

Although less critical thanthe bearing running
clearances, no bearing should be assembled
without checking side clearance, This may be
done by forcing the rod fully to one side or the
other and inserting a feeler between the crank-
cheek and the bearing end, Shaft end play is
measured with a feeler between the shaft flange
and the rear main bearing flange when the shaft
is at full forward or rearward position, A dial
indicator may also be used for this purpose,

Running Clearances

Even in the case of precision bearings, it is
good mechanical practice to check running clear-
ances when installing bearings, There are sev-
eral methods of doing this, some of which are
merely checks of whether any clearance exists
and others that give an indication of how much
clearance is present, The familiar test of con-

. Decting rod bearing clearance consists of man-

ually gripping the rod cap after the bearing holts
are tightened and attempting to move the bearing
from side to side in the direction of end clear-
ance. A well-fitted bearing is usually just loose
-enough to be "snapped’ from side to side without
actually feeling so loose asto pusheasily. Some-
times a slightly snugbearing will not move under
finger pressure but will move readily under
light blows from a soft-face hammer, This is
usually considered as satisfactory providing the
engine is given adequate break-in time. In the
final analysis, this test is a matter of judgment
and is not altogether suitable for general use,

A similar test on main bearings consists of
tightening each bearing cap in turn and furning
the shaft to detect binding. Again, the difference

between tight and "about right'" is a matter of
judgment,

More accurate tests may be carried out with
fuse wire or with a special crushing gauge mate-
rial that squeezes between the shaft and the
bearing to flatten into a measurable gauge.

It is emphasized that any unusual bending or
run-out in a crankshaft makes it impossible to
fit bearings accurately. For this reason, the time
spent in-making a run-out check at overhaul is
well worth while. Also, magnetic inspection of
the crankshaft and other stressed parts is
recommended if the proper equipment is avail-
able.

DO NOT FORGET TO COAT ALL RUN-
NING SURFACES WITH CLEAN, FRESH EN-
GINE OIL WHEN INSTALLING NEW BEAR-
NGS! Cen S

- CYLINDERS AND  FISTONS

Matehing Replacement Pistons, Sleaves and Pins

The precision and skill with which pistons
are re-fitted during overhaul is sure to have
a very great effect on later engine performance.

Unusually loose pistons will soon show up as
noisy, with excessiveblow-by, high-cil consump-
tion and sluggish power characteristics, Overly
tight pistons may be even more dangerous be-
cause of the possible severe damage to-sleeves
or cylinder walls and other running parts, Less

e
CHECKING CRANKSHAFT RUN-OUT
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well understood, but very definitely important, is
the necessity for using pistons that match each
other within specified weight limits. Off-balance
conditions established by relatively slight varia -
tions in piston weight can bring about effects
ranging from merely annoying vibrations to
fatipue failure within a short time.

The vital point about the above details is that
an overhaul jobwhere they are ignored or impro-
perly handled is often worse than no overhaul at
all, Itisnot enough touse new pistons and sleeves
assembled from open service parts stock,
The pistons should all come within the specified
welght range and the piston-to-sleeve clearances
must fall within a selective fit tolerance as ac-
tually measured by a person skilled in this
operation, )

All of the above facts are borne out by the
long experience of the Waukesha Motor Company
both in production and inproviding service parts,
We therefore believe that the very best way to
obtain properly matched and fitted pistons,
sleeves and pins, is to order factory selected
seis as complete units for a given job,

When ordering parts of the above type, the
following points should be remembered:

1. Pistons, sleeves, and pinsg, ordered as
separate items for stock cannot, of course,

be fitted at the factory and will be selected

at random, To ensure a sufficiently wide as-
sortment of parts to select the correct fit
on the abgve basis requires a large inven-
tary. Tq use assemblies that have notbeen
so fitted is an injustice to the engine,

. Complete asgemblies ordered as such, that
is ., . . all pistons and sleeves; pistons,
sleeves, pins and retainers; or othercom-
binations for a givenengine, will be selected
for both weight and clearanceg at the fac-
tory and will he equivalent to new factory-
production assemblies when properly in-
stalled. An extra charge is made for labor
involved to make this service possible, We
are sure your experience will prove this
extra cost is more than justified.

. Instances where a portion of a factory az-
sembly, for example, one sleeve and piston;
several pistons in an engine; and so on is
replaced and is to run in conjunction with
some of the original parts, it isgood prac-
tice to order replacement pistons that will
match the original weights, To do this,
clean the original piston until the weight
figure stamping becomes legible, or, if

these markings are obscured, weigh the
piston fo the nearest quarter ounce without
the pin or retainers. This may be done on
a postal scale.

If the weight is not reported with the
order, cpen stock parts must be supplied
and consequently there is no assurance of
a good match between old and new parts.

Identification Maorking

To aid accurate fitting of pins to pistons, and
pistons to sleeves, each piston, pin, and sleeve,
is checked with precision equipment and marked
for size classification within the following limits,

Sleeves, Pistons Pins and Pislon Bosses

Example Color
of Size Mark

Am't Letter
Quersize Mark

1.8743" - 1. 8744" Red
1. 8744 - 1, 8745 White
1.8745" - 1. B748" Blue

0. 0000 to 9. 00037

0. 0003+ to 0. Q007"
Q. 0007 '+ o 0.0010"
0.0010"+ to ¢. Q013"

(Matching colors of pin and piston should give a hand push pin fit at
room temperature, )

Ordinarily, sleeves and pistons with the same
letter, and pistons and pins with the same color
are fitted together, azlthough merely matching
letters or colors is not considered a sufficient
check for correct fit. Instead, the letters and
colors should be used as a guide tosave time in
eliminating unnecessary trial fitg of parts dim-
ensionally impossible to fit properly because
they are in the wrong range, Current engine
pistons and sleeves are of only one size range.

In addition to the letter classification markon
a piston another numerical marking will alsobe
found, This is the piston weight and may be
stamped as total ounces of weight, for example,
"7, 97-3/4, 96-1/2, or it may be stamped as
pounds and ounces, for example, 5-10,5-11-1/2,
or whatever the weight may be, Ordinarily this
mark will be found on the itop of the piston, as
will be the letter size marking. In some cases,
however, weight markings are located in such
places as the lower edge of the skirt, the lower
side of the pin boss, or elsewhere,

Other markings will be found on some pistons.
Some of these will appear as letters other than
A, B, CorDand others willbe merely devices or
designs. These areinspector's marks and may be
disregarded. In the case of pistons installedinan
engine at the factory, the numerical order of the
cylinders, 1 through 6, will also be found, Pis-
tons with such designations should always be
re-installed in proper order and facing the ori-
ginal direction.
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Many pistons will be found witha small arrow,
the word "front™, or both, stamped on top. In
such cases the word "front" or the arrow must
always point towards the gear-cover end of the
engine when installing the piston, This is im-
portant, .

Piston part number marks are usually stamped
on the top of aluminum pistons and cast on the
inside of the skirt of iron pistons.

Selecting a Piston, Sleeve and Pin Set - -

Presuming it is desired to fit a set of pistons
and pins to new sleeves or a néw block already
in stock, the general procedure is as follows:

1. Select enough sets of pistons within the

specified weight range to permit a careful.

fitting o the best obtainable clearances,
A tabulation of the factory recommended

weight range is included at the end of the.

manual.

Note the lefter sizes A, B, C or D on each

-of the new sleeves or opposite the bore in
the block and select several pistons in
each letter size required. All extrapistons
and weight ranges can now be returned to
stock. Current engine pistons and sleeves
are of only 6ne size range.

3. Use adialbore gauge, orinside micrometer
to check the sleeve bore for distortion due
to handling. Here, a maximum permissible

(i

out-of-round of (.001" has been established
as a practical limit, Eccentricities slightly
in excess of this may be correctedby care-
ful application of a wooden or plastic face

- mallet as needed to round up the sleeve.

4, Using geveral strips of one-half inch wide
feeler stock to makeupa gauge as specified
in the clearance limits for the engine being

.overhauled, attach a spring scale to this
gauge and take the measurement of piston
clearance as shown in the accompanying
illustration. .

Removing and Installing Sleeves

Removal of the wet-type cylinder sleeve is a
comparatively easy operation since the only sub-
stantial force required is that needed to loosen
the lower rubber seal rings. A screwjack type
puller - may be made up with a plate seating
against the lower end of the sleeve and connected
by a through bolt to a bridge-like structure at
the top of crankcase. Once the rubber rings have
been freed, the sleeve is readily lifted out.
Rubber rings cannct be re-used,

There are several important points to note
on installing the sleeves. First in importance
is the use of seal rings that are fresh and elastic.
Do not use aged and hardened rings since these
will not eompress evenly and sleeve distortion
will result, Also, the ring seating surfaces must
be clean and well lubricated with liquid soap.
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Do not use engine oil on rubber rings, After
slipping the rings over the sleeve and into the
grooves, run a pencil or like instrument around
under the ring to distribute the rubber material
around the sleeve more evenly.

Inspect all séating surfaces at the upper end
of the sleeve and inthe crankcase counterbore to
ensure that no dirt will interfere with accurate

seating.

After the rubber rings and surrounding area
are well soaped, align the sleeve in the crankcase
and force it home with a smart, firm thrust of
the hands. No hammering or driving is neces-
gsary or desirable,

When all sleeves areinplace, checkthe sleeve
bores for distortion that might have occured
due to inaccurate placement of the seal ring
material, This must be done with a clamping
load on the top of the sleeve anda dial indicator
of the extension arm, three contacttype. Practi-
cal limits for maximum out-of-round permis-
sible are 0.001" -0.0015." The clamping action
may be obtained from any accurately built ring
that simulates the cylinder head pressureandis
retained by the head studs. If a considerable num-
ber of sleeves aretobe replacedovera period of
time, it may prove convenient to make up a
clamping tool from a discarded cylinder head
with openings cul out to allow the gauge to drop
through into the cylinder.

EVENING UP RUBEER RINGS

It is not unusual when fitiing this type of
sleeve tofind it necessary to withdraw the sleeve,
re-soap and even up the rings, and re-install it
several times before obtaining an out-cf-round
reading within the limits in the back of this
manual, Uneven distribution of the rubber rings
causes this trouble, Always make this check in
the seal ring area,

In connection with the above check for out-
of-round, it may be more convenient to make a

Incorrect: Puiler I;earing on
Flanges of Other Sleeves and 2

Crankcase Cenmer Webs.
Correct: Puller Bearing ;

on Crankcase Walls

AR,
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SLEEVE PULLER IN USE
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gauging piston-by re-grinding an oversize piston
to just slide through the sleeve withinthe proper
tolerances. Such a gauge requires some skill and
judgment in use since forcing it through a dis-
torted sleeve will not correct the distortion and
may cause score marks or scratches.

Installation of Spring-Loaded Teflon
Sleeve Seal Rings

A significant advance in sleeve sealing tech-
nique for special cooling applications is nowbe-
ing incorporated in Waukesha Model F-1187-G
series engines. The new seal consists of 2 ma-
chined Teflon ring with a flat-wound stainless
steel inner spring. The materials used make
this seal extremely resistant to temperature
variables and attack by c¢rankcase or cooling
water chemicals. The Teflon seal is employed
in the lower groove only and the standard seal-
ing ring is used in the upper (water side)
groove,

Certain installation procedures must be fol-
lc_:wed to ensure success with the Teflon geal. . .

1. All seating suriaces and all surfacesover
which the seal must pass on the sleeve
and within the crankease mustbe abgolute-
ly free of burrs and nicks. The crankcase
bore must be smooth and the upper edge

_ entering portion must be blended so the
seal can slip into it freely without catching,

. The seal ring should not be stretched by
hand to slip over the lower end of the
sleeve. After aligning and starting the

- ring on the taper it should be thrust down
to the groove smartly with hand pressure.

. The above procedure stretches the ring and
if installed in this condition, itis probable
that excess Teflon wili be sheared off and
the seal ruined. A compressor tool such
as the clamp or band commonly used to
install piston rings may be used to re-
gize the seal ring. A scrapofthin material
such as Mylar or heavy cellophane should
be used at the clamp slip joint to protect
the seal against notching af this point.

SPRING SIDE T0
TOP OF SLEEVE

TEFLON_SLEEVE SEAL INSTALLATION

. II a compressor is not available it is
preferable to allow the seals to set over-
night by which time they will regain ap-
proximately their former dimensions.

. Lubricite the seal with liquid soap or
other lubricant in the conventional man-
ner and install and inspect asusual. Check
for leakage and cylinder bore roundness.

Cylinder Head Gasket Crush

In order to prevent sleeve movement and seal
the water at the joint between the upper sleeve
flange and the crankcase, the sleeve must project
a few thousandths above the crankcase deck,
This distance is important and a definite and
measurable amount must exist. In effect, this
projection provides a localized crush in a con-
centrated area around the top of each sleeve,
Improper tightening of the cylinder head or
detonation may cause this crush to be lost. If
this occurs, the thrust action of the piston may
cause enough rocking action of the sleeve to
wear the sleeve seating counterbore in the case
unevenly, Thus, even though the sleeve indicated
a projection as specified above the deck, it would
actually be riding ona high spot and the clamping
action would not be satisfactory, Check for such
wear with a depth micrometer or dialindicator,
The-counterbore depth of a WAK engine should be
0.437-0.435. If measurement shows these dimen-
sions to be incorrect, remachine the counterbore
g0 that the addition of a 0.004 {0 0.005 shim will
bring the counterbore back to proper depth,

The operator ig cautioned against using head
gaskets other than those specified by the
WAUKESHA MOTOR COMPANY, Cases have
been reported where gaskets of somewhat harder
material have overloaded the sleeve flange
and started cracks in this area. By the same
token, tighten cylinder hold down nuts to the
correct torque value. A cylinder head gasket in
obviously good condition may be re-used, It is
poor economy, however, to risk engine damage
and extra labor if the gasket is at all doubtful.

Piston Filting

Proper fitting of pistons requires at least four
different precision checks. These are: Ring gap,
ring side clearance, pin clearance in boss, and
piston skirt to sleeve clearance, -

Ring gaps are easily checked with a feeler
gauge, Slip a piston ring into the sleeve, Slide a
piston into the sleeve aboveit, Pushthe piston up™
against the ring to square the ring with the bore.
Move the piston out of the way and measure the
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gap in the ring with a feeler gauge, Those rings
with gaps less than specified in the table of

. limits in the back of this manual shouldbe care-

fully dressed off with a flat cut file until the
correct clearance is obtained. Contrary topop-
ular impression, fairly wide ring gaps, nearthe
top limit, are far lessdetrimental to engine per-
formance than gaps which are too tight,

Piston ring side-clearance raust always be
checked when fitting rings to pistons whichhave

been in service, In this case, the object of the.

check is to spot any pistons in which the ring
grooves -may have worn excessively wide, A

-piston in this condition must be replaced. To

check side clearance, select a piece of feeler
stock of the maximum clearance specifiedinthe
table of limits, With the ring inplace, ingsert the
feeler 'if possible between the ring land and the
ring held well back in the groove, If the feeler

- slides in at any point, it indicates the clearance

is at or over allowable maximum, A snug fit of

-the feeler points to further consideration by the

operator ds to whether the piston warrants re-
installation since the groove wear is at the top
limit, On all pistons passing the above check,
make an ingpection for minimum clearance with
a feeler of the minimum thickness specified in
the table oflimits. Thisfeeler should glide freely
all arcund the groove as the piston and ring
are rotated,

Piston pin fitting is a job requiring greatpre-
cision and pin and piston assemblies are usually
sold in matched sets. Oversizes of 0.003" and
0.005" are available, however, if desired. The
specified pin clearancewill permit a hand "push”

PISTON RING SIDE CLEARANCES

~ CAM GROUND PISTO (EXAGGERATED)
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FITTING PISTON TO SLEEVE

fit at ordinary room temperatures, Some engines
with aluminum pistons, however, have beenfitted
with pins that cannot be pushed in by hand until
the- piston has been heated to about 100°F,

A pin that is loose enough to drop through the
piston by its ownweight, is ordinarily considered
too loose. From the service standpoint, a fit of
this variety, if not due to severely worn parts,
will cause an engine to be somewhat noisy but
will not necessarily impair performance or re-
duce engine life.

If oversize pins are instailed, do not forget to
check the fit of the pin-in the connecting rod
bushing since the new pin will be too snug in a
standard rod.

Piston tosleeve clearance is probably the most
critical dimension in the entire piston fitting
gequence, For this reason, pistons and sleeves
are sold in matched sets, Also, pistons are sold
for re-dimensicned sleeves in 0,010", 0.020',

and 0.040" oversizes. They are not sold in
semi-finished condition for these engines, andit
is not recommended that a piston of givenover-
size be re-ground to a smaller oversize,

There are several reasons for this, including
such factors as the nature of the equipment re-
quired, the necessity for specialized knowledge
and skill, and the characteristics of cam-ground
pistons. By cam-grinding, it is meant that the
piston area hbelow the rings is not round but
slightly cam shaped or "oval", The long axis of
the oval is located at 90° to the piston pin. Con-
sequently, a micrometer measurement of the
piston skirt diameter along the axis of the pin
will be slightly less than a measurement taken
across the thrust faceg, The amount of '"cam'
for any piston is carefully worked out to com-
pensate for the metal mass, the engine temper-
ature, and so on, that countrol pistonexpansion,
‘Hence, the addition material at the piston pin
bosses brings about an expansion that rounds
out the piston under operating conditions.

Because of the foregoing facts, it is clearthat
piston skirt to sleeve clearance can only be taken
on an axig 90°to the piston pin, That is, across
the thrustfaces, Totakethe clearance, selecttwo
pieces of 1/2"-wide feeler stock 810 10" long and
totaling the desired skirt clearance, A single
strip is not satisfactory because it istoo stiff to
confoerm to the curve of the sleeve bore and thus
gives an erroneous reading. Attach the feeler-
stock to an accurate spring scale as shown in
the accompanying illustration. Invert the piston
and support it with one hand while holding the
feeler and spring scale in the other hand. Place
the feeler stockinthe sleeve and lower the pision
into position in such a manner that the feeler
stock is spaced 90° from the piston pin, Hold
the piston and withdraw the feeler stock. If the
correct clearance is present, the tension re-
quired to withdraw the feeler should read 4-8
pounds on the scale, Too low or toohigh a scale
reading indicates too muchortoolittle clearance,

When fitting a piston to a new or accurately
re-sized sleeve, the sleeve inner diameter
should be the same at top and bottom. There-
fore the clearance may be taken at either end,
In sleeves that have been worn, but not re-sized,
some taper giving extra clearance at the top of

the sleeve is likely, In suchcases, the clearance

must be checked at the bottom of the sleeve
where the wear is least and the fit is closest,
Remember, the skirt of the piston fits closer
than the ring lands. Check skirt, not land,
clearance, -
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AUTOMATIC SEAL TYPE WATER PUMP, SECTIONAL VIEW

WATER PUMP REBUILDING

Automatic Seal Type Pump

Since the current type water pumps fea-
iure longer life ball type bearings and seals which
automatically adjust and compensate for normal
weal, field service, with the possible exception
of grease seal replacement or greage retainer
repacking, is unecessary during the normal
service .life of the pumps. Also since an arbor
press is required for further pump dis-assembly
and repair, field repair and service is not usually
attempted unless such a press is available.

For the most satisfactory pump service life
after re-building, it is suggested that the
Waukesha Motor Company water pump repair
kits be used. These kits contain the necessary
replacements for those parts which are most
subject to wear and to the corrosive effects of
the engine coolant, :

Before starting disassembly, study the sec- .

tional. view of the pump carefully to become
thoroughly familiar with the locations of the
various snap rings, oil and grease seals, and

relationships. 6f the parts, Note particularly, .

that the grease shields on the ball bearings point
‘towards each other, The shield on the forward
bearing permits engine oil tolubricate the bear-
ing "but prevents it from going back farther into
the pump. The shield onthe rearbearing permits

" grease to enter the ball bearing, but prevents
it from moving forward into the pump, Note alsa,
that the lips of the two grease sealspoint towards
the front of the pump,

The impelleris a 0,002" to 0.003" pressfit on
the shaft and must be properly positioned toallow
for 1/32" clearance with the water pump hody.,

The following general outline of disazsembly
and rebuilding is offeredas a suggestion and may
be altered to suit the equipment available provid-
ing the final result is a pump assembly with the
correct impeller clearance, andno damage to any
of the seals. When replacing the water pump
seals, carefully wipe the carbon sealing surface
and the mating ceramic surface with a soft
cloth or absorbent paper to remove all traces
of wax, greagse, or o¢il. Use a small amount of
solvent if necessary. Do not lubricate or grease
the seal mating surfaces.

Pump Disassembly

Pump disassembly starts with removal of the
pump drive. gear, The gear, which is keyed to
and a 0.002"-0,003" press fit on the shaft,-may
be removed using a jaw type puller asillustrated,
If, however, a suitable puller of this type is not
available the arbor press and anotched outplate
may be utilized to remove the gear, If the arbor
is used, position the pump in sucha manner that
the pump gear rests on the notched out plate
on the arbor base and suspends the weight of
the pump. Before attempting to press the gear
off, devise some method or request additional
help to hold and prevent damage to the shaft
and pump assembly as they will drop as the
shaft is pressed free of the gear, Examine the
gear for excessive wear, pitting or chipping.
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PULLING DRIVE GEAR

The bearing carrier isnormally securedtiothe

pump body by six capscrews which bolt these
parts and the pump to the engine gear cover.
Since these capscrews are removed when the
pump is removed from the engine, the carrier
is now secured to the pump body by the slight
press fit of the ball bearing which is, in turn,
locked in position by a snap ring. A simple
puller, as illustrated, is utilized to break this
press fit of the bearing and to pull the carrier
after the snap ring is removed with a suitable
snap ring pliers, Before pressing the ball bear-
ing out of the carrier, use a dowel and hammer
to knock the oil retainer out of the opposite end
of the carrier. Disregard damage done to the
oil retainer when removing as this part should
not be re-used in the rebuilding of the pump.
Place the carrier, bearing end down, on the
arbor and using a dowel which will fit inside
of the carrier, press the bearing out.

The grease seal retainer may be removed
'next. After removing the three capscrews, lightly
tap the retainer to break the seal createdby the
grease seal and remove by hand. Remove and
discard the grease seal.

Remove the body to cover bolts and lightly
press or carefully tap the gear end of the shaft
until the cover separates from the body. With
the body thus removed place the remaining
assembly, gear end of the shaft down, on the
arbor and press the shaft through the cover
bearing.

Place the pump cover, grease retainer end
down, and press the bearing out in the same
manner used in removing the carrier bearing.

If the shaft is to be re-used, press the im-
peller off, again using the arbor press. The
impeller ceramic insert faces were previcusly
bonded in a special process to the impeller metal
and were not therefore purchased as separate
items and installed. If these impeller ceramics
were worn, impeller replacement was required.
Current engines utilize replaceable ceramic
inserts. Thegreaseandoil retainers, the ceram-
ic inseris, and the automatic geals shouldnotbe
re-used and should be discarded at this time to
prevent re-use when rebuilding the water pump,

!
!
i
|

PULLING BEARING CARRIER
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REMOVING BEARING

With the pump thus completely disassembled,
inspect all parts to be re-used for unusual wear,
grooves and for evidences of corrosion. Clean
all parts in a suitable solvent and in the case
of the bearings and drive shaft, dip themin a
light oil immediately after cleaning and dry-
ing to prevent an immediate rust formation.
Clean preservative materials off of new parts
at this same time,

Pump Reassembly

Although water pump reassembly is essen-
tially the reverse procedure of disassembly,
several points important in respect to satisfac-
tory pump rebuilding and to prolonged service
life, should be noted before reassembly is
started.

Adequate pressure, although not excessive
pressure, is very important in obtaining a good
seal between the contact surfaces of an internal
geal water pump. Moreover, if the seal hasonly
very light pressure at assembly, it is obvious
that wear of the contact surfaces may cause

ultimate loss of all seal pressure before the
normal service life of ‘the parts expires, It is
possible for this condition to exist on earlier
WAK series pumps using the automatic seals,
A modification to this seal changed the avail-
able free travel of the sealing member, Later
production pumps incorporated a counterbore
0,030 shallower and thus build up a somewhat
greater pressure on the seal surfaces in the
impeller as well as extending the surface life
substantially, To provide the same reduction in
counterbore depth when rebuilding earlier
pumps, use one 0.030" shim, #161526 in each
counterbore before inserting the seal. The
counterbore must be clean and smooth before
ingtalling these parts, The accompanying il-
lustration shows ‘the shims in place and the
counterbore dimengions involved, It will be
necessary to use a depth micrometer or ma-
chinst's scale to determine whether the pump
is counterbored to the old dimensions or new.
The later production dimensions are shown on the
drawing. If deeper than this use the shims as
shown., Current production water pumps are
equipped with a different seal (see sectional view)
and have reduced counterbore depth,

Installation of the impeller on the drive shaft
may be the first step in water pump reassembly.
Do not press on the impeller ceramic face (if -
applicable) as damage to the ceramic wouldcer-
tainly result and necessitate replacement of the
impeller, Block the gear end of the shaift and,
using a tube or pipe with an inside diameter
slightly larger than the 1-21/32" diameter of
the ceramic face, press impeller on to a dis-
tance of approximately 4-1/4" from the grease

[A:-ZY]
1.838

181526 l
| _S5HIMS

PUMP COVER AND BODY
COUNTERBORE DEPTH (Early Models)
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INSTALLING IMPELLER

retainer end of the shaft, This is not the final
position of the impeller on the shaft but will
allow further pressing which will be necessary
to obtain the proper impeller blade to pump
body clearance later in reassembly.

Before installing the oil seal and ball bearing
in the bearing carrier, check the water pump
sectional view for the proper installation of
these parts. Only slight pressure is required
to press these parts into the carrier. Press the
bearing into the carrier recess and lock with
the outer race snap ring,

Measure the depth of the pump body auto-
matic seal recess to determine if a shim is
required, Install a shim if needed and press the
automatic seal into the pump body. Place a
piece of wood or other soft material between
the press and the seal when installing to prevent
bending the metal shield, also avoid too much
pressure as this will distort the shield and may,
make the seal inoperative.

Obtain several small capscrews and assemble
the pump body to the bearing carrier. These
capscrews will be replaced by the pump to
engine gear cover capscrews when the pump

INSTALLING CARRIER BEARING

is reinstalled on the engine, Place the pump
body and bearing carrier assembly, carrier end
down, on the arbor base and carefully guide the
assembled impeller and shaft in through the
body and carrier seals and bearing, Press the
shaft into the assembly until the shaft flange
firmly contacts the inner race of the carrier
bearing, Caution should be used at this point
48 excessive pressure on the arbor could cause
the bearing races to mis-align.

IMPELLER TO BODY CLEARANCE
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Although several methods could be employed
to re-install the gear onthe drive shaft, the most
common method will be described. Place the
gear on the arbor base and after installing.the
gear spacer and the woodruff key on the shait,
press the shaft and pump assembly into the gear
until the gear fits securely against the spacer,
Although the gear is a 0.001" press fit on the
shaft, considerable force may be required to
overcome this fit plus the action of the woodruff
key. '

The pump shaft is now properly positioned
and held by the snap ring and the press fit of
the gear against the carrier ball bearing races,
With the shaft thus pogitioned the impeller to
body clearance can now be properly established,
Using the same method as previously employed,
press the impeller further on the shaft to the
point where 1/32" clearance is obtained between
all the impeller blades and the pump body.

Press the cover bearing, whichisalight press
fit, into the pump cover recess, Again using the
same method employed when installing the auto-
matic seal in the pump body, press the cover
automatic seal into position in the cover recess.

PRESSING SEAL INTO PUMP COVER

PACKING GREASE SEAL RETAINER

After installing the cover gasket on the body
flange, position the cover on the pumpassembly
and draw the cover down by tightening the
stud nuts and capscrews.

Pack the grease retainer with a good grade of
ball and roller bearing grease. After pressing
the grease retainer seal in position and re-
packing the grease retainer, re-install the
retainer and tighten the three retainers topump
cover capscrews to complete the reassembly of
the pump,

Check the pump for freedom of movement and,
if possible, pressure check for leakage before
reinstalling the pump on the engine.

Instailing Water Pump

The procédure for installing a water pump is
essentially the reverse of the removal sequence.
As the drive gear is brought into mesh with its
mating gear in the front housing, it may be
found helpful to rotate the pump impeller
slightly to align the teeth. This is easily done
through the water outlet opening on the upper
side of the pump. The pump bearing carrier
will seat down squarely against the mounting
face on the crankcase whenthe gearsare meshed
and the forward end of the shaft is piloted into
the shaft support on the gear cover.

On engines that have an accessory drive pul-
ley mounted on the water pumyp shaft, an out-
rigger bearing is used to provide additicnal
support on the shaft end. When this bearing is
replaced or the water pump is removed, care
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must be taken to properly align the water pump
and the outrigger bearing. The bearingisheldin
place by a retainer that is doweled to the gear
case. For re-alignment purposes these dowels
can be removed, the holes drilled to a larger
size, tnd new dowels put in place. Use a dial
indicator on the end of the shaft to check the
alignment.

Any lack of squareness in the seating should
be investigated and corrected since it may
cause serious trouble later in attempting to align
the magneto. A newgasket should be usedand the
gasket surface must be clean and even. Realign
the magneto after installing the water pump.

DISASSEMBLY OF THE MECHANICAL GOVERNOR

-A gear puller and arbor press are needed
for disagsembly. Careful workmanship should
be used to ‘minimize damage to the various
parts. With the governor off the engine, the oil
line on the side of the governor should be re-
moved and any oil left in the housing allowed
to drain out,

Remove the five capscrews on the cover of
the governor and separate the cover from the
housing. Using a punch of a slightly smaller
diameter than the roll pin, drive the shifter
arm roll pins out, Slip the lever shaft, shifter
arm and thrust bearing assembly out. Note that
one of the lever shaft bearings has an expansion
type seal covering it. Using a hammer and a

s A

KNOCKING OUT BEARING

REMOVING DRIVE GEAR

dowel (7/16" dia.) knock this seal out. The
bearing can now be removed. These bearings
are a press fit in the housing so care must be
taken when installing new bearings {o insure
a proper fit.

Break the nut loose on the gear end of the
governor shaft and with a gear puller, pull the
gear off as shown, I a gear puller is not
available, the arbor press and a notched out
plate may be utilized to remove the gear, If
the arbor press is used, position the governor
in such a manner that the governor drive gear
rests on the notched out plate on the arbor
base and suspends the weight of the governor.

CAUTION: Before attempting to press the gear
off, devise some method, or request additional
help, to hold and prevent damage to the governor
as it will drop as the gear is pressed free of
the shaft. Examine the gear after removal for
excessive wear, pitting or chipping.

Support the governor as shown and press the
shaft from the housing. There is a second snap
ring in the area of the il return holes inthe
casting. It is not necessary to remove this snap
ring as it will support the bearing while pressing
the shaft out,

After the shaft hasbeen removed, use a wooden
dowel and tap the outer bearing from the housing.
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REMOVING ROLL PINS

Support the shaft as shown and press the fly-
weight carrier assembly, spacer, and bearing
off the shaft. Hold the flyweight assembly in a
vice. Use a punch of a smaller diameter than
the roll pins and drive them out sothe flyweight
shaft can be removed.

When replacing the governor flyweight shaft
in the flyweight carrier assembly, replacement
governor flyweight shafts are not drilled for
roll pins. These holes should be drilled through
the shaft on the end marked '8", indicating
soft,

It is advisable to inspect carefully all the
working parts for any signs of excessive wear
and replace them as necessary to insureproper
functioning of the governor. Also, careful clean-
ing and oiling of all the partsduring reassembly
will insure proper lubrication upon engine
startup,

Reassembly is basically the reverse of the
foregoing., It is assumed that for reassembly
all worn parts have been replaced. Before
pressing the flyweight carrier assembly on the
shaft, align the assembly with the woodruff key.
Press the assembly on the shaft up to the
snap ring. Slip the small spacer on next to the
flyweight carrier and press the bearing up to
the spacer. Install the inner snap ringin the .
housing. Put the second bearing in the end of
the governor housing and press it flush with the
snap ring. The outer snap ring should now be .
installed to hold the bearing in place. Place the
long spacer on the governor shaft and insert
it into the governor housing cavity. Take care
to align the shaft with the outer bearing before
pressing it in place. The gpovernor should be
placed on the notched out plate inthe arbor press.

CAUTION: While pressing the shaft, position it
as near to vertical as possible so as not to
cock the shaft on the bearing,

Press the assembly tightly together as there
are no clearances to be held. Press the gear
on the shaft, shoulder toward the housing. To
tighten the nut on the shaft, clamp the gear in
a vice between two wooden blocks and snug up
the nut. Place the thrust bearing assembly on
the shaft and position the flyweight lifting arms
under the shifter body. Slip the governor lever
shaft into the housing and at the same time,
through the shifter arm. Pin the shifter arm
to the lever shaft with roll pins. Install a new
gasket on the end of the housing. Notch the
gasket so the dowel pins can line up the cover
and bolt the cover snugly in place. Check the
cover while tightening it down for any distortion
that would result in the gasket leaking., Remount
the governor on the engine and connect the
linkage, Consult the service section of this
manual for resetting the mechanical governor.
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The current governor drive assemblies now .
being used on the WAK and F-1187-G series
engines are designed to eliminate  wear on the
governor drive shaft spline, These new assem-

-~

blies incorporate a splined drive coupling as
shown in the illustration. Parts of either the -
current or previous assemblies are not inter-
changeable because of the obvious difference in
internal components; however, these assemblies
are interchangeable as a complete unit.
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QIL PUMPS

The lubricating oil pumps used on the WAK
Series engines are all of the spur gear type.
The exact size, drive method, and design of a
given pump depends upon the engine application
and the oil pan design. Ordinarily, only a pres-
sure pump is used, but where the engine may
be subjected to angular operation a scavenger
pump is available,

In all cases, the pumping action is obtained
from a pair of precision gears running together
within a closely fitted housing, Since the oil is
carried from the inlet side to the pressure side
of the pump in the pockets formed between the

pump walls and the gear teeth, it is plain that '

clearances must be correct in this area, Hence,
the use of gaskets of incorrect thickness when
inspecting or repairing the pump may lead to

trouble. Also, foreign material such as hard

carbon, bits of broken cotter pins, lock wire,
and s0 on will ruin the pump if allowed to run
through the gears.

For the above reasons,.as well as for the sake
of the engine in general, the pumps are all
provided with a so-called "diving bell" oil
level edualizer and a screen. The level equal-
izer helps maintain an air-free supply of oil at
the pump inlet regardless of engine movement.
Together with the screem, this unit protects
the engine against poor lubrication. Removal of
the screen followed by a thorough cleaning and
replacement is recommended at intervals deter-
mined by experience with the service and oil
involved, :

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

OIL PUMP REPAIR

Since the oil pump is internally mounted the
0il pan must be removed before any repairs can
be made to the oil pump. The drive gear keyed
to the drive shaft while the idler gear rotates
freely on the idler shaft which is pinned to the
pump cover, i

82

The following information is for inspection
or rebuilding- of the oil pump,

1. The drive shaft at running surfaces is
0.7495" to 0.750" and the drive shaftbush-
ings should be line reamed to 0.751" to
0.752" (cover) and 0.753" to 0.754" (hous-

ing). :

2. The idler shaft diameter at running sur-
faces is 0.622" to (.6225" and the idler
gears should be line reamed to an inside
diameter of 0.6235" to 0.6245",

3. The drive housing upper end bushing should
be line reamed to an inside diameter of
1.126" to 1.127",

4. Maximum drive shaft end play is from

0.005" to 0.010".

5. Correct radial clearance between the
pumping gears and the pump chamber
walls is 0,003 to 0.004",

6. Spiral drive gear backlash ig 0.002" to
0.0105" and backlash for the idler gearsis
10.012" to 0.015™.

7. Correct gasket thickness is 0.008" to
0.010",

" 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 flywheel
housing, flywheel, and pilot bearing bore. Dis-
tortion or lack of a common center on either of
these parts will setup forces suretobe destruc-
tive to bearings, crankshaft, clutch, and the
driven equipment, In addition, because of normal
manufacturing tolerances, when an engine is
insgtalled in a mounting formerly occupied by
another engine, it is not safe to assume that the
drive shaft of the power take-off will automati-
cally line up with a coupling located for the
previous engine, In guch circumstances, either
the engine mountg 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 anumber
of reasons, even though the alignment is care-.
fully checked before the engine leaves the
factory. Some of these reasons are listed below.

1. Rough handling in shipping or storage.

Jolting and roughness in railway shipment
will definitely cause this trouble.
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ALIGNING FLYWHEEL HOUSING

2, Improper loading or unlpading techniques.
The use of fork trucks, lift trucks, bull-

dozers and similar equipment {o bump or

skid an engine from a freight car ortruck,

or for pushing in a warehouse orona load- -

ing dock is a common source of misalign-
ment trouble,

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

. Removal of the flywheel, the housing, the
crankcase, the ¢il pan, or the crankshaft
for service and maintenance operations
always introduces the pogsibility of mis-
alignment.

Hywheel Housing Mounting

The machined contact surface of the flywheel
housing mounts on the machined rear surface
of the oil pan and crankcase. Inorder to provide
a perfectly flat surface for the housingitis very
important that the rear surface of both pan and
case be in perfect alignment and flush witheach
other To check this, lay a steel straight edge
across both surfaces and sight towards a light,

The straight edge should show even bearing and
good- contact -on both surfaces over the entire
surface. -

Before instailing the flywheel -housing, use a
straight edge to check the housing rear surface
for high spots around the boltholes and burrs or
pick ups that might prevent accurate. seating.
Dress these off if found. When the housing has
been installed and the bolts snugged up just
enough to hold it in place make the following
check for concentricity before installing the
-dowels. '

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,

. Use a soft-face hammer as shown to cor-

rect mis-alignment until the run-out does
not exceed 0.010 total indicator reading.

. 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 B -

"1, Housing face run-out should be confined
to 0.010 or less. Although under emergency
conditions it may be possible to correct
minor distortions by means of a block of
hard wood and a hammer, this procedure .
ig definitely not recommended as good op-
erating practice, If correction is required,
it should be done with a cutting tool mounted
on a radius arm and firmly attached to the .

.

- £

CHECKING HOUSING BORE RUN-OUT
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CHECKING HOUSING FACE RUN-OUT

flywheel or flywheel flange, Thus, by rotat-
ing the crankshaft by means of a suitable
drive the cutting tool will dregs the hous-
ing face into a plane in alignment with
the crankshaft flange,

. When making the above inspection it is
very important not to be mislead by end

movement of the crankshaft. To prevent
this, use a pry bar to bring the shaft into
full forward pasition at each point where
the indicator reading is taken. Do not pry
against the housing or crankshaft flange,

. Before starting the dressing operation,
check to make certain the housing bolts
are snug and the dowel holes are aligned,

Unless the dowel holesare inperfectalign-
ment, it will be necessary to ream them for
an oversize dowel or re-drilland reamina
new location. Do not force the dowels intc
a migaligned hole since thig will definitely
spoil the alignment job., If the bolts and
dowels are not snug, the tool may cause the
housing to shift during the cutling opera-
tion and this, of course, will produce a very
unsatisfactory job,

As with the flywheel housing, the mounting
surface of the flywheel and the crankshaftfiange
must be free of burrs and conditions whichwould
prevent accurate seating.

1. The drilling of the flywheel holes prevents

the wheel from being located improperly.

. // -

“’ :

.
|
ook /7

g

L
o

T T

CHECKING PILOT BEARING BORE

CHECKING FLYWHEEL FACE RUN-OUT
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With the aid of adequate hoisting equip-
ment, 1lift the wheel and align the oifset
hole so the wheel mounts on the flange.

Use a torque wrench to apply the correct
tightening value to all bolts evenly, work-
ing across the wheel from one to another

Re-mount the dial indicator as shown to
measure the run-out of the flywheel face, Again,
it is emphasized that each reading must be taken
with the crankshaft moved all the way forward
to contact the thrust ring, Maximum run-out
_should not exceed 0,010",

in several stages. Refer to the table of |

tightening torque values in the back of this
manual,

Mount a dial indicator on a har extending
acrpss the flywheel housing and check the run-
out of the pilot bearing bore as shown, Run-out
should not exceed 0.005",

If inspection does not reveal any other reason
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 surfaces
into the correct relationship, Machining of the
housing bore may also be accomplished at this
time if needed,
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- BENDIX DRIVE AND STARTER TRANSMISSION
Descripl‘io:;n

Comparatively speaking this unit, ‘due to the
infrequency of its operating requirements,
should require very little maintenance by the
operator other than periodic inspection, lubri-
cation and hand lever adjustment.” The starter
unit utilizes splash oiling carried in the trans-
mission case. : )

Qil can be added by removing the sguare
head pipe plug located at the top of the trans-
mission housing. Use about 1/2 pint of light
engine oil (8.A.E. No. 10), opening oil level
pet cock located on lower side of housing, so

that the level does not go above this point,

~ This is important because the oil may get
into the flywheel housing and onto -the clutch
surfaces if the oil level is above the petcock.

OVERHAUL

Starting Engine Clutch Adjustment

Adjust cluteh lever position so that it is con-
veniently located for the operator. An inclina-
tion of about 15 degrees off vertical towards the
operator is most satisfactory. Toadjust the hand
lever position remove the cap Screws securing
clutch handle stop to elutch housing and tighten
clutch lever adjusting nut so that clutchengages
when the cluich lever is in the desired position,
The engaging point canbe determined by tighten-
ing or loosening the adjusting nut and at the same
time moving the lever back and forth. Hold the
handle tightly so that the point of engagement can
be determined more accurately. When the point
has been determined, set the clutch handle stop
in a position so that the handle is midway between
the two ends, Then insert the cap screws and
move the .adjusting nut a trifle till the cap
screws entering the cluteh handle stop are
aligned with corrésponding threaded holes in
cluteh adjusting nutf, then tighten cap screw.

-~
-~ BENDIX
P DRIVE SHAFT

NEEDLE
-BEARING -

CLUTGH .HANDLE STOP

<1
| «—+—— STARTER BENOIX
I .
| DRIVEN GEAR
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. TRANSMISSION HOUSING .-

R‘DRA]N CoCkK
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‘STARTING ENGINE TRANSMISSION, EXPLODED VIEW -
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Removing the Starting Unit

On most models it is necessary to remove
the starting unit completely by taking out the
cap screws holding clutch to main flywheel
housing. The unit is relatively light and can
be removed to a work bench to facilitate oper-
ations. Prior to removal, the cooling, -fuel,
and 0il systems should be drained. Then dis-
connect both the top and hottom water con-
nection from main engine, Shut off and dis-
connect the fuel line at carburetor., Remove
the bolts that hold engine to front support,
If cap screws holding bendix to main engine
flywheel housing have been removed, starting
engine can be withdrawn from main engine,
Care should be used not {o damage bendix
drive when removing the unit.

Disassembly of Transmission and Clutch

The first step in disassembly is to unscrew

the cap screws which hold the clamping segments”

and to loosen the bendix housing lock screws,
This will release the bendix housing from the
trangmission housing and permit pulling if off

the bendix assembly and from the splined drive ~

shaft. Now drive out the pin, remove the cluich
handle, unscrew the clutch handle stop.screw,

and remove the clutch handle stop, Ungcrew the

cap screws which hold the transmission housing
to the transmission plate, and remove the hous-
ing. At this time inspect the condition of the
oil seal and if it is worn or shows evidence of
leaking, replace it. Now remove the cap screws
holding the plate to the flywheel housing, and
remove the plate together with the clutch cone

and drive flange assemblies. Lock the plate”

securely in a vice and unscrew the set screw
which locks the flange to the clutch cone assem-
bly. Clamp the clutch cone and unscrew the
flange. The cap screws may now be unwired and
wriscrewed and the bendix drive shaft removed,

after which the driven gear retaining washer,

— ately.

cap screws, and gear may be removed,

Reassembly of the starting transmission is
practically the reverse of the foregoing pro-
cedure, however, the following points should
be observed. When replacing "the drive gear
retaining nut remember that this nut has a left

hand thread. Install the -set screw thirough the )

hole in the drive gear and replace the driven
gear retaining washer. When the clutch cone
assembly and drive flange are -tightened, be
sure that the flange is pulled snug against the
shoulder of the clutch cone and that hole in the
flange registers with the hole in the shalt of
the clutch cone so that the set screw will hold
the two .securely, Also, in assembling the

_ transmission housing on the plate, make sure

that the gasket is in good condition The clutch
lever adjusting nut must be tightened so that
the clutch engages when the lever is in a
convenieni position, An inclination-of about
15 degrees off verlical toward the operator
is best. The engaging point can be determined
by tightening or loosening the nut and at the
same time moving the lever back and forth.”

Hold the handle tightly sc that the point of -

engagement can be determined more accur-
When the point has been determined,
set the clutch handle stop in a position so that
the handle is midway _ between the two ends.
Then insert the cap screw, move the adjusting
nut a trifle until the cap screw finds one on the
threaded holes in the inside flange of the ad-
justing nut and tighten the cap screw. ~

STARTING ENGINE REPAIR AND OVERHAUL

In those instances where information is re- )
guired r@gardir;g overhaul of the. ICK starting-

—engine sometimes used on the WAK Series,

refer to the manual "Operators Manual, Wau--
kesha Model ICK, F-1585-B".
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CLEARANCE AND WEAR LIMITS

GENERAL

Cylinder number and arrangement Six-in line
Bore and stroke . ., ... .,6-1/4"x6-1/2"
Displacement (cubic inches). . . . . . .1197
Compression ratio-, , . . . Standard 7.0 to 1

High 9.0to 1
Valve arrangement, . . . . .
Firing order . , ! 1-5-3-6-2-4
TORQUE VALUE RECOMMENDATIONS

Cylinder head . ... .. ... .. 2400 - 2500
Tube studs 3000 - 3200
._Main bearings 3500.- 3600
Connecting rods . 1025 - 1050
Flywheel ., . . . ... .. ... . 1330 - 1400
Vibration damper : .« . . 1050
Crankshaft counterweight . . . . 1550 - 1600
Spark plugs . ... « v . . . 384 - 456
Crankshaft nut ) 3550 - 3650

{Above values in inch pounds,
* Divide by 12 for foot pound values. )

Use oiled torgue values for studs and
tube studs as stated under torgque value
recommendaticns, Retorque replaced
cylinder heads after running the engine
either idle or after load testing, ’

CYLINDER HEAD TIGHTENING SEQUENCE

'CYLINDER SLEEVES -

Type .. ... Wet type, replaceable
(A) Heat dam projection ., . .- . -None
(B) Flange height .. . .. .. 0.439" - 0.440"

. . . Overhead .

- (A) Sleeve counterbore dia. .

{
{
-
(

(C) Sleeve projection above

crankcase . . o« 0 4 4 - s
(D) Flange diameter , , . T
(E) Sleeve dia. (below flange) ., . . . . 6,9375"
(F) Sleevelength. . ... ...... 14=7/16"
(G) Sleeve bore diameter . .6.2503" - 6.2508"
(H) Sleeve diameter (lower seal

area) . . e e ... B6,9965" -6,9980"

0.002" - 0,005"
7.367" - 7.36%"

|

i

-

N
N

A

T

Cor
NI
Jr

7

T

- - ’H.

TYPICAL-CYLINDER SLEEVE -

CRANKCASE

Main bearing number and type

{line bored-or precision). . .Seven-precision
‘Camshaft bearing number and type-

{line bored or preeision). . ~Four (line bored)
L35 - 7377
B) Sleeve counterbore depth . 0.435" - 0.437"
C) Crankcase upper bore . ,.7.0624" - 7.0626'"
D) Crankcase lower bore , . . 7.000" - 7.002"
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. TYPICAL SECTION THROUGH
CRANKCASE

CRANKCASE
Crankcase main bearing journal
bore .. . .. .. 4.,5000" - 4.5007"
PISTON PIN
Piston pin diameter _
Red . ......... 1.8743" - 1,8744"+
Blue . . ... ..... 1.8745" - 1,8746" .

Piston pin length, . . . . . . 5.475" --5.485"

Piston pin fit: Pin selected
(color) to provide a loose fitat
-normal room temperature, , 0,0003''-0.0005"

PISTON

Piston material ., Tin plated aluminum alloy
Piston type . . . Cam ground
Piston fit: Use three strips of 0.003" feeler
1/2" wide, Feelers must pull out with four
to eight pounds pull, :
"Pistons are removed from. .Top of crankcase
Permissible weight variation . . .One ounce

R T T S TR S T Y

(PISTON LAND TO CYLINDER SLEEVE BORE CLEARANCE)

Land dia. Sleeve hore dia. - Clearance
(A) Topland .. .... el e -6.204" - 6, 208" 6.2503"-6.2508" 0. 0423 - 0. 0468"
(B) 2nd land . . e e e 6. 217" - 6. 221" 6.2503"-6.2508" 0.,0293" - 0. 0338"
(C) 3rdland . ... ..o v . o .. 6. 217" - 6. 221" 6.2503"-6.2508" 0. 02937 - 0. 0338"
(D) 4thland ... ........ 6.217" - 6, 221" 6.2503"-6.2508" 0, 0293 - 0. 0338"
{E) Piston skirt diameter (Bottom thrust) « « v v v o v o o o o ¢ ¢ o o o o o = » 6. 2412 - 6. 2417
(F) Pistonpinholebore .. .......... Red . . . . 1.8747'" - 1.8748"+

Blue s v e e a s . .. 1.8749" -1, B750".
(G) Pistonlength . . .. ..... ... Ve e e e e b e h e e e . - - 7-11/1s8"
{H) Piston skirt to sleeve clearance (Thrust) . ... ... . - . . 0086 - . -009s"
(I) Groove width '
Top 2nd 3rd 4th 5th (if used)

0.189" - 0.190" 0.189" - 0.190"

PISTON RINGS

Top ring
Second ring
“Third ring

Fourth ring
Fifth ring

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

-------

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

0.189' = 0.190"

----------------

------------------

cccccccc

0.251" - 0,252" 0.251" - 0,252"

. . Chrome plated, compression
Grooved edge compression
Grooved edge compression

« +.+ « Grooved oil cutter
Grooved oil cutter
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TYPICAL PISTON " TYPICAL PISTON RING

_PISTON RINGS

Tap ond 3rd 4th 5th (if used)

(A) Ring gap 0.017"-0,032"  0,017"-0.032" 0.017"-0.032"  0.017"-0.082"  0.017"-0.032"
(B) Ring dia, S 6.250" -6.250" 6.250" 6.250" 6.250"
(C) Ring-wall 0.247™ 0.247" . 0,247 - 0,247" 0.247"
(D) Ring width 0.1855"-0,1865"  0,1855"-0.1865"  0.1855"-0,1865"  0.248"-0.249"  0.248"-0,24%"
(E) Side clearance  -0.0025"-0,0045"  0.0025"-0.0045"  0,0025"-0:0045"  0,002"-0.004"  0,002"-0.004"

CRANKSHAFT e

Crankshaft end play . ;. ., . 0,005" - 0,013"
End play adjustment 0.002'" ghim at front main
{current engines do not use shims) -

(A) Connecting rod bearing running . -
clearance. . . . .4 ... . 0:0015' - Q004" .
(B) Connecting rod bearing journal .
diameter, . .. ... ... 3.374" - 3,375"
{C) Main bearing journal maximum
T underSizey . v 4 v a v e e . e . .. 0,040
" (D} Main bearing running -
clearance. . . . .. .. . 0.002" -0,0047"
(E) Main bearing journal . - )
diameter . . .+ + . . .-, 3,999 - 4,000" " “TYPICAL CRANKSHAFT
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MAIN BEARINGS*

Number. , ., . .
Type . . . ..
Material . . .. ..
Undersize bearings
available, . . .., . .. 0.020" and 0. 040"
Adjustment . .Replacement (precision type)
Running clearance , . . . . 0.002" - 0,0047"
- Crush in crankecase bore. , 6.0015' - 0;0025"

. . . . Seven
e e 4 s . Precision
Steel backed, aluminum

PR I T I L

* Upper and lower bedring shells are not inter-

changeable, Upper shellshave an exterior trans- -

verse slot - lower do not.
IDLER GEAR

Running clearance inbushing 0.002" -

Idler spindie O.D. , . . .. 1,4985" -

Idler gear bughing I.D. . . 1.5000" -

Idler gear end play, . . . . . 0.002" -
(Adjust with 0,003"" shims)

1.498".

0.004"

CAMSHAFT

Camshaft bushing [,LD. . . 2.058" - 2,059"

{(Rear) 2.745' - 2,7455"

Camshaft journal dia. . . . .- 2,742" - 2.743"

(Rear) 2.055' - 2.056"

Camshaft running clearance .
in bushings ..., .. .. ..0,002"-0.004"
{Rear) 0 002" - 0.0035"
Camshatt end play . -« « - . . 0,004" -0,008"
Camshaft end play adjustment . Thrust Plate
- Replacement

Thrust Plate Thickness . ., 0.1825" - 0,1835" -
Cam lift , , . . measured at pushrod .384"

CONNECTING ROD, BUSHING AND BEARING

Rod material, , ., Heat Treated-Steel forging
Rods, permissible weight variation, Two ounce
Side play limit , ., , .. ... 0,008" - 0.014"
(A) Rod length, center to
center
Rod small end finish
i .« . 2.0620" - 2,0625"
Bushing bore diameter, , 1,8760" - 1,8764"
Bushing Press in Rod
(Burnish in place) . . . . .
Rod Iarge end finish
SIZE v v v v v .. e . . 3,6250" - 3,6260"
Bearing wall thickness. , 0,1240" - 0,1245™
Bearing running
clearance,. . .,

. 13.251" - 13.252"
(B)

(€)
(D)

(E)
(F)

T0.002" -0.004"

v e s o« . 0,0015" - 0,004
Rod-bearing undersize ‘ -

available, . . . .. . .~ 0,020" & 0,040"

0.003"

1.501"- . -

FLYWHEEL AND HOUSING

Pilot Bearing Run- out I 0 L
Total Indicator Reading

Face Run-out on Wheel, . . . .. .. .0.012"
Total Indicator Reading

Housing Bore Run-out. . . . . . . . .0,010"
Total Indicator Readmg

.Housmg Face Run-out . . . 0.010"
: Total Ind1cat0r Readmg

TYPICAL CONNECTING ROD, BUSHING
AND BEARING




WAUKESHA WAK AND F-1197-G SERIES

VALVE CLEARANCES

CLEARANCE (Adjust valves with engine
cooled to room temperature)

4 3

rVA LVE CLEARANCE
COLD SETTING

VALVE CLEARANCE \
COLD SETTING

WAUKESHA MOTOR CO.
WAUKESHA, WISCONSIN

INTAKE 017-.018"

EXHAUST

WAUKESHA MOTOR CQ.
WAUKESHA, WISCONSIN
U.S.A.

037-.039"

9 U.S.A. ) \_

INDUSTRIAL TYPE COMMERCIAL TYPE

!. i |
s i

Lz G —
——— H o i

INTAKE EXHALST

—

CLEARANCE AND WEAR LIMITS

VALVE TIMING

INTAKE - {
OPENS * |

235°
EXHAUST
OPENS

Znwm'u-:

CLOSES
FIRING QRDER

.TDC

VIEWED FROM FRONT OF ENGINE

T EXHAUST
' CLOSES

ROTATION

EXHAUSTX

OPENS
I-5-3-6-2-4

TYPICAL SECTION THROUGH
CYLINDER HEAD

VALVE PORT CLEARANCES -

Guide extends above block
Valve stem diameter
Guide I, D,
Guide O. D.
Guide hole diameter

Valve head diameter .

Insert O. D. )
Insert counterbore diameter
Insert seat angle :
{J) Valve seat angle
Valve-stem clearance in guide
Ingert press fit in head

TR I R A ]

SEOHEDOEE

—
—

I T T Y N N L )

VALVE TIMING DIAGRAM

Intake

2-1/8”
0.4865" - 0.4975"
0. 300" - Q, 501"
0. 876" - 0. 877"
0.874" - 0. 875"
2.-640" - 2. 650"
2. 8155 - 2. 8165"
2.8115" - 2. 8125"

30° '
30°
0. 0025 - 0. 0045"
0,003 - 0. 005"

Exhaust

2-1/8"
0.6205" - 0, 6215"
0.625" - 0.626"
0. 876" - 0. 877"
0. 874" - 0, 875"
2-1/32"
2.4405" - 2,4415"
2.4365" - 2,4375"
45°
45°
0.0035".-70. 0055"

_0.003" - 0..005"




WAUKESHA WAK AND F1197-G SERIES - CLEARANCE AND WEAR LIMITS

~ VALVE SEQUENCE FOR WAKC SERIES ENGINES

DMCOO TIPME

TIMING GEAR BACKLASH -
Between All Timing Gears . ., .005"-.007"

- SPARK' ADVANCE REC.OMMENDATIONS -,

Compression . Distributor ~
6-WAKC Model . Fuel Timing Magneto Timing at Engine RPM

Commercial type - | Gasoline 4°BTDC 32°BTDC at all speeds
-Industrial type . Gasoline 4°BTDC- 24°BTDC at all speeds
Industrial type .LPG ' 8°BTDC - 32°BTDC at-all speeds
Industrial type Natural gas 8°BTDC 32°BTDC at all speeds
Industrial type Natural gas 14°BTDC 32°BTDC at all speeds
Industrial type - ' ' Gasoline 4° BTDC 22°BTDC at all speeds

SPARK PLUG RECOMMENDATIONS ) IGNITION DATA

PlugSize . . . . « . . 18mm - 7/8" Hex. - Distributor Breaker Point Gap . .018"-.020"
PlugGap . + « « « =« + « » « 0,025" New Magneto Breaker Point Gap . . .016"-.018"
except 0,015" for M-82N-plug .

Plug Recommended For -+——Hotter (Plug Heat Range) Colder ———»
Gaspline Fuel Light Duty Normal Duty Heavy Duty

~ D-14*
(D-14 recommended

for all generator
set applications)

D-14*, D-10, D-9, D-6

Champion D-23, D-21, D-16%
AC Spark Plug C-85 :
Auto-Lite ' BT-8

Plug Recommended For ~
Gaseous Fuels - ‘ ' )

D-14 (7.0to0 1CR) |D-14 (7.0t5 1 CR) D-14-(7.0 to 1 CR)
M-82N (9:0 to 1 CR) |M<82N (9.0 to 1 CR)| M-82N (9.0 to 1 CR)

Champion

* Underlined plugs are standard for most operating conditions.

Hotter Plug: Recommended for "Cold Engine”, to remedy plug oil fouling = -
and sooting conditions. .

Colder Plug: Recommended for "Hot Engine", fo remedy pre-ignition, burned plug
electrodes and porcelain cracking.
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f;WAUKESHA WAK AND F:1197-G SERIES i CLEARANCE AND WEAR LIMITS

[

4

\\\-

FRONT -
SIDE DOWN
DOWN,
RIGHT

(VIEWED FROM FLYWHEEL END )

MAXIMUM ANGLE OF OPERATION

. The maximum figures stated are for inter-
mittent duty only. Consult the Waukesha Motor
Company if continued operation at angles .ap-
proaching the maximum are anticipated.

Pump | AL ‘ B - C D
Type ~ _ Rear-Down | Front Down Side Down, Left Side Down, Right

STD. : . N
Pressure 30° 57% 10° 1% 30° 57% . 25° -46%




WAUKESHA WAK AND F-1197-G SERIES -

DISTRIBUTORS AND SERVICE

The Waukesha Motor Company has established a system of distri-
butors 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 Ridgewood, New Jersey; Tulsa, Oklahoma;
Los Angeles, California; and Anchorage, Alaska areas, so 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 obgerved;

Give Engine Model Number Always specify
size, model, and number of the engine, which is
stamped on the nameplate attached tothe crank-
case. The engine number may al8o be stamped
on the crankcase at either the gear coveror fly-
wheel housing end, and sometimes on the front
end of the crankshaft. Be sure to give the num-
ber stamped after "SPEC" as "G20000", or
whatever the number may be on the particular
engine,

When Ordering Parts Always furnishcom-
plete description and number, where known, of
the part or parts wanted. Do not use the word
“"eomplete", state exactly each item that is
wanted and do not designate the quantity by
“gets'; 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, With-
out specific shipping instructions the shipper

-will use his own discretion, and will not be
responsible for any charges by so doing,

Mail Shipments Goods shipped by mail are
entirely at customer's risk, unless caghor post-
age for insurance accompanies the order.

When Shipping to Us Include a packing list,
but mail the bill of lading or express receipt
with a letter of advice. Do not enclose this
letter with the shipment,

How to Mark Shipment to Us Itis very im-
portant 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 re-
pairs 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 re-
turning parts for inspection and credit, (see
Warranty, at back of this book), the engine
number from which the parts were taken must
be given and all transportation charges must
be prepaid, Our receiving department is not
authorized to accept "‘Collect" shipments.




WAUKESHA WAK AND F-1197-G SERIES

WAUKESHA MOTOR COMPANY
STANDARD WARRANTY

(Effective May 1, 1971} °

The Waukesha Motor Company (herinafter called "Waukesha') warrants
each new engine and power unit manufactured and sold by it {hereinafter
collectively called "Products') to be free from defects in material and
workmanship for a period which shall be the shorter of eighteen months
from the date of shipment of the Product from the factory or twelve months
from the commencement of the first use of the Product. Waukesha's sole
obligation in the event of any such defect shall be to repair the Product at
Waukesha's factories or through an authorized Waukesha Distributor, or,
at Waukesha's option, to replace the Product, and, if such repair or re-
placement is requested prior to the expiration of six months from the date
of first use (and within eighteen months of sale by Waukesha) of the Product,
to bear the cost of labor required in connection with such repair or replace-
ment. '

No defect in material or workmanship shall be deemed to exist unless it ~
is so determined by Waukesha upon’ inspection by Waukesha.

Waukesha's obligation pursuant to this Warranty shall be conditioned
upon the return of the defective Product to Waukesha or an Authorized Wau-
kesha Distributor, transportation prepaid,

Waukesha makes no warranty in respect to any product or trade acces-
sory not manufactured by it, whether or not sold as a part of or with a
Waukesha product. Such preducts and trade accessories are subject to the
Warranties of their respective manufacturers.

The provisions of this Warranty do not apply to any Product which has

been used for a purpose for which itis not designed, or which has been sub-

- ject to misuse, negligence, alteration, or accident; nor does this Warranty

cover normal maintenance service or engine tuneupor the repair or replace-

ment of parts when such repairs or replacements are made as part of nor-
mal maintenance service.

THIS WARRANTY 1S THE ONLY WARRANTY APPLICABLE TO THE
NEW WAUKESHA ENGINE AND IS EXPRESSLY IN LIEU OF ANY OTHER
WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. WAUKESHA'S SOLE RESPONSIBILITY SHALL BE FOR REPAIR
OR REPLACEMENT PURSUANT TO THE ABOVE TERMS,

WAUKESHA SHALL IN NO EVENT BE LIABLE FOR CONSEQUENTIAL
DAMAGES OR CONTINGENT LIABILITIES QF ANY KIND ARISING OUT
OF THE FAILURE OF ANY ENGINE OR POWER UNIT OR PART TQ OP-
ERATE PROPERLY. |

Waukesha Motor Company
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