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PART I

INTRODUCTION AND WORKING PRINCIPLES

The purpose of this booklet is to acquaint
the owner and engineer with the operation of his
engine, In order to obtain maximum efficiency and
continuous trouble-free service, the contents of this
booklet should be carefully studied and the instruc-
tions, particularly regarding inspection and maintenance,
followed carefully.

Enterprise Diesel Engines have proven themselves,
and are giving all over the World continuous trouble-
free service, even under extremely severe working
conditions. The design of the engines was selected
after exhaustive research and meny years of engine
building experience, with the primary view in mind of
obtaining meximum simplicity of operation and mainten-
ance, and maximum dependability.

Every engine is carefully and thoroughly tested
and inspected before leeving our plant, and only such
adjustments should be made by the operator as are
indicated in the succeeding pages. It 1s suggested that
the operator establish & certain system of routine
inspection suitable to his particuler service condition.
This will more than pay for itself in lowered maintenance
cost and more satisfactory operation.

The matter of cleanliness can hardly be stressed
enough. It indicates, in a large measure, the care the
engine receives otherwise.

If there is any specific condition that troubles
the operator, and for which there seems no explenation
in this booklet, we suggest getting in touch with our
Service Department, steting the condition 1in full.
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Enterprise Diesel Engines operate on the four
stroke cycle principle. They are of the full diesel,
vertical, mechanical injection type. The fundamental
principles of operation are ‘as follows:

1. Intake Stroke:
Air is drawn into the cylinder at
atmospheric temperature and
pressure.

2. Compression Stroke:
The inlet valve closes when the piston
is slightly past bottom dead center.
During the upward stroke of the piston
the air is compressed to approximately
4LOO 1bs/sq.in., This raises the tem-
perature sufficiently to ignite the
fuel. Just before top dead center, the
fuel 1s sprayed into the compressed air
through a nozzle, which is designed for
the proper distribution and atomization
of the fuel,

3. Expansion Stroke:
During this stroke work is done on the
piston by the combustion of the fuel.
The heated gasses expand during the
downwaerd stroke of the piston until,
near bottom dead center, the exhaust
valve opens,

4. Exhasust Stroke:
The exhaust valve remains open during
the next upward stroke of the piston,
expelling the gasses, until the piston
again reaches the top dead center when
the exhaust valve closes, the inlet
valve opens and the cycle is repeated,
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PART II

INSTALLATION

General

When installing the engine, special considera-
tion should be given to the following:

(a) Placing the engine on its founcation.

(b) Connecting the water, fuel oil 1lube oil, ex-
haust and starting air lines. (Refer to Installation
Drawings and Piping Diagreams).

Placing of Engine on Its Foundation

When placing the engine on its foundation
make sure thet the crankshaft is exactly in line with
the shafting; znd that the engine is evenly supported
over its entire length so that there is no distortion
of the base.

After the engine has been bolted down, check
crankshaft alignment as follows: Measure distance be-
tween inside faces of crank webs with crankshaft deflec-
tion gage, or, if not available, with inside micromegers.
Check this distznce at intervals of approximately 90" .
Readings should not differ by more than .003". If mis-
alignment is indicated, determline cause and ecorrect.
Distortion at the last two cranks only usually lndicates
crankshaft out of line with shafting.

Cooling Water Lines

Installation work for the. water system con-
sists of connecting suction and discha: ge lines, of
the raw water pump; also heat exchange ' and surge tank,
in the ecirculeting weter system. The viater discharge
from the thrust bearing cooling coils must be connected
to overboard.

Fuel 0il Lines

Connect line from fuel o0il supply tank to
inlet of first stage filter, which 1s mounted on the
after side of the engine,

Pressure tank should be mounted slightly
above the top of the injection pumps.’

Connect the transfer pump discharge to the
pressure tank with a relief valve in this line whose
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discharge is piped back to the suction of the transfer ft
From the outlet of the pressure tank run a line to the i
let of the duplex type filter mounted on the engine cyli

block. e

A vent velve is mounted on the top of the pressure
tank to expel any air thet might sccumulate in the tank.

Run a line from nozzle drain header to bilge or
weste tanks. The nozzle drain may be returned to the stor-
age tank if top level of storage tank is below injection
pump header,

Remove all scale and dirt from pipe lines be-
fore starting.

Lube 0il Lines.

Lubriceting system is complete on the engine
when shipped. Installation consists of connecting the
Scavenge pump discharge to the lube o0il service tank and
connecting service tank to pressure pump suction.

The lubriceting oil pump is of the duplex type.
The outer pump (scavenge pump) transfers oil from the en-
gine base to the gervice tank. The inner pump (pressure
pump) tekes oil f the service tank, forces it through
the filter and oll cooler to the various points to be lub-
ricated. A four-way valve is placed in the line before
the oil cooler to isolate same in case of any leaks be-
tween lubriecating oil and weter sections.- (See Section
on Maintenance), With cooler isolated the oil passes
through valve directly teo main oil header. Remove all
scale and dirt from pipe line before starting.

Starting Alr System.

Connect the compressors to the tar<s. Install
a safety velve on each compressor ahead of any valve in
the line end e safety valve on each tank. Install a
pressure equalizer on each compressor line and run & line
from the end of the equalizer fartherest fiom the
compressor back to the unloader pilot on the compressor.

Provide suitable drain at any point in the sys-
tem where condensate would tend to accumulate.

Exhaust System.

In laying out exhaust piping, use as few bends
a8 possible; where bends are necessary they should be of
long radius. If more than three bends are used, increase
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the entire pipe to the next nominal size. If more than
six bends are necessary increase the pipe two nominal
sizes.

Installation should be made, so that piping
and muffler may be easily disconnected and cleaned.

INST-971
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PART III
INSTRUCTIONS FOR STARTING

Before Starting for First Time

When an engine is just instelled or has been
out of service for a long time, or if extensive work has
been done on the engine, the following points should be
observed before sny attempts are made to start:

Check all bolts and nuts to make sure they are
tightened down thoroughly, particularly mein bearing,
connecting rod, cylinder head and foundation bolts.

Check crankshaft aslignment as expleined in
Part II Instellation.

Inspect all connections in lubricating and fuel
oil, cooling water and starting sir lines.

.Bar engine over with relief cocks open, at least
three ctomplete turns, to make sure everything is clear.

Remove crankcase side cover next to the flywheel,
and bar the engine over until the crank nearest flywheel
is at top center position to allow easy access to lub-
ricating o0il suction screen inside the crankcase. In-
spect lubricating oil suction screen in order to make
sure it is not clogged and that no water or grit has
accumulated in the crankcase.

Inspect also the lubricating oill service tank
which should be at least 1/3 full when starting, with oil
in the crankcase covering the suction inlet. If no oil
is in the crankcase, the lubricating oil service tank
should be at least 3/4 full. Open valves from the
service tank and any other valves which are necessary
to the flow of the lube 0il through the system. If the
lubricating end fuel o0il filters have not been cleaned
recently, clean as directed in the Maintenance Section.

The fuel system should be bled of air. To
accomplish this proceed as follows: Open valve in
fuel lines. Open vent plugs in filters and allow fuel
to escape until &ll air has been expelled. Then remove
vent plugs on fuel pumps, agein allowing fuel to escape
until there 1s a smooth flow without air bubbles.
Finelly bleed injection lines as follows:
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Set all injection pumps at full fuel. The
operating control interlock keeps the injection
pumps in the stop, or no fuel, position when
the engine is shut down. Move the control to
the ahead or astern operating position. When
this is reached the interlock will have cleared
and the tension of the governor spring will
open the fuel pumps to the full fuel position.

Open the nozzle bleeder valve slightly and
prime the pumps by means of the priming

shaft on the pump base until a definite
resistance is felt, indicating that all the
air has been expelled. Do not use too long

a wrench nor too great a force on the prim-
ing shaft. If, upon attempting to prime a
pump, no resistance at all is felt, it is an
indication that the fuel tappet is on the

peak of the fuel cam. First prime those
pumps that are not in this position and then
bar the engine over until the tappets are
contacting a low point on the cam, thus making it
possible to prime the remaining pumps. This
condition can readily be seen by observing the
timing mark in the window in the fuel pump
body.

Inspect adjustment of hydraulic valve lifters

as explained in Section "Valve Gear" and clearance of
starting air valve as indicated on ikngine Instruction
Plate. Be sure air valve cap is in upper position when

checking clearance. (See Section, "Timing of Air Starting

Valve.")

Lubricate fuel pump control and governor
linkage making sure all pins and cotter pins are in

place.

Open all valves in the water suction and
discharge lines and make sure there are no obstructions
in the lines.

I
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2. Starting and Stopping

Air pressure of not less than 200 1lbs/sq.
in. should be available although a warm engine may be
started on 100 1bs/sq.in.

1. Move operating control to
ahead or astern position.

2. Set fuel control handle at
approximately 1/L4L fuel.

3. Move operating control in
direction to start and re-
lease as soon as engine
fires or movement of governor
linkage is observed.

4. To stop engine move operat-
ing control, so indicating
pointer is vertical in "Stop"
or "Neutral™ position.

WARNING!

Never use any other compressed gas but air
for starting, and particularly do not use Oxygen under
any circumstances as it will result in a violent
explosion.

3. Emergency Stopping Procedure

If for any reason the engine cannot be
shut off by the above method, it may be stopped by
closing the valve between final stage fuel filter
and fuel oil neader.

INST-828-A
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PART IV
RUNNING AND INSPECTION

Pressures

While running under normal load, at rated
speed, pressure gages should read as follows:

Lubricating 0il 30 to 45 1bs/sq.im.
Circulating Water 15 to 20 1bs/sqg.dn.
Fuel 0il 10 to 15 1bs/3q.in
Starting Air Pressure 150 to 250 1lbs/3q.in.
Sea Weter Discharge 3 to 15 1bs,3q.in.
Temperatures

While running under normal load, at rated
speed, temperature should read as follows:

Lubricating 0il From Engine 120° to 160°F,

Circulating water From Engine 120° to 160°F.

o]

Exhaust Temperatures 7507 to BSOOF.

- General Maintenance

All parts of the engine should be felt
frequently, especially during the first few hun-
dred hours of operation, to detect any excessive
temperature on head, cylinders, and side covers.
Undue high temperatures in any connecting rod or
main bearing can usually be detected by the higher
temperatures of the respective side cover.

Thrust bearing should be felt frequently and

0il container inspected to make sure of proper lub-
rication and cooling.
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Duplex fuel oil filter between tank and
engine should have the valve in such a position as to
operate on one section only. The second section should
be clean and ready to switch over. One filter should
be cleaned about once a weck. Where the fuel oil is
clean and the filter does not show much dirt, this
period may be increased.

0il level in lubricating oil service tank
and fuel oil tank should be watched closely to observe
any sudden gain or loss in oil level. Drain valve in
fuel tank and lubricating oil service tank should be
opened at least once a day to drain out any water or
sludge which may accumulate.

If the fuel punmps require adjustment in
order to average the exhaust temperatures, care
should be taken to see that the difference between
any two pumps is not in excess of 2 millimeters on
the control rod. If the difference in exhaust cannot
be corrected without exceeding this maximum difference,
it 1s an indication of wear or improper adjustment
of pumps or nozzles, or holes in injection nozzle, may
be plugped.

This condition may also be due to carbon
deposits on the thermocouples or improper length of
the thermocouples which should have a 4" stem. They
should be removed every 3 months and checked. Scrape
the stems if necessary.

A daily record should be kept of important
pressurcs, temperatures, and other important conditions.
These readings will be found valuable for future
reference and occasional crosschecking will give
indications of impending trouble if such should arise.
Then small corrections can be made early to avoid
ma jor corrections later resulting from improper
observance of operating conditions.

A sample log sheet is given as a basis
for a convenient form.

INST-537-C



ENGINE ROOM LOG

M.S. ENTERPRISE

Date

Engineer

Time

Engine RPM

Aver. MM Fuel Pumps
(Max.Diff. -2 M.M.)

Aver. Exh. Temp.
(Max. Range - 50°)

Lube 0il Pressure

Circulating Water Pressure

Fuel 0il Pressure

Starting Air Pressure

Lube 0il Temperature

Water Temp. from Engine
(Aver.)

Feel Side Doors check ( ) if
o.k. Note any exceptions.

Fuel Filters check ( ) if o.k
Note if dismantled and cleaned
which ones, and condition.

Lube Filters check ( ) if o.k
Note if dismantled and cleaned
which ones, and condition.

Level of lube 0il service tanX
Note how much oil added if any

Remarks:

INST-538

pve



PART V
MAINTENANCE, DESCRIPTION OF PARTS,

METHODS OF ASSEMBLY AND DISASSEMBLY

LUBRICATING SYSTEM
A. General

The lubricating pump is of the duplex type.
The ir.dcr pump (scavenge pump) transfers oil from the
engine base through a filter to the service tank. The
outer pump (pressure pump) takes oil from the service
tank and forces it through a filter and oil cooler to
the various points to be lubricated. A relief valve
mounted on the pressure pump prevents oil pressure
from exceeding 35 1lbs/sq.in. by allowing excess oil to
be by-passed back to the suction side of the pump. A
four-way valve is placed in the line to and from the
0il cooler. 1In case of any leaks between lubricating
0il and water sections, turn four-way valve so o0il
flows from filter directly into lube oil header, and
replace cooler element at earliest convenience.

A leak between lubricating oil and cooling
water sections may be detected by a depletion of lube
0il in service tank, in excess of normal lube o0il
consumption.

Lubricating oil filter, between pump and
0il cooler, consists of one large metal edge element.
It should be cleaned about every four hours by turning
handle one complete turn in a clockwise direction. Turn-
ing handle drives a scraper around face of element.

If oil pressure drops as shown on main lubri-
cating oil gauge, it usually indicates that this filter
element is being coated. Turning handle as explained
above will usually correct this condition.

Never use a wrench on scraper handle. IT
handle sticks, it is a sign that some foreign substance
has become wedged between scraper and element. If this
should occur, stop engine at earliest convenience and
remove filter element. To do this, remove the four
nuts at top of element and element assembly may be
lifted out. Clean element, scraper and case. If
scraper is bent, straighten and free all moving parts.
During re-assembly, be sure all gaskets are in good
condition and tighten all bolts Tirmly to avoid leaks.

Filter should be disassembled and cleaned at

INST-233-B
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intervals of one to two months, depending upon the
conditions of the o0il. During normal operation, drain
plug in bottom of case should be removed about once a
week to drain sludge and foreign particles from the
filter.

About once a month crankcase breathers should be
removed and washed in a mixture of keroserne and lubri-
cating oil. Inspect and clean insicde of crankcase,
especially lubricating oil suction screens and reservoir
below. Remove oil from crankcase if any water or sludge
is present.

Lubricating 0il Pump. (See Illustration "Lubricating
0il Pump")

The duplex unit consists of two gear type pumps
mounted in the same housing. It is driven by a gear
meshing with the idler gear. The main impeller gears
of both pumps are splined to the drive shaft which runs in
bronze bushings. The idler shaft is held statjonary in
the housing; the idler gears are bronze bushed and rotate
on the stationary idler shaft.

If oil pressure drops as shown on main lubricating
0il gauge, first see that there is sufficient o0il in
the lubricating oil service tank ard tnat the lubrica-
ting filter is clean. Make sure that all piping connec-
tions are tight and that the lines are free. Make sure
air bleeder line from top of relief valve to cover of
scavenge pump is clear and that relief valve is seating
properly.

If o0il pressure is still low, dismantle pump and
check clearances (see "Table of Clearances"). Proper side
clearance is obtained by means of .006" gasket on each
side of pump body. If faces of inside or outside covers
have become worn, face off in lathe until all evidences of
wear have disappeared. If inner facés of housing have
become worn, face off outside until exactly flush with
faces of gears. Replace gears and bushings if necessary.
Gears are cut in pairs and should not be interchanged,
however, any pair of gears may be used in either the
pressure Oor scavenge pump.

Re-assembly

Place drive shaft (17) in housing. Assemble main
gear (11) and idler gezr (12) of pressure pump. Replace

INST-234-C
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inside cover (1) and gasket of proper thickness to make
end clearance .006" and bolt in place. Check clearance

of shaft shoulders "A"™ and "B" as follow=: With drive
gear held against thrust bushing (2) shoulder A" must
not protrude beyond face "C" of scavenge ;ump. Back out
drive gear as far as it will go and determine clearance
between drive gear snd thrust otushing. This should be

at least .010" to provide ciearance for shoulde:z "B".
Replece main gear (11) and idler gear (12) of scavenge
punp. Replace shims (10), thrust collar (5), lock
washer, and lock nut, installing sufficient shims to
provide .004" to .007" end pley in the drive shaft.
Replace outside cover (/) and gasket of proper thick-
ness to make end clearance of gears (11) and (12) equal
to .006",

Relief Velve

The relief valve consists of a bronze plunger
operating in a cast iron housing. When the line pres-
sure equals the pressure at which the valve is set, the
plunger moves off its seat allowing the excess oil to
by-pass to the suction side of the pump. The spring is
correctly set at the factory to maintain a pressure of
35 1bs/sq.ir. when oil is hot. Under normal conditions,
the adjustment should not be cheanged. If eadjustment
becomes necessary, proceed as follows: Remove cap,
loosen adjusting screw lock nut and adjust as required.
One turn of the adjusting screw changes the opening
pressure approximately 1-3/4 1lbs/sq.in.
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FUEL INJECTION SYSTEM

A, General Description

A fuel injection pump and nozzle is provided
for each cylinder. Pumps are overated from the main
camshaft and are connected to a common fuel supply
header. Each pump meters the fuel and discharges it
through its injection tube to the nozzle in the center
of the cylinder head. A full description of pump and
nozzle is given below.

B. Meintenance of Fuel System

B-1 Filters

The strainer and filter should be opereated
on one side only having the non-operating side always
clean and ready for use.

For change and meintenance see section "Fuel
Filters©.

INST-950
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During normal operstion, handle on second filter
should always be egainst one or the other stop plate,
in its extreme position over one of the other of the
elements. Thies element is then in operation. If
engine fires irregularly, indiceting that filter 1s
clogged, move handle to other extreme position. This
places the other element in Operation. Clean the one
thet has been in use in accordence with instructions
in Section "Fuel Filters".

If the filters are in good working order, only
raerely should there be any reason for cleening the
nozzles or pumps. The only attenti n which should
normelly be glven to these units is an occasionel
drop of engine o0il to the pump plunger guice, espplied
through the window &t the lower portion of the pump
body.

DO NOT TAKE APART AND WORK ON EITHER PUMP OR
NOZZLE UNLEEE ABSOLUTELY NECESSARY AND THEN ONLY IF
THOROUGHLY FAMILIAR WITH THIS PRECISION EQUIPMENT.
B-2 Nozzles

If engine has been running unevenly enc a fuel

nozzle is suspected, remove this nozzle and replace
it with a spare.

To Remove Nozzle

Disconnect inlet and drain. Remove nozzle
reteiner. Nozzle assembly meay then be pried out.

Before replacing nozzle, remove c¢ll carbon or
other forelgn substance from nozzle seat in head.
See thct gasket surface 1s clean and thet gasket is
cleen and in good condition. Tighten hold down nuts
evenly end just sufficiently to oprevent blow-by.

The nozzle mey be tested by connecting it to

high pressure fuel line from eny pump; operate the
pump by means of priming sheft on pump base.
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Nozzle can also be tested by means of
separate test pump. When pressure as shown on gage
of test pump reaches the proper value, the valve in
nozzle should snap open and a finely atomized fuel
spray should emerge from each of the orifices in the
nozzle. These sprays should be symetrical and of
equal density. If test pump is operated slowly,
valve in nozzle will open and close rapidly, the
condition commonly known as chattering. An experienced
operator can tell from the sound of this chattering
whether the nozzle is in good condition.

Nozzle should be replaced and repaired if
it shows excessive dribble or if fuel emerges in a
solid stream. Dribble will cause excessive carbon
formation, even though nozzle atomizes properly. A
s0lid stream is caused by a sticky stem or by for-
eign particles within the passages or under the seat.

If nozzle valve opens at a pressure below
or above 2200 - 2300 1lbs, the spring tension should
be adjusted.

For methods of adjustment, disassembly
and cleaning of nozzles, see Section "Nozzles".

B-3 Pumps - See Drawings "Fuel Pump" and "Timing of
Fuel Pump"

If one of the injection pumps does not
function properly, first ascertzin if fuel o0il is
flowing freely to pump. To do this, loosen vent
screw (1) on front of pump just above supply connec-
tion. Fuel oil should flow freely without showing
air bubbles. Allow fuel to flow until all air
bubbles disappear. If flow is sluggish it is probably
due to clogged filters. In this case clean filters
as directed.

Next open nozzle bleeder valve by turning
handle on top of nozzle body in center of cylinder
head two turns in & counter-clockwise direction.
Then, with the control rods on the pumps set at
approximately 20 mm., operate the pump a few times
by means of priming shaft on pump base in order to
bleed all air from injection tubing and passages in
nozzle body; then close bleeder valve. If tappet
is on cam lobe (as shown by mark "A"™ on slidable
pump plunger being above line on inspection window-
see Drawing "Timing of Fuel Pump"), bar engine over
until tappet is clear of lobe. If Pump still does
not function properly, remove and replace with spare

pump -
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To Remove Pump

Take off short connection to fuel menifold.
Remove lower end of injection tube. Draw out control
rod pin; remove hold down nuts. DPump can now be
lifted off pump base,

To Adjust Timing - See Illustrations "Timing on Fuel Pump"

Timing is controlled by position of tappet
adjusting plug. Before replacing pump make preliminary
adjustment by barring engine back one-healf turn of
the flywheel, or approximetely 180 flywheel degrees
before firing top deead center. Tappet roller will
then be clear of cem lobe. Top of adjusting plug
should then be .197" below top surface of pump base.
To change adjustment, loosen locknut on plug and
screw plug up or down as reguired. One-half turn of
plug changes position approximately .032". After
this preliminsry edjustment has been made, replace
pump and tighten &8ll hold down nuts. Bar over until
top center mark on flywheel is e&s shown on title
page. If timing is correct, mark "A" on slidable
pump plunger will register with line on inspection
window, as shown in Illustration "Timing on Fuel
Pump™.
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INJECTION PUMPS

Operation of Injection Pump.

Fuel enters through inlet fittings 23 and
25 into the cavities surrounding the upper end of
the barrel and, during the suction stroke of the
plunger, is drawn into the cylinder through the inlet
port. On the upstroke, the upper edge of the plunger
closes the inlet port. Fuel is then delivered through
delivery valve 2 to the spray nozzles. When the upper edge
of the metering helix uncovers the by-pass port, the
flow of fuel through the delivery valve 1s sharply
terminated. During the remainder of the upstroke fuel
is by-passed through & central hole in the plunger,
through the metering helix end the by-pass port into the
lower groove which surrounds the barrel. From here it
may return to the inlet fitting.

It is seen from the above that tne duration
of injection and consequently the amount of fuel in-
jected is determined by the angulsr position of plunger
in the barrel. The quentity of fuel is regulated by
rotating the plunger by means of the control sleeve 4
and the control rod 3. The plunger floats on a film
of fuel during its entire stroke, and therefore requires
only e very small amount of force for accurate and
sensitive regulation. This condition is obtained by
providing a small helical groove diametrically opposite
the metering groove. These grooves distribute a fuel
film evenly over the cylinder walls.

PRECAUTIONS TO BE OBSERVED AND SUGGESTED EQUIPMENT FOR
REPAIR OF ANY INJECTION UNIT.

Before disassembling any injection urnit,
cover bench with clean grease-proof paper. ©See that
peper and sll tools are perfectly clean. Frlace a pan,
approximately 10" x 15" and about 2" deep about two-
thirds filled with filtered kerosere in a convenient
position. A pressed steel white enameled surgical pen
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is most convenient and is easy to keep clean, If parts
are very dirty and a considerable number have to be
washed, another pan arranged in the same way is advisable
for final rinsing before re-assembly., A squirt can which
allows a stream of kerosene to be directed under pressure
through fine grooves and holes in various parts will

also be found convenient., Hands should be kept clean,
especlally during re-assembly.

To Dismantle Pump -~ See Illustration "Fuel Pump"

Clamp pump in vise in inverted position. Press
down plunger guide (5) and insert a 5/32" pin about 2"
long in hole in flange spigot. Take out spring
ring (6) by means of screw driver and pliers. Press
plunger guide (5) down again and remove the temporary
pin. All parts in lower portion of pump body (7) can
then be removed in the following order: plunger guide
(5), lower spring plate (8), plunger spring (9), pump
plunger (10), regulating sleeve (4), spring ring (11},
and upper spring plate (12]).

Unscrew delivery nipple holder (13) and take
out delivery valve (2) and delivery valve spring (1l4}.
Back off locking screw (15) about three turns. Care-
fully press out pump barrel (16) and delivery valve
seat (17), including special gasket (18).

If plunger or pump barrel are found to be damaged,
they should both be replaced. Never use @ plunger from
one barrel in another barrel, as the plunger and barrel
are so accurately ground and lapped to fit that they
cannot be interchanged. The same applies to the delivery
valve and its seat,

Do not use grinding compound or extremely hard
tools which may scratch closely fitted parts.

Before re-assembly, all parts should be washed
in kerosene and oiled with a light lubricating oil.

To Re-assemble Pump

Instell parts in reverse order from disassembly,
proceeding as follows: Clemp pump body (7) in vise in
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upright position. ~Plece pump barrel (16) in body in
such a way that positioning groove on largest diameter
lines up with locking screw (15). 3See that ground
surfaces of joints are perfectly clean and free from
scratches. Locking screw should fit into groove in
pump barrel. Avoid binding and distortion of barrel.-
Test this by moving barrel up and down in body.

Next insert delivery valve seet (17), and special
gasket (18). Be sure that lapped face of delivery valve
seat makes a perfect joint with top face of bsarrel.
Insert delivery valve (2) and spring (1l4). Screw
delivery nipple holder (13) into body, tightening it
sufficiently on gasket to prevent leaks.,

Now invert pump body for instellation of re-
maining parts., Position control rod (3) so that punch
mark which is in center of rack in @ space between the
teeth is approximately in center of pump body.

Place regulating sleeve (4) in pump body so
that punch marked tooth of sleeve meshes with punch
marked spece of control rod.

The following parts can now be re-assembled in
the order given: upper spring plate (12), spring ring
(11), plunger spring (9), pump plunger (10), and lower
spring plate (8). When replacing pump plunger, be sure
to have mark oh lug of plunger in line with marks on
regulating sleeve and control rod. (See Illustration
"Bottom View").

Insert plunger guide (5) on top of spring,
press down, insert temporary pin in hole in flange
spigot, press in spring ring (6) and remove temporary
pin.

Re-assembly is now complete., For a cneck, work
control rod back and forth, Test freeness of plunger
by pushing plunger guide against spring s few times.
This can be conveniently done by gripping & hammer
handle in the vise and using end of handle as a tappet.
Guide should return through force of spring and any
sticking of plunger will be reedily noticed.
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NO DELIVZRY UR INSUFFICILNT DELIVERY

INJECTION PUMP TROUBLES AND RLMEDIES

Probable Cause

Fuel tank empty or valve
in line closed.

Fuel inlet pipe clogged
or second stage filter
element dirty.

Air lock in pump.

Pump plunger remains
suspended in barrel.

Plunger spring broken.

Delivery valve does not
seat properly.

Delivery Valve spring
broken.

Leakesge back to suction
chember from surfeces
between top of barrel and
delivery velve seat.

Worn or defective plunger
or barrel.

Suggested Remedy

Refill tank with fuel.
Check whether air release
on tznk is operating
properly. Cneck whether
transfer pump delivers
fuel to tank. Open all
valves in line,

Clear pipe. Clean filter

element.

Vent pump and nozzle.

Thoroughly clean all perts,
particularly plunger and
barrel. If either are
damaged, replace both with
spares,

Replace with spare.

Clean delivery valve and
seating. If elthker are
damaged, replace both with
spares.

Replace with spare.

Clean faces. Remove burrs

and scratches from delivery
valve seat and barrel.

Replace with spare.

INST-243



6-9

INJECTICN ~UMP TROUBLES ALD RREITEDIES

(Continued)

CONTRCL ROD JaMM=D OR BINDING

10. Dirt csuses pump
plunger to jam or
control rod rack is
coated with dirt.

EAKAGE OF FUEL

11. Supply connection leaks.

12. Leakage past spring
guide caused by worn
plunger or improper
seal of barrel in main
body.

10.

11,

12,

Dismantle and clean,

Install new gasket
or replace connection
if damaged.

Replace defective
paerts with spares.

ILST-244
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D. Nozzle - 3See Illustration "Fuel Nozzle"

The nozzle consists of the nozzle proper,
including the body (18), valve (19), nozzle holder (16),
and the spray tip (17). DNozzle valve seals injection
system from combustion chamber except during time that
fuel pump has built up sufficient pressure to overcome
spring pressure acting on valve. This pressure is set
between 2200 - 2300 1lbs/sg.in. and may be adjusted by
pressure adjusting screw (11) and locknut (8) at the top
of nozzle holder. When nozzle valve opens, fuel 1is
injected into combustion chamber through orifices in spray
tip in a finely atomized spray. Injection continues
until pump plunger uncovers by-pass port, causing
rapid drop of pressure. Nozzle valve then seats
ouickly to evoid dribble. A small esmount of fuel
leaks around nozzle valve, thereby lubricating valve
stem. This fuel is dreined through connection made
to leak off nipple nut (6) at top of nozzle holder.

The bleeder screw (7) also drains into this connection.
Unscrewing bleeder screw allows ball valve to 1ift off
it's seat and fuel will by-pass, thus preventing
injection.

An edge filter (2) is provided in fuel inlet
stud (3). It consists of steinless steel and bronze
discs of approximately .002" spacing. The purpose of
this filter is to trap any particles wnich may be in
the line past final fuel filter.

Before doing any work on nozzle see section
"Precautions and Suggested Equipment for Repair of any
Injection Unit".

To Adjust Nozzle Spring Pressure

Adjustment of spring pressure should only
be attempted on test pump with gauge. While pumping
fuel through nozzle in regular way, observe gauge and
increase or decrease spring pressure to obtain opening
pressure between 2200 - 2300 1lbs/sq.in. To adjust spring
pressure, remove protection cover (9). Loosen locknut
(8) and adjust pressure sdjusting screw (11) as reguired.
Each quarter turn of adjusting screw changes opening
pressure approximately 150 1lbs/sq.in.

INST-545-C



=11

To Remove or Change Nozzle

Place nozzle holder bocy (15) in vise
on flat portions provided for purpose with nozzle
body (16) in upright position. Unscrew nozzle
cap nut (16) holding nozzle body to holder body.
Use close fitting wrench to prevent damage to nut.
wash nut (16), spray tip (17), nozzle valve body (18),
and valve (19) in cleen kerosene, Interior of
nozzle body should be cleaned out with a small
strip of wood soasked iun kerosene. nub valve with a
clean, soft (but not fluffy) cloth soaked in kerosene,
Do not use grindineg compound or extremely hard tools
which may scretch closely fitted parts. If the nozzle
valve can be rotated freely in its body without fric-
tion or "rsttle", tnen it fits correctly in the nozzle.
If nozzle body or valve are found to be damaged, they
should both be replaced. ILever use a valve from one
nozzle t.cy in another body, as the valve and body
are so accurately fround and lapped to fit that they
are not interchangeable.

Ay
"

Ke-assembling of lozzle

wesh nozzle body, velve and spray tip in
clean kerosene. Bring valve and body together and
see that valve revolves easily. Before replacing
nozzle body, valve, and soray tip in holder, be sure
lapped sealing surface on nozzle, holder, and spray
tip are perfectly clean and free from burrs and scratches.
Care should be taken in screwing down nut to tighten
just sufficiently for good seal without distorting any
pert by using excessive force.

To Overhaul and Clean Nozzle Holder

Place nozzle holder body (15) in vise on
flat portions provided for purpose with nozzle
protection cover (9) in upright position. Remove
protection cover. Loosen locknut (8), and unscrew
adjacent screw (1ll). Draw out pressure adjusting
spring (13), and spindle (12). Wesh all parts in
kerosene. Unscrew inlet stué (3). Press out edge
filter (2) with 3/16™ pin. Clean filter and inside
of inlet stud with kerosene,
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Re-assemnbly of Nozzle Holder

When replacing filter, fit should be such
that it is just possible to press filter into stud
by hand with aid of 3/16" pin. If filter is too
loose, replace with a new filter. Be sure seating
faces of inlet stud and nozzle holder body are
clean and that inlet stud gasket (1) is clean and
in good condition. Tighten inlet stud sufficiently
to prevent leaks without distorting any part by
excessive force.

Replace spindle, spring, and spring cap nut.

Adjust nozzle opening pressure eccording to instructions,
page 6-10. Replace protection cover,
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INJECTION NOZZLE TROUBLES AND REMEDIZES

NOZZLE VALVE STICKING

Probable Cause

Dirt ‘in nozzle

Poor lubricating
qualities in fuel oil.
(Fuel oil above 32°
Baume gravity usually
has poor lubricating
quality).

Nozvzle body and valve
corroded or eroded due
to acid, water, or dirt
in fuel oil.

Suggested Remedy

Remove and clean nozzle

Change to fuel of proper
specifications.

Replace nozzle body and
valve with spares. Check
fuel and filters.

LFAKAGE OF FUEL AROUND NOZZLE HOLDZR OR EXCESSIVH LEAK-OFF
THROUGH NO%ZLE DRAIN

A

Joint between nozzle
holder and nozzle not
tight.

Nozzle valve worn and
loose in nozzle body.

Nozzle valve stuck in
closed position or

nozzle orifices clogged.

Clean faces. Remove
burrs and scratches from
nozzle body and holder.

Replace nozzle body and
valves with spares.
Check fuel and filters.

Remove and clean nozzle.
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Fuel Filters

First filter between storage tank and transfer
pump is of the metal edge scraper type. To disassemble
and clean this filter, proceed as follows: Remove
filter case; clean element, scraper and case. If
scraper 1s bent straighten and free all moving parts.
During re-assembly, be sure all gaskets are in good
condition and tighten all bolts firmly to avoid leaks. i

Second filter between tank and injection pump
supply header consists of two combination fabric and o
metal elements with a two-way shut off valve between &

“then Valve lever should always be against one or the

other stop plate during normal operation.

To Clean Flement of Duplex Filter

Turn shut off valve lever until it hits stop
plate. This lever will then be over the element that
is in operation as indicated on lever. Drain the case
that has been in use by removing drain plug. Renlace
plug.

Remove the four clamping ring nuts from the studs,
using the specianl wrench serving also as & handle.
Slide off case and clamping ring as a unit. Pull both
elements from their slide fits in the head.

Clean the fabric element by placing it upside down
in a partially filled container of cleaning Tluid. Compress
the element and allow it to expand. As it expands, the
cleaning fluid will be drawn inside the clement, and
when again compressed the fluid is forced through
the Tilter cloth Repent this operation several times
until the dirt on the outside of the cloth is removed.

The metal element should be cleuned by washing off with
a soft cloth in the cleaning fluid.

Reassemble and place valve lever in position
about half way between central position zand open position
of element just cleaned. Open inclined vent plug on end
of filter head until oil flows freely at this point Then
close this plug and open vent plugs on top of filter head.
When oil flows from both these plugs, close plugs and
move valve lever until it hits stop plate.
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F. Fuel Transfer Pump

Fuel transfer pump is of the plunger type;
it is directly connected to the camshaft by means of a
coupling.

If fuel filters are in working order, the
transfer pump should require no attention except an
occasional inspection of the stuffing box for leaks.
When repacking, use 3/16" square packing about 27"
long of a type epproved for oill pump plungers.

G. Rellef Valves

A relief valve is located in the discharge
line of the fuel pump, and is set at 20 1lbs. Should the
fuel pressure exceed this amount, the relief valve will
lift off it's seat, and the excess 0il will be by-passed
back to the suction side of the pump.
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AIR STARTING SYSTEM - (See Illustration "Air
Sterting Valve")

The air starting system consists of a main
valve, piston operated, a pilot velve, and the start-
ing valve in each head. The mechnaism is put into
operation by moving the operating control into the
start position, thus opening the pilot valve.

The function of the pilot valve is to bleed
the air off of the upper side of the piston of the
main velve. The resultant overbalance of pressure
on the lower slde of the piston opens the valve,
and thereby charges the air manifold. The air
starting velves in each head are so constructed
thet as soon as pressure builds up in the air
menifold a piston (1) is forced upward egsinst the
rocker arm, which in turn, through the push rod,
forces the cam follower against the air starting
cam. The pressure on this piston also overbalances
the tendency of the air pressure to open the valve,
The action of the cam, push rod, and rocker is to
force this piston down against the eir stafting
pressure, thus eliminating its closing effect
on the velve and allowing the valve to open.

There is also an auxiliary piston (2) in
the starting valve which is connected directly
to the valve stem (3). It is acted upon by air
pressure and aids in opening the valve against
cylinder pressure.

If it is desired to turn the engine over
slowly by air without starting it, this can be done
by cracking the main valve; by means of the set
screw on the bottom of the valve body.

Be sure the set screw is fully released
before attempting to start the engine.
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B. Reverse Mechanism

The air motor is geared (Lo an eccentric
shaft which, in turn is strapped to the cemshaft
to shift it exislly. The eccentric at each end of
its travel reaches an adjustable bumpgr stop and
remains at the stop.due to tension MEEEEEOring .
holding it over center.

The position of the cam%%;n respect to
the tappet rollers in the operating position is
obviously controlled by the adjustment of the
bumpers. The importence of obtaining the proper
operating position, therefore, cannot be over-
emphasized and should be accomplished as follows:

Tighten the cork packing until considerable
resistance is felt. Then operate the reverse
eccentric manually and observe wnhen the camshaft
is in the extreme after position. By use of feelers,
measure the distance between the after face of an
inlet cam and the forward face of the adjacent
bearing. Then operete the reversing eccentric in
the same direction until the eccentric strap strikes
the bumperg. The camshaft will be observed to
have traveled a short distance forward. Again
measure the clearance between the same inlet cam
and bearing without meintsining & strein on the
eccentric shaft. The clearence now should be
.030 - ,040 more than tnet previously measured.

If the clearance is not as specified the bumpers
should be screwed in or out with a spanner wrench
provided for the purpose until this adjustment is
correct.

This seme procedure should be carried
out with the camshaft in the forwsrd position. In
this case, tne minimum clearance between the forward
face of the fuel cam and the after fece of the
adjacent bearing should be ascertasined, and onjthe
final position agasinst the bumper the cleqrqgﬁi'
adjusted to obtain the seme as in astern, *: <. .-

The forward bumper controls theﬁﬁiﬁﬁiénce
when the cemshaft is forwsrd and the after-BRliper
controls the clearsnce when the camshaft 3
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When the eccentric is on dead center in
either direction there should be a minimum of .005"
clearance between any one bearing face and tne
adjacent cam face.

Be sure to tighten the bumper locknuts
firmly to prevent change in adjustment when tighten-
1ng cork compressing screws.

Maintenance

Greese fittings have been provided on
the housing to facilitate lubricastion of the revers-
ing mechanism. This should be done once a week.

The line oiler to the sir motor should
be filled with a light o0il approximately SAE 10
once a week.

In both cases, if excessive maneuvering
is being done, lubrication should be provided more
often.
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C. Starting and Reverse Control (See Drawing "Starting and
Reverse Control™")

Starting and reversing is combined in one
control. Reversing of the engine is accomplished by mov-
ing the control to desired position as indicated on the
face of the control mechanism housing. An interlock prevents
the starting air from being turned on until the camshaft
is in the proper running position. When this position is
reached, the interlock will have cleared, permitting the
control to be moved into the start position. As soon as
the engine fires release the control, which will return
to its normal operating position. With engine running the
speed is controlled by the fuel control lever (See "Governor
and Fuel Control"™). To stop engine move control until
pointer is vertical between ahead and astern, which is the
"Neutral" or "Stop" position of the engine.

Maintenance

Starting and reverse control mechanism should
be oiled once a week, through oil holes provided in housing.
Should the reversing control mechanism be removed from the
engine the following procedure must be strictly followed in
the re-installation:

Remove one of the camshaft covers. By means
of @ wrench on the eccentric shaft extension below the
reversing mechanism, set engine camshaft in "Neutral" position
which is exactly half way between the ahead and astern
position.

Position control so that pointer is exactly
vertical in "Neutral" position. Set the indicating pointer
on the face of the control mechanism in place and bolt to
the engine.

To connect the air motor control linkage to
the air motor, set the air motor handle in the center of
its off position. Adjust voke on link until clevis pin can
be inserted. Make sure air motor lever is in its original

position on shaft.

Remove cover (1) and by means of adjusting
screw (2) set fuel rack on pumps at zero.

Starting and reversing mechanism should now
be in time.

Before starting meke sure all controls are
free and all pins and cotter pins are in place.
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VALVEZS AND VALVE MECHANISM - See Illustration "Valve Mechanism”

A. Description

Inteke and exhaust valves are of alloy steel., Exhaust
valve has a deflector on the stem just below the guide,

B. To Remove Valve, Intake and Exhaust

Remove cylinder head as expleined in Section "Cylinder
Head". Take off rocker shaft stud nuts and remove rocker
assembly and hydraulic lifters. Place valve spring tool
(furnished with engine) over valve retainer. Clamp tool
in place by tightening set screws against cylinder head.
Screw down fork by means of handle until retainer is depress-
ed far enough to allow valve keeper wedges to be removed.
Valve is now free and can be drawn out. Remove springs and
if necessary, replace valve guide.

B-1. To Remove and Install New Valve Spring
(Wwithout removing head)

Bar engine until piston in cylinder, on which valve
spring is to be chenged is at top dead center. Take off
rocker sheft stud nuts and remove rocker assembly., Place
valve spring tool (furnished with engine) over valve re-
tainer. Clamp tool in place by tightening setscrews against
cylinder head. Screw down fork by means of hendle until
retainer is depressed far enough to allow valve keeper
wedges to be removed. If retainer sticks to valve stem a
slight tap with a hammer will releasse this and valve will
drop down end come to rest on top of piston which must be
a8t top dead ceunter. Release valve spring tool and remove
retainer and valve spring. Install new spring and set
retainer on top of spring. Put valve spring tool in
position and screw down on fork until valve keeper wedges
can be inserted in retainer. Release valve spring tool
being sure keepers are correctly located in retainers. Re-
plece rocker arm assembly. Under no circumstances bar
engine while valve sprine is being replaced.

Air Starting Valve - See Illustretion "Air Starting Valve"

To &id in removing the valve, in case it is stuck in
the head, jacking screw holes have been provided on each side
of the valve cage. To dis-assemble the valve, first unscrew
the upper cep. To do this it is necessery to lock the
piston by placing & pin through one of the cored slots in
the valve cage and into the cored hole in the bronze piston.
Next, remove the locknut on top of the velve stem and all
parts will then come out. When cleaning always check the
drilled air passage in the bronze piston for any obstruction.

INST-817



The piston rings in both the main and
auxiliary pistons are the type that seal on one
side only. Care should be taken upon re-assembly
that these rings be inserted properly. The rings
on the larger piston seal pressure applied on the
bottom, whereas the smaller rings seal pressure
applied on top as in a normal engine piston. It 1s
essential that the cap be screwed down securely and
locked by bending copper gasket over flats of the
cap and bronze piston.

C. Inspection and Reseating

Upon inspecting the valves, particularly
exhaust valves, the seat surface may have the appear-
ance of pitting due to the fact that small carbon
particles may be trapped on the scats and impress
themselves upon the metal,; this condition has no
effect upon operation unless there is an indication
of blow-by. In this case valves should be reseated
as explained below.

Reseating Velves

Valve may be refaced on stendard valve
refacing mgchine or ordinary lathe. Seat should be
exactly 45 . If done in lathe by means of cutting
tool, be sure to use very fine feed and sharp tool
for final cut. If grinding wheel is used, wheel
should be dressed for exact trueness before final
grinding cut is taken. Remove only sufficient
material to eliminete pits and to make seat run
exactly true with stem.,

Reseating Heads

If guide is worn, a new guide should be
installed before refacing. Reface head in drill
press if avgilable, otherwise use hand reamer. Use
standard L5  reamer and face just sufficiently for
trueness and removal of pits. Next, limit width
of seat to 11/32" £1/64" by means of 75° reamer.
After this operation, valve should be replaced in
head and face of valve checked with seat by means
of blueing.

If proper tools for making these corrections
are not available, and it is absolutely necessary
that repairs be made, valve may be ground by means
of grinding compound in usual manner, however, this
will not produce a satisfactory seat; therefore,
if such repairs have to be made, heads and valves
should be refaced as soon as possible in accordance
with the above instructions.
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D, Valve Gear - See Illustration "Valve Mechanism".

General Description.

Intake and exhaust valves are operated
through rocker arms and push rods which are actuated
by cams and tappets. Lower end of push rod rests
in the tappet. Top of push rod contacts lifter body
which actuates rocker arm through the hydraulic
lifter.

Action of the hydraulic lifter: 0il under
pressure from the lubricating system is led through
a duct drilled in the rocker arm (3) connecting the
lubricating hole in the rocker shaft (6) with the
annular groove on the outer diameter of the lifter
body. A hole (A) connects this groove to the inside
of the lifter body. With the cam roller on the base
circle of the cam and the velve seated, the light
spring (13) lifts the hydraulic plunger (14), so that
its upper end contacts the adjusting screw (7), thus
eliminating backlash in the valve mechanism. As the
plunger moves upward , increasing the volume of the
pressure chamber, the check valve (9) is moved off
its seat and oil from the supply chamber fills the
pressure chamber. As the cam lobe lifts the roller,
the iifter body is forced upward, slightly decreasing
the volume of the pressure chamber, thereby closing
the check valve. Further rotation of the camshaft
lifts the valve through the confined column of oil.

During the time the valve is off its seat,
a predetermined slight leakage of o0il occurs pro-
viding for added length in the valve mechanism due
to temperature changes, When the roller leaves the
receding flank of the cam and contacts the base
circle, the oil which fills the pressure chamber
is exactly the right amount to eliminate all back-
lash in the valve mechanism.

While the roller is on the base circle,
the force tending to open the valve is that due to
the spring (13), and the oil pressure. This is much
less than the main valve springs which hold the
valve closed., The pressure of the oil in the supply
chamber is negligible under normal operation due
to the small area of the plunger.
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The self-adjustment of the hydraulic lifter
is effective immediatsly upon starting as the supply
cuamber remains filled from previous operation of the
engine.

The upper end of the push rod is lubricated
by oil from the hydreulic lifter. Leakage from the
lifter body and hydraulic unit cscapes througn holes
above the lifter body lubricating the lower end of
the push rod and cem roller. A trough along the
outside of tne rocker provides lubrication for valve
stem and guide.

Maintenance

Under normal operation, the valve geer
should require no attention. Since the hydraulic
lifters compensate for small amounts of wear in the
valve mechanism, it is not necessary to adjust the
valves periodically.

If noise develops in the valve mechanism, it
1s usually due to one of the following causes:

1. Excessive 0il pressure

2. Air or air bubbles (foaming
0il) in the lifters

3. Insufficient oil supply

. Improper setting of adjusting
screw on top of rocker

. Plunger or lifter body

sticking

Bell check valve sticking

worn plunger or cylinder

Ball check valve leaking

Lifter spring defective

3
L
5
6
7
8
9

If oil pressure on lifter unit is above
50 1lbs/sc.in. cylinder of hydraulic unit may leave its
seat in body and prevent plunger from acting, thus
causing excessive valve clearance. This may be caecked
by holding hand on the adjusting screw with the engine
running at about 300 RPM. If this causes the roller
to leave the top of the valve stem immediately, it is
an indicetion tnat the lifter unit is not functioning
properly. Do not do this for more then 8 or 10 strokes
as this will cause roller to leave valve stem even if
lifter is operating properly. Next, observe whether
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0il flows from leakoff holes in rocker. If there

is no oil at this point, ascertain cause immediately
and correct. Next, inspect lubricating oil piping
for air leaks, especially suction piping to pressure
and scavenge pumps. Excessive air in the lubricating
0il line will usually be indicated by a fluttering

Of the oil pressure gage or by a loss of oil pressure.

Next, adjust hydraulic unit as follows:
While engine is running at approximately 300 RPM,
screw down adjusting screw (7) until valve begins
to ride slightly open at all times. This may be
observed by pressure on adjusting screw as well as
roller being tight at all times. Then back off from
this point 1 turn, which is equal to 1/16" o0il column
in lifter body. -

If improper operation is still indicated,
remove lifter unit as follows: disconnect rocker
shaft lubricating line; remove rocker shaft stud
nuts; 1lift rocker shaft until lifter units will clear
push rods; remove lifter units and take off rocker
assembly; remove plunger from cylinder; wash thorough-
ly with kerosene, all parts of the lifter unit and bore
of rocker. Be sure hole (A) in lifter body is clear.
If plunger or cylinder is found to be worn, or if
spring is broken or shows signs of set, renew plunger
and cylinder. Never use a plunger from one cylinder
in another cylinder as they are tested at factory for
proper rate of leak-down. Do not use grinding compound
or extremely hard tools which may scratch the surfaces
of these accurately fitted parts. Make sure plunger
is a free fit but not loose in cylinder. Check unit
as follows: Wash thoroughly in kerosene and dry.

Hold in vertical position, release spring from counter-
bore in cylinder and pull plunger out as far as
possible retaining alignment in cylinder. Press
plunger down and release quickly. If plunger kicks
back repeatedly, it indicates that considerable air
is retained and unit is in goodé condition. Usually
when plunger is depressed as quickly as possible
with index finger, it should kick back almost half
its length; if excessive leakage is indicated, it
may be at check valve or at plunger. To ascertain
where leakage occurs, repeat operation described
above with check ball submerged in kerosene. A
leaky check ball will be indicated by considerable
bubbling.
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Re-assembly

Wipe off plunger and inside of cylinder with
a clean, soft, (not fluffy) cloth. Replace plunger in
cylinder, making sure plunger spring snaps into bore
of cylinder; this can be done readily by a slight
twisting motion in the direction to wind up the coil
of the spring. Assemble lifter in lifter body. Replace
unit in rocker arm; see that lifter body is free in
rocker arm bore. Replace rocker assembly and tighten
stud nuts.,

To adjust lifter unit after re-assembly
with cylinder dry; Back off adjusting screw about two
turns. Bar over until piston is on firing dead center;
can roller is now on base circle of cam. Take up on
adjusting screw until plunger rests against bottom of
cylinder; at this time roller on rocker contacts top
of valve stem and valve =nd of rocker cannot be raised.
Next, back off adjusting screw one complete turn (1/16").
Valve mechanism is now in proper adjustment. After a
lifter unit has been removed and replaced, the valve
gear will clatter when the engire is started as some
time is needed to expel the air from the lifter cylinder,
however, if lifter unit is in good condition this noise
should cease in about 5 to 15 minutes. If valve noise
persists, check adjustment with the engine running at
approximatsly 300 RPM, as explained on »receeding page.

After engine has been idle for a period of
time, or after having been tested a long period of
time elapses before installation, the zero lash units
may stick. This will make them slow to 'seat when
engine is first started causing noisy valve action.
If this still persists after a short time proceed as
follows: With engine running at about 300 RPM back
the adjustment off until the rocker has a slight clear-
ance, then tighten adjustment nut slightly which should
eliminate the noise. The same noisy action may appear
at maximum speed, if so, it can be corrected by the
proceedure outlined above.

INST-819
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E. Tappets and Guides - See Illustration "Valve Mechanism"

Description

Intake and exhesust rollers have bronze bushings for
bearings. The fuel tappet roller has needle bearings. The
roller pin 1s serrated on one end to keep it from turning.
Lubrication for both tappet in guide and tappet roller is
from the auxilisry force feed header mounted under the cam-
shaft bearings. Individual lines connect to each tappet
cluster. Ducts distribute oil inside cluster to tappets.
0il flows to the inside of teppet to lubricete the
push rod end.

The fuel tappet guides are individual for each
cylinder and are integral with the fuel pump base., The
fuel tappets are also lubricated from the auxiliasry force
feed header.

Maintenance

About once a month, casmshaft covers should be removed
and tappets and rollers inspected. Tappet clearances in
guides should be checked with feelers. Tappets should be
raised by pry bar and rollers and needle bearings checked
for freeness on pins and in slot. The fuel tappet should
return readily through force of fuel pump spring.

Recommended clearances are given in Table of
Clearances and should be closely adhered to.

Assembly and Disassembly

The inlet, exhaust and air teppets are included in
one cluster, which can be readily removed by disconnecting
all o0il lines and removing the nuts holding it to the
crankcase, Before removing, place small pins in the holes
provided in the exhaust apd inlet guides to support the
tappets &s they ere drawn away from the cams. Upon re-
assembly, be certain that the dowels that mate with the slot
in crankcase have not fallen out. If the dowels ere to be
replaced or returned to their reamed hole in the cluster,
be certain the flats line up exactly and thet they fit well
into the slot in the crankcase before tightening the
hold-down nuts.

To remove fuel pump tappet, first disconnect lines
to fuel pump and remove it. Then disconnect lube o0il lines
and draw out tappet and guide. Again tappet may be supported
by pin placed into hole provided in the guids.

';‘.ﬁﬁk
5 'vg¥

-y

iIi:ST- 5 56-A



8-8

F. Timing of Air Starting Valves - See Illustration
"Air Starting Valve™

Winen adjusting the clearance for proper air
starting valve timing, it is =2ssential that the valve
is in the extreme up position. To accomplish this
most conveniently proceed as follows: Close the
globe valve in the starting ' air line. Open the main
valve wil= by means of the jack-screw underneath.

Then crack the globe valve just sufficient to mein-

tain 25 - 35# pressure in the manifold. This pressure
will hold the vslves up but is not enough to turn the
engine over. lNow by pushing down on the push rod énd
of the rocker arm until the tappet roller contacts the
cam, 1= clea2rance can be measured between the rocker
roller =2né the top of the air valve. The recommended
armount oI clearance is stamped on the engine name. plate.

@

ct g ct @

It is very important when checking clearance,
to be certain that the zir valve is in its normally
ciosed position. If there is any doubt, bar the engine
over until the inlet valve is open on the cylinder whose
air valve is teing adjusted,

CAUTION! Every time before attempting to

bar the engine over, be certain that the globe valve
in the starting air lins is closed.
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WATER JACKET AND COOLING SYSTEM

A. Jacket Water System

Water from the circulating pump flows
from the manifold through each separate cylinder
compartment, thence through drilled holes in the
top of the cylinder head and out through elbows
on the head to the water cooled exhaust manifold.
Discharge from the forward snd of the manifold is
piped through the heat exchanger into the pump
suction.

Vent connections are provided at the
forward and after ends of the outlet manifold
which are connected to the surge tank with a
globe valve in each branch. Piping to the surge
tank is on a continuous rise to avoid air pock-
ets. There is a line from the surge tank outlet
to the suction of the pump. If any valve 1is
placed in this line, keep it wide open during
operation.

Under normal operation, the vent valves
should be open about 1/8 turn.

Temperature of circulating water enter-
ing heat exchanger should never exceed normal
operating temperature. If excessive temperature
is indicated, drop all load immediately and de-
termine cause. If temperature does not decline
after 2 or 3 minutes, stop engine. If pressure
is low as indicated by gage, it is usually a
sign that air is present in the pump. Venting
the top of the pump or the top of the suction
will usually correct this. If engine runs too
hot with pressure normal or too high, water
jackets and heat exchanger should be cleaned as
explained later.

A-1. Raw Water System

Water from the ciruclating pump flows
from the pump through the heat exchanger, lube
0il cooler and overboard.
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B. Pumps

Pumps are of the centrifugal type and should
require no attention under normal operation. If leak-
age occurs, tighten packing gland, being very careful
to avoid excessive pressure on the shaft causing it to
run hot If the shafts run hot and the pumps persist
in leaking, remove gland and repack.

C. Maintenance

When draining circulating water system be
sure to remove the plug at the lowest point in the
line

Engine water jackets should be inspected
periodically by removing water manifold covers and in-
side screens. Clean out all loose scale and sediment.
If hard scale is present an approved scale solvent
should be cireulated through the system for a period
of two or three hours in a direction opposite to that
of normal flow. System should then be drained and
clean water should bs circulated for an additional
two or three hours to remove all traces of the solu-
tion and sediment. Avoid the use of any corrosive
substance, such as muriatic acid.

After removal of any major part of the
cooling system, such as a cylinder head, check after
re-assembly by filling the engine with water and
subjecting it to a pressure of 50 lbs/sq.in.

Clean out raw water side of oil cooler
in same manner..

Take off bonnets and remove tube bundle
from heat exchanger. Clean out in the same manner
as engine water jackets.
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CYLINDER HEAD

To Remove Head

Drain water from engine. Loosen flanges
which connect exhaust manifold and intake air elbow to
head. Next remove rocker shaft assembly and hydraulic
lifters. Disconnect fuel injection tube from pump. Dis-
connect nozzle drain fitting on outside of head. Remove
nozzle as follows: Disconnect inlet and drain; remove
nozzle retainer and pry out nozzle. Replace nozzle holder
retainer and use for lifting eye-bolt. Next unscrew all
holding down nuts and head is ready to be lifted off.
If head edneres to gasket, take strein on tackle and
jar head with lead hammer.

Use new geskets when re-assembling an engine,
An old cylinder head gasket may appear to be in good
condition, but after re-assembling the head and start-
ing the engine the gasket may prove defective,
necessitating the complete removal of the cylinder head
and installing a new gasket.

With the head off, inside of combustion
chamber and top of piston should be cleaned if excessive
carbon is found. Piston should then be lowered to bottom
dead center position and upper part of bore cleaned.
Cylinder wells should be given a coeting of clean
lubricating oil before re-asembly.

Thoroughly clean off top of block and face
of cylinder head to present a clean surface for the
new head gasket.

wWhen replascing head, screw hold down nuts
hand tight. Next, insert capscrews holding exhaust
manifold and air intake elbow to head and screw them
hand tight. Then tighten hold down nuts with socket
wrench furnished for the purpose. Tighten capscrews
holding manifold and intake elbow.
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RELIZF VALVE

A relief valve is mounted on each c¢ylinder head
near the fuel nozzle. An indicator cock is connected
to relief valve body.

To release compression in cylinder, open indicat-
or cock, or turn knurled handwheel on relief valve in
clockwise direction until it lifts valve off its seat.

Relief valve is set at factory to release at 900
1bs/sq.in. pressure. If it should pop continually
while engine is running, it is usually and indication
that the maximum cylinder pressure is too high. This
is caused by overloading of the engine or by too much
fuel being injected into the cylinder.

If the operator has satisfied himself that the
popping is not due to either of these causes, the re-
lief valve should be removed and tested by hydro-static
pressure. Valve should release when pressure reaches
900 1bs/sq.in. To increase release pressure, loosen
locknut and screw down on adjusting nut. When meking
this adjustment care should be taken not to screw down
on the adjusting nut until spring is compressed solid.
If it is necessary to do this in order to prevent valve
opening before pressure reaches 900 lbs/sq.in. it is
an indication that the spring has become too weak and
should be replaced.
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CONNECTING ROD AND BEARING -See Illustration
"Cross Section"

cohing rod iz o solid steel forging
. i ou top to recelve vvnrectlng rod bushing.
#od is dri led throveh to allow oil under pressure
sowm crankshaft to reacih this bushing.

e

Conrectinz rod bearings are steel cast
boxes separate from “he connecting rods. They =z:e
orovided with brconze shells lined with bermax.
Shims are provided fcr clearance agdjustment. (See
Table of Clearances). '

Compression shims between connecting rod
and bearing ellow adjustment of compression pressure
if nanassary. Normal clearance between top of
pistoan and tou of block with piston on top dead
genbar ahould Lz .900-.885., When sctual clearance
agrees witn recommended value, compressicn pressure
should be 460 luvs/sn.in. to 610 lbs/sq.in. at rated
speed. If pressure is much bszlow this value, com-
pression is being lost, and gaskets, valves, rings,
ete., should ke checked.

’

About once every six months one conneciing
rod bearing should be removed and inspaected.

To Remove a Connecting Rod EBearing

Tighten setscrews holding connecting rod
bolts in position and then remove nuts. Raise piston
to top dead center position and insert piston hold-
ing fixture in hole near bottom of cylinder liner
in order to hold piston and connecting rod in top'
center position wnen bearing ic remocvec.

When re-assembling, remove all burrs =s-
pecially from around hole in cylinder liner and from
the bottom of the piston skirt.

To Check Alignment of Connecting Rod and Bearing

With bearing assembled, remove connecting
rod nuts aifter tightening sstbcxews Bar engine
over carefully to various p»osiftions and check align-
ment between oot of rod and c;p of Learing with
¢33

feelers at forward and artar faczs ui vesring. IT
misalignment of more than .Cul™ L: Tound, cheal cliear
ance of piston in liner and »T 110to pin in piston
apd bushing. Replace any worn part Recheck slign~

T e

oo and ¢corra

S0 I = 30 Paiv0gE b 1
- RS 34 F

Nadiy Lup surface of upper half of besring
st aliznment if necessary.

12 = 1
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PISTON - See Illustration "Cross-Section"

Pistons are especially selected for heavy
duty service. Rings used are: two sealing rings
at the top, three compression rings, and two oil
regulator and wiper rings, one of which is below
the piston pin.

Piston pin bearings are bronze alloy
bushings pressed into the connecting rods. Four
holes around the circumference provide full
pressure lubrication from crankshaft oil ducts
and hollow connecting rods.

Piston pins of carburized and hardened
alloy steel are full floating, prevented from end-
wise movement by aluminum plugs in the pistons.

About once every six months to one year,
one or more pistons should be removed and inspected.

To Remove Piston

Remove cylinder head as outlined on page
10-1. Then bar engine until piston is et top dead
center. Disconnect connecting rod bearing as follows:
Tighten setscrews holding connecting rod bolts 1n
place and remove nuts,

Insert eye bolt in top of piston. Be sure
toreads in tapped hole are clean so that eye bolt
may be inserted at least 5/8". Piston and connecting
rod may now be lifted with chein tackle., Make sure
the holes in connecting rod foot are clear of the
connecting rod bolts; otherwise there 1s danger of
straining the piston with the tackle 1f the edges
of the holes should catch in the bolt threads.
Be careful to guide lower end of connecting rod
through liner to prevent marring of liner bore.

To Remove Rings (See Illustration "Piston Ring
Arrangement"

Insert a screw driver in ring gap. Spread
ring and insert four 1/32" x 1/2" steel strips about
8" long between ring and piston equally spaeced around
circumference., Slide ring off carefully. Rings
above piston pin should be removed over top of
piston. Remove lower oil ring over bottom. As each
ring is removed, attach tag so that when re-assembling
ring will be in same position in its proper groove.

INST=-561-C
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Clean thoroughly all rings, grooves, and drain
holes.

Check ring gap clearance as follows: Insert
rinz in liner and slide it down squarely, measuring
gap at various levels in liner. Gap clearance should
be determined at smellest diameter of bore traversed
by ring. See Piston Illustration and Table of Clear-
ances, for-correct gap clearances.

If gap clearance exceeds by 1/16"™, or mors, the
recommended clesrenczs given in the illustration and
table, then ths bore of the liner should be messured
with lnside nicrometers. If bore at any polint 1ics
worn more than .0LOM™ on the diameter, liner should
be repleced. Liner.wear is usually limited to last
few inches of ring travel near the top, and if rings
show excessive gsp cicsarance near the bottom, 1t
usually indicates ring wear. When replacing rings,
fit gap clearance 1o amount given in illustration
and table. Check gap clearance as outlined ebove,

To Remove Piston rin

Withdraw e=zcn of
follows: FPlace & wasg
inside diameter ":d 1

the two aluminum plugs es
her 2" outside diameter, 9/16"
" long over a 1/2" stendard
apscrew sbout 5" ng. Insert capscrew in tapped
hole in piston j‘.g nd withdreaw plug using washer
as & ram. The pin ic a wringing fl; in tne riston
and should push out easily with little force from
eitzer side.

] -:D

hing end of connecting

S rod should be weshed
n kerosene and then blown out thoroughly with com-
egsed alir
Correct clearences of plston pin in piston and
tushing are given in Tabkle of Clearances,
When instelling new pin, screne out all *3rbon
and burrs from bore in piston. Meke sure pin has
proper eleesrance in poth piston and bushing.
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To Replace Bushing in Connecting Rod

A heavy press is necessary. If this is not
available, bushing should be split by sawing with a
hacksaw from the inside. This will relieve the pressure
and bushing can then be readily driven out. To insert
new bushing, repove all burrs and clean connecting rod
thoroughly. Place entire connecting rod in a pan of
0il heated to 350° - L50° F. Remove connecting rod
and place on substantial support. Insert bushing
with one of the oil holes in line with drilled hole
in rod---drive in. This operation should be done
quickly, as bushing will heat up and expand rapidly.
Make sure bushing protrudes the same amount on both
sides.

To Re-Assemble Piston in Liner

Assemble piston and rod, taking care to
return them to their original relative positions.
Aluminum plugs are marked and are not interchangeable.
They should be from .003" to .008" below the diameter
of the piston when checked with a long scale held
against the surface of the piston skirt. Check with
feelers, being certain to hold the scale parallel
to the axis of the piston. Hang piston on chain
tackle and install rings in proper positions. Cover
cylinder walls with a coating of clean cylinder oil.
Lower piston carefully into liner, using ring guide.
With crankpin on top dead center and connecting rod
bearing in place, let piston down slowly on bearing
and bolts. Be sure proper number of shims are in
place and that surfaces are clean. After assembly
has been completed and before cylinder head has been
replaced, measure distance from top of piston to top
of cylinder block. (See Table of Clearances).

If any new wearing parts have been in-
stalled, engine should be run for at least eight
hours at about half speed and at a light load. Dur-
ing this time it should be stopped frequently to
ascertain any undue heating of piston or pin.
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MAIN BEARING

Maln bearings are of the precision type. The
cast steel caps are line bored with the engine
base to insure sccurate alignment. Upper and lower
shells are identical; they are bronze back lined with
bearing metal. No shims are used; accurate location
of parts is accomplished by steel locking rings in
cap, holding also upper shell to cap.

To Remove Main Bearing

Take off cap. Insert the tool provided into
0il hole in crankshaft. Shell may now be rolled
out by barring engine over carefully until shell is
free. Remove one bearing at a time, inspect &and
clean it and replace before disturbing other bear-
ings. 0il groove in shell is offset. Wwhen instal-
ling shells, make sure the grooves are staggered to
prevent formation of a ridge in crankshaft journel
by wear.

allgnment end Clearances

A careful check of alignment and clearances
should be made about once every two months for the
first six months and thereafter about once every
six months.

Test Alignment as Follows:

Measure distance between inside faces of crank
webs with crankshaft deflection gage, or 1f not
availeble, with inside micrometers. Check this
distence at intervals of approximately 90~ . Read-
ings should not differ by more than .003". Refer
to form in back, "Crankshaft Deflection."”

If misalignment is indicsted, it may be due
either to uneven wear in tne bearing shells or to
distortion of the engine bed.

If uneven wear is indiceted, replace the shells
which are worn. Do not scrape shells or base or
attempt to rebabbitt shells. If engine bed dis-
tortion is indicated, check and correct as specified
in "Instelletion, Part II".
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11. LINER

Liners are of the water contact type. They
are inserted in cylinder block and located at top and
bottom surfaces. Material is a special alloy cast
iron having a hardness of 200 to 240 Brinell. The
cylinder head holds the liner firmly through the
gasket; the latter also seals the combustion chamber
and circuleting water passages. Two rubber rings
seal the liner at the bottom. To facilitate installe-
tion, these rings are placed in grooves machined in
the block. There is a cored chamber between the two
grooves; a drain hole at the bottom of this chamber
on each cylinder center prevents water from reaching
the crankcase and also gives indication of any leak.

See Teble cf Clearances for piston skirt
clearance.

To Remove Liner

Remove cylinder head end piston in accord-
ance with instructions given in Sections "Cylinder
Head" and "Piston”". Withdraw liner by means of plates
and puller.bolt supplied for the purpose.

Before replacing liner, install new seal-
ing rings. A coeting of a good grade of grease for
rubber lubrication should be placed on rings and on
those portions of liner which fit into rings and inte
bore at top of cylinder block. It is essential that
liners be replaced in their originael cylinders and
that each liner be re-assembled in its original posi-
tion relative to the cylinder block.
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CAMS, CAMSHAFT AND CAMSHAFT BEARINGS

Cams are nickel alloy steel carburized,
hardened and ground. Xach cam is securely fastened
on the camshaft by key and two setscrews. HEach
setscrew is kspt from turning by a plug formed by
Cerro-Base. To melt out, heat with a small blow
torch. Be careful not to heat cam to point where
it discolors, as this will reduce nardness of
surface. Cerro-Base should be used in re-assembly.
If it is not available solder may be used.

Bearings should be checked by means of
feelers about once every six months. If wear is
indicated above allowable, replace shells. Do
not attempt to scrape or rebabbitt.

Camshaft bearings are of the precision
type. The cast steel caps are line bored with
crankcase to insure accurate alignment. Upper
and lower snells are not alike; so care must be
taken upon re-assembly. The upper shell has s
drilled oil hole. The shells are steel backed,
lined with Bermax. No shims are used; accureste
location of parts is accomplished by steel lock-
ing rings in cap which also hold the upper shell
to cap.
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GOVERINNOR AND FUEL CONTROL

Description - (See Illustration "Governor and

Fuel Control")

The governor is of the centrifugal flyball
type, working against accurately loaded springs, the
tensions of which can be regulated by adjusting screws.
Lubrication of the irnternal mechanism is provided by a
pressure oil line from the engine lubricating system.
The speed of the engine is controlled by the fuel con-
trol handle in conjunction with the governor. Moving
the fuel control handle in the direction to increase
engine speed actuates the governor which in turn rotates
the fuel control rack in the direction to increase the
fuel setting.

When the engine is running at any speed
and a load is applied, the governor will increase the
fuel setting within limits of stops, to maintain the
engine speed at which the fuel control handle is set.

Maintenance - (See Drawing "Governor and Fuel Control™)

The fuel mechanism is accurately adjusted
at the factory and unless parts have been removed from
the engine during shipment or during installation, no
care should be necessary beyond oiling the linkage
pins and shaft bearings.
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TIMING GEARS (See Illustration "Gear Set")

Timing gears have accurately cut helical
teeth. Gear teeth are lubricated by streams of oil
directed in such a manner that all gears will have
an abundance of oil at all times. About once every
8ix months covers on gear case should be removed and
gears inspected and backlash tested between all gears.
Test radial and thrust clearance of idler bushing.
If backlash between any pair of gears exceeds value
given in the Teble of Clearances by .006" or more,
adjust as described below provided the backlash is
not caused by excessive wear of the teeth, In this
case, replace the worn gear.

Accessories on the front of the engine
are flange mounted. When installing these accessories,
proceed as follows: Position flange of housing or
mounting braecket so that the gears have the correct
backlash, and slightly tighten bolts. Check by turning
accessory gear back and forth by hand. Bar engine to
several positions and check backlash. Adjust if
necessary then tighten flange securely and make final
ckeck for proper clearance.

To Remove Gear Case

Take off all accessories, disconnect all
lines to gear case, remove pin in eccentric shifter
strap, which allows reversing mechanism to be removed,
and unbolt gear case from cylinder block and base.

To Remove Idler Gear

Teke off idler thrust plate and shims. Gear
may now be withdrawn, Instell new bushings if radial
clearance exceeds .010". When installing new bushings,
remove &ll burrs from bore of gear. When re-sssembling
gear on idler stub shaft, adjust thrust clearance
to .003" by use of proper number of shims.

If the idler only is to be removed, be
certain to mark the mating teeth on crankshaft, idler
and camshaft gear before disassembly. This will
eliminate the necessity of going through the engine
timing procedure as stated below when re-assembling.
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To Replace Crankshaft Gear

Tne gear is a shrink fit on the crank-
shaft. To remove gear, split it by drilling a
series of holes from top of keyway. Insert 3/4"
studs about 24" long in tvepped holss and withdraw
gear. When installing a new gear, first fit a
new key. Key should be a driving fit on the sides
only in both crankshaft and gear; allow.005" - .010"
clearance top or bottom. Remove all burrs from
crankshaft.

Insert studs in tapped holes in gear.
Place gear in a pan of oil heated to 350° - 4500 F.
Gear may now be placed in position on crankshaft.

To Remove Camshaft Ring Gear

Take out bolts holding ring gear to
hub; ring gear may now be removed from hub.

To Replace Camshaft Gear Hub

Remove camshaft nut and washer. In-
sert 1/2" studs about 6" long in tapped holes in
hub. For a puller, use a 3/4" x 1-1/4" bar about
10" long with two holes 9/16" in diameter and at
8-1/8" centers. When replacing hub a new key
should be fitted. In assembling a new ring gear
and hub, position so that four slotted holes in
hub are centered over the respective drilled
holes in ring gear. Clamp gear and hub, but do
not drill and ream the remaining two holes in
ring gear until after camshaft has been timed, as
these are locating holes. Replace gear assembly
on camshaft, install washer and nut.

INST-832
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To Time The Engine

Remove idler gear according to instruc-
tions given above. Bar engine until maerk "1-6" on
circumference of flywheel is exactly under the center
of the flywheel pointer. Position camshaft so that
gear keyway is exactly vertically upward. (See Illus-
tration "Gear 3et"). Replace idler gear. Loosen cam=-
shaft ring gear on hub and adjust position of cam-
shaft until top surfaces on intake and exhaust rollers
on #6 cylinder are exactly on the same level, with the
piston on top center, indicating that intake valve
is about to open and exhaust valve is closed. (See
Timing Diagram). The timing is now correct; ream
locating holes in ring gear with 9/16" reamer and
insert bolts.

Camshaft may be timed by means of No. 1
fuel injection pump if operator is certein that tim-
ing of this pump is correct. When using this method
proceed as follows: Remove idler gear., Bar engine
until mark "1-6" on circumference of flywheel is ex-
actly under center of flywheel pointer. Position
camshaft so that gear keyway is exactly vertically
upward. Replace idler geer. Next bar engine until
mark "1-6" on circumference of flywheel is * ahead
of center of flywheel pointer. Adjust camsheft
until mark "A" on slidable pump plunger registers
with line on inspection window. Clamp gear to hub.
Bar engine a few degrees in direction of normal
rotation and make sure fuel cem continues to raise
pump plunger. When adjustment is satisfactory,
ream loceting holes in ring gear with a 9/16"
reamer and insert bolts,

* See injection setting on title page.
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PART VI
TABLE OF CLEARANCES

B

VALVES

Exhaust Valve Clearance in Guide - - =
Replace Guide if clearance
exceeds ,020"-,025"

Inlet Valve Clearance in Guide = = - =
Replace Guide if clearance
exceeds ,020"=-,025"

Alr Starting Valve Clearance in Cage -

Main Piston in Cage = = = = = = = =« «
Replace Piston if clearance
exceeds ,015"

Auxiliary Piston in Main Piston = = =
Replace Worn Parts if
clearance exceeds ,015"

ROCKER ARM

Radial Clearance on Shaft = = = = - =
Replace rocker arm buahinﬁs
if clearance exceeds ,010

Roller Pin in Rocker = = = = = = - = -
Replace rocker arm or use
oversize pin if clearance
exceed ,002" :

Pin in Roller = = = = = = = = = = - =
Replace pin and roller if
clearance exceeds ,010"

TAPPETS

Tappet in Guide = = = = = = = = = «
Replace with new Tappet
Guide Liner if clearance
exceeds ,015" - ,020"

Roller Pin in Tappet - = = - - = = = =

Roller in Forks of Tappet = = - = = -

et

L

B

+0055" - 007"

.00356" - ,005" ¥

1/64"
002" = 004"
.002“ - .004.

.002. on .004"

e

«Q00" = Press Fit

S T !

«00156" - ,00356"

Ry T

T

002" - ,004% 1

000" -« ,0015™ Press
Fit

006" - 008"

INST., 732 J
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" TABLE OF CLEARANCES : ;
(Continued) /if'
L‘?“
ION /-
CONNECTING ROD BEARINGS v g
Clegrance on Crankshaft = = = = = = = .008" = .011'\ |

Adjust with shims if
clearance exceeds ,018"

Side Clearance = = = = = = = = = = = ,005" = 010" K\
Rebabbitt if clearance e
exceeds ,018" | s

Top of Piston to Top of Cylinder Bloek .682"- .692"
Adjust by means of compression
shims betweeun foot of connect=-
ing rod and bearing.

MAIN BEARING

Clearance on Crankshaft = = = = = =~ - ,008" - 011" '.3
Adjust with shims if clearance ' . g

_ exceeds ,015". Rebabbitt

Ak shells if one or more bear-
ings varies more than .010"

frg original bridge gage

rogiing. See pages 18-1 and 18-2,
A "i;é% béaring is adjacent to flywheel. .
dPhrust Clearance = = = = - = = = = - +012" - 015"
Rebabbitt if clearance
exceeds ,020" * .
., PISTON
e T
; Piston in Liner (Skirt clearance) - - .014" - ,016"
Replace liner if diameter
of bore at any point exceeds
g 16,040",
Piston Pin A =
In Piston = = = = = = = = = = - Light Driving Fit
@ 70° F. 2%
Replace pin if clearance i
exceeds 002" a
&
Piston Pin 2 R i
. In sonnecting Rod Bushing - - = .,0066" = ,0075" i 2y
Replace bushing if clearance e

exceeds 015"
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PART VIL
ENGINE TROUBLES AND SUGGESTED REMEDIES
ENGINE FAILS TO TURN OVER WHEN OPERATING
CONTROL IS MOVED INTO START POSITION
Probable Cause Suggested Remedy
1. Air Starting Equipment out of order, which may be:
a. Insufficient air pressure. a. Pump up pressure to
200 to 250 p.s.i.
b. Valves closed in air supply. b. Open all valves.
c. Alr valves improperly timed. c. Adjust timing.
d. Air Starting valve stuck d. Release pressure in
or leaking. cylinder by means of

the relief valve.
Remove air valve and

clean.
€. Air not being bled from e. Check pilot valve
top of Air Starting Velve. and line to pilot

valve for obstruction.

L LS

ENGINE TURNS OVER ON AIR BUT WILL NOT START

2., No fuel is being delivered, because of:

8. No fuel in tank or a, Refill tank end open 4
valve closed., all valves.
b. Fuel inlet pipe clogged b. Cleen pipe and filter 3
or filter dirty.
|
¢. Air in fuel 1line. ¢c. Vent system of air, |
d. Water in fuel. d. Drain all water from

fuel system and re-
i1l with clean oil.

e. Fuel control linkage stick- e. Free linkage '
ing in "off" position. s

INST=-569-F 1
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ENGINE TURNS OVER ON AIR BUT WILL NOT START (Continued)

Probable Cause Suggested Remedy

L. Injection pump timing 4. Adjust timing
improperly set.

5. Leck of compression due

to - 5. = -

(a) Valves sticking. (a) TFree valves and
deposit oil on
stems.

(b) Valves riding open. (b) Adjust hydraulic
lifters.

(c) Valves not seating (c) Reseat valves.

properly.

(d) ZLeaky head gaskets. (d) Replace gaskets.

(e} Incorrect clearance (e) Adjust clearance by
between top of piston adding shims between
and top of cylinder block. connecting rod and

bearing. Check clear-
ance of connecting
rod bearings and
piston pin bushings.

(f) Stuck piston rings. (f) Clean rings,ring
grooves and oil
drains.

(g) Rings or cylinder liners (g) Replace rings. Use

worn. oversize rings if
necessary. If liners
are scored or worn
more than .0LO" re-
place liners.

(h) Cracked piston (h) Replace piston

INST.279-C



ENGINE STOPS OR SIOWS DOWN WHEN RUKRNING

6.

Probable Cause

Fuel tank running dry.

Water in fuel.

Exhaust manifold
becomes clogged.

Piston seizing.

Actual seizure accompanied

by high-pitched squeaking
noise,

ENGII'E FIRES IRREGULARLY

10. Lack of proper fuel

delivery due to --

(a) Fuel inlet pipe
clogged or second
stage filter element
dirty.

(b) Fuel tank running
dry.

(¢) Air in fuel 1line.

(d) water in fuel.

20-3

Suggested Remedy

Check whether transfer
pump delivers fuel to
tank. Check whether
air release on tank is
operating properly.

Drain all water from
fuel system. ERefill
with clean oil.

Clear menifold and
ascertain cause of
excessive accumulation,

Stop engine immediately
at first sign of a

tight piston. Check
cooling and lubrication.
Inspect piston and liner,
Replace if necessary.

(a) Clear pipe. Clean

filter.

(b) Check whether trans-
fer pump delivers
fuel to tank. Check
whether air release
on tank is operat-
ing properly.

(c) Vent filter,supply
header, injection
pumps and nozzles,

(d) Drain all water
from fuel system.
Refill with clean
oil.

NST-570



ENGINE FIRES IRREGULARLY

Probable Cause

11. One or nore cylihders R i "

misfires or fires
irregularly due to -

(a) Fuel nozzle bleeder
valve open.

(b) TFuel nozzle stuck,
clogged, damaged or
worn.

(¢) Leaky joints in
injection tubing.

(d) Fuel pump control
lever improperly set.

(e) Fuel pump timing

(f) Fuel pump dirty,
damaged or worn.

12. Lesck of compression in one 12.

or more cylinders,

(a)

(b)

(¢)

(d)

(e)
(£)

20-4

Suggested Remedy

Close bleeder valve.

Replace with spare
and check.

Clean joint faces
and tighten joints.

Adjust fuel pump con-
trol lever until pyro-
meter reading for this
cylinder coincides
within 20CF. to read-
ings on other cylinders.
If, when this condition
is satisfied, control
rod reading on pump
differs by more than

2 mm. from that of other
cylinders, check cause
and correct.

Adjust timing.

Replace with spare
and check.

See Ttem 5.

SMOKY EXHAUST - BLACK SMOKE CAUSED BY EXCESSIVE FUEL

13. 1Intake louvres or elbows 13.
clogged.
14. Injection nozzle not 14.

closing tightly or not
atomizing properly.

Remove and clean.

Replace with spare and
check.

INST-281
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SMOKY EXHAUST - BLACK SMOKE CAUSZD BY EXCESSIVE FUEL

15'

16,

17.

Probable Cause

Fuel pump improperly
timed.

Engine overloaded.

One or more injection
pumps delivering too
much fuel per stroke.

15.

16.

L7 s

Suggested Remedy

Adjust timing.

Check load.
necessary.

Reduce if

Adjust fuel pump control
lever until pyrometer
reading for this cylinder
coincides within 20°F. to
readings on other cylin-
ders. If, wnen this con-
dition is satisfied, con-
trol rod reading on pump
differs by more than 2 mm.
from that of other cylin-
ders, check cause and
correct.

SMOKY EXHAUST - BLUE SMOKE - LUBRICATING OIL IN EXHAUST

18.

19.

Piston rings stuck or
drain holes clogged.

Rings or cylinder liners
worn.

ENGINE KIIOCKS

20.

21,

2%

R3.

Fuel pump timing improperly
set.
Nozzle sticking open.

Type of fuel not suitable,.

Piston too loose in liner.

18.

19.

20,

21.

22,

R3.

Clean rings, grooves and
oil drains.

Replace rings. Use over-
size rings if necessary.
If liners are scored or
worn more than .0LO" re-
place liners.

Adjust timing.

Replace with spare and
check.

Check fuel with specifi-
cations.

To check: Cut out cyl-
inder in question by
opening bleeder valve.

If knock disappears, check
piston skirt clearance.
Install new liner, or
piston, if necessary.

INST-282



ENGINE KNOCKS (Continued)

Probable Cause

24. Loose piston pin or 2.
piston pin bushing
worn or burned out.,

25. Connecting rod bearing 25y
burned out or badly worn.

26. Main bearings burned out 26.

cr badly worn.

20-6

Suggested Remedy

To check: Place piston
on bottom dead center.
Check with pry bar on
piston. Replace piston
pin or piston pin bush-
ing, if necessary.

Check clearance with pry
badr. Replace shells, if
necessary.

Remove cap and inspect.
Replace shells if neces-
sary.

INSUFFICIENT LUBRICATING OIL PRESSURE AS SHOWN ON MAIN

LUBRICATING OIL GAUGE

27. Insufficient oil in 27.
service tank due to -
(&) Lubricating oil screens
in bease clogged or
suction connection from
base covered witn sludge.
(b) Piping connections
loose.
(c) Scavenging pump defective.
28. Lubricating oil filter clogged 28.
29. Clogging of o0il line. 29.
30. Relief valve sticking, not 30.

seating properly or improper-
ly adjusted.

{b)

(c)

(a) Clean screens and

suction connection.

Tighten connections.

Check clearances.
clean filter

Clear line.

Free valve, reseat and

adjust if necessary.

INST-283-4
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INSUFFICIENT LUBRICATI!.G OIL PRESSURE AS SHOWN ON MAIN
LUBRICATING OIL GAUGE - Continued -

Probable Cause Suggested Remedy
31. Loose or worn bearings. 31. Adjust bearing clear-
ances, Replace if
necessary.
32. Pressure piping connect- 32. Tighten connections.

ions loose,.

33. Pressure Pump defective. 33. Check clearances,

EXCESSIVE LUBRICATING OIL PRESSURE AS SHOWN ON MAIN
LUBRICATING OIL GAUGE

34. Relief valve stuck or 34. Free valve sand
ad justment incorrect. adjust if necessary.

INSUFFICIERT JACKET WATER PRESSURE AS SHOWN ON MAIN }
WATER PRESSURE GAUGE

35. Alr in jacket water pump. 35. Open vents on pump
or on top of suction.
Inspect circulating
water piping for air
leaks,

JACKET WATER PRESSURE SUFFICIENT BUT TEMPERATURE

EXCESSIVE
36. Insufficient water supply

due to --

(a) Sea suctinn clogged (a) Clear suction eand

or valves closed. open valves,

(b) Loose connections. (b) Tighten.

(c) Air in weter pump. (c) Open vents on
pump or on top of
suction.

(d) Overboard discherge (d) Clear discharge.

clogged.

(e) Temperature control valve (e) Reset to obtain

not properly set. correct temperature,

INST-571-C |



JACKET WATER PRESSURE SUFFICIENT BUT TEMPERATURE

EXCESSIVE

Probable Cause

37. Engine water passages 37
clogged, or coated
with scale.

MISCELLAKNEQUS TROUBLES

38. Lubricating oil tem- 38,
perature too high due
to 0il cooler passages
clogged or coated with
scale,

39. Engine speed fluctuates
or fuel control shaft
changes position constant-
ly due to --

(a) Governor linkage or
fuel control shaft
stuck.

(b) Fuel pump control
rod stuck.

(c) Governor linkage worn,

Suggested Remedy

Clean out engine with
approved solvent.

Clean oil cooler.

Free governor
linkage and fuel
control shaft.

Replace pump with
spare.

Replace worn parts.

INST-572-E



MISCELLAKNEQUS TROUBLES - Continued.

4O

Probable Cause

kxceseive smoke from crankcase
breathers due to --

(a) Stuck piston rings.

(b) Rings or cylinder
liners worn.

(e) Cracked piston.

(a)

(b)

(c)

20-9

Suggested Remedy

Clean rings, ring
grooves, and oil
drains.

Replace rings. Use
oversize rings if
necessary. If liners
are worn more than
.040", replace
liners.

Replace piston.

INST-286-C



INSTRUCTIONS

for

Installing and Operating

L& L8

Style GH

(Horizontal Two-Shoe Adjustable Type)

KINGSBURY THRUST BEARINGS

4316-28 TACKAWANNA STREET FRANKFORD, PHILADELPHIA, PA.

Cable Address " ALKING," Philadelphia

SEATTLE TULSA ST. PAUL BOSTON
SAN FRANCISCO DALLAS CHICAGO CHARLOTTE
DENVER HOUSTON DETROIT NEW ORLEANS




(1) GENERAL DESCRIPTION:

The standard Style GH bearing includes two pairs of
thrust sheoes (two shoes for ahead and two for astern
thrust) individually adjustable fore.and aft by jack screws,
and a journal bearing, all mounted in one housing with suit-
able end closures. There is only one thrust collar, usually
forged integral with shaft.

Lubrication is automatic, being accomplished by an oil
scraper riding on top of collar, distributing oil to collar
surfaces and journal bearing.

(2) BEARING SURFACES:

Great care is taken to make thrust collar surfaces flat
and smooth, and square with shaft. Marks left by final
machining or grinding are removed by lapping.

The journal bearing portion of shaft is finished to size
and lapped smooth.

Shoes have steel bodies and are faced with genuine
hard babbitt. The bearing surfaces are machined and then
scraped to an accurate surface plate. The radial edges are
rounded slightly.

The journal bearing is bored smooth to allow a running
clearance of .002”, plus .001” per inch of shaft diameter.
The bearing surface is grooved on both sides for nearly its
full length to provide oil supply channels, No other grooves
or channels should be provided.

As packed for shipment from the factory the bearing
surfaces are carefully protected against bruises, scratches
and corrosion. They are slushed with a neutral water-proof
coating, and no wood or other damp packing material is
allowed to touch them. Damage may occur in re-shipment
or storage, unless the same precautions are observed.
Hence, careful final inspection is needed, to be sure all
‘surfaces are in good condition when bearing is installed.

Any bruises on the babbitted faces of the shoes or
journal bearing should be removed with a scraper. Slight
bruises or rusting of shaft journal or collar surfaces may be
removed with a fine oil stone. If deep rusting occurs, re-
finishing may be necessary. Never use a coarse-grained
stone, or scraper, or file on shaft journal or collar surfaces.

(3) CLEANING:

All parts of bearing, housing and any oil piping should
be thoroughly cleaned before assembling. Remove all anti-
rust coatings with gasoline or kerosene. Use rags or cloth
for cleaning, as waste leaves lint, which clings to minute
burrs and may cause trouble in the bearing. Hand holes
are usually provided in lower half of housing to facilitate
cleaning. Bearings are cleaned before shipment and should
be protected from dirt while awaiting installation. Never-
theless, a final inspection, and clean-out if necessary, should
be made, before bearing is run for the first time.

(4) INSTALLATION NOTES:

The journal bearing and shaft must be brought into
close alignment for satisfactory operation. Strong, rigid
foundations are essential. The most accurate alignment
will be disturbed-if the seating is so weak as to be distorted
by thrust or radial loads.

(5) END PLAY:

To allow for oil films between thrust bearing surfaces,
and for expansion by heat, it is strictly necessary to pro-
vide end play.:

A satisfactory rule for total end play is to allow .001"
per inch of collar diameter. 1i this end play is much re-

= el e~ .

duced, say by 50% or so, there will be a needless increase
in friction and heating; very little is to be gained, however,
by adding to the above allowance.

Using the jack screws, adjust for end play as follows:
Keeping thrust collar in desired fore and aft position, set
up firmly on forward-end jack screws so ahead shoes will
bear equally against collar, Lock the screws. Next set up on
after-end jack screws, using a “fecler” gauge, with thickness
equal to end play, back of the pivotal support of cach shoe.
Lock the jack screws and remove the “feclers.”

(6) GRADE OF OIL:

For average installation of propeller thirust bearings, a
heavy turbine or engine oil should be used. For any given
bearing, oil should be chosen with due regard to viscosity.
If it is too light, the lubricating film may be dangerously
thin. If it is too heavy, the friction is needlessly high.
Specific advice as to minimum proper viscosity for any
definite installation is regularly marked on bearing name-
plate. As a rule the viscosity should be about 200 seconds
Saybolt at operating temperature of the oil bath.

The oil must be clean and free from grit and other iu-
jurious substances, Fine grit has a scouring action and may
gradually wear down the bearing surfaces. Poor oil may
cause corrosion.

il of good quality does not “wear out” by use in these
bearings, but lasts indefinitely if not contaminated.

(7) OIL LEVEL:
It is vitally important to maintain the oil at a suitable

level. Oil level plates are attached to both sides of housing,
with “High" and “Low" oil levels noted.

Fill housing with oil to “High” mark when not running. .

A slight draw down of oil level will be noted when bearing
is running. Occasionally oil should be added to make up
for leakage and evaporation. Be sure the make up oil is
clean. The air vent holes provided should be kept open. Oil
gauge may be placed on either side of housing.

(8) COOLING:

Most of these GH propeller thrust bearings run air-
cooled. That is, the heat of friction is carried off readily
by the surrounding air and foundation.

For large, high-speed bearings water-cooling coils may
be provided in the oil reservoir in housing, or oil may be
circulated thru bearing from an external oil supply system.
The rate of circulation (water or oil) must be regulated so
as to give oil bath a satisfactory temperature.

(9) OPERATION:

In normal operation, the only attention rcquired by
the bearing is as follows:—Keep oil at proper oil level; in
water-cooled and oil-cooled bearings, guard against inter-
ruptions of circulation; make sure that oil added is clean:
do not take up hard on stulang box glands, as unnecessary
licating of the shait will occur.

(10) REPAIRS AND SERVICE:

The attached print shows the béaring consirucu
lists the principal parts by name. It will serve as a guide
tor ordering spare or repair parts, In all correspondence
give the order number marked on the nameplate attached
to side of housing.

on and

Prompt service is available from our home office in
Philadelphia, Penna., and from the branch offices listed at
the foot of the front page.
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NOTE - BEARING IS FREQUENTLY FURNISHED WITH A COOLING colL

HOUSING UPPER HA LF\

STUFFING BOX

w,,,_—nousmo LOWER
HALF

WHEN COIL IS USED SEE DATA FOR WATER FLOW.

Recommen 0il viscosity
_ S ¥
| RECOMMENDED
S|ZE ; END PLAY it
JOURNAL _
R P M CLEARANCE 011"
APPROXIMATE | _

REF N°‘{ WATER FLOW | < CPM

[

STYLE "GH™ STANDARD
KINGSBURY THRUST BEARING

——TOP COVER PLATE

SR uS!

SV oIL
\ / SCRAPER

SHOE

N

JACK SCREW
LOCK WRENCH

| ;'
|/

A

" JACK SCREW

N0262465

DATE:-4-13-37.




OIL INLET

B
‘ 77
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OIL OUTLET \ \@

N\

WATER CONNECTIONS

REQ.FOR
TEMoNE BRG. NAME
~

i | 1 |Housing Lower HALF

2 | 1 |HousING UPPER HALF

3| 4 |sHoE assemBLY

4| 6 [tHRUsST PN |

5| 4 |JACK SCREW S

6| 4 |LocK WRENCH

7 2 STUFFING BOX ASSEMBLY

8| « |oiL scrRAPER

9| 3 |ae vENT

0| 1 |Tor cover o

/1| 2 |siDE cover ; e _\ '

21 1 oL gauce Ir | |

13| + oL cooLER e ";"*Iomz_m[" ﬂﬁ - ﬂ e
by ] \BRaG. *J
j(f_ I\ T l b ,/ ;

| :
a FOR MOUNTING DIMENSIONS
SEE DWG *452685.
SPECIAL 19" GHS BEARING

™ papT 1o IKINGSBURY MACHINE WORKg NI L. 2 10 1.1,
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PART IX
BINGINE DRIVEN AUXILIARIES

AIR COMPRESSOR (See Illustretion "Compressor Drive")

Description

The two stage air compressor, mounted on a
brecket located over thrust bearing, is "V" belt driven
from the flywheel. The drive is so designed, as to permit
replacement of the "V" belts without disturbing flywheel
or shafting. The compressor is air cooled and is equipped
with an autometic unloader pilot,

Maintenance

Occasionally check "V" belts for proper tension.
Slippage will rapidly ruin the belt, Do not use any belt
dressing. Adjustment is made by loosening lower lock nut
and then turning upper lock nut to move compressor up or
down until belts have proper tension., Check alignment be-
tween compressor sheave and main engine flywheel, after
belt adjustment.

Lubricate idler puller bearings with a good
grade of greese,

Lubrication is the only attention thet the com-
pressor will normally require. The oil level in the
crankcase must be maintained between high and low marks on
beyonet gauge. Use the same lubricating oil e&s used in the
main engine, Watch condition of lubricating oil and when
seme becomes dirty or worn out, clean crankcase end refill
with new oil. The time for this varies with operating
conditions,

The valves are the vitael part of the compressor
and are not to be tempered with except that a two months
inspection for an excessive accumuletion of foreigh matter
or any broken parts is recommended. If valves are clogged
with foreign matter, remove and wash in kerosene. Thoroughly
dry all parts before re-assembling. Wwhen disassembling, note
the relation of the various parts to each other, so that the
relatiionship cen be meintained upon re-assembly,

If the unlosder system does not function, do not
tamper immediately with the pilot, but check thoroughly
for other sources of trouble., If the trouble is diagnosed
as being in the pilot, usually a throough cleaning is all
that is necessary.

INST-688-B
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INITIAL ADJUSTMENT FINAL ADJUSTMENT
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ADJUST TAPPET TO .| /®
@ I THIS POSITION \@/
PRIMING SHAFT T WITH CRANK
4& BEFORE T.D.C.
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3! TOP OF TAPPET
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IF_ THE ADJUSTING MARK “A” ON THE SLIDING PLUNGER 4
GUIDE DISAPPEARS AT THE UPPER EDGE OF THE INSPECT!M
WINDOW , MECHANICAL DAMAGE WILL OCCUR TO PLUNGER |
AND DELIVERY VALVE,

¥ SEE INJECTION SETTING ON TITLE PAGE "4

TIMING OF FUEL PUMP et
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ASSEMBLE PUMP ACCORDING TO THESE MARKS
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2. FILTER
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4 HIGH PRESSURE LINE WASHER

5 HIGH PRESSURE LINE NUT
6LEAKRAGE RLTURN FITTING

TBLEECDERA VALVE
8LO0CK NUT

9.CAP

I0.COPPER GASKET
[l ADJUSTING SCREW
1. FEELER PIN

13. PR ING
| PRESSURE PIN
|I5. HOLDER BoODY

6. ASSEMBLY NUT

7. 8PRAY TIP

18. NOZZLE VALVE BODY
19.NOZZLE VALVE
40.5TOP PLATE

2l. COPPER GASKET
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REMOVE THIS PLUG
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SEALING RINGS
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COMPRELSSION RINGS

’&\ OlL CUTTER RINGS
K
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SECTiON OF
» SEALING RING

st ‘TABLE OF CLEARANCES
FOR PISTON RING CLEARANCE S

THIS FACEL MUST BE TOWARD
BOTTOM OF PIETON AT ASSEMBLY

Ol.. WIPER RING

PISTON RING
INSTALLATION
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ON 48 DIA FLYWHEEL, 1> 4189"¢ 1"-2.387°

XTJ‘LLIJ‘((L n ngj -]';:( A(&_Z(T_'Télf 7
Job. 5 A fpre TF
I._Cr‘ ad & 7 1 e,
*
T.D.C.
FUEL 9%

EXHAUST
CLOSES

VALVE CLEARANCES

INTAKE = O

EXHAUST: o

AIR STARTING : .033"

FIRING ORDER -6 CYL.
AHEAD 1-5-3-6-2-4

ASTERN 1-4-2-6-3-5

-8 CYL.
AHEAD I1-4-7-3-8-5-2-6

ASTERN 1-6-2-5-8-3-7-4

INTAKE
OPENS

CLOSES
EXHAUST
OPENS

TIMING DIAGRAM
SUPERCHARGED 'Q

% SEE TITLE PAGE

INTAKE
CLOSES

ENTERPRISE
ENGINE COMPANY
SAN FRANCISC)

D-1015
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During normal operation, valves should be s>
set, as to have only one filter in operation. When tae
time for a change of elements is at hand the other fil-
ter may be cut in, and elements changed without shutting
down the engine.

If the filters afe in good working order, only
rarely should there be any reason for cleaning the
nozzles or pumps. The only attention which should
normally be given to these units is an occasional drop ;
of engine oil to the pump plunger guide, applied through .
the window at the lower portion of the pump body. -

DO NOT TAKE APART AND WORK ON EITHER PUMP OR
NOZZLE UNLESS ABSOLUTELY NECESSARY AND THEN ONLY IF °
THOROUGHLY FAMILIAR WITH THIS PRECISION EQUIPMENT.
B=-2 Nozzles

If engine has been running unevenly and & 7
fuel nozzle is suspected, remove this nozzle and ra-- .
plece it with a spare.

To Remove Nozzle

Disconnect inlet and drain. Remove nozilh\Fiigg
retainer. Nozzle assembly may then be pried out91 et

Before replacing nozzle, remove all oarbna:"f
other foreign substance from nozzle seat in head.  See .
that gasket surface is clean and that gasket is ¢ - RO
and in good condition. Tighten hold down nuts avbtlyﬁ.th;‘
and just sufficiently to prevent blow=by. ag f,_ _M.”'

The nozzle may be tested by connootins it bo
high pressure fuel line from any pump; 0perate tha puﬁp ;
by means of priming shaft on pump base, . SR VAR

Bl

&
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EROWN, BOVERI & COMPANY, | ]
LIMITED, BADEN, lst June, 1937.
BADEN (Switzerland)

e

Re:- Reblading of exhaust gas turbine wheels.

The removal of old blades must be done with the greatest care., It is
advantageous for sasy removal of the bladss first to wash the blade fixing parts
with paraffin as otherwise scalings originating from combustion and corrosion will
cause the blades to stick tightly in the sockets. The actual driving out of the
bladee must bs carried out gently, as rough handling may cause the hollow rim sec-
tions left betwsen the slots of the blade sockets to be deformed and tc bend over,
and even cracks in the material may result thereby.

It is therefore advisable to bed the rim of the wheel in the immediate
vieinity of the slot from which the blade is to be removed. With a flat driving
tool, specially provided for this work, which is placed on the part of the blade
root visible from the outside, the blade is then driven out. The edge of the
riveting is hereby shearedi off.

The fitting of the new blades must be done with great care too. To
eass this work, it is advisable to clean the slots in the rim with fine smery paper
wrapped round a file. The edges of the blade shoulders must be carsfully faced,

80 that the faces of contact between each pair of blades touch evenly all over
{ses fig. 1).

In case of laced blades, a lacing wire section should be inserted |

after riveting 4 to 5 blades, i.e. the number for ope lacing segment. The last &4

to 5 blades after being fitted in the slots have to be hammeresd back to such an
extent, that the lacing wire can be inserted. The whole ssgment will then with
light blows of the hammer be redriven in the slots, after which the lacing wire
should be scldsred. Due to the high working tempsrature and the corrosive action

of the exhaust gases, the scldering job can be carried out with pure silver; Borax
to Ee used as a flux.

The replace blading material as furnished, corresponds exactly with
the blading originally fi*tted in the turbine as regards the design of the fixation. |
The rivsting of the blades has, therefore, to be carried out according to eketch
No. 2, see drawing No. TF &78276 e and should be proceeded with alternately om
both sides. In order to avoid losses dus to ventilaticn, the protruding rivet-head
parts should, if at all possible, be turned down flush with the head of the wheel .
When replacing single blades, all other bladss of the same segusnt, laced with one
wiras section, should be removed. The undamaged blades can bes used again; they
should be fixed by light caulking at the side where the original riveting material
bas been punched off (sees sketch No. 3).

When replacing single blades please alwa § remove ths diametrical
opposits blades too in order to keep the balance of the whael .

After a complete reblading Job, the wheel must be rebalanced statical-
ly.

BROWN, BOVERI & COMPANY,
LIMITED

Erection Department 1.

Draving No. TF 678276 e.



GEMERAL DESCRIPTION OF PRESSURE=CHARGING SET

—— ——

The pressure-charging set consists of a centrifugal blower driven by an ex-
haust gas turbine, the two forming a compact unit,

a) Turbo=blower,

The turbo=-blower is of the single-stage, single-flow type.

Casing. The blower casing consists of two main castings, namely the barrel
with the tangential air discharge branch, and the outer end cover with the
air suction opening. DBoth parts are cast in a light metal-alloy.

Rotor. The rotor 1s designed for clockwise rotation when seen from the tur-
bine end. It consists of a common rigid shaft of forged open-hearth steeél

for blower and turbine, on to which the blower impeller is fitted. The
latter consists of a hub and a eovering disc, between which the blades are
riveted. The complete impeller is of a high tensile alloy-steel. It is
accurately balanced before leaving our works, both statically and dynamically,
and subjected tc a severe over-speed test, in order to reveal any defects or
weakness in the material, which would otherwise remain hidden.

Bearings and Lubrication. The rotor is carried at both extremities by bear-

ings of the ball type. One of the bearinge is a combined supporting and

thrust bearin; for fixing the axial position of the shaft, whereas the other bear-
ing is elastically mounted, so as to allow free heat expansion of the shaft.

The bearings are lubricated by oil under pressure, supplied by spiral oil
pumps driven off the ends of the main shaft., (For vertical sets only one
oil pump is incorporated in the design.’

Diffuser. In order to ensure that the kinetic energy of the air leaving
the impeller is converted into pressure under as favourable conditions as
poseible, a bladed diffuser, having fixed blades, surrounds the impeller,
and is fitted into the blower casing.

Clands. Labyrinth glands of pure sheet nickel, which can if necessary be
readily renewed, are provided throughout. There are, therefore, no rubbing
parts in the set, which minimizes the wear and tear.

b} Turbine,

The turbine casing again consists of two essential parts, namely the cooled
barrel in cast iron, with exhaust connection, and the uncooled inlet casing
in welded steeli)with exhaust gas inlet branches. Both parts are bolted
together,and centred by keys. The barrel is on the opposite side again
solidly bolted to the blower casing.

#) or cast steel



Heat insulation, Moderate surface temperatures are obtained throughout the
turbine. For this purpose, the barrel is provided with a water-cooled
Jacket. Heat-radiation from the inlet casing is prevented by a water-cooled
shield, which alsc carries the bearing at the turbine end. A water-cooled
diaphragm is provided between the turbine and the blower,

Nozzle ring., The nozzle ring is centred in the inlet casing and consists of
two rings in cast iron, into which the blades of heat resisting steel are
casted.

Rotor, The turbine disc forms one Plece with the shaft. The special profil-
ed blades of heat resisting steel are rivetted in the disc, They can with-
stand a high exhaust gas temperature, the max, of which is stated under the
technical data.

Clards, Tlabyrinth glands with compressed-air seal are provided wherse the
shaft traverses the turbine casing, thus preventing leakage of exhaust gases,



Generel,

The pressure-charging set cau Le litiled directly cu a
bracket fixed tc the Diesel engine,

During erection of the pressure-charging set it is advis-
able to test by hand through the air suction opening whether the shait
turne easily:-

1) After fixing the turbine casing in its definite position.
2) After fitting each pipe line.
The bolte and nuts of the exhaust gas turbine are to be

fitted with graphite apjlied dry. The thread of theese nuts have been

eased up tc prevent gripping at the high working temperatures.

All externel forces on the pressure-charging set are to be

avoided, otherwise deformation of the turbine housing, resulting in
possible strivving of the turbine blades in the nozzle ring, would
follow. Expansion pieces or joints should be provided at suitable
pointe in the exhaust gas and air lines, so that all heat expams.cn
in the piping is compensated. The expansion piecee should be fitted
slightly extended. On no account should any heavy piping be directly

supported by the pressure-charging set.

Care must be taken that no waste, dust, paper, water, etc.
cen enter the suction pipe of the blower. The suction noise of the
blower can be muffled by fitting & suction air line with intern felt
lagging or a silencer direct on the suction opening. Such a silencer
should be based on the idea of deflecting the air stream and deadening

the noise on a felt lining.

The gaskete for the exhaust gas piping should be made with
asbestos, those for the air piping and the cooling water with varnished

paper or rubber.



CLEARANCES

Blowerset VT 301,

During the revision and reassembling of the exhaust turbo charger care
must be taken that the following clearances are maintained; the set be-

ing cold:=-

Ball Bearings:

a) between bearing cover and outer ring, on

b) between rollers and rings on diameter

c) axial

Turbine “heel:
radial (on radius)

axial, between disc and nozzle ring

Blower Impeller:

diameter
min.
max, abt,
abt,

between the impeller and diffuser (on radius)

between balancing ring and intermediate cover (on radius)

Shaft:

sheet nickel glands (on radius)

aluminium glands (on radius)

0,03 mm :_oo’lﬂ

0,03 =.0012*
0,10 mm =. 0039 "

"
0,3 mm=,0/2

¥
0,5 mm =.02

) F 4

0,20 om = ,0787
N

0,20 mm =.0787

F 4
0,2 mm =.0787
0,15 mm =,0059 "



SETTING TO WORK

After the pressure-charging set has been laid up for some time, the blower
shaft must be turned by hand a couple of revolutions or so before starting
the machine. Further, if possible, the cooling water circulation should be
put in service. In each case, this circulation is to be controlled imme-
diately after starting the motor. F1ll up the lubricating oil sump, before
starting the diesel engine, up to the mark on the level.

The lubricating oil should possess the following properties:-

1. Specific weight : 0,85 to 0,92 at 159 ¢

2. Viscosity at 50 °C : about 3,5 to 5° (Engler) (LN ~ (%Q 3 ,L: _SqE Z—O\'
2. Flash point of the vapours not lower than 170 ©C [ifi::ff;:?:iE_
4. Entirely free from acid and water.

5. Must be totally soluble in petrol having a specific weight of

c,69

(&)

to 0,705 at 159 C,
6. Must be completely free from vegetable and animal oils,

7. Must have no tendency to saponify or decompose.

Each 50C running hours the quantity of lubricant should be checked. In
case of renewal of the lubricant (after approx. 1000 running hours) the
old lubricating oil must be campletely removed an@ the bearing chamber
cleaned. The new oil must be strained before refilling of the oil sumps.
Dirt in the lubricant is extraordinary dangerous as it increases the wear
and tear of the bearing rapidly.

A direct jet of oil between the balls destroys the high speed bearing in

a comparatively short time due to increased friction and higher service
temperature. The high speed bearing should be lubricated by oil vapour,
0oil deflecting discs directly before the bearing preventing the penetration
of oil between the balls,
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DISMANTLING

ECEESE=SS3ISSSISISS

Drawing V 692770.

+ Item of dismantling tools: drawing V 693357

. Drain off the lubricating oil and cooling water.

. Remove blower-side lubricating oil pump (28) and withdraw the bearing

cover (29b).

. Withdraw turbine-side oil pump casing (18).

Disconnect bearing fixation flange (6).

Loosen at both shaftend ring nmut (8) with the tool (1, 2 and & +)

Remove with the tool (11 and 12 +) the inner sleeve (7) with bearing (1).
Withdraw the blower suction casing (29).

Fit the guide plate (10 +) on the turbine side, screw the extension (5 +)
with plug (8 +) on the turbine side, and extension (5 +) with plug (7 +)

on the blower side.

. Disconnect diaphragm (33) and press it off its seat.

Withdraw rotor as far as possible.
Sling rotor with wire rope (15 +).

Loosen extension on the turbine side. Remove rotor from the set. (Be
carefull with nickel sheet glands and turbine blades in laying down the

rotor.)
Withdraw the turbine side bearing with the tool (11 and 12 +).

Disconnect the nozzle ring stud bolts (43) and muts (42), press the ring
off its seat and remove it.



The blower set should be completely dismantled at least once a year.

- 10 =~

REVISIOR

following must be inspected:-

1) Rotor.

a)

b)

c)

d)

gge ller.

Do they fit firmly on the shaft ?

Are there any signe of contact on the outer periphery or on the
inlet ring ?

Any signa of damaged rivet heads ?

Balance Piston.

Fit on the shaft or impeller.
Signs of contact.

Ring nuts.

Fixing of same.
Are the locking plates in crder ?

Shaft.

Ars there any signs of contact caused by the packing rings ?
Pitted running surfaces should be refaced.

Is tachometer drive in order ?

;ggulle Wheel.

What is the condition of the dlading ?

Are any blades broken or bant ?

Are the inlet edges still sharp ?

Have the blades become badly worn ?

Has the wheel been touching ?

Are there any signs that foreign matter has passed through ?

The



2) Mozzle ring,

Has the ring a firm fit and has it warped ?

Are the guards for the nuts in order ¢

Are there any signs of contact with the tips of the impulse wheel blades ~
Is there any foreign matter lodged between the nozzle plates 7

Have any plates worked loose, been burnt, cracket or bent °
What clearances are available between blade tips and nozzle ring <

2 Bearings,

a) Roller Bearing.

Condition of balls and races.
Is there any discolouration due to overheating ©

Are any defects visible (rough or broken out parts on balls or races gencral=-
ly are signs of fatigue)

Have any foreign bodies been rolled in-the running surfaces -
Wear of races and cages. Have the clearances increased abnormally
Do the bearings receive too much or too little lubricating oil 7

| Has the turbine-side bearing still a tight fit between the flexible
i sleeves 7

| - _%ij In order to measure the
”L clearance, the ball bear-
s E_{:u ing must first be cleaned
with petrol to remove all
i ) ) traces of oil, the clear-
ll & ance can then be measured

_% as shown in this sketch.
=y

clearance ¢ =a - D>

b —

b' Condi-ion of lubricating oil,

The oil collectors should be examined to see if any impurities have
entered the oil, and if any, what kind ? (Fine metal particles 7'

Defective bearings (showing fatigue, too much clearance, defective cages,
esess 8.56.0.) should be replaced immediately.

To enable BBC to investigate the cause of bearing trouble and to make
i proposals for a possible improvement in the running of the set 3.3.C.
| would be pleased to receive all replaced bearings, with a report about
{ the occurrencies which have led to their destruction. If possible the
i apprroximate number of revolutions made by the shaft during the running
period of the bearing should be included in the report.

4) Turbine Cland.

v

| a) Has any dirt entered?
Is the sealing air inlet clean and right?
Is the clearance by wear or corrosion (exhaust gases’

W - _excessive 7 Soeie -



b’ Blower gland,

Is the clearance excessive?

Are the rings damaged?

5) Diffuser,

)

Positicn and condition?

Do they still suit the impellers?

Are the diffusers correctly fitted with reference to the direction
of rotation of the impellers?

Have they become dirty?

Cylinder,

a)

b)

e)

T4

il

ir

-
I'4

Elower,

Are there any signs of leakage or large accumulations of diryt caused
by oil or dust?
Are all measuring points free from leaks?

Are there any air losses?

Turbine.

Leakages, signs of dirt caused by oil or carbon?
Is the lagging still in good condition?

Are the cooling water spaces free from scale?

Watercooled diaph{gggl

Is the cooling water space free from scale?

is eood practice to note all things observed during a revision of the set
% "Fevision book®". The necessary cleaning intervals might be fixed definit
besed on this "Revision data®,
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REASSEMBLINKG

All parts to be cleaned thoroughly. The coocling water spaces to be handled
in the same way as those from the main-engine. In case that muriatic acid
must be used the cleaning medium may not be left too long a time in the water
spaces because of the slight thickness of the castings. After the use of
acid the spaces should be thoroughly washed with a soda solution.

The reassembling takes place the cppcsite way round as mentioned unter "Dis-
mantling”. The rotor is to be handled with utmost care when moved in, to
keep the nickle-sheet glands from being damaged. The bearings to be greased
with vaseline. All bolts and nuts exposed to high temperatures are to be
fitted with graphite on the thread. All stud bolts and nuts to be locked.

Both oil nunpd to be filled to the mark on the level with fresh, well strain-
ed turbine oil (see special lubr. oil prescriptions).

Before finishing the Jjob always check the easy running of the shaft.

Replacing of nickel sheet glands: see spacial instructions

L " LJ

Replacing of turbine blades

Replacing of bearings:- The turbine side bearing to be replaced with shrunk
on elastic sleeve. The blower side bearing to be shrunk on the inner sleesvas
by heating the bearing in hot oil to 125°C (EGOOF). The bearing with sleeve
to be passed on the shaft together.

When replacing the nozzle ring the true centering and the clearances of
the turbine disc are to be checked.

The bearings are the only parts of the charging set which must be replaced
in rather short intervals

Normally the running period of a bearing will be about two years for a daily
service of 12 hours. It should be considersd, however, that the 1ife of roller

bearinge generally varies quite considerably. The bearifig manufacturer d=finites

the mean rumning period for a bearing as that period which will be excesded by
90 % of all bearings without trouble, 10 % of all bearings will consequently
have to be replaced earlier, whilst the life of a large porticn of bearings
will coneiderably exceed the "normal” running period.



SPARE PARTS

== BoS=EI=STIE===S=

When ordering epare parts, it is absolutely necessary to guote the
worke and order numbere of the charging set for which they are re-

quired.

The worke number is given on page 1 and on the reting plete of the
blower.

The following spare parts should be in stock, if used, they shoula
be replaced:-

Y5 get of turbine blades

1 ball bearing for blower side

1 ball bearing for turbine side on elastic sleeve

1 set of gland strips and bushes

1 0il pump Bpindle with bushing and drive

%10 set of bolte, nuts, screws and guards.
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LIST OF THE PARTS OF THE PRESSURE CHARGING SET

Drawing V 692770

Main ball-bearing

Outer slastic sleeve

Inner elastic sleeve
Distancing bush

Bearing bush

Bearing fixation flange

Inner blower side bearing sleeve
Ring nut

Locking plate

10 Shaft

11 Turbine blades

12  Impeller

13 Ring nut

14 Nickel sheet glands

15 Distance bush

16 Balancing ring

17 Nickel sheet glands

18 011 pump casing

19 Shaft with worm

19a Worm wheel

20 Turbine sid®oil pump spindle
21l  Turbine sideoil pump sleeve
22 Shaft with worm

22a Worm wheel

23 Blower side oil pump spindle
2k Blower side oil pump sleeve
25 Mouth plece

26  Ball bearing for auxiliary shaft
27 Level

O @M~ O\ W

29 Blower suoction casing

29a Gland bush

29b Blower-side bearing cover
30 Blower casing

31 Diffuser

32 Turbine casing

33 Water-cooled diaphragm
3k  Gland ring

35 Radiation guard

Nozzle ring nuts
Nozzle ring stud bolts
Bracket with roller for the removal of the rotor

36 Rubber packing
37 Bearing bracket
38 Turbine inlet
39 Nozzle ring

40  Centering key
bkl  Wire gauze

b2

b3

Ly

All bolts, nuts and screws to be locked.
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READINGS TO BE TAKEN AFTER FINAL
INSTALLATION, BEFORE FINAL TESTS

READINGS ARE IN THOUSANDTHS WITH
INDICATOR SET ZERO AT TOP DLAD
CENTER OF PISTON-NOTE WHITHER + OW -,

T 9 % N
T

—_

\
\‘ MEASURE HERE ON
AXIS OF CRANKSHAFT

POSITION  WHEN VIEWED
FROM TIMING GEAR END

CYLINDLR N2,
1 2 3 4 3 é 7 8

CRANKSHAFT DEFLECTION
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