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Section A

GENERAL ENGINE DATA

The Atlas Imperial Diesel Engine described herein is of the heavy duty, solid injection,
full Diesel type, designed especially for reliability and a long life of trouble-free opera-
tion. Compact, rugged construction allows a wide range of applications and accessibility
of all wearing parts means simplified maintenance and dependable service. The engine
incorporates the latest proven refinements of the four stroke cycle and operates as
follows:

lst Stroke On the downward or suction stroke of the piston, the inlet valve 1s open and
‘pure air is drawn into the cylinder through the air inlet manifold. On super-
charged engines the inlet manifold is supplied with air under slight préssure
by the turbosupercharger.

2nd Stroke On the second or compression stroke, this air is compressed which raises
the air temperature to a point above the ignition temperature of the atomized
fuel. Just before the piston reaches top center fuel injection starts and is
completed shortly after the piston has passed the top dead center.

3rd Stroke On the power stroke the injected fuel oil burns, increasing the pressure with-
in the cylinder, which drives the piston down through its working stroke.
Shortly before bottom center position is reached, the exhaust valve opens.

4th Stroke As the piston returns toward the head, the burned gases are forced out
through the exhaust valve port, and when the piston reaches top center, or
shortly thereafter, the exhaust valve closes. Slightly before the piston
reaches top center the inlet valve is opened so that at top center the engine
is ready for the suction stroke and the cycle is then repeated.

The horsepower rating and the rated speed of the engines are stamped on the engine
nameplate and these ratings should never be exceeded.

On the nameplate will also be found the engine serial number which should always be
stated when ordering parts and in any correspondence with the factory or Sales agencies.
The firing order, valve timing and the model designation will also be found on the engine
nameplate. When corresponding or ordering parts it is desirable that the model number
be stated also. The engine serial number is, however, more important and if the model
number is not known, the number of cylinders and the bore and stroke of the engine may
be stated.
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SPECIFICATIONS:

BORE AND STRO e o
6 G'yl..-'-éﬁc'?.ﬂ Cu. Inches
8 Cyl., - 5343.8 Cu. Inches
See engine nameplate.

See engine nameplate -

T otal Displacement

Firing Order - - = = <
Do not exceed.

Maximum Speed = == ===~ 7 "7

OPERATING PRESSURES:

e « = = = = 25 to 40 \bs./sq. in. .
15 to 20 lbs./sq. in. |
150 to 250 Ibs./sq. in.

Lubricating Oil Pressur

Fuﬁlﬂ‘il-------_
Starting Air Pressure

OPERATING TEMPERATURES:

Out - - - 140° to 160° F.

Maximum Out - - 170° F.
Normal Out - - = 150° to 170° F.

Maximum Out - = 185° F.
. I
|

res are maintained within their
Lubricating oil
but it can also \I

es should be

- = = Normal

—_——

C;nnling Water = = === ==~

Lubricating Oil

| Best operation is obtained if water and oil temperatu
m temperatures should never be. exceeded.

| normal range. Maximu
temperature should preferably be measured at sump pump discharge,
be measured before entering oil cooler, in which case the temperatur

'l i;buut 50 lower than those stated above. |

3
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Section B

FUEL AND LUBRICATING OILS

1. RECOMMENDED FUEL OIL SPECIFICATION

Viscosity = = = = = = = = = = = = = = = = - 35 to 70 S.U., Seconds at 100° F,
Gravity(A.P.I.) = = = = = = = = = = = = = - Minimum 24°

Conradson Carbon(A.S5.T.M.-D189)= - = =-Maximum 0.5%

AsSh= = = = = = ~ 2 e========== =Maximum 0.05%

BS.kW, == c s s-eaecseaasaans=m= Maximum 0.1%

Sulphur (A.S.T.M.-D129)= = = = = = = = =« Maximum 1.0%

Ignition Quality= = = = = = « = = = == ==45 to 55 Cetane Number or equiva-

lent in other ignition index.

2. EFFECT OF FUEL PROPERTIES ON PERFORMANCE

The engine will operate saisfactorily on fuels with viscosities per above specifica~
tion. It is possible to use thinner fuels but the operation is apt to be “snappy” and

it may be difficult to maintain even cylinder load balance at varying loads. To insure
good operation it is recommended that the viscosity be held to the specification.

The gravity is of secondary importance. A minimum of 24° A.P.I, is merely given
since heavier fuels generally require special treatment, such as heating and centri-
tuging, before they can be burned successfully.

The “Conradson Carbon” or “Carbon Residue” in the cil is an index to the amount of
carbon which will form in the combustion chamber. Fuels with high “Conradson
Carbon" may cause carbon to build up on the spray tips to such an extent that the
fuel sprays are deflected causing poor operation and smoky exhaust. The higher the
Conradson Carbon the more frequently will it be necessary to clean the spray tips.
Experience also indicates that maintenance costs will be higher when fuels with high
“Carbon Residues”™ are used.

The Ash content of a fuel is a measure of the amount of mineral material it contains,
After burning the mineral residues are abrasive and it is, consequently, important
that the Ash content be limited to 0.05%. If the content is higher rapid wear of cy-
linder liners, pistona and rings will result.

The item B.S.& W.(Bottom Sediment and Water) is an index to the fuel's cleanliness.
It is good economy to use clean fuel and store it in clean tanks. Cleanliness in
handling the fuel is alsc important (See paragraph entitled “Importance of Cleanliness
in Fuel Handling™ in Section N).

When the fuel oil is consumed in the engine Sulphur burns to Sulphur-dioxide. Under
normal operating conditions most of this gas is ejected with the exhaust gases. If,
however, temperature conditions are low enough, that is, if the engine is idling at

low speed and under cold conditions, the sulphur-dioxide gas.combines with condensed
water vapors to form a corrosive acid which will attack metals used in the engine

and exhaust system. It is consequently particularly important to hold the sulphur
content low in fuels used for engines subject to variable loads with long periods of
idling and also for engines subject to frequent starting and stopping.

The Cetane number of a fuel is an index of the ignition quality. Low Cetane values
produce excessive knocking. Excessively high Cetane fuels cause high exhaust tem-
peratures and smokiness of the exhaust.
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Although the Flash Point does not affect the suitability of a diesel fuel it is well to
specify a minimum of 150° F. since state laws and Classification Societies generally
require this minimum. The Pour Point of the fuel should be at least 159 F. below the
lowest temperature to which the fuel storage tank is subjected.

LUBRICATING OIL

We recommend that-a good grade of compounded mineral oil of a detergent type be
used in these engines. The oil should be stable under the temperature conditions
encountered in the engine and should be resistant to oxidation, foaming and sludging.
The best assurance of obtaining a suitable oil is to use only products of well-known
merit, produced by responsible concerns, and used in accordance with their recom-=
mendations. Do not permit your engine to be used as an experimental unit for trying
out new or questionable lubricants.

There are on the market today many good compounded oils with different degrees of
detergency. As a general rule the detergency should be what the engine needs and no
more as lubricating quality usually'decreases with increase in detergency. A good
index of detergency in a lubricating oil is the “Ash” in the oil specification and as a
general rule this item should not be over 1.0%. Best results are obtained with oils

having an ash content of 0.5 to 0.7%.

In normally aspirated engines when the duty is not too severe a pure or “straight”
mineral oil may be used. When such an oil is used some carbon or other deposits
will generally be found in the crankcase and sump tank. The amount of these deposits
depend greatly on the quality of the oil which has been used and for good grades of oil
the deposits are not excessive and in any way harmful to the engine. If, on the other
hand, detergent type oil is used the chemicals contained in this type of oil enable it
to carry the carbon or other constituents of the usual crankcase deposits in suspen=
sion. The detergent type oils also have a strong tendency to break loose and carry
away any existing crankcase deposits and since thereis a limit to the amount that
can be carried in suspension clogging of filters and oil lines may result. It is con~-
sequently of utmost importance to thoroughl .clean out the crankcase, oil lines and
sump tank before changing from a straight mineral oil to a compounded oil. As an
added precaution we suggest that the first batch of compounded oil be used only for
about 100 heurs and then drained off. These precautions apply also when changing
from one compounded oil to another compounded oil of different make or brand.

If a compounded oil is used the non-corrosiveness of this oil must be looked into
very carefully. In this connection the Engineering Department of the Engine Division
of The National Supply Company is available for consultation and they will be glad to
advise whether or not a specific oil is suitable for use in this engine.

Regarding the viscosity of the lubricating oil to be used, an oil of SAE 30 grade is

recommended for normal operating temperature. 1f the engine is to be operated under
extremely hot temperature conditions, say 110° F. or over, SAE 40 oil should.be used.
1f the ambient temperatures are below freezing, an oil of SAE 20 rating should be used.

For low temperature operation, the pour point of the oil at the minimum starting
temperature to be expected spould be carefully considered, as it is most essential
that the oil be sufficiently fluid so that it will flow to the pump under all conditions.
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The oil day tank {standard tank) holds the proper amount of lubricating oil, and the
level should be maintained between the ® Half” and “Full” marks on the oil gauge
when the engine is running. In regard to drainage periods we suggest that the first
batch of oil be drained after about 300 hours of service. Thereafter the filter car-
tridges should be changed and the drainage period can be increased to approximately
1000 hours providing the filter cartridges are kept in good shape and the oil remains
reasonably clean. Experience will determine when to change filter elements and oil
and in this connection it should be pointed out that it is more economical to maintain
the filter in good shape. However, if the oil is badly discolored and loaded with in-
solubles, it should be drained off before new filter elements are put in,
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Section C

INSTALLATION INSTRUCTIONS
f

1. PREPARING THE ENGINE BED

The success of a Marine engine installation depends greatly upon the construction

of the foundation and upon the care exercised in lining up the engine to the propeller
shafting. Poor installations will result in excessive vibration and continual change

in engine alignment. The result is poor performance and failure of vital parts. For
this reason The National Supply Company cannot guarantee an engine unless the en-
gine foundation (engine bed) is strong and rigid enough to prevent vibration and changes
in alignment.

The importance of rigidity in the engine foundation cannot be over-emphasized and
it must be securely fastened to the hull of the vessel so as to be virtually a part of
the hull construction. For installations in old hulls, where the rigidity of the hull
is questionable, the foundation should be extended fore and aft as far as possible;
twice the length of the engine is suggested. Stiffeners should be fitted to prevent
the foundation from twisting and weaving. In twin screw installations it is advis-
able that both foundations be stiffly connected and braced to each other and to the
hull. Steel foundations should be welded or riveted. Avoid bolts or SCrews which

may work loose.

When preparing the engine foundation always obtain certified outline prints. Do not
use figures or cuts in bulletins or sales literature. The top faces of the foundation
must be straight and should be lined up so that they are Earaual to the Ernpellar
shafting. Athwartships the two top faces should be level. The foundation should
be constructed so as to allow 1" to 14" thick shims or chocks between the engine

supporting flanges and the top faces.

2. INSTALLING THE ENGINE

The engine should be lowered onto the foundation and allowed to rest on the leveling
screws. For wooden foundations provide steel plates of sufficient area and thickness
for the leveling screws to rest on. (Min., 4" x 4" x i» to 3/4" thick) Shift the engine
sideways until the centerline of the crankshaft lines up with the centerline of the
propeller shafting. Then by means of the leveling screws adjust the height until the
centerline of the crankshaft exactly lines up with the centerline of the propeller shaft-
ing. Also level the base athwartships. When alignment in all planes is at hand the
following check should be made.

a. Turning over shaft there should be no binding between the centering spigot and
recess of the two coupling halves.

b. The faces of the coupling halves should be parallel regardless of the angle
through which either or both shafts are turned. With the propeller coupling
ha¥f-held against the engine coupling half, but not bolted, it should not be pos=
sible to insert a 0.003 in. feeler at any point between them. Check at top and
bottom and the two sides before bolting flanges together.

1f engine has been installed before launching it is advisable to temporarily bolt it to
the foundation at this time. 1t is not advisable to proceed any further before launch-
ing unless the hull is extremely rigid. When the vessel is afloat the alignment shoul
again be checked and if found satisfactory a chock should be carefully fitted at each
holding down bolt. This applies to steel foundations. In wooden foundations careful
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3.

measurements should be taken of the distance between the bottom of the engine sup-
porting flanges and the top of the foundation. A continuous wooden shim should then
be prepared and this shim should exactly fit the space between the foundation and the
engine supporting flanges. The shims should be at least as wide as the supporting
flanges.

After the engine is resting on the chocks oF wooden shims it is advisable to check
that the foundation is supporting the engine evenly over the entire length. This is
best done with a #696 Starrett Strain Gage. Check the distance between the inside
faces of the crankwebs with the corresponding crank on upper and lower centers,
(See figure in Section F for strain gage location.) Readings for any one crank should
not differ more than .002". Distortion of the last two cranks oniy indicates that the
crankshaft is out of line with the propeller shafting. (When making this check the
engine and propeller shaft couplings should be bolted together.) Check the last two
cranks in the two horizontal positions also. If misalignment oT uneven support is
indicated determine the cause and correct.

When the final alignment has been accomplished permanent foundation bolts should
be fitted. For steel foundations drill and ream for fitted bolts. Spaces between the
foundation bolt chocks can then be filled with type metal.

SERVICE PIPING

Plan all piping carefully and use as short and direct lines as possible. To improve
the general appearance of the installation, piping should be laid below the engine room
floor when it is possible to do so. Removable floor plates should be provided and care

should be taken that all piping is accessible.

FUEL AND LUBRICATING OIL PIPING

See Section N for pipe sizes and arrangement of the fuel day tank. Gee Section T for
lubricating oil day tank connections. FPipe sizes are stated in these sections. Pro-
vide drain valves and vent valves where necessary and remove all scale and dirt
from pipes and fittings before installing.

COOLING WATER PIPING

cooL  —

Locate the sea chest far enough below the water line to prevent uncovering when the
vessel rolls. 1t should be provided with a coarse grating. Inside the hull a strainer

of ample size should be provided with gate valves on each side so that it can be iso-
lated for cleaning. For engines equipped with centrifugal circulating water pumps

it is puﬁculnrly important that the resistance in the sea chest, strainer and piping

be as small as possible. Use as few bends as possible and do not make either suc=
tion or discharge piping longer than necessary. Locate the overboard discharge not
more than 3' above the water line. All valves should be gate valves = not globe valves.
Use pipe sizes called for on the outline drawing.

——

STARTING AIR PIPING

Air tanks should conform to A.S.M.E. gpecifications and should have ample strength
for 250 lbs. per square inch pressure. Each tank should be equipped with a safety
valve and a globe valve for isolation. A drain valve should also be provided at the
lowest point and this valve should be accessible.

2. cl - Ed 2-3




1 Section C

Tanks should be connected to the engine starting air header using the pipe size called
for on the outline drawing. Provide a globe valve next to the engine. All valves and
fittings should be of heavy pattern for at least 250 lbs. per square inch pressure. The
air compressor on the engine should be connected to the tanks with pipe of the size
called for on the outline drawing and valves and fittings of heavy pattern. The air
- compressor discharge pipe should preferably be run to the air tank. It should not
be connected to the piping between the tank and the starting air header. Air com-
pressor unloader should preferably be connected to the tank with its own piping or . ‘
tubing. Under no circumstances should it be connected to the compressor discharge
line,

7. EXHAUST SYSTEM |

All exhaust piping should be installed in the shortest and most direct manner pos- |
sible. When bends are necessary use long sweep fittings. Use the pipe size called
for on the outline drawing for lengths up to 30’ containing a maximum of three bends
For 3 to 6 bends increase the pipe to the next nominal size and for each additional
30" length increase by one pipe size.

In order to protect the engine and piping from undue strains a length of flexible metal

tubing should be installed as near to the engine as possible, It is also recommended

that flanged connections be used for ease of dismantling and cleaning, For twin screw |
installations it is recommended that separate exhaust lines be used, If exhaust lines |
are combined and only one engine is running, soot and ::.rban will be blown into the
other engine through the open exhaust valve.
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Section D

OPERATING INSTRUCTIONS
—_—  m

l. Before the operator attempts to run the engine, he should carefully
study the chapters dealing with the mechanical details, especially
those of the control system (see Section R). He should also study
the Westinghouse Air Brake Company equipment and should make
clear to himself how it functions. A description of this equipment
will be found in the Westinghouse section under “Auxiliary Equip-

Particular attention is called to the schematic diagrams of air con-
nections shown in the Westinghouse section referred to above. The
operator should also note how the control lever functions and what
happens when it is moved to the various locations for “Stop”, “Start”
and “Run”. See that the selector lever, which is mounted on the in-
strument board, is in the proper location for control from the ma-
chine room. The first start should always be made with the engine
controls and the operator should make sure that everything is func-
tioning properly before attempting to control the engine from the
pilot house.

Two sets of cams are mounted on the camshaft, one for AHEAD run-
ning and one for ASTERN. These cams are provided with sloping
ramps which allow the cam follower rollers to slide up on any cam
when the cam lobe is in front of roller when the camshaft is shifted |
from AHEAD to ASTERN or vice versa by the air cylinder in the con- ]
trol unit. The fuel cams on these engines also serve to actuate the

starting air valves during the starting periods. The camshait is posi-
tioned for AHEAD or ASTERN running by an air cylinder in the control |
unit as described in Section R. |

The handle on the control lever is threaded on the lever in such a man- |
ner that when it is screwed down the lever is locked in position. When |
maneuvering is finished, the handle part should be screwed down 8o
that the lever will not slip from the position for which it is set. After
the operator has familiarized himself with the controls, in accordance

- with the above, the starting air can be turned on and the engine is ready
! for maneuvering, See that the starting air pressure is between 150 and

H p— :

250 pounds per square inch. |
2. TO GO AHEAD FROM STOP (See Fig. D=1)
“

(a) Unscrew control lever handle and move it to “idle" position “A",
Should the engine have stopped in the reverse direction of rotation,
this movement of the lever will then cause the camshaft to be shifted
to the position for AHEAD running, ' Keep the control lever handle |
unscrewed so that the lever can be moved freely.
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(b) Move the lever to the “gtart”
position (“B" on Fig. D-1).
The engine will now start to
turn over on air. A small a-
mount of fuel will also be on
| at this point but this is mere-
t ly done to have the fuel pump
ready for fuel delivery when "
the air is turned off. E START (¢

(¢) As soon as the engine has
reached the cranking speed
move the control lever back o
to position *A". This move- B =1 START({
ment of the lever causes the
starting air to be shut off and

| allows the fuel pumps to deli-

. ver fuel providing the engine

is turning over in the correct

direction of rotation. The en-

gine should now be turning over
at the slowest speed and should
be firing on all cylinders. FIG. D=1

e e ———— —

(d) Move control lever to the de- :
sired speed and lock it in position by screwing down the control
handle.

3. TO REVERSE THE ENGINE (Normal Reversing) (See Fig. D-1)

| (a) Unscrew control lever handle and return the lever to STOP.
| HOLD THE LEVER IN THIS POSITION UNTIL THE ENGINE HAS
STOPPED,

(b) Move the lever to position “D" in the ASTERN direction and hold
for a moment to give the mechanism time to shift camshaft to
ASTERN,

(c) As soon as the air cylinder has moved the camshaft to ita ASTERN
position, move the lever to position "E". The engine will then be-
gin to turn over on air in the ASTERN direction.

(d) When the cranking speed is sufficient, move lever back to position
“D". The engine will then run ASTERN on fuel.

(e) Move the lever until the desired speed is attained and then lock it
by screwing down the handle. -
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4. FAST OR “CRASH" REVERSING

For all normal reversing and maneuvering the directions in para-
graph (3) should be followed. However, STOP (a) in paragraph (3)
will require some time in order to allow the engine to come to a
complete stop and in emergencies this time may not be available.
A system has therefore been devised to BRAKE the engine with the
starting air and then automatically start it in the direction called
for. The procedure is then to move the handle in a steady motion,
passing the STOP position, into the starting notch of the rotation
called for.

Let us follow this operation

on the maneuvering dial Fig.
D=2. Control handle is at
point “C", Engine is run-
ning: “FULL SPEED AHEAD",
The call for “FULL SPEED
ASTERN" has to be answered,

ASTERN

FULL P SPEED

(a) Unscrew control lever
handle.

(b)) MOVE HANDLE with
uniform motion, without
hesitating at stop position,
TO POINT “D" AND INTO
NOTCH “E", THE START-
ING POSITION FOR A-
STERN ROTATION.

mn »n
FuLL @ speenb-C

(¢) HOLD LEVER IN THIS
POSITION UNTIL START -
ING AIR by the action of ol

the air starting cam, the FIG.D-2

air starting check valve

actuators and cylinder pressure release valves, WILL BRAKE
THE ENGINE AND HOLD LEVER UNTIL STARTING AIR STARTS
ENGINE IN ASTERN ROTATION.

(d) After engine reaches cranking speed, move control lever BACK
TO THE IDLING DETENT, POSITION “D".

(¢) Then move to point “F" -- FULL - SPEED - ASTERN.

NEVER BYPASS THE STARTING POSITION. Braking effort is
available only at this position and only as long as engine is turning
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5.

in opposite direction to the direction called for by the control
lever.

Identical operations are required from full speed astern to full
speed ahead.

NOTE: Maneuver the engine either in accordance with instructions in
paragraph (3) for NORMAL REVERSING or in accordance with para-
graph (4) for CRASH REVERSING. Do not mix the two. For instance
do not, following instructions in paragraph (3) hold the handle in STOP
until the engine has almost stopped and then move it to START. Under
such conditions the engine can AIR-LOCK. Either move the handle to
STOP (which should be the normal procedure) and wait until the engine
has stopped before moving into START or move directly to START as
described in paragraph (4).

Keep control handle in all starting positions long enough until engine
has time to obtain the proper cranking speed. This has to be strictly
observed when operating from the remote control stand and having no
direct observation of the engine.

INITIAL STARTING AND STARTING AFTER PROLONGED SHUTDOWN

(a) A final check should be given all fuel, air, lubricating oil and water
lines, giving attention to the location and position of shut-off valves,
check valves, etc. Itis well to trace each system through making
sure that there are not short circuits or blockages.

(b) For the initial starting it is well, although not absolutely necessary,
to fill the pressure lines and passages of the lubricating oil system.
For this purpose a small hand operated gear pump or piston pump
can be used. When the pressure lines are full, a slight pressure
will register on the pressure gauge. This procedure will insure
lubricating oil pressure immediately upon starting.

(¢) Prime the fuel transfer pump and the lubricating oil pressure and
sump pumps. '

(d) Open any valves or stop cocks between the engine and the fuel day
tank and close the shut-off valve to the fuel main tank. This will
insure a positive fuel head on the fuel transfer pump and fuel filter
and header. Then open the compression or indicating cocks on the
front side of the engine.

(e) With indicating cocks open turn the engine over on air. Do not move
the control lever beyond starting position “B" (see Fig. D-1). Ob-
serve the fuel pressure on the gauge board. A couple of starts may
be necessary for the fuel pressure to register and it may also be
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necessary to reprime the fuel transfer pump. As soon as fuel
pressure registers move the control lever to STOP.

(f) Remove the cylinder head covers and the front covers on the cyl-
inder block thus making the fuel injection pumps and the nozzle
holders accessible. Next loosen the vent plug on one fuel pump
about one turn. Then insert the priming bar furnished with the
tool equipment so that its pivot ledge rests on top of the valve
lifter guide to the left of the pump and its extreme end is under
the arm on the pump lifter which operates the air starting valve.
Work the priming bar after pulling out the pump rack until fuel
issues through the vent plug, then close this plug tightly.

(g) Next open the vent valve on the corresponding nozzle holder and
again work the priming bar with the fuel rack pulled out, until fuel
free of air issues through the leak-off tube. Then close the vent
valve and give the pump a few strokes with the priming bar but do
not force it. As soon as resistance is felt satop the priming.

Repeat priming procedure in paragraphs (f) and (g) on all pumps
and nozzle holders.

(h) Start the engine by the method described in the preceding sections

and run it at slow speed. Referring to paragraph (c) under the cap-
: tion “To Go Ahead From Stop” it sometimes happens that the en-

gine does not fire when the control handle is moved to the position
for “idle” (for initial start it is well to move the handle down to a
point midway between IDLE and FULL SPEED and then move it
back somewhat when the engine fires). This means that the fuel
injection pumps are not properly primed and it may then be neces-
sary to repeat procedure in paragraphs (d), (f) and (g).

(i) As soon as firing starts, with the engine running not over 300 RPM,
crack the vent valves on the nozzle holders open, one at a time.
Then close the open valve and open the next one. This is to clear
the fuel system of any residual air and eliminate any unevenness of
firing. Repeat the procedure if necessary.

(k) With the engine running at 300 RPM or less immediately check the
— - following:

1. Lubricating oil pressure and circulation. Observe oil level in
day tank. Engine will absorb several gallons when started up.

2. Circulation of cooling water. Do not run the engine longer than
two minutes or at high speed unless water circulation has start-
= ed. In some instances priming of the water pump will be neces-
sary but do not prime until the engine has cooled down.
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(1) Reassemble the cylinder head covers and tighten down firmly to
prevent loss of lubricating oil. Before replacing covers be sure
that vent valves on nozzle holders are tightly closed. Then open
the valve to the fuel main tank and speed the engine up to about
300 to 350 RPM and check the following:

1. On supercharged engines feel the water discharge line to make
sure that water is circulating through the turbocharger. (Itis
well to open the vent valve on the discharge line to make sure
that water is circulating.)

i —— ——"
i “H

2. Oil and water leakage from external lines and fittings.

3. Hot bearings. Feel back crankcase covers at intervals to lo-
cate any hot areas which would indicate hot oil from a hot bear-
ing.

4. Feel water jackets and manifolds for even water circulation.

5. Listen to the engine for evenness of firing and mechanical
knocks.

(m) The engine should be brought up to full speed and load slowly.
At each speed the items listed under (k) and (1) should be checked.
The cylinder block front covers should then be replaced.

6. ROUTINE STARTING AND MANEUVERING

Always check the positions of fuel oil and water shut-off valves and
make certain that no tools or the cranking bar have been left where
they can interfere with flywheel or shafting. After starting up check
water circulation, lubricating oil level and pressure. The formation
of a habit of checking these items automatically whenever the engine
is started is likely to prevent accidents and serious damage.

C———

If reversing air maneuvering operations have not been performed as
described in paragraph (3) or (4) the engine may air-lock in which
case it will be impossible to start in either ahead or astiern. In case
this happens, set the control handle in position “B" if AHEAD running
is desired and in position “E” for ASTERN running. Then quickly open
and close the indicator cocks, one at a time, starting with the forward
cylinder. One of the cylinders will have its starting air on and on this
cylinder air will keep on issuing as long as the indicator cock is open.
Close the valve and proceed to the next cylinder until the one that has
its compression locked against the starting air is found. As soon as
this compression has been relieved the engine will start turning over,
whereupon the valve should be quickly closed. The operator should
then move the control handle further to affect the desired speed of
running on fuel.
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7. ALARM CONTROL SYSTEM

There is an alarm cabinet for the engine room and one identical in
appearance for the pilot house. Mounted on the front of each cabinet
are properly labeled pilot lights for lube oil pressure, water temper-
ature, and air pressure; push buttons for testing and stopping the a-
larm; alarm horn and main line power switch.

The power switch, labeled “Power On-Off", is the means of electri-
cal connection between the source of electrical power and the alarm
cabinet.

The engine is equipped with an air pressure switch set at 50 p.s.i.

and connected pneumatically to the air stop cylinder. When the en-

gine is running the stop cylinder has no pressure and the electrical

contact of the above switch is closed to energize the alarm system.

When air pressure is applied to the stop cylinder for stopping the

engine or for maneuvering the boat, the air pressure switch opens

the circuit to the alarm control. This will prevent the alarm sound-
_ ing while the boat is being maneuvered and will de-energize the alarm
" ' control automatically when the engine is stopped for a longer period.

When the engine is restarted the alarm will not sound but the lube oil
pressure pilot light will be illuminated. When the oil pressure builds
up to normal the light will go out and the horn will become set auto-
matically so that a future drop in oil pressure will sourd the alarm.

There is another air pressure switch set at 150 p.s.i. and connected
pneumatically to the main air supply. If the air supply drops below
150 p.s.i., the alarm will sound and the pilot light labeled “Air Pres-
sure” will become illuminated and the lights on the control stand will
change from green to red.

If the engine jacket water temperature becomes e:cei:ivaly high the
| i alarm will sound and the pilot light labeled “Water Temperature” will
' | illuminate.

The horn in the engine room may be silenced by pressing the button
_on the engine room alarm cabinet labeled “Stop Alarm”, The horn in
 the pilot house may be silenced by the button on the pilot house alarm
cabinet. But the silencing of the horn at one location does not affect
the horn at the other location.

The alarm and lights may be tested either before the engine has been

started or while it is running by pressing the button labeled “Test A-
| larm®. The testing of alarm and lights at one location does not sound
the alarm nor affect the lights at the other location.
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I The alarm control is so designed that if the alarm has been silenced
for one abnormal condition, it will sound again if another abnormal
condition develops even though the first has not been corrected. When
the abnormal condition has been corrected the alarm resets automati-
cally to sound again if the same condition recurs.
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LOWER BASE, CRANKSHAFT AND BEARINGS

l. BASE

The cast iron base is heavily ribbed to support the main bearing saddles and to form
a rigid structure upon which the engine is built. A trough extending longitudinally
along the bottom serves as a drain for the lubricating oil to the scavenge pump suc-
tion strainer which is loc¢ated at the flywheel end. The lubricating oil pressure header
is located in the chamberformed by the base foot on the exhaust side of the engine.

2. MAIN BEARINGS

The crankshaft turns in babbitt lined steel backed bearing shells, held in place in the
base by the main bearing caps. The crankshaft is located longitudinally by babbitt
faces on the shells of the flywheel end bearing. The thrust clearance is .004™ to .0107
when new and should not be allowed to exceed .0207.

The bearing shells are prevented from rotating in the base by dowels in the caps and
are located fore and aft by dowel pins in the bottom of the bearing saddles which en-
gage circumferential grooves around the outside of the shells. After removing the
caps and top shells the bottom shells may be rolled out by ifserting a pin in the crank-,
shaft oil holes and barring the shaft around.

The bearing shelis are of the precision type and are assembled without shims. The
shells are interchangeable and do not require fitting. In case a bearing shell is worn
to a point where it should be replaced all that is necessary is to remove the old shell
and substitute a new one. Under no circumstances should a shell be filed, fitted or
::rn!:ed whin it is _rsglacemm?h-e new shell, as well as
the bearing saddle, is clean when a new shell is assembled. In an emergency it is
perfectly proper to exchange the top and bottom shells on any one bearing.

The manufacturing tolerances on bases, caps, shells and crankshaft allow journal
clearances of .005" to .010™ on the diameter. It is, however, comparatively seldom
that these extreme clearances are reached in manufacture, and clearances from .006"
to .009™ may be considered normal. Bearing shells should be replaced when the di-
ametral clearance has reached .015". Clearances should be measured by means of
soft lead wires or miked with the cap bolt nuts tightenf@ down to their proper torque
which is 300 to 330 foot pounds for center and intermediate bearings and 350 to 380
oot pounds for end bearings. Torque wrenches should preferably be used to ascer-
tain these torque values. However, if such a wrench is not available the torque may
be approximated by using the main bearing socket and bar furnished with the tool
equipment. An average man pulling hard at the end of this bar will exert a torque of
approximately 300 to 350 foot pounds. Do not under any circumstances use a sledge

in tightening the main hearing bolts.

The bearing caps are all numbered and a corresponding number will be found on the
lower base. Always match these numbers and always reassemble a cap in its proper
place. Also note on which side the caps are riumbered and do not turn the caps around
when reassembling them.

3. CRANKSHAFT ALIGNMENT

The crankshaft alignment should be checked at annual overhauls or at intervals of not
more than 10,000 service hours. A good idea of the alignment may be obtained hy
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measuring the bearing clearances with a soft lead or fuse wire. If all bearings are
worn to about the same clearance the bearings will be approximately in line and if
this clearance is less than .012" it will be satisfactory to leave everything alone un-
til the next overhaul period. If the wear is uneven it is, however, best to replace all
the bearing shells to make sure that the alignment is satisfactory.

The crankshaft alignment may also be checked with a gap or strain gauge as follows:
Stamp two center punch marks, as shown in Fig, F-1, on all cranks. Starting with No.
1 cylinder crank, remove adjacent main bearing caps and locate the crank as near
lower center as gap gauge will permit. Using jack screws between bearing journal
and center frame force shaft against lower bearing half (Protect shaft with a piece of
wood or sheet copper) and record the gap gauge reading. Then loosen jackscrews and
bar over until crank is on upper dead center. Again tighten jack screws and record
the gauge reading. Repeat on all other cranks.

Comparison of gauge measurements in upper and lower centers will indicate crank-
shaft alignment conditions. Normally the measurements for the cranks in top posi-
tion are slightly larger than measurements for the same cranks in the bottom posi-
tion., However, the difference in measurement for any one crank should not exceed
.003", If this is the case, new bearing shells are indicated.

GAP OR STRAIN Cooer
SAGE -
o CENTER

LIGHT CENTER
PUNCH MARKS
DIRECTLY

OPPOSITE EACH OTHER

il ——

CRANK IN
LOWER CENTER

"R Rl FIG. F-1
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CENTERFRAME--CYLINDER BLOCK & LINER, CYLINDER HEAD & VALVES

e

1. CENTERFRAME

The centerframe, which rests on the engine base and supports the cylinder block,

carries the camshaft bearings and forms the crankcase housing. The tie bolts are
provided with nuts below the bearing saddles in the base and extend up through the
centerframe and into the cylinder block, where recesses are provided in each side

for the upper nuts. The centerframe is located on the base and the cylinder block

| on the centerframe by dowels. Crankcase sealer is used to make the joints between

the three pieces, and if these joints are disturbed the oil sealer must be thoroughly ‘
scraped off and replaced by new sealer when reassembling. Glyptal Lacquer is re- |
commended for sealer. ‘

2. CYLINDER BLOCK AND CYLINDER LINERS

The individual liners are mounted in the cylinder block, which forms the water jacket
surrounding the liners and supports the cylinder heads. A compartment on the cam-
shaft side of the cylinder block encloses the valve lifters, push rods, starting air
manifold and the fuel injection pumps and fuel header.

The cylinder liners are special alloy iron castings, heat treated to relieve stresses

and secure correct hardness. They are accurately machined to close tolerances and-
should be handled carefully and care taken not to damage the fits at top and bottom. _
Spare liners should always be stored in a vertical position and should be securely [
fastened down if stored on board ship. The water seal at the bottom of the liner con=-
sists of two rubber grommets which should always be replaced with new ones when-
ever a liner is pulled. ' |

When lowering a liner into place, use liquid soap or grease the grommets freely with
cup grease and use care to enter the grommets into the cylinder fit or they may be
pinched and damaged. The liner has from .002” to .005" clearance in the cylinder at i
both top and bottom fits and no difficulty should be encountered in installing a new
liner. A paper gasket .010" thick is used for the upper water seal between the liner ||
and cylinder, and a new gasket should always be used when replacing a liner. The |
fits and shoulders on both liner and cylinder should be carefully scraped and wiped '
clean to assure a water tight joint. Care must be taken not to damage these shoulders, [
as a water leak will result. Dowels in the tops of the liners engage keyways in the
centerframe and assure correct orientation of the liners.

3. CYLINDER HEAD

The individual cast iron cylinder heads are carefully designed for strength and uni-

form cooling. The area above the liner is fully water jacketed, and a housing extends |

out from the camshaft side of the head to mate with the opening in the top of the push

rod compartment in the cylinder block. The six cylinder head bolts are studded into

the cylinder block, and the head is centered by a spigot which engages a counterbore

in the top of the liner. A 1/32" thick copper gasket under the spigot forms the gas |
| seal, and soft cork gaskets around the push rod compartment opening and cylinder |

head studs make oil tight seals at these points and still allows the head to be pulled

down tightly on the copper gasket. Brass bushings screwed into the tops of the cy-

linder block and extending up into drilled holes in the head carry the cooling water

into the head. They are sealed by rubber grommets, which should always be replaced

by new ones when a head is pulled.
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4.

6.

When replacing a head, carefully wipe all dirt from the lower surface and thoroughly
clean both sides of the copper gasket, as well as the surfaces of the head and liner
which bear against it. Always use care to protect the spigot on the bottom of the head
as nicks and scratches will result in a leaky joint. Place heads on wooden blocks,
never on concrete floor or steel deck, and use care that spare heads are not damaged
in storage and handling. Covers over the tops of the heads fully enclose the valve
rockers and push rods.

INLET AND EXHAUST VALVES

The one piece forged steel inlet and exhaust valves seat directly in the head and are
guided in replaceable cast iron bushings pressed into the head. The inlet and exhaust

valves are identical and interchangeable.

Two concentric valve springs are used on each valve. They are centered by the valve
guide and are held in place by a retainer which is secured to the valve stem by means
of a split taper collar. Depressing the retainer against the spring permits removal
of the collar and disassembly of valve and springs.

If valve faces are badly pitted they should be refaced on a lathe, as excessive grind-
ing to remove pits will wear down the seats in the heads unnecessarily and will also
cut a groove in the valve face. Badly pitted seats should also be refaced with a seat
reamer before grinding, taking particular care to keep the seat concentric and square
with the bore of the guide. After refacing, the valves should be ground in lightly.
Valve guides should be replaced if excessively worn, and new guides must be reamed
to .750 - .7505 diameter after pressing in.

STARTING AIR CHECK VALVE

The starting air check valve is seated directly in the head. The clearance in the
valve guide should be .0015" to .003" and the lift 1/8" to 5/32". The lift can be ad-
justed by means of the castle nut on top of the valve stem. Be sure that this nut is
properly cotter pinned. Use 1/8" x 1-1/4" long cotter pin. If valve guide is replaced
ream the hole .625" - .6255" diameter after pressing in.

STARTING AIR CHECK VALVE - ACTUATOR

The air starting check valve actuator consisting of a piston, which rests on top of
the air starting check valve and is guided with a laped fit in a cylinder, serves for
the application of the starting air engine braking device.

CYLINDER PRESSURE RELEASE VALVE

The cylinder pressure release valve is mounted by means of an adaptor directly to
the cylinder head exhaust side. The spring loaded valve is actuated by air during
reversing from the pneumatic control system. If valve should tend to stick, valve
and piston should be cleaned from carbon and dirt deposits.

CYLINDER COMPRESSION RELIEF OR SAFETY VALVE

The compression relief valve is mounted to the pressure release valve adaptor.
The valve spring is set to relieve pressure at approximately 1200 p.s.i. ‘Do not
allow this valve to blow or leak for any length of time as the valve and valve seat
will then surely be damaged and the spring is apt to become annealed and lose its
tension. If this has happened and the valve does not seat tightly it should be re-
ground and a new spring applied. '
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Section K

A bronze bushing for the piston pin is pressed in the upper end of the rod. If this
bushing is replaced it must be reamed to allow a piston pin clearance of .002" to

003". Care must be taken to keep the reamed hole exactly parallel with the foot

of the rod. One of the holes connecting the inner and outer grooves in the bushing
should be exactly in line with the hole in the connecting rod.

CONNECTING ROD BEARINGS

The crankpin boxes are steel castings, accurately bored, and are equipped with loose
bearing shells. These shells are bronze backed and care should be taken that backs
of shells and bores of boxes are absolutely clean when assembling. The shells pro-
ject above the faces of the crankpin box halves .002" to .0035™ but are squeezed down
flush when the connecting rod bolts are tightened up. Bearing clearances should be
.005" to .008™ when new, and shells should be replaced when the clearance has reach-
ed .012". When clearances are measured, the connecting rod bolt nuts should be
torqued up to 175 to 200 foot pounds. Soft lead wire may be used or bore can be
measured with inside mikes.

The bearing shells are of precision type and interchangeable. Under no circumstances
should a shell be filed, fitted or scraped when it is replaced. All that is necessary is

to remove the old ehell and substitute a new one. Be sure that all parts are clean

when assembling.

The two crankpin box halves are held together by bolts so that the connecting rods
and connecting rod bolts can be removed without disturbing the bearings. These bolts
are a close fit in the two box halves and serve as dowels. Always mark these bolts
before removal so that they can be put back in the same place from which they were
removed. Do not mix them up.

CONNECTING ROD BOLTS

The connecting rod bolts, fitting in reamed holes, hold the two halves of the crankpin
boxes together and to the foot of the rod. The nuts should be kept pulled up tightly
to a torque of 175 to 200 foot pounds. Itis recommended that all connecting rod
bolts be replaced every two years, assuming the engine to have had continuous ser-=
vice during that time, say 8000 hours or morTe. Replacing bolts as suggested above
is cheap insurance against the possibility of wrecking an engine through connecting
rod bolt failure. Replace cotter pins carefully, always using new cotter pins. Be
gure that they are a close fit in the hole and bend the ends back tightly against the
sides of the nut. If this work is left to inexperienced mechanics it should be very
carefully inspected at the completion of the job. Always replace rods, bearings and
pistons in the cylinders from which they were removed. All parts are numbered.

——
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PISTON AND CONNECTING RQOD

PISTON - Naturally Aspirated Engines

The pistons which are of the one-piece, solid-skirt type are made of high grade cast
jron and are heat treated to relieve stresses and to obtain proper hardness. The
piston is ground straight, that is, without taper, from the bottom up to the ring belt.
The clearance in the liner is .009" to .011". The head of the piston being exposed
to high temperatures is given a larger clearance, .050" to .055".

The piston pin bearing is lubricated by force feed, the oil being conducted from the
main bearings through the crankshaft up through the rifle drilled connecting rod.

The outside and the inside of the piston pin bushing are provided with annular grooves
and these are connected by a series of holes allowing the cil to lubricate the piston
pin.

PISTON - SuEér:htrged EnEen

The pistons in supercharged engines are cooled by means of lubricating oil from the
force feed system. In this case the lubricating oil cooler is larger to cope with the
increased heat load. The pressure oil is delivered to the piston pin on both the non-
supercharged and the supercharged engines in exactly the same manner, that is,
through drilled holes in the connecting rod and crankshaft and through grooves in
main and connecting rod bearing shells. The supercharged engine and the non-super-
charged have, however, piston pins of different construction.

Referring to Fig. K-1, the piston pin is
hollow with plugged ends. It has two
holes in the center which allow the oil |

to enter the inside of the pin from the |
connecting rod oil hole, and the two A |
annular grooves and connecting holes in = = | |

the bushing, Consequently the inside of
the piston pin is always supplied with oil
under pressure,

Another series of holes close to the end

of the piston pin also connect the inside of
the pin with the outside. At least one of
these holes on one side of the pin registers
with a drilled hole in the piston leading to '
a closed chamber immediately under the SECTION A-A A
piston crown (See Section A-A on Fig. K-1).

Another drilled hole in the piston allows .

the oil to drain back to the crankcase af- ‘

7

ter it has cooled the piston crown. This
last mentioned hole should never be plug- FIG: = K=
ged or restricted in any way. i

|
The skirt on the supercharged piston is ‘
ground with a slight taper of approximately .003" in the length of the skirt. The clear- |
ance in the liner at the bottom of the skirt is .010" to .012". In this case also the head
of the piston is given a larger clearance, i.e. .060" to .065".

&
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PISTON PIN

Floating type piston pins are retained in the piston by means of snap rings in the
naturally aspirated engine and by means of cast iron plugs which are pressed into a
counterbore in the piston on supercharged engines. A tapped hole is provided in each
plug to permit removal. After one plug is removed the other one may be removed by
inserting a rod or bar thru the piston pin and tapping lightly with a hammmer. When
replacing these plugs always be sure to line up the dowel pin with the slot in the pis-
ton. It is advisable to replace the plugs in the same counterbore from which they
were removed. This type of pin should be fitted with a clearance of .0015" to .0025"
in the piston.

PISTON RINGS

Six rings are used per piston, an oil ring above and below the piston pin and four com-
pression rings. Always assemble the oil rings with the bevel up, to slide over the

oil film on the upstroke and scrape it down on the return. When overhauling pistons,
thoroughly clean all carbon from rings and grooves and top of piston. Fuel deposit

on the piston skirt can best be dissolved with cleaning solvent or paint remover. Be
sure all oil drain holes in the oil rings grooves are open.

Check rings for side clearance in grooves and end clearance, as measured in place
in the liner. Side clearance should be .005" to .007" on top compression rings and
.004" to .006" for all other rings and end or gap clearance .005" per inch of bore
diameter for the top ring. For the other rings the gap clearance should be .003" per
inch of bore diameter. ;

Rings should be discarded when the side clearance exceeds .008" and the end clear-
ance .007" to .008" per inch of bore diameter. It is also a good policy to discard any
rings which have been stuck for any length of time as they are apt to be out of round
and may not hold compression. Always check new rings, measuring the side clear-
ance, in the groove in which the ring is to run, with feeler gauge, and the end clear-
ance with the ring in the liner at the smallest diameter. Never install rings with
less clearance than that given above. As the oil rings wear the width of the flat in-
creases, with consequent decrease in width of bevel and oil scraping ability. Ex-
perience will determine permissible wear without excessive oil pumping.

CONNECTING ROD

The connecting rods are steel drop forg-

ings, rifle drilled to carry ocil to the pis- ASPIRATED ENGINE
ton pins. Shims between foot of rod and
crankpin box provide adjustment to bal=-
ance compression pressures in the cy-
linders to the desired value. The dis-
tance *X" (See Fig. K-2) between the
top of the piston and the top of the liner
should be .300" for the naturally aspi-
rated engine, For the supercharged en-
gine distance "X" should be .100". When
taking measurement “X" the piston
should be at top dead center and the cy-
linder liner must be securely clamped
down into the cylinder. The cylinder
block hold down nuts must also be tight when making this adjustment.

FIG. K=2
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CAMSHAFT AND VALVE OPERATING GEAR

1. CAMSHAFT
R — e —

The camshaft is made of 2" ground steel shafting, The keyways in the shaft are in-
dexed for the firing sequence stamped on the engine nameplate. Number 1 cylinder

is located at the forward end of the marine engines or at the end opposite the flywheel
on stationary engines.

2. CAMSHAFT BEARINGS
h

The camshaft bearings are accurately machined, cast iron blocks with pressed-in
babbitt lined steel backed bushings. Bearing bore in bushing is 2.004™ - 2,005" di-
ameter, which allows a running clearance of .004" to .006". The bearing blocks are
held in machined recesses cut in the webs of the centerframe and are secured by cap=-
screws which also hold the o0il header.

= | The camshaft thrust on stationary engines is carried by the bearing opposite the fly-
- Wheel end. On marine engines the thrust is taken by the muff on the shifter level in
the control unit at the forward end.

—— 3' CANES

The cams are accurately ground to shape after being case hardened. The fuel cam
— also serves to actuate the starting air valve. All cams are a sliding or light tap fit
on the camshaft and are held in position by fitted keys. Longitudinally cams are se-
cured by dog point set screws which enter the camshaft to a depth of 1/8". After cams '
have been located in the Proper position at the factory the set screws are spotted in '
the camshaft and the screws tightened up. The ends of the screws are then peened
over into slots milled in the cams to pPrevent unscrewing,

w

— On direct reversible marine engines there are two sets of cams, one for “ahead” and

one for “astern” running. The “ahead” and “astern” exhaust valve cams are made in

one piece, and this is also true of “ahead™ and “astern” inlet cams and fuel cams. The

cam lobes are provided with slanted ramps so that the roller followers can climb the ‘
cam lobes when the camshaft is shifted from the “ahead™ to the “astern” position or |
vice versa. |

= 4. CAMSHAFT REMOVAL <\
“

The camshaft gear should then be removed whereupon the crankshaft can be taken out
after the capscrews holding the bearing blocks and oil manifold have been removed.
The bearing blocks are a snug fit in the centerframe recesses and the shaft should

be moved out evenly along its entire length.
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5. VALVE LIFTERS AND PUSH RODS AND ROCKERS
Referring to Fig. L-1 the steel valve lifters work in cast iron guides bolted to the top
of the centerframe. Clearance petween lifters and guides is .0015" to .003". The
lifters are provided with roller bearinged roller followers, the rollers forming the
outer race of the bearings. A hardened pin extending thru the lifter forms the inner
race. The floating pin fits snugly in the lifter, the clearance being .0005" to .00 |
and is held in place by the lifter guide. The roller extends through slots in the lifter
guides and is thus held in alignment with the cams.

The inlet and exhaust push rods are fabricated
from seamless steel tubing of 7/8" diameter.
Steel ends are pressed into the tubing, the lower
end being rounded to fit into the lifter and the

ﬂ'*’"n . upper end forming a socket to receive the ad-
1A "“f‘!‘ﬁ‘) \ justing screw in the rocker. The push rods
i are enclosed by steel tubes which lead the lub-
b 1 ricating oil down from the cylinder heads to
i the crankcase. Rubber grommets at the upper

ends and by plates at the lower ends form oil

R ) LR | : and lower ends clamped by glands at the upper -

: tight seals confining the oil within the tubes.

’ ' Drilled holes in the lifters allow the oil to drop
/’ down on the lifter rollers and cams furnishing

i lubrication of these parts.

The valve rockers are fulecrumed on shafts sup-

| . mEER AING ported by brackets bolted to the top of the cy-

% ' linder head. The shafts are secured in place

: \ in the split bracket by clamping down of the
LT ]

hold down bolt on the split side. The shafts

are drilled for lubrication, the various holes

| being located by the nipple on top through which

'I the oil is introduced. The shaft shoulder should
be up against the face of the bracket. (see Fig.

L-1)

| The rockers are drilled for lubrication of the
) push rod end and are provided with a trough

|

|

to lead oil to the valves. A small amount of
o oil is fed to this trough by the oil hole on top.
The rocker bronze bushing has a clearance of
_0015" to .003" on the shaft.

WALYE LIFTER

LIFTER GUNOE

e

6.CAM OPERATED STARTING AIR VALVES

The cam operated starting air valves, one for S
each cylinder, are built into the starting air

" manifold. When there is no air pressure in
the manifold the push rod and valves are held .
out of engagement with the arm on the fuel |
pump lifter by the spring at the lower end of F
the push rod. When, however, starting air 13

pressure is admitted to the manifold the pressure over the area of the valve stem forces

the valve down on its seat and likewise lowers the push rod against the above mentioned

FIG. L=1
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spring. As the camshaft rotates, the push rod and valve will then be actuated by the
fuel cam by means of the arm on the fuel pump lifter and will follow the cam from
the moment the valve is lifted off its seat until it is again seated.

Consequently, starting air will be admitted to the cylinders at the proper time and
in the proper sequence. The check valves in the cylinder heads prevent combustion
gases from entering the starting air passages. These valves are described in Sec-
tion H.

7. VALVE TIMING - NON-SUPERCHARGED ENGINES
The correct valve timing for the engine is given in the following table.

Starting Air Valve Opens - - Top Center
Starting Air Valve Closes - -50 to 55° B.B.C
Inlet Valve Opens = = = - = = 7-1/2° B.T.C.
Inlet Valve Closes= = = = = = 35° A.B.C.
Exhaust Valve Opens - - - - 359 B,B.C.
- Exhaust Valve Closes - - - - 7-1/2° A.T.C.
Fuel Pump Port Closing- - - See engine name plate.

8. VALVE TIMING - SUPERCHARGED ENGINES
“

Starting Air Valve Opens - - Top Center to 5° A.T.C.
Starting Air Valve Closes~ - 55 to 60° B.B.C.

Inlet Valve Opens = = = = = - 75° B, T.C.

Inlet Valve Closes~ - = = = = 40° A .B.C.

Exhaust Valve Opens - - = = 50° B.B.C.

Exhaust Valve Closes - - = = 65° A.T.C,

Fuel Pump Port Closing- - - See engine name plate.

9. STARTING AIR VALVE TIMING |!

(a) Remove the plug over starting air pilot valve for Cylinder No. 1 and hold valve |
down firmly on its seat.
(b) Spot piston at top center on non-supercharged engine and 2° to 5° after top center
on supercharged models at end of the compression stroke. Adjust the push rod
so that the valve is just opening. Check the closing point, which should fall with-
in 59 of the position given in the table. On supercharged engines be sure that the
air start valve closes before the exhaust valve opens.
(¢) Adjust and record starting air valves for the other cylinders as above.

3 10. TIMING GEAR TRAIN

The camshaft is driven from a gear on the crankshaft by means of an intermediate
gear. The crankshaft gear is split, and is held in place on the shaft by split collars
clamped over each end of the gear.

The intermediate gear is ball bearinged on a pin which is part of a forged steel brac-
ket bolted to the inner face of the gear housing. The bracket is positioned and doweled
to the gear housing to allow .008" to .011" backlash between the crankshaft and cam-
shaft gears.
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The intermediate gear and bracket can be removed as a unit through the opening on

top of the gear housing after the camshaft gear has been removed. If this is done be
sure to note the location of the crankshaft and camshaft gear before disassembly so

that these parts can be properly reassembled in their proper relationship.

4. L12 - Ed3-4
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FUEL SYSTEM
“
e —

The complete fuel system may be conveniently divided into two parts, the fuel supply
system and the fuel injection system. The fuel supply system is made up of the fuel
transfer pump, the fuel day tank and the fuel filter and header, while the fuel injection
system includes the fuel injection pumps, the fuel spray valves and the connecting tubing.

1. IMPORTANCE OF CLEANLINESS IN FUEL HANDLING
e == = e — e s —— s

The fuel injection pumps and fuel spray valves have been referred to as the heart of

the Diesel engine and the Proper functioning of these parts is necessary for the suc-

cessful operation of the engine. These pumps depend upon lapped plungers working

in cylinders with clearances measured in hundred thousandths of an inch and it is

vital that the fuel entering these parts be kept free of any grit or foreign matter. The

engine is equipped with filters for this purpose but it is also necessary for the oper-

ators to use every possible care in getting clean fuel oil and in keeping it clean until

it is delivered to the engine. Fuel tanks and Piping should be thoroughly cleaned when |
installed and should be kept covered at all times. |

The cartridges in the fuel filter should be periodically replaced approximately every

500 to 1000 hours of operation. The best filters obtainable will be useless if dirt is
introduced into the fuel after it has passed through them, and it is therefore of great
importance that every effort be made to protect the fuel pipes after the filter during

repairs and overhauls. Cleanliness in handling fuel, piping and injection equipment |
is of vital importance and will Pay good dividends in trouble-free operation. Many |
times mysterious and expensive pump and fuel spray valve troubles have been traced

to careless handling of fuel and carelessness in storing and installing spare parts.

2. FUEL TRANSFER PUMP

The fuel transfer pump, which is located on the housing bolted to the front side of the
gear housing at the aft end of the engine, delivers a continuous supply of fuel to the
engine and day tank from the main storage tank. It is rotary type gear pump, similar
in construction (but smaller in size) to the lubricating oil pumps described in Section
S. On direct reversible marine engines the rotary gear type fuel transfer pump is re-
versible. Consequently fuel is delivered irrespective of direction of rotation.

From the transfer pump fuel is delivered to the filter and then to the fuel header sup-
Plying the fuel injection pumps. The fuel header is located in the front compartment
of the cylinder block which also contains the fuel injection pumps.

Piping diagrams showing the hook-up between main storage tanks, fuel transfer pump
and day tank are furnished when the engine is sold. The pipe and tubing sizes shown
on the diagram should be adhered to.

3. THE INJECTION PUMPS are made by the American Bosch Corporation, Springfield,
Massachusetts. The construction of these pumps is shown in Fig. N-1. The plunger
guide (23) is held against the engine tappet by return spring (20) which also holds the
plunger (2) against the inner face of the plunger guide (23) by means of the lower
spring seat (21). These parts are reciprocated by the fuel cam of fhe engine. Dur-
ing the up stroke the plunger first closes the inlet port of the fuel pump barrel and
begins to deliver fuel through the delivery valve (7). As the plunger continues to rise,
a helical groove in the plunger surface (metering helix) uncovers the inlet port, end-
ing delivery of fuel through the delivery valve, thus terminating injection into the
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engine cylinder. As the plunger continues to rise, fuel is expelled out of the pump
barrel through the grooves cut in the plunger surface and the inlet port into the suc-
tion chamber of the pump housing (3). When the plunger reaches the end of its up
stroke it is returned to its lower position by the return spring (20) at a rate deter-
mined by the engine fuel cam. On the downstroke it uncovers the inlet port and the
fuel flows into the pump barrel under the action of the vacuum formed when the plun-
ger descends, and the pressure in the supply line.

The quantity of fuel delivered to the engine cylinder is comtrolled by rotating the
plunger so that the helical metering groove uncovers the inlet port earlier or later
during the upstroke. This is accomplished by the control rack (16) engaging with
teeth on the control sleeve (18) which is slotted at the lower end. The slots engage
with a cross bar of the plunger. The control rack is connected to the engine controls
and govermnor.

4
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ITEM PART NAME ITEM PART NAME
1. PLATE, name 19. SEAT, plunger spring — upper
2. PLUNGER and BARREL ASSEMBLY, 20. SPRING, plunger
17.0 mm dia. plunger 21. SEAT, plunger spring — lower
3, HOUSING, pump 23, GUIDE, plunger — slidable
4, HOLDER, delivery valve 24. RING, split
5. GASKET, barrel locating screw 25. SCREW, nameplate
6. SCREW, barrel locating 26. SHIM, control rack pointer
7. VALVE ASSEMBLY, delivery 27. POINTER, control rack
8. GASKET, delivery valve holder 28. SCREW, control rack pointer
10. SPRING, delivery valve 31. PLUG, lead
11. SCREW, bleeder 32. NUT, delivery nipple
12. GASKET, bleeder screw 33, GASKET, fuel inlet union
16. RACK, control 34, UNION, fuel inlet
17. SCREW, control rack 35, SCREW, retaining
18. SLEEVE, control 38. WASHER, delivery nipple nut
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4. PUMP INSTALLATION AND TIMING
m

A high grade fuel oil filter is installed in the suction line leading to the pump. Care
must be taken during installation that no dirt or other foreign matter enters the pump
or the suction line connecting it to the filter. The bleeder screw (11) permits bleed-
ing of the air out of the pump and suction line.

Timing windows are provided on the side of the pump housing and a circular timing
mark on the plunger guide (23). When pumps are mounted on the engine, the timing
mark on the plunger guide should appear at the lower end of the housing window when
the fuel cam tappet rides on the base circle of the cam. When the tappet is in its
highest position, the mark on the Plunger guide must never go beyond the upper edge
of the housing windows. Otherwise, damage will occur to the pump.

g

g

I,__._—-— DELIVERY VALVE SPRING

DELIVERY NIPPLE NUT
NIPPLE NUT WASHER

DELIVERY VALVE HOLDER

@) DELIVERY VALVE GASKET
BLEEDER SCR é DELIVERY VALVE
BLEEDER SCREW ASSEMBLY
GASKET BARREL
GASKET.

BARREL LOCATOR
INLET UNIGN—ﬂ\‘ SCREW GASKET
RETANSY oy o )
ESEREw'i*’/ 0 0 =e—BARREL LOCATOR SCREW
GASKET
————HOUSING

CONTROL RACK
CONTROL RACK

STOP SCREW

CONTROL RACK POINTER W—'—mmt SLEEVE

S UPPER SPRING SEAT
i) FLAT SPRING RING

=———PLUNGER SPRING

PLUNGER

- FIG.N-2

a> LOWER SPRING SEAT
@ PLUNGER GUIDE CUP
O ROUND SPRING RING

= N12 - Ed 1-11 3.




Section N

Timing marks are provided on the side faces of the housing windows. When the cir-
cular mark on the plunger guide registers with the mark, the inlet port is closed and
actual pumping has begun. Since the pump lag, that is, the time elapsing between the
beginning of the actual pumping at the pump and the actual delivery of fuel from the
nozzle orifices, varies with different engines, it is necessary to determine by actual
test the flywheel position at which the timing marks on the pump should register in
order to obtain the desired engine performance. Thereafter this flywheel position
can be used for timing the pumps in original installation and in field service. This
timing is stated on the engine nameplate.

D_ISASSEELY OF PUMPS (See Figs. N-1 and N-2)

All work on injection equipment should be performed in the cleanest location possi-
ble. Thoroughly clean the vise and work bench to be used. Cover the bench with
clean paper if possible and be sure that no filing, scraping or sawing is done on the
bench while injection pump repairs are in progress. A delivery valve puller tool
(not furnished with standard tool equipment) is required for complete disassembly.

a. Remove all external dirt and grease from the pump.

b. Invert the pump and support it firmly in a vise by clamping the vise jaws on the
delivery valve holder hexagon nut (not the tubing union nut). Use soft jaws.

c. Depress the plunger guide cup and insert the service pin through the hole in the
locating shoulder of the housing. Some types of housings have the hole located inside
the housing.

d. Pry out the round retaining spring ring with a screw driver. Itis well to keep the
thumb on the inside of the spring ring during this operation to prevent loss of the ring.

e. Depress the plunger guide cup and remove the service pin.

£, Remove the plunger guide cup.

g. Remove the plunger and the lower spring seat. Use extreme care to prevent strik-
ing the plunger against any part of the pump. Plunger surfaces are precision lapped
and can be nicked by contact with a hard object. Place the plunger on a bench prefer-

ably on clean paper and away from other objects.

h. Remove the plunger spring.

i. Mask a pair of pliers by wrapping the jaws with-tape. Insert these pliers in the
pump and pull out the control sleeve, upper spring seat and flat spring ring.

jo Remove the ¢Bntrol rack stop screw.
k. Slide out the control rack. Then clamp the pump uprightin a vise.
1. Remove the delivery valve holder. Watch for the spring inside the holder.

m. Remove the delivery valve spring.
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n. Screw the delivery valve puller tool over the threaded end of the valve body.

When the puller bottoms, back it off 1/2 turn. Hold the center post and tighten the
puller nut to remove the body and gasket from the housing. The delivery valve and
delivery valve body are lapped together to form a mated assembly and the valve must
be kept with the same body.

0. Remove the barrel positioning screw and gasket. This screw also acts as a spill
deflector.

Certain types of pumps have a second spill deflecting screw and gasket on the oppo-
site side of the housing in which case it must also be removed.

p- Push the barrel out from the bottorm through the top of the housing. Insert the
plunger in the barrel and place the assembly on clean paper. The plunger and the
barrel are lapped together to form a mated assembly and the plunger must be kept
with this same barrel.

g. Remove the bleeder screw with its gasket.

r. Do not remove the control rack pointer or remove the shims beneath it.

6. CLEANING AND EXAMINATION OF PUMP PARTS

A large variety of cleaning fluids and compounds are available, but in some cases

I they have objectionable characteristics that make them unsuitable for cleaning fuel

4 injection equipment parts. Bendix cleaner and Karbonoff cleaner have been found
satisfactory and are recommended as safe for cleaning pump parts. Plunger springs |

| and painted pump housings should not come in contact with the fluids, as their action

will almost immediately soften paint and remove plating. The fluids are to be used I

in accordance with their manufacturers' instructions. Regular fuel oil may be used

as a cleaner if more effective cleaners are not available. This will readily remove

grease and dirt provided a brush is used, but will not dissolve lacquers formed on

the internal parts. i

Wash each pump separately. The plunger and barrel assembly and the delivery valve
assembly must be washed separately in clean solvent. They must also be handled
individually in order to prevent them from becoming nicked by coming in contact

with other parts. Brush the parts to remove stain and dirt, if necessary. Hard or I
sharp tools, emery cloth, crocus cloth, jeweler's rouge, grinding compounds, or abra- |
sives of any kind should never be used in the cleaning of pumps. After washing the

parts lay them on a clean surface, preferably paper. .

Examine all the parts carefully. In general, it will be found that there has been only

minute wear on any of them, but abnormal conditions, such as dirt in the fuel may

have caused damage to the extent that parts will require replacement. Occasionally, ‘
it may be advisable to replace a part as a precautionary measure, whereas, actually

it might serve its purpose for an additional period of time. A cracked part is a warn-

ing of imminent breakage and replacement is essential. Do not confuse surface stains ‘
with actual cracks. |
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PLUNGER AND BARREL ASSEMBLY: Preferably examine with the aid of a magni-
fying glass. Fine scratches, scuff marks and a dull appearance of plunger surfaces
indicates considerable wear, invariably due to abrasives in the fuel oil. Such wear,
particularly on the upper portion of the lapped surface above the helix, greatly re-
duces the accuracy of delivery and affects engine performance. Plungers in this
condition must be replaced. Figure A shows an enlarged illustration of a plunger
badly worn by abrasives in the fuel oil to the extent that it is necessary to install

a new plunger and barrel. Figure B illustrates a plunger that has seen considerable
service but is still in good operating condition. The plunger and barrel are a mated
assembly and must always be replaced as an assembly, never individually.

Figure A

Examine the barrel carefully, especially the lapped end. If this surface is rusted or
pitted these marks may be removed with the aid of a surface plate and lapping com=-
pound. Otherwise the plunger and barrel must be replaced with a new one.

Occasionally, plungers are found to have dark discolorations and pit marks on the
lapped surface, which indicates corrosion caused by fuel oil containing destructive
acids or water. In such cases, the grade of fuel oil must be changed as soon as pos-
sible and the filtering system investigated. Plungers showing corrosion or pit marks
or on which the edge of the helix is rough or worn must be replaced with new ones,
because this condition prevents proper metering of fuel.

DELIVERY VALVE AND BODY: Preferably examine with the aid of a magnifying
glass. The valve should not show scratches, scuff marks, or pits on its relief piston
or on the conical seating surface. Likewise the valve body seat should not show
scratches, scuff marks or pits. These indicate wear by erosion or attack by corro-
sion and when in this condition will affect engine performance. (Slight scuff marks
can be removed from the seating surface of the valve by lapping the valve and seat
together using fuel oil and talcum powder. Do not allow this lapping compound to
reach the relief piston.)

1f badly damaged, such assemblies should be replaced. Individual parts are not inter=
changeable. If the valve when lubricated with clean oil does not slide to its seat of
its own weight, apply clean mutton tallow and work the valve into the body with a back
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and forth rotary motion to remove gummy deposits. Under no circumstances use a
grinding compound on the relief piston. Wash thoroughly and repeat this operation
if necessary.

DELIVERY VALVE HOLDER AND SPRING: Examine the holder for damaged threads.
The spring must be free from nicks or pitting. Either of these might cause breakage.
If springs are flexed by bending, cracks will become apparent. Always replace ques-
tionable springs with new ones.

CONTROL RACK: Examine the teeth of the control rack for possible excessive wear.
Slight wear is normal and replacement is rarely required.

CONTROL SLEEVE: Examine gear teeth for wear or damage. Slight wear is normal
and will not appreciably affect performance. Replacement will be necessary if the
wear is excessive or if the plunger guide slots are badly worn.

PLUNGER SPRING: The spring must be free from nicks or pitting. Either of these
might cause breakage. If springs are flexed, cracks will become apparent. Always
replace questionable springs.

SPRING SEATS: Replace with new ones if examination discloses them to be badly
worn. This is rarely necessary.

i PLUNGER GUIDE CUP: The plunger guide cup may show wear at the outside bottom
- center which contacts engine tappet mechanism. If wear is so Pronounced that only
little material remains or if any cracks are visable, a new guide cup must be in-
stalled.

BARREL POSITIONING SCREW: Examine for mutilated head or damaged threads. |
'____'—l—_u_-___
Replace it with a new one if the spill deflecting end shows signs of erosion. |

| GASKETS: Replace all gaskets with new ones.
7. REASSEMBLY OF THE PUMP
ﬁ

Take every precaution possible to assure cleanliness during all operations of re-
assembly. Be sure that all parts have been thoroughly cleaned in accordance with |
the previous section.

a. Clamp the pump housing upright in a vise.

| b. Separate the plunger and barrel. Rinse the barrel in clean fuel oil. Note: That |

one port hole is slotted and one is round. Slide the barrel into the housing and rotate

it if necessary until the slotted port is in line with the barrel positioning screw hole. |

Insert’the barrel positioning screw with its gasket and tighten cautiously. The end

of the screw must enter the slotted port freely. With the barrel properly located and l

the screw in place, the barrel is free to move vertically. Be absolutely sure the bar- ‘

|

|

-

——

rel positioning screw engages the slot before final tightening. Restake the lead plug
that locks the barrel positioning screw.

¢. Rinse the delivery valve and valve body in clean fuel oil. The valve must move ‘
freely in the valve body and slide to its seat by its own weight. If the valve appears
sticky, refer to the previous section on cleaning. Be sure that the lapped surface at
the top of the barrel and at the bottom of the valve body are free from dirt or dust. |
Place a new gasket over the valve body and insert the body in the housing. |
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d. Place the spring over the top of the valve and screw in the delivery valve holder.

Work the holder into the gasket by carefully tightening and loosening it several times.
Finally, pull it down firmly. Never tighten it with a hammer or sledge. Overtighten-
ing will distort the barrel.

L

e. Invert the pump in the vise.

f. Rinse the plunger in clean fuel oil and carefully lower it into the barrel. A slow
rotating motion will help to start the plunger into the barrel. Never use force. The
plunger must be free of any stickiness over the entire length of its travel in every
radial position. Sticking of a clean plunger indicates an overtightened delivery valve
holder in which case loosen and retighten holder. If the plunger still sticks, remove
the delivery valve assembly and the barrel from the pump housing and check both the
barrel and the housing seating surfaces for dirt. It may also be necessary to use a
different delivery valve gasket. After determining that the plunger is free, withdraw
it and continue with the assembly.

g. Slide the control rack into position with its teeth toward the center of the pump,
its slot in line with the stop screw hole and its graduations under the pointer.

h. Screw in the control rack stop screw. The locating end must engage the control
rack slot and permit free rack movement. Tighten it securely.

i. Place the control rack in its center position. Observe the teeth visible within the
housing and note the locating mark in line with the center tooth. Also observe the
gear segment of the control sleeve and note the locating mark in line with one tooth.

Lower the sleeve into the housing over the barrel and engage the marked tooth with
the marked tooth of the rack (Figure N-3), These must coincide to assure proper
pump operation. Check for smooth control rack movement, and if sticky, correct
before proceeding.

j. Drop the upper spring seat over the
control sleeve with its shoulder toward
the base of the pump. The flat surface
must be against the control sleeve shoul-
der.

k. If a flat spring ring is used, insert it
into the bore of the housing. Use the
plunger guide cup to press the ring into
position against the shoulder of the upper
spring seat. Remove the guide cup with
the service pin. ~ =~

1. Rinse the plunger in clean fuel oil.
After rinsing do not touch its lapped sur-
faces with the hands. Note the locating
mark on one of plunger flanges. Also
note the locating mark at one slot of the
control sleeve. Carefully lower the plun-
ger into the barrel and engage the marked
plunger flange in the marked sleeve slot.

FIGIN=3
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Important: The assembly mark on the plunger yoke is to be assembled on the same
side as the control sleeve and control rack marks. Raise and lower the plunger and
check for free movement in slots.

m. Lower the plunger spring into position.

n. Lift the plunger just high enough to slide the lower spring seat into position under
the head of the plunger. When correctly assembled the end of the knob will be flush
with the seat. Do not rotate the plunger. Keep the plunger flange in line with the
sleeve slots.

0. Rinse the plunger guide cup in clean fuel oil and insert it in the housing. Depress
the guide cup and secure it with the service pin through the hole in the housing shoul-
der or inside the housing. Do not force the guide cup down. Ifitis apparent that the
plunger flange is not in line with the sleeve slots, release the cup, move the control
rack slightly and depress the cup again. If repeated efforts are necessary remove
the guide cup with service pin and recheck the alignment and locating marks.

p. Press the round spring ring into the annular groove in the housing. Locate the
ends of the spring ring in line with the vertical slot.

q. Depress the guide cup and remove the service pin.
r. Remove the pump from the vise.
s. Assemble all remaining miscellaneous small parts.

t. Immediately close all pump openings -with protective caps, paper or clean cloth.

PUMP TIMING

T e ———

Pumps are adjusted at the factory so that the cam follower and consequently the pump
plunger has lifted .210™ at the time of port closing which is stamped on the engine
nameplate. Itis stated in crankshaft degrees before top dead center. The fuel cams
are then doweled and clamped to the cam shaft and should not be disturbed.

Due to manufacturing tolerances port closing on different pumps may however not
occur at exactly the same point of plunger rise. Consequently if a pump is exchanged
the port closing should be checked. If it should occur too early add a shim under the
pump mounting flange; if it occurs too late remove a shim and try to have the port
closing occur as close to the point stated on the nameplate as possible. In each case
check that the mark on the plunger guide stays within the timing window as described
in paragraph 4.

BALANCING OF FIRING PRESSURES

1f new pumps have been substituted or if the engine consistently fires heavily on one
or more cylinders, the firing pressures should be checked and if found to vary more
than 75 pounds per square inch the cause should be determined and the pumps should
be readjusted if necessary by means of the shims under the pump mounting flange.
Before doing this, however, ascertain that the difference in firing pressure is actually
due to the pump and is not due to uneven load balance or to faulty functioning of other
parts such as valves, rings, or the spray nozzle. It is particularly important that the
spray nozzle and cylinder load balance and cylinder compression be checked before
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the pump shimming is disturbed. The compression can be checked by opening the

bleeder valve on the nozzle holder and should be equal within 50 pounds per square i
inch on the various cylinders. Should the compression vary more than this the cause

should be determined first and corrected. Low compression as a rule means high

firing pressure and vice versa. \

1f it is found however that a high firing pressure is due to the pump, this can be cor-

rected by adding a shim under the pump mounting flange. If the firing pressure is

low a shim should be removed. Use the thinnest available shim (.003") and repeat ' i
if necessary. In each case be sure that the conditions regarding the timing mark

stated in paragraph 4 are fulfilled.

10.BALANCING OF CYLINDER LOADS

On engines equipped with exhaust pyrometers the various pumps should be adjusted
to as nearly equal exhaust temperatures as possible. The variation in exhaust tem-
perature on naturally aspirated engines should not vary more than 40°. Supercharged
engines will as a rule vary more for equal amounts of fuel injected and in this case
the exhaust temperatures should be held within 60°. 1f exhaust pyrometers are not
available the fuel pump racks should be set for equal reading on all pumps.

In order to adjust the fuel pumps it is first necessary to remove the cylinder block
front covers. The pump racks are then adjusted by means of the small set screw on
the control shaft lever. Be sure to lock the set screw by tightening up the lock nut
after the adjustment is done.

11.NOZZLE HOLDER AND SPRAY TIP (See Fig. N -4)

Whenever the engine is taken down for inspection and servicing, or if fuel injection
trouble is suspected, the nozzle assemblies may
be checked as follows: As soon as a nozzle holder
has been removed from the engine, wipe off with

a clean cloth wet with fuel oil, kerosene or other
cleaning fluid to remove all traces of dirt or grit.
If not disassembled immediately wrap or cover
with clean cloths to protect from possible dirt. If
To disassemble, place in a vise having soft jaws, |
nozzle end up, holding by flats of holder body.
Loosen assembly nut (B) with a hex box wrench
of proper size. Remove from vise and unscrew
assembly nut from body, holding so that the in-
ternal parts do not fall out. Remove all parts
from body and clean by soaking in a pan of clean

BLEEDER mw—ﬂ

FUEL. DRAIN

NOZZLE HOLDER —

fuel oil, kerosene or other cleaner.

———

SPRAY NOZZLE: If spray nozzle sticks in nut
(B) due to hard carbon deposit, place nut on bench
and drive tip out with a piece of brass tubing which
will clear the spray orifices. Use light hammer
blows. This tubular tool should bear only on the
shoulder of the spray tip. Avoid striking the nose
of the tip as this will deform and render it inoper=-
ative. Soak spray tip in fuel oil or preferably in
carbon tetrachloride. Remove all deposit with a

10.
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fine brass wire brush. The cleaning of the spray orifices is a delicate operation
requiring good light and preferably a magnifying glass. Cleaning needles must be
inserted into the spray orifices very gently and should be rotated while being in-
serted. No attempt should be made to push needles through the spray orifices if
they are filled with hard carbon or other dirt.

If spray tip cannot be properly cleaned, it should be discarded. After cleaning, wipe
the lapped end face of the tip with clean tissue paper and soak in light oil.

The nozzle valve is lapped into and seats in the nozzle body. Soak the parts in clean
fuel oil or carbon tetrachloride and blow dry with compressed air. Dip parts in
spindle oil. Insert needle into nozzle body and rotate slightly on the needle seat in
the body. While rotating slightly, move needle up and down. If the needle moves
freely and the needle seat shows no slight nicks or scratches, the nozzle is in good
condition. If the needle is sticky, the parts may have to be washed several times.

A needle is considered to be free when it will descend into the valve body by its own
weight -- the parts being lubricated with light spindle oil.

The assembly nut (B) should be thoroughly cleaned inside and out with a soft brush,
using liberal quantities of fuel oil or kerosene. If the hole for the spray nozzle con-
tains carbon, it should be cleaned, preferably by using a standard hand reamer. Af-
ter all carbon is removed, rinse in fuel oil, blow dry and lubricate with spindle oil.

Before reassembling, clean holder body and assembly nut with a soft brush and fuel

oil, kerosene or carbon tetrachloride. Rinse thoroughly and blow out with clean com-

pressed air. Make sure no dirt is lodged in the threads or undercuts. Assemble |
parts in the order indicated by the parts illustration sheet, liberally oiling each part

with spindle oil. . 'i
[

Place in a suitable “pop” tester. When pumping at the rate of 30 strokes per minute ‘
the nozzle should open with a sharp “pop”. The spray pattern should conforin to the |
number of holes in the tip, evenly spaced with all jets uniform in density. The noz=-

zle valve should close sharply when pumping ceases, with no after-dripping. The

nozzle valve should open at 3400 to 3500 pounds per square inch. If the pressure

setting is not high enough, insert more shims under the spring seat (E) to increase

the tension on the pressure spring. To reduce the opening pressure and consequently

the tension on the pressure spring, remove shims from under the spring seat.

N12 - Ed 1-11 1 5
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Section R

CONTROL SYSTEM

The control unit is mounted at the forward end of the engine and on it is mounted
most of the various Westinghouse Air Brake Company elements that are used for
controlling the starting, maneuvering and engine speed. In the control unit is also
incorporated the air cylinders which shift the camshaft as well as the levers and
shafting used to fransmit the motion of the air cylinder piston to the camshaft.

For the functioning and coanstruction of the Westinghouse Air Brake Company
equipment the operator is referred to the Westinghouse Section under “Auxiliary
Equipment”. Particular reference is made to the chapter entitled *Description and
Operation™ and to the schematic piping diagrams in this section. Description of the
individual units‘is also contained in the Westinghouse Section as well as the care,
operation and maintenance of the units. The operator should thoroughly familiarize
himself with all of this material before attempting to operate the engine. Itis best
to remove all the cover plates found on the control unit so that the operator can see
the location of all the individual Westinghouse units, as well as the camshaft shift-
ing mechanism.

WESTINGHOUSE EQUIPMENT MOUNTED IN OR ON THE CONTROL UNIT

Referring to Fig. R-1 the various Westinghouse parts are given the same reference
numbers (below number 30) as on the schematic piping diagrams and on specification
1-302.8B found in the Westinghouse Section under “Auxiliary Equipment”. No further
description of these units and their connections will be given here.

Note: A tabulation of all Westinghouse Controls including Reference Number, |
Description and Location will be found on Pages 6 and 7. |

CAMSHAFT SHIFTING MECHANISM IN CONTROL UNIT (See Fig. R-1)

The camshaft (31) is shifted from AHEAD to ASTERN position or vice versa by
means of an air cylinder piston connected by means of shifting levers and links
shown on Fig. R-1. When shifting air under pressure is directed by Controlair
unit (2A) through Relayair valves (25) to one side of air shifting piston (37) while
the other side of this piston is connected to atmosphere causing the piston to move
in the proper direction for shifting until it comes up against one of the two cylinder
heads (38). Thus the shifting piston always traverses its entire stroke. (In standard |
port engines with rotation for right hand propellers, the piston movement is to the
right when shifting from ASTERN to AHEAD. See arrows marked AHEAD and ASTERN
on Fig. R=1.)

|
The piston is connected to shifting lever shaft (34) by means of lever (35) which is |
clamped and keyed to this shaft. Lever (35) engages pin (36) in the piston. At the II
lower, end the shifting lever (33) also keyed and clamped to the shaft engages a bronze
collar (32) which positions and holds the camshaft in the proper location for AHEAD ',
or ASTERN running as the case may be. f

The stroke of the shifting cylinder piston is set at the factory and if end cylinder '
head covers (38) are removed for any reason always use the same thickness of
shims and gaskets when reassembling.
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The speed of shifting is controlled by needle valves (41) which rarely, if ever, need
adjusting. However, the shifting speed can be controlled by screwing these valves
in or out as needed, and the valves should then be securely locked. Under no cir=-
cumstances should these valves be completely closed.

. SHIFTING INTERLOCK

On top of the shifting lever shaft (34) there is mounted a quadrant (42) keyed and
clamped to the shaft. This quadrant is provided with a notch which will allow the
rollers and levers of pilot air valves (5) to move to a position which will allow start-
ing air to the engine through Relayair valve (8) (main starting valve) providing the
control lever is in the START position. The position at which the relay air rollers
move into the slot on the quadrant correspond to the position at which the camshaft

is fully shifted to AHEAD or ASTERN as the case may be. Thus Pilot air valves (5)
and quadrant (42) prevent starting air from entering the engine air start header until
the camshaft shifting is completed even if the control lever should be in start position.

- FUEL CUT-OFF CYLINDER (See Fig. R-3)

Fuel cut-off cylinder (12) is mounted on the cylinder block in the push rod and fuel
pump compartment. It is accessible by removing the third cover from the forward
end.

The piston rod of the fuel cut-off cylinder engages a lever on the fuel pump control
shaft. An adjusting screw on this lever allows the control shaft to be positioned for
no fuel when air is admitted to the cut-off cylinder,

Air is admitted to the cut-off cylinder by the control lever on Controlair (2A) and
admittance of air is also controlled by the Directional interlock (11) as explained in
the Westinghouse Section. Thus air is admitted to the cut-off cylinder and fuel cut-
off when the control lever is moved to the STOP position and the air remains on and
fuel off until the engine is turning in the right direction of rotation.

DIRECTIONAL INTERLOCK VALVE

The directional interlock valve is mounted under the control unit. The shoe on this
unit engages an extension on the forward end of the crankshaft. By removing the
sheet steel cover the unit is made accessible. For construction and functioning the
operator is referred to the Westinghouse Section under “Special Equipment”.

. FUEL LIMITING CYLINDER (See Fig. R-4)

During starting the amount of fuel injected is limited to a small amount by the fuel
limiting cylinder. (About 10 m/m on fuel pump rack.) Construction and functioning
of this item will be found in the Westinghouse Section. The fuel limit cylinder is
mounted on the cylinder block in the push rod and fuel pump compartment and is
accessible by removing the second cover from the forward end.

. GOVERNOR (See Fig. R-2)

The Woodward Governor is fully described in Woodward Governor Bulletin under
“Auxiliary Equipment”. The governor, driven by bevel gears, is mounted on an adap=-
tor plate bolted to the governor drive housing. The adaptor plate is doweled to the
housing after governor is properly adjusted to give correct meshing of gear teeth by

R8 - Ed 1-7 3
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Section R

means of shims between housing and adaptor. Should it become necessary to remove
the governor for any reason be sure all shims are replaced and dowel pins are in-
serted to insure same setting as originally installed at the factory.

ACTUATOR

The Actuator (1) bolted to a bracket mounted on the gear housing is connected to the
speed control lever (2) on the governor by two spherical rod end fittings (3) and (4)
and connecting rod (5) with left and right hand thread for adjustment. If lever (2) is
removed from the serrated governor speed control shaft it must be replaced in the
same position; therefore, shaft and lever should be marked before disassembly.

OVERSPEED GOVERNOR (See Fig. R-2)

The overspeed governor or trip is arranged in the governor drive housing. The fly-
weight (6) is mounted on the drive shaft (7) and is held to the shaft by spring (8) act-
ing on yoke (9) which is bolted to the flyweight. Normally the flyweight is thus held
against the shaft.

1f the engine overspeeds the centrifugal force on weight (6) will overcome the tension
of spring (8) and it will fly out suddenly and as it rotates will hit roller (10) on lever
(11) turning this lever against tension of spring (18). Screw (12) will then disengage
lever (13) allowing fuel cut-off shaft (14) to be turned by comparatively strong spring
(15) and lever (16) affecting the fuel shut-off.

After the overspeed governor has tripped it must be reset by hand. This is done by
pushing lever (17) inwardly toward the engine turning the fuel cut-off shaft and lever
(13). Spring (18) will hold lever (11) and screw (12) against lever (13) so that as soon
as its notch is in position the whole mechanism will be reset.

Do not restart the engine until the cause of the overspeeding has been determined
and corrected.

The overspeed governor is set at the factory to throw-out at approximately 800 to
825 R.P.M. and should not need adjustment. However, should it become necessary
to increase speed, additional shims (19) can be added or if slower speed is desired
shims should be removed to attain desired results. Under no circumstances should
speed be increased beyond maximum operating speed recommended.

OVERSPEED GOVERNOR LINKAGE (See Fig. R-2)

The overspeed governor is connected to the fuel pump control shaft by means of
levers and links as follows. Fork (20) is pinned to overspeed throw-out lever (21)
which is keyed and clamped to fuel cut-off shaft (14). The rod (22) works in and out
of a sleeve.(23) when the engine operates under governor control. When the over-
speed governor is tripped, the lever (21) is snapped up, and the top of the locknut(24)
on screw (25) comes up against the end of sleeve (26). This action collapses the
buffer spring (27) and lever (28) pinned and clamped to pump control shaft (29) is
moved upward turning the control shaft to the NO FUEL position.

R8 - Ed 1-7 5.
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WESTINGHOUSE
REFERENCE NO.

1

2a
2¢
2d

2e

10

11

12

13

14

24

26

LOCATION OF WESTINGHOUSE EQUIPMENT
See Spec. 1-302.8B - Pages |l and 2 Under
Westinghouse Controls in “Auxiliary Equipment”

DESCRIPTION
CB-1A Control Stand
2A-2B Controlair
Red Alarm Light
Green Alarm Light
AS5A Rotair Valve

#18A Double Check Valves
#22A Double Check Valve

C=-=1-B Pilotair Valves
H-5 Relayair Valve
#18A Double Check Valve

D-1-A Relayair Valve

H-5 Relayair Valve

#18A Double Check Valve
Directional Interlock Valve
Fuel Cut-Off Cylinder
fla..ﬁ. Double Check Valve

AA-]1 Actuator

Fuel Limiting Cylinder

H-5 Relayair Valve

H-5 Relayair Valve

LOCATION
Pilot House
Control Unit
Control Unit
Control Unit
On Gage Board

On Bracket at Forward
End of Cylinder Block

On Bracket Supporting
Actuator Next to Governor

In Control Unit
In Control Unit
In Control Unit ”

On Top Control Unit
Connects to Air Start. Man.

On Top Control Unit

On Bracket at Forward
End of Cylinder Block

Above Crankshaft at
Forward End

In Push Rod & Fuel Pump
Comp. of Cylinder Block

On Bracket at Forward
End of Cylinder Block

On Bracket Next to Governor

In Push Rod & Fuel Pump
Comp. of Cylinder Block

On Cylinder Block-Exhaust
Side - Forward End. Also
in Control Unit

On Cylinder Block - Exhaust
Side - Aft End

R8 - Ed. 2-7




WESTINGHOUSE
REFERENCE NO.

18

19
20
21
22

23
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DESCRIPTION

Low Pressure Alarm Switch

3 1/2" Air Gage
3/8" Vented Cock
1/4™ Unvented Cock
1/4" Vented Cock

D-1 Reducing Valves

‘\

o

Section R

LOCATION

In Junction Box at Aft End
of Cylinder Block

Air Supply System
in Engine Room
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REDUCTION GEAR

INSTALLATION AND SERVICE INSTRUCTIONS “CAPITOL"” MODEL EC-9500 PLANE-
TARY IN-LINE REDUCTION GEAR, MANUFACTURED BY THE AUTO ENGINE WORKS,
INC., 349 NORTH HAMLINE AVENUE, ST. PAUL 4, MINNESOTA.

1,

2.

3.

4,

DESCRIPTION

“THE CAPITOL" Model EC-9500 REDUCTION GEAR is of planetary type with helical
gears. Power input is through the Sun Gear driving three idlers mounted in a station-
ary spider and transmitting power to a ring gear directly connected to the propeller
shaft. The gear is designed for 618 H.P. at 750 R.P.M. input. The reduction ratio

is 23:1 and output speed is 300 R.P.M.

!

ALIGNMENT

Due to the overall length and the small space occupied by this type of reduction gear,
it is necessary that the output shaft (reduction gear to tail shaft) alignment be made
very carefully. i

NOTE: THIS ALIGNMENT SHOULD BE CHECKED AND RE-ALIGNED, IF NECESS-
ARY, WITH BOAT FULLY LOADED TO NORMAL RUNNING DRAFT.

It is also suggested that the output coupling be broken and alignment checked under
the before noted loaded condition, after the first long trip, and again after one year's
operation.

LUBRICATION (See Fig. S-1)

“THE CAPITOL" Model EC-9500 REDUCTION GEAR is lubricated by the engine lub-
rication system. The pipe from the oil pressure system of the engine is connected
to the oil inlet of the gear (Ref, No. 70) and supplies approximately two (2) gallons
per minute to the system within the gear. z

A scavenge pump is built into the gear at the forward end of the upper idler shaft
(Ref. No. 1). The function of this pump is to remove oil from the gear and return it
to the engine lubrication system. The pump is readily accessible through the hand
hole in the top of housing (Ref. No. 57) by removing the hand hole cover capscrews
(Ref. No. 14) and cover (Ref. No. 4). All connections are 1/2" National pipe thread.

When making initial installation, or after a long period of disuse, it is advisable that
rear hand hole cover (Ref. No. 15) be removed and about two (2) gallons of the same
oil as is used in the lubrication system of the engine be poured into the gear before
the engine-is started.

OIL SEALS

The oil seals of this unit should be replaced each time the gear and engine are over=-
hauled. The output shaft oil seal (Ref. No. 26) is a Garlock Split Klozure type and is
84 x 9% x 4, Two (2) of these seals are used in the one recess, The lip of the first
facing inward to keep the oil in; the lip of the second faces outward to exclude mois=-
ture or foreign matter of any kind. These seals may be removed and replaced with-
out disturbing the gear or propeller shaft couplings or their alignment, as follows:
Remove the capscrews (Ref. No. 14) from the seal retainer (Ref. No. 23) slip the
retainer aft to the shoulder of the driven shaft coupling (Ref. No. 30). The seals

S3 - Ed 1-2 1,




may then be withdrawn with the aid of a screw driver or a wire hook.

In replacing these seals they should be installed according to Cross Section Assembly
drawing EC-9500, and sparingly lubricated, using graphite grease upon installation.
The joints in these seals should be at 30° on top center. Care should be taken not to
scratch the sealing surface with any type of sharp instrument.

5. DISASSEMBLY 1:
e T ———e iy I

Major disassembly of “THE CAPITOL"” Model EC-9500 REDUCTION GEAR is ac-
complished by removing the 16 capscrews (Ref. No. 24) which hold the rear housing
(Ref.'Nos. 45 and 43) to the forward housing (Ref. No. 57), and after which the entire
rear half of the gear, containing the driven shaft ring gear, thrust bearing and pro=-
peller shaft coupling, may be drawn back until it swings clear of the forward bushing
of the gear, which contains the Sun gear, input shaft and idlers, together with their

attendant shafts, bearings, and so forth.

There are no adjustable components in the gear unit whatsoever, even when replacing
worn out or damaged parts. The only measurement which must be checked is the end-
play of the Timken thrust bearings (Ref. No. 34) which must be .008 to .010 when as~
sembled. Due to the variation in “standout” of individual pairs of Timken bearings,

it is necessary that cone spacer (Ref. No. 32) and cup spacer (Ref. No. 33) be ground
to provide the correct clearance. Nominal “standout” of the Timken cones is .250
each, making the total difference in width between cup spacer (Ref. No. 33) and cone
spacer (Ref. No. 32), Auto Engine Works part Nos. EC-8732 and EC-8731, respectively,
.500 plus .008 to .010 clearance for standard bearings, plus or minus total variation
from standard of the Timken bearings. We strongly advise purchase of a matched set
of bearings, together with spacers, at the time of thrust bearing replacement.
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of a small idler pinion meshing with in-
ternal teeth on a larger driving gear. Fig.
T-1 shows the pump used on stationary
and reverse gear marine engines. Driv-
ing gear (2) with its shaft extention is
driven by gear (4) and is bearinged in
housing (3). Idler gear (1) is bearinged
on a pin (6) which in turn is pressed into
cover (7). The external driving gear and
the pinion mesh at the top on Fig. T-1,
and since the idler pinion is mounted ec-
centrically relative to the driving gear
there will be a space at the bottom be-
tween the two gears. This space is filled
up by a crescent shaped baffle (5) which
is part of cover (7). As the driving gear
turns oil is then forced from one side of FI G T—l

the pump to the other by the action of the

two gears meshing and the crescent shaped baffle. Also by these means the suction
and discharge connections can easily be exchanged for a given direction of rotation
by turning cover (7) 180°, Alternatively the suction and discharge connections can
be kept the same for different directions of rotation by turning the cover 180°.

The lubricating oil pumps on direct reversible marine engines are shown on Fig. T=2
in which similar parts have the same reference number as on Fig. T-1. In this case,
however, pin (6) on which pinion (1) turns is mounted in a carrier (8) which in turn is
held by, and can turn in, cover (7). Crescent (5) in this case is a part of the carrier.
The carrier assembly is pressed against the driving gear by spring (9) and ball (10)
and will consequently tend to follow the rotation of the gear. Assuming, for example,
that the driving gear (2) rotates in the direction of rotation shown by the arrow in
Section A-A of Fig. T-2, then the whole carrier assembly, including the pinion, will
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rotate in this direction until the carrier is up against the face on cover (7) as shown.
This corresponds to the suction connection being on the left hand side and the dis- |
charge connection on the right hand side (see Section A-A). |

1f the direction of rotation of the engine, and consequently of the pump, should now
change to the direction opposite that shown by the arrow, then the carrier assembly
will rotate in the new direction of rotation until face (a) on the carrier is up against
face (b) on the cover. The effect of this will be that the suction connection will still
be on the left side and the discharge connection on the right side. The suction and
discharge connections can easily be determined without taking the pump apart by
noting on which side projection (c) on the cover is located. This projection is always
on the suction side.

The total end play of the pump drive gear should be very small, only about .002" to
.003". However, some end play must be allowed. This is particularly important on
marine engines. When the engine is reversed the crescent can then move in the new
direction of rotation until it is up against the stop. The end play “X" (refer to Fig.
T-1 and T-2) between the drive gear (4) and housing (3) shauld be .003" to .005" with
the drive gear against the housing face.

4. LUBRICATING OIL FILTER

The full flow lubricating oil filters are of the replaceable cartridge type and are
mounted on the engine. The filter elements should be changed when oil conditions
warrant and it is suggested that a change period of 500 to 600 hours be adopted at
first. Experience will indicate if longer element life is possible, and in this con=-
nection it should be noted that it is more economical to maintain the filters in good
condition. Do not expect the filters to clarify the oil. If a detergent type of oil is
used it can be dark, even black, and still be entirely satisfactory.

The necessity of changing filter elements is best indicated by the pressure drop
through the filters. The by-pass valves which are built into the filters, open when
a pressure drop of approximately 17 to 18 pounds per square inch has been reached
and when this happens the engine receives unfiltered oil. This is a condition which
should not be allowed to persist and elements should be changed when a drop of 10
to 12 pounds per square inch has been reached with warm oil (to allow for a higher
drop when engine and oil are cold). The pressure regulating valve is mounted on
the oil line ahead of the filters, whereas the oil gauge on the instrument panel is
connected to the oil line after the filters. When filter cartridges are new we have
a pressure drop of about 6 pounds per square inch through the filters and conse-
quently when the oil pressure on instrument panel gauge shows a pressure drop of

5 to 6 pounds per square inch below normal the elements should be changed.
5. LUBRICATING OIL COOLER

The lubricating oil is cooled in a tube oil cooler by water circulating through the
tubes. The tube bundle should be cleaned at annual overhauls, or when lack of cooling
ability indicates the necessity. The zinc plugs in the cooler head should be renewed
when about 50% to 75% gone.

T15 -« Ed 3-3 3.
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WATER COOLING SYSTEM

Only fresh water cooling systems should be used on this model. A fresh water or
closed cooling system recirculates fresh water from a storage or surge tank and re-
quires dual water pumps, one for the fresh water and the other for the raw water
which is pumped thru a heat exchanger to cool the fresh water.

. The water circuits thru the engine are as follows:

(a) FRESH WATER

The water is sucked by the fresh water pump from the heat exchanger and is then
discharged to the oil cooler and water inlet manifold which distributes the water to

the lower portion of the cylinder block. The water rises to the top of the cylinder
block and then thru brass nipples (screwed into the cylinder block) up into the cy-
linder heads. Each nipple ir sealed between the cylinder block and head by means

of a rubber grommet. The water circulated thru the cylinder heads is then collected
in the water cooled exhaust manifold from which it is discharged to the heat exchanger.

A piping diagram is furnished for each installation and it is important that this dia-
gram be followed and that all fresh water connections, including the connections to
the surge tank, be made in accordance with this diagram. The pipe sizes called for,
for the various connections, should be adhered to. This is to avoid vacuum being
developed at the fresh water pump suction which would result in air being drawn into
the fresh water system through the pump gland, resulting in heating of this gland and
erosion of oil cooler and heat exchanger tubes. Vacuum any place in the fresh water
system should be avoided.

(b) SEA WATER

The raw water pump sucks sea water through the cooling ducts of the reduction or
reverse gear and discharges to the heat exchanger and then overboard.

The raw water pump should if possible be located below the water line for light draft.
Where it is located close to this line a check valve should be incorporated in the pump
suction line. It is not advisable to have the sea water pump located appreciably above
the light draft water line. In these cases it may be advisable to use a separate motor
or belt driven pump located below the water line.

DRAINING THE WATER

If the engine is to be allowed to stand idle in freezing weather it will be necessary to
drain all water. Drain plugs or cocks will be found on the cylinder block, water pumps,
exhaust manifold and reduction or reverse gear.

-

CENTRIFUGAL WATER PUMPS AND DRIVE

The pumps are mounted on the gear housing at the aft end of the engine and are
driven from opposite ends of a common drive shaft, rotating on ball bearings., As
shown in Fig. W-1 the drive gear floats on the drive shaft and drives it and the pumps
through a rubber bushed pin type coupling. Either pump may be removed by unbolting
the pump mounting bracket from the drive housing and breaking the pump coupling,

Wl3 - Ed 3-2 1,
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Both pumps are identical and are interchangeable. When replacing a pump, the half
coupling on the drive shaft should be removed and replaced by the one supplied with
the new pump. The construction of the pumps and drive is shown on Fig. W=1. The
pump packing gland should be kept only sufficiently tight to prevent e::r.ce;sive leakage,
and should not be tightened unnecessarily.

|
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MAINTENANCE & INSPECTION

GENERAL RULES

Observing the following general rules will go a long way toward insuring satisfactory
and trouble-free operation. Refer to preceding sections for detail instructions. |

KEEP YOUR ENGINE CLEAN

Inspect the engine regularly and keep it wiped clean. If oil is left standing it quickly
hardens and must be washed or scraped off. It is much easier to keep the engine
clean than to get it clean, and there is always less trouble with a clean engine than
with one that is covered with oil and dirt.

LEAVE WELL ENOUGH ALONE

When the engine is running satisfactorily and smoothly, do not continually try to
better the operation with minor adjustments.

F_EVER ALLOW YOUR ENGINE TO SMOKE

When the exhaust from an engine is smoky it clearly indicates that combustion is not
perfect and that residue, in the shape of smoke is clinging to the oily surfaces of the
cylinders, pistons, piston rings, valves, etc. When this happens you are creating

trouble for yourself and doing an injustice to the engine. Therefore, the first thing in
consideration of the operation of a Diesel engine is: DO NOT ALLOW YOUR ENGINE |
TO SMOKE.

KEEP A COMPLETE LOG OF ENGINE OPERATION

A complete log should always be kept of the engine operation, and back sheets should .
be consulted frequently and compared with present conditions. In this way gradual
changes can be detected and investigated and insignificant troubles corrected before
becoming real ones. Any unusual noises or other irregularities should be logged so
that they will be investigated at the regular routine inspections.

EQSPECTING REPAIRS

At completion of any adjustment or repair job, always make a thorough inspection to
see that all parts have been correctly replaced, that bolts and nuts are tight, and that
all cotter pins and locking wires are in place. If work involved rotating parts, bar en-
gine around at least two full revolutions (so that camshaft is turned one revolution) to
be sure that all parts are clear. Be sure that no tools or rags are left inside the en-

ginu.,__.,

2. SMOKY EXHAUST

Smoky exhaust indicates defective combustion which is usually due to one of the follow-
ing causes:

&

(a) Excessive carbon on spray valve tips.

(b) Leaking spray valve.

(c) Uneven cylinder load balance
Z10 - Ed 2-3 1.
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(d) Leaky exhaust, inlet, or air starting valves. ’. |
(e) Leaky or stuck piston rings.
(f) Fuel cam or roller may be worn. ‘[
(g) Engine overloaded. .

If the exhaust smoke is not even but occurs in the form of puffs it is likely that the

combustion is defective in one or two cylinders only. Where the trouble lies can

usually be determined by cutting out spray valves one at a time by means of the ”
bleeder valve on the spray nozzle holder in the cylinder head. When this is done, -
however, the engine should not carry more than about 3/4 load or the remaining cyl-

inders will be overloaded.

3. INSPECTION AND MAINTENANCE ROUTINE

The following routine for regular inspection and maintenance work is suggested as a
guide for the operator, but experience with the engine over a period of time may indi-
cate changes that should be made in the schedule.

It will be noted in the following schedules that spray tip cleaning has not been included. '
It is believed the spray tips should be cleaned only when necessary, rather than at

definite intervals. The necessity for cleaning will be indicated by increased exhaust |
temperatures or smoky exhaust and at either of these indications the spray tips and !
valves should be inspected and cleaned, or replaced if necessary.

In the following, work to be done under each routine should include work listed under
preceding routines. For example, work under “Annual Routine” includes everything
listed under all other routines.

DAILY ROUTINE |

(a) Check oil level in day tank and add oil if necessary.
(b) Check fresh water level in surge tank. If frequent additions of water are required, |
check entire system for leaks.
(c) Check fuel level in day tank and storage tanks.
(d) Check lubricating oil filter. It is a good idea to mount pressure gauges on both
sides of the filter and note the pressure drop which should not exceed ten to twelve
pounds per square inch.
(e) Check all gauges, temperatures, etc. on instrument panel for proper functioning
of the engine.

250 to 300 HOUR ROUTINE i

(a) Check intake and exhaust valve clearances.

(b) Check injection pump port closing. (After starting engine check cylinder load
balance.)

(c) Clean put lubricating oil day tank if lubricating oil is dirty or dark in color.

(d) The cartridges in the lubricating oil and fuel filters may or may not need replace=-
ment. The time between replacements will vary with the type of lubricating oil
and fuel used and with the operating conditions to which the engine is subjected.
Drain off any accumulated water and sediment.

(e) Rinse breather caps in fuel oil and blow off excess with compressed air.

(f) Check cylinder peak compression and firing pressures. Compression'pressures
should not vary more than 50 p.s.i. and firing pressures not more than 75 p.s.i.

2. Z10 - Ed 2-3
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SEMI-ANNUAL ROUTINE

(a)

(b)
(<)

(d)
(e)
(f)
(2)

(h)
(@)

(3)
(k)

(1)

Pull cylinder heads and piston, remove rings and clean pistons and grooves if
necessary. Check rings for side and end clearance.

Examine cylinder liner walls. Watch for shoulders due to ring travel.

Check intake and exhaust valves. Grind in lightly or replace if necessary. Check
valve springs for defects.

Inspect entire spray valve assembly. Replace spray tip valve assembly if leaky.
Clean spray tips.

Inspect main and connecting rod bearings. Check clearances and inspect bearing
surfaces.

Inspect gear train carefully, observing backlash, indications of excessive wear
on teeth.

Inspect camshaft. Watch for worn or loose cams, loose or worn rollers or pins
on the lifters. Be sure all keys and set screws are in place and tight.

Inspect air reversing cylinder and cams in control unit (marine engines).
Disassemble lubricating oil cooler and inspect for corrosion. Clean thoroughly
before reassembling. Renew zincs if necessary.

Check propeller shaft coupling bolts (marine engines).

Check all hold-down bolts between engine and foundation. If they are loose check
the engine alignment.

See attached Elliott Company instruction book for supercharger maintenance if
engine is turbo-charged.

ANNUAL ROUTINE

(a)
(b)

(<)
(d)
(e)

(f)

Check crankshaft alignment. If necessary, replace bearing shells. _
Examine cylinder jackets. If scale is over 1/16" thick it should be removed by
scale remover solution.

Remove and inspect lubricating oil and fuel oil transfer pumps. Note condition
of bearings, shafts and seals. Replace if necessary.

Remove and inspect fuel injection pumps. Note condition of pump plungers and
barrels. Replace if necessary.

Disassemble governor and inspect carefully all moving parts for wear and signs
of distress. Inspect entire linkage between governor and fuel control shaft for
lost motion and wear. Links and pins should be inspected for wear and replaced
if necessary.

Clean out crankcase thoroughly. Be sure that all cleaning solvent is drained out
and the crankcase blown or wiped dry after cleaning is completed.

Z10 - Ed 2-3 3.
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INSTRUCTIONS ON "HOW TO USE PARTS CATALOG”

In order TO LOCATE PART NUMBERS it is IMPERATIVE that the person concerned thoroughly
understands the makeup of this book. He should CAREFULLY READ THE INSTRUCTIONS given on
this and the following page, and thoroughly familiarize himself with the necessary steps involved.

Particularly is this important when sub-assemblies are involved.

DO NOT ORDER PARTS BY REFERFNCE NUMBERS as these numbers sometimes change and
wrong parts might be supplied.

This catalog is made up of four basic sections, as follows:- 1

l. INDEX SHEET -- This sheet lists the various groups into which the engine is divided and must
be used for obtaining the group sheet number. This sheet also lists any special parts

used on engine. ‘

2. GROUP LIST SHEET -- This sheet lists the parts which comprise the group, and are numbered
with the prefix '‘L' or ''2L" NOTE - Catalog may contain sheets which are not

used - Use only those sheets listed on index. i

3 PLATE (OR LINE DRAWING) -- Plates are arranged to face the group sheet to which they
apply, and in most cases shows only the parts listed in the group. Occasionally a
plate may include two or more groups making it necessary to always first obtain the.
group number from the index. If this is not done you may by chance turn to a plate showing }
the part wanted but will not find it listed on the group sheet facing this plate. - ;

NOTE:===== If no plate is found facing the group sheet, then the part wanted can be identified by the
description. This will apply mainly to piping, and in this connection the actual pipe and l
fittings on the engine should always be measured and then ordered accordingly, due to ‘,

unavoidable variations hl“ﬂlh‘jﬂ.lﬂ o ch EKOITSq J HT?.m

P IR R R S TR S
4. SUB-ASSEMBLIES -~ The term ‘‘Sub-assembly'* (or the Word ‘‘Assembly'’a g in the part
name) is used to indicate parts whick are made yp of two,ox.mo *‘M"iﬂtﬁ;'“') and,, o -
yet must be considered as a unit part, For example, parts that are welded together,
parts that have bushirgs pressed in' ‘or ‘parts that'Bave to be machined together ( 1C - —
A Sub~asseémblylist will Be found ‘fmmediately:{ollowing thef iast group sheet, sl Lls '
itemizes the varicus parts Gssd Bieach assembly, Theas sssemblies areasyangsd 3v,

-t
= e

in numerical sequence. 2 o : :
™ /222 rxotost ads ydoradw anssra sdf omig 2L BnL 21

NOTE: ===== Certain parts of assemblies indicated by an "'*'" in place® of aireforent e number aré - R
not sold individually, and if wanted, the complete assembly must be ordered.

_ Sub.-lssumhl'r-ul'ti caontaips Em,wmﬁ:ﬂmw&quw goly~ ol =
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SINGLE NUMBERS or the TOP NUMBER (when more than one numberCEppedrs th e efrele) Felérs. = (OW

d_i'rm:tif_'tn a corresponding number on the group list sheet.
. T i oy wsdtedw - - ogaida od of a8t seibasnTeMm WOL YIiDLTL

A circle with MORE THAN ONE NUMBER indicates part in question is a component pi & qul~y , L o
assembly. The top number mgﬁn to a corresponding number on the group.listshsat, and——
th a Eo! o =

¢ lowar number will refex ta.8 CorTesporing FURIE Y the spboasseT N dguio T ils my ol

TO FIND A PART WITH TWO REFERENCE NUMBERS IN THE CIRCLE PROCEED AS FOLLOWS: - .
(NOTE:- Select a part on any plate and Folfow step B step a¥ explained) #338T705 = 103 2Pmis
< “ribstabieana od ton iliw ams2 10 shoog v g2
1st -~ Using the top number in the circle locate corresponding reference number on the group
list sheet, which will be'an assembly.f ..t 91 o Dlyone 2000y DIGRIMBD TH . =« "

_'rrf Fr‘-ﬁfg" re 2 TIT AN v wres =o2 - ey ...:‘;ri-'r n:ri - ol E T "bh:i

2nd -- Using the Part Number of the u:-ﬁfl’é locate same in the numerical assembl v st at
rear of book. A

Al g

Caant pryeas, DRITUVIISD 6 PHETSLSY A0 SWHINEY sils ik
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3rd -- Refer back to the plate and obtain the second or lower number in the reference circle,
then locate this number in the refereace mumber, columm: of .the sub-assembly; and this will -~

be the t desired.. - ol g i A Sl - _
pes DIE in wYeiiSt atafr SrousL yraidiastagent T sies

If there are MORE THAN TWO NUMBERS in the seference number circle, proceed exactiy as outlined

above, only this time the part in the first assembly located will be another sub-assembly, so.

therefore it will be necessary to find the second assembly, and then referring back to the plate
take the third number in the reference circle and match it with the corresponding number in the

]
R e

second assembly. ==l = 3

The following page will show a typical example and illustrate the above explanation step by step.
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- Index Sheet and locate the "Cylinder & Head Oroup” which ﬁﬂl:nl thr sheet guuhur.
1/- - PARTS CATALOG-—--INDEX . = mmm.zuau B
6 Cyl. 15 x 16 Marine Engine - = | 3
R : ':.~.-;." ll. Grn:p : T
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The National Supply Co. paarscatalos INDE X Eng. #50090-50092 Incl.

Atlas Imperial Engine e A amil Eng. #50116-50119 Incl.
1. me oy 101/2 M g Mah =':B__H[HIIIB“BG] Eng. #50123-50176 Incl.
H I ARDUPFP MAME 0. | eRoue seaEYT
=l . vess | wumess
b LRASE SECTION. o o e o am o o o o o oo - - . - ol
i - -Base - Bearing Caps - _Covers - Studs_- Luhe Strainer _ __ _ __ [J_| 212530
. S GTROKAREL = (Bearing SREILS) . o o o e e e s i e e |l | B L2 S 3L
F o -—2lywheel i HOUSING o v o c e mccccc e e ccc me=- P P S il K
(T B R I e o s s e i s s s i o s . 55 e 1| 2L2533
| % — _ Counling = Flywheel to Reduction Gear . — — — - — — — — ——— —— __ 1| 212535
= 2 CENTERFRAME SECTION _ _ _ __ __________ """~ 777~ S
ha -~ Centexframe_- Gear Housing - Covers (Oil Guards) _ _ _ __ _ _ A | 212534
. —=Jutermediate Gear _ _ @ @ o e e e - - - ——————— - —_— A | 212479
= -— -Gamshaft - Cams - Bearings -~ Shiftex Caollar_ _ _ _ _ _ J__| 2L2536
_ E INSTRUMENT PANEL (Gages. Tach. & Pyrometer) _ _ _ _ __ ___ | 212576
s AN ER-BILOCK & HEAD SECTION . o o e s o i i o i s e o i i}
 _ _Cylinder Black = Covers = Studa = Liners — —— — _ _ _ . _____ 1| 212837
! - - Cylinder Head = Cavers - Valve Mech. (Rackers ta Lifters) ____|8 | 21.2773
v| |--Fistou & _Counecting B o 6 e i o o e e o B8 _|2L2304
S e e L B By e u e
__Inlet & Exhaust - Turhocharger - Watex Elbows for Manifold _ _ (1 _| 2L2539
$ --Air Starting -~ Air Yalves & Push Rads _ . _ _ _ _ __ _ _ __ -— || 2L2520
; 2 |GOVERNOR & CONTROL. _ o o o o e e e e e e e e e e e e e J | 212540
! g |--Gav. Linkage - Woodward & OS_io ContralShaft_ _ _ _  ___ __ J..|2L2521
e estinohouse CGov. AL ACBIBIOT. . . o o e e o - — J. | 2L2522
. _.Eng. Control Housing & Covers _ _ _ _ _ _ . — e . 1 | 2L2541
__Westinghouse Equiprnent in and on Contrel Housing _ _ _ _ _ _ ___[J1_ | 2L25%55
F s neaversing Aiv Cyl. & Caushbali SHiler . o o e e 1| 2L2543
B TRk U LTI . o s i s i i v < s S o i s i i Baroal e ey
- —Fuel Pumps = Injectian Valve - Internal Fuel Piping._ _ _ _ _____ d_.| 212545
— -Fuel Pump Contral Shaft & Connecting Linkage _ _ _ _ _ _ _ ____|J _| 212546
e Fadl Pipipg (BExternal) b Filter  — o e e e e 1 |1 21.2298
- ——FEuel Transfer Pump. e e e e e e e e - ———— e | e | ATA255
i .LJJ.EE h.:QI.I... O e T s o i ot ol e s 5 Al 0 s e S S T Bl e 1L e
—_—l :.Eu.mp.l..-_SJm\i IR T T VY T R g e Sy oy S d__| 21.2547.
N — -Manifolds - (Main & Secondary) & Internal Piping _ _ _ _ _ __ ___|1__| 212548
—-Jlube Qil Piping (External) _ — o e e e e e e e e ————— J_| 21.2549.
—=Caoler = Lube Oil _ _ o e e e e e - - —— - —————————— J. | 21.2550.
3 __Filfer - Labe Qil _ __ _ o o e e e e ——— J_| 212551,
. X : WA ER COOLING SYSTEM. - o <o o s o e o 0 e = W SN
: § § |__Twin Water Pumps & Doive _ _ _ _ _ _ ___ ___________ —|3__| 212552
S Natar Inie Manifald & Piping . — — o o e e e ca - - ——— J__| 212666
R AR B ININg 10 T U DO AT Y o o o o o e o e 1 _| 212554
WESTINGHQUSE CONTRQILS _ @ o o e e e e e == e ] e
__ Westinghouse Control & Air Cylinder Relays _ _ _ _ __ __ _ ___|J1l._|2L2556.
= Westinghouse Directiopal Intaxloek o — — @ e e e |t LIEADT .
- - Weatinghanse Fuel Limiting Device _ o @ oo - A _ | 212538,
ms Netunghonae FHRLLE20M _ oo s amnm mm e o w——— s ) At BT D s
e D anliDehous e CAntral PIRiDe. - — o ca o e o o o i i i s 8 J_ | 2L.2774
- —Piping_~_Air Starting Check Valve Actuator & Air Lock Relief  _ |1__ [2L2775.
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GASKET 7 JGASKET
DETAIL OF PUMPS SEE *%}M%%ML;sL'ETFEomgT NO.
COMPLETE COMPLETE
SEFT— AT |PUMP_ NO.|PUMP NO.
. NO.| NamE  |CO290P |CO289P |
) “A [HOUSING __ |C-8280-P1 |C-8289-P
j==" ] ' et - -
NN 2 = T
kng?k\\\ D [covER C-9290-P2 |C-9289-P2
So» © )Nz K7 "E |[BUSHING __[c-§290-P3 [C-9290-P3
o —— 22N 7 F_|STEEL BALL [%e DIA
- Y -— A7 - G |SPRING __ [C-9290-P4
Z S T |CARRIER & PN -P5
PN, Q—— R H C-9290
7 ——75 DLER & BUSHING|C -9290-P6 |C-9290-P6
N: J .|ROTOR & SHAT— IC-9200-P7 |C-9290-P7
by S

NOTE—-ORDER PUMP PARTS AS PER ABOVE PART NUMBERS.
THESE PARTS ARE NOT LISTED ON GROUP SHEET.

NON -REVERSING TYPE REVERSIBLE TYPE

PARTS NOT LISTED ARE NOT SOLD INDIVIDUALLY,

PLATE NO.

3A3015 DO NOT ORDER PARTS BY RE

FER. NUMBERS




Retyped from copy dated 9/28/%1.
a#3 = Line 14 was 3A2097. 9/11/%2, a
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ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NU MBER

FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE - RO, A0
m Ne. PART NO. RES'D. PART NAME ORWED, NO:
- 1| 3A2195 1 | 3A2195-X 1l | ADAPTOR ASSEMBLY « Puel Transfer Pump
2 M? l L AD IS aante ’ ey 118 u e
: =2 APECEEW 5C = ) 1.c
" 5| C=095 £999211 1/4| 2 | PIN = Adaptor in Housing Dowel
8 2 |
1 _2 e :
a P
9| C=9290 5 |C9290-P 1
10 7 _C=-8193 - N
11 8
12 8
18] 2 2 8 1202478-P 1 |
14 481256 » S |
15 0 = 1
16 C=8217 1
17 2 L
18
19 f.*
- 20
21 | = |
= |
S |
24
25
25 =
27
28
m -
31 .
32
33
34
36
_36
37
38
39
m
41
42
43
“ N
46
T l'_
I N
5 o
.‘;: , O
 cep. HaNG 8K | nawe_FUEL TRANSFER PUMP GROUP 0
| S cmemaily @ x 10-1/2 MARINE - R,.H.
W OFP, ROT. GEE - ISSUED FOR

For TOTAL REQUIREMENTS PER ENGINE MUuLTIFLY NO. REQ'D nwtth;lnét E;?;S';&:nguur;;t;u Eg: SHEET
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO
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wF2 )

CHAHNGE

)
L= ]
Zz
<
I
(7]
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ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE

FOR STD HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE Nno For Filter Onl
mm o PART NO. | agaio PARE AN | oaia o Soa Mp o - P
- .
2 ==
3 ww=w« Fuel Transfer Pump Discharge & By=-Pasg=—-
4 | 1 | CLOSE NIPPLE = 1/2 Std, = W.T.)
5 | 1| TEE -1/2 x 3 2 Std, Red, = M. I,
5 2C5460 1 | RELIEF VALVE (20 Lb
7 ’ '
8
9 ===« Fuel Transfer Pump Discharge to Fuel Filter==-
10 C=9804P=-1/2!| 1 | - e
11 1| TURE = 1/2 OD.. x .049 x 52" Lg. (Cop.)
12 - 1 | ELBOW = Tube
13 1 | REDUCING BUSHING = 3/4 x 3/8 Std, (C.T.})
14
15 :
16 ZADERE | 1 | FILTER =
17 2 | CAPSCREW =-3/8-]16=NC - (St.)
18 2 | NUT - 3/8-16-NC=Hex. (St.)
19 | 2 C HER = St.)
20
21
2 ~=== Filter OQutlet to Fuel Manifold--=
23 1 | REDUCING BUSHING = 3/4 x 3/8 Btd, (C.I.)}
24 C9804P-1/2 1 | ELBOW - Tube .
4 1 [ TURE - 1/2 0.D, x .049 x 11=1/2 Lg. (Cop.
26 CP801P=1/2 | 1 CONNECTOR = Tuba
27 1 m = -
28 C=9801P=1/2' 1 CONNECTOR « Tuhae
29 1 T1 - o
30 CR801P=1/2 ] = Tubhe
31 RELBOW = 1=1/4%
32 tWM' x 3/8"
33
34
35 -=+=Tas in Filter Outlet Line to Pressure Gage==-=-
36 B 1 | CLOSE NIPPIE - 1/8 8td, (W.I,)
37 C9846P=-1/8 1
a8 1 BUSH =
39 C9801P-1/4 | 1 | CONNECTOR = Tube
20 1 | TUBE = 1/4 OD x .030 x 75" Lg. (S.D. Cop.
41 C9804P-1/4 | 1 | ELBOVW = Tube
42 "
43
I \
e
= I
4t N
= . >
5 | g
1OR OPP. HAND SEE AnE FUEL PIPING (EXTERNAL & FILTER GROUP

Pom oPr. Rt St | uSievon 6 CYL, 9 x 10-1/2 MARINE

:‘~ Fom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE B8Y NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET

H ATIONAL SUPPLY CO.
| PARTS LlST ENL-‘ENEE Dl:QWSlON SPRINGFIELD, OHIO




epNATUBALLY TUREIECT:RG @
O— “ £
@ 1—1 — —c — '/@
@y/ N | ©
Ny = _ e
(16) 77 i NpLue
@r IF ] - PIN

RING(1 3 72 ‘ * PLUG

7

(8- \ £
Bu&mnc@ g1l N
L/

I AV >

A1 R
roD (| ) e I YausHING
AV
21 | JROD
A A
NATURALLY TURBOCHARGED
ASPIRATED ENGINE ENGINE

OR TURBOCHARGED ENGINE

& EITHER NATURALLY ASPIRATED l

=

S/
#

“

NSTALL Ol CRAPER
RINGS AS SHOWN

/®$HIM5

' BEARING ASSEM.
IE @(LESS SHELLS)

SHELL

7 )SHELL

8 JPIN

PLATE No.
3A2915 DO NOT ORDER PARTS BY REFER.NUMBERS




Retyped from Sheet Dated 9-28-0l1 = Na Changes
#5-10/15/53-Adud Line #6 = C7562=D

e |2L2304

- ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER FLATE
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE mg

ASBEM.

CHANGE

NO

Mm kidf PART NO. REOD. PART NAME oty gy

1| 3A2192 1 | 5A2192-X | 1 | ROD ASSEMBLY - Connecting

2| 3A2067 2 | 3A2067=X [1

3 3 | C=7562=A | 1

" C=7562=B [ 1

s 7

=1 4

_8 1 4 Hm___ﬂnmani:._ﬂn.d._h_h&tinz_ﬂn.l.t

3 4 comnpm-lgg x 1-3/4" Lg. - Bt.

10 L 2 - ann_ﬁt__ng_flnihnim

_u 1 PIN = Bearing Shell Dowel

12 -

13| 481103 1 | PISTON ASSEMBLY

2 1 | PIN ASSEMBLY = Piston

15 2 | PLUG ASSEMBLY - Piston Pin
16

17

18 26 SA2700 1 HING = FI8ToD odiiie NI nn Broc

__1’ 7 m 5 nil = Flgton AT ale - als
20 (From Top)

2 : 3A2166 2 mu;mgjn_mu_camu_c.&ﬁ_ﬁmn_
2 from T o
23
24
25
26
27
28
29
30
31

- 32
a3
34
35
36
b1
38 | 8
39 -
40 =
41 = -
42
43 )
44 -
= n
46 )
47 m 4
48
49 W J
50- ' o>

ore. wAND 5 " ame_PIBTON AND CONNECTING ROD GROUP (OIL COOLED PISTON) N

" OPP. ROT. SEE L Y 9 = 10=1/2 TURBO
' Foa TOTAL REQUIREMENTS PER ENGINE MuULTIFLY NO. AEQ'D GIVEN ABOVE BY NO. REQ'D FOR SROUP GIVEN ON INDEX SHEET

H

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




REFER NUMBERS:

PLATE No.

3A2813 w2z DO NOT ORDER PARTS BY




Supersedes Sheet Dated 9-28-51- No <=Cha.ngaa

__ #1 E |
| ) l 22479

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE 3A2813 (ED, 2

CHANGES

mm sl PART NO. ot PART NAME [iassns:
1 1 1 | PLATE = Intermediate Gear Mounting
2 2 C_J.QLB4 5-:5/4 1 | CAPSCREW = Mounting Plate to Centerframe
| 3 _ C2410L=5 2 CAPSCREW = Mounting Plate to Centerframe
4 IA21 47 1 | SPACER = Mounting Plate Capacrew '
5 2 LWHEL.&,LS_SAE_R%._ St
6 1 WIBRE #16 Ga, x 24 Lg, = St
1 5 | C2410L=2 3 GA}E&M.H&M:_G_&WE_
8 3 LocmangE.-_a,éa_SAE_H.gg,_- St.
9 1 WIRE = 6 G > 4 - St.
10 C6392L1=-1/2| 2 | PIN = Mounting Plate to Gear Housing Dowel
11 S | - =] 3=NC = =
i 2 | COTTER PIN = 3/32 x 3/4 Lg. = St. |
13 |
14 8 JAB306 1 HUB = Intermediate Gear |
| 18 G 2A2125 2 | HALL BEARING |
- _16 0| 3AZ246 1 | SPACER = Ball Bearing
17 11| 3A3308 1 | CAPSCHEEW = Bearing Spacer Retainer
18 T NUT - 5/8-18 Light Thick Slotted
19 1 TTER - =
- 2| 3A2123 ] | WASHER - Gear Hub Retainer
sl : |_3A2114 3 | CAPSCREW = Washer to Mounting Plate
\ 23 1| 3A2092 1 | GEAR = Intermediate
. C2410L=2 a CAPSCREW = Gear to Hub
% 4IWI_-#1§_§&._3_1'?L£.-S§::\
26
K
28
_29
30
31
32 e =
33 ) as ,/Q-ﬂh\
| m ’ %‘k
36 \ / o o
o N / |
- 38 N ! J
29 \ /
40 \ | i
41 N 4
42 N
L \7
44 ,
& 7 . N
46 k 7 -
47
49 \ .h
50 . . | ~J
n oee. NN sk . wawe_ INTERMEDIATE GEAR GROUP O
3 PP, ROT. SEE : cmaiacey 9 % 10=1/2

n rom TOTAL REQUIREMENTS PER ENGINE mULTIPLY NO. REQ'D GIVEN ABOVE BY NO, REQ'D FOR GROUP GIVEN ON INDEX SHEKT

.! THE NATIONAL SUPPLY CO.
| PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




SIANIONI 3181583A30 103410

NO Q3sn sV

STONLNOD HIV 3SNOHONILSAIM HLIM

gN3 GI10JINVIA 40 NOILONYL1SNOD

d1nd3 "x nv
SIOJ1INOD 3SNOHONILISIM [FATVA
33 STIV13a HOod

3ddIN
el

ONIY,0,,

cl

"N3ISSY

GTO0JINVYN

ON IHdS

r :

e —
=z Z=Z:
__.__, .“ ..h..u._._..u
T =15
£3f Z="
Azl -
in Vi

Q0¥ HSNd FAIVA ONISNOH 2md
]
.‘\\\@ &
i \1 r ‘ _

(21 o) (6 o
INIVA

L3INSYD

(A INO)
3gNL WILNID

(aN3 13N Y
Y3ILNID L1d3IDX3

|
ohad ONIENL

DO NOT ORDER PARTS BY REFER. NUMBERS:!

PLATE No.
3A4025




Revised & Retyped from Sheet Dated 1Q=19-51

g
4
L 4
X
i 2L.2520
PR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE "R BA4025
L oawe no. ] PART NO. | mico. PART NAME g
1| 481112 1 1066 1 MAN IFOLD MBLY = Air Btarting
2 < SAZ223 8 | GASKET = Manifeold Head
3 3 24 | CAPSCHEW = 1/2"=13=NC x 4-1/2" Lg. = Bt,
3 24 | LOCKWASHER = 1/2°® S8AE Reg, = St,
L] 4 | 3A2150 8 | PUSH ROD = Mr_tm_ﬁlln.‘hlaln
$ M_J.M_H_Hﬂl. St.
7 AS133 8 | BLEEVE = Pilot Valve Push-Bod Adjusting
8 mA2270 8 ﬂm:juni_’[nlxn_m:ﬂnd
9
10
11
12
13 4A1231 1 [ D" RING - Alr Manifold Alr Seal
14
15 7 | 4A1187 1. — 0" |
16 4A1188 1 | GASKET = Air Starting Mani. Companion Flang
17 m 1 FLANGE = / DLE af- 8L alpanlion
18 4A1217 ol (L) = B Starting Man oEpanlion Flang
18 5 | LOCKVASHER - 172"
20 5 = 1/2%=15 H_e_;Luu |
21 1 H11=1=m - 1-1/4" Short - Brass
22 1 "DIA." = Relay=/ 1gine Bta
23 West. Part i - : 3z |
25 1 | NIPPIE - 1~-1/4" x 8" Long
2 7 | BM=2046=A | 1 | GLORE VALVE = 1-1/4%
27
28
29
30
3
32
33
34
[ﬁﬁ .
36 =
Ei i
38 -
39 =
40 —
41 -
42
2 I
X m -
46
46 N
i Ny
® 0N
e
50 n -
| name AIR START, MANIFOLD & PILOT VALVE PUSH-ROD GROUP O
Thor, axs RGNy 8 CYL, 9 x 10-1/2 DRM
For TOTAL REQUIREMENTS PER ENGINE MULTIFLY MO, REQ'D GIVEMNM ABOVE BY NO. REQ'D FOR GROUP GIVEN ON |NDEX SHEET

THE NATIONAL SUPPLY CO.
“ PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




S EE I B N N N E N N

FPARTS BY REFER NUMBERS

DO NOT ORDER

PLATE Ne.
3A4026




5}-3-31-:.1:;- #10=Added Part No, ' .
2-4=15-52-Line F13-Part # was 4A-1164 ]

g
2 #3- Line 6 - was Hex Head. S
o
* : 2L2521 |
_ : e - il |
| ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE I
| FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO. SA4026

_ Siec|  DRWG.NO. | TRET | PARTNO. | nego|  PARTNAME | oauoino
66| 2C175P=3/8 PIN = Rod End
65 | 2C174P=3/8 YOKE = Adjustable

PIN = " T
_SAS017

|.-I.-

NN B AR REE RS HEEE S GG R G G S e

1
1
2
70 | 3A3023 1
71 | 4A1266 s
72 | 4A1163 L : |
_ 75 | 8=1319 1 |
74 | 4A1270 : T
) -
1
1

A GERGGEHEEEEEEE G EEEE R E R

|1 ZC”Z7172

h OPP. MAND BEE

wame GOVERNOR LINKAGE-WOODWARD & OVERSPEEDTO
L SHAFT orainaLLY 8 CYL, 9 X 10-1/2 DRM

ISSUED FOR
pom TOTAL REQUIREMENTS PER ENGINE muLTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP QIVEN OM INDEX SHERT

HE NATIONAL SUPPLY CO.
PARTS LIST EHI;I;HE u?v?slorl SPRINGFIELD, OHIO




2 g z
8 I ¢ g
@A@OOE
D*OJ / .r'llf 4 O
.. . | 1
. II:I _‘ (@ Q
| = @
} |
D) = Q
-3 © -
™ 3
v | z
et |

PLATE We.

3A 4026

- I~
ifl -
= NEI : \
. s o
[l o t -—Dm
'_ L o
: | 2 :
o
z
H
=
-]

DO NOT ORDER PARTS BY REFER NUMBERS
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GASHET
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Bupersedes Sheet Dated 10-19=-51

CHANGES

2L28 22

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE SA4026

[=] AS59EM,
DRWG. NO, phyle] PART NO. | wistal PART NAME L e

77| 4A1168 l | LEVER = hvmmm_mn
| | 1 | CAPSCREW - 3/8"=16 x 1"
78| BM=5909=A | 1 HEIM FITTING .
! _1 - - aw n
79 1 - - 3/at=
il 441171 1 | CONNECTING ROD = Gow, Speed Control Laver
el 1l  NUT = ;Mﬂkgjl_ﬂnx
! | BM=5909 1 HEIM FITTIN
| 4A1191 = SBHAFT = Gov, &ntl_.z_g.lmr
i 3| 1 | ELASTIC BTOP - 20E080 = 1/2"=20
1 | ELASTIC BTOP m = 20EQ64 = 3/8"=24
1 | WESTINGHOUSE AIR ACTUATOR = Part #850650
. __4B1089 r
| 87 1 WEST INGHOUBE mﬁﬁﬁ CHECK Part 2540107 =
| - L 1 k.
: | = m.wﬁgvag;un_az Item 4 of our BM-6383
'- 1 | LOCKWASHER - 3/8"
) 1 ' NUT - 3/8"=16 Hax
3 " - Hax H
3 | mm:_;%z -1€ BT PR e N
i [ 3 | LOCKWASHER - 1/2"
i 2 | CAPSCREW = 1/2%"=13 x 1-1/4" Hex Head
7 2 | LOCKWASHER = 1/2"
Parker# 6CBTX 2 ELBOW FITTINGS
. | e " - "
] |
] |
) |
' |
i
- |
N
r
N
" O
n)
WAND SEE i\ —— IEBTIHGHOUEE GOVERNOR = AIR ACTUATOR N)
T f oricinatty 8 CYL. 9 X 10-1/2 DRM

| Fom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUF GIVEN OM INDEX SMEET

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD. OHIO
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\
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v
S
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A
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s
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o

L
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DO NOT ORDER PARTS BY REFER. NUMBERS

2

TE NO.
AAL027




Supersedss Bheet Dated 9-28-51

u
W
L
=
<
p =
8]

2L 2530

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

T orwe o]

PLATE u4027

BEr PART NO. b o PART NAME [ttt
_1| 4D1044 1 4Y1053 s lw
. 2
) l ) - -
- wA20D6 L m.YEB_Baln_End_(mh.EndJ- -
_5 | 3A2229 e
8 4 QAE&QEL_].&_JJ:HG_:_LJ.,ZA_L@.
g7 - 4 | LOCKWASHER = 1/2 SAE Reg, =
B 5 | 3A2061 2 | COVER -~ Lube Manifeld Hpnle
) 6 SA2230 2 | GABKET =~ Cover to Bass
_10 | 8 | CAPSCHEW = 1/2-13-NC x 1= =
gl | 8 | LOCKWASHER -« 1/2 SAE Reg. = Bt,
12 r
13 8 | 3A2073 18 | THRU BQL,T_Ea.n_G_an:mr_.Emm_&_Qxl.._Bluk_
_u 5 SA2074 | ig ‘
15 ! I - - - " =
16 |
17 |
18 1 | BODY
19 X SCEEEN = Lube 011 Strainar
_20 | =1/2/ 4 ' CAPSCEEW = Btrainer tn BEse
! | [ 1 m_-_g.lﬁ_ﬁa._x 35 Lg, - 8%,
- 13 | 3A2453 1 | BALL uction Line Check Valve
2 14 | 3A2455 1 |PIN - Ball Retainer - -
24 | 1 ' PIFE PLUG - 4 8t4, - C.I,
=3 15 | 3A2452 1 | BALL = Suctign L;nu Relief Valve
_26 16 | 3A2462 1 | BPRING = Raelief Valve
27| 17 | 3A3124 PLUG = R 8
28 | 18 | 4A1173 1 FLANGE = B 8
29 19 | mu 1 | GABKET = F
30 2
31 | 1
33 I
3 -
=

Nl\ir‘i—‘ = o

BABE GROUP

H NAME

0€g21c

omacinatty 8 CYL, 9 X 10-1/2 MARINE

“ For TOTAL REQUIREMENTS PER ENGINE MuLTIPLY NO. REQ'D GIVEN ABOVE BY NO. AEQ'D FOR GROUPF GIVEN ON INDEX SHEET

| PARTS LIST

THE NATIONAL SUPPLY CO.
ENGINE DIVISION  SPRINGFIELD, OHIO




~ F)uﬂu SHEI L ..)/CD (0)8rG. snELL gRANKAAL
=R _F T o B y
+ \ - ..L ..U'_J- = — H

= AN /

|

.

; Paa; SHELL /D snr.‘.. SMELL

: i

2 —H {3 i i i '

o e
x

—SERTH

AANKSHAFT ASSEMBLY ‘G}su

i
S

! ! | CRANKSHAFT

' i =" l ' a-CrL. ENGINE
'

FLYWHEEL INTERMED. BRG, SHELL CENTER BRG. SHELL THRUST BRC SHELL
POINTER (FLYwHEEL END)

1 VIBRATION DAMPENER
BOLT ‘:a"‘" (NOT USED ON ALL ENGINES)
0‘1"%
3
§ e
by N
r “ n s = - - (s \

DOWEL PIN

= puLLEY RETAINER FLATE (IF USEDY
AND PULLEY ARE LISTED IN
poOwWEL PIN “aux DRIVE #OUS & COVERS cROUP

FLYWHEEL ROUSING
FLYWHEEL P¥noT ST'D COuiP ON
sTATIONARY ENGINES)

BATeNe DO NOT ORDER PARTS BY REFER NUMBERS




GES

e

Supersedes Sheet Dated 9-<8-51

CHAN
CHANGES

2L253|

s ” :;h:;:*sn_gl-ﬁiS:J:LEL\::::SU_TP:EJTMSS;;EENSLNEE;Eig?rf:ﬂcn AND SIZE |PI§%TF'3A_23]_0 Ed‘ 2 -

T R T S '
1| 4B10% 4Y1056 "1 | CRANKSHAFT ASSEMBLY

jlz' S3A2051 2 3A2051-X 1 GEAR ASSEMBLY = Crankshaft

3 3A2045 3 | 3A2045-X 2 | CLAMP ASSEMBLY = Crankshaft Gear
4

5 3 g 3A2028 14 | SHELL = Crankshaft Bearing
9 0! 3A2026 SHELI, shaft Bearing = (Center)
S - C B = (Thrust

ﬂ g'-::-w. s IR
i |- el =4 Ll R o=t Lyl
lo|le|a|aln|ela|w|=|=

ol lelelile]e

=! SRSy

1

Nt

't

SHHE

|
|

aa | e

1
[

i

elelslzls

| o e oA e el

(RANKSHAFT & BEARING SHELL GROUP
omcinaLLy 8 CYL, 9 X 10-1/2

]
|
4
IJ‘ For TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABCQVE BY NO. REQ D FOR GROUP GIVEN OM |NDEX SHFET

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD. OHIO

1 NAME




/...F P”ﬁ SME( L ".-l — | : | | O)BRc. :nm_- F h /—Ehc%ﬂtﬂ,jﬁj'
[ H e B0 T E B -
Lk [/

[ Pu_nu:n[u | : !n:c.. anm.—L
= PR T B — e

/

G)BRG SHELL

CRAAMNRAHAFT ASSEMBLY —@5:[ DETAIL FOR UMNIT PARTS

Pm.su:u. -fD fnn.snm_l.

r— =3
3 = = .

I m —— - — ] & -l - -
F—“V-—L = B ; / ]
l\ g JBRG. SHELL

CRAMNESHAFT
4-CYL.ENGINE

30

FLYWHEEL INTERMED BRG. SHELL CENTER BRG SHELL THRUST BRG SHELL

POINTER (FLYWHEEL END)
ﬁ,i:, VIBRATION DAMPENER
T O (NOT USED ON ALL ENGINES)

7 X > T {11;.
o, od:‘?@\ ‘_\\\ 3 &1\

ﬁl.'ﬂl'tl. PiM

|

= =

DOWEL PIN

\ - PULLEY RETAINER PLATE (IF USED)
AMND PULLEY ARE LISTED N
DOWEL PIN "sux DRIVE HWOUS & COVERS GROUP

FLYWHEEL HOUSING
FLYWHEE IYnoT ST'D CQUIP ON
LTATIONARY ENGCINE S

PLATE No

AADEID:w: DO NOT ORDER PARTS BY REFER NUMBERS




Supersedes Sheet Dated 10=-22=51

CHANGES

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER F‘LATE
FOR STD. HARDWARE WITHOWUT PART NUMBER GIVE DESCRIPTICN AND SIZE ma N

:w HHE; | PART NO | REGL‘I‘I PART NAME | Sﬁin; NO |
el 51 | 4D1035 T | HOUSING - Flywheel |
3 12 | CAPSCREW = 5/8"=11 x 2" Lg, = St, |
2] 1 4 | CAPSCREW = 5/8"=11 x 1=-3/4" kg, = Bt, ’
4 16 | LOCKWASHER - 5/8 SAE Reg., = St, |
5 22 | 2C2394L-2 | 2 | PIN - Housing to Base Dowel ‘
5 1 | PIPE PLUG = 1/4" Solid = C.I. = Fly, Housi:
1 |

= :
= |
_10 h
_12 27 | 4D1036 1 | FLYWHEETL
13 28 6 | LIGHT THICK SLOTTED NUT - 1-ld4=Hex = S+,
2L 6 | COTTER PIN = 1/8 x 1-3/4 Lg, - S+%,
15 9 | c6271L2-1/2 i « Cr D 1
16 | 30 | 3A3123 1 POINTER = Flywhesl
5 |1 | JAM NUT = 1/2"=13 .
18 |
: ﬁ ;
21 |
"o |
= ! \
24 |
25 | |
26 | l

1

|

|

ceseilce

pen. WAND 850 "~ ame_ FLYWHEEL AND HOUSING GROUP
or wor, axe : oriciNaLLY 8 CYL, 9 X 10-1/2 MARINE

;!r ror TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REGQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INOEX SHEET

i THE NATIONAL SUPPLY CO.
' PARTS LIST ENGINE DIVISION SF'?INGF[ELD. OHIO




&

Supersedes Sheet Dated 10=19-51

Ll REF. O ASSEM.
Eﬁﬁm NO. PART NO. REQ'D. PART NAMS sawS NO.

CHANGES

|2L2533

| A" SEE NOTE

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AMD SIZE

BM=-6387 1 | REDUCTION GEAR

1

|

ole|a|a]o|sfes]e

!
|
!

NOTE: Parts List and Cross Section of Gear will bDe found
in 35:33 Catalog under "Auxiliary Equipment”,

WM_

 REDUCTION GEAR

2R QPP. HAND SEE

OR OPF ROT. SEX

,F ron TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO, AEQ'D FOR GROUP GIVEN ON INDEX SHEET

ceaclle

omaomnatLy g CYL, 9 X 10-1/2 MARINE r\

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




' . . = W W

ANIWIONYHEY L IS
IvE 0L INYHIHILN]G

(LNOH4 3QIS TOHLINGD)  (HILNID-3I05 TOHLINOD) oN3 A1
H3A0D H3A0D (3ais ouLNO

g
:
DO NOT ORDER PARTS BY REFER. NUMBERS

Bl 224
1 EEyv
HOLDINNGD
LI PSYO HIT U4 553034
ONIHYIE L vHSWYD LNOY 4 | LISvo( L g =
H
]

@lul-

PLATE NO.
3A4028¢0.2




typad.& Revised from copy dated 13/29/51/

I.l.i

3

r4

p-

: 2L2534 FHEET
ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE "No - 2A4028 Ed. 2

PART NO | ,;‘fgl PART NAME | pRWG NO

REF
uD I

l | 3A2597=X

| AESEM

. CENTERFRAME ASSEMBLY
| PIPE PLUG = 1/4 Std, C't's'k, Hd., <C.l.

| GASKET = Cﬂl.__to_ﬁa.y;hg,_stnn -

i Wide = Cont. Side

. GASKET = Cent. to Base = Lg, Strip =Narrow _
! Mani, Side

. GASKET - Cent. to Base = End Pieces
14 GASKET = Cent, to Base = Inner Pleces
.2 _PIN = Cenigz rame to Base Dowel
_HALF NUT = 3/8-24=NF=-Hex, = St,
QQI‘_‘IEB PIN - 1/8 x 1 Lg. = St.

i HDUSIHG . Timing Gear

GASKET = Gi&r_&o&ilm_in Cantarf rame
! GASKET = Geg - . Side)

2A0 5K - ~35 Odousilne fa 1:—- dy Side

| 1

| - e

A Euma

P

E APSCREW = =¥: z O - -
_CAPSCERY - 1/2" ol 3= Hc_x_l_l.a_z.g. (5t

 PIN = Gear Hquaigg to Centarframe Dowel

IWIBE - #16 Ga, x 60 Lg, = St,

| CAPSCREW = Gear Housing to Base
IOCKWASHER = 1/2 SAE Reg., = St.
I WIRE = #16 Ga. x 16 Lg. = St.
| NOZZLE - Timing Gear Lube 031l (Point 01
Hole Down)

igmfﬁ Centarfrans (& Base) Fwd. End
| 01l Guard

| GASKET (Top Half) Cover to Centerframe
| GASKET = Cover to Ce ame & Base

| CAPSCREW = 1/2-13=NC x 1-1/4 Lg., = St,

e 11 TSl ow e [l
e 12Xl .3 e Lo | 2
B im ] =y

i h . | Rl s

15 | 3A2511
116 1| 3A2213

| LOCKWASHER = 1/2 SAE Reg. = St,

huExIWHHJ Hl kol -

On

PIN = Cover to Base Dowel

f?
‘ - 0 G ')

EEEE

mmmm%
_l_’?_‘_QAP_E_Qm - Cover to Gear Hsg. & Base
o

o]l el el

LOCKWASHER - 1/2 SAE Reg, - St.

24 | C7950L1 3/4

| PIN = Cover to Gear Housing Dowel

=

481077

4B1u78

cAPscHEw - 1/2-1:5-150 x 1" Lg, = St,
 LOCKWASHER - 1/2 SAE Reg, - St,
HOUSING = Gov, & T

s e i o] i

VLAY

29 | 3A2011
2A2219
1 3A2496

EA = o
5’
5
=
(1]
[
=R

CAPSCREW = Housing to Gear Housing

L——CONTINUED ON SHEET NO, 2===

| NAME CENTEBFM GEAR HOUSING & COVERSGROUP
| OHIGINALLﬁ CYL. 9 X 10-1/2 MARINE - H H.

b ISSUED FQ
 For TOTAL REQUIREMENTS PER ENGIME MULTIPLY NO. REQ'D GIVEN ABOVE BY MO. REQ'DC FOR GRCUP GIVENM ON INDEX SHEET

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO

f;ﬁ;vegawa
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Retyped & vised '
E i ¥P revised from copy dated 4/3%/52.
2 <
s 5 SHEET
L2834 SNEE]
:;‘L“;‘?iG.i‘i‘i.:?&i?é‘ﬂ?ﬁf’?,&?::f”:ﬂE.;Eﬁ“éh”e‘é‘éi—"é?efﬁt.mm size "o ® 3A4028 Ed. 2
EARSEY DRAWG. NO T PART NO sl PART NAME BRI O
1 i |I w==CONTINUED FROM SHEET NQ, ]==-
2 | ,
3 | _3A2498 | 2 | CAPSCREW = Housing to Gear Housing
4| SA<497 2 | CAPSCEEW = Housing to Gear Housing
5 | 3 | CAPSCHEW = 1/2% =]13- = " -
6 10| LOCKWASHER = 2" SAR
7 6| &A2465 1 1 COVER = Governor Gear Ins pggj;inn
8 37| 3A2466 1 GASKET = Cover to angnnﬂz Drive ngaing
: 9 | | 4 | CAPSCREW = 20 -
10 | 4 R =-1/2" SAE Reg, = oSt,
11 |
12 O SA2015 "1 . COVER = Fuel Trans.Pump Gear Inspection
13 40| 3A2217 1 | GASKET = C v. Drive Housing
14 3 | CAPSCREW - 1/2% =13=NC x 1" L
15 | 3 | LOCKWASHER = 1/2" SAE Reg, =~ St,
16 70 ! C2330A 1 | BODY - Crankcase Breather
17 | 71 | 3A2228 | 1 GASKET = Tach, Dr, Opening ‘
18 | 3 CAPSCREW = 1./2" =13 x 1-1/4" Long
19 3 | LOCKWASHER - 1/2" Reg.
20 | .
21 | §. 75 | C2331 1 | CAP - Body
22 72 | C2332 1 | STUD = Cap to Body
23 74 | C2333 GASKET - Cap %o Body |
24 | 76 | H=9842 e WASHER = Stud |
25 73 | BM=63 1 |
26 77 X - " =- =
27 | ‘
) 44 | 3A2177 1 | COVER = ~
29 e 8 to Centerframe |
20 1 GASKET = Fr‘gn‘t Cam, Brg, Recess Filler "
31 2 | COVER - Centerframe Side (Cont.Side-=Center
32 2 emﬁm_n_afm:_m_cﬂmztfm |
PR 1 COVER = Centerframe Side (Cont.Side~-Aft.)
24 1 GASKET = Cover to Centerframe
35 38 | CAPSCREW ﬁ 1/2" =13=NC x 1=-1/4"
36 Lg, = gz
| 37 O CAPSCHEW = (G & G H )
38 l 2" «13=NC x 1-1/2" - 5%,
! 39
40 12 | CAPSCREW (Cover to Cover)
41 R L - -
@ | 12 | NUT = 1/2" -13-NC-Hex. = St.
} 8 N
! 44 s
45 M 4ILQ§5 I[ 6 CQ HER - Wj.ih Exp.!alxﬂ Qﬂniﬂnfnﬂmﬂ m
46
47 54 | F-2768 2 mg?;wmgmnmf U
48 Exhaust Side) O
49
50 | ===CONTINUED ON SHEET NO, 3-=-== mh:n
#on PP HAND SEE | name_ CENTERFRAME , GEAR HOUSING & COVERS GROUP oI
. omcinaLLY 8 CIL, 9 X 10-1/2 MARINE=- R, H m |
. 3m OPP. ROT. SEX ISSUED FOR n
g ! pom TOTAL REQUIREMENTS PER ENGINE uMuLTIPLY NO. REQ'D GIVEN ABOVE 8Y NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET ﬂ-"l
W

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




anid o) P s = ——— il e *:H‘ -l.JP‘ ————— o — i

CHANGES
CHANGES

: SHEE
2L253 43HEE

" ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER. PLAT
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO E3A4{}28 Ed, 2

- ASSEM,

o] ===CONTINUED FROM SHEET NO, 2===
2 _F=1099 8 | GASKET = Door to Centarframe
o4 64 | LOCKWASHER = 1/2" BAE Reg, - St.
—
T e T=1269 1 | WARNING PLATE
T BM-3508 4 | DRIVE SCREW
8 .
g
10
- Z16CRTX MALE ELEOW
= 12 § R
i = J1‘ COPPER TUBING 1" OD x ,049 Wall x 60"
_14 F1EFBTX "1 | MALE CONNECTOR
15
- _16
I 17
- T8 |
19
_20 |
.
22
T2
%
25
— |
= |
1 | m
29
30
 Tm
- 32
33
o
35
_36
31
38
3
_40
A —
ﬂ =
= =
ﬁf.% N
| AT (-F
e w
-5 A
wom ot | wuue CENTERFRAME , GEAR HOUSING & COVERS GROUP wa
‘- . omicinatLy 8 CYL, 9 x 10-1/2 MAR-R.H, o
— . -
*' B | por TOTAL REQUIREMENTS PER ENGINE MuLTIPLY NO. REQ'D mfn:rnl:‘uét ;};‘?rrgﬁxiaguurl;i;t;n ng SHEET 3 ry
'! PARTS LlST ENGINE DIVISION SPRINGFIELD, OHI:E) =




CAPSCREW

..
il .

il i |

/ | i

[ : I / \.

l\ i !I \‘ !

i ) ) T \(\

KEY 'i\ ‘} I i
Vo m— “ et

/ |
E;mguasw% > {! l“ ;‘, |

f
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Supersedes Sheet Dated 10-19-51

CHANGES

|2L2535

FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE l P'FEITE SA4038
il DAWG. NO vl PART NO. PART NAME [ AR RSN =
o 4Y1058 1 | HUB & STUD - Reduction Gear Assembly
2 2 | 4A1172 l | KEY - Hub Assem. to Reduction Gear
3| 3 4Y1054 1 BUSHING & RING ASSEMBLY
4] 4 | T=1060-A |12 | CAPSCREW = Coupling to Flywheel
5 6 EQ WI.BE l—G-M_IAQMG i “
I 16 | CAPSCREW = 1/2"=13 x 1-1/4" Hex Hesad
call 16 | LOCKWASHER - 1/2"
|l
T
i
Al
i:i
=
N
i l"
: N
I O
W
AND 522  name_ REDUCTION GEAR COUPLING n
e ! omaeinaLLy 8 CYL, 9 X 10~1/2 MARINE .

' ForR TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN OM (NDEX SHEET

: THE NATIONA EE :
I PARTS LIST ENGINEE DIVI‘S-II-ONN R

SPRINGFIELD, OHIO



CAMSHAFTAHUS
ASSEM.

i L N ‘I‘-'::J:-—.

| | REARING

| ‘ 8 AA M‘ m.% _E’E'“'R’ﬂc’%__

F*W’D. END OF CAMSHAFT #
DIRECT RZVERSIBLE —w= Jﬁi -
MARJANE ENGINES.
| > z
4 WD END
BEARING (14)
ASSEM. C APSC.REW
|C) DOWEL PIN
@ @@
(-
ol KEY 5
wl
= -
CAPSCREW
WASHER
CAM ARRANGEMENT
DIRECT REVERSIBLE MARINE ENG.
FOR CORRECT POSITIONING AND RELATION
- OF CAM LOBES SEE INSTRUCTION BOOK
PLATE No.
3A4029 DO NOT ORDER PARTS BY REFER.NUMBERS




#1 =3=-25-Changed Line #24 from 3A-2060 to 4D=1071
#2-3-26-52 Line 28=Changed C2408L3-1/Z

.tﬂ 4&1354 E
; | ESug;Eg;dea ihﬁzt D;ggdflu-lg-éﬁl z 5
F#3=3=26= ange ne rom 88lAE’
AT 2L2536 &
‘;;T;ﬁﬁ.'.ﬁ;ﬂ}é‘*;',.,":EESJTT::TNQﬂf.Esf;“a”ﬂ.r”e' ;Eushéanirz:n:jm AND SIZE I PIF.!‘&TE IA4029
: DRWG. NO. o | PART NO I staa] PART MAME D
1| 481094 1 | 4Y1 | . CAMSHAFT & HUB ASSEMBLY
7 | 3A2113 | 1 | WASHER = Camshaft Gear Hub Retainer
3 | 342116 |1 | CAPSCREW = Washer to Camshaft
-3 5 | 3A2114 |2 | CAPSCREW <« Washer o Gear Hub
5 { e - N = S_t.
G 7 | 3A2090 1 | GEAR = gamﬂha.ft
T 1 ' | 6 ' CAPSCREW - Gear to Hub
8 7 ' 6 | _WASHER = Gear to Hub Capscrew
9 i | 2 | PIN = Gear to Hub Dowel
10 ! ' 2 | HALF NUT = 1/2"-]3=NC=Hex, = St,
ETY | |1  WIRE = #16 Ga. x 40 Lg. = St,
12 | : |
13 , j— _u__
§ | 3A3227 14| 3A3227-X 1 | BEARING ASSEMBLY = Camshaft (Fwd.)
15 | | 1 | CAPSCREW - (Fwd.Brg.)=-5/8-11-NC x 4~-1/2 Lg
ol | | ! Allen Socket Head = St.
17 | - 1 | BEARING ASSEMBLY - Camshaft (Aft.End)
18 | 323229 7] 3A3229=X | 7 | BEARING ASSEMBLY - Camshaft
19 | 77 8 | CAPSCREW = Bearing to Centerframe
20 s 8 . WASHER = 5/8 - Shakeproof Lock = Typejp
21 | |
e _3A2444 8 | CAM - Inlet
3 3A2445 | 8 | CAM - Exhaust
24 | | 8 ' CAM - Fuel
25 34| 3A2132 ‘ 16, KEY = Cam Group to Camshaft
26 35 | 3A2531 8 | SETSCREW = Fuel Cam Retainer
27 36| 3A2473 | 16| SETSCREW = Cam Retainer
37| 4A1264 . 16! CAPSCREW = Fuel Cam to Inlet Cam
29 | 8 | WIRE = #16 Ga. x 10 Lg. = St,
30 | 5=2233 3 4A12635 16 WASHER = Fuel Cam Capacreaw
31
32 3A3212 1 | COLIAR - Camshaft Shiftar
33 SAS213 1 | WASHER = Collar Retainer
8 _4A1137 L1 D
35 1 | NUT = 7/8=-14=NF Light Thick Slotted
36 1 | COTTER PIN -~ 1/8 x 1 Lg.
37 | |
5
_39 i
40 |
41 |
2 | -
4 ====Outboard or Inboard Rotation===-
i "
46 r
47
48 N
49 o
50 | (%)
. HAND SEE S CAMSHAFT GROUP (TURRO,) (9))
— i omeinaty 8 CYL, 9 X 10-1/2 Mar. R.H.

,I rom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REG'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET

| HE NAL SUPPLY CO.
! PARTS LIST EN;NE n%‘grlag SPRINGFIELD. (c::mo
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.q....;u 4 : mh\b CGMET \ulo.m émm CL \h PATY. OR DIK NO. © sursmeRtOEe
. 3 ﬁm\hh. :
. E AT o5 opic , - z  ~& PARY MUMBER FUPERSEDED BY
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PLATE No.
3A2828




Sufaraedaa Sheet Dated 9=28-51
1-15=52=Line 3=-Changed 3A2668 to

4A1 448

ALWAYS GIVE PART NUMBER — PART MAME == ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO

CHAMGES

2 Les37

PLATE

¥ :‘H DRWG. NO "NE;1 PART NO ﬂggn PAST NAME 'P'_.-gf»iv MO
1 |3A2598 1 | 3A2598=-X | 1 | BLOCK ASSEMBLY = Cylinder
e 2 [5=976 2 | 727A-KXH | 18 WASHER = Base to Cyl., Block Thru=-Bok
3 S | 4A1448 18 NUT - Cylinder Bleck
4 4 | C=3610 2 | PIN - Cyl, Block to Centerframe Dgowel
) 2 | HALF NUT - 1/2=-20=-NF=Hex, = St,
5 2  COTTER PIN = X 3 - St.
-7 5 3A2210=X 8 | LINER ﬂSS____;_:_gxlinggr . |
8 6 | 604-KXH | 16 GROMMET = Cylinder Liner ¥ 2 ZL—i=5=--/ .
9 7 | =800 8 G - -
8 481099 - Block End - (Air Start. Pipe
| | le
9 | 3A2208 1 | GASKET = Cover to Cyl, Block
| M=1773 6 | STUD = Cyl, Block End (Air Start. Pipe Hole)
| 6 | LOCKWASHER = 3/8 SAE Reg, = St,
2| 4C1104 1 MMMMMH
i | 6 ﬂuI___ﬁLﬁ__LﬁﬂHﬂx_Eull:ﬁjnﬂzﬂxl‘_ﬁlnﬂk;End_
1 1_5 ‘ o s n -
I 6 1 LDCKHﬁSHEH - 3/8" SAE Reg. S%. —
19 | i
0 | | |
a1 | | '
i 24| 4A1161 2 | COVER = Cyl, Block Side {Larga for Name Plate
25 | 3A2179 2 | COVER = Cyl, Block Side (Large)
8 | CAPSCREW = 1/2"=13=NC x 3" Lg. - St.
| LQCKﬂéﬁﬂﬁﬁ___llg_ﬁﬂﬂ_ﬂag.
a1daas ol Blook Blda 0 N ";m_g_ni_“"
=26 | 4A1163 1 (o} e Cover Name= =]
4 mHINE sémw-l/v-zo x 5/8" Lg.,~Flat Hd,-St.
27| 3A2573 <2 | HOUSING = Fuel Rack Sh En & S
I (Cover Clo sura%
4 | GAPSCREW = 1/4-20-5::: x 5/8 Lg, = 8%,
32 | 4 | LOCKWASHER - 1/4 SAE Reg, = St,
13 | 1 | PIPE PLUG - Wagter Prain - 1/2 8td, = Brass
| 1 [ NIPPIE - 1/2" x 1-1/2" Lg, - Brass
'E C9053P=1/2 |1 | COCK = Drain ' .
S

isielE il Bl EiRiEEsBlE

Y R S S (SRR e PR T

i
i |
50 | |
' CYLINDER BLOCK & COVERS GROUP
| omeinaiy g CYL, 9" x 10-1/2"

|
"ror TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO, REQ'D GIVEN ABOVE BY NO, REQ'D FOR SROUP GIVEM OM INDEX SHEET

' PARTS LIST THE NATIONAL SUPPLY CO.

ENGINE DIVISION SPRINGFIELD, OHIO
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| o #1 =4-14-52 - Line 41 was BM-1201

1
) =
- <
& 5 SHEET
LR - 223539 6F 2
i BTN B R T BaAT fLRAER GIVE DESLRINTION AND SIZE o " BAL031
1| 3A2589 56 3A2589X 1| MANIFOLD ASSEMBLY = Air Inlet
2 7 3A2441 8 GASKET = Manifold to Head
-3 16| CAPSCREW = -l]a - -
4 204628 | - d Pregssurs
5 1| PIPE PLUG = 1/4"
6| 481015 51 481015 1| MANIFOLD ASSEMBLY = Exhaust
. T
_8 16| CAPSCREW = 5/8-11-NC x 1-1/2 Lg, = (8t.)
_9 2 2A2440 8 GASKET = Manifold to Cylinder Head
_10
11 16| PLAIN WASHER - 5/8 SAE Std., = (St,)
_12
13 | _ =
oy 60 | BA2431 | 8| BLBOW - Cyl, Head to Exhaust Man, Water
1S 61 S-2334 16| GASKET = Elbow to Manifpold & Head
- 16 32| CAPSCEEW = 1/2=13=NC -1/2 - (8t.)
T, 32 LOCKWASHER - 1/2 SAE R - (8
m 32| PLAIN WASHER - 1/2 SAE Std. = (8t.)
19 6 4A1159 1! FLANGE = Exhsust Manifold Water OQutflet
20 1| NIPPLE 2-1/2" Close
21 1| TEE 2-1/2% X 2=1/2" X 3/4%
2 5 4A1160 1| GASKET = Flange to Manifold
> 4| LOCKWASHER = 1/2 SAE Heg. = (St.)
(R 6 205044 | 1| FLANGE = Turbo. Water Discharge Pipe
[ 66 2C3047 1 - ald
28 4 = =] Be 1-1/2 Lg, = (5t,)
29 4 1.-:a&<3m1311fi ASHER ~ 1/2 SAE Reg, = (St,)
30
i - :
32| 4D1047 59 4D1047 1| BRACKET = Turbocharger Bupport
- T3 4| CAPSCREW - 3/4-10-NC x 2 Lg, - (8t,)
T 4| LOCKWASHER = 3/4 SAE Reg, = (St,)
35 4| PLAIN WASHER - 3/4 SAE Std., = (St.)
36
T 1 | BuN-6336 1| TURBOCHARGER |
- 38 4| CAPSCREW = ELE:H:HD_‘Ll:w_(I-%._-r(S.t.J_
‘39 4 m_-_ﬂﬂ?ﬁm Reg. = (S%.
0 4] PLAIN WASHER - 5/8 SAE Std, - (8t.)
4 BM=1707 1 | DRAIN COCK = Turbo ( Blower Casing)
42 S 3A2572 1! GABKET = Turbn., to Exhaust Manifold
43 4 | 3A2501 | 12| CAPECFEW = Turbn. to Exhaust Manifold] N
44 12| FLAIN WASHER = 1/2 SAE Std, = (St.} I
o N
46
47 ====CONTINUED ON SHEEET NO, 2===-= 0L
) W
b ©
N 3% OFF. HAND SEE | wawe INLET, EXHAUST MANIFOLD & TURBOCHARGER GROUP oF
_*n OPP. ROT. SEE '. ﬁs':&;:%‘#é'; 8 CYL, 9 x 10'1/2 TURBO R.H, 112
pon TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'DO GIVEN ABOVE BY NO, REQ'D FOR GRQUF GIVEN ON INDEX SHEET N -I

- i THE NATIONAL SUPPLY CO.
‘ PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD, HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AnD SIZE
'HG

PART NO.

I'I'iﬂ"l:i-

CHANGES

PART NAME [t e

====CONTINUED FROM SHEET NQ, l====

_4C1060=A

PIPE PLUG = 172 STD. = ngfff"”

GASKET = Elbow to Turbachargar

CAPSCREW = 132"-13 x 1-1/2" Hex Head

PLAIN WASHER = ]./2" Std.

LOCKWASHER -

CAPSCREW = 1/2"-13 x 2-1/4" Lg.

)
.-
i} .

NUT = 1/2%"=13 Hex Full

W@Mhi_

PIPE PLUG = 112 Std, = (C.I.)

—
- e

EPHHH Eﬁﬁgmwpwmw

GASKET = Adaptor to Turbocharger
CAPSCREW = 3/8-16=NC x 1-1/4 Lg. = (St.)

-
'l

BM=-6402

FILTER SILENCER

4A1190

W - - e

37

___4C1082

4A1190

GABET-- Elbow to g5-_Hnr=~r;-l=lr'

0o |Co - ) 0 0 o B~ =

CAPSCREW = 1/2"=13 x 1-1/4"

LOCKWASHER = 1 /2"

a.
3
|
s
6
g
—
10
_1
12
T
T 14
3
16
1
18
19
20
2
23
e
=]
e
21
-
29
_30

—

|

alalsl|slalalelslalelslelslslalele|slele

épm HAND SEL 1 NAME IHIET_'

| YOR OPP. ROT. SEX

EXHAUST MANIFOLD & TURBOCHARGER GROUP

oricinaLLYg CYT, . 9 x 10"1/2 TURBO R.H.

iISSUED FOR

l,,;

i
: |

PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO

5, rom TOTAL REQUIREMENTS PER ENGINE MmuLTIPLY NO REQ'D GIVEM ABOVE B8Y NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET
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1,

Supersedes Sheet Dated 10=19-=51
-&-15-52 - Added Lines 47 to 49

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NMUMBER GIVE DESCRIPTION AND SIZE

CHAMNGES

| SIS NS o | PART NO | aca'o PART NAME [ERne. ne
1| 1 | 3A3036=X 15 HOUSING ASSEMBLY VERTICAL & OVERSPEED GOV
o | : DRIVE
al 2 ' 4B1090 1l | GASKET = Assembly Vertical & Overapeed
3 Cﬁﬁw—‘l/ 4" Lg, = St,
6 1 |CAPSCHEW = 1/2"=13 x 2=3/4" Lg, = St,
7 4 | LOCKWASHER = 1/2" SAE Reg. = St.
_B. | l'I'-a'?Q 114__ ;ESLH DOWEL
43”}34 i - a
7 | BM=6378 |1 MRC~5208K = Ball Bearing
8 [4A1146 1 SPACER = Governor Drive Shaft
9 14B1080 ) GEAR = Governor Drive
10 | 1 KEY - Woodruff #5
| | 3A2964 1 WASHER
i 1 - e
fi 1 0 N -1/8" x 1-1/4" Long
13 |14A1144 1 WEIGHT = 0.5, Gov, Control
14 | 3A2996 1 SPRING - 0,5, Gov, Control
) 15 [ 3A3010 3 SHIMS - 0.5, Gov, Spring
6 | 4A1145 1 | SPRING RETAINER = 0.5, Gov.
. 7 |He14259 2 | CAPSCREW
2Pc, 16 GAUGE = 4" Long = Wirs
3 18 | 4B1082 1 BEVEL PINION GEAR = Gov, Drive
19 1 | KEY - Woodruff #5
5 | C=9859 20 15709 2 BALL BEARING
| C=984¢ 21 |C=9845 1 LOCKWASHER = Ball Bearing
| C=9844 22 |C=9844 1 LOCKNUT = Bgll Bearing
Y 3A2958 1 %ﬁ&%ﬂwm.].m
| C=2406 C2406L~=3/4 |3 RE
A 1 LOCKWIRE « 16 Ga, x 12" Long
i 6 |3A2898 1 CAGE = Ball Bearing
7 | 3A3007 1 GASKET = Ball Bearing Cage
3 CAPSCREW = 1/2"=13 x 1" Lg, = S5t,
S LOCKWASHER = 1/2" SAE Reg. = St.
3A2965 1l | COVER =
SA2972 1 GASKE ar
: 5 . " o
] |
~ 3 [4C1055 1 GOVERNOR WOODWARD UG=8
| 5 [3A2899 1 ADAPTOR = Gg ernor to Housing
| 2 CAPSCREW = 1/2"=13 x 1-1/4" Hex Head
| 4 | LOCKWABEER -4/2" N
| i 3&2993 :_5 SHE‘- 70\ A8 DLue O A0UB1lIlE l—
37 |3A2999 5 SHIMS - Gov. Adapter to Housing (.010
7 _[3A3000 2 SHIMS = Gov, Adapte -:.-¢;m N
4 Aol HCW e B =16 . ~1e 0 = L aal w
Gov, to Adgpjnr N
4 LOCKWASHER - 3/8" ng. to Adaptor ®
- D ON S -———— —t
AND SEE | name_WOODWARD & OVERSPEED GOVERNOR =
e . omicinaLLY 8 CYL, 9" X 10~1/2 DRM mr
i ¥om TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INDEX SMEET Nr

PARTS LIST

- p——

THE NATIONAL SUPPLY CO.

ENGINE DIVISION SPRINGFIELD. OHIO



Supersedes Sheet Dated 10-19-51

: #1 -10/16/52=Part # on Line 27 was

R=3477

CHANGES

S
|2 L2540 2’552

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER FLATE
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO 3A4026

REF.

NO

ASSEM

DRWG. NO. 4 PART NO | acon. PART NAME | SRwa. NO
1 | wwweCONT INUED FROM SHEET NO, l====
':3:-
3
4 38 | 481081 1 GEAR = Governor Spindle
5 39 | H=7663 1 KEY = Governor to Gear
K
T 40 | 4B1088 1 | SHAFT « Overspeed Gov. Throw=Out
) 2 | _"Q" RING - (Parker #5427=19)
9 4B1U83 1 | ARM = S, Throw=Out = Spring
10 | 44 1 KEY = #5 Woodruff
11 1 | CAPSCREW = 3/8"=16 x 1-1/2" Hex Head
: 1 WASHER - 3/8" Lock
13 45 1 | SETSCREW = Allen = /8%=16 x 2=1/4" QOval Pt
14 | 1 HALF NUT = 3/8"=16
15 | 47 |3A2992 1 SPRING
48 [4A1158  LEVER = Qverspeed = Governor Reset
17 | 9 L_EI__EE_;&OMHIL' :
1 CREW - 5/16"~=18 x 1" Hex Head Cap
50 | 3A2937 1 | LATCH - 0, B, Gov, Trip
51 1 KEY = #5 Woodruff =« Latch to Shaft
1 CAPSCREW = 3/8"=16 x 1l=1/2" Hex Head
53 [4A1157 1 | LEVER = Overspeed Throw=Quk
1 | KEY = #5 Woodruff -
1] | CAPSCREW - 3/8"-16 x 1" Lg. = Hex Head
6 |3A2947 1 | PIVOT ARM - O, S, Gov. Trip
] 3A2983 1 | ROLLER =~ 0, S. Gov, Trip Arm
T=-1384 1 | PIN - 0, 5, Gov. Trip Roller
s 2 | COTTER PIN - 1/8" x 3/4"
9 [3A2985 1 WASHER
1 | COTTER PIN « 1/8" x 1=1/4"
1 |3A2984 SCREW = 0, S. Gov. Trip Lever
S l BET%EW - 5{,15--1& P 4 ﬁ‘ﬂ. Eq. Hd. :G]J,p Pt.
- 3 [4A1176 1] | TUBE = Gear =-Gov, Drive
il
@ o
41 |
| [ O
-
N
on
D
? o
an s " wawe._ WOODWARD & OVERSPEED GOVERNOR '“g;
e a crigmatty 8 CYL, 9 X 10-1/2 DRU =
[ i pom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUPF QIVEM ON INOEX SHEET m
THE NATIONAL SUPPLY CO. m__;

PARTS L|ST ENGINE DIVISION SPRINGFIELD, OHIO
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DO NOT ORDER PARTS BY REFER. NUMBERS.
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PLATE No.

3A40




et
a7 1-

'

ed from copy dated 10 6/51
Added Line 8. 2/6

CHANGES

E = . I ecL2541

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE <A4032

REF. ASSEM
N PART NO | nsu n] PART NAME DAWG NO

1 For TOTAL REQUIREMENTS PER ENGINE MULTIFLY NO. REQ'D GIVEN ABOVE BY Nn AEQ'D FOR GROUP GIVEN ON INDEX SHEET

1] 4Y1031 | leusms ASSEMBLY- Engine Cantral
2 2 |3A2340 | 1 |GASKET- Housing to Centerframa
3 L_aE_SQB_E__l,ﬁz__lﬁ_ﬂc_x_L_lﬁ_Lg,- REe
4 1__ — n - - - N Lg_— S"f‘:
5 4 m.QKHASHEB-_l_éSE“_EAE_Hﬂg= = St
5 4 - e [P " Lg.= St
7 4 - S
9 Control Housing
10
11 ZA2215 1 lQQl’EB-_Ga.n.t:nl_HanaJ.ng_E.n.d_Llug.al
12
13 A QAEEQMLH_EG_X_L"_L%.-_SL
14 T 6 |[LOCKWASHER=-"1]/2 SAE Reg,- S
15 7 [T-1247-E 1 |[PLATE- Name
16 EM-3508 4 IVE SCREW
17 :
18 10 [3A2324 1 [COVER- Control Housing End- Small
19 11 |3A2387 1 |GASKET- Cover to Housing
= 4 |CAPSCREW- 1/2" -13-NC x 1-1 4" Lg,- St.
2 4 |IOCKWASHER- 1/2 SAE Reg. -
22
23 3 [3A2364 1 [COVER=- Contrg_l_Hous ng (Aft, End)
24 4 1CM?'SfC!E.'E‘.‘ﬁf-- 3/8" -16=NC x 5'/_'3 Lg.- S¢t,
25
26
21
28
29 16 |3A3045 1 |COVER=- Com::_qj._limME Side (Lower)
30 3A2398 1 |GASKET- Cover to Housing
31 8 [CAPSCREW- 1 /2" -13-NC x 7/8" Lg.- St,
22 8 [LOCKWASHER- 1/2 SAE Reg,- St,
33 |
34 20 1 GE}IEH- Air Reverse Hggging
.35 8 |[CAPSCREW- 3 -16 x 3
36 3 |CAPSCREW=- ﬂ[ﬂ -16 ; ],Y‘Lg e
37 3 | IOCKWASHER=- 3/8"
38
-39 2 4C1068 1] [STAND=- E
40 23 |4A1169 X 1CUVER-
41 ‘ 4 |CAPSCREW- 551§ 13 X ;5'& Hex Head
42 4 |CAPSCREW- 5/16" -18 x 1" Hex Head
43 Ve, H-g&la 4 ls UD- = :l' i =
4 4 |LOCKWASHER- /8" N
45 BM-4850=V 2 |NAME PLATE. gjank- Ahead & Astern
46 4 > o HO PIN #16 = “— Namea Flate ‘_
.'4'? I tn V=B Nel- aln O S 1.8 d m
48
49 o
50 I LN
R OFP. HAND SEK l «ame ENGINE CONTROL HOUSING & COVERS GROUP —_
ROT. SEE ?SHETEE;‘%AFI'-;; _u_l.o ljz MARINE- R, H

| THE NATIONAL SUPPLY CO.
l PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO
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ad & Revised from Sheet dated 1/2/32,
1

CHANGES

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE  ZAAMNZS
FOR STD HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO 0
AT A T T TR

1309248 1 _PISTON ASSEMBLY- Air Cylinder

‘ \CUP SEAL- Air Cylinder Pistnn
3 ' FOLLOWER=- Cup Saal
|SHIM- Followar- Piston Cup

oo o .nﬂmm

COVER=- Air Cylindar E
!GASKET=- Cover to Contneol Housing
8 CAPSCREW- 3/4" -10-NC x 3" Lg,- St,
4 'JOCKWASHER-~ 3/4" SAE Reg.- St,
| 2 PLUG- Air Oyl, End Cover
| 2 GASKET- Plug to End Cover
2 VALVE NEEDLE
2 HAIVE NUTS- 1 /2" -13-Hex- St,

rm

?%%ﬁwﬁ#%éﬁﬁﬁﬁ%#ﬁn

e Shi
tP Alr Valves

't
= |

CAPSCREW- Fork Clamp
SETSCREW- S

ETSCREW- Shifter Fork
ICOTTER PIN- 1%15“ x 5/8" Lg.
LEVER ASSEMBLY- S er
KEY- Laver to Shifter hait

CAPSCREW- 5/8" -11-NC x 2 St.

LOCKWASHER- SAE R
SLIDE- Camshaft Shifter

ol lolle

18
19
o
2
22
-]
2&.
27
ﬁi
29
31

-
e

s|5|ssls|slale|s|o]s]s]5|s]e]s]

gl

" wame REVERSING AIR CYLINDER & CAMSHAFT SHIFTER GROUP
omomActy 8 CYL, 9 x 10-1/2 MARINE

" ror TOTAL REQUIREMENTS PER ENGINE MUCLTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON |NDEX SHEET

: THE NATIONAL SUPPLY CO.
| PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO
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. & revised from sneet dated 9/ 8/51
H_nauan was (4) cn lines 32,33,34,
- Added Line 35-ZM-1701. lm/lﬁ/Ba.

CHANGES *

FOR STD HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE 0<
T NO ASSEM,
S | DRWG. NO. ]| PART NO. L PART NAME [ AR

1] | 3A2025 UIDE- ! fler
o] : ZAD1 46 GROMMET- Lifter Guide
' -

il NUT. 8/8" -18 NF-Hex, -5t
LOCKWASHER- 5/8" Shakeproof Type 14(Int,) (S

4|

i'_'-'-ﬂ:

(o SAZ148

T 3A2053

i

r‘@ : 3..15&_-? 149
) 3A2155

3A3084 £

SM-6371 PUMP- Fuel Injection

3A2253 | SHIM=- Pump to Lifter Guide (,002)

TA0050 |40 |SHIM- Pump to Lifter Guid Q)
3A2251 16 'SHIM- Pump to Lifter Gui 32)
16_[CAPSCREW- 5/8" -11-NC x 1-

3/4" Lg.-
16 LDCKWHSHER— 5/8" SAE Reg.- St

-

[@|m|m|m| oo ;g@m

LIFTER- Fuel Pump
| RCLLER UNIT- Fuel 2ump Lifter(Rsller, Pin-
| Bearing)

GUARD- Pump Lifter Cil

AR%— Air Starting Valve Push Rcd

o -
-

K

C

S P

[SM-6361-A
3M-6372
3A2259
3A2181
C-3238

SPRAY TIPS

VALVE ASSEMBLY- Fuel Inj
GASKET- In v
CLAYP- Injection Valve
WASHER- 1

NUT- 3 /4" ST

TUBE ASSEMBLY- Pump to Injection Valve Fuel

(0 mmpnhmmm

3A2526-X

a1
E ".‘.I.
El
Ld
Il..-'..'
L £
-
Ja3
ix
g '_1'.
.|_ 1
il
=l
i -4
i e .-I. |
17
4 Pl
§ F .
10
o 8l |
—
ar
o
=L I
e
ey
i
fl-_f.‘- .-
daih
z - I3 ¥
g7 &
LA |
e
o
e T
i -‘;ii
s
O
L
---m L
28

._-i"

i e o

g
SA2174

MANIFC LD AS EEELX Fuel
PIPE CAP- 1=1/4" - C.I.

CLAMP- Fuel & Luhﬂ_Qil_Hanifald_iﬂ_Blnnk___

CAPSCREW- 3 /8" ]ﬁ NC x 1-1/4" Lg. -
LOCKWASHER= 5 /8" -

Wﬂani toPumpn Fuel

(Pump Inlet)
PARKER CONNECTC R- Tune
:QE;HHE](}:EIB Tuihe Hng Valve I}z:ain}

TUBE_ n _ T > H 3
iS.%,Cop,i

BM-1707
4A1236

o oo HrH

4A1237

» to po

s lsle)slelelalelale]sle
i i o ] b i

| |
"M“_FEEL;INJEGTLON SYSTEM & INTERNAL FUEL PIPING GROUP
_ omaivatty 8 CYL, 9 x 10-1/2 MAR,TUR30,
i ForR TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ' D GIVEM ABOVE B8Y NO. REQ'D FOR GROUP GIVEN OM INOEX SHEET

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO

SPGclc




PLATE No.

AATE N .. DO NOT ORDER PARTS BY REFER NUMBERS

g ma 'BR 'BR 'BR NS




ed from sheet datadQéES/sl.
1- Added lines #19

il s2.
#2- Line 15 was 3A2501 4/15/52,

.

5

n
ad
o
Z
<
v
2

‘2L2546

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE A0
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO <A4035

_ NS DRWG. NO. No_| PART NO. nEG'D. PART NAME | 5w, ~o

N

01 342043 8 |BEARING- Fyel Pump Control Shaft

A 16 ICAPSCREW=_3/8" =-16=NC x 1" ILg. = St,

3 16 - - "a
4 | 3A2330 BE..&BIHG__QQJ:LIJ:::_L_SJ:LA.H End

s | 2 CAPSCREW- 3/8"-16-NC x 3/4" Lg.- St,
.8 ' 4 |LOCKWASHER=- /8 SAE Reg.- ot.

7 3 [4B1106 1 [SHAFT- Pump Control

8 6 [3A2049 g8 |LBVER- Fuel Pump Control=- Drive

9 7l 11 I(WOODRUFF KEY- #5 = ot,

0 8 |[CAPSCREW- 3/8" -16-NC x 1 Lg.- St.,

T 8 | 5A2048 8 |IBEVER- Fuel Pump Control (Driven-Floating)
12 9 | 8 [SETSCREW- 3/8" -16-NC x 1-1/2" Lg,- Headles:
18 Cup Point- St,

14 g HALF NUT- 3/g" -lﬁ-NC-Ha:h- St,

15 0 14A1272 8 |SPRING- Pump Control Lever

16 2C1116 | 8 |CLAMP- Spring Anchor

EY | | 8 CAPSGEEW— ;#4" -20 -NC x 1 Lg,- St,

18 | ) | 8 |TAPER PIN- #1 x 1-1/4" Lg,- St,

19 4 1S-862 2 ICOLLAR- Control Shaft

20 ! |SETSCREW- 1/4“-20 x 1/2" Lg,-Sq.Hd,- C.P,
e |3A2046 a ILINK- Control Lever tQ Pump Rack

6 1342047 16 [PIN- Link to Lever & Pump Rack _
16 |ICOTTER PIN- 3/32" x 3/4" Lg,- St.

2lig|

-==Control Shaft Linkage- Governor to Shaft
18 14B1139 1 |LEVER=- Manual Stop- Fuel Rack Shaft

1 |[CAPSCEW- 3 -16 x 1-1/4" Lg,.-
1 |TAPER PIN- #e x 1-1/4"

s|s|s]s|s]z|alale|s|ee x| o el e]s]u]e |||k |5 ]

|
FUEL PUMP RACK CONTROL & FUEL CUT-OFF GROUP

EHIGINAI...LY._E CYL. 91 lo_lr/zﬂ MINE

'OR OPF. ROT. SEE ' ISSUED FOR
', ror TOTAL REQUIREMENTS PER ENGINE MULTIPFLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET

| THE NATIONAL SUPPLY CO.
| PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO

8

9r cc2lc

1 | GPP. HAND SEE | NAME




41 ' N/

Busmus@f (2)caskgT |

S

s o @crswer i
KEY ._\ 1ﬂlu:uu1 1? J @ ARSSEM. -
b -
TR G| B
~ / R =
44 i <

SETSCREW

PRESSURE

PUMP GE AR '

SUMP PUMP APS CREW
GEAR CAPS 3

D OWEL
PiN (4

PUMP-=COMPLE
FOR PUMP PARTS SEL
TABULATION BELD

DETAIL OF PUMPS

A =)

EE| PA PUMP Neo.
LET ﬁAﬁE 4A1195
COVER 4A1195P1

RQLRBA |aal195rP2)

BUSHING |4Al 195P3

IDLER &
BUSHING 4A1195RY

CARRI
ZPIN 4A1195P5

BALL 4A] 195P6|
SPRING |4AlI95PT

>

oM Mo |n|®

m
B

NOTE- E
ORDER PUMP PARTS AS PER ABOVE PART NUMBERS, |

23l M THESE PARTS ARE NOT LISTED ON GROUP SHEET.
PARTS NOT LISTED ARE NOT SOLD INDIVIDUALLY.

PLATE No. L

3A4036 DO NOT ORDER PARTS BY REFER.NUMBERS

e ———




CHANGES

CHANGES

2L2547

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE  =p
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO 4036

‘-“"F DRWG. NO, FI‘."E‘;’. PART NO n:g'ﬁ PART NAME ! ;:::GH =0
1 4Y1051 _2 |ADAPTOR ASSEMBLY- Lybe Cil Pump
2 2 [4A1142 2 |GASKET- Adaptor to Gear Housing
s I 16 ICAPSCREW= 1/2" =13 x 1-1/2" Hex Hesad
Y 16 | LOCKWASHER=- 1 /2"
5| Ce265L 3/4 | 4 PIN- Dowel Adaptor to Housing
|
8| |
°
7 14A1185 o |PUMPS- L,0, (Sump & Pressure)
4A1203 2 |GASKET- 03)
4A1204 2 [GASKET ((.004)
13 4A1205 2 [GASKET (,005)
4 4A1202 L |GASKET (,015)
5 | 22 [CAPSCREW=-_ 3 - /2" Hex Head
H-9842 22 ICOPPER WAS
o |CAPSCREW- 1/2" =13 x 1-1/2" Hex Head
A-573 2 |WASHER
481076 1 |GEAR - L,0, Pressure Pump Drive
0 431075 1 |GEAR - L.0, Sump Pump Drive
T-369 2 KEY- Gear to Pump Shaft
AA1143 SETSCREW- i ‘
- 8" Lﬂn% (St.
— TUEE OIL SUMP PUMP DISCHARGE
i 4A1174-2 1 FLANGF- TLyhe 011 Sump Pump Discharga
Il CAPSCREW - . x 2-1/4"
0 | g_mamsmal/?m"l
{ 1 _|[NIPPLE- 2" Closae
1l [TEE- 2"
1 BUSHING= 2" x 1/2" - Reducer
w LUBE O1L PRESSURE PUMP SUCTION
| 17 14A1174-2 1 |FLANGE- L,0, Pump=- Press.- Suction
' 4A1201 1 |GASKET- Lube 0il Press, Pump Suction-Flange
5 2 [CAPSCREW- 1/2" -13 x 2-1/4"
i 2 |LOCKWASHER- 1/2" Lock
'|! E
b
1: .
|
it m
.1 n
i LN
o sex '\ awe LUBE OIL PRESSURE & SUMP PUMP GROUP ~
| Seges¥on 9 x 10-1/2 MARINE TURBO,

I
|
i
:ld rom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NG, REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN OM INDEX SHEET

THE NATIONAL SUPPLY CO

PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




Q104 INVYH

AA33TS

LIVEVD

DO NOT ORDER PARTS BY REFER.NUMBERS

PLATE No.
3A2905




rasedes Sheet dated 10/18/51.
g#l- Changed Line 3= 2/19/52.

CHANGES

%
- SH
] 2L2548 3" EF]
" AW AYS Gl BT N P A UMBER GIVE DESCRIFTION AND SIZE PLATE  3A2905
e DAWG. NO. st PART NO. | o PART NAME A o,
1 1 | 3A2543-X 1 | MANTFOLD ASSEMBLY - Lube Oi]
2 | 3A2087 4 | PIN= Manifold Retainer
_3 3 | 3A2088 4 | SETSCREW=- Mani. Pin Retainer & Holae Plug
_5 _3A2236 | 1 | N - ; )
Rig 6 | C-5124 1 | LOCKNUT- N
1 7 | 3A2237 1 | WASHER- Locknut Seal
8
9
10
_u -==MANIFOLD OUTLET TO CRANK BEARING CAP - FRONT ENDw—-
_12 11 C9801P 1/2 | 1 | CONNECTOR-= Tube
1 ] | TUBE- Manifold to Brg. Cap (Front End)
14 ﬁﬁ;&_n_cgmma- Tube
15

—--CONTINUED ON SHEET NO, 2---

gvGclc

_18 1 1 NNECTOR=

19 TA2764 l,£2 . 1 | TURE= Mani. to Brg., Cap= Flywheal End
20 14 Cog01P 1/2 | 1 | CONNECTOR= Tuba

21

22 |

23 —__MANIFOLD OUTLEN T0 CRANK BEARING CAP---

24 21 C9801P 1/2 | 7 | CONNECTOR- Tube -

25 22 3A2755 7 | TUBE- Manifold to Bearing Cap

26 23 C9B01P 1/2 | 7 | CONNECTOR - Tube

27

m ——

29 —=LMAIN LURE MANIFOLD TO CAMSHAFT LUBE MANIFOIDew=
30 [ Co9gnl1P 578 | 1 | CONNECTOR- Tuhe

a1 27] 4C1045 1 | TUEE- Mani. to Camshaft Imbe Manifold
32 | #10=-FBTX 1 | PARKER ASSEMBLY

33

34 x| SA2516 1 |CLAMP - Tube to Centerframe

36 1 | CAP =

36 4 |PLAIN WASHERIE f/'ﬁi sa&"”s’m,' ¥ ‘._.! St.
31 = 1 |WIRE- #16 Ga., = x 8" Lg. - St

38 | 401044 33| 4Y1030 1 | MANIFOLD ASSEMBLY- Camshaft Lubricating
39 36| #4-FBIX "1 | PARKER ASSEMBLY

m 37 1 | TUBE- Front End Bearing

41 I AE!% " 0D . -

42 38| ##4-FBTX 1 | PARKER ASSEMBLY

43 34| 4A1105 8 | GASKET- M

=

45

46

47

48

49

50

FOR OPP. HAND SEE lianus ILAHIFDLDS- L.O o Main & Sacnndary) & IN'IERNAI_J_P IPING o g
] | : oricinaLLyg CYL, 9 X 10—;[2 MAR, TURBO, 1O M
38 OPP. ROT. SEL ISSUED FOR
_|I_rf.ll| TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE 8Y NO. REQ'D FOR GROUP GIVEM OM INDEX SHEET mm
r | THE NATIONAL SUPPLY CO. n =
| PARTS Ll ST ENGINE DIVISION SPRINGFIELD, OHIO




ty;ed & revised from copy dated 1/</52.

3
=
o
C SHEET
212548 38T
B O e s Saath S Seacron v azs | "y® SA2908
E PART NO. L. PART NAME AEEEN: o
: J -==CONTINUBD FRCM SHmRKT NGO, l==--
e -CAM REARING MANIFOILD TO VALVE ROCKERS ===-
= 7 | SUSHING = éé’g" x 3/8" Reducing
. : a-CBTX 1 | PARKER ASSEMBLY
5 1 TURE iTg connect on gn;g:frqmei
- " 0D Lg.- Copper
7 3A2777 1 | ELB0W- Tube 450
3 1_ FITLING- Tube Conn. thru Centerframe
9 | BUSHING= Reducer 1/2" x 1/8"= Mall.
10 _l ! MAIE CONNECTOR- Tube
1 1 | TUBE (C ct to Valve Rocker
: 2 " - W 34" I
L1 ] : MAIF CONNECTCR - Tuhe
_u 1 | BUSHING- Reducer- Q{;E“ x 1/8"%= Mall,
15 . HAHIEQLD ASSEM3LY- Valve le;:g: Lube
16 (NCTE: For Clamp see Fuel Inj. Group)
17
18 8
19 7
20
21 1
3 =
% 8
35 =
2 8
T 8
s 16
- 16
50
31 |
s
T
35
36
31
38 |
49 i
40 == | i
41 1 |
42 l
43 i
44 | 1
45
46 |
47 |
48
49
50 | i

L4 OPF. HAND SEE

.. OPP ROT sEE

wame MANIFCLDS -L.O,

(Main & Secondary) & INTERNAL PIPING

ORIGINALLY
ISSUED FOR

L

fon TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUF GIVEM OM INDEX SHEET

MAR, TURSC

PARTS LIST

THE NATIONAL SUPPLY CO.
ENGINE DIVISION  SPRINGFIELD. OHIO

g0 savcee




vised & retyped from copy dated 12/29/51.

gl
I§E

. 2L2549NEE

| OF .

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE

FOR STD. HARDWARE WITHOUT PART MUMBER GIVE DESCRIPTION AND SIZE NO

M.
| DRWG. NO. o PART NO. a£3'0 PART NAME | Sawe: wo.

CHANGES

NAME EXTERNAL LUBE OIL PIPING
originaLLYy g CYL, 9 x 10-1/2 DRM

ISSUED FOR

_n.m. HAND SLE

38 OPPF. ROT, SEE

| -==LUBE OIL LINES- SUMP TO PUMP---
4A1174~1 | FLANGE- Lube O0il Line
4A1201 1 | GASKET
2 | CAPSCREW=- 1 /2" -13 x 2" Lg,
2 LOCKWASHER- 1 /2"
8 4C1080 1 | TUBE=- L C S
K 4B1100 _ 1 | CONNECTION- Lube 011 Sump Pump Suction
s | 4A1201 1 GASKET- Lube 0il Sump Pump SuctionConn,
Y 2 | CAPSCREW=- 1 /2" -13 x 2"
10 2 | LOCKWASHER- ] /2"
=1 1 | PIPE PLUG- 1" - C,I,
12
13 -==LUBE OIL LINE- PUMP TO FILTER BRACKKT -
14 4C1073 1 CONNECTICN- Lube 011 Pressure Discharge
15 4A1201 1 | GASKET- ILybe 0il Pressure Discharge Conn,
16 2 | CAPSCREW- 1 /2" =13 x 2"
17 | I0C R- o
18 BM-3421-A 1 L I SSURE ING V
19 4C1077 1] | TUBE- Lybe O4l Pump to Filter Bracket
20 - 1 | FLANGE- Lube Oil Line
2 4A1201 1 | GASKET- Lube Oil Line
22 2 | C W- "o -1 /2"
S 2 | LOCKWASHER- "
24
25 4C1075 1 | CONNECTION- Filtaer Bracket to Cooler
26 4A1201 2 | GASKET
: 21 4 w_ n - - n
o8 4 A "
o9 1 | PIPE PLUG- 3/8" Std.- C.I.
30
21 -=-LUBE OIL LINE- COOIER TO ENGINF—--
32 481102 1 CONN.- L.O. Coaler Outlet
33 4A1267 1 | COLLAR=- Conn., L.C. Coolar Outlat
34 451201 1 GASKET
35 1 CAPSCREW= 1 /2" =13 x 1=1 /2"
36 1 | CAPSCREW= 17/2" -13 x 4" Lg,
37 2 LOCKWASHER- 1 /2"
.38 4C1079 1 TUBE- Lube 0il Line Cooler to Engine
39 4A1058 1 | CLAMP- Lube 0il Line
40 A-11457 1 | MUELLER UNION ELBOW
41 1 | PIPE PLUG- 1/4" Std.- C,1,
42 1 | TUBING=- 2- " 0D x 065 Wall x 34" Lg, (Co
43 A-6113 1 | MUELIER E W N
44 1 | REDUCER BUSHING- 2" x 1-1/2" I
45
46 N
47 U
48
s b
50 | O
- U
‘o I8
oM
m
w

I
|
|
|
ror TOTAL REQUIREMENTS PER ENGINE MuULTIFLY NO. REQ'D GIVEN ABOVE BY NMO. REQ'D FOR GROUP GIVEN ON INDEX SHEET
il
i

THE NATIONAL SUPPLY CO.
! PARTS LIST ENGINE DIVISION  SPRINGFIELD. OHIO




rped & revised from copy dated 12/29/5

l

CHANGES

2L2549%CF

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER I PLATE

FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

NO

DRWG. NO. e PART NO. | aeo'o

NO

PART NAME e ho

#16-UBTX

PARKER ELBOW

8 |
4

TUBING- 1" OD x ,065 Wall x 24" Long

---PIPING FILTER TO BRACKET

#16-CBTX

PARKER ELBOW

100

TUBING- 1" OD x ,065" Wall x 12" Long

—--MASTER L,0,PIPE FRCM L,0,COOLER TO

AUX, LINES—==

#12-CBIX

PARKER MAIE ELBOW

COPPER 3/4" OD x ,049 Wall x 6' Lg,

|0

- 3/4" x 3/4" x 3/4"~ Mall,

---FROM TEE (L,0,Cooler) RO TIMING GEAR"

BUSHING- 3/4" x 1/8"- Mgll,

———

#4-FBIX

TEE- 1/8" x 1§5 x ].éa"
PARKER MAILE CONNECTO

NIPPLE- 1/8" Close _
H

iu—- Hll—'Hl—‘

#4-CBTX

||I"""

COPPER TUBING- 1/4" OD w "
PARKER MALE ELBO

——-FROM TEE (TIMING GEAR) TO GOVERNOR=--

1

#4-CBTX

PARKER MAIE ELBOW

ﬁ @ i L by
ri=- 2 ol B = Wl

COPPER TUBING- " 0D " Wall -65" Lg
TURE CLIPS- TA-713S-4

= [0 [ b=

#4-CBTX

PARKER MALE ELBOW

3]

———FROM TEE (L.0.COOIER) TO L.0.SUMP PUMP--

e el

TEE -3/4" x 1/2" x 1/2" = Mall.
BUSHI%i >

#4-CBTX

P ARKER E;@%’ s

i
8

COPPER TUBING- "CD x .049 Wall- Q" ILg.

r-'l—‘l-‘l—‘l—'

Fa-CBIX

PARKER MAIEF ELBO

---FROM TEE (L,0,SUMP PUMP) TO L.O,

PRESSURE PUMP-=-

q

aslalsls]s

NIPPIE - ],'.{2' Close
ELBOW- 1 /2" x 450- Mall.

it 4=FBTX

PARKER 0 R

TEE= gfz" x 1/2" x 1/2"- Mall, =
BUSHING- ﬁ" x 1/8"= Mall,

COPPER TUBING- 1/4" OD " x 16"

- I—‘l—‘l—'l—‘r—’i—'i—-'?—‘

#4=-CBTX

PARKER MALE ELBOW

zlslslalzlslz]als]els

)PP, HAND SKE

1 OPP. ROT. SKE

T T

NAME

EXTERNAL LUBE OIL PIPING

e n row B Ll T X 1@-1!2 DRM

pon TOTAL REQUIREMENTS PER ENGINE muLTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP QIVEN ON iNDEX SHEET

PARTS LIST

fldcersane

THE NATIONAL SUPPLY CO.
ENGINE DIVISION  SPRINGFIELD, OHIO




& revised from copy dated 12/29/51,

CHANGES

22399 DEET

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

s PART NO. . PART NAME oRWS. N,

--FROM TEE (L.0 ,PRESSURE PUMP) TO

REDUCTION GEAR-=-
1 | BUSHING- " n_
#6-CBTX 1 | PARKER uﬁég R
1 | COPPER TUBING- 3/8" OD x 049 Walle & Long
2 | CLIP- TA-7135-6
#r6=-CBTX 1 | PARKER MAIE ELBOW
1

BUSHING=- 1 /2" x 1 /4" -Mal]

-—-TURBO L. O, DRAIN TO BASE---
NIPPLE- 1" -1 /2" = e

L

1l | BUSHING- 1% = "

1 ELBOW=- i-% EE" i go

1 COPPER TUBING- 1-1/4" OD x 083" Wallx éq"
Long

2 | PARKER Hﬁ_lE_C_OI_mECﬂ'QH

--~FROM REDUCTION GEAR TO BASE-

DRAIN L

ING =

NIPPLE- lﬁ: X 1l-1/2" Lg.- Black Pipe

)

1 [ ELBOW.- ﬁ -900="Mall,

1 NI - " - " = .
#10-DBTX 1 |

PLATE
NO

#20-FBTX

| nawe___ EXTERNAL LUBE OIL PIPING
omeinatiy 8 CYL, 9 x 10-1/2 DRM

| rom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP SIVEN ON INDEX SHEET

PARTS LIST THE NATIONAL SUPPLY CO.

ENGINE DIVISION SPRINGFIELD, DHIO

€ d0¢€

—



ed from copy dated 9/28/51.

1
&
’ 2L2550
ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE -
FOR STD, HARDWARE WITHOUT PART MUMBER GIVE DESCRIPTIONM AMND SIZE NO
_ DRWG. NO. pods PART NO. | nea's. PART NAME SRt N
T 4B1072 1 | OIL COOLER
] 4 | CAPSCREW- 5/8-11-NC x 1-3/4 Lg. (Bt.)
4 | IOCKWASHER-' 5/A SAB Reg.- (St.)
4 | PLAYN WASHER-’§ /8" - (5t)
{ r
i

als|slslals
06G2lce

LUBE OIL COOLER GROUP

ORIGINALLY
b ISSUED FOR s

rom TOTAL REQUIREMENTS PER ENGINE MULTIFLY NO. REQ'D GIVEN ABOYE BY NO. REQ'D FOR GROUP GIVEN OM INDEX SHEET

THE NATIONAL SUPP 0.
PARTS LIST ENGINE DIVISION SPRINGFII!'E.\I;. %HID

NAME




typed & revised from copy dated 12/29/51,

CHANGES

| 2L255]

| FreSee "AUX EQUIP.”

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

Betl  omws.no. | W]  ParTNO. | aido PART NAME CE o

Bl 4D1006-A | FILTER- Luba 041

2l 4E1014-B BRACKET & MANIFOLD=- L0, Filtar
o n

JOCKWASHER=- 1 /2

- at
%ﬂﬂ:ﬂ;ﬂ- 5 /8" -‘];l_x_2=1,£2" Lg.
_ 2
IOCKWASHER 8

~ NUT- 5&3" =11 - Hex
- g" =11 x 1-3/4" Lg,
- 5/8"% i

" GASKET- Bracket to Blook
SHIN- Bracket to Block

%g%%&- 5{1'6" Btd.-Zi.ltar to Brackat
PIPE PLUG=- 1-J4' 8td. (C.l.)

==

o lmw..p-

aloulaTcal:
i 5 bl i g

481204

b ==

[ =f=l

S-1005
4A1210

0O| 09|

= |
MUUHMNM'TJH‘HH

-----
1

S

L | b . . —_— F o I’ |
B Wo - - 1 . BN L 1 1 1 i B R N T - - B [ el B U L
e leleles]esleoleo|ee o eslcolea]lea|valtalralralea s ialtalioloo e[ s s e e | = | =
l =N i=3 > | oo - | |en | = .f :.'-'_- — | = | > | © - ‘-_'_" o | e Lo s '-I . | |ool=a]|o |on |4 | L ISR =R —
h |
- - - : ~- - - — p=s = - T 1t - e g = 1 —_— : e -

1)

|s|sls]s

f—f _
EI

5|2

el

166212

e LUBE OIL FLLIER
| gmamaey g CYL, 9 x 10=1/2
!i FoOR TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO, REQ'D FOR GROUP GIVEMN ON |NDEX SHEET

THE NATIONAL SUPPLY CO.
‘ PARTS LIST ENGINE DIV!S:II-OH SPRINGFIELD, OHIO




NOLLYTIV LIS NI
drifd 3TONIS NO
dfind €32v1d3d

M3a0D LINE VR

wansvanaon (21

womnao( 11

W30 NI-LTUNE
Hilm wosdvav( |

LINEYD

£

-

— - A

__u.. Eﬂi__n..._u.ﬂ!_ anis

D24 -DIt2MP2d-01E2M] ONINIVd

_-t.a.nu.! [d-0IE2M  anis
Sld -OlE2m| Sid-01E2M] .__,u__._

Irid-OE2m

¥id-0IEZMPDNIId

1708]

e

Bid-Olte MONIdnoD|

8 -OlEEM

Bd0IE2M A6

Bd FIMIVE

-._.E...m__._ LiVHS

9d-0l02-M

£d-DIE2 M, Id ﬁ iNH
. 8d-01 AW

Fd-01E2-m

rd FLBIVE

Sd-01E2 Idnii
!,Emﬁ INvE4

£d-0IES-M

Ed-Ol2M aNvY2

2d-0IEZ-M

2d-0ik ONIY

Elinuniuhu‘:—'ll-lﬂlntﬂ |-

id vIGIVE! 1d-01E2.4] ONISYD
"d-OICe-M | [+15)]
oM gNNd | O dWN vd

JATid

HILYM HS M4

DO NOT ORDER PARTS BY REFER. NUMBERS

PLATE No.
3A2935 go.»




jped & revised from sheet dated 1/7/52.

CHANGES

22552

Il ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER LA
' FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE no. WA2935 (Ed- 3)
B omwono TR T antno atal  PARTRAME | A e
. 1 | ADAPTOR- Water Pump- Lg,- Flywheel End
- 8

1 | ADAPTOR- Water Pump- Short

2 011, SEAL-. N; ans ptor Brg. #50320
. 1 | GASKET. Wg- Pump Adepntar-
4A1185 1 | GABKRT.. Wg Pymn Adaptore :—t
z w\ - n as - " I.g -ﬂt -an Hd
'~ I}.M&-_lﬁ'
C240612 1/4| 6 | CAPSCREW
4A1310 6 | GASKET
r('f'.ﬁ.‘.'n.E.ZI.;II_:L,m 4 PIN- Adaptor to Gear Housing Dowel
8 | 3A2106 ]l | SHAFT- Water Pump Drivae
D | 2025856P 4 | BALL BEARING= Drive Shaft
| SA2108 1l | RETAINER RING- Ball Bearing
C2506L3 ‘L_QAF“MW
2
9
1
1
1
1
6

PrPRe T

28| 2C2764 1 |FLANGE- Raw Water Pump Suctlon(3" Pipe Tap)
30| 2C2765 1 |GASKET- Flangs to Pump
- 8 |CAPBCHEW=- 1 /2" =13 x 1-1/2% - 8t,
31| 2C2762 1 GE- Raw Water Pump Discharge
2-1/2" Pipe Ta
33| 2C2763 1 |GASKET- Flange to Pump
6 |CAPBCREV-(Flange " =13 x 1-3/4" Lg,(S
6 |NUT-(F1 e) -1/2% =13 Hex Hezad- Stesel
54| 4B1095 1 | BHAFT- Water Pump Idler Gear
35| 4A1183 1 | SPACER- Water Pump Idler Gear
36| 4A1182 1 | BPACER- Water Pump Idler Gear Shaft
371481097 1 [GEAR- Idler for Water Pump Gear

See 910LA-344

cSGcle

| Name CENTRIFUGAL WATER.PUMP & DRIVE GROUP

” TOTAL R ENTS GINE FB“Q&EB‘FL;: B GTL. 9 z 10-14/2 m.TURHJ .

Fom A EQUIREM PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUF GIVEN ON INDEX SHEET
ATIONA .

L PARTS LIST LMV o




ed from copy dated 10/22/51.
1

CHANGES

| 2L2554

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER I PLATE

FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO.
DRWG. NO. e PART NO. ReaE. PART NAME R M O
===WATER LINEe INIET--=
l
L i 16-FBTX PARKER CONNECTION

o el e

: NIPPLE- 2/4" g 2=1/2"

3 COUPLIHGE'%" x 3,14'5 ~ Red.
——-WATER LINE- OUTLET-==

DARKER ELBOW

COPPER TUBING- 1" OD x .065" Wall x 22" Lg
PARKER CONNECTION

TEE- 17 x 1/4* x 1" Mall,
NIPPLE- 1" Close

1 F16-12-CBIX
T F16-FBIX

“““rf

!.
1

| wame_ WATER PIPING- PUMP TO TUREO,

GGl

SEsysr_8 CYL, 9 x 10-1/2 MAR, DR

| rom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE B8Y NO. AREQ'D FOR GROUF GIVEN ON INDEX SHEET

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION ~SPRINGFIELD, OHIO




L

W2078 H3ANITIAD
NO Q3LNNOW

HWO0T8 H3ANITAD
NO Q3LNNOW

ond| ¥
ivy |
@

= 4

'STIOHLNOD 3ISNOHONILS3IM

h@\/w
@

G J43A0D

MILI5dY D

1€l IvLe

MIAMISdY D

P

o=t o
» = (]
] -
D
—.
dNOED aT04INYR OHILEYLS iV 338

dIND3 XNV 33S Lvr—9p—-G¥—0v-9€- OE —ISHIAWNN "438 NO STIvL30 HO4-'310N

L J3iv1d INYN

o

WINDD

REFER. NUMBERS.

DO NOT ORDER PARTS BY

PLATE No.
3A 4032




ypea & revisea Irom COpy aated 10/x%/ol,

g#l

CHANGES

l snee
elLa>5557 ¢

ALWAYS GIVE PART NUMBER — PART MAME — ENGINE NUMBER I PLATE

FQR STD.

30

Bzt
F --.

DRWG. NO. s

PART NOQ.

HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

MO |
REQ'D.

NO SA40 32

PART NAME i

hifting Con S
Westinghouse Part #531315 ﬂ;

of our ZM-6383)

o
(¥

4A1197

BRACKET- Pilotair Valves

32

BRACKET=- Pilotair alzgg

SHIM- Pi Vv

33

R-7539

CAPSCREW

NUT= 4" -24 Li T S

Slef=|a]=|e

i (i

COTTER PIN- 1/16" x 5/8" Lg,

DOWEL PIN

R-6199

s

H-4828

CAPSCREW

P‘rTﬁthlibihrWJ

| 16 Ga, WIRE - 8" Long
H-5 RELAYAIR VAILVE="S+t¢ ng Line Inter-

i
antor" - Wes st-delalbi=].- Ppg i L] L)

I AT _."- T O Bu" ;

H-4828

CAPSCREW

LOCKWASHER- 3/8"

Il foa fen

;ﬁ GA. WIRE - 12" Long
18A DOUBLE GHECK VALVE "Starting Inter-

c or S Westinghouse Part
£§2§7‘?4 IIt_g_g }’? of our BH-ES&S)

41

H-6624-A

CAPSCREW- 5/16" =18 x 1-%[_2_ Double Check
Valve to Air Reverse Housing

16 GAUGE WIRE- 6" Long

n-r-a-

ﬁga DOUBLE CHECK VAIVE- "Stop Relay Suppl

n e Part 21774

LI BM-6383)

4l

H-6624~A

[~

CAPSCREW- 5/16" -18 x 1= =D @ Che

Valve to Air Reverse Housing

40

1 | #16 GAUGE WIRE - 6"

Long
DOUBLE CHECK VALVE "Stop Cylinder Che
W P 21774

{T 3 BM-6383)

H-6624-A

CAPSCREW- 5/16" -18 x 1- "-D e Check

Valve to Air Reverse Housing
#16 GAUGE WIRE- 6" Long

H%#i&ﬁtw

€ =

#18A DOUBLE CHECK VALVE- Pllot House 3

= pr—

Engine Control= Wes nehouse Pe r52

Itex ,‘i. 5 1 - = BM-838 }

H=-6624=A

CAPBCREW- 5/16" =18 x 1-% /2" -Double Check
'S R

¥

ele|e|s]s|s]e|s]s]s]s|e]e

"B, HAND SEE

| name WESTINGHOUSE EQUIPMENT IN & ON CONTROL HDUSING

--CONTINUED ON SEEET NO, 2---

QRIGINALLY
ISSUED FOR

pom TOTAL REQUIREMENTS PER ENGINE MULTIFLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET

! PARTS LIST ENGINE DIVISION SPRINGFIELD, OHIO

s cBeE2T) 2

THE NATIONAL SUPPLY CO



yped & revised from copy dated 10/25/31.

w1l s
| 2
:
0
ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE
DRWG. NO. i PART NO, | -akatn; PART NAME N D,
48| 4A1263-A |1 Lhm_ﬁm'_lﬂﬁ;ﬂanhln_ﬁhm
2 Cﬂ%m-a'xl'ﬂgﬂm
5 | CAP W 52{6" -18 x 1-1/2" Lg,- Hex Head
5 | LOCKWASEER-' 5/16"
|
N
i
n
n
. U
_ on
S ver | e WESTINGHOUSE EQUIPMENT IN & ON CONTROL HOUS ING N
' ORIGINALLY (@)
=TT ISSUED FOR m
pon TOTAL REQUIREMENTS PER ENGINE mMuLTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INDEX sueet | 11 m

T ONA P :
| PARTS LIST Exame oviSIon  SeRNGRIELD, onio |



’
s
»
L
g
L
1
¢
l
l

"STI0HLNOD 3ISNOHONILSIM

NARRSSSSONS

Y2078 H3ANIMAD
NO Q3LNNOW

dInd3*xNv 338 Ly —-oP-—Sv—OV-0E- O€ — SH3IBWNN "434 NO STIvL30 HO4-I310N

1€)ianovue

E)M3auIcdva

Hél

WD08 H3IANIIAD
NO Q3LNNOW

AT

- ¥ - \ -
GN0ouD GI10JINY DHILEVG iV 336 ﬁl_

DO NOT ORDER PARTS BY REFER. NUMBERS.

3A 4032

PLATE No.




from copy dated 10/25/51.

n

s

.

’ |2L2556 |

AW GIVE BAAT NUMBER  PANT MAME ZSNGIE SUMBRR | voame. | RO SA4032
DRWG. NO. N PART NO. RES'D: PART NAME BRWG. MO
45 1 2A-23 - CONTROLALR - Westinghouse Part

: #850652 (Item 2A or our BM-6383)
ol 4 #2C - RED 5
T TP T T T
il 7 1 | #2D - GREEN ALARM LIGHT- Westinghouse Part
i #529989 (Item 2D of our BM-6383)
1 | #H5 - RELAYAIR VAIVE = to Alr Cylinder
# -6383)
3 | CAPSCREW= 3/8" -16 x 1" Hax Head
H H=15402 3 | SPACER —
3 IOCKWASHER=- 3
a 36 1 | #HS - RELAY AIR VALVE- o Air Cyl. Exh. Sid
j,-:.: lI_t,_gm 32_5 of our BM-6383)
3 % | CAPSCREW- 3/8" -16 x 1" Hax Head
| 3 | IOCKWASHER- 3 /a"
3

@gégﬁﬁﬁgﬁqggﬁﬁhgﬁ
! 5 . rh

|

|ess|ss

|.

s|als|s|e|sls]e]s

@ 3!-

\PP. HAND SEE

PP, ROT. SEE

| name_WESTINGHOUSE CONTROL AND AIR CYLINDER RELAYS

9G6Gc1c

originaLLY 2 CYL, 9 x 10=- /2 TURBO MAR,

ISSUED FOR

,! Fom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP GIVEN ON INDEX SHELT

THE NATIONAL SUPPLY CO.

P A RTS LI ST ENGINE DIVISION SPRINGFIELD, OHIO




8 1) FOR DETAILS-SEE
"WESTINGHOUSE CONTROLS
AUX. EQUIP
3
3 2) SHIMS
CRANKSHAFT - / -
7 ,_@ - o)
/.r
\‘ -

DIRECTIONAL INTERLOCK
' IS MOUNTED ON FRONT
\ END OF ENGINE

O

PLATE NO.

3A404| DO NOT ORDER PARTS BY REFER NUMBERS

BRBRBRBRERB




73}

3d & revised from sheet dated 1/2/52,

CHANGES

I el2557

FOR STD. HAROWARE WITHOUT PART NUMBER GIve DESCRIATION AnD size | "HoT® 3A4041
DRWG. NO. RE”. PART NO. lneeol PART NAME ORWG. NB
J Iy DIR?CTIDHAL INTERILOCK= W[ﬂjlw‘g_zﬂr_t_
] 533195 (Item #11 of our -6383)
d 2 | R-6181 2 | SHINS- I B
=' 4A1305 2 | SHIMS- W_u.tingkmnn_lnmm
1 4D1049 1 | BRACKET - u:g,. Directional Interlock
il 2 CAPSCREW- - - .
il 2 LOCKWASHER- Qéﬂ"
bl 1 i MMW-MJM&- — S
[ 1 | IOCKWASHER- 1'@“ -
3 CAPSCREW- - - "
3 3 | IOCKWASHER. 3/g"
- . Tead
B 4C1078
0| 4A1175

phop| ook

name_ WESTINGHOUSE DIRECTIONAL INTERLOCK

Baats ran. B CYL 9 x 10-1/2 DRM

. PARTS LIST

| mom TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUPF GIVEN ON INDEX SHEET

THE NATIONAL SUPPLY CO.
ENGINE DIVISION  SPRINGFIELD, OHIO

LSS cle



P!

AUX

g2

TROLS

LS ON_REF. NUMBERS: -

A

NOTE -foRr pEW

WESTINGHOUSE CON

PLATE No

Si404a2 DO NOT ORDER PARTS BY REFER NUMBERS




;ped from copy dated 10/25/51.
#1- Line 16 was 4Al1216. 3/31/52,

CHANGES

B 2L2558

' ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE NO SA4042

S8f omwa.no | o | PARTNO. | aigol PART NAME SRWa. NO.

o, FUEL LIMITING CYLINDER- W P

1 F523159 (ltem 24 of our BM-6383)

'Z.-.':'I_II”[ I _ R—E.?a_B_ CAP=- [ ] in C inder

74 COTTER PIN- 1/168" x 5/8" Lg,

5| 481107 BRACKET - C

6| 4A1219 STUD- Bracket- Fuel Limiting C
NUT- 4" -28 Light Thick Slotted
—COTIER PIN- L/16% x 5 /8" Lg,

H-4828 CAPSCREW- mﬂl_m'm ng Bracke Cyl.B

WIRE - 6 Gauge- 4"

4¥1063 FUEL LIMITING LEVER- Limiting Cylinder —

ADJ, SCREW- C

NUT=- ng' -16 Hex Head Full
WIRE- - 4"

——F— 4 —f— ]
|

TR

=

alslsislzlalelislslzlslg|8|g|8]a|2 g |28 |2 |R 8|S (R(|R|B(B(R(8|6 |55 |6 |=|&|B|=|S|e|w]|
| Bl e b o b e i ] i o o e L S et e i ) i g U b L s e i 6 i R
[ 1 ' : | = = [ = Bl i i i i | i B S
4 i -' : 1 | | . I "

Il [y

|

——— WESTINGID USE FUEL LIMITING DEVICE
oRIGINALLY g CYT,, 9 x 10-1/2 DRU

For TOTAL REQUIREMENTS PER ENGINE mMuLTIFLY NO. REQ'D GIVEN ABOVE BY NO. REGQ'D FOR GROUP GIVEM OM |NDEX SHEET
‘ THE NATIONAL SUPPLY CO.
PARTS Ll ST ENGINE DIVISION SPRINGFIELD, OHIO




DETAILS ON REF, NUMBERS:- 1 812 SEE
WES TINGHOUSE CONTROLS

"B B BB BB BB EREERERRERB




. DRWG. NO. W

fl-Changed Line 14 from 4Al216 to A-3331-52
Supersedes Sheet Dated 10-25-51

CHANGE

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIFTION AND SIZE

l 2L 23959

| "5 3A4042

FART NO.

__4A1215

PART NAME

ODRWG. NO.

FUEL CUT-OFF CILINDER - Westinghouse Part N

8 0

C=2392

Q% = Mitg. Bracket=Ta Cyl, ﬁlggk
tg. Bracket to Fuel Cutoff Cyl,

=24 = Li Thick Slotted

_BUT = 3
16 GAUGE WIRE - 8°
C =

! i

i e TP = F* Ll - i
il i K | - i , :
ey, (Al s | ! | = !
" e H - I — 4 1 TR | .- ch Mg il T =y 2 ol L= [
(1 ks (s - i | J— A - N | ] . ) | T o i L
E ﬁ &ﬁ = | == les ‘o Ve Ui Bha Thn Uica o Pem el sl boallys
| | e | | = O el Bl el Sl Aol B 8 -0 RT3 I
o 1

Coam
]

D ———

z|a|s|s|s|s|e|sls]e|s]e]s|x]e|x|e]e|e] o] )]s

'OPP, MAND BEE

}—-B—-.mn-.n-am | |

o

6GG21c

WESTINGHOUSE FUEL CUT-OFF

!
“ NAME
|

C PP, ROT. SEX

PARTS LIST

ORIGINALLY
ISSUBD FOR

CYL, 9 X 10=-1/2 DRM

For TOTAL REQUIREMENTS PER ENGINE MuLTIPLY NO. AEQ'D GIVEN ABOVE BY NO. AEQ D FOR GROUPF QIVEMN OM |NDEX SHELT

THE NATIONAL SUPPLY CO.
SPRINGFIELD, OHIO

ENGINE DIVISION




ﬂw F9dNOI0OMWEIHL

b

——

wo018
HIANITAD

dinb3 XNv
SI0HANOD ISNOHONIISIM,
335-5711v130 HOJ

i

*\

A1 3SSY
auvo8 39Vo(l

“LEM D1@nESSv-EBNS NI
HI@mNN ATRNISSY H3ANN G3us 1
aNnod 38 Thm ATEWNISSY
§iHi 4O Sidvd ANINOJNOD
TIeMIteY Lindno3

QILNNOW INION I -HOILIMS
JHENIVHIAW3IL H3I1VM

DO NOT ORDER PARTS BY REFER. NUMBERS

3A4040

PLATE NOQ



- Retyped from copy dated 4/7/5=. No CR&LEE=.

E_

. 2. 2576SHEET
" 5 GIVE PART NUMBER — PART NAME — ENGINE NUMBER l BLATE
:E:i;TD. HARDWARE WITHOUWT PART NUMBER GIVE DESCRIPTION AND SIZE ND SA‘O 40

T oaws.no | e BART NO sy PART NAME | 33 wo 088 Layout 910LA-358

4Y1064 | GAGE BOARD ASSEMBLY

2| 3A3074 3 | STUD- Gauge Board to Cyl, Block
3AL718 6 | GROMMET - Cyl. B
C-7567 9 | WASHER- Gauge Board %o Cyl. Block

GROMMET - Gauge Board to Cyl. Blogk

5[ 3A1717 2 T
|
: 3 |ELASTIC BTOP NUT- 1/2"-N,0, Cat. #20V083
2

; ; ELBOW CO R- 1/2" "Simplat Vapoil”

|

1 E

1 BM- -

1 R

7

e

1: O 2 g n " n
'_--‘ i o

0 [ BM-536a-B |1 |

82 | R11583 1 | BRACKET- Juhotion Box
il + TMACHINE BOREW - 174" -0 x 5/8" Lg, Ba, Hd,
U 4 | IOCKWASHER- 1 /4" :

) | BAFFLE PLATE- Junction Box

36 1 | TERMINAL BLOCK

AT 1 | TERMINAL BLOCK

-

5 9 4

41 4

42| 12 )

% 4Y1067 1 g
K BM-3702-A 1200

. 49

50 ——CONTINUED ON SHEET 0, 2--- 4
3PP, HAND SEX | NAME INSTRUMENT PANEL (GAUGES- TACH,- PYROMETER) °
y##. ROT. SEE ﬁ;g&-]ar;:‘#é'; 8 CTL.-9 X 10"1'/2 @) m
B - | yor TOTAL REQUIREMENTS PER ENGINE MuLTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR GROUP QIVEN ON u_unu SHEET ey | m

PARTS LIST THE NATIONAL SUPPLY CO. N =
ENGINE DIVISION SPRINGFIELD, OHIO




fttypad & Revised from copy Dated 1/14/52

Al

ARBEM.
BT oo TE o Tl e i . Bee Layout ¢

CHANGES

S
2L2576% or 2

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

3A4040
QLA=358

==CONTINUED FROM OHEET

\‘l 1-—

I.,

ﬁ]

14 | BM=483=D "LUBE OIL PRESSURE BWITCH

T=1396~1 MOUNTING BRACKET for L.0, Pressure Switch

SCREWS - #10-24 x 1/2" Lg, - Rd, Hd, Machine

NUTS #10-24
WAS_}EHﬁglo-Ztt - Lock

BM=483=B

6 | BM=608-A WATER TEMPERATURE SWITCH

2C4470-9 THERMOCOUPLES

18 | 3A2533 BRACKET - Pyrometer Conduit Assembly

CAPSCREW = 5/8" =11 x 1=-3/4" Hex Head

LOCKWABHER = 5/8"

9 | BM=3357 CBAMP - Pyrometer Brackst

— =

{0 1A |CA |0 |04 | G Qo | | ba Do Dof | 1=

CAPSCREW = 3/8%" =16 x 3/4" Hex Head
LOCKWABSHER = 3/8"

< s s e faa i s s e e |} L ] ]|
i i 1 o o

NUT = 3/8" =16 Hex Full

Lo
-

BM=-5965 PYROMETER LEAD WIRE

1O A

LOW PRESSURE ALARM SWITCH

(Gien $18 of our BNCE3ESt
( U-6383

A Pl TR R IR A e
I ¥ v | st j = =t i
M ST A T E
gl | o i -

|
Al
B |

iE
'
"o 1
-
pray
L
e
g
s
.
e -
Ay
= i
=
LB
= -
"
F
®

| naue_LNSTRUMENT PANEL (GAGES = TACH,-PYROMETER

omamnaLy 8 CYL, 9 x 10~1/2

ISSUED FOR
ror TOTAL REQUIREMENTS PER ENGINE MuLTIPLY NO. REQ'D GIVEMN ABDOVE BY HNO. REQ'D FOR GROUP SIVENM ON INOKX SHEET

.Eada%g 9/G2712

THE NATIONAL SUPP .
PARTS LIST ENGINE DIVISION spmiﬁjsﬂél:. %ao




R r037 DO NOT ORDER PARTS BY REFER. NUMBERS.



CHANGES

22666
- E B WAL iTRatUT PART RUMBER GIVE DESCRIFTIONAND SIZE "o = 3A4037 ¢
.~ DRWG. NO. Aae PART NO. | ieeal PART NAME [ SAwea. w0
N 1 |4D1046=A 1 MANTFOLD- Wgter Inlet
'. 2 18-1005 2 | GASKET- Manifold to Blook
2 | CAPSCREW=- 1 /2" =13 x 1-1/2" Lg,.- St
4 | [OCKWASHER- 1/2" BAR Rag.=- Ot.
i 2 | CAPSCREW- 1/2" -13 x 5" Long- St,
3 14C1106 1 | CONN,~- L.O0, Coolar to Water Manifold
4 14A1299 1] | CONN,~- Water Manifold to 041 Coolaer
5 |BM-158-A 1 | HD8E~ Water Conn,
§ BM-154 4 | HOSE CLAMP- Water Hose
0 | 7_[4A1189 1 G% .
e | C - l,@ l.a_z_l_l,éa_Lg..
2 2 | LOCKWASHER-
3 1 | PIFE PLUG- -
12 | CAPSCREW- -1/4" Lg,
12 | ILOCKWASHER=- uﬂ'
16 | * 1l | GASKET-
17 | 4 | CAPSCREW- ]1/B" =13 x l-1/2" Lg.
4 I-DGKWMB 1 /2%
19 10 |4A1207=A l1 ' G
Sl 431206 1 CONNECTION=- Wgtar ﬁm to 011 Copnlar
2 481207 1 | CONNECTION- 0411 Caolar to Water Pump
e Bi-)58=4 1 | HOEE-~ Water Conn.
A BM-154 4 = :
= 1 - 3/8" 8td. - .
_26 od J.__sz‘-_hnr_zu%p_m_amamcam._
= 13 (202763 1 | GASKET- Pi P
T 12 | CAPSCREW- 3/8" =16 -1/4" Lg,
29 12 | LOCKWASHER= 3 ﬁéa
30 ¢ | CAPSCREW- -13 x 2" Long~ St.
31 ) NUT- 1/2" =18 Hex H - St
32 6 LOCKWASHER= 142" - 8¢%,
38 16 [4C1072 1 | ELBOW- Water Inlet
34 17 [2C2765 1 GASKET- Pips to Wu;gr Pm
3 8 CAPSCREW- 1 /2" =13 x l1=-1/2" Lg,- St.
36 8 | LOCKWASHER-' ] /2" SAE Reg,- St.
F
38
39
40
41
42
43
it N
45 NOTE: T up used on Engine equipped with Pabricated
46 B : B sl . ATl M arn nlid= Hp o] .BA® "I Z r
47 Pq Iran 3) N
48 | (0)
49 ---4JFURHISHED WITH ROSS COOLER== )
50 I
e— | wawe WATER INIET MANIFOLD & WATER PIPING GROUP o
o or s i omiaiaLty 8 CYL. 9 x 10-1/2 MAR,SUPERCH,

roRr TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO REG D CIVEN ABOVE B8Y NO. REQ'D FOR SROUP GIVEN OMN INDEX SHEET

i THE NATIONAL SUPPLY CO.
| PARTS LIST ENGINE DIVISION SPRINGFIELD. OHIO




ENLARGED VIEW OF
VALVE SPRING RETAINER

&

R

77
,#’

vl Al

\‘m wm‘*“t

/
%

1
z;;’..r'

AR LIRS L
LA

?’f!f{ff‘fxfﬁr
AT g ==
| ——1 5
JII
F i

v

AR S 1=
/f!-ff : .
B L
h e £3°TTS

-

fllllll
i

-1,\\"\.'!-\ t\\\\\‘\\'\ﬁ“\“{\}
-gL

SES\Ss\e=d

?
j
é
%i

AIR STARTING CHECK
VALVE ACTUATOR.

el
] |-
i

]
i

SN
- { =
L]

o, P,

b
ﬁ‘ -

\

S S s S

—t
|

f 1\ HEAD ASSEMBLY
(WiTH STUDS & VALWVE CUIDES OMLY)
HEAD ASSEMBLY
(1) compLeTE Witk waLves
{LE5SS ROCRERS ETC)

DETARL ‘OF VALVE LIFTER Cu

LCC+
W hﬁHEﬂ

. = ‘ ﬂﬁ'ﬁ\ﬁwﬂﬂ’u@@uﬁu
GMT@"" ' ‘_L_..:L_lé* _:t“-

5030, DO NOT ORDER PARTS BY REFER. NUMBERS




£ JLOS (2tse L2165 — H— Wfouw sl Ly v,
4ponT | H -l
;4_4-2&{::'5"“)/7)'”‘:1{” 2L2773OF 2D
B A ROWARE WiITMOUT PART NUMBER GIVE DESCRIPTION AN SIZE | "o sA 4030 Ed
~ DRWG. NO. LA PART NO. ool PART NAME R e e
"' | 4Y1v48 |1 | HEAD ASSEMBLY = Cylindar
| | 3A2245 11 | GASKET = Cyl. Head to Linar
| _3A2246 1] GASEET - Cyl, Head to Cyl. Blask ST
) 5=-803 4 | 610A-RB3 6 | GROMMET - Q;l_._ﬂln_nkmw pe
5 4 | NUT - 1l-1/4"«7-C-Hex, - Bt,
i 6 | SA2717 5 | GABKET = Cyl,. Head Stud
|I I P
| i
. 9 | 3A2224 1 | COVER = Cylinder Head
10 | 3A2258 1 | GASKET - Head Cover
6 |11 3A2186=X '2 .« SCREW ASSKMBLY - Cyl, Head Cov.Hold Down-Lg,
“3A2188-X | 2  OSCHEW ASSEMBLY - Cyl, Head C d —8hort
4 | PLAIN WASHER = 1 BAE - Bt,
4 | COTTER PIN - 1/8% Dia, x 3/4" Lg, - 8t,
| B | .
| 17 4Y1184 1 ' HOUSING - Fuel Compartment
3A2254 11 | GASKET - Housing to Head & Cover
[ i |
" CAPSCHRW - 3/8°-16=NC x -8t,
X 3 | CAPSCREW = 3/8"-16-NC x 2" Lg, - St,
| (6 LOCKWASHER - 3/8" SBAE Reg, - B8t, |
i 20 | 3A2746 1} GASKET - Fuel Compart, Hsg, Cover to Housing
3 ! |
l
23 [ 3A2226 1 | BRACKET - Rocker Arm (L.H, S8ide Facing B
i S3A2247 1 | BRACKET = Rocker Arm (R.H, Bide Facing E
1 | 2 | NUT = 1-B-NC-Hex, = Bt,
L 61 2 |[BUT - 1-1/4*-7-NC-Hex, - 8%,
] 27 | 3A2227 2 | SHAFT - Rocket
¥ 2 | PIPS PLUG - 1/4" B8td, - C't's’k, Hd, - C,I,
.If SA2239 2 | WASBHER - Rocker Shaft Bnd
i C24U&-3/4 |4 | CAPSCREW - Rockesr 8haft End Washer
3 2 | WIRE - #16 Ga. x 4 Lg, - Bt,
. oU | 4Y1107 2 ROCKER ASSEBMRIY « Inlet & Exhaust
il 31 | SA2244 2 | 6CREW - Push-Red Adjusting
H | 3A2584 2 | LOCKNUT - Push-Rod Adjusting Screw
il | o
I 3A2085 SAZ085-X 2 | PUSH-BOD ABSEMBLY - Inlet & Exhaust Valve
) | 3A2161 2 | TUBE - Push-Rod (0i1 Returm Tube
| 3A2165 2 | GLAND - Push-Rod Tube Upper Packing
4 |CAPSCEEW - 3/8"-16-NC x 1-3/4" Lg, - St,
1 4 | LOCENASHER - 3/8°" BAE Reg. - Bt,
3 4% | 5=810 2 | GROMMET - Push-Rod Tubs Upper Seal N
4 SA2160 2 | SEAT - Push-Rod Tube Lower —
15 | |
-"_' | N '
E ~J
28 —— ~
49 | | ===--CONTINIED QN SWEET NO, Q=—== ()
: ; '. i = .- O (ﬂ
Ao sxx | wameCYLe HD, & VLV, MBCH, GROUP W/AIR STARTING CHECK VIV.ACT.¥™M T
— COMP.FEL.SAFETY VALUE .  cnsitvsy 8 CTL. - O X 10=1/2 = DR |1 g

i rom TOTAL REQUIREMENTS PER ENGINE MmuLTIPLY NG AEG D GIVEN ABOVE BY NG, REQ'D FOR CROUP GIVEN ON INDEZX SHEET N

| THE NATIONAL SUPPLY CO.
E PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO




_ proradfis

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE
FOR STD HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE SA4030 B4, 3

| ASSEM
PART NAME AR N

-—=—CONTINUED FROM SHEET NO, l-—=-

GASKET -~ Seat to Lifter Guide
GROMMET - Push-Rod Tube Lower Seal

COVER - Push-Rod Tube Lower Seal
CAPBCREW - 3/8"-16-NC x 1-1/4" Lg, - St.

LOCKWASHER - /8% SAE Reg, - St.

3A2024 GUIDE - Valve Lifter
3A2448 1 | GUIDE - Valve Lifter

3A2146 2 | GROMMET - Lifter Guide
NUT - 5/8%-18-NF-Hex, - St.
LOCKWASHER - 5/8" Shakeproof Type 14 (Int.
= 8%,
3A20689 LIFTER - Inlet & Exhaust Valve
3A2053 ROLLER UNIT - Valve Lifter (Roller, Pin &
Bear.)

YT-105=C VALVE ASSEMBLY = Indicator V<77

471282 ADAPTRO ASSEM: - Relief VIv, Body to Cyl. Hd.
4Y-3+183 ASSEMBLY - Compression Ralief Valve

YLD-22-A VALVE ASSEMBLY - Compression Relief

Safety Valve

4Y~-1298 AIR STARTING CHECK VALVE BODY & PISTON

LOCKWASHER - 3/8"
STUD - Air Btarting Check Vliv., Actustor
CLAMP - Air Starting Check Vliv,., Actuator
ILélH lﬁSHEB 3, B" Std,

-~ Slotted
COITEH IH = 3/33- x 1" Lz.

rthruﬂrﬂH

SEE-910LA-402
SEE-910LA-403

(@1

| wawe CYL. HD. & VLV. WfH. GROUP I/Mmmcx vivacT. | 1L
& COMP.RELIEF BAFETY VLV, toven8 CYT.. an N D, R {

" rom TOTAL REQUIREMENTS PER ENGINE wmuLTIPLY NO. REQ'D GIVEN ABOVE BY NO. REQ'D FOR G OUP GIVEN OM IMDEX SHEET NN

ik THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION SPRINGFIELD, OHIO




e -

CHAMNGES

oL2774>H1

OF-=2
ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER PLATE -
FOR STD. HARDWARE WITHCUT PART NUMBER GIVE DESCRIPTION AND SIZE NO
mf|  oRwc No REE. PART NO. | ago'p| FART NAME | orws NG

nave_WEST INGHOUSE CONTROLS PIPING
oriGINALLY 8 CYL, 9 X 10= DRM SUPERCE

ISSUED FOR
rFor TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REG D GIVEN ABOVE EY NO. REQ'D FOR GROUP GIVEN ON INDEX SHEET

THE NATIONAL SUPPLY CO.
PARTS LIST ENGINE DIVISION  SPRINGFIELD, OHIO

| ===STARTING LINE===
F6-FBTX | 3 | MALE CONNECTOR
#6=CBTX | 5 | MALE ELBOW
#6=JBLIX | 2 | UNION TEE
1 | PIPE PLUG - 1/4% = C,I,
5t | TUBING = 3/8* OD x ,049" Wall
471346 "1 | BULKHEAD FITTING )
F6-CBTX 1 | ELBOW
6=-BTX 2 | NUTS
6<IX | 2 | SLERVE
#1205B=-FX | 1 | LOCKNUT
[ ====AHBEAD LINE==-
6=FBT X 1 MALE CONNECTOR
6=CBTX |9 | MALE ELBOW
ﬁg-&mx (1 | UNION TERE
6=DBTX ' 1 | FEMALE ELBOW
]  BUSHING = 3/8% x 1/4" Brass=OQutside = Hex,
1l | PIPE PLUG = 1/4" = C,I,
5! | TUBING - 3/8* OD x .049" Wall
F6=SBTX | PARKER MALE QUTLET TEE
4A1346 o> | BULKHEAD FITTING
6=CBTX 2 | ELBOW '
6=-BT X 4 | NUTS
6=TX | 4 | SLEEVE
1205-B=FX | 2 | LOCKNUT
1 | NIPPLE = 1/4" x 1l=-1/8" Blk,
===ASTERN LINE===
#6= 4 | MALE CONNECTOR
#6=CBT X 7 | MALE ELBOW
#6-0BTX 1 | MALE QUTLET TEE
#6=DBTX 1 | FEMALE ELBOW
F6-NBTX ] | FRMALE TEE
1 |ﬂm - o
5t | TUBING = 3/8" OD x .040" Wall
1 | BUSHING = " " -
3 SE - "
4A1346 2 | BULKHEAD FITTING
_____ 6=CBTX ELBOW
6=BTX 4 | NUTS
6-TX 4 | SLEEVE
1205B~FX |2 | LOCKNUT N
=——SPEED CONTROL LINE=-- r
F6=CBTX 3 | MALE ELBOW N
5' [TUBING = 3/8% OD x .049" Wall ~
4A1346 |2 | BULKHEAD ELBOW ~J
~==CONT INUED ON SHEET NC oo s 30:
g i
i 1
N.—-




ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD, HATDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AMD SIZE

| DRWG. NO. e PART NO =i PART NAME M s
1] -==0PEED C I 0 -
fs-cz'rx 2 | ELBOW
3| 4 | NUTS
s #6-TX 4< | BLIEVE
5 =48
[]
s
8
9
10
11.
_B
13
M ===100 P8I - AIR SUPPLY LINE---
_15 #6-FRTY | 5 | MALE CONNRCTOR
_1s #6=CBTX 5 | MATE ELBOW
17 #6-TRTX | 1 |UNIOK TEES
18 5 Bﬂﬂﬂlﬁ_ﬁéﬁ_x_lﬁ Red, - Qutaside-
19
2 5 TUBING - Siﬁ- OD x ,049" Wall
-
2 ===2080¢# SUPPLY LINE-~-
) #£6=DBTX | 3 | PRMALE ELBOW
24 ’ L  HITPIE - 1-1/4" = Close = Extra~aswy-Pipe
= 1] [TRRE = 1-%74" x 1-1/4" 3 Rad B.L300
2 ]l ™R - x 1/2" x 1/2% - 300#(M,1) <00
7 1 | BUSHING = 4- - Budua ng_- aogi N.1)
] 2 | CIOCR NIFPIE - : y
- 1 | GLORE VALVE " unh mer #
% D EDUCING BUBHIEG = 49
3 51
32 | #6=-BRTX k
: e —
38 #6-RTX 2
3 #6-TX 2
39 3
| 40 6‘- 2
41 6 1
_42 =
_48 N
“
_45 r
46 N
o N
48
49 o~
50 B

5
PP, BOT. SEE

A —
|e

VESTINGEOUER CONTROLS PIPING

QRIGINALLY a
ISBUED FOR

PARTS LIST

ENGINE DIVISION

9 x 10-1/2 DBNM SUPE

| Fom TOTAL REQUIREMENTS PER ENGINE MULTIFLY MO. REQ'D GIVEMN ABOVE BY NO. REQ'D FOR GROUP OIVEN ON INDEX SHEET

THE NATIONAL SUPPLY CO.

SPRINGFIELD, OHIO

€-40
‘HS




ALWAYS GIVE PART NUMBER — PART NAME — FNC (nE NUMBER
FOR STD HARDWARE WITHOUT PART NUMBER GIVE CESIRIPTION AND SIZE

ALF N3O

l_m
— - ] - iy 4 i

PLATE
NO

ASEEM

PARTS LIST

DAWG. NO NO PART NO | aee-a.! PART hAME SBwa NO
| . "AIR B G K VALVE ACTUATOR MOUMNTe
| . IMG AND PIPTHG
1 # 62BTX 8 | ELBOW e Actuator Aassembly
. 8 'TUBE = 3/8* OD x ,049 Wall x 31" Lg, = Copa.
: E ; Actuator Teo Manifeld
8| ﬁgu.: . ] | KIBOW e Manifold Bnd
Ml JBTX ' 7 _TBE = Manifeld Intermsdiate
3 'l [ TUBE - 3/8* = Q,D, x ,049 Wall x 10" Lg.~
1 | Cop., For Pront End
6 TUBE = 3/8% OD x ,049 Wall x 13* Lg,=Cop,
. _Per fl=pe3e5e6=7 Cylinder,
] TUBKE - 3/8* 0D x ,049 Wall x 14° Lg,.=Cop,
: Por #4 Cylinder.
4A=] 564 | 4  TUBE CLIP
i 4  SCR™ = Button Head ~ Machine = 3/8"~16x 1"
| leng_
| 4 NUTS = 3/8% =]16;Hex Full
' 4 | IOCKWASHER 3/8"
4A=]1346 ]  BULKHRAD FITTING
(0] 1:1 94 1 ' BULKHEAD NUT
| &CBTIX 1 ELBOW =« Bulkhead Fitting
': &BTX 'l | NUT =
&FBTI l COMMECTOR = Relayair Valve
€RBTI |1 ' MALE HUN TEE
BM=6746 L1 | WESTINGHOUSE RELAYAIR VALVE
6 4A=]1 545 1 ' BRACEET
(4 3 i Lg, = Hex Head
] S  CAPSCREV =~ 3/8° 16 x ]," « Lg.=Hex Head
29 | 6 LOCKNASBHER « 3/8" = B5td,
30 | 1 TUBE e 5/8 0D x ,049 Wall x 10" Lg.=Cop.
31 | #6CBTX 1 | CONNECTOR -
32 |
| "AIR LOCK RELIEF VALVE PIPING®
U &FBTX 8 CMCTOR = Relief Valve Assembly
6JBTX 7 | TUBE m « Manifold
| 1 [ TUBE  3/8° = 0.D, x 049" Wall x 31° Lg,
a1 To Directien Interlock
38 #6JBTX 1 [ TEE
39 1 [TURE « 3/8* 0,D, x .049 Wall x 20" Lg.
40 ‘ To ¥1 Cz_lindtr
41 ' 6 'TUBE - 3/8" OD x ,049 Wall x 10* Lg.
42 | '; To Intarmediate Cyl.,Relief Valve
@ | 1 | TURS - 3/8% OD x .049 Wall x 28* Lg. jry
a4 I |__ *3 Cyl, il
45 | 1] [ TUBE = 3/9° 0D x .049 Wall x 39" Lg.
46 | | ﬂ 1:.0 Manifeld n
a7 3 [ TUBE - 3/8 g x ,049 Wall 13=1/16" L
48 | Innif 14 Cyl, = 3=6=7,
gr | ——— = ~
50 | | _CONTINUED ON i o) O
. HAND 528 | name_ EL1PFING = AIR STARYING CHECK VALVE ACTVATOR & oT
— | _AIR LOOK BELIRF VALVE  {i5%wss 8 CTL. = 9 X 10-1/2 D.R.NM, nm
.'I Feam TOTAL REQUIREMENTS PER ENGINE wmuLTISLY NO AEQ'D SIVEM ABOVE BY MO, RLQ'D FOR GROUP GIVEN ON |NDEX SHEET n', T'

THE NATIONAL SUPPLY CO.
ENGINE DIVISION  SPRINGFIELD, OHMIO
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ALWAYS GIVE PART NMUMBER — PART MAME — ENGINE NUMBER
FOR STD HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE

S T T

PART NAME |

ASSEM™
DEWG NO

_CONTINUED FROM SHEET NO, 1

TUBE = 3/8" 0

0.D. x .049 Wall x 13=9/16"

Manifold #2 Cylinder = #4 & 5,

_TUBE CLIPS

Jelolefele]-F
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I
|
|
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i
|
I

A
|1e|e|=]|a

ol ) s

5

R ac T TY el NErri = -
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o -1l r - e 1
= ﬁ | o g 1 1 iy | -
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el e = (sl (A =T ', = -

| F_I
5

1

slisie]slzz]x]

ﬁJ@-’_fﬁ & J_!?Jﬂ?; ST

T

|s|s

I

le|z|e|s]s|s]2 5|5

QR HAND SEE

QPP ROT, SEE

|
i

i

1
|
|
i
|
l
|

| wawe_PIPING - AIR STARTING CHECK VALVE ACTUATOR &

1L AIR LOCK RELIEF VALVE

QRIGINALLY
ISSUED FQR.

PARTS LIST

8 C YL,

= 9 X 10-1/2 D.R.M,

l FoR TI:TAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ'D SIVEN ABOVE BY HO. REQ'D FOR GROUP QIVEN ON INDEX

THE NATIONAL SUPPLY CO.

ENGINE DIVISION
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SPRINGFIELD, OHIO
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THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST

_ENGINE DIVISION

WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER-PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY REFERENCE NUMBERS

. #* INDICATES PARTS NOT SOLD INDIVIDUALLY
= A >
n @ DESCRIPTION 5l NeMBER 1RO DESCRIPTION
YLD22 VALVE ASSEM.-CTLINDER PRESSURE RELIEF 4Y1046 CAMSHAFT & HUB ASSEMBLY A
I H-15429 | SPRING - Relief Val g . L SAMSEAET
] - ) 4 - - 2 alve - 1 =
2 M3 L BODY - Reliet Vaive . Y RY - Gess Boeh e Cumabait
3 H-15398 1| RELIEF VALVE
4 H=15399 1 ADJUSTING SCREW - Relief Valve
5  H-15400 | STOP NUT - Relief Vaive Adj. Screw
b  H-15401 1 WASHER - Relief Valve Adj. Screw I
T  H-15402 4 WASHER - Relief Valve |
I NUT = 1/2* - 13 N.C. Hex Half
4Y1047 CYLINDER HEAD & GUIDE ASSEMBLY Includes
YLD22A vALVE ASSEM.-CYLINDER PRESSURE RELIEF s T SEEDER N & FLEG ANSVNLY
CUIDE - ot k Exhaust Valve
I H-15429 | SPRING - Relief Vaive e i IATINA 1 GUIDE - Air Starting Valve
3 H-15398 | RELIEF VALVE &  3IAZlgl 2 STUD - Rocker Bearing
4  H-15399-A | ADJUSTING SCREW - Relief Valve 7 C2012L5-3/4 1  STUD - Fuel Injection Valve Clamp
5 H-15400 | STOP NUT - Relie{ Valve Adj. Screw
L] H-15401 1 WASHER - Relief Valve Ad). Scraw
7  H-15402 4 WASHER - Reliel Valve
I NUT - 1/2% - 13 N.C. Hex Half
H - 265 -
YTIOSC INDICATOR VALVE ASSEM. Includes '
I TI05A-2 | BODY - Indicator Valve 4YI0 48 CYLINDER HEAD ASSEMBLY Includes
2 TiosC 1 STEM - Indicator Valve ; AY1047 |  CYLINDER HEAD & GUIDE ASSEMBLY
3 Tilse 1  GASKET IAZ054 2  VALVE - inlet & Exhaust
4 TlotC 1|  PLUG - Indicator Valve 1 JA24%6 1  RING - Vaive Safety Retainer
f 5  Tlo24 | HAND WHEEL - Indicator Valve 4 3A2838 1 SPRING - Inlet k Exhaust Valve Cuter
6 | LOCKWASHER - 5/16-SAE Reg. 5 31A2537 2 SPRING - Inlet & Exhaust Valve laner
7 I NUT - 5/16 - 24 Hex. & Iazed 2  WASHER - Valve Spring Lower Guide
T  ChabZ 2 RETAINER - Valve Spring
8 Chabl 4 LOCK - Valve Spring Retainer
9 JA2182 |  VALVE - Alr Starting Check
10 3A2184 | STOP - Air Starting Check Valve
11 3A2257 I  SPRING - Air Starting Check Vaive
X204 VALVE ASSEM.-COMPRESSION RELIEF SAFETY 12 | CASTELLATED NUT - 5/8" = 15 NF Hex
: ¥ L v Includes I COTTER PIN - 1/8* x | 1/4" Lg.
=279
T Xsel I STEM ASSEMBLY
3 S=3339 1 SPRING
4 5-3337 I WASHER
5 5.3338 | CAP - Valve Body
6 1 SETSCREW-#10-24 x | Lg.-Headless-Cup Pt. |
7 1  NUT = #10=24=Hex.
4Y1051 T.nu‘rm agtm:.r - L.O0, PUMP Includes
- ADAPT - L. O, Pump
s e
X 54|  sTEM ASSEM.-COMPRESSION RELIEF SAFETY VALVE
Includes
. I  VALVE
. 1 STEM
%"“ C{. g -C S A4Y |0 53 BAsE assEmBLY Includes
AYI028 CYLINDER HEAD & PLUG ASSEMBLY Includes 1 aYl0Tl | BASE &k BEARING CAP ASSEMBLY
. | HEAD - Cylinder E.— 1005 _ | PIPE PLUG (SUMP) ~1-4" Sud. -C't's'k. Hd,
e nos P f o e e,
- . 9 - » Brg. = owe aps
1 4Al093 1 TUBE - Fuel Injection Nozzie 5  3AJ0B2 32 BOLT - Crank. Brg. Cap !
3 4A 1095 2 “O" RING - Tubse for Fuel Oil Nozzle &  3Al08S5 32 NUT - Crank. Brg. Cap Baolt
4 785 | FLAMNGCE - Water Outlet Hole Blind |
5§  5-2334 | GASKET - Flange
2 CAPSCREW - 1/2" - 13 NC x 1 1/4" Lg.
2 LOCKWASHER - L/2° - SAE Reg.
————
1
- 4Y 1054 BUSHING & RING ASSEMBLY Includes |
4Y1030 MAMIFOLD ASSEMBLY-CAMSHAFT LUBRICATING o L :ﬁﬁ: 3 :;wl: RING - Flywhesl
. | BRACKET - Camshaft L. O. Manifold - Rear End
. z TUBE - Camahaft L.O, Manifold
» 6 BRACKET - Camshaft L.O, Manifald - Center
- 4 TUBE - Camshaft L.O, Manifold
. | TUBE - Short - Camshaft = L.O. Manifold
. 1 CROSS FITTING - Camshaft - 1.0, Manifold |
= 1 TUBE - Camshaft - L.O, Manifold
. | BRACKET - Camshaft - L.O, Manifold - Front End AYI055 COVER - WITH EXPLOSION VALVES Includes
1 PIPE PLUG - 3/8" - Brass 1 4B1093 I COVER - Centerframe - Exh Side-Explogion
2 T1302-A Z SPRING - Explosion Yalvea to Cover
3 T-13712 2 STUD - Explosion Vaive |
4 2 NUT - {* - 20 Elastic Stop - Explosion Valve
5 BM-523% 2 ~O" RING - Explosion Valve
4Y103| conNTROL HOUSING Includes & TI263-B 2 COVER - Explosion Valve
. I REVERSE HOUSING - R.H. Westinghouae T 2 NUT - 3/8° = 24 Elastic Stop. Exp. Valve
| JAZIIE 2 LINER - Reverse Alr Cylinder




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
\ N Gl E DIVISION

WHEN ALWAYS GIVE ENGINE NUMBER -PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY REFERENCE NUMBERS
% INDICATES PARTS NOT SOLD INDIVIDUALLY

DESCRIPTION il NGMBER |a3  DESCRIPTION
4Y |O65 coNpulT ASSEM.-PYROM. CABLE (CENTER OUTLET)
includes
. JA2627 2 TEE - Conduit
6 CRANKSHAFT ASSEMBLY Includes JA2626 | TEE - Conduit Outlet (Centar)
: | CRANKSHAFT JA2683 2 ELL - Conduit (End)
; - | THROWER - Crankshaft Oil (Fwd.End) JA2630 4 BUSHING - Reducing
2 JA2018 | THROWER - Crankshaft Oil (Alt.End) JA 2644 5 COVER - Conduit Tee, Ell, k Box
'3 MAIIT0 & STUD - Flywheel to Crankahalt IALTES 1 NIPPLE - Conduit - (Cyl. | ta 2)
4 3A2I94 2 FIN - Crankshaft Gear Drive JAITS8 2 NIPPLE - Conduit - (Center Tee to Cyl, 2 & 3)
JAL766 |  NIPPLE - Conduit = (Cyl. 3 to 4)
1A2632 | GONNECTOR - Flex. Conduit
3AI788 |  CONDUIT (Flexible)
1A2631 | ELBOW - Flexible Condiit (Pyrometer End)
JA2633 2 WASHER - Conduit Reducer
4YI057 GEAR ASSEMBLY - WATER PUMP DRIVE Includes
= o | GEAR-WATER PUMP DRIVEN
1 3A211) & PIN - Gear Coupling - Water Pump Drive 4Y | 066 AR STARTING MANIFOLD ASSEMBLY Includes
I 4D1052 8 HOUSING - Air Starting Pilot Vaive
2 3A2128 8 PILOT VALVE - Air Starting Pilot Valve
3 JA2030 8 PLUG - Air Starting Pilot Valve Housing
4  3A2225 8 GASKET - Air Starting Pilot Valve - Plug
5  4Al228 6 TUBING - Air Starting Manifold
[ 4A1229 I TUBING - Alr Starting Manifold
8  4Al1230 | TUBING - Air Starting Manifold
9 4A 1227 I  PLUG = Air Starting Pilot Valva
4Y|058 HUB & STUD ASSEMBLY - REDUCTION GEAR COUPLING
Includes
I 4C1059 | HUB - Reduction Gear Coupling 4Y | 06 7 conDuIT ASSEM.-PYROM. CABLE (END OUT) Includes
2 4Al167 18 STUD - Burhing to Reduction Gear Hul JA2627 8 TEE - Conduit
'3 AAL246 18 NUTS - 1-1/8" -12 Light Thick Slotted JA2582 | BOX - End Connecticn
I8 COTTER PIN - 3/16"x2" 3JA2644 9 COVER - Tee & Box
3JA2630 8 BUSHING - Reducing
JALT64 | NIPPLE . Conduit - (Cyl. 1 to 2)
JALTES | NIPPLE - Conduit - (Cyl. 2 to 3)
JAIT68 | NIPPLE - Conduit - (Cyl. 4 to §)
IALT69 | NIPPLE - Conduit - (Cyl. 4 to 8)
IAL768 I NIPPLE - Conduit = (Cyl. 5 to 6)
JALTES I NIPPLE - Conduit - (Cyl. & ta 7)
IA1768 I NIPPLE - Conduit - (Cyl. 7 to 8)
JAIT64 1 NIPPLE - Conduit - (Cyl. 8 to End Box)
2 ELBOW CONNECTOR - 3/4" Short - Simplat
! Vapoil #5324
4Y 062 LEVER & CAP ASSEMBLY - FUEL CUT-OFF CYL 3' SEAL TIGHT CONDUIT - 3/4°
Includes JA2633 2 WASHER - Reducer
= ! LEVER - Fusl Cut-Off Cylinder
. | CAP - Fuel Cut-Off Cylinder - Lever
3 KT 2 CAPSCREW - Cap to Lever - Fuel Cut-Off Cyl.
4Y107| sasE & cAPs AssEMBLY Includes
. I BASE
i JAZ006R & CAP - Crank. Bry.
i 3 JAZ00TR. | CAP - Crank. Brg, - Fwi. End
4 4BI1I9R 1 CAP - Crank, Brg. - Center
5 JAJATR | CAP - Crank. Brg. - Thrust
4Y 1072 nasc assemBLY Includes
A4Y |O 63 LEVER & CAP ASSEMBLY - FUEL LIMITING CYL. 1 4Y107T3 | BASE & BEARING CAP ASSEMBLY
Includes I PIPE PLUG (Sump) | 1/2° Std. -C't'a’k. Hd.
. 1 LEVER = Fuel Limiting Cylinder 3 3A2081 8 FPIN < Crank, Brg, Shell Dowsl - In Bass
- I CAP = Fuel Limiting Cyl. = Laver 4 JAZ0A0 9 PIN - Crank. Brg. Shell Dowsl - ln Capa
| 3 HT49 2 CAPSCREW 5 3Al082 32 BOLT - Crank, Brg. Cap
&  3A3085 32 NUT - Crank. Brg. Cap Bolt
1
4AY 1073 BASE & CAPS ASSEMBLY Includes
. |  BASE
2 JA2006R 6 CAP - Crank, Bry,
4Y |0B4 GAGE BOARD ASSEMBLY Includes 1 3A00TR | CAP - Crank. Brg. - Fwd. Ead
1 401051 .1 GAGE BOARD 4 4B1119R 1 CAP - Crank. Brg. - Center
2 I “ENGINE ROOM INDICATOR™ (TYPE iCIF) 5 BAJO4TR | CAP = Crank. Brg. - Thrust
Itern #2 of BM-6400
4 CAPSCREW - 3/8" - 16 x 1* FILISTER HEAD
3 BMST90A | JACKET WATER PRESSURE GAGE
] MACHINE SCREW - #6 - 32 x 3/4" Lg. Ra. Hd. 4Y 1074 mamiFoLD - AIR INLET Includes
4 #6CBTX 4 FEMALE CONNECTION
5 2C17T89 | LUBE OIL PRESSURE GAGE (No Service Parta)
3 MACHINE SCREW - #10 = 24 x §* Ly. Rd. Hd,
4 #6CBTX I FEMALE CONNECTION
& 2C1791 I STARTING AIR PRESSURE GAGE
3 MACHINE SCREW - #10 - 24 x §* Lg. Rd. Hd. AY |07 6 CAMSHAFT & HUB ASSEMBLY Includes
1" 3A2600 | PYROMETER . |  CAMSHAFT
. I HUB - Camahaft Gesr
! 5 I A-5A - ROTAIR VALVE - Westinghouse Part = I KEY - Gear Hub to Camshait
#529014 (ltem 2E of BM6143)
I CAPSCREW - 5/16 - 18 x 1™ Lg. - Hex Hd.
1 LOCKWASHER - 5/16"
10 €179 | FUEL OIL PRESSURE GAGE
3 MMACHINE SCREW flﬂ*l“l’ Lg. Rd. Hd,
1 Reducing Bushing - 3/4" x 1/2°




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
NGIN
WHEN oana%mg M'Er:s %’.ﬂ?s! %I’%E ENGINE NUMBER -PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY REFERENCE NUMEERS
% INDICATES PARTS NOT SOLD INDIVI

PIPE PLUG = [=1/2" - Co=sunk
REDUCER BUSHING 1* x 3/8" 5ud.

m, [  DESCRIPTION ntmuntuu
AY 1077 AR STARTING MANIFOLD ASSEMBLY Includes 4Y 1099 VALVE ASSEMBLY - FUEL INJECTION Ineludes
|  4D10S2 4 HOUSING - Air Starting Pilot Valve . | HOLDER - Nossle
2 JA2I28 4 PILOT VALVE - Alr Startng |  BM-5421 1 VALVE - Nossle
3 3A2030 4 PLUG - Air Starting Pilot Viv. Hag. 2 4Al2%39 | TIP - Spray
4 3A2225 4 GASKET - Atlr Starting Pilot Viv. - Plug
5  4Al228 2 TUBING - Air Starting Manifold
6  4Al229 | TUBING - Air Starting Manifold
9 4Al243 1| TUBING - Air Starting Manifold 4Y 1100 mMAMIFOLD ASSEMBLY - CAMSHAFT LUBRICATING
4A1227 | PLUG - Alr Starting Pilot Valvre e
. I BRACKET - Camshaft L.O. Manifold - Rear End
. 2  TUBE - Camsbaft L.O, Manifold
- 4 BRACKET - Camshaft L.O. Manifold - Ceanter
A4Y|07 8 MAMIFOLD ASSEMBLY - BASE LUBE OIL Includes . 2 TUBE - Camebaft L.0O. Manifold
. |  PIPE . | TUBE - Short - Camshaft L.O, Manifold
. 4 CONNECTION - Outlet Tube . |  CROSS FITTING - Gamashaft L.O. Manifold
. I CONNECTION - Outlet Tube {(Cam Brg. Man.) . I TUBE - Camshaft - L.O, Manifold
. |  BUSHING - End . |  BRACKET - Camshaft - L.O. Manifold - Front Eod
1 I TEE - 1-1/2 % 1-1/2 x 1=1/2" | PIPE PLUG - 3/8" - Brass
1
1

4Y 10| AR STARTING MANIFOLD ASSEMBLY Ineludes
|  4D1052 & HOUSING - Air Starting Pilot Valve
4Y 1079 MANIFOLD ASSEMBLY - VALVE ROCKER LUBE i 3A2128 & PILOT VALVE - Alr Starting
tacludes 1 3JAZ030 & PLUG - Alr Starting Pilot Valve Housing
4 3A2225 & GASKET - Alr Starting Pllot Valve - Plug
(No Service Parta) 5 4Al228 4 TUBING - Air Starting Manifold
[ 4Al1229 !  TUBING - Alr Starting Manifold
8 4Al243 1 TUBING - Alr Starting Manifold
4A1227 1| PLUG - Alr Starting Pllot Valve - End
4Y108 0 mAMIFOLD ASSEMBLY - FUEL Includes
No Service Parta)
{ 4Y 1102 ADAPTOR ASSEMBLY - LUBE CIL PUMFP  [ncludes |
. I ADAPTOR
I 3A2l24 | BUSHING - (Pump End)
4Y108| ~RANKSHAFT AssEmMBLY Includes 2 3JA2463 | BUSHING - [Thrust)
. |  CRANKSHAFT
1 3A2019 | THROWER - Oil (Fwd. End) |
2 JA2018 | THROWER - Oil (Aft. End)
3 3A2103 & STUD - Flywheel to Crankahaft 4Y 110 3 CAMSHAFT AND HUB ASSEMBLY Includes |
4 3JA21%4 2 PIN - Gear Drive . |  CAMSHAFT
- 1 HUB = Camghait Gaar
I - 1 KEY - Gear Hub to Camahalt
]
4Y1082 t:'rmnn BLOCK ASSEMBLY Includes
. CYLINDER BLOCK
I C6M6 8 STUD ~Heed 4Y 1106 HOUSING - FUEL COMPARTMENT ASSEMBLY
2 JAZIS9 8 STUD - Hesd (Tapped) Inciudes
' 3 3A2241 8 STUD - Head (Long) . I HOUSING Fuel Compartment |
4 510RB-3 24 PIPE - Cyl. to Head - Watar By-Paass . 1 COVER - Fusl Compartmaent Housing
|
|
4Y1083 BASE ASSEMBLY Includes 4Y | 107 ROCKER ASSEMBLY - INLET & EXHAUST  Inciudes |
1 4Y1084 BASE AND BEARING CAPS . 1 ROCKER ARM
1 PIPE PLUG (SUMP) = 1=1/2" Sid. - C't"a'k. Hd. | 3A2255 | BUSHING
3 JAZ081 4 PIN = Crank, Brg. Shell Dowal (In Bass) 2 BBAE 1 BROLLER
4 JA2080 4 PIN - Crank. Brg, Shell Dowsl (In Cap) 3 JAZ238 1 PIN - Roller
5  3JA082 16 BOLT - Crank. Brg. Cap I MACHINE SCREW = 5/16" = 18 x 1/2° Rd. Head
& JAI085 1& NUT - Crank. Brg. Cap Bolt

4Y 1108 GOVERNOR DRIVE ADAPTOR & SHAFT ASSEMBLY
4Y |08 4 BASE AND CAPS ASSEMBLY Inciudes Includes .

» 1 BASE i 4Dlosz I HOUSING - Governor Adaptar
2 IA2006R 2 CAP - Crank. Brg. 2 BM-5346 2 WALDES TRUARC #5000 - 206 - Iat. Snap Rind
3 SAZ00OTR 1 CAP - Crank. Bearing - Fwd. End 3 BM-5 2 TIMKEN - Roller Bearing
4 4811198 | CAP - Grank. Baaring - Centar 4 4AA12TE 1 SPACER - Governor Adapier
JAJOATR 1 CAP - Crank. Besring - Thrust 5 AAL127S | SHAFT = Governor Adaptsr
- 6 4AB115T | GEAR - Governor Beval Pinion
T 1 KEY - #% Woodruff - Gov. Bavel Pin - Gear
8 BM-593 | LOCKNUT - Ball Brg. SAE #N-05

4Y|1088 cmm ASSEMBLY Includes 9 BM-594 | LOCKWASHER - Ball Bearing SAL #W-05
- CENTERFRAME
1 IAZ4AT u STUD - Valve & Pump Lifter Guide

4Y 1109 maniroLd ASSEMBLY - FUEL Includes
AY1 089 MANMFOLD ASSEMBLY - CAMSHAFT mmcm (No Service Parts)
a
- ] BRACKET - Camshaft L.O. Manifold - Resr End
. 2 TUBE - Camahaft L.O. Manifold
. 2 BRACKET - Camshaft L.0O. Manifold - Canter
b I TUBE - Camshait Lubs = Short
. { CROSS FITTING - Camahaft - L.O. Manifold
- 1 TURE - Camahaift = L.0O, Manifold
- 1 BRACKET = Camshaft - L.O. Manifold - Front End
1 PIPE PLUG - 3/8" - Brass

4Y 109 O CRANKSHAFT ASSEMBLY Includes
. I CRANKSHAFT
1 IA2019 | THROWER - Crankahaft Cil (Fwd. End)
2 1A2018 I THROWER - Crankashait Oil (Aft. End)
3 4Al24B & STUD - Flywhsal ts Crankshaft
& JAZ1I94 2z PIN = Crankshalt Gear Drive




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
N
WHEN msﬂlﬂg% m&g %lh’j'ﬁ ENGINE NUMBER-PART NUMBER-NAME=-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY REFERENCE NUMBERS

| % INDICATES PARTS NOT SOLD I|NDIVIDUALLY
R e T sescnvron s

4Y11168 cover ASSEMBLY (FUEL FILTER BRACKET)
AIR STARTING HOLE Includes
1

COVER
STUD
SHAFT

4Y 1117 AR STARTING MANIFOLD Includes
4D 1052 HOUSING - Air Starting Pilot Valve

JAZiZE
3AZ030
3AZ22%
4A1228
4AL1229
4A1313
4Al227

PILOT VALVYE - Air Startng Pilot Valve - Houslng
FPLUG - Alr Starting Pilot Valve - Housing

- = g o

PLUG - Alr Starting Pilot Valve - End

A4Y 111 8 AR STARTING MANIFOLD ASSEMBLY
401082 HOUSING - Alr Starting Pilot Valve
JAZl28 PILOT VALVE - Alr Starting Pilot Vaive
1A2030 PLUG - Alr Starting Pilot Valve Housing
AAZ225 m-mmm‘hlﬂ-Fh’
&Al228
4A1229
4A1316
AALZZT

L - R
el N N

4Y1119

(No Servics Parta)

AY 112 0 CRANKSHAFT ASSEMBLY
CRANKSHAFT

IA2019 THROWER - Oil (Fwd. End)
IAZOlB THROWER - Oil (Aft. End)
4ALLTO STUD - Flywhesl to Crankshaft
JAZLI94 PIN - Gear Drive




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
ENGINE DIVISION
,' WHEN ORDERI M$5 DNM’ISS%VE ENGINE NUMBER -PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE
. DO NOT ORDER PARTS BY REFERENCE NUMBERS

¥ INDICATES PARTS NOT S INDIVIDUALLY
DESCRIPTION DESCRIPTION

4Y 1137 mamroLd asseMsLY - FUEL tnclisdas
(Mo Service Parts)

4Y1]| 38 MAMIFOLD ASSEMBLY - FUEL Includes

(No Service Parts)

-

4 Y148 Hus & STUD ASSEMBLY - REDUCTION GEAR
COUPLING Includes
4C10%9=1 | HUB - Reduction Gear Coupling
4A1167 |8 STUD - Bushing to Reduction Gear Hub
IAL246 18 NUT -1 1/8" - 12 Light Thick Slotted
I8 COTTER PIN - 3/16" x 2*

4Y 1149 susming &« RING ASSEMBLY Includes
4Clo66=1 | DRIVE RING = Flywhasl
i 4Al180 I8 BUSHING - Drive Ring

—

4Y | 1682 LEVER & CAP ASSEMBLY - FUEL SHUTDOWN

Includes
L] 1 LEVER
. 1 CcapP

- i CAPSCREW

4Y 11683 covER ASSEM. -AIR STARTING HOLE COVER AND

FUEL OIL FILTER BRACKET Includen

. | GOVER
. 1 STUDS

4Y |1 78 srock asSEMBLY - CYLINDER Includes

, - I BLOCK - Cylinder
|  C.b4b6 12 STUD = Cylinder Head
e 2 3A2189 12 STUD - Cylinder Head (Tapped)

1 3A2241 12 STUD - Cylinder Hesd (Long)
4 bl10-RB3 i PIPE - Cylinder to Head Water By=Paas

4Y 1179 CRANKPIN BEARING & CONNECTING ROD ASSEMBLY

includes
| JAZ192X 1 ROD ASSEMBLY - Connecting
2 IAZ06TX I BEARING ASSEMBLY - Connscting Red
b | cC7%42D 4 SHIM - Connect. lod to Bearing (.010)
3 4A1538 I SHIM - Connect. Rod to Bearing (.5/32%)
4 IA2055 Z SHELL - Connecting Rod Bearing
5 JAZ089 4 BOLT - Connecting Red to Bearing
& JAZ458 4 NUT - Connacting Rod to Brg. Balt
T i

IAZ0TE FIN = Bearing Shall Dowsel




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST

ENGINE DIVISION
WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER-PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE

DO NOT ORDER PARTS BY REFERENCE NUMBERS
% INDICATES PARTS NOT SOLD INDIVIDUALLY

NUMBER DESCRIPTION NG| NUMBER  LsEn DESCRIPTION

:I
i

-

al
s
- e | |
it B |

v A

4Y118] conpuiT ASSEMBLY - PYROMETER CABLE 4Y1235 coNDUIT ASSEMBLY - PYROMETER CABLE Includes
(CENTER OUTLET) Includes JAZ62T TEE - Conduit

TEE - Conduit IA2683 ELL - Conduit (Front End)

TEE - Conduit Qutlet (Canter) IA2T93 BOX - Conduit - End Connection

ELL - Conduit (End) JA2644 COVER - Conduit Tee, Ell & Box

COVER - Conduit Tee, Ell & Box IA2630 BUSHING - Reducing

BUSHING - Reducing IALTEE NIPPLE - Conduit (Cyl. | to 2)

NIPPLE - Conduit (Syl. | to 2) JALTES NIPPLE - Conduit (Cyl. 2 to 3)

NIPPLE - Conduit (Cyl. 2 te 3) JALTES MIPPLE - Conduit (Cyl. 3 to 4)

NIPPLE - Conduit (Center Tea to Cyl, 3 k 4 Tes) JALTER NIPPLE - Conduit (Cyl. 4 ta 5)

NIPPLE - Conduit (Cyl. 4 to 5) IALTEE NIPPLE - Conduit (Gyl. 5 to b)

MNIPPLE - Conduit (Cyl. 5 to 6) IALTHZ NIPPLE - Conduit (Cyl. 6 to End Box)

WASHER - Conduit Reducer

e A

=
y
i e _

3A2627
3A2626
JAZ6A)
JA 2644
IAZ630
3A1766
1A1768
IALT58
JA1768
IALTES
JAZ63)

1S

TE

- e g = S = = WA

g e
NE SIZ

= NGIN
B e v P v o O = i o= i

4Y 1238 Bast assemaLy Includes
4Y1183 CcOMPRESSION RELIEF VALVE ASSEMBLY  Includes | BASE
4A 1529 BODY - Compresaion Relief Valve JAzoal & PIN - Crank. Brg. Shell Dowel (In Base)
4A1531 VALYE =« Compression Relief{ Valve JA2006R 4 CAP - Crank. Bearing
4A1555 SPRING - Compression Relief Valve JAZOOTR | CAP = Crank, Bearing (Fwd. End)
4A1554 RETAINER - Comp. Relief Valve Spring 4B1119R | CAP - Crank. Bearing (Center)
WALDES TRAVARC EXTERNAL RING #5100-31 JAJO4TR | CAP - Crank. Bearing (Thrust)
4A1530 PISTON - Compreassion Relisi Vaive IAZ080 7 PIN - Crank. Bearing Shell Dowel (In Caps)
4A1532 CAP - Compression Relief Valve 7 PIPE PLUG = 3/8 Std. C't's'k. Hd.
JAl0R2 24 BOLT - Crank, Bearing Cap
1AJ08S 24 NUT - Crank, Bearing Cap Bolt

A4Y| |84 HOUSING - FUEL COMPARTMENT ASSEMBLY
Includes
|  HOUSING - Fuel Compartmaent AY 12 82 ADAPTOR ASSEMBLY {incladns

1 COVER - Fuel Compartmaent Housing 4A 1528 1 ADAPTOR - Relief Valve Body to Cyl. Head
I BUSHING = 1/2° x 3/8" - Reducing - Brass. Faced

4Y |12 84 LEVER & CAP ASSEMBLY - FUEL LIMITING CYL.

Includen
I LEVER - Fuel Limiting Cylinder
1 CAP - Fusl Limiting Cylinder - Laver
H=T449 1 CAPSCREW

AY|2 85 LEVER & CAP ASSEMBLY - FUEL CUT-OFF CYLINDER
4Y |2 08 conpuiT ASSEMBLY - PYROMETER CABLE Includes laciuden
IA2627 TEE - Conduit 1 LEYER - Fuel Cut-off Cylindar
JAZ582 BOX - Condult End Connection 1 CAP = Fuel Cut-off Cylinder - Laver
JAZEH COVER - Conduit Tes, Ell » Box 2 CAPSCREW - Cap to Lever - Fuel Cut-off Cylinder
IAZ630 BUSHING - Reducing
AL TH4 NIPPLE - Conduit (Cyi. | te 2)
IALTER NIPPLE . Conduit (Cyl. 2 te 3)
IALT60 NIPPLE - Conduit (Cyl. 3 to 4)
IALTEY NIPPLE - Conduit (Cyl. 4 to 3)
IALTES NIPPLE - Gonduit (Cyl. 5 to 6)
1A1768 NIPPLE - Conduit (Cyl. & to 7)
IALTES NIPPLE - Conduit (Cyl. 7 to 8)
JALTES MNIPPLE - Conduit (Cyl. 8 to End Box)

= e e o e e D

4Y 1211 conpulT ASSEMBLY - PYROMETER CABLE Inciudes
JAZ62T TEE - Conduit
1A2683 ELL - Conduit
IAZb44 COVER - Conduit Tee & Ell
1A2630 BUSHING - Reducing
IAITES NIPPLE - Conduit (Cyl. 1 to 2)
IALT68 NIPPLE - Conduit (Cyl. 2 to 3)
IAL1TES NIPPLE - Conduit (Cyl. 3 1o 4)
IALTES NIPPLE - Condult (Cyl. 4 10 §)
IAL1768 NIPPLE - Conduit (Cyl. § ta 6)
JALTES NIPPLE -~ Conduit (Cyl. 6te 7)
IALTES MNIPPLE - Conduit (Cyl. 7 to 8)

S E 4Y )2 98 AR STARTING CHECK VALVE BODY & PISTON
Inclades

ONDUIT ASSEMBLY - PTROMETER CABLE Includes L
TEE - Conduit |
ELL - Conduit 1
COVER - Conduit Tes & Ell L
BUSHING - Reducing
NIPPLE - Condult (CylL. | to 2)
NIPPLE - Conduit (Cyl. 2 to 3)
NIPPLE - Conduit {Cyl. } ta 4)
NIPPLE - Conduit (Cyl. 4 ta 5)
NIPPLE - Conduit (Cyl. § to &)

4Y 121
IA2621
3A2683
JAZ644
3A2630
3A1766
3A1768
3A1769
3A1768
3A1T68

BODY
PISTON
CASKET
CAP




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
ENGINE DIVISION
WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER-PART NUMBER-NAME=-OR COMPLETE D
DO NOT ORDER PARTS BY REFERENCE NUMBERS S A
3 INDICATES PARTS NOT SOLD INDIVIDUALLY

- DESCRIPTION DESCRIPTION
XI1583  MPPLE ASSEM.-AIR STARTING VALVE TO GLOBE VALVS 3AZ|8BX SCRSJ ASSE. - CYL. HEAD COVER (SHORT)  Includes
Includes (Mo Ssrvice Parts)
(Ho Service Parts)
"X 1752 I:dmfnbgﬁnmuf - EXHAUST Includes 1 3A2192X HED mm_ - CONNECTING tisited
| €-2012L} 4 STUD - End Flange 1 3A2078R 1 BUSHING - Piston Pin
| PIPE PLUG - | L/4 Sud. 1 PIPE PLUG -- 3/8 Std. C't's'k. Hd.
X1753  LAMFOLD ASSEMBLY - EXHAUST tivetidai
. | NIFOLD
1 C-2012L3 4 mn - End Flange - 3A2133X AN i Includes
2  PIPE PLUG - | 1/4 Std. 1 3a2C139 1 THROWER - 011 (Pwd. Bnd)
2  3a201e 1 mmm = 0Ll (ALt. End)
. 3 32133 8 ‘ Flywneel to Cranishaft
3A2045X cLAMP ASSEMBLY-CRANKSHAFT GEAR Includes 4 3az34 2 Gear Drive:
. I  CLAMP (Halves)
I 3A2077 : BOLT
2 CASTLE NUT - 5/8-16-Hex.
2 COTTER PIN - I/8 =1 I/8 Lg. = 3ng;55x .mem:”“m' - PUEL TRANSPER PUMP Tricludas
1 262477 1 BUSHING - Aduptor |
) 51X ; ¢-9882 :I!.' WHIHE P Bearing ( )
3A20E GEAR ASSEMBLY - CRANKSHAFT includes - - Pump g (Gear End
. | GEAR (2 Halves) T T . 1 GascEr s Heariag e an oed Wn9)
| : - = Bear a ptor
i 5-n02 : PN -Dowsl 3 CAPSCREW -- 3/8-16 x 1 1/4 La. |
3 LOCEWASHER -= 3/8 SAE Reg.
3A2067X BEARING ASSEMBLY-CONNECTING ROD {acludas
. | BEARING - Crankpin (Upper Half)
- | BEARING - Crankpin (Lower Half) 'Sﬁzlﬁiﬁ. w - LUBE OIL FUMP Includes
2 I CASTLE NUT - 1/2-13-Hex. 2  3A2463 1 BUSHING - me-:}
2 COTTERPIN - 1/8x1Lg.
|
|
3A2085X pusu ROD ASSEM.-INLET OR EXHAUST VALVE [ncludes ,3A2202 X UEAR ASSEYGLY - WATER PUNP DRIVE taoludes
s aetine B 1 a1 8 PIN - Gear Coupling
3A2095X MANMIFOLD ASSEMBLY - LUBE OIL Inciudes FAL209X BLOCK ASSEM. - CYLINDER Includes
. | PIPE X C=5468 ;.'n mm Head
. b CONNECTION - Outlet Tube i = den
. | CONNECTION - Out. Tubs (Cam. Bryg. Man.) g S - ﬁg s hau (Tapped)
= 1 BUSHING - End 4 &l0- 5 g
L | TEE -1 1/2 8% ABS 36 PIPE - Cyl. to Head Water By-Paszs
| PIPE PLUG - | 1/2 Std. C't's'k. Hd.
2 | REDUCING BUSHING = | x 3/8 Std.
3AZ 210K LINER ASSEM. - CYLINDER Ineludes
- 1 LINER |
3A2|37X BLARING ASSEMBLY - CAMSHAFT Includes 1 BeAee 4 PIN e Dowel |
. y | BEARING
| 3A2136 | BUSHING
3A221| A CENTERFRANE ASSEMBLY Includea
- 1 CENTERFRANE
3A2139X MANIFOLD ASSEMBLY - AIR STARTING Includes 5 SO e B LitTew dulds
| 3A2029 5 HOUSING - Pilat Valve
2 3A2l28 6 VALVE - Pllot
3 3A2030 6§ PLUG - Pilot Housing (k Valve Stop)
4 3A2225 6 GASKET = Plug to Housing 3A2242X ROCKER ASSEM. - INLET OR EXHAUST VALVE  Includes
5 4 MNPPLE - | 1/4x77/8 Lg. ; EACsEs % Hmﬂ
& 1 NIPPLE (Center) - | 1/4x87/8 Lg. 2  884-3 1 m’“mﬁ“
3 3a2238 1 PIN - Roller
1 MACHINE SCREW -- 5/15-18 x 1/2 Lg.-And.Hd.
|
| SAZI4 4XKBEARING ASSEMBLY-CAMSHAFT (AFT. END) Includes |
| : I  BEARING
3AZ143 | BUSHING - (Short)
71 ot A BX EEAD ASSEMELY - CYLINDER Includes
2 AN | BUSHING - (Long) 1 a%zz‘ 1 EEAD ASSEM.
2 3A2054 2 VALVE - Inlet k& Exhauat
. 4 =
3A 2| 50X MANIFOLD ASSEMBLY-CAM. BEAR, LUBE GIL Includes S mg - :ﬂfm E‘#I;,f‘f;:{,:‘“““‘
n I PIPE 5 3A2537 2 SPRING - Valive (Inner
- 6 BRACKET 6§ 3A2243 2 WASHER - Valve Spring Lower Guide
= I CROsSS ; g::::i f RIT.I.I‘.!‘% = Valva Spring |
| REDUCER - 1/2z x 1/8 S5t Pi LOCK - Retainer
| A f S8 R e s
4 - L] va
\ 3AZ2184X BEARING ASSEMBLY-CAMSHATT (FWD.END)  Includes 3 Aoy N NG L e
BEARING 12 1L CASTLE HUT -= 5/8«18-Rex.
I I IAZ45T 1 BUSHING 1 COTTER PIN -- 1/8 x 1 1/4 Lg.
13 785 1 PFLANGE - Water Outlet Hels Blind
3A2171 X MANIFOLD ASSEMBLY - FUEL Includes 14 8-2334 1 GASKET - n..;,.
2 CAPSCREW == 1/2+13 x 1 1/4 La. |
(Mo Sarvice Parts) 2 LOCKWASHER -- J-fE SAE ﬂ'lﬂ.-
A2 I86XscREW ASSEMBLY-CYL, HEAD COVER (LONG) Includes
(No Service Parta) |




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
~_ENGINE DIVISION
WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER-PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY REFERENCE NUMBERS

N # INDICATES PARTS NOT SOLD INDIVIDUALLY
El "EHE!IEF Iﬂ DESCRIPTION E' "“,, '“';;; Eg DESCRIPTION
*-..\
3&2243: m m - CYLINDER Includes . 3n%§55ﬂ; vt:.vx “ﬁ' = AIR STARTING Include:
i 1 !I!'I - dﬂprnl!.un Release-<Cast in Head 2  3A2310 1 VALVE
5 PIPE PLUD -« 1 1/2 8td. = C't's'k. Hd. 3 2cl70P2 1/2 2 RING - Piaton
6 PIPE PLUG --"1 Std. - C't'a‘ik. Hd. 4 3A2312 1 VALVE - Bleeder
1 PIPE PLUD -- 1/2 Std. = C't's'k. Hd. 5 3AZ314 1 APRING = Blesdar Valve
B 3AZ180 1 TUBE = Pusl Injeation Valve 8 3A2311 1 WASMER - Blesder Valve Spring Seat
3 3A2187 2 OUIDE - Inlet & Exhaust Valve 7 3AZ309 1 COVER - Housing
4 3A2183 1 GUIDE - Alr Start. Valve B 203563 1 GASKET - Coser to Housing
§ Co-639201 4 PIN - Rocker Bearing Dowel 4 CAPSCREW -- 1/2.18 x 1 1;.. La.
6§ 3a2191 2 STUD - Rocker Bearing - 4 LOCKWASHER == 1/2 SAE Reg.
7 £-2012L5 3/4 1 STUD - Pusl Injection Valve Clamp
N
] A2363N PLUNGER ASSEM. - INTERLOCK
3A227TT X GCOVERNOR ASSENMBLY ) Includes 1 31,5353 1 PLUNGER SRIVE Include
1 3A2278X 1 BODY ASSEM. : 2  3A2368 1 GEAR - Interlock Rack Drive
2 3a2279% 2 WEIGHT ASSEM. 3 J 1 WOODRUFP KEY - 3/32 x 5/8 std.
3 201820 2 PIN - 0ov. Welght to Body 4 3A2385 1 PISTON
4 CASTLE NUT -. 3/8-24-Hex. 5 1 TAPER PIN -= #3 x 1 Lg.
4 COTTER PIN == Jfﬁixﬁfi Lg.
4  3a2280X 1 QUILL ASSEM,
§ C-548 1 KEY - Thrust Quill
SA2373N TUBE ASSEN. - 00V. SPRING Include
(Mo Service Parts)
. 3A2278% m um. « GOVERNOR Ineludes
1 3a2094 1 IEI.'E Drive
2 1 mﬂ EEY == 1;5 E 4 E;'B 3td. 3“231‘7“ Ifm ASSEM. - HAND CONTROL LEVER Inoluds
- :‘m
1 3a2378 1 PIR
3A22T9X WEIGHT ASSEM. - COVERNOR Includes
! ses7s 1 mowmm
2 32899 1 PIN - Roller to Welght o SARARAK BARE SasmLY Iaclude
2 r:rl r:m tmj-:. 1/2 8td,.=C't'a'k, HA.
1 azosl 8 e Brg. Shell Dowsl (In Base)
: JA2086 1. Iﬂl} - gmt g:;- Shell Dowel (Thrust-In Base
, 3A22B0X WILL ASSRM. - GOVERNOR THRUST Includes T e TR o S e R
QUILL 5  4Bl119 1 CAP - Crank, .~ 0 l
: S Ririane 8§ DAROO® 1 CAP - Crank. gg. - Eﬂ:ﬂ
T  3AZ08B0 7 PIN - Crank. Brg. Thsll Dowel (In Caps)
7 PIFE PLUG <= :s,fa std. C't's'k. Hd.
L maﬁ g: w - l:nnl: Brg. Cap
3A2287X MANIPOLD ASSEM. - ROCKER SHAP? LUBE OIL  Includes = 24 COTTER PIN == 18 % 1 374 La.
| ({Ho Sarvice Parca)
I
AA24TOR BODY ASSEM. - LUBE OIL STRAINER Includs
, JA2316 X can AssmmLY - AIR Includes 156, Bervl ek barte)
1 (C-3180 1 PIE
|
3A247TTX ROD ASSEM. - PUEL CUT-OPP Include |
3&2315! r%mm f.ﬁ" - GOVERNOR CONTROL Includes (Ho Servics Partas)
1 3A2357 2 ROLLER
2  35-3041 2 PIH - Roller to Flunger
3&241! 1.3 ‘I.I.I.'l'l ASSEM. - PURL INJECTION Include.
h i 1 RRESE < Neaaie
BM-542
342339% HQUSING ASSEM. - ENGINE CONTROL Includes 2 3a2261 1 TIP - Spray
E 3 HOUSING
1 3A2338 2 LINER - Air Compressor Cylinder 1|
2 1 PLUG -- Welch Expansion - 1 3/4 Dia.
3 3aeess 1 SLERVE - Control Unit Air Supply Valve |
4 3AS081 1 BUSHING - Control 3haft JIA2489K ngu:gm um - ROTATION INTERLOCK Include
1 3A2390 1 PIN - n.nz stap
3»'« 2344X ‘ﬂ’” ASSEM, - AIR CYL. CONTROL VALVE Includes
1 —— II'I‘..IIG == Walch Expansion = 1 3/18 Dia.
3A2452 X MANIPOLD ASSEN. - AIR INLET Include
(No Service Parts)
3a234deX I.:;Tﬂ ASSEM. - ENGINE CONTROL EAND Includes
*> m=
é G-HET%_ i E:ﬂi Remotes Control Sprocket Domwel
3 ammm s/a 1 PIN - mutm'm i 3Azg‘£zx E?:‘m ASSENM. - GOVERNOR THRUST Include
; gl %cm%u:i;hmx!u- 2 C=543 1 PIN = Yoke T
STRING - 3  3A2400 1 QUILL - Thrust Block Ouide
6 JAB380 1 PLUNGER - Latch Control = =
7 C-3852 1 PIN - Plunger Lock & C-4351 1 PIN - Quill to Block
342348X PISTON ASSEM. - AIR CYLINDER S 3A25]4 X BRACKET ASSEM. - AIR COMP. IDLER PULLEY Include
- 1 PISTCH (No Service Parts)
1 3ag39l 2 s
AAZ25|5 )X BRACKET ASSEM. - IDLER PULLEY Include
3A2353X LEVER ASSEM. - CAMSHAPT SHIPTER Includes _315X 1 BRACKET ASSEBLY
. 1 LEVER J. 342407 1 SHAPT
1 3ag4Bs 2 PIN




THE NATIONAL SUPPLY COMPANY SUB-ASSEM BLY LIST
ENGINE DiVISION
WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER - PART NUMBER-NAME-OR COMPLETE DESC
DO NOT ORDER PARTS BY REFERENCE NUMBERS ERSADI S

% INDICATES PARTS NOT SOLD INDIVIOUAL
l@ HUMEE ER E DESCRIPTION - NG| NOMBER [N

SAZS24X TURE ASSEM. - PUTL INJECTION PUNP INLET Includes 3A2596X sas
(No Service Parta) . 1

DESCRIPTION

E ASSEMBLY Includes
BASE

Z PIPE PLUC (Sump)-| 1 /2 S5td. C*t'a'k. Hd.
i 3AzoBl 8 PIN - Crank, Brg. Shell Dowsi (in Base)
I  1AZ0BA I PIN « Crank, Brg. Shell Dowel {Thrust-in Base)
ELELTLD 3 i o 4  JAzoon I CAP - Crank. Bz, (Fwd. End)
(No Service Parts) $  4BL1I19 | CAP - Crank. Brg, - (Center)
6  3A2009 | CAP - Crank. Bryg. - (Thrust)
7 3A2080 9 PIN - Crank. Bra. Shail Dowel (In Caps)
9 PIPE PLUG - 1/8 S5td, C't"s'k, Hd.
2543 X MANIPOLD ASSEM. - LUBE OIL Includes 9 3A207L 32 BOLT - Crank. Brg. Cap
s M R 1 PIFPE e & il 10 3A2072 32 NUT = Crank. Brg. Cap Bolt
a o m ON - Qu at L] : - | >
: 1 cgm:ux = Qut, Tube (Cam Brg. Man.) 32 COTTERPIN - 1/8x 1 3/4 Lg
3 3 m“l.':.n?s d
1 - ! -
& T PIFE PG Le 3 1/2 Std. Cr't'atk. Hd. 3A2597X CENTERFRAME AssEMBLY Includes
2 1 REDUCING BUSHING -- 1 x 3/8 std. . | CENTERFRAME
] JA2449 48 STUD - Valve & Pump Lifter Guide
ASSEM. - . BRG. LUBE OIL Includes
, 3A2545X RAKZFULD cAN 3A2598X arock assEmBLY - cyLnDER includes
» 8 3RACKET - |  BLOCK
. 1 ZRoss 1 Cebd4bb 16 S5TUD - Head
1 REDUCER -- 1/2 z 1/8 Std. Pipe 2 3AZlE9 16 STUD - Head (Tapped)
3 3A2241 I6 STUD - Head (Long)
4 610-RB3} 48 PIPE - Cyl. to Hesd Water By-Pass
3A2552 X MANIPOLD ASSEM. - PUEL Includes
(No Servics Parts) SA2599X CRANKSHAFT AssEMBLY Inciuder
= I CRANKSHAFT
1 3A2019 | THROWER - Oil (Fwd. End)
2 JAZOlA 1 THROWER - 0§l (Aft. End)
3A2553X MANTPOLD ASSEN. - EXHAUST Includes 2 iy 2 iy g L PR e Cuibigiant
(HNo Service Parts) )
3A 2663 X MANIFOLD ASSEMBLY - AR INLET T ks
3A2563X MNIPOLD ASSEM. - ROCKER SHAPT LUBE oIL Includes _
(No Service Partas) (No Service Parta)
, 342567X MATROLD AssEn AIR STARTING Tncludes 3A2666 X mamroLo asserary - Sxmavsy Includer
: HOUSI = Pllac va
g 3A2128 g VALVE - Pilot (No Service Parts) '
JA2030 PLUG - Pilot Housin (& Valve 8 )
: S NEEEE - g g Hﬁ}a - 3A2734X
- 4 x Lg. CONDUIT ASSEMBLY - PYROMETER CABLE  [ncluder
8 1 NIPPLE (Center) -- 1 1/4 x & 7/6 Lg. IA2627 5 TEE
IA2683 1 ELL
JAZba4 T COVER = Tae k EIll
JAZ630 6 BUSHING « Reducing
- 3A2578x r{ﬂg! ASSENBLY Includes 3A1764 | NIPPLE - Conduit - (Cyl. | ta 2) |
STON IALTHS I NIPPLE . Conduit - (Cyl. 2 to 3)
b K R050 % ;Iﬂutﬂ &:’:ﬁ“"“ﬁi‘;ﬁ"ﬁl‘t- k. Ha IALIT69 | NIPPLE - Conduit - (Cyl, 3 to 4)
= . 5 3AITES | 'NIPPLE - Conduit - (Cyl, 4 te §)
IALTAT I NIPPLE - Conduit = (Cyl. 5 ta &)
IAZ631 | ELBOW - Flex. Conduit |
ﬁ IA1782 I CONDUIT (Flexible)
3A25Te X ringg ASSEMBLY Includes 3AZ63IL | ELBOW - Flex. Condult (Pyrometer End)
* STON JA2633 I w - Conduit Red
1 3A2566 1 PLUG - Piston 04l Chamber e A =
1 PIPE PLUG -- 1/4 Std. Cletaitle, HA,
A 2757 X PLUG ASSEMBLY - PISTON PIN Includes
- | PLUG
1 ZC4sle I PIN - Plug Locating
3A25TTA !{l rmn - PISTON Includes
-

1 2859 . 2 PLUG

3a257aX !'II! mr - PISTON Includes
a IN
1 3aA2568 2 PLUG 3
SA2763 X HANDLE ASSEMBLY - GOVERNOR GONTROL  Includes
I H17-E I HANDLE - (Upper Sect.) ]
2 3AzT3I |  HANDLE - (Lower Sect.)
3A2585X munTroLD assmr. - AR INLET Includes 3 R i SEAEe . M e
(No Service Parta) | HALF NUT = 1/4=20-~Hex.
4 1118-E1l |  PAWL - Handle
5 | TAPER PIN (Pawl Retain.) - #1 x | Lg.
& 1124-E I SPRING - Pawl
3A2589X maNIroLD ASSEM. - AIR INLET Ineludes 7 1125.E | PLUG - Spring Retainer

(Ko Service Parta)

3AZ593X VALVE ASSEM. - PUEL INJECTION Includes
- 1 HOLDER = Norzle

1 BM-5421 1 VALVE - Nozzle

2 342504 1 TIF - spray




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST

ENGINE DIVISION
WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER-PART NUMBER~-NAME-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY EEFEHENCE NUMBERS

% INDICATES PARTS NOT SOLD INDIVIDUALLY

DESCRIPTION Gl NOMBER L]  DESCRIPTION
SAZTISK COVER ASSEN..CENTERFPRAME SIDE (EXPLOSION VALVE) 3A2B02X CONDUIT ASSEM. - PYROMETER CABLE Include
Includes SJA2627 B T
1 ' 3A27S50 1 Ccoven 3A2582 1 BOX - Bnd Connection
2 SARTLS: 1 PLATE - Exploaion Valve 342644 9 COVER - Teo, E11 & Box
3 Jems 1 GASKET - Plate to Cover 3p2830 8 BUSHING - Reducing
4  3a2752 8 3PRING - Explosion Valvs SALTE4 1 NIPPLE - Conduit - (Cyl. 1 to 2)
5  3a2753 8 WASHER - Spring Retaliner 3Al788 1 FNIPPLE - Conduit - (Cyl. 2 to 3)
6 3A27s1 B STOP - Explosion Valve 3A1768 1 NIPPLE - Condult - (Cyl. 3 to 4)
7 3a201l 8 BOLT - Plate 301760 1 NIPPLE - Conduit - (Cyl. 4 to S)
8  3apel2 8 GASKET - Valve Plates Bolt Seal 3A1768 1 NIPPLE - Conduit - (CTl. 5 to &)
8 A4LOTTED NUT == 1/2-13=Hex. 3A17EB 1 NIPPLE - Condult - (Cyl. 8§ to 7) "
8 COTTER PIN -- 1/8 x 1 Lg. 341768 1 mm-mmt-Ic’LTtna} :
SALTE4 1 HNIPPLE « Condult - (Cyl. B to Bnd Box)
JA2631 1 EIBOW - Plex. Conduit [
m:g% li CONDUIT Hx-nhu] {
ELBOW - Flex. Conduit (Pyrometer
- 3A2797X rfmln .u.:n = ROTAT. INTERLOCK DRIVE Includes 3A2633 2 WASHER - Conduit Reducer .
1  3az7mel 1 MCcING
2 4 RIVET -- 1/8 x 9/38 Lg. - Tubular
SAZBO03 X CONDUIT ASSEN. - PYROMETER CABLE Inelude
32627 7T TEX
3a2683 1 EL
3&%‘&5!?& CONDUIT ASSEM . FYRONETER CABLE Includes IAZ644 8 COVER - Tee & E11
2627 7 TEE 3A2630 8 BSUSHING - R ing
3A2644 7 COVER - Tes 3a1788 1 NIPPLE - Condult = ’G‘ﬂ.. 1lto 2
3A2630 8 BUSHING - Reducing 3Al788 1 NIFFLE - Condult - (Cyl. 2 to 3
341784 1 NIPPLE - Condult = (Cyl. 1 to 2 3A1768 1 NIPPLE - Cenduit - ’m 3 to 4
3A1788 1 NIPPLE - Conduit - (Cyl. 2 to 3 3A1769 1 NIPPLE - Condult - (C¥Yl. 4 ta 5
3A1789 1 NIPPLE - Conduit - (Cyl. 3 to 4 3Al788 1 NIPPLE - Conduit - (Cyl. 5 %o 6
3Al788 1 NIPPLE - Conduit = (Cyl. 4 to s; 3A1768 1l NIFFLE - Condult - (Cyl. 6 to 7
3Al788 1l NIPFLE - Condult « (Cyl. 5 to & 3A1768 1 NIPPLE - Condult -« (Cyl. 7 to 8)
341754 1 NIPPLE - Conduit - (Cyl. & to End Tes) 3A2832 1 CONNECTOR - Plex. Conduit
SA2631 1 EL80W = Flex. t 3al7a7 1 CONDUIT (Flexible)
3al782 1 CONDUIT (¥lexibls) 3a2831 1 ELBOW - ¥lex. Condult (Pyromster End)
SA2631 1 ELBOW = Plox. Conduit (Pyrometer End) 242633 2 WASEER - Conduit Reducer
3A2833 2 WASHER - Condult Reducer
3A2B04 A coNDUIT ASSEM. - PYRONETER CABLE Include
' waax CONDUIT ASSEN. - PYROMETER CABLE Includes 3a2627 7 TER |
27 5 T=E 3A2683 1 H&
3a2683 1 EL 3AZ794 1 BOX - End Connestion '
3A2644 6 COVER - Tee & E11 3A2644 9 COVER - Tee & Ell
3A2630 8 BUSHING - Reducing 3A2830 10 BUSHING - Reducing
3A1766 1l NIFPLE - Conduilt - im 1 to 2) 341766 1 NIPPLE - Conduit - (Cyl. 1.to 2
3A1768 1 NIPPLE - Conduilt - m.tua} 3a1788 1 NIPPLE - Conduit - (Cyl. 2 to 3
3AL7E9 1l NIFPLE - Conduit - (Cyl. 3 %o 4 3A1768 1 m!u-ﬂmtu!cfl.ﬂtui
3AL7E8 1M-Mt-[m.lu$; 3A1769 1 MNIPPLE - Conduit - (Cyl. 4 50 5
3ALTES 1 NIPPLE - Conduit - (Cyl, 8§ to 8 3A1768 1 NIPPLE -« Condult - (Cyl. 5 to &)
3a2632 1 CONNECTOR - Plex. Conduit 3A17688 1 HIPPLE - Condult = (Cyl. 6 to 7)
3ALTET 1 CONDUIT (Plexible) 3Al7S8 1 NIPPLE - Conduit - (Cyl. 7 to 8)
SAZ63L 1 ELBOW = Flex. Conduit (Pyrometsr Bnd) 3ALTER 1 NIPPLE - Condult « (Cyl. 8 to End Box)
32633 2 WASHER - Condult Reducer 3A2632 1 CONNECTOR « Plex. Condult
3A17B3 1 CORDUIT (Flexibla) i
342631 1 ELBOW « Plex. Conduit (Pyrometer End) :
3A2633 2 WASHER - Conduit Reducer =
3AZB00X CONDUIT ASSEN. - PYROMETER CABLE Includes
3a2627 5 TEE
3A2683 1 ELL - (Pront End)
3A2793 1 BOX - Bnd Coanectlon SAZ2B32 K PISTON ASSEBLY Include
IA2644 7 COVER - Tes, Zl1 & Box ® 1 PISTON
8 BUSHING = Reducing 1  3a2580 1 PLUG = Platon 011 Chamber
3ALTEE 1 NIPPLE - Conduit = (Cyl. 1 to 2) 1 PIPE PLUG -- 1/4 Std. C't's'k. Hd.
3AL768 1 NIPPLE - Conduit - (Cyl. 2 to a;
31789 1 WIPPLE - Conduilt - (Cyl. 3 to 4
3A1768 1 NIPPLE - Condult « (Cyl. 4 to 5)
3al768 1 NIPPLE - Conduit = (Cyl. 5 to 6)
3A1782 1 NIPPLE - Condult - (Cyl. 6 to End Box)
SAEE32 1l CONNECTOR = Flex. Condult
. 3al7a3 1 CONDUIT (Flexible)
JAEB31 1 ELBOW - Flex. Condult |(Pyromester End)
3A2633 2 WASHER - Conduit Reducer
| SARBOIR: ‘o) D RZB47 PANTFOLD ASSEM. - EXEAUST Include
a&?zq T TEE 1 Ce2012L3 8 STUD - End ﬂm?
3A2883 ™ 1 =L - 10 PIPE PLUG -- 1 1/4 std.
| 3A2544 8 COVER = Tee & E1L
3A2830 8 BUSHING - Redusing
SALTE4 1 NIPPLE - Condult - (Cyl. 1 to 2)
3Al788 1 NIPFPLE - Condult - (Cyl. 2 to 3)
3aAl788 1 NIPPLE - Conduit - (Cyl. 3 to 4
3A1769 1 WIPPLE - Conduit - (Cyl. 4 to S
Al mmmimniien i
3A1758 N = Co - . o
y IA1787 1 NIPPLE - Conduit - (Cyl. 7 to 8) 3&303‘3 HOUS. ASSEM.-VERT, AND OVERSPEED GOV. DI,
3A2831 1 ELBOW - Flex, Conduit [ncludes
3a1782 1 CONDUIT (Flexible) - 1 HOUSING
SA2631 1 ELBOW - Plex. Conduit (Pyromster End) 1 3A2986 1 PIN
SA2633 2 WASHER - Condult Reducer
K305@ MANTPOLD AsSEM, - EXHAUST Include
™ 1 MANIFOLD
1 ce-2012L3 4 STUD - End
2 PIPFE PLUO -- 1 1/4 std.




THE NATIONAL SUPPLY COMPANY SUB-ASSEMBLY LIST
ENGINE DIVISION
WHEN ORDERING PARTS ALWAYS GIVE ENGINE NUMBER-PART NUMBER-NAME-OR COMPLETE DESCRIPTION AND SIZE
DO NOT ORDER PARTS BY REFERENCE NUMBERS
* _INDICATES PARTS NOT SDLD INDIV!DUALLY

R [ oo sz
F\Sﬂq‘lx BASE ASSEMBLY ZAAI0I X HOUSING ASSEMBLY - ENGINE CONTROL Include:
s Includes . HOUSING - Contral
2 PIPE PLUG (SUMP) -~ 1} Std.-C'¢"s"k. Hd, e | PLUG - Walch erpanaion - 1-3/4~ Dia
= = Welch expans = l=1/4%
1 3A2081 b PIN - Crank. Brg. Shell Dowel ( In Base ) S aazeEL I SLEEVE - Control Unit Air Sepply Valve
1 3A2006 4 CAP - Crank: Besring L= aadost L BURHING s hekdl Mat
4 3a2007 | CAP - Crank. Brg. - (Fwd. End)
5 4B1L19 | CAP - Crapk. Brg. - (Center)
-] JAI04T I CAP - Crln-l: Brg. = (Thrust)
T 3Al080 7 PIN = Crank. Brg. Shell Dowel ( In Capa)
T PIPE PLUG == 3/¢ Su. C'v'a’k. B4, ZJA3309X CAMSHAFT & HUB ASSEMBLY includer
i 9  3Aloaz 24 BOLT - Crank Brg. Cap . I CAMSHAFT
10 3A30BS 24 NUT - Crank. Brg. Cap Bolt - ! HUB - Camahaft Gear
. 1  KEY
mx BASE ASSEMBLY Includes
LIA3I RIEAse
i PIPE PLUG (SUMP)-= | | Std. C*t"a'k. Hd,
| i 3A208) 8 PIN- Crank. Brg. Shell Dowel | In Base) 3A3 Jlax CONDUIT ASSEMBLY-PYRCOMETER CABLE Include:
3A2627 4 TEE - Conduit
| ¥ 3AZ006 6 CAP - Crank. Bearing JAz626 I TEE - Conduit Outlet (Center)
4 3A2007 | CAP - Crank. Bry. = (Fwd. End) JA2683 2 ELL - Conduit (End)
5! GRitiN i CAW - Crank. Beg, = (Cames) IA2644 7 COVER - Conduit Taee, Ell & Box
6  3A304T | CAP - Crank. Bry. = (Thrust) IA2630 6 BUSHING - Reducing
7 3A2080 9 PIN « Crank. Brg. - Shell Dowsl ( In Caps) IAl766 | NIPPLE - Conduit - (Cyl. 1 ta 2)
9 PIPE PLUG == 3/8 5td. C't's'k. Hd, JALTES 1 WNIPPLE = Conduit = tcrl. 2ta ]I
9 JA30B2 312 BOLT -- Crank Bry. Cap JALTSE z NIPPLE - Conduit -(Centar Taee to Cyl. #3 k 4 Tes)
10 3A3085 32 NUT -- Crank, Brg. Cap Beolt IALT68 1 NIPPLE - Conduit - (Cyl. 4 ta 5)
: IALTEE | NIPPLE - Conduit - (Cyl. 5 o 6)
IA2632 | CONNECTOR - Flex. Conduit
3A1793 1 CONDUIT (Flexible)
szz‘sx CENTERFRAME ASSEMBLY Includas JAZH31 I ELBOW - Flex. Conduit (Pyromaetar End)
| CENTERFRAME JA2633 2 WASHER - Conduit Reducer
: JAZ449 16 S5TUD - Valve & Pump Lifter Guide
wzm CENTERFRAME ASSEMBLY Ineludes
| CENTERFRAME A3319X CONDULT ASSEMBLY-PYROMETER CABLS Lud
| IA2449 48 STUD - Vaive &k Pump Lifter Guide 3 142513'; TEE- Conduit - i SIS
3A2683 z ELL - Conduit (End)
IAZE44 9 COVER - Conduit Tee & Ell
3A3227X BEARING ASSEM. - CAMSHAFT (FWD. END) Includes 1A2630 8 BUSHING - Reducing
. | BEARING IALTEE | NIPPLE - Conduit - (Cyl. | ta 2)
1 JAMS4 2 BUSHING - Camshaft Bearing IALT48 | NIPPLE - Conduit - (Cyl. 2 to 3)
3A1768 | NIPPLE - Conduit - (Cyl. 3 to 4)
: IAL7S8 Z NIPPLE - Conduit - (Center Tee to #4 k 5 Tee)
_Jﬂmx BEARING ASSEM. - CAMSHAFT (FLY. END)  Includes IA1768 I NIPPLE - Conduit - (Cyl. § to 6)
I | BEARING 3A1768 I NIPPLE - Conduit - (Cyl. 6 ta 7)
1 IAILSS 1 BUSHING - Camshait Bearing { Long ) IALTES I MIPPLE - Conduit = (Cyl. 7 to 8)
2 JA3I54 | BUSHING « Camshaft Bearing [ Short | IA2632 | CONNECTOR - Flex. Conduit
IALT4 I CONDUIT (Flexible)
JAZ631 1 ELBOW - Flex. Conduit (Pyrometar End)
_mzqu !fl:mﬁ M;m - CAMSHAFT Includes JAZ633 2 WASHER - Conduit Reducer
1 3A3I%4 2 BUSHING- Camshait Bearing
3A3230X MANIFOLD ASSEM. - CAM. BEARING LUBE OIL Isclud
: N PR . AL o 3A3320X conDUIT ASSEMBLY-PYROMETER CABLE Include
. 5 BRACKET - Lube Oil Manifold JAz627 § TEE - Conduit
. | CROSS - Lube Ol Manifold IAZ630 [ BUSHING = Reducing
3A1768 | NIPPLE - Conduit - (Cyl. | ta 2)
IA1768 | NIPPLE - Conduit - (Cyl. 3 to 4)
3ALTES 1 NIPPLE - Conduit - (Cyl. 4 to 5)
MAIOLE ASSEM. - CAM: BEAR £ 3ALTHS I NIPPLE - Conduit - (Cyl. 5 to &)
SIRREIVX USTD Ame. RS SR Gt 3A1768 | NIPPLE - Conduit - (Cyl. b to 7)
. 8 BRACKET - Lube Oil Manifold 3A1768 b THPRLE= CRplut = \Cyx. 110 9)
I COMDUIT (Flexible)
. | REDUCER -- } x 1/8 Sed. 3A2631 | ELBOW - Flex. Conduit {Pyrometer End)
. : 3AZ633 2  WASHER - Conduit Reducer
JA3Z3IZX MANIFOLD ASSEM. - EXHAUST Includes
( Mo Service Partn.)
3A 3394 X cAMSHAFT AND HUB ASSEMBLY Incladis
3A3Z33X BRACKET ASSEM. - AIR COMP IDLER PULLEY Includes . |  CAMSHAFT
{ Mo Service Parts.) - |  HUB - Camshaft Cear
. 1  KEY ‘
_3A32Z97X BRACKET ASSEMBLY - IDLER PULLEY includes aies
| BRACKET ASSEMBLY als
1 IAZ407 | SHAFT - ldler pulley »
mmx fu:m HUB ASSEMBLY Inclodes
mqulx nmma ASSEMBLY - CAMSHAFT (FWD) Includes . 1 HUB vi
BEARING - Camshait - |  KEY T
I 3A2457 1 BUSHING - Camshaft Bearing T
mx BEARING ASSEMBLY - CAMSHATT (AFT) Includes
| BEARING = Carmahaft
) 3AZ143 | BUSHING - Camshaft Bearing (Short) SA3396X CAMSHAFT AND HUB ASSEMBLY includes
| 2 JA2471 | BUSHING - Camabaft Bearing (Long) . I CAMSMAFT
- 1 HUB - Cumshaft Gear
I . 1 KEY
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"RALS gure 4-24-52 iweue 4-24-52°% f

L
B
U
B 2L 2533 351l
. _| FoR STD. ‘Jiﬁé’#ﬂ;"ﬂﬁ'f&f aFT iﬁﬂi&‘ﬁﬁﬁé‘s”c‘ﬂﬂmu AND SIZE PLATE 3A4039
U bRwG. NO. _ o PART NO. D e PART NAME E i T
5 1 BM-6387-1 1 ' OIL PUMP, Sub Assembly |
."-?'-'3 2 BM-6387-2 2  CAPSCREW, Upper to Lower Hsg.
A 3 BM-A387-3 12 ' CAPSCREW, (drilled) |
4 BM-6387-4 1 ' HAND HOLE COVER |
i 5 BM-6387-5____1 _SPIDER, Forward Half . |
L 6 BM-6387-6 __ 6 ' BEARING, Spider Pinion (Hyatt)
i 7 _ BM-6387-7__ 9 ' RETAINING RINGS (Waldes Truarc)
B 8 BM=-6387-8 3 ' SPACER, Pinion _
il g BM-6387-9 _ 3 IDLER PINION

10 BM-6387-10 _1_ IIFTING EYE
1l BM-6387-11 4 LOCKWASHER

12 BM-6387-12 _2_ . CAPSCREW, Upper to Lower Hsg.

13 BM-6387-13 20 ' LOCKWASHER

'14 BM-6387-14 20 ' CAPSCREW _

‘15 BM-6387=15 _1__ COVER, Inspection
16 BM-6387-16._'3_: SHAFT, Idler Pinion
17 BM-6387-17 ____| GASKET COMPOUND __(PERMATEX)

18 BM-6387-18 8 CAPSCREW _

19 BM-6387-19 24 LOCKWASHER .

20 BM-6387-20 '8 CAPSCREW, Rear Brg, Cap.

2l BM-6387-21 1 RETAINER, Bearing (Drive Shaft Rear)

=€ 22 BM-6387-22 '8 'LOCKWASHER ___ . _
N 23 _BM=6387-23 1 _SEAL RETAINER, Driving Shaft

- -

'i

oo

.

- vy
el

j gl
e e A

A .24 BM=-6387-24 _16 .CAPSCREW, Rear Hsg. to Forward Hsg.
5 25 _BM-6387-25__3 BEARING, _Locating Pinion (bMew Departure)
26 26 BM-6387-26 'l ' OIL SEAL, Garlock Split Klozure Rear
27 | 27 _BM-6387-27 '1 _SHAFT, Driven _
28| 28 BM-6387-28 1 :WASHER, Driven Shaft (Ball Brg. Lock.)
29 | 29 BM-6387-29 2 ' NUT, Driven Shaft (B_gll_B_Mjgf
30 30 BM638%-30 1 FLANGE, Driven ..
3l : .31 BM-6387-31 2 _COVER, Pinion Shaft
32, 32 BM-6387-32 1 I CONE SPACER, Timken Brg. Rear
33 33 BM=-6387-33 1 ' CUP SPACER, Timken Brg. Rear
Hi__ 34 BM-6387-34_ __Z. BEARING, Rear Thrust Timken
351 35 BM-6387-35_ SNAP RING, Driving Shaft (Spiralax)
% ___36 BM-6387-36 | _ LOCKWIRE (As Reg'd.)
sl 37 BM-6387-37_ 12 SLOTTED NUT, Ring Gear tn Driven Shaft
3 38 PM=6387-38 _2;.,r BOLT, Ring Gear to Driven ah@i‘_t_
M _ 39 BM-6387-39__ 1  BEARING, Rear Pilot (Hyatt)
40 BM-6387-40_____ RETAINING RING, (waldes Truarc)
41 41 BM-6387-41 1 NUT, Driving Shaft Rear _
2 42 BM-6387-42__ 1 WASHER, Driving Shaft (Ball = Brg, Lock)
+3 _43 BM-6387-43__'1 HOUSING, Lower Aft, N
sy
45 . r-
46 | - (Continued on Sheet 2) |
47 | N
8 _ : T e (r
49 Gear Complete - N, S, Co. NO, BM-6387 (.N
30 ' ——
pors e L REDUCTION GEAR (2.50:1) AUTO ENGINE WORKS.MODEL EC-9500| (5
I i S e e SN B Cyl. 9 x 107 Mar. - Turbo, |
i ! rom TOTAL nlﬂurnl'.‘HEN'rl PER ENGINE MULTIPLY NO. REQ D GIVEW ABOVE BY NO. REQ D FOR GROUP GIVEN ON INOEE SHENT % g
i ' ATLAS
om0 PARTS LIST  awsse ATHENATIONAL SUPPLY CO. | ()2
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CHANGES
A

b o e 1212533 3522

ALWAYSE GIVE PART NUMBER — PART NAME — ENGINE NUMBER

FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIPTION AND SIZE | "o - 3A4039 -

o, DRWG.NO. RO ! PART NO. ..:Ee.’ PART NAME e e

|

= _GQHIINI.IED_ERQMSHEEI_L

L1 Al !

4! _45____M -6387-44 '___QAS_&ET - Ins_pectinn Cover

B —45 BM-6387-45_ 1 . HOUSING, Upper Aft. _

8! _46 BM- ﬁBBT-Ab_.L_'_SEIIlEB., Rear Half

7l _47 BM-6387 _41_,3_ ' DOW ider

8 48 |[BM=6387-48 1| |KEY, Sun Gear

9! 49 'BM-6381-_4_9_';_,L5911ND DAMPENER

10 _50 | BM=-A387-50 1  RING GEAR

11 ! ' 51 'BM=-6387-51 '16 'CAPSCREW, Spider to Forward Hsg.

12 52 BM-6387-52 2 < DOWEL, Upper to Lower Hsg,

13 | 1 53  ABM-$387-53 '] ISUNGEAR _

4 | 54 | BM-6387-54 'l | NUT, Fwd, Driving Shaft

15 | 55 | RM=A387=55 i ] WASHER, Fwd, Driving Shaft

16 56 BM=6387=-56 '1 HBLAB.INQL_Fwd (Timken)

17 | ' 57 'ﬁM:_&ﬂBT-jl 1 ! HOUSING

§18 . 58 ' BM-6387-58 '1 OIL SLINGER

19 _.59 BM=6387- 59__L__.E‘_QREARD_BRQ CAP

20 ! i 60 | BM-6387-60_'1 DRIVING SHAFT _

al _&L.BM:@_B? 61_ . QAP_SCREW.,FWd. B.I'_E-_QE

28 | ' 62 | BM-6387- _NUT, pinion Shaft (Ball Brg.) \

23 | L 63 | BM=6387-63 3 Jm,sm Pinion Shaft

24| 64 BM-6387-64_2 B,B, LOCKNUT i
5 _65 [BM-6387-65 '1 | SOUND DAMPER BAND ;
26 | 66 [BM-6387-66 __ ICEMENT - Sound Damper  (As Req'd)) 1
27 | 67 IBM=6387-67 1 BREATHER FITTING ]
28 | 68 EBM..&S.&T -48 '1 ' PIPING - Suction ___ b
29 ' 69 ' BM=6387-69 ‘1  PIPING - ﬂl Pressure

0 ! 70 MT—7Q_;_|5§LKI~IEAD UNION , Qil P_i_p_m_g

3L 71 BM-6387-71 NIPPLE

32 72 BM-6387- TZ_;L__LELBQW

33 '_IS__BM_&laT TB,L_M.HALEJIM_QH_G_QHELIH_Q

34 ] TLBM_&B.ET_?A._Z___A.A E.HALF UNION EILLBOW

L 75 | BM=6387-75_1 |PIPING - Lubrication

38, ri_}M? 76_'1 45 HALF UNION ELBOW

3T ' 77 | BM=6387-77_'1 | GASKET - Bearing Retainer *
38 L TB_:M-_-H 1 |PIPE PLUG

39 | i Lrm— - I |

s = |

41 L | -. i |

42. : . ' !

.‘[f?, ; | i i

44 ! |

451

47 NUIE This Iist copies from Auta Eng. Works drawings as follows:

o — . o Em— o -

4 'EC-9500 dated 1-23-52 _ _ _ _

49 (Continued on Sheet 3)
o
RS AkD ees e ngrmm GEAR (2.50:1) AUTO ENGINE WORKS.MODEL EC =9500

OR!GINALLY T =
| OPF, ROT. BEE i . SSsusoron.8 Cvl. 9 % 10 Mar. - Turbo
e For TOTAL REQUIREMENTS PER ENGINE MULTIPLY NO. REQ D GIVEN ABOYE 8Y MO, REQ'D FOR GROUP GIVEN ON INDEX SMEEY

ATLAS
M 554535 REV. ) : PERIAL HE NATI L SUPPLY CO.
N T:ﬂai:‘“r:— i P A R T S I- I s T lE“IIIE«NE-I NE zuImE nw::'mno N SPRINGFIELD, OHIO

swe ££G 212




o e TROMLSuae 4-24252 o e

CHANGES

= e S | }ZL 2533 S» 3

ALWAYS GIVE PART NUMBER — PART NAME — ENGINE NUMBER
FOR STD. HARDWARE WITHOUT PART NUMBER GIVE DESCRIFTICN AND SIZE ' ”‘"“_" 3A4039

T REF. MD. ASBEM . e
SN pRWG.NO. e | PART NO. A PART NAME [ oxee na

- — l

Ty |_.

i PART:-;_LJL _QIL_EM EC-9520 (Item 1)
A _A__BM_6137 1QQ_LH_QQIEB.._QJJ Pump
B BM-6387-101_1 ' BODY, Oil Pump_
i " C BM-6387-102_1 | ADAPTER, Oil Pump
T _D BM=-6387-103_1 . IDLER GEAR, Pump
8 "E BM-6387-104 1 DRIVE GEAR, Pump
) _F 'BM=-6387-105.1 IDLER SHAFT, Pump
10 ' G 'BM=-6387-106 1 DRIVE SHAFT, Pump
nl " H BM=-6387-107 1 COUPLING, Pump Drive
12 ~J IBM-6387-108_4 __BUSHING
13 _K |[BM-6387-109 4 BALL, Pump Check
14 " L 'BM-6387-110' 4 _SPRING, Pump Check
15 ___ M'BM-6387-111 2 _GASKET
- 16 N BM-6387-112 1 GASKET, Mt'g,
17 | -_9 ' BM-6387-113: 6 | CAPSCREW, Sk't, Hd. (Drilled)
18! P BM-6387-114 ' LOCKWIRE (as. req'd.)
19 LE.'.B.M_&SBT_-ME_Z__‘_SAES.CREH Sk't. Hd. (Drilled)
20 iy |BM-633-.:, 116. 2  CAPSCREW, Hex Hd. (Drilled)
] 1 2 ! -
33 | |
24 | | [ | |
28 5 P
28 i l t | :
271 | | i I 1
28 ! | i i ! T
29 ! | [ ]
30 | | | =
3t | T | | |
:-321 |}I l i |
33 | | | E
54 | o
35 | 1 | |
9 ! | 4' |
38 I l 1. 1
39 | o~ | |
40 T . ]
414 | i |
43 | gt
44 | N |
45! | |
..“-51

47! NOTE: This list copied from Auto Eng, Norks drawings as follows:
4 EC-9520 dated 1-3-52

ceaZ 2

B

5‘” : : —_—
ororr manvr Haugg_mmmn_qmﬂ._(z.m ) AUTO ENGINE WORKS. MODEL EC-950(
-':b" 'gr- BCE I: tsn;EE:ArL;R_E_C_IL_g_K_QI_MﬁIL__mr_b.Q___
B . For TOTAL REQUIREMENTS PERENSINE MULTIPLY NO. AZQ'D GIVEM ABOVE BY NO. REQ'D FOR GROUR GIVEN ON INCEX SHEEY ?‘ (
— ! ATLAS :
gz ' PARTS LIST SR R MG LY s |
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FUEL OIL FILTER
Part No. 3A2536

REF. PaR T

Eﬂ.m.m_

FART
_iﬂﬂ.gﬂ.h_

A

PP

JALVE OPERATION
At Both units on and in operation when valve handle is in vertiocal positien.

B: Unit ¥No. 1, only is in operation when valve handle is in horisontal position
with pointer hard against top of Unit No. 1.

C: DUnit No. 2. only is in operation when walve handle is in horizontal position
with pointer hard against top of Unit No. 2.

INSTRUCTIONS POR REPLACING ELEMENT

First: Turn valve handle to correct position so unit will be free of oil flow.

Second: Remove drain plug (12) and drain filter.

Third: Remove head cap screw (3) and bolt Gasket (4) and drop off shell (1),
then remove old element (8). Clean shell (1) thoroughly.

Fourth: Be sure spring & washar assembly (10 & 11) are in place.

Fifrth: Install new element (B8) into shell (1) and over center stud.

Sixth:’ Replace gasket (6) and be sure gasket (8) lies flat in groove.

Seventh: Install shell (1) in place and hold against gasket (8) until bolt
Eﬂut {4) and head cap screw (3) are installed, then tighten down

Pl.lﬂ.a
| T . e

Eighth: Install drain plug (12).

Ninth: Open ailr bleeder valve (5), then turn valve handle to vertical positiocn.
When fuel spouts through air bleeder valve (5), close tight. Inspect
filtesr for leaks.

Tenth: Repeat above instructions for replacing elsment in unit of opposite side,
twning valve handle to proper position.

Note: BEither slemsnt can be replaced without shutting down engine.

Important Notes: Pilter and lines should at all times be kept free of leaks, sinoce
any leak could cause alr locks in the fuel system.

Element abould be d when flow rats decresases to point where squipment no
longer can operate sfficiently.

In order to lncrease element life the filter should be drained at pericdic intervals
between slement changes.
oll contaminants 1s molasturs.
sealing slamsnt.

THis servicing ias bensficial, since one of the major fusl
Regular drains prevent water level from rising and
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tions. The dial type governor with speed droop is covered by another bulletin.
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UGS GOVERNOR

LEVER CONTROL

PART ONE
GENERAL INFORMATION — INSTALLATION — ADJUSTMENT — OPERATION

GENERAL: The UGS lever type governor is of the
hydraulic r)::lpe and is isochronous (will mainrain same
engine speed regardless of engine load). The stalling
work capacity of the governor is usually eight foot
pounds. Occasionally design requirements necessitate
reducing the capacity to four foot pounds.

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

INSTALLATION: When the governor is installed on
the engine, particular care should be exercised to see
that it is mounted squarely and that the drive connec-
tion to the engine is aligned properly. A gasker should
be placed berween the base of the governor and the
mounting pad on the engine. If the governor is equ‘.:igb-

d with a serrated drive shaft, it should slip into the
internal serrations of the drive freely mw{% to drop into
place of its own weight. CAUTION: not drop or
rest the governor on its drive shaft.

If a keyed type governor drive shaft is used, the gear
placed on this shaft should be checked to insure that it
is meshing properly. There should be neither excessive
backlash nor binding. Irregularies caused by uneven gear
teeth, shaft runout, etc., will be picked up by the governor,
transmitted to the fuel control system, and will result in
erratic governing,

The linkage from the governor terminal shaft to the fuel
control system shuuldﬁ free from lost motion or exces-
sive friction. It is often desirable to install a light spring
acting to decrease fuel for the of takma up lost
motion due to wear. AVO EXCEEDING THE
WORKING CAPACITY of the governor by using too
strong a spring.

OIL SPECIFICATIONS: Use SAE 20 or SAE 30 oil for
ordi temperature conditions. If or operating
conditions are extremely hot, use SAE 40 or SAE 50; if
extremely cold, use SAE 10.

The oil must not contain additives which are used to
free up rings, removg carbon, etc., unless a non-foaming
additive is also present. The oil should not foam or
sludge excessively when agitated, or form gummy de-
posits when heated.

DIRTY OIL CAUSES MOST GOYERNOR TROUBLES.
Use clean, new oil or filtered o0il. All containers must

be clean and should be rinsed with light grade fuel oil
before using.

Keep governor oil at correct level in oil gauge.

STARTING ENGINE: When starting the engine, set
throttle to idle speed position.

COMPENSATING ADJUSTMENTS: Although the
governor may appear to be operating satisfactorily be-
cause the engine runs ac constant speed (without load)
the governor still may not be adjusted correctly. High
overspeeds and underspeeds after load changes and slow
reurn to normal speed are results of incorrecr com-
pensation adjustments.

Make the following adjustments to be certain thar the
governor will give optimum control.

After the temperature of the engine and the oil in the
governor bave reached their mormal o erating values,
the compensation should be adjusted without load on the
engine as follows: *

(1) Loosen the nut holding the compensating adjust-
ing pointer and set the pointer at its extreme downward
posidon. See Cut No. 1.

TOP COVER

TERMINAL
SHAFT

SPEED
CONTROL INDEX HOLE
SHAFT

PANEL

COMPENSATING
ADJUSTING
POINTER

COMPENSATING
NEEDLE VALVE

BEHIND PLUG OIL DRAIN PLUG

GOVERNOR
ORIVE SHAFT

Cur No. 1

?




(2) Remove the plug, open compensating needle valve
two or three turns with a screwdriver, and allow the en-

gine to hunt or surge for about one half minute to bleed

trapped air from governor oil passages.

(3) Gradually close needle valve until hunci::g just
stops. Do not go beyond this positon. Ch the

amount of needle valve opening by closing the valve com-

ge:ely, nutiv:f the amount of a full turn required to close.

pen the valve to the ireviously determined opening
at which hunting stopped. Test action by manually dis-
trbing engine s If the needle valve is now less
than 1/ turn open and more than 15 mrn o the ad-
justment is sansfactory and (4), (5), (6), and (7) in-
structions should be ignored.

_==l=_-—

divisions of the scale and continue with the following
(5) Open needle valve approximately one turn to
allow engine to hunt.

(6) Proceed with instruction (3).

(7) If necessary repeat (4), (5), and (3) unal ad-
justment is sadsf Desirable needle velve open-
ing is from 14 to 14 twurn open.

(8) It is desirable to have as little compensadon as
possible. Closing the needle valve farther than neces-
will make the governor slow to return to normal
speed after a load change. Excessive dashpot plunger
travel caused by adjustment of the compensanng ad-

(4) If hunting did not stop with the needle valve at

justing pointer too far roward maximum position will
least 14 turn open, raise the compensating pointer two 1

cause excessive speed change upon load change.

I

=

- Cut No. 2

SCHEMATIC DIAGRAM: The schemaric diagram shows a UGS lever control governor without auxiliary equipment.
A differential type of servomoror is used in this governor. There is always full accumulator oil pressure on the fop
area of the power piston (regardless of pilot valve position) which will turn the terminal shaft in the direction to shut
off fuel if there is no pressure (or low enuuﬂ pressure) on the bottom area of the piston. The pilot valve will supply
this same oil pressure to the bottom area of the power piston if the valve is moved down. Due to the difference of areas )
on the top and bortom of the piston a greater force on the bottom will then overcome the force on the top side and will
move the piston turning the terminal shaft in the direction to increase fuel.

If the pilot valve is moved :j‘ the area under the piston is opened to sump, reducing the force exerted on the botrom of
the piston. The force exerted by the oil pressure on the top will then be greater and will move the piston, turning the
terminal shaft in the direction to decrease fuel.

The spring under the pilot valve supports the weight of the pilot valve, floating lever, etc., and has no effect in the oper-
ation of the governor.

The spring above the compensating actuating piston acts to-eliminate lost motion in the compensating linkage and has
no effect in the normal operaton of the governor.

DESCRIPTION OF OPERATION: The photographs showing operation of the governor, Cut No. 3 to Cut No. 10,
inclusive, have been simplified by removing the top cover and panel.

This description Is based upon speed changes resulting from load changes. However, the same sequence of governor
movements would occur if the governor speed serting were changed by repositioning the throttle.

Movements of the operating parts of the governor are actually proportional to the amount of speed change, but have
been greatly exaggerated in the photographs to make them more visible.

[3] —_—=—=-==="
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Cut No. 3
Engine is running at normal speed under steady load.

FLYBALLS, SPEEDER ROD, PILOT VALVE PLUNGER, and RECEIVING COMPENSATING PISTON

are in normal positions; REGULATING PORT in PILOT VALVE BUSHING is covered by land on
PILOT VALVE PLUNGER.

POWER PISTON and TERMINAL SHAFT are stationary.
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Cut No. 4 :
LOAD REDUCTION:

1. Load is decreased and speed increases.

i 2, As speed increases, FLYBALLS move out raising SPEEDER ROD and inner end of FLOATING LEVER.
thus raising PILOT VALVE PLUNGER and uncovering REGULATING PORT in PILOT VALVE
BUSHING.

3. Uncovering of REGULATING PORT opens bottom of POWER CYLINDER to sump and will allow
oil pressure in top of POWER CYLINDER to move POWER PISTON down.
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Oil pressure moves POWER PISTON down rotating TERMINAL SHAFT in the direction to decrease
fuel. T Y

As POWER PISTON moves down, ACTUATING COMPENSATING PISTON moves up and draws
RECEIVING COMPENSATING PISTON down compressing COMPENSATING SPRING and lowering
outer end of FLOATING LEVER and PILOT VALVE PLUNGER.

Movement of POWER PISTON, ACTUATING COMPENSATING PISTON, RECEIVING COMPEN-

SATING PISTON and PILOT VALVE PLUNGER continues until REGULATING PORT in BUSHING
is covered by land on PLUNGER.

As soon as REGULATING PORT is covered, POWER PISTON and TERMINAL SHAFT are stopped
at a position corresponding to decreased fuel needed to run engine at normal speed under decreased load.

*ﬁ—ﬁ[ﬂ _ .




”'%=:==== OQODWAR 7]

i

!I"
i
L ]
i

T

(I

My
Ep—
5"—.

i

'_.',Ir—- - -

(iu: No. 6

L. As speed decreases mrnm.'ma.l, FLYBALLS return to normal position lowering SPEEDER ROD to normal

position.
RECEIVING COMPENSATING PISTON is returned to normal position by COMPENSATING SPRING
at the same rate as SPEEDER ROD thus keeping REGULATING PORT in PILOT VALVE BUSHING
covered by land on PILOT VALVE PLUNGER; flow of oil through COMPENSATING NEEDLE VALVE
determines rate at which RECEIVING COMPENSATING PISTON is returned to normal.

At completion of cycle, FLYBALLS, SPEEDER ROD, PILOT VALVE PLUNGER, and RECEIVING
COMPENSATING PISTON are in normal positions; POWER PISTON and TERMINAL SHAFT are
stationary at a position corresponding to decreased fuel fecessary to run engine at normal speed under
decreased load.
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LOAD INCREASE:

L. Load is increased and speed decreases.

2. As speed decreases, FLYBALLS move in lowering SPEEDER ROD and inner end of FLOATING LEVER,

thus lowering PILOT VALVE PLUNGER and uncovering regulating port of PILOT VALVE BUSHING.

Uncovering of REGULATING PORT admits pressure oil to bottom of POWER CYLINDER; since bottom
area of POWER PISTON is greater than top area, oil pressure will move PISTON up.
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Cut No. 8
1. Oil pressure moves POWER PISTON up and rotates TERMINAL SHAFT in direction to increase fuel.

. As POWER PISTON moves up, ACTUATING COMPENSATING PISTON moves down and forces
RECEIVING COMPENSATING PISTON up compressing COMPENSATING SPRING and raising outer
end of FLOATING LEVER and PILOT VALVE PLUNGER.

» Movement of POWER PISTON, ACTUATING COMPENSATING PISTON, RECEIVING COMPEN-
SATING PISTON, and PILOT VALVE PLUNGER continues until REGULATING PORT in PILOT
VALVE BUSHING is covered by land on PLUNGER.

. As soon as REGULATING PORT is covered, POWER PISTON and TERMINAL SHAFT are stopped
at a position corresponding to increased fuel needed to run engine at normal speed under increased load.
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Cut No. 9

. As speed increases to normal, FLYBALLS return to normal position raising SPEEDER ROD to normal
position.

. RECEIVING COMPENSATING PISTON is returned to normal position by COMPENSATING SPRING
at the same rate as SPEEDER ROD thus keeping REGULATING PORT in PILOT VALVE BUSHING
covered by land on PILOT VALVE PLUNGER; flow of oil through COMPENSATING NEEDLE VALVE
determines rate at which RECEIVING COMPENSATING PISTON is returned to normal

. At completion of cycle, FLYBALLS, SPEEDER ROD, PILOT VALVE PLUNGER, and RECEIVING
COMPENSATING PISTON are in normal positions; POWER PISTON and TERMINAL SHAFT are

stationary at a position corresponding to increased fuel necessary to run engine at normal speed under
increased load.

—_—
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UGS LEVER TYPE GOVERNOR WITH SHUT DOWN ROD: If it is desired that the engine be shut down from the
throttle position, the governor may be equipped with a shut down rod operating as follows: (See Cuc No. 10)

When the throttle is moved toward the shut down position, the speeder plug rises contacting the nut on the shuc down
rod. Further movement lifts the shut down rod, lifting speeder rod and inner end of floating lever, thus raising pilot
valve plunger and uncovering the regulating port in the pilot valve bushing. This permits oil under the power pis-
ton to flow to sump. Oil pressure in top of power cylinder forces power piston down to zero fuel position. If linkage
to engine is properly adjusted, the engine will shut down.
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UG8 GOVERNOR
LEVER CONTROL

PART TWO
MAINTENANCE—INTERNAL ADJUSTMENT

INFORMATION AND PARTS REPLACEMENT: When

uesting informartion concerning governor operation
m maintenance or ordering replacements , it is
very essential that the following informadon accom-

pany the request:

1. Governor serial number (shown on governor
name-plate).

2. Bulletin number.

3. Part number, name of part, or description of part.
See Pages 22, 23 and 24.

OIL CHANGES:. See Oil Specifications in Part One.

governor oil should be clean and free of forei
particles. Under favorable conditions, the oil may
used for approximately six months without changing.
If the governor does not operate properly, dirty oil may
be the cause of the trouble.

To change the oil, take off the top cover, remove the
governor from the engine, drain by turning upside down,
and flush thoroughly with clean light grade fuel oil
to remove any foreign marter. No parts of the governor
will come out unless intentionally disassembled. Drain
thoroughly and refill with clean governor oil. Follow
the above procedure whenever the governor is removed
from the engine for any reason.

If it is not possible to shut down long enough to re-
move the governor from the engine, drain the oil from
the governor, il with clean IJ;E!:: grade fuel oil, run
- for approximately thirty seconds with the needle valve
open, drain, and refill with clean governor oil.

1If the governor is stored, it should be filled with oil.

WORK REQUIREMENTS: It is suggested that the best
mechanic available (preferably ome experienced with
small parts assembly) be permanently assigned to all
governor repair work. Cleanliness of tools and work
space is essential. A work bench, vise, arbor press, speed
lathe, air line, and containers for cleaning solvents should
be provided if possible. The usual small hand tools are

tequired, and a few special Woodward governor tools
are desirable if subassemblies are to be dlsgimhled.

GENERAL INSTRUCTION: The governor consists of
seven main subassemblies; A, top cover; B, panel; C,
case; D, base; E, controler; F, ballhead; and G, drive
shaft. If the governor is to be completely disassembled
it should be taken apart in order: A, B, D, E, F, and
~ G. If only a part of the governor is to be repaired or
adjusted, refer to the particular instruction for that work
only, and considerable time and work may be eliminated.
No force is required to separate or reassemble the gov-
© érnor into its subassemblies. Connecting pins are slip
fit and should not be marred with plier jaws.

—_— [13]

DISASSEMBLIES INTO MAIN SUBASSEMBLIES:
A. Top Cover (See Cut No. 1)

1. Remove eight cover screws and washers, and lift
off.

B. Panel (See Cut No. 1 and Cut No. 12.)

1. Drain governor oil by inverting governor; flush
with fuel oil and drain again.

2. Remove nuts on shut down rod (if used).
3. Remove screws and take off dial plate,
4. Slip speed limit stop levers off speed control shaft.

5. Rotate speed control shaft in direction shown to
remove speeder plug. If governor has a shut down
rod, remove it by sliding rod out of slot-in speeder
rod nut. See Cur No. 10.

6. Remove 8 panel screws and washers.

T‘E panel with plastic hammer or wood block

to break panel gasket loose from case. . .

8. Remove panel and speeder spring,

C. Case (See CutNo. 13.)
1. Remove cotter and pull out power link pin.
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2. Remove corter and push out compensating link
pin with bent wire or hook scriber.

3. Invert governor on bench (no parts will fall out). BALLHEAD
Remove the four outside nuts. -

|
P COMBENRSATING

/ LINK

4. Hold case and base together and set governor
upright. Lift case off base. It may be necessary
to tap case lightly to break gasket joint loose

and free case from dowel pins in base. . &
. ASSEMBLY PiN

D. Ballhead. /\ __i_" ;:L_§._/

1. Remove inside corter and pull out pilot valve pin. = \ PILOT VALVE PIN ;
POWER LINK » J
(Cuc No. 14.) INSIDE

COTTER
PIN

i

- - !‘\‘_\
= B
ROD END

\nna-—mmr COVER

W LT

—

.*‘
COMPENSATING

/ SCREW PLUG
q *

FOWER
REMOVE THIS Lingks PR
COTTER PIN &0

v COMPENSATING i
Lites FiN b ; "Cut No. 14

Cut No. 13

2. Lift up inner end of floating lever, push down on
rod end with screw driver, slip lever backwards
releasing lever from rod end pin. (Cut No. 15.)
Remove lever.

3. Lift out ballhead assembly.

E. Controlet

1. Pull up compensating link. Insert assembly pin
or rod through hole. (Cut No. 14.)

2. Invert assembly and remove five nuts. If clamped
in vise, do not-use unnecessary force, and clamp
at sides as shown in (Cut No. 16.)

3, Tap base lightly with plastic hammer and lift off
carefully.

4. Let controlet remain in this position unless it is to
be adjusted or repaired.
F. Base. (Cut No. 17.)

1. Clamp base inverted in vise, cut lock wire and
remove three screws and retainer plate.

2. Pull out drive shaft assembly, oil seal retainer,
and remove seal gasket in bearing bore.

e [ 1 4]
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3. If ground surface of base is not perfectly flat, has
deep scratches, or is grooved from the pump gears,
it must be resurfaced. Drive out dowel pins and

. r : PILOT VALVE ' ‘
surface grind not more than .010” or, if not pos- BUSHING

DRIVE SHAFT LUG

sible to surface grind, lap smooth on a flat plate. ASSEMBLY
- _ | >
G. Drive Shaft Y ST

: _~(NOT USED WiTH
1. Pull off oil seal rerainer if on shaft == /”'L SUanthady o

2, Remove snap ring. (See Cut No. 18.)
3. Press drive shaft out of bearing,

MAXIMUM OR MINIMUM SPEED LIMIT ADJUST-
MENT: These adjustments must be made on a governor
test stand or on the engine while running,

,1_)
s “Ere

-
h -

I. Remove lever on speed control shaft, remove
= dial plate and replace lever. Pull stop levers out
into recess on speed control shaft. See Cut No. 12.

2. Start engine, set throttle to high speed position and
adjust throttle-to-governor linkage to bring engine
to desired high speed.

3. Slip high speed stop lever (the inner lever) back
oato serrated portion of shaft. Stop lever should
coneact stop screw. Adjust screw if necessary.

4. Set dhrottle to low speed.

5. Slip low speed stop lever (the outer lever) back
onto serrated portion of shaft. Stop lever should
contact boss at top of panel. If desired adjustment

cannot be obtained by the 10° steps provided by Cut No. 16
the serrations, the lever may be filed to provide an
' intermediate serting. site the index hole in the dial plate. See Cut No. 1.
| 6. Mark posidon of lever on speed control shaft Stop lever should mor contact boss on panel in
before removing to replace dial plate. order to allow the overtravel required for shur
down.
NOTE: 1. If the governor has a shut down rod, S
the low speed stop lever should be set so that the 2. Rotate speed control shaft 10° below minimum
prick punch mark on the lever will appear oppo- speed position. This will be equivalent to 19/64”

movement of the end of the stop lever.

. Screw nut down on shut down rod undl it con-

tacts speeder plug and eagine starts to shut down.
Secure lock nut if used.
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COMPENSATING SPRING ADJUSTMENT:
1. Make disassemblies A, B, C and D.

2. Remove compensating screw plug and open com-
K}mdng needle valve four or five full turns. (Cut
o. 1.)

3, Submerge assembly into solvent. Move compen-
sating link up and down several times to flush out
oil. Blow out controlet and base assemblies with
air hose.

4. Remove dashpot cover. (See Cut No. 14.)

5. Unlock rod end and lock nut. Use floating lever
for wrench on rod end. (Cut No. 19.) Remove
rod end. Unscrew lock nut to make clearance be-
tween nut and spring collar when nut is lifred.

(Cut No. 20.) Replace rod end.

6. Measure precompression. (Cut No. 21.) The pre-
compression ranges from .005” to .040”. This
dimension may be checked with a steel scale grad-
uated in 64ths with an allowable tolerance of plus
or minus .005”. Do not use dial indicator. Do
not change the amount of precompression unless
instructions given in Com ton Adjustments,
Installation, and Oil Specifications, Part One, and
Oil Changes, Part Two, have been followed and e
operation is still not satisfactory. After once being
set for the particular engine and load characteris- =~
tics, the setting should not be changed. Operating OPEN FOUR OR FIVE TURNS
troubles will usually be caused by some other fac- S
tor.

To eliminate a hunt (small speed swings) remove
a .010” shim to reduce precompression.

To eliminate a surge (violent speed swings) add
a .010” or .020” shsz:: to increase [irecumpussinn.
Make several tries if unsuccessfu

COMPENSATING LINK

R S
o e nala g
s

Cut No. 19

|

7. Tighten nut on plunger stem undl up ring
collar becomes exactly flush with macgﬁ suz-
face. Sight over top as shown in Cut No. 22 e 7
while making this adjustment. e et I

8. Replace rod end and lock to nut uging floatin B NGT ‘ y = i0 g e SR
lever as a rod end wrench. Do no#disturb fi \ & > CoL
adjustment. . |

9. Replace dashpot cover.

/-
CLEAHANCE

10. Test for lost motion by very delicately moving
the rod end up and down with the finger dps
(Cut No. 23.) No end play or lost motion allowed.
(Use no force. The compensating spring will be
compressed and the test will be worthless.)

11. If lost motion is fele, it indicates the upper spring
collar is not flush with the machined surface as
shown in Cut No. 22.

PILOT VALVE ADJUSTMENT:
1. Make disassemblies A, B, and C.

2. Remove pipe plug in passage to control port,
(Cut No. 24.) Use flashlight to inspect port
opening.
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DASHPOT COVER

Cur No. 21

3. Push down on speeder rod, (Cut No. 25). This
will move flyballs to inner posicion. Note amount
of port opening.

4. Contnue holding speeder rod down and move fly- ; " Cut No. 23
balls to outer position raising the pilot valve land, : S0 o
(Cut No. 26). Note amount of port opening. i :fthirprﬁtng:mhn d "ﬁﬂ?e E“' ﬂ:";‘;ﬂhﬁ
5. The amount of opening for inner and outer po- adjustment. :
sitions of the flyballs should be mctlf the same 7 R ibe bl
and should be correct to within .005”. - Replace pipe plug.
‘ I
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WoSEWARD

Most of the repair work consists of cleaning and pol-
ishing the governor parts. All pistons, plungers, valves,
and rods should move freely without binding or
catching. The receiving compensating piston and its
spring collars frequently give trouble from this cause.
- Use cornered scraper to break milled slot and bored
#FLY BALI hole edges. Do nort lap in parts if possible to free up
: by other means.

Be extremely careful when polishing the pilot valve
plunger land; broken corners on the will ruin this

part. Leave corners sha.rp

DIAL PANEL LEAKAGE: If oil is visible ac the dial
panel, remove the dial plate and tighten the panel screws.
If this does not eliminate the I inspect the oil seal.
(See Cut No. 12.) The panel oil seal seldom leaks; do

not replace unless necessary.

If necessary to replace the oil seal, remove panel (disas-
semblies A and B), drive ourt taper pin in gear, and pull
shaft. Oil seal may now be removed and replaced. In
assembly, use care in inserting shaft to prevent damage
to lip of oil seal.

DRIVE SHAFT OIL SEAL AND DRIYE SHAFT BEAR-
ING: If necessary to add a small quantity of oil o
the governor oftener than once a week, and there is no
external indicadon of a leak, the drive shaft oil seal has
been worn or damaged, allowing oil to leak from the gov-
ernor into the engine housing.

1. Make disassembly A-1. Drain oil out of governor,
flush and invert

2. Make disassembly F and G-1. (Cut No. 17.)

3. Replace oil seal with lip towards chamfered end
of oil seal rerainer.

4. Inspect drive bearing for wear and freeness of
rotation and the shaft for wear from oil seal

: Polish or replace if necessary. Remove mg rin

PO B LI " if used. (See Cut No. 18.) Press bearing o du}t
' X and replace if worn or rough turning.

5. Replace bearing and snap ring if used. Insert oil

“ seal and retainer on shaft, using special care not 1o
damage leather lip of oil seal

F A i ASSEMBLY INSTRUCTION: A few precautions must
s ‘ be taken when reassembling the governor.

PORT OHENING

L Do mot drop or rest govermor on its drive shaft.

IL Mbly of Drive Shaft Assembly to Base Assembly.

1. Be cerrain that the vellumoid gasket is in place
in the bearing bore berween the shoulder and the
oil seal retainer. Use new gasket if it ap
to be reduced in thickness (Cut No. 17).

2. Do not press the drive shaft assembly into the

CucNos28 bore of the base with an arbor press.
3. Avoid tightening the retainer plate screws oo
GENERAL REPAIR INSTRUCTIONS: Refer to para- much; it is not necessary, and may bend the plate.
graphs on Work Requirements and General Instruction, There should be 13” space between the plate and .

Page 13, the boss.
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IIL. Assembly of Controlet Assembly and Base Assembly.

1. Check all pistons and plungers for free move-
ment in bores. Do not lap in if it is possible to
free up by removing burrs,

2. Do not shellac the gasket berween the base and
controlet. If the old gasker is damaged or less
than .0025"” thick, replace it with a new one.
(See Cuc No. 16.) Inspect controlet surface for
scratches, nicks, dirt partcles, etc. Coat controlet
surface with oil, place gasket on controler (if
used), space it evenl'y around bores for p
gears, place 14” or 3" dia. ball on gasket at dowel
pin holes and #ap out for dowel pins.

NOTE: A gasker is nof used if controlet has an
oil groove. (See Cut No. 16.)

3. The pilot valve bushing, pilot valve plunger,
Eilfut valve spring, and spring tip must be in place
ore setting on the

4. Clamp controlert lightly in vise (inverted), place
base assembly, (Cut No. 16), and turn drive shaft

to cause lug on shaft to drop into slot in pilor

valve bushing. (Cutr No. 27.)

5. Place and tighten nuts. Use cylinder head method
for drawing down. Do not exert too much force;
the threads may strip.

6. Turn drive shafe. If not free, it must be aligned by
loosening nuts and striking at corners of base with
Flnsn‘c or light babbit hammer until shaft turns
ree, (Cut No. 28). If this does not free up the

shaft, remove base and turn drive shaft lug 180°.
(See Cut No. 16.)
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ROD END

Cut No. 30

IV. Assembly of Ballhead and Controlet.

1. Place ballhead assembly in concrolet. Slide float-
ing lever on speeder rod pin, press down on rod
end, and slip lever on rod end pin, straddling pilot
valve. (Cut No. 15.) Insert pilot valve pin,
(Cut No. 14.) If it will not enter easily, turn
pilot valve plunger 180° and try again. not
cotter yet.

2. Test for free action of floating lever.
a. Push down lightly on speeder rod.
b. Move one fiyball full travel several
times. (Cut No. 29.)

c. Press down 1/4” approximately on rod end, and
move flyball &mugh full eravel. (CutNo. 30.)

d. Lift rod end 14” approximarely and move
flyball through #ul} travel. (Cuac No. 31.)

3, If floating lever is not perfectly free under any
of the conditions under 2, it will be necessary
to various arrangements of positions of the
sdpe:?er rod, pilot valve plunger, rod end, and

oating lever.

a. Invert floating lever and test.

" b. If unsadsfactory, turn pilot valve plunger 180°,
and test.

LA

Bt
3

Cut No. 31

c[fsdﬂnnsaﬁ:facmry,uym:nmg’ rod end or
speeder rod 180° or invert tng lever

again.
d. Continue with combinations of positions of
the parts untl free action is obrtai

4. Insert corter pin through pilot valve pin and
secure.

5. Check pilot valve adjustment and remove tem-
Wpot assembly pin if in large dashport

V. ASSEMBLY OF PANEL ASSEMBLY TO GOV-

ERNOR.

1. Reinstall speeder spring.

2. Inspect gasket and replace if damaged.

3. Insert panel taking care to insert top of speeder
spring into speeder plug hole.

4. Secure panel with lock washers and screws.

5. If governor has a shut down rod, replace rod and
oue,

6. Insert speeder plug.

NOTE: To reset speed limit stops and shut down
nut see instructions Page 15,
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Cut No. 33

ﬁ
Number No.
of Part Name of Part Req’d.
1 Qil Filler Cup....cccovevanens esme K
2 COVEL..ccossassssnansssssrassssns 1

10-32 x 3/8" Phillips Hd. Screw...
#10 Shakeproof Lockwasher.......

- B = O 00

)

g




I7T 176 175178

66 n :
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186—> 200
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Cut No. 34
29 Compensating Lever......... coniaf 1 33 Compensating Adjusting Fulcrum..| 1
30 Compensating Adjusting Link.....| 1 34 Compensating Adjusting Lever.. 1
31 Cnm'pansatmg Lever Pin.......... 2 35 5/8"x7/16"x1/32" Seal Washer.| 1
32 |1/16"x7/8" Catter Pin...ces- cosel 2 36 Compensating Adjusting Pointer..| 1

EE S e e BPEII— L —————————————————————— "
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37 17/32" x 21/64" x 1/32" Copper 147 .035" Brass Lockwire.......
Washer...oooveeseresscancans osf 2 148 Keyed Drive Shaft..........
38 5/16"-24 Elastic Lock Nut........ 1 149 Drive Key..oeereonsoaananns
39 Compensating Adjusting Lever 150 1/8"x1-1/2" Cortter...... .
Stop Pift.....coeviaannnn T 2 151 Drive Shaft Gear Spacer.....
40 Terminal Shaft Bushing........... 2 152 5/8"-18 Castle Nut.........
41 Terminal Shaft Oil Seal........... 2 153 Power Piston Link....... b
42 1/4"-28 x5 16" Set Screw........ 2 154 Power Link Pif..ovveeccnss
43 Case....... Sieaaeieieiss 88 s RANESSN 0 1 155 Accumulator Spring........
44 Stid..cceeossoschonseonis sesssss 4 9 156 Accumulator Piston.........
45 1/4"-28 Elastic Lock Nut... 5 L9 157 Accumulator Soap Ring.....
46 Column — Base Gasket........... J 1 158 Power Piston—1-3/8" X
47 2/0x 1" Taper Pin....cocuuann. osf 1 159 Reducer Bushing for 1" F
48 @Al csnvsinnscnoninsssnsveonsssis 1 PiStON.ccsosscsssasesanss
49 Qil Bronze Bushing......... e e 1 160 Reducer Bushmg for 1" Pc
50 Panel.......ccccccccccanancascnes 1 Piston...ccoeeeee.ee cssaens
51 Speeder Plug....cocvennnnneass eeef 1 161 Power Piston 1° Dia........ -
52 Shutdown Rod Nut....c.oeeuveens 2 162 Coantrolet.....
53 Shutdown Rod....ccvevnesnnnnnss 1 165 Pilot Valve Plunger.........
54 Special Elastic Lock Nut........... 1 166 Pilot Valve Bushing........
55 10-32"x7/8" Adjusting Screw....| 1 167 Pilot Valve Spring Tip...... -
56 Qil Bronze Bushing.....cccaaeeees| 1 168 Pilot Valve Spring....c.....
57 Oil Seal.....ccovvennnnannsn cvsead 1 169 Controlet Gasket (Notused i
58 Speed Control SHAR: , cneessosrnsss] 1 trolet has oil groove. (Se
39 Stop Lever..... S PNy S T T 2 NO. 16)eccccscesescsesses -
60 Dial Plate......cceovnnes vesessans 1 170 Pilot Valve Pin.............
61 1/8" Socker Hd. P:pe Plug.ccieees| 7 171 1/32"x3/8" Cotter Pin.....
62 Qil Level Sight Gauge.....cccceuvvs 1 172 Pilot Valve Floating Lever...
70 8-32 x 3/8" Phillips Binding Head 173 10-32 x 1/2" Rd. Hd. Ma -
SCrews..ceasseccese cansnasnsvnel O SCrew...oove-- Saesms et
73 10-32:5/8'?!11]511:5 Fil. Hd. Screw| 8 175 Dashpot Cover........
74 #10 Split Spring Lock Washer.....| 8 176 Load Limit Shutdown Lever
76 PanelGuku..................... 1 Gov. only).ceccavicnsenn. -
103 Speeder Sprigg....cevsee-s sesscasl 3 177 Load Limit Lever Pin (Dial
115 Ballhead :r—Old btyle.... euidls 'Y e S R R i
116 Ballhead CD'IE!'—NCW Scyle.....-. 1 178 Load Limit Lever Spnng (Di:
117 1/16" x 3/4" Cotter Pin...ccovsvensl 1 oaly)..... L 2 i A AR
118 Speeder Rod Nut...... seeaenecons 1 179 Compensating Receiving [
119 1/4"-28 Elastic Lock Nut.........| 1 Rod Ead........ i
120 Thrust Bearing...ccooeeense. RS . | 180 Compensating Receiving |
121 Ball Arm—OId Style............. o 2 Lock Nut...icococevavsone
122 Ball Arm—New Style............ 2 181 Upper Spring Collar........
123 Ballhead & Gear Asumbly—Old 182 Compensating Spring Shim.
5 J@isissinennsinnnssinns 5 Sene e e 1 183 Cgmpgmaung Spring.cceeses-
124 ead & Gear Assmblr—New 184 | Lower Spring Collar...........
Style ----------------- cessanen 1 185 Duhmena DZ.vraensnsrnnn.
125 Ball Arm Pin—OId Stylecusrnanses| 2 186 ating Receiving Pistor
126 Ball Arm Pin—New Style.........| 2 187 ronze Bushing............
127 Needle Bearing—New Style.......| 4 188 Cumptnunng Acmaung Pist
128 Bearing Spactr—New Style........ 2 | e LT o
129 Speeder Rod Spring......cviuen ok 1 189 3/32"x7/8" Cnm:r Pin.....
130 Speeder Rod-—Old Style..ovecreces 1 190 Cnmpensaung Acruating [
131 Speeder Rod—Old or New Sl'fl!.. 1 Spnng REBBVR. . o cnvssaineis
132 Speeder Rod and Rod End Pia....| 2 191 Compensating Acruating |
133 ll)tm'iri:l"l5 .......... S osignnosesa| 4 SPEDE: <o evscnsssees
134 Check Valve A.sumbly sssaitle o sisin ]t ot 192 Compensating Actuating Pis
135 Bas€...cccesvasee o:m P v SR R 1 193 Cgmpensauns mng I
136 Cnmpeu.sanng Vahr: Plugiccccueo . 1 Link Piflecescccsceaccenss
139 Compensating Needle........... of 1 194 Ballhead Drive Gear..... i
140 Oil Seal Rﬂmner Gasket.......... 1 195 Retaining Sleeve.......cuu.
141 Oil Seal Retainer........ cecesssns 1 196 2/0 Taper Pin...oaseavens 6
142 Oil Seal...... Vo eanieen S us e e s e 1 197 Ballhead Gear Driver.......
143 Serrated Drive Shaft............. J 1 198 Spacer Pife.cereiranoaanes
144 Double Sh.lﬂld Beanng ----------- 1 199 Spnns Drive Lam:muun“ X
145 Bearing Retainer......cccoveeernss 1 200 Pump Driven Gear..........
146 1/4"-28x5/8" Hex. Screw——Head 201 1/16"x1/2" Cotter Pin..
Drilled #50 for Wire....... o) 9 202 Soap Ring.iceesiovcsenss oivis
renn———————= = —————————— BRI
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Low Pressane Turnbockarger

SECTION 1
GENERAL INFORMATION

The Elliott turbocharger is a self-contained unit,
composed of a gas turbine and a centrifugal blower,
mounted on a common shait with the necessary sur-
rounding casings, (Fig. 8). The exhaust gas from the
mer cylinders of the Diesel engine is conveyed

ugh multiple manifolds to the turbine, which
| some of the energy in the exhaust gas, other-
Wwise wasted. This energy is used to drive the blower,
which furnishes all the air required by the engine,
Wﬂ above atmospheric, through a conven-

al air intake manifold.
_ The turbocharger unit is used in conjunction with
the Buchi system of pressure charging and scaveng-
ing a four-stroke cycle Diesel engine. In this system
the compressed air delivered by the turbocharger
accomplishes two ends: first, it scavenges the hot
residual gases otherwise left in the cylinder at the
end of the exhaust stroke, and replaces these with
cooler fresh air; second, it fills the cylinder with an
air charge of higher density at the end of the suction
stroke. The provision of a greater amount of fresh
air permits the combustion of a correspondingly
greater amount of fuel and consequently a higher
output from a turbocharged engine than from one not
$0 equipped.

The valve timing of an engine arranged for the
Buchi system of pressure charging differs primarily
from that of the same engine normally aspirated in
that the exhaust valves of the pressure-charged

engine close later, and the inlet valves open earlier.
Thus, the valve overlap, or period when both valves
are open simultaneously, is considerably greater,
permitting effective scavenging of the cylinders.
Timing of the valves and dimensions of the exhaust
manifold are determined so that timed pressure fluc-
tuations are propagated in the exhaust manifold.
Both valves are open when the fluctuating pressure
in the exhqust manifold is at a minimum_ thus per-
mitting scavenging with lower blower pressure than
would otherwise be possible.

Scavenging the combustion space with cool air
effects a considerable degree of cooling of the cylin-
der head, cylinder walls, valves. and piston. For this
reason, a greater amount of fuel can be burmned, and
greater power developed by an engine turbocharged
with the Buchi system without harmful effects on
these engine parts due to excessive heat.

No contral over the turbocharger is necessary, as
the correlated action of the turbine and blower is en-
tirely cutomatic. The speed and output of the turbo-
charger vary automatically and practically instan-
taneously with variations in load, speed, or both, of
the engine. No consideration need be given to direc-
tion of rotation of the turbocharger when applied to
a direct reversing engine. The turbocharger rotates
in one direction only, regardless of the direction of
rotation of the engine.

SECTION 2

DETAILS OF CONSTRUCTION

(Numbers in parentheses refer to part numbers on the cross-sectional assembly and outline,
Figs. 7, 8,9 and 10 respectively, and Parts List, page 13)

Essentially, the Elliott turbocharger consists of a
single-stage turbine wheel and a single-stage centrif-
ugal blower impeller mounted on @ common shait,
with the necessary surrounding casings. The turbo-

Fig. I—Rotor Assembly.

charger rotor is entirely independent of the rotating
parts of the engine. (Fig. 1).

The engine exhaqust gases are conducted to the cast
inlet casing (50) by several exhaust mamifolds. The
number and arrangement of the mamifolds is de-
pendent on the number of engine cylinders. The
turbine nozzle ring (59), is centered on and attached
to the turhinarg?at casing by bolts (62) wired to-
gether (63).

The nozzle ring comprises a special heat resisting
Ni-Resist casting with stainless steel quide vanes cast
into place. The outer ring is split into several seg-
ments to give greater freedom for radial expansion
of the blades. A bayonet lock clamps the nozzle seg-
ments against the inlet casing, thus preventing ther-
mal distortion but permitting full freedom for radial
expansions. The nozzle ring directs the exhaust gases
to the turbine blades (76) at the proper angle.

The turbine casing (1) is @ Meehanite casting,
cored to provide cooling water es. A flat oval
flange is provided for exhaust connection. Pads are
supplied at three points for supporting bracket con-
nections.

The intermediate casing (9) is of the same material
as the turbine casing, and forms the division between
the turbine casing and the blower casing. It is also
cored for cooling water. The intermediate casing is
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Fig. 2—Left to right: Inlet Casing Assembly, Turbine Casing,
Intermediate Casing, Blower Casing Assembly.

attached to the turbine casing by cap screws (11),
and to the blower casing by cap screws (28) for the
L-20 and studs (27) for the L-10, L-40 and L-60.

The blower housing assembly comprises two Mee-
hanite castings, a blower casing (26) and ribbed
blower inlet (37). These are bolted together with cap
screws (38). Air enters the blower inlet axially and is
discharged radially from the blower impeller (80)
through the diffuser passage into the blower casing
collector and it is discharged tangentially. For some
applications a vaned diffuser is used. The vaned dif-
fuser (44) is a precision aluminum casting which
is attached the blower inlet by flat head machine
screws (45) peened for locking, and is clamped be-
tween the blower inlet and intermediate casing.

The rotor assembly is made up of the following
components: turbine disk (75), turbine blades (76),
shaft (78), thrust collar (82), impeller (80), nose piece
(85), stud (79), elastic stop nut (86), spline washer (88)
and spline washer key (84). A counterbore is pro-
vided in the shaft to receive the projection on the
turbine wheel. There is a slight press fit at this point
to assure concentricity. Positive torque transmission
to the shaift is assured by the axial dowel pins (77).
The impeller fits snugly against the thrust collar (82)
and is driven by the spline washer (88), which is
keyed to the shaft” The entire assembly is held to-
gether by the stud and elastic stop nut combination.

The turbine disk and blades (75 and 76 respec-
tively) are made of an qustenitic stainless steel, hav-
ing good physical properties at elevated tempera-
tures. The blower impeller (80) is a precision alumi-
num casting.

Labyrinth rings machined on the impeller shroud
serve to limit the leakage of high-pressure discharge
air.

After machining, the impeller is separately bal-
anced and overspeed spin tested, then assembled
with the shaft and turbine disk and the complete rotor
assembly (87) is dynamically balanced. The balance
of the rotor is not disturbed by disassembly and re-
assembly. -

The bearings (19 and 20) are of the sleeve type,
steel backed and babbit lined, and are pressed into
the line-bored holes of the intermediate casing. Rota-
tion of the bearings in their housing is prevented by
the pins (18). The turbine end bearing flange is pro-
vided with a grooved thrust face and caries the
axial thrust load of the rotor. End play is limited by
the clearance between the thrust collar (82) and the
flange of the blower end bearing (20).

QOil leakage into the turbine casing and blower
casing is prevented by the oil seals (16 and 21). A
snap ring (17) retains the turbine end oil seal in

lace, and the blower end ocil seal is held by flat

ead machine screws (31) locked by peening.

Lubrication for the i is supplied through
the cast-in steel tube and drilled passages in the
intermediate casing, supply connection being made

in the bushing (96) on top.

On the L10 and L20 impeller, discharge air is used
to cool the turbine disk and pressurize both oil seals.
This air from the behind the impeller
through a drilled hole in the intermediate casing (not
shown), to the turbine disk. On the L-40 and L-60, air
at impeller discharge pressure is used to pressurize
the blower end oil seal (21). The turbine end oil seal
(16) is pressurized by high pressure air from the
blower casing (See Fig. 10.)
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SECTION 3
COOLING SYSTEM

The turbocharger cooling system must be supplied
with clean, soft water, free from any substance which
will cause sludge or scale on the interior surfaces.

Cooling water is circulated through the interme-
diate casing (9) and the turbine casing (1). The water
inlet connection is at the bottom of the intermediate
casing; the water discharge connection being at the
top of the turbine casing on either side. The opening
opposite the piped water discharge connection must
be vented to prevent formation of steam pockets in
the turbine casing. The water passage holes in the
turbine and intermediate casings function as meter-
ing elements to proportion the flow correctly between
the two circuits.

Water circulation through the turbocharger should
be requlated a such a rate that the temperature rise
does not exceed 30F. at full engine load. This will
restrict thermal distortion to a reasonable amount.

The discharge temperature should not exceed 190 F,
for clean soft water; lower temperature may be dic-
tated by the characteristics of the water used.

The turbocharger cooling system should be ade-
quately vented, and, if feasible, provision made to
circulate the water for a few minutes after the engine
has been shut down, since in many cases there is
enough heat left in the casing walls to boil away the
water remaining in the jackets,

Connections or plugs (2) Figs. 7 and 8, in the turbine
casing, should be removed annually (or oftener if the
character of the cooling water makes it necessary),
the jacket and cooling water piping inspected for
scale and sludge, and any accumulation removed.
Intermediate casing cooling water piping should also
be removed and the casing and piping treated sim-
ilarly to the turbine casing.

SECTION 4
LUBRICATING SYSTEM

Lubricating oil for the turbocharger may be sup-
plied either directly from the engine or by a separate,
selfcontained system with engine driven or sepa-
rately driven oil pump. The separate oiling system
is recommended. By this means, light clean oil will be
used for lubrication which is advemtageous for long
trouble-free life of the high speed journals that oper-
ate with very small bearing clearances. In either
case, adequate lube oil filtration and filter servicing
is recommended. The dirt and sludge acquired by
Diesel oils during operation make trouble-free serv-
ice difficult if these deposits are not filtered out.

The lubricating oil piping should be designed to
meet the following requirements:

1. There should be a minimum lapse of time be-
tween the start of rotation of the turbocharger and oil
pressure indication on the pressure gage. This period
should not exceed 12-15 seconds.

2. Desired oil pressure at the turbocharger is 30 to
40 psi gage.

3. The desired inlet oil temperature range is from
130 to 160 F. and should not exceed 180 F. Inlet oil
viscosity should be between 100 and 150 SSU and
in no case should exceed 200. Qil heavier tham
SAE 40 is not recommended.

4. Sight flow indicator should be provided.

The turbocharger lubricating system is illustrated
in the cutaway section, Feq. 3, and cross sectional
assembly drawing, Fig. 9. Oil from the supply is
piped to the bushing at the top of the intermediate
casing. The oil flows through the cast-in stainless
steel tube and then divides, approximately half of the
flow going to each bearing. Discharge oil drains out

Fig. 3—Cutaway Section.

of the drain hole near the bottom of the intermediate
casing.

Additional information on oil piping is given in
Section 5.
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SECTION 5
INSTALLATION

The turbocharger is shipped completely assem-
bled, with openings plugged to prevent entrance of
foreign matter and with e surfaces protected
against rust. Spare parts and tools are shipped sep-
arately. No dismantling is necessary before installa-
tion.

Surfaces coated with rust preventive should be
cleamed with a solvent. Three mounting pads on the
turbine casing are provided for mounting the unit,
with t holes for connecting to mounting brack-
ets. Brackets for turbocharger support must be of
suitable strength and rigidity to support the turbo-
charger as an integral part of the engine assembly.
Piping must not be depended upon for turbocharger
support.

Connections are to be made to the turbine inlet,
turbine outlet, blower inlet (in case the air is taken
from a remote point), blower discharge, cooling
water tem, lubricating oil tem and casing
drains. connections must be made with flexible
joints or other provisions made to prevent piping
strains from being transmitted to the turbocharger,
and to keep it from acting as a support for any pip-
ing. On the exhaust gas inlet and outlet connections,
high-temperature gaskets should be used, and
threads of studs and capscrews coated with a high-
temperature thread compound to prevent galling
when disassembling. On the blower connections, soft
low-temperature gaskets are suitable.

The cooling water inlet connection is made at the
bottom (alternate connection on side) of the interme-
diate casing. The common cocling water outlet may
be at either side of the turbine casing at the top, de-
pending on the particular installation.

A sight-flow indicator should be installed in the
water discharge line to give itive indication of
flow through the unit. The ge line should be
inclined upward to the main water discharge header
or surge tank, to vent the jackets and allow cooling
by convection circulation after the unit is shut down,
or, if feasible, a se e pressure source should be
provided for this purpose. If the turbocharger water
discharge line cannot be carried to the main
discharge line or surge tank, a vent valve should be

provided at the high point of the line to prevent vapor
lock or siphoning.

A drain is provided for the turbine casing interior
through a pipe tapped hole in the mounting pad (3)
Fig. 7. The blower casing drain (32) is located at the
bottom of the casing. Each of these connections
should be fitted with a nipple and valve to permit
drainage of any moisture that may collect during
periods of shutdown. The turbine and intermediate
casing water jackets may be drained by removing
pipe plugs (5) or (97), Figs. 7 and 8, when unit is idle
and e to freezing weather.

The lubricating oil connection is made in the bush.-
ing-tapped hole provided at the top of intermediate
casing. One-half inch O.D. tubing is recommended
from header to turbocharger. A check valve should
be installed in this line near the main engine oil
header to prevent drainage when the unit is shut
down. A full-flow filter should be installed to in-
sure a flow of clean cil at all times. A pressure gage
should be installed as close as possible to the turbo-
charger to eliminate any error in pressure reading
due to pressure drop in the pipe or oil filter. A pres-
sure requlating valve, of the type which remains
open at low pressures and throttles the flow when the
pressure exceeds that desired, must also be incorpo-
rated in the system. After the connections have «all
been made, the oil piping should be disconnected
and thoroughly blown out or flushed out with clean
oil to insure the removal of all chips and dirt.

The oil drain line must be of adequate size with a
minimum number of bends. Horizontal runs are to be
avoided. A 2-in. drop per foot and %-in. LD. pipe is
recommended for the L-10, 1" for the L-20 and 1%"
for the I-40 and L-60. This drain should be led di-
rectly to the crankcase or some well vented housing,
and the end must not be submerged.

After all connections have been made, the rotor
should be spun by hand to make sure it turns freely.
If it does not, the reason must be ascertained and
remedied before the engine is started.

The nameplate, listing the serial number of the unit
and other t data, is attached directly to the
turbocharger near the blower discharge flange.

SECTION 6
CLEARANCES
Model Model Model Model
(All dimensions are in inches) L-10 L-20 L40 L-60
1. Rotor end play, with surface oiled.......... .006—.016 .006—.016 .006—.016 .006—.016

2. Journal Bearings—
Shaft dicmeter OD. . . ..

1,2495—1.2500 1.6205—1.6210 1.8710—1.8715 1.8710—1.8715

Bearing diaméter LD. & ... 1.2525—1.2530 2.6240—1.6245 1.8745—1.8750 1.8745—1.8750

8. Labyrinth Rings—

Clearance on diameter over impeller.. .. .025—.035 .038—.048 .038—.048 .038—.048
4, Radial clearance between turbine blade
O?ge;u]and nozzle ring, cold.........oinien .010—.040 .020—.050 .030—.060 .040—.070
5. Oi _—
Seal LD. - SN T W 1.691—1.692 2.192—2.193 2.692—2.693 2.692—2.693
Matching shaft diameter O.D. ... .. 1.686—1.687 2.186—2.187 2.686—2.687 2.686—2.687
Clearance on diameter . .004—.0086 .005—.007 .005—.007 .005—.007

Worn parts should be repl&éé& "GEEHjustmenls made to assure that operating clearances

will not exceed above values..
WHEN ORDERING THESE PARTS, THE TURBOCHARGER MODEL
AND SERIAL NUMBERS MUST BE FURNISHED.
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SECTION 7
STARTING INSTRUCTIONS

1. Check cooling water connections and make sure
the proper valves are open. Fill the cooling water
space before operating the unit. If a separate source
of supply is available, start water circulation betore
starting the engine.

2. Pump oil into the turbocharger oil feed line, re-
move the oil drain line and check for ocil flow from
the bearings to make sure that the line between the
check valve aond the turbocharger is filled with oil
and that the bearings are oiled for the initial start.

If there is not a continuous flow of clean oil from
the drain line during the circulation period, the en-
gine should not be started until the cause has been
determined and corrected and drain line replaced.

3. Start the oil pump and operate the engine at
idling or light load conditions. If lubricating oil pres-
sure of at least 10 psi gage does not show on the
‘gage in from 12 to 15 seconds, shut down and check
for the cause. Recommended oil pressures are 30 to

40 psi gage over the operating range.

i

4. Operate the engine at a sufficient to de-
velop normal lubricating oil pressure on the engine
system. When oil pressure develops satisfactorily,
set the turbocharger oil pressure at 35 psi gage.

5. The unit should be checked after the first half-
hour of operation to make sure no oil leaks develop
in the oiling em.

6. Check cust temperature before turbine at
full load operation to make sure that maximum tem-
perature is not exceeded. The turbocharger speed
will adjust itself cutomatically to that required at the
load and speed under which the engine is operating.

After the above steps have been taken, if no trouble
develops, the turbocharger is ready for continucus
operation. '

After the turbocharger has been operating for a
sufficient time to it the unit and oil to warm up,
the rotor should coast freely to a stop after the engine
is shut off. If the rotor jerks to a sudden stop, the
cause should be immediately determined and elim-

- inated.

SECTION 8
SERVICE OPERATION

Performance of the turbocharger should be ob-
served at intervals of about four hours. Data and
conditions to be observed are as follows:

1. Oil Pressure.—Lubricating oil pressure should
be kept at about 30 to 40 psi at the turbocharger
speed corresponding to full engine load. The pressure
relief valve and pressure gage should be cbserved
each time the engine is started or shut down, to make
sure they are operating. Particular attention should
be paid to keeping the turbocharger oil clean by reg-
ular cleaning or renewing of the filter element.

2. Oil Temperature—Temperature of lubricating
oil supplied to the turboch should not exceed
170 F, and temperature at the drain should not ex-
ceed 215F. Any sudden increase in lubricating oil
temperature at the drain should be investigated,
since it may be due to obstructions in the internal oil

passages.
3. Turbocharger Speed.—Ordinarily, no attention
need be paid to the of the turbocharger since

this varies qutomatically with speed and load on the

engine.

4, Exhaust Gas Temperature. -—Tamgemturo be-
fore the turbine must not exceed 1100 F for steady
foﬁﬂlu;lgg-d operation, and 1200 F for 'I'ia maximum of

minute periods 24 hours. temperature
before the turbine mllP]: higher than that recorded
at the exhaust elbows, and care should be exercised
not to use the two temperatures interchangeably.

S. Water Temperatures. — Turbocharger cooling
water temperatures should be checked occasionally
to make sure that the temperature rise across the
turbocharger does not exceed 30 to 40 F. A high rise
across the machine indicates stoppage or plugging
of the circulating ges.

B. Vibration.—Operation of the unit should be ob-
served frequently to detect any noticeable vibration.

If noticeable vibration develops, the unit should be
shut down oand the cause determined. Vibration

might be caused by damage to the impeller, shait,
or turbine wheel or by worn or locse bearings in the
turbocharger: Any uneven deposit of foreign mate-
rial or dirt on the impeller will also be a contributing
factor.

7. Turbine Casing Drain.—No water will collect in
the interior of the casing during continuous opera-
tion. During an extended shutdown, however, water
may collect in this space due to condensation, leaky
gaskets, or other caquses. After any but a brief shut-
down, therefore, the casing interior (not the water
jacket) should be drained before starting up again,
If oil collects in this space, check for oil leakage be-
tween the shaft and oil seals.

EMERGENCY OPERATION

Should an accident or failure of some part of the
turbocharger prevent or render inadvisable opera-
tion of the unit, the engine can be operated as a nor-
mally aspirated engine until repairs can be made to
the turbocharger. If possible, the turbocharger rotor,
blower casing and intermediate casing should be re-
moved; the open end of the turbine casing can then
be closed with a steel plate, and the engine operated
unturbocharged.

If it is not feasible to remove any part of the turbo-

, the rotor should be prevented from turning
by installing the rotoer blocking rig (furnished with
tools). See Fig. 11 for methed of installing.

Under no circumstances must the preturbine tem-

exceed the maximum temperature (1100 F)

stamped on the turbocharger nameplate, and cooling
water circulation through the turbine casing and in-
termediate casing must be continued.
If the engine has been operated under the above
conditions, the turbocharger should be completely
disassembled and inspected as described in Sec-
tion 9, Inspection and Maintenance, before putting
it back to normal operation.
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SECTION 9

IMPELLER AND DIFFUSER CLEANING
and
COMPLETE TURBOCHARGER INSPECTION AND MAINTENANCE

Impeller and Diffuser Cleaning: may now be cleaned with bendix cleaner. Never use

The impeller and diffuser should be cleaned every
4,000 hours or less, depending on service conditions,
to maintain optimum turbocharger performance. Re-
move the blower inlet cap screws (38), Fig. 9. Using
these cap screws as jacking screws, break the flange
connection between the blower inlet and the blower
casing. With the aid of the lifting lug and an over-
head lift remove the blower inlet (37) (see Fig. 6).
This part must be pulled out along the rotational axis
to avoid damaging the impeller shroud labyrinth
seal rings. The impeller, diffuser and blower casing

A

£ k\ 3

Pl

T

e
¥
r
?.-
|
-! ]
r
f
Y
-

[ i

; ..'

Fig. 4—Intermediate and Turbine Casing—Method
of Assembly and Disassembly.

a caustic solution, wire brush, or scraper on these
parts.
Complete Turbocharger Inspection:

The complete turbocharger should be cleaned and
inspected every 8,000 hours. Procedure for disman-
tling, cleanout, inspection and reassembly of the unit
is as follows:

Dismantling Procedure:

1. Remove all air inlet equipment (piping, silencer
or air cleaner),

2. Remove the intermediate casing to blower casing
cap screws (28) on the L-20 and nuts (28) on the L-10,
L-40 and L-60. Using these cap screws or blower inlet
cap screws (38) as jacking screws in the threaded
holes provided, break the joint. With the aid of the
cast lug on the blower inlet and a sling, remove the
blower casing assembly. (See Fig. 5.) This assembly
must be pulled out along the rotational axis to avoid
damaging the impeller shroud labyrinth seal rings.

3. Remove intermediate casing to turbine casing
cap screws (11) install intermediate casing guide
pins (103) and special jacking screws (102) (see Figs.
4 and 11) and break the joint. Remove special jack-
ing screws.

4. Slide the intermediate casing and rotor assem-
bly clear of the nozzle ring to avoid damaging the
turbine blades (see Fig. 4).

5. The intermediate casing may now be supported
with the eye bolt (15) for disassembly of the rotor.

6. It will not be n to “break’ the joint be-
tween the turbine inlet casing (50) and turbine casing
(1) or between the nozzle ring (58) and the turbine
inlet casing, unless leakage is evident or if the nozzle
ring is to be replaced. If the nozzle ring is to be re-
placed, remove locking wire (63) and bolts (62). In-
stall nozzle ring wrench (111), (see Fig. 12) and rotate
nozzle ring until bayonet lock is disengaged.

Fig. 5—Partially Dismantled View Shnwg Blower End Sub-Assembly with

Vaneless Diffuser and Turbine and Interm

ate Casing Assembled with Hotor.
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Fig. 6—Partially Dismantled View Showing Blower
Inlet Removed for Cleaning.

Rotor Disassembly:

1. Prevent rotor rotation lying a wrench to
the projected flats on the front of the stud (79), Fig. 9.
and remove the elastic stop nut (86) and nosepiece
(85). Support the turbine disk by hand and with a soft
hammer tap the free end of the stud forcing the tur-
bine disk from its mounting. Do not remove the stud
from the turbine disk.

2. With the special pliers provided in the tool kit,
remove the turbine end snap ring (17).

J. Remove the shaft and turbine end oil seal with
the aid of the shaft puller assembly provided for this
purpose (see Fig. 11). Support impelrar by hand dur-

Icn? this operation.
eaning:

The component parts of the unit are now ready for
cleaning and inspection. The diffuser, nozzle ring,
as well as mating surfaces should be cleaned with
@ good solvent or kerosene, and all deposits of

ease, dirt, carbon and gasket compound removed.

urbine casing and intermediate casing water jack-
ets should be cleaned of any deposit of scale or
sludge in the same manner used in cleaning engine
water jackets. If an acid is used to remove scale, the
water jackets should be thoroughly flushed out and
the acid neutralized. Qil and air ges in the inter-
mediate casing should be blown out thoroughly.

The turbine disk and impeller should be cleaned
in Bendix cleaner. Never use a cqustic solution, wire
brush or scraper on these parts. Extreme care should
be exercised in handling the rotor parts. Slight dam-
age to the disk or impeller may cause serious dam-
age to the rotor, when reinstalled.

Inspection:

The bearings and the mating surfaces on the shaft

are the only normal wearing parts of the machine.

The bearings can be inspected both for size and sur-
face finish without removal. Bearings should be re-
placed if worn beyond the limits set forth in Section
B, or if the surface shows pitting, corrosion or local
wear. If the mating journal surfaces are scored, the
finish should be improved by polishing with crocus
cloth. Slight scoring of the thrust face is not objec-
tionable if tolerances are within the limits as given
in Section 6.

If bearings must be replaced, remove the screws
(81) holding the oil seal, and pull out the bearings
with the bearing puller. (See Fig. 11.) The blower end
oil seal (21) and thrust washer (82) will come out with
the blower end bearing (20). The turbine end bearing
(19) may be similarly removed. (See Fig. 11.) Pre-
cautions must be taken to prevent damage to bearing
housing bore.

Normally, the oil seals are subject to little wear but
the inside diameter should be checked to make sure
that wear has not occurred. The oil seal clearances
should be within the limits as given in Section 6.

The turbine disk should be inspected for mechan-
ical condition, blade tightness, etc. The blower im-
peller should be checked for evidence of rubbing or
mechanical wear and condition of the labyrinth
seals.

The turbine nozzle ring should be examined for
cracks and distortion or warping of blades. This part
of the unit is always subject to cyclic elevated tem-
peratures and should be checked carefully. Do not
remove the nozzle ring from the inlet casing unless
it is to be replaced.

Assembly Procedure:

Before assembly, all parts should be thoroughly
cleaned and flushed and all passages blown out with
air. Gasket (10) should be renewed.

T — T ol
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Bearing Installation:

If bearings are to be replaced, several precautions
must be observed. The bearing (19) having a grooved
thrust flange must be put in on the turbine side. The
drilled hole on the back of the bearing flange must
line up with the locating pin in the intermediate cas-
ing before inserting the bearing. A special wooden
block is furnished and it is to be used when driving
the bearing into its housing, (See Fig. 11). A feeler
gage should be used to check if bearings are prop-
erly seated. When driving in the turbine end bearing,
place a soft gasket between the block and the thrust
face to protect this face.

Rotor Assembly

1. Before replacing the shait, place the shaft sleeve
(See Fig. 12) on the impeller end of the shaft. The
shaft and bearings are to be assembled clean and
with a light film of oil. With the shait sleeve in place,
insert the shaft into the bearings taking care not to
mar the bearing surfaces. Then remove the shait
sleeve.

2. Slide on thrust collar (82) Fig. 9. Insert oil seals
coating surfaces with Permatex No. 1 as shown in
Fig. 9. Install snap ring (17) with bevelled side out.
Install screws (91) locking securely by peening.

3. Coat the disk hub with anti-seizing compound
(see Fig. 9). Tap the turbine disk and stud assembly
in place. The turbine disk will mount only one way,
determined by the relative polar position of the pins
(77) in the shaft and matching holes in the disk.

4. Assemble impeller (80) and spline washer (88).
These parts must be assembled so that the punch
marks line up to maintain rotor balance. Coat im-
peller and spline washer portions of shaft with onti-
seizing compound (See Fig. 9).

Slip this assembly on the shait. After the impeller
has been pushed on by hand as far as possible, in-
sert key (84), place nose-piece (85) in position and
draw assembly tight with elastic stop nut (86). A
torque of 35 foot-pounds should be used for the L-10,
50 foot-pounds on the L-20 and L-40 and S0 foot-
pounds for the L-60. Hold centering stud with wrench
on flats provided while tightening the elastic stop
nut.

play should be checked with a dial indicator. End
play should be within the limits specified in Section
6. After checking the end play, the bearings should
be oiled through the lube oil inlet at the top of the
intermediate casing (9) Figs. 7 and 8. Turn the rotor
by hand to be sure that the oil gets to all surfaces of
the shait and bearings.

Casing Assembly:

To assemble the casings and rotor assembly to the
machine proper, the following steps should be taken:

1. If the nozzle ring has been removed from the
inlet casing, upon assembly, coat the cap screws and
bolts with high temperature anti-galling compound
to prevent galling of the threads due to heat. If the
turbine inlet casing has been removed, the threads
of the cap screws used to secure the inlet casing to
the turbine casing should be coated with an anti-
galling compound. (See Fig. 9.)

2. With the intermediate casing guide pins in
place, install @ new casing gasket (10). See Fig. 9
for cementing.

3. With the aid of eyebolt and overhead lift, slide
the intermediate casing into place (See Fig. 4), being
careful not to damage the turbine blades. Install cap
screws (11) Fig. 7 and tighten evenly.

4. The intermediate casing and blower casing
machined surfaces should be coated lightly with
Permatex No. 1 cement (see Fig. 9).

5. Mount the bloweér casing assembly into place
being careful not to damage the labyrinth rings on
the shroud of the impeller. Install the blower casing
cap screws and lockwashers (28 and 30) for L-20 or
nuts and lockwashers (29) and (30) for the 1-10, 1-40
and L-60, and tighten evenly.

Check oil supply lines; they should be clean and
fittings in good condition. If oil filter element is not.
in first class condition, it should be replaced.

With reasonable care and adherence to good shop
practice, no trouble should be encountered in dis-
mantling and assemblying the turbocharger. Check
agir inlet equipment. It should be clean and tight to
prevent entry of foreign particles.

GENERAL MAINTENANCE COMMENTS

If the machine is fo be shut down for an extended
period of time, the turbocharger must be dismantled
and the shaft surfaces and all bearings thoroughly
covered with vaseline for protection. All exposed sur-
faces should be slushed with rust preventive com-
pound. Before placing the unit in operation again,
clean all parts thoroughly and remove the protec-
tive coating.

The turbocharger is designed and constructed to
eliminate entirely hand fitting of moving parts. All

10

repair parts should be entirely interchangeable with-
out forcing or fitting. It is essential in assembly and
repair of the turbocharger that parts be handled care-
fully and kept clean, since tolerances on some parts
are such that nicks, burrs or dirt will interfere with
proper operation of the machine.

It is recommended that a reasonable amount of
spare parts be maintained with the unit for emer-
gencies.

Experienced field service men are available when
required.
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Fig. 8—OQutline Drawing L 20, L 40 and L 60 Turbocharger
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Fig. 10

Sealing Air Arrangement
Turbine End Qil Seal

{7 -
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CetT  PART LIST
WHEN ORDERING THESE PARTS, THE TURBOCHARGER MODEL
AND SERIAL NUMBER MUST BE FURNISHED
Number Name of Part Number Name of Part
1 Turbine Casing 50 Turbine Inlet Casing
2 Pipe Plug—Turbine Casing 51 Bolt —Turbine Inlet Casing
3 Pipe Plug—Turbine Casing Drain 52 Lockwasher
§  Pipe Plug—Water Jacket Drain 53 Nozzle Ring
§  Intermediate Casing 62  Bolt—Nozzle Ring
10  Gasket—Intermediate Casing 63 Locking Wire—Nozzle Ring Bolt
11  Cap Screw—Intermediate Casing 67 Check Valve Plug
12 Lockwasher—Intermediate Casing 75  Disk
CQP Screw 76 Turbine Blade
15 Eye Bolt 77  Dowel Pin—Shait These parts make up
16 Qil Seal—Turbine End 78 Shaft the rotor assembly,
17 Snap Ring—Oil Seal 79 Stud part 87. If any of
18  Pin—Bearing Locating 80 Impeller these parts are to be
19  Bearing—Turbine End 82 Thrust Collar - replaced, the rotor
20 Bearing—Blower End 84 Key—Spline Washer must be returned to
21  Oil Seal—Blower End 85  Nose Piece—Impeller \ Elliott Co., Jeannetts,
28 Blower Casing 86 Elastic Stop Nut Pa., for rebalancing.
27  Stud—Blower Casing 87  Rotor-Assembly
28 Cap Screw—Blower Casing 88 Spline Washer
29 Nut—Blower Casing - 91 Machine Screw—Qil Seal
30 Lockwasher . . 92 Companion Flange
31 Plug—Blower Casing 83 Gasket—Companion Flange
32 Plug—Blower Casing Drain 94 Bolt —Companion Flange
37 Blower Inlet 85 Lockwasher
38 Bolt —Blower Inlet 96 Pipe Bushing—Oil Pipe
3%  Lockwasher 97 Pipe Plug—Water Jacket
44  Diffuser Ring 98 Pipe Plug—Water Inlet (alternate)
45 Machine Screw—Diffuser Ring 99 Pipe Plug—OQil Drain (alternate)
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METHODS OF USING SPECIAL TOOLS
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METHOD OF BLOCMING ROTOR

METHOD OF INSERTING BEARING METHOD OF INSERTING BEARING METHOD OF REMOVING NOZZLE RING
{ TURBINE END) (BLOWER END)
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METHOD OF REMOVING SHAFT

Fig. 11—Method of Using Special Tools
14

S

e —



112

Fig. 12—Tools.

Number Name of Part . Number Name of Part
101 Bearing Puller Assembly 107 Hex. Key
102 Jack Screws 109 Shaft Sleeve
103 Intermediate Casing Guide Pins 110 Shatt Puller Assembly
105 Bearing Inserting Tool 111 Nozzle Ring Wrench
108 Snap Ring Pliers k 112 Rotor Blocker

WHEN ORDERING THESE PARTS, THE TURBOCHARGER MODEL
AND SERIAL NUMBERS MUST BE FURNISHED
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SPECIFICATION 1-302.8B

PILOT HOUSE & ENGINE ROOM CONTROLS
FOR ONE ATLAS 9" X 10-%"

REVERSING ENGINE
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IPD 413 SPECIFICATION I-302.8B

PILOT HOUSE & ENGINE ROOM CONTROLS
FOR ONE ATLAS 9" x 10-1 /2"

REVERSING ENGINE

Pilot House-Control Stand Ref. Sketches
Engine Room-No Control Stand S$-302.3B-1/4 ED.2
5-302.5 144
Ref. Quantity Description Wt. Each Pc. No. Dwg. No.
Pounds
PILOT HOUSE
1 1 CB-IAControl Stand 77 850781 ID-78672-51
(Non-Magnetic) ID-78673-51
ENGINE ROOM
2 1 2A-2B Controlair 24 850652  C-77511-51
2¢ 1 RedAlarm Light 1/8 529990  F-72047-52
2d 1 Green Alarm Light 1/8 529989  F-72047-51
2¢ 1 A-5-A Rotair Valve 4 520014  F-70107-52
3 3 *#18-A Double Check Valve 1-1,2 521774  F-50439-1
4 1 #22-A Double Check Valve 3-1/8 540107  E-73850-52
5 2 C-1-B Pilotair Valves (to read

ahead and astern positions of
the cam shaft to intercept
starting air until the shift

is completed)

2-1 /4 531315  E-72824-54
H-5 Relayair (to intercept -7 »
’ A start line) 50 psi Spring 6-5/8 530530  D-71244-64
- 1 “18-A Double Check Valve (to
SHppty Bt ) 1-1,2 521774  F-50439-1
8 4 D-1-A Relayair Valve (to 18-1,2 526408  D-70779-52

~ start engine)




Ref. Quantity Description Wt. Each Pec. No. Dwg. No.
Pounds
Ref. No.
9 1 H-5 Relayair Valve (to 6-5/8 530530 D-T7T1244-64
stop engine) 50 psi Spring
10 1 #18-A Double Check Valve (to 1-1,.2 521774 F-50439-1
supply Item 9)
11 1 Directional Interlock Valve 11-1/4 533195 D-T72155-55
(for 8-3 /4’ Dia. Shait) .
12 1 Fuel Cut Off Cylinder (to 4-1/2 528187 D-72458-52
cut off fuel in stop and
in reversing)
13 1 #18~A Double Check Valve 1-1/2 521774 F-50439-1
(to supply Item 12)
14 1 AA-1 Actuator (with type B rod
end) to Operate Governor o 850650 C-69872-55
24 1 Fuel Limit Cylinder 2-1/2 523159 E-T0816
1-1/2”’ x 1 /2’ Single Acting
Cylinder
25 2 H-5 Relayair Valve (to 6-5/8 530530 D-T1244-64
operate cam shift cylinder)
50 psi Spring
28 1 H-5 Relayair Valve (to 6-5/8 530530 D-T1244-64
operate air starting
check valve actuator
50 psi Spring
AIR SUPPLY
18 1 Low Pressure Alarm Switch 2 530038 E-75289-51
19 1 3-1/2"" Air Gage (0-160 psi) 1 527967 D-T76455-1
20 1 3 /8"’ Vented Cock 1-1/8 523369 F-T70019-1
21 2 _1/4” Unvented Cock 1-3/8 520647 F-T0019-1
22 2 1/4”’ Vented Cock 1-3/8 520850 F-70019-~1
23 2 D-1 Reducing Valve 12-3 /4 524083 D-69517

Total Weight 231

NOTES: 1. Installation, tubing and fittings not included. Customer
to provide brackets for mounting devices and necessary

1-302.8B

Page #2

linkages for mechanical connections.




2. This specification presumes the existence of an adequate

supply of reasonably clean dry air at a nominal pressure
of 250 psi.

WESTINGHOUSE AIR BRAKE COMPANY
Industrial Products Division
WILMERDING, PENNSYLVANIA

RCB: mim
10-16-51

Revised: 10-24-51:MFM
12-13-51: MFM-Omit Air Gage, Ref. 2b.
4-15-52:MFM-Item 1 was CB-1 Control Stand, Pc. 850651

I1-302.8B
Page #3




PNEUMATIC CONTROL EQUIPMENT
FOR REMOTE CONTROL OF A DIRECT REVERSING
ATLAS 9’’ x 10-1 /2’ DIESEL ENGINE

The chief features of this equipment are as follows:

1. Single handle control of all engine operations such is direction of engine ro-
tation, starting, stopping 4nd engine speed is provided.

2. Remote operation can be accomplished from either the pilot house or the
engine room.

3. Interlocks are provided to prevent the admission of starting air to the engine
until the engine cams have been completely shifted.

4. During the starting period the movement of the fuel shaft is limited by the
Fuel Limit Cylinder to prevent flooding of the engine.

5. Interlocks are provided to prevent the engine from starting on a bounce and
running in the opposite direction from that called for by the 2A-2-B Contro-

lairs in the control stations.

6. Operation of the equipment is sequential.

7. After the engines have been started, they will run at idle speed until speeded
up by the movement of the Controlair handle.

8. Any desired engine speed is maintained automatically at the handle position
selected. Provision is made for locking the handle in any position.




SPECIFICATION I-302.8B

DESCRIFTION AND OPERATION

This equipment is specified on Specification I-302.8B and shown on sketches
S5-302.5-1 /4 and S-302.3B~1/4. To better understind the following description,
reference should be made to this material.

Let us start with the air supply equipment. Air for the pneumatic system is
obtained from the ship's air supply it approximately 250 psi pressure. Ship’s
supply passes to the 3 /8"’ Vented Cut Out Cock, Item 20. When this cock is closed
the ship’s supply will be cut off und the control system will be vented to atmos-
phere through the side vent of the cock. From this point the ship’s air passes to
the Low Pressure Alarm Switch, Item 18. Item 18 is a pneumatically operated
S.P.D.T. switch. Thus when the ship’s air pressure is above 4 predetermined
level, the switch will be positioned to light the Green Indicator Lights, Items 1ld
and 2d, at the pilot house and engine room control stations. This will indicate to
the operator that the system pressure is within the safe operating range. Should
the ship’s pressure drop to a point where the loss of control becomes imminent
the Alarm Switch will be operated to light the Red Indicator Lights, Items lc and
2¢, in the pilot house and engine room control stations. This will warn the opera-
tor that his air pressure has dropped to a dangerous level.

Ship’s pressure now passes to the two parallel reducing stations consisting of
Vented Cocks, Items 22; D-1 Reducing Valves, Items 23; and Cut Out Cocks, Items
21. The cut out cocks serve as a means of isolating either Reducing Valve for
servicing, setting the valves or in case of the failure of one vilve. The D-1 Reduc-
ing Valves, Item 23, are instulled in parallel to provide increased capacity as well
as a measure of protection in case of the failure of one valve. The Reducing Valves
provide and maintain a reduced control pressure for operation of the pneumatic

system.

The control pressure will be indicated on the 3-1/2"’ Air Gage, Item 19, and
will pass to two places.

1. Control pressure passes to the engine at port 9 of H-5 Relayair
Valve, Item 9. As long as no pressure is present in either the
AHEAD or ASTERN line, Item 9 will be positioned so that port
9 will be connected to port 11 and supply pressure will pass.
through the valve to the #18-A Double Check Valve, Item 13.
This pressure will force over the shuttle of the double check
and will pass out the side outlet to the Fuel Cut Off Cylinder,
Item 12. This pressure will actuate the cylinder, and the fuel
will be held in the off position as long 4s no pressure is sup-
plied to either the AHEAD or ASTERN lines.

——




2. Control pressure will also pass to port 1 of the A-5-A Rotair
Valve, Item 2e, located at the engine room control station.
This valve provides 4 means of transferring control between
the engine room and the pilot house. With the A-5-A Rotair
in the LOCAL position, supply pressure at port 1 will be con-
nected to port 2 and will pass to port 12 of the 2A-2-B Contro-
lair. Item 2a, at the engine room control station. The gage will
serve to indicate that the complete engine control will be vested 1
in the engine room control station. The pilot house Controlair

w1ll be vented to atmosphere at the Rotair Valve. The pilot
house Controlairs will be ineffective.

With the A-5-A Rotair in REMOTE position, the supply pres- .
sure at port 1 will be connected to port 3 and will pass to port

12 of the pilot house Controlair, Item la. The gage, Item 1b, 5
in the Control Stand will indicate that the pilot house has con-

trol of the engine. The engine room Controlair will be vented |
to stmosphere at the Rotair Valve and will be ineffective.

Let us now follow a complete operating cycle of the pneumatic controls.
Since the operation will be the same in either the AHEAD or ASTERN direc-
tion or from the pilot house or engine room, we will assume that oper.ition
is to be in the AHEAD direction from the pilot house control stand. The
A-5-A Rotair must be placed in REMOTE position to give the pilot house con-
trol of the engine operation. Gage, Item 1b, and the Green Indicator Light,

Item 1d, in the pilot house control stand will indicate thait the system is ready
for operation.

To start the engine AHEAD the 2A-2-B Controlair hundle is moved forward
to the IDLE position which is positively defined by means of a detent. In this
position the AHEAD on-and-off direction valve of the Controlair is opened to
admit control pressure to the AHEAD line at port 1 of the 2A-2-B Controlair.
AHEAD line pressure will pass out the side outlet of the ¥18-A Double Check
Valve, Item 3, to the AHEAD line to the engine.

AHEAD line pressure will pass to the following places:

1. Through the #18~A Double Check Valve, Item 10, to port 10 of
H-5 Relayair Valve, Item 9. This pressure will operate Item
9 to connect port 11 to port 12. This will connect the Fuel Cut
Off Cylinder, Item 12, through the “18-A Double Check Valve,
Item 13, to atmosphere at port 12 of the H-5 Relayair, Item 9.

2. To port 10 of the cam shift H-5 Relayair Valve, Item 25. This
pressure will operate the valve to connect port 11 to port 12.
This will connect the 250 psi supply to the proper end of the
cam shift cylinder and will operate the cylinder. This will
position the engine cams for operation in the AHEAD direction.




3. With the cam shift cylinder in its neutral position both C-1-B
Pilotair Valves, Item 5, will be depressed. Thus both the
AHEAD and ASTERN lines will be connected through Item 7
to port 10 of H-5 Relayair Valve, Item 6. With pressure in
the AHEAD line, Item 6 will be operated to connect port 11
to port 12 and the START line will be interrupted. When the
cam shift has been completed, the Pilotair Valve cam on the
cam shift lever will be positioned so that its detent will line
up with the ahead C-1-B Pilotair Valve. This will permit
the plunger of the C-1-B Pilotair Valve to rise and will inter-
rupt the AHEAD line. This action will also connect port 10 of
H-5 Relayair, Item 6, to atmosphere through the C-1-B
Pilotair Valve. Item 6 will now be positioned so that port 9
and port 11 are connected. The START line will now be con-
nected through Item 6 to the Fuel Limit Cylinder, Item 24; to
port 16 of the D-1-A Relayair Valve, Item 8; and port 7 of the
Directional Interlock, Item 11. Since the START line is not
pressurized at this stage of operation, the engine will not be
started.

4. AHEAD line pressure will also pass to port 1 of the Direc-
tional Interlock, Item 11. If the last operation of the engine
had been in the AHEAD direction, the AHEADIine pressure
will be cut off at port 1 of Item 11; and the Fuel Cut Off Cy-
linder, Item 12, will be vented to atmosphere through port
13 to port 3 of the Directional Interlock to the unused ASTERN
line. If the last operation of the engine had been ASTERN, the
Directional Interlock would be positioned to connect the AHEAD
'!. line pressure at port 1 to port 13. This pressure would pass
| through the #18A double check valve, Item 13 to the fuel cut-
off cylinder, Item 12,to Port 10, Item 26 and to the cylinder
1 pressure release valves. Item 26 will be then positioned so
I that Port 11 and port 12 are connected. Thus the air starting |
: check valve actuators would be charged, the cylinder pressure
released and the engine fuel cut off. As the pilot house con-
trol air is moved into ‘‘start’’ position, the engine allows the r
i starting ‘“air’’ to brake and start the engine until proper ro- |
1 tation has been established and the directional interlock is
positioned to read the ahead direction.

R To actually start the engine the pilot house 2A-2-B Controlair handle is |
moved sideways into the ihead START notch. This action opens the START

| valve of the Controlair and admits pressure through port 7 to the START line.

i START line pressure will pass out the side outlet of the #18-A Double Check

d Valve, Item 3, to the engine to port 9 of H-5 Relayair Valve, Item 6. If the

' cam shift is completed, the START line will be connected through Item 6 (port

i 9 to port 11) and START pressure will pass to the following points:




1. To the Fuel Limit Cylinder, Item 24. This will actuate the cy-
linder to prevent the engine governor from running the fuel
shaft to the full fuel position and flooding the engine.

2. To port 16 of the D-1-A Relayair Valve, Item 8. This will
operate the D-1-A Relayair to admit 250 psi starting air to
the engine.

3. To port 7 of the Directional Interlock, Item 11. This will raise
the shoe of the Directional Interlock to contact the engine shaft
extension. If the engine is starting in the AHEAD direction as
called for by the pilot house Controlair, the Fuel Cut OIf Cy-
linder will be exhausted through the Interlock, and fuel will be
admitted to the engine. Should the engine start on a bounce and
begin to run in the opposite direction from that called for, the
Directional Interlock Shoe will be carried in the opposite direction,
and AHEAD line pressure will be admitted to the Fuel Cut Off
Cylinder to prevent the engine from running in the wrong direction.
The cylinder pressure release valves and the air starting check
valves actuators would also be activated.

Once the engine has caught, the 2A-2-B Controlair handle is returned from .
the START notch to the IDLE position. This will vent the START line and ex-
haust the Fuel Limit Cylinder, Item 24; the D-1-A Relayair Valve, Item 8; and
the Directional Interlock, Item 11. Thus the fuel shaft will be free for control
by the Actuator, Item 14, starting air will be cut off, and the shoe of the Direc-
tional Interlock will drop out of contact with the engine shaft extension.

With the 2A-2-B Conrolair handle in IDLE position, the engine will run at
IDLE speed. To increase speed, the handle is moved forward in the speed
zone to the desired position. This will supply pressure proportional to the
handle position to port 8 of the pilot house Controlair. This pressure will pass
through the SPEED line to the AA-1 Actuator, Item 14, on the engine. SPEED
line pressure will position the AA-1 Actuator which will in turn position the
engine fuel shaft to provide the desired speed.

To stop the engine the Controlair handle is returned to NEUTRAL position.
In this position the AHEAD, ASTERN, START, and SPEED lines will be ex-
hausted. Supply pressure through the SUPPLY line through Item 9 will pass to
the Fuel Cut Off Cylinder, Item 12. The fuel supply will be cut off, and the

engine will stop.

Operation in the ASTERN direction is identical to that described above ex-
cept for the lines and valves involved. For more detailed information on the
individual devices involved in the system, reference should be made to the
descriptive literature included with this write-up.
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WESTINGHOUSE AIR BRAKE COMPANY
Industrial Products Division
WILMERDING: PENNSYLVANIA

2A-2-B CONTROLAIR

OFERATION AND MAINTENANCE

The 2A-2-B Controlair provides control through a single handle of the speeq,
starting, stopping and direction of marine type direct-reversing engines. Any
number of engines coupled to a single drive may be controlled by means of 4 sing-
le 2A-2-B Controlair. Since the only connections necessary between the Controlair
and the engines are small diameter copper tubes conveying air, the Controluir
may with equal facility be mounted directly on the engine to provide a simple, com-
pact locdl control, in an engineer’s control stand to provide centralized one-man
control of several engines, or in a remote station such as the pilot house, bridge
wing, or afterdeck. Combinations of any or all of these control locations are fre-
quently installed to permit selective control from any desired position.

The 2A-2-B Controlair is intended primarily to establish the direction of en-
gine rotation through a double acting cylinder or rams controlling the engine cam
shaft, provide starting by operating a starting valve or air distributor, and control

the engine speed through an Actuator connected to the governor, fuel shaft or
throttle valve,

Basically, the 2A-2-B Controlair consists of a speed regulating or graduating
valve unit (an H-3 Controlair portion), two on-and-off or three-way vailve units
used to establish the direction of operation, and one similar on-and-off valve unit
used to sturt the engine.

All piping connections are made to the pipe bracket located on the bottom of
the Controlair. The Controlair may be removed from the pipe bracket without
breaking any of the pipe connections. All control pipe connections are 1/4’"-18
NFT to permit the use of 3/8 inch O.D. copper tubing between the Controlair and
the other devices in the control system. Since the Supply pipe may be of con-
siderable length, the supply pipe connection is 3/8"’-18 NFT to permit the use

of 1/2 inch O.D. copper tubing. The following identifies the port connections of
the pipe bracket: :

Port No. Lgend

Aheud
Astern
Start
Speed
Supply
Plugged
Plugged
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For best operation the supply pressure should be at least 70 psi, but must
not exceed 125 psi maximum.
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FIG. I INSTRUCTION PLATE

To initiate the various control functions, the operating handle is moved
through a slot in the top cover. On the adapter plate alongside the top cover
is an instruction plate which diagrams the several operating positions of the
handle. Figure I shows the instruction plate and it will serve as a handle
position diagram in the description to follow.

It is seen that STOP position is in the center of the slot. With the handle
in this position, the engine is stopped and the cam shaft (or other reversing
means) is positioned to re-start in the same direction as the last operation.

To start the engine AHEAD, the handle is moved forward to IDLE position
which is positively defined by means of a detent. In this position the AHEAD
on-and-off direction valve is opened to admit control pressure of 70 psi to
the AHEAD line at port 1. This pressure will set up the engine cams for
AHEAD operation.




The handle is then moved sideways into the START AHEAD notch to actually
start the engine. This action opens the START on-and-off valve to admit control
pressure to the START line at port 7. This pressure will operate 4 starting
valve or air distributor to admit start air to the engine. As soon as the engine
starts, the handle is returned to the IDLE position where the engine will run at
IDLE speed. The START on-and-off valve will now be closed and the START
line vented.

The enzine speed may now be increased by moving the Controlair handle
forward in the SPEED slot. This will operate the pressure graduating portion
of the Controlair to supply a pressure proportional to the handle position
through port 8 to the SPEED line. Thus the engine speed can be increased or
decreased in graduations of iny desired degree by moving the handle forward
or back.

To stop the engine, the handle is moved into the STOP position. To start
the engine ASTERN, the handle is moved into IDLE ASTERN, sideways into the
START notch, and returned to IDLE, after which the speed can be varied as
desired between IDLE and FULL SPEED ASTERN.

The control system can be provided with interlocks so that a ‘flash’ reversal
can be safely accomplished by moving the handle directly from any position in
one speed zone to the opposite START notch. If interlocks are not provided,
motion should be arrested in STOP position until the engine has stopped before
starting in the reverse direction.

The handle may be locked in any desired position by rotating the handle
grip to the right. In speed positions, the rotation required is nominal and
easily obtainable. In STOP and IDLE positions the rotation required is slightly
greater as a locking indicator for these positions. When the vessel is secured,
the Controlair handle should be locked in STOP position.

MAINTENANCE

Piping should be maintained with a minimum of leakuge. While the
Controlair will compensate for a moderate leakage in the pipes, a loss of air
causes unnecessary demand on the vessel’s air supply. Care should be ex-
ercised in piping installation to avoid pockets in which moisture might accumu -
late. If a condition exists, provision should be made to drain accumulated
moisture daily.

It is recommended that the Controlair be periodically dismantled for
inspection, cleaning and lubrication, and parts replaced if worn or defective
in any way. This should not be done on the installation, but at a suitable bench
in a well lighted location.

When dismantling the Controlair care must be exercised to avoid distortion
of bolts, studs, nuts, etc. Care must be taken to avoid mutilation or damage to
springs, gaskets, diaphragms, valves and valve seats. It is possible to issem-
ble or disassemble all parts of the device readily. If the force required seems
excessive, investigate immediately to determine the cause of the difficulty.
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All parts should be cleaned with an approved non-inflammable solvent.

There are filter elements in the pipe bracket face which can be with-
drawn when the Controldair has been dismantled from the pipe bracket.

Filters should be thoroughly washed in solvent and blown off with « low-
pressure air jet.

Rubber packing rings should be carefully inspected and replaced if
cracked or worn. Packing rings should be coated with gre.se upon assembly.




Fe. No.

850652
850661
528067

850407
85148

83784
850379
522818
521230
520955
522816
921166
850380
92474

921216
523744
922984
850656
850387
850388
850660

850389
526761

850397
538445
939115
539111
939112
923734
939118~
539114
532268
850391
850658
523734

Ref. No.

WWoo-J;mun Col

11
12
13

14
15
16
27
28
29
30

30
31

37
40
41
42
43
44
45
46
47
48
49
50

P.L. A-2380-A4

WESTINGHOUSE AIR BRAKE COMPANY
PIECE LIST A-2380-A4

2A-2-B CONTROLAIR

2A-2-B Controlair, Complete with Short Handle

2A-2-B Controlair, Complete with Long Handle

Control Portion, H-3 Controlair, Complete
(See IDI-9356-27.30)

Controlair Body, Complete (Includes 5)

Top Cover Stud (5/16-18 NC-3 x 1-3/8)
4 Req'd (See 15)

3/8-16 x 2-5/8 Stud with Hex. Nut

Cam

Cam Shaft

3/8-16 NC-3 Cam Set Screw

3/8-16 NC-3 Set Screw Jam Nut

Clutch Valve Shaft (Includes 11)

Valve Shaft Pin

Handle Shaft, Complete

Handle Shaft Fulerum (1 /4-20 NC-3 x 1-1 /4 Hex.

Hd. Mch. Bolt)

Handle Shaft Fulerum Jam Nut (1/4-20 NC-3)

5/16-18 Thin Elastic Stop Nut (4 Req’d)

Handle Shaft Fulcrum Sleeve

Top Cover

Handle Latch

Handle Latch Spring

Handle Grip (Short Handle for Pc. 850652-In-

cludes two of 31)
Long Handle (For Pc. 850661~Includes two of
31)

1/4-20 NC-3 x 5/16 Long Dog. Point Set Screw
(2 Req’d)

Cam Dog (2 Req’d)

Inlet Valve (3 Req’d)

Inlet Valve Spring (3 Req’d)

Inlet Valve Spring Retainer Ring (3 Req’d)

Inlet Valve Seat (3 Req’d)

Packing Ring (7/8 O.D. - 3 Req’d)

Exhaust Valve Spring (3 Req’d)

Exhaust Valve (3 Req’d)

Packing Ring (7/16 O.D. - 3 Req’d)

Exhaust Valve Guide (1 Req’d)

Cap Plug

Packing Ring (7/8 0.D.)

A-2380- 14
Page #]




I

F. L. A-2380-A4

850396 51 Cap Nut (2 Req’d)
850392 52 Valve Lever
850394 53 Fulcrum Pin (3 Req’d-for 37 & 52) =
519787 o4 1/4-28 NF-3 Thin Elastic Stop Nut
850401 55 #10-32 NF-3 x 1/2 Ov. Pt. Hex. Socket Set
Screw (3 Req’d-for 37 & 52)

850406 96 Pipe Bracket
526835 57 Filter (6 Req’d)
929162 58 Filter Retaining Ring (6 Req’d)
532510 59 Pipe Bracket Gasket =
519848 60 1/4’’ Hex. Socket Pipe Plug (2 Req’d)
537605 61 3/8-16 NC-3 x 1-5/8 Hex. Hd. Cap Screw

(2 Req’d)

Prices will be quoted upon application.

Orders should give PIECE NUMBER and NAME of part wanted.

A-2380-A4
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IDI 9356-27.30

The Westinghouse Air Brake Company
“WH-3’ CONTROLAIRS

Operation and Maintenance Instructions

The H-3 Controlair is a self-lapping, automatic
pressure reducing valve of the cam operated type.
The controlair is equipped with a lever and roller
upon which the cam of the associated operating
device rides to increase or decrease the operating
pressure,

MAINTENANCE

The H-3 Controlair should be dismantled peri-
odically for inspection, cleaning and lubrication.
Parts which are worn or defective should be re-
placed. Particular attention should be given to
diaphragm 40, which should be replaced if cracked,
damaged, or has broken sealing beads. All parts
may be washed with an approved non-inflammable
solvent, and blown dry with a low pressure air jet.

Filter 24 can be withdrawn when the Controlair
has been dismounted from the pipe bracket. Rubber

packing rings 35 should be carefully inspected and
replaced if cracked or worn. Packing rings must be
well coated with graphite grease. Leaky valves
may be restored to their seats by rubbing in lightly
with a fine grade valve grinding compound.

In reassembling all friction surfaces of moving
parts should be lubricated with a small amount of
graphite grease.

ADJUSTMENT

The only adjustment for the H-3 Controlair is
screw 45. Turning the screw in raises the delivery
pressure for any given roller position. Turning the
screw out lowers the delivery pressure for any given
roller position. It should be noted that this adjust-
ment does not change the range of the valve, but
raises or lowers the minimum and maximum oper-
ating pressures a like amount.

Fig. 1. Assembly and Exterior Views.







Pc. No. Ref. No.

528067

528291

529410

529445

529512

527767

526874

533084

533085

526835
529162

99458
528059

.2

18

22

23

24

26
a7
28

REPAIR PARTS LIST

“WH-3’ CONTROLAIR

Pec. No. Operating Pressure (psi)

528020 60, Complete

528280 | 100, Complete

529382 60, Complete, less Lever and Cam
Roller

527647 | 100, Complete, less Lever and Cam.
Roller

534740 | 60, Complete, less Pipe Bracket

531403 | 100, Complete, less Pipe Bracket

— _

Control Portion, Complete with
60 # Diaphragm Spring

Control Portion, Complete with
100 # Diaphragm Spring

Control Portion, Complete with
60 # Diaphragm Spring Iless
Lever and Cam Roller

Control Portion, Complete with
100 ¥ Diaphragm Spring less
Lever and Cam Roller

Control Portion, Complete with

100 ¥ Diaphragm Spring and
Filters less Lever and Cam Roller

Pipe Bracket, Complete (Includes
two of 48)

Control Portion Body (Includes
two of 22 and 26)

12 "x1y%" Spring Housing Bolt &
Nut (2 Req’d)

15 'x134" Spring Housing Bolt &
Nut (2 Req'd)

Filter (2 Req’d)

Filter Retaining Ring (2 Req’d)
FILTER GASKET (2 Req’'d)
Lever

Pc. No. Ref. No,
526469 29
93256 30
526875 31
531868 35
526344 37
516445 38
526876

526487 39
526346 40
526345 41
526489 42
526348 43
526352 45
526347 46
521141 47
526749 47
506967 48
528058 51

Lever and Cam Roller Pin (2
Req’d)

Lever and Cam Roller Pin Cotter
(4 Req'd)

INLET AND EXHAUST VALVE
UNIT, Complete (Includes
two of 35)

%" O.D. SEAL WABCO PACK-
ING RING (2 Req'd)

DIRT PROTECTOR

EXHAUST VALVE SPRING

DIAPHRAGM WITH EXHAUST
VALVE SEAT (Inc. 39, 40, 41
and 42)

EXHAUST VALVE SEAT
DIAPHRAGM

Diaphragm Follower

Exhaust Valve Seat Nut

Spring Housing, (Includes 45)
Adjusting Screw

Diaphragm Spring Seat
DIAPHRAGM SPRING (60 Ib.)
DIAPHRAGM SPRING (100 1b.)

34"x214" Control Portion Body
Stud & Nut (2 Req’d)

Cam Roller

NOTE. Parts set in italic type are recommended spares to be carried in stock at all times. Suggested quantities are: 1009%;
for rubber parts, and 259, for all other parts recommended.

Prices will be quoted upon application.
Orders should give PIECE NO. and NAME of part.
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OPERATION

Supply
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Fig. 3. Diagrammatic Views.

Normally the Controlair is in ‘“Release’ posi-
tion as shown, with supply pressure on top of the
inlet ball valve and delivery pressure vented to
atmosphere past the exhaust ball valve.

When the operating lever is moved downward
for an application, the inlet valve spring housing is
carried downward seating the lower ball valve on
the exhaust valve seat as the inlet valve spring is
compressed. The air flows from the supply pipe
past the upper ball valve to the delivery pipe until
the delivery pressure, as determined by the move-
ment of the operating lever, is reached. As the air
pressure above the diaphragm increases, the dia-
phragm will be forced downward compressing the
graduating spring, allowing the inlet valve spring
to close the upper ball valve against its seat, thus
cutting off the flow of supply air.

If while the Controlair is applied, the pressure
in the delivery pipe should decrease due to leakage,
the pressure on the diaphragm will be reduced. The
graduating spring assembly will move upward and
open the inlet valve to restore the proper delivery

-

pressure., When this pressure is reached the grad-
uating spring assembly will lower, permitting the
inlet valve to reseat itself.

As the operating lever is moved to ‘“Release”
the inlet valve spring housing moves upward, with
the upper ball valve held on its seat by the inlet
valve spring and lifts the lower ball valvg from the
exhaust valve seat. Thus venting the excess pres-
sure in the delivery pipe to atmosphere through the
spring chamber. When the pressure has decreased
to desired delivery pressure, the diaphragm spring
will be able to raise the diaphragm and the exhaust
valve seat against the lower ball valve, cutting off
any further venting of excess pressure to atmos-
phere.

If some temperature variation occurs to change
the pressure in the delivery pipe the same action
will take place to restore the correct pressure.

When the operating lever moves to full “Re-
lease’ all the pressure in the delivery pipe will be
vented to atmosphere with the same action as
above.

WESTINGHOUSE AIR BRAKE CO.

10M4-2 (Industrial Division) y
Printed In U.S.A, WILMERDING, PENNSYLVANIA

March, 1949




WESTINGHOUSE AIR BRAKE COMPANY
Marine Division

WILMERDING, PENNSYLVANIA

D-1-A RELAYAIR VALVE

OPERATION AND MAINTENANCE

The D-1-A Relayair Valve is a large capacity piston operated valve de-
signed to control the flow of 4 large iamount of air when actuated by pressure
from some relatively low capacity source. One of its principal uses is the
control of starting air for Diesel engines, but it may be used wherever a large
capacity Relayair Valve is required. As with other Relayair Valves it is a non-
graduating valve. When suificient pressure is applied to the pilot portion the
valve will open fully. When pilot pressure is vented the valve will close off and
vent the delivery side to atmosphere.

The D-1-A Relayair Valve has 1-1/4’’ L.P.S. supply and delivery ports, a
3/4"’ 1.P.S. exhaust port, a 1/4’" I.P.S. control port and an additional 1 /4" L.P.S.
port which is normally plugged but which may be used as 4 supply connection for
some other equipment. i

OPERATION

For an explanation of the operation of the valve, reference should be made
to Figure 1, the .ssembly view. Control air enters the valve through port 16
to the chamber at the left of control piston 13, causing it to move to the right,
compressing control piston spring 12. The lapped fit portion of the piston stem
will first enter the bushing cutting the exhaust port off from the delivery port.
Further movement of the piston will cause the piston stem to push inlet pilot
valve 23 off its seat on the inlet valve 22, compressing pilot valve spring 25,
venting the chamber to the right of the inlet valve. This will unbalance the pres-
sure on the valve 22 causing it to snap to the right off its seat, compressing
inlet valve spring 24, allowing air to flow through the valve from the supply port
5 to the delivery port. The control piston 13 will continue to move to the right,
holding inlet pilot valve 23 open. The travel of piston 13 is terminated when the
valve, which is part of the piston stem, seats against the bushing.

-




When the control pressure at port 16 is vented, control piston spring 12
will force control piston 12 to the left, allowing pilot valve spring 25 to close the
pilot valve. Pressure will now build up at the right of the inlet valve through the
small port in the side of the valve. Since the pressure is balanced, inlet valve
spring 24 will force the inlet valve to the left to its seat, cutting off supply air.

The delivery port will be vented to atmosphere past the control piston stem and
out the exhaust port.

ADJUSTMENT

The D-1-A Relayair Valve requires no adjustment.

MAINTENANCE

The D-1-A Relayair Valve must be dismantled for cleaning, inspection of
parts and relubrication at stated service intervals. All parts should be washed
in solvent to remove dirt and old lubricant. Any valves that leak should be lapped
to a tight fit. Gaskets which are cracked or have broken sealing beads should be
replaced. The piston should be lubricated with a good grade of machine oil and
good grade of grease should be applied to the valve guides.
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Fig. 1 - Assemilly View - D-1-A Relayair Valve
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WESTINGHOUSE AIR BRAKE COMPANY
(PART CATALOG SERIES 3231)
PIECE LIST A-1670-20
D-1-A RELAYAIR VALVE

Pc. No. Ref. No.
d 926408 D-1-A Relayair Valve, complete
522744 2 Body, complete (includes eight of 7 and 8)
84909 7 3/8”" x 1-1/2"" Stud and Nut (8 req’d)
522784 12 Control Piston Spring
926407 13 Control Piston with Tip
524617 15 2-1/2"" O.D. Seal Wabco Packing Ring
522754 16 Piston Cover Gasket
526406 17 Piston Cover
522755 - 22 Inlet Valve
522756 23 Inlet Pilot Valve
39574 24 Inlet Valve Spring
29082 25 Pilot Valve Spring
522757 26 Inlet Valve Spring Retainer
522758 27 Inlet End Cover Gasket
522759 28 Inlet End Cover with Stop
12-6-45 Prices will be quoted upon application.
P.F. 108.110 Orders should include PIECE NUMBER and NAME of part wanted.
1-C-1

Printed in U.S.A. (aj)




WESTINGHOUSE AIR BRAKE COMPANY
Marine Division
WILMERDING, PENNSYLVANIA
FUEL CUT OFF CYLINDER

OPERATION AND MAINTENANCE

The fuel cut off cylinder, Pec. No. 528187, is a single acting spring re-
turn cylinder. It is used for actuating the injector control shaft on Diesel
engines from a running position to complete fuel cut off position. The fuel cut
off cylinder allows no intermediate positions, such as idle. The fuel cut off
cylinder can be controlled from some remote control station, local control or
automatically by some interlock system on the engine.

Basically the fuel cut off cylinder consists of a piston, piston rod, cylinder
casting and return spring. Refer to Fig. No. 1 for complete assembly details.

OPERATION

Actudting air is supplied to the cylinder through the threaded port, 4s shown
in the upper right hand corner of Fig. No. 1. This actuating air forces the piston
to its extreme application position, which would be stop or fuel off position.
When conditions are such that fuel is to be admitted to the engine the air behind
the piston is vented. This allows the piston return spring to force the piston
into its extreme release position.

MAINTENANCE

Piping should be maintained with a minimum of leakige. Care should be
exercised in piping to avoid pockets where moisture may collect. It is recom-
mended that the cylinder be dismantled periodically for inspection, cleaning and
lubrication. All working parts should be checked for wear and all worn parts

replaced. All parts should be cleaned with an approved non-inflammable solvent.

Rubber packing cup, Fig. 1, Ref. No. 6, and felt wiper rings, Ref. No. 5 and 12,
should be carefully inspected and replaced if worn. Lubricate all friction
surfiaces with graphite grease.







The handle is then moved sideways into the START AHEAD notch to actually
start the engine. This action opens the START on-and-off valve to admit control
pressure to the START line at port 7. This pressure will operate 4 starting
valve or air distributor to admit start air to the engine. As soon as the engine
starts, the handle is returned to the IDLE position where the engine will run at
IDLE speed. The START on-and-off valve will now be closed and the START
line vented.

The enzine speed may now be increased by moving the Controlair handle
forward in the SPEED slot. This will operate the pressure graduating portion
of the Controlair to supply a pressure proportional to the handle position
through port 8 to the SPEED line. Thus the engine speed can be increased or
decreased in graduations of any desired degree by moving the handle forward
or back.

To stop the engine, the handle is moved into the STOP position. To start
the engine ASTERN, the handle is moved into IDLE ASTERN, sideways into the
START notch, and returned to IDLE, after which the speed can be varied as
desired between IDLE and FULL SPEED ASTERN.

The control system can be provided with interlocks so that a ‘flash’ reversal
can be safely accomplished by moving the handle directly from any position in
one speed zone to the opposite START notch. If interlocks are not provided,
motion should be arrested in STOP position until the engine has stopped before
starting in the reverse direction.

The handle may be locked in any desired position by rotating the handle
grip to the right. In speed positions, the rotation required is nominal and
easily obtainable. In STOP and IDLE positions the rotation required is slightly
greater as a locking indicator for these positions. When the vessel is secured,
the Controlair handle should be locked in STOP position.

MAINTENANCE

Piping should be maintained with a minimum of leakige. While the
Controlair will compensate for a moderate leakage in the pipes, 4 loss of air
causes unnecessary demand on the vessel’s air supply. Care should be ex-
ercised in piping installation to avoid pockets in which moisture might accumu -
late. I a condition exists, provision should be made to drain accumulated
moisture daily.

It is recommended that the Controlair be periodically dismantled for
inspection, cleaning and lubrication, and parts replaced if worn or defective
in any way. This should not be done on the installation, but at a suitable bench
in a well lighted location.

When dismantling the Controlair care must be exercised to avoid distortion
of bolts, studs, nuts, etc. Care must be taken to avoid mutilation or damage to
springs, gaskets, diaphragms, valves and valve seats. It is possible to assem-
ble or disassemble all parts of the device readily. If the force required seems
excessive, investigate immediately to determine the cause of the difficulty.
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3. With the cam shift cylinder in its neutral position both C-1-B
Pilotair Valves, Item 5, will be depressed. Thus both the
AHEAD and ASTERN lines will be connected through Item 7
to port 10 of H-5 Relayair Valve, Item 6. With pressure in
the AHEAD line, Item 6 will be operated to connect port 11
to port 12 and the START line will be interrupted. When the
cam shift has been completed, the Pilotair Valve cam on the
cam shift lever will be positioned so that its detent will line
up with the ahead C-1-B Pilotair Valve. This will permit
the plunger of the C-1-B Pilotair Valve to rise and will inter-
rupt the AHEAD line. This action will also connect port 10 of
H-5 Relayair, Item 6, to atmosphere through the C-1-B
Pilotair Valve. Item 6 will now be positioned so that port 9
and port 11 are connected. The START line will now be con-
nected through Item 6 to the Fuel Limit Cylinder, Item 24; to
port 16 of the D-1-A Relayair Valve, Item 8; and port 7 of the
Directional Interlock, Item 11. Since the START line is not
pressurized at this stage of operation, the engine will not be
started.

4. AHEAD line pressure will also pass to port 1 of the Direc-
tional Interlock, Item 11. If the last operation of the engine
had been in the AHEAD direction, the AHEADline pressure
will be cut off at port 1 of Item 11; and the Fuel Cut Off Cy-
linder, Item 12, will be vented to atmosphere through port
13 to port 3 of the Directional Interlock to the unused ASTERN
line. If the last operation of the engine had been ASTERN, the
Directional Interlock would be positioned to connect the AHEAD
line pressure at port 1 to port 13. This pressure would pass
through the #18A double check valve, Item 13 to the fuel cut-
off cylinder, Item 12,to Port 10, Item 26 and to the cylinder

| pressure release valves. Item 26 will be then positioned so

that Port 11 and port 12 are connected. Thus the air starting

check valve actuators would be charged, the cylinder pressure
released and the engine fuel cut off. As the pilot house con-
trol air is moved into ‘‘start’ position, the engine allows the
starting ““air’’ to brake and start the engine until proper- ro-
tation has been established and the directional interlock is
positioned to read the ahead direction.

To actually start the engine the pilot house 2A-2-B Controlair handle is
moved sideways into the ihead START notch. This action opens the START
valve of the Controlair and admits pressure through port 7 to the START line.
START line pressure will pass out the side outlet of the #18-A Double Check
Valve, Item 3, to the engine to port 9 of H-5 Relayair Valve, Item 6. If the
cam shift is completed, the START line will be connected through Item 6 (port
9 to port 11) and START pressure will pass to the following points:




1. To the Fuel Limit Cylinder, Item 24. This will actuate the cy-
linder to prevent the engine governor from running the fuel
shaft to the full fuel position and flooding the engine.

2. To port 16 of the D- 1-A Relayair Valve, Item 8. This will
operate the D-1-A Relayair to admit 250 psi starting air to

the engine.

3. To port 7 of the Directional Interlock, Item 11. This will raise
the shoe of the Directional Interlock to contact the engine shaft
extension. I the engine is starting in the AHEAD direction as
called for by the pilot house Controlair, the Fuel Cut O Cy-
linder will be exhausted through the Interlock, and fuel will be
admitted to the engine. Should the engine start on a bounce and
begin to run in the opposite direction from that called for, the
Directional Interlock Shoe will be carried in the opposite direction,
and AHEAD line pressure will be admitted to the Fuel Cut Off
Cylinder to prevent the engine from running in the wrong direction.
The cylinder pressure release valves and the air starting check
valves actuators would also be activated.

Once the engine has caught, the 2A-2-B Controlair handle is returned from ,
the START notch to the IDLE position. This will vent the START line and ex-
haust the Fuel Limit Cylinder, Item 24; the D-1~-A Relayair Valve, Item 8; and
the Directional Interlock, Item 11. Thus the fuel shaft will be free for control
by the Actuator, Item 14, starting air will be cut off, and the shoe of the Direc-
tional Interlock will drop out of contact with the engine shaft extension.

With the 2A-2-B Controlair handle in IDLE position, the engine will run at
IDLE speed. To increase speed, the handle is moved forward in the speed
zone to the desired position. This will supply pressure proportional to the
handle position to port 8 of the pilot house Controlair. This pressure will pass
through the SPEED line to the AA-1 Actuator, Item 14, on the engine. SPEED
line pressure will position the AA-1 Actuator which will in turn position the
engine fuel shaft to provide the desired speed.

To stop the engine the Controlair handle is returned to NEUTRAL position.
In this position the AHEAD, ASTERN, START, and SPEED lines will be ex-
hausted. Supply pressure through the SUPPLY line through Item 9 will pass to
the Fuel Cut Off Cylinder, Item 12. The fuel supply will be cut off, and the

engine will stop.

Operation in the ASTERN direction is identical to that described above ex-
cept for the lines and valves involved. For more detailed information on the
individual devices involved in the system, reference should be made to the
descriptive literature included with this write-up.
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WESTINGHOUSE AIR BRAKE COMPANY

Industrial Products Division
WILMERDING: PENNSYLVANIA

2A-2-B CONTROLAIR

OFERATION AND MAINTENANCE

The 2A-2-B Controlair provides control through a single handle of the speeaq,
starting, stopping and direction of marine type direct-reversing engines. Any
number of engines coupled to a single drive may be controlled by means of 4 sing-
le 2A-2-B Controlair. Since the only connections necessary between the Controlair
and the engines are small diameter copper tubes conveying air, the Controlair
may with equal facility be mounted directly on the engine to provide a simple, com-
pact locdl control, in an engineer’s control stand to provide centralized one-man
control of several engines, or in a remote station such as the pilot house, bridge
wing, or afterdeck. Combinations of any or all of these control locations are fre-
quently installed to permit selective control from any desired position.

The 2A-2-B Controlair is intended primarily to establish the direction of en-
gine rotation through a double acting cylinder or rams controlling the engine cam
shaft, provide starting by operating a starting valve or air distributor, 4and control
the engine speed through an Actuator connected to the governor, fuel shaft or
throttle valve.

Basically, the 2A-2-B Controlair consists of a speed regulating or graduating
valve unit (an H-3 Controlair portion), two on-and-off or three-way vilve units
used to establish the direction of operation, and one similar on-and-off valve unit
used to sturt the engine.

All piping connections are made to the pipe bracket located on the bottom of
the Controlair. The Controlair may be removed from the pipe bracket without
breaking any of the pipe connections. All control pipe connections are 1/4’'-18
NET to permit the use of 3 /8 inch O.D. copper tubing between the Controlair and
the other devices in the control system. Since the supply pipe may be of con-
siderable length, the supply pipe connection is 3/8°’-18 NFT to permit the use

of 1/2 inch O.D. copper tubing. The following identifies the port connections of
the pipe bracket:

Port No. Legend
1 Ahead
3 Astern
T Start
8 Speed
5o 12 Supply
6 Plugged
10 Plugged

|
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For best operation the supply pressure should be at least 70 psi, but must
not exceed 125 psi maximum.
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FIG. I INSTRUCTION PLATE

To initiate the various control functions, the operating handle is moved
through a slot in the top cover. On the adapter plate alongside the top cover
is an instruction plate which diagrams the several operating positions of the
handle. Figure I shows the instruction plate and it will serve as a handle
position diagram in the description to follow.

It is seen that STOP position is in the center of the slot. With the handle

in this position, the engine is stopped and the cam shaft (or other reversing
means) is positioned to re-start in the same direction as the last operation.

To start the engine AHEAD, the handle is moved forward to IDLE position
which is positively defined by means of a detent. In this position the AHEAD
on-and-off direction valve is opened to admit control pressure of 70 psi to
the AHEAD line at port 1. This pressure will set up the engine cams for
AHEAD operation.




The handle is then moved sideways into the START AHEAD notch to actually
start the engine. This action opens the START on-and-off valve to admit control
pressure to the START line at port 7. This pressure will operate 4 starting
valve or air distributor to admit start air to the engine. As soon as the engine
starts, the handle is returned to the IDLE position where the engine will run at
IDLE speed. The START on-and-off valve will now be closed and the START
line vented.

The engine speed may now be increased by moving the Controlair handle
forward in the SPEED slot. This will operate the pressure graduating portion
of the Controlair to supply a pressure proportional to the handle position
through port 8 to the SPEED line. Thus the engine speed can be increased or
decreased in graduations of iny desired degree by moving the handle forward
or back.

To stop the engine, the handle is moved into the STOP position. To start
the engine ASTERN, the handle is moved into IDLE ASTERN, sideways into the
START notch, and returned to IDLE, after which the speed can be varied as
desired between IDLE and FULL SPEED ASTERN.

The control system can be provided with interlocks so that a ‘flash’ reversal
can be safely accomplished by moving the handle directly from any position in
one speed zone to the opposite START notch. If interlocks are not provided,
motion should be arrested in STOP position until the engine has stopped before
starting in the reverse direction.

The handle may be locked in any desired position by rotating the handle
grip to the right. In speed positions, the rotation required is nominal and
easily obtainable. In STOP and IDLE positions the rotation required is slightly
greater as a locking indicator for these positions. When the vessel is secured,
the Controlair handle should be locked in STOP position.

MAINTENANCE

Piping should be maintained with a minimum of leakage. While the
Controlair will compensate for a moderate leakage in the pipes, 4 loss of air
causes unnecessary demand on the vessel’s air supply. Care should be ex-
ercised in piping installation to avoid pockets in which moisture might accumu -
late. If a condition exists, provision should be made to drain accumulated
moisture daily.

It is recommended that the Controlair be periodically dismantled for
inspection, cleaning and lubrication, and parts replaced if worn or defective
in any way. This should not be done on the installation, but at a suitable bench
in a well lighted location.

When dismantling the Controlair care must be exercised to avoid distortion
of bolts, studs, nuts, etc. Care must be taken to avoid mutilation or damage to
springs, gaskets, diaphragms, valves and valve seats. It is possible to issem-
ble or disassemble all parts of the device readily. If the force required seems
excessive, investigate immediately to determine the cause of the difficulty.
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All parts should be cleaned with an approved non-inflammable solvent.

There are filter elements in the pipe bracket face which can be with-
drawn when the Controldir has been dismantled from the pipe bracket.

Filters should be thoroughly washed in solvent and blown off with 1 low-
pressure air jet.

Rubber packing rings should be carefully inspected and replaced if |
cracked or worn. Packing rings should be coated with gre.ise upon assembly.




Pe. No.

850652
850661
528067

850407
85148

83784

850379
522818
521230
520955
522816
521166
850380
52474

521216
523744
522984
850656
850387
850388
850660

850389
526761

850397
538445
939115
539111
939112
523734
539118
539114
532268
850391
850658
523734

Ref. No.

P.L. A-2380-a4

WESTINGHOUSE AIR BRAKE COMPANY
PIECE LIST A-2380-A4

2A-2-B CONTROLAIR

2A-2-B Controlair, Complete with Short Handle

2A-2-B Controlair, Complete with Long Handle

Control Portion, H-3 Controlair, Complete
(See IDI-9356-27.30)

Controlair Body, Complete (Includes 5)

Top Cover Stud (5/16-18 NC-3 x 1-3/8)
4 Req’'d (See 15)

3/8-16 x 2-5/8 Stud with Hex. Nut

Cam

Cam Shaft

3/8-16 NC~-3 Cam Set Screw

3/8-16 NC-3 Set Screw Jam Nut

Clutch Valve Shaft (Includes 11)

Valve Shaft Pin

Handle Shaft, Complete

Handle Shaft Fulerum (1,/4-20 NC-3 x 1-1 /4 Hex.

Hd. Mch. Boit)

Handle Shaft Fulerum Jam Nut (1 /4-20 NC-3)

9/16-18 Thin Elastic Stop Nut (4 Req’d)

Handle Shaft Fulcrum Sleeve

Top Cover

Handle Latch

Handle Latch Spring

Handle Grip (Short Handle for Pe. 850652-In-

cludes two of 31)
Long Handle (For Pc. 850661-Includes two of
31)

1/4-20 NC-3 x 5/16 Long Dog. Point Set Screw
(2 Req’d)

Cam Dog (2 Req’d)

Inlet Valve (3 Req’d)

Inlet Valve Spring (3 Req’d)

Inlet Valve Spring Retainer Ring (3 Req’d)

Inlet Valve Seat (3 Req’d)

Packing Ring (7/8 O.D. - 3 Req’d)

Exhaust Valve Spring (3 Req’d)

Exhaust Valve (3 Req’d)

Packing Ring (7/16 O.D. - 3 Req’d)

Exhaust Valve Guide (1 Req’d)

Cap Plug

Packing Ring (7/8 0.D.)

A-2380- 14
Page #]
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A-2380-A4
Page 42

850396
850392
850394
219787
850401

850406
926835
929162
932510
519848
537605

51
52
53
54
29

56
o7
58
99
60
61

Cap Nut (2 Req’d)

Valve Lever

Fulcrum Pin (3 Req’d-for 37 & 52)

1/4-28 NF~3 Thin Elastic Stop Nut

#10-32 NF-3 x 1/2 Ov. Pt. Hex. Socket Set

Screw (3 Req’d-for 37 & 52)

Pipe Bracket

Filter (6 Req’d)

Filter Retaining Ring (6 Req’d)

Pipe Bracket Gasket

1/4"’ Hex. Socket Pipe Plug (2 Req’d)

3/8-16 NC-3 x 1-5/8 Hex. Hd. Cap Screw
(2 Req’d)

Prices will be quoted upon application.

Orders should give PIECE NUMBER and NAME of part wanted.
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The Westinghouse Air Brake Company
‘““H-3’ CONTROLAIRS

Operation and Maintenance Instructions

The H-3 Controlair is a self-lapping, automatic
pressure reducing valve of the cam operated type.
The controlair is equipped with a lever and roller
upon which the cam of the associated operating
device rides to increase or decrease the operating
pressure.

MAINTENANCE

The H-3 Controlair should be dismantled peri-
odically for inspection, cleaning and lubrication.
Parts which are worn or defective should be re-
placed. Particular attention should be given to
diaphragm 40, which should be replaced if cracked,
damaged, or has broken sealing beads. All parts
may be washed with an approved non-inflammable
solvent, and blown dry with a low pressure air jet.

Filter 24 can be withdrawn when the Controlair
has been dismounted from the pipe bracket. Rubber
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packing rings 35 should be carefully inspected and
replaced if cracked or worn. Packing rings must be
well coated with graphite grease. Leaky valves
may be restored to their seats by rubbing in lightly
with a fine grade valve grinding compound.

In reassembling all friction surfaces of moving
parts should be lubricated with a small amount of
graphite grease.

ADJUSTMENT

The only adjustment for the H-3 Controlair is
screw 45. Turning the screw in raises the delivery
pressure for any given roller position. Turning the
screw out lowers the delivery pressure for any given
roller position. It should be noted that this adjust-
ment does not change the range of the valve, but
raises or lowers the minimum and maximum oper-
ating pressures a like amount.

Fig. 1. Assembly and Exterior Views.







REPAIR PARTS LIST

Pe. No. Ref. No.
528067
528291
529410
529445
529512
527767 ® 2
526874 18
533084 22
533085 23
526835 24
529162 26
99458 27
528059 28

WH-3 CONTROLAIR

Pc. No. Operating Pressure (psi)

528020 60, Complete

528280 | 100, Complete

520382 60, Complete, less Lever and Cam
Roller

527647 | 100, Complete, less Lever and Cam.
Roller

534740 | 60, Complete, less Pipe Bracket

531403 | 100, Complete, less Pipe Bracket

—_———

Control Portion, Complete with
60 # Diaphragm Spring

Control Portion, Complete with
100 # Diaphragm Spring

Control Portion, Complete with

60 # Diaphragm Spring less
Lever and Cam Roller

Control Portion, Complete with
100 ¥ Diaphragm Spring less

Control Portion, Complete with

100 ¥ Diaphragm Spring and
Filters less Lever and Cam Roller

Pipe Bracket, Complete (Includes
two of 48)

Control Portion Body (Includes
two of 22 and 26)

vs x17%" Spring Housing Bolt &
Nut (2 Req’d)

15 "x134" Spring Housing Bolt &
Nut (2 Req'd)

Filter (2 Req’d)

Filter Retaining Ring (2 Req’d)

FILTER GASKET (2 Req'd)

Lever

Pec. No. Ref. No.

526469
93256

326875

531868

526344
516445
526876

526487
526346
526345
526489
526348
526352
326347
521141
526749
506967

528058

29
30

31

35

37
38

Lever and Cam Roller Pin (2
Req’d)

Lever and Cam Roller Pin Cotter
(4 Req'd)

INLET AND EXHAUST VALVE

UNIT, Complete (Includes
two of 35)

¥%" O.D. SEAL WABCO PACK-
ING RING (2 Req'd)

DIRT PROTECTOR

EXHAUST VALVE SPRING

DIAPHRAGM WITH EXHAUST
VALVE SEAT (Inc. 39, 40, 41
and 42)

EXHAUST VALVE SEAT
DIAPHRAGM

Diaphragm Follower

Exhaust Valve Seat Nut

Spring Housing, (Includes 45)
Adjusting Screw

Diaphragm Spring Seat
DIAPHRAGM SPRING (60 1b.)
DIAPHRAGM SPRING (100 1b.)

34"x214" Control Portion Body
Stud & Nut (2 Req’d)

Cam Roller

Nﬂ'l‘-E.Pi:rtautinitﬂhbpummmmﬂedmmhwﬁedhmnmﬁm.&mﬂdqmﬁﬁnm:lﬂﬁ%
for rubber parts, and 25% for all other parts recommended.

Prices will be quoted upon application.

Orders should give PIECE NO. and NAME of part.
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OPERATION

Normally the Controlair is in ‘“Release’ posi-
tion as shown, with supply pressure on top of the
inlet ball valve and delivery pressure vented to
atmosphere past the exhaust ball valve.

When the operating lever is moved downward
for an application, the inlet valve spring housing is
carried downward seating the lower ball valve on
the exhaust valve seat as the inlet valve spring is
compressed. The air flows from the supply pipe
past the upper ball valve to the delivery pipe until
the delivery pressure, as determined by the move-
ment of the operating lever, is reached. As the air
pressure above the diaphragm increases, the dia-
phragm will be forced downward compressing the
graduating spring, allowing the inlet valve spring
to close the upper ball valve against its seat, thus
cutting off the flow of supply air.

If while the Controlair is applied, the pressure
in the delivery pipe should decrease due to leakage,
the pressure on the diaphragm will be reduced. The
graduating spring assembly will move upward and
open the inlet valve to restore the proper delivery

Supply —e=

Delivery

NS

Exhaust

Applied

X

pressure. When this pressure is reached the gra
uating spring assembly will lower, permitting the
inlet valve to reseat itself.

As the operating lever is moved to "Relcug
the inlet valve spring housing moves upward, wi
the upper ball valve held on its seat by the inlet
valve spring and lifts the lower ball valvg from
exhaust valve seat. Thus venting the excess p
sure in the delivery pipe to atmosphere through the
spring chamber. When the pressure has decr .
to desired delivery pressure, the diaphragm spri
will be able to raise the diaphragm and the exhaus
valve seat against the lower ball valve, cutting off _
any further venting of excess pressure to atmo
phere.

If some temperature variation occurs to change
the pressure in the delivery pipe the same acti
will take place to restore the correct pressure.

When the operating lever moves to full “Re-
lease’ all the pressure in the delivery pipe will
vented to atmosphere with the same action
above.

WESTINGHOUSE AIR BRAKE CO.

10M-2 (Industrial Division)

Printed in U.S.A.
March, 1949

WILMERDING, PENNSYLVANIA




WESTINGHOUSE AIR BRAKE COMPANY
Marine Division

WILMERDING, PENNSYLVANIA

D-1-A RELAYAIR VALVE

OPERATION AND MAINTENANCE

The D-1-A Relayuir Valve is a large capacity piston operated valve de-
signed to control the flow of a large imount of air when actuated by pressure
from some relatively low capacity source. One of its principal uses is the
control of starting air for Diesel engines, but it may be used wherever a large
capacity Relayair Valve is required. As with other Relay.ir Valves it is a non-
graduating valve. When sufficient pressure is applied to the pilot portion the
valve will open fully. When pilot pressure is vented the valve will close off and
vent the delivery side to atmosphere.

The D-1-A Relayair Valve has 1-1/4’’ I.P.S. supply and delivery ports, a
3/4”° I.P.S. exhaust port, a 1 /4’’ I.P.S. control port and an additional 1 /4’ L.P.S.
port which is normally plugged but which may be used as 4 supply connection for
some other equipment. y

OPERATION

For an explanation of the operation of the valve, reference should be made
to Figure 1, the ussembly view. Control air enters the valve through port 16
to the chamber at the left of control piston 13, causing it to move to the right,
compressing control piston spring 12. The lapped fit portion of the piston stem
will first enter the bushing cutting the exhaust port off from the delivery port.
Further movement of the piston will cause the piston stem to push inlet pilot
valve 23 off its seat on the inlet valve 22, compressing pilot valve spring 25,
venting the chamber to the right of the inlet valve. This will unbaldnce the pres=
sure on the valve 22 causing it to snap to the right off its seat, compressing
inlet valve spring 24, allowing air to flow through the valve from the supply port
5 to the delivery port. The control piston 13 will continue to move to the right,
holding inlet pilot valve 23 open. The travel of piston 13 is terminated when the
valve, which is part of the piston stem, seats against the bushing.

—_—
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When the control pressure at port 16 is vented, control piston spring 12
will force control piston 12 to the left, allowing pilot valve spring 25 to close the
pilot valve. Pressure will now build up at the right of the inlet valve through the
small port in the side of the valve. Since the pressure is balanced, inlet valve
spring 24 will force the inlet valve to the left to its seat, cutting off supply air.

The delivery port will be vented to atmosphere past the control piston stem and
out the exhaust port.

ADJUSTMENT

The D-1-A Relayair Valve requires no adjustment.

MAINTENANCE

The D-1-A Relayair Valve must be dismantled for cleaning, inspection of
parts and relubrication at stated service intervals. All parts should be washed
in solvent to remove dirt and old lubricant. Any valves that leak should be lapped
to a tight fit. Gaskets which are cracked or have broken sealing beads should be
replaced. The piston should be lubricated with a good grade of machine oil and
good grade of grease should be applied to the valve guides.

PORT 16 = CONTROL
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Fig. 1 - Assemlly View - D-l A Relayair Valve
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P. L. A-1670-20

WESTINGHOUSE AIR BRAKE COMPANY
(PART CATALOG SERIES 3231)
PIECE LIST A-1670-20

D-1-A RELAYAIR VALVE
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Pc. No. Ref. No.

526408 D-1-A Relayair Valve, complete
522744 2 Body, complete (includes eight of 7 and 8)
84909 7 3,8’ x 1-1 /2"’ Stud and Nut (8 req’d)
522784 12 Control Piston Spring

526407 13 Control Piston with Tip

524617 15 2-1/2’" 0.D. Seal Wabco Packing Ring
522754 16 Piston Cover Gasket

526406 17 Piston Cover

522755 -~ @ 22 Inlet Valve

522756 23 Inlet Pilot Valve

39574 24 Inlet Valve Spring

29082 25 Pilot Valve Spring

522757 26 Inlet Valve Spring Retainer

522758 27 Inlet End Cover Gasket

522759 28 Inlet End Cover with Stop

12-6-45 Prices will be quoted upon application.

P.F. 108.110 Orders should include PIECE NUMBER and NAME of part wanted.

1-C-1
Printed in U.S.A. (aj)




WESTINGHOUSE AIR BRAKE COMPANY
Marine Division
WILMERDING, PENNSYLVANIA

FUEL CUT OFF CYLINDER

OPERATION AND MAINTENANCE

The fuel cut off cylinder, Pe. No. 528187, is a single acting spring re-
turn cylinder. It is used for actuating the injector control shaft on Diesel
engines from a running position to complete fuel cut off position. The fuel cut
off eylinder allows no intermediate positions, such as idle. The fuel cut off
cylinder can be controlled from some remote control station, local control or
automatically by some interlock system on the engine.

Basically the fuel cut off cylinder consists of a piston, piston rod, cylinder
casting and return spring. Refer to Fig. No. 1 for complete assembly details.

OPERATION

Actudting air is supplied to the cylinder through the threaded port, 4s shown
in the upper right hand corner of Fig. No. 1. This actudating air forces the piston
to its extreme application position, which would be stop or fuel off position.
When conditions are such that fuel is to be admitted to the engine the air behind
the piston is vented. This allows the piston return spring to force the piston
into its extreme release position.

MAINTENANCE

Piping should be maintained with a minimum of leakige. Care should be
exercised in piping to avoid pockets where moisture may collect. It is recom-
mended that the cylinder be dismantled periodically for inspection, cleaning and
lubrication. All working parts should be checked for wear and all worn parts
replaced. All parts should be cleaned with an approved non-inflammable solvent.
Rubber packing cup, Fig. 1, Ref. No. 6, and felt wiper rings, Ref. No. 5 and 12,
should be carefully inspected and replaced if worn. Lubricate all friction
surfaces with graphite grease.
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The handle is then moved sideways into the START AHEAD notch to actually
start the engine. This action opens the START on-and-off valve to admit control
pressure to the START line at port 7. This pressure will operate 4 starting
valve or air distributor to admit start air to the engine. As soon as the engine
starts, the handle is returned to the IDLE position where the engine will run at
IDLE speed. The START on-and-off valve will now be closed and the START
line vented.

The enzine speed may now be increased by moving the Controlair handle
forward in the SPEED slot. This will operate the pressure graduating portion
of the Controlair to supply a pressure proportional to the handle position
through port 8 to the SPEED line. Thus the engine speed can be increased or
decreased in graduations of iny desired degree by moving the handle forward
or back.

To stop the engine, the handle is moved into the STOP position. To start
the engine ASTERN, the handle is moved into IDLE ASTERN, sideways into the
START notch, and returned to IDLE, after which the speed can be varied as
desired between IDLE and FULL SPEED ASTERN.

The control system can be provided with interlocks so that a ‘flash’ reversal
can be safely accomplished by moving the handle directly from any position in
one speed zone to the opposite START notch. If interlocks are not provided,
motion should be arrested in STOP position until the engine has stopped before
starting in the reverse direction.

The handle may be locked in any desired position by rotating the handle
grip to the right. In speed positions, the rotation required is nominal and
easily obtainable. In STOP and IDLE positions the rotation required is slightly
greater as a locking indicator for these positions. When the vessel is secured,
the Controlair handle should be locked in STOP position.

MAINTENANCE

Piping should be maintained with a minimum of leakige. While the
Controlair will compensate for a moderate leakage in the pipes, a loss of air
causes unnecessary demand on the vessel’s air supply. Care should be ex-
ercised in piping installation to avoid pockets in which moisture might accumu -
late. If a condition exists, provision should be made to drain accumulated
moisture daily.

It is recommended that the Controlair be periodically dismantled for
inspection, cleaning and lubrication, and parts replaced if worn or defective
in any way. This should not be done on the installation, but at a suitable bench
in a well lighted location.

When dismantling the Controlair care must be exercised to avoid distortion
of bolts, studs, nuts, etc. Care must be taken to avoid mutilation or damage to
springs, gaskets, diaphragms, valves and valve seats. It is possible to assem-~-
ble or disassemble all parts of the device readily. I the force required seems
excessive, investigate immediately to determine the cause of the difficulty.
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WESTINGHOUSE AIR BRAKE COMPANY
Marine Division
WILMERDING, PENNSYLVANIA
DIRECTIONAL INTERLOCK

OPERATION AND MAINTENANCE

The Directional Interlock, by reading the direction of a rotation of the
crankshaft, flywheel, or some similar member of 4 direct-revarsmg engine,
prevents the injection of fuel into the cylinders while the engine is rotating in
an undesired d irection. To accomplish this, a curved shoe lined with a friction
material is pressed against the surface of the crankshaft or other rotating mem-
ber by the action of the air cylinder. This shoe is free to move laterally, and is
moved to one side or the other, depending on the direction in which the shaft is
rotating. By means of links and a cam, this motion is made to open one and
close the other of a pair of valves.

When the crankshaft is rotating in an undesired direction, these valves ad-
- mit ai;-lto a cylinder or similar means of holding the engine fuel shaft or rack

The Directional Interlock is intended primarily to be used in a system control-
led by a marine Controlair, such as one of the ‘F’ types.

The 1/4’’ pipe taps permit the use of 3/8°" 0.D. copper tubing, Shims should
be provided between the Directional Interlock and its Supporting bracket, to
permit adjustment for clearance between the friction shoe and the shaft. Care
must be taken to install the Interlock So that its center line passes through the
center line of the shaft, and its friction shoe is at right angles to the shaft.

It will be noted that the device is furnished with the friction surface of the

shoe formed at different curvatures, to conform more or less to shafts of vary-
ing diameters.

= e




The device is represented in the position it would assume with its shoe in
contact with 4 shaft turning in Astern direction. Port 1 is connected to the
Ahead line from the Controlair and Port 7 to the Astern line. (It should be un-
derstood that in any given installation these two connections may be reversed,
depending on the way the valve is mounted in relation to the shaft, and on the
normal rotation of the engine.) Port 7 is connected to the Start line, and Port
13 to the Fuel Cut-off Cylinder.
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Fig. 1 - Assembly View

9=




INDUSTRIAL PRODUCTS
DIVISION

\X/ESTINGHOUSE  vucsone o

AIR BRAKE COMPANY

Y,
[V

9355-1

D-1 REDUCING VALVE

Operation and Maintenance Instructions

The reducing valve is a regulating device which
serves to reduce the air pressure supply to the re-
quired delivery pressure.

The D-1 Reducing Valve delivers pressures
ranging from S5 to 250 psi. from a maximum supply
pressure of 600 psi. Capacity is approximately the
equivalent of a .024 sq. in. orifice.

3 T -
2 T NN AT

Fig. 1 Diagrammatie, Open Position

It consists essentially of a regulating spring 14
acting on diaphragm 11 and controlling the position
of supply valve 4. Spring pressure on diaphragm 11
is adjustable by means of regulating nut 15. Re-
movable strainer 7 prevents the entrance of foreign
matter that may be present in the air supply. A by-
pass choke prevents ''pumping’’ action of the dj-
aphragm by providing a stabilizing action between
the diaphragm and delivery passages. Safety valve
17, connected to the delivery port, protects against
excessive pressere. The. reducing valve is bolted

to pipe bracket 20 which has two 1/4'! taps for
pipe connections.

MAINTENANCE

The D-1 Reducing Valve should be dismantled
periodically for inspection, cleaning, and lubrica-
tion.. To remove the supply valve and spring, back

out screw plug 6. Back out screw plug 8 to remove
the strainer unit. The regulating spring, diaphragm
assembly, and by-pass choke are accessible upon
removal of spring box 13.

Wash all parts in an approved, non-inflammable
solvent and dry with a low pressure air jet. Lubri-
cate the supply valve guide Sparingly with a good
grade light grease. Replace gaskets 22 if they are
checked or if the sealing beads are broken. A leaky
valve can be restored to its seat by rubbing in

Lubricate all friction surfaces with a grease not
critical to temperature.

For maintenance of safety valve 17 see 9355-21.

lightly with a fine grade valve-grinding compound, n

ADJUSTMENT

To adjust the reducing valve, loosen lock nut 16
and tum regulating nut 15, clockwise to increase or
counterclockwise to reduce the delivery pressure.
An air gage connected to the delivery pipe and
placed close to the reducing valve should be used.
Tighten lock nut 16 when the desired setting is
obtained.

To adjust the safety valve 17, loosen the lock
nut (lower nut) and turn the regu lating nut clock-
wise to raise or counter-clockwise ‘0 lower blowe
off point which should be 25 psi. above the delivery

pipe pressure. After adjustment is completed,
tighten the lock nut.

-

Supply air passes through strainer 7 and past
supply valve 4 to the delivery passage and also
through choke 3 to the underside of diaphragm 9.
As pressure builds up in the delivery pipe, it acts
on diaphragm 9 to balance the force of regulating
spring 14, resulting in upward deflection of the
diaphragm which allows spring 5 to close the sup-
ply valve.

When delivery pressure falls, the regulating
spring force deflects the diaphragm downward,
unseating the supply valve and permitting flow
of supply air to maintain the desired pressure in
the delivery pipe.
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Fig. 2 D=1 Reducing

WESTlNGHOUSE INDUSTRIAL PRODUCTS

AIR BRAKE COMPANY DIVISION

REPAIR PARTS LIST

owma'fi NﬁbDY (includes 3)
5 96190 3 PLUG, 1/8'' choke
520575 4 VALVE

At 521391 5 SPRING, VALVE
520576 6 NUT, cap
506630 7 STRAINER
520583 8 NUT, strainer

73901 9 DIAPHRAGM (2 required)

81272 10 FOLLOWER, diaphragm

81271 11 RING, diaphragm

81273 12 SEAT, regulating spring
520578 13 BOX, spring

73891 14 SPRING, REGULATING
520577 15 NUT, regulating
520579 16 NUT, lock
184766 17 VALVE,''F''safety (77-250 psi range)
521879 17 VALVE,''F''safety (30/140 psi range)
- 520580 20 BRACKET, pipe (includes 2 of 21)
520582 21 STUD and NUT, 1/2" x 1-1/2" pipe
bracket (2 required)

Yalve Assembly 513569 22 GASKET, PORT (2 required)

17

L)

Description

Piece Delivery Safety Valve |

D-1 complete

D-1 less bracket

e —— S|

No. + Range psi Range psi

520521

5-100 | 30-140
521938

D-1 complete

D-1 less bracket

524083
5-250 77-250
524345

- P——

NOTE.Purunetinitﬂin&pmmmd:dmmhumﬁ:dinﬂuckﬂaﬂﬁmm&uuuﬂdmﬁﬁum:lm%
fmmhbupuu.mdﬂs%fwmmmmmmdad. '

IM-3
December, 1951
Printed in U.3.A.

Prices will be quoted upon application.
Orders should give PIECE NO. and NAME of part.




INDUSTRIAL PRODUCTS
DIVISION

Pc. No. Ref. No,

927587
538571

97130
532364

528550
529028
527571
541538
528981
541540
529956
541541
528980
541544

529954

341546

541548

529026

327572
541453
541454
541455
325125

NOTE. Parts set in italic type are recommended spares to be carried in stock

2
3

4

-~witicl. 5, 6 [Green and

REPAIR PARTS LIST
“'H-5" RELAYAIR VALVES

X/ ESTINGHOUSE

AIR BRAKE COMPANY

s

\V\/\
\/\

WILMERDING. PENNA.

Piece Number Pressure (psi.)

Valve Valve Operating Supply
Complete Portion (Max.)

532324 532365 *10 200

534814 534815 *15 200

529017 529027 *20 200

527561 527683 s 200

541537 *30 200

528561 528562 *35 200

541539 *40 200

528681 529955 45 200

530530 530531 45 300

541541 50 200

528979 60 200

541420 70 200

534671 529953 80 200

529016 541545 90 200

541547 100 200

529025 110 200

* Includes Outer Spring 6 only.

Valve Body (Incl. 4 and two of 3)
34x3” Check Valve Body and Cover Stud
with Nut (2 req’d)
e e e
. Diap clower Unit,
e A A
« Diaphragm Follower nit,
(incl. S, 6 [Green], 7, 8 and 9)
20 Ib. Diaphragm Follower Unit,
(incl. 5, 6 [Yellow], 7, 8 and 9)
25 1b. Diaphragm Follower Unit,
(incl. 5, 6 [Plain], 7, 8 and 9)
Follower Unit,
(incl. S, 6 [Red), 7. 8 and 9)
35 1b. Diaphragm Follower Unit,
(incl, 5, 6 [Bluej, 7, 8 and 9)

40 1b. i ; Follower Unit,
(incl. 5, 6 [White], 7, 8 and 9)
45 Ib. Diaphragm Follower Unit,

-(ilgd.nsi.ﬁm.;.u.sm%zslmnc' I
. Diap o nit, Complete
(incl. 5, 6 [White], 7, 8, 9 and 25 [Plain])
60 1b. Diaphragm F Unit, Complete
(incl. 5, 6 [White], 7, 8, 9 and 25 [Brown]|)
70 1b. Diap Follower Unit, Complete
(incl. 5, 6 [Brown and White], 7, 8, 9 and

80 Ib!Bgi'Iphrlm Follower Unit, Complete
White], 7, 8, 9 and
25 [Green])

90 1b. Diaphragm Follower Unit, Complete
(incl. 5, 6 [Red and White], 7, 8, 9 and 25
[Green])

100 1b. Diaphragm Follower Unit, Complete
(incl. 5, 6 [Yellow and White], 7, 8, 9 and
25 [Yellow])

110 1b. Diaphragm Follower Unit, Complete
(incl. 5, 6 [Blue and White], 7, 8, 9 and
25 [Yellow])

Diaphragm Follower

10 ib. Outer Diaphragm Spring (Brown)

I51b. Outer Diaphragm Spring (Green)

20 Ib. Outer Diaphragm Spring (Yellow)

25 Ib. Outer Diaphragm Spring (Plain)

Complete
Complete
Complete
Complete
Complete
Complete
Complete

for rubber parts. and 259, for all other parts recommended.
Prices will be quoted upon application.
Orders should give PIECE NO. and NAME of part.

3

Pe. No. Ref. No.

541457 6
523527 6
528787 -]
541460 6
541461 6
541462 ]
541463 6
541464 6
527573 7
512612 8
534562 9
522980 10
523619 11
527566 12
537581 13
527575 14
527578 15
524612 16
527579 17
527582 18
537588 19
530526 19
527580 20
538537 21
527583 23
529161 24
541465 25
528971 25
541467 25
541468 15
527705 31

85476 32
93840 33
513569 34

30 Ib. Outer Diaphragm Spring (Red)

35-40 Ib. Outer Diaphragm Spring (Blue)

40-50-60 Ib. Outer Diaphragm Spring
(White)

70 Ib. Outer Diaphragm Spring (Brown
and White)

80 Ib. Outer Diaphragm Spring (Green
and White)

90 Ib. Outer Diaphragm Spring (Red and
White)

100 Ib. Outer Diaphragm Spring (Yellow
and Whits)

110 Ib. Quter Diaphragm Spring (Blue
and White)

ing Seat

Spring

Spring Seat Retainer

33" O.D. Seal WABCO® Packing Ring

Diaphragm -

Port Gasket (body and diaphragm cover)

Diaphragm Cover

Check Vaive Body Gasket

Check Valve Body

Supply Valve

14 O.D. Seal WABCO Packing Ring

Exhaust Valve

Check Valve Body Cover Gasket

200 Ib. Supply Valve Spring

300 Ib. Supply Valve Spring

Check Valve Body Cover

3%x114" Diaphragm Cover Boit and Nut

s Y

req’

Strainer ining Ring (3 req’d)

45-50 Ib. Inner Diaphragm Spring (Plain)

60-70 Ib. Inner Diaphragm Spring
(Brown)

80-90 Ib. Inner Diaphragm Spring
(Green)

100-110 Ib. Inner Diaphragm Spring
(Yellow)

Pipe Bracket (incl. three of 32)

34x11{ " Body Stud and Nut (3 req'd)

Strainér Gasket (3 req'd)

Port Gasket (body and Pipe bracket)

at all times. Suggested quantities are: 1009,
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OPERATION _
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Fig. 3. Diagrammatic Views | ,

restricted to these particular uses. Function and
dirucﬁnnofﬁowmayvaryaccordingtuopemtinn

Referring to Fig. 3, piloting or control pres-
sure enters through passage 10 to the chamber
above diaphragm 10. When the pressure reaches desired and a variety of piloting arrangements and

spring setting, the diaphragm and its follower 35 porting connections may be employed.
move downward compressing Spring 6 and seating I |

exhaust valve 17 on the top of supply valve 15. DOUBLE PILOTING

As the downward movement continues, supply Additional flexibility of operation can be ob-
valve 15 moves away from its seat, compressing tained by removing wasp excluder 4, Fig. 1, and
spring 19. Exhaust passage 9 is now closed by ex- :
haust valve 17, while supply passage 12 is con-
nected to delivery passage 11.

When control or piloting pressure above dia-

piloting, which provides that the introduction of

phragm 10 is vented, spring 6 returns diaphragm
follower 5 and exhaust valve 17 to their upper posi-
tions, unseating the exhaust valve. Spring 19 then
seats supply valv&l5 and closes supply passage 12
while delivery passage 11 is connected to exhaust
passage 9 past the unseated exhaust valve 17.

ADAPTATIONS

While ports 9, 11 and 12 are indicated above for
certain purposes, this is done only to simplify the
explanation, and does not mean that the ports arc

control pressure above the diaphragm causes down- l -

ward movement of the parts with corresponding
port connections, while admission of pressure under
the diaphragm returns diaphragm follower and
parts to the upper position against the piloting
pressure above the diaphragm. Pressure should
never be applied below the diaphragm unless there
is piloting pressure above, and the pressure below
should never exceed that above the diaphragm.
Lower piloting pressures may be used underneath

the diaphragm since Spring force assists in the up-
ward movement.

WESTINGHOUSE AIR BRAKE CO.

aM-3 (Industrial Products Division)
Printed in U.S.A.
Oct., 1950

WILMERDING, PENNSYLVANIA
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“WH-5/7 RELAYAIR® VALVES
Operation and Maintenance Instructions

The H-5 RELAYAIR Valve is a non-graduating
relay valve that is piloted by a small air flow to
control the flow of air from a separate and inde-
pendent supply. It can be used in a number of ways
for a variety of purposes. The two basic uses are—

(a) As a relay to provide a large flow of air
from a separate source when a small amount of
air is admitted in the control chamber of the
valve, and to stop this flow of air when the
control pressure is vented.

(b) As an interlock to govern the flow of
air in one circuit by placing its control in
another independent air circuit.

There is a series of H-5 RELAYAIR Valves
which are structurally identical except for spring
variations as follows—

(a) Valves operated by a control or piloting

pressure of 35 psi. or less have only one dia-
phragm spring. Valves operated by control or
piloting pressures greater than 35 psi. have two
diaphragm springs.

(b) Valves for supply pressures not exceed-
ing 200 psi. have a light supply valve spring.
Valves for supply pressures up to 300 psi. have
a heavier spring.

To obtain the variety of piloting pressures, dif-
ferent sizes and combinations of inner and outer
diaphragm springs are used. The minimum control
or piloting pressure is stamped on the diaphragm
cover of each valve. Under no conditions should
this pressure exceed 140 psi.

The identifying piece numbers and the piloting
pressures for each H-5 RELAYAIR Valve are listed
on page 3.

12 21 25 5 e 23 W 7777"?7

10
2 A
4 'H 34
;E:' 24
Z & 33
LR ; 31
8- 13
17 —18 a5
1418 = =
186 19

Fig. 1. Assembly and Exterior Views

MAINTENANCE

While the H-5 RELAYAIR Valves require prac-
tically no maintenance, at six month intervals they
should be taken apart and inspected. Diaphragm 10
and packing rings 9 and 16 should be replaced if
damaged or badly worn. Except in emergencies,
never reinstall these parts if they are broken,
cracked or distorted. If worn, supply valve 15 and

exhaust valve 17 can be reseated by using a fine,
good grade valve grinding compound.

Before reassembly, strainer 23 and all other
parts should be washed in an approved non-inflam-
mable solvent and blown dry with clean dry air. A
small amount of graphite grease should be applied
to the wearing surfaces at packing rings 9 and 16.
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2-C-1-B AND 2.C-1-BA PILOTAIR VALVE
Operation and Maintenance Instructions

The 2-C-1-B and 2-C-1-BA PILOTAIR valves are
“on and off”” type valves which are machined from
solid steel blocks for greater durability. They have
a 17/64” equivalent orifice capacity, and are de-
signed to admit and discharge air from pneumatic
systems. The valves are tapped for 1/4” supply
and delivery pipes, and these connections are

marked ‘‘In”” and ‘‘Out’, respectively. The

2-C-1-BA valve is designed for operation by means
‘of a foot pedal, to be supplied by the customer,
and includes a heavy mounting bracket. The
2-C-1-B is available with either a cam dog or

roller.

MAINTENANCE

The 2-C-1-B and 2-C-1.BA PILOTAIR valves
should be dismantled periodically for inspection,
cleaning and lubrication. All parts should be wash-
ed in an approved, non-inflammable solvent, and
blown dry with a low pressure air jet. Packing
ring 6 should be checked, and replaced if cracked
or worn. Leaking valves may be restored to their
seats by rubbing lightly with a fine grade valve
grinding compound. All friction surfaces should
be lubricated with a small amount of grease which
is not critical to temperature,

Fig.l Exterior View

9357-33
I3 I0 3
14 4
— 2
IS
EXHAUST %71
AN Il
4 # .
IN \ '
N - Q‘.—-—"' 2 E
6 *
ouT — 6
S
‘?
8
Fig.2 Diagramatic
ADJUSTMENT

The 2-C-1-B and 2-C-1-BA PILOTAIR valves do
not require adjustment.

OPERATION

The 2-C-1-B and 2-C-1-BA PILOTAIR valves are
similar in construction and operation. When pres-
sure is applied on the roller or cam, operating
lever 10 is depressed, forcing exhaust valve push-
er pin 3 against exhaust valve 4. The exhaust
valve is thereby seated upon supply valve 5,
sealing off the exhaust ports. The pressure on
the exhaust valve, in tum, forces the supply valve
downward, away from its seat, connecting the
supply port to the delivery port. This admits air
to the pneumatic system. When pressure is removed
from the actuating stem, supply valve spring 7,
which was compressed by the downward movement
of the valve, reseats the supply valve, closing the
connection between the supply and delivery ports.
Air pressure in the system lifts the exhaust valve
from its seat, allowing the system to exhaust to
atmosphere through the exhaust ports in the top
of the valve body.




STINGHOUSE

AIR BRAKE COMPANY

Fig. 3 Assembly View

2-C-1-B PILOTAIR VALVE,
w/roller, Pc. No. 531315
2.C-1-B PILOTAIR VALVE,
w/cam dog, Pc. No. 531104
Pc. No. Ref. No.

331060 VALVE, 2-C-1-B PILOTAIR,
complete less lever or cam
dog

531052 2 BODY
531044 3 PIN, Exhaust valve pusher
531043 4 VALVE, EXHAUST
531045 5 VALVE, SUPPLY
532268 6 RING, 7/16"" O.D. SEAL
WABCG ® PACKING
503938 7 SPRING, SUPPLY VALVE
526378 8 NUT, cap
531056 10 LEVER (Pc.No. 531315 only)
526934 10 DOG, Cam (Pc.No. 531104 only)
531094 11 PIN, Lever or cam dog
93256 12 PIN, Cotter, 1/16” x 3/8"
(2 required)
504237 13 ROLLER, (Pc.No. 531315 only)
527304 14 PIN, Roller
(Pc.No. 531315 only)
521819 15 NUT, Roller pin
(Pc.No. 531315 Only)
533282 16 PLUG, 1/4" Fluted socket pipe

(2 required)

INDUSTRIAL PRODUCTS
DIVISION

\

7 8 2 26 20

Fig. 4 Assembly View

2-C-1-BA PILOTAIR VALVE, Pc. No. 531029

Pc. No. Ref. No.

531060

531052
531044
531043
531045
532268

503938
526378
526934
531094

93256

527242
526933

8049
531097
521909

533282

S W

7
8
10
11
12

20
21
22
23
25

26

VALVE, 2-C-1-BA PILOTAIR,
complete less cam dog and
bracket

BODY

PIN, Exhaust valve pusher

VALVE, EXHAUST

VALVE, SUPPLY

RING, 7/16”" O0.D. SEAL
WABCO PACKING

SPRING, SUPPLY VALVE

NUT, Cap

DOG, Cam

PIN, Cam dog

PIN, Cotter, 1/16" x 3/8”

(2 required)

BRACKET

PIN, Double cottered

COTTER, 3/16"” x 1-1/2"

(2 required)

BOLT, 1/4” x 2-3/4" Valve
(2 required)

NUT, 1/4°* Valve bolt
(2 required)

PLUG, 1/4” Fluted socket pipe

(2 required)

NOTE. Parts set in jtalic type are recommended spares to be carried in stock at all times. Suggested quantities are: 1009,

for rubber parts, and 259% for all other parts recommended.

21 Prices will be quoted upon application.

Printed in U.S. A
October, 1951

Orders should give PIECE NO. and NAME of part.
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AIR BRAKE COMPANY

DT 9368-31
No. 15, 18-A and No. 22-A DOUBLE CHECK VALVES

| Operation and Maintenance Instructions

Double Check Valves are used in a pneumatic
system to provide control of a device from two
sources without inter-action between the two
= sources.

The function of the No. 15, 18-A and No.22-A

Double Check Valves is identical, the only differ-

= ence being that the No.22-Ais designed for low
pressure differential work.

For the operation of the No. 15 and No. 18-A
- double check valves, refer to assembly views below.
Assuming that air is admitted to either end port,
the air pressure will force check valve 4 over to the
other end against check valve seal (or gasket) 5,
thereby closing connection between that end port
and ports in the bushing leading to the controlled
device. Air is now free to flow through the open -
end port and through the bushing ports to the No. 15 Double Check Valve
controlled device.

REPAIR PARTS LISTS =
No. 15 DOUBLE CHECK VALVE

-

~ of =
Piece No. 40182 No. 15 Double - T I8
| Check Valve, complete -
| Pc, No._Ref. No.
| 40181 2 Body, complete
| 40178 3 Cap (2 Req'd)
507895 4 CHECK VALVE 3
514261 S GASKET (2 Req'd) | -
216§ 6 !.” Union Nut .
2166 7 14° Union Swivel
81598 8 1,” UNION GASKET
16809 9 Square Head Boit
and Nut (2 Req'd)
Apprex. Net Weight 63, Ibs. 4

18-A DOUBLE CHECK VALVE

Piece No. 521774 18-A Double Check Valve, complete p

" (with 4" Pipe Taps) =

Piece No. 508813 18-A Double Check Valve, complete
(with 34" Pipe Taps)

Pe. No. Ref, No,

521777 2 Body (with !4 " Pipe Tap)
508758 2 Body (with 3" Pipe Tap)
:ﬂ;;: ; Flange (W'il‘.: ;ﬁ 'Epe -'ll:lp} (2 Req'd for Pe. 521774)
Flange (with 34 " Pipe Tap) (2 Req’d for Pc. 508813)
J'Jjﬂj? ; E'. HECK VALVE
8336 HECK VALVE SEAL (2 Reg'd) Approx. i
96053 6 1{'x’;" Bolt (4 Req'd) P Wet Wabwht 14 Ton,

NOTE. Parts set in stalic type are recommended spares to be carried in stock at il ti iti :
for rubber parts, and 259 for all other parts recommended. e CURE arantily Wrec 108 %%

Prices will be quoted upon application.
Orders should give PIECE NO. and NAME of part.
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IDI 9368-31
No. 22-A Double Check Valve

For the operation of the No.22-Adouble check
valve, refer to the assembly view. Air is free to pass
‘nto the wvalve through the left-lland connection
and through bushing ports into the radial chamber
which is at all times in communication with a side
connection leading to the controlled dewvice.

With no air in the left-hand end of the valve,
pressure acting on right-hand valve 4 will overcome
the small force of right-hand spring 10 and force
the valve from its seat. The pressure will then act
on the large area of the right-hand end of valve 11
and force the shuttle assembly over to the left-hand
end. Left-hand check valve 4 will seat, compressing
its spring and allowing valve 11 to seat on left-hand
seal 5, thus blanking the left-hand connection. Air
from the right-hand connection is then free to pass
through bushing ports into the radial chamber and
through a side connection to the controlled device.

REPAIR PARTS LIST
Pc. No. 540107 No. 22-A Double Check Valve 3.4 0N 212

Pe. I;. Ref. No. 9 -. . “i Hﬂﬁ.
520004 2 Body - LU
529011 3 Cover (2 Req'd) 5 E"éﬁb&%’ N
520000 4 CHECK VALVE (2 Req'd) SR ﬂ'ﬁ?ﬁﬁ?’ﬁk_
529010 5§ COVER GASKET (2 Req'd) s e =551 VR
15784 9 Cover Cap Screw (4 Req'd) . Qe
9604 CHECK VALVE SPRING (2 Reg'd)
5401C9 11 Valve Cage luw ) 1 _wmﬂlj
540110 12 Retaining Ring S R e =

Apprex. Net Weight 3 Ibe.

NOTE. Parts set in jtalic type are recommended spares to be carried in stock at all times. Suggested quantities are: 1009,
for rubber parts, and 259% for all other parts recommended.

Prices will be quoted upon application.
Orders should give PIECE NO. and NAME of part.

ADJUSTMENT—No adjustment of Double Check Valves is required.

MAINTENANCE—Double Check Valves must be dismantled for cleaning and inspection. The
parts may be washed in non-inflammable solvent and if the valve or valve seat gaskets are cracked, badly
worn or have broken sealing beads, they must be replaced. No lubrication is required.

| WESTINGHOUSE AIR BRAKE CO.

g { INDUSTRIAL PRODUCTS DIVISION )
b 11 n s s As
Ny :ust.. 1“:':L51liaI WILMERDING, PENNSYLVANIA




P.L. A-2373-9

WESTINGHOUSE AIR ERAKE COMPANY
(PART CATALOG SERIES "PNEU. CONT.")
PIECE LIST A-2373-9

1-1/2" x 1/2" SINGLE ACTING CYLINDER

A .fﬁﬂuzﬁ?ﬂ\
1 SR8 AR

“

%ii&‘\?

a7

Pe.No. Ref .No.
523159 1-1/2" p < 1-1/2" Single Acting Cylinder, Camplete
523160 2 Body
523161 Piston and Rod, Comrlet.u (Includees 3, 5, 6,
7 and 8)

523162 3 Piston and Rod
517810 5 Packing Cup
521568 6 Piston Follower
523166 7 1/4" Castle Nut
522955 8 1/16" x 3/4" Cotter
528692 9 Suvring
523167 10 Cover
521656 12 1/4" x 5/8" Cover Cap Screw (3 req'd)

Prices will be quoted upon application.

Orders should give PIECE NUMBER and NAME of part wanted.

3-10-47
P.F. 37.10
2-C-2

Printed in U.S.A.

Ji
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CUT-OUT COCKS
COCKS WITH “T'" HANDLE

\1'\ » Y o, :\ 3
o 2
\}‘:\\,\ D &Y 3
N 5
4
Ref. No.
Approx.
Cock | Comp. | Vent 2 3 4 5 6 Net
Size Size _ Weight
Body ke - : (Lbs.)
Body |With Vent| Key |With Vent| Cap [Spring| Handle
P 520647 |.... .. BISIL | comimnet 9086 |........- 88064 | 2231 | 520854
4" | 520850 | M7 |...... 84422 |...... 512435 | 88064 | 2231 | 520654 134
1522499 ¢S A b PR 522500 |.....: 512435 88064 | 2231 | 522501
34" 523360 | BT |-iusis 12258 |...... 12250 | 88064 | 2231 | 520654 114
523370 |......| 9059 |....- .. 9056 |...0000.s 28064 | 2231 | 520654 +
Lew | 526382 |, .....| 2228 |..... ... 2920 . .......| 88064 | 2231 | 526381 | .
«3 532044 | " |......| 43078 |..... 43079 88064 | 2231 | 526381 2
3. 530793 I RPN ... L i v | P 04297 | 2145 | 530792 2V5

tIncludes seal wire 1214" long

*SPRING IDENTIFICATION

The following table is shown to enable railroad men, storekeepers and all Air Brake men to
identify the various springs used in the Cocks cataloged herein. It is based on calculated figures
and the actual spring will vary somewhat, due to small differences in wire diameter, coil diameter,
number of turns, etc. This tabulation is intended for identification only and should not be used
for any other purpose. It does not represent a specification for the springs mentioned.

m——
— e

—_
-

—
—_

—
LMWW&M SPRING IDENTIFICATION
b—C =
Approx.|Approx. | Approx. t
Pe. No. | Out. ia. E‘ree Approx.| Material|  Name of Where Used
Dia. | Wire | Height| No. Spring
I‘Al" IIB'. i e Turna
2008 3o .1055" | 14" 8 Steel | Key Spring Double and 134" Cocks
2145 | 35" | .102° "l 4l4 Brass | Key Spring 34" Cut-out Cocks
245 | %) | 30%7e| 4~ | 313 | Brass | Key Spring | 4", 34" and 14" Cocks
9529 | 1147 | .162" 2F 815 Brass | Key Spring 2" Cut-out Cock
11730 | 33" 04757 1&" | 13 Steel | Handle Spring | 17 and 134" Cocks with Locking Handle
13109 ﬁ"’ 055" lg' 934 Steel | Handle Spring | 34", 14" and %" Cocks with Locking Handle
29615 * 129" iy [ Brass | Key Spring 34" Cut-out Cock
66208 | 33~ | 04757| 14" | 1014 | Steel | HandleSpring Three Position B.P. Cut-out Cock
520304 5” 1137 $£7 | 3l Steel | Key Spring 34" Cut-out Cock
900613 < .1285" | 1&" | 534 Brass | Key Spring 15"x34{" Double Cut-out Cock

iNumber of turns of wire in each Spring, counted between extreme ends of wire
NOTE A—For Packeging, see page 15.

Prices will be quoted upon application
Orders should give PIECE NUMBER and NAME of part wanted

14
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IDI 9357-2.1

The Westinghouse Air Brake Company
“A-5-A’" and ‘“A-5-B’” ROTAIR VALVES

Operation and Maintenance Instructions

The purpose of the A-5 type Rotair Valves is
to perform as a selector, connecting a supply of
air pressure to one or other of two alternative con-
trol stations in a pneumatic system.

Pneumatically, both A-5 type rotairs are the
same, the difference is in the mounting arrange-
ment. The A-5-A Rotair Valve has a bracket for
mounting to a vertical support while the A-5-B
Rotair Valve is designed for mounting on 2 hori-
zontal panel. The rotair valves should be mounted
in a vertical position, so that the lapped surfaces
are horizontal. The pipe bracket has 14" pipe taps
to accommodate 34" O.D. copper tubing.

Fig. 1 A-5-A and A-5-B Rotair Valves

MAINTENANCE

The rotair valve should be dismantled periodi-
cally for inspection, cleaning and lubrication. Parts
which are worn or defective should be replaced.
Inspect gasket 8 and rubber packing ring 19 care-
fully, these should be replaced if found to be
cracked, damaged or broken. All parts may be
washed with an approved non-inflammable solvent,
and blown dry with a low pressure air jet.

Lubricate mating surfaces of the rotary valve
and its seat with a small amount of graphite grease
spread evenly over its surfaces. Pack key washer 4
and friction surfaces of rotary valve key 3, body 2
and handle 11 with graphite grease. Oil handle latch
12 and spring 14 with light machine oil.

Avoid distorting parts. Assembly and dis-
assembly should be easy. If force required seems
excessive, investigate and correct cause before
proceeding. |

The air supply should be filtered, and filters
kept clean, as grit and scale are injurious to lapped
surfaces. In the event that these surfaces become
damaged, the rotair valve should be returned to
our factory for repairs. In an emergency the sur-
faces may be lapped by an experienced mechanic,
using standard lapping techniques and materials.

Fig. 2 A-5-A and A-5-B Rotair Valve Assemblies

T



IDI 9357-2.1
OPERATION

Fig. 3 Diagrammatics

Remote Position

Local Position

In Remote position, supply air pressure from
Port 1 is connected to the top of the rotary valve
and through a cavity of the rotary valve to Port 3
and thence to the Remote Control Station, which
is activated in this position.

In Local position supply air pressure from Port 1
is connected to the top of the rotary valve and
through a cavity of the rotary valve to Port 2
thence to the Local Control Station, which is
activated in this position.

In this same position Port 2 is connected to
atmosphere through the Exhaust Port, thus in-
activating the Local Control Station.

In this same position Port 3 is connected to
atmosphere through the Exhaust Port, thus inac-
tivating the Remote Control Station.

REPAIR PARTS LIST

J

{ Type Complete Pipe Esacutcheon

18 Pe. No. Bracket Plate
A-5-A 5290014 529918 529919
A-5-B 529921 533268 2| vsineaes

Pc. No. Ref. No.

522627 Handle, Complete (Includes 11, 12, 13, 14,
15 and 16)
529917 2 Rotair Valve Body
520877 3 Rotary Valve Key
98669 4 Rotary Valve Key Washer
71060 5 KEY SPRING
520878 6 Rotary Valve
520880 8 GASKET
529936 9 1{"x3{ " Pipe Bracket Screw (2 Req'd)
506591 10 14" Lock Washer (4 Req'd)
76860 11 Handle Body
76861. 12 Handle Latch
522623 13 Release Pin
76862 14 LATCH SPRING
- 76863 15 Spring Retainer Washer
e 76864 16 Spring Retainer Ring
531868 19 34" O.D. SEAL WABCO PACKING RING
= 518319 28 14{“x74" Pipe Bracket and Escutcheon Plate
Screw (2 Req'd for A-5-A only)
535895 28 14 "x11{" Pipe Bracket and Mounting Screw
Esﬁlﬁzlv (2 Req'd for A-5-B only)
93873 129 1{” Nut for Mounting Screws (2 Req'd for

Fig. 4 Exploded View

A-5-B only)

NOTE. Parts set in italic type are recommended spares to be carried in stock at all times. Suggested quantities are: 100%

for rubber parts, and 25% for all other parts recommended.

Prices will be quoted upon application.
Orders should give PIECE NO. and NAME of part.

WESTINGHOUSE AIR BRAKE COMPANY

gﬂm TR (Industrial Division)
n 8.A. =
June, 1949 WILMERDING, PENNSYLVANIA




P.L. A-2378-41

WESTINGHOUSE AIR BRAKE COMPANY
PIECE LIST A-2378-41

AA-1 ACTUATOR

Pc. No. Ref. No.

850650 AA-1 Actuator, Complete
850512 2 qctuator Body, with Adapter Bar
850485 4 Diaphragm Cover

850507 5 Diaphragm Spring

850482 6 Pusher Rod

539900 7 Diaphragm

850486 8 1/2"" x 1-3/4”" Sq. Head Bolt (4 Req’d)
850487 9 1/2"" Hex. Nut

850489 10 Adjuster

850488 11 1-1 /4"’ Adjuster Lock Nut
850479 12 .010”" Thick Shim (2 Req’d)
850480 13 1/64’’ Thick Shim

850481 14 1/32"" Thick Shim

850490 15 Lever Arm Complete

850662 16 Rod End

850493 17 5/8"" Hex. Jam Nut

850513 18 Fulcrum Pin, Complete
534274 19 Spring Washer (2 Req’d)
850504 20 Bearing Bush (2 Req’d)

850484 21 3,8"" x 2-3/8’’ Hex. Head Bolt
850505 22 3/8’’ Hex. Nut

850506 23 3/32’" x 3/4"’ Cotter (2 Req’d)

Prices should be quoted upon application

Orders should give PIECE NUMBER and NAME of part wanted.

Made by: GEJ:mim
1-3-52

4-2378-41
Page #1




WESTINGHOUSE AIR BRAKE COMPANY
Industrial Products Division
WILMERDING, PENNSYLVANIA

AA-1 ACTUATOR

The AA-1 Actuator is a positioning device wherein air pressure acting
upon a diaphragm is balanced by spring force to position an actuating arm.
The air pressure may be increased or decreased in very small increments in
response to the handle movement of a remotely located Controlair. For
every increment of pressure variation, the diaphragm and spring assembly will
assume a corresponding position and will in turn position the actuating arm.

In Marine applications the Actuator is employed to accurately position an
engine speed governor, fuel shaft or throttle.

The Actuator is of lightweight, essentially non-magnetic construction.

Three 9 /16 inch diameter holes are provided in the cover for mounting purposes.

The Actuator may be mounted either vertically or horizontally. Care should
be used in the application of this device to keep the friction load as low as
possible, since high friction loading will interfere with the accuracy of
positioning.

A single 1/4’’-18 NPT port is provided in the top cover for control pipe
connection. This permits the use of 3 /8"’ O.D. copper tubing between the re-
motely located Controlair and the Actuator.

The Actuator consists of a spring loaded diaphragm and pusher rod. The
initial spring load is determined by shims inserted beneath the Actuator spring.
An adjusting nut in the bottom serves us 4 guide for the pusher rod as well as
4 means of adjusting the travel of the actuating arm.

Friction in the actuating arm is minimized by the use of needle bearings in
the pivot points. -

The actuating arm is adjustable in length to suit the mounting arrangements
and the travel required for the particular installation.

MAINTENANCE

The Actuator should be dismantled at regular intervals, inspected for
wear, worn parts replaced, and all parts cleaned and lubricated as needed.
Care must be exercised to avoid distortion of bolts, studs, nuts, pins, etc. as
well as damage to diaphragms. It is possible to assemble or disassemble all
parts readily. If the force required seems excessive, investigate immediately
to determine the cause of the difficulty.

All parts should be cleaned with an approved non-inflammable solvent. In-
spect diaphragms carefully while flexing back and forth, and replace if cracks,
abrasions or bubbles indicating separation are found.
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Before reassembly lubricate the pusher rod guide with graphite grease.

The needle bearings of the actuating arm are provided with grease gun fittings
and should be lubricated with a good grade of lubricating grease.

Piping should be maintained with a2 minimum of leakage. While the control
devices will compensate for moderate pipe leakage, a loss of air causes un-
necessary demand on the air supply. Care should be taken in piping installation
to avoid pockets in which moisture might accumulate. If such condition is
unavoidable, provision should be made to drain accumulated moisture daily.
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WESTINGHOUSE AIR BRAKE COMPANY
(Part Catalog Series ‘Pneu. Cont.’)

PIECE LIST A-2384-20
DIRECTIONAL INTERLOCKS

Pc. No. Ref. No.
533195 Directional Interlock, Complete (for 8’’ Nom.,
7-1/2”’ Min., 10’’ Max. Shaft Dia.)
533292 Directional Interlock, Complete (for 16’’ Nom.,
15" Min., 20"’ Max. Shaft Dia.)
931795 Directional Interlock, Complete (for 28’' Nom.,
20’’ Min., 36"’ Max. Shaft Dia.)
532879 Directional Interlock, Complete (for 45’' Nom.,
36’ Min., 100’’ Max. Shaft Dia.)
533320 Directional Interlock, Complete, less Shoe
with lining
925335 2 Cylinder, Complete (includes two of 4 and 5)
513125 4 3/8" x 2-1/2”’ Valve Body Stud (2 Req’d)
923547 5 3/8”’ Hex. Nut (2 Req’d)
528941 Piston, Complete (includes 6,7,8 and 9)
528942 5 Fiston
519518 7 Piston Packing Cup
525339 8 Piston Follower
77958 9 Piston Nut
528943 Piston Rod, Complete (includes 10 and 11)
525341 10 Piston Rod
528944 11 Piston Rod Clevis
503307 12 Spring
525343 13 Spring Seat
504300 14 3/16"" x 7 /8’ Spring Seat Pin
528945 15 Cylinder Cover
506591 17 1/4”’ Lock Washer (4 Req’d)
3070 18 1/4’ x 3/4’’ Cylinder Cover Cap Screw (4 Req’d)
933267 19 Shoe with Lining. Complete (includes 50 and
four of 49) (for complete Pc. 533195)
933293 19 Shoe with Lining, Complete (includes 50 and
four of 49) (for complete Pc. 533292)
532733 19 Shoe with Lining, Complete (includes 50 and
four of 49) (for complete Pec. 531795)
532880 19 Shoe with Lining, Complete (includes 50 and
four of 49) (for complete Pc. 532879)
525349 20 Link
525350 21 5/16”" x 1-1/8"’ Double Cottered Pin
5735 22 1/16"" x 1/2”’ Cotter Pin (8 Req’d)
525354 25 1/4’’ x 1”” Double Cottered Pin
528951 26 Double Cam
925353 28 1/4’’ x 3"’ Double Cottered Pin (2 Req’d)
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Pc. No. Ref. No.

525355 29 Cam Dog (2 Req’d)

525356 30 Cam Dog Spacer

526835 31 Filter (3 Req’d)

99458 34 Filter Gasket (3 Req’d)

525361 Valve Portion, Complete (includes 40 and two
of 42, 43, 44, 45 and 46)

525357 40 Valve Body

521368 42 Valve (2 Req’d)

521369 43 Valve and Valve Lifter Spring (4 Req’d)

525363 44 Valve Cap Nut (2 Req’d)

528953 45 Valve Lifter (2 Req’d)

525362 46 Valve Lifter Cap Nut, Complete (includes 47
and 48) (2 Req’d)

523261 47 3/16"" I.D. Wabco Seal Ring (2 Req’d)

526203 48 Seal Ring Retainer (2 Req’d)

46 1/8"" x 1/2” Fl. Hd. Copper Rivet (4 Req’d)
532732 50 Wwoven Lining

Prices will be quoted upon application
Orders should give PIECE NUMBER and NAME of part wanted

4-6-48
P.F. 37.10

2-C-1
Printed in U.S.A.
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with the shaft turning Astern, let us suppose the Controlair handle is opera-
ted into Start Ahead position. This admits air to the Ahead pipe and port 1 of
the Directional Interlock. Since Ahead valve 42 is held off its seat by cam 26
acting through cam dog 29 and valve lifter 45, and Astern valve 42 is held seated
by its spring 434, the air flows past the Ahead valve and out Port 13, charging
the Fuel Cut-Off Cylinder and causing its piston to assume its extended posi-
tion. The piston rod is arranged to exert force against an arm mounted on the
fuel shaft, moving the shaft to ‘Fuel Off’ position.

Air is also admitted to the Start line, and by means of Port 7 to the cy-
linder of the Directional Interlock, causing piston 6 to move upward and force
shoe 19 against the turning shaft, the position shown by the drawing. If the
system includes a Cam Position Interlock, this action will not occur until the
camshait or other reversing means of the engine has been shifted to its Ahead
position, At the same time that air from the Start line charges the Directional
Interlock cylinder, it operates the Master Start Valve of the engine, causing
high pressure starting air to be admitted to the engine cylinders. This acts as
a brake against the Astern rotation of the engine, aiding in bringing the engine
rapidly to a stop, and immediately initiating Ahead rotation. The first motion of
the shaft in the Ahead direction carries friction shoe 19 to the right until piston
rod clevis 11 stops against the right hand side of the cylinder cover. This ac-
tion reverses the position of the valves,
closing Ahead valve 42 and opening the
Astern valve. Pressure in the Ahead line
is thereby cut off from port 13, and the air
in the Fuel Cut-Off Cylinder is released
past Astern valve 42, through the Astern
line and the open Astern exhaust valve of '
the Controlair to atmosphere. The piston Propelier Shaft
of the Fuel Cut-Off Cylinder is retracted
by its return spring, permitting the fuel
shaft to assume whatever position is
called for by the speed governor or fuel
control, and causing fuel to be injected
into the cylinders.

When the engine has begun to fire, air
is released from the Start line either by
returning the Controliar handle from the
Start notch into the speed zone or by oper-
tion of the Automatic Starting Air Cut-
Off feature. This also releases the air from
the Directional Interlock cylinder, per-
mitting spring 12 to force piston 6 down-
ward, moving the friction shoe away from the
rotating shaft. A pin in the cylinder cover
engages a pocket in the uaderside of shoe 19, Dia TSR
and the shoe assumes the position shown in gramme tic View
figure 2, causing the device in effect to ‘remember’ the direction in which the
shaft was turning when the interlock was last operated. When re-starting
the engine in the same direction as last operated, the valve for that direction
Is held closed and air is not admitted to the Fuel Cut-Off Cylinder. In Astern
position, the pin engages the outer edge of the shoe.
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It will be understood that operation of the Interlockkwhen starting Astern
after running Ahead is the exact reverse of that described above.




ADJUSTMENT

The Directional Interlock requires no adjustment.

MAINTENANCE

The Directional Interlock should be periodically dismantled for in-
spection, cleaning and lubrication, and parts replaced if worn or defective in
any way. This should not be done on the installation, but at 4 suitable bench in a
well-lighted location.

When dismantling the device, care must be exercised to avoid distortion of
pins, studs, nuts, etc., as well is mutilation or damage to springs, gaskets,
packing cups, valves and valve seats. It is possible to assemble or disassemble
all parts of the device readily. If the force required seems excessive, investi-
gate immediately to determine the cause of the difficulty.

All parts should be cleaned with an approved non-inflammable solvent. The
three filter elements 31, Fig. 2, should be washed in solvent and blown off with
a low-pressure air jet. In replacing the filters care should be taken to replice
gaskets 34.

Rubber packing rings 47 should be carefully inspected and replaced if
cracked or worn. Inspect packing cup 7 for cracks, abrasion, damage to seal-
ing beads and wear out-of-round.

Leaky valves can be restored to their seats by rubbing in lightly with
jeweler’s rouge or a 50-50 mixture of ‘Float’ emery dust and powdered gra-
phite in sufficient oil to make a semi-liquid paste.

Lubricate cylinder wall and flare of packing cup with a good grade of cup
grease. Lubricate all pin joints and friction surfaces of moving parts, except
shoe lining, with graphite grease. Oil all accessible pin joints daily with
machine lubricating oil.

Piping should be maintained with 4« minimum of leakage. In piping in-
stallation, avoid pockets in which moisture may collect. If pockets are
unavoidable, make provision to drain moisture daily.
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