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Section A-]

GENERAL ENGINE DATA

The Atlas Imperial Diesel Engine described herein 1is of the heavy
duty, solid injection, full Diesel type, designed especially for the
reliability and a long 1life of trouble-free operation. It operates on
the four stroke cycle, the sequence of operation being as follows:

18t 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

2nd Stroke On the second or compression stroke, this air is com-
pressed to about 400 1bs. per sguare dneh, the heat of
compression raising the air temperature to a point above
the 1gnition temperature of the fuel. Just before the
plston reaches top center fuel injection starts and 1is

completed shortly after the piston has passed the top dead
center.

3rd Stroke On the power strokg the injected fuel oil burns, in-
creasing the pressure within the cylinder, which drives
the piston down through its working stroke. Shortly be-

fore bottom center position 1is 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 as the
piston reaches top center the exhaust valve 1s closed, the
inlet valve 1s opened, and the cycle 1s 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 1is, however, more
important and if the model number 18 not known the number of cylin-
ders and the bore and stroke of the engine may be stated.

The number of orifices, the orifice diameter and the angle of the
orifices in the spray valve tip are also stamped on the engine name-
plate. The numper of holes or orifices 1is stamped first, followed by
the diameter of the holes in thousandths and in turn followed by the
hole angle in degrees. For example, 5-10-20 indicates a spray valve
tip which has five holes or orifices 8f .010" diameter. The axis of
the holes or orifices are inclined 20~ with the horizontal. If order-
ing spray valve tips the stamping on the nameplate should be stated.
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The following data applies to the following six cylinder engilnes: S

G6HM2124 -- 6HMP124SC -- 6HMT2124 -- 6HMT2124SC
Models gHgo124 -- GHST2124

BORE - - - = - - = 13" STROKE - - = = - - - 16"
HORSEPOWER and OPERATING SPEED -- See engline name plate. i
™
Firing Order -- The firing order may vary due to rotation or hand =
of engline and therefore thils data should be taken from the g
engine name plate. No. 1 Cylinder is at forward or Governor
end of engine. o
! o -
WEIGHTS: :
Cylinder Head Assem - - - = - = = = = = = 640 1bs. EApprox.g =
Piston & Connecting Rod - - - - = - = = - 450 1bs. (Approx.
PRESSURES : ' 2
Lubricating 0il Pressure- - - - - - - - - 25 to 40 1bs./Sq.In.
Cooling Water (at Pump discharge) - - - - 20 1bs./Sq.In. MAX, e
Note -- Applies to marine englnes and only on stationary
engines equipped with an Atlas inbuillt pump. —
Fuel 011 éat Transfer Pump discharge) - - 10 1lbs./Sq.In. MAX.
Fuel 041 (In Ratl)-ir —imip = =omimne min 1500 to 4500 1bs./
Sd.1In,
Starting Alr Pressure - - - - = = = - = = 125 to 250 1bs./ vl
sSg.In.
TEMPERATURES:
Cooling Water - Engine Outlet
: Direct Cooling (Raw Water) - - - - - 125° F. Max.
Indirect Cooling (Closed System) - - 160° F. Max. =
. Lubricating 011 - Cooler Outlet - - - - - 140° F.: Max.

Exhaust Temperature (taken at Cylinder Head) b : f —
Full load and full speed - 750° F. Max. ,
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Section B

FUEL AND LUBRICATING OILS

RECOMMENDED FUEL OIL SPECIFICATION

Phoeeaaty o vae D 35 to 70 S.U. Seconds at 100° F.

Gravtte LAP ) sl s fa e Minimum 240°

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

Agh 'wi= —ic 2o Sicioe 2 ool S Maximum 0.05

B.SMW o ot —ic = = = =% = = - Maximum 0.1

Sulphire (AL SUT oM. DI20) e o le . Maximum 1.0%

Tenltion Ounladmemas o = D onos i 40 to 60 Cetane Number or equiv-
alent in other ignition
index.

EFFECT OF FUEL PROPERTIES ON PERFORMANCE

As adjusted at the factory the engine will operate satisfactorily on fuels with
viscosities per above specification. 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. Fuels with viscosities less than 35 S.U.S. may also
require speclal spray tips with smaller orifice holes than standard or the fuel
pressure may have to be reduced. On the other hand fuels with high viscosities may
require larger spray orifices than standard, increased fuel pressure and 1n extreme
cases longer period of injection. To insure good operation it is recommended that
the viscosity be held to the specification.

The gravity 1s of secondary importance. A minimum of 24° A.P.I. is merely given
since heavier fuels generally require special treatment, such as heating and cen-
trifuging, before they can be burned successfully.

The "Conradson Carbon" or "Carbon Residue" in the oll 1s 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 valve 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 1t be necessary to clean the spray,
valve tips. Experience also indicates that mailntenance 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 con-
tains. After burning the mineral residues are abrasive and 1t is consequently im-
portant that the Ash content be limited to 0.05%. If the content is higher rapid
wear of cylinder liners, pistons 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 also important (See paragraph entitled "Importance of Clean-
liness in Fuel Handling" in Section N).

When the fuel oil 1s consumed in the englne 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 1dling at low speed and under cold conditions, the sulphur-dioxide gas combines
with condensed water vapors to form a corrosive acld which will attack metals used
in the engine and exhaust system. It ls consequently particularly important to
hold the sulphur content low in fuels used for englnes subject to varlable loads
with long periods of 1dling and also for engines subject to frequent starting and
stopping.

The Cetane number of a fuel is an index of the ignition quality. Low Cetans values
produce excesslve knocking. Excessively high Cetane fuels cause high exhaust tem-
peratures and smokiness of the exhaust.

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 Socleties
generally require this minimum. The Pour Point of the fuel should be at least 150 F,

below the lowest temperature to which the fuel storage tank 1s subjected.

LUBRICATING OIL

We redommend that a good grade of Marine type pure mineral oil be used in these
engines. The o0ll should be stable under the temperature conditions encountered in
the engine and should be resistant to oxidation and sludging. In general, regarding
quality of lubricating oil we refer you to & Lubrication Instruction Book vhich will
be sent to any customer or operator requesting it. This book contains some good
pointers on the selection and care of lubricating oils.
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It 1s not necessary to use compounded oils, i.e., oils contalning additives, inhib-
ltors, antli-oxidants, carbon removers, etc. in Atlas Engines. There are, however,
many good compounded olls on the market and these may be used providing extreme cau-
tion 1s exercised and the action of the oill in the engine 1s observed closely.

When a pure or "straight" mineral oll is used some carbon or other deposits will
generally be found in the crankcase and sump tank. The amount of these deposits de-
pend greatly on the quality of the oil which has been used and for good grades of
0oll the deposits are not excessive and in any way harmful to the englne. The
chemicals contained in the compounded oils enable these oils to carry the carbon and
other constituents of the usual crahkcase deposits in suspension. The compounded
olls also have a strong tendency to break loose and carry away any existing crank-
case deposlts and since there 1s a limlit to the amount that can be carried in sus-
penslon clogging of filters and oil lines may result. It is consequently of utmost
importance to thoroughly clean out the crankcase, oll lines and sump tank before
changing from a straight mineral oll to a compounded oil. As an added precaution we
suggest that the first batch of compounded oll be used only for about 25 hours and
then drained off. These precautions apply also when changing from one compounded
0ll to another compounded oil of different make or brand.

If a compounded oll 1s used the non-corrosiveness of this oll must be looked into
very carefully. In this connection the Engineering Dept. of the Atlas Imperial
Diesel Engine Co. 1s avallable for consultation and they will be glad to advise
whether or not an oil 1s suitable for use in this engine.

With regard to viscosity grade our recommendations are that the viscosity at 130° F.
be between 235 and 270 Secs. Saybolt Universal. This corresponds to an S.A.E. vis-
coslty rating of 30 to 40. In other words, the oil to be used should be s heavy
SA.E. 30 or a 1ight S.A.E. 10 o1l

In regard to drainage periods we suggest that the first bateh of oil be drained
after 100 hours of service. Thereafter the suggested drainage period is 200 to 250
hours. This period may be lengthened somewhat on engines which are equipped with
waste packed filters. In that case i1f the filter cartridge is changed before the
ol 4s badlz discolored and loaded up with insolubles or foreign particles, drainage

periods of 400 to 600 hours can be used. In the cases where no waste packed filters
are used the oll will of course not be "worn out" after 200 hours of service if it
is of a good grade. It will, however, be dirty and will contain insolubles which
should be removed from the lubricating oill before it is re-used.

‘The same lubricating oll as used in the crankcase of the engine is also sultable tor
use in the mechanical lubricator. In the case of the mechanical lubricator, however,
1t 1s highly desirable that new oil be used.
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INSTALLATION INSTRUCTIONS

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 pro-
peller shafting. Poor installations will result in excessive vibration and con-
tinual change in engine alignment. The result is poor performance and fallure of
vital parts. For this reason Atlas Imperial Diesel Engine Co. cannot guarantee an
engine unless the engine foundation (engine bed) is strong and rigid enough to pre-
vent 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 advisable that both foundations be stiffly connected and braced to each other
and to the hull. Steel foundations should be welded or riveted. Avold 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 parallel to the
propeller shafting. Athwartships the two top faces should be level. The founda-

tion should be constructed so as to allow 1" to- 15" thick shims or chocks between
the .engine supporting flanges and the top faces.

INSTATLING 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 thick-
ness for the leveling screws to rest on. (Min. 4" x 4" x 4" to 3/4" thick.) Shift
the engine sideways until the centerline of the crankshaft lines up with the center-
line 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 shafting. 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 vhich either or both shafts are turned. With the propeller coupling
half held against the engine coupling half, but not bolted, it should not be
possible 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.

If engine has been installed before launching it is advisable to temporarily bolt

it to the foundation at this time. It is not advisable to proceed any further be-
fore launching unless the hull is extremely rigid. When the vessel is afloat the
alignment should again be checked and if found satisfactory a chock should be care-
fully fitted at each holding down bolt. This applies to steel foundations. In
wooden foundations careful measurements should be taken of the distance between the
bottom of the engine supporting flanges and the top of the foundation. A continuous
wooden shim should then be prepared and this shim should exactly fit the space be-
tween 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 or 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 in-
side 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 .003"., Distortion of the last two cranks. only - indicates

tThat 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 or un-

even 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. BSpaces between the
foundation bolt chocks can then be filled with type metal.

1.
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SERVICE PIPING

Plan all piping carefully and use as short and dlrect lines as possible. To im-
prove the general appearance of the installatlon, 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. See Section T
for lubricating oil day tank connections. Pipe sizes are stated in these Sections.
Provide drain valves and vent valves where necessary and remove all scale and dirt
from pipes and fittings before installing.

COOLING WATER PIPING’

Locate the sea chest far enough below the water line to prevent uncovering when the
vessel rolls. It 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 isolated for cleaning. For engines equipped with centrifugal circulating
water pumps it is particularly 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 suction or discharge piping longer than necessary. Locate the over-
board 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

Alr tanks should conform to A.S.M.E. specifications and should have.ample strength
for 250 1lbs. 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.

Tanks should be connected to the engine starting air header using the plpe 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 1lbs., per sq. 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 alr 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 compressor 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.

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 20' 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 carbon will
be blown into the other engine through the open exhaust,valve.
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OPERATING INSTRUCTIONS

Before the operator attempts to run the engine, he should carefully study the chapters
dealing with the mechanical detalls, especlally those of the Control System. After
familiarizing himself with the principles of the control mechanism, the operator will
understand the significance of each movement of the control wheel and will be able to
handle the engine intelligently. In the following only a brief description of the
proper method of operating the engine and controls is given.

Observe the construction of the handwheel (1) and its locking device. Note how
plunger (9) enters locking disc (8). Observe the positions of pointer (7) when the
plunger enters the locking disc. These positions, "AHEAD" and "ASTERN", are the
normal running positions. :

TO GO AHEAD FROM STOP (§ee ¥ig. D-1)

(a) In STOP position pointer (7) is
vertical and indicates STOP position
on telltale (10). Turn engine hand-
wheel (1) in the AHEAD direction, so
that pointer (7) moves in AHEAD di-
rection, toward START position. At
approximately 1-3/4 turns of the
handwheel, the plunger (9) will en-
ter locking disc hole. From this
position the turning of the hand-
wheel toward START should proceed
more slowly for about 1/4% turn until
motion is stopped by latch shaft
"stop". (If handwheel is turned too
quickly, control system may be dam-
aged.) At this position the engine
wlll begin to turn over on starting
air,

(b) As soon as the engine has
reached maximum cranking speed, turn
the handwheel back about 1/4 turn
until the plunger enters the locking
disc. This will be the "AHEAD" run-
ning position..

TO REVERSE THE ENGINE (see Fig. D-1)

(a) Turn handwheel in the ASTERN d1-
rection, causing pointer to move in
the ASTERN direction. Continue to
STOP position and after engine has
stopped continue turning in the
ASTERN directlion until plunger en-
ters locking disc. This will be
about 3-1/2 turns from the AHEAD
running position. From this posi-
tion the same caution  as above
should be observed when approaching
START position. In the START posi- FIG. D-1
tlon the engine will begin to turn over on starting air.

(b) As soon as the engine has reached maximum cranking speed turn the handwheel back
about 1/4 turn until the plunger enters the lockling disc. This will be the ASTERN
running position. X

INITIAL STARTING AND STARTING AFTER PROLONGED SHUTDOWN

(a) A final check should be given all fuel, air, lubricating oll and water lines, giving
attention to the location and position of shut-off valves, check valves, etc. It 1s well
to trace each system through making sure that there are no short circuilts or blockages.

(b) For the initial starting 1t is well, although not absolutely necessary, to fill the
pressure lines and passages of the lubricating oll 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 willl register on the pressure gauge. This procedure will insure lubri-
cating oll pressure immediately upon starting. .

(c) Hand o1l the engine at all the points listed under "4-HOUR ROUTINE" in the
5, :
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"Maintenance & Inspection" section. Fill the mechanical lubricator and turn its
crank several revolutions.

(d) Open the two small vents on top of the outlet fittings of the high pressure fuel
pump and operate the hand priming pump until fuel flows from both of these points. Then
close these vents and pump up approximately 1000 1bs. fuel pressure.

(e) See that valves in starting alr piping between alr receilver and engine are open and
that there 1s sufficient alr pressure avallable. With the spray valve isolating valves
shut and with the "snifters" open crank the engine by alr until any excess fuel in the
combustion chambers has been blown out.

(f) Start the engine by the method described -on the preceding page and run it at
a slow speed by setting the governor speed control handle. Then immediately check and
~watch the following.

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

2. Circulation of cooling water. Do not run the engine longer than 2 minutes

or at high speed unless water circulation has started. In some instances

priming of the water pump will be necessary but do not prime until the en-

gine is cool. ¢ s

011 and water leakage from external lines and fittings.

. Hot bearings. Feel covers at intervals to locate any hot areas which would

indicate hot oil from a hot bearing.

. Feel water jackets and manifolds for even water circulation. .
Check the response of the fuel pressure relief valve by moving the handle

up and down and watching the pressure gauge. : g

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

(2)€ vz - 10

~N ol &

(g) The engine should be brought up to full speed and load slowly. Increase speed
gradually and run at each new speed for at least one minute. At each speed the items
1listed under (f) should be checked.

ROUTINE STARTING

Always check the positions of 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 oll level and pres- -
sure. The formation of a habit of checking these items automatically whenever the
engine 1s started 1s llkely to prevent accidents and serious damage.

RUNNING
The following i1tems should be watched and regulated if necessary:

(a) 011 Pressure. The lubricating oil pressure should be maintained between 30 1bs. per
square inch and 4O 1bs. per square inch.

(b) Cooling Water Temperature. For Seawater Cooling the outlet temperature should not
exceed 125Y F. If a Fresh Water Cooling system is used the outlet temperature may safe-
1y reach 160° F. '

(c) Fuel Pressure. The fuel pressure should be varied with the engilne speed. At full
speed a pressure of around 4000 to 4500 1bs. per square inch will give the best results.
However, as the speed 1s reduced the fuel pressure should also be lowered to prevent
too great a withdrawal of the wedges. Too high a fuel pressure at low speeds causes
very short injection periods resulting in roughness and uneven englne operation.

(g) Lubricating 011l Temperature: At the outlet of the o0ll cooler should not exceed
140~ F. :

(e) Mechanical Lubricator. The feed from the mechanical lubricator should be adjusted
to 15 to 20 drops per minute per feed.

(f) Exhaust Temperature. The normal full load and speed exhaust temperatures range
from 700 to 750 degrees. If the temperatures for all cylinders are above these limits
the propeller is overloading the engine and should be changed. If the exhaust temper-
ature for any one cylinder is too high or too low the injection system is probably at
fault. (See section on "Smoky Exhaust" under "Maintenance & Inspection”.)

(g) Exhaust Appearance. Observe the exhaust appearance. If it 1s smoky investigate
- the cause. In most cases the spray valves are responsible for smoke. (See section
on "Smoky Exhaust" under "Maintenance & Inspection".)
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OPERATING INSTRUCTIONS

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. After
familiarizing himself with the principles of the control mechanism, the operator will
understand the significance of each movement of 'the control lever and will be able to
handle the engine intelligently. In the following only a brief description of the
proper method of operating the engine and controls is given. :

Observe the construction of the control lever noting the manner in which the latch engages
the holes and slots in the latch plate. Depressing the latch button in the end of the
handle disengages the latch so that the control handle may be moved. Depressing the but-
ton and twisting 1t holds the latch in the disengaged position. This locking out device
is to be used only on that control lever, (enginé or pilot house control stand), which 1is
not used for maneuvering the engine. The latch on the control lever by which the engine
1s being operated should always be free and under control of the operator.

TO GO AHEAD FROM STOP (See Fig. D-1)

(a) Depress the latch button just long enough to release the control lever and move the
lever "AHEAD". The latch will slip into the slot between points "A" & "B". As soon as
the latch has entered this slot back the lever up until it 1s stopped at point "A" by the
latch and hold it in this position until the reversing cylinder has $hifted. (If the cy-
linder has not shifted the handle will be stopped at a point between "A" & "B".)

(p) Without depressing the button move the lever ahead until it is automatically stopped
in position "B" by the latch. The englne will begin to turn over on starting air.

(c) As soon as the engine has reached maximum ; @iii»
cranking speed, depress the button and qulckly

move the lever to "SLOW", position "C". The en-

gine will start and run at its slowest speed ahead.

(d) Depress the handle button and advance the lever
untll the desired engine speed 1s obtained. Then
release the button so that the latch will engage one
of the elght holes between "SLOW" (position "C") and
UYFAST" (position "D").

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

(a) Depress the latch button and return the lever to
"STOP". Hold the lever in this position until the G
engine has stopped.

(b) Depress the button and move the lever to "E" in
the "ASTERN" direction. At the same time observe the
indicator on the air ram.

(¢) As soon as the air ram has moved to 1ts "ASTERN"
position move the lever until 1t is stopped by the
latch at "F". The engine will begin to turn over in-
the astern direction.

(d) When the cranking speed is sufficlent, depress
the button and quickly move the lever to l"SLOW" (posi-
tion "G"). The engine will start and run at its
slowest speed astern. FIG. D-1

(e) Depress the handle button and move the lever toward "FAST" astern (Position "H")
until the desired speed is attalned and then release the button.

INITTAL STARTING AND STARTING AFTER PROLONGED SHUTDOWN

(a) A final check should be glven all fuel, alr, lubricating oil and water lines, giving
attention to the location and position of shut-off valves, check valveg, etc. It is well
to trace each system through making sure that there are no short circuits or blockages.

(b) Foér the initial starting 1t 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 lubri-
cating oil pressure immediately upon starting.

(¢) Hand oll the engine at all the polnts listed under "4-HOUR ROUTINE" in the
dEX
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"Maintenance & Inspection" Section. Fill the mechanical lubricator and turn its crank
several revolutions.

(d) Open the two small vents on top of the outlet fittings of the high pressure fuel
pump and operate the hand priming pump until fuel flows from both of these polnts. ' Then
close these vents and pump up approximately 1000 1lbs. fuel pressure.

(e) See that valves in starting alr piping between ailr recelver and engine are open and
that there is sufficient air pressure available. With the spray valve isolating valves
shut and with the "snifters" open crank the engine by air until any excess fuel in the
combustion chambers has been blown out.

(f) Start the engine by the method described in the preceding sectlions and run it at
"SLOW" ahead (position "C" on Fig. 5). iThen immediately check and watch the followlng:

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

2. Clrculation of cooling water. Do not run the engine longer than 2 minutes

or at high speed unless water cilrculation has started. In some instances

priming of the water pump will be necessary but do not prime until the en-

gine is cool.

0il and water leakage from external lines and fittings.

. Hot bearings. Feel covers at intervals to locate any hot areas which would

indicate hot oll from a hot bearing.

Feel water jackets and manifolds for even water circulation.

. Check the response of the fuel pressure relief valve by moving the handle
up and down and watching the pressure gauge.

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

(2)e pE - 2a
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(g) The engine should be brought up to full speed and load slowly. -Run at each control
notech for at least one minute. At each speed the 1tems listed under (f) should be
checked.

L3
'

ROUTINE STARTING

Always check the positions of 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 pres-
sure. The formation of a hablt of checking these items automatically whenever the en-
g8lne is started 1s likely to prevent accldents and serious damage.

- RUNNING

The following items should be watched and regulated if necessary:

(a) 011 Pressure. The lubricating oll pressure should be maintained between 30 1bs. per
square inch and 40 1lbs. per square inch.

(v) Cooling Water Temperature. For Seawater cooling the outlet temperature should not
exceed 125 F. 1If a Fresh Water cooling system 1s used the outlet temperature may.
safely reach 160° F.

(c) Fuel Pressure. The fuel pressure should be varied with the engine speed. At "FAST"
a pressure of around 4000 to 4500 1bs. per square inch will give the best results.
However, as the speed 1s reduced the fuel pressure should also be lowered to pre-
vent too great a withdrawal of the wedges. Too high a fuel pressure at low speeds
causes very short injectlon periods resulting in roughness and uneven engine
operation. -

(d) Lubricating 011 Temperature at the outlet of the oil cooler should not exceed 140° F.

(e) Mechanical Lubricator. The feed from the mechanical lubricator should be adjusted
to 15 to 20 drops per minute per feed.

(f) Exhaust Temperature. The normal full load and speed exhaust temperatures range
from 700 to 750 degrees. If the temperatures for all cylinders are above these
1imits the propeller is overloading the engine and should be changed. If the ex-
haust temperature for any one cylinder 1s too high or too low the injection system
is probably at fault. (See section on "Smoky Exhaust" under "Maintenance & In-
spection".y

(g) Exhaust Appearance. Observe the exhaust appearance. If it 1is smoky investigate
the cause. In most cases the spray valves are responsible for smoke. (See sec-
tion on "Smoky Exhaust" under "Maintenance & Inspection”.)
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SUPPLEMENTARY OPERATING INSTRUCTIONS TURBOCHARGED 13 X 16 ENGINE

The points discussed in these instructions are the differences from the standard engine.
The turbocharged engine 1s the standard engine adapted to turbocharging by the addition
of a Buchl Elliott type of turbocharger with whatever changes in details are necessary
to accommodate the application of the turbocharger and accomplish the overall result of
increasing the horsepower approximately 40 to 45 % over the rating of the standard non-
turbocharged engine. Thus the attached text for the standard engine applies except for .

_the speclal items discussed here.

The Buchi Elliott turbocharger is a gas turbine driven centrifugal type blower mounted
at one end of the engine. The exhaust gases from the cylinders pass through the exhaust
manifold into the turbocharger for driving the turbine. The exhaust gases pass out from
the top of the turbocharger up through the exhaust pipe and muffler as usual. Intake
alr for the engine passes through the inlet silencer, mounted on the turbocharger,
through the centrifugal blower and is delivered to the air inlet manifold. Parts List
and Instructions covering the turbocharger will be found at the end of this book under
auxiliary equipment. The exhaust manifold consists really of two manifolds inside of a
single jacket. Three cylinders discharge into each manifold and are alternate cylinders
according to the firing order. This 1s in order to give proper spacing between exhaust
gas impulses. The jacket around the two individual exhaust manifolds provides for water
cooling of them.

WORKING PISTON

The working piston for the turbocharged englne has two pockets cut into the top in order
to provide mechanical clearance for the inlet and exhaust valves when they are open at
the end of the exhaust stroke and at the beginning of the inlet stroke. This is the
scavenging period in the Buchi turbocharger cycle and as you will see by reference to
the valve timing, there is considerable overlap between the opening of the inlet valves
and the closing of the exhaust valves during this period. It is important when install-
ing a piston in the engine to make sure that the pockets in the piston top correspond to
the location of the valves in the cylinder head. Otherwise there will be interference
between the valves and the piston.

Also note that the distance from the top of the liner to the top of the piston is great-
er on the turbocharged engine than on the standard engine. The figure for the turbo-
charged engine is 1-3/32. This greater distance between piston and cylinder heads pro-
vides a little larger combustion space for the turbocharged engine. Thus the compres-
sion ratio 1s a little lower on the turbocharged engine than on the standard engine.
This 1s to allow for the effect of the action of the turbocharger which delivers more
air to the cylinders than in the standard engine.

VALVE TIMING

The correct valve timing for this engine 1s given in the following table:

Starting Alr Valve Opens - 5OEB.NE.
Starting Air Valve Closes - 502 B.B.C.
Inlet Valve Opens o 8_&8 BUlC.
Inlet Valve Closes = B ALB LG,
Exhaust Valve Opens b 4@9 B.B.C.
Exhaust Valve Closes “ 652 A HoE,

The fuel spray valve is designed to open 6° B.T.C. and close 22° A.T.C. but the exact
timing for each individual engine is given on the engine name plate and the figures on
the name plate should be followed when making any ad justments.

INLET AND EXHAUST MANIFOLDS

The air inlet manifold has a separate sleeve with a floating . flange and if it ever be-
comes necessary to replace the manifold on the engine, the new manifold should first be
applied in place with the sleeve loose, and when the right adjustment is found between
position of sleeve and manifold when both are bolted in place, tack welding will hold
the flange temporarily. Then the manifold can be removed for firmly welding the flange
to the manifold sleeve. ;
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Similarly, the exhéust manifold has the end flange loose and will require locating and
welding at assembly.

Care should be taken when assemblying the turbocharger on its bracket that sufficient
shims are used under the support feet to prevent any possibility of the turbocharger
welght hanging on the exhaust and inlet connection capscreys. These capscrews are used
purely for making tight gas joints and are not intended in any way to help support the
weight of the turbocharger.

FUEL SYSTEM

The main high pressure fuel oil header or rail on this engine is larger than on the
standard engine and is of sufficient capacity so that no separate accumulator is used.
Also, the individual cylinder isolating valves are of larger size and capacity than on
the standard engine.

The high pressure fuel pumps need to be of larger size and capacity than on the standard
engine in order to supply the increased amount of fuel required for the larger horse-
power developed by the turbocharged engine. Thus the diameter of these plungers is B 4N
on.the turbocharged engine against 21/32" on the standard engine.

The standard sgray tips for the turbocharged engine have seven holes(ﬂOl}ﬁJdiameter at
an angle of 25 from the horizontal. This tip is subject to variati der certain
conditions, and the tip actually used will be noted on the engine name plate.

OPERATION

The operation of the turbocharged engine 1s no different from the operation of the stan-
dard engine. The turbocharger itself is entirely automatic and requires no attention
except for maintenance. Instructions in the Buchi Elliott turbocharger pamphlet should
be followed.

The speed of the turbocharger varies with the load on the engine, thus the quantity of
the air delivered to the cylinders varies with the engine load requirements. You will
note that the pressure in the air inlet manifold varies with the load on the engine., It
1s about three pounds per square inch at full load.

The compression pressure in the cylinders varies according to the load on the engine,
because of the action of the turbocharger just described. There is also a slight varia-
tion between hot and cold engine conditions. Thus, if you measure compression pressure,
make sure that you take these factors into account.

Under normal full load rated power conditions, the exhaust gas temperature in the ex-
haust manifold to the turbocharger is about 7500. Any temperature above this figure
represents an overload on the engine, and i1t 1s not good practice to operate the engine
at overload ratings except for brief periods. The engine should always be kept in first
class mechanical condition and in good operating adjustment.

(c)e pa = 19




Fl -Ed 1(2)

'.(‘ 1-{!
\

Section F 1

LOWER BASE, CRANKSHAFT AND BEARINGS

BASE AND CRANKSHAFT

The cast iron base carries the maln bearing saddles and the main lubricating oil
manifold from which oll 1s piped to each main bearing and to the intermediate gear
bearings. The crankshaft turns in babbitt lined steel backed bearing shells, held
in place in the base by the main bearing caps. Adjustment is by shims, and running
clearances should be .0008" to .00095" per inch of shaft diameter when bearings are
fitted. "

MAIN BEARING ADJUSTMENT

Bearing clearances can be accurately measured with two pileces of lead wire of

about .025" diameter and one 1nch long, which are compressed between shell and
journal about 1" from each end of the bearing by tightening the cap bolts. The
thickness, measured with a micrometer, is the running clearance. Clearances should
be checked annually, and should not be allowed to exceed .0015" per inch of shaft
diameter. Keep shims even on both sides.

MAIN BEARING SHELLS

The bearing shells are prevented from rotating in the base by the shims, and are
located fore and aft by a square head dowel pin in the bottom of the bearing sad-
dles which engages a circumferential groove around the outside of the shell.

As fitted the shells project above the base and face of the caps from .002" to
.003" on each side, but are squeezed down flush when the capnuts are pulled up.
There should not be any appreciable clearance between the base, shim, and cap
after final tightening. The bearing shells and caps are all numbered and must al-
ways be replaced in the bearing from which they were removed. Never interchange
them, either from one bearing to another, or from top to bottom.

REMOVAL AND ASSEMBLY OF MAIN BEARINGS

After removing the cotter pins and main bearing nuts, the cap, upper shell and
shims may be 1lifted out. As this operation 1s performed the positions of the num-
bers stamped on each of these parts should be noted so that the parts can be re-
assembled in thelr proper positions. Unless the bearing is considerably worn it
may not be possible to remove the lower shell by hand and it 1s usually necessary
to turn 1t out of the base by barring the engine over after inserting a capscrew
in the oil hole in the journal. The head of the capscrew will contact the edge of
the bearing shell and roll the bearing out with the journal.

When assembling the main bearing shells care must be taken to keep all parts abso-
lutely clean. It 1s of utmost importance that any dirt be prevented from lodging
between the shell and the saddle. Extreme care must be exercised in locating the
bottom shell in a fore and aft direction before ‘turning it into the base. Misalign-
ment will cause the groove to miss the dowel pin in the base and trouble will then
be encountered in backing the shell out agein for another try.

" CRANKSHAFT ALIGNMENT

The crankshaft should be checked at annual overhauls, or at intervals not greater
than 7000 service hours, for misalignment due to uneven wear of the bearings. When
the engine was erected at the factory the bearings were carefully scraped in, so as
to bring the bearing surface of all shells in line. If one of these surfaces, due
to uneven wear, becomes lower than the adjacent shells, it 1s evident that the
crankshaft will be bent each time the adjacent cylinders fire and the connecting
rods force the journal down against this low bearing. This condition must be

guarded against, as neglect or ignorance of it will ultimately result in a broken
shaft.

The simplest way to check crankshaft alignment is by means of a bridge gauge, which
can be supplied with the engine as extra equipment. If a bridge gauge 1is desired
1t must, however, be ordered when the order for the engine is placed. It can not
be supplied }ater. '

With the bridge gauge straddling the journal and resting firmly and squarely on the
bearing cap seats Iin the lower base the distance between the top of the main bear-
ing journal and the machined face on the bridge gauge is measured by means of a
feeler gauge. At the time the éngine was erected these measurements were taken and
were stamped on the bridge gauge. As the age of the englne increases the bearing
surfaces will wear, with the result that these measurements will gradually increase.
As long as they all increase by the same amount the shaft will still be in line

8
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b

/ however, and there need be no worry, even though they do not agree with the original

readings stamped on the bridge gauge. But i1f at any time the reading for one bear.-
ing 1s found to be more than .004" greater than those for the ad jacent bearings,
this low shell should be replaced at once and the crankshaft re-aligned, & job that
should be undertaken only by an experienced mechanic. A careful record should be
kept of all bridge gauge readings taken from. time to time.

The bridge gauge measurements described above should be made successively, removing
one bearing cap at a time and replacing i1t before proceedlng to the next bearing.
When making measurements the crankshaft journal must be forced down against the
shell by means of a jack bearing against the centerframe. Protect the shaft journ-
al with a piece of wood or sheet copper. An indication of low bearing shells will
usually be given by looseness of the shell in the saddle. If it is possible to
freely rotate one of the lower shells by hand when adjacent bearing caps are bolt-
ed down, it 1s quite probable that this shell is unduly worn and it should be
checked with the bridge gauge at once.

If a bridge gauge is not available, crankshaft alignment may be checked with a gap
or straln gage as follows: Stamp two centern punch marks as shown in Fig. F-1 on
all cranks. Starting with No. 1 cylinder crank remove ad jacent main bearing caps
and locate the crank as near lower center as gap gage wlll permit. Using jack
screws between bearing journal and center frame force shaft against lower bearing
half (protect shaft with a plece of wood or sheet copper) and record the gap

gauge reading. Then loosen jackscrews and bar over until crank 1s on upper dead
center. Agaln tighten jack screws and record the gauge reading. Repeat on all
other cranks.

GAP OR STRAIN f,’;QE"'RK i

GAGE e

GA CENTER

!
&
LIGHT CENTER b Vit e
PUNCH MARKS b !
DIRECTLY
OPPOSITE EACH OTHER
CRANK IN

LOWER CENTER

FIG., F-1

Comparison of gauge measurements in upper and lower centers will indicate cranxshaft

alignment conditions. Normally the measurements for the cranks in top position are
slightly larger than measurements for the same cranks in the bottom position. How-
ever, the difference in measurement for any one crank should not exceed .0005" per

inc? g£ sgaft diameter. If this is the case, realignment of the crankshaft bearings
8 indicated.
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Section G

THRUST BEARING

MULTI-COLLAR TYPE

All loads.in a fore and aft direction resulting from propeller thrust are carried
by the thrust bearing. This bearing 1s located aft of the flywheel on pads at the
end of the lower base. Water jackets are provided in the bearing castings and a
small supply of cold water is bled from the main water inlet manifold to the bear-
ing. A positive supply of 1 1s fed to the bearing from the mechanical lubricator
located at the forward the engine.

In general the thrust/bearing &ssembly consists of three parts: the bearing, the
cap and the thrust ghaft. Botl the bearing and the cap are water jacketed. Each
contains dovetailed circumferential grooves which when lined with babbitt about "
thick form groovey for the thrubt shaft collars. Between the grooves the cylindri-

cal areas are alsp lined with babbitt so that sufficient journal area to carry a

" substantial radigl load 1s inco porated in the bearing.

/ i
In the erection/ of the engine at\ the factory the thrust bearing 1s treated as if it
were an additignal main bearing.\ After all the lower main bearing shells have been
scraped into alignment the thrust| shaft is bolted to the crankshaft and tested for
trueness. It/is required that th& total run out of the thrust shaft at the aft end
does not exceed .002", In the mesntime the thrust bearing (lower half) is installed
temporarily g¢n the base. The thrust shaft is then co@ﬁed with blueing and the whole
shaft assembly is lowered into position. The bearing is then shimmed up or down,
moved forward or backward, to one si or the othes and scraped until the bearing is
satisfactorily locatéd. The finished Dearing must be in line with the main bearings.
The thrust ghoulders.on the shaft must be a close fit in the grooves but at the same
time have clearance. An end play of approximately :.005" to .010" is desirable. The
location of {the bearing should be such that the crankshaft is slightly aft of dits
central posi%ion in the base since the normal wear on the thrust bearing will allow
the crankshaft. o move forward slightly. :

._DWhen the foregoing conditions have been met the thrust bearing (lower half) is
T doweled to the base. The thrust bearing cap is then scraped in and adjusted for-

clearance with shims.

KINGSBURY TYPE

Referring to Fig. G-1 the standard style GH Kingsbury thrust bearing is equipped
with two palrs of thrust shoes (3) (two shoes for ahead and two for astern thrust).
These shoes are individually adjustable fore and aft by jackscrews (5) which are
locked by lock wrench (6 A journal bearing, babbltted directly in lower thrust
bearing housing (1) and upper housing (2) is also incorporated. The journal bearing
1s located on the flywheel end of the thrust bearing.
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There 1s only one thrust collar which is forged integrally with the thrust shaft,
Lubrication is self-contained and automatic. The lower housing contains the lubri-
cating oll supply, the oil level being of such height that the lower part of the
thrust collar dips into it. The oil is then carried to the top where scraper (8)
distributes it over the collar thrust surfaces and takes off some oll for lubrica-
tion of the journal bearing. 011 1is retained in the bearing by stuffing boxes at

1.
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both ends. Do not take up hard on stuffing box glands (7), as this will cause un-
necessary heating of the shaft.

To allow for oil films between thrust bearing surfaces, and for expansion by heat,
it 1s strictly necessary to provide longltudinal end play 1n accordance with the
following table:

Engine Bore End Play i
142 and 15" A0 AR Jjukw
5 5 S015" g
11%}' peo iy
10 2032

Using the jackscrews, adjust for end play as follows: KXeeping thrust collar in de-
sired fore and aft position, set up firmly on forward-end jackscrews so ahead shoes
willl bear equally against collar. Lock the screws. Next set up on after-end jack-
screws, using a "feeler" gauge, with thickness equal to end play, back of the
plvotal support of each shoe. Lock the jackscrews and remove the "feelers".

For average installation of propeller thrust bearings, a heavy turbine or engine oil
should be used. The oil should be chosen with due regard to viscosity. If it is
too 1light, the lubricating film may be dangerously thin. If it is too heavy, the
friction is needlessly high. Specific advice as to proper viscosity for any definite
installation 1s regularly marked on bearing nameplate. As a rule the viscosity
should be about 200 seconds Saybolt at operating temperature of the oll bath. The
0ll must be clean and free from grit and other injurious substances. Fine grit has

& scouring -action and may gradually wear down the bearing surfaces. Poor oll may
cause corrosion. O0il of good quality does not "wear out" by use in these bearings,
but lasts indefinitely i1f not contaminated.

It is vitally Important to maintain the oil at a suitable level. 011 level plates
are attached to both sides of housing, with "High"™ and "Low" oil levels noted. If
necessary fill housing with oil to "High" mark when not running. A slight draw
down of oil level will be noted when bearing is running. Occasionally oil should be
added to make up for leakage and evaporation. Be sure the make up oil 1s clean.

The air vent holes (9) should be kept open. 011 gauge (11) may be placed on either
side of housing.
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CYLINDER AND LINER, CYLINDER HEAD AND VALVES

CYLINDER

The individual cast 1ron cylinders are secured to the centerframe and base by four
studs which are screwed into the base adjacent to the main bearing saddles. The
cylinders are located transversely and are gligned to the centerframe by machined
pads . along one side which register with a st&p on the -top of the centerframe.
Crankcase sealer is used between the cylinders and the centerframe. If this joint
is disturbed the o0ld sealer must be scraped off and replaced by fresh sealer before
tightening the cylinder nuts. Glyptal Lacquer is recommended for sealer. On later
engines a gasket 1s used between the cylinder and centerframe. These gaskets can
also be used on engines not originally so equipped. A% oo

CYLINDER LINER

The cylinder liners are special alloy iron castings, heat treated to relieve
stresses and secure correct hardness. They are accurately machined to close toler-
gdnces 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 1f stored on board ship. The water seal at the bottom of
the liner consists of two rubber grommets which should always be replaced with new
ones whenever a liner is pulled. When lowering & liner into place, grease the grom-
mets into the cylinder fit or they may be pinched and damaged. The liner has from
.004" to .007" clearance in the cylinder at both top and bottom fits and no diffi-
culty 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 re-
sult, :

A copper gasket, 1/32" thick, forms the gas seal between the Iliner and the head.
The gasket and both sealing surfaces must be carefully wiped free of all dirt when
assembling.

CYLINDER HEAD

The individual cast iron cylinder heads are carefully designed to assure uniform
cooling and accessibility of the water jackets. Depending on the engine model two
or three large cleanout covers are provided.

On engines with 111" bore or larger positive cooling of the spray valve bosses 1s
assured by nozzles projecting into the water jackets and discharging cool water di-
rectly against them. Water is supplied from a manifold located close to the exhaust
manifold and fed at the center from the water inlet manifold.

The cylinder head 1is centered by means of a spigot which engages the bore at the top
of the cylinder liner. The face of this spigot bears upon the copper gasket forming
the gas seal. Brass bushings screwed into the cylinder and extending up into the
head carry the cooling water. They are sealed by rubber grommets.

When a cylinder head i1s removed it should be placed on wooden blocks, never on con-
crete floor or steel deck. The rubber grommets should always be replaced by new
ones and all dirt should be wiped from the bottom of the head before it is lowered
onto the cylinder.

INLET AND EXHAUST VALVES

Two types of intake and exhaust valves are used on Atlas Imperial Diesel engines.
One may be termed one-pilece forged type and the other two-plece cast head type.

The two-piece cast head type consists of a valve head cast of speclal heat resisting
alloy 1ron and a steel stem which 1s screwed and riveted to the head. Inlet and ex-
haust valves of the two-piece construction are interchangeable and the same valve
may be used for either intake or exhaust.

On engines where valves of the one-piece forged type are used the exhaust valves are
of a special heat resistant alloy steel and may be distinguished from the inlet
valves by the "EXH." and "INL." stamped on the valve heads. The inlet valves are
forged of chrome nickel steel and are not suitable for exhaust valves. The one-
piece valves should never be used interchangeably except in an emergency.

In engines with 103" or smaller bore the valves seat directly in the head. Renew-
able guides are pressed into the head. Engines with 111" or larger bore have

1
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both 1nlet and exhaust valves mounted in cages, bushed with renewable guides. The
exhaust valve cage is water Jjacketed. Connections in the cooling water pipes

must be broken when the exhaust cage is pulled. Exhaust cages must be pulled and
water jackets emptied if engine is permitted to stand for any length of time in
freezing weather as they will not empty from the main engine drain.

The cages are secured to the head with studs and are provided with jacking holes
to facilitate their removal. Two Jack screws are furnished with the tool equip-
ment for this purpose. The cages are sealed against the head with copper gaskets
at the bottom and cast iron piston rings installed in grooves above the port open-
ings seal the cages at the top. ;

Depending on the engine model one or two concentrlic springs are used per valve.

On the larger engine models the springs are held in place by a retainer which is
secured to the valve stem by means of a split taper collar. Depressing the spring
retainer against the springs permits the removal of the split collar and the dis-
assembly of the valve and cage. On engines with 10" bore the upper end of the
valve stem is threaded ‘and spring retainers are held in place by a nut and locknut.
On this engine model the length of the spring in place, with the valve closed,
should be §~3/16".

If the renewable valve stem guldes are replaced they should be reamed after pressing
in place with a standard reamer which produces a hole with a diameter to size or
.0005" oversize. For instance, the 13" bore engine uses a valve with a stem
dlameter of 7/8". A standard 7/8" diameter reamer should then be used after the
guldes have been pressed into place 1n the cages. This reamer should then produce

& hole with a diameter of .875" to .8755". ¥

When grinding valves mounted in cages it is recommended that the cages be bolted
into place in a cylinder head. ‘A spare head may be used, or if a machine shop 1s
available a sturdy fixture can be made up duplicating the cage bore in the head.
The clamping nuts holding the cage to the head or fixture should be pulled up to
approximately the same tension as when assembling in the engine. In this vay any
distortion of the cage and seat due to the clamping when the cage is in place will
be duplicated while the valve is being ground, and a perfect seat will be assured.
It will be found that this practice will practically double the interval between
valve grindings. Always finish the grinding with fine compound, and taks particu-
lar care not to get any grinding compound into the guide. Thoroughly clean all
traces of the grinding compound from valve and seat before redssembling.

Lubricate valve stem with clean engine oil before placing in gulde. If valve faces
are badly pitted they should be refaced in a lathe, as excessive grinding to re-
move plts will wear down the seats unnecessarily and will also cut a groove in the
valve face. Badly pltted seats should also be refaced before grinding. Care must
be taken to keep the seat concentric and square with the bore of the guide.

5. AIR STARTING VALVE (Engines with 13" to 15" bore)

The poppet type starting air valve, 1llustratea in

Fig. H-1, is actuated from the camshaft by means of a
lifter, pushrod and rocker, and 1s rendered inoperative
while the engine is running by a pneumatic piston arrange-
ment between the top of the valve stem and rocker:

Filg. H-1 shows the device in the inoperative or cutout
position, as it is when the engine 18 running. Valve (2) i 5 sl
1s held closed against its seat by spring (4 , and piston @®— ;

(6) is down against cylinder (5), held so by a spring . i
under the lifter. This spring holds the 1ifter and its
latch up clear of the camshaft, so that as the cam ro-
tates it does not contact the latch roller. (See de- ¥
scription of latches under paragraph 28.) The push-

rod is raised, rotating the rocker and holding piston (6) S
down against the cylinder as shown. ! ) Y%r

When the engine is.to be started, starting air from the
manifold enters®port (10) and passes up through the
drilled hole (9) in the valve stem to cylinder (5) where
1t raises plston (6) up against stop (7?, collapsing the & R
spring under the lifter, and forcing the 1lifter and latch ]
roller down against the cam. As the ‘camshaft then ro-

tates piston (6) remains up against stop (7), the air

force against the bottom of the piston being greater than

that of valve spring (4) and the spring under the 1lifter, PIG: Hod

e
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and the valve follows the motlion of the cam, admitting starting air to the cylinder
at the proper intervals. When the master valve in the starting air manifold closes
and the pressure in the manifold drops, piston (6) is returned to its position
against cylinder (5) by the 1ifter spring, and the valve remains closed.

Referring to Fig. H-1 the valve assembly is contained 1in cage (1) which is sealed to
[Tk the head by copper gasket (11) at the bottom and by piston rings at the top and is
held in place by two studs. Bronze bushing (3) works in the cage and is sealed
against the starting air pressure by two piston rings. Stop (7) is threaded onto
‘ eylinder (5) and is locked in place by snap ring (8), the end of which is bent in
and projects into a drilled hole in the cylinder. If either stop or cylinder are
replaced this hole must be drilled in the cylinder, in line with the hole in the
— stop when the two parts are screwed tightly together. Use a 13/64" drill. The pis-
ton travel should be from .300" to .330", and may be adjusted by facing off the top
of either the cylinder or the piston.

If the engine has been running or has been shut down for a considerable period of
time and a period of maneuvering 1s anticipated, 1t 1is advisable to give the
automatic alr starting valves 1n the cylinder head a few drops of penetrating oil.
Make sure that they are not stuck and squirt a 1little penetrating oll between the
spring coils so that it will follow the stem down and lubricate bushing (3).

ﬁi AIR STARTING VALVE (Engines with 10" to llé"mpggg)
On the smaller bore engineg” the arting alr rocker is mounted eccentrically on
| the rocker shaft. When arting e engine an alr ram described in Section R /
e turns the rocker shaft ahd lowers the alr start rocker until contact is made with
the alr start cam. Co éequently orh these enginegs the pneumatic plston arrengement
wl. described in Paragrapq;5 is not needed %zzyiiédhitted, the rocker bearing directly
n

on the valve stem. On 113" bore enghlnes thealve is mounted in a cage similar
{ to that shown in Fig./H-1, while on the- bore engine the valve 1s guided and .
e seated directly in the head. Hand oll the alr start valves occasionally as
described in paragraph 5.

= 7. PRESSURE RELIEF VALVES

Either two or three pressure relief valves are provided for each'cylinder, located

b near the bottom of the head on the operating side of the engline. These include a
manually operated relief or "snifter valve", a spring loaded safety valve, and on

e engines equlpped with the automatic control system a pneumatically operated relief
valve. If used, this valve is described in detail under the "Control System",
Section R.

| S
The valves are mounted in a tee screwed into the cylinder head. On standard engines

W without the pneumatic valve the snifter valve is in the top of the tee pointing up
and the safety valve in the bottom. When the pneumatilc valve 1s used it points down,
the safety valve up and the snifter valve projects out from the end of the tee.

<1

8. SNIFTER VALVE

1 The hand operated relief or "snifter" valves are small needle valves for release of
the compression when barring over the engine. They are also used as shut-off valves

I when 1indicating or taking compression pressures.

9. SAFETY VALVE

e The safety valves are spring loaded relief valves for the purpose of relieving ex-

; cesslve cylinder pressures. They act as telltales to indicate that the pressure

Gl is too high, and the popping of these valves 1s & definite indication that some-
thing 1s wrong and should be investigated at once. The valves are adjustable by

{ tightening the spring retaining cover, and should be set to relieve at 800 1lbs.

- per square inch. A setscrew locks the cover to maintaln the setting. They should
be tried out occasionally by prying up the lower spring washer with a screw driver

74 to assure that they are in operating condition.

, 8
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Section K-1

B I8 BON AN D CONNECTING RO D

PISTON

The pistons which are of the one-plece, solid-skirt type are made of high grade cast
lron 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 1n the liner 1s .001" per inch of bore diameter. Due to manu-
facturing tolerances the total clearance of the piston skirt may vary .001" up or
down from the above value. For example: the plston skirt clearance in a 13" bore
engine should be between .012" and .014". The head of the pilston being exposed to
high temperatures 1s given a larger clearance, approximately .0055" to .006" per
inch of bore diameter.

PISTON PIN -- (Tight in Piston)

The case hardened and ground piston pin is stepped, with differential fits in the
piston pin bosses. The fits are about .0005" to .0015" press on the small end and
metal to metal to .0015" loose on the large end. Rotation of the pin in the piston
is prevented by the engagement of a dowel which pro jects radially from the large end
of the pin with a groove in the bottom of the boss. A setscrew threaded into the
smaller pin boss enters an indentation in the pin to act as a retainer. The set-
screw 1s in turn secured by a locknut.

PISTO -~ (Floating in both Piston and Rod) '
Floati;zif;;;\gzgz3ﬁ“pigg are retained in’ the piston by means of cas ron plugs
which are pressed into a Ebunxgggggi in the piston. o
each plug to permit removal. Aftexn.one plug is re st}

by inserting a rod or bar thru the p%gfbm,h n-grd” tapping lightly with a hammer.
When replacing these plugs always.be

the piston. It is aduyisebI® to replace the plugé“?ﬁ%%hawgigf counterbore from which :
they were_ . This type of piln should be fitted with .&lggaiiii_?f .0015" toli i
. 0 i X % o eie

nrﬁhe iséon.
PISTON RINGS

In engines with 103" or smaller bore there are 6 rings per piston. In engines with
larger bores seven rings are used per piston, an oil ring above and below the pistcn
pin and five compression 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 sol-
vent or paint remover. Be sure oil drain holes below oil rings are open.

Check rings for side clearance in grooves and end clearance, as measured in pkgﬁe in
the liner. Side clearance should be .003" to ,005" with new pistons and Yings and
end or gap clearance .005" per inch of bore diameter for the two top rings. ‘For the
other rings the gap clearance should be .003" per inch of bore diameter. P

Rings should be discarded when the side clearance exceeds .008" and the end c¢lear-
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
clearance, in the groove in which the ring is to run, with feeler gauge, and the ‘end
clearance wilth the ring in the liner at the smallest dlameter. - Never install rings
with less clearance than that given above. As the oil rings wear the width of the'
flat increases, with consequent decrease in width of bevel and oil scraping ability.
Experience will determine permissible wear without excessive oil pumping.

CONNECTING ROD

The connecting rods are steel drop forgings, rifle drilled to carry o0il +to . the pis-
ton pins. Shims between foot of rod and crankpin box provide ad justment to balance
compression pressures in the cylinders to the desired value. The distance "X" (see
Fig. XK-1), between the top of the piston and the top of the liner should be in

accordance with the tabulation below.

Engine Dimension Engine Dimension
Bore and Stroke - n Bore and Stroke et

10 .%:13 13/16" 13:% 16(Purboss): 1 3/320

10% X 13 QL. - 13/161 14% x 18 1.7/36"

115 x 15 S A6 15 %19 1 572160

15 %16 1.3 /5ok 15.%:29(Purboi ) 1 9/3pY

SUFe to™3dne up the dowel pin with the slot in. ™
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When taking measurement "X" the piston should be
at top dead center and the cylinder liner must be
securely clamped down into the cylinder. The
cylinder stud nuts must also be tight when making
this adjustment. Connecting rod shim adjustment
in accordance with the above tabulation should be
used for altitudes from sea-level to 1500' ang
will then produce compression pressures of %00 to
410 pounds per square inch. TIf the engine 1s lo-
cated at higher altitudes than 1500 feet above
sea-level dimension "X" should be smaller than
the tabulated values. The Engineering Department
of Atlas Imperial Diesel Engine Co. will advise
the proper adjustment if the engine serial number
and altitude is stated.

A bronze bushing for the piston pin is pressed in
the upper end of the rod. If this bushing 1s re-
placed 1t must be reamed to-allow a piston pin
clearance of .002" to .003" on 10" bore engines
WG 16 and .0035" to .005" on engines with larger bore.
! ‘Care must be taken to keep the reamed hole exactly
warallel with the foot of the rod. The 0il grooving in the bushing is carefully de-
signed for correct lubrication, and new bushings must be inserted in rod with the
relief grooves on the horizontal axis of the pin. A ball check valve at the bottom
of the rod prevents return of the column of oil in the rod. ‘ Examine
these valves at annual overhauls. The ball 1ift should not exceed B R

NOOODNNNNNNNNNN

5. CONNECTING ROD BEARINGS

The crankpin boxes are steel castings with babbitt lining centrifugally cast angd
accurately bored. WNo attempt should be made to rebabbitt these boxes in the field.
New boxes may be obtained from A.I.D.E. Co. and a credit allowance will be made for
0ld boxes returned. Bearing adjustment is by msans of shims between halves of bear-
ing. Bearing clearances vhen adjusted should be .0008" to .0009" per inch of bear-
ing diameter. .

Clearances are best measured with a lead wire compressed between bearing and journal,
as described in Section F. Keep the shim thickness equal on the two sides.  Inspect
the bearing surfaces for even bearing. Areas which are not bearing on the shaft will
be discolored, and such bearings as well as new ones should be carefully scraped to
secure even bearing over at least 3/4 of the entire area. End clearance is .007" to
-015" and should not be allowed to exceed .025" : : i

9 ;
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. On some
13" bore engines the lower base is shallow &nd at its lowest point the connecting
rod box passes close to the lubricating oil header. If ‘the crankshaft in these en-
gines 1is barred over with the crank pin bearings loose on the shaft be sure to keep.
the bearings in a vertical position as they approach and pass over bottom center as
they will not clear. the lubricating oil header below the crankshaft if they are .
turned appreclably from the vertical. The header may be severely damaged 1if struck
by the crankpin ‘bearing boxes. y ~ ; : L .

f ) . 5 ' 5 &
MX . NOTE: 15" bore engines built 1941 or later afe equipped with loose bearing shells
(R in the crankpin boxes. Thede shells are bronze backed and care should be taken that
\ W\&éacks of shells and bores .of boxesware absolutely clean when assembling. The shells

pro ject above the faces of the crankpin box’ halves .003" to .005" but are squeezed
down flush when the connecting rod bolts—&re tightened up. : -

6. CONNECTING ROD BOLTS

The connecting rod bolts, fitting in reamed holes, hold the two halves of the crank-
pin boxes together and to the foot of the rod. The nuts should be kept pulled up
tightly but not overstressed. They should not be sledged but should be pulled up by
hand with a pipe about four feet long on the wrench. It is good practice to keep a
record of the lengthgzof connecting rod bolts, measured with a micrometer at annual
overhauls and to discard bolts that show more than .010" increase in length. It is
‘further recommended that all connecting rod bolts be replaced every two years, as-
suming the engine to have had continuous service during that time, say 8000 hours or
more. It is nearly always old bolts that have been in service for some time and
have been overstressed by pulling up the nuts too tightly that fail. Replacing
bolts as suggested above is cheap insurance against the possibllity of wrecking an
engine through connecting rod bolt failure. Replace cotter pins carefully, always
using new cotter pins.,~ Be sure that they are a close fit in the hole and. bend the

2
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ends back tlightly against the sides of the nut. If this work is left to inexperi-
enced mechanics 1t should be very carefully inspected at the completion of the job.
Always replace rods, bearings and pistons in the cylinders from which they were re-
moved. All parts are numbered.
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CAMSHAFT AND VALVE OPERATING GEAR

CAMSHAFT

The camshaft 1s made of 2" ground steel shafting. The keyways in the shaft are in-
dexed for the firing sequence stamped on the engine nameplate when the engine 1is
running in the "Ahead" direction of rotation. Number 1 cylinder is located at the
forward end of the engine. The high pressure fuel pump crankshaft is part of the
camshaft assembly and is bolted to a coupling flange which has been shrunk on and
keyed to the aft. or pump end of the camshaft.

CAMSHAFT BEARINGS

The camshaft bearings are accurately machined cast iron blocks with pressed in
bronze bushings. Bearing bore in bushing 1s reamed to 2.005" - 2.006" diameter
which allows a running clearance of .005" to .007". If replaced the bushings must
be reamed and oil and mounting holes drilled through after pressing in. A groove
must be chipped to communicate with the o0il hole if it does not intersect the groove
in the bushing. The bearing blocks are held in machined seats cut in the webs of
the centerframe and are secured by capscrews.

The camshaft thrust is carried by the two bearings adjacent to the fuel pump crank-
shaft. These two bearings differ from the other bearings in that the bushings have
thrust faces. The face of the forward bearing contacts the forward face of the
coupling shrunk on the end of the camshaft and the face of the after bearing engages
the web on the after end of the fuel pump crankshaft. The two bearings are adjusted
in a fore and aft direction to permit a camshaft end play of .015" to .020". All
the bearings except the two thrust bearings and the bearing at the extreme forward
end depend upon spray from the connecting rods and main bearings for lubrication.
Catch basins in the top of the bearings collect the oil. The two thrust bearings
and the forward bearing are supplied with oil from the force feed lubricating oil
system. :

CAMS

The cams are accurately ground to shape after being case hardened. The fuel valve
cam consists of a case hardened steel disc in which a case hardened steel toe is in-
serted. This toe controls the action of the spray valve, the disc serving as a base
circle. The cams are a sliding or light tap fit on the camshaft and are held in po-
sition by taper keys driven securely into place after the cams have been located to
line up with the latch rollers properly. The ahead inlet and exhaust cams serve as
hubs to which the astern inlet and exhaust cams, the ahead and astern alr starting
cams and the fuel cam disc are bolted. This cam sequence or arrangement may not
apply to the 13 x 16 Turbo-charged engines, especially late model engines which use
two loose cams for either inlet or exhaust. For correct cam sequence see the parts
catalog plate facing the Camshaft Group. Elongated holes in the fuel cam disc allow
angular adjustment with respect to the hub, permitting exact setting for timing.

CAMSHAFT REMOVAL

(a) Disconnect the linkage between the governor and the wedge shaft, and disconnect
the lubricator strap and the pump connecting rods on the forward end of the cam-
shaft.

) Remove the engine control parts, the latch shaft interlock (on lever controlled
engines), and the pilot valves from the top of the latch box.

(¢c) Remove the latch box. '

Remove the latch shaft and latches.
Remove all push-rods.
Pull the lifters upward away from the cams and secure them in this raised posi-
tion with a hose clamp or some other suitable device. :

g Remove the rotary pump housing together with the three pumps.
Disconnect the fuel lines from the high pressure fuel pump and remove the pump
housing assembly.

) Remove the bearing caps of the high pressure fuel pump connecting rods and re-

move the crosshead plugs, oil guards, sleeves and guides.

Take out .the cam bearing retaining capscrevs.

Loosen the cylinder nuts on the camshaft side of the engine.

Remove the camshaft. Sledge each bearing block out of its seat a little at a

time using a timber inserted through the openings on the exhaust manifold side.

The end of the timber should be placed against the camshaft as close to the

bearing as possible. When the camshaft has been partially removed it will be

possible to withdraw the connecting rods and crossheads of the fuel pump down-

ward. 2
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CAMSHAFT DISASSEMBLY

After the camshaft has been removed from the engine i1t should be disassembled as
follows. The bilge pump crank is removed elther by a suitable puller or by driving
with a babbitt hammer. Then, after removing the first cam bearing the clamping
bolts of the camshaft gear hub are loosened ang the whole assembly 8113 off. Bear-
ings and cams are then removed successively from the forward end of the camshaft.
FOR ALL RIGHT HAND OR PORT ENGINE, ALSO FOR LEFT HAND OR _STARBOARD ENGINES WITH 10",

103" AND 111" BORE, the cams are loosensd by driving the keys forward with a drirft.
FOR LEFT HAND OR STARBOARD ENGINES WITH 13" BORE ONLY, the cams are loosened by

driving the keys aft with a drift. . The cams should slide on the shaft freely after
the keys have been removed, but if it should be necessary to drive them off, only a
babbitt hammer or brass drift should be used. Any burrs, particularly at keyways,
must be dressed down with a file. If this precaution is not taken the cams may
seize as they are removed and forcing the cams the remainder of the distance will
score the shaft. »ﬁ

CAMSHAFT ASSEMBLY & INSTALLATION

When the camshaft is being reassembled the same precautions with regard to burrs
apply. Coating the bores of the cams with white lead will aig materially in sliding
the cams into place without scratching the shaft. The bores of either new or old

cams should be inspected carefully for any defects likely to scratch the shaft.

Bearings and cams are installed successively from the forward end but are not keyed
to the shaft until later. The hub and cam gear are assembled on the shaft and
clamped tightly. The camshaft gear should be located with its forward face a dis-
tance from the end of the shaft according to the following table:

10%, 10E! and 3" ‘hore enptren ey Sigh
113" bore engines - . - 6i"

The assembled camshaft is then installed in the engine. After starting each cam

bearing in 1ts seat the bearings are driven into place a little-at a time with a

heavy brass bar. Each bearing should be driven a 1little and then left until all

the others have been knocked in the same amount so that the camshaft will not be i
bent. The cam bearings will seat more easlly if the cylinder nuts are loose.

The connecting rods and crossheads of the high pressure fuel pump must be assembled
as the camshaft is being driven into place. The crossheads should be inserted in
the holes in the centerframe before the camshaft has been driven in any appreciable
distance. When the camshaft has been partially installed it will be possible to
place the connecting rods on their respective cranks. After this last step the
connecting rods and crossheads need no further attention as the cam bearings are
being seated. i

After the ‘cam bearings have been securely bolted, the latech shaft and latches should
be installed. The cams are then ready for keying. Starting with Number 6 (flywheel
end) cylinder place each set of cams directly under the proper latch rollers and &
secure the cams to the shaft by inserting the taper keys. FOR ALL RIGHT HAND OR

PORT ENGINES ALSO FOR LEFT HAND OR STARBOARD ENGINES WITH 10", 10i™ ang 111" BORE

drive each key toward the after end of the engine (large end of key should be for- T
ward). FOR LEFT HAND OR STARBOARD ENGINES WITH 13" BORE ONLY, drive each key -
towards the forward end of the engine (large end or key should be aft). Complete
this procedure with each set of cams before going to the next one and work forward
from the after end of the engine.

The engine should next be timed, in accordance with the detalled instructions in e
Paragraphs 14 to 17 after which the latch box and control parts may be reassembled
on engine. For Fuel Spray Valve timing see Section 0. i

VALVE LIFTERS

The steel valve lifters work in cast iron guides bolted to the top of the center-

frame and carry case hardened rollers on steel pins on their lower éends. (The air

starting lifter does not have a roller.) Clearance between lifters and guides 1is

.0015" to .0025", between rollers and pins is .001" to .002", and the pins are :

riveted into the lifter forks, with the ‘ends flush, so that they may enter the guide s

‘bores. A hole in the lower end of the starting air lifter engages a pin carried in

bosses on top of the latch, which serves to 1ift the latch clear of the cams when -
the engine 1s running.

PUSH-RODS : : Al

The englne may be equipped -wlth either of two types of push-rods. One style connects
to the valve rockers with forks which are’ screwed on to the end of the push-rod and

2%
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secured by a locknut. The forks are connected to the rockers with steel pins which
are held in place by a ball check pressed into the rocker. This ball check engages
in a circumferential groove around the center of the pin, and may be removed by tap-
ping with a hammer and drift. The pins are fitted with a clearance in the rocker of
.000" to .0025", and a clearance of .0005" to .0027" in the forks. Holes located
near the top of the push-rod provide a means for turning the rod when making ad just-
ments.

The other style of push-rod engages the rocker by means of a ball and socket, the
socket being in the end of the push-rod. The ball screws into a tapped hole in the
rocker and provides the means for ad justing the clearance between the rocker and
valve. The ball studs are retained by a capscrev clamping the threads. These clamp
screws should be kept tight so that there 1s no chance of the ball stud working

loose and changing the clearance between rocker and valve, and also to prevent strip-
ping of the thread due to the continued hammering action of the push-rods.

The steel pins which link the forks to the rockers have - -0005" oL .0027" clear-
ance in the forks and .000" to .0025" clearance in the rocker ends. The pins are
retained by ball checks which are pressed into the rocker ends and which engage cir-
cumferential grooves at the centers of the pins. The pins may be removed by tapping
with a hammer and drift.

VALVE ROCKERS

The rockers for the inlet, exhaust and starting air valves are fulcrumed on a shaft
which is supported by bearings at each end. The bearings are mounted on studs
screwed into the cylinder heads and are held between nuts on the studs. By screwing
the nuts up or down the rocker shaft can be raised or lowered.

The three rockers are bronze bushed at thelr fulcrums and the bushings are reamed
for .001" to .003" clearance with the rocker shaft after pressing in. The case
hardened rollers at the valve end of the exhaust and inlet rockers work directly on
the valve stems and turn on steel pins riveted in the rocker forks. The clearance
of the rollers on the pins 1s ;0005 tor . 00154

‘The fuel valve rocker is not carried on the shaft with the other three rockers. A
support located on the manifold side of the cylinder head acts as a fulcrum. - The

steel fulcrum pin, retained by cotter pins at each end, has a clearance of .000" to
.0017" in both pleces.

VALVE TIMING

The correct valve timing for the engine is given in the following table.

Non o 13 x 12/
grge

Turbocharged g o
Starting Alr Valve Opens - - - - - BOTRNC b e : &7 K
o W " Closess.~i-i;mi- 45° B.B.C., - - - - - 0 EAR K
Inlet. VAive ODans-.s =i sovar <3 0B Babn —sas g o 800° & ye K
& 1 Closes - - - - - - - - 250 A, Bil. misie i o ALK
Exhaust Valve Opens- - - - - - - - 557 sB.B0s man mavi- .,SE;;*-E<
% It T Cloges = =0 = e 50 A TiCu o othmi—t :! ) "4
Pue) Spray Valve Opans - - - - -i= see engine name plate %,
2 n " Closes-. - - - - - see engine name plate b

11. SPOTTING THE PISTON

Before proceeding with the discussion on valve timing the following instructions re-
garding the correct method of spotting a piston should be considered. Whenever a
piston is to be spotted for valve setting it should be brought into position by
turning the engine in the direction of ahead rotation in order to take up all ge&ar
back-lash. If the engine is turned past the desired position, it should be turned
well back in the opposite direction, and then again brought up to the required point.

FLYWHEEL MARKINGS

NOTE: The following data applies to Non-Turbo-charged engines and 1s intended for a
general description of the-markings only. For actual figures for valve timing see
paragraph 10 above.

The 4.5 x 16 Turbo-charged engine flywheel is marked similarly except the degrees are
marked completely around the full circumference due to the earlier opening and later
closing of the valves. The description following may be applied to the turbo—charged~‘

engines providing the figures given paragraph 10 above are substituted. -
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The position of the piston may be determined from the flywheel pointer and the mark-
ings stamped on the flywheel rim. Top center of each pliston is marked and stamped
with the corresponding piston numbers, and degree
marks are stamped for 25° on each side of top cen-
ter. These markings are sufficient for all valve
timings. The intake valves normally open 10°
B.T.C. (Before Top Center) and the exhaust valves
close 5° A.T.C. (After Top Center) and these
points can of course be determined directly from
the degree markings adjacent to the top center
marking of the corresponding cylinder.

The intake valves normally close 35° A.B.C. and
the exhaust valves open 350 B.B.C. Referring to
Fig. L-1, these points may be obtained on the iy
wheel as follows. Since the crankshaft has three Ll
throws 120° apart the top centers of the three
pairs of cylinders will be 120° apart. Bottom
center of any palr of cylinders is 180° from top &
center. Therefore the bottom center of any pair
of cylinders 1s 60° from the top centers of the
other two pairs. As previously stated, each top
center 1s marked for 25° in either direction.

FIG, 11 Subtracting this 25° from. the above 60° leaves

359. Hence each 250 A.T.C. point is also the: 35°

B.B.C. point for the preceding pair of cylinders and similarly each 25° B.T.C. point
is also the 35° A.B.C. point for the following pair of cylinders.

POINTER LOCATION

The location of the flywheel pointer should be checked occaslonally by "splitting

the center".  With one of the cylinder heads removed crank the engine to a point 2
about 20° off top center. Measure the exact distance from the top of the liner down

to the plston and observe the pointer reading on the flywheel. Then set the piston

to the same distance below the top of the liner on the other side of top center and e
observe the flywheel pointer reading. If the readings do not agree ad just the .

pointer to give equal readings on each side. These readings should preferably be

taken with an indicator and in each cgse the piston should be cranked upward into

position. :

CAMSHAFT TIMING

In order to time the engine it is necessary to determine the correct relation be- =
tween the crankshaft and camshaft, which is done by rositioning the camshaft gear

on its hub, and then to adjust the push rods to open and close the valves at the
correct points. Unless the crankshaft gear, camshaft gear or camshaft gear hub have
been replaced, the camshaft can be correctly timed after overhauling as follows.
Before breaking the gear train spot No. 1 piston exactly on firing top center. With
a steel scale bearing firmly against the machined side of the centerframe scribe a
line across the side of the camshaft gear parallel to the centerframe face. When
re-assembling mesh the gears with the crankshaft and camshaft in the same relative
positions, that 1s, with No. 1 piston on firing top center and the line on the cam-
shaft gear in line with the centerframe face,

If the crankshaft gear, camshaft gear or the camshaft gear hub 1s replaced, the cam-
shaft may be timed as follows:

(a) Spot No. 1 piston 21° B.T.C. (13 x 16 Turbocharged 73° B.T.C.) in the AHEAD
direction. S

(b) Set the camshaft gear relative to its hub so that clamping bolts are :
approximately in the center of the slots. Orient camshaft gear so that
0ld dowel holes will not interfere with redowelling.

gc) Turn the latch shaft to the AHEAD position (datches out).

d) Turn the camshaft (with intermediate gear out of mesh) so that the 1in-
let and exhaust lifters of No. 1 cylinder are each raised an equal dis-
tance. (NOTE: The piston was set at 24° B.T.C. (0P 74°% ) as this is
the mean position between the opening of the inlet valve, and the closing Yere:
of the exhaust valve, and at this position both valves should be ‘open an
equal distance.) :

(e) Holding crankshaft and camshaft in above positions and allowing the cam-
shaft gear to slip on its hub as requlred, mesh the intermediate gear
and tighten the clamp bolts between the camshaft gear and hub. After
all valves have been timed and checked, drill 31/64" holes through gear
in 1line with dowel holes in hub and ream to .497" _ .498" for dowels.
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After determining the correct relation between the camshaft and crankshaft the push
rods. must be adjusted as follows: (See Section O for timing of fuel spray valve.)

15. INLET & EXHAUST VALVE TIMING

(a) Non-Turbo-charged engines: ;
Spot piston at 10° B.T.C. at the end of the exhaust stroke.
. Adjust inlet push-rod so that valve is just opening.
Spot piston at 50 A.T.C. on the suction stroke.
. Ad just exhaust push-rod so that valve is just closing.
16 Turbo-charged engines only:
‘Spot piston at 80N B.T.C. near end of exhaust stroke.
Adjust inlet push-rsd so that the valve 1s just opening.
//ﬁr”gbot plston at 65° A, . _on _the suctiocn-stroke.

4, Adjust exhaust push-rod so that valve is just closing.

(p) 13

W W

&
The following applies to both Non-Turbo-charged & Turbo-charged engines:

(¢) Check clearances between valve stems and rocker rollers. The cams are de-
signed for 1/%2" clearance with the valves set as above and with the en-
gine cold, but this will vary somewhat due to manufacturing tolerances.
When making the adjustments aim at the opening and closing points but keep
the clearances between .020" and .040", varying the opening and closing
points slightly if necessary. Excessive clearances mean a nolsy engine
and increased wear on parts. Insufficient clearances prevent valves from
seating properly, with consequent blowby and destruction of valves and
seats.

(d) Check and record closing point of inlet valvg and opening point of exhaust
valve. These points should fall wilthin 5 of the position given in the
timing table.

(e) Shift latch shaft to ASTERN and check opening and closing points of inlet and
exhaust valves when running ASTERN. . Discrepancies from the AHEAD timing
up to 5° may occur due to manufacturing tolerances, but no attempt should
be made to correct this condition, as any changes in the push-rod adjust-
ments will upset the AHEAD timing.

(f) Adjust and record valve timing for the other cylinders as above.

16. STARTING AIR VALVE TIMING - ENGINES WITH 13" BORE

(a) Insert steel block 5/16" thick between the air starting rocker and the top of
the piston in the pneumatic tappet in the starting air valve. g

(b) Spot piston at 5° B.T.C. at the end of the compression stroke (in the AHEAD
direction and with latch shaft AHEAD) and adjust the pushrod so that the
valve is just opening. Check the closing point, which should fall within 5°
of the position given in the table. (See Paragraph 10)

gcg Shift latch shaft to ASTERN and spot piston at 5°. B.T.C. ASTERN.

d) Adjust astern air starting cam relative to its hub so that starting air valve
is just opening and clamp cam to hub. Check closing point. ;

(e) Adjust and record starting air valves for the other cylinders as above.

17. STARTING AIR VALVE TIMING - ENGINES WITH 112" OR SMALLER BORE

(a) Bar the valve rocker shaft by hand to its starting position (up against the

stop in the air cylinder).

(b) Spot piston at 5° B,.T.C. at the end of the compression stroke (in the AHEAD
direction and with latch shaft AHEAD) and adjust the pushrod so that the valve
is just opening. Check the closing point, which should fall within 50 of the

: position given in the table. (See Paragraph 10) :

(¢) shift latch shaft to ASTERN and spot piston at 5% B.T.C. ASTERN.

(d) Adjust astern air starting cam relative to 1its hub so that starting air valve
is just opening and clamp cam to hub. Check closing point. :

(e) Adjust and record starting air valves for the other cylinders as above.

0]

18. CAMSHAFT DRIVE GEARING - ENGINES WITH 13" BORE

The camshaft is driven from a gear on the crankshaft by means of an intermediate
gear. The helical crankshaft gear is shrunk on the crankshaft between the two for-
ward main bearings. If replaced the new gear should be heated to approximately 600°
F. and slipped over the shaft against a temporary spacer to locate the inner face of
the gear 8-1/4" from the machined face of the first crank web. Do not overheat the
gear, as this will damage the steel structure, and once it is started onto the shaft
move it immediately to the final position, as it will be impossible to move it far-
ther once it begins to cool and seize the shaft. If this should happen it would be
necessary to destroy the gear in order to remove 1t. :

B
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The intermediate gear has replaceable bronze bushings and rotates on a case hard-
ened steel shaft. The intermediate gear bracket or bearing in which the gear and
shaft are mounted is bolted and doweled to the top of the centerframe. Shims be-
tween the bearing and the centerframe and movement of the bearing transversely per-
mit backlash adjustment of the gears, which should be set at .006" to .008". If the
bushings in the intermediate gear are replaced they should be reamed to 2.937" to
2.938" diameter and faced to 3.002" to 2.998" in thickness after being pressed into
the gear. The clearance between the gear bushings and the shaft should then be o
.002" to .004" and the total lateral clearance .005" to .012". Lubricating oil

under pressure is supplied to the intermediate gear bearing from the header in the

base.

The camshaft gear is bolted and doweled to a hub which is keyed and clamped to the
forward end of the camshaft. It should be located fore and aft in line with the in-

- termediate gear.

CAMSHAFT DRIVE GEARING - ENGINES WITH 111" BORE

The camshaft is driven from a gear on the crankshaft by means of a compound inter-
mediate gear. The helical crankshaft gear is shrunk on the crankshaft in front of
the last forward main bearing. It should be located 1/4" from the machined face of
last crank web. Do not overheat the gear, as this will damage the steel structure,
and once it is started onto the shaft move it immediately to the final position, as
it will be impossible to move further once it begins to cool and seize the shaft. .

The intermediate gear has replaceable bronze bushings and rotates on a case hard-
ened steel shaft. The intermediate gear bracket or bearing in which the shaft is
mounted is bolted and doweled to the end face of the centerframe. Shims between the
gear bracket and the end main bearing cap permit alignment of the gear and adjust-
ment of backlash which should be set at .006" to .008". If the bushings in the in-
termedlate gear are replaced they should be reamed to 2.999 - 3.000 diameter and
faced to 5.502 - 5.498 thickness after being pressed into the gear. Lubricating oil L
under pressure is supplied to the intermediate gear bracket from the lubricating oil

pressure system.

The camshaft gear is bolted and doweled to a hub which 1s keyed and clamped to the
forward end of the camshaft. It should be located fore and aft in line with the
intermediate gear.

CAMSHAFT DRIVE GEARING - ENGINES WITH 10" AND 104" BORE —

Paragraph 19 applies with the following exceptions. The intermediate gear bracket
or bearing in which the shaft is mounted is bolted and doweled to the forward end
centerframe cover. If gears are replaced backlash should be adjusted to .006" to
.008". 1If bushings in the intermediate gear are replaced they should be reamed to
2.249" - 2.250" diameter and faced to 4 63/64" after being pressed into the gear.
The crankshaft gear is in this case located against the machined face of the forward
crank. -
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FUEL SUPPLY SYSTEM

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, while the
fuel injection system includes the high pressure fuel pump, the fuel raill, the
accumulator, the fuel pressure regulating valve, the fuel spray valves, and the
necessary connecting tubing.

IMPORTANCE OF CLEANLINESS IN FUEL HANDLING

The high pressure fuel pumps and fuel spray valves have been referred to as the
heart of the Diesel engine and the proper functioning of these parts 1s necessary
for the successful operation of the engine. These pumps depend upon lapped plun-
gers working in cylinders with clearances measured in hundred thousandths of an
inch and 1t 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 operators to use every possible care in getting clean fuel
0il and in keeping it clean until it 1s delivered to the engine. Fuel tanks and
piping should be thoroughly cleaned when installed and should be kept covered at
all times.

The fuel filter should be periodically cleaned and serviced according to the de-
tail instructions given in paragraph #3. 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 care-

lessness in storing and installing spare parts.

FUEL TRANSFER PUMP

The fuel transfer pump, which is located in the rotary pump housing on the after

i1l

Q@ O
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FIG. N-1

end of the centerframe,
delivers a continuous
supply of fuel to the
engine from the main
storage tank: It is - a
rotary type gear pump,
identical in construction
(but smaller in size)

with the lubricating oll
pumps described in Sec-
tion 8. The description
will not be repeated here,
nor the instructions re-
garding direction of rota-
tion, which apply equally
well to the transfer pump.
(O0n direct reversible
marine engines the rotary
gear type fuel transrer
pump is reversible. :Con-
sequently fuel is deliv-
ered from the same port
irrespective of direction
of rotation.) “The fuel
transfer pump drive is
shown on Fig. N-1. Trans-
fer pump (6) is mounted in
adapter (5) which is bolt-
ed and doweled to housing
(11)." TP the adapter is
replaced it must be posi-
tioned for .004" to .005"
gear backlash before
doweling. A cylindrical
fit between pump and -
adapter permits replace—,
ment of the pump without
disturbing the drive

gear setting. The pump

‘shaft and rotor is
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carried in three bronze bushings one in the adapter and two in bearing (15) which
is bolted to the adapter. If replaced these bushings must be line reamed to 62501
.6255" dla. after pressing in and with the bearing bolted to the adapter.

The bushing in the adapter is lubricated by fuel oil from the pump, and the two in
the bearing by lubricating oil, fed through drilled holes in the castings from a
lubricating oil line connecting into the adapter. 011 seals (7) and (10) prevent
contamination of the lubricating oil by the fuel oil and if replaced must be in-
stalled as shown, that is with the leather ends together and flush with the ends
of the bores. Some engine models are equipped with one rotary type seal instead
of the two seals shown in Fig. N-1. This type of seal rotates with the pump shaft
and seals against the specially prepared faces of the adijacent bushings. Fuel
leakage past the seal is drained off through connection 89), which should be piped
back to the fuel tank. Under no circumstances should this opening be plugged, or
the fuel will drain into the lubricating oll in the crankcase. Drive gear (16)

1s secured to the shaft with a Woodruff key and setscrew, which should be securely
wired, as should all the internal bolts in the assembly.

FUEL OIL FILTER - (Series Type - Standard Equip.)

The' fuel oll filter 18 & metal edge type filter, similar to the lubricating oil
filter described in Section S and the detailed description will not be repeated
here. There are two elements in series, with .002" and .003" spacing. The dirt
may be scraped off the elements by turning the cleaning handles on the top, and
this should preferably be done whe: *Ma engins is not running so that the dirt can
settle freely to the bottom of the sump tanks although there is no objection to
cleaning with the engine running. The sumps should be drained before the dirt
builds up to the level of the elements.

After draining refill the filter through the priming plug in the top, and leave
the vent cocks slightly open when starting the engine to allow the trapped air to
bleed out. The filter elements may be replaced by removing the handles and sump
tanks and unscrewing the elements from the head. CAUTION: Element 1s attached
to head with left hand thread. Assemble with .003" element on the inlet side.

FUEL OIL FILTER - (Duplex Type - Special Equip.)

This.filter (4if engine i1s so equipped) is similar to the series type described
above, except that the elements have .0015" spacing, and the filter is provided with
a switeh-over valve which allows either element to be cut out for cleaning while the
engine is ruaning. For care and operation of this filter follow instructions given
above for the series type.

FUEL DAY TANK The fuel oil day tank should pre-
3 : ; VENT ferably be installed as shown in
At : Flg. N-2. This hookup shows the
_CF—WZﬁrj o fuel filter on the engine connec-
‘ i qii | §Fues veven 12" MINIMUM ted between the day tank and the
Sl A0 . - high pressure fuel pump. This is
GAGE GLASS quite desirable, as the filter
. P “then protects the engine against
R £ NOYE: contamination of the fuel in the
FILTER FuEL oAy Z Dot A day tagg, hHogevgr,t1§ reguiies_
(oPrionaL noT : TANK mremsoome s Acprayity hedduofia east six
EURMISHED BY AIOE.CO) -wJ -0 i fenl to fovoe Shi fusi through
DAY TANK the filter, and if the space lim-:
f OVERFLOW | itations of the engine room will
SS not permit locating the day tank
3 to give this head, 1t will then
be necessary to connect the filt-
(R er between the pump and the day
st Len_punp tank, that is, in the position of
ixhwrzﬁ;zi ON ERGIRE J ghg op%ioni%hfilter shown %n gig.
N-2. n e er.case a vent pipe .
T must be carried up from the top

CHECK YALVE ] of ‘the high pressure fuel pump to
FILLER PIPE . ; ‘& point atileast one foot above
3 : the level of the day tank over-

3 ; flow connection. Remove the re-
=l §, SAAURNEL TAUK stricted orifice fitting in the
T ! : top of the pump cover, and con-
Ly UL / aect the pipe directly to the
SUCTION. *‘\xmumL coven, using 5/8! o /0% J.0 9
(Iron Pipe Size) pipe or 1/2" to
FIG. N-2 5/8" 0.D. copper tubing. The end

of the pipe must be protected to prevent the entrance of dirt and moisture.
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The suction pipe from the pump to the storage tank and the day tank overflow pipe
should be 1/2" or preferably 3/4" I.P.S. and the pressure pipe from the pump to the
engine should be 1/2" or 3/4" I.P.S. For long pipes use the larger of the sizes
glven.

While the installation with fuel day tank as shown in Fig. N-2 is recommended and
the tank is furnished with the engine it is not absolutely necessary. If desired
the tank may be omitted and the hookup made according to Fig. N-3. The advantage of
the day tank is that fuel is always available under a gravity head for starting the
engine and in case of failure or loss of prime of the transfer pump the engine will
run for some time on the fuel in the day tank. If a day tank is not used the engine
will stop almost immediately upon failure of the transfer pump.

W

If the hookup without the day tank is used, as shown in Fig, N-3 the vent conﬁectiSH\
in the top of the high pressure fuel pump must be pipe@,ﬁack\fbéthe main storage N
tank as shown, and in this case the throttling orifice 1in the t of the pump should
not be removed, but the fuel return pipe should be connected into\this orifice.
This return line provides for a continuous flow of fuel through thg top of the high
pressure pump and insures the removal of any air trapped in the fu The restrict-
ed opening in the air vent ori-
fice 1s proportiioned to give
the deslired prejssure in the
high pressure 3 p suction

H

AR VENT
ORIFICE

chamber. If the main fuel tank
is above the enmgine room level,
+ e { ES s the return pipg should spill

s : over into the jtop of the tank,

} and the pump guction should be
taken from some distance above
the bottom of the tank to pre
vent sucking sludge and the

HIGH PRESSU
FUERL PUNP
ON ENGINE

FUEL FILTER

SR IR . water into the engine. The
PRINARY FUEL « I fuel returry line should be 3/8"
FILTER I.P.S. or 1/2" 0.D. copper tub-
(oPTioNAL- HOT . ETURN PIPE ing, the pimp suction pipe |
FURNISHED BY ALDE.CO) I.P.S. OR 3 OD. should be B/4" I.P.S. pipe, dnd
T = COPPER TUBING the pressure pipe 1/2" I.P.S.|
: b or larger. : i
FUEL TRANSFER While not gabsolutely necessari,

PUMP OM ENGINE it is suggegted that a primary|
" +J filter (not\supplied by A.I.D.E.
T VENT Co.) be emplgyed in addition to
% the filter on\the engine. Thisx
l/)_‘“““ YALVE z| i be Vibe will collect the_larger parti- |
o his cles of dirt, and™will thus ma-
‘iﬂ ! terially increase thé™necessary
d cleaning interval of the engine ;
L””"tJ MAIN| FUEL TANK fidtens - TP nsed b connect%on 3
with a day tank it should pre-
ferably be connected before the |

o /3 tank as shown in Fig. N-2 thus |
SUCTION DRAAIN keeping the fuel in the tank /
: : clean. If a day tank is not
] FIG. N-3 used it should be connected 1
the pump suction, as shown in Fig. N-3. In either case, but particularly in the/gf
latter, it should be of ample capacity and of duplex construction, with built-in
switch valve for cutting either unit out of service for cleaning. A Purolator fil-
ter, Type D113JJ with .003" spacing is recommended.

[
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FUEL INJECTION SYSTEM

HIGH PRESSURE FUEL PUMP

The high pressure fuel pump is located on top of the centerframe between the fly-
wheel and Number 6 cylinder on the operating side of the engine. The pump consists
of two plungers actuated by crossheads and connecting rods from a crankshaft which
is bolted to the after end of the camshaft. -A small hand operated plunger is also
bullt into the pump and 1s used for priming the fuel system and for bullding up fuel
pressure when the spray valves are belng timed or tested. :

Referring to Fig. 0-1 cast-iron guldes 30), located in holes in the centerframe and
secured by capscrews, carry crossheads (29), which are actuated by the crankshaft
and connecting rods (16). The bronze connecting rods have a clearance of .0005"

to .0025" on thelr crankpins and a side play of .005" to .009". Roller bearings

in the upper end of the connecting rods constitute the wrist pin bearings, and the
pins have .0005" to .0015" clearance in the crossheads. Each crosshead has a re-
placeable bronze sleeve (28), held in place by a shoulder on the lower end of the
crosshead and by the oil guard (27) and plug (26) at the upper end. The clearance
between this sleeve and the crosshead gulde is .002" to .004" and if 1t becomes
excessive new sleeves should be installed. Lubrication 1s by spray from the cranks.

Pump housing (15) supports mounting plate (20) and carries handle (10) and shaft of
the priming pump. Mounting plate %20) which 1s bolted to the top of the housing
carries the individual pump bodies (21) on its lower face. The pump bodies contain
all the essential parts of the pump, namely, barrel (24) and plunger (23) suction
valves (19), discharge valves (8), and the priming pump plunger assembly (12) and (13).

The suctlon and discharge valve
assembllies extend upward through
holes in the mounting plate and
a suction chamber (17) is formed
by the mounting plate and its
cover (18).' A reservoir of fuel
under low pressure is consequent-
ly located immediately above the
suction valves.
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Plunger and barrel assemblies (23)
and (24) of the main pumps are in-
stalled in seats in the bottom of
pump bodies (21). Retaining nuts
hold the barrels in place and cop-
per gaskets between the barrels

and seats form the seals. Springs,
retalned at the lover ends of the
plungers by speclal washers, force
the plungers downward on the suc-
tion strokes. The plungers and
barrels are lapped together in
matched palrs and are not inter-
changeable. Always use care to pre-
vent mixing them. If elther plece
becomes scored or.-damaged both must
be replaced. Always wash parts
thoroughly in clean solvent or fuel
0ll and lubricate with clean engine
olil before replacing.

s
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When dismantling the pump, mounting e
plate (20) together with the pump ¢
‘bodies and plunger barrel assem- |
blies should be removed from the
housing as a unit. Hold the

plungers in place as the unit is
lifted, as they will drop out when

free of the crossheads.

Suction valves (19) are located in
pockets in the top of the pump
bodies immediately above the
plungers. They are mounted in
cages which form the guides and

i} seats, and are held closed by
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springs, which are retained by nuts on the valve stems. The cage assemblies dre
held in place by retaining plugs screwed into the pump bodies, and are sealed to
the bodles by copper gaskets. The valve 11ft 1s determined by the clearance be-
tween the top of the cage and bottom of the spring retaining nut, and should be set
at 1/16". The valves may be removed by unscrewing the retaining plugs, after first
removing top cover (18). g

Discharge valves (8) are mounted in cages (9) which are screwed into the tops of the
pump bodles. Spherical seats make tight joints between cage & body without gaskets.
Flutes on the valve stems work in hardened steel inserts (7) pressed into the cages.
The valve 1ift is limited by retaining plugs which screw into the tops of the cages
and secure discharge tees (5). The 1ift should be 3/32". Spherical surfaces betweor
the tees and the cages and plugs form tight joints without gaskets., Bleeder val
in the tops of the retaining plugs permit venting entrained air from the fusl. The
above construction is identical for both pumps, two of the tee outlets being cou-
nected together, and the other two leading to the fuel rail and to the accunulator
and regulating valve.

Leakage of the suction or discharge valves can usually be stopped by lapping lightly
with very fine grinding compound, but 1if this is not successful new valve and cage
assemblies should be installed. If the lower end of the retaining plug above dis-
charge valve (8) shows signs of heavy hammering this 1is usually due to discharge
valve seat (7) being loose in the cage. The cage and seat must then be replaced.
Hammering may also be due to insufficilent discharge valve 1ift which should never
bedess than 1/16%.. 9 &

ki
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Priming pump assembly (12) and (13) is threaded into the bottom of the forward pup
body directly below the discharge valve. The barrel is screwed into the pump body
against a copper gasket and has a packing nut at its lower end. The upper end of
the plunger (11) has a valve head which engages a seat in the barrel preventing
leakage when the priming pump 1s not in use. If the pump leaks while the engine is
running the valve should be lapped in. If the unit leaks while the fuel system is
belng primed the packing should be either tightened or replaced. Service work on
this pump will be greatly facilitated 1f the mounting plate (20) is unbolted and
the whole fuel pump assembly is removed from the housing.

Fuel leakage from the main pumps and the priming pump collects on top of the center-
frame inside the pump housing, and 1s dralned off through a hole in the end of the
centerframe. The high pressure fuel pump has been designed to glve long trouble-
free performance provided that it is glven reasonable care. Water, dirt and other
impurities in the fuel will materlally shorten the life of the plungers and barrels.
The normal working pressure is %000 to 4500 1bs. per square inch but the pump is
capable of building up pressures far in excess of this figure. Carelessness 1n the
care of the pressure regulating valve, may cause it to become ineffective, and the
resulting high pressure may injure the pump and also damage other parts of the in-
Jection system.

FUEL RAIL

The fuel rall is located on the operating side of the engine level with the tops of
the cylinder heads. One end of the rall is connected directly to the high pressure
fuel pump and the other end is connected to the accumulator, pressure relief valve,
pressure gauge and back to the high pressure fuel pump. A tee is provided in the
pressure gauge line for the pilot house gauge connection.

Isolating valves are built into the fuel rall at the outlets to the spray valves
and an additional valve is provided for the purpose of testing the spray valves.
The fuel rail consists of a length of seamless steel tubing inserted in and brazed
to the bodies of the 1solating valves. The isolating valve stems, which have
hardened conical ends, are threaded into the valve bodies. The valve seats are re-
placeable tobin bronze washers and are held in place by plugs which are screwed

into the valve bodies and to which the injection lines from the spray valve are
connected.

INJECTION TUBING

All of the high pressure lines used in the injection system are seamless steel

tubing. The ends are formed by brazing union sleeves to the tubing, and union nuts
fasten these ends to the various fittings. Two different sizes of fuel tubes are
used in the high pressure system. One size has an outside dia. of -3/4" and .065!
wall thickness, and the other size is 3/8" outside dia. and .109" wall thickness.
high grade tubing is used, made especially for this service, and standard seamless
steel tubing should never be substituted. >

.
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The importance of keeping the injection lines clean cannot be overemphasized. When
an injection line 1s removed from the engine the open ends should be covered with
clean paper which should not be removed until the tublng i1s to be placed on the
engine again. If there is any doubt as to the cleanliness of an injection line 1t
should be thoroughly cleaned before installing. To clean a line 1t should be washed
repeatedly in cleaning solvent or gasoline and should be blown out with an air hose
between each washing. This cleaning process should be carried on until there is no
uncertainty as to the cleanliness of the tubing.

ACCUMULATOR

The accumulator is a welded steel bottle mounted on the centerframe, and connected
to the fuel rall on certain sizes of engines or to both the rail and high-pressure
pumps on other sizes. The function of the accumulator is to prevent large pressure
fluctuations in the fuel system due to lowering of the pressure each time a spray
valve opens, or to the increasing of pressure on each stroke of the fuel pump plun-
gers. Therefore, due to the compressibility of the fuel oil, the accumulator helps
to maintain an even pressure in the fuel system. 5

On the 13 x 16 Turbo-charged engine, the fuel rail has been increased considerably
in diameter so that it performs.the functions of both the rail and accumulator.

FUEL _PRESSURE REGULATING VALVE

Fuel injection pressure is controlled by the adjustable pressure relief valve. This
valve is of the by-pass type in which the opposing forces of a spring and the fuel
pressure acting on the stem of a needle valve maintain constant fuel pressures. If
the pressure starts to drop the spring closes the needle slightly reducing the a-
mount of fuel by-passed with the result that the pressure is held constant.

Referring to Fig. 0-2 the regulating valve is built around valve body (7). The
hardened steel valve seat (8% is held between the body and adapter stud (9) which
screws on the bottom of the body, and through passage (18) allows the by-passed fuel
to escape. Fuel inlet elbow (165 1s threaded into the side of the body, supplying
fuel to the annular space around the reduced section of the valve stem (17&. The

top of the body 1s bored to receive stem packing (15) and packing gland (14).

Screwed to the top of the body is relief valve spring cage (5). This cage 1s screwed
down upon the drain cup holding the latter in place against a shoulder on the body.

Cage (5) carries upper spring seat (3),

Spring (11), and the lower spring seat. Valve
spring adjusting screw (13) which is bored to re-
celve the upper end of the valve is threaded into
the bottom of the lower spring seat. A small
machine screw 1n the lower spring seat engages a
slot 1n the cage and prevents rotation of the seat
when the adjusting screw 1s belng turned. The
bearing assembly which holds the control handle and
sector (1) 1s threaded to the upper end of cage (5).
The lower part of the control handle is shaped to
form a cam which actuates the upper spring seat. A
spring loaded pawl (10) in the handle engages teeth

s i 0

O Q@ in sector (1) so that the handle will remain in
i e position after 1t has been adjusted. A downward
\5)\ P & force on the end of the handle pulls the pawl away
~ S D from the sector and allows the handle to be low-
: \ B
By ; ered.
® |
i : 4@9 The injectlon pressure is normally changed by mov-
+ i ing the handle up or down. Moving the handle in an
: : ; upward direction increases the pressure, downward
@9_,, )E} ' movement lowers the pressure. The pressure in-
5 crease or decrease per notch 1s approximately 600
== /JEQ to 800 1lbs. However, the pressure in any notch

may be changed by means of adjusting screw (13).

Packing (15) will need replacing when the fuel
leakage around the valve stem (17) becomes exces-
sive, Tighten the packing gland just enough to
prevent leakage. Never attempt to stop leakage
by tightening the gland severely when new packing
i > is needed. A loss of fuel pressure can often be
‘. : traced to dirt lodged between valve stem (17) and
the seat (8). This condition can be remedied by
FIG. 0-2 removing adapter stud (9) and valve seat (8).
from the bottom of the relief velve and thoroughly cleaning the valwe and 1ts seat.
Occaslonally 1t may be necessary to lap the needle and its seat to prevent exces-
slve by-passing and a low fuel pressure. After performing this operation all

5.
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traces of grinding compound should be carefully washed off before the valve is re-
assembled.

SPRAY VALVES

The purpose of the spray valve (or fuel injection valve) 1s to meter the fuel ac-
curately, to deliver 1t precisely at a definite moment, in a definite time into

the combustion chamber in the form of a finely atomized spray. It might be stated
that the successful operation of the engine depends upon the proper functioning of
the spray valves more than on any other item. If the engine does not perform pro-
perly and the exhaust is smoky, the functioning of the fuel valves should be checked
first of all. In the great majority of cases servicing the fuel valves and making
them function properly corrects the trouble.

Fundamentally, the spray valve 1s a heavily spring loaded needle valve. Referring
to Fig. 0-3 the seat of the needle valve is incorporated in the tip or nozzle (l)
just above the entrances to the spray orifices. The lower end of valve body (4)

1s counterbored to receive the end of the spray valve tip. A shoulder on the spray
tip (1) which 1s centered in the counterbore, 1s held securely against the lower e
end of the body by nut (2). Valve assembly (3) 1s,made up of two sections. The :

lower section has a conical end which is ground to the seat in the spray valve

tip. This lower stem section is pressed into an extension (10) to which the spring b
loading is applied and by which the stem is 1ifted. A shoulder on the extension
carries a small ball type thrust bearing (14) which acts as a lower spring retainer.
Upper spring retainer (12) screws into the upper end of valve spring casing (13)

« which in turn 1s threaded to the upper end of valve body (4)

The flange used for clamping the valve is drilled and tapped to receive fuel elbow
(6) which supports the small metal edge type filter (15). Fuel 1s carried from
this point to the nozzle in the annular space surrounding stem LB Leakage upward
along the stem is prevented b packing (7? held between an upper and lower gland
and secured by packing nut (8?.

REMOVAL OF SPRAY VALVE FROM ENGINE (See Fig. 0-3)

L]

(a) Remove the cotter pin from one end of pin (37) at the fulcrum end of spray
valve rocker (36). Drive the pin out with a brass drift.

(b) Remove horseshoe shaped collar (16) which forms the 1link between the rocker and
the upper end of the spray valve and swing the rocker out of the way. .

(c) Disconnect the injection line at the spray valve filter,
(d) Loosen the clamp nut and slide spray valve clamp (11) out of position. T
(e) Rémove the spray valve from the engine. It may be necessary to work the valve
loose by rotating it back and forth and in some cases to pry it upward with a bar
to remove it. As the valve is removed, note whether copper gasket (5) remains in
the cylinder head or on the end of the valve.

TEST EQUIPMENT

A1l the parts for a spray valve test stand are included in the tool equipment sup-
plied with the engine. The spray test clamp which holds the spray valve directly
below the flanged section of the body. can be mounted on the centerframe or latch box
of’ the engine or at some other convenient location near the engine. The long stud
supplied with this equipment screws into the outer end of the clamp. The test han-
dle is supported on the upper end of the stud by a nut which can be screwed up or
down on the stud until the desired height of fulcrum has been obtained. Fusl is
supplied from the extra fuel rail valve through a length of tubing supplied with the
tool equipment. Fuel pressure is obtained by means of the hang operated priming L
pump located at the forward end of the high pressure fuel pump. To test a spray
valve proceed as follows: :

(a) Clamp the spray valve in the test stand and connect it to the fuel vail.

(b) Close all the isolating valves on the fuel rail and open the valve which sup-
plies the test stand.

(c) With the priming pump bulld up a pressure of about 2000 to 4000 1bs. per square
inch,

{d) Open the valve quickly three or four times by hitting the end of the test
handle sharp blows with the fist, watching as the valve operates to see if a fine
fuel spray comes out of each hole 1n the tip.

4.
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(e) Wipe off the tip carefully, pump up the pressure to about 4000 1lbs. per square
inch again and operate the spray valve as described in step 4 until the pressure

Then watch the bottom of the tip
for a period of time to see if drops of fuel form, indicating tip leakage.

per square inch.

has- dropped to about 2600 1bs.
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DISASSEMBLY OF SPRAY VALVE (See Fig. 0-3)

If the sprays are not uniform, if one or more orifices are entirely plugged up, or
if drops of fuel form on the end of the tip after testing as described in step (e)
of the preceding section, the spray valve must be taken apart and serviced. Pro-

ceed as follows:

(a) Clamp the spray valve at the flanged section of the body 1n a vise.
(b) Unscrew upper spring retainer (12) with a suitable pin or drift.

(c) Loosen packing nut (8) and remove stem assembly (3 and 10) together with
the retainer %12), spring (9) and thrust bearing (14).

(d) Unscrew valve seat nut (2). Spray tip (1) will usually come ‘off
with the nut.
/
(e) Drive the tip out of the nut with the punch supplied for this purpose in
the tool equlipment. Use care not to damage end of tip.

(f) Clean the outer surface of the tip with a wire brush dipping the tip into
cleaning solvent or fuel oll frequently during the brushing. = =

CLEANING THE SPRAY ORIFICES

If the sprays are not uniform or an -orifice is plugged up the holes in the spray tip
must be cleaned. Agsin, 1f it is necessary to disassemble the spray valve for some
other reason such as leakage, 1t 1s good practice to clean the orifices at the same
time. It sometimes happens that all of the orifices become slightly clogged with
the result that they deliver less fuel. Such a condition cannot be detected when
the spray valve is tested but if the holes are cleaned every time service work is
performed upon the spray valves this condition will be taken care of.

The cleaning of the orifices should be performed only with the music wire and pin
vise supplied with the tool equipment, not with the ends of hat pins and other such
devices. If the original wire is lost obtain a plece of music wire of not more than
.011" dia. for this purpose. (Use .011" dia. wire for englnes with bores of 11"
dia. or more. If engine bore is 9" to 11" dia, use .009" dia. wire.) Work the wire
in and out of each orifice until the holes are clean. This operation should be per-
formed carefully so that the orifice will not be deformed.

CORRECTING SPRAY VALVE TIP LEAKAGE

Leakage of the spray velve is usually due.to a small amount of dirt between. the
needle and the valve seat. Often this condition can be remedied by washing the tip
thoroughly and cleaning the end of the valve stem. This procedure should be attempt-
ed first in all cases of valve leakage.

If, after washing the tip and spindle, drops of fuel still form on the bottom of the
tip shortly after the fuel valve is sprayed, 1t will be necessary to reseat the
valve by lapping.  The procedure of reseating a tip is as follows:

b) Loosen spring retainer (12).

c Apply(a)small amount of fine valve grinding compound to the end of valve
stem (3). 2

§d§ Place the tip over the valve stem and insert it fully into the valve body.

gag Clamp the valve body in a vise horizontally.

e) Adjust retainer (12) sc that the stem exerts a light pressure on the tip.

f) Osclllate the tip back and forth and rotate the spindle slowly. Be sure
that the tip is held against the body as this operation is beilng performed )
so that the tip will be proPerly guided. : {

(g) Repeat steps "c", "d", and "f" if necessary.

It should not be necessary to lap the ‘tip more than two or thres times to correct
ordinary cases of leakage. However, 1f the seat in the tip has been badly damaged
no amount of lapping will remedy the situation. In such instances & new tip should i

‘be 1nstalled. When installing a new tip the jolnt between the tlp and the valve

body must first be lapped. A small amount of fine valve grinding compound is ap-
plied to the upper face on the shoulder of tip (1). The tip 1s then installed in
the end of the valve body and oscillated back and forth. The tip 1s held gently
against the body as this operation is belng performed. One light lapping process . C
should be sufficient to produce a perfect seal between the tip and valve body. The

tip 1s then lapped to the valve stem by the method described in this paragraph.

5,
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VALVE PACKING ADJUSTMENT

Packlng nut (8) snould never be appreclably more than finger-tight. A small amount
of fuel leakage past the packing is necessary for proper lubrication of the spindle.
Too tightly adjusted packing will prevent this lubrication and will result in a
scored spindle and sluggish valve action. If a spray valve leaks excessively along
the spindle after the packing has been lightly tightened up the need for new pack-
ing or a new splndle or both ls indlcated.

ASSEMBLY OF THE SPRAY VALVE - SPRAY VALVE "LIFT"

Referring to Fig. 0-3, spring (9) must be adjusted to a certain tension in order to
assure propsr functioning of the spray valve. It is further important that the

ad justment of all the spray valve springs be the same or that the "1lift" on all

the spray valves be the same. With "1ift" as used in the following instructions

is understood the 1ift which spring (9) will allow before 1ts coils touch each
other and prevent further upward movement of the valve stem. (The actual 1ift when
the spray valves are operating in the engine is of course determined by the posi-
tion of fuel wedge (32), the adjustment on pushrod (18) and cam (27). This actual
1ift is less than the "1ift" as defined in this paragraph.) Proceed as follows to
assemble the valve and adjust for proper "Lift" (or opening tension):

(a) Wet spindle (3) with clean fuel oil and slip it into position in the
valve body.

(b) Clean the spray valve tip and install i1t carefully on the valve body.
Tighten valve seat nut (2) securely.

(c) Screw down on spring retainer (12) carefully until the coils of spring
(9) just touch. Be careful not to screw down so hard that valve stem (3)
bends, rendering itiuseless. It 18 best to have ‘the valve 1n the test
stand when performing this operation and determine when spring (9) be-
comes solid by means of the test handle. When it is not possible to 1ift
the spray valve stem by means of the test handle the spring coils are
touching. The "Lift" is then zero.

(d) Unscrew spring retainer (12) 3/4 to 7/8 turns which will make the "1ift"
1/16". The "1ift" on all the valves should be between 1/16" and 5/64".

Eeg Screw down on packing nut (&) until it is just finger-tight.

(f) Test the functioning of the valve as described in paragraph 8.

ASSEMBLY OF SPRAY VALVE IN ENGINE.

The spray valve 1s installed in the engine in the reverse order of its removal.
Again referring to Fig. 0-3, if copper gasket (5) is in the cylinder head merely
lower the valve 1nto position. If the copper gasket (5) was removed with the valve,
the gasket can be held in position on the lower end of the valve by a thin coating
of grease applled to the washer.

After installing the valve it will be necessary to reset the push rod as described
in paragraph 18. After timing, in order to clear the cylinder of excess oil, al-
ways turn the engine over on air with the snifter valves open and with the fuel
isolating valves closed.

SPRAY VALVE FUEL FILTERS

In addition to the fuel filter at the high pressure fuel pump an individual filter
(15) 1s supplied at each spray valve. The spray valve fllters are of the metal edge
type and have a spaclng of .0015". They are installed in housing (15) which screw
into the fuel inlet elbows at the spray valves. The frequency at which these fil-
ters will need cleaning will depend upon the quality of the fuel and the condition
of the filter located at the high pressure fuel pump. After disassembling the
housings it will be possible to unscrew the filter unit. Wash each unit thoroughly
in clean solvent or fuel and blow i1t clean with compressed air, being careful not

to injure the windings when handling it.

SPRAY VALVE OPERATING MECHANISM (See Fig. 0-3)

The spray valve is actuated by cam (27), lifter or cam follower (24%), pushrod (18),
and rocker arm (36). In stationary engines the 1ifter follows the fuel cam dir-
ectly. In direct reversible marine engineslatch (29) 1s interposed between the
lifter and the cam. Lifter (24) and latch (29) are held against the cam by

spring (25). 2

Motlon of the 1lifter 1s transmitted to the pushrod through wedge (32). As can read-
ily be seen in Fig. 0-3, moving the wedge inward will decrease the gap between the
lifter and the pushrod. Consequently the spray valve will open sooner, will 1ift
higher, and will close later. Moving the wedge outward produces the opposite re-

-
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sults. The outer end of the wedge is pinned to lever (31) which 1is clamped to the
wedge shaft, which in turn is connected to the governor, Accordingly the governor,
by rotating the wedge shaft, completely controls the action of the spray valves.

When the engine was tested at the factory, wedge levers (31) were adjusted to be
parallel to each other and in line on wedge shaft (30) and were then clamped and
pinned to the shaft. If new levers or a new wedge shaft are installed it is im-
portant that they be lined up in accordance with the above. The position of the
fulcrum ot wedges (32) for the full load full speed position (wedges fully in)
should be about 1/4" inside the vertical line X-X through the center of the wedge
shaft. The position of the wedge fulcrum for idling at low speed should be as
shown in Fig, 11, that is, about 1/4" outside line X-X. 1In other words, line X-X
should approximately divide the total movement of the wedge fulcrum in two equal
parts.

Levers (36) should be approximately horizontal and should be approximately parallel
for all the spray valves. This 1s accomplished by means of adjusting nut (17) which
bears down on horseshoe collar (16) which In turn bears down on leven (36) with
the lever disconnected from push rod fork (35) hold it up against collar (16) and
nut (17) without opening the spray valve. Then ad just nut %17) for the proper lever
position and lock by means of the lock nut on top.

Buffer spring assembly (19) ositions the pushrod relative to the lifter and
assists spray valve spring ZQg in returning the valve mechanism (rocker, pushrod,
etc.) as the spray valve is being closed. The weak spring (22) below buffer spring
(20) merely holds the pushrod against washer (21). As buffer spring assembly (19)
1s screwed down buffer spring (20) and washer (21) force the pushrod downward
against the weaker spring and bring the end of the pushrod closer to the wedge and
lifter. Proper adjustment of the buffer spring assembly 1s as follows:

(a) Bar the engine until the fuel cam follower 1s on the base clrcle of the cam.

(b) Set the wedge shaft and wedges in full load position (wedges "fully in" as de-
termined by the governor weights being fully in) and unscrew cage (19) until
there 1s clearance between the lower end of the pushrod and the upper face of

the wedge.

(c) Slowly screw down cage (19) and at the same time move the wedge back and forth
sideways with fingers.

(d) As soon as the wedge 1s felt to tighten unserew the cage one-half turn and lock
1t 1n this position with the clamping screw. :

NOTE: When timing the spray valves as described in the following the buffer spring
assembly should always be unscrewed about one or two turns. When timing is completed
ad just the buffer spring in accordance with instructions in thls paragreph. ;

SPRAY VALVE TIMING (See Fig. 0-3)

The timing procedure described in the following 1s for a sgr&y valve opening of 8°

B.T.C. (Before Top Center) and a spray valve closing of 18° A.T.C. (After Top Center).
The proper spray valve timing to use 1s stamped in the engine name plate and shoul ;
always be followed. If the timing in the name plate differs from -1 opening and

closing the following instructions should be modified accordingly. Proceed as
follows:

(a) Turn the latech shaft to the AHEAD position and unscrew all Buffer Spring Cages
one or two turns. Shut off all the isolating valves in the fuel rail except
for Number 1 cylinder. 7

(b) Be sure that wedges are in the full load position ("fully in") as determined by
the governor weights belng against their inner stops. (Normally the wedges will
be "fully in" when the engine is shut down but 1t i1s well to check this point.)

(c) Sgot Number 1 cylinder at 5° A.T.C. on the power stroke. (Half way point between
8° B.T.C. opening point and 18° a.T7.C. closing point). Then unbolt and turn the
fuel cam until the center of the toe is directly in line with the axis of the
lifter. Clamp the fuel cam temporarily. SRt

(@) Set the crankshaft 8° B.T.C. on the compression stroke. Bar the engine up to
this point in the ahead direction of rotation.

(e) Pump up a fuel pressure of about 1500 1bs. per sq. inch with the hand pump.

(1) Slowly lengthen the spray valve pushrod until the needle of the pressure
8.,
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gauge drops indicating that the spray valve has opened. Check this adjustment
by backing the engine up a few degrees, pumplng the fuel pressure up again and
barring the engine slowly in the ahead direction until the pressure agaln drops.
If the flywheel pointer is not at 80 B.T.C. readjust the pushrod and check again.

To adjust the length.of pushrod (18) loosen locknut (34) and turn the pushrod,
using a pin or drift in the holes provided at its upper end. Then tighten the
locknut.

If the push-rods use the ball and socket connection to the rocker, then loosen
the clamp screw in the rocker and screw the ball stud up or down until the
proper adjustment is reached. Be sure that the clamp screw is tightened after
the ball stud is adjusted.

(g) Bar the engine over to 25° A.T.C. and again pump up the fuel pressure. Then bar
the engine backwards slowly until the pressure drops. This point, which 1s the
closing of the spray valve, should be 18° A.T.C.

(h) If this point is past 18° A.T.C. too long a spray period is at hand. It will be

necessary to advance the fuel cam slightly and repeat steps "d", ™e", "f", ang
"g". If on the other hand the spray valve closes before 18° A.T.C., retard the
cam slightly and repeat steps "da", "e", "f", and "g"

(1) Repeat steps "c¢" to "g" on the remaining cylinders. Check and record the spray
valve timings for ASTERN. The timing going Astern may be slightly different
than the ahead timing. However, the ahead timing is the more important and no
changes should be made to favor the astern timing.

(j) Adjust the buffer springs as per instructions in paragraph 16. Note that buffer
spring cages should always be unscrewed when spray valves are timed.

BALANCING THE ENGINE FOR EQUAL LOAD ON ALL CYLINDERS

Theoretically, if the spray valves have been timed exactly and correctly (as out-
lined in the preceding paragraph) the amount of fuel injected in each cylinder
should be the same. Consequently, the total engine load should also be equally
divided between all the cylinders. Practically however, it is impossible to time
all the spray valves exactly alike, and even if that could be accomplished manu-
facturing tolerances on such items as orifices in the spray valve tips, fuel cams,
wedges, etc. are apt to affect the cylinder balance. The division of load between
the various cylinders should consequently be checked after the engine 1s running,
preferably at full load. Since the exhaust temperatures are proportional to the
loads that the various cylinders are carrying the amount of fuel injected should be
ad justed so that the exhaust temperatures for the various cylinders are alike, or
nearly alike.

The amount of fuel injected and consequently the load carrying capacity of a cylin-
der may be changed by adjusting the length of pushrod (18). It should be noted,
however, that readjusting the pushrod length will affect the spray valve timing.
Therefore, this adjustment should not be appreciable and should not exceed one-half
turn of the pushrod or ball stud from the position obtained when timing the spray
valve. :

The proper procedure for balancing the engine can be summarized as follows:

(a) Assuming that all the spray valves have been correctly timed it should be possi-
ble to balance the engine by merely lengthening or shortening the pushrods by
one-half turn or less. Lengthening a pushrod will increase the exhaust tempera-
ture of the cylinder and vice versa.

(b) If a pushrod ad justment of one-half turn is not sufficient, the timing of all
the spray valves should be checked and, if necessary, readjusted to the proper
timing as indicated on the engine name plate.

(c) If the valve timing is found to be satisfactory or if, after making any neces-
sary correction in the spray valve timing, a correction of one-half turn of the
pushrod 1s still insufficient, defective combustion is indicated. This may be
due to one or more spray _tip orifices being plugged or to any of the defects
dealt with under the heading "Smoky Exhaust" in the "Maintenance and Inspection"
section.
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When the engine was tested at the factory spray valves were carefully timed and ad-
Justed to equalize the exhaust temperatures in the various cylinders and while the
operator should not continually change ad justments in an effort to improve an en-
gine that 1s operating satisfactorily he should keep the balance of the various cy-
linders fairly even. The cylinder balance should be checked whenever a spray valve
has been changed. If the exhaust temperatures are kept within a total range of 20°
the balance will be excellent, while a range of 50° may not be considered excessive
and will give fairly satisfactory operation. However, do not allow the cylinder
unbalance to exceed the last mentioned value.

10.
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CONTROL SYSTEM

The Control System includes all of the parts necessary for reversing the engine

and operating it in the desired direction of rotation, starting and stopping the
engine, and controlling its speed of rotation. According to the specific functions
of the component parts, it may be subdivided as follows:

The Reversing Mechanism consisting of the Latches, Latch Shaft, Control Wheel
and the interconnecting gearing between this control wheel and latch shaft.

The Starting Mechanism which consists of the individual starting air valves in
each cylinder head (described in detaill in Section H), the Master Starting
Alr Valve in the starting air manifold, and the Pilot Valve for operating
the master valve. In some engine models, as described later, the pllot
valve actuates an Air Ram which in turn operates the alr starting valves in
the cylinder heads and the master valve.

The Fuel Cut-Out Mechanism which operates to stop the ‘engine by taking the
wedge shaft out of control of the governor, rotating it to pull out the
fuel wedges thereby cutting off the fuel to the engine.

The Flywheel Air Brake which assists in stopping the engine between reversals
and 1s therefore closely related to the reversing mechanism. It is also
controlled by a pilot valve.

The Governor which maintains the desired speed of rotation and the Speed
Control Lever (or Throttle Lever) by means of which this speed may be
changed.

LATCHES AND LATCH SHAFT

For a given direction of rotation all the valves must be actuated in a definite se-
quence and with a definite timing. For direct reversible engines 1t is consequent-
1y necessary to provide dual sets of cams, one set for operation in the AHEAD direc-
tion of rotation, the other set for operation when running ASTERN. At the same time
means must be provided for throwing one set of cams into operation, while at the
same time the other set must be made inoperative.

CENTER PUNCH MARKS
FOR TIMING -SEE. TEXT

I
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In Atlas engines the AHEAD and ASTERN cams are mounted side by side on the cam-~
shaft. Referring to Fig. R-1 it will be noted that latches equipped with two rol-
lers are interposed between the cams and the valve lifter rollers. The two latch
rollers are offset and lined up relative to the cams in such a manner that In the
AHEAD position of the latches one set of rollers contact the AHEAD cams while at
the same time the other set of rollers are free of the ASTERN cams. (Astern cam
not shown in Fig. R-1) Thus in the position shown in Fig. R-1 the AHEAD cams actu-
ate the latches which in turn actuate the valves by means of the lifters, push-
rods and rockers.

By rotating the latch shaft 180° the latch fulcrum points are moved inward (toward

the center of the engine).to a point where the ASTERN cams contact the other set of

latch rollers. This inward movement frees the AHEAD latch rollers of the AHEAD cams -
and consequently thq ASTERN cams now control the actuation of the valves.

The fuel valve timing is very nearly the same for both directions of rotation. For
example, in one direction of rotation the fuel valve may open 8° before top center
and close 18° after top center. Then if the rotation was reversed and the latch
kept in the same position the fuel valve would open 18° before top center and close
8% after top center. 1In other words, the timing would be 10° early. It is possible
to compensate for this slight difference in timing by properly positioning the =
ASTERN roller on the fuel valve latch. Consequently only one fuel cam is provided

which serves for both AHEAD and ASTERN running and the fuel latch rollers are in

‘line, not offset as on the other latches.

The case hardened steel latch rollers turn on steel pins carried in the bodies of

the latches and riveted in place. In the inlet, exhaust and starting air latches,

spacers between the walls of the latches and the sides of the rollers establish the

positions of the rollers in line with the cams. The fuel valve latch does not re- L
quire any spacers since only one cam is used and both rollers are in 1ine.  The

rﬁllers all have a clearance of .001" to .002" on the pins and a side clearance of
3 /64"

The latch shaft 1s built up of six sections, each section comprising the crankshaft
for the four latches of a single cylinder. The shaft is mounted -on cast iron ‘
bearings which are bolted to the side of the centerframe. Journals are turned on
the shaft at each end of each crank, and flanges at the ends of each section pro- e
vide means of bolting the sections together. Bearing clearance is .001" to .0025"

and end play 1s taken by the two outer bearings.

2. MANEUVERING WHEEL & LATCH SHAFT CONTROL

The latch shaft control mechanism is illustrated in FPig. R-1. It is shown in the
AHEAD position in which position latch shaft crank (4) and latch (6) are "out"
away from the center of the engine. In this position all the AHEAD latch rollers | O
are contacting the AHEAD cams and a line connecting the latch roller centers and

the center of the latch shaft crank is horizontal. The latch shaft is rotated to

the ASTERN position by means of handwheel (1) to which it is connected by helical e
gears (3) and (5) and shaft (2). Approximately 3% turns of the handwheel are re- ;
quired to move the latch shaft from the AHEAD to the ASTERN position or vice versa.

The position of the latch shaft is at all times indicated by pointer (7) which is
geared to the handwheel shaft as shown in Fig. R-1. The latch shaft is locked in
either AHEAD or ASTERN running position by plunger (9) engaging holes in locking
disc (8) which 1s bolted to the handwheel hub.

3. LATCH SHAFT CAMS AND STOPS

The rotation of the lateh shaft by the handwheel is limited by a "stop" cam bolted
to one of the flanges. Do not force the shaft against this stop by turning the
handwheel;fast when the starting positions are approached. The stop will permit
the handwheel %o be turned approximately 90° beyond the AHEAD and ASTERN running
positions.

The extra travel of the latch shatt beyond the running position is used to operate
a pilot valve which controls the starting mechanism, admitting alr to the air _
start manifold. The pilot valve is operated by means of a cam bolted to one of the
latch shaft flanges. Another cam, also bolted to one of the latech shaft flanges
operates the flywheel air brake. The pilot valves are described in detail in para-
graply 6. A third cam on one of the latch flanges actuates the fuel cut-out mechan-
ism described in paragraph 8. -

4. TIMING LATCH SHAFT CONTROL MECHANISM

If the latch shaft control mechanism has been dismantled it may be timed when re-
assembling as follows. Place the latch shaft in AHEAD position (crank out). A

’
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pointer is mounted on one of the latch shaft bearings for this purpose, and the

shaft should be spotted so that the line scribed on the corresponding shaft flange
exactly registers with this pointer. Then, with the handwheel in the AHEAD position,
as indicated by the reglster of center punch marks on the handwheel shaft and the
end of the bearing housing (See Fig. R-1) mesh helical gears (4) & (5). NOTE:

Before dismantling the handwheel assembly observe whether or not these parts have
been marked. If not, mark them as indicated, with the latch shaft in the AHEAD run-
ning position. The handwheel and gear assembly may then be bolted in place and the
indicator assembled, meshing the gears with the pointer midway between AHEAD and
START.

STARTING MECHANISM - ENGINES WITH 1}” BORE

The starting mechanism used on engines with 13" bore differs from that used on
engines with smaller bore and the two systems willl be described separately.

Fig. R-2 illustrates the master starting air
manifold valve. It 1is pneumatically operat-
ed by means of a pilot valve located on top
of the latch box. (Pilot valve described in
Paragraph 6). The pilot valve is connected
by means of tube (7) and for the position of
the master valve shown in Fig. R-2 the pilot
valve is venting tube (7) and the space
above plunger (1) to atmosphere. Conse-
quently spring (4) will hold plunger (1)
against its upper stop and in this position
the reduced diameter at the middle of the
plunger will form a passage through which
tube (8) and the starting air manifold is -
vented to atmosphere. Valve (5) 1s held
closed against its seat by spring (11) and
also by the air pressure in chamber (6)
which is connected to the air tank.

When the englne 1s to be started the pilot
valve 1s opened by the cam on the latch
shaft as described in paragraph 6, admitting
air through tube (7) to the top of plunger
(). The plunger is thus forced down, clos-
ing the starting alr manifold vent passage
and opening the main operating valve (5)

As thls valve 1s opened starting alr is ad-
mitted to manifold (12), leading to the in-
di-idnal starting air valves 1in the cylinder
heaas. By-pass valve (10), which is first FIG. R-2
opened by plunger (1) and pin (4) admits air '

pressure to chamber (9) above the main oper-
ating valve, balancing the air forces acting (:>
thereon and permitting it to open under the
downward force of plunger (1)

R L2777 -

5.
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For the operation of the alr start valves in »
the cylinder head refer to Section H.

PILOT VALVES AL

All the pilot valves for operation of the
starting air valve, flywheel brake, etc. are
-1dentical and are 1llustrated in Fig. R-3.

They are mounted on top of the latch box be- EZZZ;
tween cylinders No. 5 & 6. The operation of
81l valves is exactly the same, thelr func- SECTION A-A

tion being to control the supply of air to
the device to which they are connected.

Two valves are provided, pllot valve (3) and

vent valve (4). The housing is provided

with three pipe tapped connections. Hole

E?% is connected to the source of air supply,
1) to the device to be operated, and (9),

the vent, 1s open to the atmosphere.

The valve as shown in Flg. R-3 1s in the
normal poslition assumed when the englne is i
running. Plunger (7) is then held down FIG: R-? ===

3.
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against the latch shaft flange by spring (5)acting

on rocker (6). The vent valve is open and the
pilot valve 1s closed under the action of the
.spring. Connection (1), to which the device to
be operated 1s connected is thus vented through
the diagonal hole connecting the two valves.

When the latch shaft 1s rotated so that cam (8)

contacts plunger (7) it raises rocker (6) elosing

the vent valve and opening the pilot: valve, ad-
mitting air to the device to which the valve is
connected. The adjusting screws in the rocker

should be set  to gllow approximately 1/16" clear-
ance between the ends of the screws and the ends

of the valve stems when the valves are seated.

STARTING MECHANISM
ENGINES WITH llgv OR SMALLER BORE

Referring to Section H the air starting valves in

the cylinder heads on the smaller bore engines

are actuated by rockers mounted eccentrically on
the rocker shaft. Consequently turning the rock-

er shaft will ralse or lower the air start 19PL-
er and latch. The individual rocker shafts are
all Interconnected by means of bell cranks and
consequently turning the rocker shaft on No, 1
cylinder through an arc of approximately 110°
will lower all the air start latches to a point
where they contact the air start cams, throwing

FIG. R-4

the starting air valves into oper-
ation.

The rocker shaft is shifted from
one position to the other by means
of a pneumatic cylinder mounted
forward of cylinder No. 1 and 1i1-
lustrated in Fig. R-4. The pilot
valve controlling this cylinder
and the manner in which it is op-
erated from the latch shaft are
identical with the pilot valve,
described in Paragraph 6. As
shown in Fig. R-4, 1t is in the
inoperative position, with the
plunger down. Ailr pressure admit-
ted above the piston through con-
nection (3), which is permanently
connected to the source of air
supply normally holds it in this
position. The pilot valve is
piped to connection (5), and when
in the RUN position vents the
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lower end of the cylinder. When the latch shaft is shifted to the START position
the pilot valve opens, admitting air below the piston. Since the area below the
piston is considerably larger than that above the piston 1t 1s forced up, shifting
rocker shaft (1) to the START position. As soon as the pllot valve closes the
space below the piston is vented and the air pressure above immediately returns
the piston to the RUN position.

The travel of the piston i1s limited by contact of thrust washers (4) with the up-
per and lower heads of the cylinder and the stroke is 9-5/8" for the 113" bore en-
gine and 74" for engines with 10" or 103" bore. Packing gland (2) should be kept
sufficiently tight to prevent air 1leakage, but should not be tightened more than
necessary.

The position of the rocker shaft relative to the alr ram can be adjusted by means
of the threaded end of the air ram piston, turning it in the clevis connecting to
the rocker shaft lever. The rocker shaft position should be adjusted so that the
bell cranks connecting the various rocker shafts point straight up when air ram
piston is in the RUN position. :

The master starting air manifold valve used on the
smaller bore engines is illustrated in Fig. R-5.
Valve (4) is essentially the same as that used on

It is mechanically operated however, by linkage
connecting to the valve rocker shaft (1), this
linkage replacing the pneumatic piston construc-
tion used on the 13" bore engines. When the
rocker shaft shifts to the "START" position, ad-
justing screw §2g contacts pin (3) and opens the
valve. Screw (2) should be set so that the valve
is opened about 3" when the rocker shaft 1s in the
"START" position.

FUEL CUT-OUT MECHANISM

The fuel cut-out plunger 1s illustrated in Fig. R-6.
As shown in Fig. R-6 the latch shaft is in or near
the "STOP" position, with plunger (3) up on cam (4),
which 1s mounted on one of the latch shaft webs.

The upper end of the plunger has engaged the adjust-
ing screw in lever (1), rotating the lever and the
fuel wedge shaft (2) to pull out the fuel wedges
and cut off fuel from the engine. The adjusting
screw in lever (1) should be set to allow 1/8"
clearance with the top of the plunger when the lat-
ter 1s down off the cam and the fuel wedges are in
at the full load position.

FLYWHEEL BRAKE FIG. R-6

The flywheel brake assembly is shown in Fig.
R-7. Brake shoe (1) which is faced with brake el
1lining, is carried by the horizontal arm of ‘¥ f_
crank shaped lever (2). This lever is mounted U
on shaft (3), and carries the brake cylinder }
4) 4n trunnions on its vertical arm. Shaft (3’
is supported by bracket (5) which 1s bolted to :3 s N ELLL el ea
the after end of the centerframe. The project- : Ny 6
ing end of the piston rod (6) bears against the
compressor cylinder and therefore the piston
and rod remain stationary when air 1s admitted :2
to the cylinder. When the pilot valve 1s
opened and air is admitted to the brake, the
cylinder moves relative to the piston. Lever S SR T
(2) is rotated about its fulcrum, applying the L
brake to the flywheel and stopping the engilne. o Lil_lv
|

When the air pressure 1s relieved the brake
shoe 18 withdrawn from the flywheel by spring
573, which bears against a third arm on lever
L et

There are no adjustments necessary on the brake ‘}:> ES -
and the only service requirements are the re-

placement of the shoe lining and the piston cup

leather when necessary. .

FIG. R-T
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10. GOVERNOR AND SPEED CONTROL

The flyball type governor, mounted near the bottom of the forward end of the latch

box and driven from the camshaft gear, is shown in Fig. R-8. Cast iron bearing (20)

is adjusted and doweled to the latch box to allow .004" to .005" backlash between S
governor gear (19) which is bressed and keyed to the governor body, and the cam-

shaft gear. Running clearance between governor body %21) and the bearing is

.0015" to .0025" and lubrication is from a catch basin (11) in the top of the bear-
ing. Basin (11) can be filled from an oil cup in the side of the latch box.

Governor weights (18) mounted or pins in the governor body, carry rollers (14) on

riveted pins. As the flyballs tend to move out due to centrifugal force the rol-

lers exert a force against quill rod (22) acting through plate (16) and ball .
bearing (17). The plate, which is: loosely riveted to the rod cap to maintein the
assembly when dismantling, rotates with the balls while the rod and cap remain
stationary. The thrust reaction is taken by ball bearing (23) and retaining col-
lar (24), which 1s secured to the governor body by two taper pins. The flyball
thrust from the quill rod is transmitted, by means of forked lever (25), vertical L
shaft (10), lever (8) and rod (5) to governor spring (3).

Lever (8) floats on the S
vertical shaft and is con-
nected thereto by jaw col- 5
lar (9), which is pinned r D GICICIVIE =
to the shaft. Lever (7), -l
which is connected to the =

" fuel wedge shaft by rod : < g
(6), floats on the verti- i &)
cal shaft above the jaw e
collar, the jaws engaging
to form the connection be-
tween the governor and the i
wedge shaft. This con- B
struction permits rotation ;
of the wedge shaft and with- . ) Bl
drawval of the wedges (eith- | Elpmremr T :
er manually or by the fuel :
cutout mechanism) without !
compression of the governor ”'U
spring.

The various linkages are so
connected that the governor
welghts are held in by gov-
ernor spring (3) against :
the centrifugal force tend- 'u
ing to throw them out. /:3

Through the connection to )
the fuel wedge shaft the

wedges follow the motion of

the weights, decreasing )
the fuel supplied to the ; o _ =
engine as the weights j \ ~ L.
move out with increase in
engline speed.
R DOEOBOOAA

The construction on 10" ang

104" bore engines differs

slightly from that de- |

scribed above and shown in PIG) RS

Fig. R-8 in that the quill rod (22) rotates with the governor body and flyballs.
Thrust bearing (17) is moved to the outer end of the quill rod, where it is mounted
in a thrust block, supported by the fork lever. A cover plate excludes dirt and
supports a light spring vhich bears against the thrust block, holding the welghts o
in. The adjusting screw (13) is not used in this construction.

The engine speed is controlled by varying the tension of governor spring (3). As
will be seen in Fig. R-8 the "fixed" end of the governor spring is supported by
spring cage (4), which follows the motion of control lever (1). Moving the lever S
to the right in Fig. R-8 increases the spring tension and hence the engine speed
and conversely moving it to the left decreases the engine speed.

Three adjustments are provided in the governor linkage, setscrew (13) on the quill
rod, threaded rod ends on rod (6) connecting to the wedge shaft, and adjusting nut
(2), with its locknut, on the end of governor spring rod (5). Nut (2) controls the
englne speed, and should be set to glve the desired full load speed with the con-
trol handle in.the last notch to the right. (NOTE: When the engine is 1dling

6.




e

&

A = af

il o o

e

Rl Ed |7

Kl

Section R-1

these nuts project beyond the spring cage and are accessible for adjustment.) This
is the only adjustment with which the operator need normally be concerned. The
others were set at the factory and should require no attention, unless parts are
replaced. In such cases the rod ends on rod (6) should be set so that lever (7)
is parallel with the ~enterline of the engine when the fuel wedge levers are verti-
cal. Adjusting screw (3) should then be set to place the fuel wedges in the full
load position when the engine is shut down, and the governor welghts are fully in
(See Section 0). Speed adjustment at full load should then be made as above.

MANEUVERING THE ENGINE

In the following the sequence of events as they take place when reversing the engine
from AHEAD to ASTERN are described. Assuming that the engine is running the indi-
cator pointer (See Fig. R-1) is in front of AHEAD and locking pin is registering
with the hole in the locking disc. The handwheel is then turned in a direction to
move the pointer toward "STOP" and when the wheel has been rotated approximately

90° the fuel cutout mechanism (See Paragraph 8) operates to pull out the fuel

wedges and the engine begins to slow down. When the handwheel has been turned ap-
proximately one revolution from the "AHEAD" position the air brake pilot valve opens
applying the brake and stopping the engine. When the indicator pointer reaches
"STOP" the operator should hold the handwheel in this position until the engine has
come to a full stop. Further rotation of the hand-wheel closes the air brake pilot
valve and allows the fuel cutout mechanism to release the wedge shaft. After ap-
proximately 33 turns of the handwheel the latch shaft is in the ASTERN position and
indicator pointer in front of ASTERN.

The handwheel can still be moved an additional 80 to 90° before the latch shaft
comes up against its stop. This additional movement operates the pilot valve for
the starting mechanism (See Paragraphs 5 and 7) and the engine begins to turn over
on air. Almost immediately 1t begins to fire and the handwheel should then be
turned back to bring the latch shaft in the ASTERN position which is reached when
locking plunger (9) (See Fig. R-1) enters the hole in the locking disc. The engine
will then be under governor control, its speed being determined by the setting of
the speed control lever and fuel pressure regulating valve lever.

Maneuvering from full speed AHEAD to full speed ASTERN may be accomplished in ap-
proximately 10 seconds. Although not absolutely necessary it is advisable to slow
the engine down to say 1/2 or 3/4 speed by means of the speed control lever before
maneuvering. Maneuvering operations will also be smoother if the fuel pressure is
lowered somewhat by means of the fuel pressure regulating valve. About 2500 to
3000 1bs. per square inch fuel pressure is suitable for maneuvering.
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CONTROL SYSTEM

The Control System includes all of the parts necessary for reversing the engine and op-
erating it in the desired direction of rotatlon, starting and stopping the engine, and
controlling 1ts speed of rotation. According to the specific functlons of the compo-
nent parts, it may be subdivided as follows:

The Control Mechanism consisting of the Control Lever, mounted on the Control Unit,
which is mechanically connected to the Pilot Valves and to the Governor and Fuel Cut-
Qut mechanisms. The functioning of all the various parts of the Control System 1s
governed by the Control Lever either by means of mechanical connections or by means of
pneumatic connections to the Pilot Valves.

The Reversing Mechanism consisting of the Latch Shaft and Lateh Mechanism operated
by the Alr Ram and Reversing Rack which are mechanically connected to the Latch Shaft.

-The Reversing Rack 1s locked 1n the proper position by the Interlocking Mechanism .

The position and movement of the Air Ram 1is controlled by two Alr Ram Pilot Valves
located in the Control Unit.

The Fuel Cut Out Mechanism in the Control Unit which serves to stop the engine by
rotating the wedge shaft, thereby pulling out the fuel wedges and cutting off fuel
from the engilne.

The Governor which maintains the deslired speed of rotation and the mechanical con-
nections to the Control Lever by means of which thils speed is changed.

The Starting Mechanism which conslists of the individual starting alr valves in each
cylinder head (described in detall in Section H), the Master Starting Alr Valve in the
starting air manifold, and the Pilot Valve (in the Control Unit) for operating the mas-
ter valve. )

The Flywheel Alr Brake which assists in stoppling the engine between reversals and
1s therefore closely related to the reversing mechanism. It 18 also controlled by a
pilot valve in the Control Unit.

The Cylinder Compression Relief Valves which serve the purpose of relieving the cy-
linder compression in the event that the engine becomes alr locked. Since their opera-
tion 1s desired at the same period in the maneuvering cycle as that of the flywheel
brake, they are connected to the Brake Pilot Valve in the Control Unit.

1. CONTROL LEVER, CONTROL UNIT & PILOT VALVES

The engine 1s started, stopped and reversed, and the speed controlled by means of a
single control lever located on the centerline of cylinder No. 2. The only other
control lever provided is on the fuel pressure regulating valve which governs the
‘fuel injection pressure. This lever 1s located close to the engine control lever
for convenlence in operation, so that both levers can be reached from the control
station.

The control unlt, shown in Fig. R-1, contalns four pilot valves, two for operating
the alr ram, one for the flywheel brake and compression relief valves, and one for
the starting alr valve. These pllot valves are all actuated by the control lever,
which 1s also mechanically connected to the latch shaft Interlock, the governor
spring for the governor control, and the fuel wedge shaft for the fuel cutout.
Thus the englne 1s entirely controlled by the one control lever.

NOTE; IT IS OF UTMOST IMPORTANCE THAT DIRT, SCALE AND CHIPS BE KEPT OUT OF THE
CONTROL UNIT PILOT VALVE HOUSINGS. CLEAN OUT ALL STARTING AIR PIPING BEFORE INSTAL-
LING.

2. PILOT VALVE LEVERS & CAMS

Referring to Fig. R-1 control lever (2), which is keyed to shaft (13), is held in
position by latch pin (5) engaging holes in latch plate (6). It may be released
for maneuvering by pressure of the thumb on latch button (1) or 1t may be per-
manently unlocked to permit control from the pilot house by depressing and rotating
the latch button. -When a pilot house control is provided, a chain from the pillot
house control stand engages a sprocket which 1s mounted on the hub of the control
lever and transmits motion from the pilot house control stand to the engine control.
Control shaft (13), which rotates in bronze bushings in housing (15), carries hubs
(14) and (16) for the pilot valve cams, cam (18) for the governor spring control,
cam (17) for the fuel cutout and gear (19) for the latch shaft interlock connec-
tions. All of these units are keyed and clamped to the shaft, which is drilled for

1
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SECTION THRU CONTROL UNIT

FIG. R-1

lubrication and provided
with a grease plug on
the outer end.

Referring to Figs. R-1 and
R-2, the pilot valves are
actuated from the cams on
the control shaft by means
of levers (7), (8), ang
(9) which are mounted in
the control unit on ful-
crum shaft (87). Lever
(7) controlling both pilot
valves for the air ram,

_has two rollers, one on

each side, which are en-
gaged by the two faces of
a cam on hub (14). The
right hand slde of the cam
engages for AHEAD and the
left hand side for ASTERN

‘on a right hand engine.

When the control lever is
in the vertical, or STOP
position, lever (7) is
also vertical, held in

this position by a spring

and both rollers are free
of the cam.  When the con-
trol lever is moved in the
ahead direction (clockwise
on & right hand and coun-
terclockwise on a left
hand engine) the lead-cam
face contacts 1ts mating
roller and turns lever (7)
in the opposite direction,

‘thereby opening the ahead

pilot valve for the air
ram. Thus the ahead pilot

valve, that is the valve to shift the latch shaft to the AHEAD positlon, 1s on the
after side of the control housing and the astern valve is on the forward side. The
lever rollers are so located with respect to the cam nose that the pllot valves open
admitting air to the air ram cylinder, when the control lever is turned 14° from the

Vertical, either AHEAD or ASTERN,

As the handle 18 further rotated to approximately

59° from the vertical, the end of the nose or dwell period of the cam 1s reached and

the roller drops down off the nose, allowlng the valve to close and relieving
The action is reversed as the control leve

alr pressure in the ram cylinder.

he
is

moved toward the STOP position from either AHEAD or ASTERN running pOsitibng,fthe
pilot valve being opened and alr admitted to the ram cylinder as the lever reaches a

point 59° from STOP.

Lever (8) operates the pilot valve controlling the flywheel brake and‘compreséikﬁ .
It has only one roller, so located with respect to the cgm that when

relief valves.

As 1t further approaches STOP the valve 1is closed and the ram
cylinder agaln relieved when the lever reaches a point 14° from STOP.. o

the lever is in the STOP position it is up on the cam nose. *The,leverii“gtheh‘ﬁise
placed and the pilot valve is open, admitting air to the brake cylinder and com-

pression relief manifold.

As the control lever i1s moved 14° in either directlon th
roller drops down to the cam base circle, allowing the pilot valve to close; thus. -

relieving the brake cylinder and compression relilef manifold. This actlon is re-
versed as the lever 1s moved toward the STOP position from either AHEAD or ASTERN
running positions, applying the brake and opening the compression relief valves as

the control lever reaches a point 14° from STOP.
by hub (14).

Lever (9) operates the starting air pilot valve.

The operating cam toe 1s carried

Since 1t 1s not permissible to

have this valve open during the stopping portion of the maneuvering cycle, that 1s
when the control handle 1s moved to .STOP from elther AHEAD or ASTERN running posi-

tions, lever

engage corresgonding cam toes carried in hub (16).
to a point 32

(9) 1s provided with pawls, one for AHEAD and one for ASTERN, which
. As the control handle 1s moved
from STOP in either the AHEAD or ASTERN directions one of the cam

toes engages and 1lifts its mating pawl, rotating lever (9) in a clockwise direc-

tlon and opening the starting air pllot valve.

As the motion of the control lever

continues to a point 50° from STOP the end of the cam toe 1s reached and the pawl
drops off the cam, allowing lever (9) to return and the pilot valve to close. On

24
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the return stroke of the control lever, that 1s when it 1s moved toward 3TOP posi-
tion from either AHEAD or ASTERN running positions, the pawl rotates on its fulecrun
pin in lever (9) when it 1s contacted by the cam toe, allowing the cam to slip un-
der 1t without moving lever (9) and opening the pilot valve. The pawls are held in
position against stop pins in lever (9) by light tension springs, anchored to pins
in the side of control housing (15). The mechanism is accessible through the in-
spectlion.hole on the left hand side of the control housing. :

AIR RAM PILOT VALVES . #

Fig. R-2 showing Section X-X in Fig. R-1, 1s a horizontal section through the pillot
valves. Valves (26B) and (27B) are the alr ram control valves, (27B) AHEAD and
(26B) ASTERN in a right hand engine. The air ram 1s essentially a double acting
pilston and rod, the latter beilng connected through gearing to the latch shaft. The
plston is actuated by compressed alr at 125 to 200 1lbs. pressure and, for the oper-
ation of the ram, 1t is essential that the pressure and relief on the two sides of
the piston be under accurate control. This control is by means of the pilot valves
(263? and (27B) actuated by the control lever through the cam and lever (7) as
previously described. The valves are identical on each side, and the operation is
the same whether AHEAD or ASTERN. Referring to Fig. R-2 the outer chambers are
connected to the alr supply and the lnner chambers (26) and (27) are connected to
‘the two sides of the alr ram cylinder. Fig. R-2 shows the mechanism with the con-
trol lever at STOP and lever (7) vertical. . In this position the pilot valves (26B)
and'$27Bg are both held closed by their spring (26A; and (27A) and vent valves (26D)
and (27D) are held out against adjusting screws (10) in lever (7) by their springs <
' (26C) and (27C). Both sides of“
the alr ram piston are therefore

THIS SPACE CONNECTED TO THIS SPACE CONNECTED vented into the control housing

BRAKE AND CYLINDER COMP, TO STARTING through the drilled holes in the
RELIEF VALVES IR VALVE pilot and vent valves. As the
€3 control handle is moved AHEAD
lever (7) 1s moved to the left

as seen in Fig. R-2 (for a right
hand engine) and vent valve
227D3 slides into pilot valve

N YA N i e e e NG 27B) collapsing spring (27C),
v T S = E;L‘_E?-ﬁ. Ei?//"/’,"/’.‘}\\\; ' until 1ts head engages the end
\\-n,. [ : | RRUTERY  AIR

; o4 e [ /,/,j) supply ©f the pilot valve and seals

ST (| Yezzzzzz7a g «\n\_/ Ilfilﬁ“\\“ vent holes (27E) . Further

2 ST motion of lever (7) lifts valve
f'l\f"/;s}',',‘q',,./};z\‘ e  (27B) off 1ts seat, collapsing
N7, = spring (27A) and admitting air
69  to chamber (27) and so to the

AHEAD side of the alr ram piston.
During this action vent valve .
(26E) on the opposite side is
pushed out by spring (26C) and
follows the motion of lever (7).

THIS SPACE CONNECTED THIS SPACE CONNECTED : ,
TO ONE SIDE OF AIR TQ ONE SIDE OF AIR The vent passage through the
RAM PISTON RAM PISTON drilled holes in the valves thus

remains open, venting chamber
(26), and allowing the alr ahead
FIG. R-2 of thé piston to escape as the
%ist§nvis moved.. to .the AHEAD position by the compressed alr admltted through valve
2fBj.

The action for ASTERN 1s exactly opposite to that described above. The total mo-
tion of lever (7) each side of center is 3/8", 7/32" of which is utilized in clos-
ing the vent valves and 5/32" in opening the pilot valves. Adjusting screws (10)
in lever (7) should be set so that the distance between the head of the vent valves
and the end of the pllot valves 1s 7/32" on each side when the control lever is at
STOP and lever (7) is vertical, with clearance between cam faces and rollers equal
on each side.

FLYWHEEL BRAKE & COMPRESSION RELIEF PILOT VALVES

The flywheel brake 1s actuated by a single acting‘@alr piston and is released by a
spring. Only one/pilot valve is therefore necessary for its control. This valve,
(28B) in Fig. R-2, 1s identical with the pllot valves for.the alr ram and its ac-
tion in admitting alr to and venting the cylinder: 1is exactly the same. The valve
is operated by lever (8) as previously described, and the adjusting screw in the
lever should be set the same as . the ones for the alr ram pilot valves, that is to
allow 7/32" opening of the vent valve when the lever roller 1s on the cam base
circle. % L 5
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The compression relief valves are also actuated by single acting air pistons with
spring return, and are therefore operated by the same type of control valve. Since
thelr operation is desired at the same time in the maneuvering cyele as the fly-
wheel brake, the manifold feeding these valves is connected to the brake pilot
valve and the one valve controls both flywheel brake and compression relief valves.

STARTING AIR PILOT VALVE i

Valve (30) in Fig. R-2 is for the control of the master valve in the starting air
manifold, described in detall in Paragraph 11. This 1s a piston operated valve,
held closed by the alr pressure on the valve head and opened by the pressure above
a piston when the cylinder below is vented. The pilot valve operating the master
valve must therefore vent the cylinder below the piston. It is a simple poppet
valve, mechanically opened and spring closed. Referring to Fig. R-2 chamber (29)
is connected to the cylinder below the piston in the master starting valve. When
the pilot valve 1s opened by lever (9) as previously described, this chamber is
vented into the control housing and the master starting air valve opens, admitting
alr to the starting air manifold. When the pllot valve is closed pressure immed-
lately builds up below the piston and the master valve closes. :

The position of lever (9) when free from the cams is determined by an adjusting
screv in the lever and bearing against a boss in the control housing. This screw
should be set to bring the cams on hub (16) (See Fig. R-1) into contact with the
pawls on lever (9) when the control handle is 32° from STOP elther AHEAD or ASTERN
Equalize the adjustment on either side, making the mean 32°. After locating the
lever as above, set the adjusting screw in the end of the levern to allow 015"

clearance between screw head and the pillot valve stem with the control lever at
STOP. :

.

The pilot valves should be ground to their seats occasionally if leaking. Leakage,
unless excessive, will not materially effect the operation of the control unit,

but it will of course increase the air consumption necessary for maneuvering. The
seal for the vent valves is between the end of the pilot valve stems and the under
side of the vent valve heads. When grinding these seats use care not to get any
grinding compound into the fit between the vent valve and pilot valve.

ATR RAM, REVERSING RACK AND CONNECTION TO LATCH SHAFT

The power for rotating the latch shaft through 180° from the AHEAD to ASTERN posi-
tions or vice versa is supplied by an air ram, or double acting air piston, con-
nected by means of a reversing rack and gearing to the latch shaft. It 1s located
on the top of the latch box and is shown in detail on Fig, R-3.
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@ PLUGS MUST BE FITTED TO FILL UP
i SLOT ON EACH SIDE OF CAPSCREW
@\ % AFTER GEAR HAS BEEN LOCATED
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Referring to Fig. R-3, housing (68), which is bolted to the top of the latch box,
carries reversing rack (62) and pinion shaft (72) in replaceable bronze bushings.
If reneved bushings must be reamed to 2.002" - 2.003" and 2.249" _ 2.,2505" diameter
respectively after pressing in, and the oll holes must be drilled through the bush-
ings in - line with the holes in the housing. The unit i1s located on the latch box
with the pinion shaft at the center of the engine, midway between cylinders 3 and
4. .Cylinder (61) is provided with a bronze liner to prevent rusting, and 1s bolted
together with front head (64), to the after end of housing (68). A stuffing box
(65) and gland (66), accessible through cover plate (67), seal the piston rod .
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where 1t passes through the front head. The after end of the cylinder 1s closed
by back head (51). Connection (54) in the back head and a similar connection in.
the front head are connected by copper tubing to the pllot valves in the Control
Unit, described in detail in paragraph 3.

The piston assembly is made up of piston (88) with ring (57), cup leathers (56)
and (58), followers (87) and collars (59). The assembly 1s mounted on the after
end of the pilston rod (62), and is clamped by nut (63). The reversing rack teeth
(69) which engage pinion (71) are cut in the forward end of the piston rod (62).

The travel of the piston is limited at each end by contact between followers (87)
and the cylinder heads. In order to prevent shock the plston 1s cushioned at each
end of 1ts stroke by trapplng part of the alr ahead of it. Referring agaln to
Fig. R-3 and assuming that alr is belng admitted to the right side of the plston
from the pilot valve in the control housing, the piston will be moving toward the
left. The air in front of it will be expelled through connection (54) and the
pilot valve in the Control Unit, the vent valve of which will be open. As the
pilston approaches the end of its stroke collar (59) enters opening (86) in the head,
closing it off, and traps the air in front of the piston. This trapped alr must
then pass through needle valve (85), which should be adjusted to produce the de-
sired cushioning effect on the piston. Remove plug (83} to reach the needle valve
for adjustment.

Check valve (53) 1s provided to admit ailr to the full face of the piston when 1t is
to be returned to the opposite end of the cylinder. Thls valve 1s made necessary
by the closing of opening (86) by collar (59), thus preventing air from chamber (52
preaching the full face of the piston until collar (59) clears the head. Valves (53
and (84) are duplicated in front head (64), but are not shown in Fig. R-3. The
action of the piston at the front end of the cyllnder is exactly the same as that
described above. Valves (84%) and (53) are not shown in thelr correct positions in
Fig. R-3, valve (53) and connection (54) from the pilot valve actually being located
on the horizontal centerline toward the engine in the back head and valve (84) 30°
of f the vertical. In the front head, both valves are 1n the top, 5/8" each side of
the centerline, and the inlet connection from the pilot valve 1s on the horizontal
centerline away from the engine.

Section YY in Fig. R-3 shows a transverse section through pinion shaft (72), This
shaft, which is driven from reversing rack (62) by means of pinion (71) to which 1t
is keyed, has a flange on its inner end to which is bolted helical gear (73). This
gear meshes with a similar gear (5) on the latch shaft (%) and thus completes the
connection between the air ram piston and the latch shaft. Housing (68) 1is located
and doweled on the latch box so that these gears mesh properly, and 1f replaced the
new housing must be carefully located, and new dowel holes drilled so0 that these
gears are correctly meshed.

The holes in the hub on shaft (72) for mounting gear (73) are slotted, and if elther
gear (73) or its mating gear (5) on the latch shaft are. replaced, gear (73) must be

ad justed radially on the shaft to correlate the motion of the air ram piston and the
latch shaft. The correct AHEAD and ASTERN positions of the latch shaft are shown by
marks sceribed on one of the latch shaft webs registering with a pointer mounted on

the adjacent latch shaft bearing. The lateh shaft should be set in the correct A-
HEAD position and the gear and hub then adjusted radially to locate the ailr ram pis-
ton at the extreme end of its stroke, that is, against the back head of the cylinder.
Three of the four capscrews (76) holding gear and hub together are then tightened.

The one remaining capscrew will require plugs to be fitted on each side to fi1ll up

the slot in the hub (72). These plugs will retain the gear in its proper position

and eliminate the necessity of redrilling and reaming for a dowel pin. In fitting

these plugs make sure that each plug contacts both the end of the slot and the cap-
screw so that it would be impossible for the gear to slip, as any slippage would

change the valve timing. After the plugs are fitted the capscrew may be tightened

and secured by the lockwire which passes thru the head of all four of the gear re-
tainer capscrews. Four oll cups on the top of the reversing rack housing provide
lubrication for the reversing rack and pinion shaft, and should be olled as often as
necessary to keep the bearings well lubricated. Two small pipe plugs are provided

in the top of the air cylinder for lubricating the piston.

Barring hub (81) on the suter end of the pihion shaft provides means for operating

‘ the réversing mechanism manually in an emergency or whille working on the engine.

A one ineh bar about four feet long may be used.

The required motion of the latch shaft 1s .180° and the tooth ratio of the two gears
i1s such that shaft (72) must rotate 270° to glve this latch shaft motlion. This re-
quires a total piston travel of 10-1/16" which may be adjusted if necessary by
changing the thickness of the gaskets under the cylinder heads. The position of
shaft (72) and hence of the entire assembly, including the alr ram plston and the
latch shaft, 1s indicated by pin (80) in barring hub %81). This pin reglsters with
the AHEAD and ASTERN on indicator plate (78). The AHEAD on this plate 1s forward
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and the ASTERN aft. The Pin rotates through the lower arc, and the reversing rack
must therefore be moving aft (to the left in Fig. R-3) when the latch shaft is mov-
ing from ASTERN to AHEAD. The alr must be admitted to the forward (or right hand
in‘Pig. R-3) side of the piston to produce this motion, which puts the engine in
AHEAD position. Therefore the ahead pilot valve in the control housing, (which 1is
on the left or after side of the housing, as explained in paragraph 3) must be con-
nected to the forward or front head of the ram cylinder. Conversely the astern
valve 1s connected to the rear head. The position of the piston 1s aft when the
engine 1s running AHEAD and forward when it 1s runnin ASTERN. (The above discus-
8lon holds true for both right and left hand engines.

. LATCHES AND LATCH SHAFT

For a given direction of rotation all the valves must be actuated in a definite se-
quence and with a definite timing. For direct reversible engines 1t is consequent-
1y necessary to provide dual sets of cams, one set for operation in the AHEAD direc-
tion of rotation, the other set for operation when running ASTERN. At the same

time means must be provided for throwing one set of cams into operation, while at
the same time the other set must be made inoperative.

In Atlas engines the AHEAD and ASTERN cams are mounted side by side on the cam-
shaft. Referring to Filg. R-3 1t will be noted that latches equipped with two rol-
lers are interposed between the cams and the valve lifter rollers. The two latch
rollers are offset and lined up relative to the cams in such a manner that in the
AHEAD position of the latches one set of rollers contact the AHEAD cams while at
the same time the other set of rollers are free of the ASTERN cams. (Astern cam
not shown in Fig. R-3) Thus in the pPosition shown in Fig. R-3 the AHEAD cams actu-
ate the latches which in turn actuate the valves by means of the lifters, pushrods
and rockers.

By rotating the latch shaft 180° the latch fulcrum polnts are moved inward (toward
the center of the englne) to a point where the ASTERN cams contact the other set of
lateh rollers. This inward movement frees the AHEAD latch rollers of the AHEAD
cams and consequently the ASTERN cams now control the actuation of the valves.

The fuel valve timing is very nearly the same for both directions of rotation. For
example, in one direction of rotation the fuel valve may open 8° before top center

- and close 18° after top center. Then if the rotation was reversed and the latech
kept in the same position the fuel valve would open 189 before top center and close
8% after top center. In other words, the timing would be 10° early. It 1s possible
to compensate for this slight difference in timing by properly positioning the
ASTERN roller on the fuel valve latch. Consequently only one fuel cam 18 provided
which serves for both AHEAD and ASTERN running and the fuel latch rollers are in
line, not offset as on the other latches.

The case hardened steel latch rollers turn on steel pins carried in the bodies of
the latches and riveted in place. In the inlet, exhaust and starting alr latches,
spacers between the walls of the latches and the sides of the rollers establish the
positions of the rollers in line with the cams. The fuel valve latch doss not re-~
quire any spacers since only one cam 1is used and both rollers are in line. The

r;%%ﬁrs all have a clearance of .001" to .002" on the pins and a side clearance of
1 - . 3

The latch shaft is built up of six sections, each section comprising the crankshaft
for the four latches of a single cylinder. The shaft is mounted on cast iron bear-
ings which are bolted to the side of the centerframe. Journals are turned on the
shaft at each end of each crank, and flanges at the ends of each section provide
means of bolting the sections together. Bearing clearance is .001" to .0025" and
end play is taken by the two outer bearings.

. LATCH SHAFT INTERLOCKING DEVICE

The latch shaft interlock is shown in Fig. R-4. The two plungers (41) and (47) are
located fore and aft so that they are in line with adjacent latch shaft webs, and
they engage slots (48) and (49) cut in the respective webs. These plungers are
interconnected by rockers (38) and (4%4) and shaft (43), the whole assembly being
mounted in bracket (42) on top of the latch box, just aft of the control unit. The
device 1s cperated from the main control shaft in the control unit by means of
shaft (25), to the far end of which & helical gear,((24) in Fig. R-1) is keyed and
clamped, which gear in turn meshes with a similar gear ((19) in Fig. R-1) on the
control shaft. Shaft (25) carries crank (35) on 1ts overhung end, and pin (36) in
the crank 1s connected through link (37) and fork (39) to plunger (1) '

For plunger positions shown in Fig. R-4, the control handle i1s at STOP, the latch
shaft 1s in AHEAD position, slot %49) registers with plunger (47), slot (48) is
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180° out of reglster with plunger (41), and both

plungers are up clear of the latch shaft webs so
-—] that the latter is unlocked and free to turn.
Assume now that the control lever is moved 1n the
AHEAD direction. The hand of the helical gears
1s such that shaft (25) will be rotated clockwise
as viewed in Fig. R-4, which will 1ift plunger
EMlg through the action of crank (35) and link
37). Plunger (47) will be lowered at the same
't time, through the interconnection of the rockers
H %383 and (4%) and shaft (43), and will enter slot
\ 49) in the latch shaft web, thereby locking the
' ghaft in the AHEAD position and preventing its
k] shifting to any other position.
!

t

1

]

i

; ! As a second assumption, consider the control
a) ! handle to be moved toward ASTERN. The above ac-
o tion will be reversed, and plunger (41) will move

/  downward. Since it is not in register with the
<;> slot in its mating latch shaft web it can move

only until it contacts the web, and will then

¢ i arrest the motion of the control lever. This
__W/L“‘““ action takes place when the control lever 1s
moved 25° from STOP and it cannot be moved fur-
ther until the latch shaft shifts to ASTERN and
slot (48) is brought into register with plunger
(41). Thus it 1s impossible to admit starting
air to the engine unless the latch shaft is in
the position corresponding to the direction 1in
which the control handle 1s moved.
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It should be understood that this interlock stop
1s primarily a safety device to prevent starting
~——4C8 the engine before completion of the latch shaft
shift, and it should not be abused by deliberate-
ly jamming the lever over against 1t, as this will
FIG. R-4 result in excessive wear throughout the mechanism,
if not in damaged and broken parts. Normally the latch shaft will shift almost im-
mediately upon opening of the pllot valve (which occurs with 14° motion of the con-
trol handle), and 1t will be possible to move the control handle right along to the
starting alr period, with only a slight pause at the 25° stop point. During this
pause, while the latch shaft is shifting, the control handle should not be held up
against the stop, with the plunger bearing against the latch shaft web and conse-
quent wear on both parts.

Before disassembling the interlock drive mechanism the helical gears should be
marked so that they may be remeshed in the same relatlon. Crank (35) and rocker
(44) are pinned to thelr shafts with taper dowels, while the helical gears and
rocker (38) are keyed so that the device can only be assembled 1n one way, S0 long
as the gears are correctly meshed. If at any time the gears, shafts, crank or
rockers are replaced, the plungers must be retimed, which may be done as follows.
With the control handle at STOP, adjust crank (35) relative to shaft (25) so that
the vertical distance from the top of the ilatch box up to the center of the pin in
fork 539) is 4-1/4". Be sure that shaft (25) is forced to the left so that gear
(24) (Fig. R-1) 1s bearing against the control housing boss, and allow .010" thrust
clearance between crank (35) and the housing. Clamp crank (35), drill a hole
through the shaft using #7 drill (.201" dia.) then taper ream for #4 taper dowel.
Adjust rocker (U44) relative to shaft (43) so that the vertlcal distance from top of
latch box to center of pin in fork (45) is 3-1/16", clamp rocker and drill and ream
rocker and shaft for #U4 taper dowel. ' :

Set latch shaft at some intermediate position, and move control lever 1n AHEAD dir-
cotion until latch pin (5) (Fig. R-1) drops into the slot in latch plate (6). Posi-
tion lever so that piln 1s about 1/8" from upper end of slot, and then adjust plung-
er (47) (Fig. R-4) relative to fork so that end of plunger bears agalnst latch
shaft web. This will allow some clearance between plunger and web when latch pin
bears against upper end of slot. Repeat adjustment on plunger (41) for reverse,

and tighten jam nuts to lock plunger adjustments. Interlock bracket (42) (Fig. R-%4)
1s doweled to the latch box, and if replaced the new assembly must be located so
that the plungers will enter the slots in the latch shaft webs before drilling the
new dowel holes. : :

FUEL CUT OUT MECHANISM

The fuel cut out mechanism shown in Fig. R-1 serves to stop the englne by taking
Te
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the wedge shaft out of the control of the governor and mechanically rotating it to
pull out the wedges and cut off fuel to the engine. Referring to Fig. R-1, plunger
(85) bears on cam (17) which is rotated by means of the main control lever and
shaft (13) to which both lever and cam are keyed. As the cam rotates the motion

of plunger (85) follows the cam profile, and is transmitted through lever (86) and
rod (23) to lever (22) which floats freely on wedge shaft (20). A second lever
(21), which 1s clamped and keyed to the shaft beslde lever (22) has a hook on 1ts
free end which projects out over lever (22). Thus when lever (22) 1s ralsed by the
action of cam (17) and the connecting linkage, 1t contacts the hook on lever (21)
and rotates the wedge shaft counterclockwise to stop the engine. The profile of
cam (17) is such that when the engine is running either AHEAD or ASTERN plunger
(85) is down, dropping lever (22) so that it 1s clear of lever (21) and the wedge
shaft 1s free to float under governor control. As the control lever is moved
toward STOP through SLOW position cam (17) begins to 1ift plunger (85) when the
lever reaches a position 56° from STOP and at 48° from STOP the maximum plunger
1ift is reached and the fuel Wwedges are pulled out, cutting off all fuel to the en-
gine. .

The above action is reversed when thHe engine 1s started, the wedge shaft belng re-
leased to governor control with 56° of control lever motion. Note that the fuel

cut out does not begin to release until 48°, and that the starting air valve closes -

at 50° so that there 1is virtually no fuel admitted to the engine while the starting
air is on, thus preventing any possibility of damage resulting from excessive cy-
linder pressures. This also means that the engine will not fire while the starting
alr valve 1s open, so that as soon as it is rolling the control lever should imme-
dlately be moved along to SLOW in order to admit fuel to the cylinders. If for any
reason 1t does not fire the lever must be brought back through the starting cycle
and the action repeated.

The fuel cut out should be ad justed, by means of the clevices on rod (23), to allow
1/32" clearance between levers (21) and (22) when the engine '1s idling at SLOW. If
the wedge shaft is ever replaced, rod (23) should be adjusted so that 1t is at right
angles to lever (22) with the control lever at STOP. Then with the engine 1dling

at SLOW lever (21) should be clamped to the wedge shaft with 1/32" clearance between

it and lever (22) and the wedge shaft drilled and reamed for the dowel. Use #15
(.180") drill and #3 Taper reamer.

GOVERNOR AND GOVERNOR CONTROL

The flyball type governor, mounted near the bottom of the forward end of the latch
box and driven from the camshaft gear, 1s shown in Fig. R-5. (Cast.iron bearing
(34) 1s adjusted and doweled to the lateh box to allow .00L4" to .005" backlash be-
tween governor gear (33) which 18 pressed and keyed to the overnor body, and the
camshaft gear. Running clearance between governor body (32% and the bearling is
.0015" to .0025" and lubrication is from the force feed system of the engine.

The engine speed is controlled by varylng the governor spring tension through a
linkage from the control lever, as shown in the upper portlon of Fig. R-5. (This
is section W-W in Fig. R-1 taken through the governor control cam (18)).

Referring to Fig. R-5, 1t 1s seen that the governor spring remction is transmitted
from lever (23) which carries hardened rollers thet bear against collar (39),
through vertical shaft (20) to upper lever (17). This lever is connected by rod
(7) to governor cam plunger (5) and by linkege is made to follow motion of govern-
or cam (18). As shown in Flg. R-5, the control lever is in the FAST AHEAD posi-
tlon and cam plunger (5) is pulled to the left the 1limit of its travel compressing
governor spring (35) to its shortest length and allowing fuel wedges to be drawn
into maximum fuel position by tension in wedge shaft torsion springs which move
governor quill rod (26) to the left till linkage 1s solid. As the control handle
1s moved back toward SLOW, the cam drops allowing the roller (3) and cam plunger
5) t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>