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FOREWORD

During the war every branch of the armed forces powered many of their
ships and vehiclea with Diesel engines. To meet the ever increasing require-
mentz, manufacturers doubled their output again and again, Az the demand

for operators grew, the industry responded well, Service and assembly line
men from the factories, operators from the fishing fleets, mines, contracting
companies and truck lines joined up in great numbers to care for the country's
Diegels of war,

But the industry’s output of Diesel engines soon excecded the supply of
experienced operators. The Transportation Corps found it necessary to
recruit men from the farms and offices, Most of them were familiar with the
family car, truck or tractor but that was about the extent of their knowledge
of internal combustion engines.

The Atlas Imperial Diesel Engine Co. was asked, by the War Department, if
a manual could be prepared which would explain the principles and operation
of a Dieae] engine in simple everyv-day language without blueprinta, technical
terms, or lengthy explanations,

In offering this manual to our friends, we trust that many of them will find
it interesting and instructive. The operator, who has charge of an Atlas Diesel
for the first time, can learn why it runas, how it runs and also a Tew simple
rules which will epable him to get the best out of the careful dezign and fine
workmanship that goes into all Atlas products. .

The opggator, who has had experience with Atlas Diesels, will find it useful
as an aid to instructing those under him, This manual should only supplement
the rejgrular Atlas Imperial Instruction Book which details at great length the
steps to be taken during major overhauls or replacementa,

ATLAS IMPERIAL DIESEL ENGINE CO.
OAKLAND, CALIFORNIA



SECTION 1
PRINCIPLES OF ENGINE OPERATION

1. DIESELNOT COMPLICATED: A Dicsel
engine 18 really a very simple engine. You have
probably had some experience with the ordi-
nary automobils engine, and will be Feassiared
to know that the Diezel §s similar in design and
operation bul dees not have the complicated
electric ignition system required by gasoline
EZInes,

2. NATURE OF BURNING: It iz common
knowledge that certain substances, such as
wood, coal, kerosene, will burn if there is air
present and an open flame or a spark starts the
fire. In engineering we call burning, combus-
tion, and the starting off of the combustion is
called ignition. In & Diesel engine we burn
Dieae]l fuel ofl, which is a product made from
cride petroleum and ia similar to kerosene, but
heavier, and uzually darker in color.

What really happens when something burns is
that one of the gases composing ordinary air,
namely oxygen (air is about one-fifth oxvgen
and four-fifths nitrogen), unites with the sub-

Figure 1-1

stance being burned and forms new gases.
When Diezel fuel burns the gaszes formed are
carhon-dioxide gas and water vapor.

3. COMPOSITION OF COMBUSTION
GRBES: After burning iz finished, where once
there was Diesel fuel and air there will be car-
bon-dioxide gas, water vapor, nitrogen left
after the oxygen has been used up, and any air
not needed fo burn the amount of fuel that was.
available. This unused air iz called excess air,

4. GENERATION OF HEAT: These gases
will fill about the same zpace that the air and
fuel filled originally—after they have cooled
down, But at the time of burning they will be
extromely hot, as combustion generates heat.
Heating any gas makes it expand, Tf combus-
tion takes place in a closed chamber, the heated
gases will push, or exert pressure, against the
chamber walls. If the walls will not expand,
the gases will build up in pressure:; if the
chamber can stretch or expand in any way, the
gazes will make it larger,
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5. A SIMPLE ENGINE: Before we see how
the burning of fuel can be made to produce
motion that will do work, let us consider a
gimple form of Diesel engine, such az the one
shown in Figure 1-2, (In references to illustra-
tions throughout this manuoal, the first number
indicates the section, and the second nomber
indicates the drawing or pholograph in that
seclion.) This is a view in which some parts of
the engine are cut away as if sawed off, a0 that
the inside working parts can he seen, There
iz & cylinder and a cylinder head. A piston
i# inside the evlinder and is free to slide up and
down, Bometimes this piston is called the
power piston, and the cyvlinder the power eylin-
der, to distinguish them from pistonz and cyl-
inders used in auxiliaries of the engine. The
piston is hollow, but is closed off at the top by
the piston crown. The clearance between the
piston and the cylinder wall iz sealed by piston
rings.

The eyvlinder head, cylinder and piston crown
encloge & apace that iz called the combustion
chamber. This chamber will be larger or small-
er depending upon whether the piston is up or
down in the evlinder. When the piston iz at the
very top of its travel {called top center) the
combustion chamber iz at its smallest size, and
iz then called the clearance volume.

The up and down movement of the pizton is
controlled by its being connected to o crank
which is on & crankshaft. You will see that
there is a round piece of steel] through the cen-
ter of the piston, This ia the piston pin {zome-
timea called wrist pin). The top end of a con-
necting rod fits around thizs piston pin, and as
it must rock from side to side, or cacillate, on
Lhe piston pin, the hole through the connecting
rodd iz lined with a bronze sleeve, ealled the
pizton pin bushing, Steel turning inside steel
haz a tendency Lo stick fast; but a steel pin
inside a bronze bushing turns easier, in other
worda, there is leas friction,

The lower end of the connecting rod is fastened
to & bearing which fits around the crank pin,
As the crank pin must be free to revolve inzide
thia bearing, a lining of babbitt is ftted to the
ingide of the bearing. Babbitt is also used to
line the main bearings and parts of the thrust
bearing. Babbitt is & smooth soft metal that
presents minimum friction.

6. HOW COMBUSTION DOES WORK:
In Figure 1-2 the piston haz been to the top
of ita stroke and iz juzt ztarting a downstroke
(& movement of a piston from top position to
bottom, or from bottom position to top, is
called a etroka). The combustion chamhber
was filled with air at high pressure — about
400 pounds per square inch. This air was very
hot, about 1,000 degrees Fahrenheit,

Into thiz air, which we might call “red hot,™ a
amall amount of Dhesel fuel has been sprayed.
As 1,000 degrees Fahrenheit is well above the
temperature needed to ignite Diesgel fuel, it
starta to burn, and at the point shown in Fig-
ure 1-2, this burning is well under way.

The first resull of combustion iz an inerease
in pressure in the combustion chamber, The
pressure rises from 400 pounds to about GO0
pounds. Your engine has a piston that meas-
ures TLe inches across {or haz a piston 714
inches in diameter, or haz a bore of 714
inchea) which gives it a top area of about 104
square inches, The tolal push downward on
the piston crown is 6800 pounds per square inch
times 4414 square inches, or 26,550 pounds.
With this pressure being exerted downward,
the piaton moves, but in deing so it muoat turn
the erank and the crankshaft.

That, briefly, is how combustion of fuel is put
to work, Of courze, the explanation leaves
many questions unanswered : How did the air
in the combustion chamber become com-
pressed, and why was it at 1,000 degrees
Fahrenheit 7 What happens to the combustion
gases when the piston reaches the lower limit
of ita travel (bottom center) ? How does the
frezh air get into the cvlinder to be com-
pressed? How was the fuel injected at the
proper time and in the proper amount? We
shall now explain such matters.

7. THE POWER STROKE: The downsiroke
of the piston, just described, is called the
power stroke (sometimes is called the working
stroke, firing stroke, or the expansion stroke).
The combustion gases expand as the piston
goes down, and their pressure drops as they
expand, until at the bottom of the stroke the
pressure has dropped to about 50 pounds,
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B. THE EXHAUST STROKE: Somewhere
near bottom center at the end of the power
atroke a valve opens in the cylinder head. A
valve is merely something to open or cloze a
passage. An ordinary water spigot iz a valve,
2o this valve opens and most of the combus-
tion gases rush out and the pressure ingide the
eylinder drops to nearly atmospheric pressure,
But the crank keeps on turning (we shall
explain why in due time} and moves the piston
into an upstroke. As the piston rises it pushes
the remainder of the combustion gases (they
are usually called exhaust gases from this
point on) ahead of it and out through the
valve, which iz called the exhaust valve. The
stroke iz also called the exhaust stroke, and
sometimes the scavenging stroke, Figure 1-3,

@, THE INLET STROKE: At the end of the
exhaust stroke the piston iz at top center, The
exhaust valve closes, and another valve, called
the inlet valve, opena {thia is sometimes called
the intake valve, suction valve, or admiszion
valve). Although the exhaust valve leads to o
pazsage {not shown in Figure 1-3) that ends
with a muffler to lezsen the noise of the ex-
haust, the inlet valve may zimply open the
cylinder to the atmosphere. As the piston
atarts the next downstroke after the end of
the exhaust stroke, it draws air from the
atmosphere into the eylinder by suetion. This
atroke iz called the inlet atroke {(also the intake
gtroke, suction stroke, or admizzion stroke),
It iz ilustrated in Figure 1-4.
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i, THE COMPRESSION STROKE: Al
the end of the inlet stroke the piston iz at
bottom center and the exlinder is full of fresh
air, The inlet valve closes, and the exhaust
valve, closed at the end of the exhaust atroke,
remains closed. The air is trapped in the cyline
der with no chance to escape. The pision starts
on an upstroke and crowds, or compresses, the
air into smaller and smaller volume. Finally as
the piston approaches top eenter the air that
originally filled the eylinder is compressed into
the small clearance volume. This stroke is
called the compression atroke and is illustrated
in Figure 1-5.

11. RESULTS OF COMPRESSION: Com-
pression has two results, The most obvious

Figure 1-6

one isan inerease inair pressure, The compres-
gion stroke increases the air pressure in the
Atlas engine to abouwt 400 pounds per agquare
inch, The ofher rezult iz an increase in air
temperature. If you have ever had to pump up
an automobile tire by hand vou probably re-
member that the pump barrel became quite
hot. When air iz compressed in an engine cyl-
inder in one siroke to 400 pounds, it increases
in temperature to about 1,000 degrees Fahren-
heit,

12. FUEL INJECTION: S0 now we have
the combustion chamber full of compressed
air at a red-hot temperature. All that remains
iz to apray or inject DMesel fuel into the com-
bustion chamber, az indicated in Figure 1-6.



This injection commences alightly before the
end of the compression stroke and continues
past top center, Burning begins at once and
the engine starts on & power atroke.

13. THE MEANING OF “CYCLE": When
the power stroke begins we are hack to the
situation shown in Figure 1-2. Asa movie-goar
would say, “this is where T came in.” From
now on, the engine goes through the motions
all over again, What happens in an engine
eylinder from any one occurrence {usually
called an event) to a repetition of that oceur.
rence is called a eycle. You could eall g mowvie
program from the beginning of the main fea-
ture, to another such beginning of the same
main feature, one cvele. After that, there iz
just repetition.

14. FOUR CYCLE: To review the engine
evele, we had (1) a power stroke, (2) an ex-
haust astroke, (2) an inlet stroke, and (4) a
compression stroke. That is a total of four
sirokes, or a four-stroke cycle, The English
still eall it that, but Americans have shortened
the name to FOUR CYCLE,

Some engines are designed a0 that firing, ex-
haust, inlet, and compression are accomplished
within one downstroke and one upstroke ; they
are called two-cycle engines, While ot her ceyelea
are theoretically possible, all practical Diesel
and gasoline engines today operate on either
the four-stroke cvele or the two-atroke cyele,

15. INTERNAL COMEBUSTION: A: the
actual combustion of the fuel takes place
within the power cylinders of & Diesel engine,
it is called an INTERNAL-COMBUSTION
ENGINE. Gasoline engines are also internal-
combustion engines.

16. FUNCTION OF THE FLYWHEEL:
Of all four strokes in the eyvele, only one pro-
duces power, The remaining three require
power instead —especially the comprassion
stroke. Why doesn't the engine slop =ome
time during the three POWEr- consuming
strokes ! The power atroke produces far more
power than the three other strokes eombined
require, so the problem can he solved if
aome way can be found to store up some of the

energy of the power stroke, and to feed it back
to the engine over the other thres,

Some of the energy of the powir stroke can be
stored in a flywheel, such as is shown in Figure
1-2. On the power stroke, the rotational gpeed
of the flywhee] iz alightly inereased, thus
building up the momentum of the flywheel,
Momentum is the term applied to the tendency
of any heavy body in motion, to keep moving.
As the engine goes through the PO BT LN LT
ing strokes, flywhee]l momentum supplies the
energy needed. As energy is fed back to the
engine, the flywheel speed decreases elightly.

17. ENGINES OF MORE THAN ONE
CYLINDER: The problem of keeping the
engine in motion over POWEF - consuming
strokes is greatly simplified if the enging has
more than one cylinder. The engine VOUu Oper-
ate haa six cylinders. In such an enging the
power strokes need not oceur at the same tirne,
but can be evenly spaced, During any two reve-
lutions of the engine there will be six power
strokes, spaced at equal intervals, or one
beginning each one-third of a turn. In thiz way
one cylinder produces power while others con-
sume zome of it

Figure 1-7 is a drawing of & six-cylinder en-
gine, showing the events that are tak ng place
in the various cylinders at the precise moment
that No. 1 evlinder is firing. We zee that at
thiz instant :

No. 1 cylinder is just starting the power

atroke with both valves closed

No. 2 eylinder ia on the exhaust atroke with

the exhaust valve fully open

No. 2 eylinder is on the inlet stroke with the

inlet valve fully open

No. 4 cylinder ia on the latter part of the

power stroke with both valves closed

No. 6 cylinder ia on the compression stroke

with both valves cloged

No. 6 cylinder is on the first part of the jnlet

stroke with the inlet valve just opening.

You will note that even with a six-cylinder
engine a flywheel is used, although it may be
lighter in weight than would he required for
a gingle-cylinder engine. The flywheel smooths
out the pulsations of the power strokes and
causes the engine to turn at 8 more aven speed,

o
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18. FOUNDATION AND SEATINGS:
Figure 1-8 shows a Diesel engine installed in a
ship. Each side of the engine base hag a flange,
and thess flanges support the engine on seat-
ings, which are the top surfaces of the founda-
tion. The latter is a built-up part of the ship's
structure, and furnishes a strong support for
the engine, while it distributez the engine
weight over a large area.

19. MAIN BEARINGS AND JOURNALS:
The illustrations of this section show zeveral
other things about engine construction. For
example, Figure 1-2 ahows that the crankshaft
ig supported by, and rotates in, main bearings,
Each bearing ia made up of two halves, some-
times called top-half main bearing and bottom-
half main bearing, and sometimes top main-
bearing shell and bottom main-bearing shell.

That part of the crankshaft that revolves
inzide & main bearing iz called & main journal
(the part of any shaft that rofates inside a
bearing is called a journaly and sometimes the
miain bearings are called main-journal bear-
Ings,

20, PROPELLER THRUST AND
THRUST BEARARING: The engine rotates
the propeller, and the propeller sends the ship

forward by pushing water astern, just as an
electric fan pushes air.

Thia thrust or pushing effort must be taken
and stopped somewhere before it reaches the
engine crankshaft or the crankshaft would be
erowded hard againat the forward end of its
cleargnes and would hind in ita bearings. So a
thrust bearing iz located at the after end of
the engine, Thia bearing has a thrust shaft,
which iz coupled to the engine fywheel at the
engine end, and to the intermediate shaft at
the after end. Forged az one piece with the
thrust shaft iz a thrust eollar, oF round ateel
dize, Thiz collar rotates between two sets of
shoes mounted in the thrust-bearing housing,
which ia firmly bolted to the engine base, The
babbitt lined shoes prevent the thrust collar
from moving fore or aft.

21. PORT AND STAREOARD ENGINES:
A ship may have one engine turning one pro-
peller, as in Figure 1-8, in which case it ia said
to be of single screw type with zingle-engine
propulsion, Some ships, however, have two
engines, each connected to a propeller, and are
anid to be of twin-screw type, The engines will
be built to the same design exeept that one of
them will be turned sround with the fywhes]
and thrust hearing mounted at what would

7
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ordinarily be the forward end. This is done ao
that the controls can be located inboard, or
facing the center of the ship, for both engines.

The engine to the right of the ship when look-
ing forward is called the starboard engine,
and the engine to the left iz called the port
engine. The flywheelz of the two engines will
travel in opposite directions, and the Atlas
atandard iz to have them turn toward each
other at the top when the ship is going for-
ward,

22. LUBRICATION: When an engine is
running there are a number of places where
metal slides over metal, or rotates inside metal.
We have seen how the power piston slides in
the cylinder and how various pins and journals
rotate or oscillate in bearings, None of these
sliding, rotating or oscillating motions could
continue for more than a very few seconds

without the parts sticking fast, if it were not
for lubrication, How lubricating oil is supplied
te such moving parts will be described in
Hection 2,

23. ENGINE COOLING: We have already
said that combustion produces heat. Some of
this heat will be absorbed by the cylinder head,
cylinder and piston, and if these parts were
not cooled in some way, their temperature
would increase until the lubricating oil would
ke burned off, and the piston would stick fast
in the cylinder, and the valves would do like-
wise in the eylinder head. The evlinder and
c¥linder head are consequently made hollow
and water ia circulated through the hollow
spaces, or water jackets. The piston is not
cooled directly on the Atlas engine, but is kept
at a safe temperature because it travels in a
cooled eylinder, The details of the water-cool-
ing aystem are dizcussed in Section 3.



24. PHASES OF FUEL INJECTION: Just
to sav, as we did, that Diesel fuel is sprayed
into the combustion chamber at the beginning
of the power stroke, is to raise many questions.
The supply of fuel iz kept in one or more large
storage tanks on board ship. First it must be
pumped to a smaller tank near the engine,
called & day tank, Then it must be pumped up
to & very high pressure and stored in the fuel
rail, & manifold which distributes oil to the
various cvlinders. Lastly it must be injected
into the cylinders at the proper time, and in
the proper amounts, Each such fuel amount,
or charge, will not be over one-thirtieth {15.)
of an ounce, and will ke smaller for light engine
loads, This charge of fuel when released by
the spray valve passes through several small
holes, called orifices, in the spray valve tip.
Fach orifice ia very small—from 0.007 inch
to 0.014 inch in diameter, depending upon the
engine size.The fuel charge must pass through
these orifices in a fine spray against air in the
combustion chamber under 400-pound com-
presgion pressure. The fuel pressure must T
higher than the air pressure, to make sure
that the fuel penetrates all parts of the com-
bustion chamber. How all of this is done is fold
in Section 4,

25, AIR INLET AND EXHAUST: We have
already spoken about the inlet and exhaust
valves. We have not explained, however, how
these valves are opencd and closed at the
proper times, This subject together with other
details about zupplying the engine with air and
leading exhaust gases out, will be dizcussed
in Section b,

26, STARTING AND MANEUVERING:
Diesel engines cannot be started merely by
turning on fuel, az a steam engine ia atarted
by turning on steam. They must firsl be put
in motion before fuel is fed to the eylinders.
How this is done by compressed air, and how
the engine can be reversed so as to propel the
ship astern, will also be told in Section b.

27, APPARENT COMPLEXITY NOT
RERL: When you look at your engine you
may get the impression that there is a lot of
complicated mechanism attached to it. You
will find, however, that all thiz mechanism is
uged to do only the things we have just out-
lined. When any particular syatem—Ilubricat-
ing, water cooling, ete.—is traced around or
through the engine, its partz and operation
hecome relatively simple, It is only the group-
ing of a number of individually simple things
that gives the appearance of complexity. When
studied one by one they become zimple.




SECTION 2
LUBRICATION

1. PURPOSE OF LUBRICATING 5YS-
TEM: The only reason for the engine lubri-
cating system s to furnish oil in sufficient
guantity to the various places in the engine,
and its attached auxiliaries, where there is
rubbing contact between metal parts—where
metal slides on metal, or turns ingide metal,
Without oil, these parta would have metal-to-
metal contact, and would soon “freeze”™ fast.
Supplied with oil, the contact 15 metal-to-oil-
to-metal, friction is greatly reduced, and the
wear of parts s reduced to o minimum. Cor-
rect lubrication iz absolutely essential for
reliable engine operation.

2. SUBDIVISIONS OF THE LUBRICAT-
ING SYSTEM: The entire lubricaling system
has several subdivizsions, as the methods of
supplying oil are not all the same. These are:

(a) pressure lubrication, by which ol is
delivered under preszure from & pump
fo the bearingz in which the crank-
shaft revolves, to the crank pin bear-
ings, piston pin bearings, and various
other bearings.

(b} sight-feed lubrication, in which a me-
chanical lubricator, compozed of & num-
her of pumps grouped together, sends
mil to the cylinders to lubricate the pis-
tons, piston rings, and the cylinder
walls.

() bath lubrication of the thrust bearing,
in which the houwsing of the throst
hearing iz partly filled with oil, and,

{d} hand oiling, which involves the various
obl cups, oil reservoirs, and oil holes
that must be hand Glled or hand serv-
iced,

3. PRESSURE LUBRICATION: The com-
ponents of the pressure lubrication subdivi-
sions are: a lubricating serviee tank, a high-
prezaure  oil pump, a pressure-repulating
valve, an oil filter, an oil cooler, and an ofl
aump pump, and piping, pipe fittings, and
drilled passageways. The paragraphs immedi-
ately following discuss these various com-
pronents.
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4. LUBRICATING SERVICE TANK: This
tank, usually called the lube service tank for
ghort, furnishes storare capacity for the oil
of the pressure aystem, shown in Figure 2-1.
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The two inlet openings at the top are for the
entry of oil from sources that will be men-
tiomed later, Anv oil entering the tank through
these openings must paszs through the sereen,
z0 that large dirt particles will be caught and
prevented from going through the system.
The opening through which oil is drawn from
the tank is near to, but not quite as low as,
the bottom. Thiz allows fne dirt (o settle to
the bottom, A drain valve at the very bottom,
iz for the purpoae of drawing off such settlings.
This drain should be opened onee each day
and the oil should be allowed to drain until it
runz clear of dirt particles.

The lube serviee tank has a gauge glass to
ahow the level of the oil inside. When the en-
gine is running the oil level in the gauge glass
should he from three to four inches below the
top of the glass (if there are two glasses,

FIGURE 2-2

as there sometimes are, the operating level
zhould be from three to four inchez below the
top of the upper glass). The lube service tank
does not have to be located in any set place,
but it should be fairly close to the engine, and
the draw-off opening near the bottom should
e higher than the high-pressure pump, so
that oil will flow to the pump and food it,

5. HIGH-PRESSURE PUMP: The high-
pressure pump is mounted on the engine as
zhown in Figure 2-2. The construction of the
pump is shown in Figure 2-3. As the pump is
slightly below the level of the lube service
tank draw-off or discharge opening, oil flows
to the pump under a slight pressure. The job
of the high-pressure pump is to boost this
alight presure up to 25 or 40 pounds and send
the oil on through the pressure syatem.

This pump hag a hollow cylinder called a rotor,
because it iz rotated by gears driven from the
engine camshaft, The circular rim of the rotor
has zlots cut in it, The fit of the pump houzing
i the sides of the rotor is close, or, in other
words, the clearance is small. At the top and
bottom of the rotor the housing has shoes,
which also have very little clearance from the
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rotor. The close fit at the rotor zides, and at
these shoes, has the effect of dividing the
pump housing into two chambers. Oil can pass
from one to the other only by going through
the rotor, with the exception of the small
amount leaking through the clearances,

Ingide the rotor there is an idler gear and a
crescent. The idler gear is not driven by its
shaft but is free to idle on it. Both idler gear
and erezcent are supported on a circular plate
that iz free to revolve one-half turn,

The idler gear has teeth which fit into the slots
in the rotor. Because the idler gear is mounted
ofl center from the rotor and is smaller than
it, some of the idler-gear teeth are engaged in
the rotor slots and some are out, As the rotor
turns, it causes the idler gear to turn because
of the teeth that are engaged. But the idler-
gear teeth are constantly entering, filling, and
then leaving these slots. Study of Figure 2-3
will show that the idler-gear teeth are leaving
the rotor slots in the half of the pump shown
ag the zuction chamber. Ag the teeth leave
these slots, oil iz drawn into the slot spaces by
suction. Az the slots rotate on around, and as
the idler gear turns, this ofl is carried along in
the slotz and between idler-gear testh, and is

THE ¢
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eventually moved past the shoe that divides
the suction chamber from the dizcharge cham-
ber. In the discharge chamber the idler-gpear
teeth are entering the rotor zlots and closing
them up, thus forcing the oil out into the
chamber itaelf. In thiz way oil is continuously
drawn into the rotor and idler gear from the
suction chamber, carried around to the dis-
charge chamber, and foreced out into the
chamber.

Az the main engine reverses its direction or
rotation to propel the zhip astern, and the
pump is driven from the camshaft, it follows
that the pump must alzo reverse, but it muat
atill pump oil from the suetion chamber to the
dizcharge chamber. When the pump reverses
ita direction of rotation, the plate on which
the idler gear and crescent are mounted tends
to turn with the rotor. It is free to make a
half turn and does 20, thus reversing the poai-
tion of the idler gear and crescent. The plate
comes up againat a stop, and cannot go bevond
the half turn of travel. Now, although the

rotor and idler are turning in the opposite
direction, the idler-gear teeth are still with-
drawing from the rotor zlotz on the suction-
chamber zide and entering them on the dis-

FIGURE 2-4



charge side. When the engine reverses again,
the rotor carries the gear and crescent back
ome-half turn to the original position, The two
positions of the idler gear and crescent are
shown in F:"gurl.' 2-4,

6. PRESSURE-REGULATING VALVE:
It is essential that the engine constantly re-
ceives sufficient oil at the right pressure. This
result is obtained hy selecting a pressure
pump, large enough so that it delivers more
ofl than is needed and at a pressure higher
than is necezzary. The supply and pressure
are reduced to the desired amounts by the
action of a pressure-regulating valve, A typi-
cal valve of this type is shown in Figure 2-5,

It is a valve so constructed that oil pressure
temds to open it while a spring exerts pressure
to hold it closed. Tt will open whenever the oil
pressure overcomes the spring tension. When
the valve opens it bleeds off some of the oil
from the discharge line of the pump and by-
passes it back to the suction side. The spring
tension in the preagure-regulating valve is ad-
justable, a higher tension means a higher oil
pressure to open the valve, a lower tenaion
means a lower oil pressure. The adjustment

CLOCK NUT
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gshould be such that the oil pressure reads
from 35 to 40 pounds on the pressure gauge,
when the engine is hot.

The piping layout for connecting up the pres-
sure-regulating valve is shown in Figure 2-6.
The discharge from the pressure pump to the
filter is branched by a tee and the regulating
valve is inatalled on this tee. The discharge
from the valve i piped back to the suction of
Lhe pressure pumipn

7. VARIATIONS IN OIL PRESSURE:
When the engine has been standing idle and
the oil is cold the pressure reading on first
starting up will be higher—sometimes as high
as 65 pounds. As the engine warms up and the
oil thing, the reading will drop, but should
hold to 25 or 40 pounds. If the oil presaure
falls much helow these limits while the engine
iz operating, it is a sure sign of trouble of some
kind. The trouble may be a burned-out bear-
ingr, & broken oil line, & stuck pressure-regu-
lating wvalve, a broken pressure-regulating
valve spring, no oil in the lube service tank,
or failure of the high-pressure pump, In any
event look for the cause if the oll pressure
should drop below 30 pounds ; and if it should
fall below 20 pounds, shut the engine down
immediately. Thoroughly inspect all external
oil equipment and piping to make sure the oil
iz not leaking out of the syatem. Next, ex-
amine all bearingz and internal oil leads.

After an engine is some years old, the bearing
clearanee will be increased by wear, the oil
of the pressure syvstem will escape from the
hearings more eagily, and the pressure, if nol
atepped up by adjusting the pressure-regu-
lating valve, will gradually drop. That i2 not a
condition likely to come about in & new engine,
but when the engine becomes older the pres-
sure-regulating valve should be adjusted as
needed to hold ofl pressure within the 35 to
40 pound limit,

g, OIL FILTER: The discharge from the
pressure pump is not piped divectly to the
engine bearings but iz first put through two
auxiliaries. The one to which the oil goes first
i the oil filter shown in Figure 2-6, This filter
iz of a duplex type. In other words, it is really
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two lilters, with piping and valves so arranged
that one side or the other can be cut out so
that the other half can be cleaned. The filter
has & two-way valve, built into the head and
operated by a handle, by which the oil can he
direeted into either half of the Glter. When

the lever iz in the central position, both filter
elements are in operation.

The filter is made up of a head to which are
attached the two filter elements. These are
encased in removable howls, The element is
made of brass in the shape of a evlinder and iz
perforated with openings 0,003 inch wide.

The oil is fed into the bowl, where it passes
through the perforations into the core of the

-----

CIRCULATING FUMP DISCHARGE

filtér. From here it iz led through the dis-
charge opening and on to the engine. Most of
the dirt particles strained out by the element
will settle to the bottom of the howl but some
will adhere to the element. In order that such
particles may be cleaned off periodically, there
12 a knife that bears against the element, A
handle at the top of the filter turns the ele-
ment cylinder and causes the knife to scrape
off any dirt which may be elinging to it. This
handle should be given a full turn each four
hours of operation and at least once each weok
each filter should be cut out and taken apart
for cleaning,

9. FILTER BY-PASS VALVE: In the top
of the filter there is a bv-pass valve. Anvthing
called a by-pass could be likened to a road de-
tour—it permits passage around some ob-
struction, A= il iz possible for the filter to
become clogged Lo the point where oil conld
only pass through it with great difficulty, a
by-pasa valve is provided so oil can go around,
rather than through the filter. This is a valve
kept closed by a spring (spring-loaded valve),
on the same principle as the pressure-regulat-
ing valve, If the filter becomes clogged, resist-
ance to oil flow will cauze the oil pressure to
build up. The increased prezsure will overcome
the spring teénsion and the by-pass will open,
permitting oil to flow around the filter,

10. OIL COOLER: The other auxiliary
through which the oil passes bhefore being
piped to the engine bearings is the oil cooler
shown in Figure 2-7,

As the oil makes a complete circnit of the
avatem in less than two minutes it absorbs
considerable heat from the engine. Thiz tem-
perature will vary with the condition of the
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FIGURE 2-7
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engine, the load it is carrving, and the climate
the engine is operating in. Az it is desirable
to hold the operating temperature of the oil
below 160 degrees Fahrenheit, the cooler is
uged to dissipate the excess heat, A cut-away
illustration of the cooler is shown in Figure
3-T and paragraph 12 of Section § explains its
construction. Figure 2-7 zshows how the oil,
from the filter, enters the after end, When it
leaves the cooler it is piped directly to the
distributor manifold in the baze,

The outside shell of the conler iz the water
inlet manifold and it is apparent that if the
boat is operating in water which carries con-
siderable sediment the cooler assembly is the
most likely place for deposita of silt to build
up. The dismantling of the cooler for inapee-
tiom is coverad in Section 20.

11. DISTRIBUTOR MANIFOLD: The il
is now filtered and cooled, and is ready to be
delivered to the engine bearings. It is desir-
able that it be divided up more or less equally
between the main bearings, and to do that,
there is a large pipe running the length of the
engine base and at the bottom of it, The oil is
delivered to this pipe, which is called the dis-
tributor manifold. Any “manifold” iz a pipe
or long narrow chamber with a number of
smaller pipes or outlets leading from it: in this
case, to the main bearings. This piping ar-
rangement is shown in Figure 2-8.

12. OIL PATH THROUGH MAIN BEAR-
INGS: The oil pipe to any one main bearing
delivers oil to the bottom of the bottom-half
bearing shell. The shell has a hole in it, so that
the oil passes through the shell to the main
bearing and journal, which it lubricates, But
the bottom-half bearing area has a groove cui
in it over almost a half circle, and the main
journal has a drilled hole leading from the
center of the journal through the crank wehb,
and eoming out at the surface of the center of
the crank pin. The hole in the main Journal
travels over the groove in the bottom shell for
almoat one-half revolution of the crankshaft,
and during that time the oil iz foreed through
the drilled hole to the erank pin.

13. OIL PATH IN THE CRANK PIN AND
CONNECTING ROD: The top half of the
crank pin bearing iz also grooved, and the oi]
delivered to the crank pin fills this groove. At
the center of this groove there iz a hole which
iz drilled the length of the connecting rod up
to the piston-pin bushing. Ol travels up this
hole to lubricate the piston pin. This construc.
tion ig shown in Figure 2-9,

At the lower end of the connecting rod drilled
hole there is a check valve. This is & valve con-
structed so oil ean flow up, but not down, the
drilled hole. This valve i inatalled to keep the
hele full of il while the engine is shut down,
as otherwise it would drain back through the
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drilled hole in the crankshaft into the engine
base. Then, in starting up, the piston pin would
receive no lubrication until the whole system
filled up, whereas with the check valve, part
of the syatem iz kept full and the flow of oil to
the pin beging much sooner,

14. OIL PATH IN THE PISTON-PIN
BUSHING: The outzide of the piston-pin
bushing has a groove cut around the entire
circumference, and the oil coming up the rod
fills this groove. The groove communicates
with the inside of the bushing by two holes.
Ol passes through these holea, and is distrib-
uted over the surface of the piston pin by
syitable grooving on the inside of the buzhing.

15. OTHER BRANCHES OF THE PRES-
SURE SYSTEM: =everal other locations on
the engine are lubricated from the pressure
aystem. A lead goes from the distributor mani-
fold to the rear camshaft bearing, Other leads
Inbricate the cam idler pear, and the eccentric
that drives the air compressor, Theze leads
can he seen in Figure 2-8. (An eccentric iz a
circular disc mounted off center on a shaft. As
the shaft revolves, the eccentric gives a re-
ciprocating, or back-and-forth motion to some
driven machine hy means of an eccentric atrap,
which goes around the cireumferenee of the
cecentrie, and the eccentric rod. )

16. EECAPE OF OIL FROM BEARINGS:
No bearing is without clearance and oil will
not stay in any bearing indefinitely. The oil
that iz pumped to a bearing lubricatez it and
eventually escapes from the bearing ends. Thiz
end leakage of oil occurs at the main bearings,
crank-pin bearings, and piston-pin bearings,
as well az at the other bearings aupplied from
the preasure svastem. Some of thia oil leakage
is splashed up on the lower part of the eylinder
walls and helps to lubricate them. Some is
splashed to the intermediate camshaft bear-
ings and other working parts inside the en-
gine. All of the oil however, sooner or later,
drains down to the engine base.

17. OIL SUMP: In marine installations, the
base has a alight slope from the Torward end
down to the after end, where the oil sump is
Iocated, as shown in Figure 2-8, The oil runs
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back to the sump, collects, and is picked up by
i pump constructed exactly like the pressure
pump but it is called the scavenging or sump
pump. This pump, shown in Figure 2-10, de-
livers the oil back to the top of the lube serviee
tank, where it is screened hefore passing into
the bady of the tank.

The sump pump suction line enters the engine
base through a removable plate and is e uipped
with a sereen and a foot valve on the lower end,
The screen prevents solid matter from enter-
ing the pump. The foot valve is merely a check
valve at the bottom end of the suction pipe.
Its purpose is to keep the suction line of the
pump full of oil while the engine i= stopped.
The screen should be removed and cleaned
ench time the base iz washed out,

There is an JI.l:ijLIﬂ‘tM-EHl to be made when i
placing this suction assembly which is coversd
in Section 20,

Az Lhe sump pump reverses each time the on-
gine does, pressure might be built up in the
auction line against the foot valve during the
short time required for the idler Fear and cres.
cent, in the sump pump, to turn into the re-
verae position. The relief valve, shown in Fig-
ure 2-10, is 2et Lo open and release any auch
EXCERS IIESSUTE,

18, OIL LEVEL IN LUBE SERVICE
TANE: Usually no shut-off valve is installad
between the lube service tank and the pres-
gure oil pump, for the very good reason that
the operator might forget 1o open such a valve
on starting the engine. If the engine stands
for a long time without running and the high-
pressure pump is somewhat worn with the
clearance opened up, it is possible for the oil
in the lube service tank to drain through the
pump, filter, cooler, and main bearings into
the engine base. If that happens, the operator,
in getting ready to start, will notice that there
18 04 oil in the lube service tank. But if he fills
it without first finding out if the cngine hase js
full or empty of oil, he may overfill the 8Ya-
tem. The sump pump will proceed to puTmgs ol
to the lube service tank and the tank will over-
flow. So if the oil level has disappeared in the
lube service pange, it is wise to tuke off the
rear cover plate from the base and check the
oil level inside. If the level is high enough to
indicate that the lube service tank contents
are in the base, start the engine and let it run
for a time before attempting to add oil, Of
collrse, if there is only a little oil in the AU,
you should add il to bring the lube serviee
tank level about half way up, start the engine
and wait until the tank gauge level becomes
stable. Then oil can be added, if required, to
bring the level to within three or four inches
of the top of the gauge,

I a new engine the oil level in the lube service
tank often rises. This is because the enging
burns up very little of the oil of the pressire
syatem, but the oil fed to the cylinders by
means which will be described) iz constantly
draining to the base and augmenting the pres.
aure system supply. If there (s a constant rize
in the oil level during operation, remove
enough oil at the time of the daily lube serviee
tank draining, as discussed in paragraph 4,
to lower the level to the recommended peint.

7



19. MECHANICAL LUBRICATOR: Sight-
feed ayatem). The power cylinders of the en-
gine are lubricated by a mechanical lubricator.
It is made up of a group of pumps, one set of
two pumps for each evlinder, and all azzembled
in a houging, and driven from a shaft with an
eeeentric for each 2et. The shaft is driven by
the bilge pump eccentric on the end of the en-
gine camshaft.

The first pump of each =et draws oil from the
lubricator reservoir, and forces it up through
a amall pipe from which it escapes by drops,
These drops can be seen through the glass
front of the lubricator, The drops drain into
the cup-shaped end of a pipe, which acts as the
anction chamber for the second pump, which
picks up the oil and forces it through piping
to the cylinder it serves, The mechanical lubri-
cator, shown in Figure 2-11, has adjusting
acrews, one Tor each set of two pumps, and the
rate of drop feed can be regulated by these
serews, For a new engine the rate should be
from 25 to 20 drops per minute per cyvlinder.
After the engine iz well worn in, say after
S0 hours of operation, the rate should be
reduced to from 15 (o 20 drops per minute per
ey linder,
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The mechanical-lubricator oil supply should
be replenished with NEW OIL ONLY. The
amount of gil in the lubricator is indicated by
a gauge glags at one corner, and you should
check the level every four hours, adding new
oil if required. The level should be carvied
high, as the eccentrice which operate the
pumps are lubricated directly by the oil in the
reservoir. When the level is low the eocentries
receive no lubrication.

20. OIL PIPING TO CYLINDERS: The nil
is piped to each eylinder in copper tubing, It
enters each side of the cylinder through oil
pipes that are screwed into the eylinder proper
and pass through the jacket in the packing
glands as shown in Figure 2-12, These pipes
are packed with rubber rings called grommets,

CYLIMDER WALL

I OILPIPE-

FIGURE 2-12

21. THRUST-BEEARING LUBRICATION:
Figure 2-13 shows the Kingsbury Thrust
Bearing which operates within a housing and
ia lubricated from an oil supply in the hase of
the housing. The oil level should be carried
high enough to cover the lower part of the
thrust collar, but not high encugh to touch
the thrust shaft. A gauge glass at the side of
the housing indicates the oil level ; if oil shows
in the gauge glass there is enough oil in the
housing. The collar rotates in the oil bath,
picks up the oil and carries it up to a scraper
that wipes the oil from the collar and directs
it to the faces of the collar and fore and aft
#ets of thrust ahoea, The oil in the thrust-bear-
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ing housing should be drained every 500 hours
of engine operation. The time to drain is just
after the engine has been running so that the
oil is warm. The houging should then be re-
filled with new oil until the level shows in
the gauge glass.

22. HAND OILING: Some places on the en-
gine have open recesses which are connected
Lo some parl requiring oil. These recesses are
packed with waste Lo avoid the oil splashing
out. They should be siled every four hours and
the waste should be removed, the recess
tleaned out and fresh waste put in at least
anee @ month.

There are a number of places on the engine
and its auxiliaries that cannot he conveniently

connected to the pressure system and must
be oiled by hand, Some il cups have lids and
are filled with waste, These should he filled
every four hours and, of course, the cover
should be kept closed when not actually add-
ing oil.

Another form of lubricator ia the sight-feed
oiler. This consists of a glass howl reservoir,
i emall sight-feed glass and an adjustable
stem. The stem is raised by a small lever and
permits oil, by drops, to pass through the
sight-feed glass. The number of dropa per
minute can be adjusted to meet the require-
ments of the part being lubricated. A sight-
leed oiler and an oil cup are shown in Figure
2-14,
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FIGURE 2-14

FIGURE 2-15

There are bearings that receive oil through an
ail hole as shown in Figure 2-15. These Irer-
ingz ahould be oiled once every four hours of
operation, using a hand nil can.

24, OILING ROUTINE: In this gection we
have been concerned primarily with the reason
for the engine lubricating syatem and how it
works, We have given some rules about pres-
aures and frequency of oiling, but have riot
been partienlarly concerned about specifying
all of the oiling routine, That subject comes
more approprigtely under the subject of op-
eration, and in Section 6 we shall include all
directions for routine lubrication.



SECTION 3
ENGINE COOLING SYSTEM

1. FOUNCTION: The function of the engine-
cooling sy stem is to cool the engine parts that
abzorh heat from the combustion gases. Thess
are the cvlindera, eylinder heads, and exhaust
valves, If they were left uneooled, these partz
would rapidly burn dey of lubricating oil and
the moving surfaces would stick fast, There
are also auxiliary functions of the cooling sy -
tem; such as, cooling the oil of the pressure
svstem (see Section 2), cooling the air come
presaor, which supplies compressed air for
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starting and maneuvering, and cooling the
exhaust manifold. While the exhaust mani-
fold has no moving parts, it contains exhanst
gases up to 725 degrees Fahrenheit which re-
gquire cosling, As was pointed out in Section
1, compressing air generates heat, so it is
necessary to ool the air compressor, Certain
engines are equipped with a type of thrust
bearing which requires cooling. Other engines
use water cooling for the entire length of the
exhaust pipe,
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Z. TYPES OF COOLING SYSTEMS: Sev-
eral different types of cooling systems are
used with Atlas engines, In writing this book,
we cannot know which type vou will have in
yvour installation, so we will describe them
all and leave it to you to select the description
that fits the cooling system on your engine.
These types are:

Raw-water cooling.

Raw-water recirenlating cooling.

Fresh-water cooling.

“Raw-water” in thiz connection means the
water in which the ship floats, whether that
be salt, brackish, or fresh water, “Fresh-
water” means a supply of water which iz care-
fully protected against dirt and loss on ship-
hoard, and may often be a soft water, such as
collected rain water. The principal parts and
general layout of a raw-water syelem are
illustrated in Figure 3-1.

3. RAW-WATER SYSTEM: A raw-water
eopoling avatem iz the easiest to install, but is
more likely than the others to result in scale
or mud deposits in the engine jackets. The
esgential parts of & raw-water aystem are: a
zeg valve in the ship’s hull below the water
line to admit water; a raw-water circulating
pump; manifolds and piping on the engine; a
hull fitting or opening through the hull above
the water line for the discharging overboard
of water ; and pipe, valves, and fittings for con-
necting the various parte of the system.

4. YVALVES: In any discussion of a syatem
which carries gag, air, or liquids, frequent ref-
erence is made to valves. So that the various
types and their operation may be understood,
there follows a brief description of the more
commmonly used valves,

Glohe Valves: Ilustrated in Figure 51, Sec-
tion 8, a valve having its seat on a horizontal
plane and the valve attached to the atem
which uzually rises when opened. That is. the
atem moves up a2 the valve is lifted from the
seat. The seat may be formed in the body of
the valve or it may be an insert of some non-
corrosive metal. The valve proper i=s usually
attached to the stem ao that it “foats,” making
it possible for the valve to find its own center

and plane on the valve geat. On gas or air lines
the valve is often faced with a composition
dize which permita a tight joint to be made,
hetween the seat and the valve, with lesa pres-
sure than would he required if both parts were
metal, Globe valves are usually used on Diesel
air lines and smaller oil and fuel lines, They
are primarily high-pressure valves.

Gate Valves: Nustrated in Figure 31, Sec-
tion 8, a valve having vertical seatz and a
wedpge-shaped gate or dise which ia either
raized or lowered by a stem which may be
gither rising or non-rizing. These valves offer
little resistance to the flow of whatever they
control as when the gate is lifted there is a
straight-through passage from one side of the
valve to the other. They are usually used on
bilge or sea lines where the pressure is not
groat. They are better adapted to operating
when partially open than globe valves, They
are not practical for high-preasure air.

Two- amd Three-Way Valves: Sometimes
called stop cocks. Hlustrated in Figure 31, Sec-
tion 8, the two-way valve is generally used
where a water ling is either open oF shut the
majority of the time, and where the necesgity
of opening and closing the valve iz not fre-
guent. They are ideal for partially opened uses
and offer little resistance to fow. They are
not suitable for high-presaure use and tend 1o
atick in any position they are left in for any
length of time. The three-way valve iz used
where it iz necessary to direct the flow of one
line into either of two other lines, A good ex-
ample of its use is found in Figure 3-1 which
ghows a three-way valve installed in the dis-
charge line of the bilge pump. Let us assume
that the pump is being uzed on bilge service.
The line marked “bilge suction” would con-
tinue on to whichever places in the hull collect
bilge water, The valve in the bilge suction line
would be opened so that the line leading from
the bilges would be open. The valve in the line
leading from the sea valves would be closed,
shutting off the sea waler from the bilge
pump. The three-way valve in the pump dis-
charge would be ao turned that the line lead-
ing to the inlet manifold would be shut off,
leaving & clear passage for the bilge water,
overboard through the bilge discharge pipe.



If it became necessary to use the bilge pump
to circulate water through the engine the
valve in the bilge suction line would be closed
s0 the bilge suction was shut off and the valve
in the aeq line opened to the pump, The three-
way valve in the discharge line would be
turned 0 as to close the overboard pipe and
open the short line into the inlet manifold. The
bilge pump could now draw water from the
aea valve and foree it through the engine.

5. SEA VALVE: The sea valve controls an
opening in the hull below the water line, There
i# usually a strainer fastened to the outside
of the hull and covering the hole leading to
the sea valve, This is a plate pierced with holes
or slots, and its purpose is to strain out rube
bish and prevent its entry into the svstem.
Omn a steel hull, there is usually a sea chest or
box riveted or welded to the inside of the ship
and located helow the water line, The outside
wall of thia cheat, which iz a portion of the
ship's side, is constructed of bars spaced
equally 80 as to form a strainer. Wonden hulls
are seldom so equipped. If there is a sea chest,
it will have an opening inboard and the sea
valve will be flanged to the chest (or a flange
on the valve bolted to a Alange on the ses-chest

opening). If there is no sea chest, the hull
opening itzelf is Aanged to the sea valve. The
two types of suction openings are illuztrated
in Figure 3-2.

THE SEA VALVE MUST BE OPEN WHEN-
EVER THE ENGINE OPERATES, for when
closed it prevents water from entering and
would, therefore, atop the flow or circulation
of water through the cooling system. The sea
valve should be closed only when the engine
i# to be overhauled ; work is to be done on the
cooling svstem ; or the ship iz to be laid up
for a long period,

The sea valve is usually operated by a hand
wheel. To open it, you turn the wheel in a
direction opposite the movement of the hands
of a elock (counter-clockwise) ; to close it you
turn it clockwise.

6. CENTRIFUGAL RAW-WATER CIR-
CULATING PUMP: The pump shown in
Figure 3-3 iz used on Atlas engines designed
for raw-water cooling svstems. It is of the
reversible type as it must supply cooling water
when the engine is operating either ahead or
astern. It consists of a housing, an impeller,

FIGURE 3-2




a shafl and packing gland and an outhoard
bearing. This bearing is uzed to locate the
shaft and impeller in their correct fore and
aft position and this adjustment iz covered in
Section 22,

The housing fita clossly to each =ide of the
impeller but is enlarged slightly around the
cireumference. At the top of the pump, this
enlarged chamber is shaped into the discharge
opening. The impeller is really two discs
mounted on the shaft with blades or vanes
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arranged between the discs and extending
from the circumference to the hub. The disc
next to the suction opening iz cut away in
the center, ao that an opening slightly larger
than the suction pipe connects the slots be-
tween the vanes and the suction opening.

Ag the impeller is rotated rapidly, about 1700
revidutions per minute, water in the slots i=
thrown outward into the chamber, A pressure
ig built up in the chamber and water is foreed
out of the discharge opening. As the water is
thrown out of the slota formed by the vanes,
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a slight suction is created which draws more
water in through the suction opening. From
the foregoing it will be seen that centrifugal
pumps rely entirely on apeed to operate and it
must be remembered that there iz a speed
below which they will not function.

COMPRE
. COUPLING

The speed al which these pumps operate re-
guires that the impeller be in good halanee, If
through aceident or rough handling the vanes
of the impeller get chipped or broken, the shaft
and impeller should be removed and checked
For balanee,

: SPROCKET
R BEARING
 ECCENTRIC.

tNUEAE
IDLER SHAFT
LOCK PLATE .
CEMTERFRAME
IDLER HOU!

-

FIGURE 3-4
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7. PUMP BEARINGS: A« those pumps Ere
designed to operate in salt water the housing
and impeller are made of bronze, a metal
which is impervious to salt water corrosion.
The shaft is made of either bronze, monel, or
stuinless steel and iz carried om a habhbitt
bushing which is pressed inte the houzing.
This bearing is lubricated by a grease cup
which is serewed into the housing at a point
which lines up with a cireular groove on the
outside of the bushing. Holes in the bottom of
this groove lead the grease through the bush-
ing into the bearing area. As this bearing lies
between the pump proper and the packing
gland a waterproof rrease should he used.

The outheard bearing is carried on an exten-
gion frame which bolts onto the po mp housing,
The retainer which houses the bearing is
equipped with a grease cup that should he
filled with a good grade of ball bearing grease.

8. PUMP COUPLING: Thi: pump ia con-
nected to the drive shaft by a compression
coupling. There is a sleeve with a bore slightly
larger than the size of the shafts and split on
ong gide, Each end of this sleeve is threaded
and the part of the sleeve adjacent to each
threaded area is tapered. There are collars,
with corresponding tapers, which are forced
onto the sleeve by nuts, on each end. The
coupling is slipped over the ends of both
shafts and when the nuts are tightened the
tapered collars squeeze the sleeve tightly to
the shafts. The alignment of these shafts bao
fore attaching the coupling is deseribed in
Hection 22,

9. PUMP DRIVE: The pump drive, shown in
Figure 3-4, consists of sprockets, silent chain,
a tightening idler and a housing to carry the
driven shaft and the idler. There iz a sprocket
on the erankshaft at the after end of the en-
gine. A silent chain iz driven by this drive
aprocket and passes around the sprocket an
the driven shaft and over a tightening idler.
The driven shaft iz supported on ball bearings
that are fitted to the cages which attach to
the drive housing. The tightening idler is car-
riedl on & roller bearing which is mounted on
the eecantric hub of the idler shaft, which,
when revalved, moves the idler closer or fur-
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ther away from the driven shafi sprocket, This
is an adjustment which takes up any slack in
the chain, This adjustment is described in Sec-
tion 28,

Figure -4 shows that the teeth of the aprock-
ets do not come through this type of chain as
they do in the ordinary roller chain. It is ap-
parent that if the chain iz run slack, it will
tend to elimb the teeth of the sprockets which
Will cause excessive wear. It is very important
that the adjustment of this chain is checked
frequently.

10. PUMP SHAFT PACKING: The pump
shaft must be packed, to prevent BXresgive
leaking, where it enters the pump, Figure 3-3
shows the design of the packing gland. Square
packing of the correct size, which has been well
impregnated with tallow or graphite, should be
used. Packing of this kind us ually comes in
long eoils and should be cut into lengths which
are just short of meeting when laced around
the shaft, This slight gap allows for expansion
when the packing is compressed by the gland.

Thesze cuts should be made on an angle as
shown in Figure 3-5 and the joint of each ring
should be positioned so that it does not line
up with the joint of the preceding ring. An
a8y way to accomplish this is to imagine the
opening of the packing recess as the face of
a clock. Place the first joint at 12 o’clock, the
next at three, and =o.omn.
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When removing the old packing with a hook,
care ghould be taken not to score the shaft:
dry flax or hard metallic packing should
not be used as seoring of the shaft may result.
Continugus tightening of the gland will even-
tually “kill"” the life of the pucking and further
tightening will result in a scored shaft. The
packing should be renewed at not oo long
intervals.

The packing iz forced into the recess by the
packing gland, The flange of this gland fits
over two studs and the gland is “taken up"
kv tightening a nut on each stud, These nuts
ahould be tightened evenly =0 that the gland
is not twisted and after the adjustment is
made the lock nuts should be well tightened,

The gland zhould never be tightened more
than enough to stop leakage. Both the shaft
and the packing will last longer if a few drops
of water are allowed to eacape.
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11. PUMP CHECK VALVE: The location
of the circulating pump, on the engineg, assures
its being well below the water line, therefore
it should not require priming as the sea water
will maturally flopd the pump as soon as the
suction line to the sea valves is opened. How-
ever, & check valve as shown in Figure 3-6 is
fitted in the suction line. Thia valve will stop
water from flowing back out of the engine
when the pump iz stopped, thus avoiding the
chanee of the engine operating with empty
water jackets, until the pump has had time
to fill them up.

12. WATER INLET MANIFOLD AND
OIL COOLER: The water leaving the pump
iz piped directly to the inlet water manifold,
shown in Figure 3-7, which extends the length
of the engine. Thiz iz a large pipe-shaped
casing having flanges on each end and six
flanged openings, along one side, which match
the openings on the bottom of the cylinder
water jackels, On the opposite side of the
manifold are two openings, one to receive
water from the circulating pump while the
nther ia connected to the discharge of the hilge
pump. This connection iz made so that the
bilge pump may be used Lo cool the engine in
case of accident to the circulating pump. The
method of positioning the three-way valve in
this emergency is described in paragraph 4 of
this section.

The cooling water from the pump iz distrib-
uted evenly to all gix evlinders by thizs mani-
fold, and a small pipe from the after end sup-
plies ¢ooling water for the air comprassor.
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Running through the center of the inlet water
manifold iz 8 1l4s-inch eopper pipe. The oil
from the pressure lube pump is piped into one
end of this pipe and led from the other end to
the oil distributor manifold in the base. As this
copper pipe is alwayz surrounded with the cold
sea water from the circulating pump, much
of the heat is taken out of the oil during its
passage through thia cooler.

S that the majority of the oil will come in
contact with the inside of the copper pipe, a
gecomd Y-inch core pipe is suspended inside
the larger one, One-fourth inch copper wire is
soldered to the smaller pipe in the form of &
apiral. Thiz gives the oil a slow swirling
maotion as it passes through the cooler and
assures a more efficient contact with the cool-
ing surface of the 1L4-inch copper pipe.

13. CYLINDER WATER JACKET: Figure
A% shows how the cylinder water jacket is
formed hy the outside wall of the cylinder
proper and the jacket. The water enters this
space at the bottom from the inlet-water mani-
fold and flows up and around the entire eylin-
der wall. The jacket is equipped with clean-out
covers which should be removed at least once
a vear to determine the amount of scale and
sediment that has collected in the jacket.

14. WATER BY-PASS: A: the water
reaches the top of the evlinder water jacket
it iz led into the cvlinder head by a by-pass
shown in Figure 3-8. This by-pass is attached
by two cap screws, one into the head and the
other into the evlinder, This joint is made with
rubber gaskets which should not be coated
with white lead or any gazket compound.

15. OUTLET-WATER MANIFOLD: While
in the head, the water coola the valve ports,
guides and seats, as well as the spray valve
apening and the top of the combustion space.
It then leaves and is colleeted in the outlet-
water manifold which algo extends the length
of the engine.

16. EXHAUST MANIFOLD COOLING:
The exhauat manifold which collects the ex-
haust gases Trom the cylinders is water jack-

eted in the same manner as the cvlinders are
and the water leaving the outlet-water mani-
fold iz piped directly to the exhaust manifold.
After the water traverses this manifold the
enoling in a raw-water svstem is completed so
the water is now piped overboard through an
opening called a hull fitting, which iz naually
above the water line, Often there is a glass
fitting in the discharge pipe so that the flow
of water is visible,

17. AIR-COMPRESSOR COOLING: The
eylinder and cylinder head of the air com-
pressor are also jacketed and water is piped
from the inlet-water manifold to the bottom
of the compressor-cylinder jacket. It passes
up this jacket, goes through the cylinder heqd,
and leaves through piping leading to the out-
let-water manifold on the engine.

18. MARINE-TYPE THRUST EEAR-
INGS: Most Atlas engines have a thrust bear-
ing of the Kingsbury type, which does not
require cooling. A few, however, have marine-
type thruste, which have a number of thrust
collars rotating in grooves, These bearings
require eooling and if an engine is so e ipped
a pipe leads water from the engine inlet-water
manifold to the thrust-bearing jacket, and the
discharge water is led overboard, This type of
bearing is shown in Figure 2-0.
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18. TEMPERATURE RISE: Atlas engines
equipped  with  centrifugal  water-cooling
pumps are designed for a temperature rise of
about 35 degrees Fahrenheit. In other words,
if the water going to the pump is at 70 degrees
Fahrenheit, the water diacharge from the ex-
haust-manifold jacket will be at about 106
degrees Fahrenheit.

20. SIMILARITY OF WATER-COOLING
SYSTEMS: We have gone into some detail
in deseribing a raw-water ayatem for the rea-
son that many of its parts are also found in
the other two systems. As a matter of fact, to
make a raw-water ayastem into a recirculating
ayvatem involves anly a slight change.

21. RECIRCULATING SYSTEM: An en-
gine equipped with raw-water cooling operates
at best efficiency if the cooling water entera
it at about 86 degress Fahrenheit, The water
in which the zhip floats, however, may be at
any Lemperature down to freezing, and it i=
advantageous to have a way of increasing ita
temperature, This can be done by installing a
by-pass water line from the overboard dis-
charge line to the suction pipe of the circu-
lating pump. With a valve in the pump suction
lime, between the sea valve and the by-pass
line and a valve in the hy-pass itself, the pro-
portions of water being drawn from outzide
the hull and from the engine discharre can be
varied, 20 as to build up the temperature, This
by-pass line and valves convert a raw-water
svetem into a raw-water recirculating system,

22. DESIRABLE TEMPERATURES: Al
though engine efliciency ia better with cooling
water entering it at about 120 degrees Fahren-
heit, salt water has a tendeney to deposit salt
in the jackets if it leaves the engine much
above 1200 degrees Fahrenheit. If vou have a
recirculating svatem and are operating in salt
or brackizh water, you should hold vour inlet
water below 85 degrees, so vour discharge
will not exceed 120 degrees. If vou are oper-
ating on a fresh-water lake, however, you can
o to 120 degrees inlet and 1556 degrees outlet,
Recirculating water through the engine rajses
the temperature without reducing the amount
of water circulated. It is poszsible to increase

the outlet-water temperature by reducing the
flow of water to the pump, However, it is not
good practice to “throttle” or partly close any
valve in the pump auction line, In a recircu-
lating syvstem the suction may be throttled,
but the pump geta a full 2upply of water by
drawing on the dizcharge line, This keeps a
full Aow of water circulating through the en-
gine, which is desirable,

23. FRESH-WATER COOLING: A way of
preventing salt or mud deposits in the engine
cooling jackets is to circulate only Tresh, clean
water through the engine in a closed ayatem,
namely, & svstem in which all of the discharre
water is returned to the pump suction, making
& closed circuit. This supply of fresh water is
conled, after it leaves the engine, by a heat
exchanger.

Some (resh-water cooling aystems are in-
atalled om engines during manulactire while
many are assembled in the boat at the time of
engine installation, The many types of heat
exchangers, twin pumps and piping layouts
that can be used in a fresh-water cooling sy s-
tem make it impossible for us to explain in
detail the particular system vou may have on
your engine, However, we will deseribe a typi-
cal layout commonly used on Atlaz engines.
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24, ENGINE COOLING SYSTEM FOR
FRESH-WATER COOLING: A {rosh-wator
cocling svstem requires two pumps, one to
circulate sea water through a heat exchanger
and the other to circulate the jacket water
through the engine and the heat exchanger.
Twin pumps, like the ones shown in Fig-
ure 3-10, are often vsed although some in-
stallations utilize the regular circulating pump
which is on the engine for the jacket water
system, and add a belt or chain driven pump
for the raw-water circuit. An oil cooler, a heat
exchanger, an expanzion tank, and the neces-
gary valves and piping make up the balance of
Lthe sy atem,

25. HEAT EXCHRANGER: A device similar
to a amall steam boiler consists of a shell,
two headers, twoe bonnets, tubez and baffle
plates and various pipe connections. The tube
bundle is made up of a series of copper fubes
which are attached to a header at each emd.
These headers are copper or brass plates,
drilled =0 that the tubes are separated and
held in the desired pattern as shown in Fig-
ure 311,
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The tube bundle iz encased ina shell which has
covers or bonmetz holted to esch end. Theag
bonnets form chambers which distribute the
liquid over the entire header, The jacket water
is piped into one of these bonnets, passes
through the tubes and out the opposite bonnet,

The ahell haz a pipe connection at each end,
The raw water is piped into one of these open-
ingz where it is forced to flow around all parta
of the tube bundle by baffle plates. When the
raw water leaves the opposite end of the shell
its work is finished so it s piped overbosrd.

26, OIL CODLER: Un smaller Atlas engines,
auch as covered by thizs manuoal, the oil cooler
is combined with the inlet-water manifold, As
the jacket water in a fresh-water cooling sya-
tem iz carvied at too high a temperature Lo
efficiently cool the oil, it is necegsary to install
an independent oil cooler when converting the
engine to fresh-water eooling. This cooler is
usually identical with the heat exchanger, only
much smaller. It ia s0 connected that the raw
water from the pump passes through it before
going to the heat exchanger. In an oil cooler
the raw water passes through the tubes while
the oil flows around the tube bundle.
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27. EXPANSION TANK: A pipe leading
from the suction line of the fresh-water pump
goes to the bottom of an expanzsion tank which
i located well above the engine. There is a
vent leading from the top of this tank to the
outaide of the ship for the purpose of allowing
air or steam to escape. The expansion tank will
usually have a gauge glass, and yvou should
check up during each wateh to see that water
shows in the glass. If it does not, enough
should be added to bring the level into the
gauge glass, Uszually the tank has a filling
opening leading to the deck and if so, fresh
waler is added to the system at that point.

28. TEMPERATURE REGULATION: The
pumps used on Atlaz engines intended for
fresh-water cooling systems have a capacity
greater than those for raw-water systems, =o
that the temperature rise through the engine
is reduced to about 20 degrees. A desirable
condition i& to have the fresh water enter the
engine at 120 to 130 dogrees, which means it
will leave at 140 to 150 degrees, The tempera-
ture of the fresh water can be regulated by
varying the amount of raw water being circu-
lated. A valve in the discharge line of the raw-
water pump will permit throttling of the flow
(throttling the discharge of a centrifugal
pump reduces the output). More raw-water
flow causes the fresh-water temperature to
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drop; less raw-water flow causes the fresh-
water temperature to rias,

In the layout shown in Figure 3-12, the tem-
perature is controlled by a thermostat and
blender. You will notice that a pipe leads from
one side of the blender to the heat exchanger,
Another pipe goes from the oppogite side of
the blender directly to the suction side of the
fresh-water pump, The single pipe into the top
of the blender is the fresh-water discharge
from the engine,

In this discharge pipe i= a thermostat which is
simply & long metal bellows, It Is fixed at the
top end while a valve is attached to the lower
endl, in the blender, When the engine is started
up and the cooling watér is cold the thermostat
bellows is contracted and closes the opening
to the heat exchanger. The engine cooling
water goos directly from the discharge to the
suction of the fresh-water pump. It iz then
forced into the inlet manifold and back
through the engine. As the cooling water is
now by-passing the heat exchanger. it soon
warms up and this expands the bellows of the
thermostat. The valve from the blender to the
heat exchanger gradually opens permitting
some of the water to pass through the ex-
changer. Az the temperature of the discharge
waler inereases, more and more of it is direct-

FIGURE 3-12
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ed through the heat exchanger. Thus cooling
water iz maintained at whatever tempearature
the thermostat i= set for,

28, BILGE PUMP: The pump shown in Fig-
ure 5-13 is a single acting reciprocating pump
driven by an extension of the after end of the
camahaft. The packing gland is on the end of
the pump eylinder and the piston moves in
and out of the packing, As the pump operates
all the time the engine i= running it iz uswally
connectad to the bilge lines a0 that the bilge
ia kept drv. For emergency bilge service there
is uzually a large auxiliary pump driven by
the auxiliary engine. How the bilge pump can
be used as an auxiliary to the cooling system
was told in paragraph 12,

30. RECIPROCATING PUMP PRINCI-
PLE: Heciprocating pumps are Known as
positive displacement pumps and operate as

follows: Refer to Figure 3-13 and it will be
geen that the pump consists of an eccentrie
drive, a connecting rod, a piston, a cylinder,
and a valve chamber,

As the piston leaves the end of the cylinder,
nearest the valve chamber, a suction 18 cre-
ated, The discharge valve ia held to its seat
hoth by the spring and suction, while the sue-
tion valve is opened and water is drawn into
the eylinder. At the outer end of the stroke
the eylinder is nmearly full of water and the
piston reverses its motion and starts back
toward the valve end. The suction valve is
now foreed onto its seat by water pressure
and the discharge valve is opened, The water,
displaced by the piston, is forced out of the
discharge valve and pipe, This cvele is repeat-
ed each atroke or every second revelution of
the engine, as the pump iz driven by the cam-
shaft.



SECTION 4
ENGINE FUEL SYSTEM

1. FUNCTION: The engine fuel svstem
shown in Figure 4-1 must do several things:
(al It must carry the fuel from the zhip's
storage tank or tanks to the engine
combustion chambers,

(b} Tt must measure out, or meter, the fuel
into charges, each of which is just
engugh for one power stroke, and

{e) It must force each charge into a com-
bustion chamber under high pressure.

2. FUEL-TRANSFER PUMP: The pump
that tranafers oil from the ship's storage tank
or tanks to a smaller tank at the engine is
called the fuel-tranafer pump, or usually just
the transfer pump, It i mounted on the en-
gine as shown in Figure 4-1 and iz driven by
gears from the engine camshaft, The con-
struction and operation of the transfer pump
i# the same us the reverzible lubricating-oil
pumps described in Section 2 and illustrated
in Figure 2-4, This pump is partly lubricated
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b Diesel fuel oil but a drain iz provided to
catty off any leakage past the gland =0 thatl
the fuel oil will not reach the engine oil in the
base.

3. DAY TANK: The small fuel tank located
near the engine s called a day tank. It is a
tank constructed similarly to the lube service
tank described in Section 2 and illustrated in
Figure 2-1, the exceptions being that the day
tank has an overfow connection at the side of
the ahell near the top, and the screen has much
smaller openings (has a finer mesh), The
transfer pump delivera more Tuel than the
engine uzes, and the excess fuel drains back
to the pump suction. As long az there is fuel
in the ship's storage tank and the transfer
pump iz working, the day tank will be full to
the level of the overfllow, and the level in the
gauge glass should =0 indicate, In starting a
new engine 10 a new zhip, vou should fill the
day tank by means of a bucket or hand pump.
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4. FUEL FILTER: The fuel Alter i= o metal
element, duplex type filter, similar to the
lubricating oil filter described in Section 2 and
a detailed deseription will not be repeated
here. There are two elements, 2o arranged
that the changing of the lever, shown in Fig-
ure 4-2, from one extreme pogition to the
other, cuta ont either filter for cleaning. When
the lever is in the central position as shown,
broth filters are in operation, The element has
openingsz L0015 inch o that any dirt particles
larger than this measurement will be caught
before entering the core of the filter.

While most of this dirt will fall to the bottom
of the howl, & knife is provided which bears
against the outzide of the slement =0 that any
dirt adhering to the filtsring surfaces will be
remioved when the element = turned by the
handle which extends out the top of the head,
Thia cleaning process showld be carried out
every four hours of engine operation and the
filter should be temporarily cut out so that
the dirt will have a chance to settle freely to
the bottom of the bowl. The bowls should be
rernoved and cleaned before the sediment
builds up to the bottom of the element,

Alter draining, refill the filter through the
priming plug in the top, and leave the vents

nuqunEGE F%El

alightly open when atarting the engine Lo
allow the trapped air o blesd out, The ele-
ments may be renewed by removing the
handles and bowls and unacrewing the ele-
ments from the head, CAUTION: The ele-
ments are attached to the head with a lefi-
hand thread,

5. HIGH-PRESSURE FUEL PUMP: The
after end of the camshaft has two cams, shown
in Figure 4-3, which drive the two plungers
of the high-pressure fuel pump. These two
drives are lubricated by & passage drilled from
one of the camshaft bearings. The fuel aupply
line from the filter is conmected to the suetion
opening of each pump. The fuel day tank
should be located zo that fuel will flow, by
rravity, from the tank through the filter and
flood the fuel pumps.

The valves for each pump are arranged in o
cage which acrews into the pump block, A dis-
charge fitting attaches to the top of the valve
cape and makes the connection between the
pump and the tube going to the common rail.
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The suction valve is located directly beneath
the discharge valve which acts az a stop to
limit the lift of the suction valve. The dis-
charge fitting extends down into the valve
cage and controls the lift of the discharge
valve, There is an auxiliary discharge valve
in the discharge fitting of the pump which is
connected to the fuel ruil. The other pump dis-
charges, through a ahort pipe, into the dis-
charge fitting between the main and auxiliary
discharge valves of the first pump.

A down stroke of either plunger ereates suc-
tion which drawa fuel inte the pump in which
the stroke was made. The suction valve is held
closed by a spring, but the spring tension iz not
sufficient to hold the valve shut against the
suction of a down stroke of the plunger. An up-
stroke of the plunger dizplaces the fuel which
wag drawn into the pump evlinder by the down
stroke and creates a pressure which forces the
suction valve cloasd and opens the dizcharge
valve, releasing the fuel, under pressure, to
the discharge line.

The discharge valve is hardened and seats on
a hard seat insert which iz pressed into the
valve cage. The auction valve is held on its
seat by a small spring which fits over the
stem. The discharge valve has no zpring but
the auxiliary discharge valve in the discharge
fitting has a spring which lies on top of the
head of the valve.

Blesder valves, for venting trapped air, are
installed in the pump block directly over the
end of each barrel.

6. PLUNGER AND BARREL: The pump
plunger movea in & pump body or barrel as
shown in Figure 4-4. There i3 a lapped clear-
ance so fitted that no packing iz needed, Each
plunger is individually fitted to its barrel, a0
they should always be dealt with as matched
seta. In ordering new parts, therelore, always
order & plonger and a barrel together.

7. HAND-PRIMING PUMP: Thoere are
times when fuel pressure must be built up by
hand: (1) in starting the engine after a long
stop, (2) timing the spray valves, and (3) test-
ing spray valves. The unit of the pump (the

half ahown in Figure 4d-4) has & hand-priming
pump plunger that can be operated by a
handle. Working this plunger up and down has
the same effect as up and down strokes of the
main plunger. When the hand-priming plung-
er is not in use, it rests on a seat, and the
plunger head is ground to a tight fit in that
seat to prevent leakage,

8. FUEL-REGULATING VALVE: For rea-
apns that will be explained, it iz desirable to
control the fuel pressure, not only to hold it
constant for any running condition, but alag
to change the pressure for a changed running
condition. This control is accomplished by
means of a fuel-regulating valve. Constriction
of this valve is shown in Figure 4-5, while the
assembled valve iz shown in Figure 4-6,

The valve stem is ground to fit on a removable
seat and is held on this seat by an adjustable
apring. The fuel presaure acting against the
shoulder on the stem, shown just above the
tip, will lift the valve off ita zeat if the prezaure
iz greater tham the spring tension. In this way
Lhe fuel pressure is regulated and the excess
fuel is bv.passed to the fuel filters,

9. HAND CONTROL: The tension of the
regulator spring is altered by a control handle
operating in a sector, or & curved and toothed
track that holds the handle in any position in
which it is zet, The shape of the handle is such
that raising it forces the upper spring plug
down the spring cage and inereases the spring
tension. Incressing the spring tension in-
creases the fuel pressurve, and viee versa,

10. HAND-CONTROL ADJUSTMENT: It
is possible to vary the fuel pressure from about
1,000 pounds when the engine is idling, or just
turning over at a very light load, up to about
4,200 pounda at full apeed and full engine load.
The 1,000 pound pressure should be obtained
with the handle in itz loweat position. If the
fuel pressure should be materially above or
below 1,000 pounds with the handle in this
position, it is possible to adjust the valve so
that the pressure will be brought to 1,000
pounds without moving the control handle.
This iz done by screwing the adjusting screw
in or out of the lower apring plug. Screwing it

a7
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ints the plug will reduce the fuel pressure;
backing it out will increase the pressure,

Do not tighten the packing gland of the regu-
lating valve more than is reguired to prevent
leakage, and if excessive tightening appears
to be necessary, renew the packing. Dirt can
Indde etween the valve-stem tip and the seat,
which will result in the loss of fuel pressure.
In that event the atem and seat should be re-
moved, cleaned, and ground to o proper fit,
Directions for this work are given in Section

16,

11, COMMOMN RAIL: The high-pressure fuel
lime trom the high-pressure pump ends on the
engine itself in a tube or pipe that runs the
length of the engine at the level of the tops of
the ecvlinder heads, This pipe haz branches

s byt

=2
iy

FIGURE 4-&

leading from it, one branch going to the apray
valve in each cvlinder. This pipe serves all ovl-
indera, or 15 common to all evlinders and is
called a common rail.

12. ISOLATING VALVES: The pipe lead-
ing from the commaon rail to each apray valve
has an izolating valve, or shut-off valve with
a needle-like stem, which can be hand operatad
to elose the line, 20 as to prevent the flow of
fuel to any one spray valve. At times it iz
necessary o crank the engine over without
any fuel being injected, and these isolating
valves are installed for that purpose,

a9



13. FUEL OIL RECEIVER: The forward
end of the common rail connects to a fuel-oil
receiver shown in Figure 4-7. This is a tank
of small diameter, the purpose of which is to
increase the volume of the fuel in the rail
which is at high pressure, and thereby reduce
presaure fluctuations which are caused by the
pump strokes and by the spray valves opening
and closing. The fuel-pressure gauge is usual-
Iy connected by tubing to this tank, and has
an isolating valve which can be partly closed
to reduce the vibration of the pointer of the
EHuEe,

14. FUEL-SPRAY VALVE: We now have
fuel at a pressure which can be regulated and
held at any point between 1,000 pounds and
4,200 pounds, and it remains but to meter the
fuel into charges and spray each charge into
a combugtion chamber at the right time. This
iz the job of the spray valve and the mechan-
ism which operates it. This valve is located in
the exact center of the eylinder head and pro-
trudes slightly into the combustion space be-
tween the exhaust and inlet valves,

The construction of the spray valve and the
fuel filter attached to it iz shown in Figure 4-8
and the assembled valve in Figure 4-9. The
filter is of metal edge type having openings of
00015 inch. The apray valve itself consists
przentially of a body, a valve stem, a spring,
a packing gland, and a valve tip on the lower
end of the body,

The clearance between the stem and the body
is large enough to permit fuel to pass freely
from the fuel inlet (from the filter) down to
the tip. The fuel cannot escape through the
holea in the tip when the valve stem is on its
seat, where it is normally held by the valve
gpring in the spring casing.

If the stem is raised, by mechaniam we shall
describe, the fuel flows down the stem clear-
ance, out past the seat in the tip, and through
the radial orifices {or holes radiating from the
center) . These holes are spaced equally around
the circumference of the tip, as will be seen
in Figure 4-10. The number and sizes of these
orifices varies with each engine size:
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FIGURE 4-10

Each tip on the 714 x 1014 engine hag five
orifices, each 0008 inch in diameter.

Each tip on the 1144 x 15 engine hasz seven
orifices, each 0.012 inch in diameter.

Fach tip on the 13 x 16 engine has seven
orifices, each 0.013 inch in diameter.

Each tip on the 15 x 19 engine has seven
qarifices, each 0.018 inch in diameter,

15. FUEL-CHARGE VARIATION: The
amount of fuel going through a tip when the
FIGURE 4-9 valve astem iz lifted will depend on:
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{a) the length of time the stem iz off the
geal in the tip, and
(b)Y the fuel pressure.

We have already explained how the fuel-regu-
lating valve may be used to vary the pressure,
Higher pressure increases the amount of fuel
spraying through a tip in any period of time,
That is the reason pressure should be stepped
up a= engine load increases, Now we must de-
acribe how the period of time the valve ia open
can be varied.

16. CAMSHAFT AND FUEL CAM: [.ift-
ing of the spray valve stem starts with a cam
on the camshaft. A cam iz a round diac having
a nose or lobe built up on a portion of the cir-
cumference. The cams are mounted on & cam-
shaft and rotate with it The camshaft rotates
only half as fast as the crankshaft so that the
lobe of any fuel cam comes around only onee
i two revolutiona of the ecrankshaft, As it
takes two revolutions to develop a power
atroke we need only to inject fuel into each cvl-
inder onee every two revolutions. This is one
of the reasons the camshaft furnz only half
as fast as the erankshaft.

17. SPRAY-VALVE LIFTER: To carry the
lifting action of the fuel cam lobe on up to the
gpray valve, there iz a lifter which has a
roller riding on the cam. This lifter operates
in & guide which bolts to the centerframe and
is lubricated by oil thrown from the camshaft.
The roller iz held to the cam by the lifter
apring, shown in Figure 4-11.



18. SPRAY-VALVE PUSHROD AND
ROCKER: The lifter acts on the spray-valve
pushrod so that the pushrod lifts when the
fuel-cam lobe comes around. The pushrod
raises one end of the aprav-valve rocker, which
iz pivoted on the other end. {(Although &an arm
pivoted at one end is, strictly speaking, a lever,
this part is usually referred to by Atlas as the
spray=valve rocker.)

19. SPRAY-VALVE STEM: The spray-
valve stem extends up through a hole in the
rocker and ends in a nut with a lock nut. Be-
tween the nut and the rocker is a horseshoe
shaped collar, The action of the nut and collar
i to raise the sprayv-valve stem when the rock-
ar is lifted by the fuel cam, lifter, and pushrod.

20. FUEL WEDGES: The spray-valve lifter
is held down on the fuel cam by the lifter
apring. The pushrod and rocker are held
against the horaeshoe collar and spray-valve
stem nut by the pushrod spring shown in Fig-
ure 4-12. This leaves a gap between the lifter
and the pushrod, and thiz gap is filled to
greater or lesser degree by a fuel wedge, When
the wedge is fully inserted the clearance be-
tween the lifter, wedge, and pushrod is very
little, and the spray-valve stem is lifted by
practically the Tull action of the fuel cam. As
the wedge iz withdrawn, however, the slack
or clearance between lifter, wedge, and push-

rod beeomes greater, so that part of the fuel-

cam action is needed to talee up this clearance,
leaving only part of the cam action for open-
ing the spray valve. The zpray valve then
openg later and closes earlier, injecting less
fuel into the combustion chamber. Finally, the
wedge can be withdrawn to a position in which
the slack iz 20 great that the cam cannot open
the spray valve at all, and the fuel is com-
pletely cut off,

The position of the wedges is controlled by
partial rotation of the wedge shaft and the
resultant motion given to the levers keyed on
it. The wedge shaft i= connected to the gov-
ernor as we shall zee,

21. TIMING OF FUEL VALVE: The posi-
tion of the cam lobe determines the timing of
fuel injection, and if the fuel cam is turned on
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the camshaft so that the cam comes around
gonnier or later, in relation to the crank, the
start of injection will be advanced or delaved,
Thiz 1= soversd in Section 10, Section b ex-
plaing how there are actually two fuel cams,
so positioned that fuel injection timing re-
mains the same regardless of the direction of
engine rotation. These different camsz are
brought in contact with the lifter roller by
aliding the camshaft,

22. GOVERNOR: Sclection of various engine
speeds by manual control s desirable and
some means of maintaining a selected speed,
during varying engine loads, is necessary.
Thiz iz accomplished through the control of
the wedge shalt by the governor shown in
Figure 4-13.

The governor ia of the flyball type as it hasz

two revolving ball-shaped weights (the drive
ia from the camshalt gear), The faster these
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welghts rovalve the farther they move apart
from cemtrifugal force. But as thery move
apart, they push down on the thrust block and
quill rod. The latter is connected to the wedge
ghaft and the effect of sutward movement of
the governor weights is to withdraw the fuel
wedges and reduce the amount of fuel in-
jected.

Let us say that the engine speed has been zet,
by the hand control, to 300 revolutions per
minute, A decrease in the engine load, a long-
er period of fuel injection, or an increase in
(el prezsure will cause the engine to speed up,
The governor weights will open farther, im-
parting a lengthwise movement to the thrust
bloek and quill rod. This action i= transmitted
through linkage to the wedge shaft. As the
wetges are withdrawn, the period of injection
iz ahortened, causing the engine to slow to the
desired zpeed. Any undezired reduction in en-
gine revolutions per minute allowa the weights

COMMECTED TO WEDGE EHA

IGHT ROLLER

WEIGHT
DRIVE GEAR

QUILL ROD

THRUST BEARIMG BEARING

- L5 :'?
caRdsiyiey

FIGURE 4-13



to come together, and the thrust block follows
them becauze of the governor spring, making
the wedges enter farther between lifters and
puzhrodsz, thus increasing the amount of fuel
injected until the revolutions per minwte in-
cregds to the original sstting.

23. HAND SPEED YVARIATION: The posi-
tion of the weights for any apeed depends upon
the pressure of the governor spring. If the
gpring tension i3 increased, it holds the
weights in with greater foree, so that it re-
quires a higher apeed to force them apart. The
spring tension can be varied by changing the
distance between the thrust block and the
gpring block, which iz done by the control
lever. After any spesd 15 set by the hand con-
trol, the function of the governor iz to hold
that speed steadily.

24. GOVERNOR ADJUSTMENT: The gov-
ernor is adjusted by varving the position of
the cranka on the wedge-shatt control, and by
changing the spring tension as will be ex-
plained in a later section,

25. FUEL-REGULATING VALVE AND
GOVERNOR: The time during which the
fuel-zgpray valve iz open at full load and full
gpeed iz about one-seventieth of one second.
At light load, it iz much less. To avoid cotting
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down too much on the valve opening time for
reduced speed and load, we reduce the fuel
preagsure with the fuel-regulating valve, as
has been described. As the pressure is dropped,
the opening time is lengthened over what it
would be with a higher fuel pressure. This
mukes the job of the governor and wedges
BARier,

26. HIGH-PRESSURE FUEL FITTINGS:
It iz not an eazy matter to hold 4,000 pounds of
fuel pressure without leakage occurring, and
ordinary pipe fittings would be entirely inade-
quate Special fttings, called compreasion fit-
tinga, ahown in Figure 4-14, are used and are
made without gaskets or any sealing com-
pound. These fittings do not need to be drawn
as tightly as vou might imagine; in fact,
drawing them up too tight may injure the
fitting,



SECTION 5
AIR INLET AND EXHAUST
STARTING AND MANEUVERING

1. RELATION OF SUBJECTS: The title of
this section may indicate that many subjects
will be grouped in it, and so they will be, but
thev are interrelated to such an extent that
they should be explained under one heading.,
Air, inlet, and exhauwst valves must be ar-
ranged so that they open and close at the cor-
rect time whether the engine runa in one ddi-
rection or the other; that ties in with maneu-
vering. Maneuvering, in turn, ties in closely
with starting.

GOVERMOR GEAR

GOVERMOR HOUSIMG

CAMSHAFT

2. CAMSHAFT: We have had oreazion sev.
eral times in past sections to refer to functions
of the camshaft. It 15 loeated to one zide of
the crankahaft and above it and is supported
by bronge bushed bearings which are secured
in the centerframe, A gear mounted on the

crankshaft drives a gear on the camshaft
through an intermediate gear. The crankshaft
gear has hall as many teeth as the camshaft
gear, so the camshaft rotates only half as fast
as the crankshaft, This gear train, shown in
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Figure 51, iz pozitioned, during manufacture,
in such a way that it will operate smoothly
and quietly, Kenewal of major parts of the
engine, in the field, can change the fit or mesh
of these gears, For this reaszon adjuztment is
provided by moving the plate which supports
the intermediate pear.

3. CAMS: On Lhe camahaft are various cams,
or round discs, each with a nose or lohe, Theze
cama operate valves through mechanism that
will be described. The rotation of a cam brings
the lobe against the roller on the end of the
valvesoperating mechaniam, and moves i
roller upward by the height of the lobe, When
the lobe rotates on past the roller, the latter
returns to its free position, which usually 1=
riding on the base circle of the cam.

When the cam lobe raises the roller and litter,
the valve operated by the cam is opened. When
the lobe leaves the roller, the valve cloaes.

4. REASON FOR HALF-SPEED CAMS:
The valves to be controlled by cam action are
the inlet, exhaust, fuel, and air-start valves
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and they open only onee in a eyele, or two
revolutions, It is for this reason that the cam-
shaft makes but one revolution while the
crankahaft i3 making two.

5. VALYE LIFTER: The valve lifter moves
up and down, as it follows the shape of the
cam, in a guide which is bolted to the center-
frame as shown in Figure 5-2, The lower end
of the lifter is equipped with a hardened roller
and the upper end attaches to the puzhrod.

6. PUSHRODS: The pushrods carry the ac-
tion of the lifter up to the valve rockers, They
are attached to the rockera by a fork and pin.
The pushroed forks are numbered to corre-
apond to the walves they operate and they
should not be mixed during overhaul,

7. ROCKER ARMS: Fuch valve has a rovk-
er, oF lever pivoted at ita center on a rocker
shalt supported in bearings which rest on
atuds acrewed into the cylinder heads. As the
pushrod raizes one end of the rocker, the other
end lowers, pushing against the valve stem,
thereby opening the valve. When the cam lobe
leaves the lifter roller, the valve spring rajses
the stem and returns the rocker. The weight
of the pushroed and lifter helps in this return
movement.

8, PUSHROD ADJUSTMENT: From Fig-
iwre -0, it can be seen that the length of the
pushrod can be adjusted by loosening the lock-
ing nut and screwing the rod in or out of the
fork. The adiustment should be such that the
rocker roller has a clearance from the valve
atem when the valve 15 closed (all adjustments

and elearances are covered in Section 10).

8. SPRAY-VALVE ROCKER: The apray-
valve rocker is really a lever because it is
pivoted at one end instead of at the center,
Thiz iz done a0 it can lift the spray valve, as it
iz the lifting of the stem that opens thiz valve.
The other valves open by pushing down on
their stema, and therefore have rockers, How-
ever, the fuelsvalve lever is often called a
rocker and we shall refer to it as such.

a7



10. VALVE OPENING AND CLOSING:
Any wvalve operated by a cam will not open to
ita full lift instantaneously. The lobe of the
cam must be sloped, so that it lifts gradually.
When the extreme height of the lobe iz under
the roller, the valve ia fully open, but as the
cam continuwes revolving, the closing of the
valve is also gradual.
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11. VALVE-OPENING OVERLAP: [ Zec-
tion 1, we explained valve action by inferring
that inlet and exhaust valves open and close
matantaneously on dead centers, As o matter
of fact, the inlet valve opens ahead of top cen-
ter, so that it will be well open as the piston
atarts down, It closes after bottom center 2o
as not to restrict the valve opening during any
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part of the entire inlet stroke, The exhaust
valve also opens ahead of bottom center and
clozes after top center for the same reason,

12, DEGREES OF CRANKSHAFT RO-
TATION: I'aris of a circle are measured by
dividing the circle into degrees, A complete
cirele has 360 degrees, A quarter civele, or right
angle, has ™ degrees. As the crank pin re-
volves in a eirele, we can divide an engine revo-
lution into degrees, and we usually meszure
from top or bottom center, For example, when
the piston is half way down a stroke, we can
aay it is 90 degrees alter top center, or 90 de-
grees before bottom center (as two 90-degree
angles make a half circle).

13. INLET- AND EXHAUST-VALVE
TIMING: (On Atlaz engines, the inlet valve
opens five degrees before top center and closes
a6 degrees after bottom center. The exhaust
valve opens 36 degrees before bottom center
and closes five degrees after top center. How
valve timing iz set and checked is explained
in Section 10,

14. REVERSING: VWhen vour engine is oper-
ating in the ahead rotation, the eylinders pro-
duce power strokes in the following order:
1-5-3-6-2-4, When operating in the astern ro-
tation it iz necessary to change thiz firing
order to: 1-4-2-6-3-5. Such a change in the
sequence of events in the engine requires &
completely different cam arrangement for
each rotation,

15. AHEAD AND ASTERN CAMS: Cor-
rect valve timing for both ahead and astern
rotation is obtained by having two sels of
cams on the camshaft, One set is keyed on the
camshalt in the proper sequence and positions
to provide correct timing for ahead operation,
The other set provides correct timing for
astern rotation, In order to bring the proper
cama under the lifter rellers, for each rotation,
the entire camshaft is moved fore or aft. This
total movement iz Ty inch which iz the distance
apart the respective cama are located on the
camzhaft for ahead and astern.

EL:



Figure 5-4 shows the section of cams for one
cvlinder, When the camahatt iz aft, the ahead
cams are under the rollers, When the cam.
shaft iz ahead, the cams for astern operation
are under the lifter rollers,

16. SHIFTING CAMSHRATT: Figure 5-5
shows that the camshaft gear i= very wide,
which allows it to move fore and aft, the re-
quired %% inch, without coming out of mesh
with the idler gear. The fuel pump cams are
algo wide enough to allow fore and aft move-
ment. The bilge pump drive eccentric cannot
maove fore and aft, so the hub is mounted on a
Noating sleeve which has two keyways cut for
its entire length. The camshaft has two corre-
sponding kevs which act as splines and drive
the eccentric but still permit the camshaft to
ke miowvesd Tore and aft.

It is apparent from Figure 5-4 that it would be
impossible to move the camshaft with the ex-
haust and inlet lifter rollers resting on the
CAME, 383 500e one or more cams wolld be ina
position to cateh on aide of a roller were the
camshatt moved endwise. To overcome this
difficulty, a method is provided for lifting all
the inlet and exhaunst rollers clear of the cama,
aach time the camshaft iz shifted.
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17. ECCENTRIC ROCKHER SHAFT: The
rocker shaft for each cvlinder head is carried
on two bearings which are supported on long
studs that screw into the eylinder head. As
ghown in Figure 5-3, the two bearing journals
are eccentric to the inlet and exhaust rocker
journals, As the rocker shaft is turned & part
of a revolution the rockers will be raised or
lowered by the ececentric action of the shaft.
Figrure 5-3 wlso shows a bracket with an ad-
Jjusting screw which lies over the valve end of
the rocker. It is apparent that when the shaft
i turned to lift the rockers the valve end of
the rocker will be stopped by this bracket, The
fork end of the rocker will be lifted approxi-
mately twice the amount of eccentricity of the
shalt.

As the lifter iz attached to the lower end of the
pushrod us shown in Figure 5-2, the lifter roll-
er will be raised clear of the cama, Figure 58
shows the bell cranka by which all zsix rocker
ghafts are connected, causing them to move as
one shaft,

18. ROCHER SHAFT RAM: This raizing of
the lifter i= the first part of any maneuver
which calls for a change of rotation. Move-
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ment of the rocker shaft iz accomplished by
the rocker shaft ram shown in Figure 5-6, The
rocker shaft of No. 1 evlinder has a forward
extengion to which iz attached a lever and this
lewver 1s moved through o 90 degree are to ro-
tate the rocker shaft, The rocker shatt ram i=
simply a cvlinder, a piston and a pizton rod
which iz connected to the rocker shatt lever.
This pisten is moved up or down by air pres-
aure, turned on or off by the control handle,
as we shall deseribe later.

Reference to Figure 56 showa that the piaton
dismeter i= almost as laree as the evlinder
bore, At the lower end of the piston there are
two leathers faced in opposite directions, The
upper end of the cvlinder is closed off by a spe-
cial synthetic air seal which acts as a packing
glamd, This seal and the upper piaton leather
form a space to which air is constantly admit-
ted under presszure, This forces the piston
down at all times. This air, however, can only
exert pressure on an area equal to the differ-
ence of the diameter of the piston and the eyl-
imdder.

When it is necessary to move the piston up,
air iz admitted to the chamber formed by the
lower piston leather and the lower end of the
eylinder, Thiz air exerts pressure on an area
equal to the total ares of the end of the piston
which is much greater than that of the upper
pizton leather. The piston = foreed upward and
hield there until the supply of air to the lower
end of the cylinder is shut off. As the pizton
moves down, the displaced air in the lower
chamber s bled off by the same valve that
originallv admitted the air,

19. ROCKER SHAFT BELL CRANK: The
various rocker shafts are interconnected by
bell cranks, When the ram piston is down as
far as it will go, the bell eranks should point
gtraight up. The length of the plunger can be
increased or decreased by backing off the lock
nut and turning the piston rod out or in the
fork, which connects to the recker shaft lever,

20. SPRAY VALVE CRAMS: Figure 5-d
shows that the spray-valve cam lobes have
ramps cut in the side to assist the spray-valve
lifter roller in climbing up to the peak of the
lobw: when the camshaft iz shifted.
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21. AIR-START VALVE CAMS: The air-
start valve and lifter are held up and out of
action by springs that will be deseribed later
in thiz section. They offer no difficulty to a
fore or aft movement of the camshaft.

22, AIR STARTING: All of our explana-
tiona 2o far have azzumed a running engine.
Now let us consider an engine stopped and
standing =2till. To stop the engine the fuel
wedges are withdrawn until no fuel is deliv-
ered to the spray valves, This is done by re-
volving the wedge ahaft through linkage con-
nected to the control unit and will be described
later,

Tw start the engine again it i3 neceszary that
it- be put in motion. An automobile engine is
started by an electric atarting motor, bt &
heavy Diesel would require too large a motor
and battery. Compressed air is wsed instead,
to get the engine revolving, much in the way
steam iz used in a ateam engine.

23. AIR-START VALVE OPERATING
MECHANISM: Az stated before, the air-
start lifter rollers are held up and clear of the
camshaft all the time the engine is operating.
Figure 5-T shows how the spring which lies
between the shoulder on the lifter and the
lifter guide keeps the roller clear of the cam,

The cage of the air-atart valve iz divided into
two chambers, One, above the head of the air-
start valve, i3 connected to the air-atart mani-
fold, The other, below the head of the air-atart
valve, leads directly into the check valve in
the exlinder head. In Figure 5-2 the air-start
valve 1z open, Assume that air pressure is de-
livered Lo the afr-start manifold by the master
valve, which will be described later. Some of
the air will pass through the open air-start
valve but not enough toopen the eylinder head
check valve. There will be enough pressure,
however, to force the enlarired stem of the air.
start valve down until the valve zeats. Now the
full pressure of the manifold air i on the head
ot the valve, holding it elosed and Toreing the
lifter roller onto the cam.

In Figure 57 the air-start valve could not
close, as the lobe of the cam is under the roller,



Therefore, the full manifold presaure would
pass into the cylinder as this full pressure is
sufficient to open the evlinder head check
valve, If the cam were in the position shown
in Figure 5-7, the piston would be at the top
of the cylinder. The air pressure would start
the piston down, and continue to force it down
until the engine had turned enough to roll the
cam lobe from under the aiv-start lifter, which
would close the air-atart valve, By this time
the next cylinder in the firing order would
duplicate this air stroke. This is the way en-
gine speed is built up for starting and when
sufficient momentum has been stored in the
flywheel, the air is turned off and fuel fed to
the cvlinders.

24. MASTER VALVE AND STARTING
MANIFOLD: The air-start valves are aup-
plied with compressed air from the ship's air
tanks which is piped to the starting manifold.
This manifold connects all the air-start valve
cages, As pir pressure is required in the mani-
fold only during starting or maneuvering, a
master valve iz installed on the forward end
of the manifold. Thia valve, shown in Figure
5-8, iz operated by the control unit,
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The head of the valve is shaped to form a pis-
ten much larger than the valve proper. The
sectional illustration shows a small equalizing
hole which permits the air to pass into the
chamber above the piston, This leaves the air
pressure exerting force on the head of the
master valve only, to hold it closed, The spring
adds additional force in this direction.

The area above the piston ia connected, hy
tubing, to a vent valve on the control unit.
When this vent valve iz opened the ajr pres-
sure above the piston is quickly released, and
as it can only build up again through the equal-
izing hole, there is & much greater force of air
pressure under the piston to lift it than the
spring and head of the master valve exert, to
close it. Therefore, aa long as the control unit
vent valve is held open the master valve is alao
open. and the main air pressure can pass
through the valve and on into the starting
manifaold,

25. BLEEDING THE MANIFOLD: After
the maneuver has been completed and the
master valve closed it iz necessary to bleed off
any pressure remaining in the manifold. Fig-
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ure 5-0 showa the master valve closed. It alao
shows that the porta in the hollow stem, which
pass the air through the valve when it is open,
are now lined up with holes that pass through
the body of the valve and connect the manifold
to the atmosphere. As these holes radiate
around the entire valve body, the guard sleeve
shown ia put on to aveid air being blown into
the operator’s face,

26. AIR COMPRESSOR: At the alter end
of the engine there i an air compressor driven
by an eccentric, eccentric strap, and connect-
ing rod. The air compressor is single-acting.
Downztrokes draw air in by suction from the
atmosphere, and upatrokes discharge air to
the air tanks. Spring-loaded inlet and dis-
charge valves are uzed. Figure 5-10 shows the
conatruction of the compressor. The eccentric
strap has been turned L turn for illustrative
PUFHIEEE,

27. AIR-COMPRESSOR UNLOADER: A=
the amount of air in the storpre tfanks gov-
erns the number of engine maneuvers that can
he made, it iz fecessary to kKeep the tank fully
pumped up at all times. The air compresaor
piston can not be stopped while the engine is
operating, =0 it 1= necessary to have some
means of stopping the pumping action of the
comprezsor when the tanks are up to their
limit pressure.

To make thiz control automatic a device called
an unlogder iz supplied which will hold open
the suction valve of the compressor as long as
the tank pressure is up to the limit. With this
valve held open, air drawn into the cylinder by
the downstroke of the piston is foreed back
out of the suetion opening and into the atmos-
phere, by the upstroke. When the air pressure
in the storage tanks drops below a fixed pres-
gure, the unloader returns the compreasor
suction valve to its seat. The compressor will
now function as an air pump and replenizh the
storage tanks, This unloader is shown in Fig-
ure 511,

It has a piston working against the air tank
presaure at one end, and againat an adjustable
spring at the other. When the air pressure
overcomes the spring tension, the pizton



maoves away from its seat. therehy allowing
air to pass to the top of a diaphragm. The dia-
phragm, being flexible, expands downward
when the air pressure is applied, To this dia-
phragm ia attached a short plunger which is
located direetly above the stem of the suction
valve, Aa the diaphragm and plunger move
downward the suction valve is held off its zeat,
When the air pressure in the tank drops below
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or lower than the spring tension, the piston is
forced back onto its seat, culting off the air
aupply to the diaphragm. The plunger now
follows the diaphragm to its normal position,
allowing the suction valve of the compressor
to funetion,

Thia unleader is usually set to atop the com-
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pounds under the limit pressure of the air tank
zafety valves, Thiz ia done to avoid the safety
valves blowing continuously., The amount of
tank presaure drop which is necessary to start
the compressor pumping again varies with
each unloader, but is usually arcund 25 pounds
under the unloading presaure.

28. AIR TANHKS: The air tanks are usually
furnished by the shipyard, 2o we cannot tell
you what size they will be, or how many will
be installed. As a rule there will be several
connected by suitahle piping and valvea, The
tanks will have a drain valve and eonnection
at the hottom to draw off accumulated oil and
water, These various drains should be “hlown
down'™ once a day, as accumulations of oil or
water in the air supply are dangerous. Each
air tank will probably have a safety valve, or
apring-loaded valve, set to “pop™ and release
afr at somewhere over 250 pounds, but well
below the bursting pressure of the tank. Air

STARTIMG MAMIFOLD

SAFETY VALVE
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tankz are sometimes called air bottles or air
Musks. A diagram of & common air layout is
shown in Figure H-12,

29, INITIAL ARIR SUPPLY: When starting
up originally or after a long layup, you may
have insufficient air pressure in the tanks,
Sometimes the shipvard installa an auxiliary
air compressor, driven by a small engine that
can be cranked by hand. If so, this compressor
iz uzed for the initial tank filling, If the ship
is at the vard, there probably i a compressed
air supply that can be piped to the tank. Some-
timesz bottles of compressed air, similar to
those used to supply soda-water fountains, are
used, Bottles containing carbon-dioxide gas
are satisfactory, BUT NEVER UNDER ANY
CIRCUMBTANCES USKE A BOTTLE OF
OXYGEN, as oil and pure oxygen will result
in a violent explosion.

30, FLYWHEEL BRAKE: When reverzing
from ahead to astern, or vice versa, vou MUST

FIGURE 5-12
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WAIT UNTIL THE ENGINE STOPS EE-
FORE COMPLETING THE MANEUVEH.
Stopping is brought about quicker by means
of & brake that brings a shoe against the fly-
wheel rim as shown in Figure 5-13.

Alr pressure admitted to the brake cylinder
tends to push the piston and rod, but as the
latter is already against the air-compressor
exlinder, it cannot move, and the eylinder
backs away from it instead. The movemnent of
the cylinder moves the brake lever, which
causes the brake shoe to press against the
Aywheel. When the air pressure ia reloaszed,
the spring causes the brake shoe to 1ift from
the flywheel. Air pressure is delivered to and
released from this brake hy the control lever,
which we shall dezeribe next.

31. CONTROL UNIT: The fuel cutout, the
rocker shaft ram, the lvwheel brake, the mas
ter valve, and shifting the camshaft are all
accomplished by the one lever of the control
unit. This lever is mounted so that it mayv he
moved fore and aft, from one side of the con-
trol unit to the other, and alzo it can be moved
in or out, or thwartahip. The fore and aft
maovemnent shiftz the camshaft from ahead to
astern, operates the pilot valve controlling the
rocker ahaft ram and flywheel brake as well as
the fuel cutout mechanism. During this motion
the lever iz confined to a slot in the eontrol
housing, At either end of its stroke, however,
notchea in the slot permit the lever to he
pushed in, toward the engine. This movement

R

operates the vent valves which contral the
master air-start valve, Notehes direetly oppo-
gite these first mentioned two, allow the lever
to move out away from the engine, where it
i# held by a light spring which locks the unit
in either ahead or astern position. The move-
ment from the inner noteh to the outer one re-
leases the fuel cutout mechanism. There is an-
other “out™ notch in the center of the slot
which locks the lever in the stop position. The
various positions are illustrated in Figure

5-14,
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32. CAMSHAFT SHIFTING MECHAN-
ISM: As the control lever is moved fore or
aft the camshaft iz zhilted to the ahead or
astern running positions through the linkage
shown in Figure 5-15. In this illustration the
lever is aft and the camshaft has been slid
forward, which brings the astern cams under
the lifter rollera. The drag link that connects
the control lever to the shifter lever is slotted,
This slot will permit the control lever to be
moved to the central or stop position, without
shifting the camshaft.

When the control lever iz moved forws rd, from
stop, the end of the slot in the drag link will
engage the pin in the shifter lever and pull
the camshaft aft, which brings the ahead
cams under the lifter rollers, The total move-
ment of the camshaft from ahead to astern is
T inch,

343. PILOT VALVE, ROCKER SHAFT
HAM, AND FLYWHEEL BRAKE: Pura-
graph 18 explained how the rocker shaft ram
lifted the inlet and exhavst lifter rollers up
and clear of the camshaft before it is shifted
to either ahead or astern. This ram, as well as
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the flywheel brake, is controlled by the pilot
valve shown in Figure 6-16. This valve is
mounted in a housing that bolts to the enntrol
unit and is operated, through a lever, by 5 eam
which is rotated by the control lever shaft.
Air pressure is constantly on the head of the
valve, and the spring shown assists to hold the
vilve closed. From the chamber under the
head of the valve, one tube leads to the bottom
of the rocker shaft ram evlinder while another
tube leads to the cylinder of the flywheel
hrake,

The stem of the pilot valve is hollow up to the
holes shown, which are bored in from the sides
of Lthe atem, The lifter which slides over the
lower portion of the valve body has a ball
a0 positioned that it closes up the hole in
the valve stem before the valve is lifted off
its seat, When the pilot valve is closed, this
lifter is down far enough to permit the ball to
vent the hole in the stem, which in turn vents
both the rocker ram and the flywheel brake
exlinders. This valve is open whenever the
cantrol lever is between the (X) marks, Figure
a-14,
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34.FUEL CUT-OUT MECHANISM: W hen
the engine is stopped and during the time it
is turning over on starting air it is necesssa Fy
that the fuel supply be cut off from the spray
valves. This is accomplished by withdrawing
the fuel wedges as explained in Paragraph 20
of HSection 4. So that this operation iz auto-
matie, the device shown in Figure 517 is ar-
ranged to function through the movement of
the control lever. All veferences te lettered
parts in Paragraphs 24, 35, and 36 will be
found in Figure 5-17 unless otherwize noted.

There is a cam attached to the control lever
shalt which causes the adjustable link (A)
Lo presa down on the short lever { B) whenever
the control lever is between the (X) marks,
Figure 6-14. Lever (B), Figure 5-17, iz at-
tached solidly to the wedge shaft as is the hold
out collar (C). In this illustration the control
lever is at (STOP) and the wedge shaft has
been turned so that the fuel wedges are with-
drawn, cutting off the fual supply to the Apray
vilves.

It the control lever is moved into either atart
position the link (A) will slide freely in the
slot in lever (B) without moving it. The latch



(I is held down by apring (E} and it iz ap-
parent that when the link {A) is withdrawn,
by movement of the contrel lever, the latch
will engage the noteh in the holdout collar, As
Lhis collar is fixed to the wedge shaft, it will he
aeen that the wedges will be held in the {owt)
po=ition until the latch ia releasaed,

35. FUEL RELEASE MECHANISM: Alter
the engine is revolving on starting air and
starting speed haz been wttained, the contral
lever iz moved from the starting to the run
position. Thiz movement operates the lever
() and the adjustable link (H) which raises
the lateh (D), releasing the holdout eollar(C).
The wedge shaft now turns to the (in) posi-
tion by the tension of spring (F) which is con-
atantly exerting foree to turn the wedge shaft
to the (in) position,

As long as the control lever is in the (run)
paesition the Jatch (D) will be held up clear of
the holdeut collar. Movement out of the run
position releazes latch (D). and spring (E)
draws it down on the face of the holdout col-
lar where the lateh is in position to drop into
the notch in the holdout eollar as soon as the
ahaft iz turned by the fuel cot out mechanizm.

36. GOVERNOR CONNECTION TO THE
WEDGE SHAFT: The spring (F} i= con-
stantly exerting force to hold the wedges at
the {in) position while the governor, de-
geribed in Paragraph 22 of Section 4, with-
drawes the wedges to a greater or lesser degres,
depending on the speed of the engine and the
governor control handle setting. The connec-
tion between the governor and the wedge
ghaft iz made through the linkage shown in
Figure 6-17.

Lever (1), which iz connected to the governor
shafl, has a prong which extends behind lever
(). Lever (J) is fixed to the wedge shaft,
therefore it has the same tendency to turn to
the (in) position as the wedge shaft due to
the effect of spring (F).

Lever (I} floats on the wedge shaft hut it =
able to withdraw the wedges by the extension
prong which comes against lever (J). This
type of connection permits the fuel cutout

mechaniam 1o withdraw the wedge shaft any
time the control lever is moved to (stop), re-
gardlesa of governor action or setting.

A full degeription of the operation and adjust-
mant of these variouz control components is
Eiven in Section 18,

37. CONTROLLING ENGINE SPEED:
The regulation of the governor control handle,
and the pressure regulating valve relative to
the engine speed, i3 explained in Section 6.

38. EKHAUST MEAKIFOLD: We have al-
ready had oecasion to discuss the exhaust
manifold in Section 3. Tt collects exhanat gases
from the individual cyvlinders so they ean be
piped to a muffler, usually located in the stack.
or elagwhere on deck. The muffler iz a tank-
shaped cylinder, filled with baffles to break up
the pulsations of the exhaust from the six eyl
inders. When the gases escape to the atmos-
phere in a steady stream, lezz noize will be
produced.

T3
L

FIGURE 5-18



39. INLET MANIFOLD: The inlet air iz led
to the engine through a manifold connecting
all eylinders. The two openingz of the manifold
to the atmosphers are each protected by a
hood or large cap, which acts somewhat as a
gilencer, and also prevents articles being
dirgwn into the evlinders.

40, CYLINDER RELIEF VALVES AND
SNIFTERS: Screwed into each cvlinder head
is a fitting to which are attached two valves,
either one of which, il open, will allow the
escape of air or combustion gases from the

clearance. volume in the cylinder to the atmos-
phere,

The znifter valve is merely a needle valve
opened by hand, to release compression when
barring the engine over. The relief valve i3 a
gpring-loaded valve that opens when presaure
in the cyvlinder exceeda the tenaion of the
apring, The opening pressure can be adjusted
by serewing the spring cap in or out. After the
adjuztment iz made, the cap should be locked
with the set serew, Thiz assembly is shown in
Figure 5-18.

N



SECTION 6
ENGINE OPERATION

1. NORMAL OPERATION: Study of Sec-
tions 1 to &, incluaive, should give you aoffi-
cient knowledge of the principles of vour en-
gine for you to understand normal operation,
or operation with the engine in good repair
and adjustment, Tn this section we propose to
deseribe such normal operation, How to make
repairs and adjustments will follow in a series
of sections.

2. CHECK OF ENGINE SYSTEMS: Very
fortunate is the operator who is given charge
of an engine while there i= someone still
aboard the vessel who is familiar with the en-
tire power plant. The piping plan, the layout
and functions of the various auxiliaries can be
quickly determined if there is someone to ex-
plain them. Listen to such & man carefully, for
the chances are that he has already solved
many of the problems that will 2oom be vours.

However, there will be oceasions when you
will have to take charge of either a new engine
ar ane that has been standing idle for a long
time. In thia event there are many things vou
will have to find out by vourself before the
enging is started. For example: are the cool-
ing, lubricating, and fuel oil systems laid out
properly and are they in working order ? Trace
each line of each piping system to its source
and familiarize yourself with the location and
purpose of each valve. Piping laveuls can be
quite tricky and apparently unnecessary
valves often have very important jobs to do.
Make sure the engine is in running order. The
previous operator could have just started to
take the engine apart for repairs.

3. COOLING SYSTEM: EFe sure the sea
valve is open, and go over the suction line to
the pump to make sure that any other valves
are likewise open, If the engine has been laid
up for a long peried, it may have been drained,
and you should check to see that all drain
plugs are in place and tight. If vour engine has
a raw-water cooling syvstem, check over the
otl-conler valves, and trace the discharge line

from the engine to the hull fitting to see that
there are no closed valves or other obstruce-
tions,

If your engine is equipped with a fresh-water
cooling system, inspect all valves on the heat
exchanger, the discharge-line valve in the raw-
waler cireuwit, and any other valves that may
be in either the raw- or fresh-water elreuit.
Make sure you have fresh water by checking
the expansion-tank gange glase.

4. LUBRICATING SYSTEM: Check the oil
level in the lube-service tank. If the oil does
not show in the gange glass, unbolt one of the
covers on No, 6 crank pit and see if there iz a
quantity of oil in the sump. If there is, you
should not add oil but wait to check the gauge
level after the engine has been started, Then
add enough oil to the lube-serviee tank to show
about 34 of the gauge glass full. Fill the me-
chanical lubricator with new oil until the level
shows high in the glass, Cive the erank of the
luhricator aeveral turns.

Check the thrust-bearing oil level by ohaery-
ing whether oil shows in the glass. If it does
not, add oil until the correct level is reached.

Hand oil all points in the “FOUR-HOUR
ROUTINE" described later in this sectjon.

5. FUEL SYSTEM: Make sure there iz fuel in
the day tank. If the tank is empty or very low,
fill it with a bueket or hand pump. See that the
transfer pump is connected up with a storage
tank containing fuel oil and that there are no
clozed valves in the suction or discharge lines
that would stop pumping fuel from the storage
tanks to the day tank. See that the day-tank
overflow is connected to the tranafer-pump
suction without obstructio.

6. HIGH-PRESSURE FUEL PUMP: (jen
the two vents, shown in Figure 6-1, on top of
the outlet fittings of the high-pressure fuel



FIGURE &-1

pump and work the hand-priming pump han-
dle until solid fuel (fuel without air bubbles)
flows from each vent, Then cloze the venta
and work the handle until about 10600 pounds
of fuel pressure registers on the gauge. BE
SURE THE ENGINE IS NOT MNEARER
THAN 30 DEGREES TO ANY TOIF CENM-
TEE, OTHERWISE A SPREAY VALVE
MIGHT BE OPEN AND FUEL WOULD BE
PUMPED INTO THE CYLINDERS,

7. AIR-STARTING SYSTEDM: There should
be at least 1560 pounds air prezsure in the tanks
but full preasure of 250 pounds will assure
quick, efficient starting and a greater number
of mancuvers, Check the piping from the air
compreszor to the tanks, the tank valves, and
the piping from the tanks to the engine, to
se Lhat all is clear,

]

FIGURE &-2

&. TOOLS AND CRAWNKING BAR: Take a
look to =ec that there are no tools lying on
what will be moving parts when the engine
atarts. Be sure the cranking bar used for bar-
ring the dvwheel over iz not in the way, See
Figure 6-2.

9, CONTROL MECHANISM: Eefore the
operator attempts to run the engine, he should
carefully study the chapters dealing with the
mechanical details, especially those of the con-
trol system. A thorough understanding of
each function of the control aystem will assiat
the operator to understand the significance
of each movement of the control lever,

We will now briefly outling these control
movements in sequence for each maneuver,

10. TO START THE ENGINE AHEAD
FROM STOP:

(a) Bet the governor control lever at ap-
proximately the center of its sector.

iy Set the fuel pressure regulating valve
lever at about 1500 pounds. Determine
the correct position for this pressure by
use of the priming pump.

(el Move the contral lever to AHEAD.
(When the control lever is at STOF the
camshaft may be in either the ahead or
astern positions, If it i3 astern, it will
he zhifted to ahead when the lever is
moved to AHEAD. If it is already
ahead, the lever will move freely with
no resistance, )

(dy Push the control lever in toward the
engineg to admit starting air. Hold
until the engine iz rolling.

(e} Pull lever out to RUN,

(f} Control engine speed as desired by the
governor control lever and by the fuel
preszure regulating valve,

11. TO REVERSE THE ENGIME FROM
AHEAD:

{a) Push the control lever in toward the
engine sufficiently to clear the retain-
ing motch in the control panel. DHO
NOT PUSH IT IN FAR ENOUGH TO
OPEN THE STARTIMNG AIR PILOT
VALVE.

.



ib) Move the lever to STOP and HOLD IT
IN THIZ PORITION UNTIL THE EXN.
GINE STOPS ROTATING.

(e} Move the lever to ASTERN. The cam-
ghaft will be shifted to its astern posi-
tiom.

(d} Push the control lever in toward the
enging to admit starting air. Hold
until engine is rolling,

(ed Pull lever out to BTN,

(f) Control engine speed as desired by the
governor control lever and by the Tuel
pressure regulating valve.

12, TO STOP THE ENGINE:

fal Push the contrel lever in toward the
engine sufficiently to clear the retain-
ing noteh in the control panel, DO NOT
PUSHITIN FAR EMOUGH TO OPEMN
THE STARTING AIR PILOT VALVE.

() Move the lever to STOFP and HOLD IT
IN THIS POSITION UNTIL THE EN.
GINE STOPS ROTATING.

13. PRELIMINARY CRANKING: If the
engine has been worked on and especially if
the spray valves have been timed there is al-
ways the possibility of excess fuel being in
the cylinders, To avoid Mowing the cylinder
relief valves, and to prevent engine racing, it is
advisable to turn the engine over a few times
on air alone to clear the combustion chamhbers,
Proceed as follows:

Cloze all izolating valves, open the cylinder
snifter valves, Move the control lever to (A,
Figure 6-3. Preaa the lever into (D), which
applies starting air. After the engine haa re-
volved two or three revolutions move the lever
to 5TOP. Any excess fual will now be out of
the exlinders and the engine is ready for op-
eration after the snifter valves are clozed and
the isplating valves are opened,

FIGURE &-3

14. EXEPLANATION OF THE CONTROL
MOVEMENTS: From stop to run ahesd,
When the control lever iz at 3TOP (C), Fig-
ure B-3, the pilot valve is open, which applies
the Aywheel brake and lifts the piston of the
rocker shaft ram. The valve lifters are up and
clear of the cams,

Movement of the control lever from (C) STOP
to (A) run ahead, moves the camshaft so
that the shesd cama are under the lifters, As
the lever passes (X)), the pilot valve control-
ling the brake and rocker shaft ram clozes,
thereby releasing the brake and returning the
ram to its running position, which lowers the
lifters onto the cams,

Movement of the lever into the slot (D) opens
the vent valve which controls the master air
valve. When the master valve iz open start-
ing air iz delivered to the various evlinders
in proper sequence by the air-starting valves,
The lever is hald in thizs pozition until the en-
ging haz gained momentum. When the engine
iz warm this usually means only part of a
revalution.

Az the lever is moved from (D) to (F) the
master valve vent is clozed, which euts off the
gtarting air supply to the manifold. The zame
movement operates the wedge-zhaft release
mechanism, returning the fuel wedgpes to the
control of the governor, The noteches (F) and
() are zimply locks to hold the control lever
in either the run ahead or run astern position.

15. FROM RUN AHEAD TO STOP: The
control lever is moved out of the noteh (F)
and directly to (C), Care must be taken that
the lever does not enter (D) during the stop
maneuver, a8 starting air would be applied. As
the lever passes (X the pilot valve iz opened,
which applies the flywheel brake. The same
pilot wvalve operates the rocker-shalft ram,
therehy raizing the valve lifters clesr of the
camazhaft,

The fuel cutout also operates as the control
lever pazzez (X) on the way to () STOP,
This mechani=m revolves the wedge shaft a
part of a turn, which withdraws the fuel
wedges, cutting off the fuel supply to the spray



vilves, The fuel wedges are held out whenever
the control lever i3 bhetween the two (X)
marks. Between these two points the Aywhesl
brake ig on and the valve lifters are up and
clear of the camahaft

16. FROM AHEAD OR STOP INTO
ASTERN;: If a maneuver is being made firom
either ahead to astern or from astern to ahead
be sure to HOLD THE CONTROL LEVER AT
(C) UNTIL THE ENGINE HAS STOPFPED
REVOLVING. The events oecur in the same
sequence in an astern maneuver as theyv do
when atarting ahead except that they are car-
ried out in the astern part of the control unit.

17. RUNNING CHECKUP: Immediately
after the engine starts running on fuel at
alow apesd, check up on:

(a) lubricating-oil pressure by the gauge
on the board. It should read 40 pounds
ar over,

(b} lubricating-oil level in the lube-service
tank. It should be approaching a level
about four inches from the top of the
glass,

(¢) fuel-oil level in the day tank. If the tank
waz only partly filled it should now he
filling up to the level of the overflow
pipe.

(dy the mechanical lubricator to be aure all
of the pumps are working.

(e) cooling-water circulation. If the raw-
water pump iz not pumping, SHUT
DOWN IMMEDIATELY and find the
trouble. Check the fresh-water pump,
if there is one.

(f)} oil or water leaks from pipes and fit-
tingsa,

(g} fuel-regulating valve, by shifting the
handle up and down and watching the
result on the fuel-pressure gauge on
the board. If the Tuel pressure inereases
az the handle iz lifted and decreases
when it is lowered the valve is free and
working properly.

18. INCREASING ENGINE SPEED: I[ the
engine has been started up from cold it 1= ad-
vigable to increase the apeed graduoally so that
the engine can warm up evenly, After each
increase the operator should go through the

running check-up outlined in paragraph 17.
Aa the governor control handle iz advanced
the fuel pressure should be inereased propor-
Lionately by the fuel regulating handle shown
in Figure -4, The regulation of this valve will
come with experience. The rule governing this
control is to always have aufficient fuel pres-
sure to carry the load on the engine with a
clear exhaust, The only exception is when the
engine is just turning over with a very light
load, The fuel pressure should then be between
100 and 1500 pounds and the exhaust may be
hazy.

19. FULL SPEED REGULATION: v not
operate vour engine over its rated full speed
revolutions. If the engine is equipped with a
tachometer it iz an easy matter to watch the
apeed, IT it is not, learn to count the revolu-
tions by hand. As the valves open only once
each two revolutions, the number of openings
ina minute can be counted by holding onto one
of the pushrods. You can count the atrokes for
Ls minute and multiply by four or count the
strokes for a full minute and multiply by two.
Either way will give vou the revolutions per
minute,

Remember that an engine in a tow hoat, which
has a propeller dezigned to pull heavy barges,
will turn far in exeess of itz rated revolutions,
if opened up when the boat is not towing. On
the other hand, an engine in a boat with a pro-
peller designed for free and away running can
not be expected to turn up to its rated revolu-
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tiona if it is towing another veszael or if the
propeller has been damaged in such a way that
it is out of pitch or balance.

20. GRAUGE BORRD: For convenience the
various gaunge: which record pressures, tem-
perature, and engine speed are grouped on one
panel located just above the control position.
Thiese gauges are delicate instruments and
ghould be returned to the nearest service depot
for repairs if needed.

The lubricating-oil gauge is connected to the
discharge line of the pressure lube pump and
records the pressure of the oil between that
pump and the bearings. On starting up when
the oil is cold, the pressure may go up to G0
pounds or more, but after the engine is warm
the oil pressure should hold between 36 and 40
pounds.

The air gauge iz usually connected to the air-
storagre tanks but zometimes a tubing line is
led from the pipe line which supplies the mas-
ter valve, This gauge should alwayas read be-
tween 225 and 250 pounds, 45 many more ma-
neuvers are possible if the tanks are kept up
to capacity.

The high-pressure fuel gauge iz supplied by a
line taken off the top of the fuel-oil receiver,
Thiz line iz controlled by an isolating valve
which should be so nearly closed that the fluc-
tuations of the fuel pressure do not cause the

gpauge needle to vibrate, The high-pressure
fuel gauge ahould be checked against & master
pauge areaszionally 2o that the operator ia sure
the correct fuel pressure is being recorded.

The tachometer is uzed to record the speed of
the engine both ahead and astern. There iz a
small electrics] generator driven by a flexible
shaft from the timing gears. As the output of
this generator varies with the zpeed of the
engine, the tachometer records the szpeed
changes in terms of revolutions per minute,
[If this unit is in nesd of repairz it should be
zent to the nearest service depol,

The use of the pyrometer is described in Sec.
tion 10, Paragraph 20. In each exhaust elbow
there ia a thermoepouple which congists of a
tube that encases two wires of dissimilar met-
alz, These wires, when heated by the exhaust
gases, produce a minute electrical snergy
which varies in direet proportion to the tem-
perature inerease. This energy is recorded on
the dial of the pyrometer in terms of degrees
Fahrenheit when the selector switeh iz turned
to whichever exhaust elbow the reading is to
b taken in,

21. REGULAR RUNNING INSPECTION:
Regularly, while the engine is running, you
should inspect:

(a) oil pressure. Now that the engine is
warm it zhould be between 356 and 40
pounds. If it drops below 20 pounds
ghut down immediately.

(b} oil level, If the lube-zervice tank level
doez not get up to a point about four
inches below the top of the glass, add
ail.

(¢} dav-tank level. The fuel ahould now be
level with the overflow pipe opening.

(d} cooling-water temperature. If vou cool
with raw water the temperature at the
engine outlet should not be over 120 de-
grees Fahrenheit; if vou cool with
fresh water it can be 160 degrees Fahr-
enheit,

{e) fresh-water level in expansion tank
[ for fresh-water svstems). If the level
shows in the tank gauge the supply is
gufficient.

(f) lubricating-oil temperature. It should
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not be over 145 degrees Fahrenheit at
the gil-cooler outlet.

mechanical lubricator, It should be well
filled and feeding 15 to 20 drops per
minute {25 drops to 30 drops for a new
ETEine),

hearings ; this vou can do by feeling the
round pit covers on the manifold side
(thiz should be done at least onee each
hour) . If one cover gets hotter than the
rest, it indicatea that the oil being
splashed against it is from a hot hear-
inge.

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

fuel pressure. The fuel should be kept
at a pressure which will permit the en-
gine to turn its rated number of rovalu-
tiong per minute. The amount of fuel
required to maintain the rated revaly-
tions will vary, especially in tugs, where
the load on the engine is changed by
towing conditions, The fuel pressyre
should never exceed 4500 pounds,
exhaust temperatore, Full-speed ex-
haust lemperature should not be over
750 degrees Fahrenheit. If all cvlinders
are over that figure, the engine is baing
overloaded. If one eylinder is material-
Iy out of line in temperature with the
others, adjustment iz necessary, See
Heetion 10,

exhauat appearance. The exhaust
should not smoke. A smoky exhaust
may mean: excessive carbon on spray-
valve tips; leaky spray valves; leaky
exhaust, inlet, or air-starting valves:
buffer springs incorrectly adjusted:
worn fuel cam or roller: leaky or stuck
piston rings; or uneven evlinder load-
ing. A few puffs of smoke while maneu-
vering or idling under light load, how-
aver, are nothing to be worried aboyt,

(m) air preasure. If the air pressure dropa

inj

below 150 pounds, because of air leak-
age or much maneuvering, you may
have difficulty on the next maneuver.
If the air pressure goes above 250
pounds, the compressor unloader re-
quires adjustment.

You should also carry out the four-hour
routine. Be conzscientious about it

22. FOUR-HOUR ROUTINE: Fach four
hours take care of these things:

AL

F.

Using engine oil, oil the following:

(1) rockers at rocker shaft

ib) rockers at pushrod forks

() fuel wedges

td} fuel buffer springs

(e} wedge-shaft bearings

(f) tachometer drive

(2) governor bearing and governor
linkage, bilge-pump connecting
rod, both ends of the eccentric strap
of the mechanical-lubricator drive,

(h) il holes on control box

(i) sight feed to pump

(1) horasshoes on apray valves

(k) rocker-shaft bearings

(1} spray-valve rocker fulerum

Using penetrating oil (or & mixture of

equal parts of kerosene and engine oil,

if no penetrating oil is available), hand

0il the inlet and exhaust valve stems.

Check the oil level in the mechanical

lubricator, adding oil if needed.

Give the handle of the lubricating-oil

filter one complete turn.

Grive the handle of the fuel-oil filter on

the suction side of the high-pressure

fuel pump one completa turn,

Turn grease cups on cireulating P,

23. ONCE-A-WATCH ROUTINE: (mnce
each watch, do the following things in addi-
tion to the four-hour routine:

A,

I,

Hand oil

(a) flywheel brake (oil holes)

(b) rocker-shaft ram (oil holes)

{ch control mechanism (oil holes)

(d) fuel cutout and release mechanism
Drain the air tanks and any air traps of
water,

Drain lube-service tank until oil runs
clean (do this after the engine has been
standing idle if poseible),

Drain fuel day tank until fuel runs
clean (do this after the engine has been
standing idle if posaible),

Take pyrometer readings, and record
i1 log

Take vil-temperature readings and re-
cord in log

Take discharge-water temperature
readings and record in log.

67
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SECTION 7

ENGINE SPECIFICATIONS AND
CLEARANCES

FUEL AND LUBRICATING OIL

Mumber of cvlindera . . . . . .
Bore C e

Btroke . . . . . . . . .
Maximum rated speed

Horsepower at maximum rated spe ELI
Firing order .
Welght of engine Lm.lurlmg ﬂx w heel .
Weight of one eylinder head assembly
Weight of one piston and connecting rod
Lubricating-oil pressure, minimum

Lubricating-oil pressure, maximum
Lubricating oil, grade-—summer
Lubricating oil, grade—winter

Lubrigating oll, capacity of engine -

Lubricating ofl for thrust bearing, grade .

Lubricating-oil feed for mechanical lubricator,
number of drops per minute

Lubricating-oil temperature before oil LLII'.I-]LE .

Lubricating-oil temperature after oil cooler

Cooling-water pressure at circulating pump
discharge Ce

Ciooling-water tem FIL]'HLI.II'L‘HL l.r.]'mu"-l mani-
fold discharge . . .

Fuel presaure at transfer pump l'.I]ﬂl’.hEl.!'jﬂ!

Fuel pressure in commaoen rail—idling

Fuel pressure in common rail—full lead

Exhaust temperature maximum ,

Starting air pressure . . . . . .

Air compresaocr type . . . . . .

Alrcompressorapeed . . . L. L .

Adr compressar bore

Air compressor stroke

Air compressor unloader setbing

Adr compresacr unloader setting

SATr compressor capacity per revolution

Taw-water cooling: capacity of circulating
pump at Tull speed

Bilge pump spaeed

Rilge pump bore

1]

. L . TG inches
. o« . 10Ly inches

-il'.ll.'l- revolutions per minute

. . 120 horsepower

e

ldi EU'IJ pounds approximately

- .. 120 pounds approximately

. . . 116 pounds approximately

an pounds per square inch at rated engine
revolutions per minute

B0 to 46 pounds per square inch when odl is hot
SAE Heavy 30 or Light 40

HAE. L1ght N (NOTE: subject to considera-
tion for extreme cold)

. 17 gallons

Heavy SAE 30

15 to 20 drops per minute
.. .o a0 degress maximum
145 degreas maximum

20 pounds per square inch (maximiam)
Haw water 120 degrees maximum
Frash water 160 degrees maximum
. 1 pounds per aquare inch maximum

. 1000 poundz per square ingh
e 4200 pounds per square inch
. . . 7ol degrees
200 pounda per square inch
Zingle atape
Engine spaed
4 inches
4 inches
. Cutouot dE;- pounds per square inch
Cut in 210 pounda per sgquare inch
{ II.El'I cubic feet at rated engine revolutions
per minuie
37 gallons per minute
I enggine speed
- - . . . . - 2 inches



Bilge pump stroke ;

EBilge pump capacity at full an'll'lf' ﬂ]:IEL'-ﬂ .

High-pressure fuel pump type

High-pressure fuel pump stroke .

High-pressure Tuel pump bore ..,

High-pressure fuel pump speed

Transfer pump make . . . . .

Transfer pump speed )

Tranzfer pump capacity at full ::.p-uu:_rl

High-pressure lubricating ofl pump make

High-preasure lubricating ofl pump speed

High-pressure lubricating oil pump
capacity at full speed

Sump lubricating oil pump make

Sump lubricating oil pumyp speed ;

Sump lubricating oil pump capacity, full ‘~1Jt‘t"f|

Lubricating oil cooler make .,

2. BEARING CLEARARNCES:

Main bearings .. 0045 to D008
Crankpin bearings 0045 to 006
Piaton-pin bushings 00035 Lo 0,005

Camzhaft earings . o 0005 to 0L
Rocker-ahaft bearings L D01 e 000G
Intermediate cam train

bearings L. .o D2t G005
Alr compressor eccentric

strap . . . 0006 to L0040

Bilge pump Lcrentru— strap 0004 Lo 0,00

3. MISCELLANEOUS CLEARANCES:
Piston to eylinders (top) . 0040 o 0045
Piston to eylinders (bottom)  0.006  to 0.007
Pizton rings clearances

in groove . . L0 to (L0
Piston rings gap {‘lEElruTIu:*
(fwo top rings) .. D3R to 00060

Piston rings gap clearance

{all other rings) L D0EE to U060
Piston to top eylinder . . ¥4 inch
Inlet gnd exhaust valves stem

to bushing clearancea

(Exhaust) . . . . L0 to 0005
Inlet and exhaust valves stem

to hushing clearance

{Inlet) . . . . . 000 fo L0044
High-pressure Tuel pump
plunger to barrel . . Lapfit

4, FUEL AND LUBRICATING OILS: As
an operator of a vessel belonging to the armed

. 3y inches

T E'H.l.ll'.l-rlh per minute

. Single stage—2 cylinder
- .+ linch

.. . . . . . . . Luinch
L. . L eruglne speed
o Tu Lhill Pump Company

3 M revolutions per minute
1.25 gallons per minute

. Tuthill Pump Company (Internal Gear)
655 revolutions per minute

5.2 gallons per minute at 50 lbs, pressure per square inch

.. Tuthill Pump Company (Internal Gear)
L . 900 revolutions per minute
. .« . . . &1 gallons per minute
L. Atlas Imperial Diesel Engine Co,

forces, vou will no doubt be supplied with the
correct fuel and lubricating oil. However,
should you require apecifications of these aup-
plies the following will enable you to select
fuel and lubricating oils best suited to yvour
engrine,

5. RECOMMEMNDED FUEL OIL SPECIFI-
CATIONS:
Vizeosaity 45 to 70 8.U. seconds at
100 degrees Fahrenheit
Gravity (A.P.L) Minimum 24 degrees
Conradson Carbon
(AST.M. D19 Maximum 0,57

Ash Maximum L0587
B.2.&EW, Maximum 0.1
Sulphur

(A5 T.M. DIES) Maximum 107

Ignition quality 4 to 60 cetane number or
equivalent in other -
nition index.

6. EFFECT OF FUEL PROFERTIES ON
PERFORMANCE: Az sdjusted at the fac.
tory the engine will operate satiafactorily on
fuels with VISCOSITIES per above specifica-
tions, It i possible to use thinner fuels but the
operation is apt to be “snappy™ and it may be

difficult to maintain even eylinder load bal- ™

ance at varving loads. Fuela with viscosities
less than 55 S.U.5% may also require special
aprav tips with smaller orifice holes than
atandard or the fuel pressure may have to be



reduced, On the other hand fuels with high
visgosities may require larger spray orifices
than standard, increazed fuel pressure and in
extreme cazes longer period of injection. To
insure good operation it is recommended that
the vizeoaity be held to the specifleation,

7. GRAVITY: The gravity iz of secondary
importance, A minimum of 24 degrees: AP
iz merely given sinee heavier fuel: generally
require special treatment, such as heating and
centrifuging, before they can be burned sue-
ceasfully.

8. CARBON: The Conradson Carbon or car-
bom residue in the oil is an index to the amount
of carbon which will form in the combustion
chamber. Fuels with high Conradson Carbon
may cause carbon to builld up on the sprayv-
valve tips to such an extent that the fuel
sprays are deflected, cavsing poor operation
and smoky exhaust. The higher the Conradson
Carbon the more freguently will it be neces-
sary to clean the spray-valve tips. Experience
alzo indicates that maintenanee coats will he
higher when fuel with high carbon residues
are naed,

9, ASH: The ash content of a fuel is & measure
of the amount of mineral material it containa.
After burning, the mineral regidues are abra-
sive and it is consequently important that the
ash content be limited to 0.057%, If the content
i higher rapid wear of cvlinder liners, pistons
and rings will result.

10. BOTTOM SEDIMENT AND WATER:
The tem BE.2&EW. (bottom sediment and
water}) iz an index to the fuel's cleanliness. It
iz goodd cronomy to use clean fuel and atore it
in clean tanks. Cleanliness in han{'llinta_he
fuel iz alzo important, =

11. SULPHUR: When the fuel oil iz con-
sumed in the engine, sulphur burns to sulphur-
dioxide, Under normal operating conditions
most of this gas iz ejected with the exhaust
gazes. If, however, temperature conditions are
low enough, that is, if the engine iz idling at
low speed and under cold éonditions, the sul-
phur-dioxide gaz combines with condensed
water vapors o form a corrosive acid which

T

will attack metals used in the engine and ex-
haust system, If is conzeguently particularly
important to hold the sulphur content low in
fuels used for engines subject fo variable
Ioads with long perinds of idling and also for
engines subject to frequent starting and stop-
ping.

12. CETANE NUMBER: The cetune number
of a fuel iz an index of the ignition quality.
Low cetane values produce excessive knock-
ing. Excessively high cetane fuels cause high
exhaust temperatures and smokinezz of the
axhanzst,

13. FLASH POINT: Although the flazh
point does not affect the suitability of a Diescl
fuel it is well to specify a minimum of 150 de-
grees Fahrenheit, gince atate laws and classi-
fication sovieties generally require this mini-
mum. The pour point of the fuel should be at
least 15 degrees Fahrenheit below the lowest
temperature to which the fuel storage tank
is subjectod.

14. LUBRICATING ©IL: We recommend
that a good grade of marine type pure mineral
oil be used in these engines, The oil ehould be
stable under the temperature conditions en-
countered in the engine and should be resist-
ant to oxidation and z2lodging. ITn general, re-
garding quality of lubricating oil we refer you
to & Lubrication Instruction Book which will
he sent to any cuatomer or operator reqiest-
ing it. This bool contains some good pointers
o the selection and care of lubricating oils,
It ia mot neceasary to use compounded oils, e,
gils containing additives, inhibitors, anti-
oxidants, carbon removers, ete. in Atlas En-
ginez, There are, however, many good com-
pounded oils on the marketand these may be
used providing extreme caution iz exercized
and the action of the oil in the engine is ok-
gerved closely.

15. STRAIGHT AND COMPOUNDED
OIL8: When a pure or straight mineral oil is
used some carbon or other depozits will gener-
ally be found in the crankease and sump tank.
The amount of these deposits depends greatly
on the quality of the oil which haz been used.
For good grades of oil, the deposits are not ex-



cessive or in any way harmful to the engine.
The chemicals contained in the compounded
oils enable these oils to carry the carbon and
other conatituents of the usual crankease de-
posits in suspension. The compounded oils also
have a strong tendency to break loose and
carry away any existing crankcasze deposits,
amd since there is a limit to the amount that
can be carried in suspension, clogging of filters
amd ofl lines may rvesult, It is consequently of
utmost impaortanes to thoroughly elean out the
crankeaze, oil lines and sump tank before
changing from & straight mineral oil to a com-
pounded oil. As an added precaution we sug-
meat that the first bateh of compounded oil be
used only for about 25 hours and then drained
off. These precautions apply also when chang-
ing from one compounded oil to another com-
pounded ol of different make or brand.

IT & compounded oil is used the non-corrosive-
ness of this oil must be looked into very care-
fully. In thiz connection the Engineering De-
partment of the Atlas Imperial Diesel Engine
Co. g available for consultation and they will
he glad to advize whether or not an oil iz aoit-
able for wse in this engine.

16. YISCOSITY GRADE: With regard to
viscosity grade our recommendations are that
the viacoaity at 130 degrees Fahrenheit be be-

tween 235 and 270 Secs. Saybolt Universal.
This corresponds to an 3.AE. viscosity rating
of 30 to 40, In other worda, the oil to be used
should be a heavy S.AE, 30 oralight 3. A E. 40

oil.

17. CHANGING OIL: In regard Lo drainage
perinods we suggest that the firat batch of oil
b drained after 100 hours of zerviee, There-
after the suggested drainsge period = 200 to
250 hours, Thiz period may be lengthened
somewhat on engines which arve equipped with
waste-packed filters. In that case if the filter
cartridge is changed before the ofl i badly
discolored and losded wup with insclubles or
foreign particles, drainage periods of 404 to
6 hours can be used, In cases where no
waste-packed filtera are used the oil will, of
course, not be worn out after 200 hours of serve
ice if it iz of a good grade. It will, however, be
dirty and will contain inaclubles which should
be removed from the lubricating oil before it
is reuasd.

18. MECHANRICAL LUBRICATOR: The
same lubricating oil as vsed in the crankcasze
of the engine is also suitable for use in the
mechanical lubricator. In the case of the me-
chanieal lubricator, however, it iz highly de-
sirable that only new ofl be used.
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SECTION 8
STANDARD TERMS,
FITTINGS, AND TOOLS

RADIUS
CIRCUMFEREMCE

-CENTER
DIAMETER

FIGURE 8-1

1. MEASUREMENTS OF CIRCLES: A
circle has a center and a circumference. The
distance from the center to the cire umference
is called the radius. Twice the radiug, or the
length of & line from circumference through
the center and to the circumference, is called
the diameter,
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FIGURE §-2

2. ANGULAR MEASUREMENT: To mesqs-
ure parts of circles, we divide any eircle into
degrees—360 degrees make a full circle, 180
degrees, a half circle, 90 degrees, a fquarter
circle, ete, Any part of a tircle, comprizsed of
part of the circumference (called an arc) and
the two radii (the plural of radinsg) meeting
the ends of the are, iz called i sector,

The number of degrees can be nzed to deseribe
the size of an angle whether it is closed hy

T2

an arc or not. A H-degree angle is called g
right angle, and two lines at right angles to
each other can be sald to be 00 degrees apart,
whether there is a circle, or a part of one, in
the picture or not. Two lines at 90 degrees are
also said to be perpendicular to each other,
A line may also be perpendicular to g aurface,
and two surfaces may be perpendicular to each
other, as the walls of & room are perpendicnlar
to the loor.

3. PARALLEL LINES: Tw straight lines
are #aid to be parallel if thev could Jie in the
same flat surface and are always the same dis-
tance apart, never meeting. The lines of type
on this page could be =aid to be parallel he-
CAURE any two run across the page at a con-
stant distance apart, and thev are on g flat
piece of paper, or surface. However, if you
should warp the page so that it is no longer
flat. the lines cease to be parallel,

A line is said to be parallel to a surface if it
stays the same distance away from the surface
throughout its length, Two surfaces may be
parallel. Thus a flat ceiling of a room is parallel
to the floor, and the line of the picture mould.
ing may be parallel to both the floor and the
ceiling,
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4. CONCENTRIC AND ECCENTRIC CIR-
CLES: Two circle: are sajd to b concentric



if they have the same center but different
length radii. If the centers of both circles lie
within the circumferences of both but do not
coincide, the circles are said to be eccentric,

5, MEANING OF "TOLERANCE": If ma-
chinery builders had to make each part to
exact dimensions, machinery would be terrifi-
callv expensive yet might perform no better.
S0 each part that must fit in or around another
part is made within a certain leeway, called
a tolerance. For example, a round shaft made
to fit in a bearing might have a nominal diame-
ter of two inches, vet the builder knows from
experience that the shaft will be satisfactory
if it iz made to any diameter between 1.995
inches and 2,005 inches. The drawings for the
shaft will aecordingly specify that the shaft
diameter shall be 2000 inchea plus or minus
0,005 inch {usually shown on drawings as
20M7 00057, Sometimes folerance = ex-
pressed: 2000 inches -+ zero, —0.006 inch,
meaning that the shaft, or whatever it Is,
mugt not be over two inches on the dimension
in question, but may be 0,006 inch smaller. Or
a tolerance might be 6,000 inches 5 00010 inch,
- FEr,
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6. SMAP GAUGES: Whether or not paris
have been finizghed within the dimensions al-
lowed by the specified tolerances is checked
by various kindz of tolerance gauges. A snap
gauge iz for measuring parts that can he
apanned on the outside. It has two arms fitted
with pads, called anvils, at the tips. The dis-
tance between the anvils is very accurately
ealibrated, If the part to he measured can be
alipped between the anvils of the gauge, it is
amaller than gauge dimenszion; if it cannot
enter the gauge, it is larger.

To determine whether a shaft, for example, is
finished 5.000 inches =+ 0.005 inch, we should
have two snap gauges, one 3.005 inches, the
other 2.005 inches. If the larger gauge slips
over the ahaft, we know that the shaft is not
over 3.005 inches in diameter; if the smaller
gange cannot be slipped over the shaft it is not
lesg than 2.995 inches in diameter. The first
gauge is called a “go” gauge, the second a
n-go’ rauge,

7, 0THER GRAUGES: Tolerance gauges miy
be made in various forms, depending upon the
shape of the part to be gauged, Plug gauges
are made for gauging holes, A “no-go™ plug
gauge should not enter the hole, and & “go”
gauge should, if the hole is finished to the right
dimenzion and tolerance.

8. CALIPERS: Un shiphoard you will aeldom
have tolerance gauges available, but you can
measure parta if vou have suitable calipers.
The kind that should be used for any measure-
ment will depend upon the accuracy you want.
Meaaurements that need not be accurate bhe-
yvond the nearest hundredth of an inch may
b made with plain ealipers such as are shown
in Figure 85, The pointz of the calipers are
hrought against the part to be measured and
the calipers are then withdrawn and laid
against a scale to determine the dimension. In
naing calipers be sure you have the points
across the dimension you want. Figure 25
ghows how vou could get an incorrect meas-
urement if you were not careful.

In {A) of Figure 8-5 the calipers have not heen
checked for greatest dimenszion by passing

"llggm gver the shaft. In (B} and (C) they have
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FIGURE 8-5

not been checked for least dimension by mov-
ing them up and down,

9. MICROMETER CALIPERS: More exact
measurements require calipers of micrometer
type, This type has anvils that can be moved
in or gut by turning a verv accurately-made
gerew, uzing light finger action. The shaft of
the moving anvil is marked off in inches,
tenths of inchea, and gquarters of tenths (or,
az we say, is graduated in inches, tenths and
quarter-tenths). The dimension spanned by
the anvils can be read directly on the shaflt Lo
the inch, tenth and quarter-tenth, and as a
gquarter-tenth iz 0,025 inch, the reading iz to
twenty-five thouzandthz, In Figure 8-6, the
shaft zeale shows a gap between the anvils of
0L.E71 inch. One complete turn of the screw ad-
vances the moving anvil exactly one quartor-
tenth or (L0253 inech. The circumference of the
serew 18 praduated into 25 equal zspaces, =0

FIGURE 3-8
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that & turn of only one space advancea the
anvil 14, of 0.025 inch, or 0.001 inch, In Figure
B8, the circular scale indicates that the anvil
hag been moved 0,021 inch bevond the 0850
inch we can read on the steaight shaft seale,
a0 that the anvilz are apart by 0.871 inch.

FIGURE B-7



Micrometer calipers are commonly  called
“micrometers,” and sometimes just called
“mikes.”

10, INSIDE MICROMETERS: The micromn-
eter ahown in Figure 8-6 is an osutside micraom-
eter. An inside micrometer is shown in Figure
BT, with a reading of 0.101 inch, This meas-
urement is added to the known length of the
head and the stick which in this instance is
three inches. The total measurement is there.

fore 3,101 Inches.

11. DIAL INDICATORS: Another form of
micrometer is the dial indicator. It ia made
with a dial and a peinter, geared so that a very
amall movement of the shaft in or out pro-
duees a large movement of the dial pointer.
Suppose you wish to check a shaft to see
whether it is parallel to a machined surface.
You are not concerned, let us say, about the
exact distance between the shaft and the sur
face, except to find whether it remains the
same along the length of the shaft.

Sa vou mount the dial indicator as shown at
(B) in Figure 8-B, being careful to line the
indicator shaft on the line of the diameter of
the shaft being checked that iz perpendicular
to the surface, You move the indicator up
until pressure of the shaft turns the pointer
one revolution, You then set the pointer ex-
actly at zero on the dial, Then move the indi-
cator to position (A), as shown in phantom,
being careful not to permit the indicator
msunting Lo slip and change in height, At (A
the indicator will show whether the shafi i=
at the same height, or above or below it. In
the figure, the indicator showa that the zhaft
is 0L010 inch higher than in position (B).
Whether this i3 a serious difference will de-
pend upon what the shaft does. If a shaft is
correctly distanced from a surface at two
points, and ia straight. vou may assume that
it iz correctly distanced at all points, If it is
out 0010 inch at points, say, one foot apart,
atd the shaft is straight, remember that it
will be out 0,020 inch in two feet, 0,030 inch at
thres feet, ote,

FIGURE 8-8
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12, CLEARANCE: l'uris that are to work
against each other, or rotate within one anoth-
er, must have clearance, For example, o shaft
2,000 inches in diameter would not turn in a
hearing 1,980 inches in diameter, The bearing
muzt be slightly larger than the shaft, sav, for
example, Z.020 inches, and the clearance in
that case iz 0,020 inch, Here again, we must
have & tolerance, which will depend upon the
size of the shaft and what it does in the ma-
chine, For example, the shaft mirht be 20400
inches 0,005 inch, and the bearing 2.020
inchea == 0,005 inch, 20 that the tightest fif
pozsible would be a 2005 inch ahaft in g 2015
inch bearing, when the clearance would be
0.0 10 ineh, The shaft could alzn be 10995 inches
and the bearing 2,025 inches, giving a clear-
amce of 0,080 ineh.

This could be specified as a clearance of 0,020
inch - L0110 inch.

RallAlL DIAMETRICAL
CLEARAMCE CLEARAMCE
=
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Clearance between zhafts and their hem':ing_-!,
or between any round piece and the cvlinder
in which it iz to fit, is uwsually measured on the
diameter, or with the part inside touching at
one side, as in (B) of Figure 8-9, Clearances
could he specified as radial, however, or with
the inside part centered, and the all-around
clearance meazured on the radivs, as in (A) of
the figure. When the kind of clearance iz not
specified, diametrical clearance iz understood.

Clearance naturally iz greater for large parts
than for amall ones, Sometimes this variation
iz =20 specified. For example, a builder of vari-
olis srees of engines mayv express the clearance
between piston skirts and eviinders as 0,001
inch per inch of cylinder diameter. He means
that when he makes an engine with 8-inch
cvlinders, he allows 00,008 inch elearance be-
tween skirts and evlinder walls ; but on an en-
gine with 11-inch bore, the clearance would be
(1011 mneh.

Th

FIGURE B-10

12. FEELER GRAUGES: Clearanee can
gometimes be measured by feeler paures, or
thin strips of steel accurately made to exact
thickness. For 1-?-:::111[:1]1}. if @ AP Can bie entered
by three feeler gauges, side by aide, one 0,005
fnch thick, one 0,008 inch thick, and one (002
inch thick, we know that the gap is at least
0,000 inch wide, If the addition of another Tecl-
er gauge 0002 inch thick makes the combined
thickness too great for the gauges to enter,
we know that the gap is lesz than 0.012 inch.

14. USE OF LEAD WIRES: Some fita are
located so that feeler raures cannot be insert-
ed in the clearance, For example, the fit of a
zhaft in a bearing if the shaft haz collars close
to the sides of the bearing, Clearance in a
aplit bearing can be measured by using lead
wires, The top half ia removed and soft lead
wires known to he larger in diameter than the
greatest clearance are laid on the top half of
the shaft around the circumference. The top
half of the bearing can then be bolted down to
agueeze the lead wires to clearance thickness.
The wires can then be micrometered, and the
thickest flat on any wire will be the clearance
of the bearing where the wire was locateod.

15. SHIMS: Split bearings often have the
halves separated by ahims, or thin strips of
metal or paper, The clearance of the bearing
when new will be increased by wear, but can
be reatored by removing shims., The same
thickness of shims should be remaoved from



FIGURE 8-11

ench side. For example, a bearing when new
had a clearance of 0,020 inch but has worn to
O3 inch clearance. If a shim, or combina-
tion of shims, 0.010 inch thick is remaoved al
each side the original clearance will be re.
stored. As bearings do not wear equally aroud
the circumference, but in the sector that takes
the load, which is nsually the top or bottom
of the bearing half-way hetween the shims,
a bearing taken up by removing shims will no
longer be exactly round, For a emall take-up
this makes but little difference, but rem oving
shims to correct for a large amount of wear
ia unsatiafactory practice.

16. FITS: The fit of a shaft in a beg ring may
b lonse, medium or snuge, depending upon how
precise the action of the shaft must be ta da
its work, The fit of a pin in a hole may be
wringing, tight or force, depending upon what
the pin does, A wringing fit is that of a pin in
& hole of the same dimension. A tight fit is that
of & pin in a hole just 2lightly smaller vinother
words, the pin has a slight negative clearance,
A foree fit is one having considerable negative
elearance: for example, the fit of g pin 1,000
inch in diameter in a hole 0.995 inch,
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17. ALIGNMENT: Three points are said to
be in alignment or “in line™ if a straight line
can be drawn through them. The bearings of
a shaft are in line if one atraight line could be
drawn through all the bearing centers, A shaft
is in line if one straight line could be drawn
through its centers along its length.

Shims are used to facilitate alignment of bear-
ings. Each bearing may be separated from iis
support by several shims. By removing or add-
ing =hims, the whole bearing ean be moved
nearer to or farther away from its support so
as to be brought in line with other bearings.

18. SCREW THREADS: Manv parts of ma-
chines are secured to each other by means of

FITCH DIAMETER
MIMOR DIAMETER

FIGURE B-13




aerew threads, A nut is threaded on & bolt, Tor
example. In that case, the bolt has a ridge
running spirally around it and this ridge fits
in a spiral groove in the nut. The spiral ridge
on the outside of the bolt is called the male
thread; the apiral groove inside the nut is
called a female thread,

19. THREAD MEASUREMENTS: Theout-
side edge of the male thread on a bolt s called
the crest, and the bottom of the valley between
ereats is the root. The diameter over the crests
18 the major diameter of the thread: the di-
ameter from root to root is the minor diame-
ter, The average of the two ia the piteh diame-
ter. The same names apply to female threads,
but it is to be noted that the major, or greater,
diameter of a female thread iz measured from
root to root,

20. PITCH: As the thread is spiral-shaped,
turning the nut makes it move along the holt,
The distance it moves when given one com-
plete turn is called the pitch of the thread.
P'itch is also the distance between threads, and
the number of threads per inch will be equal
to one inch divided by the thread pitch.

21. RIGHT- AND LEFT-HAND
THRERDS: Generally to start a nut on
bolt, you turn the nut as the hands of a clock
turn, and vou keep turning that way to
tighten the nut. To remove a nut, yvou turn
the opposite way, or counter-clockwize, Such
a bolt and nut are =aid to have right-hand
threading. All acrew threads are right-hand
unless there is a special reason why they
should not be. Some nuts secure wheels or
gears, the rotation of which would tend to
loosen a right-hand nut, In such caszes, the nut
is made with a left-hand thread, tightening
when turned counter-clockwise. The propeller
of a ship may turn right hand, or clockwize
when looked at from a poaition aft of the ship.
A right-hand nut holding it on the propeller
shaft would have a tendency to loosen, or back
off, so a left-hand nut would be used,

22. STRAIGHT AND TAPERED
THRERDS: Most machine parts that are
threaded have straight threads: that is

FIGURE 8-14

threads that have the same diameter of root
and crest throughout their length, Piping and
pipe fittings, however, usually have tapered
threads, or threads that gradually increase in
diameter, each succeeding crest being a litile
maore in digmeter than the last. 4 male thread
on the outside of a pipe will be at its smallest
at the very end of the pipe, and will increase in
diameter as it moves up the pipe. The T
ling into which the pipe fita will have a female
thread having its largest diameter at the en-
tramce, tapering to a smaller diameter inside
the coupling,

23. STANDARD THREADS: Pipc threads
in the United States are uaually cut to US
Tapered-Pipe-Thread Standard, The normal
taper is one in sixteen—namely, the diameter
increases by % inch in one inch of length.
Straight threads are usually NC {National
Coarse, formerly known as US8), or NF (Na-
tional Fine, formerly known as SAE).

24. TAPS AND DIES: Hound holes in iron,
steal or other metal can be threaded by uae
of & tool ealled a tap. Thia tool looks soméwhat
like & bolt, but has grooves cut lengthwise to
give the threads a cutting edge and provide
gpace for the cuttings. The hole to be threaded
must be smaller in diameter than the minor
diameter of the female thread to be cut. Tap-
ping 15 usually done with several tapz, The
thread is started with a tapered tap. then

FIGURE 8-15



made straight with a straight tap, and some-
times the bottom threads are finished with a
boltoming tap.

Male threads are cut with a die, The die, like
a tap, ia divided into several sections ca]lad

chasers.

25. STUD, BOLTS, SCREWS: I'igure 216
Mustrates various parta having male threads.

FLAT HEAD
MACHIME SCREW

oy

FLAT FILLISTER HEAD
MACHIME SCREW

=

COUNTERSUNE HEAD

MACHIME SCREW
lill-lll..||||;,|
CAP SCREW ROUMD HEAD
MACHIME SCREW
FIGURE B-1&

26. NUTS: Nuts may have four or more sides.
A four-zided nut iz a square nut, a six-sided
put is a hex nut, and an eight-aided nut iz an
octagonal nut, Most nuts are hex nuts.

27. WOOD SCREWS: Screws for use in
wond are sell-tapping: namely, they can be

&

HEX MUT
FIGURE 8-17

SQUARE NUT

gtarted with a hammer and then serewed
home, displacing the wood to make room for
the thread. Wood 2erews are tapered.
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FIGURE 8-18

28. COUNTERSUNK AND SOCKET SET
SCREWS: Sometimes it would be dangerous
to have the head of a 2et screw protruding on
a revolving wheel hub, go the serew is selected
short enough to enter the hole completely, The
head of such a set screw may be slotted, or
may have a hex socket, In the latter case the
acrew can be tightened by using a bent rod.

SLOTTED

HEAD SDCKET HEAD

FIGURE 8-1%
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29, SECURING NUTS: Unless apecial pro-

visions are made Tor locking nuts on studs or
bolts, vibration or movement may loosen them
and leave the part they hold insecure. Various
meana are uzed for securing nuts, including
lock nuts, lock washers, wire and cotter pins.
A lock nut 12 a second nut, 2erewed on the bolt
behind the nut to be locked. The first nut is
drawn up to the dezired tightnesz and held in
position, then the lock nut iz drawn up to it
and turned hard against it. Lock washers may
be of spring type, tending to open up against
the nut, or have edges that can be bent up
againat one or more flats on the not,

When it ia2 to be zecured by a cotter pin, a nut
is drawn up and & hole iz drilled through both
nut and bolt. A cotter pin is inserted in the
hole and the split ends of the pin are separated
to keep it from backing out, Securing nuts hy
cotter pins iz facilitated by the use of castel-
lated nuts, or nutas having slots already cut in
various positions =0 that one of them will he
in line with, or register with, a hole in the baolt,
Sometimez a group of caztellated nuts will be
locked by locking wire,

Whenever a bent lock washer, cotter pin or
lncking wire iz removed, it should be thrown
away and a new washer, pin or wire used in re-
assembly,

BO

30. SET SCREWS: A wheol or grear mountod
on a shaft iz =ometimes secured to the shalt
and forced to turn with it by means of a set
serew, The hub of the wheel or gear is drilled
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on & diameter, the hole iz tapped and a serew
is inserted and turned down against the shaft,
which may have a shallow hole for engaging
the point of the set serew. Set screws having
various kinds of points are shown in Figure
B-21,

1. KEYS AND KEYWAYS: =et screws are
not strong enough o hold heavy wheels or
wears from turning on their shafts and keys
are uzed for heavy duty, A key is a bar of steel
that Ntz in a slot on the shaft and also in a
glot in the hub of the wheel or gear. The hub
cannot turn on the shaft without shearing the
key. A key may be straight or semicircular
(of Woodruff type). Both types are shown in
Figure 8-22,

WOODRUFF KEY

STRAIGHT KEY |-

FIGURE 8-22

32, SPLINES: Sometimes ridges and val-
leya are cut in the shaft itself, with corre-
aponding Temale cuts made in the inside of the
hub of the wheel or gear, The zhaft in that
case i3 said to be splined, The fit is sometimes
. tight, and sometimes sliding, to allow move-
ment of the gear along the shaft,

33. MACHINED FINISHES: A piece of
metal is machined by cutting a surface on it
using tools made of tool steel, a very hard,
tough variety of steel. The cutting is done in
a machine tool, which may mill, plane, bore,
broach or turn, depending upon the type of
machine tool, Machined zurfaces may appear
smuoth but close examination will reveal the
tool marka.

34. GROUND FINISH: A =urface is ground
by finishing it againat a rotating wheel made
of an abrasive, auch as carborundum, Grind-
ing iz fine or conrse, depending upon the grain
of the grinding wheel, Never use a grinding
wheel without first putting on goggles,

35. LAPPING: A (inish i= lapped when the
metal has been polished by rubbing it against
an iron plate thinly covered with lapping com-
peund, or abrasive mixed with kerosene or lard
oil. Sometimes thiz lapping compound is com-
pacted into a eake and is rubbed against the
surface to be finished without any iron-plate
backing. Parts that are to fit with very litile
clearance are sometimes lapped one against
the other by uzing lapping compound in the
clearancee.

36. VALVE GRINDING: Valves are some-
times ground against their seats by coating
the valve with lapping compound and working
the valve on the seat. This is not true grind-
ing, aa when valve and =eat are refaced against
grinding wheels, but it iz commonly called
grinding.

37. REAMING: A hole can be enlarged by
turning it to a larger diameter with a tool
called 8 reamer, This is somewhat similar to
atap except that it cuts a smonth bore instead
of a threaded one. Reamers may be straight,
cutting a hole of constant diameter, oF tapered,
cutting a hole that slopes steadily to a de-
creased diameter, A parallel reamer opening
up & hole in a shaft is shown in Figure 8-23,

FIGURE B-23
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FIGURE 8-24

38. DOWEL PINS: When the alignment of
two parts requires that they muoat not shift on
each other, they are sometimes doweled, They
are frzt lined up and then two holes are drilled
through both parts in position, and at oppo-
gite sides. These holes may be taper reamed,
in which case tapered pins called dowels are
driven in : or the holes may be straight reamed
with atraightl dowels used,

39. PIPE AND FITTINGS: Pipe comes in
lengihs, and to make up & pipe line there must
be some way of joining one length to another,
Piping amaller than two-inch diameter is
nzually made up with acrewed fitkings, with all
serew threads tapered. The simplest form of
acrewed connection is a pipe coupling, shown
in Figure 825, A more elaborate bul more
useful type is a union, alzo ehown in that fig-
ure, Other fittings shown are 90-degrees long-
and short-radius elbows, called ells, 45-degree
elig, tees, crosses, reducers and return bends.,

40. MAKING UP SCREWED FITTINGS:
Before screwed fittings are assembled or
made up, the male thread should be coated
with & compound to insure tightness of the
joint, For water pipe, use red lead; for low-
pressure Iuhricating-nil or fuel pipe use shel-
lae ; for compressed air, use & sticky mixture
of white lead and shellae.

41. FLANGED FITTINGS: Piping of twa-
inch diameter and larger §s usually joined by
flanges. The flanges may be serewed on the
pipe ends for low and moderate pressures, or
welded on Tor higher pressures, Flanges are

REDUCER
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FIGURE 8-25



GASKET

FLAMGES

FIGURE 8-26

separated by gaskets, or ringa of compresailile
material, for filling in surface irregularitics
in the langes. Rubber, or rubber-impregnated
material, is usually used for water or air lines,
Dil-resisting material must be used for lubri-
cating=pil or low-pressure fuel lines. Paper
gaskets are often used if the flanges are well
fimiahed,

42. HIGH-PRESSURE FITTINGS: Fu«l
oil prezsures of 1,000 pounds up to 20,000
prunds cannot be held by ordinary acrewed or
Aanged fittingz, Special compression fittings
are used, with the joint made by a cone-shaped
male nozzle in a conical seat, as shown in Fig-
ure 227, The high pressure tube iz uszually
attached to the male member of the fitting
by welding or brazing, Some jointz, however,
are made by bringing the tube through the
male fitting and fAaring the end of the tube
over. The fitting should not be tightened

MUT

STEEL TUBE

I vy
.-". SRR :

FERRULE

MALE FITTIMG
HIGH FRESSURE FITTIMG

FIGURE 8-27

more than enough to2top leakage, 88 exeeasive
tightening will spoil the conical seat.

43. WRENCHES: M~utz are tightened or
loozened with wrenches, of which there are
various types. Figure 328 shows =zeveral,

ADJUSTABLE SPANMER

DOUBLE EMD SPANMER

SIMGLE END SPANMER

—ry

SOCKET WREMCH

FIGURE 8-28

44. CORRECT APPLICATION OF A
WRENCH: Figure B-29 shows the correct way
to tighten & nut with an adjustable wrench,

FIGURE 8-29

4E. RATCHETS: Socket wrenches may be
fitted with ratchets to enable the wrench Lo
be applied to nuts located where the wrench
handle could not be given a full swing, The
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atchet turns the nut when the handle iz
turned in one direction but lets the handle alip
in the ratehet on the back turn. Batehets are
usually  reversible ao they can be used to

lonsen as well as tighton.

FIGURE B-30

GATE VALVE

STOP COCK

4E. PIPE WRENCHES: “Wrenches for turn-
ing pipe {alae called Stillzon wrenches) have
roughened jaws and o movable inside jaw
that grips the pipe when the wrench is applied
az shown in Figure §-30,

47. WRENCH CRAUTIONS: Don't pull on a
large nut with a wrench without firat think-
ing where vou might land if the wrench
alipped, Don't uae a wrench a size too large for
the nut. Don't try 1o back off a badly rusted
nut without first fryving to loosen it by apply-
ing penetrating il or kerosens, Don't extend
a wrench with a long pipe to work on a small
nut,

48. VALVES: I'low is shut off or turned on in
pipe lines by fittings called valves, of which
there are several types as shown in Figure
-1,

Any valve with a screw astem and a handle
opens the line when the handle or wheel is
turned counter-clockwise and closes the line by
turning clockwise,

A valve vsed to eloge an air line will have a
composition diac which closes againat the seat.
This dize will bed itsell inte the hard metal
=eat, and form a tight joint, with very little
pressure. These dises are usually renewable.
A wvalve wzed to close a water or ol line will
have a metal plug, which closes on the seat, as
liguids are not as difficult to hold &s air or

Fases.
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MEEDLE VALVE GLOBE WALVE

FIGURE 8-31
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HELICAL

FIGURE B-32

49. GEARS: (Ine shaft may be made fo furn
another by means of gears, Various types of
gears are shown in Figure 8-32, The apeeds of
the two shafts will be in inverse proportion io
the number of testh of their respective gears.
For example, a shaft A with a gear having 30
teeth iz driving a shaft B through a gear on
that shaft having 90 teeth: shaft A will turn
three times as fast as shaft B.

50. BACK LASH: The amount one gear cian
turn if the gear with which it is engaged is
held fixed ig the play or back-lagh of the two
ronrs,

S1. DRIVING MACHINE PARTS ON OR
OFF; Tight fits must often be driven loose or
in place, vet the parta would often be irrepara-
bly damaged if struck directly by a steel ham-
mer or sledge, Bometimes a lead mallet will do
the trick, but if the part iz located =0 that a

ewing cannot be taken at it, a bronze drift pin
may be held to the part and & hammer or
sledge can be applied to the other end of the

pin.

BROMZE DRIFT

FIGURE B-33



CENTER PUNCHING GEARS
FIGURE B-34

52. CENTER PUNCHES: Center punches
are used to make reference marks on metal,
and to mark the center of a hole to be drilled
fs well as to make a small hole to start the drill
point, When two shafts are timed in their ro-
tation, the gears connecting them are =ome-
times center-punched at adjacent points, zo0
they can be re-azzembled in the same relation.
If gears or other parts are marked for mating,
in thiz wav, great care should be taken that
there are no former marks on the partz which
could be confused with the new anaa,

53. HACK SAWS: Sawing of metal iz done
with a hack zaw, which has a saw blade of
very tough ateel, Freguently applving lubpi-
cating oil to the cut while sawing 15 helpful.

HACK SAW
FIGURE B-35

54, FILES: Filez are used to smooth rough-
ened parts of metallic surfaces. They are of
varioua shapes a=z shown in Figure 536, Al-
ways rub chalk on a new file before first using
it. Thiz improves: the cutting action of the file
and makes it last conzsiderably longer, Bear
down when pushing the file away from you,
uzing no more than enough pressure for the
kind of jobx, Use both hands, one on the handle,
the other on the other end. See that your files
have wooden handles, They protect vou from
the sharp end of the file,

N T tvecwigtion.
ROUMND FILE

FLAT FILE
FIGURE B-36

§5. C CLAMPS: Partz can be temporarily
held together with C clamps shown in Figure
8-347. Onee located, the parts should be perma-
nently aszsembled and the C clamps removed,

(C] CLAMPS

FIGURE 8-37



SECTION 9
MAINTENANCE ROUTINE

1. GENERAL RULES: Ohzerving the fol-
lowing general rules will go a long way toward
imsuring satisfactory and trouble-free OpEra-
tion. Refer to the following sections for de-
tailed instructions,

A. KEEFP YOUR ENGINE CLEAN: In-
spect the engine regularly and keep it
wiped clean. It is much easier to keep
the engine clean than to get it clean,
and there is always less trouble with a
clean engine than with one that is cov-
ered with oil and dirt.

BE. LEAVE WELL ENOUGH ALONE:
When the engine is running satisfac-
torily and smoothly, do not continually
try to better the operation with minor
adjustments.

C. NEVER ALLOW YOUR ENGINE TO
SMOEE: When the exhaust from an
engine is smoky it clearly indicates
that combusation is not perfect and that
residue is forming and elinging to
the oily surfaces of the cylinders,
pistons, piston rings, valves, ete. When
this happens you are creating trouble
for yourself and doing an injustice to
the engine. Therefore, the first thing
in congideration of the operation of &
Diesel engine is: DO NOT ALLOW
YOUR ENGINE TO SMOKE,

. KEEF A COMPLETE LOG OF EN-
GINE OPERATION: A complete log
should always be kept of the engine
operation, and back sheets should be
conzulted  frequently and compared
with present conditions, In this way
gradual changes can be detected and
investigated and insignificant troubles
corrected before becoming real ones,
Any unusual noises or other irregulari-
ties should be logged so that they will
be inveatigated at the regular routine
inapections,

E. INSPECTING REPAIRS: At comple-
tion of any adjustment or repair job,
always make a thorough inspection to
see that all parts have been correctly
replaced, that bolts and nuts are tight,
and that all cotter pins and locking
wires are in place. If work involved
rotating parts, bar engine around at
least two full revolutions (s0 that the
camehaft is turned one revolution) to
be sure that all parts are clear. Be sure
that no tools or rags are left inside the
engine.

2. SMOKY EXHAUST: Smoky exhaust in-
dicates defective combustion which usually
18 due to one of the following cavses:
{a) Excessive carbon on spray-valve tips.
(b} Leaking sprav valve.
(e} Leaky exhaust, inlet or air-starting
valve,
(d) Buffer springs may be incorrectly
adjusted,
(e} Fuoel cam or roller may be worn,
(f) Leaky or stuck piston rings.
(g} Uneven eylinder-load balance.

If exhaust smoke is not even but oceurs in the
form of puffs it is likely that the combustion
is defective in one or two cylinders only, Where
the trouble lies can usually be determined by
cutting out spray valves one at & time. When
thiz is done, however, the engine should not
carry more than % load or the remaining eyl-
inders will be overloaded,

3. INSPECTION AND MAINTENANCE
ROUTINE: The following routine for regu-
lar inspection and maintenaice work is sUg-
gested as a guide for the operator, but ex-
perience with the engine over a period of time
may indicate changes that should be made in
the achedule,

It will be noted in the following schedules that
spray-valve cleaning has not been included. Tt
18 believed the apray valves should be cleaned
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only when neceszary, rather than at definite
intervals. The necessity for cleaning will be
indicated by increased or uneven exhapst
temperatures or smoky exhaust and at either
of these indications the spray valves should
be inspected and cleaned, if necesgary, Soe
Section 17 for spray-valve maintenance.

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

A, 4HOUR ROUTINE:
{a) Hand oil the following points:
1. The inlet- and exhaust-valve
stems
2. The rocker arms at their ful-
crums and at their pushrod ends
3. Inlet and exhaust lifters, fuel
wedges, lifter and huffers,
- Wedpe-shaft bearings
. Tachometer drive
- rovernor bearing
. Bilge pump connecting rod,
both ends
B. Mechanical lubricator strap

=1 & e s

For oiling the inlet- and exhaust-valve stoms
it is preferable to use penetrating oil. If this
iz not available & mixture of equal parts of
engine lubricating oil and kerozene may be
used. (A mixture of two-thirds engine fuel ail
and one-third lubricating oil can be used in an
emergency.) For all points in the above sched-
ule use engine lubricating oil.

(b} Check the oil level in the mechani-
cal lubricator. Fill the lubrieator
with clean engine oil of the grade
used in the engine when necessary.

(e} Turn the handle of the lubricating-
ol filter,

{d) Turn the handle of the fuel-nil
filter. Alwayvz turn filter handles
immediately after stopping the en-
grine.

(e} Turn down grease cups on cen-
trifugal pump,

B. DAILY OR 24-IIOUR ROUTINE:

(a) Clean out the sump tanks of the

(b)
(c)

lubricating-oil and fuel-oil filters,
Hand oil the dvwheel brake,

On engines equipped with pneu-
matic control, hand oil the air ram
and interlock and grease the con-
trol unit shaft with cup grease,

C. 200 TO 300-HOUR ROUTINE:

D.

fa)
(b

(e)

(d}

Check inlet and exhaust valve
tirning.

Check apray-valve timing. (After
starting the engine check eylinder-
load balanee.) Bee Section 10.
Clean out lubricating oil day tank
if lubricating oil is dirty or dark in
color,

Remove crankpit doors and in-
spect connecting rods, Be aure that
all connecting-rod bolts are tight
and that evervthing is in order.
Inspect lower part of evlinder bope,

SEMI-ANNUAL ROUTINE:

(a)

ih)

()

id})

(&)

(f)

(Fi]

{h)

Pull cylinder heads and pistons,
remove rings and clean pistons and
grooves thoroughly. Check rings
for side and end clearance,
Examine cylinder walls, Wateh for
shoulders due to ring travel.

Grind inlet and exhaust valves.
Check valve springs Tor length and
tenzion and for defects.
Recondition apray valves. Inspect
stem packing and repack if neces-
gary, Inspect stem for wear and
replace if worn, Inspect and clean
spray-valve tips. Grind stem to tip.
Inspect main and connecting-rod
bearings. Check clearances and in-
gpecl  bearing  surfaces. Adjust
clearances if necessary.

Inspect gear train carefully, ob-
serving back-lash, indications of
wear on teeth, and clearance, on
intermediate gear bearings,

Inspect camshaft, Wateh for worn
or loose cams, loose or worn rollers
or ping on the lifters, Be sure all
keys and lock bolts are in place and
tight.

Inepect water pump and chain ten-
siom.
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E.

(i)

(1)

ik}

Inspect engine control parts, ad-
juat and grind valves if necessary,
Cheek propeller-shaft  coupling
bolts and thrust-bearing and fy-
wheel-clamp bolts,

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

ANNUAL ROUTINE:

fa)

(b)

()

Check erankshaft and thrust shaft
alignment, If shaft needs realign-
ment it is recommended that the
work be done by an experienced
and careful mechanic,

Examine eylinder jackets and ex-
haust manifold water jackets. If
geale ia over 4 inch thick it should
be removed by scale remover so-
lution,

Bemove and inspect lubricating
oil and fuel ol transfer pumps,
Note conditions of bearings, shafts
and seals. Replace if necessary.,

()

(e}

(f)

(&)

Remove top cover and mounting
plate on high-prezzure fuel pump.
Mote condition of pump plungers
and barrels. Inspect suction and
discharge valves and grind seats,
Check valve lifts,

Dizazsemble rovernor and inspect
carefully all moving parta for wear
and signs of distress. Inspect en-
tire linkage between governor and
wedge azhaft for lost motion and
wear. Fuel wedges, links and pins
should alzo be inspected for wear
and replaced if necesszary.,
Inspect mechanical lubricator and
connections to cylinders. Inspect
ratchet mechanism for wear and
proper functioning, Hand crank
lubricator and observe the feed to
each liner. Watch for water leaks
at the nipples going through the
water jackets,

Clean out crankease thoroughly,
Be sure that all cleaning solution
iz drained out after ecleaning is
completed,



SECTION 10
ROUTINE TIMING OF ALL VALVES

1. RELATION OF EHNGINE CRANKS:
The procedure of timing an engine is not diffi-
cult if one is familiar with what is going on
in cylinders other than the one being timed.

It iz therefore recommended that the next
few paragraphs be studied very carefully so
that the sequence of events in the engine be
thorowghly understood.

A familiarity with these events should enable
the operator to reason his way out of any
valve timing difficulty without reference to
his manual.

A study of Figure 10-1 shows that the follow-
ing pairs of cranks are alwavs in the same
position at the same time in a six-cylinder
SrEine,

Nos. 1 and 6

Mos. 2and b

MNoa. 5 and 4
This means that when Mo, 1 piston is on top
center, Mo, 6 piston iz alzo on top center, The
same rule applics to each of the other pairs
of eranks,

2. POSSBIBLE CYCLE EVENTS: Eeference
to Section 1, Paragraphs 7-14, on the principle
of the four-stroke eycle engine shows that a
piston can be doing only one of two things
when it is on top center,

Firat: starting the power stroke, or,
Second : starting the intake stroke.

Az two power atrokes never oreur at the same
time, it is apparent that if No. 1 is on top cen-
ter just starting the power atroke (a piston
moving downward with both valves cloged
zhows that it i3 a power atroke), No. 6 must
be just starting the inlet stroke (a piston
moving downward with the inlet valve open
shows that it iz an inlet stroke),

Or, if Mo, 4 iz on top center just starting the
power stroke, Mo, 3 must be just starting the
inlet stroke. Or, if No. 5 is on top center just
atarting the power stroke, No. 2 is just start-
ing the inlet stroke,

3. EACH CRANK OF ONE PAIR ONE
HEVOLUTION APRRT: Az two revolutions
are requirad to complete one cyele, one erank
of any pair must be doing the same operation
that the other crank of that pair is going to
o one revolution later.

EXAMPLE: No. 5 crank and piston are
at 40 degrees after bottom center on
the compression stroke (hoth exhaust
and inlet valves closed, and the piston
moving upward shows that it is a com-
pression stroke). On the next revolus=
tion No. 5 will be exhausting when it is
at 40 degrees after bottom center, zo
thiz is the operation the other half of
thiz pair of cranks (which is No. 2) 1=
now doing. (No. 2 i3 now moving up-
ward with the exhaust valve open,
showing that it is the exhaust stroke_)

FIGURE 10-1



This pairing of the cranks, and the under-
standing of thelr function at any part of the
eycle must be thoroughly understood before
valves can be timed intelligently.

4. PRELIMINARY CHECKUP: Foints to
check before commencing to time the engline
are:

ia) If work has been done on the engine,
make aure no tools have been left Iving
where they will come in contact with
moving parts when the engine is turned
OvVEr,

(k) Starting air must be turned off at all
air tanks.

(e} Allfuel wedges must move upand down
freely, and be fully in {toward engine).

(dy Al buffer spring cagesz should hbe
screwed nearly out,

(e} Close all izolating valves.

{f) Crank the mechanical lubricator 40 or
3 revolutions a0 the engine can be
turned over more readily.

(g) rpen all anifter valves.

5. STANDARD AND OPPOSITE ROTA-
TION: Standard six-cylinder Atlas Tmperial
Diesel engines have the firing order 1-5-3-8-2-4.
Opposite rotation engines have the firing order
1-4-2-6-3.5. Starting with No. 1 evlinder we
will now give vou all the moves necezsary to
time each valve in proper order on a STAND-
ARD ROTATION engine. If your engine is
OFPPOSITE ROTATION, refer to paragraph
24 at the end of this aection for instructions.
Always check the firing order on your engine
name plate to determine the rotation, These
instructions are arranged in zix Eroups, as
aeveral valves are timed at or near each top
coenter.

6. NO. 1 TIMING GROUP: Move the control
lever to the run ahead position. If this can
not be done, owing to a lifter roller striking
the zide of & cam, turn the starting air on long

< 25,70,15,10, 5, 555 5. 10,15, 20, 25
L TC -

-
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FIGURE 10-2

enough to get the camshaft into the ahead
position and then shut off the alr. Make sure
that the rocker shaft ram iz right down at the
bottom of its stroke.,

Turn the engine to eight degrees before No. 1
top center on the firing stroke. To determine
a firing stroke when the valves are out of time
turn the engine over and hold the fuel wedge
of the cylinder being worked on. As this pis-
ton approaches firing top center the fuel
wedge will start to lift.

The outer rim of the flywheel is laid out with
three groupings of centers spaced 120 degrees
apart. See¢ Figure 10.2, The space between
each two dota equals one degree ; the space he-
tween each two lines equals five degrees,

WARNING: IF THE FLYWHEEL 18
TURNED PABT THE DESIRED DEGREE
NEVER BACK UP JURT T( THE MARK
WANTED. ALWAYS TURN WELL PAST
THE MARK IN THE OPPOSITE DIREC-
TION AND RETURN TO THE MARK
WANTED BY TURNING IN THE PROP-
ER DIRECTION. THIS TAKES UP THE
SLACK OR BACKLASH IN THE TIMING
GEARS.

7. NO. 1 TIMING GROUP (continued) :
NO. 1 SPRAY VALVE. Open the isolating
valve to No, 1 spray valve, one half turn. Pump
up about 1500 pounds fuel pressure with the
hand priming pump.

The lock nut under the ball socket on the upper
end of the pushrod should be loose and the
pushrod screwed into the ball socket (to
shorten the pushrod) so that the rod can be
moved up and down slightly by hand. Adjust
No, 1 pushrod by screwing it out of the rocker
until the spray valve is just opened. This open-
ing is indicated by the needle on the Tuel gaure
dropping, showing that the pressure in the
system is being reduced by the open valve,

As soon as the gauge needle starts to drop,
close the isolating valve to avoid exeess fuel
pasaing into the cylinder. Hold the socket with
one wrench while the lock nut is tightened
with the other wrench as shown in Figure
10-3. The socket must not turn on the pushrod
aor the adjustment is loat,
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LOCKMUT

FIGURE 10-3

To check this setting, back the flywheel up to
about 15 degrees before top center. Pump up
150} pounds fuel pressure, COpen the izsolating
valve and pull the flvwheel slowly ahead and
stop the instant the gauge needle starts to
drop. Close the isolaling valve and check to
determine if the flywheel stopped at eight
degrees before top center, If not make further
adjustment and choeck again.

8. NO. 1 TIMING GROUP (continued):
NO. 8 CYLINDER INLET: Turn the flywhesl
to five degrees before top center. Screw No. 6
inlet pushred in or out of the fork until the
roller in the opposite end of the rocker just
touches the head of the valve stem and all of
the up and down movement in the pushrod is
taken out. Tighten the lock nut. Thizs means
that as the camahaft turns ahead the lifter
roller will atart to climb the lobe of the cam,
opening the valve at five degrees before Lop
center, which is the desired opening.

Refer to Figure 10-4 and it will be seen that
there is an adjusting serew in the valve rocker
stop. These stops hold down the roller ends
of the inlet and exhaust rockers when the
eccentrie rocker shafts are turned in order tno
raise the lifters clear of the cama.

FIGURE 10-4

With a feeler gauge used as shown set the
clearanee, between the top of the rocker and
the adjusting screw, at 0,020 inch. While this
adjustment iz being made, hold the pushrod
down so that the lifter roller is on the cam.
This adjustment must be made whenever the
inlet or exhaust valves are timed,

9. NO. 1 TIMING GROUP (continued) :
NO, 1 AIR-START VALVE: Turn the fly-
wheel to four degrees before top center, As
the air-ztart valves are in operation only dur-
ing the starting period, the method of keeping
the lifters up and clesr of the camshaft, de-
seribed in Paragraph 23 of Section 5, i= used.
But before they can be correctly timed they
must be put in the operating pozition, which
means that the air-atart valve must be seated
and the lifter roller must be resting against
the cam.

Remove the three cap screws and the cover
from the top of each air-start valve, The air-
start valve can now he held down on its seat.
After loosening the loek nut under the rod end,
acrew the air-start pushrod out of the rod end
(Lo lengthen the rod) until all of the up and
down movernent of the rod is taken wp, Do not
lift the air-start valve off its seat. Be aure
that the lifter is forced down on the cam,



against the lifter spring. Tighten the lock nut,
beting earcful not to turn the rod end on the
pushrod.

Asg the camshaft turns ahesd the air-start
lifter roller will start to elimb the lobe of the
cam, opening the valve at four degrees hefore
top center, which is the desived opening,

10. HO. 1 TIMING GROUP (continued) :
N, 6 EXHAUST: Turn the flywhesl to five
degrees after top center. Screw No. & pushrod
in or out of the fork until the roller in the
opposite end of the rocker just touches the
head of the valve stem and all the wp and down
movement in the pushrod is taken owt. Tighten
the lock nut. As the camshaft turns ahead, the
lifter roller will leave the lobe of the cam,
closing the valve at five degrees after top cen-
ter, which is the desired closing. Adjust rocker
stop as in Paragraph 8.

11. NO. 1 TIMING GROUP (continued) :
CHECKING NO, 1 SPRAY-VALVE CLOS-
ING: Turn the Aywheel to about 25 degrees
after top center. Open No. 1 isolating valve
and pump up 1500 pounds of fuel pressure,
Slowly turn the fiywheel BACKWARD until
the gauge needle begins to drop. Close izolat.
ing valve and check to determine if flywheel
stopped at 18 degrees after top center, This
check indicates the closing of the spray valve
and if this comes within one degree of the
proper closing peint no further adjustment is
necessary. If further away than one degree,
aee Paragraph 21 of this section, We have now
covered the timing of No, 1 evlinder for spray-
valve opening and closing, and air-start valve
opening, and No. & cylinder for inlet.valve
opeaing and exhaust-valve closing.

12. HO. 5 TIMING GROUP: I vou continue
turning the engine forward the next eylinder
to come into fring position will be Mo. 5, Pro-
coed to time No. B and Mo, 2 in the same way
as Mo, 1 and Nao. 6.

Stop at eight degrees before top center.

Time and check Mo, 5 spray-valve opening.

Turn the fiywheel to five degrees before top
center.

Time No, 2 inlet-valve opening,

Adjust rocker stop No, 2 inlet valve,

Turn the Aywheel to four degrees before top
center.

Time No. b air-start valve opening.

Turn the fiywheel to five degrees after top
center,

Titme N 2 exhaust-valve cloging,

Adjust rocker stop Mo, 2 exhaust valve,

Turn flywheal to 25 degrees after top conter.

Back up and check Mo, b spray-valve closing.

13. NO. 3 TIMING GROUP: Az vou con-
tinue turning the engine, Mo, 3 will come next
to the beginning of the firing strolke,

Stop al eight degrees before top center,

Time and check No. 2 apray-valve opening.

Turn flywheel to five degrees before top center

Time Mo, 4 inlet-valve opening.

Adjust rocker stop No. 4 inlet valve.

Turn the flywheel to four degrees before top
center.

Time No. 3 air-start valve epening.

Turn fiywheel to five degrees after top center.

Time No. 4 exhaust-valve closing.

Adjust rocker stop No. 4 exhausat valve,

Turn fiywheel to 25 degrees after top center.

Back up and check Mo, 3 sprav-valve closing.

14, NO. 6 TIMING GROUP: The next cyvl-
inder to come up to firing stroke position will
b Mo, 6.

Stop at eight degrees before top center.

Time and check No. 6 sprav-valve opening,

Turn the flywheel to five degrees before top
center.

Time No. I inlet-valve opening.,

Adjuzt rocker stop No. 1 inlet valve.

Turn the Aywheel to four degrees hefore top
center.

Time Mo, 6 air-start valve opening.

Turn flywheel to five degrees after top ceator.

Time No, 1 exhavust-valve closing.

Adjust rocker stop No. 1 exhaust valve,

Turn fiywheel to 25 degrees after top conter.

Back up and check Mo, 6 spray-valve closing.

15. HNO. 2 TIMING GROUP: Next in rota.
tiom will be No. 2 evlinder at firing pozition,

Stop at eight degrees before top center.



Time and check No, 2 spray-valve opening.

Turn the flywheel to five degrees before top
canter,

Time No. 5 inlet-valve opening.

Adjust rocker stop No. 5 inlet valve,

Turn the flywheel to four degrees before top
center.

Time No, 2 air-start valve OpEning,

Turn flywheel to five degrees after top center.

Time No. 5 exhaust-valve closing.

Adjust rocker stop No. 5 exhaust valve.

Turn flywheel to 25 degrees after top center.

Back up and check No. 2 spray.valve ¢losing.

16. NO. 4 TIMING GROUP: After No. 2,

No. 4 comes into firing position,

Stop at eight degrees before top center,

Time and check No. 4 spray-valve opening.

Turn the flywheel to five degrees before top
center,

Time No, & inlet-valve opening.

Adjust rocker stop No. 3 inlet valve.

Turn the flywheel to four degrees hefore top
center,

Time No. 4 air-start valve opening.

Turn fiywheel to five degrees after top center.

Time No. 3 exhaust-valve closing.

Adjust rocker stop No. 3 exhaust valve.

Turn fiywheel to 25 degrees after lop center,

Back up and check No. 4 spray-valve closing.

17. TIMING ROUTINE STARTING AT
ANY CYLINDER: This timing routine has
been given as starting at No. 1 cylinder. The
engine can be timed starting at any cylinder
providing the firing order shown in Figure
10-5 iz followed in rotation. This timing circle
represents two crankshaft revolutions.

18. BUFFER SPRING ADJUSTMENT:
The purpese of the buffer spring is to help
overcome the upward movement of the spray-
valve pusghrod and to assist the spray=valve
spring in returning the entire spray-valve
lifter mechanism to the base of the cam circle,
after this equipment has been raised by the
cam lobe. After all spray valves have been
timed, the buler springs can be adjusted with-
out further turning of the engine, provided
the flywheel is left 20 to 40 degrees from any
top center. Adjust buffer-apring cages as fol-
lows
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When the buffer springs are screwed out it
will be found that the spray-valve rocker bears
up against the horseshos on the sprav-valve
alem. Serew the buffer-spring cage in and
down until this upward pressure is just re-
leased. {This can be checked by slowly turn-
ing the horseshoe between the thumb and fin-
ger while the buffer-spring cage is being
screwed in. When the pressure is released the
horseshoe will turn easily.)

Stop serewing the buffer-spring cage at the
precige point the horaeshos turna frecly, Serew
out the cage one-half turn. Thiz will allow the
apray-valve rocker to exert a slight upward
preasure against the horseshoe, Adjust all the
buffer springs in this manner. Tighten the
clamping cap serew sufficiently to prevent the
cage from turning,

WARNING: THE BUFFER-SPRING
CAGE SHOULD BE ADJUSTED EACH
TIME A SPRAY VALVE IS REMOVED
OR THE SPRAY-VALVE TIMING IS
CHANGED.

19. CHECKING FOR VALVE CLEAR-
RANCE: After the valves are timed it is neces-
gary to check for clearance between the rock.
er-arm roller and the stem of the valve, This
clearance must be about 0.0830 inch for all ex-
haust and inlet valves when cold, and allows
for expansion of the valve stem when the
engine warms up. The check iz made with a
feeler gauge inserted between the roller and



the valve stem when the valve is fully closed.
It the clearance ia found to be greater than
0050 inch do not alter, but if it is less, adjust
the valve pushrod until the 0.050 inch feeler
just slips through, To avoid turning the en-
gine more than is necessary and to make sure
that the walves being adjusted are fully
closed, we suggest the following routine.

Spot the fAywheel on No. 1 firing top center
and check the following valves for clearance:
Mo, 1 exlinder exhaust and inlet

Mo, 2 cylinder inlet

Mo, 3 exlinder exhauvst

Mo, 4 eylinder exhavst and inlet
Mo, & evlinder exhaust and inlet

Turn the ﬂ:‘-'“'l"l.l.‘t'] tor B, 2B I'||-ir|;.; Tog cemter and
check the following valves for clearance

Mo, 2 eylinder exhaust

Mo, 8 exlinder inlet

Mo 6 evlinder exhaust and inlet

Z20. BALANCING THE ENGINE WITH
THE PYROMETER: The timing of the spray
valves assures an equal amount of fuel being
delivered to each cylinder, However, differ-
ences in the condition of the valves, the piston
rings or even the spray valves may require
the changing of the amount of fuel delivered
to any one cylinder, in order to equalize the
load between all eylinders, As the exhaust
temperature is one of the most aceurate indi-
cations of the amount of work a evlinder is
doing, 4 means of taking these exhaust tem
peratures 18 provided by the pyrometer, as
shown in Figure 10-4,

The pyrometer is connected to a thermocouple
in each exhaust elbow by two wires, Turning
the selector to the desired cvlinder number
gives & reading of the exhaust temperature in
that particular elbow, These readingz should
never vary over 30 degrees between the high-
ext and the lowest eylinder when the engine is
at full lead. An engine U]JL':I'Ht:i:I];L',’ with a 20-
degree difference 15 considerad to be balanesd
excellently. Check the temperatures at full
load, If any cylinders are too high by compari-
son to the average, the temperature can be
lowered by screwing in, or shortening, the
spray-valve pushrod slightly, This shortens
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the length of time fuel iz delivered to that
exlinder. If any evlinder iz too low the tem-
perature can be raized by serewing out, or
lengthening, the spray-valve pushrod, This
increases the length of time fuel is delivered
to that cylinder. Remember that exhaust tem-
peratures vary according to the load on the
engine. Adjustments should be made on one
cvlinder in comparison with all the others
while running at a constant load condition. The
adjustments should never be made by compar-
ing the temperatures of a certain evlinder ob-
tained at different times in the day.

WARMNING: M) NOT DEPART FROM
THE CORRECT TIMING OF THE SPRAY
VALVESE BY MORE THAN ONE-HALF
TURN OF THE PUSHROD IN EITHER
DIRECTION. IF MORE CORRECTION
THAN ONE-HALF TURN IS NEEDEDR TO
BALANCE THE LOAD BETWEEN CYL-
INDERSE THERE 15 TROUEBLE SOME-
WHERE. B¢ Section 24 on Trouhle Shoot-
ing.



To avoid the sprav-valve timing getling too
far away from its original setting, the apray
valves should be checked for proper opening
at least every 150 hours,

21. ADJUSTMENT OF FUEL CAM IF
CLOSING OF SPRAY VALVE IS LATE:
The fuel cam lobes for both ahead and astern
are held in one cam dizse which is adjustable,
Therefore, the ahead lobe is the only one that
can be correctly positioned for opening and
closing. Do not attempt to time the spray-
valve opening or closing or alter fuel-cam loba
setting in the astern running position. Adjust-
ment for late closing is made as Tollows:

As an example, we will assume that MNo. 1
apray valve iz closing at 22 degrees after top
center. Thiz meanz that the duration of open-
ing is four degrees too long. The cam will have
to be rolled ahead in the same direction the
camshaft turns in order o bring the closing
point under the spray-valve lifter earlier, As
the cam lobe has the same angle on both sides,
it follvws that whalever is tauken from the
closing period 1= added to the opening period
Therefore, to average out this condition, one-
half the number of degrees that the cloging is
late is the number of degress the cam will be
rolled shead, namely two degrees,

A, Remove the crankpit cover and cut the
lock wire on the fuel cam. See Figure
10-T,

SHARP LGBE’/)‘E
PULL LOBE
FIGURE 10-7

FIGURE 10-8

B, With a scale or scriber draw a line
across the face of the cam as shown in
Figure 10-8. Loozen the twao Ve-inch cap
screws. Do not loosen the dg-inch cap
gcrew in the cam lobe, As %, inch of
the circuomference on the face of the
fuel cam equalz one degree of crank-
ahaft rotation, the cam should be rollad
ahend (im the direction the camshaft
turng) 2, inch. The distanes betweean
the lines can be checked beat with a pair
of dividera.

L. Tighten the two Lle-inch cap serews.
Turn the engine backwards until the
cam lobe is on the inside of the spray-
valve lifter, Time the spray valve in the
normal manner as deacribed in this see-
tion, Paragraphs 6 to 10, Check the
closing in the pormal manner as de-
geribed in Paragraph 11, If the new
closing point is within one degree of 18
degrees after top center no further 2d-
justment is necessary. Replace the lock
wire.,

22, ADJUSTMENT OF FUEL CAM IF
CLOSING OF SPRAY VALVE IS EARLY:
As an example, we will assume that Mo, 1
spray-valve closing is 12 degrees after top
center, This means that the duration of open-
ing iz six degrees short, The cam will have to
ke rolled in the direction opposite the rotation
of the camshaft in order to bring the closing
point under the spray-valve lifter later. As the



cam lobe has the same angle on both sides, it
follows that whatever is added to the closing
period is taken from the opening period ; there-
fore, to average out this condition, one-half
of the number of degrees that the closing is
early is the number of degrees the cam should
be rolled back, namely three degrees.

A, Remove the crankpit cover and cut the
lock wire on the fuel cam. See Figure
10-7.

E. With a =cale or seriber draw a line
across the face of the cam as shown in
Figure 10-8. Loozen the two Ya-inch cap
screws. Do not loosen the Y-inch cap
serew In the cam lobe. As %, inch of
circumference on the face of the fuel
tam equals one degree of crankshaft
rotation. the cam should he rolled back
in the direction opposite the turning of
the camshaft, %, inch. The distanee he-
tween the lines can be checked hest
with a pair of dividers,

C. Tighten the two li-inch eap scerews.
Turn the engine backwards until the
cam lobe is on the inside of the spray-
valve lifter. Time the spray valve in
the normal manner as described in
Paragrapha 7 to 10, Check the closing in
the normal manner as described in
Paragraph 11. If the new cloging i=
within one degree of 18 degrees alter
top center no further adjustment is
neceszary. Replace the lock wire,

23. TIMING ROUTINE FOR AN OPPO-
SITE ROTATION ENGINE USING THE
1-4-2.8-3-5 FIRING ORDER: Head para-
graphs 1 to 7 carefully for general instruc-
tions. Paragraphs 8 to 12 describe fully the
timing of No. 1 eylinder group. The only dif-
ference in timing an opposite rotation is the
order in which the evlinders are timed, This
sequence follows :

24. NO. 1 TIMING GROUP: Turn the fiy-
wheel to eight degrees before No. 1 firing top
centor,

Time and check No. 1 spray-valve opening.

Turn the flywheel to five degrees before top
centar.

Time No. 6 inlet-valve opening.

Adjust rocker stop No. 6 inlet valve,

Turn the lywheel to four degrees before top
center,

Time No. 1 air-start valve opening.

Turn Ay wheel to five degrees after top center.

Time No. 6 exhaust-valve closing.

Adjust rocker stop No. 6 exhaust valve.

Turn Aywheel to 25 degrees after top center.

Back up and check No. 1 spray-valve closing.

25. NO. 4 TIMING GROUP: Turn the flv-
wheel to eight degrees before No, 4 firing top
center which is the next cylinder group to
time,

Time and check No. 4 spray-valve opening.

Turn the flywheel to five degrees before top
center.

Time No, 3 inlet-valve opening.

Adjust rocker stop No. 8 inlet valve,

Turn the flywheel to four degrees before top
center,

Time No. 4 air-start valve opening.

Turn flywheel to five degrees after top center.

Time No. 3 exhaust-valve closing.

Adjust rocker stop No. 3 exhanst valve.

Turn flywheel to 26 degrees after top center.

Back up and check No. 4 spray-valve closing,

26. NO. 2 TIMING GROUP: Turn the fly-

wheel to eight degrees before No, 2 firing top

cinter.

Timez and check No, 2 sprayv-valve opening.

Turn the flywheel to five degrees before top
center.

Time No. 5 inlet-valve opening,

Adjust rocker stop No. 5 inlet valve,

Turn the flywheel to four degrees before top
center.

Time No. 2 air-start valve opening.

Turn flywheel to five degrees after top center.

Time No. 5 exhaust-valve closing.

Adjust rocker stop No. 5 exhaust valve,

Turn flywheel to 25 degrees after top center,

Back up and check No. 2 spray-valve elosing.

27. NO. 6 TIMING GROUP: Turn the fly-

wheel to eight degrees before No. 6 firing top

center,

Time and check No. 6 spray-valve opening.

Turn the flywheel to five degrees before top
center,
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Time No, 1 inlet-valve opening.

Adjust rocker stop Mo, 1 inlet valve.

Turn the flywheel to four degrees before top
center.

Time Mo, 6 air-start valve opening.

Turn flywheel to five degrees after top center.

Time No. 1 exhauat-valve closing,

Adjust rocker stop No, 1 exhaust valve,

Turn flywheel to 25 degrees after top center.

Back up and check No. 6 sprayv-valve closing.

28. NO. 3 TIMING GROUP: Turn the fiy-

wheel to eight degrees before Mo, 3 firing top

center,

Time und check No, & spray valve.

Turn the Aywheel to five degrees before top
center,

Time No, 4 inlet-valve opening.

Adjust rocker stop No, 4 inlet valve.

Turn the lywheel to four degrees before top
center,

Time No. 3 air-start valve,

Turn lywheel to five degrees after top center.

Tirme Mo, 4 exhaust-valve closing.

Adjust rocker stop No, 4 exhauvat valve,

Turn flywheel to 25 degrees after top center.

Back up and check Mo, 3 spray-valve clozing.

29. NO. 5§ TIMING GROUP: Turn the flv-

wheel to sight degrees before No, 5 firing top

cenler,

Time and check No, 5 spray-valve opening.

Turn the Aywheel to five degrees before top
enter,

Time No. 2 inlet-valve opening.

Adjust rocker stop Mo, 2 inlet valve.

Turn the fiywheel to four degrees before top
center,

Time No. b air-start valve.

Turn fivwheel to five degrees after top center.

Time No, 2 exhaust-valve closing.

Adjust rocker stop No. 2 exhaust valve,

Turn flywheel to 25 degrees after top center.

Back up and check No. b spray-valve closing.
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30, TIMING ROUTINE STARTING AT
ANY CYLINDER: Thiz timing routine has
heen given as starting at Mo, 1 eylinder, The
engine can be timed, starting at any evlinder,
providing the firing order shown in Figure
10e% is followed in rotation. This timing civcle
representa two crankshaft revolutions,

31. BUFFER-SPRING ADJUSTHMEKTS:
Read Paragraph 18,

32. CHECKING FOR VALVE CLERAR-
ANCE: REead Paragraph 19 but use the follow-
ing table. Spot the flywheel on No. 1 firing top
center and check the following valvea for
clearance:

No. 1 eylinder exhauat and inlet

Mo. 2 eylinder exhaust

Mo. 3 cylinder inlet

Mo, 4 eylinder exhaust and inlet

Mo. & eylinder exhaust and inlet
Turn the flywheel to Mo, 2 firing top center
and check the following for clearance

Mo 2 eylinder inlet

Mo. 3 evlinder exhaust

Mo, 6 cvlinder exhaust and inlet
Eead Paragraphs 20 to 22 for further adjust-
ments.



SECTION 11
CYLINDER HEAD AND VALVES
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FIGURE 11-1

1. REMOVAL OF ROCKER ASSEMBLY:
Thia assembly is shown in Figure 11-1 and i=
the first group of parts to be removed when
work on the eylinder head is necossary. He-
move the cotter pin and drive out the fulerum
pin in the end of the sprav-valve roeker and
lift off the rocker. Drive out the fork pins in
the inlet and exhaust rockers. Kemove the
four nuts which clamp the two rocker-shaft
bearings, Examine the forks on the ends of
the rocker shaft. If these have ping in them
the rocker assembly will 1ift off. If either one
or both forks have pins extending into them
from the next rocker shaft, it will be necessary
to remove these pins before lifting off the
rocler assembly,

Z. REMOVAL OF SPRAY VALVE: [Dizcon-
nect the zprav-valve tube at each end. Loosen
the spray-valve clamp nut and remove the

SPRAY VALVE

PRY BAR

FIGURE 11-2

clamp. If the spray valve will not lift out easily,
inaert the point of a small pry bar (about 12
inches long) as shown in Figure 11-2, While
prying up with one hand grasp the sprayv-valve
strainer with the other hand and rock it back
and forth.

When the valve ia removed aee if the gasket
which fitz under the tip nut i3 on the end of
the spray valve or whether it has remained in
the cylinder head. If the gasket did stay in the
head & note of this fact should be made so that
an additional gasket will not be used when
the apray valve is installed. Handle the spray
valve carefully. Avoid dropping it or bumping
the tip, as the small holes are easily damaged,

3. REMOVAL OF CYLINDER HEADS:
Unless a complete overhaul is being done,
never remove all the eylinder hepds at one
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time, If one or two heads are left on to sup-
port the exhaonst and inlet manifolds much
time and trouble will be saved.

Dirain the engine and remove all the cap serews
that attach the inlet and exhaust manifolda
to the head being taken off. Bemove the sec-
tion of water-outlet manifold which is above
the head. Bemove the fuel-rail clampa and the
two cap screws which attach the air-start
manifold and valve, Remove all the cylinder
head stud nuts. Attach a lifting deviee as
shown. Thiz can be two pieces of 14 or 35 inch
by one inch strap iron bent and drilled as
shown in Figure 11-3. Hook a chain block into
the lifting bridge and hoist the cvlinder head
off evenly. Tt may be necessary to shake the
head to break it loose,

It iz advisable to remove the cylinder relief
valve shown in Figure 11-1 to avold damage
while the head iz being handled on the fleor,

_ VALVE GUIDE

VALVE SEAT

WALVE FACE

CHAIN BLOCK
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. WATEROUTIET  _a—EXHAUST

STARTING Al

AlR START CHECK WAL

FIGURE 11-4
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4. DISASSEMEBLY OF THE CYLINDER
HEAD: Figure 11-4 shows that all valves
are seated directly into the head casting. It
alao shows that the inlet and exhauat valve
guides are pressed into the head. The air-atart
check-valve guide ia held in place by two cap-
serews through the guide flange.

Remove the cotter pin and spring retainer nut
from the stem of the air-start cheek valve.
Remove the two nuta which attach the valve
guide. It may be necessary to pry the guide
loose in the same manner as the apray valve
wias loosened,

LOCK WaASHER WALVE STEM

FIGURE 11-5

Loosen the double nuts on the stems of both
the exhaust and inlet valves as shown in Fig-
ure 11-5, There is a special thin wrench, sup-
plied with the engine, to hold the lower nut
while the top nut iz being loosened. A special
type of lock washer is used between these two
nuts and ordinary spring lock washers should
not be used as a substitute. The valve spring
is still under considerable tension as the last
nut is serewed off the valve stem and care
should be taken to aveid injury.

Clean out the valve ports and passages in the
head, Clean the valve stems and head, Exam-
ine the gpring for cracks or corrosion. IT the

valve seat, in the head, iz burned or pitted it
may look like the one shown in Figure 11-6.
A valve that needs facing and grinding is
shown in Figure 11-T.

FIGURE 11-6

FIGURE 11-F
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“ VALVE STEM

FIGURE 11-8

5. MEASUREMENT OF VALVES AND
GUIDES TO DETERMINE IF RENEWAL
IS MECESSARY: The clearance hetween a
new exhaust-valve stem and a new guide
should be from 0004 €0 0005 inch, As the
guide is reamed to 34 inch or 0,625 inch the
valve atem will meazure, when new, (LG20 to
0621 inch.

Uze an outside micrometer and measure the
valve stem at several places over its length.
A 0,010 inch iz the maximum wear permit-
ted, the valve should be renewed if the stem
measures less than 0610 inch.

To eheck the wear in the valve guide, insert
a new valve stem and measure the clearance
with a leeler gauge as shown in Figure 11-8,
If more than 0.015 inch of feeler leaves can be
foreed between the guide and the valve stem,
the guide should be renewed. The normal run-
ning clesrance is 0,005 inch and the maximum
allowahle wear is 0,010 inch, making a total
of 0.015 inch, which is the greatest permisaible
clearance.

The inlet valves are fitted a little clozer due to
their not being exposed to so much heat. The
new inlet-valve stem will meaaure from 0622

to 0,623 inch, making the discarding point
0.612 for the valve and 0,613 for the guide
when making the same checks as were made
on the exhaust valve,

The exhaust valve iz made of & special alloy
of heat-resisting steel, while the inlet valve
18 a chrome nickel forging. These valves should
not be interchanged except in an emergency,
as the inlet valve will not stand up as well
when uaed in exhaust service.

BUSHIMG DRIVER

FIGURE 11-%

6. REPLACEMENT OF VALVE GUIDES:
If renewal of the guides is necessary, set the
head up on blocks as shown in Figure 11-9, Use
a bushing driver made of a piece of one-inch
cold rolled steel about 10 or 12 inches long
and turned dewn to 4. inch diameter for
about two inches on one end. I a press is avail-
able, it can be uzed to foree out the old guide,
Otherwise, & heavy hammer can be used as
shown in Figure 11-8,

Before the new guide is installed, coat the out-
side with a mixture of white lead and oil. Turn
the head over and drive the new guide in as
shown in Figure 11-10, The guide must be
driven in until 313 inches extends out of the
top of the exlinder head,

Ags the fit of the guide in the evlinder head is
viery Light, the bore of the guide is apt to be



VALVE GUIDE

FIGURE 11-10

alightly distorted after installation. The hole
in the guide should be reamed with a 0,625
inch parallel reamer as shown in Figure 11-11.

FIGURE 11-11

7. REAMING VALVE FACE AND SEAT:
If the valve seat in the cylinder head is pitted
az shown in Figure 11-6, it should be reamed
to avold exeessive grinding, A standard 45-
degree seat reamer and a %p-inch pilot to fit
the guide are the tools required. The reamer

FIGURE 11-12

should be used as shown in Figore 11-12, Do
not remove any more metal from the head
than is abzolutely neceszary to oblain a ¢lear
aent.

If the valve face iz pitted or burned as shown
in Figure 11-7, the valve ahould be refaced in
a valve machine or lathe, If such equipment
is not available we suggest using any spare
valves on board. KEeep the pitted valves until
they can be serviced properly. However, if it
is necessary, these pits, in either the valve
face or the cyvlinder head seat, can be removed
by grinding, but much more work will be re-
quired than if they have been properly re-
faced.

BRACE

 SCREWDRIVER BIT

-l :
FIGURE 11-13
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8. GRINDING VALVES: The purpose of
valve grinding is to obiain a gas or air tight
fit between the valve face and the seat. Sot the
evlinder head on blocks and eoat the valve face
with eparse grinding compound, There are
many valve grinding deviees available, but the
most simple one can be made from a carpen-
ter's brace or a speed wrench handle and a
wide screwdriver bit. Use them as shown in
Figure 11-1% and rotate the valve back and

FIGURE 11-14

WELL GROUND
WALVE FACE

FIGURE 11-15

forth abowt 180 depress. After 20 or 20 such
movements, liftt the valve off its seat to allow
the grinding compound to reform on the grind-
ing areas. Repeat these operations as often as
is required to obtain a reazonably clear face
and zeat, Add more grinding compound when
necessary, There are many types of grinding
compounds available and most of them will do
a good job. Some are already mixed in the
form of a paste, while others require a small
quantity of water. A good grinding paste can
be made by mixing emery powder and cylin-
der oil.

When the pits or scores have dizappeared,
change to fine compound and continue to grind
until the seat iz smooth and free from any
marks as shown in Figure 11-14, The valve
Face should look like the one shown in Figure
11-16.

RETAIMER MUT
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Wash the valve and seat thoroughly to remove
all grinding compound. A simple check of the
fit of the valve in the seat can be made as fol-
lows: Draw six or eight pencil lines across the
face of the valve, spaced evenly around the
circumference. Insert the valve in the head,
Press down firmly on the head of the valve and
turn it approximately 'y of a turn. Remove
the valve and if the fit is proper, part of each
pencil line should be erased.

9. GRINDING AIR-START CHECK
VALVYE: This valve or its seat will seldem
need fucing or reaming. A few turns with fine
erinding compound will be aufficient to assure
a good fit. When grinding the check valve put
in the guide to position the valve. Neither the
valve stem nor the goide will require replace-
ment, as the valve does not operate enocugh to
wear these parts. Figure 11-16 shows this as-
sectihly,
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10. GRINDING AIR-START VALVE: [ie
move the cover plate, Figure 11-17. Coat the
valve face with grinding compound and pro-

ceed as for grinding other valves, When a
reasonably  clear seat has been obtained,
change to fine compound and complete grind-
ing. Wash thoroughly and check as for other
valves,

When grinding the air-start valves be sure
that the lifter is not on the lobe of the cam.
The operator will have to press down on the
grinding device sufficiently to compress the
air-start lifter spring, otherwise the valve will
be held off its seat.

11. DISASSEMELY OF CYLINDER RE-
LIEF VALVE AND SNIFTER: Ii is not ad-
visable to service this assembly unless it has
been griving trouble, If the relief valve has been
leaking remove the parts in the order shown
in Figure 11-18. After cleaning the parts, hold
the body of the valve in a vise. Smeap grinding
compound on the valve face and insert the
valve in the body. A screwdriver can be used
to rotate the valve as shown in Figure 11-19.
Continue grinding until a perfect ringed seat
15 obtained on both the valve face and the seat
in the valve body.

12. ASSEMELY AND SETTING OF THE
RELIEF VALVE: Wash all parts thoroughly
and assemble in the order shown in Figure
11-18, To set the apring tension of the valve
proceed as follows: Connect the relief valve
to the open fitting on the fuel rail with the
spray-valve test tube. To make thiz connec-
tion it will be necessary to have a fitting made
up with a Ve-inch female pipe thread on one
end, and a male fuel compression fitting on
the other. Close the isolating valve to each
spray valve and open the isolating valve on
the open fitting to which the test tube is con-
nected, as ahown in Figure 11-20.

Fump up fuel pressure in the rail with the
hand fuel pump. Serew down the apring cap of
the cylinder relief valve until the valve will
hold B0 pounds fuel pressure without leak-
ing. Serew in the set serew in the cap, which
acts as & lock for the cap, and tighten the lock
nut. The valve is now ready for assemhly on
the engine,
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13, ASSEMELY OF CYLINDER HEAD:
Wash the head, valve guides and seats thors
oughly., Clean off the valve faces and stems
and insert them in the hesd after oiling the
stema, Each valve must be installed in the
seat it was ground to. Hemember that ex-
hanat and inlet valves are not interchangeable
except in an emergency. Lay on the lower
apring washer and the apring. When the apper
apring waszher iz put on the end of the spring it
will most likely be above the threaded end of
the valve stem, and will have to be forced down
to permit starting the first nut, This can be
done by using the spray valve test handle, as
shown in Figure 11-21, or any other convenient
method, Care should be taken to make sure the
tool used does not slip off the =pring retain-
ing washer, as the action of the spring will
throw this washer and it may be loat,

After the first nut is acrewed down put on the
special lock washer and the second nut, When
these nuts are locked there should be about
one thread showing ahove the top of the uppear
nut.

The air-start check-valve guide is held in by
the two cap screws in the Dange and the spring
can be compressed by hand to start the re-
tainer nut. Be sure to install the cotter pin
which goes through the retainer nut and the
valve stem.

Raize the head up on blocka a0 that the valve
heads are clear. Strike the stem of each valve
several times with a brass or babbitt hammer
to make sure the valves are free and closing
properly.

12, INSTRALLATION o©OF CYLINDER
HEAD: Examine the copper cyvlinder-head
gasket, IT it has become brittle and hard it
can be softened or annealed by heating to a
dull red and quenching in water. I the gasket
i2 thin or scored a new one should be wsed,

Clean the gasket groove which is formed by
the counterbore of the evlinder and lay in the
gasket, Make sure that the under face of the
exlinder head iz clean and lower the head onto
the evlinder, Just before the head rests on the
cylinder lift the gasket az shown in Figure
1122 to asaure its being free and in place.
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Lower the head and make sure it 1= sitting
evenly on the gasket. This can be done by
checking with a feeler gauge the opening be-
tween the cvlinder and the head all around the
eircumference,

Replace the exhaust elbows, inlet manifold,
air-start manifold and water-outlet manifold.
Start all the cap screws that attach these vari-
o1z manifolds to the heads. Tighten these cap
serews sufficiently to saquare the heads to the
flanges of the manifolds but do not give the
final tightening until after the cvlinder-head
nuts are drawn down, Screw all the head nuts
down by hand until they just touch the cylin-
der head. Using a box wrench and a four-foot
bar tighten any one nut one flat or 1 of & turn.
Shift to the opposite side of the head and
tighten one nut one flat. Proceed around the
head in thiz manner, always tightening a nut
as nearly opposite to the lazt one tightened as
posgible. All nuts should be finally tightened
asz much asz it is possible for one man to pull
on & four-foot bar,

Tighten all manifold cap screws. Replace the
fuel rail clamp. Before attaching the by-pass,
which carries the cooling water from the eyl
inder to the head, check to see if the two faces
are parallel, There is a 14 -inch-thick rubber
gasket used at this joint which covers the face
of the by-pass. If it i= found that one face is
out farther than the other a half-gasket may

ke used to correet this difference, OF course a
complete gasket will be used as well.

Replace the cyvlinder relief valve and the rock-
er assembly. Connect the rocker-shaft forks
and drive in the pins in the pushrod forks. The
lock nuts on the pushrods should be loosened
and the pushrods serewed well into the forks,
They are then ready for adjustment when the
ergrime 1z timed.

When installing the spray valve great care
should be taken that there iz only one gasket
under the tip nut. Two or more gaskets will
lift the valve up so that the value of the spray
in the combustion chamber iz altered.

Connect the spray-valve tube to the rail fit-
ting and the filter on the valve. Thiz will cor-
rectly position the walve, after which the
clamp nut can be tightened, RBeplace the spray-
valve rocker, being sure to put the eotter pin
in the fulecrum pin, The valves should now be
timed. See Section 10,

Az zoom as the engine ia started up, after a
eviinder head has been off, an examination of
all jointa and guskets should be made (o de-
termine if there are any leaks. All tools used
in servicing the cylinder heads should be
greazed before laid away so that they will
be in good condition when they are again
meeded,

s



SECTION 12
CYLINDER AND LINER
PISTON AND CONNECTING ROD

I. REMOVAL OF THE PISTON AND
CONNECTING ROD: HKemove the cvlinder
head as described in Section 11. Scrape the
carbon from the top of the evlinder wall thor-
oughly, for if this surface is not clean it will
be difficult to remove the piston.

Attach the piston lifting bar by two cap
serews to the holes drilled and tapped in the
top of the piston. This lifting bar can be any
pilece of iron &y inch thick by one ineh or more
wide and long enough to have a hole drilled in
each end that will correspond o the tapped
holes in the piston.

Remove the crankpit doors and bar the engine
over until the erank is in the position shown
in Figure 12-1. Bemove the cotter pin and
serew the nut almost off, Drive the connecting
rod bolt down until it hangs on the nut.

; SHIMS
FIGURE 12-2

Bar the engine over until the crank fs in the
opposite position as shown in Figure 12-2, Re-
move the cotter pin and nut completely from
the connecting rod bolt on the manifold side
aof the engine. Drive the bolt down with
three or four pound hammer, Az the bolt is
driven out the crank will have to be turned
toward top center so the bolt will clear the pit
wall.

Turn the erank back to the first position as
shown in Figure 12-1 and remove the nut and
drive out the balt, Turn the crank to top cen-



ter and hook a chain block to the piston lifting
bar, Withdraw the piston and connecting rod.
If the eylinder is worn badly there may be g
slight ridge at the highest point of piston rimg
travel. As the piston iz withdrawn, the rings
may cateh in this groove and it will be neces-
sary to bump the foot of the connecting rod
with a block of wood held between the foot
of the rod and the crankpin. If the crankpin
is turned down & few inches away from the
block and then brought quickly back up
against the wood block a sufficient foree can
be developed to push the rings past the ridge,

As the foot of the connecting rod leaves the
top of the crankpin bearing, COMPrEEsion
shims as shown in Figure 12-3 will he exposed,
Some shims may stick to the foot of the con-
necting rod while others may lie on the top of
the erankpin bearing, Tt i= important that
none of these shima are lost or mixed with
the shims from other cylinders, Collect all the
shims from the eylinder being worked on and
tie them in a bundle marked with the eylinder
number,

2. REMOVAL OF THE PISTON RINGS:
It will be easier and safer to remove the pis-
ton rings while the piston is hanging from the

FIGURE 12-3
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FIGURE 12-4
chain block above the eylinder. This will avoid
demage to the rings while the piston is being
lowered to the floor. Grind off all the teeth of

81X or more used hack saw blades or cut simi.
lar strips of sheet metal,

Pry the end of the ring out as shown in Figure
1Z-4 and insert one of the metal gtrips, This
strip can then be worked around the ring and
another started in the end of the ring. When
the ring is completely withdrawn from the
groove and supported by the atrips alone, slip
the ring over the top of the piston. Repeat this
operation until all the rings are removed.
When the rings are stacked on the bench, be
sure that they are arranged in the same order
in which they were removed as it is important
to know which groove a ring belongs in when
measurement checks are being made.

If zome rings are stuck in the groove they may
be loosened by the application of penetrating
oil. If this treatment does not release the rimg,
it will be necezzary to break the ring and re-
move it in pleces,

3. DISASSEMEBLY OF PISTON AND
CONNECTING ROD: Many of the serviee
iobs deseribed in this manual, such as re-
maving bushings, pins and gears, can be done
in a shop by presses or other equipment. How-
ever, these tools are seldom available on board
ahip, g0 we will endeavor to outline methods
that can be accomplished with the facilities
usually found in an engine room,
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FIGURE 12-5

Stand the piston and eonnecting rod on end
as shown in Figure 125 Loozen the lock nut
(A) and remove the set serew (B) shown in
Figure 12-11. With the piston and connecting
rod atill on end, tie a rope arcund the fool of
the rod and attach the other end of the rope
to some fixture overhead 20 the rope just takes
the weight of the connecting rod.

The piston pin in your engine is step cut. That
means that the bearing area and one end are
the zame diameter while the other end is
smauller. Thias construction is shown in Figure
12-6 which explaing why THE PIN MUST
ALWAYSE BE DRIVEN OUT FROM THE
sMALL EMID. The armall end iz the one with
the set serew in it Az the piston pin iz hard-
enad it will not =tand the direct blows of @
sledge hammer. However, by using an old
piece of bronze or brass shafting and a 12 to
16 pound aledge hammer the pin can be driven
ot
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FIGURE 12-&
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Waszh the piston and connecting rod and clean
out the ring grooves in the piston with a
aeraper made by sharpening a piece of broken
ring. Bemove the plug in the upper end of the
connecting rod and the ball check from the
foof, Clean out the drilled oil passage in the
rodl thoroughly. Clean and examine the hall
check to see that the ball moves freely and iz
seating properly. If the lift of the ball exceeds
o of an inch the complete check valve should
b replaced,

Stand the piston pin on end on the bench and
with a micrometer take measurements of the
diameter at four quarters of esch end of the
bearing surface, Mext take at least eight or
Len messurements at various places on the
hearing area between the enda. If there iz a
varignee of 0005 inch or more in any of these
measurements the piston pin should be re-
ground or replaced. As regrinding is usually
impogsible on board ship, a worn pin will have
to b replaced,

After a decizgion has been made on the condi-
tion of the pin the next step iz a check on the
elearanee of the pin in the hushing. Grip the
connecting rod in a vise and insert the pin in
the bushing as shown in Figure 12-7, With a
new piston pin and bushing, this clearance
should e 0.004 to 0,005 inch. The maximum
clearance should not exceed 0,010 inch and the
bushing should be replaced if greater wear
than this is found.



4. INSTALLATION OF PISTON PIN
BUSHING: The worn bushing can be driven
cul with a drift and sledge in the same man-
ner as the piston pin, The new bushing to be
inatalled must be handled with more care to
avoid damage, Set up a puller as shown in Fig-
ure 12-8, Any flat stecl plate Ly inch thick or
over with a % -inch hole near the center will
do. A F-inch bolt about 12 inches long with
three or more inches of thread on one end, a
small ztrongback and two pieces of &) or one
inech square steel are all that is necessary to
make this layout. When evervihing is set up
as shown, the new bushing can be forced into
place by screwing down the nut above the
stronghack. As set up in Figure 12-2 the bush-
ing can be pulled Aush with the connecting
rod. When this has been aecomplished, lopsen
the nut and lay in the two square pleces of
atecl on the edge of the connecting rod, under
the stronghack, so that the bushing can be
pulled through the correct distance. When in
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place the new bushing should protrude the
aame distance from cach side of the connect-
ing rod.

The ¢learance between the piston pin and the
new bushing should be checked by again
gripping the rod in the vize as shown in Figure
12-7. Inzert the piston pin and measure the
clearance with a feeler gauge. If a 0,004 or
(L005 inch gauge leaf cannot be inserted, the
bushing should be opened up to this amount.
A bearing seraper uged carefully as shown in
Figure 12-9 will serape off any high spots in
the bushing.

After the bushing has been installed, fush
out the drilled passage in the rod to remove
any particles of bushing material that may
have been dropped through the hole or 2eraped
off while pulling the bushing in. Replace the
connecting rod check valve and screw the plug
in the upper end of the connecting rod,

5. CHECKING AND FITTING THE PIS-

TON RINGS: A: the greatest wear in a cvl-
inder occurs near the top ALWAYE CHECK
THE RING CLEARANCES BELOW THE



CENTEE OF THE CYLINDEER. Insert each
ring az shown in Figure 12-10 and measure
the end-gap clearance with a feeler gauge, This
end-gap clearance SHOULD NOT BE LESS
than 0,005 per inch of the cylinder diameter
for NEW RINGS in the top two grooves,
Example: for Tla-inch cylinder diameter:
Tl x 0005 = 0.038 total clearance,

The end-gap clearance should NOT BE LESS
than 0.003 per inch of the inside cylinder for
NEW RIMGS in the grooves below the top
two prooves, Example: for Tle-inch eylinder
diameter: T4 x 0,003 = 0.023 inch total clear-
ANCE,

FIGURE 12-10
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If the gap clearance of any ring exceeds 0,008
per inch of the cylinder diameter, the ring
should be discarded. When fitting new rings,
the gap clearance can be increased hy filing
the ends of the ring. When fitting new rings,
make sure that the clearance betwesn the top
of the ring and the top of the ring groove is
at least 0003 to 0.005 inch, This check should
be made with the ring in the same groove it
iz to be installed in. These clearances are all
ahown in Figure 12-11.

The bottom ring and the first ring above the
piston pin are oil scraper rings and should be
installed RIGHT SIDE UP as shown in Figure
12-11. After the rings are fitted for gap clear-
ance they should be carefully stacked so they
may be gssembled on the pizton in the order
they were fittod.

6. MEASURING CYLINDER BORE: M-
urements of the eyvlinder bore should be taken
and recorded in the log each time the pistons
are removed, These periodic records give the
operator a chanee to spot any unusual wear in
a particular cylinder and take steps to correct
any trouhle,

The eylinder bore should be measured at the
top of ring travel and about six inches down

FIGURE 12-12
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the bore az well, Measurements should be
taken both fore and aft and thwartships, The
greatest wear will oceur at the very top of ring
travel and it is for this reason that the end-gap
clearance of piston rings should alwavs he
measured with the ring well down towards the
bottom of Lhe bore, Use an inside micrometer
Lo measure the bore as shown in Figure 12-12,
The usge of thiz micrometer is deacribed in
Paragraph 10 of Section 8. WARNING : When
ordering pistons or rings for an engine that
has been rebored alwayvs give the micrometer
gize of the cylinder taken at the very bottom
of the hore,

7. ASSEMBLY OF THE PISTON, CON-
HECTING ROD: Make sure all parls are
clean, Stand the piston on end, suapend the
connecting rod as in Figure 12-5. When assem-
bling the piston and rod remember that the

FIGURE 12-13



marks on the fool of the connecting rod al-
waya o to the manifold side of the engine, The
gmall end of the piston pin is always afl in
the cylinder., These two facts will determine
which way the connecting rod is turned before
the piston pin is entered as shown in Figure
12.13.

Cover the pin with clean oil, Enter the piston
pin as shown, with the small end in and the
dowel in line with the dowel alot. Push in by
hand as far as posgible, There should new e
about two inches sticking out. With a drift
and a zledge drive the pin in az in removal,
see Flgure 12-5.

BEE SEURE THE DOWEL ENTERS THE
DOWEL SLOT. When the shoulder, () Fig-
ure 12-11, comesz up against the piston, drive
the pin BACK one or two blows with a aledyge.
This relievez any tension and should have
the shoulder on the piston pin about 75 of an
inch away from the piston. This measurement
is not impertant as long as the shoulder does
not touch the piston. Make aure the hole apot-
ted in the piston pin, {D) Figure 12-11, is di-
rectly under the set serew hole in the piston.
Serew in the set screw tightly, and lock the
lock nut.

8. ASSEEMELY OF THE PISTON AHD
CONNECTING ROD IN THE CYLINDER:
Clean the eylinder walls, piston and connecting
rod. Apply oil generouzly to the walls of the
cxlinder, Set in the piston-ring compressor, as
shown in Figure 12-14. Thia compressor ring
iz usually found among the engine reom egquip-
ment and assists greatly in entering the pizton
rings, in the cvlinder, without damage. If a
compressor ring iz not available, this job can
be done by lowering the piston until the lower
ring just rezis on the top of the eylinder. Com-
press this ring by drawing a piece of strong
eord around the ring, bringing the ends of the
ring together., This will allow the piston to
lower into the cvlinder until the next ring
restz on the eylinder. Repeat this operation
until all rings are entered.

Suspend the piston over the eylinder as in re-
moval, see Figure 12-14, Azsemble the piston
rings on the piston as in removal, see Figure
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12-4. The OIL SCRAPER RINGS MUST BE
INSTALLED AS SHOWN IN FIGURE 12.11,
THE TWO COMPRESSION RINGS WITH
THE GREATEST GAP CLEARANCE MUST
BEE INSTALLED IN THE TOP TWO
GROOVES.

il the ring compressor genercusly. Lower
the piston until the piston top is level with the
top of the eylinder. Turn the crank of the eyl-
inder being worked on to top center and
CLEAN OFF THE FOOT OF THE CON-
NECTING ROD AND THE TOP OF THE
CRANEKPIN @ BEARIMNG THOROUGHLY.
Separate the compreszion shim bundle and
WASH EACH EHIM 30 THAT N0 DIRT
REMAINS OM IT. Turn the assembly so that
the marks on the fool of the connecting rod
fare the manifold side of the engine,

Liower the piston until the foot of the conneet-
ing rod is about one-half inch above the top of
the erankpin bearing. Lay in all the compres-
sion shimes belonging to that evlinder, IT IS
VERY IMPORTANT THAT NOMNE 18
LOST Ok NONE IS ADDED. Line up these
shims carefully so that the holes in the shima
are in line with the holes in the crankpin hear-
ing and the foot of the connecting rod.



FIGURE 12-15

Lower the piston, making sure the apigot on
the bottom of the connecting rod enters the
center holes in the compression shims and the
top of the crankpin bearing. When the piston
iz completely down, make sure the foot of the
conhecting rod iz resting flat on the shims.
Make sure there is no space between any of
the shims, or the top of the crankpin bearing,
or the fool of the connecting wrod, Tf these sev.
eral parts do not come together properly, DO
NOT PULL THEM TOGETHER WITH THE
CONNECTING ROD BOLTS. Find out what

is holding them apart and correct it.

Turn the crank to top center and check the
height of the piston by measuring from the
top of the evlinder to the top of the piston.
The following table gives the meazurements
for various engine gizes !

Erngine
Bore nml Stroke Measuremenl
71-3.'{ ]ﬂ]g :“:::i.l't-
10 % 135 1 i,
1014 x 13 L in.
11 x 15 L . in,
13 x 16 115, 10,
1404 x 18 114, in.
15 %19 185, in,
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Make adjustments if necessary by adding or
removing compression shims. Drive the con-
necting rodd holts up, MAKING SURE THE
FLAT ON THE CONNECTING ROD BOLT
ENTERS THE RECESS IN THE BEEARING.
See Figure 12-15, Serew down the nuts until
they touch the foot of the connecting rod.
Tighten each nut only one flat at a time until
both are as tight as one man can pull with a
three-foot bar. Thare are two holes in the holt
for the cotter pin, These holes are 2o spaced
that '\ . of a turn on the nut will alwavs line
up & 2lot in the nut with a hole in the bolt, Tn-
sert the cotber pin and spread the ends. Always
uze a cotter pin that is nearly the size of the
hole. SMALL LOOSE COTTER PINS ARE
DANGEROUS.

8. CYLINDER INSPECTIOMN: The cylinder
cleanout cover should be removed as well as
the inlet water manifold. This will give access
to the cylinder water jacket. Any scale or silt
deposits can be removed by seraping. The cvl-
inder lubricating pipes should be carefully in-
spected and the packing grommets renewed
if necessary.

If the cviinder has been removed great care
should be taken to have the mounting flange
Cace and the top of the centerframe thorough-
Iy clean before assembly. Some engines use a
gasket at this joint while others use a crank-
case sealer. We recommend Glyptal Lacguer
as a sealer if no gazket is used,

The cyvlinders are aligned thwartzships by fit-
ting closely to s machined pad which extends
down one gide of the centerframe. The fore and
alt positioning of the eylinders is governed 1o
a great extent by the connecting rod bearing
and is coversd in Paragraph 9 of Section 1E



SECTION 13
CRANKPIN BEARING

1. GENERAL: Crankpin bearings are usual.
Iv the first spot where trouble will occur if
there hag been a failure of the oiling system
from neglect or stoppage. The firat indication
of & hot crankpin bearing will be a hot crank-
pit cover. The oil which is thrown from the
overheated bearing will make the cover warm-
er than those an the other pita, If the bearing
is loose there will be a dull knocking, especial-
ly just as the engine iz stopping. A burned
out erankpin bearing will knock badly amd
may also cause a low temperature reading on
the pyrometer. There will also be traces of
babbitt in the crankpit. Theze bearings should
he inapected every 8ix months and their clear-
ances adjusted if necessary.

2. DISASSEMELY OF THE CRANKPIN
BEARING: Lemove the exlinder head as de-
acribed in Section 11 and the piston and con-
necting rod, see Section 12, Remove both the
clamp bolts, being careful not to allow the
bearing halves to fall into the pit and damage
the oil manifold, Collect the shims from each

ALl 1
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FIGURE 13-1

side of the bearing and tie them in two bun-
dles marked with the eylinder number. If the
shims are kept intact as they are removed
from the bearing much time and trouble will
be saved during assembly. Figure 13-1 zhows
a crankpin bearing.

Wash out the crankpit thoroughly as well as
the crankpin, and the crankpin bearing. He-
move the main bearing cap {see Section 14) of
the first journal aft of the crankpin being
worked on, This will be the journal which
aupplies the crankpin with oil. With a clean
rag, NOT WASTE, tied on to & piece of wire
or heavy cord, wash out the drilled passage
in the crankwah which extenda from the jour-
nal to the crankpin.

If there are zigns of an ofl failure the bottom
half shell of the journal should be rolled out
for inspection,

3. EXAMINATION OF THE CRANKPIN:
Examine the crankpin carefully for damage.
The roundnezs of the crankpin can be checked
bw outzide micrometers, If the pin is slightly
seored as shown in Figure 13-2 & new bearing
ean be fitted providing the crankpin i cleaned
up. Use a whetstone and fine emery cloth to
remove any rough projections which are above
the bearing surface, When using any abrazive

FIGURE 13-2
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FIGURE 13-3

aubztance on a crankpin or main journal be
sure and plug the drilled oil pazzage in the
crankshaft.

If the crankpin iz badly scored as shown in
Figure 13-3. emergency repairs are not prac-
tical and every effort should be made to have
the pin trued up at a shipyvard or repair base.
If it is impossible to reach auch a place, an
emergency method of bringing yvour ship home
is auggested in Paragraph 10 of this section.

4. EXAMINATION OF THE BEEARING:
After the crankpin bearing has been waszhed,
examine the babbitt, Looze or eracked bab-
hitt will look like Figure 13-4, Such a hearing
should be replaced. A burned out bearing will

leok like Figure 13-5 and should be replaced,

HSometimes a bearing will have fine hair eracks
and &8 longe a2 theze do not cause the habhbitt
to be loose the bearing can be uzed in an emer-

FIGURE 13-4
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weney. Spots on a bearing may have small
deposits of babbitt which have been wiped
from some other area. These should be
acraped ofl. Babbitting and meboring a bear-
ing on board zhip is not practical unless all
the equipment neceszary iz available. It is
customary to carry seversl spare bearings
and these should be used in case of aceident.
The damaged bearings should be kept for re
eonditioning at a base or service depot,




5. FITTING AR BERRING: The ability to
fit & bearing properly comes only from ex-
perience but we will point out what is wanted
in the fhnished job and rely on the operator’s
own good judement to achieve the reguire-
ments as nearly as possible, The object of
hearing fitting iz to obtain a sure contact be-
tween the majority of the babbitt area on the
bearing and the surface of the crankpin. If
44 of the babbitt touches the erankpin, a bear-
ing is considered well fitted, The apare crank-
pin bearing will be bored and machined to
within a few thouzandths of an inch of aize,
Coat the crankpin very lightly with Pruzsian
Blue, Press down on the hearing half as shown
in Figure 15-6 and move to and fro several
times, Lift off the bearing half and the bab-
hitt will probably look like Figure 13-7.

—

FIGURE 13-7

Here is the real object of bearing fitting. To
remove, by light scraping, these high spots,
which have picked up blueing firom the erank-
pin, The next trial fit ahould show additional
areas marked with Blueing, Thiz process iz

FIGURE 13-B

repeated until at least 3 of the babbitf is
marked after a trial fit az in Figure 13-8. A
bearing scraper is handled very lightly az in
Figure 13-,

FIGURE 13-
Fit each half of the bearing in this manner.
Thoroughly clean the crankpin and the bear-
ing halves, Assemble the bearing and the
shimz on the crankpin, using the erankpin
bolts and heavy spacers to clamp the halves
together az shown in Figure 13-10,

Whon using these spacers the crankpin bolts
muat be drawn up as tightly as they wounld
be in the final azzembly =0 that the shims
will be fully compressed.

FIGURE 13-10



6. SHIMMING FOR RUNNING CLEAR-
ANCE: Add or remove enough shims at each
side s0 that the bearing can just be rotated
by hand when the halves are firmly clamped
together. Alwavs keep both shim bundles the
game thicknesa, If the shim bundles have been
mixed, meazure each shim with a micrometer
and add up the total thickness of each bundle.
In this way the bundles can be evened up.
After the bearing has been so adjusted that
it will just turn on the pin, select shims for
hoth sides that will give a clearance of 0.001
per inch of crankpin diameter. Example: for
a T-inch pin, 7 * 0,001 = 0007 inch, total
clearance. These shima are now added to those
already in the hearing,

7. END CLEARAMNCE: While the hearing
iz azsembled, move it fore and aft on the
crankpin with a pry bar. The amount of end
clegrance can be measured by inserting the
leaves of a feeler gauge hetween the end of
the bearing and the crankweb, If this end

LEAD WIRES

FIGURE 13-11
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clearanes is less than 0,007 inch the babbitt
should be seraped from the end of the bearing
until this clearance is abtained.

8. FINRL ASSEMEBLY: When the proper
end and running clearance has been obtained
and adjusted, clean the crankpin, the drilled
passage in the erankshaft and the bearing
halves, Lower in the piston and connecting
rod. Be sure to have the numbers which are
stamped on the foof of the connecting rod
facing the manifold side of the engine.

During thiz final azsembly it iz advizable to
again check the running clearance between
the bearing and the crankpin. This can be
done in the following manner:

Before the bearing halves are again azsembled
on the crankpin, lay two pleces of lead wire,
about 0,025 inch diameter and 2 inches long,
across the crankpin as shown in Figure 1811,
These should be placed about one inch in from
each end of the crankpin.

Lay the top half of the beaving on these lead
wires carefully and assemble the bearing, the
connecting rodd and the piston. By tightening
the connecting rod bolts, and drawing the en-
tire assembly together, the lead wires will be
aqueezed to the exacl clearance left in the
benrinmg by the shims,

RBemove the bearing and measure the now
Aattened lead wires with a micrometer. If the
proper running clearance has not besn ohe
tained, add or take away shima, of proper
thickness, from each side and assemble and
check the clearanee again.

Example: 0,005 inch running clearance de-
alred.

The lead wire when removed measures 0,003
inch, Add a 0.H2-inch shim to each =zide and
agsemble and check again, When the correct
clearance has been obiained, ofl the bearing
surfaces and crankpin with clean oil and as-
gemble the bearing with its correct ahims on
the pin. The bearing halves are held together
by the two small clamp bolts until the crank-
pin balts are driven through,
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FIGURE 13-12

The flatz on the heads of the connecting rod
frolta must enter the rereszs in the lowsr haars
ing. Bee Figure 12-14, After the nuts are
tightened, BE SURKE THE COTTER PINS
IN THE CONNECTING ROD BOLTSs ARE
IN PLACE AND PROPERLY SECURED.

8. SERVICE NOTE: If there has been trou-
ble in oldaining the proper end clearance on
the erankpin bearing or if the lead wires from
each end of the bearing halves have been show-
ing different thicknesses, the alignment of
the aszembly should be checked as follows:
Refer to “C" Figure 13-12.

The clearance between the piston pin boss, and
the bushing in the connecting rod should be
nearly the zame on both sides. The total elear-
ance of both ends may vary from 14, inch to
Fae inch but while this measurement iz not
important, there MUST BE A CLEARANCE
SHOWING ON BOTH ENDS, This can best
be checked by looking at the upper end of the
connecting rod with a fAashlight. The piston-
pin bushing and the piston bosses will be dark
while the piston pin will show bright and this
bright streak at either end of the bushing
will indicate sulficient elearance. IT no bright
gtreak shows, the piston-pin bushing must be
crowding the piston boss. A slight varianes
here does not matter but if the piston-pin boss
is hard up againzt the bushing, the erankpin
bearing will be kept from sitting squarely on
the erankpin.

In this case disconnect the foot of the con-
necting rod from the bearing. Turn the rod and
the piston one=half turn, Thiz will bring the
markz on the feof of the rod to the eperating
gide of the engine. Bolt the rod tightly to the
bearing again and check the clearance between
the piston-pin boss and the bushing. If the
clearance remaina as before, that is, the pizton-
pin boss i3 still erowding the SAME end of the
bushing, the connecting rod and piston are
properly aligned. If this clearance changes
from one end of the bushing to the other when
the rod is turned one-half turn, either the rod
iz hent or there is dirt stuck on the under aide
of the rod foot.

If the clearance doe: NOT change, proceed
as followz: Disconnect the rod and bearing
and turn the bearing one-half turn. This brings
the bearing marks to the operating szide of
the engine. Bolt the rod and the bearing
tightly together and again check the clearance
between the piston-pin boss and the Luzhing.
If the clearance remaing the same as through
all previous checks, the alignment of bearing,
connecting rod, and piston is correct.

If after making this last check, the clearance
DOES change from ane end of the bushing to
the other, the bearing has been improperly
fitted and should be scraped so0 as to bring the
top of the bearing parallel with the erankpin,
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If these various checks have proved that the
assembly is in alignment, clearance at either
end of the piston pin bushing can be obtained
in the following manner: Loosen all the studs
or cap serews, attaching manifolds or Aanges
to the particular cylinder and eylinder head.
Loosen the four nuta on the eylinder mounting
flange. The holes in the mounting flange are
large enough to permit slight movement fore
and aft. If the piston-pin bushing is hard up
on the FORWARD end, wedge the cylinder
FORWARD far enough to give some clear-
ance, Tighten down the mounting flange nuts.
Tighten all studs and cap screws in the mani-
folds. If the piston-pin bushing is hard up an
the AFTER end, wedge the cylinder AFT,
After proper clearance has besn obtained, as-
sembhble the connecting rod and the bearing in
the proper manner. =

10. EMERGENCY MEASURES IN CASE
OF IRREPARABLE DAMAGE TO THE
CAANKPIN,. CRANKPIN EEARING,
CONNECTING ROD, OR PISTON: Il anv
af the above mentioned parts have been dam-
aged in any one eylinder a0 that repairs can-
not be made, it is atill possible to operate the
engine but only in the caze of extreme emer-
gency. Procesd as follows: Remove the cylin-
der head. Hemove the piston, connecting rod,
and crankpin bearing. Replace the cylinder
head ao that the water manifolds will all be
connected. DO NOT REPLACE THE VALVE
PUSHRODS, Drive a wooden plug into the oil
hole in the crankpin g0 that no oil can eacape,

122

Wrap the crankpin with canvas and very
amall rope so that the wooden plug can not
blow out.

The engine can now be operated as a five cyl-
inder engine but ONLY AT HALF SPEED
OR LESS, DO NOT RELY ON THE ENGINE
TO MANEUVER., IT MAY NOT START
EITHER AHEAD OR ASTERMN. To start the
engine ahead, spot the flywheel 25 degrees
after top center on the first eylinder to fire
after the dead eylinder.

Example: Firing order ahead 1-5-3-6-2-4.
No. 3 exlinder dead.
Spot the fiywheel at 25 degrees after No. &
exlinder firing center.

To start the engine astern spot the flywheel
26 degrees after top firing center of the first
cvlinder to fire after the dead cylinder.

Example: Firing order astern 1-4-2.6-5-5,
MNo. 3 evlinder dead.
Spot the flywheel at 26 degrees after No.
a eylinder firing center,

This procedure should only be wsed if it i=
impossible to get your veaael to port any other
way. The isolating valve to the dead cylinder
must be closed. The engine must he run at
half speed or leas, as the unbalanced condition
brought about by the removal of the piston
will cause damage if full revolutions are at-
tempted.



SECTION 14
CRANKSHAFT AND MAIN BEARINGS

MAIM BEARIMG SHELL

INTERMEDIATE MAIN JOURNAL
AR COMPRESSOR ECCENTRIC

THRUST BEARING SUPPORT .

FLYWHEEL PAN  AFT Madr JOURKAL

FORWARD MAIN JOURMAL
IMTERMEDIATE BEARING CAFP
MAIMN BEARING CAP 5TUD

WATER PUMF DRIVE 5PROCKET

FIGURE 14-1

1. POSSIBILITY OF REPAIR: Mosi crank-
ghaft work should be undertaken at & repair
depot by experienced mechanics who have the
knowledgre and equipment. to carry on a job of
thizs type. However, certain minor repairs and
inapections can be made at zea with the sgquip-
ment wsually found on board ship.

2. INSPECTION OF MAIMN BEARINGS:
Bearings should he examined regularly as out-
lined in Section 9. However, the operation of
the engine prior to these inspections should
govern special points to be watched during
inspection, I there has been trouble main-
taining sufficient oil pressure, and the oil
pumps, oil filters, oil-pressure regulating
valve, sump screen and the condition of the
oil were kmown to be correct, it is possible that
gome of the bearings are too loose and allow-
ing excegs oil to ezcape, This can be checked
by eonnecting up a hand or small power pump
to the high-pressure oifl pump. RBemove all the
crankpit covers and foree ail through the sys-
tem with the auxiliary pump, The operator
can quickly spot any bearing that = passing
more 0il than the otheras. Leaks in the distrib-
wier manifold or other piping of the oil syatem
can be found in this way also.

All main bearings can be examined by removs
ing the main bearing caps and rolling out the
bottom shells. Thiz can be done without dis-
mantling the engine, Figure 14-1 is a base and
erankashaft atripped to show the various main
bearings. Some of the bearing caps have been
removed to illustrate the bearing studas.

3. REMOVAL OFINTERMEDIATE MAIN
BEARING CAPS: After taking off all crank-
pit doors, remove the nuts from the main bear-
ing studs, Lift off caps and top half shells, tak-
ing care to observe markings ao each part can
be replaced where it belongs, Shims from each
side of each bearing should be Bundled and
marked.

4. INSPECTION OF SHELLS: These top
half shells should be examined carefully as
they are removed and hefore cleaning. Their
appearance iz usually a good indication of the
general condition of the lower shell. A dark,
oil-stained top half shell is & sure sign that
the bearing is too loose amd needs adjustment,
A top half ghell with amall flakes of babbitt on
its bearing surfacez or in the oil reservoirs
will demand an inspection of its lower zhell,
az it iz no doubt wiping or bearing too hard,
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The top half ahells will always be darker and
have fewer bright bearing areas than the bot-
tom shells,

All shells whether upper or lower should be
handled very carefully, as the babhitt lining
bruizes easzily and the steel backs of the shells
will mot fit properly in their saddles or caps if
they have been dropped or bumped,

5. TESTING SHELLS: If the shell is held up

and struck sharply with a hammer it should -

have a pronounced “ring™ to it. Thiz indicates
that the babbitt lining iz tight and correctly
bonded, If the shell sounds “dead,” the bond-
ing has probably failed and further inapection
will show that the babbitt iz loose over a larvge
area. This can usually be proven by pressing
the babbitt firmly and watehing to see if oil
sgqueezes out around the edges of the zhell be-
tween the babbitt and the stesl back, Shells
with lopse babbitt should not be used exeept
im AN emergency,

6. REMOVAL OF THE FORWARD MAIN
BERARING CAP: The intermediate gear and
plate have to be removed before the forward
main bearing cap can be lifted off. It is also
neceaaary to mark the camshaft so that the
engine can e correctly timed when the inter-
mediate gear iz replaced. THIS MUST BE
DONE BEFOEE THE INTERMEDIATE
GEAR I8 REMOVED, otherwise the operator
will have to go through the lengthy procedure
outlined in Paragraph 18 of Section 19 to re-
time the camshaft properly.

7. MAREING THE CAMSHAFT: Turn the
fywheel to No, 1 evlinder top center (firing).
Thiz will be No. 1 top center with both valves
closed. (If the eylinder heads are off and the
valves can not be checked, it will be No. 1 top
center with the fuel-cam lobe under the apray-
valve lifter.)

Lay the edge of a ateel zcale against the ma-
chined fare of the centerframe and press it
firmly to the side of the camshaft gear. Scribe
a line on the side of the gear parallel 1o the
centerframe face. Thiz line and the position-
ing of the Ayvwheel must be aceurate, as thess
checks are used when the gear train iz re.
placed.

FIGURE 14-2

8. REMOVAL OF THE INTERMEDIATE
GEAR, BRACKET AND COVER: Figure
14-2 showa that the Torward end of the center-
frame iz closed by a cast cover which is
doweled and held on by capserews. To this
cover is attached the intermediate gear brack-
b, which has four studs that extend through
the centerframe cover, The bracket is also
doweled to the cover so that the mesh of the
gear train will not be altered during overhaul,

TACHOMETER GEAR

FIGURE 14-3



Replacement of major parts such as a crank-
shaft or any of the gears, might change the
mesh of the gears, It would then be necessary
te have the intermediate gear relocated and
the bracket redoweled at a service depot,

Eemove the crankshaft cover and the oil lead
to the intermediate bearing. Disconnect the
tachometer drive and withdraw the dowels in
the centerframe cover, Refer to Figure 14-3,
which shows the centerframe cover and inter-
mediate gear and bracket. Remove the nut (A)
and washer (B). Remove all the capserows
from the centerframe cover and it can be with-
drawn, leaving the gear in place as in Figure
14-4. The front main bearing cap can now he
ey ed,

FIGURE 14-4

8. INTERMEDIATE GEAR BERRING:
The gear is bronze bushed and rotates on a
hardened steel pin which is fastened to the
bracket. It is drilled to receive oil from the
presaure syatem to lubricate the bearing, If
the gear bushing is renewed it should he
pressed into the gear and then reamed to ex-
actly 114 inches. This will give a running clear.
ance of 000 to 0,004 inch.

FIGURE 14-5

10. REMOVAL OF THE AFTER MAIN
BEARING: The after end of the centerframe
is cloaed off by the cover plate and oil seal
shown in Figure 14-5. The oil 2eal iz simply a
grooved flange which fits against the cover
plate on the top side, and the base on the bot-
tom gide. When it has been removed the felt
in the groove should be examined and soft-
ened by “working” between the fingers if
necessary. If it has become cracked or torn,
the felt should be renewed. Remove the cover
plate and the after main bearing cap caa be
taken off.

11. REMOVAL OF BOTTOM SHELLS:
Never remove two adjoining hettom shells.
Always leave one in between to support the
weight of the crankshaft, Drop a Ve-inch eap-
screw into an oil hole in the journal, as shown
in Figure 14-6. Slowly turn the flywheel and
the head of the capacrew will roll the shell to
the top of the jouwrnal where it can be lifted out,



LOWER SHELL SHIM RECESS
14-INCH CAP SCREW
FIGURE 14-&

Examine the babbitt lining of the shells as
described in Paragraph 4, this section. If the
babbitt is found to be badly cracked or burned
the shell will have to be replaced, but remem-
ber it is better to try and reach port even at
reduced apesd rather than attempt bearing

FIGURE 14-7
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replacement or erankshaft alignment at sea.
However, if the condition of the bearing or
erank journal is such that additional damage
will oeeur if the engine iz operated, & new
bearing can be fitted and aligned as follows:

12. FITTING NEW SHELL: Examine the
jourpal earefully for damage. Bemove all
roughnesa or seores that project above the
bearing surface with a whetstone and fine
emery paper or cloth. Plug the hole in the jour-
nal whenever abrasives are being used on the
shaft. Roll the new shell in by entering it be-
tween the shaft and the bearing saddle and
pushing it in az far az it will go. Drop & cap-
serew into the oil hole in the journal and slowly
turn the flywheel to roll the shell inte place.
There is a groove arcund the back of the shell
and thia groove has to be lined up with a dowel
in the bottom of the zaddle as shown in Fig-
ure 14-7.

Cut and bore several pleces of Ve-inch iren in
the shape shown in Figure 14-8, ap that they

FIGURE 14-8



will lie partly on the shim recess and partly on
the shell. With a piece of pipe for a spacer as
shown, draw down on the shell with the bear-
ing cap nuts from ecach side, Make sure that
the shell ia lving tightly in the saddle along the
edges, Bmear the top of the journal lightly
with Prussian Blue and turn the crankshaft
two or three turns. Roll out the shell and ex-
amine the markings on the babhitt,

FProceed to fit the bearing as deseribed in Para-
graph b of Section 13,

WARNING: THE STEEL BACES OF THE
SHELL AND THE BEARING 2ADDLES
MUST BE ABSOLUTELY CLEAN WHEN
THE SHELL I ROLLED IN EACH TIME.
Any dirt in this area will either tip or lift the
shell and produce a false reading when the
blueing marks on the babbitk are examined.
Each succeeding fit should show additional
arcaz of babbitt marked with blue., When a
showing of about 75 per cent of the bearing
area is obtained the bearing can be conzidered
as fitted and the alipnment of the crankshaft
should now he cheeked.

13. BRIDGE GAUGES: Most new engines
are supplied with bridge gauges. Thiz iz the
device shown in Figure 14-9 and it iz simply an
arched piece of metal which sets into the shim
recess on each side of a main bearing.

There iz a small anvil which extends down
almost to the top of the journal, During con-
struction, after the crankshaft has been bed-
ded in, the messurements of the gap between
the anvil and the journal are taken with a
feeler gauge. The record of each journal is
stamped on the bridge gauge,

At any future date the bridge gauge can be
applied to any journal and the difference be.
tween the recorded reading and the new one
iz the amount the shafi has dropped due to
the wear of the bearing. This normal wear
down should be about the same on all journals
in older engines. If adjacent bearings are
found to be 0.004 inch or more high or low
from the recorded meazurement after due con-
sideration has been given to normal wear
down, alignment of the crankshaft should be
undertaken. Thiz should only be done at a

repair depot where akilled mechanics are avail-
able, However, the bridge gauge can be tsed
to check the alignment of & main bearing
which has heen installed in an emergency,

FH?.ILII.E 4.9

14. USE OF BRIDGE GAUGE TO CHECK
THE ALIGHMENT OF REPLACEMENT
SHELL: Az an example, we will assume that
No. 4 main bearing has been replaced and
fitted. With No. 4 bottom shell out, install a
jack as shown in Figure 14-10, on No. 3 jour-
mal.

The bridge gauge is stamped to show that the
original clearanee for No. 2 journal was 0.087
inch. The wear down of the hearing iz 0,008
imch, 20 Mo, 3 now shows 0,000 inch elearanes
with the jack forcing the crankshaft into the
bottom of the =hell. Mark down the setus
clearance, The wood bleck shown in the pic-
ture i= to prevent the shaft from being dam-
aged, Repeat this operation on No. b journal
and mark down the clearance,
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FIGURE 14-10

Roll in Mo, 4 bottom half shell, Install the wood
block and jack on Mo, 4 journal, foreing the
shaft into the bottom of the shell. Again take
the bridge gauge readings on Ko, 3 and No, 5
journals. [F THESE READINGS HAVE DE-
CREAZRED IT SHOWS THAT MNO. 4 BEAH.
[MG I8 TO HIGH AXND [2 LIFTING THE
sHAFT FROM THE ADJACENT BEAR-
INGS., For example, No. 3 journal did resd
0,090 inch. It now reads 0,086 inch, which
means that No. 4 bearing has lifted No. 3 jour-
nal out of its bearing by 0,004 inch. This
means that No. 4 bearing has to be carefully
seraped in, in order to lower it 0,004 inch.
GREEAT CARE MUST BE TAKEN WHEN
THIS FINAL FITTING IS BEING DONE
Sl Ty MUCH CLEARANCE IS NOT
SCRAPED OUT. This would result in the
bearing being too low and would show up as
follows
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After Mo, 4 shell has been fitted and rolled in,
apply the jack to No. 4 journal so as to force
it into the boltom of the shell, The bridge
gauge reading is 0,003 inch or 0,004 ineh great-
er than the stamped figure for this journal
plus the average wear down. This indicates
that the bearing is now too low for safety and
should not be uzed,

15. SHIMMING OF BEARING CAPS:
After any bearings reguiring fitting have
heen finizshed, wash all parts thoroughly,

Clean out drilled oifl pazszages in the crank-
ghaft., Check amd shim all main bearinga to
proper clearance by using lead wire az de-
seribed in Section 13, Paragraphs 6, 7, and &,

The clearanee allowed should be 0001 inch
pier inch of crankahaft diameter, It will be
found that the lewer hall zhells usually pro-
Jject from 0002 to 0,008 inch above the hase
when installed. When the main bearing Cap
nuta are drawn down the shims will foree the
shells tightly into the saddles.

16. ASSEMBLY ©OF INTERMEDIATE
GERR: Turn the flywheel to No. 1 cvlinder
top center, Turn the camshaft =0 that the
seribe mark, made before disazsembly, mates
perfectly with the same scale held in the same
place as when the mark was made. Set in the
grear as in Figure 14-4.

Clean the faces of the centerframe and cover
and fit & new rasket between them, 2tarl the
bracket pin through the gear bushing and
push the cover into place and drive in the two
dowels, Check to make sure that neither the
crankshaft nor the camshaft has moved from
its mark. Tighten all the cap screws which
attach the centerframe and crankshaft covers,

Put on the washer (B} and the nut (A), Fig-
ure 14-3, and secure the nut with a cotter pin.
There should be at legszt 0,025 ineh end move-
ment to the gpear.

17. BACHLASH: The combined baeklash of
the three gears should be between 0012 and
0016 inch and this can be measured by turn-
ing the camshaft rear in one direetion far
enough to take up all the slack. Mext, turn the



camahaft gear in the opposite direction 2o that
all the slack is taken LI, The amount of IOvVe-
ment of & given poaint on the circumference of
the camshaft gear is the backlash. This move-
ment or zlack should be equally divided be-
tween both gears. That is: if the combined
backlash ia 0012 1'r1-|:h, the mesh of the inter-
madiate gear should be about 0.008 inch slack
to both the crankshaft and the camshaft
gears, IT it is found that adjustment is neces-
gary, we suggeat that it be made at a service
depot by experienced moechanics.

18. ENGINE CHECHOVER: After anv
bearing work has been done and before the
base covers are put on, go over the crankshaft

assembly to make sure all nuts and cap screws
are tight and secured with lock washers, cot-
ter pins, or locking wire. See that no tools or
rags are left in the base and bar the engine
over at least two full revolutions to make sure
that everything is clear.

After the engine has been run for twenty min-
utes or so, shut down and feel all bearings,
connecting rods, and thrust bearings. If any
bearings are warmer than the average they
should be exarmimed,

NOTE: To locate the correct fore and aft po-

sition of the crankshaft, refer to Paragraphs
4 and 5 of Section 15.



SECTION 15
KINGSBURY THRUST BEARING

1. FUNCTION: Thiz bearing absorbs the
thrust of the propeller which is tranamitted
through the propeller and intermediate shafts
to the engine. Its principal parts are:

A frame or housing

A thrust shaft and collar

Two ahead-thrust shoes

Two aztern-thruat ahoes

Adjusting studs

A main or journal bearing

(il seals

SPELLER-SHAFT COUPLING

QIL SCRAPER

2. DESCRIPTION OF PRINCIPLE: The
bottom part of the thrust collar is submerged
in oil which liez in the sump. Az thiz collar
revolves in either direction, it picks up a heavy
coating of oil. On either side of the thrust
collar are a pair of thrust shoes, so attached
to the housing that the faces of these shoes
can Nnd their ewn position in relation to the
face of the thrust collar.

THRUST COLLAR

QL TS JOURMAL

FACKING

QiL SEAL

HRLIST SHAFT

ADJUSTING-STUD LOCK

FIGURE 15-1
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Az the film of oil on the thrust collar comes
in contact with the leading edge of each thrust
shoe, it forees the edge of the shoe away from
the thrust collar. As this oil film moves across
the face of the thrust shoe it is gradually
ggueezed thin, causing the thrust shoe to lie
at & slight angle to the face of the thrust col-
lar. This means that the oil Alm is actually a
wedge of oil which preventz the thrust or
pushing effort of the propeller, forcing the
crankahaft against the ends of the main bear-
ings, thus causing damuage.

When the engine is reversed, and the thrust
foree is exerted in the opposite direction, the
other pair of shoes takes up the load,

3. CARE OF THE BEARING: If, through
neglect, the oil level in the sump is allowed to
drop to a point where the eollar will not pick
up enough ofl to form an oil wedge, the two
mets]l aurfaces will come together and the
babbitt on the faces of the thrust shoes will
be burned off almost immediately.

Thiz bearing will need little attention except
g osupply of clean oil and occasional adjust-
ment. The ail level should be checked every
day. Figure 15-1 shows the location of the
gauge glass, The oil should be drained off every
1008 hours, The sump zhould be thoroughly
washed out and new clean oil put in to the
proper level,

The main journal is Iocated ahead of the thrust
eollar and iz oiled by the seraper and oil pass-
age as shown in Figure 15-1. Alwayz uze an
oil that meets the specifications stamped on
the plate of the bearing,

4. ROUTINE ADJUSTMENT 15 MADE
RS FOLLOWE: Hoemove the cover of the
benring.

NOTE: Az the crankshaft is connected di-
rectly to this thrust bearing it will be seen that
any adjustment of the thrust in a fore or aft
direction will have a direct action on the loca-
tion of the erankshaft and the position of the
eranks in the pits.

Slack ofl all four thrust adjusting studs, one
of which i shown in Figure 15-1. The rake or
glope that most engines are installed on will
cause the crankshaft to slide aft until some
one of the crank webs stopz against the end of
amain journal bearing.

With either a jack or 4 pry bar move the erank-
ghalt forward to the limit of its travel, Ta
measure the length of thizs mevement lay a
rtraight edge acrazs the face of the thrust col-
lar and seribe a line across the edge of the
thrust housing a3 shown in Figure 15-2,

If two lines are seribed, one at each end of the
crankshaft travel, the distance hetween the
lines is the amount of fore and alt travel of
the crankshafl. Serew the two after adjusting
studs in so that the two after-thrust shoes
move the crankshaft ahead one-fourth of the
total end travel.

BE SURE BOTH AFTER-THRUST SHOES
ARE BEARING TIGHTLY AGAINST THE
THRUST COLLAR,

RUST 5|-|.a;fr-:r‘

iShmes

FIGURE 15-2

131



Use the following table and select o plece of
gheet or shim metal of the proper thickness
amd large enough to about cover the face of
one thrust shoe,

END CLEARANCE ALLOWANCE FOR
ATLAS ENGINES

Thrust Eearing

Engine Bore Eid Clearamee
1414 and 15 007
134 015
114y (Liid
1 0.2
Tha and 8 TR

Inzert the proper thickness shims between the
forward zide of the thrust collar and the for-
ward thrust shoe. Tighten up the adjusting
stud until the shim can just be removed by
hand, Repeat thiz operation on the other for-
ward thrust shoe, When the shim is removed
there will now be the proper clearance in the
thrust bearing,

ATTACH ALL FOUR STUD LOCEKESR (See
Figure 15-3) TO THE FOUR ADJUSTING
STUDE. The thrust shoe has been removed in
this view to more clearly illustrate the adjust-
ing atwd and lock.

5. CHECKING FORE AND AFT LOCA-
TION OF CRAMHSHAFT: Hemove all pit
doors, Check end elearance of each piston rod

FIGURE 15-3
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and piston pin as described in Sectiom 135,
Paragraph 5. If any of these clearances are
not proper the thrust bearing will have to be
adinzted again so that the crankshaft is
moved far enough ahead to give sofficient
clearance between any connecting rod and its
piston-pin hoss,

This resdjustment should never position the
crankshaft further ahead than half its total
Fore and aft movement.

6. OIL SERLS: After all adjustments are
completed, examine the felt in the oil =eals.
It this has become worn and hard, replace with
new felt. The packing iz laid in as shown in
Figure 15-4.

DO NOT TIGHTEN OIL SEALS MORE
THAN 15 NECESSARY ToO 2TOP OIL
LEAKS.

7. STANDARD THRUST BEARIMNGS:
A few Atlas engines are squipped with the
typer of thrust bearing shown in Figure 15-5.
The thrust shaft has several lands or collars
which are bedded in babbitt, These collars alk-
sorh the thrust effect of the shalt by bearing
against the babbitt faces of the groowves.
There i= no adjustment to thiz type of bearing
and when the babbitt grooves are worn o that
the thrust shaft can be moved fore and aft
144 inch, the entire bearing should be rebab.
bitted, This is work which should be under-
taken only at a service depot,
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SHIM TO EMGIME BASE =

The bearing housing iz water cooled and water
ig drawn off the cooling svstem just after it
leaves the circulating pump. 1t 18 piped to the
bearing housing, where it passes through the
water jacketa and iz vaually led overbosrd in
4 separate discharge pipe. Thiz iz done 20 that
the amount of circulation ean be checked at
all times, CAUTION: BE SURE TO DEAIN
THIS BEARIMNG when laying up the engine
during cold weather.

The bearing iz lubricated by oil led from the
engine pressure syatem., Thiz oil is returned
to the base by meanz of a drain pipe extending
from the bottom of the thrust bearing to the
baze.

The thrust shaft iz sealed at both ends by
sluffing boxes, These should not he kept tighter
than iz necessary to stop leakage. If difficulty

is experienced in keeping the seals tight, it is
probable that the drain pipe is obstructed and
it should be removed and blown out,

B. REBABBITTING THRUST EEARING:
In the erection of the engine at the factory the
thrust bearing is treated as if it were an
additional main bearing. After all the lower
main bearing shells have been scraped into
alignment the thrust shaft is bolted to the
erankshalt and tested for trueness. It is re-
quired that the total runout of the throst
shaft at the aft end does not exceed 0L002 inch.
In the meantime the thrust bearing (lower
half) is installed temporarily on the base. The
thrusat shaft is then coated with blueing and
the whole shaft assembly lowered into posi-
tion. The bearing is then shimmed up or down,
moved forward or backward, to one side or
the other and seraped until the bearing is =at-
isfactorily located,

The finished bearing must be in line with the
main bearings. The thrust collars on the shaft
muzt be a close fit in the grooves but at the
same time have clearance. An end play of ap-
proximately 0,005 inch to 0010 inch iz desir-
able, The location of the bearing should be
auch that the crankshaft is slightly aft of its
central position in the basze since the normal
wear on the thrust bearing will allow the
crankshaft to move forward alightly.

When the foregoing conditions have been met
the thrust besring (lower half) iz doweled
to the base. The thrust bearing cap is then
seraped in oand adjusted for clearance with
ahim=.

There are several ways of doing this work in

the field and the one moat suited to the equip-
ment available should be selected,



SECTION 16
HIGH PRESSURE FUEL PUMP & REGULATOR

FIGURE 1&-1

1. FUEL-REGULATING VALVE IN GEN-
ERAL: This valve, shown in Figure 16-1, re-
quires very little servicing but nevertheless is
ah important part of the fuel system, It
should not be dismantled or tampered with
during routine inspections or overhauls. How-
ever, when trouble develops, the valve should
be taken apart immediately and serviced, A
leaky regulating valve will cause faulty start-
ing and maneuvering and alzo makes the accu-
rate timing of the spray valves impossible, A
lenk in thiz valve will often lead an operator
to believe that other partz: of the fuel system
are at fault.
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2. TESTING FOR LEAKY VALVE: If it
appears that the valve is not holding pressure,
make the following check before dismantling :
Bhut off all the izolating valves and pump up
two or thres thousand pounds fuel prezsure
with the priming pump. Dizconnect the dis-
charge line of the regulating valve, IT the dis-
charge opening continues to drip after the
valve haz bled off any excess pressure, the
valve requires servicing, If the pressure does
not hold and the regulator is not leaking, the
discharge valves in the high-pressure plmg
are not holding tightly and need attention.
See Paragraphs 14 and 15, this section,

3. DISASSEMELY AND INSPECTION:
Remove the parts of the valve in the order
shown in Figure 16-2. Bemove the packing and
clean the assembly thoroughly. Examine the
stem in the packing way. I this iz worn or
rough, the stem should be replaced, Examine
the valve face on the end of the stem. A valve
which has been leaking for some time will have
bright streaks or channels across the face
where the escaping fuel has burnizhed the
groumnd finish of the valve. These chanmels will
maost likely show on the removable valve seat
as well,

While such marks can be ground out it is
usually better to renew both the stem and
geat when thiz channeling condition i= found.
If either the stem or the seat requires replac-
ing, it ia advisable to discerd hoth. These parts
are inexpenzive and much time will be saved
by installing the zet,

4, ASSEMBLY: Crip the body of the valve
in a vize avd insert several rings of packing,
{m top of the packing place the brass packinge
ring. Screw in the packing gland until it juat
touches the packing ring. There should be at
least one-hall of the threads on the packing
gland engaged. These partz can be seen in
Fimnre 16-35.

Remove the gland and the packing ring and
force the stam through the packing. Replace
the packing ring and the gland and screw the
packing gland as tight as possible with a
twelve-inch wrench, Slacken off the gland a
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turn oF two and grip the top end of the stem
in the vise as shown in Figure 16-4. The jaws
of the vize should be protected with copper
facings.

Revolve the body of the valve around the stem
until the stem works freely in the packing.
Light ofl can be applied to the packing and
atem. Replace the body of the valve in the vize
again and tighten the gland nut, After slack-
ing off the gland nut, place the stem back in
the vise and again work the body around and
up and down the stem.

The purpose of this procedure ia to “kill” the
packing so that there iz no expansion left in it.
A tight joint must be obtained with very little
friction on the atem. 1f the packing retards the
movement of the stem, faulty fuel-pressure
control will result. The amount of “kill" re-
quired by the packing will be best determined
through experience, but we suggest at least
two operations, After these are completed the
gland should be left finger tight and will re-
quire very little tightening even in operation,
as the fuel pressure under the packing will
exert sulficient Toree t3 squeeze the packing
tightly to the stem,

Assemble the entire valve as shown in Figure
16-3 but do not attach the adapter stud and
zeat, The drip pan iz held in place by the apring
cage, which zhould be left about one-guarter
turs loose, Thizs allows the drip pan to be
turned so that the opening can be lined up with
the fitting on the engine when the valve is
installed,



As outlined in Section 4, the operation of this
valve is governed by spring tension. There are
three ways of controlling thiz apring tension
(a) By lifting the handle which causes the
cam to force down the upper spring plug. This
decreases the distance between the upper and
lower spring plugs, thereby compressing the
spring. {b) By screwing the handle bearing up
or down the spring cage, This action can com-
press the spring somewhat even before the
cam takes effect. (c) By screwing the adjust-
ing screw in or out of the lower spring plug.

1o position these various parta properly dur-
ing azsembly, procesd as follows: Locate the
stem in such a way that the fange of the seat
will bear on the end of the valve body when
the stem face is on the zeat, Screw the adjust-
ing serew into the lower spring plug so that
about one-half of the threads are engaged.
(Thiz will provide further adjustmant when
the valve is assembled.) With the handle in
the lowest poaition, screw the handle bearing
down the apring cage until the cam just
touches the upper spring plug, The valve is
now ready for final assembly.

5. FLUSHING AND ADJUSTMENT: W hen
the stem was forced through the packing,
small particles of graphite may have been
carried down into the body of the valve so it is
neceasary to clean the valve body thoroughly
before attaching the seat. Connect the spray-
valve test tube to the open fitting on the fuel
rail and to the inlet of the regulating valve.
Cloze all isolating valves and pump up fuel
pressure with the priming pump. Open the iso-
lating valve to the test tube quickly. Thiz will
allow a rush of fuel to pazs into the regulating
valve and carry off any dirt, Repeat this sev-
eral times and then grip the valve body in the
viae,

The end of the valve stem will be just pro-
truding through the hody, so place the seat
over the stem and screw on the adapter stud.
Leave this stud about one-quarter turn from
being fully tightened, You will notice that the
gepl iz g very loose fit in the adapter stud. The
purpose of this is to allow the seat to find its
own poaition with relation to the stem,

Lift the handle s high as possible which will
force the stem into the seat with considerabla
pressure, This will azsure a proper alignment
between the stem and the =eat. Tirhten the
adapter stud with a heavy wrench while the
pressure is still on the stem and the seat will
be held permanently in its correct position.

Connect the valve to the test tube on the en-
gine and with the handle in the highest posi-
tion pump up two or three thoussnd pounds
pressure, There should be no leakage at the
dizscharge opening of the valve. If the valve is
not holding pressure, drop the handle guickly,
geveral times. This will allow a rush of Tuel
to puss out which may carry off any dirt which
iz under the valve face or on the seat, If this
fails, the valve needs grimding.

6. GRINDING: Remove the adapter stud and
seal and dry off the Tuel from the stem and
geat, Smear very fine grinding compound on
the face of the stem, Hold the seat hetween
the thumb and Anger and rotate it against the
stem, which should be positioned =0 that the
flange on the seat just mizses the end of the
valve body. This will assure the seat being
held square with the astem. After this grinding
process has heen continued for five or ten min-
utes (Chese parts are very hard), wash out the
valve as described in Paragraph 5, and as-
apmble and test apain,

7. SETTING THE VALVE: After testing
shows that the valve will hold fuel presaure
without leaking, move the handle to the lowest
position, By serewing the adjusting scerew in
ar out of the lower spring plug, set the valve
ao it will hodd 1000 pounds Tuel pressure with-
out leaking. If pressure in excess of this irure
is pumped up, the fuel showld discharge out
of the valve but az 2o0m az the pressure drops
to 1000 pounds, the valve should hold without
any digcharge. The valve 15 now ready to be
inatalled on the engine,

B. ISOLATING VALVES: There are eight
of these valves on your engine, One for each
spray valve, one to control the Tuel gauge, and
one open valve for making any tests which
require high fuel prezsure. These valves need
very little servicing and should be taken apart
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only if trouble develops, They should never
be tightened or closed with a wrench. If the
stem is broken through accident, proceed as
follows:

9. DISASSEMBLY: Heference to Figure
16-5 will show that the stem is turned to a
smaller diameter from the end of the threads
onto the valve face, This piece is hardened and
ia usually the location of & break, Disconnect
the tube and serew out the seat plug. Kemove
the brass asat. Screw the hroken stem ont and
remove the packing nut, gland, and packing.

10. ASSEMBLY: After the broken piece of
stem has been removed, fush the rail and valve
out well with fuel oil. Insert gufficient packing
rings (the same ringas az used to pack the
spray valve) zo that the packing gland Aange
is held away from the end of the body of the
valve. Berew on the packing nut and stem. Re-
place the brass seat and screw in the seat plug
but leave it about one-fourth of a turn from
tight.

The recess in the body that holds the zeat in
place iz larger in diameter than the brasa seat.
The purpose of this large recess is to allow the
seat to align itself with the stem, The plug is
left just loose enough so that the seat can

move around and find ita own center when the
tapered end of the stem is serewed into it,
After the seat is correctly positioned, tighten
the plug so that the aeat is held securely in
place. This final tightening of the plug will
force the hardened ateel end of the stem into
the brass seat, azsuring a tight valve,

11. HIGH-PRESSURE FUEL CAUGE:
This gauge iz a delicate instrument and should
be returned to the nearest service depot if
FEPAITS ATe Necessary.

12. HIGH-PRESSURE FUEL PUMP: Thu
greatest problem in maintaining the high-
prezaure fuel pump is keeping it free of dirt
and water, The clearance of the valves in their
cages and the plungers in their barrels will
not permit the presence of foreign matter or
rust in the pump. Dirt will retard the action
of the valves and cause erratic distribution
of fuel to the exlinders, and faulty maneuver-
ing. Balt water will corrode the hardened pump
plungers and barrels and should therefore be
kept out of the system if possible. Efficient
strainera and filters are supplied and these
will protect the pumps from dirt and water,
providing they are cleaned freguently and
kept in condition.

The plungers and barrels of these pumps are
of a type which requires no packing. The fit
between these two parts is 2o carefully made
that pressures up to 10000 pounds can be
reached with only sufficient leakage for lubri-
cation purposes. This close fit requires that
these two parts should always be treated as a
unit. If both pumps are removed, the plungers
and barrels should never e mixed, When or-
dering replacement parts always order plunger
and barrel as a set.

13. TESTING FOR LEAKING VALVES:
Before the pump unit is taken apart the valves
should be checked as follows: Close all iso-
lating valves, Disconnect the discharge line
of the fuel-pressure regulator, Raise the regu-
lator handle a= high as it will go and pump up
4,000 or 5000 pounds fuel pressure with the
hand pump. If the regulator discharge line is
not leaking, and the fuel preéssure in the com-
mon rail drops, the high-prezssure discharge
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valves are leaking, IT there iz any doubt about
the isolating valves holding, they can be
checked by removing the tube from each valve
to it apray valve,

14. DISASSEMBLY: Leference to Figure
16-6 will show that the twao high-pressure
Fumps and the priming pump are attached to
the cover plate of the unit. This can be re-
moved by disconnecting the fuel supply line
to the fuel rail. A small manifold, made up of
pipe fittings, leads the fuel from the supply
line to the suction fittings of the valve CHErEE.
It should be noted that the two unions which
connect the manifold to the valve cagpes are
not atandard pipe fittings.

The pump block, to which iz attached the plimp
barrel and valve cage, has a threaded spligot
which extenda through the cover, Removal of
the nut on this apigot and the dizcharge fit-
ting, will free the pump unit. The plunger and
barrel should not be removed from the pump
block unless they have been damaged. If they
are renewed, be sure to use a copper gasket to
seal the joint between the barrel and the block,
Examine the pump springs for cracks or cor-
rosion,

15. SERVICING THE HIGH-PRESSURE
VALVES: Figure 16-7 shows one of the valve
cages which are serowed into the pump block
by a taper thread. The cages should not be re-
moved unless necessary, as it js sometimmes
difficult to obtain a tight joint. If the CaEe is
removed the tapered threads should be well
tinned before assembly to assure & fuel-tight
joint.

The suction valve iz held closed bv a light
spring and the stem iz covered by a cap to
prevent leakage, The flat on one side of the
stem is to permit the fuel to pass freely Trom
the cap to the suction chamber. This valve may
b ground with fine grinding componund, but
both the cage and valve must be washed thar-
oughly before assembly.

The discharge valve is hardened and fits on i
hard seat which is pressed into the cage, This
valve is o positioned that it acts as a stop for
the suction valve. If leaking, it may be ground,
but owing to its hardness this iz seldom nEfes-
BATrY.

i4o0

- LOCK RIMG

VALVE CAGE DISCHARGE VALVE

SUCTION VALVE

SUCTION-VALVE STEM CAP
FIGURE 16-7

16. REMOVAL AND SERVICING OF
THE PRIMING PUMP: The priming pump,
ahown in Figure 16-8, acrews into one of the
pump blocks. The head of the priming pump
plunger has an inverted valve face which seats
in the barrel of the pump. In Figure 16-8 the
plunger is withdrawn sufficiently to show the
valve face, and the seat ia in the barrel about
the center of the hex portion, next to the
threads. The other end of the harrel has a
packing nut. When this gland is repacked, the
nut should never be tightened so as to retard
the movement of the plunger,
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FIGURE 1&-8
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The valve can be regroand, if leaking, by using
fine grinding compound. To pack the stem use
two or three turnz of Ly-inch twizted graphite
packing. When screwing the pump barrel into
the bleck, be sure that the copper gasket is in
place.

Reference to Figure 16-6 shows an adjustment
on the mechanism which operates the priming
pump. The fork on the handle marked {(A)
should not touch the cover, as the head of the
plunger will he held off its seat, The rod marked
(B} can be lengthened if it i3 necessary to
raise the fork (A).

17. DISCHARGE FITTINGS: Theze [it-
tings which are attached to the tops of the
valve cages act as a stop for the lift of the
discharge valves. The fitting on the forward
pump has a ahort jumper tube which connects
to the side of the after discharvge tting Bt
below the auxiliary discharge valve shown in
Figure 16-7. Thiz valve may be ground, if
neceszary, with fine grinding eompound but
should be cleaned out thoroughly before as-
sembly. The spring on top of this valve is held
down by the compression fOtting  directly
above it, and, as it iz small, care should be
taken that it iz not lost when disconnecting
the tube that goes from the ftting to the com-
mon rail.

18. LIFTERS: The lifters are carried in
guides which bolt to the centerframe. They
end at the top in a hardened ateel atud which
lifts the pump plunger and also holds on s cup-
ghaped metal guard that prevents any fuel
leakage from entering the basze,

19. RUNNING CHECK ON HIGH-PRES-
SURE PUMP: There will be a zlight fluctua-
tion of the fuel gauge needle when the engine
i5 running, corresponding to the fuel pump
strokes, The operator will become familiar
with the action of the gauge and therefore
will ke able to note a change in the apeed of
these Auctuations. If one pump cots out the
needle will move only half as many times per
minute ag if the two pumps were working.

A further check to determine if both pumps
are functioning is to remove the caps from the
stems of the suction valves. The stems should
b rising wnd falling with each stroke. Do not
leave these caps off too long, asa there will he
an exeessive fuel leak down the flat side of
the valve stem.

If & pump eutz out, first try bleeding the air
from the pump head while the engine is run-
ning. If this fails, the discharge fitting should
be removed and the valves inspected.

Z20. AIR BLEEDING: Whenever the high-
pressure pump assembly has been drained of
fuel, it is necessary to bleed the air from the
ayatem before the pump will function proper-
lv. Open the blesder valves on the pump heads
and work the priming-pump handle until aclid
fuel (fuel without air bubblez) escapes from
these valves, Next open the Atting on the rail
which is farthest awayv from the pump and
work the priming pump until solid fuel runs
from the end of the rail. Close this fitting and
it should now be possible to pump up pressure
in the ayatem. During this procedure, all iso-
lating valves should be closed,
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SECTION 17
SPRAY VALVES
AND OPERATING MECHANISM
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Remove parts in the order as ahown in Figure
FIGURE 17-1 17-1, When removing the tip from the tip nut
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use the tip punch as in Figure 17-2, to avoid
damage to the tip. Wash all parta thoroughly.

2. EEAMINATION: The =tem nut will be-
come worn threugh contact with the horseshos
and if the seating area is rough the nut ahould
be renewed. The packing gland and zeat should
be renewed if they are loose enough to permit
packing to find its way down the stem. The
atem will hind or seize in the packing il it is
roiigh in the packing way. Continual grinding

may form ridges on the face of the stem which
will make it difficult to obtain a good seating
in the tip. Experience will tell when these parts
should be renewed, but if any of them are worn
a0 s to look like the parts shown in Figure
17-4, they should be renewed immediately.

3. SPRING TESTING: The point Lo remem-
bor in testing or adjusting spray valve springs
iz that the tension of all the aprings must be
equal. Several weak and several strong springs
in an engine will cause more trouble than all
weak springs, as any great difference in the
tension will cause the engine to run unevenly
at low speeds.

A simple test can be made by placing a new
and & used spring in a vize as shown in Figure
17-2. Axr the vize iz clozed bolh springs should
compress alike, If the coils of the uaed zpring
collapse, while eoils of the new one are well
separated, the old spring should be dizcarded
unless the nsed spring tests out about the aame
with all the other spray valve aprings in the
engine.
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FIGURE 17-4

1. TESTING SPRAY-VALVE TIPS: I the
tipz are marked 5-8-30, thiz meansa that there
are five holes of 0008 inch diameter at 20
dEj.!'!‘H-F.'.-l I-:|I1g|ﬂ. T]'lq':-cl.' hll]{' F-i_;-'_.l_"}-'\. are very LF¥h=
portant as a tip with holes worn 0,001 inch
oversize will deliver approximately one-eighth
more fuel each time the valve OHETE.,



FIGURE 17-5

Ingert 0,008 inch wire in a pin vise and clean
oiit &ll the holes thoroughly as shown in Fig-
ure 17-p. Change the wire to 0,009 inch and
WITHOUT FORCING try all the holes again.
If the 0.00% inch wire will go through any of
the holes, the tip should be discarded,

5. SPRAY-VALVE FILTER: Hemove the fil-
ter cover, sep Figure 17-6, and zcrew out the
clement, HANDLE THIS ELEMENT CARE-
FULLY TO AVOID DAMAGE as the openings
between the dises are only 0,001 inch and any
enlargement of these openings will allow dirt
to pass into the spray valve. Wash all parts
thoroughly in fuel oil and assemble filter to
the sprav-valve hody.

6. ASSEMBLY: Afterall parts are inspected
and theroughly cleaned, grip the spray-valve

body in a vise. Press in az many packing rings

COVER

< R ST PR L) s B

ELEMEMT

FIGLURE 17-&



as will leave the gland extended ahout one-
quarter inch. ALWAYR USE NEW PACKING
RIMGE,

The jeints of the packing rings should be =tag-
gered and an easy way to do this is to imagine
the packing hole az the face of & clock. Put the
joint of the first ring at 12 o'clock, the next
one at 3 o'clock, the next one at 6 and the next
at & until sufficient rings have been installed.
Put in the gland and screw down the gland nut
umtil it just touches the gland, i NOT
TIGHTEN THE GLAND NUT.

(il the stem well and push it through the pack-
ing until the throat ring of the stem nearly
touches the gland nut,

Put on the ball bearing and then the spring.
Serew on the apring cage until the set screw
hole in the cage lines up with the hole in the
body. Insert and tighten the =set screw,
SPRAY-VALVE BODIES AND SPRING
CAGES ARE NOT INTERCHANGEABLE.
The spring plug should be serewed in but only
two or three threads, as it will be adjusted
later.

7. FLUSHING AND TESTING: Attach the
gpray valve to the test atand on the engine as
shown in Figure 17-T and elose all isolating
valves, THIS IS TMPORTANT, for if these
valves are left open, fusl may be pumped into
the cvlindera,

Connect the test tube to the sprav valve and
to the open isolating valve on the rail. Pump
up about 1500 o 2000 pounds fuel pressure in
the rail with the hand priming fuel pump.

Upen the iaclating valve quickly. Close the
valve and repeat this operation ssveral times
g0 as to wash out any dirt or particles of
graphite off the packing, which may be in the
apray valve body,

Using & pan of clean fuel oil, wash the tip out
thoroughly. A pipe cleaner is very handy for
cleaning the inside of the tip. Fill the tip with
fuel ail and insert the tip plunger, see Figure
17-8. Force the plunger into the tip which will

Lon

FIGURE 17-8

FIGURE 17.7
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gpray the fuel out of the tip holes. Each hole
should discharge a full stream. Place the tip
over the end of the stem and serew the tip nut
on tightly.

2erew down the spring plug until preszing
down on the test handle will lift the stem |;Ln|_'..'
Lig of an inch. This means that the spring is
Lie of an inch from being fully compressed.
WARNING: KEEP TEYING THE LIFT AS
THE SPRING PLUG IS SCREWED DOWHN,
FORE THE &TEM CAN BE FORCED
THRHOUGH THE TIFP IF THE PLUG 12
SCREWED DOWN AFTER THE SPRING
I2 FULLY COMPRESSEID.

Pump up 2000 or 3000 pounds pressure with
the priming pump and open the isolating valve
tor the test stand. Press the test handle down
quickly several times and watch the action of
the Tuel spray from the tip.

WARNING: DO NOTGET FACEORHANDS
NEAR THE TIPF NOR IN THE WAY OF
THE SPRAY AS THIS CAN RESULT IN
SERIOUS INJURY. The spray from all holes
ghould look alike as in Figure 17-9,

If uny holes are plugged remove and clean the
tip, After the proper spray is obtained, pump
the fuel pressure up to 4000 pounds, wipe the
tip off dev and let it stand for a few seeonds.
Draw Lhe back of vour hand across the end of
the 1.i||. Mo fuel moiature should show, If the
tip is leaking it will be necessary to grind the
sealt.

FIGURE 17-9
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7. GRINDING SPRAY VALVE: =crew out
the spring plug releazing the spring pressure
Remove the tip nut and punch out the tip.
Emear s VERY SMALL QUANTITY of extra

_:rq_.._.'

FIGURE 17-11



fine valve grinding compound on the valve face
area of the stemn. Place the tip over the stem
and so adjust the position of the stem that the
Hange of the tip iz about %, of an inch away
from the end of the spray-valve body as in
Figure 17-10,

Rotate the tip back and forth as in grinding
engine valves, Repeat thiz operation until a
well pround ring appears around the stem faee,
Figure 17-11 shows a tip cut away to illustrate
the seat and stem face which may require
grinding. Clean out the tip and stem thorough-
Iy and test the tip with the plunger to assure
vourself that all holes are elear. Assemble and
teat the valve on the test atand,

If several grindings fail to produce a tight
seat examine the stem face and the tip seat for
stores or ridges. Renew either or both parts
if necessary. Remember that each time the
grinding process is repeated, the spray valve

I:'l

FUEL WEDMZE g

FIGURE 17-12

should be Aushed out on the test stand before
assembly. The spray valve is now readv for
immatallation in the engine.

9. EEAMINATION OF SPRAY-VALVE
LIFTING MECHANISM: Examine the fusl
wedige shown in Figure 17-12. If the wedge
feels rough at points where the lifter wedge
pin and the ball end of the pushrod are in con-
tact with it, the wedge should be replaced.

10. REMOVAL OF THE SPRAY-VALVE
LIFTER: Loosen the buffer apring clamp nut
and ungerew the buffer spring cage. Remove
the pushrod and examine the lifter wedge pine.
Remove the crank pit door and examine the
rodler on the lower end of the lifter. If sither
the roller or the pin is flat or damaged as
shown in Figure 17-13 repairs should be made
as Tollows:

e
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FIGURE 17-13
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Remove all the wedge shaft bearing nuts,
{letter "B shown in Figure 17-14). After all
wedges have been taken out and the governor
disconnected, lift off the wedge shaft. Bemove
the two cap serews which hold down the spray-
valve lifter guide. The lifter guide will pry up
to remove but be sure and hold the lifter ao
that it does not fall into the base and damage
the oil lines,

If the lifter pin is worn, grip the litter in a vise
and drive out the pin, Turn it so that the flat
spot is not exposed and drive it in again and
rivet over the edge of the hole ao that the pin
cannot come out.

To remove the lifter roller pin, mark the exact
center with & punch. Dwill in with a %y inch
drill just far enough to elean out the counter-
sink in the lifter body. Belect shim stock of
the proper thickness to make up the space be-
tween the roller and the lifter body and insert
it between the two parts 20 that the lifter will
not be bent when the roller pin iz driven out,
Dirive out the pin and replace the worn parts.

File the ends of the new pin until they follow
the shape of the body, but leave them about
I3u inch long. Insert the shim again to take up
the space between the roller and the body, and
rivet the pin into the countersink at EACH
SIDE of the lifter bedy. Remove the shim and
smooth the ends of the pin with a file.

11. EEAMINATION ©OF FUEL CAM
LOBES: Cam lobes gradvally wear down
until the points are dulled az shown in Figure
17=15. Their replacement iz governed by the
same rule that applied to the remewing of

FIGURE 17-14

spray-valve asprings. One sharp lobe among
five dull enes will be more troublesome than
all dull lobes providing dull ones are all worn
down equally. It is a good rule to replace all
cam lobes rather than one or two,

12. REPLACEMENT OF FUEL CAM
LOBE: Cut and remove the locking wire
shown in Figure 17-15. Cut and remove the
Incking wire from the cam cluster locating
get aerew shown im Figure 17-16. Shift the
camshaft aft, which iz the ahead running po-
gition, and force the fuel cam cluster forward.
Eemove the 4y inch cap screw and pry out the
astern cam lobe. It will be necessary to remove
the two L inch cap serews which hold this
cluster together ao that the fuel cam dise and
the exhaust cam may be separated. The spe-
cial nut, on the end of the 4 inch cap screw,
and the ahead fuel cam lobe can be removed,

Inzert the new Jobe:z and the special nut.
Screw In the 1y inch cap screw but do not
tighten. Assemble the ¢luster and tighten the
two La inch cap serews well, Move the cluster
into place and tighten and leck the locating
At acrew.

Using a two or three pound hammer and a
bronze or brasa drift, drive sach lobe down well
into itz slot and tighten the *5 inch cap screw,
but DD NOT USE OVER A BIX INCH
CRESCENT WEENCH. Usze new lock wire to
aecure the cap screws,

SHARP LOBE
s DULL LOBE

FIGURE 17-15



13. INSTALLATION OF THE SPRAY
VALVE: Before placing a gasket on the end
of the sprav valve make sure that there has
not been one left in the spray valve opening
in the eylinder head, These gaskets may be
used several times providing they do not be-
come ton thin or hard, Before replacing the
spray valve clamp, make sure the spray valve
ig well seated on the gasket, Attach the tube
from the rail to locate the strainer and tighten
the clamp nut.,

Fut on the spray-valve rocker and place the
horseshoe between the stem nut and the rock-
er. Loosen the lock nut under the fork of the
spray-valve puszhrod and serew the pushrod
into the fork until no threads show under the
lock nut. This shortens the rod. Install the
fork pin in the rocker and fork.

NOTE: Make sure the fuel wedges are in
toward the engine as far as their travel per-
mits and that the flywhesl iz not within 30
degrees of any top center,

IT only one or two spray valves have been re-
morved, proceed az follows:

Serew down the stem nut until the rocker i=
held to the level of the other apray-valve rock-
era. Thiz can be checked by sighting along the
top of the rockers from one end of the engine,

If all the apray valves are being replaced, pro-
cet] as Pollows

Zerew down the stem nut on No, 1 spray valve
until the top of the rocker is held level with
the top of the cvlinder head. Repeat this pro-
caedure on No, 6 spray valve, Serew down the
stem nuts on all the other spray valves so that
the rockeras sight level and even with No. 1
and No. & rwkers. Berew down all lock nuts
and tighten them againat the stem nuts,

(sreat care should be taken that the STEM
I[ENOT TURNED WHEN LOCKING THESE
MWUTS, as damage to the valve seat can oocur
if the =tem iz even slightly turned. The spray
valves are now ready for timing. See Section
10 for procedure.

FIGURE 17-1&
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SECTION 18
CONTROLS

1. CONTROL GROUP: The contral group
conzista of the following parts which are cov-
ered in thiz section. Control Unit, Paragraph
2, Master Valve, Paragraph 8. Camshaft
Shifting Device, Paragraph 3. Fuel Cut-out,
Paragraph 10, Cut-out Release, Paragraph 11.
Brake and Kocker Kam Pilot Valve, Para-
graph 4, Master Valve Pilot Valves, Para-
graph 9. Flywhee]l Brake, Paragraph 5. Gov-
ernor, Paragraph 12, Rocker Shaft Ram, Par-
agraph 6.

e

FIGURE 18-1

2, THE CONTROL STAND: Figure 13-1
shows the controls located at the forward end
of the engine, There, alao, are the pressure
regulator and the governor control handle.
The control unit shifts the camshaft from
ahead to astern, operates the flywheel brake
and valve rocker shalt ram, operatea the vent
valves which control the master air valve on
the air starting manifold, and also withdraws
the fuel wedges and releazes the fuel cut-out
mechanism,

3. CAMSHAFT SHIFTING MECHAN-
ISM: The actual zhifting of the camshaft
from ahead to astern requires only one-half
of the total movement of the control lever
shown in Figure 18-2. This permits the con-
trol lever to be moved from the running posi-
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tion to the ztop position without moving the
camshaft and is accomplished by the use of
the slotted link shown in Figure 18-2, The ad-
Justment of thiz link should not be tampered
with except when replacement of these parts
in the field makes such adjustment necessary.

When the control lever is placed in the run
ahead pogition the camshaft is moved aft and
the cloarance between the shifter collar and
the camehaft bearing should not b less than
0,025 inch, When the control lever is moved
to the run astern position the camsahaft is
ahead and the clearanee between the cam gear
hub and camshaft bearing should not be less
than 0.025 inch. These clearances will not re-
guire attention during normal operation but
renewal of related partz could change the
linkage so that adjustment would be neces-
eary, As thiz would only oceur during & major
overhaul we suggest that such adjustments
be made at a service depot.

4. ROCKER SHAFT RAM AND FLY-
WHEEL BRAKE PILOT VALVE: The pilot
valve shown in Figure 18-3 controls both the
valve rocker shaft ram and the flywheel
brake, az these two auxiliarics operate to-
gether, When the control lever is moved o
the atop position the fywheel brake iz ap-
plied and the valve rocker shafts are turned,
thereby raising the inlet and exhaust valve
lifters clear of the cams in preparation for a
shift of the camshaft.

This pilot valve, Figure 18-3, i mounted on
the control bracket or stand, and is actuated
by a cam which moves with the control lever.
Full air pressure from the storage tanks is
constantly on the head of this valve which
keeps it closed when the control handle, and
also the eam lobe, is in either of the running
poaitions, As the control handle is moved into
the stop position, this valve iz opened and
admits air into the lowerchamber of the valve
body. This lower chamber is connected direct-
I¥ to both the Aywheel brake and the valve
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roclker shaft ram, and as air is admitted both
unita are operated. This valve iz open when
the eontrol lever is between the (X)) marks,
Figure 18-4.

FIGURE 18-4

Ags the control lever is moved from the stop
position into either of the running positions
the valve iz closed, thus shutting off the air
aupply to the lower chamber of the valve
body, the brake evlinder, and rocker shaft
ram, These unita and air lines still retain
pressure, and in order to return them to nor-
mal running position the air lines must be

vented or opened to the atmosphere. This ia
accomplizhed through a hollow valve stem,
Figure 18-3, which opens into the lower cham-
ber of the valve body, and iz sealed at the
bottom by a ball, When the valve is open and
admitting air to the brake and ram this ball
is held tight against the bottom of the valve
gtem by the valve lifter, therehy preventing
the air from escaping at this point. When the
control lever i3 moved into either run pogi-
tion the lifter iz lowered, first closing the
valve and then opening the hollow valve by
allowing the ball to drop away from the valve
stem, thus permitting the venting or escap-
ing of air from the lower valve chamber down
through the hollow valve stem and to the at-
mosphere through holes in the valve lifter.

If leaking, the valve may be ground with fine
valve grinding compound and care should be
taken to have all parts thoroughly cleaned
before assembly. Thiz valve and its eperating
mechanism are positioned during manufac-
ture ao that no further adjustments are
HECEEERTY .

AIR COMPRESSOR CYLINDER
¢ AIR SUPPLY FROM PILOT WALVE

PISTOM LEATHER
CYLIMDER

FLYWHEEL

FIGURE 18-5

5. FLYWHEEL BRAKE: Thiz brake is
ghown in Figure 18-b and consists of an air
cvlinder mounted in a rocker arrangement
which in turn is supported by a hracket bolted
to the conterframe. The piston rod extends
out past the air eylinder and contacta the air
comprezzor cylinder, thus making the pizton
atationary. Therefore, when air iz admitted



to the eylinder, the cylinder itself moves away
from the stationary piston, and through the
rocker arrangement, forces the brake shoe
against the Aywheel rim.

When the air supply iz cut off and the air line
vented, a apring forees the air eylinder, rocker
and brake zhoe back to their normal position.
The piston cup-leather should be renewed if
it becomes cracked or seored, and the various
bearings of the rocker and bracket should be
kept well lubricated. The brake lining should
be renewed if it becomes glazed or badly worn.

Do not allow water, oil or grease to collect
on the flywheel rim, as the efficiency of the
brake will be greatly impaired and slow ma-
neuvering will result,

6. ROCKER SHAFT RAM: The various
parts of the ram are shown in Figure 18-6.
The two piston seals require renewing if they
get scored or cracked. They are made of syn-
thetic rubber and should always be installed
with the cups pointing to their respective ends
of the eylinder. Air is prevented from escap-
ing around the piston rod by a synthetic rub-
ber air seal which should be renewed when-
ever excessive leakage occurs, The gland
which holds this seal in place is provided with
an ofl hole which should be attended fo asz
outlined in Bection 6.

The length of the piston stroke is controlled
by the piston being stopped at the eylinder
head, the total stroke being 634 inches. The
position of the rocker shaft relative to the
ram piston can be adjusted by screwing the
fork up or down on the piston rod. This fork
should be adjuated o that when the ram pis-
tom is at the bottom of the stroke the valve
rocker shaft eonnecting forks are pointing
atraight up.

At the bottom of the ram eylinder there 13 a
gpring loaded pawl] which engages a notch in
the piston. This pawl acts as a safeguard to
lock the ram piston in the running position
in case the air ia turned off while the engine
iz operating.
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7. AVOID ABUSES OF THE CONTROL
MECHANISM: Assume that the engine is
operating in the ahead position and an irmmme-
diate reverse is required. The control lever is
moved to the stop position, As it passes the
{X) mark, Figure 18-4, the pilot valve con-
trolling the rocker shaft ram is opened. As
spon as the lever leaves the stop position on
the wav to the reverse position the camahatt
starts to ghift. If sufficient time has not been
given for the rocker shaft ram to complete
its stroke the valve lifters will not be raised,
therefore it is possible for the side of the
cam lobes to be foreed against the lifter roll-
ers, causing damage.

This is one of the reasons why the operitor
must wait in the stop position until the rocker
shaft ram has completed its stroke and the
engine has stopped turning. The balance of
the maneuver can then be made with safety.
Experience will indicate the length of this
alight pause and in some installations it may
be possible to move the lever directly from
ane running position to the other, providing
this is done slowly.

8. MASTER VALVE: Thiz valve, Figure
18-7, ia deseribed in Paragraph 24 of Section
5. It controls the supply of air between the
atorage tanks and the air starting manifold.
There are no adjustments but the wvalve
should be taken apart during overhaul and
thoroughly cleaned. The valve face and seal
may be ground with fine grinding compound
if necessary. When the valve is dismantled
it will be found that there are two piston rings
on the valve piston, These should be checked
for cloarance both in the evlinder and the
ring lands. The piston, piston rings and cylin-
der should be well cleaned, as moisture in the
air will eause corrosion and rust. Care should
be taken to aee that all parts are well cleaned
before assembly.

4. MASTER VALVE VENT VALVES:
These two valves, mounted on the control
hracket, simply vent the chamber above the
piston of the master air valve on the air start-
ing manifeld, and are described in Paragraph
24 of Section 5. They are located at either
side of the comtrol unit and operate by the

COMMECTED TO VEMT WALVE
Qi COMTROL UNIT

COMMECTED
0 AIR TANKS

VALVE
FACE
EOUALIZING HOLE
WALVE
SEAT PORTS 1IN VALVE
STEM TN LIME
WITH WENT
! GUARD OPEMING

A

% CONMEETED TO AIR START MANIFOLD
FIGURE 18-7

movement of the contrel lever into either (E)
ar (1), Figure 18-4. They can be ground with
fine grinding compound if necessary bt
should require little attention if the air ays-
tem is kept clean and [ree from dirt particles.

10. FUEL CUT-OUT MECHANISM: Thi:
deviee. shown in Figure 18-8, takes the con-
trol of the fuel wedge shaft away from the
governor whenever the control lever ia mioved
aut of either run position. The lever (A) is
raised by the cam (B). This action when
tranamitted through the forked rod {C) to
the slotted arm (D}, and being fixed to the
wadgre shaft withdrawa the wedges by turn-
ing the wedge shaft a part of & turn. In nor-
mal run position forked rod (C) is not in cone
tact with arm (¥ and thus permits the wedge
shaft to be turned by the governor indepen-
dent of the fuel cul-out.

The adjustment of the double nuts on rod (C)
should be such that the wedges are with-
drawn sufficiently to stop the engine and yet
leave some clearance between the nuts and
the face of slotted arm (D) when the wedges
are full in (full speed).

-
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FIGURE 13-8

When the control lever is moved out of either
run position and the wedge shaft is turned,
withdrawing the fuel wedges, the latch (E)
which normally rides on the surface of the
hald-out collar {F) iz pulled down into the
noteh in the hold-out eollar by the spring ().
In this manner the wedge zhaft is pozitively
held out until the engine iz started again.

11. FUEL CUT-OUT RELEASE MECH-
ANISM: When the engine iz being started
the control lever is moved to either end of the
slot in the control panel, During thiz move-
ment the spring loaded pawl (H), Figure 18-85,
goes up againat the pin (I). When the control

lewer s pressed in towards the engine, to open
the master air valve, the pawl (H) drops into
the groove in pin (1), A=z apon as the engine
has gained starting momentum on air, the
control lever is moved out of the starting po-
gition and into the run position, This motion
withdraws pin (I} which in turn releases the
latech (E) throwgh the fork rod (J), The
spring (K} now turns the wedge shaft into
the full speed position and the latch apain
rides on the surface of the hold-owt collar,
The fork rod {J) should be adjusted =0 that
when the latch (E) iz engaged in the hold-ont
collar, pin (I} will be in such a position that
the pawl {H)} in the control lever goes up
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against the full diameter at the end of the
pin (1) when the control lever is moved to
gither end of the slot (positions A or B, Fig-
ure 18-4). Then when the control lever is
moved into the start poaition (D) or (E), Fig-
ure 184, the pawl (H) must snap into the
groove in pin (I} so that thia pin will be with-
drawn far enough to release the latch from
the hold-out eollar az the control lever is
moved [rom the atart to the run position {po-
sitions F or (3, Figure 18-4),

12. GOVERNOR: The governor, Figure 15-9,
is mounted on the centerframe near the for-
ward end, and is driven by the camshaft gear,

The governor weights are equipped with roll-
ors which bear against a thrust plate in the
center of the governor body. As the governor
revolves, centrifugal foree tends to throw the
weights outward, thus creating pressure
against this thrust plate which is free to slide
in the body, but iz keved so that it turns with

186

the body. The foree created by the weights
against the plate is transmitted through a
quill to a roller type throst bearing mounted
in & cage which bears against the governor
spring, and by a pin through the cage, actu-
ates a fork on the vertical shaft which, in
turn, connects to and controla the fuel wedge
shaft.

The engine speed s governed by the
tension of the governor spring and can be
regulated by the control handle to give vari-
ous speeds from idle to full. The governor
aetion iz to reduce engine speed by pulling
the fuel wedges out, so therefore, the more
tension on the apring the harder it is for the
weights to fly out and reduce the speed. Ten-
sion on the governor spring can also be regu-
lated by means of the adjusting screw, and
ahould be set to give the proper engine R.FM.
as indicated on the name plate. This adjust-
ment should be made with the control handle
in the last notech. The engine should then idle



al the proper speed when the control handle
is in the first notch. Another thrust hearing
18 naed to take the thrust of the EOVEFInF
body, and is retained by an adjustable collar.
This collar should be adjusted to give 0,008

“to 0L010™ clearance between the benring and
collar,

It the governor has a tende ney to “hunt,™ that
is a constant increasing and decreazing of

engine speed, the cause may be found in one
or more of the following places :

A, Governor weight rollers may be tight
or have a flat spot which will tend tn
restrict the movement of the weight.
If rollers appear to have flat spots they
should be replaced.

B. Fuel wedge shaft and connerling link-
age may be binding or there may be a
misaligned bearing on the Eovernor
vertical shaft or wedge shaft. It is very
important that these parts be kept free
and not allowed to Hind.

C.  The torsional spring on the fuel wedga
shaft may be weak or poorly adjusted,

D. The buffer springs on the fuel Apray
valve pushrod may not he amidjusted
evenly. One of these springs adjusted
too tight will have too much dam pening
effect and will tend to throw the wedge

out each time the lifter raises the push-
raud,

E. The engine may not be balanced prop-
erly, causing the governor to be over-
worked in trying to smooth out the
variation due to one or two overloaded
eylinders.

When replacing parts or re-assembling, always
make sure that 0.004 “te 0.005" backlash is
allowed between the governor and camshaft
#ears, This can be done hy shifting the gov.-
ernor housing on the centerframe and then re-
doweling.
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SECTION 19
CAMSHAFT AND CAMS

1. CAMSHAFT: The camshaft, which iz
made of two-inch ground steel shafting, ro-
tates in bronze bushed bearings which are
supported in the centerframe between each
pair of cylinders. Some of these bearingz are
lubricated by the pressure oil svstem while
others are ofled by reservoirs which catch
apme of the oil thrown off by the connecting-
rivd bearings.

r

|

i |
.. e -
¥ C—
: )
WEDGE SHAFT ——
IMLET LIFTER ROLLER :.'. l
I
. -
¥

AR STARTING LIFTER ROLLER
EHLEI AND AlR STARTING CLUSTER

LT

FUEL LIFTER ROLLER

RAMP OM FUEL CAM LOBE

The camshaft bearings are machined cast iron
hloeks which are a driving fit into recesses cut
in the webs of the centerframe. These Mocks
are secured in the centerframe by a long cap
acrew. There are renewable bronze bushings
pressed into the blocks which form the bear-
ing area for the camshaft. These bushings are
reamed after being pressed in to give a run-
ning ¢learance of from 0006 to 0007 inch.
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CAUTION: Mew bushings must have the oil
holes drilled in them after they are pressed
in and these holes must lead into the longi-
tudinal oil grooves which are cut in the bearing
area. This means that the oil grooves must
be lined up with the oil holes in the cast iron
block before the bushing is pressed in.

SERVICE NOTE: The renewal of camshaft
bearings or the replacement of anv cama re-
gquires the removal and stripping of the cam-
shaft. This is work which should be under-
taken only at & service depot where akilled
mechanics and the necessary equipment are
available. Later on in thiz section we give
detailed instruections to anvone doing this
work,

2. CAMS: The casc-hardened steel cama for
each evlinder are grouped in two clusters, the
exhaust and fuel eams forming one group and
the inlet and air-start cams the other. The
cams are a tight sliding fit on the camshaft
and are driven by kevs which position them
for the correct firing sequence. The hub of
each cluster is drilled and tapped for a set
serew which engages a groove cut in the cam-
ahaft, locating the cluster in a fore and aft
direction., These set screws are locked by
threading locking wire through each set screw
and through holes dreilled in the adjacent cam
lobe, A sgpecial set gerew wrench is supplied
with the engine.

Each cam cluster iz held together by two cap
gerewa which are threaded into the outzide
cam of each cluster, see Figure 1%.1, The
hoads of these cap screws are drilled and
should always be locked with wire,

3. FUEL CAMS: The fuel cam consists of a
case-hardened stesl dise which has a =lot
triilled in each side. The renewable fuel cam
lobes, one for each rotation, fit into these slota
and are secured by a cap screw and a special
square nut. There is a chamfer or ramp on one
side of each lobe which permits the fuel lifter
roller to slide up on the cam lobe when the
camshalt is shifted. The fuel-cam lobes are
assembled for each cvlinder, with the ramps
toward each other,

To remove the fuelcam lobes, loosen the
exhuust-cam zet screw and slide that cluster
along the camshaft as far as poazible, The cap
gcrew which clamps the lobes in place can now
b removed and the lobes withdrawn, On some
engines it may be necessary to separate the
exhaust- and Tuel-cam discs in order to get
the special nut on the end of the cap screw out
of the slot in the cam diac,

The holes in the fuel-cam dise for the attach-
ing cap screws are slotted to permit cloze ad-
justment of the fuel cam as cutlined in Section
10, Paragraph 22,

4. CAMSHAYT DRIVE GEAR: The drive
gear hub, at the forward end, 15 fastened to the
camshaft in the same manner as the cam clos-
ters, It iz driven by a Key and is located fore
and aft by & set serew which engages 5 groove
cut in the camshaft. The drive gear mounts
on a flange and apigot on the hub, The holes
in the gear, for the attaching cap serews, are
slotted to permit close adjustment of the cam-
ehaft aa outlined in Parvagraph 18 of this sec-
tinm.

5. FUEL-PUMP ECCENTRICS AND
LUBE-PUMF DRIVE GEAR: The after
high-pressure fuel-pump eccentric is pressed
anto the camshaft and iz driven by a key, The
lube-pump gear and the forward Tuel eecentric
are capserewed to the after eccontrie,

6. BILGE-PUMP ECCEMNTRIC: The alter
camshaft bearing is enlarged to secommodate
a aleeve which is a sliding fit on the camshaft
and is driven by two keyvs which act az splines,
Cnto this sleeve is pressed the cceentric which
drives the bilge pump. This set-up permitz the
bilge-pump eccentric to remain in the same
fore and aft position while the camshaft is
ghifted during engine maneuvers.

7. RENEWAL OF LIFTER ROLLERS:
The lifter rollers may be replaced if necessary
by removing the lifter. The roller pin iz a light
press fit in the lifter and can be driven owt
with a amall bronze drift, When the new roller
and pin have been installed, burr the top and
bottom of the pin hole, in the lifter, slightly to
prevent the pin from coming out. Try the lift-
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er in the Fuide to assure its being free, T may
he necesaary to file the holes to obtain running
clearance between the lifter and the guide,
which shaild be from 0.002 to 0003 inch.

8. REMOVAL AND STRIPPING OF
CAMSHAFT: The following paragraphs are
instructions for the removal, disassembly,
assembly, and installation of the camshaft.

9, RIGHT- AND LEFT-HAND ENGINES:
The cams are assembled on the camshaft in
four different arrangements, depending upon
the hand and direction of rotation of the en-
gine. NOTE: In twin screw installations the
righi-hand engine is on the port side of the
vesae]l and the lefl-hand engine iz on the stars
hasird gide. In single screw installations a
right-hand engine is used.

10. CAM LAYOUT: The direction of rota-
tion of the engine is determined by the hand
of the propeller that it is driving. Standard
rotation for Atlas engines iz inboard, that is,
the tops of the Aywheels of both engines turn
in toward the center of the vessel, but in spe-
cial eases outhoard rotation is used. The cor-
rect cam assembly for any given engine, re-
gardlezz of hand of the engine or direction of
rotation, may be determined from the follow-
ing:

{a) On right-hand engines the exhaust-
and fuel-cam group is forward on the
shaft and the inlet- and air-start group
ia aft.

ih) On left-hand engines the inlet- and air-
start eam group i forward and the
exhaust-fuel group is aft,

(¢} On all engines the fuel- and air-start
eams are adjacent to the cylinder cen-
ter limes,

id) Omn all engines the ahead cams of each
pair are forward and the astern cams
are aft,

{8} The camshaft rotates in the zame di-
rection as= the crankahaft.

if} As the camshaft rotates, the lobe of
the exhauat cam for that rotation leads
the kevway and the lobe of the inlet
cam trails the kevway.

LG

(g} The lobe of the air-start cam and the
Iobe of the fuel cam are on the same
side of the shaft with reapect to the
kevway as the lobse of the exhaust cam.

1. CAMSHAFT REMOVAL:

(a) Hemove centerframe covers, including
houaings for rotarv-pump drive and
povernar drive.

ihy Bemove hilge-pump  connecting-rod
cap and block up high-pressure fuel-
pump lifters,

()} Remove camshaft-shifter linkage and
housing.,

id} Hemove pushrods and walve lifters,
(Liftera and guides may be left in
place if lifters are raised clear of cams
and clamped in place.)

(el Bemove camshaft-bearing
ACTEWE,

retaining

({1 Loozen the cylinder retaining nuts on
the camshaft aide of the engine. (The
evlinder retaining studa tend to clamp
the camshaft bearings in the center-
frame.)

() Remove the camshaft. Bledge each
bearing block out of its seat a Little at
a time, using a timber inserted through
the openings on the exhanst manifold
side, The end of the timber should be
placed againat the camshaft as close
to the bearing as possible.

12. CAMSHAFT DISASSEMBLY: Affer
the camshaft has been removed from the en-
gine the cam set screws and clamp bolts are
lnssened and the drive gear, cams, and bear-
ings may then be successively removed from
the forward end. The cams are a light tap fit
on the shaft and should slide freely, but if it
should be necessary to drive them off, only a
habbitt hammer or brazs dreift should be naed.
Anv burrs on the shaft, particularly at the
keywaye, must be carefully dressed down with
@ file, If this precaution iz not taken the cams
may seize az they are removed; forcing them
the remainder of the diztance will seore the
shaft.

13, CAMSHAFT ASSEMELY AMND IN-
STALLATIOM: When the camshaflt is being

pe-agzembled the same precautions with re-



grard to burrs apply. Coating the bores of the
cams with white lead will aid materially in
sliding the cams into place without seratehing
the shaft. The hores of either new or old cams
ghould be inspected carefully for any deflects
likely to scratch the shaft. Bearings and cams
are installed suceezzively from the forward
end in the reverse order of their removal, and
all clamp bolts and set screws secured and
wired.,

The aszsembled camahaft ia then installed in
the engine. After starting each cam bearing
in its seat, the bearings are driven into place
& little &t a time with a heavy brass bar. Each
bearing should be driven a little and then left
until all the others have been knocked in the
same amount so that the camshaft will not be
bent.

The engine ashould next be timed, in accord-
ance with the detailed instructions in Para-
graphs 18, 19, and 20, after which the rotary
pump and governor assemblies may be re-
placed.

14. VALVE OPENING AND CLOSING:
The correct valve timing for the engine is
given in the following table.
Air-start valve
Opens 4 degrees before top center
Closes 40 degrees before bottom center
Inlat valve
Opens § degrees before top center
Closges 35 degrees after bottom center
Exhaust valve
Opens 55 degrees before bottom center
Closes & degrees after top center
Fuel-spray valve
Opens—See engine nameplate
{loses—See engine nameplate

15. SPOTTING THE PISTON: Belore pro-
cepding with the discussion on valve timing,
the following instructions regarding the cor-
rect 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 rotation for the valve being timed. IT the
engine iz turned past the desired position, it
should be turned well back in the opposite di-

rection, and then again brought up to the re-
guired point. This is necessary in order to take
up all gear backlash,

16. FLYWHEEL MARKINGS: The position
of the piston may be determined from the fly-
wheel pointer and the markings stamped on
the flywheel rim. Top center for each piston
is marked and stamped with the correspond-
ing piston numbers, and degree marks are
stamped on each side of top center.

17. POINTER LOCATION: The location of
the flvwheel pointer should be checked ooea-
sionally by “splitting the center.” With one
of the ¢ylinder heads removed, crank the en-
gine to a point about 20 degrees off top center.
Measure the exact diztance from the top of
the exlinder down to the piston and observe
the pointer reading on the flywheel, Then set
the piston to the same distance below the top
of the evlinder on the other side of top center
and observe the flywheel pointer reading. If
the readings do not agree, adjust the pointer
to give equal readings on each side. These
readings should preferably be taken with an
indieator and in each caze the piston should be
cranked UPWARD into poaition.

18. CAMSHAFT TIMING: |n order to time
the engine it ia necessary to first establish the
correct relation between the erankshaft and
the camshaft and then to adjust the pushrods
to open and close the valves at the correct
points. The camzhaft-crankshaft relation ia
determined by the mesh of the gear train and
by the poszition of the camshaft gear on its
huks,

If the engine iz to be re-assembled with the
original crankshaft gear, camshaft gear and
hub, the eamshaft can be correctly timed after
an overhaul as followa: Before disassembling
the gear train spot No. 1 evlinder exactly on
top center (firing) or top center with both
valves closed, With a steel acale held firmly
against the machined side of the centerframe,
acribe a line across the side of the camshaft
gear, parallel to the centerframe face. When
re-pssembling, mesh the gears with the crank-
ghaft and the camshaft in the same relative
position, that is, with No. 1 eyvlinder on exactly
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top center and the line on the camshaft gear
in line with the same acale held against the
centerframe face,

If the erankshaft gear, camshaft gear, or the
camahaft gear hub iz replaced, the camshaft
ray b timed as follows:

() Spot No.1eylinder at top center.

(b} Set the camshaft gear relative to itz
hub so that clamping bolts are ap-
proximately in the center of the slots,
Orient camahaft gear ao that old dowel
holes will not interfere with re-dowel-
ing.

ie) Turn the camshaft (with intermediate
gear out of mesh) so that the inlet and
exhauzt lifters of Moo 1 cvlinder are
each raized an equal distance. (NOTE:
The piston was set at T.C. a= in this
position both valves should be open an
equal distance. The intermediate gear
and centerframe end cover assemhbly
should e moved aufficiently to take the
intermediate gear out of mesh with the
camshaft gear.)

{d} Holding crankshaft and camshaft in
above positions and allowing the cam-
shaft gear to slip on its hub as regquired,
mesh the intermediate gear and tight-
en the clamp bolts between the cam-
shaft gear and hub. After all valves
have been timed and checked, drill a
21 cineh hole through hub in line with
dowel hole in gear and ream to 0.497
inch-N_498 inch for dowel,

After determining the correct relation be-
tween the camshaft and crankshaft the push-
rods must be adjusted as follows:

19, INLET AND EXHAUST VALVE
TIMING:
(a)} Spot pizton at 5 degrees before top cen-
ter ot the end of the exhaust stroke,
ih) Adjust inlet pushrod so that valve is
just opening.
ic) Spot piston at 5 degrees after top cen-
ter on the suction stroke,
(d) Adjust exhauat pushrod =0 that valve
15 just closing.

{ed) Cheek clearance between valve stems
and rocker rollers. The cams are de-
signed for Yy.-inch clearance with the
valves et as above and with the engine
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 0,020 inch  and
0040 inch, varying the opening and
closing points elightly if necessary. Ex-
cesgive clearances mean a noigy engine
and increased wear on parts. Insuffi-
cient clearances prevent wvalves from
seating properly, with conseguent. blow-
by and destruction of valves and seats,

ity Adjust stop screws above valve ends of
rockers. These screws prevent the valve
ends of the rockers from lifting when
the rocker-shifting cylinder operates.
They should be adjusted for Ly.-inch
clearanee when the shifting eylinder is
in the operating position and the cam
rollers are down on the base circle of
the cams, THEY MUST NEVER BE
SCREWED DOWN WITHOUT ANY
CLEARANCEROTHATTHE VALVE
CANNOT SEAT.

(g1 Check and record closing peint of inlet
valve and opening point of exhaust
valve, These points should fall within
b degress of the position given in the
timing table.

(h) Adjust and record inlet and exhaust
valves for the sther cylinders as above.

20. AIR-START VALVE TIMING:

(a} Remove cover from air-start valve for
eylinder No. 1 and hold valve down
firmly on its seat.

ih) Bpot piston at 4 degrees before top
center at the end of the compresgion
stroke and adjust the pushrod so that
the walve iz just opening. Check the
closing point, which should fall within
5 degrees of the position given in the
table, (Bee Paragraph 14.)

(e} Adjust and record air-start valves for
the other cvlinders as above,

21. FUEL-SPRAY VALVE TIMIMG: So¢
Section 10,



SECTION 20
LUBRICATING OIL AND TRANSFER PUMPS

1. DESCRIPTION OF PUMPS: Figure 20-1
shows the pressure lube oil pump and Figure
2112 shows the sump pump. The two oil pumps
are alike except for the length of the shafts
and the position of the keyways. They are of
the gear reversible type pump using a gear,
an idler and a crescent shaped baffle to main-
tain the direction of flow through the pump
regardless of rotation. Figures 20-3 and 20-4
show how this erescent shifts when the rota-
tion is changed, by following the rotation of
the idler.

FIGURE 20-1

2, SUMP PUMP: A: atated in Paragraph 1
the sump pump shown in Figure 20-2 is iden-
tical with the pressure pump except that it has
a rolief valve which discharges into the atmos-
phere. This valve is to safeguard the pump if
the erescent is slow in reversing itz position
when the engine changes rotation, causing a
pressure to be built up against the Toot valve
in the auction assembly. Any continual dis-
charge from this valve would demand that the
engine be shut down immediately and the
aump pump opened up for inspection.

FIGURE 20-2
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3. FUEL TRANSFER PUMP: Figure 20-1.
This pump is exactly the same in principle and
operation as the two lube pumps exeept that
there iz an external drain areanged so that
fuel leakage cannot find its way into the crank-
case. The drain is shown in Figure 20-5 and
SHOULD NEVER BE PLUGGEL.

4. DISASSEMBLY: These pumps will need
little attention, but if they are taken apart
great care should be taken that all parts are
marked so they will be assembled in the proper
order. The pumps are attached to the engine
by adapters which permit their removal in one
piece for inspection of the bushings, As these
bearings do not wear out all at onee, we 2ug-
gest that if they are worn, the pump be re-
installed on the engine and repairs made at a
base where the necessary equipment is avail-
able. Figure 20-56 shows the adapter plates
which hold the bushings of the pump shafts.

5. ASSEMBLY: The moving parts of these
pumps operate between the end cover of the
pumps and the adapter plate, The assembly of
the pump to the adapter plate should be made
on the bench where the clearanee between the

L POSITIONS T
: CRESCEMT HAS BEEM B
. OFF FOR ILLUSTRATIVE PL

FIGURE 20-3
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end plate and the adapter can be checked by
revolving the pump by hand. While thiz clear-
ance ig only from 0001 to 0003 inch (a very
amall lengthwise movement of the shaft) it is
important that the crescent-gshaped baffle can
move freely, otherwise the pump would not
deliver il when the engine rotation is changed,

The eorrect assembly may be determined by
remembering that the crescent always moves
in the suction zone when the pump changes
direction, There is a projection on the inside
of the pump cover which acts az a stop for the
crescent and the cover should be attached with
thia projection toward the auction port of the
pump. Follow these directions for determin-
ing the rotation rather than rely on the diree-
tion arrows on the pump body.

6. PUMP LUBRICATION The outer bush-
ingsof theze pumps, that is, the bushings next
to the pump proper, are lubricated by leakage
along the shaft from the pump chamber. The
inmer bushings az well as the gears that drive
the pumps are constantly sprayed with oil led
in from the high-pressure sy stem,

OFF FOR ILLUSTRAT]

FIGURE 20-4



7. LUBE OIL FILTERS: The oil from the
pressure pump next passes through the filfers
shown in Figure 20-6, These filters are so ar-
ranged that oil can be directed through one
while the other is being cleaned. This change
over ia made by moving the lever from one
extreme position to the other. The filter con-
giata of a metal element having openings ahout
00013 ineh, The dirt and aolid matter i= caught
on the cutaide of thiz element where it can be
seraped off by & knife blade that is held against
the side of the element. The element i re-
volved by a hand wheel on top of the filter, Tt
is good practice to scrape these filters just
after shutting the engine down as this re-
moves the dirt and allows it to settle to the
bottom of the bowl where it can be drained off
by removing the plug in the bottom. The knife

- PRESSURE PUMP GEAR BUSHING

ADAPTER PLATE

OIL SEAL
THIS DRAIN MUST NOT BE CLOSED

seraper should be turned several timea every
four hours of running. This filter has o built-in
byv-pass valve which openz at about 18 pounds
pressure if the screen of the Olter clogs up.
However, this is only a safety device and the
filter should be clganed regularly.

B. OIL COOLER: This conler, shown in Fig-
ure 20-7, iz alzo the water inlet manifold and
ita construction is desceribed in Section 3, Para-
graph 12, Tt will require little attention except
cleaning and the necezsity of this will be gov-
erned by the type of water used for cooling.

a, CLEANMING THE COOLER: If & raw-
water cooling svstem iz vaed and the water s
heavily laden with silt the eooler should be
taken apart at least once each yvear.

PRESSURE PUMP THIS GEAR ON

™ REVERSING
CRESCENT

END COVER

TRAMSFER PUMP RE
FOR m.usTHATw_]':_

FIGURE 20-5
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FILTER DNSCHARGE TO Ol E{'JGLE_I_..

g

CLEANING HANDLE |

LUBE DIl FILTER

PRESSURE CHAMGE-OVER
REGULATING HAMDLE %
WALVE T

 DISCHARGEOF -
PRESSURE PUMP TO FILTERS

FIGURE 20-6

Bemove the packing gland, packing and Aange
from each end of the manifold and the cooler
may be withdrawn and the manifold cleaned
out. There will be no need to remove the core
pipe from the center of the cooling pipe. Use
new flax packing when replacing the glanda.

10. LUBE OIL RELIEF VALVE: This valve
allows the excess oil delivered by the pressure
pump to pass back into the lube il service
tank. Figure 2008 shows that it is an adjusi-
able spring-loaded check valve. By screwing

CORE PIPE

[ e,
gﬁlt CUT HERE

- GLAND PACKIMG COPPER WIRE

=

CIRCULATING PUMP COMNECTION
INLET WATER MAMIFOLD

LOCK HMUT

E— ISCHARGE TO LUBE SERVICE TANK

FIGURE 20-B

down on the adjusting stud the tension of the
apring iz increased, thereby holding the valve
down on its seat, Do not adjust this valve until
the engine and the oil in the system are thor-
oughly warm. HBe sure and tighten the lock
nut when the adjustment is complete.

If there iz a sudden drop in il pressure, do
not eorrect by adjusting this valve without
first checking the following :

(1M Faulty crankshaft bearing

(EY Worn pump parts

(F) il too thin,

BILGE PUMP CONNECTION

CYLINDER FLANGE e

FIGURE 20-7



As gshown in Figure 2066 this valve is connect-
ed into the discharge of the pressure luhe
pump and the filters, The discharge of the
valve iz piped back into the prezzure pump
siietion.

11. REMOVAL OF THE SUMP PUMP
SUCTION ASSEMBLY: Disconnect the two
unions in the sump pump suction line, Remove
the two cap acrews from the sump hole cover
and withdraw the suction azsembly, Thorough-
Iy elean the screen and examine the ball check.
This check is used to keep the sump pump
primed diuring the time the engine is not in
operation. If any fittings or pipe of this asaem-
bly are renewed be sure that the overall di-
mensions are retained, as the location of the
suction in the sump iz governed by the com-
bined length of these various parts. This =ue-
tion assembly iz shown in Figure 20-9,

SUMP HOLE COVER:

SET SCREW

SCREEM LCCK MUT

FIGURE 20-9

12. ASSEMELY OF SUMP PUMP SUC-
TIOHN: Be sure Lhe ball check iz inztalled right
side up. That ia, the ball must have its seat on
the lower end, A sel serew in the end of the
sereen bears down againat the base to prevent
vibration of the screen and pipe. It can he
reached by removing the cover plate on the op-
posite side of the base and can best be adjusted
as follows ; with the sereen in place and the aup-
porting cover bolted down, screw the set serew
down against the base with the fingera, Re-
maove the cover plate and screen assembly and
serew the set acrew in one more turn, locking

it with the jam nut. Replace acresn and cover
assembly and remew the cover gasket unless
the old one iz in good condition. Replace the
aection of piping leading to the pump suction,
making sure that both unions are well tight-
emead,

13. CLEANING THE BASE: While the
sump pump acreen iz oul for inspection the
base should be cleaned out thoroughly. Re-
move all the crank pit doors. Wash off the
crankshaft, bearing caps, connecting rods,
crank pin bearings and erank pits with fusl
oil and raga, NOT WASTE. Clean in and
around the camshaft and camas, as many parts
in these assemhlies rely on .5:p]u|-1h_ for luhrica-
tion. When everything is clean, BE SURE
ALL FUEL OIL IS REMOVED FROM THE
BASE AND THAT NO RAGS ARE LEFT IN.

14. CLEANING THE LUBE OIL SERVICE
TANK: When the base is cleaned out the lube
oil service tank should be drained from the
valve in the bottom of the tank, Remove the
screen and wash it in fuel oil. Wash out the
tank with fuel oil and drain again. Fill up the
tank with new clean nil,

HAND CHHJ{\
ADJUSTING

SCREW
N

SIGHT FEED GLASS .

THIS PUMP TC CYLI

Fol oy

FIGURE 20-10
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15. MECHANICAL LUBRICATOR: Thi=
lubricator is mounted on & bracket on the after
end of the engine and iz driven by a rod from
the bilge pump eccentric. It supplies oil to the
evlinder walls. Its operation is described in
Paragraph 19 of Section 2 and the adjusting
serews are shown in Figure 20-10.

Fach feed is set for 20-25 dropa per minute
for new engines. After the rings and cylinders
are well worn in this can be decreased to about

15-20 drops per minute. KEEP THE LUBRI-
CATOR WELL FILLED WITH THE SAME
OIL AS IS USED IN THE ENGINE. AL-
WAYS USE NEW CLEAN OIL. As the drive
shaft ig located just above the center of the
cage, it is necessary to keep the oil level at
least half way up in the glass so that the ec-
eentrics, which drive the pumps, receive lubri-
cation. This filling of the lubricator should be
made a part of the engine room routine, as
serious damage will oceur to the pistons, rings
and cvlinder walls if it iz allowed to run dry.



SECTION 21
AIR COMPRESSOR AND UNLOADER

1. DISASSEMBLY OF CYLINDER
HEAD: Drain the engine. Disconnect the
tube leading to the unloader. Bemove the
cyvlinder-head nuts and the cap acrews that
attach the water by-pass. Disconnect the
union in the dizcharge line. Lift off the head.

2. OPERATION OF THE UNLOADER:
Figure 21-1 shows the compreasor head and
the position of the unloader as related to the
suetion valve,

The unloader holds the suction valve open
when the air in the storsge tank reaches the
desired pressure. When this pressure drops
below a certain point, the unloader releases the
anction valve, allowing the compresaor to re-
plenizh the storage tanks, The opening (A),
Figure 21-1, iz connected to the storage tank.

The spring (B)Y holds the piston () agamat
the seat (D). When the air pressure in the
storage tank exceeds the spring tension, the
pizton is backed away, allowing the air to pass
through the hole (E) and out the passage (F)
onto the diaphragm. The air pressure bends
the diaphragm down, which moves the rod
((3) againet the astem of the suction valve (H),
holding it off its seat, thereby stopping the
compreszor from delivering air.

When the air pressure in the tank drops below
the aet tension of the spring, the piston (C)
returns to itz seat, cutting off the air (o the
diaphragm. The zpring (1), under the dia-
phragm, lifts the rod (G), allowing the aue-
tion valve of the compressor to operate,

3. ADJUSTMENT OF THE UNLORDER:
The pressure at which thiz unloader cutz in
or out can be varied by increasing or decreas-
ing the spring tension, Unscrew the lock nut
(J1 and z2crew the sleeve (K] in to increaze
the pressure and out to decrease the pressure,
After the proper adjustment is obtained,
tighten the lock nut.

By acrewing the wing nut {L} in a clockwize
direction, the spring pressure on the piston
will be released and the compressor will not
function as long a2 there is enough air pres-
gure in the tank to overcome the tension of
the spring (I). For normal operation thiz wing
nut zhould e unscrewed far encugh out so
that it will not touch the sleeve (K).

The unloader will need little attention, but if
the seat (D) iz leaking, it can be ground as
follows : Remove the sleeve (K} and withdraw
the rod and spring. Bemove the nut (M) and
take out the sereen (N}, Smear fine grinding
compound on the head of the pizton, Replace
the pizton, rod and spring. Screw in the slesve
s that slight pressure ia exerted against the
pizton, With & small serewdriver turn the head
of the piston back and forth until & good seat
iz ground in. Wash all parts thoroughly hefore
azsembling,

4. DISASSEMELY OF THE SUCTION
VYALVE: HEemove the unloader and bracket.
Eemove the two lock nuts and spring and re-
tainer from the stem of the suction valve,
Examine the seat and face of the valve, If they
are pitted or badly ridged they should be re-
faced, but this iz seldom necessary. The valve
guide can be renewed in the same manner az
those in the eylinder head, see Section 11, The
valve may be ground in the normal way. The
spring should be renewed if there are any
gigns of corrosion.

5. ASSEMELY OF SUCTION VALYE:
After the suction valve iz installed be sure
that the double nuts on the stem are well
tightened. Work the valve up and down sev-
eral times to assure its being free in the guide,
When attaching the unloader be sure that
there iz some clearance between the dia-
phragm rod and the stem of the valve. This
may be adjusted by loosening the lock nut
which tightens againat the bracket. Screw the



unlogder in or out of the bracket until suffi-
cient clearanee is obtained and then tighten
the lock nut.

6. DISASSEMELY OF THE DISCHARGE
VYALVE: Hemove the two eap screws which
hold the discharge cover. Lift out the guide
cap and the spring and coilar. The guide and
valve will lift out together, Examine the fit

.IIIIII_-I,";M. i
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of the valve atem in the guide. If the stem
and the guide are worn sufficient]ly to permit
the valve to wander on the seat, both ahonuld
be renewed, The valve and seat may be ground
in the normal manner it the guide is used to

position the valve correctly. There ia a slot in
the stem of the valve by which it can be turned
with a serewdriver.
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Examine the shoulder on the valve stem which
holds the apring ecollar. If thiz is worn down
a0 that the collar touches the guide, the valve
ghould be renewed. Examine the spring for
cortosion and renew if necessary,

7. ASSEMELY OF THE DISCHARGE
VALVE: After the valve has been ground and
all part= cleaned thoroughly, replace the valve,
guide, collar and spring. Set in the guide cap,
Lposgen the lock cap and unscrew the guide cap
stud in the valve cover. Inatall a new copper
ashestos gasket between the cover and the eyl-
inder head and tighten the two attaching cap
serewa evenly,

Berew down the guide cap stud =0 that the
guide cap is held firmly in place. Lock the stud
with the lock cap.

7. DISASSEMEBLY OF THE ECCENTRIC
STRAP, CONNECTING ROD AND PIS-
TON: REemove the eccentric-pit door on the
manifold side of the engine, Cut the lock wire
in the two cap serews which attach the con-
necting rod to the eccentric strap. Unscrew
the cap screws and the rod and piston can be
removed through the top of the cvlinder. D
NOT LOSE THE COMPRESSION SHIMS
that lie between the foot of the connecting rod
and the eecentrie strap. Figure 21.2 shows the
various parta of thiz azsembly, The eecentric
gtrap has been turned 1 turn for illustrative
Furposes,

8. REMOVAL OF THE PISTON PIN: Fig-
urg 21-2 zhowsz that the piston pin iz held in
by & set serew which threads through the
pigton-pin boss and engages a spotted hole in
the pin. Blacken the lock nut and zerew out
the zet acrew, The pin may be driven out with
a bronze drift. The pin has several holes bored
from the bearing area into the hollow center.
See that they are clean, as oily vapor finds its
way through these holes to supply lubrication.

The pin should be a driving fit in the piston
and should have from 00000 to 0,002 inch clear-
anee in the connecting rod bushing, If it is
neceszary o renew this bushing it can be
driven out with a drift and the new one in-
stalled by pressing it in with a vise, It should
be reamed to proper clearance after it is
nressed in,
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8. REMOVAL OF THE PISTON RINGS:
These ringz are removed in the manner de-
acribed in Section 12, Paragraph 2. Check the
gap clearance of each ring by placing it in the
evlinder and measuring the clearance as de-
arribed in Section 12, Paragraph 5. The gap
clearance of the two top rings should not be
legs than 0,012 inch and 0,008 inch for the oil
ring. The clearance between the top of the
ring and the ring groove ashould be from 0,002
to (L0056 inch for all rings. If the gap clearance
of anv rFing exceeds 0.030 inch, it should be
renewed, The lower ring iz designed for woil
control and i known as a ventilated ving. The
piston groove of thizs ring has small holes
drilled inte the center of the piston to carry
off excess pil, Thease holes should be thorough-
Iv cleaned,

10. ASSEMBLY OF THE PISTON AND
CONNECTING ROD: After the pin has been
driven in be very sure the shallow hole in the
pigton pin iz directly under the hole in the
piston-pin boss, Tighten the set acrew and the
lock nut.

11. ECCENTRIC STRAP: This strap i=
hahbitt lined and shimmed the zame az a
crankpin bearing for running clearance. See
Paragraphe 4, 5, 6, and 7, Bection 13. This
clearance should be from 0,006 to 0,009 inch
atd the zide clearance batwesn the eecentric
strap and the fanges of the hub, LO0E to
0005 inch. If the eccentric strap is taken
apart, ALWAYS REPLACE THE TWi
HALVES WITH THE SAME FACES TO-
GETHER. The strap is lubricated by a hole
drilled from the running surface of the hub
into the oil passage in the center of the crank-
shaft.
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12. ASSEMBLY: After the eccentiric atrap
has been ltted (or cleavance, bolt the two
halves tightly together on the eccentric hub
and replace the cotter pins, There should be
a alight fore and aft movement 1o the strap.
Insert the assembled connecting rod and pis-
ton through the top of the exlinder. Lay in
the compression shims between the foot of
the connecting rod and the strap, Draw up the
two cap screws tightly, Try the azssembly for
a zlight fore and aft movement. If this move-
ment has bien lost zinee tightening up the cap
gerews in the foot of the rod, check under each
end of the connecting rod for dirt which might
be covking the azsembly,

THIS FORE AND AFT MOVEMENT OF
THE ECCENTRIC STRAF, HOWEVER
SLIGHT, MUST BEE ATTAINED BEEFORE
THE ASSEMEBELY 15 COMPLETE.

Turn the engine over until the eccentric is on
top center, The top of the piston should be
EXACTLY EVEN with the top of the cylin-
der, Thiz adjustment can be made by adding
or subtracting compreszion shims under the
foot of the connecting rod. After this adjust-
ment haz been made go over all nuts to ses
that they are tight and cotter pins and locking
wire installed.

13. INSTALLING THE HERD: The cylin-
der-head gasket should be made out of graph-
ite packing 1y, inch thick and ahould be put on
dry. Pull the exlinder-head nuts down evenly.
Usze a new rubber gasket under the water by-
pass, Before atarting the engine, bar it over
at least one Tull turn to make sure evervthing
is clear.



SECTION 22
CIRCULATING PUMP AND BILGE PUMP
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1. CENTRIFUGAL PUMP: This tvpe of
pump is shown in Figure 22-1. It is driven hy
silent chain from the crankshaft and will re-
quire little in the wayv of zervice providing it
iz lubricated frequently, However, if the pump
15 removed and taken apart, great care must
b taken when positioning the impeller in the
pump during assembly. The alignment of
the pump on the engine iz equally important.

2. REMOVAL OF THE PUMP; Disconnect
the suction and discharge langes. Figure 22-1
shows a nut on either side of the tapered col-
lars of the compression coupling. Hold each
collar with a large pipe wrench and slacken the
adjacent nut. The collars ean then be driven
off the tapered sleeve, which will release its
grip on the shafts, Slide the coupling along
one shaft or the other =0 that the shaft ends



are expozed. Remove the cap serews from the
mounting flange and the pump can be lifted off.
There may be shims between the pump mouti-
ing flange and the engine base, Do not lose any
of these, as they are used when aligning the
pump later.

CASIMG

3. DISASSEMELY OF THE PUMP: Tuke
off the end cover plate shown in Figure 22-Z.
Remove the lock and gland nuts, Figure 22-1.
Unserew the retainer nut and loosen the re-
tainer clamp. Remove the retainer grease cup,
and the shaft, impeller and retainer can be
«lid forward far enough to geta wrench on the
adapter nut, The adapter is a tapered, split
gleeve which carries the inner race of the ball
bearing. Az the adapter nut ia tightened, it
forces the race of the ball bearing onte the
taper on the adapter. As the ball race can not
pxpand, the sleeve is clamped tightly to the
ahaft by the action of the race aliding up the
taper on the sleeve.

Bend over the lock lugs on the lock washer and
remove the adapter nut. Using a amall bronz
drift, drive the inner ball race off the sleeve,
The retainer, adapter and ball race can now
be slid off the end of the shaft.

4. EXAMINATION OF PARTS: The shaft
may be worn in the packing way. The renewal
of the shaft will be governed by the trouble
experienced in keeping the packing tight. The
impeller and shaft are halaneed after assem-
bly and therefore ahould be treated as a unit.
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The zhaft iz carried on a habhbitt-lined bronze
bushing which presses into the pump casing.
Enter the end of the shaft which is not worn
into the bushing and measure the clearance.
If this is greater than 0,020 inch the bushing
should be renewed,

Fxamine the impeller for broken vanes and
also for bright wear spots which would show
that it has been rubbing against the cazing.
1f the impeller is chipped badly snough to
throw it out of balance, it should be renewed,

Fxamine the ball race. IT the balls or either
the inner or outer races are marked and rough,
they should be renewed,

5. REPLACING A WORN BUSHING: The
old hushing can be driven out with a drift.
The grease hole in the easging =hould be
cleaned out thoroughly. The new bushing can
be drawn into place with & long bolt and wash-
ors. Care should be taken 2o that the inner face
of the pump housing is not damaged during
this operation,

6. ASSEMELY OF THE PUMP: When any
replacements that are necessary have been
made, wash all parts thoroughly. Put in the
chaft and impeller and slip on the packing
gland but do not pack the pump. Fut on the
retainer nut, the adapter nuft, and the lock
washer. Put the ball bearing on the adapter,
being sure the taper in the inner ball race
matches the taper on the adapter.

Reference to Figure 22-1 shows that the outer
hall race iz held in the retainer by the retainer
nut forcing the race against a ghoulder, The
hall race can be pressed against this shoulder
by hand. With both the retainer and adapter
nut ahead, and out of the way, assemble these
various parts as shown in Figure 22-1. Press
the impeller against the face of the casing
and scribe a line on the shaft at the threaded
end of the adapter. We now have the position
where the adapter must be clamped to the
mhaft.

Pull the shaft ahead =0 a wrench can tighten
the adapter nut. As this nut is tightened the
hall race is forced up on the taper, clamping
the sleeve to the shaft. As the nut is being
tightened, try the ball bearing by revolving it.
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It iz poszible to distort the inner race by fore-
inmg it too far on the tuper and the operator
ahould atop tightening the nut just before this
oecirs. The slecsve will then be suficiently
clampsesd to the shaft.

Bend the locking lugs down on the adapter
nut and slip on the retainer. Tighten the re-
tainer nut irmly,

The paper gasket that goes between the end
plate and the casing, Figure 22-2, should he
0000 inch thick, After all the serews attach-
ing the end plate are tightened, try the end
movement of the shaft, Thiz clearance should
b bt ween 0,016 and 0,030 inch. If this clear-
anee ia less than 0,015 inch it can be increazed
by uzing o thicker gasket, IT the clearance is
greater than 0,030 inch we suggest remachin-
ing of the cover in & machine shop, The pump
can be pzed until this work is possible with
only a very slight loss in efficiency.

As the impeller tends to pull toward the suc-
tion opening it I8 necessary to have most of
the clearance between the end plate and the
impeller. Position the shaft 2o that the im-
peller just clears the casing, and tighten the
retainer clamp cap screw,
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7. PACHING THE PUMP: All of the old
packing should be removed and new packing
ringz cut from well-greaszed 3%-inch square
flax. Each ring should be cut just short of
reaching around the shafl once and the ends
should be cut on an angle. Btagger the joints
as shown in Figure 223, DO NOT TIGHTEN

THE GLAND UNTIL AFTER THE ENGINE
I8 RUNNING and then only enough to stop
leakage,

8. INSTALLATION OF THE PUMP:; Slide
the compression coupling along the pump
shaft so that several inches of the shaft is
exposed, Set the pump on the mounting shima,
if any, and screw in the cap serews in the
mounting plate. Lay a scale or straight edge
along the top of bath the pump shaft and the
driven shaft. This will check the alignment on
the horizontal plane, Adjustment can be made
by adding or subtracting shims from under
the pump. Next lay the straight edge along the
zide of hoth shafts and check the alignment
from a vertical viewpoint, The eap screw holes
in the mounting flange are large enough to
permit slight movement to correct any mis-
alignment,

When the alignment in both planes i3 correct,
attach the suction and discharge flanges, These
should be agquare and even with the pump and
should not he forced into place. After the
flange: have been attached and the pump
firmly fastened down, the compression coup-
ling =hould zlip eazily from one shaft to the
other, DO NOT SPRING THE PUMP SHAFT
TO ENTER THE DRIVEN SHAFT INTO
THE COUPLING, Find out what is causing

misalignment and ecorrect it.

Position the coupling half way on each shaft
and tighten the two nuts which foree the col-
lara onto the tapered alepve of the coupling.

9. LUBRICATION OF THE PUMP: The
grease cup which suppliea the packing area
should be turned down a part of & turn each
hour. SBome type of waterproof grease should
be used in this cup, The grease cup in the bear-
ing retainer should be turned & part of a turn
sach four hours.

10. CHAIN DRIVE ADJUSTMENT: The
centrifugal pump is driven by a silent chain
from a sprocket on the crankzhaft, This chain
makes a three-cornered loop over the crank-
shaft aprocket, the pump-shaft sprocket, and
an idler sprocket which is used to tighten the
chain. Figure 22-4 shows that the teeth of the
aprockets do not go through this type of chain.
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It is apparent that if the chain becomes slack
it will tend to climb the sprockets, thereby
cansing undue wear, These chains will Eivie
many years of trouble-free service if they are
kept in proper adjustment.

The idler sprocket is carried on a roller bearing
which iz mounted on an eceentric hub., This
hub iz part of & shaft which is supported on
hearings in the chain housing. There is a plate
keved onto this ahaft which has several holes,

: o f o]
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bored around the circumference, Reference
to Figure 22-4 will show that as the idler shaft
ia turned the eccentric hub and idler sprocket
deseribe an are which will tighten or lopsen
the chain, depending on which way the shaft
iz turned. A cap screw in the outside plate 1s
uszed to lock the shaft in position afier the
ardjustment is made.

Remove the top cover plate of the chain hous-
ing., Hold a rule alongside the chain between
the idler sprocket and the crankshaflt sprocket,
Pull the chain up and down as far as possible
by hand and note the total up and down move-
ment when measured at right angles to the
lay of the chain. This should be from 1 fo 114
inches, This adjustment should be checked
onee every three months.

The eccentric hub iz set at its lowest or short-
et position during manufacture and by the
time all the adjustment iz used up, it is likely
that the chain is stretched sufficiently to war-
rant renewal,

11. SERVICING THE BILGE PUMP: Thi=
pump, which liez acroas the after end of the
engine and is driven by an extension of the
camshaft, should be removed if work on the
pump body or plunger is necessary. The valves
may be servieed with the pump in place,
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12. REMOVAL OF THE PUMP: Dizconnect
the suction and dizcharze pipes. From the op-
erating zide of the engine, remove the cotter
pins and two nuts which clamp the eccentric
strap halves together, There will be shims be-
tween the halves which should be carefully
laid away. Bemove the three cap screws which
attach the pump mounting flange to the center
frame and the pump and connecting rod can
e lifted clear of the engine.

13. EXAMINATION OF PARTS: The
plunger may be worn rough in the packing way
and if too much trouble has been experienced
in keeping the packing tight the plunger
ghould be renewed. Examine the crosshead
pin which connects the plunger and the con-
necting rod. If the eve in the plunger and the
pin have a total clearance of %4, inch or more,
the fork on the connecting rod and the plunger
eve should be reamed and an oversized pin
fit texd,

Examine the babhitt in the ecoentric strap for
cracka. Clean out the oil reservoir and passage
and azsemble the strap on the eccentrie hulb.
The atrap can be fitted like a bearing by re-
moving zhims from each side until the oper-
ator can just feel the strap beginning to bind
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on the hub. Then sufficient shims are replaced
on each side to give a running clearance which
ahould he between 0,004 and 0,006 inch.

The strap should next be checked for end
clearance on the hub, This should be at least
0016 and must be obtained with the halves
holted securely together, Clearance can be ob-
tained by scraping the side of the babbitt lin-
ing, but this should only be necessary if the
strap has been rebabbitted.

CAUTION: The strap must be aszembled and
411 elearance checks made with the two halves
holted together as they were taken apart. The
piiter half must not be purned a half turn,
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14. DISASSEMELY OF THE YALVES:
Figure 22-6 shows this assembly. Dizsconnect
the pipes leading to the suction bonnet (A)
and the discharge bonnet (B). Remove the
nuts from the two bolts clamping these two
honmets to the valve body. The suction valve
seat is part of the suction bonnet. The removal
of the discharge bonnet exposes the discharge
valve.
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Unscrew the valve stem from the seat, which
releases the fiber or rubber valve and Epring.
Examine the stem and bronze bushing which
fit into the valve for wear. If these parts are
1, inch loose, they should be renewed. The
grid-like seat, upon which the wvalve seals,
ahould be smooth and free from ridges or
grooves, If the aprings are corroded, they
should be renewed.

15. ASSEMELY OF VALVES: The valve
studs should be well tightened into the seats.
Lift the valves by hand to make sure the bush-
ings are free on the studs. When assembling
the suction and discharge bonnets, new cop-
per ashestos gaskets ghould be used. Lreat
care should be taken that the spigots of euch
honnet enter properly. If the two clamping
bolts are drawn tight, without these spigota
entering, the bonnet will be warped, making
it impossible to attain a tight joint.

16. PACKING THE PUMP: A good grade
of well-lubricated flax packing %y inch agquare
ghould be used. This packing should be cul
into lengths just long enough to go around the
plunger once. The ends should he cut on an
angle and the packing gland ghould not be
tightened until the engine is running and then
only enough to stop leakage.

17. ASSEMELY OF THE PUMP: After Lhe
pump has been attached to the engine, make
sure that the langes which attach the suction
and discharge pipes are square and even with
the flanges on the pump. If these are foreed
into place by the cap screws, atrains will be
set up in the pump housing which may cause
damage.

Try the fore and aft movement of the eccen-
tric strap. If this has been lost during assem-
bly it iz & sure sign that some parl of the pump
is misaligned, This fore and aft clearance of
the eccentric strap must be ohtained before
the job iz completed.



SECTION 23
RECONDITIONING AN ENGINE THAT
HAS BEEN SUBMERGED IN SALT WATER

1. DECIDING WHAT CAN EE DONE:
The amount of work that can be done to pre-
vent zerious damage to an engine that has
been submerged depends entirely upon how
aoon this work can be started after the engine
has been raized and, of course, on the length
of time the engine was submerged,

2. LENGTHY SUBMERSION: If the engine
haz been under water a matter of many davs
or weeks it will reguire a complete overhaul
and thisa should be undertalien only at a base
or serviee depot where auitable labor and
equipment are available, Take az many of the
preventive measures as possible, as listed in
the paragraphs on Short Bubmersion. Any-
thing done to prevent corrosion by salt water
will zave much time and replacement during
the overhaul.

3. SHORT SUBMERSION AND IMMEDI-
ATE CRARE: As=uming that the engine has
been under water only a day or so and that
protective work can be commenced a3 apon as
the water is out of the engine room, proceed
as Follows :

4. SPRAY VALVES, CYLINDER AND
HIGH-PRESSURE FUEL PUMP: Lemove
all spray valves and leave them in a container
full of fuel o0il until they can be taken apart
and cleaned. Unscrew the relief valve assembly
from esch cvlinder head. Turn each pizton to
top center and blow the water out of the com-
bustion chamber by inserting an air hose in
the apray valve opening in the head. Most
of the water should pass out of the relief
valve openings. Put one guart of lubricating
oil in each cylinder through the apray valve
openings, and turn the engine over by hand
several revolutions, so that the oil iz spread
over the evlinder walls, Remove the complete
high-pressure fuel pump assembly and fuel-
regulating valve, Leave in fuel oil until elean-
ing 15 possible.

5. CONTROL LEVER BOX AND ROCK-
ER-SHAFT RAM: Hemove the lever control
unit and leave in fuel oil until cleaning is pos-
zible, Thoroughly oil or grease all steel or iron
parts of the rocker-shaft ram.

6. CRANKSHAFT AND PISTON PINS:
Remove all centerframe doors and bail out
water, If it iz possible to obtain fresh water
under pressure, disconnect the discharge pipe
of the high-pressure lube pump and connect
the fresh-water hose to this line which sup-
plies the engine with oil under pressure, Turn
an the full force of the fresh water and allow
it to pass through the crankshaft and bear-
inga for hours, As the water leaks out around
the bearing and wrist-pin clearances it will
gradually il up the baze of the engine. Allow
it to averflow into the bilges where it can be
pumped out, Thia circulating of freah water
will, im time, kill the corresive getion of the salt
water on the journals, crank pins and piston
pins. If fresh water under pressure iz not
available the zame effect can be obtained by
flling the base with fresh water and circulat-
ing it by any hand or power pump that can be
had,

7. THRUST EEARING AND AIR COM-
PRESSOR: Hemove the thrust bearing cap
and drain off water. Dry off the thrust shaft
and spread heavy oil oF grease over any part
of the shaft or collar which is not covered after
the thrust bearing housing has been filled with
frosh oil. Remove the air compressor evlinder
head and submerge it in fuel oil. Spread heavy
oil en the wallz of the exylinder.

8 MECHANICAL LUBRICATOR.
GAUGES., GOVERNOR, END SERVICE
TANKS: Drain the mechanical lubricator and
flush oul several times with Tuel oil. Fill with
freah nil and crank one hundred or more revo-
lutions to foree all water from the check valves
and out of the tubes. Bemove all gauges and
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aopk them in fuel oil. Remove the governor
assembly and thoroughly dry and clean all iron
and steel parts. Drain hoth the fuel and lube
service tanks. Flush them put well.

. BALL BEARINGS, ENGINE EXTERI-
OR AND CENTER
BLIES: Hemove and thoroughly clean all
ball hearings, as hardened steel is more liahle
to corrode than almost any other metal. Dry
off all bright exposed parts of the engine and
smear them with grease. If an air hose is
avpilable blow all the salt water from around
the camahaflt, idler gear, AiT COTNPTESEOT eceel-
tric and main bearing Caps.

10. INSPECTION: Look the engine over
carefully for any potkets that would hold salt
water which might not drain out. Remove one
main-hearing cap and top half shell. Remove
one crank pin bearing and one piston pin.
Examine the crankshaft for traces of salt
water, If there are atains on the journald or
crank pins or piston ping they ghould be re-
moved with fine emery paper and all other
hearings opened up and inspected. 1f any
emery paper or ather abrasive ls used to ve-
move stains from the erankshaft greal care
should be taken that nong of the dust gets
into the oil passages in the crankshaft or bear-
inge aaddles. ALLPARTS SHOULD BE THOR-
OUGHLY WASHED BEFORE ASSEMBELY.

11. FINAL CARE AND STRRTING: If u
hand or auxiliary pump iz available connect
it up in such a way that several gallons of
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jubricating oil can be {oreed through the high-
pressure oil aystem. This treatment should
carry off the last traces of water from the
hearings and piston pins, After this oil has
eollected in the base it should be pumped out
and discarded, WARNING: BEFORE AT-
TEMPTING TO START THE ENGINE RE-
MOVE THE LUBRICATING OIL THAT
WAS PUT INTO THE CYLINDERS, This
can be done by either blowing it out with air
or by a hand pump aguipped with a long alen-
der suetion extension. Fill the engine system
with fresh oil and run for ghout two hoursa.
Again drain all the nil and fill with fresh. Run
for eight to ten hours and drain oil again. In-
gpect one or tWe crank pin and main bearings,
and the engine in weneral. Fill with fresh oil
pnd commendce pormal operation.

12. CARE DURING OPERATION: An
engine that has been aubmerired may develop
trouble many days after it has started oper-
ating again, There are many parta that can
he affected by the action of =alt water over &
peried of time. A hall hearing, for instance,
may have just one pit in the ball that would
not show up in the most careful examination.
As this bearing continues gperation the pit
will become enlarged antil the hearing fails.
gueh a failure may lead to further trouble un-
Joge caught in time. Therefore, it iz advisable
to keep a elose check on all parts that could be
affected by salt porrosion gven though the en-
gine seems Lo be running well.



SECTION 24
TROUBLE SHOOTING

SMOKY EXHAUST

PROBABLE CAUSE

REMEDY

1. LERKY SPRAAY VALVE

2. OVERLOAD

3. WIRE. HOPE OR OTHER OBJECT
CAUGHT IN PROPELLER

4. OVERHEATED BEEARINGS

5. OVERHEATED ENGINE

6. LOW OIL PRESSURE

If the amoke iz intermittent find out which
exlinder is at fault by closing off one izolating
valve at a time. The smoke puffs will stop when
the leaking spray valve is cut off. Asa further
check, stop the engine and close all the iso-
lating valves. Spot the flvwheel at least 30
degrees from any top center. Open the iso-
lating valve to the doubtful spray valve. Pump
up fuel pressure with the priming pump. If
the pressure will not hold up, the spray valve
is leaking (see Section 17} or the fuel-regu-
lating valve is leaking. S8ee “Leaky Regulating
Valve” under “No Fuel Pressure” this section.

This will be indicated by exhaust temperatures
in excess of 750 degrees, also by engine not
turning full speed with fuel pressure at 4200
pounds and fuel wedges full in,

Twa or three short reversea of the engine will
often free the propeller of the obstruction
causing the overlowd.

Stop the engine, Remove centerframe doors,
Feel all bearings and piston pins for heat. Feel
thrust bearing, intermediate bearings, and
stuffing box. See Sections 13 and 14 on
Bearings.

Check the flow of cooling water. If raw-water
cooled, temperature at the engine outlet
should not exceed 120 degrees. If fresh-water
cooled, temperature should not exeeed 160 de-
grees, See “Overheated Engine” thiz section.

This should not be below 35 pounds when the
oil in the syatem iz hot. See “MNo 0§ Prezsure™
thia section,
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PROBABLE CAUSE

REMEDY

7. LEAKY EXHAUST OR INLET
VALVES

8. POOR COMPRESSION

8. IMPROPER VALVE TIMING

10. OESTRUCTION IN INLET
MANIFOLD

Stop the engine. Open all anifter valves except
the one for any one cylinder that is just start-
ing a compression stroke. With a cranking bar
turn the iywheel as far as possible against the
compreasion. With force still applied to the
cranking bar, listen at the inlet pipe opening.
Escaping air will be heard if the inlet valve
iz leaking. Listen at top of the exhaust pipe.
Compression leak will be heard if the exhanst
valve is faulty. Repeat this check on all exlin-
ders one at & time. For valve troubles and cor.
rections for them see Section 11.

This mayv be the result of a scorsd liner or
atuck piston rings. Proceed as for leaky ex-
hauzt valvez, buot take off all centerframe
doors on the manifold side of the engine and
listen for compression escaping past the rings
into the baze, Ses Section 12 for ring clear-
ance. By turning each piston to top center the
walla of the liner can he examined for scoring
ar scuffing.

Bee Bection 10 for proper setting,

Bags or other ohjects may be lodged in the
inlet manifold.

NO FUEL PRESSURE

PROBABLE CAUSE

REMEDY

1. NO FUEL IN DAY TANK

2. AIR IN HIGH-PRESSURE
FUEL PUMPS

3. LEAKY SPRAY VALVE

4. LEAKY REGULATING VALVE

5. LEAKY DISCHARGE VALVES IN
HIGH-PRESSURE PUMP

1&z

Thiz may be the result of valves to the storage
tank being closed, transfer pump not operat-
ing, pipe lines broken, or fuel filter clogged.

See Section 16 for Alr Bleading,

See “Leaky Spray Valve" this zection.,

Shut off all isolating valves, Pump fuel pres-
sure up. Disconnect discharge line of regu-
lator. If fuel drips out, regulator is leaking.
See Section 16 for regulator maintenance.

Proceed the same as for leaky regulator valve.
If fuel does: not drip out of regulating-valve
dizcharge line and pressure will not hold up,
discharge valves in high-pressure fuel pump
are leaking. See Section 16 for repairs,



NO OIL PRESSURE OR LOW OIL PRESSURE

(Zhould not be below 35 pounds when oil in svstem is hot)

PROBABLE CAUSE

REMEDY

1, LOOSE OR BURNED-OUT
BEEARINGS

2, NO OIL IN LUBE-SERVICE TANK

3. FAULTY HIGH-PRESSURE
LUBE PUMP

4, OIL TOO THIN

5. FRAILURE OF OIL COOLER

6. DEFECTIVE PRESSEURE
REGULATING VALVE

7. EROKEN OIL LINE

See Sectiona 13 and 14 for Bearing Adjust-
ment.

Thiz may be the result of a broken pipe line,
or the sump pump not working, Sump pump
suction sereen may be clogged. Such condi-
tions will be indicated by oil in the crankpits.

This may be the result of worn pump parts.
See Hection 20 on lube pump maintenance.

0il may be diluted with fuel oil or water. il
temperature mayv be too high. It should not
exceed 160 degrees before entering the oil
conler,

This will be indicated by oil in cooling water
dischargs.

Valve spring mayv be weak or broken, Valve
seat may be dirty. See Section 20,

Check all oil piping.

OVERHEATED ENGINE

The water temperature of the engine should not exceed 120 degrees
for raw-water or 160 degrees for fresh-water cooling

FROBABLE CAUSE

REMEDY

1. SEA VALVE CLOSED
OR OBSTRUCTED

2, CIRCULATING PUMP
NOT WORKING

3. OVERLOADED ENGINE
4. IMPROPER VALVE TIMING

5. COOLING WATER DISCHARGE
OBSTRUCTED

6, SCALE IN WATER JACKETS

7. AIR VENT OBSTRUCTED

Digconnect line ABOVE =ea valve and see if
water lows freely,

Hee Soction 22,

See Smoky Exhaunst Item =2, this section,
See Section 10 for proper settings.

Check all valves,

Remove the exlinder clean-out covers and in-
apect,

Where fresh-water cooling system iz used the
vent in the expanaion tank must be open,
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ENGINE DOES NOT START OR MANEUVER ON FUEL

PROBABLE CAUSE

REMEDY

1. LOW STARTING AIR PRESSURE

2, NO FUEL PRESSURE
3, IMPROFPER TIMING

4, STARTING CONTROL OUT OF
ADJUSTMENT

Use auxiliary air compressor to charge air
tanks. Low air pressure may roll the engine
over, but not guite fast enough to start it
firing. During cold weather, especially, full air
pressure should be used for starting.

Sae “Mo Fuel Pressure” thiz section.,
See Section 10 for proper settings.

See Beetion 18 for adjustment.

ENGINE DOES NOT TURN OVER WHEN STARTING AIR IS APPLIED

PROBABLE CAUSE

REMEDY

1. STUCK RIR-STARTING VALVE

2. INLET OR EXHAUST VALVE
STUCK OPEN

3, IMPROPER TIMING

4. STARTING CONTROL OUT OF
ADJUSTMENT

Check as Tollows: Open all snifter valves, Lo-
cate the starting lever in atop pesition, Open
air starting tank and the vent valve which
controls the master air valve on the starting
manifold. If air blows out anifter valve of any
evlinder, the air-start valve is stuck open. See
Section 11 for repairs.

With the engine in the stalled position and
the control lever at atop, apply the starting
air and listen at inlet-manifold opening and
at the end of the exhaust pipe. The sound of
air escaping at one of these places will indi-
cate a leaky inlet or exhaust valve, respec-
tively, See Bection 11 for repaira.

Sep Bection 10 for proper settings.

See Section 18 for adjustment,

ENGINE WILL NOT TURN UP TO FULL REVOLUTIONS

WARNING: [icmember that the engine in a
haat such as a tender or freight-and-passenger
boat will not turn up to full revolutions if tow-
ing another vessel or barge. A towing pro-
peller is designed to allow an engine to turn
up full revolutions when the boat 13 moving
slowly through the water while a propeller on

LE4

4 veszel running free and away is designed for
maximum speed and cannot be expected to
tow efficiently,

If after checking all the itema under “Smoky
Exhaust™ the engine does not turn up to full
revolutions, proceed as follows: Set the fuel
pressure at 4200 pounds and the governor



lever in full-apesd pozition, Count the num-
her of revolutions per minute. Preas the fuel

wedges full in by hand and count the revolu-

tions per minute again, If thiz action pro-
duces the rated zpeed of the engine, or over,
adjust the governor az dezeribed in Section
18.

ENGINE REQUIRES EXCESSIVE BALANCING TO EVEN UP
CYLINDER LOAD AFTER TIMING

REMEDY

PFROBABLE CAUSE

1. SPRAY VALVE TIP OPENINGS
TOO LARGE

2, WORN FUEL CAM LOBES

Check hole zizes, See Section 17 for zpray
valve maintenance.

Check for wear, see Section 17 for cam lobe
maintenance,

ENGINE KNOCKS

PROBABLE CAUSE

REMEDY

1. SPRAY VALVE STUCHK OPEN

2, LOOSE BEARINGS

3. LOOSE FLYWHEEL OHR
COUPLING BOLTS

4. LOOSE PROFPELLER

5. LOOSE PISTON PIN

Shut off each izolating valve one at &8 time,
When leaking valve iz located, check ps de-
seribed in “Leaky Spray Valve" this section.
A Dlowing evilinder-relief valve often goes
with a stuck apray valve,

See Bectiona 18 and 14 for bearing adjustment.

Check all bolts for tightness,

This can usually be detected as an engine is
just ztopping by listening close to the propeller
shaft. The sound of a loose propeller will travel
along the shaft as a dull thud just as the en-
gine rocks to a stop,

Spot the piston on top center, Clamp a dial in-
dicator to the crank web, and position it 20 a
reading can be taken on the vertical movement
of the piston skirt, Install a jack between the
other web and the piston skirt, Jack up the pis-
ton and measure the total 1ift on the dial indi-
cator, Subtract the clearance in the crank pin
bearing. The difference is the piston pin clear-
ance, See Section 12 for piston pin clearance,
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After Main Bearing Removal .
Aidr Blesding |

Alr Compreszor
Cylinder Head .
Eccentric Strap

Piston, Rings and Eemm,::-tmg Rnt:l

Principle of Operation .
Removal of Piston Fin .
Unloader Adjustment .
Valves ..
Ajr Starting

Mazter Valve and Manifold
Master Valve Vent Valve
Principle of Operation

Balancing Load with Pyrometer |

Bearing Instructions
Crankpin
Main

Bilgpe Pump
Azzembly
Eeeentrie
Packing .
Principle of 'D]'.nm ation
Removal .
Valves .

Eleeding Fuel Pump |
Bridge Gauge

Crams
Azsembly
Hemaoval

Camshaft
Aszembly
Hemaoval
Shifting
Timing

Circulating (O EntrLfLLgal} [-“ump
Azzembly .
Chain Adjustment .
Check Valve
Packing .
Principle of ﬂ[.mrutlun
moval

Connecting Hod
Alignment .
Azzembly in 1.-]1!'H:|.-I:"l‘
Check Valve
Imstallation of Euahlru:
Remowval . .
Hemoval of Bushma'
Femoval of Piston Pin

Controls
Air Start. Mazter Valve
Camshaft Shifter
Control Lever Movementsa
Control Stand
Fuel Cut-out

154

INDEX

126
h2-141

168
171
172

64
171
165
164

164
5
94

117
123

177
1549
174

3
177
178
141
127

16
155

160
L
50150
161

174
175
29

26—1'4'5

I"H

121
115
111
112
T
112
111

H3=154
150

Ba-152

1500
154

Governor . ;
Prineiple of Uerﬂ.Llun .
Eeveraing

Rocker and -Hr-a.ke Pllnt "r"ahea

Starting

Btopping .

Valve Rocker th.m
Vent or Pilot Valves

Cooling Syvstem
Centrifugal Pump .
Fresh Water
il Cooler
Raw Water
Recirculating Sy stem
Temperatureza

Crankpin Bearing
Alignment
Azzembly
Emergency R-I:"ptlll!'b
Examination
Fitting
Eemoval
Shimming .

Crankpin Inspection

Crankshaft and Bearings
After Bearing .
Bridge Gauge
Fitting Shells
Forward Bearing .
Inspection of Bearings .
Intermediate Bearinga .
Position of .
Testing Shells .
Cylinder Head
Installation and Assembly
Bemoval .

Cxlinder
Inspection
Measuring .

Cvlinder Relief and Eml‘mr 1.-’ﬂl'u

Grinding

Testing
Exhaust Valve

Azsembly

Grinding .

Installation of Buﬂhum

Heaming Seat |

Reminval
Flywheel Air Brake
Flywhes]l BErake Pilot Valve
Forward Main Bearing
Fresh-water Cooling .
Fuel Cam

Adjustment .

Installation of New L ::-Im

4-1—154.':

160

121
120
122
118
119
117

117

125
127
126
124
123
123
152
124

15
105

T
104
T
10
101

Bh—102
150
124

a0

I
148
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Fuel Cut-out & Releaze Mechanism

Fuel Day Tank . . . .
Fuel Injection . .

Fue] Filter
Main . . . . . .
Spray Valve . .

Fuel Gauge . .

Fuse] Pump—High Pre-:-:me
Air Bleeding .
Plunger and Barrels
Principle of Operation .
Suction and Discharge ‘i.-’ulw_n
Testing \ . .

Fuel Pump—Priming
Grindimg . .
Packing ,

Fual Regulating E'le
Adjustment .
Assembly
Larinding .
Packing . . .
Testing .

Fuel Bpecifications .

Fuel Transfer Pump

Fuel Wedges . . . . .
Gauge Board . .

GOVernor
Adjuatment
Control o
Hunting
Principle of U]}eratmn

Inlet Valve
Assembly . .
t:rmdmg
Installation of Bl.lhl'.lll"lj.l:’
Reaming Seat .
Remowal . .

Intermediate Main Ben.rmu:.

Intermediate Cear
Agsembly . .
Bearing .
Remowval . .

Izolating Valves
Agzembly .
Packing . .

Lube (¥l Pumps
High Pressure .
Principle of D].leratlun .
Sump . . . .

Lube (il
Coaler
Changing . ..
Diatributor Mamfu}]d .
Filtera . .
Laubricator .
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. 35
144
138

GE-141
. )
A5=1:3
140141
155-141

141}
140

AT-157
. 136
. 1y
145

1456

(i1
Ad-164
43

5

156
|
. LAY
44154

106
104
T
1003
101

123

. 128
125
124

138
15%

1
11
16-163

14-27-165

7l
. 15
13-165
18-16G8

Pressure Reliof Valve
Fressure Variations . .
Hervice Tank . . . .
Suetion Assembly

Sump . . . . ..
Svatem . ..,

Lahe 0l ?]JEI:':ﬁ-;.Elenh

Main Bearing
Fitting
Inspection .
Kemoval .
Shimming . . .
Testing Shells . .

Malntenance
Routine Inspection .
Periodic

Master Air Valve
Adjuatment . . .
Grinding . . . . .
Vient Valve o

Mechanical Lubricator .

Operation of ;
Air Compressor
Air-start Valve "r'lechunmm
Bilge Pump .
Camzhaft
Centrifugal Pump
Conling Syatem . . .
Flywheel Brake . . .
Fresh-water Cooling
Fuel Cut-out and Heleaas
Fuel Pump

High-Pressure

Friming . .

Tranafer . . . .
Fuel System . o . .
Fuel Wedges . .
(rOvernor

Rocker Shaft Ram . . .

Packing of ;
Bilge Pump -
Centrifugal Pump .
Fuel Regulating Valve .
Isolating Valves
Priming Pump . . . .
Rocker Shaft Bam .
Epray Valves . . . .

Periodic Maintenance

Fiztom
In=tallation .
Removal . D

Fiaton Pin )
Installation
Removal . .

Fiston Pin Bushing
Installation .
Fitting
Removal

131646
13
1'|:I 1T
167

) 16
. 1
T

126
1224
123
128
124

6667
BT-BE-BD

. 154
L 1

164
18-16G8

a4
T
a3
46
24
21
Al
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}‘il—l o

dh-138

112
112
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Piston Rings
Installation
Fitting
Removal
Pyrometer '
Raw-Water SBvsiem .

Recireulating Cooling Syatem

Reversing Engine
Rocker Shaft Removal

Rocker Shaft Eam
Adjustment
Packing
Pilot Yalve

Reg Valve and Chest

Eereens
Day Tank . .
Lube Service Tslllk
Suction Azsembly

Specifications

Engine
Fuel .
l.uh:rltutlu-n ﬂl]

Sprav Valve
Assembly . . .
Filter . .
Grinding ..
Inspecting . .
Installing . .
Lifter . .
Packing .
Removal .
Teating .
Timing .

Etarting Engine

Stopping Engine .

Tanks=
Fuel Day .
Lk O] Ser 'I.'IE'F

Teating of :
Bearing Fits .
Bearing Shells .

Cylinder Relief Valve
Fuel Regulating Valve

Spray Valves . .

Thrust Bearing I.utwm.'-ltmn
Thruat Bearing l[.u";ﬂﬂ*-‘: Ht.u:ndurd}

Diezacription
Eebabbitting

Thrust Bearing I[Hlng-tlmn }

Adjustment . .
Care ..
Dreseription ..
iJil =eal . . .
Timing of :
All Valves . . .
Aipatart Cams .
Alr-start Valve .
Camshaft . ..

11z
112
110
HE
2]
an
G

153
153
150

23

110
| LiY)

Ga
G
FLL

144
144
146
143
149
147
144

99
145

m

64

34

1017

Exhauat Cams . ...

Exhaust Valve . . .
Fuel Cams . . L. .
Inlet Valve .

Spray Valves . . . .
Trouhle Shooting
Valves
Adr Compressor Discharge .
Ajr Compressor Suction
Adr Start. Check and Pilot |
Avdr-start. (Master) P
Bilge Pump DMscharge . . .
Bilge Pump Suction D
Bleeder Valves
Centrifugal Pump Check Valve .
Commercial (Pipe) . .
Connecting Rod Check Valv E .
Exhanst . ...
Flywheel Bt"'tkr." T"Iln‘t
Fuel Discharge . .
Fuel Isolating . . .
Fuel Pressure Regulatmg
Fuel suction . . .
Grinding . . . . . .
Imlet . e ..
Reaming Seat

Eemoval of ..fl.n'-Inlet :Lnn:l I‘..-"‘!.h:l'.i“-l' .

Renewal . : '
Replacement of Guides .
Sen . . .
Bpray Valve es . . .
Talve Bushings . . . . .
Valve Locks . . .
Talve Lifters
Fusl . =
Valve Rocker Assembly

Tze of
Bridge Gauge . -

Bearing Seraper
Calipers .
C Clamps . .

Center Punch . .

Tiial Tndicator . .

Drifts . . L. .
Feeler Gauges . . . .
Files . .

Hack Saw . . .
keya, Keyways, ‘?:pllzl'u.z- . s
Lead Wire for ".-Jpalurmg Fit=
Micrometers . . .
Pipe Fittings . . . . -
Reamers

Zet Berows il ".hu.]'m-ui Laoc I.-.mg N l1L-~ k11

‘-.-h:l:m-l -

Smap Gauges s s

Strongback . . . . - .

Tapz and [es . D

Wrenches . - . . o .
Water Temperatures . .

Wedge Shaft Cut-out and HEIEELH.
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