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Section A

GENERAL ENGINE DATA

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

lst Stroke On the downward or suctlion stroke of the plston, the inlet
valve 18 open and pure air is drawn into the cylinder
through the air inlet manifold.

2nd Stroke On the second or compression stroke, thils air is compressed
to about 400 1bs. per square inch, the heat of compression
ralsing the air temperature to a ppint above the ignition
temperature of the fuel. Just befcre the plsten reaches tep
center the fuel injection begins and 1s completed shortly
after the plston has passed top dead center.

3rd Stroke On the power stroke the injected fuel oil burns, increasing
the pressure within the cylinder, and driving the piston down
through its working stroke. Shortly before bottom center Do-
sition 1s reached, the exhaust valve opens.

4th Stroke £s the piston returns toward the head, the burned gases are
discharged through the exhaust valve, and as the piston
reaches top center the exhaust valve is closed, the inlet
valve 1s opened, and the cycle is repeated.

The 9" x 104" bore and stroke engines are built in 4, 5, 6 and 8 cylinder
models. The horsepower rating and the rated speed of the engines are
stamped on the engine nameplate and these ratings should never be exceeded.

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

The number of orifices, the orifice diameter and the angle of the orifices
in the spray valve tip are also stamped on the engine nameplate. The nun-
ber of holes or orifices is stamped first, followed by the diameter of the
holes in thousandths and in turn followed by the hole angle 1n degress.

For example, 5-10-20 indicates g spray valve tip which has filve holes or
orifices of .010" diameter. The axis of the holes or orifices are inclined
20° with the horizontal. If ordering spray valve tips the stamping on the
nameplate should be stated.
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The followling data applies to all engines with 9" bore and 10i"
stroke, .

PRESSURES:
Lubricating 01l Pressure -------—-—-——--- 35 to 45 1bs./Sq.In.
Fuel 011 (at transfer pump discharge)-10 1bs./Sq.In. MAX.
Fuel 011 ----emmmmm e 1500 to 6000 1bs./Sq.In.
Starting Alr Pressure ------—-—-—-==-=--- 125 to 250 1lbs./Sq.In.
TEMPERATURES:
Cooling Water - BEngilne OUblet ==--s-ccscomsecsams 1600 F. Max.
Lubricating 011 - Coolet Outlet -----e—oceooo__ '—---1407 F. Max.

Exhaust Temperature (At full load, full speed)---850" F. Max.

Al13-Ed 3 (2)
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Section B

FUEL AND LUBRICATING OILS

ECOMMENDED FUEL OIL SPECIFICATION

- = - - 35 to 70 S.U. Seconds at 100° F.
- Minimum 24°©

Viscosity - - - - - -
Gravity (A.P.I.)- -

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

Ash - - - - - - - - - - - - - _ - Maximum 0.05%

B.S.&W. - - = = = = = - - - - - - Maximum 0.1%

Sulphur (A.8.T.M.-D129) - - - - - Maximum 1.0%

Ignition Quality- - - - - - - - - 40 to 60 Cetane Number or equiv-
alent in other ignition
index.

EFFECT OF FUEL PROPERTIES ON PERFORMANCE

As adjusted at the factory the engine will operate satisfactorily on ‘fuels with
viscosities per above specification.” It is posgible to use thinner fuels but the
operation is apt to be "snappy" and it may be difficult to malntain even cylinder
load balance at varying loads. Fuels with viscosities less than 35 S5.U.3. may also
require special spray tips with smaller orifice holes than standard or the fuel
pressure may have to be reduced. On the other hand fuels with high viscosities may
require larger spray orifices than standard, inereased fuel pressure and in extreme
cases longer period of injection. To insure good operation it 1s recommended that
the viscosity be held to the specification.

The gravity 1s of secondary importance. A minimum of 240 A, P.I. is merely given
since heavier fuels gensrally require special treatment, such &s heating and cen-
trifuging, before they can be burned successfully.

The "Conradson Carbon” or "Carbon Residus" in the oil 1s an index to the amount of
carbon which will form in the combustion chamber. Fuels with high "Conradson
Carbon" may cause carbon to build up on the spray velve tips to such an extent that
the fuel sprays are deflected causing poor cperation and smoky exhaust. The higher
the Conradson Carbon the mors frequently will it be necessary to clean the spray
valve tips. ZExperience also indicates that maintenance costs will be higher when
fuels with high "Carbon Residues" are used. ‘

The Ash content of a fuel 1s a measure of the amount of mineral material it con-
tains. After burning the mineral residuss are abrasive and it is consequently im-
portant that the Ash content be limited to 0.05%. If the content is higher rapid
wear of cylinder liners, pistons and rings will result.

The item B.S5.&W. (Bottom Sediment and Water) is an index to the fuel's cleanliness.
It is good economy to use clean fuel and store it in clean tanks. Cleanliness in
handling the fuel is also important (See paragraph entitled "Importance of Clean-
liness in Fuel Handling" in Section N

When the fuel oil is consumed in the engine Sulphur burns to Sulphur-dioxide.
Under normel operating conditions most of this gas 1s ejected with the exhaust
gases. If, however, temperaturs conditions are low enough, that is, if the engine
is idling at low speed and under cold conditions, the sulphur-dioxide gas combines
with condensed water vapors te form a corrosive zcid which will attack metals used
in the engine and exhaust system. It is consequently particularly important to
hold the sulphur content low in fuels used for engines subject to variable loads
with long periods of idling and also for engines subject to frequent starting and

stopping.

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

peratures and smokiness of the exhaust.

Although the Flash Point does not affect the suitabllity of a diesel fuel 1t is
well to specify a minimum of 150° F. since state laws and Classification Socleties
generally require this minimum. The Pour Point of the fuel should be at least 159 F.

below the lowest temperature to which the fuel storage tank is subjected.

LUBRICATING OIL 'il:)cﬂ&() OO0 — HO W= .

We recommend that a good grade of pure mineral oll be used in these engines. The
0il should be stable under the temperature conditions encountered 1n the engine

and should be resistant to oxidation and sludging. The best assurance of obtaining
a suitable oil 1s to use only products of well-known merit, produced by responsible
concerns, and used in accordance with their recommendations. Do not permit your
engine to be used as an experimental unit for trying out new or guestionable

lubricants.
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It is not necessary to use compounded olls, 1.e., oils containing additives, inhib-
itors, anti-oxidants, carbon removers, etc. in Atlas Engilnes. There are, however,
many good compounded oils on the market and these may be usad providing extreme cau-

4

tion is exercised and the action of the oll in the englne is observed cleosely.

<

When a pure or "straight" mineral o1l is used soms carbon or other deposits wil
generally be found in the crankcase and sump tank. The amount of these deposits de-
pend greatly on the quality of the o0il which has been used and for good grades of
©il the deposits are not excessive and in any way harmful to the engine. The
chemicals contained in the compounded oils enable these oils to carry the carbon and
other constituents of the usuzl crankcase dzposits in suspension. The compounded
oils also have a strong tendency to break loose and carry away any existing crank-
case deposits and since there iz a limit to the amount that can be carried in sus-
pension clogging of filters and oil lines may result. It is consequentiy of utmost
importance to thoroughly clean out the crankcase, o0ll lines and sump tank before
changing from a straight mineral oil to a compounded oil. As an added precaution we'.
suggest that the first bateh of compounded oll be used only Tor about 25 hours and
then drained off.. These precautions 2pply alsc when changing from one compounded
01l to another compounded oil of different make or brand.

If a compounded oil is used the non-corrosiveness of this oill must be looked into
very carefully. In this connection the Engineering Dept. of the Atlas Imperial
Diesel Engine Co. is avallable for consultation and they will be glad to advise
whether or not an o0il is suitable for use in this engine.

Regarding the visceosity of the lubricating oil to be used, an oil of SAE Lo

rating is recommended for normal operzting temperature. If the engine is to be
operated under extreme temperature conditions however, the following table may
be used as a guide in the selection of s sultable oil. It should be noted that

this table is based on the average air temperature of the engine room, that is,
the mean temperature over 2 period of severasl days.

AVERAGE Engine Room 5 - .
Temp. Degrees F. Below O 0 - 30 207- 90

Corresponding SAE No. 10w 20 4o 50

2 Above 900

P")
For lov temperature operation, the pour point of the o0il at the minimum start-
ing temperature to be expected should be carefully considered, as 1t is most

essential that the oil be sufficiently fluid so that it will flow to the pump

under all conditions.

If the operating temperatures are excessively high, difficulty may be experienced
in maintaining normal oil pressure, particularly if the bearings are worn. In
such cases, a heavier oil should be used.

The oll sump pan (on engines so equipped) holds approximetely twanty gallons of
lubricating oil, and the level should be maintained at the "Full" mark on the oil
gauge, measured when the engine is not running. In regard to drainage periods we
suggest that the first batch of o0ll be drained after 100 hours of service. There-
after the suggested drainage period 1s 200 to 250 hours. This period may be
lengthened somewhat on engines which are equipped with waste packed filters. In
that case if the filter cartridge is changed before the oil is badly discolored
and loaded with insolubles or foreign particles, drainage periods of 400 to 600
hours can be used. In the cases where no waste packed filters are used the oil
will of course not be "worn out” after 200 hours of service if it is a good grade.
It will, however, be dirty and will contzin insolubles which should be —emoved
from the lubricating oil before it is re-used.

The same lubricating oil as used In the crankcase of the engine 1s also suitable for

use in the mechanical lubriecator. In the case of the mechanical lubricator, however,

it is highly desirable that new oll be used.
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Section C

INSTALLATION INSTRUCTIONS

GENERATING UNITS

The success of an engine installetion depends greatly upon the construction of the
foundation end upon the care exercised in lining up the engine to the connected
generator. Poor Instellations willl result 1in excessive vibration and continual
change 1n alignment. The result is poor performance and fallure of vital parts.
For thls reason Atlas Imperial Diesel Engine Co. cannot guarantee an engine unless
the instructions in regard to alignment given in the followlng have been followed.

For genersating sets on board ship, in cranes and dredges, etc. two different ar-
rangements are in common use. These two arrangements require different treatment
as far as glignment between the engine and generator 1s concerned and will there-
fore be treated separately in the following. 1In one case, the foundatlion for the
englne and generator is bullt into the hull or crane structure and virtually forms
a part of this structure. In the second case, a separate steel sub-base 1s used
upon which the engine and generstor 1s mounted. Thils sub-base in turn is fastened
to the hull structure. A separate structural steel sub-base under the engine and
generator must always be used for marine installatlons in wooden hulls.

In the case where a separate steel sub-base is used, it is possible to finlsh the
top of this sub-base so0 that the engine and the generator rests on finished sur-
faces which are then loceted properly with respect to each other. Thls i1s not pos-
sible when the engine bed forms a part of the hull or crane structure. In that
case, the englne and generator supporting surfacss sre only approximately plain
surfaces and their location relative to each other 1s only approximately correct.

INSTALLING THE ENGINE AND GENERATOR ON A STEEL S3TRUCTURE
INTEGRAL. WITH THE HULL OR CRANE

When preparing the engine and generator foundation, always obtaln certified outline
prints. Do not use figures or cuts in bulletins or sales literature.

(a) Preparing the HEngine Bed

The top faces upon which the engine and generator will rest should as nearly

as possible be stralght planes and 1n the case of marine Installations they
should be level for the average ship trim. In & horizontal plane, the surfaces
supporting the engline and those supporting the generator should be located so
that the center line of the englne crankshaft and the center line of the gener-
ator shaft will line up. Athwartships the top surfaces supporting the engilne
and the top surfaces supporting the generator should be level. The foundation
should be constructed so as to allow £" to 1" thlck shims or chocks between the
engine and the supporting top faces. In the case of the supports for the gen-
erator stator and the generator pedestal bearing about " tc 5" should also be
allowed for shimming.

The lmportance of rigidity in the engine and generator foundation can not be
over-emphasized and 1t must be securely fastened to the hull or other structure
30 as to be virtually a part of this structure. Stiffeners should be fitted to
prevent the foundation from twisting and weaving. The main foundation beams
should be stiffly connected and braced to each other and to the hull or crane
structure. Foundatlons should be welded or riveted and the use of bolts or
screws, which may work loose, should be avoided. ’

(b) Installing the Engine

In the case of marine installations, 1t 13 advisable to install the engine and
generator and line them up relative to each other after launching. If the in-
stallation is done before launching, the engine and generator should be fas-
tened to theilr foundsations temporarily and the alignment should be checked up
after the vessel 1s afloat. This particularly applies to smaller vessels.

The engine should be lowered onto its foundatlon and allowed to rest on the
leveilng screws. BShift the engine sideways and level 1t up until the crank-
shaft center line 1s located 1n the proper position. The vertical adjustment
may be accomplished by means of the leveling screws and 1n the final position
there should be about £" to 1" between the top of the foundation and the engine
base supporting ledges. Next lower the generator stator, rotor and shaft and
the pedestal bearing 1n place to ascertaln that the foundation will allow line
up with the engine as it is placed. These items may be left in place but
should not be connected tc the engine crankshaft or flywheel until later.
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(c)

When 1t has heen ascertained that line up of the engine and generator cen be
accomplished, shims or chocks under the engine base should be fitted. A chock
should be carefully fitted under each foundation bolt with the engine resting .
on its leveling screws. The shims or chocks should be approximately the same f‘,
width as the engine supporting ledges and should be about 4" to 6" long. The
chocks under foundation bolts ad jacent to dowels should be wide enough to ex-
tend beyond the dowel holes. Slots should be provided for the foundation bolts
which should next be ilnserted. Then loosen up the leveling screws and tighten
?p tgetfoundation bolts so that the engine is helid firmly to the chocks =nd
oundation.

It is now necessary tc check that the

foundation is supporting the snglne

evenly over the entire length. Ths

easlest way to do this i1s to check up

the alignment of the crankshaft. It ¥
wlll then be necessary to remove all

the crankcase doors ard epply a gap CRANK 1

GAP OR STRAIN

or strailn gage as shown in Fig. C-1. GASE UPPER
As shown in this figure, two light {“"""
punch marks should be placed directly

oppecslte each other on each crank e

throw. A #6096 Starrett Strain Gage : -

or equivalent should be used and the 2ﬁ1§?23§? ~

distance between the inside faces of  DIRECTLY
the crank webbs with the eranks on ORI AL R
upper and lower centers should be el
checked. Readings for any cne crank 3 [ ] e
should not differ more than .002".

T

It is highly desirable that the fly-
wheel be removed before the strain
gage readings are taken. This 1is
particularly desirable 1f the fly-
wheel is unususlly heavy. If the
flywheel is left on the shaft, a
somewhat larger difference than .002" 1

may be expected on the adjacent crank, FIG. C-

However, 1f the strain gage readings

on all other cranks are within the value given, it may be assumed that the
foundation is supporting the base properly.

_F CRANKIN
— LOWER CENTER

Q3

Note that during this checking operstion, the englne should be firmly bolted
down on its foundation and the crank shaft main bearing caps should be left in
place. It is not necessary to remove the bearing caps and Jack the crankshaft
against the lower bearings as is done when main bearing wear is checked by
means of & strain gage. The cylinder compression relemsse vaelvea should be open
80 that there 1s no cylinder compression at hand when making this check. If
the straln gage readings show that uneven support is at hand, correction should
bé made and the test repeated befors Proceeding any further.

Lining up the Generator

If the flywheel was removed during the preceding cperation, it should now be
mounted and the gensrator shaft and outboard bearing can then be lined up.
Usually the generator shaft 1s provided with a flange or a flanged coupling for
bolting to the engine flywheel, and Iin some cases, it will be found convenlent
not to mount the generateor stator untlil the generator shaft and outboard bear-
ing have been lined up. This will facilitate the reaming of the dowel holes
between the generator shaft flange and the flywheel. In order to understand
the lining up procedures dealt with in the following, Figures C-2a to C-2f
should be studled. In these figures the elastic deflections which are at hand
are shown 1n & greatly exaggesrated acale. The flyvheel is located ad jacent to
the first crank and the generator rotor between the flywhesl and the outboard
bearing. The engine crankshaft center line is in each case deslignated by line

Cc-C.

Fig. C-2g 1llustrates the condition that would be at hand if there were no

elastic deflections in the engine crankshaft and the generator shaft. In that /
case the center of the outboard bearing should be located in line with the k‘!
crank shaft center line. However, deflections and deformations take place in

all cases due to the faet that the shafts are elastic and support the flywheel

and generator rotor weights. Fig. C-2b and Pig. C-2¢ shows the deflections

which would be at hand with the crank adjacent to the flywheel in the upper

and the lower positlons and the outboard bearing in line with the crankshaft

2.
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center. In thet case strein gage readings on the last crank would show a :
greater value with the crank in the lower position {(dimension X) than with'the
crank in the upper position (dimension Y). Actually the elastic deformations
are usually carrled over to the sscond crank but the deflections in this crank
compared to those in the crank zdjacent to the flywheel are usually small and
in the figures deflections in the second crank are not shown.

up the gensrator shaft to the engine
crankshaft by means of feelers between

the flywheel and generator shaft coup-

ling faces only locates the outboard c
bearing in an approximetely correct

position in the verticael plane, Fig.

C-2f 1llustrates correct alignment of

the generstor shaft snd outboard FIG. C-Za
bearing. In this case, the strain
gage readings with the crank on top
ecenter and wlth the crank at bottom
center would be the same. It should

Fig. C-2d illustrates that the lining @ﬂ

!

N
L

i

be noted that the deflections in the C == -C
figures are exaggerated and that 1t 1s

usually not necessary to tilt the out- P e
board bearing as shown in Fig. C-2f. HQCib

The first rough line up of the genera-
tor shaft 1s as follows: Enter the
generator flange or coupling splgot in-
to the corrssponding flywheel bore un-
til there 1s only a2 few thousands be-
tween the flywheel and generator flange
faces. Using feelers, shift the out-
board bearing sideways and up and down
until the distance betwsen the flywheel
and flange faces (dimension Z on Fig.
C-2d) is equal in four planes. In
other words, 1t should be just possible
to insert, for instance, & 0.005" feel-
er between the outside of the generator
flange and flywheel faces st top and
bottom and midway at the two sides.

This procedure will give the correct
sldeways locetion for the outboard
bearling but will not locate it correct-
1y in the vertical plane as can be seen
by referring to Fig. C-2d. In order to
obtain the final vertical position of
the outboard besring, 1t is necessary
to again use the strain gage on the
crank adjacent to the flywheel. But be-
fore this 1s done, the generstor shaft
flange must be firmly bolted to the fly-
wheel. OStrain gage reedings on the last erank will then usually show a greater
value with the crank down than with the crank in the upper position and in
order to eliminate this difference, it will be found necessary to ralse the
outboard bearing so as to cbtaln the conditlion shown in Fig. C-2F.

Straln gage readings should slso be taken for the two horizontal positions of
the crank to check the sideways locatlon of the outboard bearing. The align-
ment can be considered satisfactory when all strain gage readings are within
.002" but under no circumstances should there by any greater difference.

When the final alignment has been sccomplished, the dowels should be fitted.
The engine is provided with at least four dowel holes usually located close to
foundation bolt holes. The chocks for the corresponding foundation bolt holes
should be extended under the dowel holes. The dowel holes should be used as
guldes for drilling holes through the chocks and the foundation and all holes
should then be line reamed for the dowels. It 1s essentlal that the dowels
have a good drive fit both in the engine base and in the foundation. Although
it 1s not necessary to do so, the holes for the hold down bolts can be resmed
in the engine and the foundation and fitted bolts used. In that case, 1t 1s

of course unnecessary to provide for dowels. Usually there is proviglon on the
generator pedestal bearing and stator frame for dowels. However, 1If this is
not the case, the holes for the hold down bolts must be reamed and fitted bolts

3.
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used Spaces between the chocks under the engine supporting ledges may be
filled with type metal to insure & substantial support unde the engine base.

INSTALLING TEE ENGINE AND GENERATOR PROVIDED WITH STRUCTURAL STEEL SUB-BASE

Generating sets mounted on structural steel sub-bases have been carefully lined up
et the factory and, when tested there, straln gage readings were taken to check the
allignment. In other words, when the unit was tested at the factory, the engine
crankshaft was free of misalignment stralns; the alignment corresponding to that
shown on Fig. C-2f.

The sub-base 1s & rigld structure and if installed correctly it will hold the
and generator in alignment. It shoulid be recognized however that the sub-base 1s
nevertheless an elastic structure and as such is subjeet to deflectlons due to sup-
ported welghts and also due to Torces set up by tightening up on the foundstion
bolts. The resultant derlections are small but are nevertheless of importance from
the standpoint of proper alignment. It 1s not practical from a weight and space
standpoint to make the sub-base sc stiff thaet 1t can not be deformed for instanre.
by supporting it only at the extreme ends or sc stiff thaet 1t will resist pulling
down on an uneven foundation by means of the foundation bolts.

(2) 1Installing the Generating Unlt

It 1s consequently necessary to cerefully shim under the sub-base atter it has
been lowersd onto 1ts foundation and & shim should be fitted under esch founda-
tion bolt where the sub-base does not rest on the foundation. It is not neces-
sary howvever to allow for any specified thickness of shims. The base can be
supported on the high polnts of the foundation and shims fitted between the
sub-base and foundatlon only where necessary.

Lower the entire unit onto the foundation then ascertaln if shimming 1s neces-
gary under each foundation bolt in the following manner. Use a dial indicator
and errange 1t so that 1t 1s supported by the foundation structure (not the
sub-base). Let the indlicating &rm of the instrument press down lightly on the
top face of the sub-base directly above the foundation bolt which 1s being
tried. BSet the indicator dial to zero and tighten up the foundation bolt nut
Trmlys fter tightening up, the indicator reading should still be zero. If
this is not the case, 1t will be necessary to lnsert shims under the foundatilon
bolt between the sub-base and the foundation. These shims should be slotted or
provided with holes for the foundation bolt. Then tighten up the foundation
bolt again and if the indicetor reading is not zero, 1t wlll be necessary to
again change the shimming untll the Indicator reads zerc both before and after
tightening up of the foundatlion bolts. Repeat this procedure for each and
every foundation bolt. Then tighten up all the foundatlon bolts firmly.

The sub-base 1s now clamped firmly to the foundation and 1s deflected into the
same shape 1t assumed when 1t was originally lowered onto the foundation and
resting on the high polnts only. This may or may not be the right shape for
perfect alignment and it is now necessary to check the alignment of the engine
and the generator. The engine and the sub-base form an exceedingly stiff beam
and therefore there i1s no danger that the engine itself has been pulled out of
shape, but there 1s & possibility that mlsalignment may exist between the en-

gine and the generstor.

(b) Checking the Alignment of Englne and Generator

In order to check the alignment between the engine and the generator, it is
necessary to remove the crankcase doors adjacent to the flywheel and check the
final slignment by means of a strain gage as described in Paragraph Zc. By re-
ferring to Figures C-2a through C-2f, it can then readily be determined whether
or not the generator end of the sub-base should be raised or lowered.

Considering the crank adjacent to the flywheel, if the strain gage reading with
the crenk down 1s greater than with the crank up, the gensrator outboard bezar-
ing should be raised up relative to the engine. In order to accomplish this,
1t i1s not necessary to break loose the generztor and outboard bearing from the
sub-base. Any misaligrment which may exist can be corrected by adding shims
under the sub-base. In case 1t should be necessary to add shims under ths gen-
erator and outboard bearing end of the sub-base, all foundation polts on this
end should be loosened. Shims should first be added under the foundation bolts
on the extreme end. These bolts should then be tightened up and the strain
gage readings on the last crank repeated. If the adaltion of these shims cor-
rected any misalignment situation which may have existed, a progressively les-
ser number of shims shoula be added under the foundation bolts as the sngine is
approached. As these shims are belng fitted, an 1ndicator should be used to

4.
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ascertalin that the sub-base 1s not pulled ocut of shape when the foundation
bolts are tightened up.

After the vertical alignment has been thoroughly checked, the horizontal align-
ment between the engine and the generator should be checked by means of strain
gage readings on the last crank in the two horizontal positions. It sometimes
happens that a sub-base 1s sprung during shipment or in handling. It is con-
sequently advisable to also check the horizontal alignment between the engine
and the generator, If misalignment 1s found to exist in the horizontal plane,
i1t can not however be corrected by shimming under the sub-base. In that case,
1t 1s necessary to break loose the outboard bearing from the sub-base and shift
it sidevays untlil the correct alignment has been established.

INSTALLING ENGINES CONNECTED TO TWO-RBEARING GENERATORS

In this case the engine crankshaft and tlywheel must always be connected to the gen-
erator shaft by means of a flexible coupling. .
If the unit 1s mounted on & steel structure which is integral with the hull or crane
structure, the instructions given in Paragraphs 2 (&) and 2 (b) apply to the prepa-
ration of the foundation and installation of the engine. The generator should then
be lined up so that the center lines of the generator shaft and the engine crank-
shaft co-incide. Thls can usually be accomplished by means of feelers between the
two flexlble coupling halves. Shift the generator sideways and up and down until
the dlstance between the faces on the two coupling halves 1s the same at top and
bottom and the two sides. At the same time ascertain that the centers of the two
coupling halves line up.

After the slignment has been accomplished it should be checked by means of strain
gage readings on the crank adjacent to the flywheel. In this case the flywheel
welght 1s supported by the crankshaft and 1t can consequently be expected that the
strain gage reading with the crank down will be more than with the crank up. The
difference should however not exceed .003".

If a structural steel sub-base is used under a generating unit consisting of an en-
gine and a two-bearing generator, the unit should be installed in accordance with

Paragraph 3(a). The final alignment should be checked in accordance with Paragraph
3(b). If the sub-base has not been sprung in shipment or handling and has been in-
stalled 1n accordance with the instructions in Paragraph 3(a), the alignment should
be satisfactory and there should be no occasion for changing the shimming under the

sub-base. ’
I
i

SERVICE PIPING

Plan all piping carefully and use as short and direct lines as possible. To improve
the general appearance of the installation, piping should be laid below the engine
room floor when it 1s possible to dc sc. Removable floor plates should be provided
and care should be taken that all -piping is accessible.

FUEL AND LUBRICATING OIL PIPING

See 3ection N for pilpe sizes and arrangement of the fuel day tank. See Section T
for lubricating oil day tank connectlons. Plpe sizes are stated in these Sections.
Provide drain valves and vent valves where necessary and remove all scale and dirt
from pipes and fittings before installing.

COOLING WATER PIPING {Marine Installations)

Locate the sea chest far enough below the water line to prevent uncovering when the
vessel rolls. It should be provided with a coarse grating. Inside the hull a
strainer of ample size should be provided with gate valves on each side so that it
can be 1lsolated for cleaning. For engines equipped with centrifugal circulating
water pumps it i1s particularly Important that the resistance in the sea chest,
strainer and piping be as small as possible. Use as few bends as possible and do
not make either suction ar discharge piping longer than necessary. Locate the over-
board discharge not more than 3' above the water line. All valves should be gate
valves - not globe valves. Use pipe sizes called for on the outline drawing.

STARTING AIR PIPING

Alr tanks should conform to A.3.M.E. specifications and should have ample strength
for 250 1bs. per square inch pressure. Each tank should be equlpped with a safety
valve and a globe valve for isolation. A drain valve should also be provided at
the lowest point and thils valve should be accessible.
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Tanks should be connected to the engine starting zir header using the pipe size
called for on the outline drawing. Provide a globe valve next to the engine. A1l
valves and filttings should be of heavy pattern for at least 250 lbs. per sg. inch -
pressure. If the engine ls eguipped with an alr compressor 1t should be connected F‘)
to the tanks with pipe of the size called for on the outline drawing and valves and

fittings of heavy pattern. The alr compressor discharge pipe should preferably be

run to the air tank. It should not be connected to the plping between the tenk and

the starting agir header. The alr compressor unloader should preferably be connect-

ed to the tank with 1ts own piping or tubing. Under no circumstances should it be

connected to the compressor discharge line.

9. EXHAUST SYSTEM

A11 exhaust plping should-be installed in the shortest and most direct manner pos-
sible. When bends are necessary use long sweep fittings. Use the plpe size called
for on the outline drawing for lengths up to 20' containing a maximum of three 2N
bends. For 3 to 6 bends lncrease the pipe to the next nominal size and for each
additicnal 30' length Ilncrezse by one pipe slze. ‘

In order toc protect the engine and plping from undue strains a length of flexible
metal tubing should be installed as near tc the engine as possible. It 1s also
recommended that flanged connesctions be used for ease of dismantling and cleaning.
For multiple installations 1t i1s necessary thaet separate exhaust lines be used.
A.T.D.E. Co. will not approve of instsllations where the exhaust pipes for two or
more engines are comblned before reaching the atmosphere.
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OPERATING INSTRUCTIONS

Before the operator attempts to run the engine, he should carefully study the chap-
ters dealing with the mechanical details, especially the governor and fuel injection
system. After familiarizing himself with the principles involved, the operator will
understand the slgnificance of the various movements of the control levers and will
be sble to handle the engine intelligently.

ATR STARTING SYSTEM - STARTING AIR LEVER

The starting alr valves, located in the cylinder heads, are mechanically operated
and are actuatsd from the camshaft by means of lifters or followers, push rods and
rockers (see Section H). Wedges are interposed between the lifters and push rods
and normally, before the engine is started and when 1t 1s running, the small ends of
the wedges are located between the push rods and lifters allowing the ldtter to be
lifted out of engagement of the cams by means of springs. The starting air wedges
are pinned to levers which in turn are mounted on and operated by the starting air
wedge shaft. This shaft is loccated in the push rod compartment of the eylinder
block, approximately level with the fuel wedge shaft, on the inside. The starting
alr wedge shaft extends through the cylinder block and 1s operated by a lever loeat-
ed at the governor end. With the starting air shut-off valve closed the action of
the wedges can be felt as the starting air lever is ralsed. Raising this lever
moves the wedge shaft and wedges so that the big end of the wedges will be between
the push rods and 1lifters, thus putting the latter in engagement with the starting
air cams.

SPEED CONTRCL

t 1s advisable to start the engine at a falrly slow speed and the operator should
study Section Q dealing with the governor before attempting to start the engine. If
the englne is equipped with & Woodward governor the load limit knob should be set at
4 or 5 before starting. In case ths engine is equilpped with s standard Atlas gover-
nor the speesd control handle should be about half way up the gquadrant.

INTTTAT, STARTING AND STARTING AFTER PROLONGED SHUTDOWN

(a) A final check should be given all fuel, air, lubricating oll and water lines,
glving attention to the location and position of shut-off valves, check valves, etc.
It is well to trece =ach system through making sure that there are no short circuits
or blockages.

(b) For the finitial starting 1t is well, although not absolutely necessary, to fill
the pressure lines and passages of the lubricating oil system. For this purpose a
smell hand operated gear pump or piston pump can be used. When the pressure lines
are full, a slight pressure will register on the pressure gauge. This procedure
will insure lubricating oll pressure immediately upon starting.

(c) Hand oil the engine at all the points listed under "4_HOUR ROUTINE" in the
"Meintenance & Inspection" Section. Fill the mechanicel lubricator and turn its
crank several revolutions.

(d) If the engine has previously been timed by means of fuel pressurs or if it has
been barred over several turns it is good practice to close the spray valve isolating
valves and open the compression release valves and then turn the engine over on air
until any excess fuel in the combustion chambers has been blown out.

(e) Check the o1l level in engine sump, day tank or sump tank.

(f) If engine is radiator cooled check the water level in raedistor.

(g) Bar the engine to place any one of the pistons 20° to 25° after to center.
Compression release valves should be open when barring, then closed. %This opera-

tion is not necessary on 8 cylinder engines and can as & rule be omitted on 6 cylin-
der engines also.)

(h) set governor control for approxlmately half speed and fuel pressure regulating
valve at the third or fourth notech.

(i) Open the two vents on top of the high pressure fuel pump and operate the hand
priming pump until fuel flows from both of these points. Then close these vents and
pump up the fuel pressure to approximately 1500 1lbs. per 3. 1nch by means of the
priming pump handle on the high pressure fuel pump.

(i) Raise the starting alr lever to the start position. The engine will then turn

1.
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over on alr. As soon as firing commences, move the starting ailr handle back to the
running position. Run the engine slowly at firat and control the speed by means of
the governor. Adjust the fuel pressure to about 2500 1lbs. per sqg. inch. Then ilm-
mediately check and watch the following: __-

1. Lubricating oil pressure and clrculatlon. Observe oll level in day tank or
sump tank. Engine will absorb geveral gallons when started up.

5. Cipeulation of cooling water. Do not run the engine longer than 2 minutes or

at high speed unless water eirculation has started. In some instances priming

of the water pump will be necessary but do not prime until the englne 1s cool.

011 and water leakage.

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

indicate hot oll from & hot bearing. :

Feel water jackets and manifolds for even water circulation.

Check the response of the fuel pressure rellief valve by moving the handle up

and down and watchlng the pressure gauge.

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

- oW =\

(k) The engine should then gradually be brought up to full speed and the load can
then be applied. Increase the load gradually and take about 30 minutes to increase
to full load. As the load is applied the fuel pressure should also be increased.
(see Para. 5 - Item (c) for fuel pressure range.)

ROUTINE STARTING

Alvways check the positions of oll and water shut-off valves and make certain that no
tools or the barring lever have been left where they can interfere with flywheel or
shafting. After starting up check water clreulation, lubricating oil level and
pressure. The formatlon of a habit of checking these ltems automatlcally whenever
the engine is started is 1ikely to prevent accidents and serlious damage. For rou-
tine starting it 1s only necessary to apply steps (e} to (j) in Paragraph 3 where-
upon the fuel pressure can immediately be raised, the governor control set for full
speed and the load applied.

RUNKING

The following items should be wateched and regulated 1f necessary:

Q

(a) 0il Pressure. The lubricating oll pressure should be maintained between 35 1lbs.
per square inch and 45 1bs. per square inch.

(v) Cooling Water Temperature. For Seawater Cooling the outlet temperature should
not exceed 1250 F. If Fresh Water Cooling is used the outlet temperature may safely

reach 160° F.

(¢) Fuel Pressure. The fuel pressure should be varied with the engine load. At
normal full load and engine speed of 514 R.P.M. a pressure .of 4000 to 5000 lbs. per
square inch will give the best results. For installations rated at 600 R.P.M. en-
gine speed a pressure of 5000 to 6000 lbs. per sgquare inch will be found to be more
satisfactory. However, as the load 1s reduced the fuel pressure should also be
lowered to prevent too great a wlthdrawal of the wedges. Too high a fuel pressure
at low speeds causes very short injection periods resulting in roughness and uneven
engine operation. About 2200 to 2500 lbs. per square inch 1is suitable for 1dling.

(d4) Lubricating 011 Temperature. At the outlet of the oil cooler (1f used) should
not exceed 140 © F.

(e) Mechanical Lubricator. The feed from the mechanical lubrlcator should be ad juss-
ed to 15 to 20 drops per minutes per feed.

(f) Exhaust Temperature. The normal full load (at engine speed of 51k R.P.M.) ex-
haust temperature range is. from 7007 to 800° F. For installations of 600 R.P.M.
engine speed, the exhaust temperature range will be from 7590 to 8500 F. If the
temperatures for all cylinders are above these limits, the engine 1s overloaded. If
the exhaust temperature for any one cylinder is too high or too low the injection
system is at fault. (See Sectlon "ty

(g) Exhaust Appearence. Ohserve the exhaust sppearance. If 1t is smoky investigate
the cause. In most cases the sprey valves are responsible for smoke . (See Section
on "Smoky Exhaust' under "Maintenance & Inspection™.)

TO STOP THE ENGINE

If the englne 1s eguipped with & standard Atlas Governor turn the stopping lever on
top of the governor and hold it in the stop position mtil the engine has stopped. p
On engines equipped with Woodward Governors turn the Load Limit Knob toward zero un- Jj

til1 the engine has stopped. The turning should be done slowly so &s tg not damage
the governor mechanism. I% is usually not necessary to turn the load limit knob all
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the way to zero 1in order to stop the engine. If deslred, the engine may be stopped
without disturbing the governor setting by pulling the 1ink connecting the governor
linkage to the wedge shaft in the push rod compartment of the eylinder block. This
pulls out the fuel wedges directly, without recourse to the governor action. A col-
lapsible link in the mechanism permlits this actlon without damage to the governor
action.
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LOWER BASE, CRANKSHAFT AND BEARINGS

BASE

The cast l1ron base is heavily ribbed to support the main bearing saddles and to
form a rigid structure upon which the engine is bullt. A trough extending longi-
tudinally along the bottom serves as a drain for the lubricating oil, and accommo-
dates the lubricating cil manifold, from which oil i1s piped to the main bearings
and to the intermediate gear bearings. The construction of the oll sump in the
bottom of the base is varied to suit the requirements of the installation, three
different arrangements being in commeon use.

(a) The wet sump base, which is the most common application. A hopper shaped sump,
bolted to the bottom of the base and extending below the mounting foot carries the
lubricating oil supply for the engine. The single lubricating oil pump sucks di-
rectly from this sump and a bayonet gage in the side of the base indicates the
depth of the oil. :

(b) Dry base with separate sump. This arrangement is often used for stationary en-
gines, where 1t is usually possible to locate a separate lubricating oil sump or
day tank below the level of the engine. The bottom of the base is flush with the
mounting foot of the engine, and the oil return from the bearings is piped from the
end of the drain trough in the base to the sump tank.

The suctlon of the lubricating oil pump is connected to the sump tank and the pump
discharges to the lubricating oil cocoler and the mein bearing manifold in the base.

(c) Dry base with sump pump. This arrangement is used primarily for marine engines,
where & dry base engine is desired and it is impossible to locate & sump tank below
the level of the engine. Two lubricating oil pumps are provided, the sump pump
scavenging the oil from the bottom of the base and discharging into a day tank, and
the pressure pump, sucking from the day tank and discharging to the oll cooler and
manifold.

MATIN BEARINGS AND ADJUSTMENT

The crankshaft turns in babbitt lined steel backed bearing shells, held in place in
the base by the main bearing caeps. The crankshaft is located longitudinally by bab-
bitt faces on the shells of the center bearing. The thrust clearance is .005" to
.009" when new and sheould not be zllowed to exceed .020". On four, five, and six
cylinder engines, the same shells are also used on the flywheel end bearing but
there are no mating thrust faces on the shaft so that they do not act as a thrust

bearing.

Ad justment of the main besrings is by means of shims, and running clearance should
set at .0045" to .0055" when the bearings are fitted. Bearing clearances can be
accurstely measursd with two pieces of lead wire of about .025" diameter and one
ineh long, which are compressed between shell and journal about 1" from each end of
the bearing by tightening the cap bolts. The thickness, measured wlth a micrometer,
is the running clearance. Clearances should be checked annually, and should not be
allowved to exceed .010". - Keep shims even on both sides.

MATN BEARING SHELLS

The bearing shells are prevented from rotating in the base by the shims, and are
located fore and aft by a square head dowel pin in the bottom of the bearing sad-
dles which engages a circumferential groove around the outside of the shell. As
fitted, the shells project above the base and face of the caps from .002" to .003"
on each side, but are squeeczed down flush when the capnuts are pulled up. Thers
should not be any appreciable clearance between the base, shim, and cap after final
tightening. The bearing shells and caps are all numbered and must always be re-
placed in the bearing from which they were removed. Never interchange them, either
from cne bearing te another, or from top to bottom.

REMOVAL AND ASSEMBLY OF MATIN BEARINGS

After removing the cotter pins and main bearing nuts, the cap, upper shell and
shims may be lifted out. As this operation is performed the positions of the num-
bers stamped on each of these parts should be noted so that the parts can be re-
assembled in their proper positions. Unless the bearing is considerably worn it
may not be possible to remove the lower shell by hand and it is usually necessary
to turn it out of the base by barring the engine over after lnserting a capscrew in
the o0il hole in the journal. The head of the capscrew will contact the edge of the
bearing shell and roll the bearing out with the journal.

L
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When essembling the main bearing shells care must be taken to keep all parts abso-
lutely clean. It is of utmost Importance that any dirt be prevented from lodging
between the shell and the saddle. Extreme care must be exercised in locating the
bottom shell in a fore and aft direction befors turning it into ths base. Mis-
alignment will cause the groove to miss the dowel pin in the base and trouble will
then be encountered in backing the shell cut again for another try.

5. CRANESHAFT ALIGNMENT

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

The simplest way to check crankshaft slignment is by means of a bridge gauge, which
can be supplied with the engine as extra equipment. If a bridge gauge 18 desired
1t must, however, be crdered when the order for the engine is placed. It can not
be supplied later.

With the bridge gauge straddling the journal and resting firmly and squarely on the
bearing cap seats in the lower base, the distance between the top of the mein bear-
ing journal and the machined face on the bridge gauge 1s measured by means of a
Tfeeler gauge. At the time the engine was erected these measurements were taken and
were stamped on the bridge gauge. As the zge of the engine Increases the bearing
surfaces will wear, with the result that these messurements will gradually increase.
As long as they all Increase by the same amount ths shaft will still be in line
however, and there need be no worry, even though they do not agree with the origi-
nal readings stamped on the bridge gauge. But if at any time the "wear down", or
difference between the current reading and original reading variss by more than
.004" between two adjacent bearings, the low shell should be replaced at once and
the crankshaft re-aligned, a job that should be undertakeh only by an experienced
mechanic. A careful record should be kept of all bridge gsuge readings taken from
time to time.

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

If a bridge gauge 1s not avallable, crankshaft alignment mey be checked with a gap
or strain gage as follows: Stamp two center punch marks as shown in Fig. F-1 on
all cranks. Starting with No. 1 cylinder crank, remove adjacent main bearing caps
and locate the crank as near lower center as gap gage will permit. Using jack
screws between bearing journal and center frame force shaft agalnst lower bearing
half {protect shaft with a piece of wood or sheet copper) and record the gap gauge
reading. Then loosen jackscrews and bar over until crank 1s on upper dead center.
Again tighten jack screws and record the gauge reading. Repeat on all other cranks.

Comparison of gauge messurements in upper and lower centers will indicate crank-
shaft alignment conditions. Normally the measurements for the cranks in top posi-
tion are slightly larger than measurements for the same cranks 1n the bottom posl-
tion. However, the difference in measurement for any one crank should nof exceed
.0005" per inech of shaft diameter. If this 1s the case, realignment of the crank-
shaft bearings is indicated.

6. FLYWHEEL AND OIL SEAL

The flywheel is bolted to the flanged end of the crankshaft, on the timing gear end
of eight cylinder engines and on the opposite end on four, flve, and six cylinder
engines.

In the standard construction, the flywheel %3 centered on the outside of the crank-
shaft flange and the driven stub shaft flange is centered by a spigot engaging the
flywheel bore. The coupling bolts are studded into the crankshaft flange and extend
through the flywheel and stub shaft flange, nuts on the free end clamping the as-
gsembly together. These nuts should be tested at semi-annual inspectlons and should
always be kept snug and securely cotter pinned. -Dowel pins in reamed holes extend
through the three pisces and take the torque drive. The flywheel is secured to the
crankshaft during shipment by two flat head screws in countersunk holes.

In some special cases, particularly in generator drives, the crankshaft studs ex-
tend through the flywheel only, and the driven shaft i1s secured to the flywheel by
a second set of coupling bolts on a larger diameter bolt circle, studded into the
flywneel. The flywheel retaining nuts are recessed into the wheel and are covered
by the stub shaft flange.

A lebyrinth, formed by an oll thrower pressed on the outside of the crankshaft
flange and mating with a split oil guard bolted to the end of the englne base con-
stitutes the olil seal around the crankshaft at the flywheel end of the engine. On
standard engines the opposite end of the crankshaft is brought out through the base
for any auxiliary drives that mey be required. On four, five, and six cylinder en-
gines & key way is provided and the driven pulley 1s pressed or clamped on the end
of the shaft. An oil thrower pressed on the shaft and a felt packed oll guard form
the oil seal. On sight cylinder engines the driven pulley is bolted and doweled to
the end of the shaft and a standard commercial oil seal 1s used, pressed Into the
forward end cover. If the forward drive is not used & cap may be placed over the
end of the shaft.

NOTE: The torsional vibration conditions in the engine crankshaft are appreclably af-
fected by the dimensions of drive pulleys mounted on the end of the crankshaft op-
posite the flywheel. Whenever an engine is eguipped at the factory with auxiliary
drive pulleys the torsional vibration stresses have been carefully calculated for
the particular pulley that is supplied. It is important therefore that no changes
in size or dimensions be made on this pulley unless approval has first been ob-
tained from the Engineering Department of Atlas Imperial Diesel Engine Co. It 1is
likewise important that no suxiliary drive pulleys be added to an engine not origi-
nally equipped with them unless approval has first been obtalned from the Atlas
Engineering Department. The Atlas Imperisl Diesel Engine Co, will not be responsi-
ble for anv crankshaft breaksages 1n cagses where pulleys have been added or changed
without approval.
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CENTERFRAME--CYLINDER BLOCK & LINER, CYLINDER HEAD & VALVES

CENTERFRAME

The centerframe, which rests on the engine base and supports the cylinder block,
carries the camshaft bearings and forms the crank case housing. The tie bolts are
studded intc the base and extend up through the centerframe and into the cylinder
bleck, where recesses are provided in esach side for the nuts. The centerframe

i1s located on the base and the cylinder block on the centerframe by dowels. Crank
case sealer 1s used to make the jolnts between the three pleces, and 1f these
joints are disturbed the old sealer must be thoroughly scraped off and replaced by
nev sealer when reassembling. Glyptol lLecquer is recommended for sealer.

CYLINDER BLOCK AND CYLINDER LINERS

The individual cylinder liners are mounted in the cylinder block, which' forms the
water jacket surrounding the liners and supports the cylinder heads. A compartment
on the camshaft side of the cylinder bloek encloses the valve lifters, push rods,
starting air manifold and the wedge shafts controlling the fuel and starting alr
valves.

The cylinder liners are specilal alloy iron castings, heat treated to relleve stres-
ses and secure corrcet hardness. They are accurately machined to close tolerances
and should be handled carefully and care taken not to damage the fits at top and
bottom. Spare liners should always be stored in a vertical position and should be
gsecurely fastened down if stored on board ship. The water seal at the bottom of
the liner consista of two rubber grommets which should always be replaced with new
ones whenever a liner is pulled. When lowering & liner into place, grease the
grommets freely with cup grease and use care to enter the grommets into the cylin-
der fit or they may be pinched and damaged. The liner has from .002" to .005"
clearance in the cylinder at both top and bottom fits and no difficulty should be
encountered in installing a new liner. A pesper gasket .010" thick is used for the
upper water seal between the liner and cylinder, and a new gasket should always be
used when replacing a liner. The fits and shoulders on both liner and cyllinder
should be carefully scraped and wiped clean to assure a water tight joint. Care
must be taken not to damage these shoulders, as a water leak will result.

Pockets are cut into the bottoms of the liners for connecting rod clearance, and
dowels in the tops of the liners engage keyways in the centerframe and assure cor-
rect orientation of the liners. Nipples, screwed into the liners and projecting
through the side of the cylinder block, feed o0il to the pistons from the mechanical
lubricator. Packing glands form the water ssal at the cylinder block wall.

CYLINDER HEAD

The individual cast lron cylinder heads are carefully designed Tor strength and
uniform cooling. The area above the liner 1is fully water jacketed, and & housing
extends out from the camshaft slide of the head to mate with the opening in the top
of' the push rod compartment in the cylinder block. The six cylinder head bolts are

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

a counterbore in the top of the liner. A 1/32" thick copper gasket under the
spigot forms the gas seal, and & soft cork gasket around the push rod compartment
opening makes an oil tight seal at this point and still allows the head to be
pulled down tightly on the copper gasket. Brass bushings screwed into the tops of
the cylinder block and extending up into drilled holes in the head carry the cool-
ing water into the head. They are sealed by rubber grommets, which should always
be replaced by new ones when a head is pulled. When replacing a head, carefully
wipe 211 dirt from the lower surface and thoroughly clean both sides of the copper
gasket, as well as the surfaces of the head and liner which bear against it. Al-

ways use care to protect the spigot on the bottom of the head, as nicks and scratch-

es will result in a leaky joint. Place heads on wooden blocks, never on concrete
floor or steel deck, and use care that spare heads are not damaged 1n storage and
handling.” Covers over the tops of the heads fully enclose the valve rockers and
push rods. The covers are split horizontally, the lower half bolted down against a
gasket. The top cover i1s hinged to the lower half and is held in place by wing
nuts, making the valve operating gear readily aczessible for inspection and olling.

INLET AND EXHAUST VALVES

The one piece forged steel Inlet and exhaust valves seat directly in the head and
are gulded in replaceable cast iron bushings pressed into the head. The exhaust
valves are forged of a special heat resistant alloy steel and may be distinguished
from the inlet valves by the "EXH" and "INL" stamped on the valve heads. The inlet
valves are forged of chrome nickel steel and are not suitable for exhaust valves.

1




Section H

They should never be used interchangeably, except in an emergency, and then for &
short period only.

Two concentric valve springs are used on each valve. They are centered by the (?\
valve guide and are held in place by & retainer which is secured to the valve stem 4
by means of a split teper ccllar. Depressing the retainer agalnst the spring per-

mits removal of the collar and disassembly of valve and springs. )

If valve faces are badly pitted they should be refaced on a lathe, as excessive
grinding to remove pits will wear down the seats in the heads unnecessarily and
will also cut & groove 1n the valve face. Badly pitted seats should also be re-
faced with a seat reamer before grinding, teking particular care to keep the seat
concentric and square with the bore of the guide. Always finish the grinding with
fine compound. Use extreme care that no grinding compound is introduced into the
gulde, and thoroughly remove all traces of compound when reassembling, and lubri-
cate the valve stems with clean engine oil. The valve guldes should be replaced if
excessively worn, and new guldes must be reamed to .750 - .7505 dlamster after
pressing in. The 1nlet and exhaust valve stems should be ciled every four to eight
hours while the engine 1s in operation. See detailed Instructions in Section Z. '

STARTING ATR VAIVE

The starting air valve is seated directly in the head and is gulded by & bushing
which works 1n the head and to which the valve stem is clampsd. Two piston rings
form the air seal between the bushing and the head. The bushing is secured to the
valve by a nut on the end of the stem. It rests against a shoulder on the valve
stem, and a piece of steel tubing slipped over the stem serves as a spacer between
the top of the bushing and the spring retaining washer, against which the nut bears,
and &lso acts as a guide for the spring. The lower end of the valve spring bears
against a washer which rests on the cylinder head. The valve operating gear 1s
described 1n Section L. The instructions in Paragraph 4 regarding grinding the in-
let and exhaust valves apply also to the starting air valves. Leaky starting
valves may be detected by excessive heating of the starting air manifold connection

leading to the valves.

COMPRESSION RELEASE OR SNIFTER VALVES

o
The compression relesase or snifter valves are located at the bottom of the cylinder ")
heads, on the camshaft side. They permit release of the cylinder pressure when
barring over the engine and are also used as shut off vaelves when indicating or tak-
ing compression pressurss. i

The hole tapped in the cylinder head for the snifter valve is located at the inner
side of the push rod compartment and the body of the velve extends across this com-
partment and projects out through the outer cylinder head wall. The valve seat is
at the inner end of the body, and the long needle valve stem is threaded to the

body at its outer end.

SAFETY VALVES

The safety valves are located on the manifold side of the c¢ylinder heads, in tees
screved into tapped holes communicating with the cylinder combustion chambers. They
are spring loaded relief valves, and scrve to relieve excessive cylinder pressures,
acting as telltales to indicate that the pressures are too high. The popping of
these valves is a definite indication that something is wrong and should be investi-

gated at once.

The valves are adjustable by tightening the spring retaining cover, and should be

set to relieve at 800 1bs. per square inch. A setscrew locks the collar to retain
the setting. They should be tried out occasionally by prying up the lower spring

washer with a screw driver, to assure that they are in operating condition.
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Section K

PISTON AND CONNECTING ROD

PISTON

The pistons which are of the one-piece, solid-skirt type are made of high grade cast
iron and arc heat treated to relisve stresses and to obtain proper hardness. The
plston is ground straight, that is without taper, from the bottom up to the ring
belt. The clearance in the linsr is .009" to .011". The head of the piston being
exposed to high temperatures is given a larger clearance, approximately .0055" to
.006" per inech of bore dlameter.

PISTON PIN

The case hardened and ground piston pin is stepped, with differential fits in the
piston pin bosses. The fits are szbout .0005" to .0015" press on the large end and
metal to metal to .001" loose on the small end. Rotation of the pin in the piston
is prevented by the engagement of a dowel which projects radially from the large
end of the pin with a groove in the bottom of the boss. A setscrew threaded into
the larger pin boss enters an indentation in the pin to act as a retalner. The
setscrew 1s 1n turn secured by & locknut.

PISTON RINGS

There are 6 rings per piston, an oil ring above and below the piston pin and four
compression rings. Always assemble the oil rings with the bevel up, to slide over
the o0ll film on the upstroke and scrape it down on the return. When overhauling
pistons, thoroughly clean all carbon from rings and grooves and top of piston. Fuel
deposit on the piston skirt can best bs dissolved with cleaning solvent or pailnt
remover. Be sure oil drain holes below oil rings are open.

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

Rings should be discarded when the side clearance exceeds .008" and the end clear-
ance .007" to .008" per inch of bore diameter. It is alsoc a good policy to discard
any rings which have been stuck for any length of time as they are apt to be out of
round and may not hold compression. Always check new rings, measuring the side
clearance, in the groove in which the ring is to run, with feeler gauge, and the
end clearance with the ring in the liner a2t the smallest diameter. Never install
rings with less clearance than that glven above. As the oll rings wear the width
of the flat increases, with conseqguent decrease in width of bevel and oll scraping
ability. BExperience will determine permissible wear without excessive oll pumping.

CONNECTING ROD

The connecting rods are stesl drop forgings, rifle drilled to carry oil to the

piston pins. BShims between foot of rod and crankpin box provide adjustment to bal-

ance compression pressures in the cylinders to the desired value. The distance "X"
{see Fig. K-1), between the top of the piston and the top
of the liner should be 7/186". When taking measurement

é "X" the piston should be at top dead center and the cylin-

;§77 R X der liner must be sscurely clamped down into the cylinder.
The cylinder stud nuts must also be tight when making this
% ad justment. The above connecting rod adjustment should be
ugsed for altitudes from sea-level to 1500' and will then
] produce compression pressures of 400 to 410 pounds per
square inch. f the engine is located at higher altitudes
than 1500 feet zbove sea-level dimension "X" should be
smaller and in accordance with the following tabulation:
Altitude ' Dimension "X"
% Ft. Above Ses Level Inches
= 2000 384
4000 341
6000 .290
FIG. X-1 8000 . .2k5
10000 .202

A bronze bushing for the piston pin 1s pressed in the upper end of the rod. If this
bushing is replaced it must be reamed to allow & piston pin c¢learance of .0015" to
.0025". Care must be taken to keep the reamed heole exactly parallel with the foot
of the rod. The oil grooving in the bushing is carefully designed for correct lu-
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brication, and new bushings must be inserted in rod with the oil holes vertical. A
ball check valve at the bottom of the rod prevents return of ‘the column of oil in:
the rod. Examine these valves at annual overhsuls. The bsll 1ift
should not exceed 3/32".

CONNECTING ROD BEARINGS

The crankpin boxes are steel castings with b&bbltu lining centrifugal ¥ cast and

TT =3 £33 ™ o = . e PP T R §
accurately bored. SErerpT—aireuTtenate—te—rebebbith—thesc—TPeores—tn—the—Edeld.

bt —Ce—aad—s—eredd b o1l ouon oot 11 bo-tuade—ior

S —taaed | Bearlng adJustmept 18 by means of shims between halves of bear-
ing. Bearing clesarances when adjusted should be .0008" to .0009" per inch of bear-
ing dlameter.

Clearances are best measured with a lead wire compressed between bearing and jour-
nal, as described in Section F. Keep the shim thickness equal on the two sides.
Tnspect the bearing surfaces for even bearing. Areas which are not bearing on the
shaft will be discolored, and such bearings as well as new ones should be carefully
scraped to secure even bearlng over at least 3/4 of the entire area. End clearance
is .005" to .012" and should not be allowed to exceed .025".

CONNECTING ROD BOLTS

The connecting rod bolts, fitting in reamed holes, hold the two halves of the
crankpin boxes together and to the foot of the rod. The nuts should be kept pulled
up tightly but not overstressed. They should not be sledged but should be pulled
up by hand with a pipe not over three feet long on the wrench. It is good practice
to keep a record of the length of comnecting rod bolts, measured with a micrometer
at annusl overhauls and to discard bolts that show more than .010" increase in
length. It is further recommended that all connecting rod bolts be replaced every
two years, assuming the engine to have had continuous service during that time, say
8000 hours or more. It is nearly always old bolts that have been in service for
some time and have been overstressed by pulling up the nuts too tightly that fail.
Replacing bolts as suggested above 1s cheap insurance agalnst the possibility of
wrecking an engine through connecting rod bolt failure. Replace cotter plns care-
fully, elways using new cotter pins. Be sure that they are a close fit in the hole
and bend the ends back tightly against the sides of the nut. If this work is left
to inexperienced mechanics it should be very carefully inspected at the completion
of the job. Always replace rods, bearings and pistons in the cylinders from which
they were removed. All parts are numbered.




L5-Ed 14

23

R

Section L

CAMSHART AND VALVE OPERATING GEAR

CAMSHAFT

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

CAMSHAFT BEARINGS

The camshaft bearings are accurately machined cast iron blocks with pressed in

bronze bushings. Besrlig bores in bushing is reamed to 2.004" . 2.005" diameter,

which sllows a running clearance of .004" to .006". If replaced the bushings must

be reamed, and oll and mounting holes drilled through after pressing in. A groove

must be chipped to communicate with the oll hole if it does not intersect the

groove in the bushing. The bearing blocks are held in machined seats cut in the

webs of the centerframe and are secured by capscrews. s

The camshaft thrust is carried by the bearing adjacent to the drive gear, the hub

of the drive gear and the end of the first cam engaging the ends of the bearing.

Various combinations of thrust washesrs are used on different engines, and must al-

ways be replaced when assembling the shaft exactly as removed. The first cam

should be located on the shaft to allow .015" to .020" thrust clearance. The

thrust bearing is olled by a line from the sight feed lubricator and the bearing

at the other end of the shaft by an oil cup, which should be £illed daily. The re- ;
meining camshaft bearings are lubricated by spray from the connecting rod boxes. {
Catch basins in the tops of the bearings collect the oil. ) H

CAMS

The cams are accurately ground to shape after being case hardened. The fuel valve
cam consists of & case hardened steel disc in which a case hardened steel toe 1is
inserted. This toe controls the action of the spray valve, the disc serving &as &
base circle. The cams are a sliding or light tap fit on the camshaft and are held
in position by taper keys driven sscurely into place after the cams have been locat-
ed to line up with the lifter rollers. The exhaust cams serve as hubs to which the
fuel eam discs are bolited, while the inlet and starting air cams are machined on
opposite ends of common hubs. Progressing from the governor end of the engine, the
cam sequence is inlet, air starting, fuel and exhaust on right hand engines and ex-
haust, fuel, air starting and inlet on left hand engines. The fuel cams are locat-
ed on the cylinder center lines.

CAMSHAFT REMOVAL

In order to remove the camshaft from the engine it is necessary to remove the cen-
terframe covers, including the governor and lubricating oil pump assemblies, and
also the gear casing. Before removing the latter the camshaft gear should be
pulled from its hub and the intermediate gear and high pressure fuel pump removed. 3
The push rods should be removed and the lifters raised and clamped or blocked up
clear of the shaft. Hoss clamps may be used to advantage. Remove the camshaft re-
taining bolts, and the shaft may then be driven out. BSledge each bearing out of
its sszat a 1little at a time, using a timber inserted through the door openings in
the opposite side of the centerframe. The end of the timber should be placed as
close to the bearing as possible. The fits of the bearings in their seats can be
relieved somewhat by loosening the cylinder block nuts on the camshaft side.

CAMSHAFT DISASSEMBLY

After the camshaft has been removed from the engine it should be carefully measured
up and an accurate sketch made for use when reassembling. Note the exact position
of each cam, the lubricating oil pump gear, thrust washers, etc. Note the numbers
stamped on the bearings and be sure that they are replaced in the same positions.

If the original bearings are replaced, holes for the centerframe door retaining
bolts must be drilled and tapped in the new bearings to match the holes in the doors.
Use a 27/64" drill, 1" deep, and & 1/2"-13 tap.

The cams are loosened by driving against the smsll end of the taper keys with a

drift. FOR RIGHT HAND ENGINES THE KEYS ARE LOOSENED BY DRIVING AWAY FROM THE DRIVE

GEAR END OF THE SHAFT, AND FOR LEFT HAND ENGINES BY DRIVING TOWARD THE DRIVE GEAR
END. The engines are designated right or left hand according as to whether the con-
trol side of the engine is on the right or left of an observer facing the timing
gear end of the engine. The lubricating oil pump gear located near the center of
the shaft, adjacent to one of the exhaust cams, is also secured by a taper key.

The slope of this key 1s opposite to that of the cam keys so that the large ends of

P
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the keys in the gear and the exhaust cam butt against each other and it is impossi-
ble to drive either key out. The gear may be loosensd, however, by driving it sway
from the cam, using a brass bar or babbitt hammer.

The cams should slide on the shaft freely after the keys have been removed, but if
it should be necessary to drive them off, only a babbitt hanmer or brass drift
should be used. Any burrs, particularly at keyways, must be dressed down wilth a
file. If this precaution is not taken the cams may seize as they are removed and
foreing the cams the remainder of the distance will score the shaft. The drive
gear hub is shrunk on the shaft and secured by a taper key, driven in from the free
end. There should not be any occasion for removing this flange, as it 1s not sub-
Jject to wear, and i1f the camshaft is replaced a new flange will be furnished with
the new shaft.

CAMSHAFT ASSEMBLY & INSTALLATION

When the camshaft is being reassembled the same precautions with regerd to burrs ap-
ply. Coating the bores of the cams with white lead will aid materlially in sliding
the cams into place without scratching the shaft. The bores of either new or old
cams should be inspected carefully for any defects likely to scratch the shaft.
Bearings and cams are installed successively from the gear end. The beerings are
located on the shaft in accordance with the sketch made prior to disassembly, and
are locked in place by driving in the taper keys. FOR RIGHT HAND ENGINES DRIVE EACH
KxY TOWARD DRIVE GEAR END OF THE SHAFT. (LARGE ENDS OF KEYS SHOULD POINT AWAY FROM
GEAR END.) FOR LEFT HAND ENGINES DRIVE EACE KEY AWAY FROM THE GEAR END {LARGE ENDS
OF KFYS SHOULD POINT TOWARD GEAR END.) Note that the slope of tha key for the
lubricating oil pump drive gear 1s opposite to that of the cams, as explained in
Paregraph 5. The parts can be assembled by driving the gear home against its key.
The assembled camshaft is then installed in the engine. After starting each cam
bearing in 1ts seat the bearings are driven into place & 1little at a time wlth a
heavy brass bar. Each bearing should be driven & little and then left until all the
others have been knocked in the same amount so thaet the cemshaft will not be bent.
The cam bearings will seat more easily 1f the cylinder block nuts are loose. The
gear cesing and the intermediate gear should next be assembled and the engine timed
in sccordance with the detailed instructions given 1n Paragraphs 11 and 12 after
which the governor, lubrlcating oil pump and high pressure fusl pump assemblies may
be replaced on the engine.

VALVE LIFTERS

The steel valve lifters work in cast iron guides bolted to the top of the center-
frame and carry case hardened rollers on steel pins on thelr lower ends. Clearance
between lifters and guides i1s .0015" to .0025", between rollers and pins is .001" 1o
.002", and the pins are riveted into the lifter forks, wilth the ends flush, so that

they may enter the guide bores.

Wedges, linked to control shafis extending along each side of the lifters and mount-
ed on brackets bolted to the centerframe, are interposed between the fuel and air
starting lifters and their push rods, and provide means of control of the fuel and
air starting valves. The operation of the fuel valve mechanism i1s fully described
in Section O under FUEL SYSTEM. The starting air valve wedges are wilithdrawn when
the englne is running. This has the effect of shortening the push rods, and springs
under the lifters hold the push rods and lifters up, with the rcllers clear of the
cams. When the engine 1s to be started the wedge shaft is rotated by means of s
hand lever on one end, pulling the wedges in between the lifters and push rods. The
lifters are forced down against the cams, which then operate the starting ailr valves,
admitting air to the cylinders in the proper sequence for starting the engine.

PUSH RODS

The push rods for the fuel rockers are fabricated from seamless steel tubing, while
those for the inlet, exhaust and air starting rockers are solld rods. Steel ends
are welded to the tubing forming fuel rods, the lower end rounded to fit intc the
lifter guide and the upper end forming a socket to recelve the adjusting scrsv in
the fuel valve rocker. Sockets are screwed onto the upper ends of the inlet and ex-
haust and air starting push rods and receive ball studs which are pressed into the
rockers. Push rod adjustment i1s made by screwing the sockets up or down on the rods
and 1s locked by jam nuts.

VALVE ROCKERS

The velve rockers are fulcrumed on a shaft supported by & bracket bolted to the top
of the cylinder head. The shaft is secured in place 1n the bracket by two setscrews
gnd is drilled for lubrication, a grease gun fitting at one end supplyling grease to
the rocker bearings. A grease gun is provided with the engine tools and the bear-
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ings should be serviced daily. Bronze bushings in the rockers are reamed to 1.5010"
teo 1.5015" after pressing in, which allows .001" to .0025" clearance on the shaft.

The case hardened rollers on the valve ends of the inlet and exhaust rockers work
directly on the ends of the valve stems and turn on headed pins, secured in the
rockers by cotter pins. The roller clearance on the pins is .0005" to .0015". A
hardened steel button pressed into the air starting valve rocker bears against the
valve stem. A secondary rocker 1s used for the fuel valve, mounted on a shaft car-
ried by a separste bracket. The main rocker bears down on one end of this second-
ary rocker, the other end of which lifts the spray valve as the mechanism operates.
The action 1s more fully described in Section 0. - The bronze bushing in the second-
ary rocker should be reamed to .7500" to .7505" after pressing in, which allows
.0005™ to .0015" clearance. The shaft is held between the bearing retaining bolts.
An o1l hole in the top of the rocker provides for lubrication and should be hand
oiled daily. Both rockers are steel forgings, and the bearing surfaces are case
hardened.

TIMING GEAR TRAIN

[N

The camshaft is driven from a gear on the crankshaft by means of an intermediate
gear. On four, five, and six cylinder engines the crankshaft gear is shrunk on the
shaft. If replaced the new gear should be heated to approximately 600° F. and
slipped over the shaft. Do not overheat the gear, as this wlll damage the steel
structure. Once 1t 1s started on the shaft move 1t immediately to its final posi-
tion against the shoulder at the fit, as it will be impossible to move it further i
once 1t begins to cool and seize the shaft. ) i

On eight cylinder engines the crankshaft gear is split, and is held in place on the !
shalft by split collars clamped over each end of the gear.

The intermediate gear turns on a pin'mounted in a bracket bolted to the end of the
centerframe. The bracket 1s positioned and doweled to the centerframe to allow
.006" to .008" gear backlash, and the pin is retained in the bearing bracket against
& shoulde? by nut and washer on the end of the shaft. Radial clearance between gesr
end and pin is .0015" to .0025", and side clearance is 1/32". Lubrication is posi-
tive from the engine force feed system. |

The camshaft drive gear is bolted and dowsled to the hub shrunk on the end of the
camshaft., TUnless the crankshaft or camshaft gears are replaced these dowels need
not be disturbed, bul if either of the gears is replaced the camshaft gear must be
redoweled to its hub, after the shaft has been timed in accordance with instructions
in Paragraph 12. Use a #U (.368" Dia.) drill and ream to .372"-.373" diameter for
3/8" dowels.

CAMBHAFT TIMING (Reassembling with Original Gears)

In order to time the engine it is necessary to position the camshaft gear on its hub
and to mesh the gears so as to obtaln the correct relation between the two shafts,
and then to adjust the push rods to open and close the valves at the correct points.
Unless the crankshaft or camshaft gears have been replaced the camshaft can be cop-
rectly timed after overhauling by meshing the gears according to the timing marks
that were stamped on the gear teeth when the engine was erected. Prick punch marks
are stamped on the ends of the mating teeth on the crankshaft, intermediate and cam-
shaft gears. Three teeth are stamped at each meshing point, a tooth on one gear and
the two straddling teeth on the mating gear.

CAMSHAFT TIMING (Reassembling after replacing gears)

If either the crankshaft or camshaft gears have been replaced, the camshaft can be
timed as follows:

Eag Spot Wo. 1 piston 23° B.T.C.

b) Set the camshaft gear relative to its hub so that clamping bolts are approxi-
mately in the center of the slots. Orient camshaft gear so that old dowel
holes will not interfere with redowelling.

(¢) Turn the camshaft (with intermediate gear out of mesh) so that the inlet and
exhaust lifters of No. 1 cylinder are each raised an equal distance. (NOTE:
The pisteon was set at 23° B.T C. as this is the mean position between the 100
B.T.C., opening of the inlet valve, and the 5° A.T C., closing of the exhaust
valve, and at this position both valves should be open an equal distance.)

(d) Holding crankshaft and camshaft in above positions and allowlng camshaft gear

to slip on its hub as required, mesh the intermediate gear and tighten the

clamp bolts between the camshaft gear and hub. After all valves heve been
timed and checked, drill and ream the dowel holes as described in Paragraph
i0.
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13. SPOTTING THE PISTON

Before proceeding with the discussion on valve timing the following instructions re-
garding the correct method of spotting & plston should be considered. Whenever a
piston is to be spotted for valve setiing i1t should be brought into position by
turning the engine In the directlon of rotation in order to take up all gear back-
lash. TIf the engine is turned past the desired position, 1t should be turned well
back in the opposite direction, and then agein brought up to the required polnt.

14. POINTER LOCATION

The location of the flywheel polinter should be checked occaslonally by "splitting
the center". With one of the eylinder heads removed crsnk the engins to a point
about 20° off top center. Measure the exect distance from the top of the liner down
to the piston and observe the pointer reading on the flywheel. Then set the piston

154

to the same dlstance below the top of
the liner on the other side of top cen-
ter and observe the flywheel pointer
reading. If the readings do not agree
adjust the pointer to give equal read-
ings on each side. The position of the
piston should preferably be taken with
an indicator and in each case the pis-
ton should be cranked upward into posi-
tion.

VATLVE TIMING

The valve timing may be determined from

the markings stamped on the flywheel,
as 1llustrated in Fig. L-1. The top
center of each piston or pair of pis-

tons 1s marked with the piston numbers
(No. 1 is on the timing gear end of
the engine), and degree marks are

stamped on each side. The graduations

FIG. L-1

are by degrees, and each fifth degrees
is marked with a numergl. The correct valve timing is given in the following table,

and is

stamped on the name plate of esach engine.

Starting Air Valve Opens - - - - - 109 A.T.C.
it it i Closes- -~ - - - 552 10 60° B.B.C.
Inlet Valve Opens- - - - - - - - - 0% B,
n B CLESEE = mom o o ome e 559 A.B.C.
Exhaust Valve Opens- - - - - - - - 359 B.B.C.
" " (Closes - - - - - - - 59 AP0
Fuel Spray Valve Opens - - - - - - 8ce engine name plate
& " "  (loses- - - - - - see englne name plate

16. INLET AND EXHAUST VALVE TIMING

After the correct relation between the cranksheft and camshaft has been determined
29 described I1n Paragraphs 11 and 12, the push rods must be adjusted as follows:
(See Section 0 for timing of fuel spray valve.)

o Ho o

(£)

(g)

Spot piston at 10° B.T.C. at the end of the exhaust stroke.

Adjust inlet push rod so that valve is just opening.

Spot piston at 5° A.T.C. on the suction stroke.

Ad just exhaust pushrod sc that valve is just closing.

Check clearsnce between valve stems and rocker rollers. The cams are de-
signed for 1/32" clearance with the valves set as above and with the engine
cold, but this will vaery somewhat due to manufacturing tolerances. When mak-
ing the adjustments aim at the opening and closing points but keep the clear-
ances between .020" and .040", varying the opening and closing points slight-
1y if necessary. Excessive clearances mean a nolsy engine and increased wear
on parts. Insufficient clesrances prevent valves from seating properly, with
consequent blowby and destruction of valves and seats.

Check and record closing point of inlet valve and opening point of exhaust
valve. These points should fall within 50 of the position given in the tim-
ing table.

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

17.-STARTING ATR VALVE TIMING

t5)

(e)

Block the starting valve wedge shaft in its starting position.
Spot piston at 10% B.T.C. at the end of the compression stroke and adjust the
pushrod so that the valve is just opening. Check the closing polnt, which

should fall within 5° of the positlon given in.the table. (See Paragraph 15).

Ad just and record starting air valves for the other cylinders as above. -
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quiescent fuel. The dirt
and sediment collects in the
sludge compartment at the
bottom of the tank, and
should be drained off
through cock (17) at fre-
quent intervals. This may
be done to advantage when
the engine 1s running, the
pressure in compartment (4)
assuring thorough cleaning.

After passing the filter the
fuel flows through hole (10)
into the clean fuel compart-
ment (7), and then to the
high pressure fusl pump
through pipe (13). This
pipe is screwed into mount-
ing bracket (12) which forms
the bottom of the tank. Com-
partment (7) can be drained
by removing plug (11). The
excess fuel from the trans-
fer pump passes through re-
lief valve (16) and returns
to the service tank through
overflow pipe (9). The re-
lief valve maintains a pres-
sure of 6 1bs. per =q. in.
in the filtered fuel com-
Vo— - partment. When the high
Immss s pressure system of the en-

: b= gine 1s being primed air is
admitted to compartment (7
through tubes (14) and (15),
allowlng the fuel to flow to
the priming pump. The check
velve in tube (14) permits

FIG. N-2 sucking air when priming and
prevents escape of fuel oil
when the engine i1s in operatlon. When the engine starts the air in compartment (7)
escapes through tuhe (15). The pressure in flltered fuel compartment (7) assures a
continual flow of fuel through tube (15) into the overflow plpe, with no possibili-
ties of reverse flow of unfiltered fuel from the overflow pipe to compartment (7).

FUEL FILTER (SPECIAL)

On some engines built to government requirements the fuel day tank with built in
filter 1s omlitted and a Purolator duplex metel edge type fllter 1s used 1nstead.

The special’ filter is of full duplex construction with built in switch-over valve
which allows elither unit to be cut out for cleaning. When the handle 1s vertlcal
the flow is through both units. The filtering element is made up of & flat metal
ribbon wound around & central spool, adjacent layers belng slightly separated from
each other by ralsed ridges running across the ribbon. The successive layers of the
ribbon are spaced .001" apart and it i1s these spaces that form the filtering medium,
the .fuel oil flowing through the spaces and leaving the dirt on the outside of the
spool. The elements are made double, that 1s with two concentric filter spools to
conserve space. The necessary cleaning interval for the elements will depend upon
the fuel used and will be determined by experience. Once & week 1s suggested, but
this may be altered to sult conditions. The elements should bte removed for cleaning
and thoroughly washed out in clean fuel oil or cleaning solvent and then blown out

with compressed air.
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FUEL SUPPLY SYSTEM

The complete fuel system may be convenlently divided into two parts, the fuel supply
system and the fuel injection system. The fuel supply system is made up of the fuel
transfer pump and the fuel day tank and filter; while the fuel injection system in-
cludes the high pressure fuel pump, the fuel rail, or accumulator, the fuel pressure
regulating valve, the fuel spray valves, and the necessary connecting tubing.

IMPORTANCE OF CLEANLINESS IN FUEL HANDLING

The high pressure fuel pumps and fuel spray valves have been referred to as the
heart of the Diesel engine and the proper functioning of these parts 1s necessary
for the successful operation of the engine. These pumps depend upon lapped plungers
working in eylinders with clearances measured in hundred thousandths of an inch and
it "is vital that the fuel entering these parts be kept free of any grit or forelgn
matter. The englne is equipped with a filter and a strainer for this purpose but it
is also necessary for the operators to use every possible care in getting clean fuel
0il and in keeping it clean until it is dellivered to the engine. Fuel tanks and
piping should be thoroughly cleaned when instslled and should be kept covered at all
times.

The fuel filter should be periodically cleaned and serviced according to the detaill
instructions given in Paragraph 3. The best filters obtainable will be useless 1f
dirt is introduced into the fuel after it has passed through them, and it is there-
fore of great importance that every effort be made to protect the fuel pipes aflfter
the filter during repairs and overhauls. (Cleanliness in handling fuel, piping and
injection equipment is of vital importance and will pay good dividends in trouble-
free operation. Many times mysterious and expensive pump and fuel spray valve
troubles have been traced to careless handling of fuel and carelessness in storing
and installing spare parts.

FUEL TRANSFER PUMP

The fuel transfer pump, which is mounted on the
gear casing just below the governor, is illus-
trated in Fig. N-1. It is an internal gear type
pump, similar to the lubricating olil pump, and
is driven from the camshaft gear.

Referring to Fig. N-1, the fuel pump assembly,
consisting of pump (4), adapter (3), and bearing
(2) 1s bolted to the end of the gear casing.

The bearing is located and doweled to the gear
casing to allow .004"- .006" backlash between
drive gear (1) and the camshaft gear. End
clearance for the pump rotor should be from .001'
to .003", and is determined by the thickness of
gasket (?). If replaced, measure the old gas-
kets with & micrometer and replace with exactly
the same thickness. The pump shaft rotates on
bronze bushings pressed into the bearing and
adaptor, and 1f replaced the new bushings must
be reamed to .6250" - .5255" diameter after
pressing in and with the two pieces bolted to-
gether. The bushings must be located in the
bores in accordance with the dimensions given in
Fig. N-1 in order toc allow the correct space for
oil seal {5). The two bushings in bearing (2)
are pressure lubricated from the engine olling FIG. N-1

system and the bushing adjacent to the fuel pump

is lubricated by fuel oil. The oil seal prevents leakage of fuel along the shaft,
and any slight leakage past the seal drains off through hole (6). This connection
may be piped off to a drain pan if desired, but should never be plugged, as the fuel
0il may then be forced through into the engine and will dilute the lubricating oil.

FUEL OIL DAY TANK AND FILTER

The fuel oil day tank and filter are shown in Fig. N-2. A continuous flow of fuel
0il from the fuel transfer pump enters the unflltered fuel compartment (4) through
tube (1). The metal edge type fuel filter (2) is mounted in the side of tank (6).
It has .003" spacing and is provided with a cleaning knife (3), operated by handle
(8), which scrapes the dirt and muck off the outside of the cleaning spool. The
handle should be turned every four or five hours, and should always be turned im-
mediately after stopping the engine, as the dirt can then settle freely through the

s




05—Ed 2(10)

Secticn O

FUEL INJECTION SYSTEM

FUEL INJECTION SYSTEM

The common rail fuel injection system used on the Atlas engines is one of the most ™
rugged and rellable of the varlous systems in use on modern Diesel engines. Like
any good plece of machinery it must be kept ian proper adjustment and repair, how-
ever, and the satlsfactory operation of the engine i1s more dependent on the proper
functioning of the injectlon system than on any other part of the equipment. It is

therefore covered 1n some detail in the following description, and it is particular-’

1y recommended that careful attention be given to this section and that the instruc-
tions given herein in regard to adjustments etec. be very carefully followed at all
times.

Briefly described, the common rall injection system consists of:

(a) A high pressure pump capable of developing several thousand pounds pressure,
and with a capacity in excess of the fuel requirements of the engine.

(b) The accumulator or rail to which fuel is fed from the high pressure fuel pump
and from which high pressure lines lead the fuel to the spray valves.

(c) The mechanicelly operated spray valves, one in each cylinder head.

(d) Mechanical means for opening the sprey valves at the proper time in the pis-
ton cycle and for holding them open the length of time necessary to inject
the exact amount of fuel required to carry the load that the engilne is pull-
ing.

(e) A pressure regulating op bypass valve, for the purpose of controlling the

pressure in the injection system and bypassing the fuel delivered by the pump
in excess of the engine requirements.

HIGHE PRESSURE FUEL PUMP

The high pressure fuel pump has two

lapped plunger type pumps, actuated _
from a crankshaft by means of connect- m
ing rods and cross heads. 7The unit is i
enclosed in & housing which 1s bolted
to the gear casing on the manifold
slde of the engine. The drive gear on
the end of the crankshaft meshes with
the intermediate camshaft drive gear,
and the housing is positioned and dow-

16

15
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to .006" backlash in the gears. A gl = : 4 ?

l

small hand operated plunger is also
bullt into the pump, and 1s used for
priming the high pressure fuel system
prior to starting and to bulld up ]
pressure In the system when timing the
engline or testing the spray valves.

The construction is illustrated in Fig. Eii::::j ‘ ke L [
e

0-1. Crankshaft bearings (1) and {6)
in either end of the housing are sepa-
rate castings, bolted to the housing
&nd bronze bushed for the bearing sur-
faces. If replaced the bushings must
be reamed to 1.625C" to 1.6255" and
1.5000" to 1.5005" diameter, after < s
pressing in. The larger dimension is s W
for the bearing in the gear end, which
also carries the mounting flange by e
which the unit 1s attached to the gear - 7 B S
casing. Both bearings are pressure - S ‘ = N
lubricated from the engine force feed =\ e X
system, and oil holes through the :

crankshaft carry oil te the crank pin- %
bearings. The connecting rods are al- R é&
80 drilled, and feed oll up to the

needle bearings at the wrist pins.

4 drain hole in the gear end bearing FIG. 0-1

-
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returns the oll to the engine. TFuel leazkage from ths pumps collects in the upper
compartment of the pump housing and is led off through & drain hole.

Bronze connecting rods (2) have .0015" to .0025" clearance on the crankpins and
.004" to .008" side clearance. Bearing adjustment I1s by shims. If the wrilst pin
bearings are replaced they must be pressed into the rods with the oill holes on the
horizontal axis. The replaceable bronze sleeves (3) con the cross heads have from
.002" to .004" clearance in the guide bores in the housing. They are held in place
by shoulders at the bottom of the cross heads and by oil guards (4) and plugs (5)
at the upper ends. Iubrication 1s from the wrist pins.

The two identical pump units are shown in detail in Fig. 0-2. ZFach consists of head
(23), plunger EES} and barrel (24) and vaive cage (10). The heads are mounted in
housing cover (22) and are retained by nuts (21 . The pump barrels and valve cages
are screwed into the heads. B3traight threads are used on the pump barrels, copper
gaskets meking the seal, and taper pipe threzds are used for the cages. The priming
pump unit is also mounted in one of the pump heads, the corresponding hole in the
other head being closed with a plug. Discharge tee (16) is used on one of the pumps
only and the vertical outlet connected to the accumulator and the horizontal outlet
to the discharge of the other pump. ‘

The pump plungers are held down sgeinst the cross heads by springs (28), retained to
the lower ends of the plungers by horseshoe washers (30). The plungers are ralsed
by the cross heads on the discharge stroke and are returned on the suction stroke by
the springs. The plungers and barrels are lapped together in matched palrs and are
not interchangeable. Always use care to prevent mixing them and to prevent damage
to the lapped surfaces. If either plece becomes scored or damaged both must be re-
placed. Always wash parts thoroughly in clean solvent or fuel oil and lubricate
with clean engine oll before replascing. Avoid touching the lapped surfaces with the
hands, and avoid entering the plunger Into the barrel unless both are absolutely
clean and lubricated. Always keep spare pumps well greased and wrapped in waxed
paper.
When dismantling the pump, housing cover
(22) with the pump assemblies attached may
be removed as a unit. Hold the pump plung-
ers in place as the unit is 1ifted, as they
will drop cut of the barrels when free of
18 the cross heads and may then be damaged.
The lower end of the priming pump plunger
' may be disengaged from its operating fork
as the unit 1s raised.

16 Suction valves (9) and discharge valves

T (13) are located in valve cages (10), one
15 < S to each pump unit, as previously mentioned.
(See Fig. 0-2.) Tuel under a slight head
from the transfer pump and day tank unit 1s
supplied through port (11). The suction
valve is guided and ssated directly in the
cage, and valve spring (8) 1s enclosed by
bonnet (7), which prevents external leak-
age. A flat sglong one side of the valve
stem permits displacement of the fuel in
the bonnet space as the valve stem moves in
and out. The discharge valve is fluted and
is guided in a hardened steel seat (12),
which is pressed into the valve cage. The
valve 1ift i1s limited by the lower end of
discharge fitting (16).

Referring to Fig. 0-2, both suction and
discharge valves are accessible through the
discharge opening after removal of discharge
fitting (16?, which is secured to the valve
cage by retaining nut {15) end split ring
(14). vValve leskege as evidenced by low or
erratic fuel pressure can usually be stop-
ped by lapping the seats lightly with fine
grinding compound, but 1f this does not cor-
rect the d@ifficulty the entire valve and
cage assembly should be replaced. Be sure
that all traces of grinding compound are
thoroughly washed off at completion of
grinding operation. If the lower end of the
FIG. 0-2 discharge fitting above discharge valve (13)
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shows signs of heavy hammering this i1s usually due to discharge valve seat {12) be-
ing loose in the cege. The cage and seat must then be mreplaced. An auxiliary dis-
charge valve (17), located in the discharge valve fitting makes the pump less sensi-
tive to leakage of the regular valve. It 1s held agsinst its seat by spring (18),
which bears against the end of the fuel tube.

Referring to Fig. 0-1 priming pump plunger (27) 1s actuated by linkage from hand
lever (25). (See Fig. 0-1) The upper end of the plunger 1s formed as a valve head,
which engages a seat in the barrel, preventing leakage when the engine is in opera-
tlon., Leaskage may be stopped by lapping lightly with fine grinding compound. Pack-
ing {29) at the bottom of the barrel seals the plunger when the pump 1s in use.

Vent plugs (20) in each valve head should be loosened when priming the engine to al-
low the escape of air entrapped in the fuel system. Tighten the plugs as soon as
80lld fuel appears.

The high pressure fuel pump has been designed to give long trouble-free performance
provided that 1t 1s given reasonsble care. Water, dirt and other impurities in the
fuel will materlially shorten. the life of the plungers and barrels. The normael work-
ing pressure is 4000 to 6000 1lbs. per square inch but the pump is capable of build-
ing up pressures far in excess of this figure. Carelessness in the care of the
pressure regulating valve, may causs it to become ineffective, and the resulting
high pressure may injure the pump and also damage other parts of the injectlon s¥s-
tem. It 1s consequently important that the fuel pressure regulating valve be kept
in good operating condltion so that excessive pressures may not be bullt up, with
consequent damage to the pumps and other parts of the injection system.

ACCUMULATOR

To prevent lerge pressure fluctuations in the injection system each time a sprey
valve opens or a pump delivers fuel the volume of the system is increased by the ad-
dition of an accumulator. The fuel in the accumulator, due to its compresslbility,
tends to maintaln a constant pressure in the fuel system without appreciable Fluce-
tuations. The accumulator is located in the push rod compartment of the cylinder
block, just below the starting air manifold. It 1s made of 2£" 0.D. seamless steel
tubing with plugs welded in sach end. The accumulator also serves as s "rail" dis-
tributing the fuel to the various spray valves.

INJECTION TUBING

All of the high pressure lines used in the injection system are seamless steel tub-
ing. The ends are formed by brazing unlon sleeves to the tubing, and union nuts
festen these ends to the various fittings. 1/4™ 0.D. x .065" wall thickness tubing
is used. A high grade tubing is used, made sspecially for this service, and stand-
ard seamless steel tubing should never be substituted.

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

The high pressure fuel tubes from the pump to the accumulator and from the accumula-
tor to the pressure regulating valve are carried through the cylinder block wall by
speclal through type elbow fittings, with union tube connections at each end. Iso-
lating valves in each of the injection lines from the rail to the spray valves per-
mit cutting off the fuel to any cylinder. They are gland packed needls valvea, lo-
cated near the top of the cylinder block, with the stem and stuffing box projecting
through to the outside of the block. The tubes from the accumulator lead to the
lower connections of the valves and extenslon stems screwed into plpe tapped holes
in the tops of the valves project up into the cylinder heads. Injection tubes lead
from the ends of these stems to the spray valves. A double l1solating valve 1s also
provided, connected into a line leading from the ends of the fuel accumulator. One
connection leads to the fuel pressure gage, and the other provides an outlet for
testing spray valves, as described in Paragraph 8.

FUEL PRESSURE REGULATING VALVE

Injection pressure coatrol 1s afforded by the adjustable pressure relief valve.

This valve 18 of the by-pass type in which the opposing forces of a spring and the
fuel pressure acting on the stem of a needle valve maintain constant fuel pressures.
If the pressure starts to drop the spring closes the needle 8lightly reducing the
amount of fuel by-passed with the result that the preassure is held constant.

3.

P




Section O

Referring to Fig. 0-3 the regulating valve is built around valve body (7). The
hardened steel valve seat (8) is held between the body and adapter stud (9) which
serews on the bottom of the body and through which passage (18) allows the by-passed
fuel to escape. PFuel inlet elbow (16) is threaded into the side of the body, sup-
plying fuel to the annular space around the reduced section of the valve stem (17).
The top of the body is bored to receive stem packing (15) and packing gland (1L).
Screwed to the top of the body is relief valve spring cages (5). This cage is
screved down upon the drain cup holding the latter in place against a shoulder on
the body.

Cage (5) carries upper spring seat (3), Spring
(11), and the lower spring seat. Valve spring ad-
justing screw (13) which is bored to receive the
upper end of the valve is threaded into the bot-
tom of the lowsr spring seat. A smell machine
serev in the lower spring seat engages & slot in
the cage and prevents rotation of the seat when
the adjusting screw is being turned. The bearing:’
assembly which holds the control handle and sec-
tor (1) is threaded to the upper end of cage (5).
The lower part of the control handle is shaped to
form a cam which actuates the upper spring seat.

A spring leoaded pawl (lO) in the handle engages
teeth in sector (1) sc that the handle will re-
main in posltion after 1t has been adjusted. A
downward force on the end of the handle pulls the
pawl saway from the sector and allows the handle to
be lowered.

The injection pressure 1s normally changed by mov-
ing the handle up or down. Moving the handle in
an upward direction inc¢reases the pressure, down-
vard movement lowers the pressure. The pressure
increase or decrease per notch is approximately
600 to 800 1lbs. However, the pressure in any
notch may be changed by means of adjusting screw

(12)s

Packing (15) will need replacing when the fuel
leakage arcund the valve stem (17) becomes exces-
give. Tighten the packing gland just enough to
prevent leakage. INever attempt to stop leakage by
tightening the gland severely when new packing is
needed. A loss of fuel pressure can often be
traced to dirt lodged between valve stem (17) and
the seat (8). This condition can be remedied by

FIG. 0-3 removing adapter stud (9) and valve seat (8) from

the bottom of the rellef valve and thoroughly

cleaning the valve and its seat. OQOccasionally it may be necessary to lap the needle
and its seat to prevent excessive by-passing and a low fuel pressure. After per-
forming this operatlion all traces of grinding compound should be carefully washed
off before the valve i1s reassembled.

SPRAY VALVES

The purpose of the spray valve {(or fuel injection valve) is to meter the fusl ac-
curately, to deliver it precisely at a definite moment, in a definlte time into the
combustion chamber in the form of a finely atomized spray. It might be stated that
the successful operatlion of the sngine depends upon the proper functioning of the
spray valves more than on any other item. If the engine does not perform properly
and the exhsust 1s smoky, the functioning of the fuel valves should be checked first
of all. 1In the great majority of cases servicing the fuel valves and making them
function properly corrects the trouble.

Fundamentally, the spray valve is z heavily spring loaded needle valve. Referring
to Fig. 0-4 the seat of the needle valve is incorporated in the tip or nozzle (2
just above the entrances to the spray orifices. The lower end of valve body (4)

is counterbored to receive the end of the spray valve tip. A shoulder on the spray
tip (1) which is centered in the counterbore, is held securely against the lower
end of the body by nut (2). Valve agsembly (2) is made up of two sections. The
lower section has a conical end which is ground to the seat in the spray valve tip.
This lower stem section is pressed into an extension (10) which in turn is screwed
into an adjusting nut provided with a shoulder at the lower end. On top of the
shoulder is mounted a ball type thrust bearing which 1s the lower retainer for
spring (9). Upper spring rstainer (12) screws into the upper end of valve spring

4.
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10.

(b) Disconnect the injection line (45) from the top of the spray valve filter.

(¢) Loosen the clamp nut and remove clamp (11) and bridge (44).

(d) Remove the spray valve from the head. It mey be necessary to work the valve
loose by rotating it back and forth and in some cases to pry 1t upward with a
bar to remove it. As the valve is lifted out of the head note whether copper
gasket (5) remains in the hole or comes out with the valve.

TEST EQUIPMENT

All the parts for a spray valve test stand are included in the tool equipment sup-
plied with the engine. The spray test clamp which holds the spray valve directly
below the flanged section of the bedy should be mounted on some convenient location
near the engine. The long stud supplied with this equipment screws into the outer
end of the clamp. The test handle is supported on the upper end of the stud by a
nut which can be zcrewed up or down on the stud until the desired height of fulcrum
has been obtained. Fuel is supplled from the extra fuel rail valve through a length
of tubing supplied with the tool equipment. Fuel pressure id obtained by means of
the hand operated priming pump built into the high pressure fuel pump. To test a
spray valve proceed as follows:

(a) Clamp the spray valve in the test stand and connect 1t to the fuel raill.

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

(¢) With the priming pump build up a pressure of aboubt 2000 to 40C0 1bs. per squars
inch.

(d) Open the valve guickly three cor four times by hitting the end of the test handle
sharp blows with the fist, watching as the valve operates to see 1f a fine fuel
spray comes out of each hole in the tip.

(e) Wipe off the tip carefully, pump up the pressure to about 4000 1bs. per sqguare
inch again and operate the spray valve as described in step (d) untlil the pres-
sure has droppsd to about 2000 1lbs. per sguare inch. Then watch the bottom of
the tip for a period of time to ses 1f drops of fuel form, indicating tip leak-
age.

DISASSEMBLY OF SPRAY VALVE (See Fig. 0-14)

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

w o HH
Wy by

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

(¢) Loosen packing nut (&) and remcve stem assembly (3 and 10) together with the re-
tainer (12), spring (9) and thrust bearing (143

(d) Unscrew valve seat nut (2). Spray tip (1) will usually come off with the nut.

(e) Drive the tip out of the nut with the punch supplied for this purpose in the
tool equipment. Use care not to damage end of tip.

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

CLEANING THE SPRAY ORIFICES

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

The cleaning of the orifices should be performed only with the music wire and pin
vise supplied with the tool eguipment, not with the ends of hat pins and other such

6.
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devices. If the original wire is lost obtain a plece of music wire of not more than
.009" dia. for this purpose. Work the wire in and out of each orifice until the
holes are clean. This operation should be performéd carefully so that the orifice
will not be deformed.

CORRECTING SPRAY VALVE TIP LEAKAGE

Leakage of the spray valve 1s usually dus to & small amount of dirt between the
needle and the valve seat. Often this condition can be remedied by washing the tip
thoroughly and cleaning the end of the valve stem. This procedure should be at-
tempted first in all cases of valve leakage.

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

a; Clamp the valve body in a vise horizontally. X

b) Loosen spring retainer (12).

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

d} Place the tip over the valve stem and insert it fully into the valve body.
e) Adjust retainer (12) so that the stem exerts a light pressure on the tip.
f)} Oscillate the tip back and forth and rotate the spindle slowly. Be surs

that the tip is held against the body as this operation is being performed
sco that the tip will be properly guided.
(g) Repeat steps "c", "a", and "f", if necessary.

It should not be necessary to lap the tip more than two or three times to correct
ordinary casss of leaksge. However, 1if the seat in the tip has been badly damaged
no amount of lapping will remedy the situation. In such instances & new tip should
be installed. When installing a new tip the jolnt between the tip and the valve
body must first be lapped. A small amount of fine valve grinding compound is ap-
plied to the upper face on the shoulder of tip (l). The tip is then installed in
the end of the valve body and oscillated back and forth. The tip is held gently
agalnst the body as this operation is being performed. One light lapping process
should be sufficlent to produce a perfect seal between the tip and valve body. The
tip is then lapped to the valve stem by the method deseribed in this paragraph.

VALVE PACKING ADJUSTMENT

Packing nut (8) should never be appreclably more than finger-tight. A small amount
of fuel leakage past the packing is necessary for proper lubrication of the spindle.
Too tightly zdjusted packing willl prevent this lubrication and will result in a
scored spindle and sluggish velve action. If a spray valve leaks excessively along
the spindle after the packing has been lightly tightened up the need for new packing
or a nev spindle or both is indicated.

. ASSEMBLY OF THE SPRAY VALVE - SPRAY VALVE "LIFT"

Referring to Fig. 0-%, spring (9) must be adjusted to a certain tension in order to
assure proper functioning of the spray valve. t is further important that the
adjustment of all the spray valve springs be the same or that the "1i1ft" on =211 the
spray valves be the same. With "1ift" as used in the following instructions is und-
erstood the 1ift which spring (9) will allow before its coils touch each other and
prevent further upward movemsnt of the valve stem. (The actual 1ift when the spray
velves are operating in the engine is of course determined by the position of fusl
wedge (32), the adjustment on pushrod (18) and cam (27). This actual 1ift is less
than the "1ift" as defined in this paragraph.) Proceed as Tollows to assemble the
valve and adjust for proper "1ift" (or opening tension):

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

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

(¢) Screw down on spring retainer (12) carefully until the colls of spring (9)
Jjust touch. Be careful not to screw down so hard that valve stem (3) bends,
rendering it useless. It is best to have the valve in the test stand when
performing this cperation and determine when spring (9) becomes solid by
means of the test handle. When it 1is not possible to 1ift the spray valve
stem by means of the test handle the spring coils are touching. The "1ift"
is then =zero.

(@) Unscrew spring retainer (12) 3/4 to 7/8 turns which will make the "1ift"
1/16". The "1ift" on all the valves should be between 1/16" andg 5/64",
(e) Screw down on packing nut (8) until it is just finger-tight.
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casing (13) which in turn is threaded to the upper end of valve body (4).

The flange used for clamping the valve is drilled and tapped to recelve fuel elbow
(6) which supports the small metal edge type filter (15). Fuel 1s carried from this
point to the nozzle in the annular space surrounding stem (3). Leakage upward along
the stem 1s prevented by packing (7) held between an upper and lower gland and se-
cured by packing nut (8?.

REMOVAL OF SPRAY VALVE FROM ENGINE (See Fig. 0-4)

(e) Remove the two capscrews holding spray valve rocker bearing (43) in place, and
remove the bearing and rocker assembly.
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(f) Test the functioning of the valve as described in paragraph 8.

ASSEMBLY OF SPRAY VALVE TN ENGINE

The spray valve is installed in the engine in the reverss order of 1ts removal.
Again referring to Fig. 0-4, if copper gasket (5) is in the cylinder head merely
lower the valve into position. If the copper gasket (5) was removed with the wvalve,
the gasket can be held in positlion on the lower end of the valve by & thin coatlng
of grease applled to the washer.

After installing the valve 1t will be necessary to reset the push rod as described
in paragraph 18. After timing, in order to clear the cylinder of excess oll, al-
ways turn the engine over on air with the snifter valves open and with the fuel Iso-
latling valves clesed, :

SPRAY VALVE FUEL FILTERS

Tn sddition to the fusl filter in the fuel day tank an individual filter (15) 1s '
supplied at each spray valve. The spray valve filters are of the metal edge type
and have a spacing of .0015". They gre instslled in housing (17) which secrew 1into
the fuel inlet elbows at the spray valves. The frequency at which these fllters
wlll need cleaning will depend upon the quality of the fuel and the condition of the
filter in the day tank. After disassembling the housings it will be possible to un-
screw the filter unit. Wash each unit thoroughly in clean solvent or fuel and blow
it clean with compressed air, being careful not to Injure the windings when hand-
ling 1t.

SPRAY VALVE OPERATING MECHANISM (See Fig. 0-4)

The spray valve is actuated through cam {27), lifter or cam follower (24), push rod
(18), and rockers (36) and (42). Motion of the lifter i1s transmitted to the pushrod
through wedge (32). The pushrod 1s held up free of the wedge by spring (22), so
that, except during the time that the lifter 1s raised by the cam, there 1s clear-
ance between the wedge and the pushrod. As can readily be seen in Fig. 0-4, moving
the wedge inward will decrease this clearance and the spray valve willl open sooner,
will 1ift higher, and will close later. Moving the wedges outward produces the op-
posite results. The outer end of the wedge is pinned to lever (31), which is
clamped to wedge shaft (30). This shaft is rotated by the governor, through con-
necting linkage. The governor thus moves the wedges in and out as it operates under
fluetuations in the engine speed, and so exsrclses complete control over the spray
valves.

When the engine was tested at the factory, wedge levers (21) were adjusted to be
parallel to each other and in line on wedge shaft (30) and were then clamped and
pinned to the shaft. If new levers or a new wedge shaft are Installed it is import-
ant thet they be lined up in accordance with the above. The position of the fulcrum
of wedges (32) for the full load full speed position (wedges fully in) should be
about 1/4" inside the vertical line X-X through the center of the wedge shaft. It
is determined by stop (49) which is bolted to cone of the lifter guides and which
1imits the motion of the fulcrum pin. The position of the wedge fulcrum for idling
at low speeds should be as shown in Fig. 0-4, that is about 1/4" outside of line
X-X. 1In other words line X-X should divide the total movement of the wedge fulcrum
into two approximately equal parts.

Levers (36) on all eylinders should be parallel, and should be adjusted soO that the
dimension "B" in Fig. 0-4 1s approximately 7-1/32 inches. This adjustment is made
by locating spray valve spindle sleeve (46) on the spindle extension (10). Beck out
ad justing screw (40) so that rocker 36g is free of the pushred. Hold rocker (36)
up so that the forked end of rocker (42) is bearing firmly up against washer (16)
(do not 1ift with sufficient force to open the spray valve). Screw sleeve (46) up
or down as required to locate rocker (#6) in the desired position. Secure adjust-
ment with the jam nut provided.

Buffer spring (19) positions the push rod relative to the lifter and assists spray
valve spring (9) in returning part of the operating mechanism as the spray valve is
being closed. The buffer spring assembly is permenently made up at the factory.
Sleeve (48) is screwed into cage (47) to produce correct tension on spring (19) and
the two parts are then welded together. The complete assembly is screwed 1n the top
of lifter guide (50) and clamped after it has been properly adjusted. As the buffer
spring assembly 1s screwed down spring (19) forces the pushrod downwerd against the
weaker spring (22) and brings the end of the push rod closer to the wedge and 1ift-
er. Proper adjustment of the buffer spring assembly is as follows:

(a) Bar the engine until the fuel cam follpwer is on the base clrcle of the cam.
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(b) Set the wedge shaft and wedges in full load position (wedges "fully in" as
determined by the governor welghts being fully in) and unscrew cage (47) un-
t1l there is clearance betwsen the lower end of the pushrod and the upper
face of the wedge.

(¢} Slowly screw down cage (47) and at the same time move the wedge back and
forth sideways with fingers.

(d) As soon as the wedge is felt to tighten unserew the cage one-half turn and
lock 1t in thils position with the clamplng screw.

NOTE: When timing the spray valves as described in the following the buffer spring
assembly should always be unscrewed about one or two turns. When timing is complet-
ed adjust the buffer spring in accordance with instructions in this paragraph.

SPRAY VALVE TIMING (See Fig. 0-4)

The timing procedure described in the following is for a sgr&y valve opening of 6°
B.T.C. (Before Top Center) end a spray valve closing of 209 A.T.C. (After Top Cent-
er). The proper spray valve timing to use is stamped on the engine name plate and
should always be followed. (The standard valve timing is 6° - 20°. However, these
timings are somewhat modlfied to suit special conditions of service.) If the tim-
ing on the name plate differs from 6° - 20° opening and closing the following in-
structions should be modified accordingly. Proceed as follows:

() Unserew all buffer Spring Cages one or two turns. Shut off all the isolating
valves 1n the fuel rall except for Number 1 cylinder.

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

(¢) Spot Wumber 1 cylinder at T7° A.T.C. on the power stroke. (Half way point be-
tween 60 B.T.C. opening point and 20° A.T.C. closing point.) Then unbolt and
turn the fuel cam until the center of the toe is directly in line with the axls
of the 1ifter. Clamp the fuel cam temporarily.

(d) Set the crankshaft 6° B.T.C. on the compression stroke. Bar the engine up to
this point in the direction of rotation.

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

(f) Slowly screw down on adjusting screw (40) (with clamp screw (39) loose), until
the pointer on the pressure gauge drops indicating that the spray valve has
opened. Tighten screw (39) and check the adjustment by backlng the engine up a
few degrees, pumping the fuel pressure up agein and barring the engine slowly in
the ahead direction until the pressure again drops. If the flywheel pointer is
not at 6° B.T.C. readjust and check again.

(g) Bar the sngine over to 25° A.T.C¢. and again pump up the fuel pressure. Then bar
the engine backwards slowly until the pressure drops. This point, which 1s the
closing of the spray valve, should be 20° A.T.C.

(h) If this point is past 20° A.T.0. too long a spray period 1s at hand. It will be
necessary to advance the fuel cam slightly and repeat steps "d", "e", "f", and
"g". If on the other hand the spray valve closes before 15° A.T.C., retard the

cem slightly and repeat steps "d", "e", "f", and "g".

(1) Repeat steps "e¢" to "g" on the remaining cylinders and record the spray valve
timings.

(3) 2d just the buffer springs as per instructions in peragraph 16. Note that buffer
spring cages should slways be unscrewed when spray valves are timed.

BALANCING THE ENGINE FOR EQUAL LOAD ON ALL CYLINDERS

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

The amount of fuel injected and conseguently the load carrying capacity of a cylin-
der may be changed by adjusting screw (40). Referring to Fig. 0-4%, clamp screw (39)
should be loosened and the adjusting screw turned to affect the ad justment. It
should be noted, however, that this adjustment will affect the spray valve timing.
Therefore, the adjustment should not be apprecisble and should not exceed ons turn
of the adjusting screw from the position obtained when timing the spray valve.

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

(=) Assuming that all the spray valves have been correctly timed it should be possl-
ble to balance the sngine by turning adjusting screws one turn or less. Screwv-
ing down the adjusting screw will increase the exhaust temperature of the cylin-
der and vice verssa. A

(b) If an adjustment of one turn is not sufficient the timihg of' all the spray
valves should be checked and, if necessary, adjusted as dsscribed in Paragraph
L

(c) If the valve timing is found to be satisfactory or if, after making any neces-
sary correction in the spray valve timing, & correction of one turn of the ad-
Justing screw is still insufficient, defective combustion is indicated. This
may be due to one or more spray tip orifices being plugged or to any of the de-
fects dealt with under the headling "Smoky Exhaust” in the "Maintenance and
Inspection" section.

10,
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GOVERNOR

GOVERNOR

The flyball type governor is mounted on the timing gear casing on the operating side
of the englne and is driven by the cemshaft gear. It is illustrated in Fig. Q-1.
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Governor housing (4),which forms the governor bearing,is bolted and doweled to the
gear casing. It is located to allow .00L"_ 005" backlash between governor gear (3),
which 1s keyed and pressed on governor beody (2), and the camshaft gear. Lubricating
oll from the pressure pump is piped to the bearing through a drilled hole in the
housing. Governor weights (1) are mounted on fulerum plns in governor body (2) and
carry hardened steel rollers (13) on riveted pins. As the flyballs tend to move out
due to centrifugal force, the rollers bear against thrust plate (14) and transmit
the force developed by the weights through quill red (15), thrust bearing (18) and
spring block (21) to governor springs (10). The thrust reaction is taken by bearing
(16), which is secured to the governor body by threaded retaining collar (17).
Thrust clearance is adjusted to .010" and the collar is locked by a set screw, se-
cured in place by a locking wire through the head.

FIG, Q-1

Spring block (21) follows the motion of the welghts resulting from variastions in en-
gine speed. This motion is further trensmitted by means of pin (19) and fork (20)
to vertical shaft (8), to which fork (20) is clamped. Addltlonal linkage connects
vertical shaft (8) to the fuel wedge shaft to which each of the wedges are linked,
thus completing the connection from the governor weights to the fuel wedges. The
engine speed 1s controlled by varying the tension of the governor spring through
hand lever (12) and rack (11%. The lever is held in place by a latch which engages
a toothed guadrant. A4 break mechanism in the handle permits moving the lever to the
left, which reduces the spring tension. This allows the governor weights to move
out, withdrawing the fuel wedges and reducing the engine speed. Conversely moving
the control lever to the right increases the engline speed. Ad justing screw (22)
controls the engine speed and should be set to give the desired full load speegd

1.
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(see engine meme plate) with the governor control lever in the last notch.

The en-

gine will then idle at the proper speed with the control handle in the first notch

The adjustment i1z secured by means of a lock nut.

STOPPIKRG MECHANTSM

Lever

7) (See Fig. Q-1

is connected through a release mechaniam to floating lever

The en%lna is stopped b? rotating the hand lever on top of the governor housing.
5
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FIig. Q-2

clockwise without interference with collar

5) on top of vertical shaft (8). Lever (5) is linked di-
rectly to the fuel wedge shaft. The release mechanism i=s
shown in detall in Pig. Q-2 which 18 an enlarged section tak-
en through iine A-A in Pig. Q-1. It serves to break the con-
nection between Lever (5) and vertical shaft (3), releasing
the wedge shaft from governor control. Referring to Fig. Q-2
1t will be noted that set screw (25) and plunger (23), both
of which are mounted in lever (5), form a rigid connection
batwean lever {5) and drive collar (9). Collar (9) is _
clamped to vertieal shaft (B) and appears in Fig. Q-2 as the
annular segment, the opposite ends of which bear against the
diagonally milled flat on the lower side of plunger (23)
{shown dotted in Pig. Q-2) and the end of setscrew (25). This
is the normal position of the mechanism when the engine is
running, levers (5) and drive collar (9) operating as a sin-
gle unit. When lever (7) is pulled to stop the engine, ec-
centric EQ&} on the lower end of shaft (6) engages the end of
plunger (23) and forces 1t back against i1ts spring, out of
engagement with collar (9). Lever (5) 1s then free to rotate
(9). As stopping lever (7) is moved fur-

ther the projecting end of the key in shaft {6) engages a boss extending from the
top of laver (5) (not shown in Fig.

QR-1) and thereafter lever (
the motion of hand lever

) follows
(7), pulling

out the fuel wedges and stopping the.

engine.

163

LIBEAGE -
ATLAS GOVERNOR TO FUEL WEDGE SHAFT

The rod connecting the govermor
mechanism to the fuel wedge shaft 1s
ad justable in the ball socket joints
This adjustment
should be set so that when the gover-
nor stopping lever (6) (See Fig. Q-1)
is in the mid position of 1ts stroke
between full load and 1dling the con-
necting lever on the wedge shaft 1s

at elther end.

vertical.

WOO GO OR &

Complete instructions in regard to *
functioning, adjustments and servic- : =
ing of the Woodward governor are con- =

tained in the pamphlet entitled "UG-8 ' :
GOVERNOR INSTRUCTIONS" by the Wood- i ¥ AT i S =
ward Governor Co., Rockford, Illinois. mw v I =

This pamphlet will be found at the : it d = [

end of Section Q.

The construction of the Woodward gov-

T

ernor drive and overspeed governor 1is o

1illustrated in Fig. Q-3.
is contained in housing (9}, which is

The drive y — -

bolted to the centerframe and gear i gl
easing and on which the governor is o ”

mounted.

other end.

Drive shaft (10) rotates in
a bronze bushing in one end of the
housing and in a ball bearing in the
The bushing is pressure
lubricated and if replaced must be
reamed to 1.0000" to 1.0005" in diam-

eter after pressing in and the oll
hole must be drilled through. The

reamed hole must be kept concentrie
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with and square to the bore in the opposite end of the casing. Drive gear (1)
mounted on the end of the shaft meshes with the camshaft drive gear. Clearance be-
tween the governor bevel drive gears is determined by shims (2) under the governor
and shims (8) in the ball beering housing. These shims are adjusted to bring the
gear teeth In line and to allow approximately .004" backlash in the gears. If the
governor is ever replaced, check this -clearance carefully as the lengths of the
governor shafts may vary.

LINKAGE — WOODWARD GOVERNOR TO FUEL WEDGE SHAFT

The governor linkage 1s illustrated in Fig. Q-3. Governor terminal shaft lever (3)
1s connectsd by means of collapsible link (4) to lever (6) which is clamped to shaeft
(5). This shaft in turn is linked to fuel wedge shaft (7) located inside of the
cylinder block.

£11 of the levers are clamped and pinned to their respective shafts, so0 that they
may be correctly reassembled if dismantled. Governor terminal lever (3).is mounted
on the splined governor terminal shaft by means of a split splined bushing, which is
pinned to the lever. If removed from the shaft it must be reassembled in the same
position and shaft and lever should be marked prior to disassembly. Collapsible
link (4) permits movement of the linkage to the stop position by the overspeed gov-
ernor against the actlon of the Woodward governor. Under normal engine operation
1t acts e&s a fixed link, but when the overspeed governor trips, a spring inside the
linkage collapses, shortening the link. Both ends are adjustable in the rod ends,
and should be set to equalize the available governor shaft motion with the desired
fuel wedge shaft motion.

OVERSPEED GOVERNOR (With Woodward Governor only)

The overspeed governor is built into the Woodward Governor drive. It is a safety
device, stopping the engine in case of overspeeding by withdrawing the fuel wedges.
Its operation i1s a definite indication that something is wrong, either with the reg-
ular governor or with the linkage, and the engine should not be run until the trou-
ble has been located and corrected. UNDER NO CIRCUMSTANCES should operation of the
engine be permitted with this device disconnected or made inoperative, as severe
cverspseding of the engine may be very dangerous and may result in a complete wreck
of the engine. The construction is illustrated in Fig. Q-3. Horseshoe shaped over-
speed governor weight (12) is held to the governor drive shaft by a spring seting on
a2 pin which goes through the drive shaft. The spring tension has been adjusted for
a tripping speed approximately 7 to 10% above the normsl operating speed by means of
shims under the outer end of the spring. There should be no occasion for changing
the shims, but the assembly can be dismantled if desired by pressing in on the
spring end of the driving pin until the split washer on the welght end is free, al-
lowing removal of this washer.

When the speed for which the spring is set is exceeded, the weight is thrown out by
centrifugal force and engages the roller in the end of lever (14). This lever in
turn raises spring loaded pin (11) and releases latch (13). ZLatch shaft (15) is al-
30 spring loaded, and when released it rotates, 1ifting rod (17). This rod projects
into sleeve (19), which normelly works up and down on the rod as the governor re-
sponds tc variations in engine speed. TNuts (18) on rod (17) should be located so
that there is approxlmately 1/32" to 1/16" clearance between the upper nut and the
lower end of sleeve (19) when the fuel wedges are in full load position. When the
overspeed governor trips and rod (17) is raised, nuts (18) engage and 12ft sleeve
(19). This action rotates control shaft (5), pulling out the fuel wedges and stop-
ping the engine. The stop may be reset by means of lever (16).
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too great the pump efficiency will
be reduced and if insufficient the
rotor will bind. If the gaskets
are replaced, measure the thickness

wlth a mlicrometer and replace with

exactly the same thickness.

Pump shaft (9) rotates in bronze
bushings (8) which are pressed into
the housing. If replaced, ream to
.7500" to .T505" after pressing in.
Drive gear (10) is keyed to the
shaft and locked 1n place by a set-
screw, which must be securely
wired. The pump housing 1s posi-
tioned and doweled on the center-
frame to allow .004" to .006" gear
backlash. The gazsket under the
housing is 1/32" thick, which must
be maintained or the backlash will
be altered.

LUBRICATING OTL
PRESSURE REGULATING VATVE

The spring loaded lubriceting cil
regulating valve (7) is bullt into
the pump housing, as illustrated in
Fig. T-1. The entire assembly is

contained in cage (4), which is \\x

screwed intc the housing against a

copper gasket. It is sealed by cap %é;bzf | |

(5) screwed ontc the projecting end N | ‘%F //

of the cage agelinst a second coppsr i

gasket. The valve 1ls adjustable by

means of spring retaining plug (5),

which may be screwsd in or out of FIG. T-1

the cage. The adjustment is locked

by a wire through the cage and plug as shown, and should be maintained at 35 to 45
lbs. per sguare inch.

Note that low lubricating oll pressure may not necessarily be due to relief valve
adjustment. It may result from one or more of the followlng causes. They should
be investigated before attempting to correct the pressure by adjusting relief valve
at the pressure pump.

a) Low lubricating oil level in filter and day tank unit.
b) Restriction in suction plpe to either of the lubricating oil pumps.

c) Broken pressure pipes or fittings.
d) Crankshaft bearing failure.
e) Worn pump gears.
f) Viscosity of oil too low, excesaive temperature of oll, or thinning out with
fuel oil.
SUMP PUMP .

When & sump pump 1ls used it is identical with the pressure pump as described in
Paragraph 4, except that the relief valve is not used. A blind plug fills the hole
in the pump housing. The sump pump runs at a somewhat higher speed than the pres-
sSure pump.

LUBRICATING OIL COOLER

The lubricating oll cooler is mounted on the manifold side of the engine, and a pipe
crossing through the engline below one of the main bearing saddles cerries the oil
from the pump to the cooler. The discharge from the cooler is piped back into the
engine base, to the maln bearing manifold.

The construction of the Ross type o0ll cooler is shown on Fig. T-2. The shell of the
cooler 1s & completely closed circult effected by brazing the tube sheets on each
end to the seamless copper shell, and then mechanically rolling the tubes securely
into the tube sheets at both ends. The bonnets are bolted to the shell flanges,
wlth molded asbestos gaskets between, and can be removed for inspection and cleaning
of the inside of tubes. The flow of the oll 1s guided by bronze baffles inside the
shell to produce the most efficlent heat transfer.

2.
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FIG. T-2

2inc electrode plugs are provided in the bonnets to prevent electrolysis. They
should be examined tanlrty days after installatlon and every thirty days thereafter.
Any apprecliable erosion within this period Ilndicates electrolytic action, and if
present & careful Inspectlion should be made to determine 1f it is due to short cir-
cults or external grounded electric currents. Any such conditions should be cor-
rected at once, but 1f no external currents are found it is evident that the erosion
is due to local electrolysis, and the zincs should be replaced frequently to protect
the equipment.

The cooler should be cleaned periodically. Remove the cooler from the engine, take
off the bonnets and clean the inside of the tubes. Fill the jacket with suitable
cleaning scolution, but aveid eny fluids which are corrosive to bronze or copper.
Draln and blow out with compressed alr carefully.

The draln plugs at the bottom of both bonnets should be removed and all water in the
cooler dralned out whenever the engine is allowed to stand in freezing weather.

LUBRICATING OIL STRAINER

The lubricating oil strainer 1s connected in a by-pass line, taken from the main
flow at the cooler inlet
and discharging the fil-
tered oll to the governor
and fuel pump bearings.

The strainer is of the met-
al element type as shown on
Fig. T-3. The elements are
made up of flat metsal rib-
bon wound around a central
spool, adjacent layers be-
ing slightly separated from
each other by raised ridges
running across the ribbon.
The successive layers of
the ribbon are spaced .003"
apart and 1t 1s these
spaces that form the fil-
tering medium. The oil
flows from the outside to-
ward the center and leaves
the dirt on the outside of
the spool. The stralner
may be cleaned by turning
the cleaning handles on
top, which rotate knives
bearing on the edges of the
windings, scraping off the
dirt and allowing it to
settle to the bottom of the
sump tanks. The strainer
should preferably be clean-
FIG. T-3 ed when the engine 1s not
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running so that the dirt may settle to the bottom, although there i1s no objectlion to
cleaning with the englne running. Cleaning should be at sufflclently frequent in- .

tervals to prevent stoppage of cll flow and the sump tanks should be drained before

the dirt in the bottom bullds up to the level of the elements. Experience will de-

termine the correct intervals.

LUBRICATOR AND DRIVE

The Madison-Kipp lubricator supplles a measured quantity of lubricating oil to the
pistons, introduced at the center of the liner on each slde. Nipples screwed into
the liners and projecting through the cylinder block and sealed thereto by packing
glands carry the oil through the water jackets.

The lubricator is fully deseribed in the Madison-Kipp bulletin attached at the end
of the book. 011 feeds tc the pistons should be adjusted to 20-25 drops per minute
when the engine 1s new, but this may be reduced to approximately 15 to 20 drops per
minute after the plstons and rings have been well worn in. KEEP THE LUBRICATOR WELL
FIIILED WITH CLEAK OIL. Use the same o0il that 1s used in the sngine. Dec not under
any circumstances allow 1t to run dry as serious damage to the pistons and liners
may result. This should be made a regular part of the engine room routline and
should never be neglected. The lubricator is mounted on & bracket on the manifold
side of the engine, and 1s driven from an eccentric on the end of the camshaft. The
eccentric is enclosed and is lubricated by & feed from the lubricator, but the sex-
posed llinkage should be hand oiled daily. .

SPECTAT, EQUIPMENT

On engines built to special government requirements modifications in the standard
equipment as described In the preceding paragraphs have been made 1n order to meet
these requlrements. The most important changes affecting the lubrlcating oll cool-
ers and fllters are described in the following.

SPECIAL LUBRICATING OIT, COCLER

Certain government specifications reguire & minimum size on the cooler tubing and
also reguire that it should be possible to withdraw the tube bundle for cleaning.

In this particuler case the Ross type cooler is simllar to the cooler described in
paragraph 8 except that the tube bundle and the tube sheets are separate from the
shell. On one end the tube sheet is clamped between the shell and the bonnet while
on the other end the tube sheet 1s floating. The floating tube sheet is elongsted
and seal is affected by means of a gland and packing. To remove the bundle first
loosen the bonnet on the floating end. Then remove the bonnet on the opposite end
whereupon the tube bundle can then be withdrawn. Zinc plates are mounted in each of
the two bonnets and the instructions in regard to the zines given in parasgraph 8 ap-
ply in this case also.

SPECIAL LUBRICATING OIL STRAINERS AND FILTERS

The lubricating oil strainer on special government engines is usually of the duplex
type with switchover valve allowing either element to be cut out for service or
cleaning. All strainers are of the metal element type simllar to the one described
in paragraph 9 and the instructions given in this paragreph in regard to cleaning
apply in this case also.

A great variety of oll filters of the cartridge types are gvallable and they may be
arranged either as full flow or by-pass filters. In full flow filters the entire
amount of oil is passed through whereas when the by-pass arrangement is used only
10% to 15% of the total amount of oil is passed through the filter. A typlcal by-
pass filter manufactured by Briggs Clarifier Co. is described in the following.

The Briggs Clarifier filter is usually not attached to the engine but 1s mounted in
some convenlent location and piped to the engine lubricating oil system. Half ineh
plping should be used and the clarifier should be hooked up in accordance with 1n-
formation given on the outline drawing. The clarifier is provided with a four-way
cock allowing it to be cut out for servicing. 1-1/2 to 2 ft. clearance should be
allowed above the filter for easy removel of the cartridges. The filter cartridges
should be changed when the oil begins to darken or when by chemical analysis the oll
shows a precipitation number of more than .05 or a neutralization number of more
than .. These values are generally sccepted as the limits for efflcient engine op-
eration. Since the Briggs clarifler acts as a by-pass fllter a restriction orifice
is built into the inlet comnection in order to limlt the flow through the filter to
10% to 15% of the total amount of oil circulated. Under no circumstances should the
restriction orifice be removed from by-pass filters as this will rob the engine
force feed lubricating system of too much o0ll and will lead to burned out bearings
and insufficient lubrication in general.

4,
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Section Z

MAINTENANCE & INSPECTION

GENERAL RULES

Observing the following general rules will go a long way toward insuring satisfac-
tory and trouble-free operation. Refer to preceding.sectlons for detail instruc-
tions.

KEEFP YOUR ENGINE CLEAN

Inspect the engine regularly and keep it wiped clean. If oil is left standing it
quickly hardens and must be washed or scraped off. It 1s much easier to keep the
engine clean than toc get it clean, and there is slways less trouble with & clean en-
gline than with one that is covered with oil &nd dirt.

LEAVE WELL ENOUGH ALONE

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

NEVER ALLOW YOUR ENGINE TO SMOKE

When the exhaust from an engine is smoky it clearly indicates that combustion is not
perfect and that residue, in the shape of smoke, is clinging to the olly surfaces of
the cylinders, plstons, piston rings, valves, ete. When this happens you are creat-
ing trouble for yourself and doing an injustice to the engine. Therefore, the first
thing in consideration of the operation of a Diesel engine is: DO NOT ALLOW YOUR
ENGINE TO SMOKE

KEEP A COMPLETE LOG OF ENGINE OPERATION

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

INSPECTING REPAIRS

At completion of any adjustment or repair job, always make & thorough inspection to
see that all parts have been correctly replaced, that belts 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 (so that camshaft is turned
one revolution) to be sure that 211 parts sre clear. Be sure that no tools or rags
are left inside the engine.

SMOKY EXHAUST

Dark smoky exhaust usuzlly occurs when the engine is loaded up (3/4 to full load)
and indicates defective combustion which is usually due to one of the following
causes: :

Excessive carbon on spray valve tips.

Legking spray valve.

)
)
(c) Leaky exhaust, inlet, or air starting valves.
) Buffer springs may be incorrectly adjusted.
) Fuel cam or roller may be worn,
) Leaky or stuck piston rings.

(g] Uneven cylinder load balance.

f the dark exhaust smoke is not even but occurs in the form of puffs it is likely
that the combustion is defective in one or two cylinders only. Where the trouble
lies can usually be determined by cutting out spray valves one at a time. When this
is done however, the engine should not carry more than about 3/4 load or the remain-
ing cylinders will be overloaded.

Sometimes the exhaust smoke is lighter and may be termed blueish-white in color.
When viewed against & clear sky, it resembles the appearance of steam but is usually

L
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a 1ittle mors blueish in color. Blueish-white exhaust smoke generally occurs during

prolonged idling or when the engine is loaded up after a period of i1dling. This

type of exhaust smoke consists primarily of vaporized or partially burnt fuel and is

due to misfiring in one or more cylinders. Inspection of the exhaust manifold or ‘\
muffler in this case generally shows the internal surfaces to be wetted by fuel and

in extreme cases pools of fuel may be formed in these parts.

Blueish-white exhaust smoke, unless it i1s dense, is generslly not harmful to the en-
gine, and as a rule practically all of the vaporized fuel 1s ejected with the ex-
haust gases. The unburnt fuel may however mix with soot and other products of com-
bustion and in time cause sticking of piston rings and exhsust valves. In extreme
cases where long periods of idling and long periods of heavy loading occur slter-
nately, exhaust passages, manifold and muffler may gradually become partially
plugged and the areas restricted to a point where the engine operation 1s affected.

The remsdy for this type of exhaust smoke is to make sure that the engine fires on
all cylinders when idling or at low loads. Which particular cylinders are misfiring
can generally be determined by feeling the exhaust elbows. Thls should be done "
carefully howsver to avoid burning the hands on those that are hot. The fuel injec-
tion pressure should be reduced when idling to about 2200 to 2500 lbs. per square
inch as this tends to lengthen out the injection periods and prevent misfiring. The
injection timing should also be checked 1n accordance with paragraph 17 in Sectlon
0. In extreme cases, 1t may be necessary to balance the engine for equal loading on
cglinders at idling or low load instead of at full load (See paragraph 18, Section
0).

3. INSPECTION AND MAINTENANCE ROUTINE

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

It will bz noted in the following schedules thet spray valve cleaning has not been
included. It 1s belleved the apray valves should be cleaned only when necessary,
rather than at definite intervals. The necessity for cleesning will be indicated by
Increased or uneven exhaust temperatures or smoky exhaust and at either of these in-
dications the spray valves should be inspected and cleaned, if necessary.

In the following, work to be done under sach routine should include work listed und-
er preceding routines. For example, work under "Annual Routine" includes everything
listed under all other routines.

8-HOUR ROUTINE

{2) Hand o0il the following points:

e inlet and exhaust valve stems.
The rocker arms at theilr fulcrums and at their push rod ends.
Inlet and exhaust lifters, fuel wedges, lifter and buffers.
Wedge shaft bearings.
Mechanical lubricator linesge.

Wi

If the inlet and exhaust valves are slugglish in action it is preferable to use
penetrating oll on the stems. If this is not available a mixture of equal parts
of engine lubricating oll and kerosene may be used. (A mlxture of two-thirds
engine fuel oll and one-third lubricating oil can be used in an emergency.) For
all other points in above schedule use engine lubricating oil.

(b) Every four hours check the o0il level in the mechanical lubricator. Check
oll level in sump or day tank. PFill with clean engine oil when necessary.
If engine is equipped with sump tank check the oil level and add oil if nec-
essary.

(e¢) Turn the handle of the lubricating oil and fuel strainers. Always turn
cleaning handles Immediately after stopping the engine.

(d) Take readings of all indicating instruments such as gages, thermometers, etc.

DAILY OR 24-HOUR ROUTINE

(a) Clean out the sump tanks of the lubricating oll and fuel oil filters. ‘

(b) Chezk the feeds of the mechanical lubricator.
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200 TO 300-HOUR ROUTINE

(a)
(b)

(e)

(a)

(e)

(f)

Check intake and exhaust valve timing.

Check apray valve timing. (After starting engine check cylinder load bal-
ance.) (See Section 0)

Clean out lubricating oll day tank or sump tank 1f lubricating oil is dirty
or dark in color.

Remove crankcase doors and inspect connecting rods. Be sure that all con-
necting rod bolts are tight and that esverything is in order. Inspect lower
part of cylinder liner bore.

On engines equipped with cartridge type filters these may or may not need
replacement. The time between replacements will vary with the type of fuel
or lubricaeting oll used and with the operating conditions to vhich the en-
gine 1s subjected. When the lubricating oll turns black rapidly following
an oll change, the cartridges should be replaced.

Inspect zincs in oil and water coolers. Replace 1f necessary.

SEMI-ANNUAL ROUTINE

(a)

(b)
(e)

(d)

(e)
(f)

(g)

(n)

(1)
(J)

Pull cylinder heads and pistons, remcove rings and clean pistons and grooves
thoroughly. Check rings for side and end clearance.

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

Grind intake and exhaust valves. Check valve springs for length and tension
and for defects.

Recondition spray valves. Inspect stem packing and repack 1if necessary.
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 Inspect
bearing surfaces. Adjust clearances 1f necessary.

Inspect gear train carefully, observing backlash, indications of wear on
teeth, and clearance on intermedliate gear bearings.

Inspect camshaft assembly. Watch for worn or loose cams, loocse or worn:
Tollers or pins on the lifters. Be sure all keys and lock bolts are in
place and tight.

Disassemble lubricating oll ccoler and inspect for corrosion. (lean thor-
oughly before reassembling. Renew zinc plugs if necessary.

Check flywheel and coupling bolts. ighten up if necessary.

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

ANNUAL ROUTINE

(a)
(v)
(¢)

(a)
(=)

£

Check crankshaft alignment. If shaft nseds realignment it 1s recommended
that work be done by an experienced and careful mechanic.

Examine cylinder jackets and exhaust ménifold water jackets. If scale is
over 1/16" thick it should be removed by scale remover solutlon.

Remove and inspect lubriecating oil and fuel oil transfer pumps. Note condl-
tions of bearings, shafts and seals. Replace if necessary.

Inspect all starting air valves and grind if necessary.

Remove tep cover and mounting plate on high pressurs fuel pump. Note condi-
tion of pump plungers and barrels. Disassemble crossheads and connecting
rods and inspect for wear. Inspect suction and discharge valves and grind
seats. Check valve lifts. ’

Inspect governor and all moving parts for wear and signs of distress. 1In-

spect entire linkage between governor and wedge shaft for lost motion. and
wear. Fusl wedges, links and pins should also be 1lnspected for wear and

B
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replaced if necessary.

(g) Inspect Mechanical Lubricator and connections to cylinder liners. Inspect
ratchet mechanism for wear and proper functioning. Hand crank lubricator and ‘r“
observe the feed to each liner. Watch for water leaks at the nipples golng
through the water jackets.

(h) Clean out crankcase thoroughly. Be sure that all cleaning solution 1s drained
out after cleaning 1s completed. '



Section A

The following data applies to all engines with 9" bore and 10%"
stroke, ) .

PRESSURES:
Lubricating Oil Pressure ------------- 35 to 45 1bs./Sq.In.
Fuel 011 (at transfer pump discharge)-10 1lbs./Sq.In. MAX.
Fuel 011 —-----mm e 1500 to 6000 1bs./Sq.In.
Starting Alr Pressure --------—-——-—----- 125 to 250 1bs./Sq.In.
TEMPERATURES:
Coolifg Wateh - Englhe OHElet ————wsoowswmsommen 1608 F. Max.
Lubricating 011 - Coclet Outlet -----=--eee-o-——-_-140° F, Max.

Exhaust Temperature (At full load, full speed)———BBOO F. Max.
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