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Section A
G EHNGINE DATA

The Atlas Imperlal Diesel Engine described herein 1s of the heavy duty,
80lld Injection, full Dlesel type, deslgned especially for rellsbility
and a long 1li1fe of trouble-free operatlon. It operates on the four
atroke cyele, the sequence of operatlion being as follows:

st Stroke On the downward or sustlon stroke of the piston, the inlet
valve 1s opan and pure ailr 18 drawn into the cylinder
through the alr inlet manifold.

end Stroke On the second or compresslon stiroke, this air is compressed
to about 400 lbs. per square inch, the heat of compression
raising the alr temperature to & polnt above the ignition
temperature of the fuel. Just before the platon reaches top
genter, the lnjection 1s completed shortly after the plsaton
has passed the top dead center.

2pd Stroke On the power stroke the injected fuel oll burns, increasing
the pressure within the cylinder, and driving the platon down
through i1ts working stroke. BShortly before bottom center po-
sltion 18 reached, the exhaust wvalve opens.

4th Stroke pa the piston returns toward the head, the burned gases are
dlacharged through the exhaust wvalve, and as the platon
reaches top center the exhaust wvalve 1s closed, the inlet
valve 1a opened, and the cyele is repeated.

The 9" x 104" bore and stroke enginea are bullt in &, 5, & and & eylinder
models. The horsepower rating and the rated speed of the engines are
atamped on the engine nameplate and these ratings should never be exceeded.

On the nameplate willl slso be found the engine serial number which should
always be atated when ordering parts and in any correspondence with the
factory or Sales agencies. The firing order, valve timing and the model
deasignation will also be found on the engine nameplate. When correspond-
lng or ordering parts 1t la deslrable that the model number be atated
alse. The englne serlal number is, however, more important and if the
model number 1s not known the number of eylindera and the bore and atroke
of the eangine may be stated.

The number of orifices, the orifice diameter and the angle of the orifices
In the apray valve tip are also stamped on the engine nameplste. The num-
ber of holea or orifices 1s stamped first, followed by the dlameter of the
holes in thousandths and in turn follewed by the hole angle in degrees.

For example, 5-10-20 indicates a apray valve tip which has five holea or
orificea of .010" dismeter. The axis of the holes or orifices are lnelined
20% with the horizontal. If ordering spray valve tips the stamping on the
nameplate should be atated.
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The following data apply te all 9" x 104" bore and stroke englnes.

PRES3UHRES ;
Lubricating 011 Pressure --------====- 4o to 50 1lbs./3q.In.
Fuel 011 (at tranafer pump discharge)-10 1bs./8g.In. MAX,.
Fuel 011 (in rail)--------=--c====----1500 to 5000 1ba./3q.In.
Starting Alr Pressuré------——cccoco--- 125 to 250 1bs./8q.In.
TEMPERATURES :
Cooling Water - Engline Outlet--=e-e-c-m====-=-===160% F. Max.
Lubricating 011 - Cooler Outlet-------ccccemm-mn- 140 F. Max.

Exhaust Temperature (At full load, full apaed)---730% F. Max.

DATA FOR ATTACHED AUXILIARIES:
4, 5, & AND B CYLINDER ENGINE3S
High Pressure Fuel Pump - 3ingle Actlng

BOME-===m==m=—==—=e===]l/2"

A T T iy

Ho. of Cylinderg-----=- 2

Operating Speed------- 832 x Engine R.P.M.

Fuel Transfer Pump - Internal Gear Type - Tuthill Pump Co.
Model 2C3
Ccapacity {51% Engine R.P.M.)4.2 G.P.M.

k, 5 & 6 CYLINDER ENGINE3

Lubricating 011 Pressure Pump - Internal Gear Type
Tuthill Pump Co. Model 4C3A
Capacity (51% Engine R.P.M.)10.3 G.P.HM.

Lubricating 011 Sump Pump (If Used) - Internal Gear Type
Tuthill Pump Co. Model HC34
Capacity (51% Engine R.P.M.}15.8% G.P.M.

8 CYLINDER ENGINES

Lubricating 041 Pressure Pump - Internal Gear Type
Tuthill Pump Co. Model 5C3A
Capacity (51% Engine R.P.M.)17.6 G.F.M.

Lubricating 011 Sump Pump (If Used) - Internal Gear Type
Tuthill Pump Co. Model S5C3A
Capacity (514 Engine R.P.M.)25.T7 O.P.M.
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Section B
FUEL END LUBRICATING OILS

RECOMMENDED FUEL OIL SFECIFICATION

Viecoalty - - = = = = 2o - - - - 35 te TO 2.0, Seconds at 1009 F,

Gravity {A,P.I.}n = = = = = - - - Minimm 2%%

Conradson Carbon (A.8.T.M.-D189)- Maximus O,5%

Ash - - - - - . --------—Ha.xuml:ﬂ-u%i

B.B.&W. - - - - - - = 2 2 o - - - Maximum 0.1

Bulphur (A.5.T.M.-D129) - - - - - Maximum 1.0%

lgnitlon Quality- - - = - - - - - U0 to 60 Cetans Mumbar or sguiv-
alarnt in other ignition
index .

EFFECT OF FUOEL FROFERTIES ON FERFORMANCE

A3 adjusted at the factory the engine will operats aatlafactorlly on Fuels with
¥iacoalties per above specification. It is possible to use thinner fuels but the
operation 1a apt to be "sneppy" end 1t may ba AL1ffieult to maintsin ewsn aylinder
load balance at varylng losds, Fuels with viscositlea less than 35 8.0.3. may also
require speclal spray tips with smaller orifice holes than standard or the fuel
pressure may have to be reduced. 0On the other hapd fusla with high viasoaltles may
require larger spray orifices than standard, inecreased fusl prossure and in extrems
cagea longer perlod of injection. To lnsure good operatlon 1t ip recommendsd Ehat
the viscoaity be held to the specifiecatlion.

The gg%?lti is of secondary lmportance. A minimum of 240 A.P.I. 13 merely given
ainae heavier fuels generally require apeaial treatment, such as heating and cen-
trifuging, before they san be burned succesalfully.

The "Conradson Qa ! or "Carbon Residue" 1n the oll is an index to the smount of
ecarhon which will %ﬂﬂl in the gombustion chamber. Puslas with high "Conradson
Carbon™ may cause carbon to bulld uwp on the apray walve tips to sush an extent that
the fuel sprays are deflected causing poor operation and amoky aexhauat. The higher
the Cenradson Carbon the more frequently will it be necessary te elean the AprAY
valve tips. Experience alss indientes that maintenance costa will be higher when
fuels with high "Carbon Reslduea" are used.

The Ash content of & fuel 1s & measure of the ameunt of minaval material it con-
talng. After burning the mineral residues are abresive snd 1t 1s consequently is-
portant that the Ash content be limited te 0.05%. If the contant ia higher rapid
wear of ¢ylinder linera, platona and prings will result,

The item B.5.&W. (Bottom Sediment and Water) 1s an index to the fuel's cleanlinesa.
It is good economy to use ¢lean Ffusl and atore 1t in olsan tenks. Cleanlineass in
handling the fuel im also important (3ec paragraph entitled "Importance of Clesn-
liness in Fuel Handling" in Sestlon K],

When the fuel oll 1s consuned in the englne Sulphyr burns to Sulphur-disxide.
Urder normal oparating conditicns most of this gas s ejested with the sxhauat
gas=a. If, howvever, temperature conditlons arce low enough, that fa, 1f the engine
1a 1dling st low speed and under cold conditions, the sulphur-dioxide gas comblnes
with condensed water vapors to form & corrosive ncid whish vill attack metals used
in the engine and exhaust syatem. It 1s consequently partlicularly important to
hold the sulphur gontent lew in fusls uwsed Tor englnos gub fest te variable loads
with long paricds of 1dling and also for englnes subject to freguent starting and

stopping.

The Cgtane numbar of a fuel 1a an index of the lgeition quelity. Low Cetans valuas
produce exsesslve knocking. Exeeasively high Cetans fugls cause high axhaust tem-
peratures and smokingss of the exhaust.

Although the Flaah does not affect the sultability of & dlesel Ffusl it ig
¥ell to spesifly & P F. alnce atate lavs and Classifisation Secletlen
generally require this minimum. The Four Point of the fusl should be at leaast 159 p,

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

ICATING OTL

We recommend that a good grade of pure minersl oll be used in theas engines. The
oll should be stable under the temperature sonditions encountered in the engine and
should be reslstant to oxidation and eludging. In general, regarding quality of
lubricating oll we refor you to a Lubricatlion Instrustion Book which will be sent to
any customer or cperator requesting it. This book containe some good polnters on
the selsctlion and care of lubrlcating olls.

1.
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It 1s not necessary to use compounded olle, 1.e., olls sontalning additives, inhib-
itors, antli-oxidants, carbon removwers, ete. in Atlas Enginea. There are, however,
many good sospounded ofils on the market and these may be used providing extreme cau-
tion 1s exereised and the actlien of the o1l in the englne 1a observed closely.

When & pure or "atrelght” mineral oll Lls used some carbon or other depozits will
generally ke found in the crankoase and sump tank. The amount of these deposlta de-
pend greatly on the quslity of the oll which has been used apd For good grades of
oll the deposits are not excessive and 1n any way harmful to the engine. The
chomicals contained in the compounded olls ensble these ells to esrry the carbon and
other cepatituencta of the uwsusl crankesse daposits 1o suspensicn. The compounded
@lls also have a atrong tendency to break logee and carry eway any exlsting erank-
sase depoalts and singe there is a limlt to the ampunt that can be carried in sus-
pension clogglng of filters and oll linea may result. £ u

ance to thoroughly nn oul tha crankogse, oll 1ines And A tank belars
g0 1F al oll Lo & compound oll. Aa an EEEEH precaution we
puggeat that the Firat batech of compounded o be usad only for sbout 25 hours and
then drained off. These precauticns apply also wvhen changing from one compoundad
oll to amsther compounded oll of different make or Brand.

If a compounded oil 13 used the non-gorrosiveness of this oil must be locked into
very carsfully. In this connestion the Englneerlng Dept. of the Atlas Imperial
Dieasl Engins Co. 18 mveilable fep consultation and they will be glad to advise
whether oF not an o1l la sultable for wae in this engine.

With regard to visgoslt our recommendations are that the viscosity at 1307 F.
ba between 235 and 270 Beca. ybolt Univeraal. This corresponda to an 5.A.E. via-
coslty rating of 30 to 40, In other words, the oll to be used should be & heavy
85.4.E. 30 or & 1light 3.4.E. 40 oll.

In regard to dralnage periods we suggest that the first batch of oll be dralned
after 100 hours of service. Thersalter the suggested drainsge period ls 200 to 250
hours. This perlod may be lengthensd somevhat on enginea which are equipped with
wvaste packed filters. In that cese 1 the Fllter cartridge is changed before the
oll 1# badly discolored and loadsd up with insclubles or foreign partlcles, dralnage
perloda of %30 to &00 hours ecan be used. In the cases whers no waste packed fllters
mre ussd the oll will of course not be "worn out" after 200 hours of gervice L1 Lt
in of & good grade. It will, hewever, be dirty and will contain insclublea vhich
should be memoved from the lubricating ofl before 1t 18 re-uaed.

The seme lubricating olil as used in the crankcase of the englne la alseo aultable far
use ln the ipnl lubrigator, In the case of the machanical lubrlicator, howsvan,
it 1= highly desirable that new oll be uased.
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Section C

INSTALIATION INSTRUCTIONS
—_—

CENERATING UNITS

The suwcoeas af an engine Installation dependa greatly upon the constructlion of the
TFoundation and upon the care exerclssd in _'I_:I_nj_n,g up the eagine to the connected
generator. Foor ilnatellations will result 1n exsesslve wibration and continual
changs In alignment. The result is poor performsnse and faflupe of vital parta.
For this reason Atlas Imperial Diesel Engine Co. cannot guarantes an engine unless
the instructions in regard to alignment given in the folloving have been followed.

For generating setes on beard ship, in eranes and dredges, ete. two different ar-
rangements are 1n comsoen usse. These two errangementa require different treatmont
as far asa alignment between the englne mnd generator 1s concernsd and w11l there-
Torme be treated separately 1n the following. In one case, the foundation for the
enfine and generator ia bullt into the hull or esrans structure and virtually forms
4 part of thia strueture. In the second acass, & separate atesl sub-hass 18 usad
upon which the engine and generator L8 mounted. Thies sub-base in turn is fastened
to the hull structure. A separate strustural atsel sub-base under the engine and
genarator must slways be used for marine installatlions in wooden hulla.

In the case vhere & separate steel sub-base is used, 1t is posalble to Tinish the
top of this sub-basas o that the englne and the gansrator reats on Finlshed sur-
fages whish are then losated properly with respect to each other. This 18 not pos-
glble whan the engine bed forma s part of the hull or areane structure. In that
casd, the englne and generator supporting surfaces are only approximately plain
surfeces and their locatlon relative to sash other 18 only approximately correst.

INSTALLING THE ENGINE AND JENERATOR ON A STEEL STRUCTURE
[LTH THE HULL OF CHANE

When preparing the sngine and generator foundstion, always obtaim aertified outline
printe. Do not uss Mgures or ¢uts In bulletins or salea literaturs,

[a)} Preparing the Englne Bed

The top fmaces upon which the engine and generator will rest should as neaply

r3 posaible be streight planes and In the case of marine installations they
should be leval for the average ship trim. In a horizontal plans, the surfaces
supporting the engine and thess supporting the generator should be lesated an
that the center line of the englne crankahaft and the center lins of the gensr-
ator shaft will 1ine up. Athwartships the top surfaces supporting the snglae
and the top surfaces supporting the generator should be lavel. The Toundatlon
should be conatruated so as to allow 4" to 1* thick shime or chooks betwean the
anglne and the supporting top facea. In the case of the supporta For the gen-
erator atator and the generator pedestal bearing about £* to &" should also ba
allowved for shimming.

The importance of rlgldity in the sngine and gensrator foundation can not be
over-emphasized and 1t must be securely fastensd to the hull or other strusturs
a0 as to be virtuslly & part of thies strusture. Stiffensrs should be fitted to
prevent the foundetion from twlating and weaving, The main foundation beams
should be stiffly connested and braced to each other mnd to the hull opF arans
strustura. Foundatiens should be welded or riveted and the uss of bolta ar
sarews, which may work loose, should be avoidaed.

(b} Installing the Engine

In the case of marine lpestallations, 1t 1a advisable to lnatmll the engine and
ganerator and line them up relative te sash other after launching. If the in-
atallation ia done before launching, the eaagine and generator should be fasa-
tened to thelr foundatlions tesporarlly and the alignment should be ahecked up
after the vessel 1a afloat. Thia particularly applies to smaller vesasls.

The englne should be lowered onto Lts foundation and allowed to rest on the
levellng screwa. Shift the englne sideways and level 1t up wuntil the crank-
ahaft penter line la ldcated in the proper pesltion. The vertlcal sdjustmant
may be ncocomplished by means of the leveling sarews and in the final position
there should be about 4" to 1" between the top of the foundation end the engine
bass supporting ledgea. HNext lowsr the generator stator, rotor and shaft and
the pedestal bearing in plase to ascertaln that the foundation will mllow line
up with the sngine s 1t 18 placed. These ltems may be left in plase but
ahould not be sonnested to the englne arankshaft or flywheel untlil later,

1.
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When it has been ascertalned that 1ine up of the engine and generator can ba
oercomplished, shima or choeks under the engine base should be fitted. & chook
ghould be carefully fitted under esch foundation bolt with the engine resting
on 1ta laveling screwe. The shims or chocks should be approximately the same
width as the englne supporting ledges and should be about B" to & long. The
chocks under foundatien bolte adjasent to dowsels should be wide sncugh to ex-
tend beyond the dowel helea. BSlots should be provided for the foundation bolts
vhich should next be lnaesrtad. Thean loossn up tha laveling sarewvs and tighten
up the foundatlon bolta ao that the engine 1s held firmly toe the chooks and
foundation.

It l& now nesessary to sheck that the
foundation 1s supportlng the angline
gvenly over the entire length. The
eagieat way to do this i3 to check up
the alignment of the crankshaft. Tt
will then be necessary to remove all
the aranksase doors and epply A ERp
or atraln gage ae ehown in Flg. C-1.
Am shown in this figure, two light
punch marka should be placed directly
opposltes sash other on each arank
throw. A #0695 3tarrett Straln CGage
or equivalent should Be usad and thea
distance between tha lnalde MEaees ol
the crank webba with the eranks an
uppar and lower centera should be
checked. HReadinga for any one crank
should not differ more than .002%.

SAP OR ETRAIN

It is highly desirable that the fly-
vheal be removed before the strain
gage readings are taksn. This ia
particularly desirable if the fly-
whael 1m urususlly heavy. II tha
flyvheel Lia left on the shalt, &
somewvhat larger difference than 002"
may be expected on the adjacent crank.
However, 1f the astrain gage roadings
an all other cranks are within the valus glven, 1t may be assumed that tha
foundation 18 supperting the bamse properly.

(4 L )]
LR CERTLR

FIG. C-1

Note that durlng this shesking operation, the engine should be flrmly bolted
down on 1ts foundation and the srank shaft maln bearing caps should be laft 1ln
place. It 1a not neceasary to ramove the bearing caps and Jack the crankshaft
against the lowver bearlings as 1a dene when maln bearing wear 1s checked by
means of m straln gage. The eylindsr pcompresslion releasse valves should be opan
a0 that there is no cylinder compresalon at hand when making this cheak. If
the strain gage resdings show that uneven suppert 1s at hand, correstion ahould
be mads amd the test repested before proceeding any further.

Lining up the Oenerator

If the flywheel was removed during the preceding operatlon, 1t should novw be
mounted and the generator shaft and outboard bearing can than be lined up.
Uaually the generator ahaft is provided with s flange or & flangsd coupling for
bolting to the engine flywvhesl, and in some cases, it will be found convenlent
not to mount the generator stator untll the generator shaft and cutboard bear-
ing have been lined up., This will faellitate the resming of the dowel holes
batwesn the generator shaft flange and the Flyvheel. In order to understand
the lining up procedures dealt with in the follewling, Flgures C-2a to 0-2f
ahould be studied. In these figuresa the slastls defleationa which are AT hand
are sghown in & groeatly exaggerated scale. The flywvheel 18 loosted adjasent to
the fireat crank and the genemator rotor between the Ciywhesl and the outboard
b=aring. The engine crankshaft center line ls 1n each case deslgnated by line
D=0,

Fig. C-2a 1lluatratea the sonditionm that would be at hand Lf thare weare no
elastiec deflsctiona in the engine crankshaft and the gensrator shaft. In that
case the canter of the osutboard bearing should be located Lln line with the
crank shaft center line. However, deflestione and deformations take place in
all espas dus to the fact that the shafts ara alastls and support the {lyvhesl
and generator rotor welghts. PFlg. C-2b and Flg. C-2¢ shows the deflections
whish would te at hand with thes crapk adjaseat to the flywvheel in the upper
and the lower positions and the putboard bearing in line with the srankehalt

2.
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ganter. In that sase straln geage readings on the last crank veuld show a
greater value with the erank in the lower poaition (dimensicn X) than with the
arank 1ln the upper position (dimension ¥). Actually the elaatiz deformations
are uawally carried over to the aesond srank but the deflectiona in this crank
comparad to those In the srank adjacent to the flyvheel are ususlly small and
in the figures deflectlons in the second crank are not shown.

Fig. C=2d flluatrates that the lining
up the genarator ahaft to the engine
crankahalt by means of feelers between
the flyvheal and generator shaft soup-
ling faces only locates the outboard
bearing in an approxinstaly correct
positicon in the vartieal plans. Fig.
C=2f 1lluatrates gorrect alignment of
the generator shalft and outboard
bearing. In this case, the strain
gage readings with the orank on top
center and with the crank at bottom
genter would be the same. It should
be noted that the deflectione in the
flgures are exagEerated and that 1t 1s
uswally not neceapery to tilt the out-
bosrd bearing ss shown in Plg. 0-21.

The firat rough line wp of the gensra-
tor amalt la as follows: Enter the
generator flangs or coupling splgot in-
to the correaponding flywvhesl bore un-
t1l there 1s only a few thousanda be-
twesn the flywhesl and generator Clange
fapes. Using feslers, shift the out-
board bearing aldewvays and up and down
until the distance betwesn the flywhesl
and flange Teces {(dlmenalon Z on Fig.
C-24) 1s equal in four planea. In
other words, 1t shouwld be juat possible
to inaert, for lnatance, a 0.005% feal-
ar beatween the outslde of the generator
flangs and {lyvhesl faces st top and
bottom and midway at the two sides.

This progedurs will give the correst
sideways location for the cutboard
btearing tut will not locete Lt corpeat-
1y in the vertical plane as cen be msasn
by referring to Fig. C-24. In order to
obtain the final vertieal position of
the cutboard bearing, 1t 18 necesaary
to agaln use the atraln gags on Eha
apank &4 Jacent to the Clywheel. But ba-
fore thia ia done, the generator shalt
flenge must be Tirmly bolted to the Fly-
wheel. OGtraln gage readings on the last crank will then uwsuslly show a greater
value with the crank down than with the ecrank in the upper positisn and in
order to elimlnate this difference, it will be found necsssary to ralss the
cutboard bearlng s¢ as to obtaln the conditicn shown in Plg. O-21.

Fia G-

3traln gage readings should also be teken for the twe horlzontal poslitions of
the crank to check the sidevays locatlon of the cutboard bearing. The align-
ment can be consldered satisfactory when all straln gage readings are within

002" but under no circumatanpses sheuld thers by any grester diffarence.

When the finel alignment has been acgomplished, the dowels should ba fitted.
The engina 18 provided with at least Four dowel holes usually located alasa to
Toundetion bolt holea. The chocks for the corresponding foundation bolt holes
ahould be extended under the dowel holes. The dowel holap should be used as
Buldea for dellling holes through the chocks and the foundatien and all holes
should then be line reamed for the dowels. It is essential that the dowals
have m good drive fit both Ln the engine base amd in the foundation. Although
it is not necessary to do 8o, the holes for tha hold down bolts can be reamed
in the englne end the foundation and fitted bolts uasd. In that cese, 1%t 18

of course unnecessary to provide fop dowals. Ueuslly there ls provision on the
generator pedesatal bearing and stator Crase For dowels. However, 1f this 18
not the ¢ase, the hales for the hold dowvn bolts must be reamed and fitted bolte

3.
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usad dpaces between the choeke under the englne supporting ledges may be
r1lled with type metal to lnsure & substantlal support under the engine bass.

IHATALLING THE ENGINE AND GENERATOR PROVIDED WITH STRUCTURAL 3TEEL SUB-BA3E

Generatling sets mpunted on strugctursl steel sub-bases have been carefully lined up
et the tactory and, wvhen tested there, straln gage readings were taken to chack the
alignment. In other worda, when the unilt wvas tested at the factory, the engine
crankshaft was free of miselignment strains; the alignment corresponding to that
shown on Fig. C=2r.

The sub-base 1a a rigld stpusture and I1f instelled correctly 1t will hold the engine
end gengrator in mlignmznt. It should be recopnlized however that the sub-bass 1s
nevertheless an elastic structure and &8 such 13 subjest to deflectlans dus to aup-
ported walghts end alee dus to firoes set up by tightening up on the Foundation
bolte. The resultant detlectlone are amall but are nevertheleas of importence from
the stendpoint of propar glignment. It la not practleal from s weight and apaca
atandpolint to meake the sub-bBase o atifT that 1t can not be deformed for instance,
by aupporting It ohly at the extreme ends or ao atlff that it wlll realst pulling
down on an unevan Foundation By means of the foundation bolta.

[a) Inetalling the Generating Thit

It is consequently necessary to carefully shim under the sub-bees after it haa
been lovered ento lts foundeticon and m ahim should be fitted under sach Foundae-
tion bolt vhere the sub-base doss not rest on the foundatisn., It 13 Rst necea-
sary hovever to allow for any specified thickness of ahima. The base can bea
supported on the high polnts of the foundeticn and shima fitted batween the
sub-base and {foundation only where necesB&ErY.

Lower the entire unit onte the foundaticn then aseertaln If ahimming la neces-
sary undar each foundation bolt in the Followlng manper. Use 4 4ial indicator
and arrangs 1t ao that 1t 1s supported by the foundatlon structure (oot the
sub-base]. Lat the indissting arm of the inatrusent preas down Lightly on the
top face of the sub-base direstly above the Foundation bolt which i3 being
tried. B8t the indisator 4ial toe zere and tighten up the foundetion bolt nut
firmly. After tightening up, the indicator reading should still be zero. If
this 1s not the sase, It wi1ll be neceasary to lnsert shimes under the foundation
polt between the sub-base and the foundaticon. Theas shime should be slotted or
provided with holea for the foundation bolt. Then tishten up the foundatien
bolt agaln and Lf the lndicator readine 18 not zera, it will be neceasary o
agaln chinge the shimming until the indisator reade zero both bafore and after
tightening up of the foundation bolta. FRepeat this procedure fop each and
avary foundation bolt. Then tighten up &1l the foundatien bolts flrmly,

The sub-base 13 now clamped firmly to the foundstlion and is deflected into the
same shaps 1t sesumed when 1t was orlgilnelly loweresd onto the foundation and
reating on the high pelnts only. Thils may or may not be the right shaps for
perfeat allgnment and 1t 18 new nesessary to check the allgnment of the englne
andl the generator. The snglhe and the sub-base form an exceedingly stiff beam
and therefore there 18 no danger that the englne itself has been pulled out of
shape, but there 1s 4 poasibllity that misalignment may exist between the en-
gElne and the generator.

(k] Checking the Allgnsent of Engine and Generator

In order to chack the allignment between the engine and the generator, LIt 1a
ngeesaary to remove the crankease doors adjacent to the Ilywheel and check the
final mlignment by means of & strain gage aa deacrlbed in Paragraph 2a. By re-
farring to Figures C-Za through §-2f, it can then resdily be determined whether
or not the generator end of the sub-base should be relsed or lowaerad.

Consldering the crank asdjacent to the flywheel, 1 the straln gage reading with
the creank down is greater than with the erank up, the gensrator cutboard boar-
ing should be ralaed up relative to the englne. In erder to accomplish this,
it is not necessary to preak loocss the generator and outboard bearing from the
sub-base. ANy mlaaligrmment whiah may exlst san be corrected by mdding shima
under the aub-beee. In sase 1t sheuld be naecessary to add shimas under the gen-
epator and sutbeard bearing end of the sub-base, all foundation bolts on this
end should be leoasnsed. 2hima should firat be added under the founastien baolta
an the extrama and. These bolts should then be tightensd up and the atealin
gage readings on the last crank repeated. If the sdaltlon of these ahims cor-
rected any misalignment situation vhich mey have existed, a progresslvely las-
agr nusber of ahims shoula be added under the foundatlion bolta aa the engline la
approached. As thess shima are being fitted, an indisator ahould be used to
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ageartaln that the sub-beass 18 not pulled gut of shape when the Ffoundation
bolts are tightensd up.

After the vertical alignment has been thoroughly cheeked, the horirzontal alipgn-
ment between the engine and the generstor should be checked by means of straln
gage readings on the last crank in the tvo horlzontal positions. It sometimes
happens that & sub-base ls sprung during shipment or in handling. It ls con-
sequantly advisable to alao check the horlizental alignment betvesn the engine
and the gensrator. If misalignment ia found to exist in the horlzontal plane,
1t can not however be corpected by shimming under the sub-bases. In that CEEE,
it 1a necessary to break loose the ocutboard bearing from the sub-base and shirt
iv sideways untlil the correct alignment has been sptablished.

INGTALLING ENGINES CONNECTED TO TWO-EEARING GENERATORS

In this case the engine crankshaft and flyvhesl mist always be connected to the gen-
eratar shaft by means of & Flexible coupling.

If the unit 1 mounted on a ateel atructure whieh is integral with the hull or crane
strugtura, the instrustions given in Faragraphs 2 (a) and 2 (b) apply to the prepa-
ratlon of the foundatlon and installation of the englne. The generatar should then
be lined up 80 that the center lines of the generator shaft and the engine crank-
shaft co-inclde. This can usually be accomplished by means of feslesrs batwesn the
twe flexible soupling halves. Shift the generator sideways and up and down until
the distance between the feces on the twe coupling halves 1s the mams st top and
bottom and the twvo aides. At the same time macertaln thet the centers of the two
coupling halvea Lline up.

Alter the allgnment has Deen accomplished it should be checked by mesns of atealn
gege readings on the crank adfacent to the flywhesl. In this case the flyvhesl
walght 1a supported by the crankahaft and 1t can consequently be expested that the
atrain gage reading with the crank down will be more than with the erank wp. The
diffarence should however not sxeead 003",

If a strustural ateel sub-base 18 used under a generating unit sonsisting of an en-
glne and & two-bearing generator, the unit should be inatalled in aceerdance with
Paragraph 3(a). The final alignment should be checked in mccordance with Paragraph
3{b). If the sub-bape has not been sprung in shipment or handling and hee baen in-
stalled in accordance with the instructions in Faragraph %ia), the alignment should
be satisfactory and there should be no cccaslon for changing the shimsing under the
Bub-basa .,

JERVICE FIPING

Flan all piping carefully and use as short and dlpect llnes as possibla. To improve
the general appearance of the installation, piping should be laid below the engline
room floor when 1t 1a poasible to do so. ﬁamavahle floor plates should be provided
and care should be taken that sll piping 1s ascessible.

FUEL AND LUBRICATING OIL PIPING

Bee Bectlion N for pipe sizes and arrangement of the fuel day tenk. See Section T
Tor lubrleating oll dey tank connectlona. Plpe sizes are stated in these Sections.
Frovide draln valves end vent valves vhers necessary and remove all scale and ALpt
from plpes and fittinge before inatalling.

COOLING WATER PIFING (Marine Inatallations)

Locate the sea cheat Tar encugh below the water line to prevent unsavering when the
veasal rolla. It should be provided with & coarse grating. Inslde the hull &
atrainer of ample alze should be provided with gate valves on each sides so that it
can be lsolated for cleaning. For englnes squipped with sentrifugal elrculating
vater pumpa 1t ia partisularly impertant that the resistance in the ses chest,
strainer and plping be as emall as possible. Use as few bends as possible and de
not make elther sustlon ar dlscharge piping longer than nocessary. Locate the ovar-
board dischargs not more than 3° above the water line, All velves Bhould he gate
valvea - not globe valves. Use pipe sizea called for on the outline drawing.

STARTING AIR PIPING

Alr tanka should conform to A.5.M.E. specifications and should have ample strangth
for 250 lbs. per square lneh presaurs, Each tank should be egquipped with & safety
valve and & globe valve for lsclation. A drain velve should alsc be provided at
the lovest point ard this valve should be assesslble,

.
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Tanks should be cornected to the engine starting air header using the pipe alze

aalled for on the sutline drawing. Provide a globe valve next to the engine. All

valves and fittings should be of heavy pattern for at least 250 lbs. per sq. inch

preasure. If the englne is equipped with an air compressor it ghould be connected

to the tanks with pipe of the sire called for on the outline draving and valves and =
fittings of heavy pattorn. The alr compressor dlacharge pipe should preferably be

pun to the ale tank. It should not be connected to the piping between the tank and

the starting alr header., The alr compressor unlpadayr should preferably be connect-

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

aonnegted to the compressor dlascharge Line.

EXHAUST S3YSTEM

A1l exhaust plping ahould be installed in the shortest and moat dlrest manner poB-
aible. When bands are necessary use long sweep fittings. Use the plpe alze called
for on the outline drawing for lengths up to 20' eentaining a maximum of thras
bends. For 3 te 6 bends ingrease the pipe to the next nominal size and for aach
edditional 30! length incroame by one pipe slze.

In opdar to protect the engine and piping from undue strains a length of flexlble
matal tubing should be installed ms near to the engine as poaslble. It 1a also
recommended that flanged connestions be used for eases of dismantling and cleaning.
For multiple installationa Lt 18 mecessary that separats gxhaust linss ba used.
4.1.D.E. Oo. will not approve of installationa where the exhaust plpes for two or
moTe englnes apre combined before reashing the atmoaphere.
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OFERATING INSTRUCTION

Bafore the operator attempts te run the englne, he should carafully study the chap-

tors dealing with the mechanleal detalls, especlally the governor and fuel injection
ayatam. After famillarizing himself wlth the prinasiples involved, the operator will
understand the signifissnce of the varlous movementa of the cantrol levers and will

be able to handle the englne intelligently.

ALR H =

The starting alr valves, located in the eylinder heads, are mechanisally opsrated
and are actuated From the samshaft by means of lifters or followers, push rods snd
rockers (ses BSestion H). Wedgea are Iinterposed between the 1ifters and push rods
and noreally, before the engloe is started and when it is running, the small ands of
the wedges are located betwesn the push rods and lifters allewlng the latter to be
1lirfted out of engagement of the cams by means of springa. The aterting sir wvedges
are pinbed to levers which in turn are mountsd on amd operated by the starting sir
wedge shaft. This shaft is located in the push rod compartment of the cylindar
block, approximately level with the fuel wedge shaft, on the inside. The starting
alr wedge shaft extends through the eylinder bleck and is operated by & levar loeat-
ed rt the governor end. With the starting alr shut-off valve clossd the astlen af
the vedges can be felt aa the starting alr lever is raised. Railaing this laver
movas the wvedge shaft and wedges a0 that the blg end of the wedges will be betwesn
the push rode and lifters, thus putting the latter in sngagement with the starting
alr came.

SFEED CONTROL

It 18 advisable to start the engine at a falrly slev apesd and the spsrator should
study Beotlon Q deallng wilth the governor befors attempting to start the engine. If
the anglne Is equipped with a Woodward governor the load limit lmob should be set at
4 or 5 before starting. In case the engine 1a equipped with a standard Atlas gover-
nor the speed control handle should be about half way up the quadrant.

INITIAL STARTING AWD ATARTING AFTER FROLONGED SHUTDOWN

(a) A final check should ba given all fuel, air, lubricating oil and weter lines,
giving attention to the losatlon and posltlen of shut-off valvea, cheek valves, etc.
It 18 well to trace eash systes through making sure that there ars no short elpouits
or blockagea.

(k) For the initisl starting i1t 1s well, although not abaolutely necessary, to 111
the pressure lines and passages of the lubricating oll system. For thils purpose &
emall hand operated gear pump or plston pump cen be used. When the presaurs lines
are full, & alight pressure will register on the pressure gauge. This procedurs
wlll ineure lubricating oll pressure lmmediately upon starting.

(s) Hand oil tha engine at sll the points listed under "4-HOUR ROUTINE® in the
"Maintensnce & Inspectlion® Bection. P111 the meshanleal lubrleator and turn 1ts
erank several revolutlonn.

{d) If the engine has previcusly been timed by mesns of fusl prassure or 1f 1t has
been barred over several turne 1t 1a good practice to close the spray valve lsolating
valves and open the compression release valves and then turn the engine over on alp
until any excess fuel in the combustlen chambers has been blown out,

{2} Check the oll level in engine sump, day tank or sump tank.

(£} If engine 1s padiator cooled check the water level in rediator.

(g} Bar the engine to place any one of the piatons 20° to 25° after top center.
Compresslon relesse valves should be open when barring, then closed. Thia ocpars-
tion 1s not necessary on 8 cylinder engines and can ae & rule be omitted on & oylin-
der englnes alao.)

(h) Bet governor control for approximately half speed and fuel pressure regulating
valve at the third or fourth noteh.

(1) Open the two vents on top of the high pressure fusl pump and cperate the hand
priming pump untll fuel flovs from both of these polnts. Then zlose these vents and
punp up the fusl pressure to sapproximately 1500 1lba. per sg. inch by means of the
priming pump handle on the high pressure fusl pump.

(§) Ralme the starting afir lever to the start poaltlion. The engine will then tusn

1.
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the wa¥ to zero in order to atop the snglne. If desired, the englne may be atopped
without disturblng the governor setting by pulling the 1link sonnesting the governor
linksge to ths wedge shalt in the push rod compartment of the aylinder bloek. This

vithout reaourae to the governor astion. A& col-

pulls ¢ut the fuel wedges dlrestly,
lapaible link in the mechenisr permite this astlien without damage te the gevernar

astion,
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LOWER BASE, CHRANESHAPT AND H

BADE

The east iran basse is heavily ribbed to support the maln bearing saddles and to
form & rigld structure upon which the engine is bullt. A trough extending longi-
tudinally aleng the bottom serves ms a draln for the lubricating oll, and acacmmo-
dates the lubricating oll manifeld, from which oil 1s piped to the maln besrings
and to the intermedlate gear bearinga. The conestructieon of the oll sump in the
bottom of tha basa 18 varied to sult the requirements of the instellation, thres
different arrangements belng in common uss.

() The wet sump base, whish 18 the most common application. A hopper shaped susp,
bolted to the bottom of the base and extending below the mounting foot sarrles the
lubrleating oll supply for the engine. The singls lubrisdting oll pusip aucks d4i-
regtly from thls sump and a bayonet gege in the side of the bame Indlcates tha
depth of the oil.

{b) Dry bese with separate sump. This arrangement 1s often used Tor stationary on-
ginesa, where it ip usually possible to locats & separate lubricating oil sump or
day tank below the leavel of the engine. The bottem of the base is flush with the
mounting foot of the englne, and the oll return from the bearings is piped from the
end of the drain trough 1n the base to the sump tank,

The sustlion of the lubrisatlng ol]l pump ia connected to the sump tank and the pump
discharges to the lubrleating oll epooler and the main bearing manifold in the base,

(e) Dry base with sump pump. This arrangement is used Primarily for marine englnes,
vhera a dry base angine i1s desired and 1t 1s impossible to locate & susp tank below
the level of the englne. Twe lubricating oll pumps are provided, the sump pump
scavengling the oll from the bottom of the base and dlscharging into a day tank, and
thnigrfstura pump, sucking from the day tenk and dlscharging to the oil cooler and
manifold,

MAIN BEARINGE AND ADJIUSTMENT

The erankshalt turns ln babbltt 1ined ateel backed besring shells, held in plass in
the base by the meln bearing capa. The crankshaft is located longltudinelly by bab-
bitt fages on the shells of the center bearing. The thrust clesarance 1s 005" Eo
009" when new and should not be allowed to exceed .020". 0On four, five, and alx
eylirder engines, the same shells are alsoe used on the flywvheel end bearing but
there are no mating thrust faces on the shaft so that they do not ast as a thrust
bearing.

Ad justment of the main bearings i by means of shima, and punning elsarance should
sak at 00457 to .0055" when the bearings ere Fltted. Bearlng clearances can be
apcurately messured with twe plesea of lead wire af about 025" diameter and one
inch leng, which are compreased betwesen shell and journal about 1" from each end of
the bearing by tightening the sap bolta. The thickness, messured with & micrometer,
is the running clearance. Olearances should be checked snnually, and should not be
allowed to axcesd .010%. Kaep shima even on both sidaes.

MATH HEARING SHELLA

The bearing shells are prevented from rotating in the base by the shima, and are
located fore and aft by a square hesd dowel pin 1n the betten of the bearing sad-
dles which engages a girgumferential groove around the outalds of the shell. As
fitted, the shalls projest above the base and face of the capa from 002" to 003"
on sach side, but are sgueszed down flush when the capnuts are pulled up. Thers
should not be any appreclable elesranse between the base, shim, and cap after final
tightening. The besring shells and caps are all nunbered and mist alwaye be rs-
plsced in the bsaring from whieh theay wers removed. Nover interchange them, =lther
from one bearing to another, or fros top to bottom,

AEHOWAL AND ADOEMBLY OF MAIN HEARINGS

After removing the cotter pins and =maln bearing nuts, the cap, upper shall and
shlms may be lifted out. As this cperation is parformed the posltlons of the num-
bera atamped on each of theae parts should be noted so that the parts can be re-
asgembled in thelr proper positicns. fUnless the bearing 1s canslderably worn Lt
aay not be poasible to remove ths lower shell by hand and 1t 1a usually neceasary
toe turn it out of the base by barring the engine over after Ilnserting a capscrew in
the oll hole in the Jjournal. The head of the capecraw will econtact the adge of the
bearing ahall and roll the bearing cut with the journsl,

1.
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When assasibling the maln bearing shells care must be teken to keep sll parts abao-
lutely clean. It 13 of utmost Importance that any dirt be prevented from lodglng
batwsan the shell and the saddls., Extrens sape #HUst he axerclssd in locating the
bottom shell in a fore and aft direstion befaore turning 1t into the base. Mis-
alignmant will causse the groove to mMiss the dowel piln In the base and trouble will
then ba ensountered in basking the ahell out again for ancther try.

CHANKSHAFT ALIGHMENT

The grankshalt should be checked at annual overhauls, or at intervela not greater
than TOO) service hours, for misalignment due to uneven wear of the bearings. When
the engina was erected st the factory the bearings were carefully scrapad ln, so as
to bring the bearing surface of all ahells in line. If one of these surfaces, due
to uneven wear, besomes lower than the adjacent shells, Lt is evident that the
arankahalt will be bent each time the adjacent gylinders fire and the n:mmq:n:t.j_u
Pode Coree the jJjournal down agalnet this low bearing. This condition must ba
EE:F:EJ agalnet, as neglect or lgnorance of 1t will ultimetely result in 2 broken

- | s

The alzaplest way to check crankshaft alignment is by means of a brldge gauge, which
can be supplied with the engine se extra equipment. Il a bridge gauge 1s dealred
it miat, howavar, be ordered when the omder for the anpgine is placed. It can not
be supplied later.

With the bridge gauge etraddling the journal and resting firmly eRnd squarely on the
bearing sap seate 1n the lover bass, the distance betvesn the top of the mein bear-
Ing journal and the machlned face oh the bridge gauge 1a measured by meana of &
Tesler gauge. AL the time the sngine was erected these moasurements were taken and
werea atampsd an the bridge gauge. As the ags of the engine increases the bearing
surfacea will wear, with the result that these messurements will greadually insreass.
43 long as they all inersase by the same amount the shaft will etill Be in line
howavar, and there need be no worry, aven though they do not agres with the arlgl-
nal readings stamped on the bridge gauge. But 1rf at any time the "wear down", or
differenze batwean the surrent resding and orlglnel reading varies by more than
LOOU® beatween two adjecent bearlngs, the low shell should be replaced at once and
the crankshaft re-aligned, a jJob that should be undertaken only by an experlenced
meahanle. A eareful record should Be kept of all bridge gsuge resdings taken from
time to time.

The brldge gauge measuremanta described above should be made suceessively, removing
ane bearing cap at a tlme and replacing 1t before proceeding to the next bearing.
When making measurements the crankshaft journal must be forced down ageinst the
shell by msans of & jJeck besaring sgeinat the centerframe. FProteet the shaft journ-
al with s plece of wood or shest copper. An indication of low bearing shells will
uaually be given by loossness of the shell in the saddle. If 1t 1s possible to
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fresly rotate one of the lower shella by hand when adjacent beering caps are bolted
dosm, It 1s guite probable that this shell 1s unduly worn and it should be chesked
with the bridge gauge at onoe.

If a bridge gauge is not avallable, crankshaft alignment may be cheoked with a gap
or straln gage as followa: 3tamp two center punch marks as shown 1n Fig. F-1 on
nll granksa. 3tarting with He. 1 cylinder arank, remove odjasent main bearing caps
rnd locats the crank e near lowver center as gap gage will permit. Using jack
sgrovs betwesn bearing Journsl and senter frame foree shaft agalnat lower bearing
half (protect shaft with & plece of wood or sheaset sopper) and rocord the gap BaLgE
reading. Then looden Jjackscreve and bar over untll crmank 1a on upper desd canter.
Apsin tighten jask screvs and record the gauge reamding. Repest on all other evenks.

Comparisan of gauge measursmants in upper and lowver centers will Indisste crank-
shaft alignment condltlons, Normelly the messurementa for the cranks in top poal-
tion are allghtly larger than neasurements for the same aranks in the bottom poal-
tion. However, the difference in measurement for any one erank should not excead
L0005" per inch of shaft dlameter. If this L8 the gase, reallignment of the crank-
shaft bearinge 18 indicated.

FLYWHEEL AND 0OIL 3EAL

The Clywhesl 1a bolted to the flanged end of the crankshaf't, on the timing gear =nd
of elght e¥linder engloes and on the opposite end on four, five, and elx aylinder

engines.

In the standard conatructlon, the flywheesl is centered on the outelde of the crank-
shaf't flange and the driven satub shaf't flange 1a centered by & splgot engaging the
flywhesl bore. The coupling bolts are studded into the crankahaft flange and extend
through the flywvhesl and stub shaft flenpgs, nuta on the frees eand clamping the as-
sambly together. These nuta should be tested at ssmi-annual inspections end should
always ba kept anug end asesurely sotter plnned. Dowel plons in reamsd holes extend
through the three pleges and take the torque drive. The flyvheel £33 secursd toe the
crankshaft during ahipment by twe lat head screws in countersunk holas,

In some apealal casea, partlcularly in generator drives, the crankshaft studa ex-
tand through the flyvhesl anly, and the driven shaft 18 secured to the lywhasl by
a sescond aet of goupling bolts on & larger diameter bolt airels, studded Into the
flyvheel. The flyvheel peteining nuts are recessed ints the wheel and are coverad
by the atub shaft flange.

4 labyrinth, formed by an oill throver pressged on the sutelde of the crankshaft
flapge and mating with & aplit ofl guard belted to the end of the englne base con- ~
atitutes the oil ssal sround the erankehalft at the Flywheel and of the engine. n
atendard anglnes the opposlte and of the epankahaft s brought ocut through tha base
for any auxiliary drives that may be regquired. On four, five, and six eylinder en-
glnea & key way ls provided and the delven pulley Lo pressed or clamped on the and
of the shaft. An oll thrower presssd on the shaft and a felt packed o1l rl fors
the oll seal. On eight eylinder englnes the driven pulley i3 bolted and doweled to
the end of the shalt and & atandard commercliel oil sesl is used, pressed into the
forvard end aover. If the forvard drive 18 not used 8 cap may be placsd over the
and of the shaflt.

HOTE: The torslenal vibretlon condltlons in the snglne erankehaft ere appreclably af-

fected by the dimensmions of drive pulleys mounted on the apnd of the orenkshaft op-
poaite the flyvhesl, Whenever an engine 1s eguipped at the fectory with auxlilisry
drive pulleya the torsional vibration stresses have besn sarefully ealeulated for
the particular pulley that i3 supplied. It s important therefore that no changss
in aize or dimensions be maede on this pulley unlese approval has flrat been ob-
taloed from the Engineering Department of Atlas Imperisl IMesal Englnes Co. It is
llkawise important that no sauxilisry drive pullays be added to an englne not origl-
nelly egulipped with them unless approvel has [lirst been obtained from the Atlss

Engineering Department. arinl Dilessl W .
ble for any crapkshaft breskages In cases where pulleys heve been sdded or changed
¥ithout epproval.
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Section H

The senterframs, whieh peats on the engine 'b.n_.:n and supports the aylinder blaak,
carries the samshaflt beeringa and Corms the crank case houslng. The tle boltas are
studded 1nto the base and extend up through the centerframe and Ifnte the sylinder
block, where recssags are provided Lo sach side for the nuts. The centerfrans

i lopated on the bass and the eylinder block on the centerframe by dowels. Cprank
case sgalar ls used to make the jJoints between the thres pleces, and Lf these
Jodnta are disturbed the old sesler must Be thoreughly acraped off and replaced by
new asaler when reassambling. Olyptol Lasguer la recommeonded for sealsr.

CYLINDER BLOCKE AND CYLINDER LINER3

The fndividusl o¥linder llosra are mounted In the cylinder block, whieh Forms the
watsr jacket surrounding the liners and supports the aylinder heads. & compartment
on the camshaflt slde of the cylinder block entloasa the valve 1ifters, push rods,
starting air manifold and the wedge shafts contrelling the fuel and starting air
vRlves.

The cylinder linera are speclal slloy 1ron castings, heat tresmted to relieve stras-
se8 and seaure correat hamdnessa. They are accurately machined to close tolepances
and should be hendled sarefully and ceare teken not to damage the fits at top and
bottom. OSpara linera should always be stored in A vertical position and should be
sacuraly fastened dewn 1f stored on board ship. The water sesl et the bottom of
the liner sonalste of two rubber grommets which should alwaye be replaced with naw
oneda whenever a liner 1a pulled. When lowering a liner Inte plase, grease the
grommets Cfreely with cup greass and use care to enter the grommets 1nto the eylin-
der F1t or they may¥ be plnched and damemged. The liner hes from 002" te (005
elearance in the eylinder at both top and bottom fites and no AIfrficulty should ba
encountersd In lnatalling a new liner. A& paper gaskst 010" thisk 1a used Tor ths
upper water asal between the liner and cylinder, and a nev gaaket should alwvays be
usad wvhen replacing a liner. The fits and shoulders on beth liner and eylinder
should be carefully scraped and wiped clean to asaure a water tight jolnk. Cars
muat be taken not to damage thess shoulders, se & water leak will result.

Pogkets are cut Inte the bottoms of the linera for coanacting rod clearanca, and
dowels in the tops of the liners engage keyways Iin the centerfrans and agsurs sor-
rect orlentatien of the linere. HNipples, serewed into the liners and projasting
through the side of the aylinder bBloak, feed oll to the ploatons from the mechanicsl
lubricator. Pecklng glands Torm the water as=al et the eylinder block wall.

CYLINDER HEAD

The Individual cast iren eylinder heads are carefully designed for strength and
unliform ¢coling, The area abova the liner is fully watar ?Enkated, and &8 houslng
extends out from the camshaft side of the hesd to mate with the apening in the top
of the push rod compartment in the eylinder bleck. The elx eylinder hesad bolta are
studded into the eylinder block, and the head 1s sentered by a aplgot which angeges
a counterbore in the top of the liner. A 1/32" thick copper gasket under the
spigot forma the gas eesal, and a4 soft cork gasket around the push rod compartment
opening makes an oll tight aeal at thie polnt and stlill allows the hesad to be
pulled down tightly on the eepper gasket. Brass bushings screved into the tops of
the oylinder bloak and extending up into drilled holes in the head carry the cool-
ing water into the head. They are sealed by rubber grommets, whiech should alvays
ba replaced by hew anes vhen a head 1s pulled. When replasing & head, sapefully
wips all dirt Ceom the lover surface and thoroughly clean both aldes of the sapper
gasket, as well as the aurfaces of the head s&nd liner which bear againat 1t. Al-
ways use saré to protect the splgot on the bottom of the hesd, as nicks and seratch-
g8 will result 1n a leaky Joint. FPlace hesds on wooden blocka, never on concrete
Floor or satesl deck, and uwae care that spare hesds are net damsged in storage and
handling. Covera over the tops of the heads fully encloass the valve rockera and
push rada. The covera are aplit horizontally, the lewer half bolted down against a
gasket. The top gover is hinged to the lower helf and 1a held in plece by wing
nuts, making the valve operating gear resdily accesaible for Lnspectlon and oiling.

IHLET AND EXHATST VALVES

The one plece forged stesl inlet and exhaust valves seat directly in the head and
are gulded in replacesbls cast lron bushings presasd lnto the hesd. The exhaust
valves are forged of & special heat reslatant alloy ateel and may be distinguisheda
from the inlet valves by the "EXH" amd "INL" atamped an the valve heads. The inlet
valves are forged of chrome nisckel atesl and ere not suiteble for exhaust valves.

1.



Section H

They should never be used intershangeably, except in an emergency, and then for a
ghort perlod anly.

Two concontric valve apringe ars used on each valve., They are centered by the

valve gulde and are held 1ln plase by & retealner which 1a segured to the welve atem =
by mesns of & split taper collar. Depressing the retalner againet.the spring per-

mlits removal of the collar and dlsassembly of valve and aprlogs.

If valva faces Are badly pltted they should be refaced on & lathe, as axXcesalye
grinding to remove plts will wear down the seata in the heads unnecessarlily and
will elao cut & groove in the walve face. Badly pltted scats should also be re-
faced with 4 seat reamer befors prinding, taking particular care to keep the agat
concentric and sguare with the bore of the gulds. Always finish the grinding with
fine corpound. Uase extrens care that no grinding cosmpound is introduced into the
guide, snd thoroughly remove all traces of compound when reassembling, and lubri-
pate the walve satems with clean engine odl. The valve guldea shouwld be replaced 1T
exgesalvely worn, and new guidea must be reamed to 6250" - .6255" dlameter alter
pressing In. The inlet and exhaust wvalve atems should be olled every four to elght
hours while the eagine 18 in operation. Bae detailed instructliona in Sectlon 2.

STARTING AIR VALVE

The starting air wvalve i3 seated direcstly in the head and ies guldsd by & tushing
which works in the hemd and to which the valve ster Ia slamped. Two pleton rings
form the sir seal betwean the bushing and the head. The bushing 1s sssured to the
valve by & nut on the end of the stem. Tt rests agalnet a shoulder on the valve
atem, and & plece of ateel tublng slipped over the atem serves as 4 spacer between
the tep of the bushing &nd the spring retaining washer, againat which the nut bears,
and ales a=ts s a gulde for the spring. The lover end of the valve apring hears
againat a washer which resata on the cylinder head. The valve cperating gear 1as
deseribed in Section L. The Llnstrustlons in Paregraph ¥ regarding grinding the 1n-
let and cxhauat valves apply also to the atarting sir velves., Leaky starting
valves may be detected by excesalve heating of the starting salr manifold connsctlon
leading to the walves.

COMPRESSION RELEASE QR SHIFTER VALVES

The sompresalon relesss or snifter valves are located at the bottom of the eylinder o
heads, on the camahaft aida. They pormit relesss of the oylinder pressure when

barring over the englne and are also used as shut off valves when Lndlsating or tak-

1hg coRprems]on preasures.

The hole tappad in the eylindser hesd for the snifter valve is logated at the lnner
alde of the push rod compartz:ent and the body of the valve extends acroas this com-
partment and projests sut through the ocuter eylinder hesd wall. The valve ssat Lsa
at the inner end of the bedy, and the long needle walva stem Ls threaded to the
body at its oukter end.

SAFETY VALVES

The safety wvalves ars located on the manifold slde of the eylinder heads, 1n tees
parewed Into tapped holes communleating with the cylinder combuatlen chasbers. Thay
are apring loaded relisf valvas, and serve to relleve excesalve cyllinder pressuras,
agting as telltales to indicate that the pressures are too high., The popplng of
these valves 1s a definlte Indiesation that something is wrong and should be inveati-
gated mt onoe.

The valves are adjustable by tlghtening the spring retalning cover, and should bs

pat to reliave at 8500 lba. per aquars Iinch. A sstparew locks the collar to retain
the aetting. They should be tried out occaslonally by prylng up the lower apring

wesher with a pcrew driver, to sssure that they are 1n operating sonditlon.




E3-Ed 12

Section K

FIATON AND CONWECTING ROD

EISTON

The plstons which are of the one-plece, asoclld-skirt type are made of high grade cast
iran and are heat treated to relleve stresses and to obteln proper hardneas. The
platon 1s ground straight, that la without taper, from the bottom up to the ring
belt. The slearancs in the liner is 003" to .011%. The head of the pleton being
axpossd to hlgh temperatures is glven s larger clesarance, approximately .0055" to
LO0ET par Ineh of Bore dlameter.

FISTON PI

The sase hardened and ground plston pin i1s stepped, with differential fitas in the
platon pin bosses. The fits are about Q005" to .00L5" press on the large end and
metal to metal te .001% loosse on the small end. Rotatlon of the plo in the plston
1a prevented by the engagement of a dowel whizh projects redially from the large
epd of the pin with 8 groove in the bottom of the bosa. A setecrev threaded into
the larger pln bosa enters an indentatlon in the pln to act &8 & retalner. The
acksgraw 1a 1n turn asgured by a Locknut.

EIN

Thera are 6 rlogs per platon, an oll ring sbove and below the plat pin and four
compreasion ringas. Always Assesble the oll rings with the baval ; to alida ovarp
the oil film on the upstroke and serape 1t down on the return. Wheh overhaullng
platons, thoroughly clean all carbon from rilngs and.geooves and top of platon. Fuel
depoelt on the plston skirt can beat be dissolved with aleaning solvent or palnt
remaver. Be sure oll draln holes below oll rlnga are open.

Check ringa for slde elearance in grooves and end clearmnce, as measured o place Iin
the liner. BSide glesrance should be 003" to 005" with nev pistons and rings and
cnd or gap elearanase 005" per lnch of bore diameter for the two top ringe. For the
other ringa the gap elsarance should be 005" per ineh of bore diamstar,

Rings should be dlscarded when the side clesrance excseds 008" and the end slear-
anea 00T" to 008" per inch of bore dlameter. It 1a alse & good polley to diacsard
any rings which have bgen atuck for any langth ol time as they ars apt to be out of
mound and may not hold compression. Always check new rings, measurdng the slde
clearancss, 1n the grogve in hiilﬁa EE; ring ia to I"l.l.'r.\u5 with feeler gauge, and the
and sleavance with the ring in ] ner at t amellest diameter. HNever inatall
ringe with lesa clearance than thaet glven above. A the oll rings wear the width
of the flat inareases, with conseguent deersase in width of bevel and oll scraplng
abllity. Experlencs will determine permissible wear without excesalve oll pumplng.

CONKECTING ROD

The connectlng rods are ateel drop Forglngs, eifle drilled to carery oll to the
plaston pina. Shims betwsen oot of rod and apankpin bex provide adjustment te bal-
gnee compreaslon pressursa in the eylindera to the dealred valus. The diptanse "X
[mes Plg. K-1), betwesn the top of the platon and the top
of the liner should be T7/16%. When teking seasuresent

"I" the pleaten should be at tep dead center and the sylin-
der 1liner must be Asgurely clamped down 1nto the eyllinder.
The cylinder stud nuts must also be tElght vhen making this
ad justment. The above connecting rod adjustment ahould be

[ used for altitudes from aea-level to 15007 mnd will then
produce compreaslon pressures of 400 to %10 pounds per
] agquard inch. IFf the engine ia located at higher altitudes
§ than 1500 feet above ssa-level dimension "X" should be
] smaller and in accordance with the following tabulation:
9 Altdtude Dimensicn "X
Ft. Above Sea Level Inchea
ﬁ 2000 . 3HY
4ooo 381
&000 2O
FIG. E-1 Booo 285
10030 202

A bronze tushing for the plesten pln La pressed ln the upper end of the rod. IT thias
tushing is replaced it must be reamed to allow a plston pln clearance of Q015" to

00257, Care must be teken to kasp the reamed hole exactly parallel with the foot
of the rod. The oll grooving in the bushing la carefully deslgned for correct lu-

I
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hl‘lu&tlﬂl‘l‘. and new 'EI'I.IEH_'LI‘.'I..EE Hust be Inserted in rad with the ol]l holes vartleal. A
ball check valve At the bottom of the rod preventa return of ‘the column of oll in
the rod on the upatroke. Examline these valvea At annual overhauls. The ball 14ft
should not exeeed 332"

CONNECTING ROD BEARTNGS

The srankpln boxes are atesl castings with babbitt lining centrifugally cast and
ageurately bored. No attempt should be nmade to rebabbltt these boxes in the Cfleld.
New bores may be obtained from A.I.D.E. Co. and a epedlt allowanee wlll be made for
0ld boxes returned. Bearing ad justment Ls by means of shims betwveen halves of bear-
ing. Bearing clearances when adjusted should be 000" to 0008 per inch of bear-
ing diameter.

Clearanaes arae best mespured with a lesd wire compresssd between bearing and jour-
nal, aa dgsaribed in Sestlon F. Esep the shim thickness egqual on the twe aldeas.
Inapeat the bearing surfaces Cor even bearing. Aress which are not bearing on the
shaft will be dlasgalared, and sush bearings as well as new ohes should ba earafully
seraped to aegure aven bearing over at leaast 3,.-"# af the antlirs area. End cloereRnce
is 005" to .012" and should not be mlloved to excesd .025%,

CONNECTING ROD BOLTS

The connecting red bolta, fitting in reamsd holes, hold the two halves of the
arankpln boxes togather and to the foot of the rod. ‘The nuts should be kept pulled
up tightly but not overstressed. They should not be aledged but should be pullad
up by hend with & pipe net over thres feet long on the wrench., It 1a good practiee
ta kesp a megord of the length of connesting rod bolts, measured with a mlopometer
at anmual overhauwls end to dlssard bolte thet shov more than 010" inepesse 1n
lepngth. It ia furthar resomsended that a8ll sornesting red bolts Be replased avary
Ewo years, assuming the engine to have had continueus service durdng that time, say
B000 hours or more. It La nearly alvays old Bolta that have been in service for
aome time and have been overstreased by pulling up the nuts too tightly that fail.
Eeplecing bolts as suggested mbove ia cheap insurance againat the poasibility of
wreckling an engine through connecting rod bolt fallure. Replace cotter plna sare-
fully, always using new cotter pina. Ba sure that they are a close fit in the hole
and bend the ands back tightly againat the aldea of the nut. I this work 1s 1laft
to lnexperiensed mechaniees 1t should be very carefully inspested at the complation
of the job. Alwaya replace rods, bearings and platona 1n the ey¥lindera rom which
thay were removed. All parts are numbered.



L5-Ed 14

Section L
. CAMSHAFT AND VALVE OCERATING SESE
CAMSHAFT

The canahaft la made of 2% ground steel shafting., The keywaye 1n the phalt ave 1n-
dexed for tha flring sequence stasped on the engine naseplate. Nusber 1 eylinder
is located at the governar end of the angine.

CAMSHAFT BEARINGS

The sasshaft bearinge are accurately machined cast lron blocks with presasd in
bropze bushings. Bearlig bore in bushing is reamed to 2.008" - 2.005" diameter,
which allows a running clearance of 004" to 006", If replaced the bushings must
be reamed, and oll and sounting holes drillesd through after pressing in. A groove
miat be chipped to comminlcate with the 9l1l1 hoeles 1T It doesa not interaeat the
groove in the bushing. The bearing blocks are held in mAchlned ssats cut in the
webe of the centerframe and are secured by capscrevs.

The sasshaft thrust i3 earried by the bearing adjacent to the drive gear, ths hub
of the drive gear and the and of the first cam engaging the enda of the bearing.
Various comblnatieons of thrust washers are used on different engines, and must al-
ways be replassd wvhen assambling the shaft exactly as removed. Tha firat cam
should be located on the shaft to allow 015" to 0207 thrust clearance. Ths
thruat bearling 1a olled by & line from the sight feed lubricator and the bearing

at the other end of the shaft by &n o0ll cup, which should be £111ed dsily. The re-

. maining cemshalft bearings are lubricated by apray from the sonnecting rod boxes.

Zateh basine in the topa of the bearings sollect the oil.

CAMS

The cams are accurately ground to shape After belng case kapdened. The Tuel valve
acam consliats of 8§ case hardened steal dias in vhich & cass hardened atesl tos 1a
inaerted. Thia toe controls the mctlon of the apray valve, the dlas: serving as &
base ¢irele. The ceams are & sliding or light tap flt on the camshaft and are held
in poaition by taper keys driven securely Into place after the cans have besn locat-
ad to 1ine up with the lifter reollers. The exhaust cama serve as hubs to which the
fuel ¢am discs are bolted, while the inlet and starting mir cams are machined on
oppoalte ends of common hube. Frogressing from the governor end of the engine, the
cam sequense 1a Iinlet, elr starting, fuel and exhsust on right hand engines and &x-
haust, fuel, alr starting and inlet on left hand enginsa. The fuel cams are locat-
ed on the cylinder senter linea. )

CAM WAL

In order to remove the camshaft Trom the engine 1t 1Is nesessary to remove the sen-
tarframe covers, lncluding the governor and lubrlcating oll pump assemblies, and
alsg the gear sasing. Before remcoving the latter the camshaft gear should be
pulled frem 1ta hub and the intermedlate gear and high pressure fuel pump remocved.
The puah rodes should be removed snd the lifters ralsed and clemped or blocksd up
elear of the ahaft. Hose clampe may be usad to adventage. Hemove the camshaft re-
talning boltes, and the shaft mey then be driven out. Sledge sach bearing out of
1ts seat & 11ttls At & time, uaing & timber Lnssrted threugh the door cpenings in
the oppoaltse alds af the asshterfrass. The end of the timbar should be placed as
close to the bearlng as posalble. The fits of the bearings In thelr ssate can be
ralleved somewvhat by loocsening the eylinder block nuts of the casshaft side.

CAMSHAPT DISARIEMELT

After the camshaf't has been removed from the engine 1t should be carelully measuwrad
up and an accurate aketch made for use when remssembling. Note the exact position
of each cam, the lubricating oll pump gear, thruat washera, etc. HNote the numbers
atamped cn the bearings and be sure that they are replaced in the same posltions.

If the original bearings are replaced, holes for the centerframe door retalning
bolta mist be drilled and tapped in the new bearings to match the holes In the doors.
Tee a 27/64" dArdill, 1% deep, and a 1/2"-13 tap.

The ecams are locsaned by driving against the small end of tha tapar keys with a
drift. FOR BEIGHT HAND ENGINES THE KEY3 ARE LOOSENED BY DRIVING AWAY FROM THE DRIVE
0F THE SHAFT, AND FOR LEPT HAND ERGINES BY DRIVING TowsfD THE

The anglnes are dealgnated right or left hand according &8 to whether the con-
trol alde of the engine fs on the right or left of an ocbeerver fasing the timing
gear and of the engine., The lubricating oll pump gear losated near the center of
the shalft, adjasent to ane of the exhaust ¢ama, is also secured by & tapar key.
The slope of this key is opposite to that of the szam keye 8o that the large ends of
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Section L

the keys in the gear and the exhaust cam butt against each other &nd It 1s lmpossl-
ble to drive either key out. The gear may be locsened, however, by driving It awey
From the aam, using & brass bar or babbltt hasmer.

The cams should alide on the shaft freely alfter the lkeya have bean removed, but LF
i1t should be necepaary Lo drive them of f, only & babbitt hammer or brass drift
should be uaed. Any burrs, particularly at keyways, muist be dressed down vith &
file. If this precauticon 1a not taken the cams may selze aa they are removed and
forcing the cams the pemainder of the distance will agore the ahaft. The drive
gear tub is shrunk on the shaft end aecured by & taper key, driven ln from the [ree
end. There should not be any oscasion for removing this flange, as 1t 1s not aub-
jeot to wear, and if the camshaft 1s replaced 4 new flange will be furnlshed with
the new ahalt.

CAMBHAFT ASSEMELY & INSTALLATION

Vhen the camshaft 1s belng reassenbled the same precautlons with regard to burrs ap-
ply. Coating the bore=s af the same with white lead will ald materlally in aliding
the cams inte place without meratehing the shaft. The bores of elther new or old
pEna ahould be inspected carefully for any defects likely to scratch the shaft.
Bearings and cams are instelled successively From the gear end. The bearlngs are
located on the shaft in scoordance with the aketeh made prior to disassembly, and

are locked in plase by driving in the taper keys. FOR ﬂ;ﬂﬁﬂ_ﬂﬁﬂﬁzﬁyﬂlﬂE& DRIVE EACH
KEY TOWARD OF THE SHAFT. (LARGE ENDS OF EEYS SHO FOINT AWAY FROM
GEAR END.] FOR LEFT HAND ENGINES DRIVE EACH EEY (LARGE END3

OF KEYS SHOULD FOINT TOWARD OEAR EAD,) Kote that the slope of the key for the
lubricating oll pusp drive gear i3 cpposite to that of the cama, as explained in
Paragraph 5. The parts sen be assembled by drlving the gear homs sgalinst 1ta kay.
The masgmbled camshalft is then installed in the englne. After starting each cam
tearing in its ssat the bearings are driven into place s 1lttle at & Time with &
heavy brass bar. Each bearing ahould be driven s little and then left wuntll all the
others have been knocked 1n the same apcunt s that the camshaft will net be bent.
The cam bearings will aeat more @aslly 1f the cylinder bloeck nuta are loose. Tha
gear casing and the intermediste geap ahould next be assembled and the englne tlmed
in sesordanca with the detalled instrustions given in Persgraphs 11 and 12 after
whish the governor, lubrieating oll pump and high pressure fuel pump assexblles may
be peplaced on the anglne.

VALVE LIFTERS

The stéel valve lifters work in cast fron guldes belted to the tep of the center-
frame and carey case hamlensd rollers on steel pines on thelr lover ends. Clearance
betwean lifters and guldea 1a .0015" to .0025%, between rollers and pine iz 091" o
L002%, and the plns are viveted into the 1lifter forks, with the ends flush, o that
thay may enter the guide bores.

Wedges, linked to control shalts extending along sach slde of the lifters and mount-
ad on brackets bolted to the penterframe, Are interposed between the fuel and alr
atarting lifters and thelr push rods, and provids means of control of the Muel and
aly atarting valves. The operation of the Tuel valve mechaniem is fully described
in Seetlion O under PUEL SYSTEM, The atarting elr wvalve wedges are wlthdrawn when
the engine is running. This hes the effect of shortening the push rods, and springs
under the lirftera hold the push rods and lifters up, with the rollara clear of the
cams, When the engine 1s to be started the wedge ahaft 1a rotated by means of &
hand lever on one end, pulling the wedges in between the 1lifters and push rode. The
lifters are forced down againat the cams, which then operate the starting alp valwvas,
admitting air to the cylindera In the proper aeguence for startlng the engine.

PUSH RODE

The push rods for the fuel rockera are fabricated from seamless ateel tubleg, whils
thoae for the inlet, exhaust and air atarting rockers are solld rods. Steel ends
are welded to the tublng formilng fuel pode, the lower end rounded to 1t lnko the
1ifter guide and the upper end Forming & socket to recelve the sdjusting screw Ln
the rfuel valve pocker. Sockets are serewed onto the upper ends of the inlet and ex-
haust and air starting push rods and regaive ball stude whizh are pressed Llnto the
rogkers, Fush rod adjustment is made by screwilng the sockets up or down on the rods
and 18 locked by jam nuta.

VALVE ROCEERS

The valve rockars are fulerumed on a shaft supported by a bracket bolted to the top
of the eylinder hesd. The shaft is secured in place 1n the bracket by two setscreva
and is drilled Tor lubrication, & grease gun flttlng at ane end supplylng graase Lo
the rocker bearings. Asgresse gun is provided with the engine tools and the bear-
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inga should be serviced daily. PBronze bushings in the rockers are resmed to 1.5010"
to 1.5015" arter pressing in, which allows .001" to .0025" clearance on the shaft.

Tha cesz hardened rollere on the valve onds of the inlet and exXhaust rockera wobk
directly on the ends of the valve stems and turn on headed pina, secured In the
rockers by cotter plna. The roller clearence on the plos 1s .0005" te ,O015". A
hardened stesl button pressed into the air starting valve rocker bears againat tha
valva stem. A secondary mosker 1s used for the fusl valve, mounted oh & ahalt ecap-
ried by & saparate bracket. The meln rocker besars down on one end of thls second-
ary rosker, the other end of vhich 1irfts the apray velve as the mechanlam operetes.
The astlion i more fully described in Beetleon 0. The bronze bushing in the aepcond-
ary rocker should be reamed to .7500" te .T505" after pressing in, which allova
L0005 o 0015 sleerance. The shaft is held between the bearing retaining bolta.
An oil hole 1ln the tep of the rocker provides fer lubrlsatlon and should be hand
opiled deily. Both rockers arae ateel forgings, and the bearing surfases Are ca8e
hardanad.

TIMIKG GEAR TRAIN

The camshaft 1a driven from a gear on the crankshaft by means of an intermedimte
gear, On Tour, Five, and six cylinder engines the erankshaft gear is ahrunk on the
shaft. If replaced the nev gear should be heated to approximately G007 P. and
glipped over the shaft. Do not overheat the gear, as this will damsge the steel
structure. Onee 1t 1a atarted on the shaft move 1t immediastely to ita finel posl-
tion egainst the shoulder at the £it, as it will be lmpossible to move Lt Turther
anea it begins to cool and melze the ahaft,

On elght cylinder engines the crankshaft gear is split, and 1s held la place on the
ahaft by aplit cecllars clamped over each and of the gsar.

The intermedlate gear turns on a4 pln mounted In & bracket bolted to the end of the
centeprfpame, The bracket ls positloned and dewseled to the centerframs to allow
LO06" to 008" gear backlash, and the pin 1a retalned In the bearing brecket agalnat
& shoulder by mut and vasher on the end of the shaft. Radlal clearance between geer
end and pin 1a .0015" to .0025", and aide clearanse 1e 1/32". Laubrication is posai-
tive from the sngine force feed system.

The camshaft drive gear L2 bolted and dowsled to the hub shrunk on the end of the
camshaft. Tnleas the arankshaft or camshaft geara are replaced these dowels nead
not be disturbed, but ir either of the gears 1p replaced the canshaflt gear must be
redoweled to 1ta hub, after the shaft has been timed ln ageordance with Instructlons
in Parsgraph 17. Use a #U (.368" Dia.) drill and resm to .3T27-.373" dlameter Cor
3/8" dowvals.

CAMSHAPT TIMIEG (Reassembling with Original Oears)

In erdsr to time the englne it 1s neceasary to poaltlion the cemshaft gear on 1ts hub
and to mesh the gears so as to obtaln the acorrest relation between the two shafts,
and then to edjust the push rods to open and ¢lose the valves at the correct pointa,
Unless the crankshaft or camshaft gears have besn replaced the camshaf't can be cor-
rectly tlmed altep ovarhauling by meshing the gears according to the tindlng marks
that were stamped of the gear teeth when the englne was epected. Prlsk punch marks
are stamped on the epnds of the mating testh on the crankehaft, intermediote apnd con-
shaf't gears. Thres teeth are atemped at each meshing polnt, a tooth on one gear and
the two straddling testh on the mating gear.

CAMBHAFT TIMING (Reassembling after peplasling geara)

If either the crankshaft or camshaft geara have bBean replaced, the camshaft can be
timed as follows:

{ui Spot No. 1 piston 2%° B.T.C.

k)] Set the camahaft gear relative to 1ts hub aso that alamping bolta are approzi-

mately 1n the center of the slots. Orlent camshalt gear ao that old dowel
holes will not interfers with redowellling.

(2] Turn the camshaft (with intermediate gear out of meah) so that the inlet and
exhaust 11fters of Ho. 1 oylinder are sach ralssd &n equal distsnce. [(NOTE:
The platon was fet &t ff“ B.? ¢, as thia 1a the mean position betwsen the 10°
B.T.C., opening of the inlet valve, and the 50 A.T C., closing of the exhaust
valve, and at this position both valves should be open an agqual ﬂiEtHnGB.J

[d]) Holding srenkshaft and camshaft in above positlons and allewing cemshaft gear

to allp on 1te hub a8 regquired, mesh the lntermediatse gear and tighten the

clamp belts between the camshaft gear and hub. After a1l walves have beean
timed and checked, drill and reem the dowel holes as deseribed 1n Faragraph

14,

3. -
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. NALVE TTIMIMNCG

SEUTTING THE FISTOR

Belore proceeding with the dlscussion en valve timing the following inatructicns re-
garding the sorrect method of spotting s platen ahould be conpidepsd, WVhenavar o
platon La to be spotted lor wvalve setting 1t should be brought inte poaltion by
turning the engine in the direction of rotation in order to teke up all gear back-
laah. IF the engine is turned paet the desired position, i1t ahould be turned weil
back in the opposite directlon, and then again brought up to the required polint.

POINTER LOCATIOHN

The location of the flyvwhesl pelnter should be chacked oacanlonally by "splitting
the centgr‘. With cne of the eylinder heads removed erank the engine to & pelnt
abgut 20° off top ecenter. MHeasures the exact distance Fram the top of the liner down
to the platon and obearve the polnter reading on the flywheel. Then aet the platon
Lo Tthe same dlatanee below the top of
tha linar on the other alde of top cen-
ter and observe the flywheal pointar
reading. If the readings do not agrae
ad just the pointer to give aqual raad-
inga on @ach alde. The poaition of the
platon ahould preferably be taken with
an Iindlecator and iln sach case the pla-
ton should be eranked upward Inte posi-
tlan.,

The valve timing may be determined from
the markings stamped on the flywheel,
a3 Llluatrated 1n Flg. L-1. The top
cantar of edash platon or palr of pla-
tone l1a marked with the platon mumbers
(Ho. 1 18 an the timing gerr snd of

the engine), and degres marks are

stamped on each side. The graduations FIG. L-1
gre by degrees, and sach rifth degres
i1s marked with & numeral. The correct valve timing i given in the following table,
and la stamped on the nare plate of each engine.
Starting Adr Valve Opens - - - - - 109 & . T.C.
" i " Qloses- - - - - 552 o 609 B.B.C.
Inlet Valve Opens- - - - - - - - - 109 B 7.0
B H Oloaea - - - - - - - - %80 a B o,
Bxhaust Valve Opems- - - - - - - - %50 B R o,
- "  Qlome’m - = - - - = = 50 8 P,
Fusl Spray Valve Opens - - - - - - ses engine name plate
" " "  Closes- - - - - - 3€e englne name plate

INLET AND EXHAUST YALVE TIMING

After the correct relatlion between the arenkshaft and camshaft has been determined
688 deacribed 1n Paragrapha 11 and 12, the push rods must be adjusted as followe:
[Bee Bectlon O for timing of fuel apray valve.)

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

bl Adjust inlet pualy rod ac that valve is just cpening.

¢] Spot plston at 5% A.T.C. en the suction stroke.

d]| Adjust exhaust pushrod ao thet valve is juat closing.

ﬂ; Chack clesranee betwesn valve stems and rosker rollers. The cams ape dea-
signed for 1/32" elsarance with the valves set as mbove and with the sngine
2old, but This will vary somevhat due to manufacturing toleranses. When =slke-
ing the adjustments alm st the cpening and closing points btut keep the clear-
Bnces batween .020° and .040", varying the opening and clesing points slight-
1y 1I neceasary. Exceaslve clesrances mean a nodlsy engine and lnoareased wear
on parta. Insufficlent clearences prevent valves from seating properly, vith

§ consequent blowby and deatrustlion of valves and seata.

(T} Cheek and record. closing point of inlet valve and opening point of exhaust
¥alve. These pelnts should rfall within 5% of the posiltlon given in the tim-
Ing tabla.

(g) Adjust and record valve timing for the other sylinders as sbove.

STARTING ATR VALVE TIMIRG

[a) Block the atarting valve vedge shaft in its starting position.
tt] Zpot platon at 10Y B.T.0. st the end of the rompreaslon stroke and adjust the
pushrod 80 that the valve 18 juat opening. Cherk the closing polnt, which
~ abould fell within Y of the positlon given in the table. (8ee Paragraph 15).
e} Adjust and record starting asir velveas for the other eylinders as above.

4,
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Section N
FUEL SUFPFLY SYSTEM
T r— .

The complete fusl aystem may be convenlently divided into two parts, the fusl supply
syeter and the fusl ingﬁctiun ayatem. The Muel supply systen la mads up of the fuel
translfer punp and the fuael day tank and filter; while the fuel injection aystem in-
gludea the high pressure fusl pump, the fuel rall, or accumilator, the fuel preasurs
regulating valve, the fusl spray valves, and the necessary connecting tubling.

IMPORTANCE OF CLEANLINESZ IN FUEL HANDLING

The high pressure fuel pumps and fuel spray valvee have been pefepred to aa the
heart of the DMesel englne and the propar funetloning of thess parts la necoasary
for the succassaful oporatlion of the engine. Theas pumpa depend upan lapped plungers
working in eylindears with clearances measured in hundred thousandths of an lnch and
it 1a vital that the fuel entering thess parts be kept frees of mny grit or Corelgn
matter. The engine 1a equipped with a filter and a strainer for thias purpoaes but 1t
is alao neceapary for the operators to uee every possible care in getting clean fusl
oll and in keeplng 1t clean until 1t 18 dalivered to the engine. PFuel tanks and
plping should be thoroughly eleaned vhen fnatelled and ahouwld be kept coversd at sll
times.

Tha fuel filter should be periodicoally clesaned and serviced sccordling to the detall
instructiona given in Faragraph 3. The beat Fllters obtalnable will be useless 1T
dirt ifp introdused into the fuel after 1t has passed through them, and 1t L8 thepa-
fore of great lmportance that every effort be made to protect the fuel pipes after
the filter during repalra and coverhauls. OCleanliness in handling fuel, plping and
injecticn equipment 1a of vital importance end will peay good dividends in Erouble-
fres operation. Many times myeterdous and expensive pump and fuel spray valve
trovblea have been trased to sareless handling of fusl end carelessness in storlng
and installing apare parts.

FUEL TRANGPER PUMF

Tha fuel transfer pump, vhich ls mounted on the
gear saalng Just below the govermor, ls 1lllua-
trated in Fig. F-1. It ip an internal gear type
purp, similar to the lubrleating oll pump, &nd
ia driven from the camshaft gear.

Heferring to Flg. R-1, the fusl pump assembly,
sonalating of pusp (4), sdapter (3), and bearing
[#£) i3 bolted to the and of the gear casing.

The bearing is located and doweled to the gear
casing to allov .004"- .00G" backlash between
drive gear (1) and the cemahaft gear. End
clearance for the pump roter should be Crom 001"
to .00%", mnd is determined by the thickness of
gasket (7). If replaced, measure the old gae-
kets with a micrometer and replace with exactly
the sams thickness. The pump shaft rotates on
bronze bushings prespad into the bearing and
adaptor, and 1f rﬂElﬂGﬁﬂ the new bushlnge =must
be reased to (G250 - 62557 dismeter after
prasalng in and with the two plecas bolted to-
gether. The bushings mist be losated In The
bores in mccordance with the dimenslona glvwen 1n
Fig. N-1 in order to allow the correat space Fop
o1l seal (5). The two bushings in bearing (2)
ara pressure lubricated from the englne olling FIG. H-1

ayatem and the btushing adjecent to the fuel pusp

is lubrieated by fusl oll. The oll seal prevents leakage of fuel slong the shaft,
gnd any elight lesksge past the seal drains off through hole (6). Thie connsction
may be piped off to a drailn pan if desired, but should never be plugged, as the Tusl
oll may then be lorsed through into the engine and will dillute the lubricatlng oll.

FIEL OTL DAY TANE AND FILTER

The fuel o1l day tank and fllter are shown in Fig. N-2. 4 contlmucus flow of fusl
oll from the fuel transfer pump enters the unfiltered fusl compartment (&) thrﬂu?h
tube (1). The metal edge type Cfusl Filter (2} 1s mounted in the side of tank (6).
It has 003" spacing and Ls provided vith & sleaning knife (3}, cpersated by handle
{8), vhich scrapes the dirt and nuck off the outeide of the cleaning spool. The
handle should be turned every lour or five hoursa, and should always be turned im-
medistaly after stopplng the engine, &8s the dlrt can then asttle freely through the

1.
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FIG. H-¢

quiescant fuel. The dirvt
and sediment collecta In the
pludge compartment at the
bottom of the tank, and
should be drained off
thraugh sook (17) at fre-
quent intervale. This may
be done to edvantage when
the engine 1s running, the
preasure 1n compartment (4]
assuring thorough ¢lsanlng.

After pasaing the flilter the
fusl flows through hole (10)
into the clean fusl compart-
ment {7), and then to ths
high preasure ffusl pump
through pipe [1%). This
plpe la msrawed into mount-
ing bracket {12) vhich forms
the bottom of the tank. Com-
partment {7} can be dralned
by removing plug [(11). The
excess fuel from the trans-
fer pump passes through re-
11ef walve (16] and returna
to the service tank through
overflow pipe (9). The re-
1lef valve #nelntsins a8 prea-
surg of & lha. per ag. 1m.
in the flltered Tuel aom-
partment. When the high
prasaure system of the an-
gine is being primed alr ias
admitted to compartment (T
through tubes {14) and (15),
allawling the fusl to flow to
the priming pump. The chack
wvalve 1n tuBe (14) parmitas
sucking alr when priming and
prevents escape of fuwel o1l

when the englne 1s in operation. When the englne starts the alr in cospartment (7)
esgaprs through tuhe {(15)}. The pressure 1n filtered fuel compartment [T) assures s
continual flow of fuel thr tubgs (15) inte the overflow pipe, vith no poasiblill-
ties of reverae flew of unfiitered fuel from the everflow pipe to compartment (7).

FUEL PILTER (SPECTAL)

On some engines built to government requirements the Tuel day tank with bullt in
filter is onitted and & Purolator duplex metal edge type filter 1s used Instead.

The speoial filter 1a of full duplex construction with bullt in awitch-over valve
vhich mllows either unit to be cut out for cleaning. When the handle 18 vartical

the flew ia through both unlts,

The filtering element is made up of & Flat metal

ribban wound around a central spool, mdjacent layers being slightly separated [oom

sach other by malsed rldges running acrosa the ribbon.

The succesalive layera af the

ribbon are spaced .001"™ apart end it is thess apeces thet form the Flltering medlum,
the fuel oll Tlowlng thesugh the epaces and leaving the 4irt on the outalde of the
apool. The slements are made double, that is with two concentrle Fllter spoocls to
aonBEPYE SpAcE. The necessary cleaning interval for the elements willl depend upon

the fuel used and will be detersined by exparience,

this may e altered to sult conditlions.
and thoroughly veshed out in clean fuel oll or clesning solvent and then blown out

wlith sompressad aire.

fnce a4 wesk 1s sugpgested, but
Tha elements should be removed for sleaning
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Section O
FUEL INJECTION SYSTEM

FUOEL INJECTION 3Y3ATEM

The common rall fuel injestion syetem used on the Atlas engines 1s one of the mosat
rugged and reliable of the various ayatema in uae on modern Dlesel engines. Like
any good piece of machinery 1t must be kept in proper ad justment and repalr, how-
ever, and the smtisfactory coperatlon of the angine is more dependent on the proper
funetioning of the injectlon system than on any other part of the sguipment. It 1a
therefore covered in seme detall in the following descriptlion, and it is particular-
1y pecomEmendsd that sapeful attentlion be given to this section and that the inatrue-
tlone given herein in regard to ad justments eto., be very carefully followed at all
timam.

BErliefly deasribad, the commen rall injection syatem conslsts of:

la] A high pressure pump sapable of develeopling saveral thousand pounds pressure,
and with a capaclty Ln exeeas of the fuel requirementa of the englne.

(b} The accumulater or rall te whish fuel 1a fed from the high pressurea fusl pump
and from which high pressure linaes lead the fuel to the apray velwves,

{2} The mechanlsally operated spray valvea, one In eash oylinder head.

id} Mechanlcml meana for op=ning the spray valvea at the proper time in the pls-
ton cyele and for holdlng them open the length of tlme neceasary to Inject
the exact amount of fuel required to carey the lomd that the angine is pull-

ing.

(] A pressure regulating or bypass velve, for the purpose of controlling the
prassurs in the injection ayatem and bypaasing the fuel delivered by the pump
in exeesa of the engine regquirementa.

HICH FRESAURE FUEL FUMFP

The M,E_h presaura el pusp haa two
lapped plungsr type pumps, actuated
from & arankshslt 'Eljl' means of gonneat-
ing rods and croas headas. The unlt 1a
gnclosed in & houslng which L8 Bolted
to the gear caslng on Ehe manifald
aide of the snglne. The drlve gear on
the end of the crankshalt meshea With
the Lntermedlate camshaflt drive gear,
and the housing ia positioned and dow-
gled to the gear caslng to allow 004"
to 006" backlash in the geara. &
small hand operated plunger la also
tuilt inte the pump, and la used for
priming the high pressurs [uel ayatem
prior to starting and to bulld up
pressures in the aystem wvhen timing the
engine or testing the spray walves.

The construction 1s illuatrated in Fig.
0-1. Crankshaft bearings (1) and (6)
in either end of the housing are sspa-
rate castings, bolted to the housing
and bronze bushed for the bearing sur-
facea. If replaced the hushinﬁa must
be reamed to 1.6250" to 1.G6858% and
1.5000" to 1.5005" diameter, after
pressing in. The larger dimension ia
for the bearing in the gear end, which
alao carries the mounting flangs by
which the unit 18 attached to the gear
aasling. Both besrings ara pressure
lubrieated Crom the engine Corce Fesd
eyetem, and oll holes through the
erankehaft carry oll to the erank pin
bearings. The cennscting rode ars al.
g0 drilled, and Ceed all up to the
needle bearings at the wrist pine.

A draln hole In the gear and bearing
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returns the all to the engine. Fuel lesksge from the puspe eollects in the uwpper
pompartmant of the pump housing and Is led off through & drain hole.

Bronze connscting rodas (2) have Q015" to .0025" ¢learance on the crankpina and
008" to 008" side clemrance. Beaplng adjustment is by shims., IFf the wrist pin
tearings are replaced they must be pressed lntoe the rods with the oll holes on the
horieontal axis. The replaceable bronze sleeves (3) on the eross heads have from
L002" to 004" zlesrpance in the guide beres In the housing. They are held 1n plase
by shoulders at the bottom of the cross heads and by oll guarda fH] and plugs [5)
at the upper anda. Lubrleation ip From the welst pina.

The two identlonl pump units apre shovn In spnlarged detall in Filg. 0-2. Each aon-
alata of head (#3), plunger (28] and barrel f?h? and valve cege [10). The hesds are
mounted in houslng sover (22) and are retalned by nuta (21). The pump barrels and
valve ceges are screwed lnto the hesds. Stralght thresds sare used on the pump bap-
rela, copper gaskets making the seal, and taper pipe threads sare used Tor the cages.
The priming punp unlt 1s also mounted in one of the pump heada, the corresponding
hole in the other head belng closed with m plug. Ddacharge tee (15) is used on one
of the pumps only and the vertlical cutlet connected to the accurulator mnd the horl-
zontal outlet to the discharge of the other pump.

The pump plungers are held down against the croas heads by springs (28], retained to
the lower enda of the plungers by horseshos weshers (30). The plungers are raised
by the cross hesds on the discharge stroke mnd are returned on the suction stroke by
the springs. The plungers and barrels are lapped together in mateched palrs and are
not interchangesble. Always wse care to prevent mixing them and to prevent damage
to the lapped surfoaces. If elther plece becomes scored or damaged both must be re-
placed, Always wash parts theorcughly in clean solvent or fuel oll and lubrisate
with clesn engine oll befors replacing. Avold toushing the lapped surfaces with the
hands, and avold entering the plunger into the barrel unless both are abeolutely
clean and lubricated. AlwWays Keep spare pumpa well greased and wrapped 1n waxed

papar.,
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FIG. 0-2

When dismsntling the pump, housing cover
(22) with the pump assemblics attached may
be removed ma a unit. Hold the pump plung-
era in placa a3 the unlt Lls 1lifted, as they
will drop out of the barrels whan fres of
the cross heads and may then be damager.
The lower end of the priming pump plunger
may be dlsengaged from its operating fork
B2 the unit is raised.

SBustion valvea [9) and dlschaprgs valves
[13) are losated 1n valve cages (10}, one
to each pusp unlt, as previously mentionad.
(See Plg. 0-2.) Fuel under & slight head
Tram the tranafer pump and day tank unit is
aupplied through port (11). The surticon
valve ia guided and ssated directly in the
cage, and valve spring (8) is enclosed by
bonnet (7}, which prevents external lesk-
age. A flat along cne slde of the valve
atem permits displacement of the fusl in
the bonnet apace as the valve stem moves in
and out. The discharge valve is fluted and
i3 gulded in a hardened steel seat [12),
which is pressed into the walve cags. The
valve 1ift la limited by the lover end of
discharge fitting [146).

RBeferring to Fig. 0-2, both suction and
discharge valves are ssresalble through the
discharge cpening after removal of dlscharge
fitting (161, whish 1a sscured to the valve
E!Eu by retalnlng nut (15) and split ring
[1%). Walve leakage as evidenced by low or
erratlc fusl pressure can uwsuslly be atop-
p=d by lapping the seats lightly with fina
grinding compound, but if this dees not cor-
rect the difficulty the entire walve and
cage assembly should be reploced. Be surs
that all traces of grinding compound ara
thorpughly washed off st completlon of
grinding operation. If the lower and of tha
discharge fitting sbove discharge valve {13]
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shows algna of heavy hammering this ias uauall{ due to dlassharge valve ssat [12) be-
Ing looae In the oage. The cage and seat must then be repleced. An suxilisry dis-
charge valve (17), loecated in the discharge valve fitting makes the pump less sensi-
tive to leakage of the regular valve. It is held agsinst its sest by spring (18),
which bears agmlnst the end of the fusl tuba.

Referring to Fig., O-1 priming pump plunger (27} iz actusted by linkege from hand
lever (25). (8ea Fig. 0-1) The upper end of the plunger 1s formed as & valve head,
which engages & seat in the barrel, preventing leakage when the engine is 1n opera-
tion. Leskage mey be stopped by lapping lightly with fine grinding sompound. Pack-
ing (29) at the botteom of the barrel sesls the plunger when tha pusp Ls in use.
Vent pluga (20} in sash valve hesd should be lopasnsd vhen priming the sngine to al-
low the eacape of alr entrapped in the fuel ayatem. Tighten the plugs as soon as
solid fuel appears.

The high pressurs fuel pump has been designed to glve long troubls-free performances
provided that it 13 given ressonabls care. Water, dirt and other imparitise in the
fuel will materimlly sherten the life of the plungers and barrels. The normal work-
ing pressure 13 #0000 to S000 lba. per sguare inch but the pamp 19 capable of bulld-
ing up pressuras far in excess of this figura. Careloassness in the cars of tha
pregeures regulating velve, may cause 1t to becoms ineffective, and therresultlng
high pressurs may injure the pump and alsco demege other parta of the injectlon ays-
tem., It I8 coneequently lmportant that the fuel pressure regulating valve be kept
in good operating sondition ao that excessive pressures may hot be bullt up, with
copaequent demage to the puspe and other parte of the lnjeation ayetem.

ACCTHULAT OR

To prevent large pressure Cluctuationa 1n the Iinjectlon saystem each time a spray
valve opena or a pump dellvers fuel the volume of the system 1las increased by the ad-
dition of an agcumuilator. The fusl in the agcumalator, dus to its compressibility,
tends to meintain a constant pressure in the fusl system without mpprecisble flue-
tuwatlieons. The accumilator i3 located in the push red compartment of the eylinder
block, Just below the starting eir manifold. It is mede of 24" 0.D. aecamlesa atesl
tubing with pluge welded In each end. The sscumilator aleso asrves as & "pall" dia-
tributing the fuel to the various spray valvas.

INJECTION TUBING

All of the high pressure lines used in the injection aystem are seamless steel tub-
Ing. The é&nds are Formed by breazing unlon slesves to the tubing, and union nutm
fasten theas ends to the varlous flttlings. 15" o.n. = 065" wall thickness tublng
Is used. & high grade tubing 1s used, made especially for this servipe, and stand-
ard seamless ateel tubding ahould never be subsatituted.

The importance of keeping the injection linea clean cennot be oversapheaized. When
an Injeetion lline la remcoved Prom the snglne the open enda should be covered with
clean paper which should not be remgoved untll the tublpng is to be pleced on the en-
Eine agalin., If there 1s any doubt as to the ¢lsanlliness of an Injectlon line L1t
should be thoroughly cleaned before inatalling. To clean a line it should be washed
repeatadly in cleaning selvent or gasoline and ahould Be blown cut with an elr hose
between each washing. This clesning process should be cearried on until there 18 no
unsertalnty as to the clesanliness of the tublng.

The high pressure fuel tubes from the pump to the sccumilator and from the asaurmila-
tor to the pressure regulating valve are carrled through the oylinder block wall by
gpeclal through type elbew fittings, with union tube conhestlona a8t sach end. Iso-
lating velvea 1n each of the injestion lines Crom the rall to the spray valves per-
mit sutting off the fusl to any sylinder. They are gland packed needls valves, lo-
cated nesr the top of the gylinder bleock, with the stem and stulflng bex projectlng
throuwgh te the sutalde of the bloek. The tubeas Fron the spcoumulatar leaad to the -
lower connectlons of the valver and extenslon stems screwed lnto plpe tapped holea
in the tops of the valves project up ints the eylinder haada. Injection tubes lead
from the ends of these stema to the apray walvea. A double lasclating valve la alao
provided, connected into a line leading from the ends of the fuel sccumilator., One
sonnectlion leada to the fuel pressure geags, and the other provides an cutlet for
teating spray valves, s described in Paragraph .

FUEL PRESSURE REFULATING VALVE

Injection pressurs control ia afforded by the adjustable pressure reliaf wvalva.
This valve is of the by-pass type In which the opposlng forces of & apring end the
fuel pressure acting on the stem of A needls valve maintain sonstant fusl pressurses.
If the pressure startes to drop the epring closes the needle slightly redusing the
arount of fuel by-passed with the result that the pressure is held constant.

- I8
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Referring to Fig. 0-% the rogulating valve is built around valve body {?}. The
hardened steel valve seat [E?nin held between the body snd adapter stud (9] whiech
aserews on the bottem of the bedy and through wvhich passage (18] allows the by-passed
fuel to sscape. Fuel inlet elbow (16) is thresded into the alde of the body, sup-
plying fuel to the annular apace around the redused sectlon of the walve atem (1T).
The top of the body 1s bored to pecelve atem packing (15) and packlng gland {14).
Zarewed to the top of the body 1s rellef valve spring cage (5). This cage isn
sorawed down upon the drain eup holding the latter in place against a shouvlder on
the body.

Cage [5] carries upper spring seat (%), Spring
(11}, and the lower spring seat. Valve spring ad-
Justing screw [13) which is bored to receive the
upper end of the valve 18 threaded into the bot-
tom of the lower spring sesat. A small machine
screw ln the lover spring ssat angages & alot in
the cage and prevente rotation of the asat whan
the adjusting sarew 1s belng turned. The bearing
speenibly which holds the control handle and saco-
tor (1) 1a theeaded to the upper end of cags [5).
The lowar part of the control hendle la shaped to
form & sas Whish setustes the upper apring as=at.
A apring loaded pawl (10} in the handle engeges
testh 1n amsetor [1] so that the handle will rae-
maln in pesltlon after 1t has been adjusted. &
downward Toroe on the end of the handle pulls the
pavl svay from the sector and allows the handle to
be lovered.

The injection pressure is normally changed by mov-
ing the handle up or down. Moving the handle in
an upward direction inersasss the presaurs, doWh-
ward movemsnt lowers the pressure. The preasurs
inereass oF desrsass per noteh 1s approximately
00 to BOO 1be. However, the pressure 1n any
?utﬁh mey be changed by means of adjusting screw
133.

Facking {1'5-] wWill need replacing when the fuesl
leakage arpund the valve stem (17) becomes exces-
aive. Tighten the packing gland Jjust enough to
prevent leakage. HNever attempt to stop leakage by
tightening the gland severely wvhen new packing 1ls
neaded. A loas of fusl pressure cen often be
traced to dirt lodged between wvalwe stem (17) and
the seat (E). Thias condition cen be remedied by

FIG. O-3 removing adapter stud {9) and valwe seat (H) from

the bottom of tha relief welve and thoroughly

cleaning the valve and its seat. Occasionally it may be necessary to lap the needle
and ite seat to prevent excessaive by-passing and a low fusl pressurs. After per.
forming this ocperation all treces of grinding compound ahould be carefully waahed
off before the valve is resssembled.

SFRAAY WALVES

The purpose of the aprey valve [or fuel injectlon valve) Ls to meter the fuel ac-
purately, to deliver it prealsely Bt & definite moment, in a definits time into the
copbustion chasber In the form of & Finely atomlzed apray. It might be stated that
the sucoesaful oparatlen of the engline depends upon the proper functioning of the
apray valveeg more than on any other 1tem, If the ernglne doea not perform properly
and the exhaust im smoky, the funptlonling of the fuel valves should be checked firat
of all. In the great ma jordity of cases serviging the fusl valves and making them
function properly corrects the trouble.

Fundamentally, the apray valve ls s heavlly spring loaded needls valve., Referring
to Fig. 0-4 the seat of the needle valve ip incorperated in the tip or nezzle (1)
just sbove the entrances to the spray orifices. The lover emd of valwe body (U4)

i1g aounterbored to receive the end of the epray valve tip. A shoulder on the epray
tip (1) which i1s gentered in the counterbore, 18 held sepurely ageinst the lowep
end of the body by nut (2). Velve assembly {3) 1 msde up of two mestions. The
lower gaction has & conieal end which 1a ground to the seat in the apray valve tip.
This lower stem section Ls pressed into an axtenslen (10) whiszh Ln turn 1s screwed
into n sdjusting nut provided vith & shoulder at the lower end. On top of the
shoulder La mounted & ball type thrust bearing whiech ls the lover retalnsr for
spring (9). Upper apring retalner (17) savews inte the upper end of walve spring
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casing (13) which in turn 1s threaded to the upper end of valve body (U).

Leakage wpward along

Fuel is carrisd from thia

(3).

pace purrounding stem

} held betwesn an upper and lower glamd and ae-

The flange used for clamping the valve 1s drilled and tapped to recelve fusl slbow
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REMOVAL OF SFRAY VALVE FROM ENGINE [2ee Flg. O-4%)

T.

{8) Remove the two capasaraws holding spray valve rocker bearing (43} in place, and
remove the bearing and rocker assembly.
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1.

(b) Diasconnect the injection line {(4%) from the top of the spray velve filter.

(2] Lopssn the glamp nut and remove clamp I:],:I.} mnd bridge [U4).

[d) Remeove the spray valve from the heed. It may be necessary to work the valve
looss by rotating 1%t beck and forth end in some cases to pry 1t upvard with &
tar to remove it., A8 the walve is 1lifted out of the head note whether copper
paskat (5) remains in the hole or somes out With the valve.

TEST EQUIFMENT

All the parta for 4 spray valve test atand are 1neluded in the tool squipment sup-
plicd with the englne. The apray teat clamp which holds the spray velve directly
below the flanged sectlion of the body should be mounted on some convenient location
near the engine. The long stud supplied with thia eguipment acrews into the outar
and of the clamp. The test handle {3 supported on the upper end of the stud by m
nut which can be acreved up or down oo the stud until the desired helght of fulerum
has been obteined. Fusl i3 supplied from the extra fuel reil walve through & length
of tublng supplied with the ftool eguipment. Puel pressure la obtalned by means of
the hend operated priming punp bulilt fnte the high pressura fuel pusp. o teat &
apray valve procesd as followe:

(] Clamp the spray valve in the test stand and connect it to the fuel rail.

(k) ©lomsa mll the isclating velves on the fuel mail end open the walve which sup-
plies the teat stand.

(2] With the priming pump bulld up a pressure of about 2000 to 4000 1ba. per aguars
inah.

[4) Open the walve gulekly thres or four times by hitting the end of the teat handle
pharp blows with the Tist, watehilng as the walve operates to see I & fine fuel
ppray comes out of eash hole in the tip.

[] Wipe off the tip parefully, pump up the pressure to about 4000 1bs. per aguare
Ineh agaln and operate the apray wvalve As deasoribed in atep I{d_:l until the pres-
sure hee dropped to about 2000 1bs. per aquare ingh. Then watch the bottom of
the tilp for a perlod of time to see IF drops of fuel form, lndiceting tip lemk-

ags.
CISASSEMBLY OF SPRAY VALVE (2ee Fig. 0-4)

If the sprays are not uniform, 1 cone or more orifices are antirely plugged up, or
if drops of fuel form on the end of the tip after testing as desaribed in step (&)
of the preceding aestlon, the spray valve must be taken apart and servised. Frosesd
as follova:

(8) Clesp the spray valve at the flanged seetlon of the body in a vime,
{b) Onacrev uppar spring retainer (12) with a sultable pin or drift.

{2) Loocsan paoking nut (3) and remove stem mssembly (% and 10) together with the re-
iner faE]. apring (9] and thrust bearing El#f.

{d) Unacrew walve seat mat (2). Spray tip (1) will usuwally come of f with the nut.

{a) Drive the tip out of the nut with the punah supplisd foP this purpose 1n the
tool eguipment. Use care not to damage end of tip.

{f) Claan the outer subface of the tip with & wire brush, Alpping the tip Llats
eleaning solvent or fuel oll Trequently during the brushing.

CLEANING THE SPRAY ORIFICES

IT the sprays are not uniforda or an arifice 1a plugged up the holea in the apray tip
mnusat be eleansd. Agaln, I 1t i neceasary to disassembls the apray valve for scme
other reason such aa leakage, L1t ls good practice to clean the orifices at the ssms
time. It sometimes happena that all of the orifices become slightly clogged with
the result that they deliver less fuel. Such a condition cannot be detected when
the spray valve la teated but Lf the holes are cleansd every time service work ia
parformed upon the apray velves thls conditlon wlll be taken care of.

The cleaning of the orifices should be performed cnly with the muslec wire and pin
vise supplied with the tool equipment, not with the enda of het pines and other auch
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deviaes. If the original wire ia lost obtaln s plece of musle wire of not mere than
009" dla,. rfor this purposs. Work the wire in and out of sach orlflee untll the
holes ava sglesn. This oparation should be performed carefully aso that the orifice
will not be deforaed.

CORRBECTING SPHAY VALVE TIF LEAKAGE

Leakags of the spray velve 1s uswally due to & emall asount of dirt between the
needle and the wvalve seat, Often this conditlion can e remedled by washing the tip
thoroughly and cleaning the end of the valve atem. Thia procedure should be at-
tempted firet in all cases of walve leakage.

Iff, alfter vashing the tip and spindla, dropa of fusl 3till form on thas bottom of the
tip shortly after the fuel walve la aprayed, Lt will be necessary to ressat the
valve by lapping. The procedure of reasating a tip ie as followva:

b) Logsen spring retainer [12).

& Applr{a}amall amount of fine valwve grinding compound to the end of wvalve
atam (%),

2d$ Flage the tilp over the wvalve stenm and insert it fully into the wvalve body.

15% Clamp the valve body in a vise horlrontally.

&) Adjust retalner (12) so that the stem exerts a light pressurs on the tip.

] Oselllate the tip bask and forth and rotate the spindle alowly. Be sure
thet tha tip la held asgeinet the body as thia cperation i3 belng performed
a0 that the tip will be properly gulded.

(g} Repeat stepa "a2¥, "d%, and "r%, L neacapary.

It should not be neceasary Eo lap the tip morse than twoe or three times to correct
ordinary crass of leakage. However, LI the seat In the tlp hes been badly damaged
no emount of lapping will remedy the situatien. In sush ilnatenses a4 new tlp should
be inatalled. When instelling m nev tip the jolnt betwean the tlp and ths valve
body muat first bs lapped. A amall ancunt af fine valve grirding compound 1s ap-
plisd to the upper face on the shoulder of tlp fl]. The tip 18 then lnatalled In
the and of the valve body end cacillated beok and forth. The tip 18 held gently
agalnat the body a8 this operation I8 belng performad. One 1ight lapping progsess
ahould bBe suffisient to produce & parfect saeel between the tlp and valve body. The
tip la then lapped to the valve atem by the method described in thle paragraph.

VALVE FA G ADUSTHERT

Packing nut (A} should never be appreslably more than finger-tight. A small smount
of fusl leakags past the packing la necessary for proper lubrication of the spindle.
Too tightly sdjusted packing will prevent this lubrleation and will result in &
aeorad spindle and alugglah valve action. IF & apray valve lesks exeassivaly along
the spindle after the peeking has been 11ghtly tightensd up the need for new packing
or a nev apindle or both 48 indlicated.

ABSEMELY OF THE SFPRAY VALVE - SPRAY VALVE "LIFT"

Referring to Flg. O0-%, spring (9} must be adjusted %o & cortein tenalon in arder to
asaurs propar functlonlng of the apray walve. It L further lmportant that tha

ad justzent of all the apray valve aprings be the same or that the "1ift" on all the
apray wvalves be the same. " " : : g 13 w

L == g = i - *, 1R L FE- [ EIRE:
which spring (9) willl allew balore Ita eolls touch each othe

pravent Turthar upward ot of the valve stem. |The sctusl 117t when the spra
VELVEE AT CPETALLIOE 10 e englne 1= couras determined by the posltlion of fuel
wadga (32}, the adjustment on pushrod ilE] un? pam (27). This astual 117t 1z less

than the "11ift™ as defined in this regraph . Froceed as followe to assamble the
valve and adjust for proper "11ft" f;r opening tenalon):

{a)} Wet splndle (3} with slean fuel oil and slip 1t into positlon In the valve
body .

(b} Elein the spray valve tip and install 1t carefully on the valve hody.
Tighten valve aeat nut (2] securely.

{e) Berev down on apring retainer (12) earefully until the colls of spring (9)
just touch., Be careful not to serew down o hard that valve stem (3) bends,
rendering 1t useleas. It 13 besat to have the valve In the tast atand when
performing this operation and determine when spring [9) becomes molld by
meana of thes test handle. When It 18 not poasible to 1ift the spray velve
atem by means of the test handle the spring coils are touching. The "1ift"
is then zara.

{d) Unserev apring retalner (12} 378 to 7/ turns which will make tha "1lift"
17161 e "life" on valy ko an
[2) Serevw down on packing nut until It 1s just ringer-tight.

Ts
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14.

15.

16.

{f} Tant the funstisning of the valve as deseribed in paragraph g.
ASSEMELY OF SPRAY WALVE TN ENGINE

The apray valve i3 inatelled in the sngine in the reverss order of fts removal.
Again referring to Fig. 0-4, if copper gasket (5) i1s 1n the cylinder head mer=ly
lower the valve into position. If the copper gaaket () was removed with the valve,
the gasket ean be held In poaltion on the lower end of the velve by a thin coating
of grease applied to the washer,

After lneptalling the wvalve 1t will be necassary to raset the push rod as described
in paragraph 18. After timing, in order to clear the eylinder of excess oll, m1-
LT e 1 he anElng over on B with the snifter valvea open iﬂd—ﬂiﬁh the fusl 1ao-

APRAY WALVE FUEL FILTERS

In additien to the fuel F1lter in the fuel day tank an individusl filter (15) 1
aupplied at each apray valwve. The spray valve filters are of the metal edge typs
end have & gpaglng of .00L15". They are installed in housing (17) whish serew into
the fuel lnlet elbova st the spray valves. The {frequency at which theas [iltera
willl need cleaning will depond upon the guelity of the fuel and the apndition of the
filter Ln the day tank. After disassembling the houeings L1t will be poasible to un-
morew the fllter unit. Wash each unit thoroughly 1n elean saoalvent or fuel and blow
it ¢lean with compressed alr, being careful not to injure the windings when hand-
ling it.

APRAY VALVE OFERATING MECHANISM (See Fig. 0-4%)

The spray valve 1s actuated through cem (27), lifter or aar fellower (24), push rod
(18}, and rockers (3&) and (42). Hotlon of the 1lifter ia transmitted to the pushpod
through wedge (32). The pushrod 1s held up fres of the wedge by spring (22), ao
that, axeept during the time that the lifter 1a relsed by the cam, thare 18 alear-
anca batween the wedge and the pushred. Aa pan readily be seen in Pig. 0-4, meving
the wedpge lowerd will decrease thls elearance and the spray valve wlll apen aconer,
will 1ift higher, and wlll elose later. MHoving the wedges cutward produses the op-
poslte repulta. The outer end of the wedge 18 pinned to lever {31), which 1iam
plamped to vedge shaft (30). This shaft {s rotated by the goverhor, through con-
neeting linkage. The governor thus moves the wedges 1n and sut as L% cperates under
fluptuntiaona In the engine apead, and 8o exeralses somplete control over the apray
yRlves,

Yhen the engine was tested at the Tactory, wedge levera (31) were adjfusted to be
parallal to esch other and in 1ine on wedge shaft (20) apd werse then clamped and
Pinned ©o the shalft. I new levers or a4 new wedge shaft ere instealled 1t 1s 1nport—
ant that they be lined up 1h aceordance with the above. The pesltion of the fulerum
of wedgea (32) for the full load full speed position (wedgea fully in) should be
about 174" inalde the wertizal line X-X through the senter of the wedge shaft, It
1a determined by stop (%9) which £s bolted to one of the 1ifter guldes and which
limits the motion of the fulerum pin. The position of tha wad fulermm for 1dling
at low apeseds ahould be as shown in Plg. 0-%, that 1a about 1/%" cutside of 1ine
X-X. In othor words 1ine X-X should divide the total sovement of the wedge fulerum
into twvo approximately equal parta.

Levera iﬁﬁa on all eylinders should be parallel, and should be sdjusted so that the
dimension "B" in Fig. 0O-4 1e npprnxinﬂtelg T-1/32 inchea. This adjustment 1a made
by locating spray valve spindle sleeve (86) on the spindle extension (10). Baek out
ad justing serev [40) so thet rocker E}E is free of the pushrod. Heold rosker [36)
uyp 80 that the forked snd of rocker (42} 1s bearing firmly up sgainst washer [16)
(de not 1ift with suffislent foree to ﬂgzn the spray valve). Sorew sleseve [BE) up
or down a8 requlred to locate rocker (36) in the desired position. Secure adjust-
ment with the Jjam rmot provided.

Buffer apring (19) poaitlons the push rod relative to the 1ifter and assists apray
valve epring (9) in returning part of the operating meshsniss as the spray valve la
belng clossd. The buffer spring assembly is permanently made up at the Tactory.
Bleeve (48) 18 sereved Into cage (47) to produse eorrect tenmlon on spring (10) and
the two parta arg then welded together. The complete assembly L1s screwed in the tep
of 1ifter gulde (50) and clamped after it has bean properly adjusled. As the buffar
spring assembly is sorewed dovn spring (19) forees the pushrod downwerd against the
veaker spring ?EE] and brings the end of the push rod closer to the wedge and 1ift-
er. Froper adjustment of the tuffer spring assaesbly L1s as follows:

{n) Bar the engine until the fuel eam follawer 18 on the base cirele of the aam,
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(b} Set the wedge shaft and wedges 1n full load positlion (wedges "fully in”™ as
determined by the governor welghta belng fully in) and unacrev cage [(47) un-
til theres 1s clerrance between the lower end of the pushroed and tha uppar
face of the wedge.

(e) 3lowly screw down cage (47) mand &t the seme time move the wvedge Back and
forth aldeweya with fingera.

(d) Am moon as the wedge 1a felt to tighten unserew the cage one-half turn and
lock 1t in this poaltion with the slamping parew.

WOTE: Whemn timing the spray valves as descrlibed in the Tfollowing the buffar spring
asaesbly should always be unscrawved about one or two turns. When timing s complet-
ad adjust the buffer apring in secordance with Llnstructlonas in this paragraph.

SPRAY VALVE TIMING (Bee Fig. 0-4)

The timing procedurs dessribed in the followlng 18 for & apray valve opening of 67
B.T.C. [(Bafore Top Center) and & apray valve alosing of 20" A.T.C. [After Top Cent-

ar}. The valve Eimlng te usae is ptasped on the engine neme plate and
ahould alvays e followved. atandard walve Ciming 1s &% - 20Y. However, these
timings are somevhat modified to sult apesiml conditlons of gervisa.] If the tim-

ing on the neme plate differs from 6° - 207 opening and cloalng the Tollowlng in-
atrustiona should be modified accordingly. Prooceed as Collowas:

{a} Dasaray all buffer Spring Cages cne or Etwe turna. Shuet off &ll the laolating
valvesa In the fuel rall except for Number L eylinder.

{b) Be sure that wedges are in the full load poaition ["fully in") as determined by
the gavernor walghts being against their inner stops., (Normally the wvedges will
be "fully 1n" vhen the engine 18 shut down but it is well to check thils polnt.)

{z) 3pot Number 1 aylinder at 7% A.T.C. on the pover atroke. ({Half way polnt be-
tveen 69 B.T.C0. opening point and 20° 4.T.C. closing point.] Then unbolt and
turn the fuel canr until the senter of the toee ia directly in lins with the axla
of the lifter. Clamp the fuel sam temporarlly.

[d) Set the crankshaft &% B.T.0. on the sompresslon stroke. Bar the engine up to
this point in the directlon of rotatlen.

(&) Fump up & fusl pressurs of aboukt 1500 1ba. per ag. laneh with the hand pusp.

(r) 8lowly serew down on adjfusting screv (40} (with clamp screw (39) loose), until
the polnter on the pressure gauge drops indiceting that the spray valve has
opensd, Tighten sarew (39) and check the adjustment by backing the englne up a
fow degress, pusping the fuel pressure up agaln and barring the snglne alawly 1n
the ahead direction untll the pressure again drops. I[f the flywhesl polnter ls
not at &% B.T.0. readjust and eheck again.

\g) Bar the engine over te 25% A.T.0. and agaln pusp up the fusl pressure. Then bar
the engine backwards alowly untll the pressurs dropsa. This polnt, which 1s the
¢loaing of the spray valve, should be 20° 4.T.C.

(n) Ir this point is past 20° A.T.C. too long a apray period 1a at hand. It will ba
nacassary to advance the fusl cam allghtly and repeat stepa "da%, "e", "r", and
"z", If on the other hand the spray valve closes before 159 3. 7.0., retard the

ecam 8lightly and repaat steps "a", "e", "f", and "g".

(1) Bepeat atepa "e" to "g" on the remsining eylinders and record the apray valve
timings.

{§) sdjust the tuffer springs as per lnstrustions in paragraph 16. Note that buffer
apring eages should slvays be unscreved when apray valves ars timed,

BALANCING THE ERGINE FOR EQUAL LOAD OH ALL CYLINDERS

Theoretleally, if the spray valves have been timed exactly and sarrestly (oa ouwt-
lined in the preceding paragraph) the amount of fuel iafested 1n each ocylinder
sheuld be the same. Consequently, the total englne load should alaso be equally
divided betwean all the cylinders. FPractically hovever, 1t 1la lmposalble to tlme
2ll the apray valves exactly alike, and even 1f that could be apcompllahed manuw-
facturing telerances on such iltema a3 orifices in the spray valve tlps, Tuel cams,
wedgen, ete. are apt to affect the eylinder balange. The divislon of load Betwaen
the varloua cylindera ahould conseguently be checked after the engine ls running,
preferably at full load. BSince the exhaust temperaturss are proportlonal to the

a.



Section O

logds that the various eylinders are carrying the ameount of fuel injected should be
ed justed ao thaet the exhaust temperatures for the various cylinders are alike, ar
nearly alike.

The ameunt of fuel injected mnd consequently the load carrying cazlcitr of a aylin-
der may be changed by adjusting screw (30). Referring to Flg. 0-%, clazmp acraw {33]
ahould be laossnsed and the sdjusting screw turfned to affect the adjustment. Tt
should be noted, however, that this adjustment wi1ll affect the apray welve timing.
Therafore, the adjustment should not be appreclable and should not axeesd one turn
of the adjusting screw [ros the poaltlon obielned when timlng the apray valvae,

The praper procedure Tor balancing the englne gan be summarized as follows: '

{r) Assumlng that all the spray valves have besn corpeatly timed 1t should be possl-
ble to balance the engine by turning sdjusting serews one turn or less. Screw-
ing down the adjusting serev will incresss the exhaust temperature of the oylin-
der and vice weraa,

{t) If an adjustment of cne turn L8 not sufficient the timing of all the apray
valves should be checked and, 1T necessary, adjusted as desgrlbed In Faragraph
17.

(2] Ir the valve timing is found to be satlelactory or L, after making eny neceg-
pary sorrectlon in the spray valve timing, & aorrectlon of one turn of the ad-
justing screw 18 atill insufficlent, defectlve combustion is indicmted. Thie
mey be due to one or more spray tlp oriflzes belng plugged or to any of the de-
fects dealt vith under the hesding "3meky Exhaust” Iin the "Maintenancze and
Inspectlon" sestlion.

10,
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SRR
GUVERNOR

The flyball type governor i3 mounted on the timing gear cesing on the cperating aide
of the angine and is driven by the camshaft gear. It i3 fllustrated in Flg. Q-1.
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FIG. -1
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Governor housing {4l which forme the governor bearing 1s bolted and dowelsd to the
gear casing. It 1a located to allew .004"- . 005" h&ckiuuh batwesn governor gear (3},
which La keyed and presssd on governor body {2], and the camshaft gear. Lubricating
olil from the pressure pump ia piped to the bearing through s drilled hole in the
housing. Governor weights [1% ars moanted on fulcram pins in governor body (2) and
earry hardened steel rollers [1%) on rivated pins. As the Flybells tend to move out
dus to centrifugal force, the rollers besr against thrust plate {14) and tranpsmit
the foree developed by the weights through quill rod (15), thrust besring (18] and
spring btlock [21) to governor springs (10). The thrust resction 18 taken by bearing
(18], whish 13 secured to the governor body by thresded retaining aollar (17).
Thruat slearance 18 adjusted to .010" and the collar 18 locked by & set sarew, se-
cured in plage by & locking wire through the hesd.

Spring block (21) follove the motlon of the weights resulting from variations 1n en-
gine Bpesd. Thia motion 18 further transmitted by means of pin {19) and fork {20)
to vertlieal shaft (8), to which fork (20) is olemped. Additional linkage connests
vertical shart (8) to the fuel wedge sharft to which each of the wedges are linked,
thus sompleting the connestion From the governor welghts to the fuel wedges. The
engine speed 18 controlled by varying the tension of the governor spring through
hard lsver (12} and rack [llT. The lever is held in plase by & lateh which engages
& toothed guadrant. A break mechanism in the handle permits moving the laver to the
left, whish reduses the spring tension. This allowa the governos welghts to move
out, withdrawing the fuel wedges and reducing the engine epeed. Conversely moving
the sontrol lever to the right insreases the englne speed. Adjusting s-rew (22)
econtrols the engine speed and ahould be aet to give the dealred rull load speed

1.



Section Q

[8ee engine neme plate) with the governor control lever in the last notoh,
Elne will then idle at the proper speed with the sontmel handle 1n the firet notah.
The adjustment is sesured by means of & losk nut.

STOFFING MECHANISM

Lever (7] (3e= Flg. Q-1

The &n-

The englne is etopped h? rotating the hand lever aa top of the governor housing.

5} on top of vertleal shaft (8).
rectly to the fuel wedge ashaft.
shown in detall in Flg. §-2 which is an cnlarged section tak-
@ en through line A-4 In Flg. Q-1. R
LI nection between Lever [5] and vertical sheft (3), relesasaing
the wedge shaft from governcr control.
it will be noted that set sarew [25) and plungsr (23), both
of whlah ere mountasd 1n lavap
(5) and drive collar {9).
glamped to wertleal ahaft (8) and appears in Flg. Q-2 as the
annular segment, the oppoalte #nds of which bear agalnat the
dimgenally milled flat om the lower side of plunger [2%)
(shown dotted in Fig. Q-2) and the end of setscraw (£5). Thia

betwasn lavap

{5), rorm a rigld connestion
Collar (9) 1a

) { ia the normal position of the meshanism when the englne 13
) running, levera (5) and drive aollar {(9) cperating &s a ain-
gle unit, When lever [T) 1s pulled to atop the engine, &c-

mentrls 224 oft the lower end of phaft (&) engages the end of

23] and forges 1t back agalnsat 1ts apring, out of
Leavearp {5} 15 then Fres to rotmte
clockwlse without lnterfepencs Wlth callar [Eé. he stopplng lever E?] la moved fMur-
ther the projecting end of the key in shaft (5)

FIG. Q-2 plunger

engagenent with eollar ().

top of lever (5) (not shown in Fig.
R-1) &nd thereafter lavar {?} followa
the metion of hand lever (T), pulling
cut the fuel wedges and stopping the
enpgine.

LINEAGE -
ATLAS GOVERNOR TO FUEL WEDGE SHAFT

The rod EEI.I:'L'I']E'Etl.I‘]g tha gowarnor
mechaniem to the fuesl wedge shaft 1a
ad justable in the ball sosket jolnts
at elther end. This adjustment
should be set so that when the gover-
nor atopping lever [5) [3es Flg. §-1)
is ir the mid poaition of its stroke
betwaen full lomd and idling the con-
nasting lever on the wedge shaft 1s
vartical.

HOODWARD GOVERNOR & DRIVE

Complete lnatrucstlons In I:"EIEE.M o
runetioning, &djustsents and ssrvis-
J.J:'l.g al' the Woodvard governor are con-
talned in the pamphlet sntitled "UG-8
GOVERNOR INATRUCTIONSY by the Wood-
ward Governor Co., Roockford, Illinolsm.

This pamphlet will he found at the
end of Section §.

The sonstruction of the Woodward gov-
ernor drive and overapesd arnor 1a
1llustrated in Fig. Q-3. & driva
18 contained in housing (9), vhiash 1s
baltad to the centerframe and gear
aaalng and on which the governor 138
mounted, Drive shaft [10) rotates in
& bronze buahing in ene end of the
housing and 1n a ball bearing in the
other end. The bushing 1a pressurs
lubricated and 1if replaced must be
reanad to 1.0000" to 1.0005" in dlam-
eter after preasing in a&nd the oll
hole muat be drllled through. The
roeaned hole must be kept caoncentric

engages a boss extending from the

1a ponnected through & relesss mechanism to floating lever
Lavar (5] Ia linked 4di-
The relemse mechanlsm 1s
It serves to break the con-

Referring to Fig. Q-2
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Caction ©

with and agquare to the bore in the opposlte and of the casing. Drive gear ['.I.:I
agunted on the end of the shaflt meshes wilth the camshaft drive gear. OClearance be-
twean the erner bevel drive gears is determined by shims (2} under the governor
and shims () in the ball bearing housing. These shims are sdjusted to bring the
gear teeth in line and to allow approximately .008" backlash in the gears.
Eovernor 1a ever replaced, check this clearsance carefully a3 the lengtha of the
governor shafte may vary.

LINEAGE = WOODWARD GOVERNOR TO FUEL WEDJE SHAFT

The governor linkage 1s 1llustrated in Fig. 49-3.  Covernor terminal shaft lever (3]
i3 connegted By meana of collapaible 1ink (4] to lever Eﬁ which 1s clamped to shaft
-[5_:I. This shaft in turn 18 linked to fuel vedge sahaft {7) located inside of the
¢ylinder block.

All of the levers are clamped and pinned to thelr respective shafts, so that they
may be correctly reassembled if dismantled. CGovernor terminal lever (%) is mounted
ait the aplined gevernor terminal sheft by means of a eplit aplined btushing, whish 1ia
plnned to the lever. If removed from the shaft it muet be resssembled in the same
poelticn and shaft and lever should be marked prior to disassembly. Collapsible
1ink (4) permita movement of the linkage to the stop position by the ovarapesd gov-
ernor against the actlen of the Woodward povernor., Under noresl sngine operatlion
it acta as a Fixed link, but vhen the overapeed governor trips, & apring lnalde the
linkage collapses, shortening the 1ipk. Both ends are adjustable In the rod enda,
and should be set to egqualilze the avallable governor shalt motlon with the desired
fuel wedge shaft motian.

OVERSFPEED GOVERNOE (With Woodward Governer Only)

The overspesd governor 1s bullt into the Woodward Governor drive. It i3 a safety
device, 3topping the engine in cese of overaspseding by withdrawving the fusl wedgaa.
Ita operation is a definite indisatlon that something 1s wrong, elther with the reg-
ular governor or with the 11nkn%£. and the engine should not e ran until the trou-
ble has bean located and sorrectad. UNDER RO CIRCUMSTANCES should operation of tha
engine be permitted with this devise dlaconnected or mads lnoperative, B8 BeVerse
overspesding of the sngine may be very dangerous and mey result in & somplete wpask
af the engine. The constructlion 1s 1lluatrated in Flg. Q-3. Horseshoe shaped over-
apesd governor welght (¥2) 1s held to the governor drive shalt by & aprlng asting on
r pin which goea through the drive shalft. The apring tenslon has been adjusted Cor
r tripping speed approximately 7 to :I.ﬂ:E above the normal operating speed by meana of
shims under the outer end of the spring. There should be no aocasion For changling
the shims, but the assembly can be dismantled if dealred by pressing in on the
apring end of the driving pin until the apllt swasher on the welght end is free, nl-
lowing removel of this vasher.

When the spesd for wvhich the spring is aet la exceeded, the welght is thrown out by
sentrifugal force and engages the roller im the end of lever (14%). This lever in
turn raises apring loaded pin {11) and releases lateh (13). Latch shaft (15) 13 al-
ao spring losded, and wvhen releasesd it rotates, 1lifting rod (17). This rod projects
into alseve (19}, vhich normally works up and down on the rod as the governor re-
aponds to variationa in engine apesd. HNuts {15) on rmod {17) should be located so
that there 1s approximetely 1/32" to 116" clearance between the upper nut and the
lower end of slseve (19) when the fuel wedges are in full loed position. When the
overapesd governor trips and rod [17) 18 railsed, nutas {18) engage and 177t aleeve
(19). This astlen rotates sonteol shaft (S), pulling out the fuel wedgea and stop-
plog the epgine. The stop may be reset by means of lever [16).



Section Q

¥Woodward Govermor Co!
'U'ﬂnuﬂ FOVERNCE INSTHUCTIONS Raclfard, I11.

INSTRUCTIONS TO POWER FLANT OPERATORS

Teur Woodward Governor is s precision instrument, but thers ls nothing
mysterious about it. You don't have to be an englneer or a sclentist to operate
it and get the finest posslble governing.

The 1llustratlon on deawing DE-140 shows the locatisn of all the con-
trols menticned below. A1l of them may be adjusted while the engine is Tusning.

STARTING ENGINE: With the koob on the top dial (LOAD-LIMIT) turn the
rod hand to & polnt jJuat a 1ittle higher than whers the black hend uwsually runs
when the engine is idling (probably somewhere between 1-1/2 and 4 on the dial),
This prevents the engine from getting too much fuel and mccelerating teo
rapldly. Gtart the englne.

When the engine ls sufficiently warmed up, turn the red hand way over
to 10. If for any remscn ¥ou want to keep this engine from teking full loamd,
get the red hand at & lower polant. The black hand (which ahows the fuel soatrol
position) can never go beyond the red hand.

If the engine carries ary load other thas an A.C. genmeratar, the gover-
nor L now reedy for load, so apply 1t when ready. Tou can adjuat the speed of
the sngloe by turnlog the syachronlzer kaob on the governor, or by operating the
sgynchronizer awlteh an the switchboard LIf the governor is ¢qu.l.ppa-ﬂ. with & soychro-
olzing moter. If the angline drives an A.0. gesnerator, set the spesd Aroop at
about B0 and then symchronize in the uweual way. After the unlt ie on the line,

loed can be picked up by tuwrning the synchronizer toward FAST or dropped off by
turning it toward SLOW.

THE FOLLOWING INBTRUCTIONS AFFLY ONLY TO A.C. GENERATING
PLANTS WHICH ARE OPERATING ALONE. THEY DO HOT AFFLY
IF TOTR FLANT I5 TIED IN WITH OTHER PLANTS.

In order td maintain 80 cycle frequency mget easlly, adjust your gover—
mor mf follows. Thess lnstrustiscns ahould Be followed unlese the marofacturer of
your engine has given you other instroctions.

4All but gome of the governors on the lloe at one time should have speed
droap. If you have any englnes which do not have a Weodward Gowernor, they
protably have from 3% to i?i gpecd droop. Therefors:

(a) Set the speed droop dimle of all governore (except cne) at sbeut 30
on the diml if you have all Woodward Governors.

(b) If you have some engines that do mot have Woodward Govermors, set all
(exocept one) of the speed droop dials mt 50 or higher.

Bet ona governor oo zero speed droop or as far to the left as the polnter
will ga. THIS ENGINE WILL NOW TAEE ALL OF THEE LOAD CHANGES WITHIN THE LIMITS OF ITS
CAFACITY, and when you have learned how to mdjust it closely enough, it will hold
the mormal fregquency to very close limits. Tou will have to adjust 1t only once a
day or lese to keep your electric clock correct within a few seconds a day.

Touw should watch your load on the watt meters or on the governor losd in=
digatars, and when you find that the engine whose governor hes zere speed droop le
almost to full load, PICE UP MOBE LOAD ON THE OTHER ENGIMES. If you find that 1t
has almest no load, TAEE SCME LOAD OFF THE QTHER ENGINES. After you have run this
way a while, you will learn what times during the day you will have to do this.

Tou sdjust your speed or frequency (cycles) by means of eynshronizer ad-
Justmant on the engine with zerc speed droop, and you adjust load by changing
epeed (eynchronizer) setting on the other englnes.



THE FOLLOVING INSTRUCTIONS AFFLY IF TOTE FLART
IS TIED IN WITH OTHER PLANTS

ot the speed droop diml st sbout 50.
Btart the engine and synchronize as above.

If the engine tries te take too great & share of the load changes, set
the spesd dreop higher. If it does not teke ite share, set 1t lower.

Plek up lomd in the uwsuel menner by sdjusting the synchremizer koob.

It may be that if your syetem ie met too large and you have goe unit that
is large snough to take care of any lomd changes that may ocour, you can set 1ts
gevernor on gero speed droop eo 1t will do all the regulating for the system, just
g though it were a single plant. The beet way to find cut if you can do thip ig to
try it; firet meking sure that the lomd limit i3 set 8o that the engine cansot be
overloadsd.,

STOFFING ENGIKE: Take the lomd off the engine by turning the synchro-
nizer knmab toward SLOW,

After the unlt has been taken off the line, shut it down in the usual way.

THE POLLOWING INSTRUCTIONS AFFLY IF YOUR ENGINE
IS5 ¥OT IRIVING AN A.Q. CGENERATOR

If your engine is driving a D.C. generator, pump, or anything btut an alter-
nating currept generator, set the speed droop at zero on all engines. In direst cur-
rent service, it ie occaslonally desirable to run with s little speed droecp to ald in
load divislon, particularly in casss where generator compounding is not identical.

TAEING CARE OF TOUR GOVEREOR

It will not take much care te keep your Weodward Governor running properly
for many yeare.

0IL: Eeep the governor oll level high enough 80 it can be sesn in the gage
£lasa. Your regular engine oil will be all right although SAE 20 to 30 Le usually
best. The oil should be mcid-fres and should not sludge or retain air. IT MUBT EE
CLEAN AND WEW. Wash your pail or oil can thoroughly with gasoline before you use it
for governor oil.

Should any part become worn or damaged, you can order m new one, giving
1tes part number as shown on the drawings and the serial mumber of the governor.

AIWAYE GIVE THE EERIAL WUMBER OF YOUR GOVERNOR WHEN WRITING OR ORDERING PARTS,

IRSTEUCTIONE TO ENGINE ERECTORS

Tou will met find it difficult to imetall and adjust a Woodward type UG-8
governor. If the governor was fitted on the englne at your factory, you will only
have two elmple things to do. If they are not done, the governor will nat work
properly, and your engine will not perform as well as other engines whose governsrs
ara correatly adjustaed.

i. FUT IN OIL

(a) TFill the governor with sil through the filler cup in the governor
sever. The level must be brought up to & point where the cil showe in the gage glass
on the front of the governor. This lavel should be malntaired in servics.

USE CLEAY, NEW ENGINE QIL. The pall or can used to carry oll te the

governor should be theroughly washed with gasoline befare it 1s used,

(b} It ia & good idea to roll the engine over elowly a fow revolutions to
fill the governcr cylinoder with oll. This is not necepsary, but it will meke the
first start of the engine mush smoothor.



2. ADTUST THE COMPENSATION

The compensation adjustments made at your factory may not be eatlefactory
when the engine ie lastalled in the flald. Yeu should go through the procedurs in-
dicated here, even though the governor appesrs to work mll right, The fast that a
governor does not hunt does not necésserily mean that 1t ls correctly adjusted.

(a) Loosen the nut holding the compensation adjusting pointer T0-6 and
gat the polnter at ite extreme downward position.

[b) Eemove the compeneating sorow plug Sd4-7 and open compensating screw
26=11 two or three turns.

(2] Btart the engine and let it hunt for thirty eeconds or so.

(d) Oradually cloee the needle valve until bunting stops, or untll it ie
enly about lS'E turn open.

(@) If this does not stop the hunting, open the nesdle valve to about cne
turn and ralse the cocpensation adjusting polnter about two gradustions.

{f} OClome the needls valve gradually sgain as under (4).

{g) Bepeat until hunting stops.

(h} It ip desirsble to have as 1little compensaticn as poseible. Closing
the pesdles walve farther than necessary wlll make the goevernor slew to return to
nornal spead after a load change. Excessive dashpot plunger travel caused by ad-
Justment of the compensation sdjusting pointer too far toward maxisum position will
cauge excessive sppeed changs upen lead changa.

METHOD OF OPERATION

SCHEMATIC CPEEATION

Movements of the operating parte of the governor are actually proportional
to the amount of speed change, btut have been greatly exaggerated in the drawlnge to
malcs them more vislble.

Aggume, for the purpose of explanaticn, that the prime mever le rotating at
normal speed se shown on the speed indleator and carrying epproximately haelf losd as
ghown by the blask hand. Assuse, ales, that the governor adjustments are all
properly set and that speed droop le zero.

LOAD REDUCT ION

Cut #1, The flyballs are in their normal positicn for the respective
spesd and no epeed droap. The lomd limit is set at about /10 load, ms shown by
the red hand. The pilot velve is central. The power piston is statlonary. The
larger or actuating compensating plunger is approximately central. The small or
recelving compeneating plunger ia central.

Cut #2 A certaln amount of load is thrown off the unit. The speed instantly

ptarts to ilnoreaegs. MAs the speed increases, the fiyballs move out, the spesder rod

is forced up againet the downward thrust of the epeeder spring, pivet points "A" and
"EY ara ralsed, the pllot valve plunger ie lifted from its central poeltion, and
presgure oil is admitted frem "P" through the center holee im the pllot valve tushing
ints port "I®™ and on inte the power oylindsr where it starts moving the power platon
down, which rotmtos the terpinal shaft to reduce the flow of energy medium %o the
Prime mover., 0il laying on the lower elde of the power piston is forced ocut through
port "Y', through the lower hole in the pilot valve buashing and into the sump "SW.

Gut #3. As the power platon moves down, pivots "D%, "E" and "F" are pulled
down snd "3" 1g raised, The larger or actuating coopensating plunger le, therefore,
ralaed, BSilpce the compeneating dashpot is filled with oll, the upward movement of
the compeneating actuating plunger pulls the smaller or receiving compensating
plunger downward sgeinst the upward foroe of the double moting compreseion compenas-
ting spring, which attempts to keep the receiving plunger central at all times. The
downward movement of the compenssting receiving plunger pulls plvet "C" &b wnward
and as pivot "A' is temporarily statlonary due to the fact that the flyballs are
gtill in thelr cutward posltion, it acts & & fulecrum, causing the downward movement
of pivet ¥BY, and conseguently the pilot walwe plunger. These varlous parte do not
nake a single, definite and complete move but make short moves in sequence and the
sctlon 1s contimued until the pilet valve plunger is lowered to ite central positiosn,
thus stopplng the flow of pressure oil from "P" te port "X" and thus stepping the
matlon of the power piston.



If the movementa of the varicus parts have been properly proportioned and
inter-related, the pllot walve plunger will be centersd and the sovement of the power
pleton wlll be stopped at & poslitlon corresponding to & flow of energy medium Juat
gufficlent tp accoEmodate the reduced load on the unit, ALl that 1s necessary now i
to hold the power pieton statlonary untll the spesd retuwrns to nermal or until a
sibségquent speesd change ooours.

The upward movement of the actuating compensatlog plunger created & vacuum
in the compenpating dashpot cmae, which cmused the recelving plunger to be drawn dowo—
ward. At the same time, all from the esump "PY began to flow through the compensating
neadle valve inte the case to bresk up the varuum and allow the compensating epring to
return the recelving plunger to ite central poslticon. The neadle walve fa small and
consequently had little effest while the actuating plunger wae ln motlon. Wow,
however, the movement of the mctuating plunger has stopped end, therefore, the flow
through the nesdle walve will allow the compensating apring to briag the reseliving
plunger back to norsal at any predeterminsd rate according te the sstting of the
needle valve. If the needle valve hae been properly set, the receiving plunger will
return to ite central poeltion ln exact uniszom with the return of the prime mover
gpeed to normel and consequently the return of the flyballs to thelr ncrmal central
positlon, Buesh being the case, piwvet "0% will move upward in exact ratio te the
devmward movement of plvet "A" caused by the return of the flyballe to cemter. Plvot
"EF will, therefore, remain etationary, the pilot wvalve plunger will not be digturbed,
and the power piston will remain statlonary.

Dut #4. The cyele has been completed, the speed ip normal, the load is
&3 ghown by the black hand, the flybealls are central, the recelving compeneating
plunger is central, and the power pleten le statlonary. The only permanent changes
that have resulted are the position of the bleck hand, which shows the nad loading
of the unlt; the posltion of the power pliston; and the position of the compensating

astunting plunger.
LOAD INCREASE

The mction when load is mdded to the unit is just the reverse. The espaed
starts to drop, tha flybells move in, pivets TA" and "BY are lowered, the pllot valve
plunger is lowered, pressure olil is admitted from "P® to "I" and the power platon
moves up to rotate the terminal ehaft and increase the flow of energy wedium. As the
power pieton moves up, pivots "D', "E" and "F" are raleed and "G* is lowered. The
compensat ing actuating plunger la forced downward, the compensating recelving plumger
is forced upward, ralsing pivet "C" and lowering pivot "B" until the pilst valve
plunger centers, stops the flow of pressurs oil inte port "IV and stops the movemsnt
of the power plston mt the exact posltion cprresponding to the lncresssd load on the
unit. MAs the energy medium flow 1s corrected, the speed of the unlt returne to nor-
pal. Iz uniscn with the return of the speed to normal and consequently the return of
the flybells to thalr central position, the cospensating recelving plunger, dus te the
flew of oll sut through the compensating needle valve and the centering action of tha
compeneating epring, returne to 1lte central positlon. The pllot walve plunger is oot
disturbed and the power pleton remalns statlonary ewaltlog encther change in epeed re-—
pulting fron a change in leoad.

THE LOAD LIMIT

The purpose of the load 1imit is to prevemt the unit from teklng on more
logd than that for which the red hand ie set by mechanicelly preventing the pllot valme
plunger from rising above center when a losding corresponding to the settlng of the
red hand has been reachked. It also provides a means of shutting the unit down by
marely turnlng the red hand to zero.

Aption: Referring to the suts, as the power platen maves upward to increase
the flaw of energy mediusm, pivet "DV 18 forced upward, lifting the left end of the
logd 1lmit lever. Just as the top of the losd limit lever combacte the losd 1lmit
can;, the shutdown lever contacts the top of the slot in the pilet valve plunger atem.
Ap the pawer pleton continuves to rise, the load 1imit lever ils rotated clockwies,
pushing down on the shutdewn rod and on the left end of the shutdown lever, and thus
1ifting the pilst walve plunger beck to center. The flow of high pressurs oll from
"P¥ through port "TY to the lower aide of the power platon ia cut off and the power
pleton e breught to a etop 2o that the load om the engine ie examctly that for which
the red hand was set. Any attempt of the flyballa to increase the flow of emergy



medium fuarther does not affect the pilot walve ae it le held from moving below centaer
by the shutdown Lever, The spring coupling abacorbe the downward movement of the
speader rod.

To reduce the load limit eetting or to shut the unlt down completely, turn
the red hand counter-ulockwlse. The load limit cam will forse the lsad limit lewer to
ravelwve clockwlse mbout ¥DV, forelng the shutdown lever to 14ft the pllot valwe snd
rllew high pressure oll froa "P" to emter port "X". The power pliston moves down, as
doss plvoet "DV, As pivet "DV poves down, the losd limit lever rotates counter-clock-
wiege sbout ite comtect point with the cam, slace it is held upward agalnat the cam
by the powsr pletbn rod on one end asnd by the apring couwpling through the shutdown
levar on the other end., Downward mevement of the power piston is stopped when the
load 1imit lever reaches & position where the pilot valve plunger can regaln ite
narmal centrel positlon.

E_P'IIIJIEIIIP

The purpose of speed droop ie to cause all ualts operating in parallel to
take thelr proporticoate share of the total load.

Actien: As shawn in the cuta, the speed droop fulerum fs exmobly over
plvot "I" and comsegquently does not produce a drooping of the unit speed as the
unit takes on load. In other words, the apeed of the unift will remain the pame re-
gardlese of the amount of load on the unit (within the capacity of the unit). But,
ravolwve the speed droop knob clockwipe and the speed drsop fulorum will be moved
along the spesd droop lever and sonsequently away from exsct center. The farther
away from exact center it ie moved, the gremter will be the droop in the speed.

¥With the speed Aroop fulerue off center, aspume that the power pieton

movee to inoresss enersy medium flow. The terminal shaft will be revalwved counter-
alookwise, Pivot "HY will be lowersed and, as the spesd droop fulerum is mot direstly
aover pivet "I", pivet "I" will be reiesed, thus relieving some of the compresasion on
the epeeder epring. The flyballs will, therefore; recenter st & lower apeed than
before and the pllot valve will be centered and the power plston stopped before 1t
reaches a position correeponding to the eriginal speed, In other words, the speed
of the unlt will not be returned to the speed at which 1t waa cperating Tut to a

allghtly lower spesd of an amount corresponding to the distance the epeed drosp
fulcrum 1a off center.

If the power platon moves in the dirgetion to decrease energy mediun flow,

the apeed wlll ralse an smount correeponding to the distance the speed drosp fule us
is off cemter,

THE SYNCHRONIZER

The purpese of the eynchronizer or speed adjusting mechanism ie to permit
varying the unit epeed for synchronizing when the unit is being paralleled with cther
unite. If the unit is operating in parallel on & syetem many timea the capacity of
the lndivideal unit, an adjustment of the speed setting will result in & change of
the gyetem speed, btut the change in speed may be so infinitesimal as to be unresdabla
¢n ordinary switchboard insfruments. Practically, therefore, m change in the ayn-
chronizer setting merely changes the losding of the unlt dus to the small ameunt of
lnfluence the capecity of the unit has on the total capacity of the system.

Action: Revolve the synchromizer kmob clockwise. The gearing is sush that
the speeder gear revolves clockwlse, thus screwlng down on the speeder screw againat
the speeder spring. The increased loading on the speeder spring caupes the flyballe
to move in. The pilet wvalve is pushed down, the power plston moves up te inorease
the flow of energy medium and thus the spesd of the unit., The unit will increase
in speed until the flyballs return to their normal central position and stop the

action of the pilot walve. Thia speed will be the normal speed of the unit until
the synchronlszer le agaln reset.

Revolving the eynchroniger imeb counter—clockwise will cause a reversal
of cperation and the unlt speed will bte lowered,
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Section T

LUBRICATING OIL SYETEM

The lubriceting oll system consists of the oll sump (either 1n & separate sump tank
or in the snglns baae{, the lubricating oll pump, tha lubrleating oll strainer and
gonler, and the nacessary plping arnd manifold to carry the oll through the englne
and to the baarings.

In mddlitlon to the lubrlecatlng oll aysten as outllned above, there {3 mlao thse
Madison-Kipp sight feed lubrlcater, which supplles a messured quantity of ol1l1 te
gach platon and cyrlinder Lliner.

The normal flow of oll through the syatenm 1a from the oil sump te the presaurs pump,
than through the lubricating oll strainer and socler to the maln bearlng manifold in
the baee, Crom Wwhich sonnestlona lead to each maln bearing. Drllled holes in the
crankahalft carry the oll from the maln bearing journals to the crenkpin besringa,
from which 1t feeds up to the platon pln bearings through the rifle drilled connect-
ing roda. The oll drains down into the bottom of the engine bese, where, in "wet
baza™ englnes Lt collects Ln the base sump, to ba sucked up agsin by the preasure
pump. In "dry base" engines with sump pump it ia scavenged from the base by the
sunp punp and delivered to the day tank, to which the suctlon of the pressurs pusp
is conneated. In "dry bape" englnes without susp pusp the oll drains by gravity
I'rom tha drain trough in the bottom of the bass to the sunp tank.

LUBRICATING OIL 31TMF - WET HRL3E ENGINES

On the sump type, or sd called "wyet bhasma® englnes, the lubrlcating oil sump pan is

bolted to the bottom of the englne base. The sump 13 hopper shapad and carries the
entire supply of oll for the engine. The oll drelns into the sump through holea in
the bottom of the base. Screens covering these holss are removeble from ineide of

the base and should be thorgughly washed out when the oll la changed.

A bayonet m?s pﬂujenting dmm into the Munp fr-::ru the Bme u:-r the bepe indisates the
oll level. t a3 EVT 2 gk on the gage, and
ahould prarerﬂhly he kept up naar the FULL mark, A draln plug ie provided at the
bothor of the sunp pan, and unleag 1t 18 readlly sscessible after the installatlon
1a aomplated 1t should be piped to & sonvenlent losatlon. Do not use & plpe analler
than the connectlen, and kesp 1t short.

LUBRICATING OIL DAY TANE {Engines with Sump Pump)

The lubricating oll l1s discharged by the sump punp to the cylindrical lubricating
o1l day tank of about 20 gallons capaclity. The tenk should ba located above tha
lavel of the englne and reasonably close to 1t. A casting rlveted to the top of the
tank supports a sereqn and provides two openinga, one for the dischargs plpe from
the sump pump and a filler cpening for adding new oll to the ayatem. A gage glasa
near the top indisatsa the depth of oil in the tank. It should be kept neay the
canter ol the glaas and JHOULD NEWVER HE ALLOWED TO DROF HELOW THE GLA3S. A& connec-
tlon La pravided far the pressurs pusp sustlon about elght inches above the bottom
of the tenk. Thers lg also an openlng at the bottom, which should be provided wlth
a4 valve ar cock to permlt dralning off the sludge.

LUERICATING OIL 3IMF (Dry Base Engines Without Bump Pump)

A saparate eylindrical sump tank of about 20 gallons sapacity Ls furnished for dey
beze engines without sump pumpa. The tank must be lecated belew the englne leval so
that the oll san dArain to it by gravity. A casting riveted to the tep of the tank
provides an openlng for the oll dreln from the englne and alaso a flller opanlng
threugh which new oll éan be sdded te the system., A1l o1l entering the tank passes
through & saresh supported by the top casting. The oll level Iin the tank may be de-
termined through the filler opening by mesns of & sounding rod. It should be kept
up to within sbout four inches of the top of the tenk and should NEVER BE ALLOWED TO
DROF T0 MOHRE THAW EIGHT INCHEZ BELOW THE TOP.,

It is good practice to thoroughly wash out the tank when changing oil. The suction
pipe from the pressure pump extends nearly to the bottom of the fank and cerrles &
foot walve on the lower end to keep the pump primed.

LUBRICATING OIL FRESSURE PUMP

The lubrieating oill pump, illustrated in Fig. T-1, 18 of the internel gear type. It
ia mounted on one of the centerframe doora, on the centrol alde of the engine, and
is driven from & gear on the camshaft. Heferring to Fig. T-1, the end clearance be-
t¥ean pump rotorp ?}] and the housing should be from 001" to 003", and 1s deter-
mined by the thickness of paper gasketa (2) under gover {1). If the clearsnce 1s

1.
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too great the pump efficlency will
be redused and if insufficient the
rotor will bind. If the gaakets
ars replassd, messure the thiclmess
vith & mleprometer and replace with
exactly the sames thicknesa. 7
FPunp shaft (9) rotates in bronzs [:ih
bushings (&) which ars pressad inte

the housing. If repleced, ream to XK
LTE500" to TH5O5" efter pressing in. e

Drive gear [lﬂf is keyed to the .
ahaft and loaked in place by a set-
meraw, whish must be sssuraly
wired, The pump housing 1s poal-
tloned and dowaled on the asntar-
frame to wllew 004" te 006" gear

backlaah. The ﬁn:knh under the
housing i3 1/32" thizk, which =oust

=

o

i
be maintained or the backlssh will B I
be Bltered. }Fi,
Yl gy
o3 ,e
PRESSURE f

."l.'\."'.l

The spring loaded lubMleating oll
regulating velve (7) 1 bullt into
the pump houalng, aa Lllustrated in |
Fig. T-1. The entire assembly 18

contained in cage (4), which 1s kx

garawad into the housing against »

copper gasket. It 1 aeeled by cap ;
[gﬁ gearewed onto the projecting end h_ 4#' Y,
of the sage againet a second coppar

greket. The valve la adjustabls by

means of apring retalning plug (5),

which may be serewsd in or out af Fig. T-1

the cage. The adjustment 1s loocked

by o wire through the cage and plug as shown, and should be meintained at 40 to 50
lba. per square Lnch.

Note that low lubricating oll pressurs may not necessarlly be due to relliel valwe
adjustment. It may result from one or more of the Folloving causes. They should
be investigated before attempting to correct the pressure by adjusting rellefl valve
at the Presdurag pusp -

&) Low lubricating oil level in filter and deay tank unlt.
B) Restriction in suction pipe to elther of the lubricating oll pumps.
a) Broken presaure pipes or fittinga.
d) Crankshaft bearing fallure.
&) Warn pump gears.
£) Viseeslty of oll too low, excesalve temperature of oll, or thinning out with
fu=1 oll.
SUNF PUMF

When & sump punp 18 used it i3 ldentical with the pressure pump as described in
Paragraph 4, except that the relisf wvalwe ia not used., A blind plug fills the hole
in the pusp housing., The sunmp pump rans at & somawhat higher speed than the pres-

BUFE PUED.
LUBRICATING OIL COCLER

The lubricating o1l pooler 1la mounted on the @nanifsld slde of the engine, and a plpe
croasing through the englne belov one of the maln bearing saddles carrles the oll
from the pump to the cooler. The diacharge from the cooler 1s plped bask into the
angina bass, to the mein bearing manlfold.

The constructien of the Boas type oll eooler la shown on Flg. T-2. The shell of the
gocler ia a scomplstely closed circult effe-tad by brazing the tube shestas on esach
end to the sesamless copper shell, and then mechanicelly rolling the tubes securely
inte the tubs sheeta At both snds. The bonnets are bolted to the shell flanges,
with molded asbeatos gaskets batween, and can be removed for lnspectlon and cleaning
alf the inalde of tubes. The flov of the oll i3 guided by bronze baffles inside the
ahall to preduse the most efficlent heat transfer.

2.
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FLG. T=2

Zine electrode plugs are provided in the bonnats te pravent electrolysls. They
should be examined thirty days after lnstellation and avery thirty days therealter,
Any eppreclable eroslon within this perled indlcates electrelyilic mctlom, and 1F
presant & ceareful inspection should be made to determine 1f 1t is dus to short clre.
cults or external grounded elactrle currents. Any aush sonditions ahould be cor-
racted at onee, but I no external currents are found 1t 1s evident that tha arosion
i3 dus to logal el=ctrolyasls, and the zincs should be replaced Crequently to protect
the eguipment.

The cooler should be cleansd perlodicslly. HRemove the cooler from the engline, take
aff the banneta and clean the inside of the tubea. FiLll the jacket with sultable
I

cleaning solution, but aveld any flulds which are corroslve to bronze or copper.
Drain and bBlow out with compressed alr carefully.

The drain plugs at the bottom of both bonnets ahould be remuvuq and all water in the
sooler drainesd out whensver the engine is allowed to satend in freaszing westhear.

LUBRICATING OIL STHATNER

The lubricating oil strainer is connected in & by-pass line, teken from the maln
flow et the cooler inlet
and discharging the fil-
tered o0il to the governor
gnd fuel punp bearings.

The strainer {8 of the mek-
al element type B3 ahown on
Fig. T-3. The elements are
made up of Clat metal Flib-
Do Wwound around 8 cantrel
gpoal, adjacent layera ba-
L.‘Ig glightly separated 1rom
each athar by ralaed rldges
runnlng acroas the rlbbon.
The suscasalve layers of
the ritbon are spaced (003"
apart and 1t is these
spacea that form the f1l-
tering medium. The oil
flova from the outalde to-
ward the center and loaves
tha d4irt on the cutside of
tha apool. Tha strainer
may be alesaned by turning
the aleaning handl&as on
tap, whilch potate knlves
bearing on the edges of the
windinge, saraping of T tThe
dirt and allowing 1t to
settle to the bottom of the
Eufp tenke. The stralper
should preferably be clean
FIgd. T-% ed whean the anglns 18 Rnot
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running s¢ that the dirt may settle to the bottom, although there 1z no objectlon to
cleaning with the engine running. Cleaning sheuld be at sufficiently frequent in-
tervals to prevent atoppage of o1l rlow and the sump tanks should be drained before
the dirt in the bottom bullde up to the level of the elemesnta. Experlence will de-
termine the correst intervals.

LUBRICATOR AND DRIVE

Tha Hedlsen-Eipp lubrleator supplies a measured quantity of lubrlizating oll to the
platons, lntredused at the center of the liner on essh side. WNipples screwed into
the liners and projecting through the oylinder blosk and aealed thereto by pasking
glanda earry the oll through the water Jackets.

The lubrigator is fully described in the Madison-Eipp bulletin attached at the and
of the book. Oi1 feeds to the platona should be adjusted to 20-25 drops per mlnute
vhen the engine iz new, btut this may be reduced to approximately 15 to 20 drops per
mimute after the pletona and ringa have been well worn in. KEEF THE LUBRICATOR WELL
FILLED WITH CLEAN 0IL. Use the same oll that is used in the englne. Do not under
any clroumatanses allew It to run dry 48 serlous damage to the platone and liners
may reault. Thla ahould be made a regular part of the engine room routine and
ahould never be neglested. The lubricator Lls mounted on 4 bracket on the sanifold
gide of the englne, and is driven from an ecocentric on the end af the camshaft, The
egaentrle 1a enclosad and 1s lubricated by & feed from the lubnd sator, but the ex-
poaed linkage ahould be hand olled daily.

SPECIAL: EQUIPMENT

On englnea bullt to speelal government regquiremsnts modiflceations in the standard
aquipment as described ln the preceding paragraphs have been made in order to meet
these requlrementa. The most importsant chenges affecting the lubricating oll soal-
ara and filters are descrlbed in the following.

SPECIAL LUBAICATING OIL COOLER

Certaln government speclflicatlons require & minimum size on the cooler tublng and
rRlso regquire that 1t should Be poaglble to withdraw the tube bundle for cleaning.

In this partisular cese the Roas type cooler is aimilar to the cooler deseribed in
paragraph & exeept that the tube bundle and the tube sheets are separate Crom the
ghell., ©On eone end the tube sheet 1o elamped between the shell and the bonnet whila
on the other end the tube sheet ia floating. The Cloating tube sheet &3 glongated
and sesl 1a affectad by means of m gland and packing. To remove the bundle first
loosen the bohnet on the floating end. Then remove the bonnet on the opposite end
whersupon the tube bundle can then be withdrawn. Zine plates are mounted in each of
the twe bonnets and the lnatructlons in regard to the zlnes glven in paregraph H ap-
ply in this sase also,

SPECTAL LIMRICATING OIL STRATNERS AND FILTERS

The lubrleatling oll strainer on speclal government engines 1s usually of the duplex
type wlth switchover walve mllowing either element to be put cut for servize or
eleaning. All satralners are of the metel eloment type aimilar to the one dessribed
ln paragraph 9 and the instructions given 1n this paragraph in regerd to cleaning
apply in thls case also,

A great varlety of oll filters of the cartrldge types are available and they may be
arranged sither as full flow or by-pass Clltera. In full flow filters the entire
anpunt of oil i3 passed through vheress when the by-pass arrangement 1s used only
10% to 158 of the total amount of oll 1s passed through the filter. A& typleal by-
pasa filter menufactured by Briggs Clarifler Co. is described in the follewlng.

The Briggs Clarifier filter 1s usually not attached to the englne but 1s mounted in
some cenvenlent logatlon ard plped to the englne lubricating oll ayatem. ¥Half inch
piping should be used apd the clarifier should be hocked up 1n sccordance with in-
formation glven on the ocutline draving. The clarifier is provided with a four-wey
ook allovwing 1t to be sut out for ssrvieing. 1-1/2 to 2 ft. clearance should be
allowed above the Fllter Tor sasy removal of the cartrlidges. The fllter cartridges
should be changed when the oll begina to darken or when by chemicnl anslysis the oil
shows & preaclpltatlon number of more than .05 or a4 neutrelizetion number of more
than 3. Theae valuea are generally accepted as the limita for efficlent englne op-
eration. Binee the Brlggs clarifier acts aa & by-pasa Tilter a restriction oplfice
1a bullt inte the inlet connection in order to 1imlt the flow through the filter to
10% to 15% of the total amount of oil eireulated. Under no sircumstances should the
regtrletleon orifice be removed from by-pase Fllters as this will rob the englne
Force feed lubrleating system of too mach oll and will lead to burned out bearings
abd Insulfficlent lubrication in general.

&,
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CE & TOM

GENESAL RULES

Ohaerving the Cfollowlng general rules will go a4 long way toward insuring satisfac-
tory and trouvble-free gperatlon. Refer to preceding sectlons for detall instruc-
tlona.

KEEF YOUR ENGINE CLEAN
Inapect the englne regularly and keep 1t wiped clean. If oll ia laft atanding it
quizkly hardens snd must be washed or scraped off. It 1s much =asler to keep the

angine alean than to get 1t clean, and there l1a always less trouble with & clean en-
glne than with ane thet la cevered with oll and dirt.

LEAVE WELL ENODGH ALONE -

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

NEVER ALLOW YOUR ERGINE TO SMOKE

Whnen the exheust From on engine 1s amoky 1t elearly 1ndiecates that cembustlen 1s not
perfest and that residus, in the shape of amoke, I8 olinglng te tha olly surfaces of
the eylinders, pistons, platon pinga, valves, ets. When this happens you are orsak-
ing troubls Cor yourasl and doing &n injustlee te the englhe. Thersfore, the firat
thing 1n conalderation of tha operatlon of a Dlepal englne 1s: DO HOT ALLOW YOUR
ERGINE TO 2MOKE

EEEF A COMPLETE L{OG OF ENGINE CFERATICN

& complete log should alwayes be kept of the engine operatlon, and back shaeta should
be consultad frequently and compared vith preaesnt conditlsne. In this way gradusl
changes ¢can be detected and lovestligated and insignificant troubles corrected before
beceming real ones. Any unusunl nolses or other lrregularitios should ke logged s
that they will be investigeted st the regulsr routine Inspectiona.

INSFECTING REPATRS

At completlon of eny &djustment or repalr job, &lvays make & thorough Inspectlen to
sea that all parts have been aoPrectly veplaced, that bolts and nuts are tight, and
that &ll cotter pina and locking wires are in plase. IF work involved rotatlng
parts, bar engine around 4t least two full pevolutlons {so that samshaft La turned

one ]"'E‘.I'Gll.ltlm‘.‘] to be sube thAt All parta are clear. Be aure that no tools or rags
ara left inaide the engline.

SMOEY EURIDT

Dark smoky cxhaust usually occurs when the snglne is loaded uwp [5/% to full load)
and ilndicates defectlve combustion which 1s usually due te cne of the following
cAUsES

{n) Excessive crrbon on spray walve tips.

(b) Leaking aprey valve.

{2} Lesky exhaust, inlet, or air starting valves.

(d) Buffer springs mey be incorrectly adjusted.

[e) Fuel cam or roller may be worn,

[f) Leaky or stuck plston rings.

[g) Tneven sylinder losd balance.
If the dark exhaust smoke 1 not even but oocura in the Torm of puffa 1t i1s 1ikely
that the sombustion 1a defective Iin one ob two aylinders only. Whare the trouble
11es can usually be determined by eutting out spray valves cne at & tilme. When this
1 daone hawever, the angline should not cavry more than about 38 load or the rezmaln-
ing eylindera will be overloaded.

Sometines the exhauat smoke la lighter and may be termed blusish-vhite in color.
Whan viewed agalnat a cleapr sky, Lt resexbles the nppearance of stesm but is ususlly

1.
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m little morma blueish in ¢color. Bluslah-white axhaust asoks gernarally socurs during
prolonged idling or when the englne fg loaded up alfter a perlod of 1d41llng. Thia
type of exhoust emoke sonslsts primarily of vaporlzed or partially burnt fusl and is
due to niefllring In one or more ayllndere. Inapectlon of the exhauat manifold or
BEulffler in this case generally showe the internal surfaces to be wetted by fuel and
Iln extreme cases pools of fuel may be formed in these parts.

Bluszlsh-white exhaust amoke, unlesa it is dense, 18 generally not hermful to the an=
glone, and as & rule practically all of the veperized fuel 18 &jected with the ex-
hauat gassa, The unburnt Muel may hovever mix with soot and other producta of com-
bustion and in time cause sticking of piston rings and exhsust valves. In axtrame
cRaes where long pericds of 1dling and long perleds of heavy loading ococur alter-
nately, eXhausat paspages, Hanlilfold and mulffler may gradually becoms pnrl;.iull]'
Plugged and the areas reatricted to & polnt where the engine operation 1s affected.

The remedy For this type of exhaust smoke 1s to make sure that the engine fires on
all aylinders when 1dling or at lov leada. Which particulsr ecylinders are miafiring
can generally be determined by feeling the exhaust elbowa. This should be dane
curefully however to aveld burning the hands on those that are hot. The fuel injes.
tlon pressure should be reduced when 1dling to about 2200 to 2500 lbhe. per squars
inch as thia tends to langthen out the injection periocda and prevent slafiring. The
injection timing should alsc be checked 1n ascordanse with paragraph 17 In 3ection
0. In extrems capes, 1t may be necessary to balasnse the englne for equal loading on
Eiltnders at idling or lowv load instesd of at full load (See paragraph 1B, 3ection

INEFECTION AND MATHTENANCE ROUTINE

The following routine fop regular inspection and maintensance work 1s suggested as m
guide for the operator, but axperlence with the engine over a period of time may Ln-
disate changes that should be made In the achsdules. 1

It will be noted in the followlng schedules MIYMI&E has not besn
Inaluded. It 1s belleved the aprey valves should be clesned only when neceasary,
rather than at definlte intervals. The necessity for cleaning will be indisated by
lnoreassd or uneven exhaust tenperatures or smoky exhaust and at elther of theae 1k-

dicationa the spray walves should be inspected and sleaned, 1f necasaary.

In the follewing, work to be done under each routine should lnelude work listed und-
ar preceding reutines. For example, work under "Annual Reutins® includes everything
listed under all other routines.

E-HOUR ROUTINE
(a) Hand o1l the Following polnta:

l. The 1nlet and exhaust valve atama.

2. The roaker arms at thelr fulorums and at their push rod ands.
F. Inlet and exhauat lifters, fuel wedges, lifter and buffers.
%, Wedge shaft bearings.

F. Mechanical lubricator lincage.

IT the lnlet and exhaust valves are sluggish in action 1t 1a preferable to use
penetrating oll on the stems,. If this ia not avalleble & mixture of aqual parts
of englne lubricating oil and kerosene may be used. (A mixture of two-thlirdas
anging fuel oll mnd one-third lubricating o1l san be used 1n an emergency.)] Fap
all othar pointe in above achedules use englne lubrlcating oll.

(b} Bvery four hours check the oll level in the mechanlcal lubrlestar. Check
oll level in sump or day tenk. PL11 with clean sngine oll when hecessary.
If angine i eguipped with sump tank cheek the oll level and add oll Af neec-
GABETY .

[¢) Turn the handle of the lubrleating oll ard fusl stralnera. Always turn
cleaning hendles Immedlately after atopplng the engline.

{4) Teke readinga of all indicating instruments such as gages, thermometers, atc.
DAILY OR 24-HOUR ROUTINE
() Clean out the sump tanks of the lubricating ofl and fuel oil filters.

(b] Check the feeds of the mechanical lubricator.
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£00 _T0 300-HOUR ROUTINE

(&)
(b)

(e)

(a)

(f]

Check intake and exhaust valve timing.

Chesk spray valve timing. (After starting engine cheack eylinder load bal-
apnece.] |Bee Bestlion O)

Clean out lubrlcating o1l day tank or sump tenk 1f lubrisating o411 is dicty
or dark 1n color.

Remove crankeass doors and inspect connecting reods. Be sure thet sll con-
necting rod belts are tight and that everything is in order. Inspect lover
part of aylinder liner bore.

On angines egqulpped with carteldge type Fllters theass may op may not need
replagensnt. The tlme betveen replacements will vary with the type of fusl
or lubricating oll used mand with the operating condlitiona to which the &#n-
gine 13 subjected. When the lubricating oil turna black rapldly following
an oll change, the cartridges should be replaced.

Inspect Zinas in o1l and water coclera, Replase Lf necessary.

SEMI-ANNTAL ROUTINE

{&) Pull eylinder heads and platons, resove pings and slsan plsatons and grooves
thoroughly. Chesk ringe For alde and end clearancea.

ib) Ezamine cylinder liner walla. Wateh for shouldera due o ring travel.

[I:_:I Grind Lntake and exhaust wvalves. Check valve springs for length and tension
and for defects. i

{d) Recondition spray valves. Inspect stem packing and repack if necessary.
Inspect stem for wear and repleace 1f worn. Inepect end clean spray wvalve
tipa. Orind stem to tip.

{e) Inapect mein and connecting rod bearings. Check clearances and inapest
bearing surfacea,. Adjust clesrances 1 necepsary.

[f) Inapect gear traln carefully, cbserving backlash, Iindlcatlons of wear on
teath, &nd clearance on interpedlate gear bearings.

[E.:' Inapect cemsheft assembly. Watch for worn or looss cama, looss or worn
Pollers or pins on the liftera. Be sure all keys and lock bolts are in
place and tight.

{h) Disassemble lubricsating oil cooler and inspect for corroeion., Glean thor-
aughly before reassembling. Renew zine pluge 1f necessary.

(1) Check Tlywheel and coupling bolta. Tighten up 1T necessary.

{j) Chask a1l held-down bolte between epglne and FPoundation. If they ere looae
check the engline allgnmeant.

ANNUAL ROUTINE

{n_:l Check crankahaft allgnment. If shaft needs realignment 1t Ls recommended
that work bte done by an experienced and careful mechanic.

(b} Examine quindar jacketas and exhaust manifold water jackets. If scals 18
ovar 1/16" thick it should be removed by scele remover solution.

{z) Remove and inspect lubriceting oil and fuel oil transfer pumpa. HNote condi-
tiona of bearings, shafts and saesals. HRaplace 1f nacassary.

{4) Inapest all starting air valves end grind if necessary.

(&) Remove top aover and mounting plete on high pressure fusl pump. HNote condi-

(£)

tlon of puwsp plungera and bArrela. Masassembls arcesheads and sconnesting
rode and Inapest for Wwear. Inspeet sustion and discharge valvas and grind
seata. Check valve 1ifta.

Inspect governor and all movling parta Tor wear and elgna of distreas. In-

speckt antire linkage betwean governor and wedge shaft Tor loat motlon and
waar. Fuel wedges, links and plns should also be Inspected for wear and

3.



Section Z

[z]

{h)

replaced Af neosraBAPY.

Inapect Mechanical Lubricator and connestlone to cylinder linera. Inspect
ratchet mechanlsr Tor wear and proper Tunstloning. Hand srank lubricator and

ohaerve the feed to each liner.
through the water jackets.

Clsan out crankoese thoroughly.
out after cleaning 1s completed.

Watah fob wateér leaks Bt the nipples golng

Be sure that all cleaning eclutlen ls dralned




FOREWORD

This Parts Catalog has been complled to serve the dusl purpoae of
providing & means for ordering parts and teo furnlsh 1llustrationa
to ald in the dismantling and reassembling of the varlious unlts
of the engine.

This Parts Catalog is made to conform to the originel construction

of the englne, and the Atlas Imperial Dieasel Englne Co. doas not
azaume the responalbllity or obllgate 1tsell to malntalin thls catalog
to conform to any subsequent changes made on the engline alfter 1t
leaves the factory. Complete records of all changes and service
ordera for each engine are malntalned .at the factory in an effort

to always supply correct parts, but due to occasional substitutlion

of parts 1in the fleld, of which we have no knowledge, and the fact
that we have no assurance that partas furnished from the factory are
inatalled, we cannot guarantee the furnishing of correct parts.

The rlght iz reserved to change the conatruction or materlal of any
part or parts wlthout Ingurring the obligation of installing such
changes on engines already delivered.

INSTRUCTIONS FOR ORDERING PARTS

Always furnish Engine Number wvhen ordering parts or when communicating
wlth factory or agency. This number will be found on name plate

located on operating side of engine. It 1s YERY NECESSARY THAT THE
I a3 1t helps to Insure the furnlshing of correct

parts and 1a alao the means vhereby the factory service recordas of
each engine are maintalined.

Alwayas give PART NUMBER, FART NAME AND QUANTITY, If part haa no Part
* Number then give a COMPLETE DESCRIPTION AND SIZE OF PART,

Ba particular to atate POST OFFICE ADDRESS, TOWN, COUNTY and STATE to
which parts are to be shipped.

gpecify how merchendlise 1s to be shipped--vhether by FREIGHT, EXPRESS
or LARCEL FPOST.

Confirm all Telephone and Telegraph ordera in writing.

Claims for shortages or arrors must be made within five days from the
recelpt of goeods or same W1lll not be consldered.

Broken or damaged goods should be refused, or a complete descriptlon
made of damage by the carrler agent on the frelght blll. If this is
dene, full damage can generally be collected from the tranaportatlion
COmMpany .

Ho responsibllity 1s sssumed for delay or damage to merchandise while
in trenslt. Our responsibility ceases upon delivery of shipment to
the transportation company, from whom & receipt 18 received showlng
that shipment was 1n good condltion when delivered to them; there-
fore, claims 1f any, should be made with the transportation company
and not with the Atlas Imperlial Ddesel Engine Co.

Code Address: "ATGAS" - OAEKLAND --- Codes: BENTLEY'S - PRIVATE



INSTRUCTIONS ON "HOW TO USE PARTS CATALOG"

In omler I9 LOCATE PART NUMBEERS 1t Is IMFERATIVE that the peraon concerned ;nar-
ouphly understanda the makesup of thla baok. He ahould REFULLY REA { H
Flven on this and the lollowing page, and thoroughly Tamillarlze himaell with the
neagepsary atapa 1nvolved. Fartlsularly ie this Impartant vhen sub-amsemblies are im-
volved,

2 a8 theae nunbers acnetimes changs and
wrong DﬂTtE mlﬂﬂt UG HUPDIIEE.

This catalog 18 mads up of four basic aesctlone, as fellewa:-

1. INDEX 3HEET -- This sheet lists the varleus groups intoe whleh the englne 1a divided
and mast be used for obtaining the group sheet nusber,

2., GROUP LIST SHEET -- This sheet llista the parts wvhich comprlas the group, and are
numberad with the prafix "L" ar "2L".

3. FLATT [OR LINE DRAWING) -- Flates are arranged to face the group sheet to which they
apply, and in most ceses ahows only the parte llated In the group. Occmalon-
ally a plate may inclwde two or more groups mekKing it necessary te always
firat abtain tha group number from the index. I this ia not done you may by
chance turn to & plate showing the part wanted tut willl not Cind 1t llated on
the group shest faging this plate.

HOTE:~-=-- If no plate la found facing the group shest, then the part wanted san be
ldentified by the description. This will apply meinly %o Piping, and in thia
aaonneation the actual plpe and fittings on the englne should always be
measured and then ordered accoerdingly, due to unavoidable variationas betwesan
englnes,

. PBUB-ASSEMALIES -- The termn "Sub-assembly™ {(or the Word "Asaenbly" mppearing in the
rt nama] la uaed to Indieate parta wvhich are made up of two or more parta
?Er pleces ) and yeot must be sonsldered as 4 unit part. For cxample, parts
that are welded together, parts that have bushinga presaed in, or parts that
have to be machined together.

4 Bub-assembly list will be found Immedlately following the leat group
ahEEt, and ltemizes the various parts weed In each assembly. Thesae assemblies
are arranged in numerlsal seguenas and always have the prefix "X", "G" op "Ga"
in the sasambly numbar.

ROTE;----- Certain parts of assenblies indleated by an "% in place of a reference
Euﬂbﬁg, are not aold Individuslly, and 17 wanted, The complete Assembly muat
¢ ordered.

BIROLE KHUMEERS or the TOF HUMBER (when more than one nunber appeara 1n the clrale] re-
Ters directly to a corresponding number on the group list sheet.

A glpeles with MHORE THAHR ONE NIMBER indicates part in questicn 13 & compenent part of a
aub-aasembly. The tap mummber wlll refer to a corresponding number on the group
1ipt sheet, and the lewer number will refer to a corresponding number inm the sub-
assenbly.

TO PIND A PART WITH IWO REFERENCE NUMBER2 IN THE CIRCLE FPROCEED A8 FOLLOWE:- (NOTE:-
Select a part on any plate and follsw step by atep as explained.)

1It -- Using the top number 1n the alrale locate soprespanding reference number
on the group list sheet, which w11l be an aasembly ["X" or "G" number).

Znd -- Usaing the Part Number ("X" or "0" ¥o.) of the assembly locate same in the
numerical assembly list at rear of book.

Jdrd -- Refer back to the plate and obtain the second ar lowar nusiber in the refer-
enge elirgle, then locate thias number in the referense nusber column of the
sub-assezbly, mnd this will be the part desired.

If there are MORE THAN TWO NUMEEARS in the reference number clrele, proceed exzactly as
cutlined above, only thia time the part 1ln the Flrst asaembly located will be
another aub-aaaenbly, ao therefore 1t willl be hecessary to find the second assem-
bly, and then refarring back toe the plate take the third number in the reference
girale and matoh 1t with the sorrespondling nusber in the second assembly.

The following page will show 8 typleal example and Lllustrate the above explanation
step by atep.




The following ifllustrated example will show the procedure s explained on opposite
Faga, for finding parts involved in sub-assemblies.

For this illustration assume that the part number for the Cylinder Head Cleanocut
Covar is wanted:-

We know that this cover would be listed wlth the 'Ejl!.:ndcr Head® aa we turn to the
Index Sheet and locats the 1inder & Head Group” whilsh glvea us the shest number,

FARTSE CATALOGe---]1HNDEX ENGINE NOD. 11830
& C¥ls 13 = 16 Marice Engine
Ho.  Oroup
BASE SECTION Bog'd, No.
Bass -- (Studs - Comers - Bearing Caps Btee)essssceses 1 BLET
Bape Gl P'i]:l.i.n‘—[h'.l:l.l; Mapifold = Crank Brg.0il Lines). 1 21528

Crapkahalt & Flywhesl -= (Thrust Shaft & Benring).ocee 1 213D /

S ﬂﬁl’ﬂﬂﬂ. & TALVE MECHANISM SECTION
l_l:l:udar L T | -'.!m
alve Fcokere & Push-Rodl..owsvannvanananansasssssasas 8 L-8777

Valwva Lifters & Guide...evevensassnanasansnnssanasanas B L-5518
Piston & Commeoting Bod....ussssnscnnnsnsssnnasassscas B 2L.3E]

We fipd the sheet number for this group to be L-9776, and now we turn to thia shest
and oppoalte we find & FPlate or group draving.

ALEATE GV FRET R e T pam s — s L L L L-l 5 TTE
m: Hh&l_#:- WITHEOSUT FiTET Hnlﬂ_;lmu mm:ﬂ' HIIE I'IETI Elﬂm

| B FaRT He _._.";“!i- FART AL .

10 1 X1>R% 1 |CYLINDRR & SSEMALY

2], ToRA-FBRM | 4 IWASHER - Cyl. to Centerframs Stud

3 E:THHT -- 1 %S4-B-HE-Hex, - - (&teell ]
= = e —————— e — —— e

i P i

|
0-395
| B10A-03

TE=

-1 o ln

&E

wom BT BOOSIETM DN POR ENEN oL Ty B3 BB D S9N ABROYE BT HO. SDI00 B0M THOE B RR Y0 D 0 O i

FAH 1 b le | ATLAS IMFEHIA.I. DIEELH?"E‘HE‘EQ

Looking at the Flate we lpeate the part ve want and find the refareénde number to e
4-1-B., We now take the top number "4® and match this with the reference number "4" an

the group llst sheet., We find this to be X2810 thd Assembly, 8o that this assembly
muat next be Feound in the sub-assenbls t f hook

Y

. @

M— %13z 16 Mam, - star, | -
*

- VALVE & II'.\.IIE LESEN.
3 RZEle 1 YWALVE & CAGE AESEM.
4 C=218BLE 2 RING = Plstom

After Tinding assembly X2810 in auh assembly llat, we now take the sesond &f the
renoe pusbers In the gval w " and match I:.'hln with the sarresponding

number of the sub-sssembly. nd this to be X2818 Head dasembly a0 we nov have to
propaed to this assembly.

FMBLY  LIST

HEAD AS5EM. - CYLINDER -- Includes

" 1 HEAD CYLINDER

. f PIFE PLBG =-- 1 1% 8td.

1 ©C-5520L5 4 STOD - Ia. & Exh. Cage

2 B=30B80 I STOD - Air Talws Capge

T 2
]

C=847 HOEZLE = Coo
OVEHR = I:luu.n-:mt [Blind

Af'ter this assembly X281H 1s found we now take the
oval whigh 1s "8" and mateh thias with the corresponding re
We now have the walt part whish we want.

forenee numbay 1n X2818.
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The HUDEI. 5“ pumping unit illustrated in Figure 1 embodies =

mechanical motion so ingenious as to deserve wour speciml attention. The driving

rocentrie imparts to both forcing and metering plungers a reciprecaiing movemend

for pumping and an oscillating movement for valving. The angle of the cocenirie

ring groove is 27 When the eccentric makes a complete revelution, the plongers

make a total swing of 54*. The reciprecating movement or lift is 2127, Oil intake

and outlet ports register with grooves in the plungers a5 they travel their cyele,

]
;

I-m*ﬁ

[ ]

Flgure 1

A Sight Peed Tube which
shows che amount of il in
drops according to the oil
delivery adjustment setting.

B Sight Feed il Cup.

G Tube Clamps tying the
tubes A" and B togeiher.

D Fecentric to dmpart the
ceciprocairng and oscilla-
g mavement (o e _|'Id|.1rl

irs  [See R p-ugrapﬁ;

abavi).

E Adjusting Button oo reg-
||1:||!u 1l'|r amoaanl of ol o
b delivered per feed Im-
puls,

F Adjustng Spindle.

G CHl Oucler from pump-
ing umie

H Gear for ocillating and
lifting metering plunger in
wndson with forcing plunger

J Plunger which forces the
measared quantities of odl
to the feed outlet,

K Metering Flunger which
delivers oil to the sighs feed
cup,

L Hody of pumping uair.

M By-Fass Opening—adl
notd celivered  the sighe
fied cup is hy-passed back
io the reservadr.

N Fipe Scralper locaced ot
wil inler of pumping anit
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