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let Stroke

GENERAL ENGINE DATA

Section A

The Atlas Tmperlsl Ddesel Engine described herein is of the heavy duty,
solld injeetlon, full Dlesel type, designed especially for relisbility and
It operates on the four strcke

g long 1ifs of trouble-free oparatlon.
the aequence of operatlon being as follows:

eyele,

wvalve 1a open and pure alr is drawn into the eylinder
through the air inlet manifold.

=2hd Stroke

On the downward or suctien stroke of the plaston, the inlet

0n the second or compresslion atroke, this silr 1z compresased to

about 400 1bs. per square inch, the heat of compression railsing
the alir tempersture teo a point above the ipnition temperaturs

of the fuel.

Juat before the platon reaches top center, the

Injectlion 1s completed shortly after the platon has pasaed the
top d=ad center.

ird Stroke

On the power stroke the injected fuesl oil burnas, incressing the

preaaure wilthin the cylinder, and driving the piston down

through 1ts working stroke.

tlon 13 resched, the exhaust valve opens.

4th Stroke

Zhortly before bottom center posi-

Az the plston returns teoward the head, the burnsd geses are

diagharged through the exhaust valve, and sas the plston reaches
top center the exhasust valve 18 eclesed, the Inlet valve ia

openad, and the eycle 1s repeated.

The follewlng englne data appllesz to engines covered by this book:-

MARTHE STAT IONARY
MODEL ——=| ZHM7E3 4HNTES AHSTES 4HSTES
HO. OF CYL. x 4 3 4
BORE gt e Q" g
STROKE 12¢ 12" 12" 12"
RATED OPERATING
SPEED 3256 RPM | 225 RFM | 400 RPM | 400 RFM
HORSEFOWER
RATING 76 110 &0 120
PISTCN SPEED
(FEET FER MTIN,.) &50 650 BOD 800
LUBE OIL FUMF
PRESSURE 4.3 4,3 bad 5.4
(CEAR TYFPE) GaFaM, GaFMa | G.F.M, GaF.M,
LUBE OIL FUMF
EIUHP 519 E‘IE EtE E-E
(GEAR TYFE) G.F.M. G.F.M. G.F.M. a.P.M.
FUEL TRAHS. FUMP 1.6 1.8 1,9 1.9
{GEAR TYFE) GaFP.M. GuP.M. | G.F.M, G.P.M.
AFPROX, WEIGHT 12600 147e0 13385 15470
(WITH. FLYWHEEL) LBES. LES. LBS, LES.




Section A

High Pressure Fuel Pump - Single fcting

Operating Speed - - - - - - - -
Borg - = = = = = = - - - Bl e

Ho. of Pumpa -

=
L]
i
|_I
-
[
]
[
]

DATA FOR ATTACHED AUXILIARIES:

Alr Comipressor - Single Anting
Borg = =@ = = = = - - -
atroke - - - - - - = - - -
Operating Speed - - - - - -

= o = s o am

Clroculating Water Pump - Centrifugal

Operating Speed = = - - = -
Bllge Pump - Single Acting
Bare - - - - - - - = - = =
gtrocke - - - - - - = = = =
Oparating Speed - - - - - -
PRESEURES;

Lubricating 011 Pressura - -

= = = mm i e

S S

Cooling Water (at pump diachﬂrgaj = = == ==

Pusl 011 Eat transfer pump dlsch.)

1/2 Engine RFM

.I"llE ]
1 174"

Engine R.P.M.

4 Times Engine R.P.M.

)
2-1/4"

1/2 Engine R.P.M.

30 to 45 1be./So.In.

20 lba./3q.In.MaX,
10 1bs./%q.In.MAX.

Puel 011 {(in 7811) = - = - =@ 2 = - 2 2 = = - 1500 to #500 1bs./ Sa.In.
Starting Alr FPressure - - - - - - - - - - - - 125 to 250 1ba./3q.In.
TEMFERATURES:
Gooling Water (Engine Outlet) - direct
goaling - - - - - - - - 125° F. Max.
Cooling Water (Engine Outlet) - Indirect
eooling - - - - - — - - 160% P, Max.
Lubrigating 011 {Cooler Outlet) - - - - = - - 130% F. Max.
Exhaust Temperature {ﬂt fall load
full speed) - - = - - = 7507 F. Max.

EXPLANATION OF TERMS "RIGHT" AND "LEFT" HAND WHEN APFLIED TO COMPLETE ENGINES

Atlas engines ara bullt and deslgnatad as RBight or Left Hand Englines.,
Thiaz dealgnation hea no beardng sa to the engine locatlon or srrange-
ment In A vessel or pover plant. AR cngine can be eaally Ldentifled
by facling the governor or gear end of the esnglne and 1f the governor
1s to the Lelft of the cbserver, the engine 1s Eight Hand. If the
Governor 1a to the Right of the cbzerver the englne 1z Left Hand.
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Seclicn B

FUEL AND LUBRICATING OIL3

RECOMMENDED FUEL OIL SPECIFICATION

== - - 3% to TO 8,U. Beconds at 1007 F.
= = - - Minimum 240
.=D189)- Maximum 0.5%

Viscoslty - - - = - = =
Gravity (A.P.I.)- - - -
Conradeen Carbon (4.8.7T.

LI - I

L e Maximm &.0°
B.S.BW. - - - - - - - = = = = = « Haximm 0.1
Bulphur (A.8.F.M_-D129) - - - - - Maximum 1.0%
lgnitlon Quellty- - - - - - = = - 40 to &0 Cetane Mmber or aguiv-
alent in other lgnition
index.
OF FUEL FRQFERTIES ON CE

As adjusted st the factery the sngine will operate satisfectorily on fusls with
viscositias per above spealfication. It 1a peasible to use thinner fusla but the
operation 1s apt to be “snappy" and it may be difficult to maintain even eylinder
load balance at varylng loads. Fuals with vissosities less than 35 5.U.3, nay also
require special apray tipa with smaller orifice holea than standapd or the Tuel
preasure may have to be reduced. On the other hand fuels with high viscosities may
require larger spray orifises than stendard, lnereased fusl pressure and In extreme
cages longer pericd of injestlon. To insure good operation 1t is recommended that
the viscoslty be held te the apealflization,

The gravity le of secondary importance. A minimum of 24% A.P.I. i3 marely glven
ginece heavier fuels generally require speciad treatment; auch as heating and cen-
trifuging, before they can be burned succeasfully.

The "Conredsen Carbon" or "Carbon Realdue® in the ofl 18 &n index to the amount of
carbon which will form in the sombuetlon shamber. Fuels with high "Conradson
Carbon" may esuse carbon to build up en the spray valve tipe to such an extent that
the fual spraye are deflected causing poor eperation and smoky exhaust, The higher
the Conradaon Carbon the more frequently will it be necessary to elean the spray
valve tips. Experlence also indieates that malntenance soste will be higher when
fuels with high "Carbon Resldues" are uped.

The Agh content of 4 fuel is a measure of the amount of mineral materlal 1t con-
taina. After burning the mineral reaidues are abrasive and 1t 1s aonsequently im-
portant that the Ash sontent be limited to 0.05%. If the content is higher rapid
wear of cylinder liners, plstons and rings will reasult.

The item B.3.8W. (Bottom Sediment and Water] is an index te the fuel's slsanliness.
It 1& goed econemy %o usa clean fusl and store it 1n elean tanks. Clesnliness in
handling the fusl is alse important (See paragraph entitled "Importance of Clean-
linesa in Puel Handling®™ in Sectlon H).

When the fuel oll 1a consumed in the engine Sulphur burns to Bulphur-dioxide.
Under nermsl operating conditions most of this gas is siected with the axhaust
gases. If, however, temperature conditions are lov enough, that 1a, if the engine
la 1dling at low apeed and under gold conditliona, the sulphur-dioxide gas comblnan
¥lth condensed water vapora to form & corrosive asid which will attack metals used
in the englne and exhaust aystem. It la consequantly particularly important te
hold the sulphur content low In fusls usgd for englnes subfect to varisble loads
with long periods of i1dling and also for enginee subfest to frequent starting and
stopping.

The Cetang number of 4 fusl is an index of the ignition quality. Low Cetmne valuss
produce excesslve knocking. Bxeesalvely high Cetane fuels cause high exhauat tam-
Peratures and smoklness of the sxhaust.

Although tha nt does not affest the sultabllity of a dlessl fus=l 1% ig
well to !Ptﬁigf 8 minlsum of 1509 E. asince state lawe and Classification Boslatliss
gensrally regquire this minimum, e Pour Folnt of the fuel should be at lesst 150 p,

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

CATING OIT

Wo redommend that a good grade of Marine types pure mineral oll be used in thape
engings. The oll should be stable under the temparature conditlons encountered in
the engine and should be resistant to oxidatlon and sludging. In general, regarding
quality of lubrleating oll we refer you to & Lubrication Inetrustion Beok which will
be sent to ANy ocustamer or cperator requesting 1t. This book eontaine some good
Polnters on the selectlon and care of lubrieating olls.

1.



Baction B

It 12 not nacessery to use compounded oile, 1.e., olls contalning addltives, inhib-
itors, anti-oxidsnta, carbon removers, etc. in Atlas Englnes. Thers ars, howvover,
many good scmpounded olls on the market and these may be used providing extrome cau-
tion 12 sxercised and the action of the oll in the engine 1s sbasrved closesly.

When a pure or "straight” mineral oil is used some carbon or other deponlts will
generally be found in the erankecass snd sunp tanikc, The ameunt of thess deposits de-
pend greatly on the quelity of the oll which has been used and for good gradea of
oil the depozits are not excesaive and in any way harmful to the englne. The
chenisale contalned in the scmpounded oilz eneble these olls to garry the zarbon and
ather sonatlituente of the uswal crankcaas daposlts In suspenslan. The sampounded
olls alap have 4 gtrong tendensy to break loose and carry avay any exlatling arank-
casa depoaitas and ainese there L8 & 1imlit to the mmount that can be carrled Lo sus-

pe::a.'lnn r::lﬂ,gg;ing. -:-f :I"I.].tara and -:-11 linaa rw.; r:uu:lt- If ls conseguently of utmopf

imparteanca to t g - -ll linas and = tank belora
Aa an aEE d precaution we

auggest that the Irat bate cnmmuun-- he uaed nnlr for about 25 hours &nd
then dralned off. Thesse precautions apply nlau when changing from one compoundad
a1l to ansther compounded o0il of different make or brand.

Ir & compounded o0ll 18 used the pon-corrosivenesa of this oll muet be locked 1lnto
very ecarafully. In this connectien the Englneering Dept. of the Atlas Imperial
Diesel Engine Go. i availlable for consultatlion and they will be glad to adviae
whether or not an o1l is suitable for use In this angine.

With regerd to visgosity grade pur recomsendstions are that the viagoalty at 1307 F.
be betwean 235 and 270 3eca. Sayholt Univerasl. Thia correspondas to an 3.A.E. vla-
coalty rating of 30 te 40. In other wordsa, the oll to be used should be a4 heavy
S.A.E. 30 or & light 3.A.E. 30 oil.

In regard to dealnage perloda we suggesat that the first bateh of oll be dralned
after 100 hours of sarvice. Thereafter the suggested drelnsge perlod 1a 200 to 250
houra, This paricd may be lengthensd somevhat on englinea whileh are equipped with
waste paaked f1ltera. In that cease if the Filter cartrlidge 18 shanged before the
oll 18 badly diacolored and loaded up with insolubles or forelgn partlcelss, dralnege
perioda of LOO te 600 hours can be uwsed. In the pases whers no waste packed filtars
ara used the oll will of course not be "worn out" after 200 houre of servica Lf Lt
iz of a good grade. It will, hewever, be dirty and will santaln Lnedlubles which
should be removed from the lubricating oll before 1t 1e pe-used.

The asame lubricating ofl ms used in the crankease of the englne 15 alap sultable tor
use in the mechanieal lubripsator. In the sase of the mechaniesl lubricator, however,
it is highly desirable that new oll be uaed,
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Bection €

INSTALLATION INSTRUCTIONS

PREFARING THE ENGINE BED

The suceeae of 4 Marine sngine instamllation depende greatly upon the construstion
of the foundatlen and upon the cape sxerclissad 1n 11ning up the engloe to the pra-
peller shafting. TFoor lostalletiona will result in exceasive vibraticn and son-
tinwal change in engine mlilgnment. The result ls poor performance and failure of
vital parts. For this reason Atlas Imperdial Dilesel Englne Co. cannct guarantes an
englne unless the engine foundation [engine bed) is strong and ‘rigld encugh to pre-
vant vibration sand changes in slignment.

The importance of rigidity in the engins foundation eannot be over-emphesized and
1t must be asseurely fastened te the huwll of the vesael 30 a8 ©o be virtually a part
of the hull gonatructleon. For lnetallatliena In old hulls;, where the rigldity of
tha hull is guestlionable, the Foundation shauld be axtended Fore and alft e fap as
poagible; twleoe the length of the engine is suggested. Stiffensers should be [ltted
to prevent the foundation from twisting and weaving. In twln sorew installestions
it 13 sdvisable that both foundatlons be atiffly connected and braced to sach other
grnd to the hull., Stesl foundations should be walded or riveted. Avold bolte or
serevwe which may work looas.

When preparing the engine foundation alwaye obtaln eertified outline printa. Do
not use flpgures or cuts in bulletine or saleg literature. The top faszes af the
foundation muat be stralght and showuld be lined up so that they sare parallel to the
propeller 5h.a.f‘t.inE_, Athwartshipa the two top faces should be level. The Tounda-

tion should be constructed ao ms to allow 1" to- 14" thick shims or chocks betwesn
the angine supporting flanges and the top faces.

INSTALLING THE ERGINE

The =nglne should be lowered onte the foundatlon and sllowed te rest on the levsling
gerews. For wooden Toundmtions provide stesl plates of suffielent ares and thicks
nega for the leveling screvs to rest on, {(Min. 4" x &" x " to 34" thick.) BShirt
the sngine sidawaya until the centerline of the crankshaft llnes up with the center-
line of the propeller shafting. Then by means of the leveling screws adjust the
helght untll the senterline of the crankshaft exastly lines up with the centerline
of the propeller shafting. Alse level the base athwartahipe. When saligonment in all
planes i3 %t hand the fallowlng check ahould be madas.

. Turning owver shaft thers should be no blnding Between the centering splgeot and
recass of the two coupling halvas.

b. The fases of the coupling halvea sahould be parallel ragﬂrﬂlena of the angle
through which either or both shafts are turned. With the propellar coupling
half held against the englne coupling half, but not bolted, 1t should not be
posalble to lrnsert a 0.003 in. feslar at any polnt betwesn them. Cheak at top
and bottom and the two eldes before boltlng rlanges together.

If engine has been installed before launching i1t 1s advisable to temporarily bolt

it to the foundation st this time. Ift i3 oot advisable to proceed any further be-
rore launching unless the hull is extremely rigld. When the vessel 1s afloat the
aligrment should again be checked and 1f found satisfactory a chock should be aare-
fully fitted at each holding down bolt., This spplies to atesl foundationa. In
wopden loundstions careful messurements should be taken of the distanse between the
bottom of the angine supporting flanges and the top of the Cfoundatien. A ceqtinvous
wooden shim should then be prepared and thie shim should exactly it the space he-
twgan the foundatlon mand the eaglne asupporting flanges., The shims should be at
least a8 wide me the supporting flanges.

After the englne 1 resting on the shooks or wooden shima it l1s advisable to check
that the foundation 1a supparting the sngine evenly over the sntire length. This

is bast done with a #5965 Bterrett Straln Jege. Ohesk the dlstaness between the in-
a8ide freas of the crankwebs with the parreaponding erank on upper and lowed aentera.
{Eea figurﬂ in Section F for atraln gage lnnltlnn,} Feadlngs for any one ¢rank
ahould mot differ more than .003%, Distortion of the last two cranks only indicates
that the srankahaft is out of line with the propeller shafting. (When making this
check the epgine and propeller shaft couplings should be bolted together.) Cheak
the last two cranks 1n the two horlzontal positicns alas. IT sisalignment or une-
avan support la indicated determine the cause and correct.

When the final alignment has been accomplishsd permanent foundaticn bolts should be
ritted. For steel foundations drill and meam for fitted bolts. Spaces betwesn the
foundation belt chosks can ther he fi1lled with typs metal.

1.



Section ©
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SERVICE PIPING

Plan all piping carefully and use as short and direct lines ms posalble. To lm-
prove the general appearanse of the Installatlon, piping should be lald below the
engine reom Fleor when 1t 18 posslble to do so. HRemovable floor plates should be
provided and care should e taken that all plping 1a asoeaalbla.

FUEL AND LUBRTCATIRG OIL FIFING

Beg Saction ¥ for pipe sleea and errangement of the fuel day tenk. 3ee Bactlon T
for lubrleating oll day tank sonnestions. Pipe slzes are statsed lh these Sectlons.
Frovide draln valves and vent walves vhere necessary mnd remove all acale and dirt
from plpea and fittings before lnatalling.

COCLING WATER FPIFING

Locate the ses chest far enough belov the water line to prevent uncovering vhen the
veasel rolls. It should be provided with & cosrse grmatlng. Inelde the hull a
atrainer of anpls size should be provided with gate walves on sach slde as that 1t
gan be ilmolated for cleaning. For enginea equipped with centrifugal clirculating
water pumps 1t 1s particulsrly important that the resistance in the aem cheat,
gtrainer and plping be as small as posasible. Use as fevw bends as poaslble and do
not make =ither sustlen or discharge plplng longsr than nessssary. Locats thas over-
board discharge not more than 3° above the wvater 1lne. All valves should be gate
valves - not globe valves. Use pipe slzes called For on the outline drawing.

STARTING AIR FIPING

Aly tanks should conform te A.S.M.E. specifications and should have ample strength
far 250 1ba. per sqguare lnch presaur=. Each tank should be equipped with a safety
valve and a globe valve for laclatlen. A draln velve should also be provided at
the lowest palnt and this velve ahould be sasesalbla.

Tanks should he cannested to the englne starting alr header uwsing the pipe size
palled for on the gutline drawing. Provide a globe walve next to the engine. All
valves and fittings should be of heavy pattern for Rt least 250 1ba. per aq. loneh
presasure. The air compressor on the engine should be connected to the tanks wlth
plpe of the size called for on the sutline draving and valves snd Fittings of heavy
pattern. The alr compressor discharge pipe ahould preferably be run to the sirp
tank. It should not be sonnected to the plplng betwesn tThe tank and the starting
alpr hesder. Alr compreascr unloader should preferably be connected to the tank
with its own plping op tublng. Under no circumstanges ahsould 1t be connected o
the sompresscr discharge line.

EXHATUST 3YBTEM

411 exhaust piping should be installed in the shorteat and moat direct manner pos-
aible. When bends are necessary use long swesp Flttings. Use the pipe size called
for on the outline drawing for lengths up to 20' contalning a saximum of thres
bends. For 3 to & benda inegpesasse the pipe to the next nominal alze and for each
additicnel 30! lemgth lnerease by ocne plpe alze.

In apdar to protect the englne and piping from undue stralne & length of Flexible
metal tubing' should be installed as near to the engine as possible. It ls alsc
recomaended that flanged connectlons be used Cor ease of Alemantling mnd cleanlng.
For twin marew installations it 1s recommended that eeparate exhasust lines be used.
If exhaust 1ines ares aombined and only. ane englae s running, sooct and carbon will
be blown lnte the ether engine through the open exhamuat walve.
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Section D

OFPERATING THATH

Before the operstor attempte te run the sngine, he should carefully study the ahap-
ters desling with the mechanical detalls, sspecislly the governor. After familiaw-
izing himaelf with the prinelples lnvolved, the operstor will understand the signif-
foanee of the varloua moven=nts of the control levera and will be sble to handle= Ehe
engine intellligently.

STARTING AIR LEWVER

Obsarve the constructlion of the starting alr leover,
which 13 connected to the recker shaft on one of the
end cylindera. B8ee Fig. D-1. The lover 12 held in
the running positien by a apring loaded lateh whish
shgages & noteh Lo the gquadrant. It may be moved to
the starting poaition by pressing dewn an & pin in
Ehe handle.

The atarting alr rockers are mounted sccentrically on
thelr Muléerus shafts, The ends of these ahafts are
connestsd togethsr betwean the aylinders, so that the
atarting lever actwates sll the shalfta. When tha
shafts and lever are in the "Run" position the eccen-
trigs are up, with the outer ends of the rockers
ralsed. The 1ifters arse then held up clear of the
cama by springs. When the shafts ars turned to the
"atart” poaltion the 1liftar rellers ame pulled down
inte contact with the cama, which then astuste the
starting alr valves a3 the can shalft rotates. FIG, D-1

INITIAL STARTING AND BTARTING AFTER PROLONGED SHUTDOWH

{a} A rinal cheek should be given all fuel, afr, lubricating ofl and vater linass,
glving attentlon to the location and poaltlen of shut-of f wvalvea, chesk valves, oto.
It 1a well to tracs sach syeten through meking sure that there sve no short cipeults
or blockages.

(b} For the initlal aterting 1t 1a well, although not abmelutely necsssary, to rill
the pressura linee and passages of the lubricating o1l syatem. For thie purposs a
emall hand operated gear pump or piston pump can be used. When the prepaure lines
are full, & alight pressure will register on the pressurs gaugs. This procedurs
¥1ll Imsure lubricating oll pressure immediastely upon starting.

{a) Hand 011 the engine at all the polnta lilsted under "4-HOUR ROUTINE" in tha
"Malntenance & Inspection" Bestlion. FI11l the mechanicel lubrieator and turn ita
crank several revolutione.

(d) In engines having less than six eylinders the starting position of the plston
cyclas do not everlap. In other words there are dead spots st certain points whers
no air startlong valve la opened. Wien atarting thess englnes It ia therelfors neoceoa-
sary te bar the englnes over - alwaye open the cylinder relief valvwes - to spot one
of the platons st & point alightly past top center on the pover stroke. VWhen on the
powvar stroke both intake and exhaust valves ars cloped,

(6] Open the small vents an top of the outlet fittings of the high pressure fusl -
pusp end operate the hand priming pump uatil feel flows from both of these polnta.

Then eleose theae wvants and pump up the Tuel pressure to approximatsly 1500 1lba, por
gq. lnch by mesns of the priming pusp handle on the high presaure fusl pump,

{f) Bes thet velves In aterting alr plping between mlr recelver and sngine are open
and that there 1s sufficlent alr pressure svallable. (If the snglne hes previcusly
been timed by means of fuel pressure or If 1t has been barred over it ie good praa-
tloe to alose the spray valve isoleting velves and open the compression relsasms
valvee abd then turn the englns over on alr untll any exeess fuel in the combustion
ahambers has been blown out.)

(g) 3=t the governor control lever at the center of the seater.

(h) Moengage the propeller ahart slutch.

(1) Move the starting slr handle to the start positien. The engine will then turn
over on aly. Aa econ &8 Clrlng commences, move the atarting mir handle back to the
running posltien. PRun the =nglne slowly at firest and control the gpead by oeans al

the governor coentral lever. Adjust the fuel preasurs to about 2000 to 2500 lba. per
23. 1nah. Then fmeedlately check and wateh the followlng:

1.
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1. Lubricating oll pressure and circulation. Observe all level In day tank or
sump tank. Engine will abaorb several gallons when started up.

2. Circulation of cooling weter. Do not run the engine longer than 2 minutes or
at high spesd wnless water circulation hes started. In some Llnstances priming
of the water punp will be necessary but do not prime untll the englne 1es scol.

3. 041 and water leakage from external lines and fittings.

4. Hot bearinga. Fesl covera at intervals to logate any hot arese which would
indicate hot @ll from & hot bearing.

B_ Fael wvater jackets and manifolds for even water alraulation.

&. Check the responsae of the fusl pressures relief valve by moving the handle up
and dowvn end wvatehing the pressure gruge.

T. Liaten to the engine for evenness of firing and mechanlcal knocks,

[§] The engine ahould then be graduslly brought up to full speed. Increase the
apesd slowly end ran at sach newv spead, chacking the 1tems under fl] At =ash 1n-
ecreasa. After running for a fev mlnutes at full apeed without load, reduce the
gpead to 141ing, engage the cluteh and again slowly bulld up the spesd, increasing
the fuel presaure te F000-4500 lba. ag.in. as full epead 1a reached.

ROUTINE STARTING

Alveys sheck the poaltiona of oll eand water shut-off wvalves and make certaln that no
tooles ar the barring lever have been left where thsey san interfers with flywhesl or
shafting. Spot the sngine in starting position. 2ee (d) under Farsgraph 2. After
starting up check water glroulation, lubrigating oll level and pressurs. The forma-
tion of & hablt of checking these 1tems auvtomatically whenever the engine 1s started
ia likely to prevent asccidents and serlous damage. For routine starting it iz only
negassdry to apply ateps (d), (f), (g) and (i) in Paragraph 2 whereupon the fusl
pressurs can Immedlately be ralssd to 4000 lbe., and the engine brought up te full
spead, The engine 18 wauelly started with the eluteh dlsengaged, but 1T deslred 1t
may be atarted with the ¢lutch engaged.

AU ING

The followlng l1temsa should be watched and pegulated I necersBaTy:r

[a] ﬂll_I:gﬁgyﬁ;, The lubricatling oll pressure should be maintalned batwesn %0 1ba.
per squares inch and 45 1bs. per sguare inch.

(b} Cooling Water Tempepature. For Seawatar Cooling the ocutlet tempsreturs should
net exgead 1259 F, LI & Frash Water Cooling System L8 used the outlet temperature
nay salely reach 1509 F.

[2) Fuel F up The fuel pressurs should be wvarled with the sngine load. AR
ful & preasures of arcund %000 to 8500 lba. per sgquare inch willl give the best
reaults. However, as the load is reduced the fuel pressure should alse be lovered
to prevent too great 8 withdrawal of the wedgesa. Too high s fusl pressure at low
ppedds cauvses very short injeation perlods pepulting 1n reughness and uneven engins
operatlion. About 2000 to 2500 lba. per 8. Iinsh 1s suitable Tfor f41ing.

fd] Marhanleal Lubrlicgtor. The Fead Trom the mechaniapl lubripater should be sd-
justed Eu TE to EE drops per minute per feed.

le) Exhsuat Tempepatupe. The normal full load and speed exhaust temperature should
not exceed the value atated 1h Bectlon A. If the temperatures for all eylinders ape
above The stated walue overload 1a at hand, If the exhauat temperature for any oae
aylinder Ia too high ar teo low the injection eyetem fm probably at Fault. [Ses
2ectlon on "Smoky Exhaust" under "Maintenance & Inspection”. )

{T) Exhaust Appearance. Observe the exhsust appesrance. If it 1s am inveatigate
the cause. In moat gases the spray valves apre respanslibls for amole. Bae sestlon
on "Smoky Exhaust" under "Maintenance & Inapection’.}

T0 2TOPF THE ENGINE

Turn the wedge aheflf control lever located on top of the goevernor drive housing.
This lever Lg gonneated by linkage to rotate the wedge sphaft, pulling out the wodges
and shutting of I the fusl. The laver miat be held 1n the stop poeltlan until the
engine comea to rest. A lateh release meachanlss permlte withdrawval of tThe wedgee Dy
maans of the control lever wlthout lnterference from the gevernor.
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Sectlan F
LOWER BASE, CRANKSHAPT AND BEARINGS

BASE AND CRANKSHAPT

The cast lron bese sarrles the main besring eeddles and the maln lubrleating oll
manifold fros vhieh oll ie piped to sach main bearing. Bhoert length of flexible
matal tube provide the conneetlon between the manifold and bearing saddlesa. The
ends of the tubes are agldered Lntoe the @anifeld teea and leaded 6 the englne base.
If replaced at any time the lead must under no clrcumstances project mabove the asd-
dle bore. The crankshaft turns in babbltt lined steel backed besring shells, held
in plase in the bases by the maln bearing caps. Adjustment fs by shima, and Munning
eleapances should be . 0008™ to .00095" per inch of shaft diameter when bearings are
rittad.

MAIN BEARLNG ADJUSTMENT

Baaring clearances can be accourately meaasured wlth tvo pleces of lead wire of sbout
025" dismeter and one inch leng, which are compressed between shell and journal
gbout 1% from each end of the bearing by tightening the esp belts. The thiclness,
measurad with a micrometer, is the running clearsnce. Clearances should be checked
annually, and should not be allowed to sxceed 00157 per ineh of shaft dismeter.
Keap shime even on both sidaa,

HATH BEARING SHELLS

The bearing shells are prevented from roteting In the bass by the ahima, and are
located fore mnd aft by a square head dowel pin in the bottom of the bearing saddlas
which engages a clrowmferential groove around the outslide of the shell. &8s fltted
the shalls project above ths base and fape of the caps from 002" to 003" on sach
gide, but are squeszad dewn flush when the capnuts are pulled uwp. Thers should not
be any apprecsiable glearancs betwesn the base, shim, and sap after final tightening.
The bearing shells and ecapa are all numbered snd pust salweawys be replased In the
bearing Feam whish they wers pemovad. Never Iintersheange them, elther from one beap-
ing to another, or fram top to bottam.

REMOVAL AND IN

After removing the cotter pins sand meln bearing nuts, the cap, uppsr shell and shims
may ba Lifted out. As thia operatlon is performed the positions of the numbers
stanpped on each of these parta ahould be noted a0 thet The parta can be meassembled
in thelr proper positiona. Uhless the bearing is sonsiderably worn Lt may not be
posnlble to remove the lower ahell by hand and If 1s uswally necessary to turn LE
put of the base by barring the engine over after lnserting & capscrew In the gil
hole in the journml. The head of the capacrew will contact the adge of the bearing
shell snd roll the bearing ocut with the journal.

When assambling the maln besring shells care must be taken to keep all parts sbao-
lutely clean. It 1a of ukmost importance that any dirt be prevented from lodging
between the ahell and the saddls. Extrsme care mast bs exersised in losating the
botton shell in a fore and aft directlon before turning it into the baass. Mlaalign-
mant will sause the groove to mise the dowel pin In the base and trouble will then
ba ensountered In basking the shell sut again for another tEy.

CRANESHAFT ALTGHNMENT

The orankshalft should Be checked At anbual overhauls, ar at intervals not gremtar
than 7000 service houra, for misalignment due to unsven wear of the bemringa. Whan
the sngine wvas erected at the factory the besarings wers carefully scraped in, so as
te bring the bearing surface of all shells in line. If one of these surfaces, dua
to unaven vesar, bacomes lowsr than the adjacent shells, it 1s evident that the
scrankahaft will be bent each time the &d Jacent cylinders fire and the connesting
rods Torae the journal down against this low besring. This sonditien must be gusrd-
ed againat, as negleat or Ignorense of 1t wi1ll ultimetely eesuelt In a broken aheft.

The slmpleat way to check crankahaft allgneent Is by means of a brldge gauge, which
can be suppllied with the angine as extra squipaent. IF a bridge gauge ia desired it
must, however, be ordered when the order for the englne is placed. It can not be
supplisd later.

With the bridge geuge straddling the Journal and resating firmmely and sguarely on the
'EIIEB.I"LI‘.'IE aap g=ate 1n the lower boae the dlatancs betwesen the t-l:lp- of tha maln bﬂﬂ.]ﬂ.]‘lg
journal and the mschined fase on the bridge gauge la measured by means of & fesler
ERuge ., At the tlme the E.I:IE].L'I.IE was eprgatad thess messgurements vare taken and vere
stamped on the bridge gauge. As the age of the engine lnersases the bearing sur-
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faces will wear, with the result that these messurements will graduslly incresse.
A8 long as they all increase by the same amcunt the shaft will at11l be in linse
howaver, and there need be ne worry even though they do not agree with the original
readings stamped on the brldges gauge. But 1 at any tilse the "wear down" or dif-
ferenge betwaen the current readings and the originsl readings atamped on the gaugs
differs by mors than 004" betwesn twe adjesent bearings, the low ahell should be
raplaced at onee and the crankehaft re-aligned. This job should be undertaken only
by an experlienced mechanic. A careful record should be kept of all brldge gauge
readings taken from time to time.

The brldge gauge messurements deparibed above should be made suscessively, removing
one bearing oap at & tises and replacing 1t before proceseding to the next bemring.
When making msasursments the crankshaft journal must be forced down ageinat the
shell by means of a jack bearing against the centerframs. FProtect the shaft jour-
nal with a plece of wood or sheat copper. An indieation of low bearlng ahells will
usually be given by looesnesss of the shell in the eaddle. If 1t 1s possible to
frealy rotate one of the lower ahells by hand when adjacent bearing cape are bolted
dewn, 1t 1s guite probable that this shell 1s unduly worn and 1t sahould Be checksd
with the bridge gauge at onoe,

IT" a bridge gauge ia not avallable, crankshaft slignment may be checked with a5 gap
or straln gege as Follows: Stamp two center punch marks as shown in Fig. F-1 on all
cranks. Starting with Ne. 1 eylinder crenk remove &djacent main bearing caps and
locate the crank as nesr lover center s gap gage will permit. Using jack acrews
between bearing journal and center frame force shaft against lower bearing half
{protect shaft with s plece of wood or sheet copper) and record the gap gauge read-
ing. Then logsen Jackacrews and bar over untll crank 1= on upper dead centar.

Again tighten jsck seraws and racerd the gauge resding. FRepeat on 81l other aranks.

GAP OR STRAIN EE.EE*R" L
EAGE T CEMTER
w\\\ﬁ
LIGHT CENTER
FUMCH RMARKS
DIRECTLY

CRAME M
LOWER CEMTER

FIG, F-1

Comparlmon of gauge meaasurements in upper mnd lover centers willl indlicate crankahaft
allgneent canditiona. HNormally the measurements for the cranks in top position ere
sllightly larger than measurenents for the same cranks in the bottom position. How-
ever, the difference ln messursment for mny one crank should not exceed .O005" per
inﬂ?ﬁg :uhugt diameter. If this 1s the case, reslignment of the crankshaflt bearings
8 imdiceted.
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CYLINDER AND LINER I AWND WALWVES

CYXLINDER

The individusl cast 1lron eylindera ave secured to the centerframs and base by four
atuds which are ecrewed Into the baase adjagent to the main bearing saddlea. The
ayllindera are losdted Cranaversaly and are alipgned to the coanterlframe by machined
pade alohg one alde which reglieter with o step on the top of the senterlframe.
Crankesss sealer 18 usad between the eylinders end the centerframe. If this jolnt
le dleturbed the old sealsr must be scraped off and replasad by fresh sealer befors
tlghtening the pylinder nuta. Glyptal Lecquar iz mecotiended Tor ssaler.

On engines with 64" to 8% bore the eylinder bere is machined directly in the eylind-
ar caating, which 12 made of & apeclal alley l1ron, heat treated to relieve atresaea
and ascurda the correct hardhéss. A cored space betwesen the eylinder barrel and the
gutafide well ferme the cpollng water jeckest, plpe plugs in the outside wall provid-
lng sagesa lor lnspectlon and cleaning.

CYLINDER LINER {Engines with 9" or larger bore)

fin the larger engines replaceable aylinder liners are used, mountad in the sast Lvren
gylindera. Hand hole sovers In the ecylinder wvall provide socoesa to the wvaten
jackets.

The ¢yllnder lioners are special alloy iron saatings, heat trested to relieve eptrap-
asgs and aecurs corract hamdness. They are assurstaly machined to close tolerances
and sheuld be hendled carefully and cares taken not to dansgs the fits st top and
bottom, 3Spare liners should always ba stared in a verticel poeition and shouwld he
geaurely fastened dewn 1 atoered on beard ship, The water aesl at the bottom of the
llner aonslata of two rubber grommets which should alweys be replased with new oncs
whanever a llner la pulled. When lowering a liner inte place, grease the grommeta
fraely with cup grease and uss care te entay the grommets into the eylindsr f1t op
they may be pinched and damaged. The liner has from 002" to 005" clearanae 1n the
aylinder at both top and bottos Fita and noe difficulty should be encountered in ln-
8tallling a ned lipner. A4 peper gasket 010" thick fs used for the upper water sesal
betwaeh the liner and o¥linder mnd a now gaelet should elvays be usasd vhen replacing
a llner. The Fits and shouldera on both liner and eylinder should be carefully
apraped and wiped claan to mesure a water tight jolnt, Care mupt be taken not to
damage these ahoulders, se & water leak will result,

A copper gasket, 1/32" thiek, forms the gas seal betwaen the 1iner and the head.
The gmeket and both aealing surfaces muet be carefully wviped free of all dirt vhen
apmenbling.

CYLINDER HEAD

The individusl csst Lpon eylinder heeds are carefully designed to sssure unifors
ao0ling. On the smaller anglhnes pipe plugs provide access To the head jackets, and
aoven plates A used on the larger snglinea.

The gylinder hesd 1a centered by means of & aplget which engsges the bore at the top
of the cylimder or liner. The Tfase of thils splgot bears upon the copper gasket
forming the ges ssal. In the larger englnea in which cylinder linere are usmed,
braga bushlogs sereved Intoe the eylinder and extending up inte the head carry the
coollng vater. They are ssalsd by rubber grommets. Peasaover plpes, connecting
parta In cylinder and hesd make the comnnsstion in the amallsr engines.

When a oylinder head 13 removed 1t ahould be placed on woobden blocks, never on Gen-
crate fleor or steel deck. The rubber gromnots should elweys be replaced By new
cnag and all dirt should be wipsed from the bottom of the head befere LB 1s lowvered
ento the aylinder.

IXLET & 1 T

Two types of inteke and exhsust valves are used on Atlas Imperial Diepel englnes.
One may be termed cne-plece Terged type mnd the othsr two-pless sast head type.

The two-plece caat head type consists of & valve head cast of apeclal heat reslsting
alley lron and a steel aten which i3 screwed and riveted to the heed. Inlet mnd ax=
heust valves of the two-piece construction ars interchangeable and ths same walve
may be uwaed for elther intaks or exhauat.

On englnes where wvalves of the one-plsece Forged type are used the exheuat velvea are
of 8 spealsl heat mesiptant alley ates=l and may be distinguished frees the inlet
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valves by the "EXH.™ and "INL." stamped on the valve heasda. The Ilnlet walves are
forged of chrome nickel atesl and are not sultable Tor exhaust walves. The one
plecs valven should pever be used interchangeably except in an emergency.

The ends of the valve stems are threeaded for retolining nuts whieh secure the walve
aprings in plece. The valves seat directly in the cylinder hesd castings and the
stems Wwork in renewable guldes pressed iate the heada. If the guldes are raplacsed
they ahould be pressad in the same dlatanecee a2 the ones originally in the hesd and
should be reamed gfter prassing in plase. Use s standard resmer which produces &
hole with a dleametsr to sise or O005" overslze. Fop axampls the valve atem dlame-
ter on the 64" bore engine is 5/B" and & standard 5/8" pesmer should be used whieh
mhould then reamw the hole to -G2R0® - L6255" diasmeter.

When grinding valwes alwaye finlsh the grinding with fine compound, and take partle-
ular care not te get any grinding compound ints the pulde. Thoroughly elean all
traces of the grinding compound from valve and seat belors reqssembllng.

Lubricate walve stem with clean engline oil before placing ln gulde. IF valve lacea
are badly pltted they ahould ba refeaced in a lathe, an excssalve grindlng toe remove
pita will wear down the seats unnecessarlily and will also qut & grosve 1o the valve
feea., Badly pltted seats should also be refaced bafore grinding. Care must be
teken to kKeep the sest concentrle and sguare with the bore of the gulds.

STARTING AIR VALVES

The starting alr valve is guldsd in the head b¥ 4 bushing which i clemped to ths
welve stem and works freely in the head. Twe piston ringa form the air sesl between
bushing and head. A nut on the satem sscurss Tha bushing &nd a apacer to the atem
and alse serves aa retaining nul for the spring. The lovar end of the spring ia
supported by a washer, bearing against the eylinder heed. The starting sir rocksr
in mounted ecemntrleally on thes rocker shaft. Tha rocker shalte are connected bhe-
twean the eylinds=r hecde, Tforeing cne complets ahaft, and when the anglne is to be
started the entire shaft 1s votated by means of 4 hand lever on one end, the accen-
trises bringing the push rod liftera down inte engrgement with the cans. When the
epgine ig running the push reds are held up fres of the cama by apringes.
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PISTON TING ROD

FISTON

The pletons which are of the one-place, solld-akirt type are mede of high grade cast
lron end are heat trested to relisve atressea and o obtaln proper hardness. The
piston la ground stralght, that 1s witheut teper, from the bottom up to the ring
balt. The clearancs In the liner 1a 001" per inch of bore dlameter, [ue o MATIU-
freturing tolsrances the total elearance of the plston skirt may vapy 001" up ar
down from the above value. For exacple: the piston akirt clearance in & 1=" D
engine should be between 012" and .0147%, The head of the platon being exposad to
high temperaturee 1a given a larger clearance, epproximatsly 0055 to .0OG" per
ineh of bore dlameters.

PISTON FIH

The case hardened and ground platon pln ia atepped, with differentlal fits in the
platon pin bosses. The I'its are about 00057 to .0015" press on the small end and
metal to metal to .O015" lecee on the large end. Rotatlon of the pin in the platan
iz prevented by the engagenent of B dowsl which projests radislly from ths large
and of the pln with & groove in the bottom of the boas. & setscrew threaded Lnto
the amaller plo boss snters an indentatien in the pin to met 88 &8 retainer. The
aetgarew ls in turn sseured by B locknut.

FLETON il

2lx plston ringes are used per platon, an oil ring above and Below the piston pin and
Four compresalon ringa.  Alweys ssasuble the oll rings with the bavel up, to slide
aver the oll fllnm on the upstroke and serape 1t down on the peturn. Whnen everhaul-
lag pletons, thorcughly clean 11 carbon from rings and grooves and top of platon.
Fuel deposit on the platon skirt can beat bBe dlssolved with clesning solvent or
palnt remover. Bs surs oll drain holes below oll rings mre open.

Chzeok rlngs for side clearanee in grooves and end clearance, as measured in placs 1in
the liner. &lde clesrance should be 003" fo 005" with nev pistons end rings and
end or gap clearance 005" per inch of bore diameter for the two top rings. For the
other rings ths gap clearance should be 003" per inch of bore diametsr.

Hings should be dipcarded when the side clearsance excesda 008" and the end clesr-
anca 007" to 008" per Inch of bore diamster. It L8 alas & good poliey to discard
apny rlnga Wwhich have been atuck for sny lasngth of time as they are apt to be ocut of
round and may not hold compression. Always eheck new rings, measuring the alds
eleerance, in the groove in which the »ing i1s to run, with feeler gauge, and the

end clzarance wilth the ring in the 1inep at the szsllesat dismeter. HNever 1nstall
rings with less clearance than that glven above. As the oll ringe weer the width of
the flat lnoreases, with cohsegquent decremss in width of bevel and oll acraping
ablility. Exparience will determine permimsible wesr without excessive a1l Pumplng.

CONNECTING ROD

The conmecting rode are ateel forglngs, rifle drllled to carry oll te the platon
plnz., EBhisxs betwesn Toot of rod and arankpin bax provide adjustment to balancs
compresslon pressures in the cylinders to the desired velue. The distance X" {(ses
Fig. K-1), betweon the top of the pilston and the
top of the linar should be 1n sccordance with the
tabuletion below, If liners are oot used, dimen-
slon X should be measured From the extrems top
face of the cylinder, not from the receas for the
copper gasket.

]

Engline Mmeneion
Bore mnd S3trole "X

E# x B 132/1E

TE ox 104 3L 38

8 x 10f 3L AL

A 2,70

When taking meaaurenant "X the plstnn should be
at top dead centsr and the cylindsr 1iner muat be
asrcurely alafped down Lnto the evlinder. The ayl-
inder stud nuts must alsc be tight when making
this adjuatment. Connecting rod shim adjustment
in asaordanes with the above tabulatinn ahould be
waad for altlituwdes from ses-lsvel to 1500°¢ and
¥ill then produce gompresslon preasures of 400 to
410 pounds p=r sgquare inch. I the encine 1a

FIG. K-1 located at higher altitudes than 1500 Feet above
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sza-level dimepsioen "X" ahould be emaller than the tabulated valuss. Ths Englneep-
ing Department of Atlaa Imperial Dlesel Englne Co. will advises the proper ad_ljuat._
maent 1f the engine serial number and altitude is stated.

4 bronze bushing for the platon pin 13 presaed in the upper end of the rod. I thias
bushing 1a replaced it muat be roaned to sallow & platon pin clearanea of .0D0L5" to
025" an 62" to 8" bore anglnes and 00207 to 0035" on englnes with 9" bore. Care
must be taken to kKesp the reased hole eXastly parallel with the foot of the rod.

The oll grooving 1n the buehing i sarefully designed for sorrect lubrleatlon, and
new bushings muat be inasrted In rod with the rellel grooves oo the horlzontel axis
of the pin. A ball check valve at the bottom of The rod prevents return of the
column of 21l in the red. Examine theas valvea at annuval overhauls., The boll 1ift

should not excesd 3/732%.
CONNECTING ROD EEARTHGS

The prankpin boxes are atesl castinge with babbltt lining centrifueslly cost and ae-
curataly bored. HNHo attempt should be made to rebebbltt these bomes in the fisld.
New beoxes may be obtained from A.I1.D.E. Co. and a credit allowanee will be made Car
old boxes returned. Bearing adjustment is by means of shime between halvea of bear-
ing. Bearing clesrances when adjusted ahould be 000" to .0003" per inch of bear-
ing diemstar.

Cleapancas are beat measgured Wwith a lead wire gompressed between bearing and ,j{|1_'|_|:1.
nal, as desaribed 1in Seetlon F. Eesp the shim thiskness squal on the two sides.
Inspaet the bearlng aurfacea for even b2arlng., Arsas which are not bearing on the
shaft will be discolorad, and such bearings as wall m3 new ocnas should be carefully
secraped to securs gvan bearing over st lesmst 3%/% of the entire ares. End elsarance
is 007" to 015" mnd should not be mllowed to exeesd 0257,

CONNBCTING REOD BOLTS

The connecting rod bolts, fitting in reamed holea, hald the twe halves of tha
arankpin boxea together and to the foot of the rod. The nuta ahould be kept pulled
up tightly but not overstreased. They ahould oot be aledgsd but should be pullsed
up by hand with a plpe about Tour 'set long on the wrench. It 1s good practice to
kesp & record of the length of cennecting rod bolts, measured with & micrometsr at
annusl overhauls and to dissard bolts that show more than 010" increase in lsngth.
It 1a further recomfanded that all eobnnecting rod bolts be replaced evary two yoars,
eauslng the engine to have had contlnucus service during that time, say 5000 hours
or mare, It ls nearly always old bolts thet have baen in service for some time and
have bean overabressed by pulling up the nuts too tightly that fail. Replacing
bolts am suggeated above in choap lnaurance against the poasiblility of wreeking an
engine through connecting rod bolt fallure. Replace cotter plna eAarefully, always
using new cotter pins, Be sure that they sre a ecloas 1t in the hele and bend the
onds back tightly against the sidses of the nut. IF thile work la l=ft to lnexperi-
enced mechanics 1t should be very carefully Iinspeated at the completion of the job.
Alweyas replace rods, bearinga and pletona In the eylinders Crom which they were ra-
movaed. A1l parte are numbared.
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CAMBHAFT AND VALVE OQPERATING GEAR Section L

CAMBHAFT

The camsheft fs made of ground eteel shafting, 1" dia. for the 4" bore engines end
2% dfm. for the 74" and larger bore englnes. The keyways in the shaft are indexed
For the firing saguense estaspel on the engine nameplote, The high pressure fuel
purp erankehalt Ie part of the camshalt assembly and i3 bolted o a coupling Flange
which hes been shrunk on and keyed to the end of the camshaft.

CAMSHAFT BEARING2

The camsheft bearings are sccurately mechined cast iron blocke with presasd Lh
bronze bushlings. Hearlng bore Iin bushing 13 roamed to allow | running elearance af
002" - 004" on &' bore engines and LOD4T - 006" opn TE" and lapger bore engloes.
If replaced the hu:hings muat be reamed and oll snd mounting holea dwnilled through
after pressing in., A groove must be chipped to communicate with the oll hole 1 1t
doga not interasct the groove in the bushing. The bearing blocks are held in ma-
chined seats cut in the weba of the centerframs asnd are sesured by capacrewa.

The eamshaft thrust 1z teken by the bearing on the geer end. The camshaft gear hub
end the lubricator sssenterlis whish 1a pressad on the and of the shaft mgainat a
ghoulder, bear agealhnet alternate ends of the bronze bearing. [ﬂn the 9% bore sn-
glnes 8 thrust washar 1s lnserted betyesn the gear hub and haning,] Tha gear hub
ls clagped to the shaflt and should be lopated to allow ,ﬂlﬁ* o .035" thruat clear-
srnoe. Both this bBearing and the bearing on the opposite end of the camshaft avae
supplled with oll from the pressure lubrlcating ¢ll system. The Intermediate bear-
ings are lubricated from reservedra in the top of the bearings, filled by aplaeh
from the connecting rods. Drilled heles in the end of the camshaft and in the Tuel
purp crankshsaft feed oil to the fusl pump connecting rods from the after samshaflt
bearing.

CAMS

Tha ceHA APe aasubrately ground to sheape after belng case hardened. Tha fuel valve

gan conalats ol 4 case hardendd ateel dlse whlah la balted to the alter end of the
axhauat cam hub. A case hardened stesl tos 1s lnserted and this toe controls the
sotlon af the spray valvae, the dlse serving as a beae eleele.  On GRY, Eg" and a"

bore rlght hand englinesa, and on 52" bore 120t hand anglones, the inlet and air sterting
cuns are nachlned on oppaslte shds of & pommon hub. On Ti" and 9" bore left hand
englnes, however, the pir starting cams are separmate pileces, bolted to the ands of
huba formed by the exhaust cama. The Qem sequence, progressing toward the Fusl Fuamp
End of the Engline i3 ag followa:-

Right Hand G x § Engines -- Exhaust - Fuel - Alr Starting - Inlet
Laft Hand b4 x 8 Englnes -- Inlet - Afr Starting - Fuel - Exhaust
Right Hand 7V&-B x 1 g Engines -- Exhauat - Fual - &lr Starting - Inlet
Left Hand T+-8 = 10 Engines -- Inlet - Fuel - Alr Btarting - Exhaust
Aight Hand 9 x 12 Engines -- Exhauet - Pugl - &lr Starting - Inlet
Laft Hand 0 =x 12 Englnea -- Inlet - Fuel - Afr Btarting - Exhaust

Sea Sgction "A" Engine Dets for explanation of Right and Left Hand Engines.
The cama are a 8liding or light tap flt on the cemahaft and era held In place by
tapar keys, driven homs after the cams have been 1lined up with the lifter rollaras.

CAMEHAFT REMOVAL

[a] Remove centerframe covers, including houasings Tor potary pump drive and governor
drive.

[t] Disconnect bllge pusp connecting rod arnd pemove high pressure fusl pump connect-
ing pods.

{z] Remove push rods and valve 1iftera. ([Liftera and guldes may be left in place LF
1iftera apa ralaed glear of aame and clamped 1n pluce]

d] Ramove camshalt beasing retsining sarews.
@] Loosen the oylinder huts on the cammhaft side of the englne.
) Remove the camshaft. Sledge sach bearing block out of its seat & 1ittle at &

time using & tinber Insarted through the openings on the exhaust manifold side.
The #nd of the timber should be placed agalnst the camshaft az close to thae
baaring as posslble. When the camshaft has been prrtinlly removed 1t will bae
possible to withdrawx the connectlng rods and erossherds of the fusl pump down-
wand,

CAMIHAFT DISASSEMBLY

Aftar the canahalt hes besn removed Irom the engline 1t should e disassembled as
Tollowas. The lubripator egeentriz ls removed elther by o suiteble puller or by
driving «ith & babbltt hamfear. Then, alfter menoving the Fipat bearing the clanpling
bolts of the camshaft gear hub are logsened and the whole assembly slid offf. Baoar-

1.



Section L

Ings and cams are Theh rexoved succeasslvely from the gear end of the camehaflt. FOR
I.I.EL RIE‘rH:I" 1'l.l5|J|III ENGINES THE CAMS ARE LDDE.EIED BY DHWI'HG THE EEYS 'h'ITH A EHI'FT 'I'IZ--

FLE, i
M K " i JI}I['I'E- AND

LEFT HaWD E% AND 3" BORE ENGINES THE KEYS ARE BHIUEﬁ AWAY FROM THE CYLINDER CENTER
1NES., [LET CAM EEYS ARE DRIVEN TOWARD THE GOVERNOR ENLY OF THE ENGINE

3 TUNARD THE FUEL FUMF END, The cams should slide fresly on
the shalt alter tha }EE-:."B heve been removed, but if 1t should be necessary to drive
them ofl';, only & babbltt hamresr o breaga drift sheould be ueed. Any burrs, partleu-
larly at leeyways, muat be dressed down wlth a flle, If this pressution i not kaken
the ceams may solpe as they are removed,arnd Torcing the came the remalnder af the
distance will scors the shaf't,

CAMBHAFT ASBEMALY & INSTALLATI O

When the panshalt is belng ressssmbled the same precsutions with regeard to burrs ap-
Ply. Coatlng the borss of the cams with white lead w11l sid materlally Ln aliding
the cams into place without scratching the eshaft. The borea of slther new or old
cams should bBe lnspected carefully for any defests likely to sceratch the sheft.
Bearings and cams are lnetalled suscesslvely from the after end but ere not keyed

to the shaft untl]l later. The hub angd cem gear are sasembled on the shalft and
clamped tightly. The camshaft gsar sheuld be located to s8llow 015% to OP5" snd
clsaranea for the thrust besring.

The apaembled eamashalt fe then lnstalled 1n the engine. Aftar gta_rt.:l'_ng_ eaoh AEE
bearing In its a=at the bearings are driven loto pleece & 1ittle &t A time WIth &
heavy brass bar. Eaegh bearing should be driven a 1ittle and then left untll all the
others have been knecked in the same amount =20 that the camshaft w111 not be hant.
The cam bearings will seat mors easily 1f the cylinder nuts are loose,

Tha sonnesting rods and arosahsade of the high presaurs fusl pump must be masembled
&g The camshalft las belng delven Into plare. The ercasheads should ke inserted 1n
the holea In the centerframe bafore the camshaft has been driven in any appraclable
distanes. When the camshaft has besn partlslly inetelled It will be poasslbls to
plece the comnecting rods on theilr respactive crankas. After this last atep the con-
nesting rods and erosaheads need no Turther attention as the cam besringa sre beling
aeated.

ffter the pam bearlngs have been segurely belted the cams are ready for keylng.
2tarting with Numbsr 1 [governor end) eylindsr place eash set of cams directly under
the proper lifter rollsrs end aecure the cams to the shalt by inserting the teper
keye.” Drive the keys IN THE OPFOSITE DIRECTION Crom that glven in Paragraph 5 undarp
CAM SHAFT DISASSEMHLY. Always lnasert the keys in the cama so that the drlving 1a
agalnat the large end of the key. Complete this procedurs with sach set of cams be-
Tore golng on to the next and work eft from the forward end of the englne.

The engine should next be timed, in sscordance with the detalled instructions in
Fersgraphs 14 to 16 after which the rotary pump and governor asssnblies may be pe-
aapambled on engine. For Fusl 3pray Valve timing see Ssction 0.

VALVE LIFTERS

The steel walve lifters work in ¢ast lron guldes beltsd to the top of the center-
rans and aarry case hardened rollera on steel pina on thelr lowsr ends. Clearance
between 1ifters and guldes 1s (0015" o 00257, betwesn rollere and pins 1a 001" to
L0025, FRoller pins mre s 1ight press fit in the valve liftere. After roller pins
have hoen ssmenbled the hole in the 1iftar should be pesned over with & 3516% wids
drift st top and bobtom to aecurs the pin. Dress dowh the ocutslde diamster with a
file 1f necessary in ordsr to seaure a eliding FLE 1n the Lifter gulde.

FU3H ROD&

The push reds for the inlet, exheust and starting air velves apre steel rods. The
lower ends it into =ocketa in the Liftere and the upper ends are thrsaded into the
rockar forka. Drilled holsa through the poda permit inssrting a drift to hold ths
rod when adjusting the forks, and jam nuts look the adjustment. On the 64" bore
anglne pocksata are used on the upper enda of the rods instead of forks, besaring
ggainet ball studs vhish are Ineperted ln the ands of the rockers., Ths fusl push
rode are fabriceted of ssamlesa ateel tubing with stesl ends wslded into place.

The atesl pina whizh link the forks to the rockers on the 74" and lerger bors an-
gin:s have -.0005" to +.0027" clearance in the forks epd 000" te Q025" clesrence
in the rocker enda. The pins are retained by bell aehecke whilch are preassd inko the
rocker snds and which sngage cliroumfereantlal groovea at the c=ntera of thes pins.

Ths pine may be removed oy tepplng with a hammer and drift.,

2
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Baction L
TALVE ROCEERS

The rockers [or the Lnlet, exhaust and satarting air valves are fMuilerumsd on & ghaft
vhich 1s supported by bearinga at aoch end. The besrings ave mountad on studs
screwed into the eylinder heads and are held betwesn nuts on the atuds. By asrewlng
the nuts up or down the rocker shaft san Be ralssd orf loversd.

The thres rockars are bronze bushed at thelr fulsruma sand the bushings are reansd
far 001" to 003" clearance with the recker shaft after presalng in. On T4" and
larger bore anglnes cese harmdened rollers at tne valve end of the ezhaust, inlet
and alr startlng rockera work direatly on the valve atems and turn on atesl pins
riveted 1n the reckay Forlks. The slearanas of the Pollesrs on the plos 1s .OO05" o
01", 0o 6&"™ bore englnes sape hardened atesl buttons are used instead of the
rollers.

The fusl wvelvs rocker i3 not ceRrried on the shaft with the other thrae »ockera. &
support located on the manifeld slds of the cFlinder head acts a8 & fulerue. The
steal fulerum pin, retained by eotter pins at each end, has & slesavance of 000" tn
L0017 1r both plecen.

VALNVE TIMING
The correct wvalve timlng for the englne im glven in the following table.
Starting Alr Valve Opens - - - - - &% B.T.0,
" = " @loses- - - - - 45% B,.B.GC.
Inlet Valve OPENE = = = = = = = = 109 B.T.0.
n Clomea = = = = = = = = 35% A, B0,
Exhaust Valve OpénS- - - - - = - - 359 B.B.C.
f * . Qlomes - - - - - - - 5% ALT.0,
Fual Spray Valve Opens - - - - - - sse englne name plata
w i " gloses- - - - - - g6e GOEing nams plate

SPOTTING THE FISTCOH

Before procecding with the discussion on wvalve timing the following fnstructions re-
garding the correct methed of spotting a pleston should be considared. Whenever a
platen is to be spotted for valve setting it should be brought lnto positlan by
turning the engine in the dimection of rotatfion In order to take up 4ll gear bagk-
laah. IT the engine 1&8 turned past the dealred positlion, 1t should be turned wall
back in the oppoalte direction, and then agaln brought up to the required point.

FLYWHEEL PMARKINGS

Tha 'FlﬂEiit-il:l.l‘.'l. of” ths platon may e deternined Cron the fl}'h'hEl-EI Pﬂ-lﬂt&l" and thae mark-
Ings stamped o the lywhesl rim. Top center af 2ash platon 1s marked and stemped
wilth the correspondlng platen numbers, and degres marks are stamped on sach side of
top canter.

POINTER LOCATION

The losation of the flywheel pointer should be sheeked ocecaslanally by "aplittlng
the center". With one of the sylinder heads removed,crank the engine to a point
abaut 207 are top center. Meapure the exact diastance from the top of the liner down
to the plston and cbssrve the podnter reading on the flywheel. Then set ths platon
to the sams distance below the top of the liner on the other side of top center and
obrzarve the flywheel pointer resding. If the readings do not egres 8djust ths
polnter to give squal readings on sach eide. Thess readings should preferably be
teken with an indicator and in esch case the piston should be erenked upward Into
pesltian.

CAMIHAFT TIMING

In ordsr to tims the englne 1% la necesssry to determine the correct relstion ba-
twean the crankshaft and camshaft. Thie 13 dons by pesitioning the camehelt gear

on ita hub, end then edjusting the push rode to open and alose the valvea at the
sarrest pointa. Unless the srankahaft gear, samshaft gear ar camshalt gear hub have
baen replaced, the camshalt can be correetly timed after overhaullng as lTollows.
Bafare hreaking the gear traln spoat No. 1 platon axactly on Flreing top centear. With
a steel apale bearing firmly agalnat the machlined side of the centerframe scribe =
line across the slds of the camshaf't gear parallel to the centerframe face. When
ragasembling mash the gears with the crankshaft and cemshaft in the sanms relative
positions, that ig, with Ho. 1 piston on firing top center amnd the line on the aam-
shaft gear in line with the centsrframe facs.

-
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If the arankehaflt gesr, cemahaft gsar or the camshaft gesr hub Ie replaced, the -am-
shaft #ay be timed as followa:

Ea; Spot No. 1 platon 249 B.T.C.

b} et the camahalt gear relative to 1ta hub ao that clamping bolts are approx-
imately in the genter of the alota. 0O0rlent camahalt gear so that old dowel
holes will not lnterlers with redowelling.

{e¢) Turn the camshaft (with internmedlate gear out of mesh) so that the inlet and
axhauat liftera of NHo. 1 eylinder are each raised an equal dlstance. [(HOTE:
The platon was sat at 247 B.T.C. as this i1p the mesn poeitien between the
0% B.T.C., opening of the inlst valve, and the 5% A.T.C., eleslng of the
::l:hﬁ.ua;. valye, and at thia poaltion both valves should be open an sgqual dis-
tange.

I:-;!]- Holding crankshalft and camehalft Iin above poaitions and allowing camshaft Zear

to 8lip on its hub as required, mesh the intermediste gear end tighten the

glamp bolte between the camshaft gear and hub, After all valvea have besn
timed and shecked, drill 31764" holes through gear in 1ine with dowel holas

in hub and ream to 497" - L4087 for dowels. 0On 64" bore eaglnes use 2354

drill and peasn S7I"-.3TIV.

Aftar determining the corrset relatlon between the camshaft and cranksheft the puah
roda wust be adjusted as follows: (#ae Section O for timing of fusl epray valve.)

15. INLET & EXHaUST VaALVE TIMING

Spot platon at ].EIﬂ B.T.C. at the end of the exhauat atroke.

Ad juet fnlet pua& rod ao that valve s just opshing.

Spot platon At 5° A.T.C. onn the austlan etroke.

Ad just exhaust pushrad ao that valve 1a just clealng.

Chock plesrance betwveean valyve stems and rooker rollers. The cams mre da-

signed for :I...-?-E" glearance wlth the valves m=t as sbove and with the engine

cold, but this will vary somsvhat due to manufacturing tolerancea. When
making the adjustments sim at the opening and closing pointas but keep the
clearances betwean 020" and 040", varying the opaning and cloaing polats
alightly 1if necsasswry, Excesgive clearanses mean & nolsy engine and increas-
gd wear on parts. Insuffielent clearances prevent valves fron ssating prop-
erly, with conaequent blowby and destruction of valves mnd azats,

(£} Check and record closing polnt of inlet valfn and opening point of exhaust
valve, Thesa points should fall within 5 of the position glven in the tim-
ing table.

(2] Adjust and regord inlet and exhauet valves for the other eylinders as above.

@ Rea o e

1. STARTIKG ATR VALVE TIMING

(&) Eluc? the valve rocker shaft in its starting position [handle sgeinst the
atop).

(o] Epng platon at =® B.7.C. &t the and of the conprasalon stroke and adjust the
pushrad ao that the yalve 1a just opening. Cheek the cloalng polnt, which
should fall wlthin '5-':" af the positlion glven 1ln the table. | Bae Faragraph '.I.':J]
On 73" and larger bore left hand engines the air starting cam i3 8 separste
plecs, bolted to the end of the inlest cam hub. Before making the push rod
ad justment elamp the two cams togsther, indexing them with the clamp bolte
approxinatsly &t ths centerz of the slongated heoles in the elr starting eam.

[2] Adjuet and record starting alr valwves for the other eylindere aa above.

17. CHMBHAFT GREARING

The camshaft 1s driven from &8 gear on tThe erankehalft by means of an intermediate
gear. The orankshaft gear 1a shrunk on the shaflt ad jacent to the forwvard crank web.
If replaced the new gear should be heated EBo approximately E-l::ll:l':' F. and =ali owen
the sheft., On EE" bore englncs use & temporary specer to locate the gemr E' from
ths crenk wah, n 73" and 9" bore engilnes locete the gear sgsinst the shoulder on
the aheft. Do not overhsat the gear, as this will damage the steel structurs, and
onee 1t 1e aterted on the shaft meve Lt immedistely to the finml peelition, ae 1t
wlll be Imposalble to move 1t further once 1t beglne to eool and pelze the ahart.

The intemnedlate gear LK Iﬂl&EEHblE bronze 'tI'I.I:B'I:'I.ll:'I..EE and rotaCes on & casse hapdenaed
stz2l ghalft. The lnterpediate gear bracket in which the shaft la mounted 1s bolted
and dowvelsd to the ssnterfrars sover an the governse and of the anglne. I8 13 gd-
justed before dowelling to allew 006" - 00" gear backlash. If replacad the inter-
medinte geapr bushings should be reamed to 1_Rooa" - J,E-L'I-I:IE" dim. after pressing in,
vhich mllowa 002" - 004" running clearance. The bearing s lubricated by oil from
ths prossure pump.
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Section N
FUEL SUPPLY SYSTEM

The complete fuel system may be convenlently divided into two parts, the fuel supply
syatem and the fusl lojectlon system. The fusl aupply ayatem is made up of the fusl
transfer punmp, the fusl day tank and the fuel Fillter, while the fuel injection aye-
tem Llngludes the high pressurs fusl pumpa, the fusl rall, the sccumulator, the fuel

Ereauura regulating valve, the fusl spray valves, and the neceasary comnnecting tub-
ng.

IMPORTANCE OF I.'.‘T.I'.‘l.ﬂfl:.:IHEErﬁ 1l FUEL HANDLING

The high preasure fuel puspe and fuesl spray valves have been referrsd to as the
haart of the Dlesal engine and the proper funetloning of these parts 1s TEC S RE Y
far the suseesalful cperatlen of the engine., Thess pumps depend upoh lapped plungers
varking in eylindera wvith clearances measured in hundred thousandtha of an lnech and
1t ie wital that the Tuel entering these parts be kept free of any grit or foreign
matter. The englne la egquipped with fllters for thies purpose but 1t Ls alap neces-
sary for the cperators to uwae every posslible care in getting olean fuel oll and in |
keeplng 1t clean untll 1t is delivered to the engine. Fuel tanks end piping should
ba thoroughly clesned when lnstslled and should be kept coversd at all timas.

The fusl filter should be perlodleally clsaned and serviced according to the detall
inatruations glven 1n Paragraph 3. The beat filters- obteineble will be useless 1If
dirt 1a Introdused Inte the fuel after 1t has passed through them, and 1t is thera-
fore of great leportance that every offort be made to protect the fuel pilpes after
the Fllter durlng repalrs and overhauls, Cleanlineses 1n handling fu=l, plping and
injection equipment is of witel importance and will pay gooed divide=nda in trouble-
free pperation. Meny times mysterious and axpenslive pusp and fu=l spray valve
troubles have besn traced to careless handling of fuel and carelesssnsss in atoring
gnd inatslling spare parts.

FUEL: THANSFER FUMP

The gear type fusl trans-
fer pump, tegethar with
the lubricating oll sump
and preasura Pumpa ie
mounted on ene of ths &sn-
terfrane doora. It aup-
pliea Tusel undap Preapursa
to the day tank and high
pregaure fusl pump, susk-
1ng Trom the fuel aervice
tank. The thres pumps aAre
groupsd together into one
unit, gear driven from the
camshaft. The drive i=

deseribed in 8sction T un-

der lLaubricati il Syetem o
The fuel tranafer puMp Ie =
clamped 1in & saddle aon the ¥
genterfrans door, assuring e
porpect Aalignment of the bl
shaft.. The packing gland T
should not be kept tightsr o
than necossary, allowing )
a vary slight leakage for +
lybrication of the ahaft. o

FUEL OIL DAY TANE & FILTER

The fuel gll day tank and
filter are shown in Flg.
N-1. A contlnugus flow of
fuel oil from the fusl
tranafar pump entera the
unf'iltarad fusl compart-
ment (4] through tube (1}.
Matal edge type fuel rilt-
ger (2] 1a mounted in the
glde of tank (6). It has
003" apasing and 1a prao-
vided with a eleaning
knife (3}, operated by FIG. -1
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handle (8), which mcrepes the dirt and muck off the cutside of the eleaning apocl.
The handle should be turned every four or five heura, and should alvays be turned
immediately after stopping the sngine, a8 the A1vt can then settls frealy through
the guleseent fuel. The dirt and sediment collects in the sludge compartment mt the
bottom of the tank, and sheuld be drained off through cock (17) at frequent inter-
vala. This may be done to advantage when the engine is running, the pressurs in
compa rtment {Hﬁ assuring therough cleaning.

After pasaing the f1lter the furl flows through hole {10) into the alean fusl com.
partment (7], and then to the high pressurse fusl pump through pips (13). This pipe
le serewed into mounting bracket (12) whileh forms the bottom of the tank, Compa rt-
ment (7] can be dralned by removing Elug {11). The excess fusl from the tranafar
pump passea through rellef valve (16) and returne to the service tank through over-
flow pipa (9). The relief valve maintains s pressurs of & 1bs. peF ag. inm. in Ehe
filtarad ruel sompartment. When the hfgh presgure syst of the engine i belng
primed alr lp admitted to compartment (T) through tuheuqfﬁhi and (15) allowving tha
fuel to flow to the priming pump. The check velve in tube 14} parmita sucking air
vhen priming and prevente essape of fuel oll when the fngine 1a in operation. When
the engine starts the air 1n tampnftnunt (T) essapes through tube (15), The proa-
gurg in flltered fusl compartment (7) ssaures s continual flow of fusl through tube
(15) inte the overflow pipe, with no posaibllities of reverss flow of unfilteresd
fuel from the overflov pipe to compartment (7).
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Section O
FUEL INJECTION SYSTEM

HIGH PRESSURE FUEL FUME

The high pressure fusl pusp 18 losated on top of the centerframe on the cperating
gide., The pump conslsts of one or t¥e plunmers astuated by cross heads and connect-
ing rode from a erankshaft which 1s balted to the end of the camahaft. One or two
plungers are used dependineg on the engine Bore and the nusber of avlindara. All en-
gines with f=1/2" bore have high pressure pumps equipped with one pusp plunser which
{3 nlso uwsed on a1l %3-C¥l. models with bores up to and ilneluding 9 ilnches. 4 and
b£-0xl, models of englnes with 7-172" or larger bores are equipped vith twe plunger
pumps such as shown on Fig. 0=1. The construstion of the high pressure pumpa with
one and two plungera are however almilar and the following description spplisa to
gither model. Both single and two pluneer high pressure punmp unita are equipped
with one hand operated plunger which fieg used for priming the fuwel avatem and for
bullding up fuel pressurs when the apray valves sre belng timed or tested.

Refarrlng to Fig. 0-1 eaet iron gulides (4] are located in holes in the senterframe
and are secured by eapesrews., Cross hesds (6] work in thess guldes and are actuat-
gd by the crenksharlt and sonnesting roda (19}, The bronze connecting rods have a
clearsnce of 0015 to .003" on thelr crankpins end & side plavy of 005" to 009",
The cross hesd pln bearing la formed direstly in the upper and of the connecting rod
and the pins have a eclearance of 001" to 002" in the aropa heads and in the con-
negting vods. Each croas hesd has & replacseable bronze aleave }}, held in plaae by
g ahoulder on the lowar end of the cross head and By oll gusrd (2) and plug ?l] at
tha ar end. The clesrence betwesn the sleeve and the srosa head gulde fs 002"
to 004" anrd 1 1t should become exceasive new slesves should be Lpstalled. Lubrl-
catlion 1s by apray Crom the aranks.

Pump housing [31) and top sover (B} are both sscured to the centerfreans by means of
through bolts (10). Top cover [B) carries the individual pump bodies (9) to which
punp barrels [16) are secured. One of the pump bodles also carries the hand operat-
ad priming pupp. Fump barrel {16] 1a threaded into the pump body and 18 seated st
the upper end. A coppar gasket (11) at thia and providea & Tuel tight ssal. Bpring
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[l?} is vetained at the lower end of plunger {(14) by washer {18) and forcas the
plunger downward on the suction stroke. The plungers and barrela ere lapped togoth-
er in matehed pairs and are not interchangeable. In other words a plunger must al-
waya & usad with the particular berrel to which 1t was lappsd. If elther plece
beeomas acored or dasaged both must be replaced. Alweyas wash parts thoroughly in
clern solvent er fusl oll and lubrleate with clsan englne oll befors replacing.

The suction and discharge walvea are pontained in houaing {29) which in turn 1a
screwed into pump body (9). Puel under alight head from the filter and dsy tank
unit is a lied through port {E}]. The fuel 18 discharged on top through dlscharge
fitting {EE? which is provided with two dlacharge sonneatlions, one belng aonnected
to the fuel mail and accumilator and the other to the Tuel pressure regulsating
valve. In the esses of high pressures pumpa with two plungers the Ltop ocublet of one
pump is connected to the silde cutlst of the second pump. 0On both alngle end two
pump units & pecond dlscherge walve (20) is provided at the top dlacharge connec-
tion leading to the rall and scounulator. The sest and gulde for suction valve [24)
im formed 1n cage (29). The austion velve epring is enclosed by bonnet [25] which
also preventa fusl leakage AT that emd. A flat 18 provided on the sustlon walve
guide,connecting the bonnet space %ith the fuel aupply. Dlssharge velve asat (28]
i3 hardened snd £3 pressed into cage (29). The dlacharge valve 117t 1s 1imited by
the lower end of fitting (2E).

Bath the swetion and discharge valves may be removed and serviced by unacrewing nut
{21) helding the dlachargs Fitting to the wvalve ceage by means of aplit coller (22),
If the wvalvea are leaky lapplng the seats lightly with fine grinding compound 1is
recomzended but LF thie 1a knot suseessful nev valves and cags sasembly should ke in-
stalled. If the lower end of discharge Iltting above the discharge wvalve showa
sgigns of hoavy hammering this 1a usually dus to dlssharge valve aesat (28] belng
loose in the crge. The cage and s=at muat then be repleaced.

Priming pump barrel (12) 1s threaded into punp housing (9) and primling pump plunger
[13) ie astusted by linkage from the wertical priming laver on the pump housing top
pover. Facking and nut [15) prevents leakage past the plunger. The upper end of
the plunger 1a Tormed se & valve head whicsh angages a saat in the barrel, preventing
leakage when the priming pump l1a not In usa. If the punp lesks while the engine 1a
runnling the plunger valve head should bea lapped In. If leaakege takes place when the
fuel system is being primed, packing [15} ahould ba either tightened or replaced.
When priming the fuel system locsen plug {Tj ¥hich will allew a&lr In the pusp to ea-
pape. Tighten the plug vhen aolld fuel sppears.

Fuel leakage Tfram the punpa and the priming punp collects on top of the centerframs
inslde the punp housing and la dreined off through s hole in the snd of thse centar-
frame. The high pressure Tuel pump has bean designed to glve long trouble-fres pap-
formance, btut it must be glven remsonable sare. Water, dirt and other Impurlities 1n
the fuel will materially shorten the 1ife of The plungere and baprels. The normal
vorking pressure is 3000 to 3500 pounds per agquare Inch but the pump 1s cepable of
bullding up pressures far in excess of these flgures. It 1s ponasquently loportant
that the fuwel prepaure regulating valve is functionlng properly an that excepslwe
preasuraes are Aot bullt up which may injure the pumps and may mlao demege other
partes of the injectlion syetem.

FUEL RATL

The fuesl mail is located on the operating alde of the engine level with the topa of
tha aylinder heada. One &nd of the rall is connected dlreetly to the high preassure
Tuel pump and the other end is connected te the sccumulstor, preassurs rellef valwve,
preasurs gauge and bask to ths high pressure fuel pump.

Isclating valves are bullt 1nts the fuel Pall at the outlata to the apray valves and
an edditional valve ia provided for the purposs of teatlng the apray vealves,

The Tuel rail comeista of & length of 374" 0.D. x 3/B" I.D. seanless steel tublng
Inmerted Iin and brazad to the bodies of the isoleting welves. The laolating valwve
stems, which have hardened conlcal ends, are threaded into the walve bodies, The
valve agata ars replaceable tobln bronze washers and are held in place by plugs
which are screwed into the valve bodlee and to which ths injection linss from the
apray velve are connected.

INJECTION TUBIRG

Al1 of the high pressure linee wasd in the injection system are scanleas steel tub-
ing. The ends are Tormed by brazing union aleeves to the tublng, and union nuta
fasten theses ends to the varlous fittings. 174" @.D. x .065™ wall thizkness tubing
is used between the fusl rall and the spray valves and fror the ascumlstor to the
fuel pressure gRuge. A high grade tublng la ueed, =made espeslally for this asrvice,
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and standerd seamless ateel tubing should never be substituted.

The importance of keeping the injectiom lines clean cannot be overenmphasized. When
an imjection 1ine 18 removed from the engline the open ands should be severad with
alean paper whish sahould not be ramoved until the tublng 1s to be placed on the en-
gine again, If there is any doubt as te the sleanlineas of an lnjection line it
should be thoroughly e¢leaned belore lnatelling. To clean a4 line 1t should be washed
repeatadly in cleaning salvent ar gasoline and should be blown out with an alp hoas
between sach weshling. This cleaning process should be garried on until there 1a no
uncertalnty aa to the cleanlineas of the tubing.

ACCIMULATOR

Toe prevent lapge pressure flustuations in the Infeation aysten each tines s spray
valyve opena or a pump delivers Tuel the voluss of the systen la Increassd by the
additien of an Apcumulator. The fusl in the apeumulator, dus to 1ts compressibili-
ty, tenda to maintalin a constant preasure In the fuel system without epprecimble
fluctuntiona. The accumulator la & welded ateel bottle mounted on Ltop of the
centerframe and 13 connected to the fuel raill.

FUEL FREGSURE REGULATING VALVE

Injestlon preasure contral 1a aflforded By the adjustable pressure relief wvelwve,

This valve is of the by-pass type in vhigh the opposing forces of a spring and the
fuel presaurs ackblng on the stem of & needle valve malntaln constant fuel pressurss.
Iff the pressurs starts to drop the spring closes the needle slightly redusing the
ampunt of fuel by-passed with the result that the pressure 13 held constant.

Referring to Flg. 0-% the repgulating walve Lg bullt arcund valve body {?%- Thi
hardened stesl valve seat (8] Las held betwean the body and adapter stud (9] which
garevws on the bottom of the body and through vhich peasage (1B) allovs the by-pesaed
ruel to escape. Puel inlet elbew (15) 1a thresded into the side of the body, sup-
plying Tuel te the annular space around the reduced section of the valve atem [17).
The top of the body ia bored to receive stem packing (15) and pasking gland {14).
Screved to the top of the body i3 reliaf valve spring cege [5). Thia cage i
aﬁragsd down upon the drain cup holding the latter 1n place against & shouldsr on
the bDody.

?usz (5) earries upper apring sest (%), Spring
11], mnd the lower spring seat. Valve apring

ad justing serew [1%) which {8 bored to reselve
the upper and of the valve I8 threaded 1nto the
bottom of the lower spring mesat. & amall mechine
perewW 1n the lower spring seat engages m slot in
the sage and prevents robtatlon of the seat when
the adjusting screw la belng turned. The bearing
assembly which holds the control heandle and seet-
or [1) is threaded to the upper end of eage (5).
The lower part of the control handle le shaped to
form a cam ¥hich actustes the upper spring seat,
4 spring loaded wl (10} 1n the handle engages
teath Iin pestor ??] o that the handle will ra-
main 1n poaltlon after 1t has been mdjusted. A
downward farce on the snd of the handle pulls ths
pavl avay from the ssctor end sallowa the handls
to be lowered,

The injection pressura is nommally shanged by
moving the handle up or down. Moviag the handle
in an upwarl direatliaon lnersases the preassurs,
downward movement lowers the pressurs. The pres-
gure lnarease or decgrease per notch is approxi-
mately &00 to 800 lba. However, the pressume in
any noteh mey be changed by means of sdjusting
merew [13).

Packing (15) will need replacing whem the fusl
leakage around the velve stem [17) becomes excos-
give. Tighten the packlng gland just =nough to
prevent leakoge. Never attenpt to atop leskege
by tightening the gland sewversly when new packing
ip neaded. A losa of Tuel pressurs can often be
traced to dirt lodged betwesn walve atem (17) end
the seat [E]. This condition can be remedied by
FIG. Q=2 repoving adapter stud (9] and velwvs seat (8) from
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the pottom of the rellef walve and thoroughly clesning the wvalve and ite seat. Oa-
saslonally it may be necessary to lap the needle and its seat to prevent sxceasiva
by-pasalng and a low fuel presasums. After performlng thls operatieon all traces of
grindlog sompound ahould be gamefully weeshed off belfore The valve ip reassembled.

SERAY VALWES

The purpose of the spray valve {or fuel injection valve} is to meter the fuel accur-
ately, to dellver 1t precisely at a dafinite moment, in & Aefinite tims Inte tha
combustlon chamber in the form of & finaly etomized epray. It might be atated that
the succesalul operation of the enpgine depends upen the propasr funetioning of the
apray valves more than aoh any other 1tem. If the engine does not perforn properly
and the exhaust is smoky, the functlonlng of the fuel ¥alves should be checked first
of 811, In the great majorlty of casess servicing the fusl walves and making them
funstion properly correcta the trouble.

Pundamentslly, the apray valve 13 a haavily spring losded needle walve. Referring
bo Flg. 0-3 the seat of the needle valve 18 incorporated In the tip or nozzle (1)
Just mbove the entrances to the apray orifices. The lower end of valve body (4) 1a
countorbored to pecelve the and of the apray valve tip. A shouwlder on the apray tEip
{1} which i3 centered in the counterbore, 13 held securely againat the lowver end of
che body by nut (2). Valve assembly ?}} is mude up of two sscticna. The lower sac-
tion has 8 conical end which is ground to the seat in the spray valve tip. This
lowas aten ssction ia pressed into an extension [10) to which the spring loading is
applied and by which the stem iz 1lifted. A shoulder on the extension carrise a
amall ball type thruat bearing (14) which aots s a lower spring reteiner. Uppar
apring retalnap IIE] garawa LInto the upper &nd of velve spring casling flj? which in
turn ia threaded to the upper end of valve body [4).

The flange used For elemping the valve 1s drilled and tepped to reselve Muel albow
‘&) which supports the small metal edge type Cllter (15). PFuel 1s carrled from this
polnt to the nozzle in the annular space surrounding stem (3). Leakage upvard mlong
the etem ig prevented b{ packing {7) held between an upper and lower gland and se-
pured by packing nut (8],

HEMOVAL OF SPRAY VALVE FROM ENGINE {Bes Filg. 0-3)

(2] Remova the cotter pin from one end of pin [3T) at the fulerum end of spray valve
rosker (%6). Drlve the pin out with a brass drift.

[b)] Remove horseshoe ahaped aollar {16) whish forms the link betwean the rocksr and
the uppar end of the spray walve and awlng the rocker out of the way.

[2) Disoonmect the injection line st the spray valve Fllter.

{d] Loosen the clamp hut &nd alide spray valve olamp (11) out of poeition.

:5] Kamove the apray valve [rom the englne. It #ay be neseapary o work the valve
looae by rotating 1t back and forth and in some pases to pry L€ upward with & bhar
o remove 1t., A8 the valve ls removed, note whether copper gasket [Ej ramalne 1n
the aylinder head or on the end of the valve.

TEST EQUIFMENT

411 the parta For & apray walve test atend sre ineluded in the tool eguipment sup-
plied with the snglne. The spray teet alamp vhiszh holde the spray valve direatly
nelow the flanged section of the body can be mounted an The asepnterframe of the an-
glne or at gome other convenlent logatlon near the englne. The long stud supplied
with thia eguipment serews into the outer end of the clamp. The test handle ia sup-
ported on the upper end of the atuwd by & nut which can be acreved up or dewn on the
atud until the dealred helght of fulerus has been obtained. Fuel Is supplied BomE
the extra fusl raill wvalve through a length of tublag supplied wilth the tosl equip-
ment, Fuel preasure 1s obtelned by meana of the hand operated prising puep located
at the forvam end of the high preasure fusl pump. To test a apray walve progesd
na follovs:

(o) QClamp the apray valve in the test atand and connect 1t to the fuel reil.

{u] GCloss mll the lseolatling valves on the Tuel rall and open the wvalve which sup-
plice the test atand.

{2) With the priming pump btulld up & pressura of about 2000 to 4000 lba. per sguars
inzh.

‘d) fpen the wvalve gulskly three opr Cour timee by hitting the end of the test handle

i,
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eharp blows with the fiet, watchlng as the valve opearates to ase if & fine fuel
spray comes out of gsch hole in the tip.

Le} Wipe off the tip carefully, pump up the pressure to about 4000 1be. per aguare
inch again and operate the apray valve as described in step § until the pressurs has
droppad to about 2000 lbe. per squeres loch. Then watch the bottem of the tip for a
period of time to see 1if drops of fuel form, indieating tip leskege.
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1.

DISASSEMBLY OF SPRAY VALVE (See= Flg. 0-3)

If the sprays are not uniform, Lf one om more orifices are entirely plugged up, or
1f drops of fuel form on the end of the tip after testing as described in atep (&)
of the preceding section, the spray valve must be taken apart end ssrviced. [Pro-
aeed ag follows:

(] Clamp the apray valve at the flanged section of the body in a viae.

(] Unsgrew upper spring retalner {17} with & sulteble pin or Arlft.

[¢] Looasn packing nut (2) mand remove stem assesmbly (3 and 10} together with the
ratainsr (12}, spring (9) and throst bearing (18).

{d) Mearew valve seat mat (2). Spray tip (1) will uwsually come of f with the
nut.

[c] Drive the tlip out of the nut with the punch supplled Cfor thie purpoces 1ln the
tool equipment. TUae sare not te damapge ond ol tip.

[f] Clean the outer surface of the tlp with a wire brush dippling the tip intno
cleaning sclvent or fusl oll frequently durlng the brushlng.

CLEANING THE SFRAY OHIFICES

If the spraya are not uniform or an orifice 1a plugEed up the holea in the apray tip
mist be alasned. Again, if 1t 1s necessary to disassembla the spray valve fop sose
other respon such as leskege, 1t I8 good prastlice to aleaan the oriflces at the sase
time. It aometises happens that all of the oerifices becone alightly ¢logged with
the result that they deliver leas fuel. Such 8 sonditlon cannet be detested when
the spray valve Ls bested but 1F the holes are alsaned avery time sarvles work 1s
pearformed wpon the spray valves thls conditloen will be taken sare aof.

The ¢leaning of the orifices should be performed only with the music wire and pin
vima aupplied with the tool egquipment, not with the enda of hat pins and other such
devices, I the orlginal wire is lost obtaln & Eieua of musle wire of not more than
LT® dia. for thia purpese. {On enginea with 3" bore & wire dlameter of 003" may
e u;ud,} Work the wire 10 and out of eagh eplfloe untll the holes are glsan. This
operation should be performed carefully so that the orifice wlll not be deformed.

JORREOTING BFRAY VALVE TIF LEAKAGE

Leakage of the spray valve 1s usually dus to a ssell amount of dirt between ths
nacdle and the valve seat. Oftan this condition can be remedled by washing the tlp
thoroughly and cleaning the end of the valve stem. This progedurs ahould be at-
tampted firat in oll cases of valve lemkmge.

If, after washing ths tip and spindle, dropa of fusl still form on the bottom of the
tlp shortly after the fuel valvae is sprayed, 1t willl be necessary Lo reseat tThe
valve by lapplng. The prosedure of resesting & tip 1a ae followa:r

b} Loosen spring retainer [12).

c applr{njsmall amount of flne wvalve grinding compound to the end of valve
atem (5).

Edé Flass the tip over the wvalve stem &nd insert 1t fylly into the valve body.

ing Clamp the walve bady In a vise horizontally.

-} .ﬁ.djuat. ratalner [lE::l 80 That the atem axerte s 11Dt presaurs on tha tip.
(f) Osmzlllete the tip back and forth and rotete the aplndle slowly. Be sure

that the tip ls held mgainst the body as thia operation ls belng pepformed
ag that the tip willl be prn?&rlj gulded.
{g) Repent stepz "e", "d¥, snd "f" if necessary.

It ahould not be neceasary to lap the tip more than two or three times to correct
ordinary casss of leaksge., However, If the sesat in the tip has been badly damaged
no amount of lapping will memedy the sitwation. In sush instancss & nevw tip ahould
be lnstalled. When Inatalling & new tip the jolnt between the tip and the valve
body mast flrat be lapped. A small assunt of Fipne valve grinding sompound ls ap-
plied to the upper face on the shoulder of tip (1), The tip La then installed in
the €nd of the velve body and oscillated beck mnd forth. The tip is held gently
againat the body as this cperation i8 belng performed. One light lapping proceas
should be suffizient to produse a perfect seml between the tip and velve body. The
tip ia then lapped to the walve etem by the method dessribed in thie parsgraph.

VALVE PACKING ADJOSTMENT
Paeking nut (8} should never be appreclably more than Cinger-tight. A small anount
.
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of fugl lesakege past the packing 1s necesaary for proper lubrication of the spilndle.
Too tightly adjusted pecking will prevent thila lubrleation and will result in &
sgored apindle and sluggish valve aation. If a apray valve leaks excessively along
the epindle after the packing haes been 1lightly tightenad up the need for new prcking
or & hew aplndle or both 1s lndicsted.

ASBSEMBLY OF THE 3FPRAY VALVE - SPRAY VALVE "LIPT"

Referring to Fig. 0-3, spring (9) muat be sdjusted to & certain tenslon in order to
assure proper functionlng of the spray velve. It s furthsr important thet the ad-
Justment of sll the spray valve apringa be the same or that the "14f%" on all the
apray valves be the seme. With "1ift"™ sa used in the followin ctiona 1s wun-
deretood the 110t whieoh epring {9) will allow before itm colls fouch each other ang

ravant Turfhar u rd movenant af ths valw g actual 1ift when the spray
valves ares oparating in englne la courae determined by the positlon of fusl
wedge [}23. the adjustment on pushrod (18) end cam (27). This actusl 14ft 18 leas
then the "1i7f%t" as defined in thise ragraph.} FProceed ae follows to assemble the
valva and adjuet for proper "LIftL" Eiv opening tenslan)s

(a) :ﬂ splndle (3) with ¢lean fuel oil and slip it into position 1n the valve
I

(&) Clean the spray valve tip and install it carefully on the valwve body.
Tighten valve sest nut (2) seourely.

(2) Scrow down on spring retalner (12) sarefully until the coils of apring {9)
Just touch. Be careful not to serev dowh ao hard that wvalve stem (3] bends,
rendering 1t uaeleas. It 1a beat to have the walve in the test atend wvhen
performing thls operatlen and detersilne vhen spring (%) becomes aolld by
meana of the teat handle. When 1t 1a oot possible to 1ift the spray valvae
ptex by meansa of the teat handle the spring eoils are touching. The "Lift"
ia then zero.

{d) Unaerew apring retainer EIE] 30 to T/8 turns which will sske the "1ift"

[ 3 W

1/146", nyLfE" be bBetween 31S106" and 5/ 680
éug Zerev down on pecking nut unt it 18 juat Tlnger-tight.
f) Teat the functioning of the valve se deseribed in paragraph B8,

14. ABSEMBLY OF SPRAY VALVE IN ENGINE

16.

The apray wvalve la Inatalled In the englne In the reverea order of 1ta removal.
hgain referping to Flg. 0-3, Lif copper gasket (5} 1s in the eylipder head morely
lower the walve into position. If the copper gasket (5) was removed with the valve,
the gasket can be held in position on the lower épnd of the valve by a thin coating
of gresac applied to the washer.

After inetalling the walve 1t willl be necessary to reset the push rod ae described
in paragraph 18. After timing, in order to clear the cylinder of excese oll, alvayy

T
turn the :EEEn: over on eir with the spifter velvea opeh and with the fusl isolating
W v -

SPRAY VALVE FUEL FILTERS

In addition te the fusl Filter at the high pressurse fuel pump an lndividual Ffilter
{15) 1s supplied at each spray valve, The spray valve Iilters are of the metal edgs
type and have s spacing of .0015". They are instelled In houwsing [(15) which asrew
inte the fuel inlet elbowa st the apray walves. The frequency at which these £11-
ters will nesd cleaning will depend upon the quelity of the fusl and the sanditian
of the rilter losated at the high pressure fusl pump. After dlpssserbling the hous-
lpge 1t wi1ll be posslble to unserew the filter unit. Wash eech unit thorcughly in
clean molvent or fusl and blew 1t clean with aompressed sle, belng careful not to
injure ths windings when handling it.

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

The aspray valve la actusted by <¢am (27), 1ifter or cem follower (24}, pushrad (13,
and rosker avm (36). Lifter fE”] and latch (29) are held againat the cam by spring
(25). Motlon of the lifter is transmitted to the pushrod through wedge (321, As
can readlly be ssen in FPlg. 0-3, moving the wedge Inward w11l decrease the gap be-
tween the lifter and the pushrod. Coneequently the apray welve wlll open soocmaw,
will 1lift higher, snd will sloss later. Moving the wedge outward produces the oppa-
site resulta. The outer end of the wedge 1s pinned to lever [31) whieh is slamped
to the wedge shaft, which in turn ls connected to the governor. Accordingly the
En;EPﬂDP, by retating the wedge shaflt, completely controls the actlon of the spray
valves.

When the engine wvas teated at the factory, wodge levers {31) were adjusted to ba
parellel to each other snd in line on wedge shaft [30) ard wers then clamped and

Ta
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pinned to the shaft. If new levera or a nevw wedge sheft are installed it 1a import-
ant that they be linsd up in accordanse with the above. The position of the fularum
of wedgas {52} for the full losd full apeed positlion [wedges fully in} ahould be
about 1/4" inaide the vertical line X-X through the center of the wedge shaft. The
position of the wedge fulerum for 141ing &t low spesd should be ss shown in Fig. 11,
that is, sbout 1/%" outalds 1line X-X. In other words, 1ine X-X should approximately
diwlde the total movement of the wedge Mulerum in two egual parts.

Levars [3%) ghould be approximately parsallel for all the spray valves. Thias 1a ae-
cosplished by means of adjusting nut (17) vhich bears down on horseshos collar (16)
which ln turn bears down on lever (36). With the laver dlaeconnected From push rod
fork (25) hold Lt up against collar [19) end nut (17) without opening the spray
valve, Then adjust nut (1T) for the proper lever peosition and logk by mesns of the
lock nut on top.

Bulffar apring assambly [l?] posltlonsa the pushrod relative to the 1ifter and as-
slsts spray valve apring E'j i1n returnling the valve mecheniam {rucker, pushroed,
ete. ) as the spray valve ia being closed. The veak spring (22] belew bufler spring
{20) merely holds the pushrod against washer [21), ps buffer apring asasmbly ?19]
i3 screved down buffer spring (20) and wvasher (21) forae the pushrod downwvard
againat the weaker apring and bring the end of the pushrod closar to the wedge and
1ifter. Froper adjuatment of the buffer apring assembly 13 as followa:

[a)] Bar the sngine uatil the rfuel eam follower ia on the bess cirels of the aam.

[-:,] Sot the wedge sheft and wvedges in %m '[T.red.g:aa "rully 16" &s dea-
tarmined by the governer welghtsa belng fully in) and unscrew cage (19) until
there 1s clesrance botweesn the lower end of the pushrod and the upper face of
the wedge.

(2] Blovly acrew down cage (19) and at the same time move the wedge back and forth
sldaveya with Fingava.

[d) Aa apsn asm the wedge la felt ko tighten unsecrevw tha coge one-half turn and losok
1t in this position wilth the clamping screw.

HOTE: When timlng the apray valves as descsrlbed in the followving the buffer apring
assanbly should always bs unscrewed about one or twe turns. When timlong is completh-
ed adjuat the buffer apring in ascordeanss with lnstructions in this paragraph.

SPRAY VALVE TIMIKG (See Flg. 0-3)

The timing procedure described in the following is for a BEP&f valve openlng of BY
B.T.¢. (Before Top Center) and s spray vaelve cloaing of 18" A.T.C. [After Top

Center). The proper spray velve timing to use 1a stamped in the E%ﬁlne e Elate
1 » Lf the tlming in the name plats ara [rom =

1 opening and eleping the Toellowlng inatructions should be modified accordingly.
Frogeesd as followa:

(a) Bhift the samahaft to the AHEAD poaltlon and unscrew all Buffer Spring Cages
one or twoe turna. Bhut off all the lsolating velves in the fusl rall except for
Humber 1 eylinder.

(b} Be sure that wedges are 1n the rfull load positlion ["fully in") as determined by
the governor welghta belng agalnat thelr inner stops. [(Normelly the wedges will
be "fully in" when the engine i1s shut down but 1t is well to cheak this polnt.)

{2} 8pot Number 1 eylinder at 5% A.T.C. on the power stroke. (Half way polnt he-
tween 82 B.T.0. opening polnt apd 182 &.7.C. eloalng polnt.] Then unbolt and
turn tha fuel cam wntll the centar af the toe ia dipeetly in line with the axis
of the lifter., Clamp the fusl cam temporarily.

(4] 82t the crankshaft B° B.T.C. on the compressicon stroke. Bar the engine up to
this point in the shead direction of rotaticn.

(&) Pustp up & fuel pressure of about 1500 lba. per ag. insh ¥ith the hand pump.

[f] Slewly lengthen the apray valve pushrod untll the needle of the pressurs gaugo
drops indicating that the apray wvalve has opened. Check this sd justment by
backing the sngline up a fev degress, pumping the fusl prespsure up agsin and ber-
ring the engine slowly in the shead direction until the pressure again dropa.

If tha flyvheel pointer is not at BY B.T.C. readjust the pushrod and check again.

To mdjust the length of pushrod (1B) loosen locknut (34) and turn the pushrsd,
using a pin or drift in the holes provided at ite upper end. Then tighten the

8.



O4-Ed 1.9

14.

Section O

lopknut. {On 5-1/2" bore engines the pushrod length 18 not changed. Referring
to Fig. 0-34 ball stud (37) in rocker (36) is screved up or down lnatead. To
adjuet looaen locknut (38) and turn bell stud (37) with & eerew dsiver. Tighten
locknut (38) after the adjustment has been accomplishsed.

(g} Bar the engine over to 269 A.T.C. and again pump up the fuel pressurs, Thsn bar
the engine beckwards slowly until the pressure drops. This point, which La the
cloging of the spray valve, should be 187 A.7.C.

(h} If thisz point is past 18% A.T.C. too long a apray period Ls at hand, It will be
necassary to advance the fuel canm elightly and repeat stepa "a", "e", *Ff%, and
"a®, If on the other hand the apray valve clessa balfers 158°9 A4 .7.0., retard the
cax slightly and repeat atapa "4a%, "e", "r", and "g".

(1) Repeat atepe "s" to "g" on the remaining cylinders. Check and record the spray
valve timinga Tor ABTERN. The timing going Astern may be slightly Aiffarant
than the ahesd timlng. However, the ahesd timing i3 the more important and no
changes should be mede te favor the astern timing.

[} Adjust the buffer springs as per instructions in paragraph 16. HNote that buffer
spricg cages should always be unscrewed when epray valves are tlmed.

BALARCING THE ERGINE FOR EQUAT, LOAD ON ATL. CYLINDERS

Theoratically, 1 the epray valves have beasn tlmed ezactly and correctly (s cutlined
1n the preceding paragraph) the amount of Muel injected in esch eylinder should be
he seme. Conasguently, the total englne load should alac be egually Aivided bae-

tween all the eylindersa. FPrastleally however, 1% i3 impossible to time all the
spray valvee exaetly allke, and even Lf that could be accompliahed manufacturing
tolaranges of sush Ltéems as grifices In the spray velve tipa, fusl came, wedges,
ete. are apt to affect the cylinder bealance. ‘The diviasion of load between the
various eylinders should conssquently be checked efter the spnglpne Ls running, pref-
crably st full loed. Sinece the exheust temperatures are proportlonal to the loads
that the various cylinders are sarrying the amount of fuel injected should be ad-
Jueted a0 that the exhauat Temperatures Cor the varlous ¢ylinders are alike, op
nearly alike.

The amount of fusl Injected and conseguently the losd sarrylng sapaclty of a eylin-
der may be changed by adjusting the length of pushved (18), er in the case of 5-1;2H
bore engines, by adjusting ball stud {37). [2ee Figures 0-3% and O0-34 respectively)
It should bs noted, however, that readjuating vill affect the spreay valve timing.
Therefora, the sdjustmant ahould not be appreciabls and should not exceed cne-half
turn of the pushrod or ball etud From the poslitlion obteined when timing ths apray
valys.

The preper prosedurs for balancing the snglne cen be summarized aa followa:

{a) Assuming that mll the FpTay valves have been sorrectly timed to open at B°
B.T.C. mnd close at 18% A.T.C0. it showld be posalble to balance the englne by
mersly lengthening or shortening the pushrode by one-half turn or In the
cage of 6-1/27 bore engines the rocker adjusting serex ahould nob %B gupnqa moTa
than one-half turn. Lengthening & pushrod or screwlng down on the rocker ad-

Justing ecrew will Inarsgas the exhaust tempesrature of the cylinder end vise
Vered,

{b}) Ir an adjustment of one-half turn is not sufficient the timing of 211 the apray
valves aheuld be chacked and, if necesssary, adjusted for en opening of 8% B.T.0,
and a closing of 187 A.T.C. for full losd wedge shaft poaition as deseribed in
Faragraph 16,

(e} If the valve timing ia Tfound to be satliafactory or Lf, sfter meking eny neces-
gary agrreation In the apray valve timing, o ecorrection of one-half turn of the
pushrad 1s etlll lnsuffielent, defegtive combustion is indicated. Thia nay be
due to ene o more apray tlp orifices belng plugged or to any of the defesta
dealt with under the heading "23moky Exhaust™ in the "Maintenanece and Inspsctlon'
s=ctlion,

Whan the anglne waa tsated st the faetory spray valveas were carefully timed and ad-
Justed to egqualize the axhaust tegiperatures 1n the various cylinders and while tha
gcparator ahould not eontinually changs ad justnents in an offort to improve en engine
that le operating satlefactorlly he should kesep the balasnce of the various aylindera
airly avan. The eylinder balanse should be checkad whanever a spray ?51;3 hae been
chenged. I the exhauet tesperatures are kept wilthin a tetsl range of 20 the bal-
ancge Will be exgellsnt, while a range of RO may not be considsred exccamsive and
W1ll glve falrly satlafectory operatlicon. However, de net allow the cylinder unbal-
anae to axopad the laat meantlone=d wvaluem.

9.
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QUVERNOR

The flyball typs governor
i3 mounted on the forward
end of the psnterTrame and
i3 driven by the panshalt
gear. It 1s Lllustrated 1n
Fig. R-1. Governor housing
[21) which forms the gover-
nor bearing 18 bolted and
dowelsd td the senterframs.
It is lopmted to allow
LOOUT - 00R® backlash be-
tween governor gear (22),
whish 18 keyed and pressed
on gavernor body [20), and
tha camshalt gesar. Lubri-
cating oll fram the preag-
gure pump ls plped to the
bearing through a drilled
hoels 1n the heousing. Gov-
arnar welghts [23] are -
mounted ot fulsruom ping 1n
governor body (20) end sap-
ry hardenad atesl rallers
(24) on riveted pins. Aa
the Clyballs tend to move
out due to centrifugsl
fores, the rollers bear
against thrust plate [12)
end transmit the fores de-
veloped by the welightas
through quill rod (11,
thruat bear (17] ana F1G. Q-1

apring block 114) to gover- '

nor spring {3). The thrust

peaction 18 taken by bear- )

ing (19), which 13 secured

Ea the governor body by

threaded retalning aollar (15). Thrust clearance is adjusted to 010" and the aol-
lar 1is locked by a set sspew, sasured in place by & locking wire through the head.

Spring bleck (14] follows the motion of the welights resulting from variations in
engine apeed. This motion is further transsitted by means of pin (15} and fork

{15) te vertical shaft rshj, to which fork (15) L& clasiped. Addltlonal linksge con-
nests vertleal shaft (%) to the fusl wedge shaft to which eash of the wadges are
1inked, thus sosplating the connectlon from the governor welghts to the Twel wedges.
The englne apesd 1a sontrolled by verying the teaslon of the governor apring threough
hend legver [2) and reek (1). The lever 1s held in place by s latch wvhich engages &
toothed quadrant., A break mechanism in the handle permites moving the lever to thes
left, which reduces the spring tenslon. Thie allowa the governor welghts to move
out, withdrawing the fuel wedges and reducing the sngine spesd. Conversely moving
the gontrol lever to the right increases the englne speed. Adjusting asrew [13)
cantrols the anglne spged and should be set to glve the da-

sired full loed epeed (86 engine name plate] with the gov-

groor contral laver 1n the lest noteh. The englns will then

idle at the proper apeed with the control handle in the

firat noteh, The adjustment 1s sesured by means of & lock nut.

STORPING MECHANISM & @ @

Tha anglne 1a stopped by rotating the hand lever obh top of the
governor housing. Lever (6] (See Flg. @-1) 1s connscted
through & release mechanism to floating lever (10) on top of
vertieal shaft (%}. TLever (10) 18 linked directly to the fuel
wodge shaft. The relsase meshaniam 1s shown in dstall in Flg.
G-2 which i3 an enlarged seatlon taken through A=A in Flg. Q-l.
1t sarves to break the connestlen betwsen Lever (10) and waw-
tical ahaft (4], releasing the wedge ahaft from governor ¢on-
trol. HReferring to Fig. Q-2 1t %111 be noted that sst Bapaw
(25) and plunger (9), both of vhich are mounted 1n lever {10],
forz a rigld connestlion betwesn levers [10) and {5). Lever FIG. G-2

Mg
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(5] 1a slamped to vertical shaft (3) and appears in Fig. Q-2 as the annular segment,
the opposite enda of which bear agalnat the diagonally milled flat on the lower side
of plunger (9) (ahown dotted in Fig. Q-2) and the end of setscrev {E?]. This iz the
normal position of the meshanism when the -:n.gine is running, levera (10) and (5) op-
grating es o single unit. When hand lever (B) 1s pulled to atop the engine, eceen-
trie (26) on the lower end of shart (8] engeages the end of plunger (9) and Forces it
back against ite epring, out of engagement with laver (5). Laver (10) is then frea
to rotate counterelockwlse without interference with lever (5). As eontrol lever
{E) i3 moved further the projecting key |T) engages a boss extending from the top of
lewar (10]) {nut gshown in Flg. §-1) and thereafter lever (10} rollews the motlon of
hend lever [6), pulling cut the fuel wedges and stopping the engine.

—
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BEVERSE GEAR AND THRUST BEARTNG
GENERAL

Flwe dirfferent size reveras gears are uged on the various Atles Reveras Qear Ve pdne
Engines, ln aceordance with the following tabls.

HO. OF CYLS, BORE % 3TROKE REVERSE GEAR 9IZE ILLOSTRATION
%4 64 x A} 14" Fig. 2-1
5 kA T4 =x 10 19" Filg. B=3
I kR 8 =z 1n 1g" Fig. 8-3

3 9 =x 12 ig® Pig. B8-3
i 9 =12 £1" Flg. 8-3
3 10 = 13 21" Fig. 8-3%
4 10 = 1% 24" Fig. 8-4
4 104 x 13 24" Fig. 5-4
3 &4 114 x 15 g" Flg. 5-4
3ok Y 17 x 16 =an Flg. &5-4

The gear 1a mede up of & planetary transmission, & dlsc glutch, and two bralkes, op-
erating on thea drum of the tranamission and on the propeller shaft. The remultls g
drive permite eomplete control of the propeller ahaft by means of the aluteh comn-
trol mechenlem. Its operation 13 deperibed under Paragraph £, The peverss gear 1s
alopely assoclated with the thrust besring, and both units mre ahown 1n the Lllus-
tratlona and Included in the following deseription. The different slze gears are
quite sizniler in design and the description applies to 8ll of them with the exceps
tion nf pertain differencea that are mentioned in the text. Flg. 3-1 and Pig. 2.2
show longitudinal and treraverse ssctlons through the 14" gear, Filg. 5-% 11lus-
tratea the deslgn of the 15" and 21" gears and Flg. 5-4% tha L gears. The

W11
e /




Saclion &

gize designatlion of the gears la the
diameter of the transmlasiaon dram In
inghea. Two different types of con-
tral mechaniam ars uaqdh m aingles op-
epating lever on the 18", 1%%, a

21" geara, and & rotating shaft, op-
erated by a handwhesl and gearsd to
the 2lutch crovder aallar on the 247
and 28" gzeaprsa.

FLANETARY THANSMISETON

Referring to Fig. 8-1, the planetary
tranemisslion 1a housed in & rotating
drum [29). It sonalata of two shaft
goars §17) and {27}, mounted alde by
side on adjacent e=nda af arankehalt
(1) and thrust shaft (18], and intar-
sonnested by thres pairs of "planet”
geare, (1%) end (28). These planet
gears rotate an bronze tushings on
pins mounted in drum {(29). The long
planst gaara (2H) extend meross the
facas of both of the ashaft geara,
maghing with the larger thrust shaft
gear [17) end clearing the smaller
crankshaft gear [(27). The ahort
planet gears (14} are in line with
the srankahaft gear and the extension FIG. 5-2

of the long plenet gears, meshing

with both of these geare and completing the gear trein betwesn the two shafta. Filg.
3-2 shows a apctlon taken through the planetary transmliasion At XX 1n Flg. 8-1 and
illustrates the plenst gear mounting. The above general dessription epplisa te all
of the different size gears, but there are a numbear of mlnoer differences In deslipgn,
the most important of which are as Tollove:

(] Drum Mounting

In all of the geara the after end of the drum rotetees on the forward end of the
thrust shaft. A bronze bushing la pressad lnte the one pleee drum sover oh the 15",
19" and 21" gears, but on the 24" and 28" gears & bebbltt bearing la used, poured in
the sover, which i3 split into two halves. On the 19" and 21" geara, the forvard end
of the drum rotates on the after end of the clutech drlve hub. This hub 1s largsr in
dlameter than the arankehaft gemr so that the drum may be removed without disturbing
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PIG. 8-3
the gear. On the 18", 24" and 2B" gesrs however, the bearing in the forvard end of
the drum 1s emaller than the srankehaft gear 2o that the latter muat be pulled off
the shalft bafore the deium aat be pemoved. O the 14" gear the forvard end of the
drium potates on & apacaer on the srankahaft betwesen the olutoh Arlving hub and the
crankshaft gear. On the 24" and 2A" gears 1t rPotates dipestly on the orankshaft. In
Rll grars a bronre bushing presaed into the Forward end of the drum praovides the

=
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bpgrlng. The constructlon differences may be alearly seen b¥ a comparison of Fig.
3.1, Fig. 8-3 and Filg. 5-4.

(bl 1 Seals

on the 14", 139", and 21" geara oll a=ales (37} are incorporated into the drum bear-

l!’.E‘.B at cash Ell'!d, EE‘E].T.:LE, the drun to the ahaft and II'I"E:\"E:I!'L‘I:-I.DE. ].EB.IEB.EE of all a.luns
the shalft. On the 2%" and 28" gears oll seals are not used however, and a heavier

grade of lubrlaant must be used in these drums. Service inatructlions In regard to

lubrieation are glven in paragreph 9 (a) under MATHTENANCE.

icj Shaft Keys

The erankshaft drelve gear and ths clutch driving hub are preassd and keyed to the
prankahaft ar atub shaft [(the 28" gear is mountsd on & atub sheft holted to the s=nd
of the crankahaft.] Taper keys are used on the 14" and 28" gears, and stralght kevya
on the 19", #1", snd 24" gears. Detalled Instructiona in regard to fitting the

tapar keys are given in Paragraph & under REASSEMBLY. The straight keys on the 15"
and 21" gears are broken under the eluteh hub and a felt packing inserted betwean the
ends of the twoe keya to prevent oll leakage along the shaflt.

(d) Thruat Bing )

The 24" and 28" gears are provided with thrust rings, shown in Flg. 5-%. Four
springs asting on thls ring push the drum forvard when the elutch La disengsgaed,
holding the clutch plates frae 8o that they de not drag. In the 19" and 21" gears
almllar aprings sheown in Flg., 28-3%, work batwesn the plates to hold them apart. No
aprings are uaed in the 18" gesr. These apringa should be replaced when overhaullng
if they are broken.

CLUTCH

The plate eluteh acta between the crankshaft and the planetary tranamission drum,
Relferring te Flg. 3-1 the cluteh driving hub (10} 1s keyed and presssd on the after
and af ths crankshaft, just forvard of the crankshaft drive gear. Crowvder collap
(7] ia sereved and clamped to the end of the elutech driving hub and s sguare hub on
the latter engagss the Ariving plates {(B) and Egl- The driven plates (25) are pon-
nected to transeisalen drum (29 by capsgrova | 24) which angage holea in the plates
ard alec retaln the oluteh cover to the drum. Four {floating cluteh plates - two
drive and two driven - are used on the 147, 19", and 21" gears, and five are used on
the 24" and 28" gears. (On esrlier engines enly thres Floating plates were used on
the large gnnrﬂ-?
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FIG. 5-4
The glutch la engaged or disengaged by means of shifter econe (20} (See Plg. 3-1)
¥hich 8l1ides fore and aft on the crankshaft and to whish links aperating the crowd-
erg (23) are pinned. When the cluteh 1e engaged the cone 1a aft, bearing ageinat
epowder aollar (7). In this position the senter line af linka [22) are inclined
alightly forward. In other worda the pilns ceanectlng the links to the cone havae
bean moved In past centar, so that the srowding Torce tends to hold the cone aft,

3.
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with the aluteh gnEaEEd, rather than to push i1t forwvard, dluzhgﬂﬁln th? ?lutdh-
The sone 18 moved by means of fingere extending down from cons shifter [2) and en-

gaging pins projecting from each mide of cone aollar (21). The cona shifter is
pounted on & ahaft supported by bracketa [6) on each side of snglne base. On the
14" 19" apd 21" gesra the cone shifter Ls turned directly by clutch cpereting
lever (4) which 1s lneerted into & socket cast in the ahifter. On the 24" gear
vhish 13 eguipped with the handwhesl sluteh control & plnlen on the handwheel ahaft
engages an internal gear seztor whloh 1s bolfted to a flange on one end of the cone
shifter caating. Both the shifter and handwheesl shaft are mounted on bracket stands
bolted to either side of the engine base. On the 28" gesra & jack shaft La used be-
twmen the shifter snd handwheel shaft. A pinfon an the handvheel shaft angages 8
gear on the jaek shaft, snd twe plnlons on the latter angage the shifter asctore.
The two seckors potate on a third shaft, and levers cast Integrally with them eXtend
down to engege the pins in the cone shifter cellar.

Inatructione covering the care and adjustment of the clukch are glven In FParagraph
g [b] under MAINTENANCE.

PLANETARY TRAMSMISSION DRUM BRAKE

The brake controlling the planetery transmission drum conslsts of two shoss (35)
{Bee Fig. 8-2) which float on pine (33) on =ach aide of the drum. Thes pins are car-
ried by brake peeta (16), which are supported at the bottom on fulerum pins (32) ex-
tending through lugs on the engine base. Blocka, (15) & (35) awiveled in the tope
of the poata are tied together by means of tie rod (13). 3wivel block (15) 1a cam
shaped and beara agalnet 8 meating cam or growder [12), which ia rotated by means of
g 1ink connecting to the sluteh eparating lever. As the crowder 1sa rotated 1t
alimbe wp on the cam, shortening the tie rod and presslng the brake shose 1n agalinat
the dAvrum, applying the brake. The foregolng applies to mll of the brakss except
that on the 24 reverse gear, 1n which & 8liding wedge mechanlsm 13 uvaed for the
arowder in place of the rotatlng cas. On the 28" gear twe rotating crowdar cams are
used, one on sash side, operated from levers on the handwheel jaock shaft.

FROFELLER SHAFT BRAKE

A brake band {30) (8ee Flg. 85-1) 1s ussd for the propsller shaft brake, wrapped
around the drum on the shaft coupling. It 1s aupported by & bracket {19) belted to
the top of the thrust bearing cap, and la operated by & link I'roe the gear dirum
brake mechanlaw. A rotating crowder cam 1a used on hoet of the designa, but In soma
casos & aliding vedge 18 upad. In elther construgtlon the can or wedge deslign 1a
such that thez brake L8 applied and released at the deslrsd polnta in the sperating
cg?l?. Instructions for adjuating and parvicing the brakes mre gilven Iln Faragraph
q lal.

OFERATION OF REVERESE GEAR

When the sluteh fs engaged the crankahaft ls coupled to the drum of the planstary
tranamisalon. The transmission 18 locked and provides & positive ponneatlion betwaeh
the erankshalt and thrust shaft, the propeller sheft rotating with the anglne. Bath
trekes are releassd. Thias L8 the AHEAD posltion, and the clutch control lever omn
the 14", 19", and 21" geare la alightly forward of the vertical. As the control
lever ig moved mft to NEUTRAL the cluteh l1a relsaased, breaking the drive between the
erankshaft and thrust shaft. The same motlen of the sontrol lever appl’es the pro-
peller shaft brake, stopping retation of this shaft., The planstary transmlsslion
drus then rotates in the shesd direction somewhat slover than the englne. When the
control lever is moved further aft to the ASTERN poslticon, the propeller shaflt brake
is ralsased and the 4o brake 18 applied. As the drum stopa rotating the propeller
shaft begina to rotate sstern, reaching full speed satern when the drur comss to
rest, The operation of the 24" and 28" geavs 18 the same as described above, except
that the sontrol ‘.I.u.'hy means of the handvheel Inatesd of by the operating lewvar.

THRUST BEARING

The multl aollar thrust bearing is mounted on the after end of the engine base and
garrliea all leada In & fore and aft direction resulting from the propeller thrust.
It 13 made up &f thres parta, the bearing, the cap and the shaft., Both bearing and
cap conteln a ssrles of dovetalled elrounferential grooves, which whan lined with
pebbitt mbout 1/%" thiek, fere grooves [er the thrust shaft scllars. Between the
grooves the eylindrleal apess are also babbltt lined and besr against the shaft so
that suffieient journal ares te sarry & aubetantial radisl losd 18 incorporated in
the bearing. Five differsnt slzes of thrust bearlng are used, correaponding to the
fiva peverse gear sizes. All are very simllar 1n dealgn, with the axeeptlon of that
1% tha 14" ravaras gear, which L3 not water jacketed. The four larger slzeg are
jueketed both in the bearing and cap and a small amcunt of water la piped Crom the
water pump te tha bearing and 18 then discharged overboard. All of the bearings ars
lubplaated from ths engine lubrisstor. Instructions for the proper care of the
thrust bearing are given in Parsgraph 9 (d}.
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CISMANTLING AND REASSEMBLING THE REVERSE GEAR

when dismantling the reverses gear, proceed as followa:

{2) Remowe mll the cluteh and brake control rigeging.

{b) Break the propeller shaft coupling and slide the propeller shaft aft a suffi-
alent Alstanse to remove the thrust bearing. If an intermediste shaft ia used
1t may be ramoyed if desired, rather thean shifting the propaller shaft.

ie) Remove the boltas and dewels holding the thrust bearing to the base.

td) RHemows the capacrevs holding the after cover to the reveras gear drum.

(e} Remowe the thrust bearing with the shaft and drum cover. HNote that the bearing
miat be moved straight back untll the pllot on the after end of the crenkshaft
alears the bore in the thrust sheft.

() Pull tha erankshaft gear. Tapped holes ln secordanse with the follewlng tebuls-

tlon mre provided ln the gear and cluteh hub and in the end of the crankahaft
for uae wvhen dismantling and reasmsembling these parts.

Reverae Hole In Hole In Hole Inm
{Jaar Size Gaar Glutch Hub Crankshaft
14" 5/B"-11 thdaSin. 5/8"-11 thasa/in. 1".8 thdaSin.
15.11 EI-_I“rE.-].]. n 5.-'%'-]'-1 n lll-a n
21" 3,/4".10 n 3 87210 m 1-1/4"-T7 thda/fin,
24" 1"-8 L TS .9 B 1-1/2"-6 by
?H‘h -J_H'_E 1] 1-_5 " 1—:|..I"IE"-E L}

(g} Remowa the capscrevs holding the clutch cover to the drmm and remove the drum.
NOTE: ©Om the 19" and 21" gears only, the drum can be removed without rescrting
to 3tap (f). (See Fig. 3-3.) On the 14%, 24" and 28" gears hovever the crank-
ahaft gear must be pulled before removing the drum.

{h} Fress or drive the planset geer pins out of the drum. These plna ave a preas CLIt
in the forvard end of the drum and & sllding fit in the after end.

1) Full the sluteh driving hub off the crankshaft.

{j) Looeen the erowder collar clamp bolte and unscrew the collar from the sluteh
hubk. The eluteh platee may then be removed from the hub.

Reppaspbla In tha preverag I'.'IMEI"']. Dﬂt-il'Lg PIII"T.].EI'IJ].E.I"].T the rl:rl].ﬂ'li'f.]"‘.g Inetmiatlona in
regard to Fltting the keya:

Om tha 14" and 2B" gear where tha gluteh hubs and crankshaft gears are hald by tapers
keya [and mlso on some of the older designs whers taper keys were formerly ussd),
new keys must be fitted if the parts are replaced. The keys must be fltted individ-
uelly, pressing esach plece on the shaft in turn‘ fitting its key, removing 1%, and
then prosesding with the next plece. On the 147 gear, clutch hub {10) [Bes Fig.
5-1) must be pressed on the shaft vithout shifter sone (20) being in place. The
tapar key 18 driven 1n and marked 8t the and &f the hub. The hub i1s then pulled and
the key cut off where marked., The crankshalft gear 1s then presssd on to 1te final
loeation, mlloving exactly the correct apacee behind 1t for the clutch hub and spacer
{#6)]. The key is filtted and driven in mnd the end marked, leavwlng sufficlent pro-
fection to engage the notch in the end of the spacer. The parts may then be flially
aagambled on the sheft, pressing the clutch b and gear home on their respective
kaya. The end of the key for the slutch hub must be securely blocked to prevant 1tas
backing awey as the hub 1s presssd ageinet it. Subetantislly the same procedurs 1s
followed on the 28" geap, the difference belng that apacer (28] 1a not used. ([See
Flg. 3-4.) The key for the gear 1s allowed to extend aleng the shaft to the sluteh
hub, and the extenslon 1s Flled dovn to the senteur of the shaft. This is nesesaary
to prevent oll leakage alofg the shaft. The keys misat be fitted for sach part indi-
vidually prior to the floal assszbly as described above for the 14" gEaT.

ADJUETMENT AND MATHTENANCE
{a) Flenetary Transmission

On enginse with 14", 19", snd 21" gears, in which oll ssals are used, thes drum
should ba kept from one third to one half full of & good grade of S00W cylinder oil.
Fipe pluge for filling are provided in the after end of the drum and the level
ghould be Iinspected fregquently and oll sdded a8 necessary. The drum should bs
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drained &nd refilled with new oll svery slx montha to & year, dependlng on the asr-
vise. On the larger engines, with 24" and 28" gears the drum i3 not entirely oil
tight and & heavier lubricant must be uwsed. A =mixture of half &G00W and halfl cup
grease 1a regosmended. The bronze bushings in the drum and drum sover and In the
planst gears are subjset to wear and should be replaced when clesarances become ex-
ceasiva, HNew bushings muat be reamed after pressing in. Allow plearance of (0017
per ineh of journel diameter. The leating bronze bushing between the crankahaft
pliot and the thrust sheft sheuld be replaseed when the slesvance in elther part em-
apada 00" per inch of diameter. On the 24" and 28" gears it may be necessary to
repour the babbltt bearing in the after drum sgover. I this 1s dons great sars
muat be taken to kesp the bora qgnﬁfniﬁiF with the finished sutalde diameter, The
oll meals Ln the aseller geera ahould be raplaced when worn. Whenever the elutch
hub fs pulled on the 13" and 21" gesra the falt packing between the two keys should
be replaced vhen reassembling.

(b} Clutsh

On all of the different eslze geara the clutch adjustment 1s determlned by the loca-
tion of the crowder gollar on the slutsh hub. A8 the elutch plates wear, the collar
muat be acrewed fRrther oate the hub teo keep the cluteh tight. It should be auf-
flalently tight to prevent slipplng but should not be wnduly tightensd, sausing &x-
ceasive atraln on the parta. Keep the clamp bolts tight to malntaln the adjustment,
but use care nok £o bhend or break the ¢lapp ears on the crowdesr collar.

The alutch plates should be olled oecaplionally through helss provided in the eluteh
aover. If the plates become rough the cluteh will tend to grab, and 17 thias asondi-
tion besomse troublesome it may be corrected hi Faglng off the platea. When tha
plates have been worn or fased down about L/LE" teo 1/B" the crowder collar adjust-
ment will be all taken up and it will be impossible to keep the clutch from sllppling.
It will then be necsasary to Peplass the sluteh plates. Excesalve wear in the driv-
ing pin holes in the plates may be corrected by drilling new holee or by fitting

overalze pina. If naw holes are drilled they must be very sarefully losated to 1ing
up with the pins.

The shifter cone collar should be kept well lubrlcated and should be replaced 1f ax-
cepalvely worn. Wear in the crowder pins and limks will heve the same offect as
vwear of the plates, that is it will reduce the effsct of the crowder aollar adjust-
ment. It may therafers be poeeible to postpone replacement of the plates, pesessi-
teting & complete overhaul of the slutch, by replacing thess minor items. The coll
epringes tying edjacent plna together take up lost motlieon and prevent rattling and
should be kept in pleace. The thrust aprlhga betwesn the ¢lutceh plates should be re-
plaaed LI brokan.

(2] Brakes

If the drum braks 1a kept properly adjusted the lining will glve long service, but
if the adjustzment 1s naglected 1t =ay be ruined very gulickly. The adfu&tment ia
practically the same for all of the different elze geara and 1ls deacribed below for
the 13" gear. (See Plg. 8-2.) Adjusting scereva [31) should be set to allow alegr=_
ance batween the drum and the center of the brake shoes egqual to nf roximataly 1732
an the 14" drum and up te 1/16"on the 28% drum. Adjusting nuts (3 ? should then be
sgt to pgualize the alearmance &t top end bottom of the shoe. IF this ed justment la
neglected the shoes will dwag on the drum and wear the lining unevanly. The adjust-
ing muts on the tie rod determine the force that Is appllied to the brake shos, and
should not be set eny btlghter than ls necessary to atop the dres when the gesr 1a In
raveras,

The brake shos 1ining shoeuld be replaced before 1t wesrs down to the rlvet heada, or
the drum will be scored and must be turned down. Use "Raybestos" or other good
grade of lining, 1/%" thieck.

Refarring to Fig. B-1 elamp (%) securing the brake operating link to the slutsh gon-
trol lever la adjustable on the lever, snd should be set so that the brakea take up
at the proper time in the aentrol eysle. Use cars however that this clamp la not
reised so high on the lever that the linkege will buckls, that fs sc that pin (11)
¥111 drop down into line with pins (5) and (13) and will then be forsed down rather
than up when the clutech is thrown out. If this pocurs the mecheniem vill jam and 1t
w111 ke impossible to vrelease the clutch. This condition will be approsshed gradi-
ally as the plates wear, and 1f not watched for may oocur wvhen lesst expected.

The only adjustment for the propeller shaft breke ife the band clesrance, and Lt
ahould be kapt just sufflpglently tight to atep the shaft whan the ravarse gear is in
NEUTRAL. The instructions above, covering relining the shoes, apply equally well to
both brakes.
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Section 5

(d)] Thrust Baaring

In all of the reverse gear designa the forvard =nd of the thruat shaft is piloted
on the aft end of the crankshaft, with a floating bronze bushing between the two
pleaea, If the two ahafta sre out of line this bushing will wear rapldly and ths
prankahaft will be severely etresasd, It L8 therefore most Important that the
thrust bearing be kept aesurately aligned with the arenkshelt. Dovelsa betwesan the
bearing mnd base provide meana of malntalining the originel traneverae allpgnment,
which was carpfully detarmined In the Tactory vhen the angine was spectad. The
prartical alilgmment 1s determlned by the shim thiekness undsr the besrlng howaver,

and 1t 1a assential that the original thtﬂgﬁc:u ba maintained when ressssnbling.
Note esarefully the shim thickness under each alde when dismantling end replscse with

exagtly the sams shius. If the thruat bearing iz ever replaced or rebabbitted 1t
must be very carefully alighsd with the crankahaft and new dowal holes drilled.

In &ll of the bearlng designs the thruat shaft gear 1a shrunk on the forverd end of
the shaft. If replaced the new gear should be heated o 6007 F. and alipped over
the end of the shaft, keeping the and of the gesr flush with the end of the shaft.
Or111 &nd tap dowsel holes down the Jolnt, that 1s helf in sach plece and screw in
atuds for dowels. Cut off flush and prileck punch to lock. Use the same number and
glze of dowels s in the old pleces, and drilll. oll holea through the gear and shaft

corresponding to those in the old parta.
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Bection T
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The lubricating oll ayatem on engines with &&" bore consists of the day tank {(not
mounted on the englne), the lubrleating oll prespurs snd sump pusipe, the manifeld in
the base, with leada connesting to the mein bearinga, and the necessary plping to
earry the oll through the aystem. Engines haviag 74", 8", and 9% bore ars also
equipped with lubrieating oll filters and cooléers. In addition to the maln lubrica-
ting oll system as outlined above thers la alao the Madlson-Kipp lubricator, supply-
1ng & measured quantity of oll to each plaston and cylinder liner. The normal oil
flow 1a Crom the day tenk to the pressure pump, then through the oil cooler [1f
used} to the manifoeld in the baae supplying the msin bearings. Drilled holea in the
crankshaft carry &ll to tha erankpln baarings and the rifls 4drilled aonnactlng pods
fead the platon pine. The oll from the bearings drains down te a sump ln the after
grnd of the base, from whicsh 1t i susked up by the asavengs punp and dlssharged back
to the dey tank.

On engines egquipped with lubrleating oll ecoolers, a four way cock lnterconnecting
the piping %o and from the cooler permits bypaasing the oll flow arcund the cocler.
The «sak ahould alweys be thrown guiskly from aae pasitlion to the othar and should
never be left in &n intermedimts poaltlon.

A relief valve, connected Lo the line leading to the base manifold, provldes means
for regulating the pressure on the system. The discharge ahould be plped by the
austomar to the lubricating oll day tank, and the ¥alve should be adjusted for 35 to
40 1be. per squere lnch, a8 lndligated on the pressures gauge, with the oll hot, Note
thet low lubriecating oll pressure may not necessarily be dus to relief valve adjust-
ment, but may result from one or mors of the following ceuses, end thelr posaibili-
tles should be Inveatigated before attampting te correct by readjusting the wvalwva.

Lov lubrigating oll level in day tank.

Restriction in suetion plpe to elther of the lubrlicating oll pumps.

Broken pressure plpe or fltting.

Crankshaft bearing fallure.

Excegelve pump loakeags.

Viasgelty of oll too low, excessive temperature of oifl, or thinning out with
Tuel oll.

ol ==

LUBRICATING OIL DAY TANE

The eylindrical lubrleating oll day tank, has a papeaelty of about 12 gallona on &n-
gines with 53" bore and mbout 17 gallons on englnas with T4" or larger bore. It
should be mountad v:rtinllly. with the bottom at least three feet mbove the engine
raon floor, and should be plped by the customer to the discharge from the lubricat-
ing oll aump pump and tha suctlon of the pressure pump. The connectlons should be
of 1" pipe, the former leading to the plpe tap hole in the cesting aoldered to the
top of the tank and the latter to the hole &% above the bottom of the tenk. A drain
valye ahould be sennected to the bottem conmection.

L gage glasa near the top Lndisstes the ell laval, which should be maintalned be-
tween the center and tep of the glasa when the engline i1s runnlng. Under no clroum-
stances should Lt be permltted to drop below the glesa. The tank should be dralned
and flushed out at Intervals to keep the sludge 1n the bottom from bullding up to
the pump suctlon connectlon. New oll ahould be added to the system through the f11-
ler hole in the top of the tank, which i3 protected by & screen.

LUERICATING 0IL FUMES.

The potary group, 1llustrated in Fig. T-1, 18 bullt into one of the eentap
fran= doora 35. It insludes the lubrleating oll pressure and & pusipe {14) and
(17)] and the fusl transfer pump (1), together with drive shalt {;Lg? and gear [9],
which meshes with a driving gear on the cam shaft. The door la posltioned and
doweled on the centerframe for 008" gear backlash. The door gasket should be 17329
thick to meintain this adjustment.

The gear 1a preased on the drive sheft, which rotates on ball besrings (11) and gﬂ}.
The bearings are petained in the housing by presaure pump body (13) end covar (5
The =nd clearance of the shalft la determined by the thiskneas of E-EBH:-Eta- (12) and
(&) under these two plssges, and should be maintained between 005" apd .010". The
gaskst thicknesa ahould be 1/32". Hever assesble without thess gasketa, or the as-
gambly will bind mnd the bsarings willl acon fall. The lapge hearinﬁ 1a mounted 4L-
ractly on the drive shaft, and the sanall one 1a mounted on aleeve [ ], which is
presged ovar the fusl tranafer pump end of the shaft and serves to align the two
ghafta. Flates on the mating ends of the shaftsa form the drive, snd an oll asesl
preasad into cover (5) prevents oil leakege slong the slesve. VWhen replacing the

1.
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01l seal,assemble in the
covar as shown in Fig.

e i . o e R T-1.
DAPDHEETEE@RREER®E B @

Spacer [16) separates

, i J the lubricating oll sump
(LY, Y | { ! and pressure pumpa, and
4 Y T T T I L304% thick papsr gas-
kata (15) aeal the spa-
cara to the two pump
I'I.'i'.'l'l.l.ﬂlt'l..Eﬂ and alss detars
mine the end glasaprancss
for the pump gears,
which ahould be from
L002% to J005%. Never
assambls the pumps with-
out theae g&ﬂk&tﬂ or the
gears will bind. Align-
ment betvesn the two
punps 13 maintelned by
means of dowel pins be-
tween the pump housings
gnd apaser [16).

FIG. T-1 The drive shalft assembly
and the fuel transfer
pumpa are mountesd in

saddles bored in the senterframe door and are retained in place by caps (2) and {7)
bolted to the door. The lubricating oil pressure pump is centered 1n the saddle
bore by & aplgot turned on the end of pump housing (13), so that alignment betwesn
the two pumps and the drive shaft i assurad.

LUBRICATING OIL FILTER (Enginea with T&" ar larger bops)

The lubricating oll filter iIs cobfnecsted In & bypass line from the lubricating oil
pump dischergs. The flltered oll supplies the bearings on sach end of the cemahaft,
the intermediats gear bearing, the governor and the water pump drive.

The filter 18 of the matal
alament type ms shown on
Fig. T-2. The elements

are made up of flat metel
ribbon wound avound 4 can-
tral epool, adjesent layere
Being mllghtly ssparated
from each othear by ralaad
ridges ranning rcroas the
ribbon. The successive
layere of the ribbon are
apacad 003" apart and it
is thess spasgaes that form
the flltering medium. The
oll flowa fram the outalde
toward the center and
leavas the dirt on the out-
gide of the spocl. The
filter may be cleasnad by
turning the cleaning
handles on top, whish ro-
tates & knife bearing on
the edge of the windings,
seraplng of f the dirt and
allowing 1t to a=ttls to
the bottom of the sump
tank. The filter should
preferably be cleaned whaen
the engine is not running
g0 that the dirt may settle
to the bottem, slthough
there is no objecstlon to FIG, T-2

cleanlng wilith the engina

running. Cleaning should be at aul'flsiently Irequent intervals te prevent stoppage
of oll flow and the sunmp tanks should be dreined belfere the dlrt In the bottom
tuilds up to the level of the alamanta. Experisnce will detersine the sorrect 1n-
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saction T
tervals.

LUBRICATING OIL COOLER (Engines with T#" or largar bors)

The Ross tuba type lubrisating o111 sseler i1s mounted vertically on the water inlet
manifold. The tube sheets at sach end are brazed to the apaniless copper shell, and
the ends of the admiralty bronze tubes are rolled into Ehe aheets. Vertical befflas
in the water inlet manifold flange and lower tube sheet soparate the weter inlet and
diacharga, the water flowing up through half of the tubes to the bonnet which covars
the upper tubs shset &nd returning through the other half of the tubsa. The low af
all around the tubes 1z gulded by bronze baffles inelide the shell to produce the
moat elffislent heat transfeam.

The neceasity for clesning the cooler will depend upon the service and the neture of
the sooling water and Iubricating oll ueed, &nd will be ilndicsted by decreass Ln
gacling affiesleney and Ifncreass in pressure drop through the unlt. The sooler
should be Lloapected alfter the Clpat 500 houra of operation and should be regularly
inspected, and cleaned whenever neceasery.

Thawa ape @any good ssalse solvents avallable on the market for removing the 1ime and
iren ruet acale from the water slde of the sooler, but use sares that the solutlian
usad does not attack the materdal of the sosdler. Be aure that 1t 1s recommended by
the manufacturer for the type of cooler on which 1t 1a to be uaed. 4 satisfactory
solution may be made up of 10F murlatic acid (one pint of aclid per gallon of watar)
with 1 1lb. Graasselli Ho. 3 inHibiter to 50 gallons of solution. PFlug the oll con-
ngctions to the cooler, remove the top bonnet and fmmerse in the solutlon. The
cleaning action of the solvent 13 evidenced by bubbling and foaming. When the bub-
bling atope inepect the tubes end 1f all scals has not besn removed the procaps
ahould be repeated with & fresh aolution.

An noon A8 mll saple 18 reamoved the foocler should be very thoroughly washed by
flushing with fresah water and then dried with compressed alr,

The oil side of the cooler can best be cleaned with cerbon-tetra chloride, although
gaaoline or karceens can be used. The carbon-tetra shloride willl do the job better
and guicker, and L@ non-inflasmmable. In any event the aleaning ahould be done in
the open or ln & well ventllated room. The eleaning aplvent should be Coraed
through the core with a hand pump untll all of the sludgs and dirt has been washed
gut, HNever uae wires or prods, as they can only resch & small ares sdjacent to the
cpanings and may damags the tubesa. HNever allow the cooler te steand before ¢lesaning
after the oil hee been drained, 58 the carbon dspoelt and aludge will soon hardsn
gnd willl be mush more Airfisult to remove.

L&k OE _AND DNRIVE

The Madison-Kipp lubricator supplies s messured guantity of lubriceating oll to the
platona, introdused mt the center of the liner ecn esch ailde. Nipples ascrewed Into
the liners and projecting through the sylindere and sealsd thereto by packing glands
carery the all through the water Jjaeketa. It alap feede oll to the aly sompresasor
eylinder and to the thruat bearing.

The lubricator is fully described in the Madison-Eipp btulletin atteched st the snd
of the book. 011 feeds to the piletons should be sdjusted to 20-25 drope per minute
when the engine 1s new, but this may be reduced to approximately 15 to 20 dropa per
minute arfter the pletone and rings have been wWwell worh Ln. KEEEF THE LUBRICATOR WELL
FILLED WITH CLEAN OIL. Uee the sasa all that 1a usad 1n the engine. Do not under
any elrcumstances mllow Lt to run dry as aerlous damags to the plstons and liners
mey rasult. This should be made s regular part of the engine room routine and
should never be neglected. The lubricator is mounted on a bracket on the forward
end of the sngine, and is driven from an eccentric onm the end of the camshaft.
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COOLING WATER SYSTEM Section W

COOLING WATER S¥YSTEM (2 Oylindsr engines with 64" bore only)

Tha =ingle acting plungar type cooling watsar pump La mounted an the forvard end of
the eanterframe and la driven by a connecting rod fron 4 crank on the snd of the
camshel't. The crank diae le sesured to the shaft by a4 taper key. The bronze plung-
ar ls gulded 1n the eylinder bore and ls sealed to the cylinder by & packing gland.
Do not tighten The gland more than necessary, allowing slight leskags ffor lubrics-
tiah. The spring leadsd rubber disc valves are mpounted in bonnets on & grid which
1s bolted te the purp body. The conatruction of the pump i8 1llustrated on the Parts
Cetolog Plate faclng the water punmp group 1ist shest. The cooling water inlet manl-
fold carrlies the water from the pump to the ecylinder weter jasketa, and pass-over
pipea form the connectione betwesn the ovylinders and the hesds. The water outlet
minifold gollecte tThe I'low from esch head and diepcharges into the foreerd end of the
exhauat manifold water jackeat. The evarboard disghapge 1s taken from the after end
of thls manifald.

L parallel flow, through the alr compresser water jacket, is teken from the watar
inlet manifold and discharges into the water outlet pips from the exhausat senifeld.

The cocline ayatem may be dralned DF lDﬂEEHIﬂE one o the aovep pL&tEJ on the wnter
inlet manifold., I the engine 1s to atand Imn Fregzing weather the water pump must
alan be drained by removing the plipe plug 1n the sustion wvalve bonnet.

COOLING WATER 3¥3TEM (3 & 4 Cylinder Englhnes with 64" and larger Gtores)

411 englines included under this listing are equipped with centrifugel eiveulating
vater pumps and plunger type bllgs pumpa, snd engines with 74" and larger bore also
have lubricating 211 coolers.

The econling water enters the engine st the suction flange of the elreulating water
punp Gnd 13 piped to the water inlet manifold extending elong the eylindera. On =n-
ginae squippad with lubriesting ofl aoolawrs, the aooler fg mounted on the water Lin-
lat manifold, cored peesagas in this cesting conducting the water through the cooler
tubgz and then diatributing 1t to the separate aylinder water jackets. The wvater ia
carrlied i The aylinder to the head by meana of an extéernal pass-over plpa, or by
pipe nippleg ascreved lnto the top of the aylinders and projecting up into the eyl-
Inder head. These nlpples are sealed wlth rubber gromeets. Always use nev grommats
and do not coat with white lead or other aealing compound., The water outlet mani-
fold carrles the water from the ¢ylinder hesds to the forvard end of the exhaust
manif'old water Jacket, and the overboard discharge of the sngine is from the after
end of this manifold.

In sddition to the main flow described above there ame two minor papallel aircults
ag followe:

[a] The alr compressor elreult, leadlng From the water inlet manifold to the air
pompreassor e¥linder, through a pasa gver plpe to the hesnd and discharging in-
te the exhaust manifeld jacket outlet plps,

[b] 0o engines with T#" or larger bore, the thrust bearing clroult. Water i3
plped from the inlet manifold to the bottom of the thrust bearing jacket, up
into the sap through a pass-over plpe and la discherged overbcard. & eock in
the inlet plpe just below the bearing provides meane of dralning the engine
cooling ayatem.

Be sura that mll vater iz drained from the joskets befere pulling & eylinder linsm,
or LT will eplll Inalde the engine, The alreulating water purmp and bllge punp are
noet aaptied by this drelin, and If the engine Is Allowed ta atand in Freszing weather
thess pumps Huet be dralped. A plug l1s provided Ln the bottom of the elrgulating
water pump caslng, and the bilge pump can bast be dreins=d by lonsening the capscrevs
holdlng the valve grid to the pump bady.

CIRCULATING WATER PUMF (% & U Cyl. Englnea with &&" and largsr boras]

The centrifugel water pump 1s mount=d on the meRnifold side of the englne snd is
rhaln delven from mn sprocket on the cranksheft. All of the parts that come 1R con-
tagl with the water are brass or bronze. The impeller i3 screved, riveted and
doweled to the skaft, which rotates in s babbitt lined bushing pressed into the pump
housing. A grease gup providea for lubrication and should be screwed down dally.
The .010" paper gasket under the suction cover allows approximetely 0207 snd clear-
ahae for the impeller. A pocking gland forma the water seal for the shaft, and
rhould not be tightensd unnecsssardly. Some leakage should be alloved for 1ubricoa-
tlon of the flax pecking.

The drlve end of The shaft la supported by a roller bearing, which Is olasped In &
bracket bolted to the pump housing. An oll cup provides lubrication. The pump body

1.
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ia bolted to the engine base and should be carefully shimmed up into Line with the
drive ahaft and the shafts allgned horlzontelly before tightenlng the mounting belts.

CIRCULATING WATERE FUMF DHIVE (2 & 4 Cyl. =nglnes with &4" bore)

The aprankshaft aprocket for the water pump drive chain i1s pressed onto & hub on the
compressor eceentric, and ia locked in plece by two 172" thresded dowala acrewed Lin-
te halea drilled and tapped down te the jelnt, that fa helf in esch plece.

Tha pump drive shaft 1s #sounted in & Brecket bolted to the zide of tha engine base.
The two brll bearings onn whiczh the shalt rotates are mounted 1n apllt adaptors whlch
aTd clampad in seddles in the brecket., The adeptors are lopated in the saddles by
dowele;, and ¢11 cupe in ths saddls cap provide for lubricatlon. Ths2 Lnner races of
the bheavings are locked in place on the shaft DY clanp type asdeplbora, secured by
loek nutz., The chein sprocket 1ls pressed on the shaft between the twe bsaringa.

The bearligs may be smoved fore and aft in the sdaptora before the zsddle elanpa are
tightened, and the asaembly should be adjustad to line up the sprocket with the
crankshaft sprocket. Then the two halves of the aoupling betwesn the pump shaft and
drive shaft should be bolted together alfter maklng sure that both shalts are 1n
proper alignment.

The two keyed hube of this coupling should be separsted by 178", Keep coupling well
lubploated, uelng SAE #70 or heavier oil (not gresse). An oil hole 1z provided for
this purpose. When Tull, oll will run out throwsh space betwsen hub and outer
flange . If the Atlas E].EL‘I:I.P type of ¢coupline 12 used, no lubricetion ia ]‘“E‘IZI“;].].I"E::'J_.
but extreme cars muat be exerclsed when seaenbling that both pump and delve shalt
ara in perfect mlignment. An ldler sprocket mounted on the end of the senterlrame
providea maang of tightenlng the Whitney Silent type delve chaln. The ldler sproec-
ket mounting bracket fs clamped to the centarframe, and the chaln ad justment Ls se-
cumad by means of a stud projecting from the bracket up through the top of the cen-
tarCrame,. HAa the nut on the stud 1s screwed down the brackel ls ralsesd, tlghtening
the shain. A Jam nut logcks the sted adjustment. Slotted holes for the bracket
neunting belts allow the bracket to move, and of course the bolts must be loosened
when making the adfostment. Keep the chain tight snough to prevent whipping, but
da not tighten wduly.

The ldler aprosket rotates on bell bearings which sre clamped togsther againat a
spacer by the mounting shalft. The sprochkst 13 held In place by 8 snap rine betwaen
the twn bearinga. Lubrlsating o1l Tror the pressure pump ls fad to the bearines
through the hellow mounting shaflt.

CIRCULATING WATER FUMF DRIVE (Englnes with T&" & larper bore)

The water punp drive for the larger englnes 1s similer to that deserlbed In Para-
graph 4, with the follewine exceptlons:

[a] The drive aprocket on the crankshaft 13 aplit into two halves and Ln bolted
to the alr sompreassor escentrlc,

(b] The mounktline of the pukp drive ahaft bearines 1a dightly different, slthoush
the general arrangement iIe quite similsr. The bearines are mounted dirsctly
in tha drive housing and end cover thereto, without wee of the clamping
adapters, The driven sprocket Le pressed on the shalt and aecured by A4 tapar
key. It should be lopAted Eo lire up wlth the crankshaft sprocket. An oll
agal in the housing cover gseals the shaft agalnst all leakage., 011 eupe Are
provided for lubriestlion,

Le} The idler aprocket for adjusting the chain tension L mounted on an ecoen-
trio ahaf't, ao arranged that the positlion of the sprocket can be adjusted by
rotating the shaft. The sprocket turns onm a roller berring on the egcentric
part of the shaft. When dismantling, remove the sd Justing flange from the
projecting end of the shaft and then the two bearines on which the shaft 1a
mousited. The ahaft and sprocket can then be moved to pleece the sccentric
part of the shaft in 1ins with the hels in ths housing and the sheft wilth-
drawn feore the bearing.

The assembly 1= loecked In plsece, ef'ter securine the correct adjustment, by mesns of
an lndexing pln. Do not run ¢hain tighter than neceesary to prevent whipping. The
idler housing Is bolted to the top of the punp dArive bracket on the aide of the
base, the =ntlre pump drelve seaesbly belne contalned within the one wnlt., &n oll
line from the pressure pusp to the and of the eccentrle shef't providas lubrication.
The constructlon ls 11luetrated 1n the Perte Mtalog Plate facing the centreifugml
water pump group drlve sheet.

BILGE PIMPS (3 & U Cylinder englnes with 64" & larger bore)
The single meting plunger type bilee punp 1s mounted on the forwsrd end of the cen-
a.
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terframe and 1s driven by means of & connesting rod from a orank pressed on the and
af the pamshaft. The arenk dise 13 secured to the shaft by a taper key., The bronze
plunger is gulded 1n the ¢vlinder bore and 18 sealed to the cylinder by & paoking
gland. Do not tighten the gland unneceszarily, allowine slimht lesksme to provids
lubrigation. The spring loaded diase walves are mounted in bonnete on & grid whilech
in bolted to the punp body. The pump construction is 1llustrated on the Parte
Catrlog Plate faelng the bllge pusp group gheet. The bilae pump discharge 1ls con-
nected by menns of a4 thres yay gock to the water Inlet menilfold, and in ah emergency
the englne may be run, AT SLOW JFEED QNLY, on this pump. Msane sahould he provided
for connecting tha suctlion Eo & ses eopk I Chie use Is enticipated. The bBllge pump
18 not dralned By the malin draln eocck at the thruast bearing, and 1T the englne 1= to
e axposed to freszing weather the draln plug in tha auetlon walve bonnat should e

removad.,
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SINGLE STACE AlR COMPRESSOR

The slngle stage, ainple acting air compressor 18 losated en the after end af the
“halne. A 39 bore compresacr I3 ussd an g boTe ~n@lnes and a 40 COMPROSSOr OR
larger englnes. The cest imon, water jecketed cylinder 1z bolteg to the top of
the conterfpame directly behind tha aftermost eylinder. The epring loaded poppet
t¥ire  zuctlon and d1schapge valves aps mounited in the cylinder heand, the auction
¥alve In & replacesble gulds oushlng pressed Inco the head snd the dlseharga
valve 1h a cage. DBath walves sapt directly In the head. & grdd between Che
cylindsar and Read grevents possibillty of the suction walwve dropping down onto
the plston In Coe «vent of breakage of the velwve stem or of the spring retalning
nut coming loogs. The manuzal unloading Hendle fa mointcd on the Alscharse valve
cage retalniog cap. Woen <bo air poossure oo the recelver has been tallt up to
the dezslred value, uswally ahmb f&F Th. PP 59 INch. Che cOMDressor shiould bo
wmleaded by turmning She hadie in Line rAch the indlet walwe, wilch 10 then holda
open. If cthe GI:ITI:I:]:'T'E'."'!'I:I‘ 1=z mot wmpoadss =he gafefv valwe wlll pop AL 260 1DS.
per 59. inchs

The platon, which is drlfen [rem e cran@chaft %y o conpoecting rod, strep emd
ecoentrics 18 JEcbed In the e¥ilndar wleh a clezrenze of LO002Y t9 004+ on the

S compregsar &nd 0070 L2 LO0ET O BN 47 unls.  Three 1)47 wilds pieten rings
are used, all abows ha pine Tre TR @0 ade confressian risgs and the bottom
e 15 a ventilaked ail contrel ~mma.  Tnp slcde fleiianes B2 2002 =0 LO04¢ and 1.
the 2ap clearahee ehauld be U182 Jor the comprecslon rings apd 026 for the

oil ring=.

The wrist plo has a fit ,000R® Yopae or 0000 £©1g1% 1R bhg nlaston ropss and a
elearanss of (00057 9 00159 in the covfccking rod bushing.  ©f the tushing 1=
refplaced IT shomld be rearsd Lo slze or - JO0S? Averelcze after proasing in.  The
Pin 1% secured in the odaton by a4 sctscrew threeadsd lnte one of the pln bosses
and engeglng a recess In the din.  IC 15 Zogked ™y a 'an nut.  Shlies between kthe
foot of Tha eohRcctifE 0] and Ere streg sllow adlastment of the pfaton height.
The top of the plsoon should be seC =0 fhat [t just comes up to ths bottom of the
grdd, whlen should Te plaged In poaitiom without snmyy gasket bDecwsom It and the
eylinder. In Tinal pesembly whan Che geakst 12 In place beoween the grid and
eylinder the gas¥et thickness will allew the proper slospamce botween the platon
and grld. Ee sups that the e¥linder nuts are tlsht when meking the adjuatcment.
Tha strap 1z allowed a Alsmetral glcarancs of 006" = 009" and & side clearanee
of QOFN = 008,
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GENERAL RIMLES

Joeperving the followlng general rules will go & long way toward insuring satlafee-
tory and trouble-free operatlion. Refer to preceding asctlone for deteil inatruc-
tlones.

EEEF WOUR ENGINE CLEAN

Ingpect the englne regularly and keep 1t wiped clean. If oll 1a lelft atandlng 1t
gulakly hardens snd mist be washed or scraped off. It i1a much easler to kesp the
englne elean than to get it clean, and there 1a slways lese trouble with a clean
angins than %ith one that 1s covered wlth oll &nd 4ipt.

LEAVE WELL 4] ALONE

When the eéngine 1s running satlafactorlly and smoothly, do not continuaslly try to
better the operstlon with miner adjustmenta.

NEVER ALLOW ¥YOUR EWNGINE TO SMORE

Whan the exhaust from an englne ls azeky 1t ¢learly indicates that combustlion is not
perfest arnd that residue, in the shape of esmoke, 1 olinging to the olly surfaces of
the eylinders, platona, plaston rings, wvalvea, e£te. When thls happens you are croat-
ing trouble for youreelf and doing an injustlice te the engine. Therefore, the first
thing in consideration of the operation of & Diesel englne 1a: DO NOT ALLOW YOUR
ERGINE T SMOKE,

KEEF A DOMFLETE LOG OF ENGINE OFERATION

A pomplete log should alwesys be kept of the engine operation, end back sheets should
ba consulted Tereguently and compared with present sondlitiona. In this wey gredual
changes oan be detected and investigsted and inaignificent troublea corrected befors
beconing real ones. Any unusual nolses or other drregularitles ahould be logged 2o
that they will be investligated at the regular routine inspectlona.

I[HAPECTING REPALLIRS

At completion of any adjustment or repalr Jobk, alweys maks s thorough lnspectlon to
ama that il parts have been correstly replased, that bolts and nute are tight, and
that all aotter pins and locking wires are Iin plase. I work involved roimtlng
parts, bapr englne apround at least two full revolutfions {ao that samshaft is turned

one revelution) te be aure that all parts are clear. Be sure that no tools or rega
are left Inaide the englne.

SHMOEY ENHAUST

Bmoky oxhaust lndizates defective combustion which is vesually dus to one of the
follewing causes:

[2) Expoesslve earbon on apray valve Llpsa.

(b} Leaking spray walve,

(2]} Lesky exhsust, inlet, or sir starting wvalves.

(d) Buffer springs may be incorrectly adjuated.

{a) Pusl pam or roller may be worn.

{f) Lesky or stuck plston rings.

{g) Uneven cylinder load balanece.
Ir exhauet smoke ia not even but oepure in the form of puffe 1t 1s likely that the
pombuation I1e defective in one or two eylinders only. Where the trouble lles can
usually be determined by cubting out apray wvalves one at a time. When this is done
howgvar, the englne ahould not carry more than about 378 lead or the remaining oyl-
indara will be overloaded.

IRSFECTION AND MAINTENANCE ROUTINE

The Tollowling routine for regular inspection end maintensnce work is suggested as a

1.
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gulde for the operator, but experience with the engine over a pericd of time may 1in-
dizate changes that should be made in the acheduls.

It will be noted in the followlng achedulea that spray valve gleaning hams not been
ineluded. It 13 belisved the spray wvalves should bz cl=aned only when necessary,
pather than a4t definite intervals. The neceaslty for clesning will be indicated by
lnoreassd or uneven exhauat temperaturss or smoky exhavat and at elther of these in-
dicationa the spray walves ahould be inspectad and eleaned, 1f nscasaary.

In the following, work to be done under @ach routine sheuld inaslude work llated und-
ar preceding routines. For example, work unsdsr "Anhusel Reutline™ ilneludes everything
1iated under all other routlines.

4_HOUR ROUTINE

(o)} Hand oll the following polnta:

1. The inlet mpnd gxhaust valve stems.

« The rocker arms &t thelr fulerums and st thelr push rod ends.
« Inlet and exhaust lifters, fusl wedges, lifter and btufiera.

. Wedpe shalft Bearinge.

. Taohemater drlve {If englne 1a egqulpped with taﬁhnmeter}

» Clreulating or Bllge pump conbnecting rod - both ends.

«» Mechanical lubricator atrap.

=3 T dH T

For olling the inlet &nd exhaust velve atems 1t 18 preferable to uss penetrating
oll. IFf this 1a not avellabhle 8 sixture of egquel parte of engine lubrlcating
oll rnd kerosane may be used. fﬂ mixture of two-thirds engline fuel oll and one-
third lubricating oll can be used in &an emergency.)] For all other peints in
abave acheduls uss engine lubriecating cil.

(b} Cheolk the o1l level 1n the sechanical lubrleator. F11l the lubricator with
glean englne oll of the grade uged 1n the engine vhen neceasary.

{¢) Turn ths handle of the lubricating oll filter {on engines eguipped with lu-
bricating oll filters)

(d) Turn the handle af the Tuel all Flltasn,
Hlways turn filter handles ilmmediately after stopplng the snglne.
DATLY OR 24-HOUR RUITINE

ﬂa} Glean out the sunp tanks of the lubrleating oll and fuel oll Fllters.
(b} Check the feeds on the mechanlcal lubricator.

(¢} Hand oll reverse gear clutch plates 1f cluteh 18 grebbing.

200 To 300-HOUR ROUTINE

{a} Check inteke and exhaust valve timing.

(b} Check spray walve timing. [After atarting =ngine check cylinder load bal-
anee.) [Ses Bection O)

(¢} Clean out lubricating olfl day tank if lubricsting oll 1s dirty or dark in
aolor.

[d} Hemove crankecases doora and inspect connecting rods. Be sure that all con-
necting rod bolts are tight and that everything L3 in order. Inaspact lover
part of cylinder liner bore.

(el EH?ET level of lubrizent In the reverss gear drum (See Beaction 3, Faragraph
G lal.

SEMI-ANNUAL ROUVTINE

fa) Full eylinder heads and pistons, remove rings end clean pistons and grooves
thoreughly. ©Check rings for alde and snd clearancs.

{b) Examine eylinder linep walla. Watch for shouldere due to ring travel.

2
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(¢) Grind intake and exhaust valves, Check velve aprings for length |

and tenaion and lor defects.

(d) Reconditlon sprey valves, Inapect atem packling and repack if
nacessary. Inspect stém for wear and replace if worn. Inspect and
clean spray valve tips. Grind stem to tip.

() Inspact main and commectling rod bearings. Check clearances and in=-
spact bearing surfaces. Ad]ust clearances 1 necesaary.

(f) Inspact gear train carefully, observing backlash, indlicatlona. of.

wearr on teath, and c¢lemrance on lntermediate gear oearinssa.

Inapact ceanghalt. Wateh Tor worn or looge camg, loosa oOr worn
rallers or plns on the lifters. Be sure all keys and locl: bolts
are in place and tight.

L] L

Inspact weter pump. Repack atuffing box if noceassary.

Drain reverse pgear drum and refill with lubricant es recomuended
in Paragraph & (&) of Section 8. :
Checlt propeller shaft coupling bolts and thrust bearing and fly=
wieel clamp bolts.

Checlk all hold-down bolta between englne and foundatlon. I they
are looas check the engine alignment.

ARITUAL ROUTINE

(e}

=)

(e)

(2}

(o)

(f]

Check erankghalft and thrust shaflt allgnment. I shaft needa re-~
aligroment i1t 1s recommended that the work be dene by mn experlencec
and careful mechanlo.

Examine cyllnder jackets and axhaust manilold water jacketa. If
scale 18 over 1/16" thiclk 1t should be removed by scale removed
solution. Then [lush with water thorsughly.

Remove and inspect lubrlcating oll end fuel oil tranafer pumps.
Note conditlons of bearings, dhalts, seals and stuffing bex. Re-
place or repack 1f neceassary,.

Inspect high pressure fusl pump. Note conditlon of pumnp plungers
and barrels. Disasgesble crossheadsa and connecting rods and in-
spact for weal. Inspect suctlon and discherge valvea and grind
sapta,

Disessonble governor and inspect carefully all meoving parta for
wear and airns of distress. Inapect entire linkegpe between povers
nor and wedge shaft for lost motlon ané wear. Fuel wodpes, links
and pins should elso be inspecied for wear and replsced if necesaar

Inapoct Mechanicel Lubricator end connectiong to ¢ylinder litera.
Inapect ratchet nechanlam for wear and proper functlening. Hand
erank lubrilcator mnd obasrve the feaéd to sach liner. Wetch for
watar leaksz at the nipplees golng through t he water jackets.

Clean out erankesss thoroughly. Be aure that all cleaning soluticn
18 dralned out after cleaning is completad.



FOREWORD

This Parts Catalog has been complled to serve the dual purposs of
providing & means for ordering parts and to furnish 1llustraticna
to aid in the dismantling and reassembling of the varlous unita
of the engine.

This Parts Catalog i3 made to conform to the original construction

of the englne, and the Atlas Imperial Dieael Engine Co. deoes not
agsume the responsiblility or obligate 1tself to malntaln this catalog
to conform to any subsrguent changes made on the engine after 1t
leaves the factory. Complete records of all changes and serviae
orders for each engine are malntalned .at the factory 1n an effort

to always supply correct parts, but due to occaslonal substitution

of parts in the fleld, of whieh we have no knowledge, and the fact
that we have no assurance that parts furnished from the factory are
installed, we cannot guarantee the furnishing of correct parts.

The right 1s reserved to change the constructicn or material of any
part or parts wlthout incurring the obligation of installing such
changesa on englines already delivered.

INSTRUCTIONS FOR ORDERING PARTS

Alwvays furnish Engine Number when orderlng parts or when communizcating
with factory or agency. This number will be found on name plate

located on operating side of englne. It 1s VERY NECESSARY THAT THE
ENGINE NUMBER BE GIVEN as 1t helps to lnsure the furnishing of csorrect

parts and 1s alsc the mesans whereby the factory servlice records of
each engine aAre malntalned.

Always give PART NUMBER, PART NAME AND QUANTITY. If part has no Part
Number then give a COMPLETE DESCRIPTION AND S1ZE OF PART.

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

Speelfy how merchandise is to be shipped--whether by FRELGHT, EXPHESS
or PARCEL POST, S

Confirm all Telephone and Telegraph orders in writing.

Claims for shortages or errors must be made within five days from the
recaipt of goods or same wlll not be consldered.

Broken or damaged goods should be refused, or & complete deserlption
made of damage by the carrler agent on the frelght bill. If thils 1s
done, full damage can generally be aollsoted from the transportation
S ONPEILY .

Ho reaponsibility 1s assumed for delay or demage to merchandlse whille
in transit. Our responsibility cesses upon delivery of shipment to
the tranaportation company, from whom a recelpt ls recelved showing
that shipment was in good condition vhen delivered to them; there-
fore, elaims 1f any, should be made with the tranaportation company
and not with the Atlasa Imperial Dieael Engine Co.

Code Address: "ATGAS" - OAKLAND --- Codes: BENTLEY'3 - FRIVATE



INSTRUCTIONS ON "HOW TO USE PARTS CATALOG”

In order TO LOCATE FART rgyﬁﬁﬂﬁ it 1s IMFERATIVE that the peraon censerned ithob-
thi

cughly understends the makeup 8 book. He should CAREFULLY READ THE IW3TRUCTIONS
glven on thieg and the follewing page, and thoroughly familiarize himaelf with the
necasaary steps involved. Partloularly is this important when aub-assemblies are in-

valved.

i F, E NIMBERS aa these nunbers somatlmes change and
wrang parts might be supplled.

This setalog i3 made up of four besic sectlona, aa follows:-

1. INDEX SHEET -- This sheet llata the various groupa Into whlch the angine i3 divided
and muat be used for cbtalning the group sheet number.

k]

. I -- Thia sheet liats the parts which compriae the group, and are
numbered with the prefix "L" orp "ZL".

% PFLATE (OR LINE DRAWING) -- Platea are arranged to face the group shest to which they
apply, &nd in most cases shows only the parta listed in the group. Occasion-
ally n plate may include two or more groups making 1t necessary To alvays
firat obtaln tha group number from the index., If this ls not done you may by
phanes turn to & plate showing the part wanted but will not find 1t llated on
the group sheet faging this plate.

HOTE;----- If no plate i1s found facing the group sheet, then the part wanted can be
1dentified by the desaription. This will apply malnly to plping, and 1ln thls
ponnestion the actusl pipe and fittings on the engine should always be
messured and then opdeped socordingly, due to unavoldable varistions betwaen

englnea.
4, BUB-ASSEMBLIES -- The term "Sub-assesbly” (eor the Word "Assembly" appearing in the

rt nema)] 1a used to indicate parts which are made up of two or more parta

or pleces) mnd yet must be considered as a unlt part. For example, parts
that ave welded togethar, parts that have bushlngs pressed in, or parts that
have to be sachined together.

A Sub-assembly list will Be found iEmediately folleowlng the laat group
gheot, and Ltemizes the various parta used in each assembly. Theae assemblles
are arranged in numerisal sequence and always have the prafix "X", "G% or "GA®
in the sssembly number.

HEE;----- Certain parts of aasemblies indicated by an "*" 1n plase of & relerence
number, ape not sold indlvidually, and if wantad, the complete spaembly must
be ordered.

SINGLE NUMBERSZ or the TOF NUMBER {when more than one number sppears in the clrele] re-
rers directly to 4 corresponding number on the group list sheet.

A eirele with MORE THAN ONE NUMBER indicates part in question is & somponent part of a
sub-assembly. The top number will refer to & corresponding number on the g
1iat sheet, and the lower number will refer to & corresponding number 1n the aub-
aasambly.

T0 FIND A PART WITH TWO REFERENCE NUMBERS IN THE CIRCLE FPROCEED A8 FOLLOWS:- (NOTE:-
Select & part on any plate and follow atep by step as explalned.)

it -- Uaing the top mmbar in the glrele losate corresponding referesnge number
on the group list sheet, which will be an asssmbly ("X" or "G" number).
54 == Uaing the Part Nusber (X" or "G" Ho.) of the assspbly losate seme in the

numerical mssembly lilet at rear of book.

ird -- Refer back to the plate and obtain the gagond or lower number in the refers
gnee elrole, then locate this number in the peference number column of the
pub-assembly, and thia will be the part dealred.

If thers are MORE THAN TWO NUMBEERS in the reference number sirele, procesd exactly as
gutlined above, only this time the part in the first assemhly located will be
gnother sub-gssembly, so0 therefore 1t will be neceassry to find the second asaem-
tly, and then referring back to the plate take the third number in the reference

aipsle and mateh Lt with the corresponding nusber 1n the second maaembly.

The following page will show a typleal example and 1llustrate the above axplanation
step by step.



The following 1llustrated example will show the prosedure as explalned on oppoaite
Page, Tor Clnding parta involved in aub-asseEblies.

For this {llustratlion Assume that the part number for the Cylinder Head Cleancut
Cover is wanted:-

Wa lmow that this cover would be listed with the "Cylinder Head™ ao we turn to the
Index Bhest and lecate the "Cylinder & He " which gives us the shest number.

PAETS CATALOG=-—--INDEZXI ERGINE KO. 116830
8 Gyl. 13 x 14 Maripe Engina

No. Group
EASE SECTION Beg'd. Na,

Bage -- (Btuds - Coveras - Bearing Cap® Etou)eswevessss 1 ELET
Baas 041 Pipiag-{Main Manifold = Crank Hrg.0dl Limes). 1 SLERD
Crankebhaft & Flywhesl == [Thrust Shaft & Baering)..... 1 2L30

CYLINDER & TALVE MECEANISN EECTION /
Valve Eoakerd & Pash-Bodf..ccovurvonannnnnmnmnnnnsnssss L—E'i"ir'i'

5
Valva Liftare & Foldec.cvavssansnnnnnonasannasasscssss 8 L8919
Piston & Commeotiog Bodecasessnsassnsssssssssssasnsnss 8  BLIGL

We find the sheet number for thia group to be L-9776, and now we turn to this sheet

and opposite we find s Plate or group drawing. N
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ThE‘ MﬂﬂEl 5“ pumping unit illusteated in Figure 1 embodies a

mechaniral molicn so tnoenious as Lo degerve VOUE Spes inl nttenlion,  The driving

roeenir |||:|||:|1I.- In hinlh !r|||'||'.;_; amil rrlcll_'r'-rlg [|||!r|§|:-['r'r. 0 rrr|'|'_|r|:|f:1l,]'|1£ Mavemment
for pumping snd an oscillating movement for valving. The angle of 1the eccentrie
ring groove is 27 When the ecrentric makes a complete revolulion, the plungers

make a tolal swing of 54°. The reciprocating movement or 1§t is 2127, Ol intake
ane aulled porls regialer with eroovea in the ||]I.I|'|:.:|'|14- a8 |:|:|r":.' travel ther i.':l,'l'l{'.

A Sght Feed Tube which
shows the amoant of oil in
diops according to the @il
dielivery adjustment setting.

B Sight Feed Oil Cuje

C Tube CI tyi the
fbes *A” and VB together,

D Fecentric o imparct the
reciprecating and oscillag-
ing movement o the plang:
ers  {See firsr  paragraph
ahawvef,

E .‘Llﬂhlarillﬂ Baurtam o FEE-
ulate the amount of il 10
be delivered per feed im-
paal s

F Adjusing Spindle,
G il Owtlet from pump-
ing umit.

H Gear for oscillating and
lilting mecering plunger in
wilson with forcing plonger.

J Plunger which forces the
measared quantities of ol
tia the feed ousler.

Hﬁr¢._—m|g Plunger which
delivers oil v the sighe feed
cup,

L Body of pumping wnit,

M By-Paszs  Ofsenong—iol
ot oelivered 1o the sight
feed cup iy by=-passed back
1 the reservoir.

M Fine Srrainer locaced ac
atl dnler of pumping it

Figure 1
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(Fig. %.)

Sight Feod Lubrcator Cover. Symbol C—R793, Having Gloss Hood
L. H. as illostraied

(Fig. 7.
758 84]-8
a1 T / - |
7] ...“._. __ .ﬁ-_“ Intermediate bearing assembly
L Mmﬁ—h.mmhn{ﬁ?nﬂuﬁuglc?rﬁaﬁa
i ¥
A (Fig. 17.)
BaZ2-4 L
LEE
naa
: B
Intermedinte bearing assembly for
single compartment lubricators {New C-1420
Srvie).
(Fig, 18.)
End matchet drive assembly. Right hand assembly is shown, left hand would Weighted Retai Pawl
Assemibly.
(Fig. 18.)

be end of oir.
on opposite rESery (Fig. 10)



gr* Ccrrmnneeefes ¢ = 0o gamymad (aed ajfus J0) Foudgo oot CUOEL
gg-1  cc o pwed paagBras gus SISy AR U CI-TFLD
DOFL CTotUUUttUCCUIM JARET 4100 g d0) Hamed

am] pue poye qua jajdues Jquessy aBd 29U T DETRID
QT et e RYSIEI q1oo] §Y pue B fo0) spaed

am] pue prs Qe sajdined Ajquissey [ABd WEEY T THTRED
E-.— ||||||||| nl..u.u.l...........||||||LL...|H-._HHn

sfus pur pnye gl apadwnd Arquimsse pand ey CW-TELD
e Rty = = T UL LY SRR L BEL
R R R [TILTINE ] -1y

[Eg T A0 Wl G0E-D e Apuo pagsmdng Cpngcc s 1 e
Blarala: sl s g SR E S0 Seee e cEnIE JALLIED Mg ] 20

WIR-T) PUE T 40 “Y FEL-D Q1 AJUO PAGSTN] “POME’ """ "7 V-REL
=H1 R E R R R R N R B 1..|hmmﬂﬂ_—alﬂ.“.‘Em..lllll..h_..mh
G.—q N ...........||.M=-.h_um.m-._.wm-hﬂ:nu._.(.sm.....uuu.uﬁrvﬁ
Q07T CCUUtUUUUUUUCCCpaymnsmp e puss jgRng Cpnis

Vegol PUR V-00L Yitw 2ja(duos wy IFLIRT) (REd ] 20 TH-VELD
pg'  CC T PMEBISNYN F pUEy USR] 9AlUp PUEY 3J3] a0

8 sey JojEauqn) e Apoadyg  CIE([o]y AALC]T 40 "HEEEL
0gp T e epiaa) Jo adquin Apraads e AN st ULTL
E- |||||||||| EEmomomomomow oo & od .Eﬂ__... h_u_H hﬂﬂﬂﬂ.l.r u._“n__u_.l._” ..—.#u. ammman |E
g T et pEL Y% 36T J0] Wl qURLD PUBRC U0t TEEL
ggr e Crreaeeeee s plaNgE UL WURIT) PUEFL 0 HEL
1 srrrr UL #ONUY AR0R AU YVELL
gr- vttt LY, etsus] Afredy jEREen T RL
Q01 §97U0008 1 L-0) S| Ajquiassy 3ol deny Mapiengt T T HRILTD
gL" - [gmoard oo Fuipsisao) jtan fupdwnd Jof supuazag -t WEELLT)
GlY)  BIOJEMICGN] SALIp PUBY I 404 g0 Auypo Bulieag

aap(] OLET SEY 1050%0 [0g-7) $e aures yup) Bodwng oo CTI0LY-0D
greg cerestiirieoies CrerimeTeaa e es s ganaEy

-Lqm[ AAUP pust JEEL J0g 0 wjRg furpro Surieig

aalI(] QL4 B 1daaxd [HE-T) ST SWEs fuondwng - H=10L-Y-D
oof  peyEnsn|pse ajaqdmos) (paag qES dof guedoang e e

ucayEandide e S3EE IRFIR] jo S
()91 saz1E paa] E put 11
00 - 9T s3zlE pa] 0T PUE §
) T0 52218 pasl §  pue £
(L S8 PR g pUs g
O0°f 0TI paa) g pus g
00 8§ S92 Pad) G PUE |
PRUAapI0 ainjan DR0UL00] 23E

o

[ payeay
g0l Jop} P JojEsugn] padd pung pue puEgs UL
ol salds 198 1fla oyapdmos duge]y poy] SUCEsune T T RAAT
HM AW ] TOoAMAY

m* s groery J0) MG BTy PRI XAH] e X LB Lig
pgs e et g LY A ..___;Eﬂpm___._n Cenrregeniy
1 Lot Core o [DALAG TLIY BATA(] jEISHIpY -t UV-GLD
TRl e i AR e ammEwiEs ._.uﬂp_mﬁﬁ_._.__u_m?-......m.—ﬂh._m'
0e” -+ JatsEM PUE JO0 LA YO uky SAL sigEEnipy et LD
._“_.m1 cE Mmoo a ....|||....”_._ﬁ-mg_L.-a..n—..___._.Lnl._”ﬂ_a.Jﬂ._.ﬂ_.._.—ﬂ_.__.ﬂ.......1.H__h._¥
oL e cerowr _.-_u._-.n_.n_“u_E._.u ....-.:.._..I—W

peg L B a0] M5 R QA ULy SAU(] apqmsalpy o H0L0-2)
o' S Teeaee ae Cpotsuauny Ajaadg cjeiE

w1(] LB 0] MAL0E TUR Qi Iy AT apeErEnlpy T LD

Oi- e ......._ﬁu._n__w“_._..__u__u_m...__.__.._H.._.wn_r._...._._._h...u_. ...... WehEY
_M—.. ..... T L R I I i |.-.._.ﬂ_ﬁ=._m“fn-n._|.ﬁ._.wm.r._l.|.___-u.. ...... .—W_“
o N TR X PR 1L T R =1 1
Y CApEARaE EOYEILI] I A g pae Jagunjg

payanjsnq e aapduog Aurdwng paag pals """ oyl Loy
ar Caenr e maras a8 wapdmo .“_._.h_m.u..n. WLI% 2alil]" " """ " Cl=Toe-13
0 1 +cgR[OY [0 Jaunu pUE I3 W0 pajENpuy e sty

<tp Agradg  wmaass gog YHa Jadmod uny AL U1
o SERRRRAE Ea{01 J0 JAUNU PUE 102 I PO EM U IE]

-gip Apaads  cmauas ToR qua aRpdwed way BALTCCC "DLED
e ﬂ..-.......... ....... ..m._._._._um_...._.db.___uw._.d.u._.n._-_._.._..:w..._........1.-.Mm..mu._-._ﬂ.
g e e LpeAS d0f 1) netysodmes Bsl-AD
ot Meec-cm4anuBEEEERE=sSiag U AS 0] ._.:._.m_m._ml._..:_n._”_“._n___.r.__. o LT-AD
gt vttt smnmraaas WL - AR 10] TaERD) ooy - TTLII-AS
gl e Crrgepp-AK 0] jaysen nopEodimen TTTOlTmAR
ol SRRLULELLELS ooy BT o1 sswpn alfnonyt oo UNELE (AR
gEr e e gvjaurel] LML 28I(] SSRp) alinnryt o LR -AS
ap- RIS F ST E (S g ] T duomepsy SE0” 07T YHE -As
o Corenreeessssee i e qop madag doneyn sseinc UUE AN
Qor gerrrrrrrerseserens TS S gy al ~A7)
ATHJ SR ] ICHINAY

agniand By ausoq aq ol spapesd agony un Pasodidl SXT] SRR S0 35N CEHEE

“FifAU ool MLDYD o) @A ar gy
-Apynandie

plos aaeu aae sadund poe jun Fudung -paisy se A[uo panEining a s§Ed
LNV LHVd HHL A0 HEHNAN HH.L HETAN MO AEMSY NOLLY I

AMOANT HAHLO ONV ANVN "HITEWNAN LHYV AAID OL HHNS Hd
guorpenEny Funawof[el safed gy 00 naaE e gaaLd pun FIIE R

apquinu yaed 97} WELQe 01 SUGTEISANL 91 U] pRuEs nd gy @3E0T]
safed Foipacasd a1y wo

pRIAqUINE pie pajansny) Lweps e Jopeanqne] 0g [Ppel sy Jo sued [y

sjied Jieday Suiiapig 1ol suoijdalig



0s'a

oL

50°
)
1]
L
L]

"

b

e, 0] O 5 20) GIB PUR RIB PR YlIM
sppdwos MIHAHD HLIM 10130000 sqm jydeag: - "R A0E-v-0
S 0, M 0] G1R POY 18 FIR Wit aqd

-wed MIFHD LAOHLIA 101muces sqny jgiens - H—a0gD
BALIP PUeL) 153 20 1A do) §1 Gedg pnig B8

5:.._. apadmon aa1ap 1]20 U J0) w0 D008 [aEd U] 28 L0080

B L |
FOS-%-0 pUB T 20 " R0E-T e hm__.E pragstin.g ©

T am & " m mt i i s el s e B R ﬁm_r_.m_h_u_n._.ﬂh._ﬁn——.ﬂmw_

BALIP puBy 3 Lo pFu aepegs Spoedy cyjoys

gFR PUE (J-0T8 'H-COR "V-C08 V-8 ®amd qua

.”_..u_.nE:.._ AALIP I IYEE IPIE JUOI] J0] UWLIE JIIED [ME] "] 0 “H-F0E-1
..-.....-....n.un-n...u..-umﬂqﬁmgnnm |.|||f._l.m_ﬁ_.m

= O, vmsttaanp Apsads b gy wapdues apddong o000 T 108

................... |.-n__.|_ H—Lu._.l_.:u-._._u. lqn_ h.ﬂn._ﬂ.u.-w HH_HT - .- —umh

THEL0E

wonemjdde wo sxms 1aF1E[ 0 59014

saTls Paaf T1 PUE 1
BIEIE pRa) (1 pUe g
BRI (RO B PR L
EIEIE pea] O pUE g
§aaIE pRaf ¢ puE E
SREIE PRI T PUE |
‘paasanbad vorpELLIau ||
SE [[2ah SE PAUEM JAACD JO JACUINE Jaaddon Ajrkds
0} SIME 9 AUojaar) pue apqesfueipaaague pon s
SIDA0D PRI ], “S10ACT) (£EL-H-T)) MIU PUR (ERL-V-D)
PIO Wjpoq moqs pojeilEngl s8 slosate 9L CHLON
I3ADD U1 SA[0Y MMZE J0 D0
-UONRL SR PEE Spool padj JY#e o Jaquing 1o sEul
=JRH] APRIpRILLEIUL fo Jacuind Sfraads spaa) X8 Jaa0
o Jusmpeduees aFms g poswpedmos qoss wm
gpaa) Jo taqurnu gy Apaads qusunredwos apqnop
o affurs Jop g octwwey aogeaxago] po ajius] ‘doyea
-Lqn] 3AEp puEy 1J7] 40 48 sop aape Sroeds [ 30 gD
“pajensn|| se HN_EEE_ BIBADD DUBILIC 0] s LRG| <] 10 =864 Y-0
LSS e S fawddyh repoo spunds SunEnlpy - e
“{gemor ]y Juppoo sppunds FungEnlpy -0 {1
aaserz Bursnipe aop Snpgd- - 00 6L
g0 pus sy gt apopdmosy Aaem sor Soady
"HUR U0 UBY) Jjour Jayado) Fulpayg sof duep aqog, Vil
........... o Cawiadeeereee oy
PUB 1199 1114 apapdurod yon apFues o) dueny sqng- -
Treecc o cpoan DUR YRS CDEL Wia s(pmdg Bunsnipyc

TWEARLTD

FIH]

STV ] dﬁ_mam

gFt cereres el gyle A1 ATInD Sqny FuLaEdag e 295
(.o e LU Y _H_u.u_._.;u_m----. “EABL
21 -----.---..................H_-Eﬂn.m..._.m.m..m_n.:.w..m ......‘uh_..“._.
E. -..........................“Wn._._nmmrihﬂﬂ.ﬂﬂ..m.._uz .......ﬂ.h_.h
Ope e e A ses e capon saEangd sop Fopgcccc o LLL
._u“_. T I T .-hhh .__..._u .._..m_.___.nﬂn_..a. Lﬂ__.._”._u_u.-.“_ ....... u .—.__..a__..
.ﬁ“_. L A T m_..._...u._.uﬂ_..._” H_u__.._ WE-..M__.-._._....... ....... ..N__..,.__...
OEs T URIO)EILMON[ SALIP POEY LR[00 108 J0] arars

Apoadg  uwoniued o emis quudd Jof agqpor Fusedge oo 1AL
nes O IGBILIGN| AALIR PUEY 112] 10 WFLT o) 1M1

Agoadg  -nonmred jo apis aaup aof Je|o0 Fuoedgr oo ¥-1LL
R LV K | I 1T 5T 3

E.mr. .mn_._ aoyesiaqn) Jagyaps Apsadg cpeppory Sursedg ey a0 y-1LL
[ SeSeee s R BALIp PIOEL YFD 10.] SI07ED

“LAO] AAP AIETOS @ 10f aqng Fere FOLEA JALTT T AL
gEt  A[UO SAlp puely (LR 20 SIojEIRGN] AP Aejol

un_..m ﬁn_.w JM[IEE BPEIE JGf S0, m_.u_._._u_ :.:._.._sum.._” FALT U WENEL
oFc &t RN BMION] SALIP puiEy e 40 Jipi

10§ I} pue quess jo gifuap Aposds -juedy pugp] 7 40 H-g
oI U ynu yoo] puBld Fuueaq RYS MNUAdsFg 7 Cgol
ogr Ut puUB(n) SuMERq RS AuEdsg T L9L
Y § 75 13 1101y [ T TS W g

L0 A g X N Joysey, Boedgecoc e "0ak
gre  htn DAL R falveg wakan prwpr- - ot
E-.ﬂ |||||||| n............................ﬂEﬂ_m-.m

PRIENEA]|]  CPAIYS qURID pUwy Ioj ji pue yjEua

Apaady .uu..nﬁu.__..; ?..Em_ _u..m__n ._E YOS MEaXE Al
L1 I A R ek

HUEJD PUEL J0] 31 pUE n..m.._a._ h:uﬁ_m :_Ehm. T E e R ST

[ o omomom o wowwowowy B . .||.|.-ndm_._1

B uosgaun ] Apzadeg -ajepdurcs oonpsenuos pue derpge o 0L
e ottt A8 103100 PUE SISUSEM U I £O4 J0f prygc THOLD
Gy PrrnrnEmmmmsmmmE et UIRE-D PUB BOL A0] JEUEENCCC THL
GFS  crrrrreeeeeerss e Onag Y0©] PUEID) POE Fuuesgt i 1
ﬁu .......run......................1._u_.HW_”.m_m_u._-.hﬂW.m..... ..... ﬁ_._L...__L
fEs  ctnrrrrmrraacaaaas corrrovvers s oo Bouewgt ot gGE
- R SELEELE seeeseseese s SRR YRS DAL AGE
........ e S ey

=M I yeqs pua pepru Apaads) o720 Y FEL-D

e A[Uo pAUSTLINE Pus PRpIIOE gine JREE sAalg]c o aGieH
B L - | d_ﬂh.,.... YILs A[UE0 PIEEIO RS aAC VUEL
21 |||||||||||| ooy .Hmw._.m mm._._.ﬂw __u..fh h_“_m Mals m:-nu. ....... - Mﬂh.
L | mmm__u um:um Lpf rop Jasn] pue faddn pagsesy o 7oL
aml P L E R EE .- .nw.m.._.m.wnm-._..mmh.mﬂq_.ﬂ-._}n—ill.llh?_ﬁ
- e L TS Jsmeia (sed spqnop Jof Boudg- - g5kt
ol b EL AT TOHAAG



- S L e AU SALIp pUBL Jj3) 200 RI0qud

“Lgqn) AR ArEped pua gap sqng Buppo Fowesg aaag “HAOLTT
Cr®  AJUD BALIp PUEY 1j3] 40 SMRILNN] AALIP ATE}R

IPIE PUE JM[MED ap1s 20 agqny Foije Sunesq eaagc B LA |
T A0 T BERECD) YA .__nH_“_.u PAYEILIN] "pIgs Hurm pmEg TEETT
i S sl CE o EiEie o e o sl “gargs Apoade

DATIP _.._nﬂ_ Mo 40 gdu Jop pns e peed sarg T 80 W -EeR -0
7 IR LT, (IEIRAn gEuD)] ._ﬂﬂnn_ﬂ ‘joysed pooy ssepoy " BGE

ot SEEEL dure(a pooy s R
"1 paa) §
08"~ E23[% paaj L pue g
GLT EANE paa) g pue ¢
05" Faz1s pasj ¢ pue g [
paambar ssef gaes S paraaod gagn

JU QU tow)e Y esaso qifuap Arosds cpoopg e O,
o T WY WOIRURID Apdads wined wdfeq o G
ﬂ_“'. R T T T T T m-HE mm:.ﬁ_.— n-._.ﬂ_ hU—_._m ........ |-ﬁﬂ|"m
_..,.H_-_ m_._m pue m_”m 111 .._.T_”_.__._.:_,._ ._u._._u__._“_.uﬂ ____”__m_....._.._nr_ ........ NIRRT
0 1 Rl mc:;ﬁ. fus Ay Ui g oy sFup BTED
L " ey Faddp)) qury sBay HThH
D.ml.ﬂ .................................... .ﬂn_._.H umﬂ_Hl—. ........ hﬂ#
El ........................... _.u-ﬁh e-ﬂ_mﬂrﬁ. Lhﬂ .“ H ﬂz ||||||||| m.._.m
Eﬂ P I - |||||||||.|m.r_..r.|— mHLL.W.-.m. ........ .'..H@
LY -spuz yyoq peany) adid spew | Bq Sutaepy

.Em_ 5.____. gjapduwes worposuues dueje (aueq sfFay -0 1 g
(T | e ] AT 8 elepduod safes Yooy o OEH)
TRl | ..uﬂF._ yreg 'Sl B4 Merduros aapea oyt ettt O06Y=")
g oot eereaassiiii SYNL s g [ " EER)
TD T, Unisuainp Apsode  coume yusumgsElyyc o U6
0P MEAFE 195 PUT IDT100 SIEETa [T 9adumed [Ratmg o 0687
_“_— P T T R I I I h“:;.ﬁh.rﬂ nn-_u .h#._._._.— -u.ann' ......... ﬁm
T, “(poenisn jop) Bnjd dnd duqy panoyg--ccct A-G88
_“_ﬂq ............................ Tania n.—-._.“_ uﬂ_._.._.— mﬂ._.-..n..- ...... |ml_.wd.m
_“_ﬂq .............. ._.-.qﬂ-._.u_ ._.—._._”_._u_ m-._m_”_u.._.-hﬂu. Jasna n.—ﬂ_.u_ hm_._._E ...... |._n.|.m.§..u
e (parensny(r 1op]) dod seqy punoyy -0 cC H-FE8
nc' CTRTTTURGH PUR H-GRE 1M .,:34,_53 dna sy [eag " T A-FEE-D
_H- .......... - - - = nﬂ_.rl_ hm._._ﬂ-_..w.-r‘.l._ ........ %
R R .....---_m_m.__..auznnﬂ.nr.__hm ........ "EER
i TR puE (28 Yl En__“_mE_uu pes sjpurds FunEnlpy 0 Y-088-D
Y] e e i mdje U ym (i 200128 _.H. _“_E__u TS| __.._m.ux ....... iTd ]
AMU] Y R 1EMAY

PhTEL i) Apsadg  qayeed saa0my DR

Gh- “jeRse uonjreedurey o L AL TR
._._n_-“_.. N EEEE s d Sk ELEEEE H%EEJ._E._“—E& nHH.J.-.H;:......E
o i 3R LY. SYove v et oo AL S0] MAIIG - [aR
G e DO DDLU IDCEETER ni saenbs paepuels 0g=B -0 kg
o0 SN e Em.ﬂd.nm G0E-Y A08-Y SO0 (TR ES LR TG
11 R “(payensnp 1op) urd sadey B x propccc HOE
cn” Huhnﬂ__awﬁ—.nm:.w:u_.nz -1.....-hmm_
N | L L LA L croeecrayyos Baadg B ox B " "OGE
_m._”_. .................. r AT QHU —u_.m.....-_.._“ _u._u-._..n_w.—“ W.m X .“.-. ......... ﬂ.ﬂm
El._n .................. ....1|Eﬂ“EE.H“—Ln.——FEFEHh§.....r.ﬂ|E
ch- S UL P T e 4
01 cormrotoreeecc s mandd deo pusey Xap B X Bt A
ﬂ_“..-... ..... bR R EE R E NN A ._uﬂu -u..ﬂu-.n Hu.H-H .q.q.J_. o m—..-..._fﬂ ...... .m.lnﬁﬂ.
an” srerrrrrrsssss s omanne ded pesy ¥eH LB X gl W00
.E“_- ................................ m.n-_u._”u.ﬂﬂm...—.m.ﬂﬂm_m....---u.mﬂ.m
...... Prrrawresses st GATTR JYI]EL BPIE 10] T 40 Y

P8 _.,_....-.h_n...._ E;ﬂd-?..- “JJEE AUTALIp MIJEA2G] """t 2R

ﬁrl..... .............. mﬂ:mﬂqﬂ.ﬁ.— ........ ...ﬁ.;
En P Eadd0 AT LL U R ENERAAAAERNANRAE Y Q—Eua.“._._._.z.luu.....ﬁ
oo

CPOR S0) NSO pg

oL” m:ﬂnwn _n_uﬂntq__u ..__..m__EtunEE__ o L__.__._ Jeqpos Buraedg 0 H-TF8
T AR a1 u:..._-m.a Eﬂﬂﬂ._.u....x:__ “_"_.Hw.w Lo awod Buraecdg- o0 v-TFE
E. ] T “mﬂﬂ._ﬂ_u.._ﬂ._.-ﬂ-._.ﬂ.._.q.n_ ...... -ru.-.——qm
_mm.. ................... mﬁn_nn L..ﬂ.m Wﬂ._nHE ﬂHﬂnm—ﬂEhﬁ.—.._.-.— ....... ml.—ﬂ_.m
E . P o . ﬂ.._ﬂ_ﬂ_ __qm...m Nﬂ.._hﬂﬂ.ﬂ m_Hﬂn—uﬂE..-w._._.-“— ...... -._.a......—ﬂ_.m
co” S _"ﬂm..u...-.:ﬂ V0N T18-V PUE 18-V 20f Buoudg- - e
g ek "#uurds appunds Funsnipe wnommorpy GER
DTSR ket ahelstte]= S Byainysiary uHm_En_w u_u...msn_ud Mgy " TN -ECE
o SRS |1 = TR T
ﬂhﬂ‘ ................................ H_H_n E-HE.—._..-m ......... E
05" Em__.un Ajraeds (1] :m..m (00 M depes Foedg o TETE
I Eurgny jo e __nm,”_u,nm “HMAID] WO WOMT" " BTV
oot oBmgny po Isjaindp Ajisads DpnaIag amods apfmge et glg
GO*  crrrrrrrheesesesiiadias I I S0 F[AeC] 218V
E”_1 ...................... N_hnﬂ._.-_ H¢ hﬂ#gﬂnﬂ.

u__.._.ﬂ_.___..__ Apoadg  -aqnauaj auoo s(FumE JoF R0 QU CgIg
‘”_—l .................... “_-r_ﬂl..r H“ﬁﬂ.hgah %n.ﬁzlll...l.nh._.m.
D" cereceeeeeeeniee i 1N 299 I0p9AUNOTY " - Fig
_”T‘. i -. ...................................... m-HE.._.-H..

‘A0 LM 10 618 puT 212 ¥ Yia Mdmo]

MOHHD HLIA toosuned duep jaueq remnduy - H-g0g-v-0
_“—.m.l ...................................... .WE.JAH_H.

a0 M OI0) 618 PUB R1R CFIR YMe wyad

"HOHHD LOOHLIA 10120000 dure]s (aomeq emdey - - T —BrE="
PRI ARV TOHNAS



	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img086
	img087
	img088
	img089
	img090
	img091
	img092
	img093
	img094
	img095
	img096
	img097
	img098
	img099
	img100
	img101
	img102
	img103
	img104
	img105
	img106
	img107
	img108
	img109
	img110
	img111
	img112
	img113
	img114
	img115
	img116
	img117
	img118
	img119
	img120
	img121
	img122
	img123
	img124
	img125
	img126
	img127
	img128
	img129
	img130
	img131
	img132
	img133
	img134
	img135
	img136
	img137
	img138
	img139
	img140
	img141
	img142
	img143
	img144
	img145
	img146
	img147
	img148
	img149
	img150
	img151
	img152

