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Section A-]

GENERAL ENGINE DATA
ES—————————————

The Atlas Imperial Diesel Englne deseribed herein 1s of the heavy
duty, solld injection, full Diesel type, designed especially for the
reliabllity and a long life of trouble-free operation. It cperates on
the four stroke cycle, the sequence of operation belng as follows:

18t Stroke On the downward or suction stroke of the plston, the inlet
valve 1s open and pure ailr is drawn into the cylinder
through the air inlet manifold.

2nd Stroke On the second or compresalon stroke, this alr 1s com-
pressed to about 400 1bs. per sguare inch, the heat of
compresslon ralsing the ailr temperature to a point above
the lgnition temperature of the fuel. Just before the
plston reaches top center fuel injection starts and is

completed’ shortly after the piston has passed the top dead
center,

3rd Stroke On the power stroke the injected fuel oil burns, in-
creasing the pressure within the ceylinder, which drives
the piston down through 1its working stroke. Shortly be-
fore bottom center position ia reached, the exhaust valve
Opens.

Ith Stroke As the piston returns toward the head, the burned gases
are forced out through the exhaust valve port, and as the
pPlaton reaches top center the exhaust valve is closed, the
Inlet valve 1s opened, and the cycle 1s repeated.

The horsepower rating and the rated speed of the engines are atamped
on the engine nameplate and these ratinga should never be exceeded.

On the nameplate will also be found the engine serial number which
should always be stated when ordering parts and in any correspondence
with the factory or Sales agencies. The firing order, valve timing
and the model designation will also be found on the engine nameplate.
When corresponding or ordering parts it 1s desirable that the model
number be stated alzo. The engine serial number 1is, hoewever, more
lmportant and 1f the model number is not known the number of ecylin-
ders and the bore and stroke of the engine may be atated.

The number of orifices, the orifice diameter and the angle of the
orifices in the spray valve tip are also stamped on the engine name-
plate. The number of holes or orifices is stamped first, followed by
the dlameter of the holes in thousandths and in turn followed by the
hole angle in degrees. For example, 5-10-20 indicates a Bpray valve
tip which has five holes or orifices gf .010" diameter. The axls of
the holes or orifices are inclined 20 with the horizontal. If order-
ing spray valve tips the stamping on the nameplate should be stated.
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The following data applies to the following six ¢ylinder engines:

EHMZ212L —-- GHM2124SC -- 6HMT2124 —- GHMT2124SC
Models gHgo12h -- 6HST212Y4

HORSEPOWER and OPERATING SPEED -- See englne name plate.

Firing Order -- The firing order may vary due to rotation or hand
of engine and therefore thls data should be taken from the
engine name plate. No. 1 Cylinder is at forward or Governor

end of engine.

WEIGHTS:
Cylinder Head Assem - - - - - = = = - - = 640 1bs. ﬂpprﬂx.g
Piston & Connecting Red - - - - - - = = - 450 1bs. (Approx.
PRESSURES
Lubricating 011 Pressure- - - - - - - - - 25 to 40 1bs./Sq.In.
Cooling Water (at Pump discharge) - - - - 20 1bs./Sq.In. MAX,
Note -- Applies to marine engines and only on stationary
engines eguipped with an Atlas inbullt pump.
Fuel 011 (at Transfer Pump discharge) - - 10 1bs./S8q.In. MAX.
Fuel 011 (In Rail)- = = = = = = = = = = = 1500 to 4500 1bs./
S3q.In.
Starting Ay Prespure —i= —s-i— =i —i=i= 125 to 250 1bs./
Sg.In.
TEMPERATURES:
Cooling Water - Engine Outlet
: Direct Cooling (Raw Water) - - = = = 125° F. Max.
Indirect Cooling (Closed System) - - 160° F. Max.
. Lubricating 011 - Cooler Outlet - - - - - 140° F. Max.

Exhaust Temperature (taken at Cylinder Head)
Full load and full speed - 750° F. Max.

(2)€ pE-TY
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Section B

FUEL AND LUBRICATING OILS

RECOMMENDED FUEL OIL SPECIFICATION

Viacoaity - = = = = = = = = = = = 35 to TO 5.U. Seconds at 1009 F.

Gravity (A.P.T.)- = = = = = = = = Minimum 242

Conradson Carbon (A.8.T.M.-D189)- Maximum 0.5%

1l R e = e R Maximum 0.0%

HE AR S Seres D e e Maximum 0.1

Sulphur (A.S.T.M.-D129) - - = - - Maxfmum 1.0%

Tgnition Quality- = - = - o - = = 40 to 60 Cetane Number or egquiv-
alent in other lgniticn
index.

EFFECT OF FUEL PROPERTTES 0N PERFORMANCE

As adjusted at the factery the englne will operate satisfectorlly on fuels with
vilaoositiss per above a?&ciflnutian. It i1a posslble to use thinner fuela but the
operation iz apt to be "snappy" and 1t may be difficult to maintein even oylinder
load balance at varying lomda., Fuela with viscosities leas than 35 3.U.2. may also
require special apray tipsz with smaller orifice holes than standard or the fuel
pressure may have to be reduced. On the other hand fuels with high viscositles may
require larger apray orifices than standard, lncresased fuel preasurse and in extreme
casega longer periocd of injeetion. To insure good operatlon 1t 1s recommended that
the viscosity be held to the specification.

The EruViﬁg is of secondary importance, A minimum of 24° A.P.I. ia merely given
slnce heavier fuels generally require spacisl trestment, such as heating snd cen-
trifuging, before they can be burned successfully.

The "Conradaon Carbon".or "Carben Residue" in the oll 1z an index to the smount of
garbon which will form in the combustion chamber. Fuels with high "Conradson
‘Carbon" may cause carbon to bulld up on the apriy valve tipa to such an extent that
the fuel sprays are deflegted causing poor operation and smoky exhaust. The higher
the Conradsen Carbon the more frequently will it be necessary to elean the aspray,
valve tipa. Experience also indicetes that maintenance costa will be hipgher when
fuels with high "Carbon Residues" are used.

The Ash content of & fuel ia a4 measure of the amount of mineral materisl it con-
taina. After burning the mineral residues are abrasive and 1t 1s consequently im-
portant that the Ash content be limited to 0.05%. If the content ia higher rapld
wear of cylinder liners,. pistons and rings will result.

The item B.2.&W. (Bottom Sediment and Water) ia an index to the fuel'a cleanliness.
It 18 good economy to use clean fuel and store it in clean tenks. Cleanliness in
handling the fuel ia also importont (S8eo paragraph entitled "Importance of Clean-
liness in Fusl Hendling" in Section K.

When the fuel oil is cdnaumed in the engine Sulphur burns to Sulphur-dioxide.
Under normal operating conditicnsz mest of this gas is ejected with the exhaust
gases. If, however, temperature conditions are low enough, that is, if the engine
ia 1dling at low speed and under cold conditicna, the sulphur-dioxide gas combines
with condensed water vapors to form & corroaslve acld which will attack metals used
in the engine and exhaust system. It is consequently particulerly important to
hold the sulphur content low in fusla used for englnes aubject to variable loads
with long perlods of idling and also for engines subject to fregquent starting and
stoppling.

The Cetape number of B fuel 1s an index of the ignition quality. Low Cetane values

* produce exceasive knocking. Excesalvely high Cetane fusls cause high exhaust tem-

peratures and smokiness of the exhaust.

Although the Flasgh Point does not affect the sultability of s diesel fuel it ia
well to specify & minimum of 1500 F, sinee state laws and Glassification Scoletiss
generally require this minimum. The Pour Point of the fuel should be at least 159 F.

below the lowest temperature to which the fusl storage tenk is aubjected.
LUBRICATING OIL

He redommend that s good grede of Marine type pure mineral oll be used in theae
engines. The oll should be atable under the temperature conditions encountered in
the englne and should be realatant to oxldation and sludging. In general, regarding
quality of lubricating oll we refer you to & Lubrication Instruction Book which will
ba sant to any customer or operator reguesting 1t. This beok contalns some good
pointers on the selection and care of lubricating olla.



Section B

It 1a not necessary to use compounded oils, 1.e., olls containing additives, inhib-
itors, anti-oxidants, carbon removers, ete. in Atlas Engines. There are, hovever,
many good ecompounded ollas on the maviket and these may be usaed providing extrame cav-
tlen 1s exerelsed and the action of the oll in the engine 18 observed closely.

When & pure or "straight" mineral oil ias used some carbon or other depoaits will
generally be found In the crankcase and sump tank. The amount of these deposits de-
pend grestly on the gquality of the oll which has been uaed and for good grades of
oll the deposits are not excesalve and in any way harmful to the engine. The
chemlcals contained in the compounded olila enable these olls to garry the carbon and
other constivuenca of the usual crahkense daposlts in suspension. The compounded
olla also have & atreng tendency to break loose and carry awey any existing erank.-
case depositz and sinee there 1s & 1imit to the amount that can be carried in sua-
penalon clogging of filters and oil lines may result. It 1s conseguently of utmost
importance to thoroughly elean out the crankesae, oll lines and sump tank before
ghenging from o straight mineral oll to & compounded obl. AS an Added precautlion we
auggest that the first batch of compounded oil be used only for about 25 hours and
then drained off. These precautlons apply alao when changing from one compounded
0ll to another compounded oll of different make or hrand.

If 8 compounded oll 13 used the non-corrosiveness of thiz oil must be looked inte
very carefully. In thia connection the Engineering Dept. of the Atlas Imperial
Diesel Engine Co. is avallable for consultation and they will be glad to advize
whether or not an oll 1a sultable for use in this engine.

With regard to viscosity grade our recommendaticns are that the viscosity at 1302 F.
be between 235 and 270 Secs. Saybolt Universal. Thia corresponds to an 5.A.E. via-
cosity rating of 30 to 50. In other words, the oll to be used should be a heavy
S.A.E. 30 or & light 3.A.E, 40 odl.

In regard to drainage periods we suggest that the firat bateh of oll be dralned
after 100 houra of service. Thereafter the auggested drainage period is 200 to 250
hours. This period may be lengtheneéd somewhat on englnes which are equipped with
weste packed filters. In that case if the filter cartridge 13 changed before the
oll i1a badly discolored and leaded up with insolubles or foreign particles, drailnage
Perioda of 400 to 600 hours can be used. In the cases where no waste packed fllters
ars uaed the oll will of course not be "worn out" after 200 hours of service 1f it
iz of & good grade. It will, however, be dirty and will contain insolubles which
sheuld be removed from the lubricating oll before it is re-used.

The same lubricating oll as used in the crankease of the engine is also suitable tor
usze in the mechanical lubpicator., In the case of the mechanieal lubricator, however,
1t 1s highly desirable thet new oll be used.
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INSTALLATION INSTRUCTIONS

PREPARING THE ENGINE BED

The success of a Marine engine installation dependa grestly upon the constmMuction
of the foundation and upeon the eare exercised in lining up the engine to the pro-
peller shafting. Poor inastallations will result in excesaive vibration and con-
tinual change in engine alipgnment. The result ls poor performance and fallure of
vital parts. For this reason Atlas Imperial Diesel Engine Co. cannot guarantee an
engine unless the engine foundation [engine bed) is strong and rlgld enough to pre-
vent vibration and changesz In allgnment.

The importance of rigidity in the engine foundation eannot be over-emphasized and
it must be securely fastened to the hull of the vessel zo asm to be virtually a part
of the hull construction. For instmllationa in old hulls, where the rigidity of
the hull is questioneble, the foundation szhould be extended fore and aft as far aa
possible; twice the length of the engine 1s suggeated. Stiffenera should be fitted
to prevent the foundation from twlsting end weaving. In twin screw insteEllationa
it is advisable that both foundationa be atiffly connected and braced to esach other
and to the hull. =2teel foundations should be welded or riveted. Avold bolta or
ascrews which may work loose. -

When preparing the engine foundation alwaya obtain certified outline printa. Do
not use Figures or cutas in bulletina or ssles literature. The top faces of the
Toundation must be atraight and should be lined wp ap that they are parallel to the
propeller gshafting. Athwartships the two top faces should be level. . The Tounda-

tion should ba conatructed so &3 to allow 1" to- 14" thick shima or chocks betwesn
the engine supporting flanges and the top faces.

INSTATLING THE BNGINE

The englne should be lowered onto the foundation and allewed to rest on the laveling
zorewa. For wooden foundatlonz provide steel plates of sufficient area and thick-
nessz for the leveling acrews to rest on. (Min. 3" x 4" x &" to 3/4" thick.) Shift
the engine sldeways until the centerline of the crankshaft lines up with the center.
line of the propeller shafting. Then by means of the leveling screws adjust the
height untll the centerline of the cranksheft exactly lines up with the centerline
of the propeller shafting. Also level the base athwartshipa. When alignment in all
planes is At hand the following check should be made.

a. Turning over ashaft there should be no binding between the centering spigot and
recess of the two coupling halves.

b. The faces of the coupling halvea should be parallel regardless of the angle
through which elither or both shafts are turned. With the propeller coupling
helf held against the engine coupling half, but not bolted, 1t should net be
posaible to insert a 0.00% in. feeler at any polnt between them. Check at top
and bottom and the twe aidea before bolting flanges together.

If engine has been inatalled before launching it 13 advisable to temporarily bolf

it to the foundation at this time. It 1s not advliseble to proceed any further be-
fore launching unless the hull is extremely rigld. When the veasel 13 aflpat the
allgnmant should again be checked and if found satisfactory & chock should be care-
fully fitted at each holding down bolt. This applies to steel foundations. In
wooden foundations careful measurements should be taken of the diatance between the
bottom of the engine supporting flanges and the top of the foundetion. A contlnuous
wooden shim should then be prepared and this shim should exactly fit the space be-
tween the foundatlon and the engine supporting langes. The shima should be at
least as wide 83 the supporting flanges. :

After the engine iz resting on the chocka or wooden shims it 1a advisable to check
that the foundation is supporting the engine evenly over .the entire length. Thia

is best done with a #6956 Starrett 3tpain Gage. Check the diastance between the in-
aside facea of the crankwebs with the corresponding crank on upper and lower centers,
(See figure in Section F for strain gage locatlon.) =] for

ahou T odl T than 003", Distortion of the last two cranka.only indicates
hat the crankshaft is out of line with the propeller shafting. (When making this
gheck the engine and propeller sheft couplings should be bolted together.) Check
the last two cranks in the two horlzental positions also. IF misallgnment or un-
even support iz indicated determine the cauae and eprrect.

When the finel alignment has been accomplished permanent foundation belts should be
fitted. For steel foundationaz drill and ream for fitted bolts. Spaces between the
foundation bolt ehoeks ean then be filled with type metal.

1.




Section C

L

SERVICE PIPTHNG

Flan 21l piping carefully and use aa short and direet lines as poaslble. To im-
prove the pgeneral appearance of the Inatallatlion, piplng should be laid below the
engine room floor when it is poszalble to do so. Removable loor platea should be
provided and care should be taken that all piping is accesaible.

FUEL AND LUBRICATING OIL PIPING

See Sectlion W for pipe sizes and arrangement of the fuel day tank. 3ee Bection T
for Jubricating oll dey tank connectiona. Pipe sizes ara stated in these Sectiona.
Provide drain valvesa and vent valves where neceszsary and remove sll acale and dirt
from pipes and Tittinga before Inastalling.

COOLING WATER PIPING

Locate the dea chest far enough below the water line to prevent uneovering whem the
vessel rella. It should be provided with a coarse grating. Inside the hull s
stralner of ample size should be provided with gate valvea on each alde so that 1t
can be iaolated for cleaning. For engines equipped with centrifugal circulating
vater pumps it is particularly important that the resistance in the aea chest,
atrainer and piping be az small as poassible. Use Az fev bends as possible and do
not make either suetion or discharge piping longer than necessary. Locate the over-
board diacharge not more than 3' above the water line. All walvez should -be gate
valves - not globe valves. WUse pipe sizea called for on the outline drawlng.

STARTING AIR PIPING

ALlr tanks should conform to A.5.M.E. specifications and should havesample strength
Tor 250 1lba. per asquare ilnch pressure. Each tank should be equlipped with a safety
valve and & globe valve feor laclation. A drain valve should alaso be provided at
the lowest point and this valve should be accessible.

Tanks should be connected to the engine starting air header using the plpe sl:ze
called Tor on the outline drawing. Provide a globe valve next to the engine. All
valves and fittinga should ba of heavy pattern Cor at least 250 lbs. per sg. dnch
pressure. The air compressor oh the engine should be connected to the tanks with
plpe of the aize called for on the outline draving and valves and fittings of heavy
pattern. . The alr compreasor discharge pipe should preferably be run to the air
tenk. It should not be connected to the plping between the tank and the atarting
glr header. Alr compressor unloader should prefersbly be connected te the tank
with itz own piping or tubing. Under no circumatances ahould it be connected to
the compressor diacharge line.

EXHAUST SYSTEM

AlY exhaust piping should be inatalled in the shortest and most direct manner poa-
aible. When bends are necessary uwse long aweep flttinga. Uae the pipe aize called
for gn the outline drawing for lengtha up to 20' contalning a maximum of three
benda., For 3 Lo f bends incroase the pipe to the next nominel size and for each
additicnal 30F length increase by one plpe size.

In order to protect the engine and piping from undue stralna a length of flexible
metal tublng should be Installed as near to the englne asa poaslble. It 1a also
recommended that Clanged connectlons be used for ease of dliamantling and cleaning.
For twin screw installationa it is recommended that separate exhaust lines be used.
If exhauat lines are combined and only. one engine 1a running, soot and carbon will
be blown into the other engine through the open exhaust,valve.
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OPERATING INSTRUCTIONS

Before the operater attempta te run the englne, he should earefully study the chaptera
dealing with the mechanical details, espacially those of the Control System. After
familiarizing himeelf with the prineiplea of the control mechanlsm, the operator will
underatand the slgnificance of each movement of the control wheel and will be able to
handle the engine Intelligently. In the following only a brief description of the
proper method of operating the engine and controla ia given.

Obzerve the conatrustion of the handwheel (1) and its lecking device. HNote how
plunger (9) enters locking disc (8). Observe the positions of pointer (T7) when the
plunger entersa the locking disc. These posltions, "AHEAD" and "ASTERN", are the
normal running positicons. :

TO GO AMEAD FROM STOF (see Fig. D-1)

(a) In STOP positicn pointer (7) 1a
vartical and indicates 3TOP posltion
on telltale (10). Turn engine hand-
vheel (1) in the AHEAD direction, so
that pointer (7) moves in AHEAD di-
rectlon, toward START poaition. At
approximately 1-3/8 turns of the
handwheel, the plunger [(9) will on-
ter locking disec hole.  From this
prosltion the turning of the hand-
w¥heel toward START should procesad
more slowlwy for about 1S4 turn until
motion 1a stopped by latch shaft
"stop”. (If handwheel is turned too
quickly, control ayatem may be dam-
aged.) At this poaition the engine
wlll begin to turn over on starting
alp,

(b) As soon as the engine has
reached maximum cranking apeed, turn
the handwheel back about 1% turn
until the plunger entera the locking
dlgg. This will be the "AHEAD" run-
ning pesition,.

TQ REVERSE THE ENGINE (aea Fig. D-1)

(a) Turn handwhesl in the ASTERN di-
rection, causing pointer to move in
the ASTERN direction. Continue to
SPOP poaitlion and after engine has
atopped contlinue turning in the
ASTERN direction until plunger en-
tera lecking disec. This will be
about 3-1/2 turns from the AHEAD
running poaition. From this posil-
tion the aame caution as above
should be cbserved when approaching
START position. In thes START posi- FIG. D-1
tlon the sngine will begin to turn over on starting alrp.

(b) Az ascon as the engine has reached maximum eranking speed turn the handwhesl baclk
about 1/4 turn until the plunger enters the locking disc. Thia will be the ASTERN
running poalition. ;

INITIAL STARTING AND STARTING AFTER PROLONGED SHUTDOWH

(a) A final check should be gilven all fuel, air, lubricating oil and water linea, giving
attontlion to the location and position of shut-off valveas, check valves, ete. It in well
to tpuce gach aystem through making sure that there are no short circults or blockages.

(k) For the initial sterting it is well, although not absolutely neceasary, to rill the
pressure lines and passages of the lubricaeting ofl ayastem. For this purpose & small hand
operated gear pump or piston pump can be used. When the pressure lines are full, a
glight- pressure will repister on the pressure geuge. Thisz procedure will insure lubrl-
eating odil presaure immedistely upon starting.

[} Hand oll the engine at all the points listed under "X-HOUR ROUTINE" in the
1




SeclionD -1

"Maintenange & Inaspectlon" section. Fill the mechanieal lubricater and turn its
crank aeversl revolutions.

(d) Open the two small vents on top of the outlet fittings of the high pressure fuel
-pump and operate the hand priming pump until fuel flows from both of these polntas. Then
close these vents and pump up epproximately 1000 lba. fuel preasure.

(2) See that valves in starting air piping between alr recelver and engine are open and
that there ls sufflecient alr pressura available. With the apray valve iscleting valves
shut and with the "snifters" open erank the engine by air until any exceas fuel in the
combuation chambers hes been blown out.

(f) Start the engine by the method described .on the preceding page and run it at
& slow speed by sotting the governor speed control handle. Then immediately check and
wvatch the following.

1. Lubrdcating oll pressure and cireulation. Observe oil level in day tank.
Englne will absorb several gallons when started uwp.

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

or at high apeed unless water clreulation has atarted. In some inatances

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

gine is cool. .

011 and water leakage from external lines and fittings.

Hot bearinga. Fesl covers at lntervala to locate any hot areas wyhich would

indicate hot oll from & hot bearing.

. Peal water jacketa and manifolds for even weter cireulation.

+ Check the reaponae of the fuel pressure relief valve by moving the handle

up and down and watching the preassure gauge.

Listen to the engine for evenness-of firing and mechanleal knocka.

-1 O

{g) The engine should be brought up to full apeed and load aslowly. Inerease speed
gradually and run at each new speed for at least one minute. At each speed the ltems
listed under (') sheuld be checked.

ROUTINE STARTING

Alweys check the poaltions of oll and water shut-off valves and make certaln that no
tools or the cranking bar have been left where they can interfere with flywheel or
shafting. After starting up check water sireulation, lubricating oll level and pres- -
sure. The formation of & habit of checking these items automatically whenever the
engine ia atarted is 1ikely to prevent mgcildents and aerious damage.

RURNING
The following items should be watched and regulated if neceasary:

(a) 011 Pressure. The lubricating oil pressure should be maintained between 30 lba. per
square inch and %0 1lbs. per asguare 1lnch.

(B) Eﬂ&liﬂ%_ﬂﬂtﬂr Temperature, For Seawater Cocling the outlet temperature should not
exceed 125% F. I a Fresh Water Cooling system ia used the outlet temperature may safe-
1y reach 160° F.

(e} Fuel Pressure. The fuel pressure should be varled with the englne speed. At full
speed 2 pressure of arocund 4000 to k500 1bs. per sgquare inch will give the best results.
Howewver, as the speed ls reduced the fuel pressure should also be lowered to prevent
too great a wWwithdrawal of the wedges. Too high a fuel pressure at low speeds causes
very short injection pericds resulting in roughness and uneven engine operation.

iﬂ}ﬂEEEE&EEEEEE.Q&I.IEEH&IEEEZEi At the outlet of the oll cooler should not exceed
T R

(e) Mechanieal Lubricator. The feed from the mechanlcal lubricator should be adjusted
to 15 to 20 drope per minute per feed.

(f) Exhaust Temperature, The normal full lcad and speed exhaust temperatures range
from 700 to 750 degreea. If the temperatures for all cylinders are above these limits
the propeller is overloading the engine and should be changed. If the exhaust temper-
ature for any one eylinder 1a toe high or too low the injection aystem is probably at
fault. (See sectlion on "Smoky Exhaust" under "Malntenance & Inspection”.)

(g) Exhaust Appearance. Observe the exhaust appearance. If it is smoky investigate
theﬂnauaep In most cases the spray valvea are rﬁﬂEnnaible for smoke. (See section
on "Smoky Exhaust” under "Malntenance & Inspecticn”,)

()€ pE - 1a
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Section D 2

DPERATING INSTRUCTIONS

Before the operator attempta to run the engine, he should carefully study the chaptera
dealing with the mechanical detalls, eapecially those of the Control 3ystem. After
familiarizing himself with the principles of the control mechaniam, the operator will
underatand the significance of each movement of ‘the contrel lever and will be able to
handle the engine intelligently. In the following only a brief deserdption of the
propar method of operating the engine and controls ia given. ;

Observe the conatruction of the control lever noting the manner in which the latch engages
the holes and slots in the latch plate. Depressing the latch button Iin the and of tha
handle disengages the latch 3o that the control handle may be moved. Depresaing the but-
ton and twilating 1t holds the latch in the disengaged position. This locking out device
ia to boe used only on that control lever, (engine or pillot house control stand), which ia
pot uwaed for mansuvering the engine. 'The latch on the control lever by which the engine
13 being operated should always be free and under control of the operator.

T0 Q0 AHEAD FROM STOF (See Flg. D-1)

{a) Depress the latch button just long encugh to release the control lever and move the
lever "AHEAD". The lateh will slip inte the salot between points "A" & "B". Ans scon as
the latch has entered this slot back the lever up until it is stopped at point "A" by the
lateh and hold 1t in this positlion untll the reverslng cylinder has ahifted. (If the cy-
linder has not shifted the handle will be stopped at & point between "A" & "B".)

(b) Without doprnaning the button move the lever ahead until it 1s sutomatleally atopped
in position "B" by the lateh. The engine will begin to turn over on starting air.

{e) As soon as the engine has resched maximum
cranking speed, depress the bution and quickly
move the lpgver to "SLOW", poaition "C"., The en-
Eine will start and run at 1ts slowest speed shead.

(d) Depresa the handle button and advance the lever
untll the desired eéngine spead 13 cbtained. Then
releass the button ao that the lateh will engage one

of the elght holes betwsen "SLOW" (positicn "C") and
"EAST" (position "D").

T0 REVERSE THE ENGINE (See Fig. D-1)

(o) Depress the latch button and return the lever to
"STOP". Hold the laver in this poaition until the
engine has stopped.

(v} Depresa the button and move the lever ko "E" in
the "ASTERK" direction. At the aame time observe the
indigator on the air pam,

(e) An scon am the air ram has moved to lta "ASTERN"
posltlion move the lever until 1t 1s stopped by the
latch at "F". The engine will begin to turn over in.
the astern direction.

{d) When the cranking speed is sufficient, depress
the button and quickly move the lever to "SLOW" (posi
tion "G"). The engine will atart and run st its
slowesat apeed matern. FIG. D-1

(e) Depress the handle button and move the lever toward "FAST" aatern (FPosition "H")
untll the desired speed is attained and then relenss the button.

IHITIAL STARTIKG AND STARTING AFTER PROLONGED SHUTDOWN

() A final check should be given all fuel, sir, lubricating oll and water lines, giving
attention to the locatlon and position of shut-off wvalves, check valves, ete. Tt 18 well
to trace each system through making sure that there are no short cirouits or blockapges.

(b) Fér the initial starting it is well, although not absolutely necessary, to f1ll the
pressure linea and pessages of the lubrieating oil syatem. For this purpose a small hand
cperated gear purmp or platon purp can be used. When the pressure linea are full, a
slight pressure will register on the pressure gauge. Thias procedure will insure lubri-
cating oll prasaurs immedlately upon starting.

(c¢) Hand oil the engine &t &ll the points listed under "F-HOUR ROUTINE" in the
1k,
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"Maintenance & Inspection” Section. P11l the mechanical lubrieator and turn its crank
several revolutions.

(d) Open the two small vents on top of the outlet fittings of the high presaure fuel
pump and operate the hand priming pump until fuel flowa from both of these points. Then
close these vents and pump up epproximately 1000 lbas. fuel preasurs.

(e) See that valves in starting alr piping between alr recelver and englne are open and
that there ia sufficient alr pressure available. With the spray velve laolating valves
shut and with the "snifters" open crank the engine by alr until any excess fuel in the
combustlion chambers has been blown out.

(f') Start the engine by the method described in the preceding sections and run 1t at
"SLOW" ahead (position "C" on Fig. 3). Then immediately check and watch the following:

1. lubricating oll pressurs and eireulation. Observe oll level in day tank.
Engine will absorb. several gallons when astarted up.

2. Circulation of cooling water. Do not run the englne longer than 2 minutea

or at high speed unless water circulstion has started. In some instences

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

gins i3 cool.

011 and water leakege from external lines and fittings.

Hot bearinga. Feel eovera at intervaels to locate any hot ereas which would

indleate hot oll from & hot bearing.

+ Feel water jackets and manifolds for even water cireulatien.

» Check the response of the fuel pressure rellef wvalve by moving the handle
up and down and watching the preasure gauge.

T. Listen to the engine for evennesa of firing and mechanical knocka.

(2)2 pZ - 2a
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{3} The engine should ba brought up to full speed and load slowly. BRun st each control
notch for at least one minute. At each speed the items 1isted under (f) should be
chacked,

ROUTINE S3TARTING

Always check the positions of oil and water shut-off walves.and make certain that no
toola or the cranking bar have been left where they can interfere with flywheel or
shafting. After starting up check water cireulation, lubricating oil level and: pres-
sure. The formatlon of a habit of checking these items automaticelly whenever the en-
Blne is atarted is likely to prevent accldents end serlous~damapge.

- RUNNING

The following items should be watched and regulated if NEcEssary:

(2) 011 Pressure. The lubricating oll pressure should be malntained between 30 lba. per
square inch and 40 1lba. per square inch,

(b} Cooling Water T&mF&raturﬂu For Seawater cocling the outlet temperature should not
exceed 125% F. II' a Fresh Water ccollng ayatem 1s usged the cutlet temperature may
safely reach 160° F,

(¢) Fuel Preasure. The fuel pressure should be varied with the engine speed. At "FPAsT!
a pressure of arocund BO0O to 4500 1bs. per square inch will give the best results.
However, as the speed is reduced the fuel pressure should also be lowered to pre-
vent too great a withdrawal of the wedges. Too high a fuel pressure at low speeds
causes very short injectlon perlcds resulting in roughness and uneven engine
operation. ;

(d) Lubricating 011 Temperature at the outlet of the oll cocler should not exceed 1400 F.

(e) Mechanical Imbricator. The feed from the mechanical lubricator should be ad justed
to 15 te 20 dropa per minute per feed.

{f) Exhaust Temperature, The normal full load and speed exhaust temperatures range
from 700 to 750 degreea. If the temperatures for all cylinders are above theas
limita the propeller l1s overlosding the engine and should be changed. If the ex-
heust temperature for any one cylinder is too high or too low the injection system
is pr:baﬁl{ at fault. (Bee section on "Smcky Exhaust" under "Maintenmnee & In-
spection”.

(g) Exhaust Appesrance. Observe the exhaust appearanca. If 1t iz amoky investigate
the causeé. In most cases the spray valvea are responaihble for amoke. [(Soe soc-
tion on "Smoky Exhaust" under "Maintenance & Inapection”.)
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Section E-1
SUPPLEMENTARY OPERATING INSTRUCTIONS TURBOCHARGED 13 X 16 ENGINE

The polnts discussed in these instructions are the differences from the standard engine.
The turbocharged englne 18 the standard engine adapted te turbocharging by the additicn
of a Buchl Elliott type of Sturbocharger with whatever changes in detalls are necessary
to accommodate the application of the turboecharger and accomplish the overall result of
increasing the horsepower approximately 40 to N5 € over the rating of the standard non-
turbocharged engine. Thugs the attached text for the standard engine appliesz except for
the special items discussed here,

The Buchi Elliott turbocharger iz a gas turbine driven centrifugal type blower mounted
at ons end of the engipe. The exhaust gases from the ¢ylinders pass through the exhaust
manlifold into the turbocharger for driving the turbine. The exheust geses pass out from
the top of the turbocharger up through the exhaust pipe and muffler as ususl. Intake
alr for the engine pasases through the inlet silencer, mounted on the turbocharger,
through the centrifugal blower and is deliverad to the air inlet manifold. Papta Liat
and Inatructions covering the turbocharger will be found at the end of thiz book under
auxiliary equipment. The exhaust manifold conalsts really of two manifolds inside of &
single jacket. Three cylinders dilacharge into each manifold and are mlternate ecylinders
according to the firing order. Thia is in order te give proper spacing between exhaust
gas lmpulees. The jacket around the two individual exhaust manifelds provides lor water
cooling of them.

WORKING FISTON

The working plston for the turbocharged engine has two pockets cubt into the top in order
to provide mechanical clearance for the inlet and exhaust valves when they are open at
the end of the exhaust stroke and at the beginning of the inlet atroke. Thia is the
acavenging peried in the Buchl turbocharger cycle and aa you will see by reference to
the valve timing, there is conalderable overlap hetween the opaning of the inlet valves
and the eloaing of the exhaust valves during this period. It is important when install-
ing & piston in the engine to make sure that the pockets in the pisten top correspond to
the location of the walves in the eylinder head. Othervise there will be interference
betwesn the valvea and the plston.

Alzo note that the diatance from the top of the liner to the top of the piston ia great-
er on the turbocharged engine than on the standard engine. The fipure for the turbo-
charged engine ia 1-3/32. This greater distance betwsen piston and cylinder heads pro-
vides a little larger combustion space for the Lurbocharged engine. Thus the COmpPres-
slon ratio 1s a little lower on the turbocharged engine than on the standard engine.
This la to allow for the effect of the sction of the turbocharger which delivers more
4ir to the cylindera than in the standard engine.

VALVE TIMING

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

Starting Alr Valve Opens = 59 B.T.C.
Starting Air Valve Closes = 502 B.B.C.
Inlet Valve Opens = By” B.T.C.
Inlet Valve Cloaea = ] A.B.C.
Exhauat Valve Opens = LxO B B.C.
Exhaust Valve Cloasea = 652 a.m.0.

The fuel spray valve is designed to open 6° B.7.C. and elose 229 A.D7.C. but the exact
timing for each individual engine is glven on the engine name plate and the figurea on
the name plate should be followed when meking any adjustmenta.

INLET AND EXHAUST MANIFOLDS

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

Care should be taken when assemblying the turbocharger on ita bracket that sufficient
shima are used under the support feet to prevent any possibility of the turbocharger
welght bhanging on the exhaust and inlet connectlion capscreys. These capacrews are nzed
purely for making tight gaa joints and are not intended in any way to help support the
welight of the turbochargsr.

FUEL SYSTEM

The main high pressure fuel oll hsader or rall on this engine 1s larger than on the
atandard engine and 1s of asufficlent capacity so that no sepsrate accumulator 1a used.
Also, the Individual cylinder 1solating valves are of lapger aize and ecapacity then on
the standard engine.

The high pressure fuel pumps need to be of larger size and capacity than on the atandard
engine in order to supply the increased amount of fuel required for the larger horse-
power developed by the turbocherged engine. Thus the diameter of these plungers ia 3/4"
on.the turbocharged engine against 21/32" on the atandard englne.

The atandard spray tips for the turbocharged engine have =aven hﬂlﬂﬁ[?ﬂl}ﬁjdiametﬂr at
an angle of 25° from the horlzontal. This tip is subject to varlatl der certain
conditions, and the tip actually used w11l be noted on the englne name plate.

QFERATION

The operation of the turbocharged engine ia no differant from the operation of the atan-
dard engine. The turbocharger i1taelf is entirely automatic and requirea no attention
except for malntenance. Instructiens in the Buchi Elliott turbocharger pamphlet should
be followed.

The speed of the turbocharger varliea with the load on the engine, thus the quantity of
the ailr delivered to the cylindera vardes with the englne lead requirements. You will
note that the pressure in the air inlet manifold varies with the load on the engine. It
1a about three pounds per sguare inch at full load.

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

Under npormal full load rated power condltlons, the exhaust gas temperature in the ex-
hauat manifold to the turbocharger is about 750°. Any temperature above thia figure
represents an overload on the engine, and it 1s not good practice to operate the engine
at overload ratings except for brief periods. The engine should always be kept in firat
class mechanical condition and in good operating adjustment.

(2)lz p2 - 12
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LOWER BASE, CRANKESHAFT AND BEEARINGS

BASE AND CRARKSHART

Tha cast iron bease carrles the maln bearing saddles and the main lubricating oil
manifeld from which eoll is piped to each main bearing and to the intermediate gear
bearinga. The crankshaft turns in babbitt 1ined steel backed bearing shells, held
in place in the base by the main bearing eaps. Adjustment iz by shims, and running
clearances should be .0008" to .00095" per inch of ahaft didmeter when bearings are
fitted. h

MAIN BEARING ADJUSTMENT

Bearing clearancea can be aceurately measured with two pleces of lead wire of
about .025" diameter and one inch long, whieh are compressed between shell and
journal about 1" from each end of the bearing by tightenlng the cap bolta. The
thickneas, messured with & micrometer, ia the running clearance. Clearances should
be checked annually, and should not be allowed to exceed .0015" poar inch of shaft
diameter. Keep shims even on both sides.

MATH BEARING SHELLS

Tha bearing shella are preventsd from roteting in the base by the shims, and are
located fore and aft by & square head dowel pin in the bottom of the bearing sad-
dles which engages 8 ciroumferential groove around the outside of the shell.

Aa [itted the shells project above the base and face of the caps from .002" to
.003" on each aide, but are squeezed down flush when the capnuts are pulled up.
There should not be any appreclable clearance between the base, shim, and cap
after finel tightening. The bearing shells and caps are all numbered and must al-
waya he replaced in the bearing from which they were removed. HNever interchenge
them, elther from cone beaping to another, or from top to bottom.

REMOVAL ARD ASSEMBLY 0F MAIN BEARINGS

After removing the cotter pina and mein bearing nuts, the eap, upper shell and
shims may be lifted out. As this operation 1a performed the positiona of the num-
bera stamped on each of these parts should be noted so that the parta can he re-
asagnbled in their proper positions. Unless the bearing iz conalderebly worn it
may not be poasible to remove the lower shell by hend and 1t 1a uwsually necessary
to turn it out of the base by barring the engine over after inserting a capscrew
in the oil hele in the journal. The head of the capscrew will contact the edge of
the bearing shell and roll the bearing out with the journal.

When asaembling the maln bearing shells care must be taken to keep all parts abao-
lutaly clean. It 1s of utmost Importance that any dirt be prevented from lodging
betwean the shell and the saddle. Extreme cere must be exercised in locating the
bottem shell in a fore and aft direction before ‘turning it into the base. Misalign-
ment will cauwse the groove to miss the dowel pin in the base and trouble will then
be encountered in backling the shell out mgain for another try.

. CRANKSHAFT ALIGNMENT

The crankshaft should be checked at annual overhouls, or at intervals not greater
than 7000 aervice houra, for misalignment due to uneven wear of the bearings. When
the engine was erected at the factory the bearings wera carefully scraped in, soc ana
to bring the bearing surface of all shells in line, If one of these surfaces, due
te uneven wear, becomes lower than the adjocent shells, 1t 13 evidant that the
erankshaft will be bent each time the adjacent eylinders fire and the connecting
reda foree the journal down ageinst this low bearing. This conditlon must be

%;ﬂad agalnat, as neglect or ignorence of it will ultimately result in a broken
shaflt.

The simpleat way to check crankshaft alignment is by means of a bridge gauge, whieh
can be supplied with the epgine as extra equipment. If & bridge gauge is desired
1t must, however, be ordered when the order for the engine is placed. It can not
be supplied Xater.

With the bridge gauge straddling the journal and resting firmly and aquarely on the
bearing cap seats in the lower base the distanee between the top of the main bear-
ing journsl and the machined face on the bridge gauge iz measured by means of a
feeler gauge. At the time the engine was erected these mesaurements were taken and
wore atamped on the bridge gauge. NAs the age of the engine ineresses the bearing
surfaces will wear, with the result that these measurements will gradually incresse,
Am long as they all incresse by the same amount the shaft will still be in line

1.
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however, and there need be no worry, even though they do not agree with the original
readlngs stemped on the bridge gauge. But if at any time the reading for cne bear.
ing 1s found to be more than .008" greater than those for the adjacent bearings,
this low shell should be replaced at once and the crankshaft re-aligned, a job that
should be underteken only by an experienced mechanlc. A pareful record should be
kept of all bridpge gouge readings taken from time to time.

The bridge gauge measurements deacribed above should be made successively, removing
one bearing cap at a time and repleeing it before procesding to the next beering.
When making measurements the crankshaft journel must be forced down against the
ahell by meana of o jeck bearing againet the centerframe. Protect the shaft journ-
al with a plece of wood or sheet copper. An indication of low bearing shells will
usually be given by looseness of the shell in the saddle. If it is possible to
I'reely rotate one of the lower shells by hand when adjacent bearing caps are bolt-
ed down, It 13 gulite prebable thet this shell 1s unduly worn and 1t should be
checked with the bridge gauge.at once.

If & bridge gauge 1s not avellable, crankshaft alignment may be checked with a gap
or straln gage a8 follows: BStamp two center punch marks as shown in Fig. F-1 on
all crapka. 3Starting with Ne. 1 eylinder crank remove adjscent mafn bearing capa
and locate the crenk as near lover center as gep gage will permit. Using jock
screws between bearing journal and center frame force shaft egainat lower bearing
half (protect ahaft with a piece of woed or sheet copper) and record the gap
gauge reading. Then loosen jackacrews and ber over until erank ias on upper dead
center. Agaln tighten Jack screws and record the gauge reading. Repeat on all
other cranks,

GAP OR STRAIN DR ANK 1N
A2 = CENTER
LIGHT CENTER r H =
PUNCH MARKS s
DIRECTLY _—
OPPOSITE EACH OTHER
[l e 1 r I N
4 ERANK [N
mnoe ™ LoWER CENTER

FIG. F-1

Comparison of gauge measurements in upper and lower cenbers will indicate cranxshaft
allgnment conditions. Hormally the measurements for the cranks in top peaition are
slightly larger than messurements for the same cranks in the bottom position. How-
ever, the difference in measurement for any one crank should not exceed .0005" per
ineh of shaft diameter. Ir thls is the case, realignment of the erankshaft bearings
ia indicated,
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4 “ap and the thruast

Section G

THRUST BEARING

MULTI-COLLAR TYFPE

A1l loads. in & fore and aft direction reaulting from propeller thrust are earpied
by the thruat bearing. This bearing 1s located aft of the flywheel on pads at the
end of the lower base. Water jackets are provided in the bearing castings and a
amall supply of cold water iz bled from the mein water inlet meanifold to the bear
ing. A positive aupply of 1 iz fed to the bearing from the mechanical lubricator
located at the Corward oy the englne,

In general the thrua saembly consists of three parta: the bearing, the
nr't. Both the bearing and the cap are water jacketed. Each
clrcumferential grooves which when lined with babbitt about 2"
for the thrupt shaft eellars. Betveen the groovea the eylindri-

lined with bbitt so that sufficient journsl area to carry a

containa dovetalla
thick form groove
cRl Araas are sl

| substantial radifdl load 1z incotporated in the bearing.

( In the erectionfof the englne at| the faetory the thrust bearing 1a treated as 1 1t
[ Wers an additi

Arter all the lower main bearing shells have been
gcraped into alipgnment the thrustl shaft 1s bolted to the crankshaft and teated fop
trusness, Itfis required that thé total pun out of the thruat shaft at the aft end

temporarily ¢n the base. The thru
shalt sssembly is lowered into poal

shalt 1s then coated with blueing and the whola
on.  The bear ia then shimmed up or down,
moved Corva or backward, to one =i or the ngggipand seraped untll the bearing is
asatlafactorfly locatéad. The finlshed Beapi t be in line with the maln bearings.
The thruat dhoulders. on the shaft must be & close fit in the grooves but At the same
time have clearance. An end play of approximately -005" to .010" is desirable. The
losatlon of |the bearing should be sugh that the crankshaft ia alightly aft of its
central position in the base singe the normal wear on the thrust bearing will allow
the cranksha fo move forward alightly.

‘I does not axc 002", In the mespitime the thrust b;;fjng [lower half) ia inatalled

When the foregolng conditlions have been met the thrust bearing (lower half) ia

"~ .dowelell to the base. The thruat bearing cap is then scraped in and adjusted for

2.

clgarance with shimsa.

KINGSBURY TYPE

Referring to Fig, G-1 the standard atyle GH Eingabury thrust bearing is equipped
with two pairs of thruat shoea (3] [twe ahoes for ahead and twe for astern thrust ).
These shoes are individually adjustable fore and aft by jackscrews (5) which are
locked by lock wrench (6). A journal bearing, babbitted directly in lower thrust
beardng housing (1) and upper housing (2) 1s also incorporated. The journal bearing
1n lopated on the flywheel end of the thrust bearing.

FORWARD

® @

= W

I N
T SR
OIL LEVEL oIl DRAIN 4 (1)
SRTEL G-1

There 1s only one thrust collar which is forged integrally with the thrust shaft.
Lubrication 1a selfl-contained and autocmatic. The lower housing contains the lubri-
cating oll supply, the oll level beilng of such helght that the lower part of the
thruat collar dips into it. The oll is then carried to the top where aseraper (8)
distributes it over the collar thrust surfaces and takes off scme oll for lubpien-
tlon of the journal bearing. 041 1s retained in the bearing by atulfing boxes at
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both enda. Do not take up hard on atuffing box glands {7}, as this will cause un-
necesaary heating of the shaft.

To allow for oll filma between thrust bearing surfaces, and for expansion by heat,

it ig strictly neceasary to provide longitudinsl and play in accordance with the
following table:

Engine Bore End Flay 1
144 and 15" QLT e et
ap 1015" |'_-_.!'\-::- r
114" org"
10 Loaz2"

Uaing the jackscrews, sdjust for end play sa followa: Keeping thrust collar in de-
gired fore and aft position, sat up firmly on forwvard-end jackscrevs so shead shoea
will bear egually againet collar. Lock the serewa. HNext set up on after-end jack-
sorews, using a "feeler" gauge, with thickneas egual to end play, back of the
rivotal support of each shoe. Lock the jackscrews and remove the "feelera".

For average installation of propeller thruat bearinga, & heavy turbine or engine oil
ahould be used. The oll should be chosen with due regard to viscosity. If it ia
too light, the lubriecating film may be dangerously thin. If it 1s too hesvy, the
frietion 1s needleasly high. 38pecific advice as to proper viscoslty for any delfinite
installation 13 regularly marked on bearing nameplate. Az & rule the viscosity
should be about 200 seconds Saybolt at operating temperature of the oll bath. The
oll muat be clean and free from grit and other injurious subatances. Flne grit has
A scouring action and may gradually wear dovn the hnarinﬁ surfaces. Peoor oll may
cauase corrosion. Oi1 of good quality does not "wear out” by use in theae bearingsa,
but lasts indefinitely if not contaminated.

It is vitelly important to meintein the oil at o suitable level. 011 level plates
are attached to both sldes of housing, with "High™ mnd "Low" oil levels noted. If
neceasary 111 housing with oll teo "High" mark when not running. A alight draw
down of oll level will be noted when bearing 1z running. Ocecasionally oll should he
added to make up for leskage and evaporation. Be sure the make up oll 1s clean.

The air vent holes (9) should be kept open. 011 gauge (11) may be placed on elther
side of housing.
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Section H-1
CYLINDER AND LINER, CYLINDER HEAD AND VALVES

CYLINDER

The individual cast iron eylinders are secured to the centerframe and base by four
studs which are screwved into the base adjacent to the main bearing saddles. The
cylindera are located transversely and are Agned to the centerframe by machined
pada along one alde which register with A s8t¥p on the -top of the centerframe.
Urankcase aealer 1s used between the cylinders and the centerframe. If thia joint
1a diaturbed the old sealer muat be scraped off and replaced by fresh gealer before
tightening the cylinder muts. Glyptal Lacquer is recommended for sealer. 0On later
engines a gasket ia usad between the eylinder and centerframs. These gaskets can
also be used on englnea not originally ao pquipped. bt

CYLINDER LINER

The eylinder liners are special alloy iron castingz, heat treated to rellieve
atreasszea and secure correct hardness. They are accurately machined to close toler-
gnces and should be handled carefully and care taken not to damage the fita at top
and bottom. Spare linera should alwayas be atored 1n a vertical position and should
be asecurely fasteped down if astored on board ship. The water seal at the bottom of
tha liner consistas of two rubber grommets whlch should always be replaced with new
ones whenaver a liner is pulled. When lowerding a liner into place, greaase the grom.
mets into the eylinder fit or they may be pinched and damaged. The liner haa from
004" to .0OT" elearsnce in the cylinder at both top and bottom fits and no Aiffi-
culty should be encountered in instelling & new liner. A peper gasket .010" thick
is used for the upper water seal between the liner and eylinder and a nav gasket
should always be used when replacing & liner. The fits and shouldera on both liner
and eylinder should be carefully scraped and wiped clean to assure a water tight
joint. Care must be taken not to damage these shoulders, as & water leak will re-
ault.

A eopper gasket, 1/32" thick, forms the gas ssal between the liner and the head.
The gaikct and both aesaling surfaces must be carefully wiped free of all dirt when
assembling.

CYLINDER HEAD

The individual cast iron eylinder heada are carefully designed to assure uniform
cooling and accesaiblility of the water jackets. Depending on the engine model two
or threa large cleanput covera are provided.

On enginea with 11%"' bore or larger positive cooling of the spray valve hosses is
sagured by nozzlea projecting into the water jackets and dilacharging cool water di-
rectly againat them., Water is supplied from & manifold located close to the exhaust
manifold and fed at the center from the water inlet manifiold.

The cylinder head ia centered by means of & spigot which engages the bore st the top
of the eylinder liner. The face of this spigot bears upon the copper gasket forming
the gas seal. Brasa bushings screwed ints the cylinder and extending up into the
head carry the cocoling water. They are ssaled by rubber grommets.

When a eylinder head fa removed it should be placed on wooden blocks, never on con-
erete floor or ateel deck. The rubber grommeta should alvays be replaced by new
ones and all dirt should be wipsed from the bottom of the head before it 1la lowered
onto the eylinder.

INLET AND EXHAUST VALVES

fwo types of intake and exhaust valves ere used on Atlas Imperdial Ddesal engines.
One mey be termed one-plece forped type and the other two-plece cast head type.

The two-plece cast head type conslate of a valve head cast of apecial heat resiasting
alloy Iron and a ateel atem which is screwed and riveted to the head. Inlet and ex-
naust valves of the two-plece construction are interchangeable and the aame valve
may be used for either intake or exhaust.

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

In enginea with 104" or smaller bore the valves seat directly in the head. Renew-
able guldes are pressed into the head. Enginea with 114" or larger bore have

1.
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both inlet and exhaust wvalves mounted in cages, bushed with renewable guidea. The
exhauat valve cage 1s water jacketed. Connections in the caoling water pipes
must be broken when the exhasust cage 1s pulled. Exhaust cages must he pulled and
water jackets emptied if engine is permitted to stand fop any length of time 1in
freezing weather as they will not empty from the main engine drain.

The eages are secured to the head with atuds end are provided with jacking holes
to facilitate their removal. Two Jack serews are furnished with the taool equip-
ment for thia purpoae. The cages are sealed agalnat the head with copper geakets
at the bottom end cast iron piston rings installed in grooves above the port open-
ings seal the cages at the top. .

Depending on the engine model one or two concentrig aprings are used per valve.

On the larger engine models the aprings are held in place by & retainer which fa
secured to the valve atem by means of a aplit taper collar. Depressing the spring
retainer against the springs permits the removal of the split collar and the dis-
assembly of the valve and cage. On engines with 10" bore the upper end of the
valve stem 13 threaded 'and apring retainers are held in Place by & nut and locknut.
On this enﬁine model the length of the apring in place, with tha valve closed,
should be §-3/16",

If the renewable valve stem guides are replaced they should be resmed after preasing
in place with s standard reamer which Proﬂuces & hole with a dlameter to size ap
-0005" overaize. For instance, the 13" bore engine uses & valve with s stem
dismeter of 7/8". A atandard 7/8" diameter reamer should then be usad after the
guldea have been prezaed inte place in the cages. Thls reamer should then produce

8 hole with a diameter of .B75" to .B755". ;

When grinding valves mounted in cages it is recommended that the cages be bolted
into plaece in & cylinder head. A apare head may be used, or Lf & machine shop is
avallable a sturdy fixture can be made up duplicating the cage bore in the head.
the clamplng nuts holding the cage to the head or fixtups should be pulled up to
approximately the same tension as when assembling in the engine. In this way any
distortion of the cage and ssat due to the clamping when the cage 1s in place will
be duplicated while the valve 1s being ground, end & perfect seat will be aasured,
It will be found that this practice will practically double the interval between
valve grindings. Always finish the grinding with fine compound, and taks perticu-
lar care not to get any grinding compound inte the guide. Thoroughly clean all
traces of the grinding compound from valve and seat before reassembling.

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

- e

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

The poppet type starting air valve, 1llustrateq in

Flg. H-1, 1a actuated from the camshaft by means of a

lifter, pushrod and rocker, and 1z rendersd inoperative

while the engine is running by & pneumatie pilston Arrange-

ment between the top of the valve stem and rocker. B
Flg. H-1 showa the device in the inoperative ar cutout
Position, as it ia when the engine iz punning. Valve (2)

iz held closed against its seat by apring (E?, and piston &
(6) is down against cylinder (5), held so by a spring
under the lifter. This spring holds the 1ifter and its
latch up clear of the camshaft, ao thet as the ecam ro-
tates it does not contmet the lateh rollern. (See de-
scription of latches under paragraph 28.) The push-

red 1s ralsed, rotating the rocker and holding piston (6)
down against the cylinder as shown. : i

When the engine 1s.to be started, starting air from the |
manifold enters'port (10} and passes up through the i
drilled hole (9) in the valve stem to cylinder (5) where J!
it raises platon (6) up ageinst stop Ej?, collapsing the o S
apring under the lifter, and foreing the 1ifter and lateh e
roller down against the eam. Az the '‘camshaft then ro-

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

force against the bottom of the piaton being preater than

that of valve spring (4) and the spring under the 1ifter, RFIG, H-1

2.
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SectionH-1

and the valve follows the motion of the cam, admitting atarting air to the cylinder
at the proper intervala. When the maater valve in the starting air manifeld eloaes
and the pressure in the manifold drops, piston (6) ia returned to ita position
apainat cylinder {5} by the 1lifter spring, and the wvalve remains ¢closed.

Referring to Fig. H-1 the valve assembly 1s contalned in cage (1) which 1s aealed to
the head by copper gasket [11) at the bottom and by piston rings at the top and is
held in place by two atuds. Bronze bushing (3) works in the cage snd is senled
pgainst the atarting air pressure by two piston rings. Stop (7) is threaded onto
eylinder (5) and ia locked in place by snap ring (8), the end of which 1s bent in
and projects into a drilled heole Iin the cylinder. If either stop or cylinder are
replaced this hole must be drilled in the eylinder, in line with the hole in the
atop when the two parts are screwed tightly together. Use a 13/54" drill. The pla-
ton trevel should be from 300" to .530", and may be adjusted by faclng off the top
of either the cylinder or the platon.

If the engine has been running or has been shut down for a considerable periocd of
time and & period of maneuvering is anticipated, 1t is advisable to glve the
automatic alr astarting velves in ‘the eylinder head a few dropa of penatrating oll.
Make sure that they are not stuck and squirt &2 little penetrating oll between the
spring colls so that 1t will feollew the stem down and lubricete bushing (3.

AIR STARTING VALVE (Engines with 10" to 114" bore)

On the amaller bore engine rting eir rocker iz mounted eccentrieally on
the rocker shaft. When g angine an air ram described in Section R
turna the rocker shaft he alr atart rocker untll contect 1z made with

the air start cam. Copsequently ory these engined the pneumatic platon arrengement ﬁ
deacribed in paragraph/ 5 is not needed and 1s itted, the rocker bearing directly
on the valve atem. Op 113" bore engipes the valve is mounted in a cage similar

to that shewn in Fig.[/H-1, while on t bore engine the valve is gulded and
seated directly Iin the head. Hand oll the air start wvalves occaslonally as
deacribed in paragraph 5.

FRESSURE RELIEF WALVES

Elther twe or three pressure rellef valves ars provided for each cylinder, located
neger the bottom of the head on the operating side of the engine. Thesze include &
manually operated rellef or "snifter valve®, a spring loaded safety valve, and on
engines egquipped with the automatie control system o pnewsatically operated relief
valve. If used, this valve 1a described in detall under the "Control System"”,
Section R.

The valvea are mounted in a tee screwed into the cylinder head. On standard eugines
without the pneumatic valve the anifter valve 1a in the top of the tee polnting up
and the safety walve in the bottom. When the pneumatie valve is used it pelnts down,
the safety valve up and the snifter valve projects out from the end of the tee.

SHIFTER VALVE

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

SAFETY VALVE

The safety valves are spring loaded rellef valvea for the purpose of rellieving ex-
ceaaive cylinder pressures. They act as telltales to indicate that the pressure
ias too high, and the popping of these valves is & definite indication that aome-
thing is wrong and should be investipgated st cnee. The valves are adjustable by
tightening the apring retaining cover, and should be set to relieve at 800 1bs.
per square inch. A setscrevw locks the cover to meintasln the setting. They should
be tried out occaslionelly by prying up the lower spring washer with a screvw drlver
to asaure that they ere in operating condition.
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Section K-1

PELSO 0SS AT GRS RE R CITAT NG B OD

FISTOH

The platona which are of the one-plece, solld-skirt type are made of high grade caat
iron and are heat treated to relleve stresses and to obtain proper hardnesa. The
platon ia ground atraight, that is without taper, from the bottom up to the ring
belt. The clearance in the liner 1a .001" per inch of borse dismeter. Due to manu-
facturing tolerances the total clearance of the pilston akirt may vary .001" up or
down from the above value. For example: the pisten skirt clearance in a 139 hore
engine should be between .012" and .01B". The head of the pilston being expoaed to
high temperatures l1a given a larger clearance, approximately .0055" to .0QQG" peT
inch of bore dlameter.

PLSTON PIN -- (Tight in Piston)

The case hardensed and ground plstoh pin 1a stepped, with differentisl fits in tha
platon pin bosses. The fits are about .0005" to .0015" presa on the small end and
metal to metal to .0015" loose on the large and. Rotation of the pin in the piston
is prevented by the engagement of a dowel which projects radially from the large end
of the pin with a groove 1n the bottom of the boas. A setscrew threaded inte the
emaller pin boss enters an indentatlon in the pin to ect as a retainer. The ast-
screw i3 in turn secured by & locknut.

PISTO -- (Floating in both Piston and Rod)

Floating type plato
which are presased into &
each plug to permit removal.
by inserting & rod or bar thru the pis At apping lightly with a hammer,

When replacing these plugs elwayape—o ing up the dowel pin with the =lot in
the piston. It ia adviseb¥F Eo replace the plugs 11
they were pemevsd®. This type of pin should be fitted with arance of .0015" to

Ll

8 are retained in’ the piston by means of cast iron plugs
rbore in the platon. A tapped hedw 1a provided 1n
1 > 2 other one may be removed

PISTON RINGS

In engines with 104" or smaller bore thare are & rings per piston. In enginea with
larger borea seven rings are used per piston, an oll ring above and below the platen
pin and five compression ringa. Always sssemble the oil ringa with the bewvel up, to
a8lide over the oll film-on the upstroke and scrape it down on the return. When
overhauling pistons, thoroughly clean all carbon from ringe and grooves and top of
platon. Fuel depoait on the platon skirt ean beat be disaplved with cleaning sol-
vent or paint remover. Be aure oll drein holes below oll ringa are opan.

Check rings for aide clearance in grooves and end clearance, as measured in plage in
the liner. Side clearance should be .003" to 005" with new pistons awd rings and
end or gap clearance .005" per inch of bore diameter for the two top ringa. “For the
cther rings the gap clearance should be .003" per inch of bore diameter. e

REings should be discarded when the side elearance exceeds .008" and the end elear.
ance .00T" to .008" per inch of bore diameter. It is also a good policy to discard
any rings which have been stuck for any length of time as they are apt to be out of
round and may not hold compression. Always check new rings, measuring the side
clearance, in the groove in which the ring 1a to run, with feeler gauge, and the end
clearance with the ring in the liner at the smallest dlameter. HNever install rings
with lese clearance than that given above. As the oil rings wear the width of the'
flat increases, with consequent decrease in width of bevel and oil scraping ability. :
Experlence will determine permlssible wear without excesaive oill pumping.

CONNECTING ROD

The connecting rods are steel drop forgings, rifle drilled to carry oil to the pla-
ton pins. BShims between foot of rod and crankpin box provide adjustment to balance
compreasion pressures in the eylinders to the desired value. The distance "X" (see
Fig. K-1), between the top of the piston and the top of the liner should be in
accordasnce with the tebulstion below.

Engine Dimenaion Engline Dimension
Bore and Stroke L Bore and Stroke il

10 x 13 13,/16" 13 x 16[Turbe.} 1 3/ 320

0% x 13 ded 13/ 160 143 x 28 Loi16n

11% x 15 15/ 16" 15 x 19 aae!

1% x 16 1 1/32" 15 % 19(Turbo.) 1 9/32!"

same counterbore from which @
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When taking messuremsnt "X" the piston should be
at top dead center and the cylinder liner must be
= sacurely clamped down into the eylinder. The

\Qj X cylinder atud nuts muat also be tight when making

II

thiz adjustment. Conneeting rod shim odjustment
In accordance with the above tabulation should be
used for altitudes from sea-level to 15007 and
will then produce compresaion pressuresz of 300 ta
%10 pounds per square inch. If the engine 1a lo-
cated at higher altitudes than 1500 feet above
-aega-level dimenszion "X" shouwld be smaller then
the tabulated valuea. The Engineering Department
of Atlas Imperial Diesel Engine Co. will advisze
the proper adjustment if the engine serial number
and altitude is stated.

A bronze bushing for the piaton pin 1s preased in
the upper end of the red. If this bushing ia re-
plaged 1t must be reamed to allew a plston pin
clearance of .002" to .003" on 10" bore engines
FIG. K-1 and .0035" to .005" on engines with larger bora.
; Care must be taken to keep the reamed hole exactly
parallel with the foot of the rod. The o1l grooving in the bushing is'carefully de-
asigned for correct lubrlecatlon, and new bushings must be inserted in rod with the
relief grooves pn the horizental axis of the pin. A ball check valve at the bottom
of the rod prevents return of the column of oil in the rod. Examing
these valves at annual overhauls. The ball 1ift should not exceed 3/32",

5. CONRECTING ROD BEARTHGS ;

The crankpin boxes are steel castings with babbitt lining centrifugally cast and
accurately bored. Wo attempt should be made to rebabbitt these boxes in the fleld.
New boxes may be obtalned from A.I.D.E. Co. and a credit allowance will be made for
cld’ boxes returned. Bearing adjustment iz by means of shima between halves of beare
ing. Bearing c¢leaprsnces when adjusted should be .0008Y to 000G per inch of bear-
ing diametar. i

Clearances are best measured with a lead wire compressed between bearing and journal,
agz described in Bection F. Keep the shim thickneszs egual on the two sides. Inspect
the bearing aurfaces for even bearing. Areas which are not bearing on the shaft will
be discolored, and such beaprings as well as new ones should he carefully acraped to
secure even bearing over at least 3/4 of the entire area. End clearance 1s .007" to
-015" and should not be allowed to exceed .025"

i
The two crankpin box halves are held together by bolts so that the connecting rods
and connecting rod bolts can be removed without disturbing the bearings. On some
13" bore engines the lower base is shallow 8and at its lowest point the connecting
rod boxX passes close to the lubricating oill header. ' TIf the ecrankshaft in these en.
gines ia barred over with the crank pin bearinga looss on the shaft be sure to keep
the bearings in a vertical position as they approach and pass over bottom center as
they will not elear the lubrlcating oil header below the crankshaft if they ara
turned appreciably from the vertical. The hesder may be severely damaged 10 stouck
by the crankpin bearing boxea.

NOTE: 15" bore engines built "1941 or later ape equipped with looae bearing shells
{ k. im the. ¢rankpin boxea. Thede fhells are bronze backed and cepe should be taken that
y H* backs of shells and bores of boxed.ara ﬂbaa}htaly clean when ssaembling. The shella
\hﬁk project above the facea of the cra n box halves 003" to 005" but are squeezed
; down flush when the conndeting rod boltz—fire tightened up. :

‘B

CORNECTIRG ROD BOLTS

Tha connecting rod bolts, fitting in reamed holes, hold the two halves of the eranke
pin boxes together and to the foot of the rod. The nuts should be kept pulled up
tightly but not overstreased. They should not be sledged but should be pulled up b
hand with a pipe about four feet long on the wrench. It is good practice to keep a
record of the lengthgof connecting rod bolts, measured with a micrometer At snnual
overhauls and to discard bolts that show more than .010" increase in length. It iz
further racommended that all connecting rod bolts be replaced every two years, as-
suming the engine to have had continuous service during that time, say 8000 hours or
more. It 1s nearly always old bolts that have been in service for some time and
have been overstresaed by pulling up the nuts too tightly that fail. Replacing
bolts as suggested above 1s cheap insurance egainat the poaaibllity of wrecking an
engine through connecting rod bolt failure. Replace cotter Pinz carefully, always
using new cotter pins, - Be sure that they are a close fit in the hole and bend the

2.
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ends back tightly agalnst the sides of the nut. I this work 1s Zeft to inexperi-
enced mechanlcs 1t should be very carefully inspected at the completion of the job.
Alweys raplace rods, bearings and pistons in the eylinders from which they were ra-
moved. All parts are numbered.
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Section L-1

CAMSHAFT AND VALVE OFPERATING GEAR

CAMSHAFT

The camshaft is made of 2" ground ateel shafting. The keywaya in the shaft are in-
dexed for the firing seguence atamped on the engine nemeplate when the engine ia
running in the "Ahead" direction of rotaticon. Number 1 eylinder ls located at the
forward end of tha engine. The high pressure fuel pump crankshaft 1s part of the
camshaft sasembly and ia bolted to a coupling flange which haa been ahrunk on and
keyed to the aft. or pump end of the camshaft.

CAMSHAFT BEARINGS

The camsheft bearings are accurately machined cast iron blocks with preased in
bronze bushings. Bearing bore in bushing i3 reamed to 2.005" - 2.006" dlameter
vhich 8llowa a running clearance of .005" to .00F". If replaced the bushings must
he resmed and oll and mounting holes drilled through after presaing in. A groove
must he chipped te communlcete with the o1l hole 1f it does not interasct the groove
in the bushing. The bearing blocks are held in machined seats ecut in the webs of
the ecenterframe and are sscured by capacrews.

The camshaft thrust is carried by the two bespings adjacent to the fuel pump crank-
ahaft. Thess two bearings differ from the other beardings in that the bushings have
thruat faces., The face of the forwvard bearing contacts the forward face of the
coupling shrunk on the end of the ecamshaft and the face of the after bearlng engages
the web on the after end of the fuel pump crankshaft. The two besrings are adjusted
im a fore and aft direction to permit a camshaft end play of .015" to .020". All
the hearings exeapt the two thrust besarings and the bearing at the extreme forward
end depend upon apray from the connecting reds and meln bearinga for lubrlcatlon.
Cateh basina in the top of the bearings collect the oil. The two thruat bearings
and the forward bearing are supplled with oil from the force feed lubricating odl
system,

CAMS

The cams are aceurately ground to shape after being case hardened. The fuel valve
cam consists of a case hardensd steel dise in which & cese hardened ateel toe la in-
serted. This tos controls the action of the spray valve, the disc serving sa s bese
eirele. The cams are & 5llding or light tep fit on the camshaft and are held in po-
sition by taper keys driven securely into place after the cams have been located to
1ine up with the lateh rollers properly. The ahead inlet and exhaust cams aerve as
huba to which the astern inlet and exheust cams, the shesd and sstern alr atarting
cams and the fuel cam disc are bolted. This cam sequence or arrangement may not
apply to the 13 x 16 Turbo-charged ¢ngines, especially late model engines which use
two lopse cama for sither inlet or exhaust. For correct cam sequence see the parta
catalog plate facing the Camshaft Group. Elongated holes in the fuel cam dlac ellow
angular adjustment with respect to the hub, permitting exact settling for timing.

CAMBHAFT REMOVAL

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

) Remove the englne control parts, the latech shaft Interlock (on lever controlled
enginea), and the pllot valves from the top of the lateh box.

Remove the latch box.
E Remove the latech shaft and latehes.
Remove all push-rods.
Pull the 1ifters upward avay from the cams and secure them in thlas ralsed poal-
tion with a hose clamp or some other aultable device.

; Remove the rotary pump housing togsther with the three pumpa.

Disconnect the fuel lines from the high pressure fuel pump and remove the pump
housing assembly.

) Remove the bearing caps of the high pressure fuel pump connecting rods and re-
move the crosshead plugs, oll guards, sleeves and guldes.

i Take out the cam bearing retalning capscrews.

L =
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Loosen the cylinder nuts on the camsheft slde of the engins.

Bemove the camshaft. Sledge each bearing block out of 1ts seat a 1ittle at a
time using a timber inserted through the openings on the exhaust manifold side.
Tha end of the timber should be placed ageainst the camshaft as close to the
beapring as posaible. When the camshalt has been partlally removed 1t will ba
posaible to withdraw the comnecting rods and crossheads af the fuel pump down-
ward.

—— .
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5. CAMBHAFT DISASSEMBLY

After the camshaft has been removed from the engine it should be disasasembled ms
followa. The bilge pump crank 1a removed elther by & sultable puller or by driving
with & babbitt hammer. Then, after removing the first cam bearing the clamping
bolts of the camshaft gear hub are loosensd and the whole aasembly alid off, Bear-
ingas and cama are then removed Buccessively from the forward end af the camshaflt.

R 1AND HT ENG 0 EFT HAH R ST IHE ITH 108,
102" AND 11457 BORE, the cams are loosened by driving the keys forward with & drift,
FOR L HAND OR STAR ENGINES WITH 13" HE ONL the camz are locsensd by

driving the keys aft with a drift. . The cams should slide on the shaflt freely after
the keys have been removed, but if 1t should be necessary to drive them aff, only a
babbltt hammer or brass drift should be used. Any burrs, particulsrly at keyuaya,
must be dresaed down with a file. If this precaution is not taken the cams may
aelze as they sre removed end forcing the cams the remainder of the distance will
acore the sheft.

6. CAMSHAFT ASSEMBLY & INSTALLATION

When the camshaft ia being reassembled the same precautions with regard to burrs
apply. Coating the bores of the cams with white lead will aid materially in aliding
the cams into place without scratching the shaft. The bores of either new or old
cams should be inspected carefully for any defecta likely to scratch the sheft.
Beardinga and cams are instelled succesalvely from the forward end but are not keyad
to the shaft until later. The hub and cam Bear are asaembled on the shaft anpd
clamped tightly. The camshaft gear should be located with i1ta forwerd foce a dis-
tance from the end of the shaft according to the following table:

10", 104" and 13" bore engines - - - @
11%" bore enginea - - - B4

The asaembled camshaft is then installed in the engine. After atarting each cam
bearing in its seat the bearings are driven into place a 1ittle at a time with a
heavy brass bar. Each bearing should be driven a 1ittle and then left until gl11
the others have been knocked in the same amount so that the camshaft will not be
bent. The cam bearings will seat mope eagily 1f the cylinder nuta are loose.

The connecting rods and crossheads of the high pressure fuel pump must be assesbhled
a8 the camshaft i1s being driven into place. The crossheads should be inseptad in
the holes in the centerframe before the camshaft has been driven in any appreclable
distance. When the camshaft has been partially installed it will be posaible to
Place the connecting rods on thelp respective ecranks. After this laat atep the
connecting rods and croassheads need no further attention aas the cam bearings are
baing seated.

After the cam bearings have been securaly bolted, the lateh shaft and latches should
be installed. The cams are then ready for keylng. Starting with Number 6 (flywheel
end) cylinder place each set of cams directly under the proper lateh rolleva and

secure the cams to the shaft by inserting the taper keys. F RIOQH ND
i 5 AL OR LEFT HAND OR STARBOARD ENGINES WITH 10 " and 1147 BORE
drive each key tovard the after end of the engine {lerge end of key should be for-

ward). R LEPT HAND OR ST ARD ENGINES WITH 13" BORE ONLY, drive sach key
towards the forward end of the engine large end of’ key should be aft). Complete
this procedure with each set of cams before golng to the next one and work forward
from the after end of the engine.

The engine should next be timed, in accordance with the detalled instructions in
Paragpapha 1k to 17 after which the latch box and contrel parts may be reasssmblsd
on engine. For Fuel Spray Valve timing see Section 0.

T. VAIVE LIFTERS

The steel valve lifters work in caat iron guides bolted to the top of the center.
frame and carry case hardensd rollers on atesl pins on their lower enda. (The air
starting lifter does not have a roller.) Clearance between lifters and guides ia
-0015% to .0025", between rollers and pins is .00L" to 002", and the pina are
riveted into the 1i1fter forka, with the ends fluah, #o that they may enter the gulide
‘boras. A hole in the lower end of the starting air lifter engages a pin carried in
bosaes on top of the lateh, which serves to 147t the lateh clear of the cams when
the englne is running.

. PUSH-RODS

The engine may be equipped with either of two ty¥pes of push-rods. One style cohnects
to the valve rockers with forks which are screved on to the end of the push-rod and
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Section L-1

asecurad by & loeknut. The forks are connected to the rockers with stesl pins which
are held in place by & ball check preased into the rocker. Thia ball check engages
in a ecircumferential groove around the center of the pin, and may be removed by tap-
ping with & hammer and drift. The plns are ritted with & clearance in the rocker of
000" te .0025", and a clearance of .0005" to L002T7" in the forka. Holes located
near the top of the push-rod provide a meanz for turning the rod when making ad juat-
mentsa.

The other style of push-rod engeges the rocker by meansa of & ball and asocket, the
socket being in the end of the push-rod. The ball acrewa into & tapped hole in tha
rocker and provides the means for adjusting the clearance between the rocker and
valve., The ball atuds are retained by a capacrew e¢lamping the threada. These clamp
screws should be kept tight so that there is no chance of the ball stud working

loose and changing the clearance between rocker and valve, and slso to prevent strip-
ping of the thread due to the contlnued hemmering action of the push-roda.

The ateel pina which link the forks to the rockers have - .0005" to - .0027" clear-
ance in the forks and 000" to .0025" clearance in the rocker énda. The pina are
retalned by ball checks which are pressed into the rocker enda and which engage cir-
eumferential grooves at the centera of the pina. 'The pinz may be removed by tapplng
with & hammer and drift.

VALVE ROCKERS

The rockers for the inlet, exhaust and atarting elr valvea are fulcrumaed on a shaft
which is supported by bearings at each end. The bearinga ara mounted on studa
scrawed into the cylinder heads and are held between nuts on the studs. By screwing
the nuts up or doun the rocker shaft can be ralsed or lowered.

The three rockers are bronze bushed at thelr fulcrums and the bushings are reamed
for 001" to .00%" clearance with the rocker ahaft after pressing in. The caae
hardened rollers at the valve end of the exhaust and inlet rockers work directly on
the valve stems and turn on steel pins riveted in the rocker forka. The clearance
of the rollers on the pins 1s .0005" to .0015".

The fuel wvalve rocker iz nok carpied on the ahaft with the other three rockera. A
support lecated on the manlfold side of the eylinder head ascts a8 & fulerumn. - The
stesl fulerum pin, retained by cotter pins at esch end. has a elearance of 000" to
.001T" in both places. :

VALVE TIMING

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

Non
TuEbochargﬁd rbochetged
starting Alr Valve Opens - - - - - £ B.P.C, = - - - = BT K
[ L 1 Glomes- - - - — 4E% B.B.C. = = - - - 500 - ER K
Inlet Valve Opens- - - - = - - - - 102 B.T.C. - - - - - - B K
= " Closes - - - - = = 353 A.B.C. - - - - - ALK
Exhaust Valve Opens- - - - - - = = R BB, o= == ‘-HE.'Pn{-%
n H o Ploges - = = — - =.= BO A M . = = - - il o
Fuel Spray Valve Opens - - - = = - sec engine name plate
5 e H plomeS- - - = = - gge englne name plate

SPOTTING THE PISTON

Bafore proceeding with the discusaion on valve timing the following instructlons re-
garding the serrect method of spotting a platen should be conasidered. Whenever a
platen is to be spotted for valve setting 1t should be brought into poaltion by
turning the engine in the direction of ahead rotation in order to take up all gear
beck-lash, If the engine 1=z turned pest the desired position, 1t should be turned
well back in the opposite direction, and then again breught up to the reguired polint.

FLYWHEEL MARKINGS

NOTE: The following dats applies to Non-Turbe-gharged engines and ls intended for &
general descriptlon of the-markings anly. For actual figures for valve timing see

paragraph 10 above.

The 1% % 16 Turbo-charged engine flywheel is marked aimllarly except the degrecea are

marked completely arcund the full circumference due to the earlier opening and later

closing of the valves. The description following may be applied to the turbo-charged
engines providing the figures given paragraph 10 above are substituted.
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The position of the piston may be determined from the flywheel polnter and the mark-
ings stamped on the flywheel rim. Top center of each platon 1s marked and atamped
with the corresponding piston numbers, and degrae
marks are stamped for 25% on each side of top cen-
ter. These markings are sufficient for all valve
timings. The intake valves normally open 10°

BT, C% éﬂcfnr& Top Center) and the exhaust valves
elese 5° A.T.C. {After Top Center) and thess
polnts can of course be determined directly from
the degree markings adjecent to the top center
marking of the corresponding eylinder.

The intake valves normally close 35° A.B.C. and
the sxhaust valves open 35° B.B.C. Referring to
Flg. L-1, these points may be obtained on the Ily-
wheel as follows. Sinee the crankahaft has thres
throws 120° apart the top centera of the three
palra of cylindera will be 120" apart. Bottom
center of any palr of cylinders 1s 180% from top
center. Therefore the bottom center of any pair
of eylinders is E0° from the top centers of the
other two pairs. As previously stated, each top
center 13 marked for 25° in either direction.

FIG. L-1 Subtracting this 25° from. the above 60% leavas

359, Hence each 25° A.T.C. point 1s mlsg the 35°

B.B.C. point for the preceding pair of eylindera and similarly each 259 B,T7.C. point
is also the 35° A.B.C. point for the follewing peir of eylinders.

- POINTER LOCATION

The loeation of the flywheel polnter should be checked occaslionally by "splitting
the centgr". With one of the cylinder heads removed crank the engine to a point
about 20% off top center. Measure the exact distance f'rom the top of the liner down
to the platon and observe the pointer reading on the flywheel. Then set the piston
to the same distance below the top of the liner on the otherp slde of top center and
cbserve the flywheel pointer reading. I thae readinga do not agree adjust the .
reinter to give equal readings on ¢ach aide. These readinga should preferahly be
taken with an indicator and in each cdse the plston should be cranked upward into
poaltion.

CAMEHART TIMING

in order to time the engine it is necessary to determine the corpect relation be-
twaen the crankshaft and camshaft, which ia dons by posltioning the camshaft gean
on its hub, and then to adjust the push rods to open and close the valves at the
correct pointa. Unlesa the crankshaflt gear, camshaft gear or camshaft gear hub have
been replaced, the camshaflt can be correctly timed after overhauling as follows.
Before breaking the gear train spot No. 1 piaton exactly on firdng top center. With
e steel seale bearing firmly against the machined side of the centerframe ascribe a
line aerosa the sida of the camshaft gzar parallel to the centerframe face. When
re-assembling mesh the gears with the cranksheft and coemshaft in the game relative
positions, that is, with Wo. 1 piston on firing top center and the line ¢n the cam-
shaft gear in line with the centerframe Tace,

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

{a) Spot No. 1 piaton 23° B.T.C. (13 x 16 Turbocharged 73° B.T.C.) in the AHEAD
direction.

(b) 8et the camshaft gear relative to its hub so that clamping bolts are
approximately in the center of the slots. Orient camshaft gear so that
cld dowel holes will not interfere with redowelling.

[c} Turn the lateh shaft te the AHEAD position (datches out].

d} Turn the camshaft (with intermediate gear out of mesh) ao that the in-
let and exhaust lifters of No. 1 cylinder are each ralsed an equal dis-
tance. (NOTE: The piaton was set at 2i° B.7.C. (or 74° ) as this is
the mean position between the opening of the inlet valve, and the ¢losling
of the exhauat valve, and at this position both valves should be ‘open an
equal distance.) -

{e) Holding erankshaft and camshalt in above positions and sllowing the cam-
shaft gear to slip on 1ts hub asa raquired, mesh the intermediate gear
and tighten the eclamp bolts between the camshaft geap and hub., After
all valves have been timed and checked, drill 31/64" holes through gear
in 1ine with dowel holes 4in hub and ream to .457" - .N9B" for dowels.
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After determining the correct relation between the camshaft and erankshaft the push
roda. must be adjusted as followa: (Sse Bection O for timing of fuel spray walve.)

IHLET & EXHAUST VALVE TIMING

(a) Non-Turbo-charged engines: :
1. 8pot plston at 10¥ B.T.C. at the end of the exhaust stroke.
2. Adjuat inlet push-rod se that valve l1a just opening.
3. Spot piston at 5° A.T.C. on the suction stroke.
. Adjust exhaust push-rod so that valve is just closing.
(b} 13 x 16 Turbo-charged engines only:
1. Spot plstom at BOB.T.C. near end of exhaust atroke.
2. Adjuat iplet push- go that the valve ia just opening.
,x’?ﬁ- pot pleton at 65°% A _auction-stroke.
. Adjust exhaust push-rod sc that valve is just closing.

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

I:c:l Check clearances hetween velve stems and rocker rollers. The cama are da-
gigned for 1/%2" slearance with the valves aet aa Above and with the en-
gine cold, but this will vary somewhat dus to manufacturing tolerances.
When making the adjustments alm at the opening snd clozing pointas but keep
the clearances between 020" and 040", varying the opening and closing
pointa slightly if necessary. Excessive clearances mean a nolsy engine
and increased wear on parts. Insufficient clearances prevent valves from
ssating properly, with consequent blowby and deatruction of valves and
agats.

{d} Check and record clesing point of inlet Ual‘:‘s and opening point of exhaust
valve. These points should fall wilithin 57 of the positlen given 1n the
timing table.

. (e) Shift lateh shaft te ASTERN and check cpening and elesing polnta of inlet and
aexhaust valves when running ASTERN. . Diacrepancies rom the AHEAD timlng
up to 5° may occur dus to manufscturing tolerances, but no attempt should
be maede to correct this conditlon, as any chengea in the push-rod adjust-
menta will upset the AHEAD timing.

() Adjust and record valve timing for the other cylindera aa above.

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

{a) Insert steel block 5/LE" thick between the alr starting rocker and the tep ol
the piston in the pneumatic tappet in the starting alr valve.

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

¢) Shift lateh shaft to ASTERN and apot piaton at 5° B.T.C. ASTERN.

d) Adjust astern air atarting cam relative to lts hub so that starting air valve
ia just opening and clamp cam to hub. Check closing polint.

(e} Adjuat and record starting alr valves for the other eylinders as above.

17. STARTING ATR VALVE TIMING - ENGINES WITH 111" OR SMALLER BORE

(a) Bar the valve rocker shaft by hand to its starting position (up against the
atop in the air cylinder).

(b) Spot piston at 5% B.T.C. at the end of the compreasion atroke (in the AHEAD
direction and with latch shaft AHEAD) and adjust the pushrod so that the valve
i1s just opening. Check the closing point, which should fall within 5% of the

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

{¢) Shift latch shaft to ASTERN and spot piston at 5° B.T.C. ASTERN.

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

{e) Adjust and record starting air valves for the other cylindera as above.

18. CAMSHAFPT DRIVE GEARING - ENGINES WITH 13" BORE

The camshaft is dAriven from a8 gear on the crankshaft by means of an intermoediate
gear. The helical crankshaft gear is shrunk on the crankshaft between the twe lfor-
ward main bearings. If replaced the new gear should be heated to appreximately 6O
F. and alipped over the shaft agsinst s temporary apacer to locate the inner face of
the gear B-1/4" from the machined face of the first crank web. Do not overheat the
gear, as this will damage the steel structure, and once it is started onto the shaft
move it immedistely to the final position, as it will be impossible to move it far-
ther once it begina to cool and selze the shaft. TIf this should happen 1t would be
neceasary to destroy the gesr in order to remove 1t. :

5.
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The intermediate gear has replaceable bronze bushings and rotates on A case hepd-
ened steel shalft. The intermedliate gear bracket or bearing in which the gear and
shaft are mounted is bolted and doweled to the top of the centarframe. Shima be-
twaen the bearing and the centerframe and movement of the beapl transversely per-
mit backlazh adjustiment of the gears, which should be set at .00&8" to .00B". If thae
bushings in the intermediate gear are replaced they should be reamed to 2.937" to
2.938" diameter and faced to 3.002" to 2.998" in thickness after belng pressed into
the gear. The clearance between the gear bushings and the shaft should then be
-002% to .00%" and the total lateral clearance .005" to .012". Lubricating oil
under pressure is aupplied to the intermediate gear bearing from the header in the
base. =

The ecamshaft gear is bolted and doweled to & hub which 18 keved and clamped to the
forward end of the camshaft. It should be located fore and aft in line with the in-
termedliate gear.

CAMSHAFT DRIVE GEARING - ENGINES WITH 114" BORE

The camshaft is driven from & gear oh the crankshaft by means of a compound inter-

medlate gear. The helical crankshaft gear is shrunk on the crankshaft in front of

the last forward main bearing. It should be located 1/4" from the machined face of
last crank web. Do not overheat the gear, as this will damage the steel structure,
and cnce it i1a started onto the shaft move it immediately to the final position, as
it will be impossible to move further onee 1t begina to cool and selze the shaft.

The intermediate gear has replaceable bronze bushings and rofates on a case hapd-
ened atesl shaft. The intermediate gear bracket or bearing in which the shaft is
mounted l1s bolted and doweled to the end face of the centerframe. BShims between the
gear bracket and the end maln bearing cep permit alignment of the gear and adjust-
ment of backlash which should be set at 006" to 008", If the bushings in the in-
termedlate gear are replaced they should be reamed to 2.999 - 3,000 diameter and
faced to 5.502 - 5.498 thickness after being pressed into the gear. Lubricating oll
under pressure is supplled to the Intermediate gear bracket from the lubricating oll
presaure aystem,

The camshaft gear 1s bolted and doeweled to & hub which lIa keyed and clapped to the
Torward end of the camshaft. It should be located fore and aft in line with the
intarmediate gear.

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

Faragraph 19 applies with the following exceptions. The intermediate gear bracket
or bearing in which the shaft 1s mounted is bolted and doweled to the forward end
centerframe cover. II' gears are replaced backlash should be adjusted to 006" to
008", If bushings in the intermediate gear are replaced they should be resmed to
2.249" . 2.250" diameter and faced to 4 63/64" after being pressed into the gaar.
The crankshaft gear is in this case located agsinat the machined face of the forward
crank.
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FUEL SUPFLY S¥STEM

The complete Tuel asystem may be conveniently divided into two parts, the fuel
asupply avatem and the fuel injectlon syatem. The fuel supply ayatem is made
up of the fuel transfer pump, the fuel day tank and the fuel filter, whille the
fuel injection ayatem includes the high pressure fuel pump, the fuel rall, the
accumulator, the fuel pressure regulating valve, the fuel spray valves, and the
neceasary connecting tubling.

IMPORTANCE OF CLEANLINE3S IN FUEL HANDLING

The high pressure fuel pumps and fusl spray valves have been referrad to as the
heart of the Diesel engine and the proper functlonling of these parta ls necessary
for the sugcessful operation of the engine. These pumps depend upon lapped plun-
gers vorking in eylinders with clearances measured in hundred thousandths of an
inch and 1t is wital that the fuel entering these parts be kept free of any grit
or foreign matter. The engine iz agquipped with filtera for this purpose but 1t ia
also necessary for the operatora to use every possible care in getting elean fuel
oil and in keeping it ¢lean until 1t ia delivered to the engine. Puel tanks and
piping should be thoroughly cleaned when installed and should be kept covered et
all times.

The fuel filter should be perlodleally cleened and serviced according to the da-
tall instructions glven in paragraph #3. The best fllters obtainable will he
uselesa 1 dirt 1z introduced into the fuel after it has passed through them, and
it 1= therefore of great importence that every effort be made to protect the fuel
pipes after the filter during repelrs end overhauls. Cleanliness in handling
fuel, piping and injection egquipment i1a of wvital importance and will pay good
dividenda in trouble-free cperaticon. Meny timea mysterlous and expensive pump and
fuel apray valve troubles have been traced to careless handling of fuel and care-
lessness in storing and installing spare parta.

FUEL TRANSFER FUMF

The fuel tranafer pump, whish 1a located in the rotary pump housing on the after
end of the centerframe,
delivers a continuous
supply of Tuel to the
engine from the main
storage tank. It 1ls'a
rotary type gear pump,
identical in constructlon
([but smaller in size)
with the lubrieating oil
pumpa described in Seec-
tion 5. The descrlptlion
will not be repeated hera,
nor the instructiona re-
garding directlion of rota-
tion, which apply equally
vell to the trapafer pump.
[0n direct reversible
merine engines the rotary
gear type fuel tranaler
pump iz reversible. Con-
saguaently fuel iz deliv-
erad from the szame port
irreapective of direction
of rotation.) The fuel
transfer pump drive 13
shown on Fig. H=1. Trans-
fer pump (6) 1= mounted in
adapter (5) which is bolt-
ed and doweled to housing
(11). If the adapter is
replaced 1t must be posl-
ticned for 004" to .QOS"
gear backlash before :
doweling. A cylindricel
fit between pump and -
adapter permits replace-
FIG. N-1 ment of the pump wlthout

disturbing the drive

gear aetting. The pump

shaft and rotor ls
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carried in three bronze bushings one in the adapter end tue in bearing (15) which
i1s bolted to the adapter. If replaced these bushings must be line reamed to .E2501.
.6255" dia. after pressing in and with the beapring bolted to the adapter.

The bushing in the adapter ifs lubricated by fuel oil from the pump, and the two in
Lhe bearing by lubrieating oll, fed through drilled holes in the castinga from A
lubricating oil line connecting into the adapter. 01l seals (7) and (10) prevent
contamination of the lubricating oll by the fuel oil and 4if replaced must be in-
stalled aa shown, bthat 1s with the leather ends together and flush with the enda
of the borez. Some engine medels are equipped with one rotary type seal instead
of the two seals shown in Fig. H-1. This type of zeal rotatea with the pump sghaft
and seals againat the specially prepared facea of the adgacem bushings. Fuel
leakage past the seal is drained off through connection {9), which should be piped
back to the fuel tank. Under no clirecumstances shoul his openi be plusgad, or
the fuel will drain into the Jubrdcsting oll in the crankcese. Drlve gear (1

is secured to the shaft with a Woodruff key and setacrew, which should be securely
wired, aa should sll the intermal bolts in the asaenbly. ; i

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

The fuel oil filter is a metal edge type filter, similar to the lubricating oil
filter deseribed in Section 3 and the detalled deacription will not be repeated
here. There are two elements in series, with .002" and .0OQ3" spacing. The dirt
may be scraped off the elements by turning the cleaning handlez on the top, and
this should preferably be done whe: s engins is not running ao that the dirt can
aetile freely to the bottom of the surp tanks although there 1s no objection to
eleaning with the engine running. The sumpa should be drained before the dirt
buildz up te the level of the elements.

Alfter draining refill the fllter through the priming plug in the top, and leave
the vent cocks =zlightly open when starting the engineg to ellow the trapped sir to
bleed out. The filter elements may be replaced 2y removing the handles and sump
tanks and unscrewing the elements from the heed.  CAUTION: Element is attached
to head with left hand thread. Assemble with .003" element on the inlet aide.

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

Thia filter (if engine is so eguipped) is similar to the series type described
above, except that the elements have .0015" spacing, and the Tilter is provided with
a switeh-over valve which allows either elemsnt to be cut out for eleaning while the
engine is running. Fopr care and operation of this filter follow imatructions glven
above for the aepries typa.

FUEL DAY TANK The fuel oll day tank should pra-

VERT Terably be inatalled as shown in
FI Fig. H-2. This hookup shows the
fuel filter on the engine connec- -

; $ H E | Eeee eves 13- HEHIHW ted between the day tank and the
W -

= . high pressure fuel pump. This is
BLAS quite desirable, as the fllter —
then protesta the engine against
SHELER uontﬂminatifn of the fuel in the
FULL DAY REMOVE MAYENY oy tank, However, it reguires
ThRR e s et ML 8 gravity head of at least six
D T Teet to foree the fuel through
the filter, and if the space 1im- -
itations of the engine room will
not permit loecating the day tank
to give this head, 1t will then
be necessary to connect the filt-
¢r between the purp and the day
tank, that is, in the position of
the optional filter shown in Fig.
H-2. In elther casze s vent plpe
2 s muat Lie carried up from the top
= of the high preasure fuel pump to
FILLER PiRE a-point atileast one oot above
: L : the level of the day tank over-
T flow connectlon. Remove the re-
a i HBAN FULL TAWE stricted orifice fitting in the

FLiF AL A

e

= il
|

TR L
PURAF BH EHGER

B TN

i . top of the pump cover, and con-

= aect the pipe direetly to the
Bucruek zover, using 376" or 1/2" I.P.5.
(Iron Pipe Size) pipe or 1/2" to

PIG. N-2 5/8" 0.D. copper tubing. The end
of the pipe must be protected to prevent the entrance of dirt and molature .,

2.
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The sugtion pipe from the pump to the storage tank and the day tank ovarflow plpe
should be 1/2" or meemblil.r 3/4" 1.P.5. and the pressure pipe from the pump to the
engine should be 1/2" or 3/4" I.P.8. For long pipes uae the larger of the alzes
given.

While the installation with fuel day tank as shown in Fig. N-2 13 recomménded and
the tenk is furnished with the engine it is not abaglutely necessary. If desired
the tank may be omitted and the hookup made according to Fig. N-3. The advantage of
the dey tank is that fuel is slways availeble under a gravity head for atarting the
engine and in caae of failure or loss of prime of the transfer pump the engine will
run for some time on the fuel in the deay tenk. If a day tank iz not used the engins
will stop almost immediately uwpon failure of the tranafer pump.

—_—
If the hookup without the day tank i1z used, as shown in Fig. H-3 the wvent connectlon
in the top of the high presaure fuel pump must be pipe ack the mein storage
tenk a8 shown, and 1n this case the throttling ocrifice in the & of the pump should
not be removed, but the fuel return pipe should be connected intd, this orifice.
This return line provides for a continuous flow of fuel through thy teop of the high
pressure pump and insures the removal of any air trapped in the fu The restrict-
ed opening in the air vent orli-
fice 1a proportioned to glve
the desired prejzaure in the
high pressura mp suctlion
chamber. If thHe maln fuel ten
ia sbove the epgine room lavel,
the return pipg should a2plll
over into the top of the tank,
and the pump suction should be
taken {rom 2che distance above
the bottom of the tank to pre
vent suckling sludge and the
water into the englne. The
line should be 38"

AR WEHT
ORIFICE

OH EHGIRE

PRIAARY FUEL

FILTER I.FP.5. or 1/2" 0.D. copper t‘ilb-
@r1|!nn1— HOT LETURH P]PE igg,lgha hol fﬁ“sﬁcﬁlgn p%pe ;
FURHISHED BY AJDEC ILES. OR 3 00 shou & (P2 pipe, dn

: u} COPPER TUBIHE the pressure pipe 1/2" I.P.3.
or largar.

FUEL TRAHSFER While not abseolutely necesasary,
PUHP OH ENGIHE t 1z suggedated thet a primar
i 4 filter (not)supplied by A.I.D.E.
2 TvenT Co.) be employed in addition &
a e 3 the filter on\the engine. This|
7 z will collect the larger parti-
o ' T FILLER FIPE cles of dirt, and~uill thus ma- |
o L terially increase thé neceasary |
S
L-r.-r-.‘H"-.)]'\.._-'

cleaning interval of the engline |
MAIHIFUEL ThHR filter. If used in connectlion |
with a day tank 1t should pre- !
ferably be connected belore the |
tank as shown in Fig. N-2 thus
SUCTION / I;-q.. BRALH keeping the fuel in the tank
¢lean, If a day tank is not J/
FIG. H-3 used it should be connected 1in
the pump suction, &s shown in Fig. N.3. In elther case, but particularly in th&,;’
latter, it should be of ample capaclty and of duplex construection, with built-in
awiteh valve for eutting either unit out of service for cleaning. A Purclator fil-
ter, Type DL13JT with .003" spacing ia recommended.

|
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Section 0O-1
FUEL INJECTION 3YSTEM

1. HIGH PRESSURE FUEL FUMP

The high pressure fuel pump is lecated on top of the centerframe between the fly-

wheel and Number 6 cylinder on the operating aide of the engine. The pump conalsta

' of two plungers actunted by eroasheads and connecting reods from & crankshaft which
i3z bolted to the after end of the camshaft. -A small hand operated plunger is also

i built into the pump and 1a waed for priming the fuel asyatem and for bullding up fuel

— presaure when the spray valves are belng timed or tested. -

| Referring to Flg. 0-1 cast-iron guldes (30}, located in heles in the centerframe and
— gecured by cApacrewa, cArry crossheads (29), which are actusted by the crankshaflt
and connecting roda flﬁ}. The bronze connecting rods have o clearance of .0005"

to .0025" on thelr crankpins and & silde play of .005" to .008". Roller bearings

in the upper end of the connecting rods conatitute the wrist pin bearings, and the
pina have .0005" to .0015" clearance in the erossheads. Each crosshesd hes a re-
placesble bronfée aleave %EB}, held in place b shoulder on the lower end of the
erosshead and by the oll guard (27) and plug {9%] gt the upper end. The clearance
between this sleeve and the croashead gulde 1z 002" to 004" and 1f 1t becomes
excesaive new sleevea ashould be installed. Lubricatlon is by apray from the cranks.

-

Ol1-Ed 3(10)

-

Pump housing (15) supports mounting plate (20) and carries handle (10) and shaft of
the priming pump. Mounting plate ?ﬁﬂ) which 13 bolted to the top of the housing
carries the individual pump bodies (21) on ita lower feca. The pump bodies contaln

nll the easentlal parta of the pump, namely, barrel (2%) and plunger (23) suction
valves (19), discharge valves {g}, and the priming pump plunger assembly (12) and (11}.

S Y 2 17} (8 (9 The suctlon and discharge valve

B assemblies extend upwvard through
T, helea in the mounting plate and
' . () =& suction chamber (17) is formed
* by the mounting plate and ita
cover (18).° A reservolr of fuel
@B. under low pressure lsa consequent-
1y lecated Immadlately above the
suction valves.

CFAL

&

Pl er and barrel asaemblies {33}
and [24) of the main pumpa are in-
'-E' atalled in seats in the bottom of
pump bodies [21). Retaining nuts
hold the barrela in place and cop-
per gasketa between the barrels
and aeats form the seala. Springs,
_,-~4E& retained at the lower ands of the
11 plungers by speclal washers, lorce
the plungers downward on the suc-
tion atrokes. The plungers and
jxff"egg barrels are lapped together in
matched pairs and are not inter-
changeable. Always use care to pre-
|53 vent mixing tham. If alther plece
becomea scored or damaged both must
———P’GE} be raplaced. Always wash parta
thoroughly in ¢lean aolvent or fuel
——423 o0ll and lubricate with clean engine
oll belfore replacing. :

A R T

LooIG

M1
1

5

—

{_

When diamantling the pump, mounting .-

ot plate (20) together with the pump |
—— I bedies afnd plunger barrel assem- i
=1 bliea ahould be removed from the

I

1

3

heusing as a4 unit. Hold the
plungers in place as the unit 1s
lifted, as they will drop out when
i free of the croasheada.
|

-

Suction valves (19) are located in
3] FIG. 0-1 i pockets 1n the top of the pump
P bodles inmedlately above the
?,," R plungera. They are mounted in
T cages which form the guides and
, 25 00 seats, and are held closed by




Seclion O-1

[

aprings, which are retailned by nuts on the valve stems. The cage assemblies dra
held in place by retaining plugs screwed into the pump bodiea, and are sealed to
the bodies by copper gasketa., The valve 11ft ig determined by the elearance bhe-
tween the top of the cage and bottom of the spring retaining nut, and should be aat
at 1/16". The valves may be removed by unserewing the retalning plugs, alfter ripat
removing top cover (18}, o

DMscharge valves (B) are mounted in cages [9) which are zcrewed into the topa of the
pump bodiea. Spherlcal seats make bight joints between eage & body without Eusketa,
Flutes on the valve stems work in hardened steel inserts (7) pressed inte the coges,
The valve 1ift 1s 1imited by retaining plugs which acrewv into the topa of the cages
and secure diacharge tees (5). The 1irt should be 3/32", Spheriecal surfaces hetween

the tees and the cages and pluga form tight jolnts without gaskets. Bleeder valves [4)

Lo the tops of the retaining plugs permit venting entrained alr from the fuel.  The
above conatruction 1a identical For both pumpa, two of the tee outleta belng con-
nected together, and the other two leading to the fuel rail and te the nceumulator
and regulating valwve,

Leakage of the suction ar discharge valves can uaually be atapped by lapping lightly
with very fine grinding compound, but 1f this L= not gJuccesaful new valve and cage
asaemblies should be instelled. If the lower end af the reatalning plug above dia.
charge valve (8) shows aigns of heavy hammering this is usually due to discharge
valve seat (7) being loose in the cage. The cage and seat must then be preplaced.
Hemmering may also be due to insufficient dlscharge valve 140t which should never
be leas than 1/16". ¢ <, [

Friming pump assembly (12) and (13) 4as thresded into the bottom of the forward pmxﬁf
body directly below the diacharge valve. The barrel ia screwed into the pusp body
agalnat & copper gasket and has a packing rut at 1ts lower end. The upper. end of
the plunger (11) has a wvalve head vhich engages a seat in the barrel preventing
leakage when the priming pump 1a not in uas, If the pump lesks while the engine 1s
running the valve should be lapped in. If the unit ledaks while the fucl ayatem 1a
belng primed the packing should be either tightened or replaced. Service work on
thls pump will be greatly facilitated if the mounting plate (20) is unbolted and

the whole fuel pump asaembly 1s removed from the housing.

Fuel leakage from the main pumps and the priming pump collects on top of the center-
Trame inslde the pump housing, and is drained off through a hole in the end of the
centerframe. The high pressure fuel pump has been designed to glve long trouble-
free performance provided that 1t iz given reascnable care. Water, dirt and other
impurities in the fuel will materially shorten the 1ife of the plungera and barrels,
The normal working pressure is 4000 to 4500 1bs. per square inch but the pump is
capable of building up pressures far in excess of this flgure. Carelessness in the
care of the pressure regulating valve, may cause 1t to become Ineffective, and the
resulting high preasure may injure the pump and alsc damage other parts of the in-
Jection aystem.

PUEL RAIL

The fuel rail i1s located on the operating side of the engine level with the tops of
the cylinder heads. One end of the rail is connected dirsetly to the high pressure
fuel pump and the other end 4z connected to the accumulater, pressure relief wvalve,
pressure gauge and back to the high presasure fuel pump. A tee i3 provided in the
pressure gauge line for the pllot house geuge connectlion.

Isolating valves are built into the fuel rail at the outlets to the spray valves
and an additional valve is provided far the purpose of testing the apray valves,

The fuel rail copnsists of a length of seamlesa steel tubing inserted in and brazed
to the bodles aof the isclating valves. The laclating valve stems, which have
hardened conlcal ends, are threaded into the valve bodles. The valve seats are re-
placeable tobin bronze washers and are held in place by plugs which are acrewed

Inte the walve bodies and te which the injection lines from the Epray wvalve are
connected,

INJECTION TUBING

ALl of the high pressure 1ines used in the injection aystem are sesmless stecl

tubing. The ends are formed by brazing union aleeves to the tubding, and union nuta
featen these ends to the varicus fittings. Two different sizes of fuel tubes ara
used in the high pressure system. One size has an ocutside dia. of 1/k" anag .p65"
wall thickness, and the other size is 3/8" cutside dia. and .109" wall thickneaa.
high grade tubing 13 uzsed, made eapeclslly for this sarvice, and standard seamleasz
steel tubing should never hse aubatituted.

2.
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The importance of Keeplng the injection lines clean cannot be overemphasized. When
an injection line ia pemoved Crom the engine the open ends should be covered with
L clean paper which should not be pemoved until the tubing 1s to be placed on the
engine again. If there 1s any doubt as to the ¢leanlineas of an injection line it
should be thoroughly cleaned before installing. To clean o line it should be washed
Lo repeatedly in cleaning sclvent or gasoline and should be blown out with an alr hose
between each washing. Thia cleaning process should be sarried on until there is no
i uncertainiy as to the eleanliness of the tubling.

4. ACCUMULATOR

=

The accumulator is & welded atesl hottle mounted en the centarfrema, and connectad
to the fuel rail on certaln sizes of enginea or to both the reill and high-presaurs
pumpa on other alzea. The function of the aceumulator ia to prevent large pressure

= Fluctuatlons in the fusl system due to lowering of the pressure each time a spray
— valve opans, or to the inereasing of pressure on each stroke of the fuel pusp plun-
L_ o5 gore. Tharefore, due to the compressibility of the fuel oll, the accumulator halps
E Eﬁ to maintain an even pressaure in the luel system.
L ' On the 13 x 16 Turbo-charged englne, the fuel rail has been increased considerably
ES in diameter so that it performs. the functions of both the rail and accumulator,
= 5. FUEL PRESSURE REQULATING VALVE

Fual injectlion pressure is controlled by the adjustable pressure relief valve. This

L valve 1z of the by-pasa typs in which the opposing forces of & apring and the fuel
prassure acting on the atem of & needle valve maintnin constent fuel pressures. I

" the preasure atarts te drop the spring closes the needle alightly reducing the a-

(- mount of fusl by-passed with the result that the pressure 1s held constant.

Referring to Fig. 0-2 the repulating valve ia built arcound valve body {T!. The
hardensd ateel valve asat (8] is held between the body and adapter stud (9) which
acrews on the bottom of tha body, and through pasasge (18) allowe the by-passed fuel
1 to eacapa. Fuel inlet elbow (15) is threaded into the side of the body, aupplyling

L fuel to the annular space around the reduced sectilon of the valve atem fl‘?g. The

top of the body is bored to recelve stem packing (15) and poacking gland (14).

Sorewed to the top of the body ia relief valve spring cage (5). Thia cage iz aecreved
down upon the drain cup helding the latter in place against a shoulder on the body.

e
[

.F -

—

Cage [52 carries upper apring seat (3],

Spring (11), and the lower spring seat. Valve
spring adjusting screw (13) vhich ia bered to re-
dedive the upper end of the valve iz threaded into
the bottom of the lower spring seat. A small
machine serev in the lower apring seat engages a
aleot in the cage and prevents rotation of the seat
when the adjusting screw 1s being turned. The
bearing assambly which holds the control handle zand
sector (1) 1s threaded to the upper end of cage (5).
The lower part of the econtrol handle 1a shaped to
Torm a eam which actuates the upper spring seat. A
spring loaded pavl (10) in the handle engages teeth
in sector (1) =c that the handle will remain in
position after it has been adjuated. A dovnward
force on the end of the handle pulls the pawl away
from the asector and allows the handle to be low-
ered.

ks 53

—

The injection pressure 1a normally changed by mov-
ing the handle up or down. Moving the handle in an
upward direction inereases the pressure, downward
movement lowera the preasure. The pressure in-
erease or decrease per notch 1s approximately G600
to 800 1bs. However, the pressure in any notch

may be changed by means of sdjusting scrav (13).

Packing (15) will need replacing when the fuel
leakage around the valve stem (17) becomes excesn-
alve, Tighten the packing gland just enoupgh to
prevent leakage. Never attempt to atop leakage
by tightening the gland severely vhen new packing
iz needed. A loas of fuel pressure can often be
traced to dirt ledped between valve stem (17) and
the seat (B). This condition can be remedied by
FIG. 0-2 removing adapter atud (9) and walve seat 1
e Irem the bottom of the relief velve and thoroughly cleening the valwe and its seat,
' Deeasionally 1t may be necessary to lap the needle and its seat to prevent exces-
elve by-passing avid & low fuel pressure. After performing this operation all

3.
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traces of grinding compound ahould be carefully washed of hefore the valve iz re-
aasembled .

SPRAY VALVES

The purpose of the spray valve (or fuel injection valve) 1a to meter the Puel mc-
curately, Lo deliver it preeiscly at a definite moment, in a definite time into

the combustlion chamber in the form of a finely atomized apray. It might be atated
that the suecesnful operatlon of the engine dependsa upon the proper functiconing of
the spray velvea more than on any other i1tem. If the engine doga not perform pro-
perly and the exhaust Ls amoky, the funstiening of the fuel valvea should he checked
Cirst of all. In the grest majorlty of cases aervicing the fuel valves and making
them functlon properly corrects the trouble.

Fundamentally, the spray valve 1a & heavily apring loaded needle valve. Eeferring
to Fig. 0-3 the seat of the needle valve is inecorporated in the tip or nozzle (1)
Jjust above the entrances to the spray orifices. The lower end of valve body (4)

1s counterbored te receive the end of the apray walve £ip. A shoulder on the spray
tip (1) which iz centersd in the countevhors. is held securely agalnst the lower
end of the body by nut (2]. WValve assembly Ej} la,made up of two sections. The
lower section haz a conieal end which is ground to the seat in the apray valve

Lip. This lower astem section is pressed into an extensien (10) to which the apring
londing 18 applied and by which the stem is 1ifted. A shoulder on the extension
carrles B amall ball type thrust beardng (14) which actas as & lower apring retalner.
Upper aspring retainer %12] screws into the upper end of valve apring easing (13)
#hich in turn 1s threaded to the upper end of valve body (B).

The flange uwsed for clamping the valve 1a drilled and tapped to receive fuel elbow
(G) which supports the =small metal edge type filter (15). Fuel is carried from
this point to the nozzle in the annular space surrounding stem (3). Leakage upward
along the atem 1a prevented by packing {7) held hetween an upper and lower gland
and secured by packing nut {af.

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

L3

(a) Remove the cotter pin from one end of pin (37) at the fulerum end of BprRY
valve rocker {36). Drlve Lhe pin out with a brass drift,

(b) Remove horaeshoe shaped collar (16) which forms the 1link between the rocker and
the upper end of the apray valve and awing the rocker out of the way. '

{c) Disconnect the injection line at the spray valve filter.
(d) Locsen the clamp nut and slide spray valve clamp [11) out of poaition.

(e) Remove the spray valve from the engine. It may be necessary to work the valve
locae by rotating 1t back and forth and in some cases to pry 1t upward with a bar
to remove 1t. As the valve 1z removed, note whether copper gasket (5) remains in
the eylinder head or on the end of the valve,

TEST EQUIFMENT

A1l the parts [or & spray valve teat stand ape included in the tool equipment sup-
plied with the engine. The apray teat elamp which holds the apray valve directly
below the flanged section of the body. can be mounted on the centerframe or lateh box
of’ the engine or at some other convenlent locatlon near the engine. The long atud
supplied with this egquipment screws intao the outer end of the olamp. The test hane
dla 1a supported on the upper end of the atud by & nut which can be msoreved up or
down on the stud until the desired height of fulerum has been obtained. Puel is
supplied from the extra fuel rall valve through & length of tubing supplied with the
tool equipment. Fuel pressure 1a obtained by meanz of the hand cperated priming
pump located at the forward end of the high pressure fuel pump., To test a apray
valve proceed aa followas:

(a) Clamp the spray valve in the test stand and connect it to the fuel rail,

(k) Cloase all the isolating valves on the fuel rail and ovpen the valve which Bup-
pliea the teat atang,

(¢) With the priming punp bulld up a pressure of shout 2000 to 4000 1bs. per sguars
ineh.

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

4.
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(e} Wipe off the tip carefully, pump up the pressure to about ¥000 1bs. per aquare

| ineh egain end operate the sprey valve as described in step 4 until the pressure

— has dropped to about 2000 1lbs. per aguare inch.

Then watch the bottom of the tip

for a parlod of time to ses 1 drops of fuel form, indicating tip leaknge.
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DISASSEMBLY OF SPREAY VALVE (Sae Fig. 0-3)

If the aprays are not uniform, if one or more orifices are entirely plugged up, or
1f drops of fuel form on the end of the tip after testing as described in atep (e)
of the preceding section, the spray valve puat be taken apert and serviged., Fra.
ceed as follows:

(a) Clamp the apray valve at the flanged section of the body in a viae,
(b} Unserew upper spring retainer (12) with a sultable pin or drift.

(¢) Loosen packing nut (8) and remove stem assembly {? and lb} together with
the retainer ?12}, spring (9] and thruat bearing (14).

(d) Unscrew valve seat nut (2). Spray tip (1) will usually come “off
with the nut.
r
{e) Drive the tip out of the nut with the punch supplied for this purposs in
the tool equipment. Uae care not to damage end of tip.

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

CLEAWING THE SPRAY ORIFICES

If the aprays are not uniform or an .orifice i1a plugged up the holes in the spray tip
must be cleaned. Agaln, 1f i1t 1a necessary to disassemble the spray valve for some
other reason such &s leakage, 1t 1a good practice to clean the grifices at the aame
time. It sometimes heppens that all of the erifices begcome slightly clogmed with
the result that they deliver lesa fuel. Such a conditlon cannot be detected when
the sprey valve ia tested but 1f the holes are cleaned every time service work is
performed upon the spray valves this cendition will be taken care of.

The cleaning of the orifices should be performed only with the music wire and pin
vise supplied with the tool equlpment, not with the ends of hat Pins and other auch
deviceas. If the original wire 1s lost obtaln a place of music wire of not more than
011" dia. for this purpose. (Use .011" dia, wire for engines with bores of 119
dis, or mere. If engine bore 1z 9" to 11" dia. use 009" dle. vire.} Work the vire
in and out of each orifice until the holes are clean. This operation should be per-
formed carefully so that the orifice will not be doformed.

CORRECTING SFRAY VALVE TIF LEAKAGE

Leakage of the spray valve is usually due. to & small smount of Al between the
needle and the velve seat. Often this condition can be remedied by washing the tip
thoroughly and cleaning the cnd of the valve stem.  This prosedure should be attempt -
ed first in sll cases of wvalve leakape.

If, after washing the tip and apindle, drops of fuel =till form on the bottom of the
tip ahortly after the fuel valve ia aprayed, 1t will ha negassary to raseat the
valve by lapping. The procedurs of reseating a tip ia as followa:

al Clamp the valve body in & viae horlizonbally.

b)) Loecasn spring retainer (12).

o R%plj{a}amall amount of fine valve grinding compound to the end of walve
stem (3). :

d) Flace the tip over the valve stem and insert 1t fullv into the valve body.

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

f) Oscillate the tip back and forth and rotate the apindle alowly., Be surs
that the tip 1s held against the body as thia operation is being performed
g0 that the tip will be properly gulded.

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

It should not be necessary to lap the ‘tip more than two or three times to correct
ordinary casas of leskage. However, if the seat in the tip has been badly damaged
no amount of lapping will remedy the situation, In such inatances a new tip should
ba installed, When inastalling & new tip the jolnt between the tip end the valve
body must firat be lapped. A small amoun® of fina valve grinding compound is ap-
plied to the upper face on the shoulder of tip (1), The tip 1s then installed in
the end of the valve body and cacillated back and forth, The tip 1s held gently
againat the body as thi= operation is being performed. One light lapping process
should be sufficlent to produce a perfect seal betwsen the tip and valve body. The
tip 18 then lapped to the valve stem by the method described in this paragraph.
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VALVE PACKING ADJUSTMENT

Packing nut (8) spould never be appreciably more than finger-tight. A small amount
of fuel leakage paat the packing 1s necessary for proper lubrication of the apindle.
Too tightly adjusted packing will prevent this lubriecatlon and will result in &
acorad apindle and slugglah valve action. If a spray valve leaks exceaslvely along
the spindle after the peRecking has been lightly tipghtened up the need for new pack-
ing or a new asplndle or both is indicated.

ASSEMBLY OF THE SPRAY VALVE - SPRAY VALVE "LIFT"

Referring to Fig. 0-3, spring (9) must be adjusted to a certain tension in order to
assure proper functioning of the spray valve. It 1z further important that the

ad justment of all the aspray valve aprings be the same or that the "1ift" on all

the aspray valves be the same. With "1ift" as used in the following inatrustlons

i3 underatood the lift which appring (9} will allow before itz colls touch each
other and prevent further upward movement of the valve stem, iThﬂ actual 1ift when
the apray valves are operating in the engine Is of course determined by the posi-
tion of fuel wedge (32), the adjustment on pushrod {18) and cam (27). Thia actual
1ift is leas than the "1ift" as defined in this paragraph.) Froceed as follows to
agsaemble the valve and adjuat for proper "Lift" fﬁr cpening tenaion):

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

{b} Clean the apray wvalwve tip and install it garefully on the valwve body.
Tighten valve seat nut (2) securely.

{¢) Serew down on apring retainer (12) carefully until the eolls of apring
(9) just touch. Be gcareful not to screw down so hard that valve atem (3)
benda, rendering it uaseless. It i3 best to have the valve in the teat
stand when performing this operation and determine when spring (9) be-
comas s0lid by means of the test handle. When Lt i3 not posaible to 1ift
the apray valve aztem by means of the teat handle the apring colls are
touching. The "Lift"™ 1a then zero.

{d) Unscrew apring retainer (12) 3/4 to 7/8 turns which will make the "11ft"
1/16". The "11ft" op all the walves should be betwean 1/16" and 5/64",

{e; Serev dovwn on packlhg nut until it ia just finger-tipght.

f) Test the functioning ef the valve aa described in paragraph 8,

ASSEMBLY OF SPRAY VALVE IN ENGINE.

The apray valve 13 installed in the engine in the reverse order of 1ts removal.
hgaln referring to Fig. 0-3, 1 copper gasket (5) is in the cylinder head merely
lower the valve into pesitlieon. If the copper gasket (5} was removed with the valve,
the gasket can be held in position on the lower end of the valve by s thin coating
of greaze applled to the washer.

After inatalling the valve it will be necessary to reset the push rod as deacribed
in peragraph 18. After timing, in order to elear the eylinder of excess oll, al-

ways turn the eéngine over on air with the snifter valves open and with the fuel
lsplating valves closed. :

SPRAY WALVE FUEL FILTERS

In addition to the fuel filter at the high pressure fuel pump an individual Filter
[15) is supplied at ecmnch apray valve. The apray valve filtera are of the metal adge
type and have a spacing of .0015". They are inatonlled in housing (15) which screw
into the fuel inlet elbows at the spray valves. The fregueney at which these 11-
tera will need cleaning will depend upon the quallity of the fuel and the condition
of the filter located at the high presaure fuel pump. After dlsassembling the
housings 1t will be poasible to unscrew the filter unit. Wash each unit thoroughly
in clean solvent or fuel and blow 1t clean with compressed air, being careful not

to injure the windings when handling 1t.

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

The apray valve 1s actuated by cam (27}, 1lifter or eam follewer (24), pushrsd (18),
and rocker arm (36). In stationary englnes the 1ifter follows the fuel cam dir-
ectly. In diréct reversible marine enginealatch (29) is interposed between the
lifter and the cam. Lifter (24) and lateh (29) are held againat the cam by

apring {25}. 3

Motlon of the 1ifter i1as transmitted to the pushrod through wedge (32). As can read-
ily be seen in Flg. 0-3, moving the wedge invard will decrease the gap between the
1ifter and the pushrod. Consequently the spray valve will open sconer, will 1ift
higher, and will cloae later. Moving the wedge outvard produces the oppoaite re-

T
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sults. The outer end of the wedge ia pinned to lever (31) which is clamped to the
wedge shaft, which in turn 13 connected to the governor. Accordingly the Eovernor,
by rotating the wedge shaft, completely controls the action of the apray valves.

Wnen the engine was tested at the factory, wedge levers (31) were ad justed to he
parallel to each other and in line on vedge shaft (20) and were then clamped and
pinned to the shaft. If new levera or a'new wedge shaft are inatalled it i3 im.
portant that they be lined up in accordance with the above. The positlion of the
fulerum of wedgea [32) for the full load full apeed position (wedges fully in)
should be about 1/%" inside the vertical line X-X through the center of the wedge
shaft. The position of the wedge fulcrum for idling at low speed should be as
ahown in Fig. 11, that 1a, about 1/4" ocutside line X-X. 1In other words, line X-X
should approximately divide the total movement of the wedge fulerum in two equal
parts.

Levers (36) should be approximately horizontal and should be approximetely parallel
Tor oll the spray valves. This ia accomplished by means of adjusting nut (17) whiech
beara down on horseshoe collar (16) which in turn bears down on lever (36). With
the lever disconnected from push rod fork (35) hold it up against collar (16) and
nut (17) without opening the apray valve. Then ad juat nut %1?] for the proper levep
poaltion and leeck by means of the lock nut on top.

Buffer spring assembly (19), positions the pushrod relative to the lifter and
g&aslata apray valve spring EQ in returning the valve mechaniam fro¢ker, pushrod,
etc.) as the spray valve 1s being closed. The week spring (22) below buffer spring
(20) merely holds the pushrod against washer (21). As buffer apring asaembly ?19]
iz screwed down buffer spring (20) and washer (21) force the pushrod downward
agalnst the weaker spring and bring the end of the pushred closer to the wedge and
lifter. FProper adjustment of the buffer spring asaembly is as followa:

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

(b) Set the wedge shaft and wedges in full 1 caition (wedges “fullf in" as da-
termined by the governor weights being Tully in) &nd unscrew cage (19) until
there 1s clearance between the lower end of the pushrod and the upper face of
the wedpge.

(e)] 8lewly acrew down cage (19) and at the same time move the wedge back and forth
aldevays with fingers.

(d) As aocn as the wedge is felt to tighten unserew the cage one-half turn and lock
it in this position with the clamping screw.

BOTE: When timing the spray valves as deseribed in the following the buffer apring
azsembly should always be unserewed Rbout one or two turns, When timing iz completed
adjust the bulffer spring in sccordance with inatruections in thia paragraph. —

SPRAY VALVE TIMING (See Fig. 0-3)

The timing procedure described in the following 1s for a spray valve opening of 8°
B.T.C. (Before Top Center) and a spray valve closing of 18% A.P.C. (After Top Center).
The proper spray valve timing to use 1s stamped in the ensine name plate and s 116
always he rollowed. g timing in the name plate differs freom - 18" opening and
gIoalns the folloving instructions should be modified accordingly. Proceed as

ollows:

() Turn the latch shaft to the AHEAD position and unscrew all Buffer Spring Cages
one or two fturns. Shut off all the lsoclating valves in the fuel rail excapt
Tor Humber 1 cylinder.

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

() Sgut Number 1 eylinder at 57 aﬁT,ﬂ. on the power atroke. (Half way point between
BY B.T.C. opening point and 18° A.7.C. cloaing pelnt). Then unbolt and turn the
fuel cam until the center of the toe is directly in line with the sxis of the
lifter. Clamp the fuel cam temporarily. = . °

(d) Set the crankshaft 8% B.T.C. on the compression stroke. Bap the engine up to
thiz point in the ahead direction of potation.

(e) Pump up & fuel pressure of about 1500 1bs. per 8q. inch with the hand pump.
(r) Siowly 1engtﬂén the spray valve pushrod until the needle of the pressure
.
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gauge drops indleatlng that the spray valve has opened. Check this adjustment
by backing the engine up a few degrees, pumping the fuel pressure up egaln and
barring the engine slowly in the ahead direction until the pressure again drops.
If the flywheel polnter 1s not at 8% B.T.C. readjust the pushrod and check again.

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

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

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

(h) If this point is past 18% A.T.C. too long & spray period is at hand. It will be
necessary to advance the fuel cam slightly and repeat stepa "d", %e", "r", and
"g". If on the other hand the apray valve closes before 18° A.P.C., retard the
cam slightly and repeat steps "a", "e", "f", and "g".

(1) Repeat atepa "¢" to "g" on the remaining cylinders. Check and record the apray
valve timings for ASTERN. The timing going Astern may be aliphtly different
than the ahead timing. However, the ahead timing i1s the more important and no
changes should be made to favor the astern timing.

(J) Adjust the buffer springs as per instructions in paragraph 16. Note that buffer
apring cages should alwaya be unscrewed when apray valves are timed,

BALANCING THE ENGINE FOR EQUAL LOAD ON ALL CYLINDERS

Theoratically, 1f the apray valves have been timed exactly and correctly [(as out-
linad in the preceding paragraph) the amount of fuel injected in each eylinder
should be the same. Consequently, the total engine load should also be equally
divided between all the cylinders. Practically however, 1t is impossible to time
all the apray valves exactly allke, and even if that could be accomplished manu-
facturing tolerances on such items as orifices in the apray valve tips, fuel cams,
wadgea, etc. are apt to affect the cylinder balance. The division of load between
the various cylinders should consequently be checked after the engine is running,
preferably at full load. Sinee the exhaust temperatures are proportional te the
loads that the varloua eylinders are carrying the amount of fuel injected should be
adjusted sc that the exhauat temperatursa for the various cylinders are alike, or
nearly alike.

The amount of fuel injected and eonsequently the load carrying capacity ef a cylin-
der may be changad by adjusting the langth of pushred [18). It should be noted,
however, that readjusting the pushred length will affect the spray valve timing.
Therefore, this adjustment should not be appreciable and should not exceed one-half
turn of the pushrod or ball stud from the position ebtained vhen timing the apray
valve.

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

(a) Assuming that all the spray valves have been correctly timed 1t should be possi-
bla to balance the engine by merely lengthening or shortening the pushroda by
ong-half turn or less. Lengthening a pushrod will increase the exhaust tempers-
ture of the cylinder and vice versa.

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

(c) If the valve timing is found to be satisfactory or if, after meking any neces-
gary correclion in the spray valve timing, a correction of one-half turn of the
pushrod 1s still insufficlent, defectlve combustion la Indicated. This may be
due to one or more spray .tip orifices being plugged or to any of the defects
dealt with under the heading "Smoky Exhaust" in the "Maintenance and Inapection”
section.
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When the engine was tested at the factery spray valves were earefully timed end ad-
Jjusted to equalize the exhaust temperatures in the various eylinders and while the
operator should not continually change adjustments in an effort to improve an en-
gine that ias operating satisfactorily he should keep the balanee of the vardous CF=
linders falrly even. The eylinder balance should be cheecked whenever a spray valve
has been changed. If the exhoust temperatures are kept within s total range of 20°
the balence will be excellent, while a range of 50% may not be considered excessive
and will give felrly satisfactory cperation. However, do net allew the eylinder
unbalance to exceed the last mentloned value.

10.
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GONTROL SYSTEM

The Control System includes 81l of the parts necessary for reversing the engine

and operating it in the desired direction of rotation, atarting and stopping the
engine, and controlling its speed of rotation. According to the apecific functiona
of' the component parts, it may be subdivided az follows:

The Reveraing Mechenism consiasting of the Latehes, Lateh Shal't, Control Wheel
and the interconnecting gearing between this control wheel and latch shaft.

The Starting Mechanism which consists of the individual starting air valves in
each cylinder hend (described fin detall in Section H), the Ma
Alr Valve in the starting air manifold, and the Pilot Velve for operating
the master valve. In some engine models, as described later, the pllot
valve actuates an Alr Rem which in turn operates the alr atarting valves in
the ecylinder heads and the maater valve.

The Fuel Cut-0ut Mechanlsm which operates to stop the engine by teking the
wedge shaft out of control of the governor, rotating it to pull out the
fuel wedges thereby cutting off the fuel to the engline.

The Flywheel Alr Brake which assista in stopping the engine between reversals
end is therefore closely related to the reversing mechanism. It is alaso
controlled by a pilot valve.

The Governor which malntains the desired speed of rotation and the Speed
Control Lever {or Throttle Lever) by means of which thls spsed may be
changed .

LATCHES AND LATCH SHAFT

For a given directicn of rotation 2ll the valves must be actuated in a definite sa-
quence and with a definite timing. For direct reveraible engines 1t 1s consequent-
1y necessary to provide dual sets of cams, one set for operation in the AHEAD direc-
tion of rotation, the other set for operation when running ASTERN. At the same time
means must be provided for throwing one set of cams into operation, while at the
same time the other aet must be made inoperative.
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In Atlas sngines the AHEAD and ASTERN cams are mounted side by side on the cam-
shaft. Referring to Fig. R-1 it will be noted that latches equipped with two rol-
lers are interposed between the cams and the valve lifter rollera. The two latch
rollers ara offset and lined up relative to the cama in such & manner that In the
AHEAD poaition of the latches one set of rollers contact the AHEAD cams while at
the same time the other set of rollera are free of the ASTERN cams. [Aatern cam
not shown in Fig. R-1] Thus in the pesition shown in Fig. RE-1 the AMEAD cams metu-
ate the lateches which in turn actuate the valves by means of the liftera, push-
roda and rockers. %

By rotating the latch shaft 180° the lateh fulcrum points are moved lnwand [toward
the center of the engine).to a point wheres the ASTERN cams contaet the cther set aof
latch rollers. This inward movement Crees the AHEAD lateh rollers of the AHEAD cams
and consequently the ABTERN cama now control the actustion of the velves,

The fuel valve timing ia very nearly the same for both directions of rotation. For
extémple, in one direction of rotation the fuel valve may open 82 bafore top center
and close 18° after top center. Then if the rotation was reversed and the latch
kept in the same position the fuel valve would open 189 before top center and aloae
8% after top center. In other words, the timing would be 10% early. It 1s possible
to compensate for this alight difference in timing by properly positioning the
ASTERN roller on the fuel valve lateh. Consequently only one fuel cam is provided
which serves for both AHEAD and ASTERN running and the fuel latch rellers are in
lins, not offset as on the other latches.

The case hardened steel latch rollera turn on ateal pins carrled in the bodiea of
the latches and riveted in place. In the inlet, exhauat and starting aip latches,
apacers between the walls of the latches and the sides of the rollers establish the
positions of the rollers 1n line with the cams. The Tual valve latch deoes not re-
quire any spacers since only one cam 1s used and both rollers are in line. The
fﬁ%i&ra 8ll have a elearance of 001" to .002" on the Pina and a aside clearance of
l 1Ir

The latch shaft 1s bullt up of six aeéctlions, each section comprising the crankshaft
for the four latches of a aingle cylinder. The shaft is mounted on east fpeon
bearings which are bolted to the side of the genterframe. Journsls are turned on
the shaft at each end of each crank, and flanges at the enda of eapgh aection pro-
vide means of bolting the sectiona together. Bearing clearance is ,001" to .0025"
and end play is teken by the two outen bearings,

2. MANEUVERING WHEEL & LATCH SHAFT CORTROL

The latch shaft control mechanism is illustrated in Fig. R-1. It ia shown in the
MAHEAD position in which position lateh shaf't ocrank (4) arnd lateh (6) ere "out™
away from the center of the engine. In this pesition all the AHEAD lsteh rallers
ara contacting the AHEAD cems and & line connecting the lateh roller centers and
the center of the lateh shaft ecrank ia horizontal. The latch shaft is rotated to
the ASTERN position by meana of handuheel (1) to which it 1s connected by helical
gears (3) and (5) and shaft (2). Approximately j% turns of the handwheel are re-
quired to move the latch shaft from the AHEAD toe the ASTERN position or vige versa.

The position of the latch shaft 1s at all times indicated by peinter (7) which is
geared to the handwheel shaft as shown in Fig. B-1. The lategh shaft ia locked in
either AHEAD or ASTERN running position by plunger (%) engaglng holea in locking

disc (8) which is bolted to the handwhesl hub.

5. LATCH SHAFT CAMS AND STOPS

The rotation of the latel shaft by the handwheel 1s limited by a "stop" cam bolted
to one of the flanges. Do not force the shalt againat this atop by turning the
handwheel fast when the starting positions are approached. " The atop will permit
the Eindwhaal to be turned approximately 90% beyond the AHEAD and ASTERN running
positicna.

The extra travel of the lateh shart beyond the running positlon 1s used to opernte
8 pllot valve which controls the starting mechanism, admitting air to the aip

Btart menlfold. The pllet valve is operated by means of & cam bolted to one of the
lateh ahaft flangea. Anothep ecam, alse bolted to one of the lateh shaft flanges
cperatas the flywheel air brake, The pllet valves are described in detall in para-
graph: 6. A third cam on one of the lateh flanges actuates the fuel cut-out mechan-
lsm described in paragraph 8.

k. TIMING LATCH SHAFT CONTROL MECHANISM

If' the lateh shaft control mechaniam has been diamantled it may be timed when re-
asaembling as follows. Flace the latch shaft in ANEAD position (crank cut). A

L
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-identlenl and are illustrated in Fig. R-3.

cection B 1

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

shaft should be spotted so that the line aecribed on the corresponding shaft Clange
exactly reglatera with thia pointer. Then, with the handwheel in the AHEAD poaition,
as indicated by the reglister of center punch marks on the handwheel shaft and the

end of the bearing housing (8ee Fig. R-1) meah heliecal gears (B) & (5). NOTE:

Before dismantling the handwheel asaembly cbserve whether or not these parts have
been marked. If not, mark them as indicated, with the latch shaft in the AHEAD run-
nipg poaition. The handwheel and gear aszembly may then be bolted in place and the
indicater assembled, meshing the gears with the pointer midway between AHEAD and
START.

STARTING MECHANISM - ENGINES WITH 13" BORE

The starting mechanism wsed on engines with 13" bore differa from thet uwsed on
engines with smaller bore and the two aystems wlll be deacrlbed aeparately.

Fig. R-2 1llustratez the master starting air
manifold wvalve. It iz pneumatically cperat-
ed by means of & pilet valve located on top
of the latch box. (Pilet valve described in
Paragraph 6). The pilet valve is connected
by means of tube (7) and for the poaitlon of
the master wvalve shown in Fig. R-2 the pllot
valve 13 venting tube (7) and the space
above plunger (la to atmosphere, Conae-
quently spring (4) will held plunger (1)
agalnst its upper atop and in this position
the reduced diameter at the middle of the
Plunger will form a passage through which
tube (B) and the atarting air manifold is
vented to atmosphere. WValve (%) 1a held
closed againat ita seat by apring (11) and
also by the air pressure in chamber

which is connected to the alr tenk.

)
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When the engine ls to be started the pllot
valve ia opened by the cam on the latch
shalt as deaarihe? in paragraph &, admitting
ailr through tube (T) to the top of plunger
(). The plunger ia thuas forced down, clos-
ing the starting alr manifold vent pasaage
and opening the main operating valve (5).

Aa thls walve la cpened starting alr 15 ad-
mitted to manifold (12), leading to the in-
di-tAnal atarting ailr velvesa in the eylinder
hewos. By-pass valve (10), which i1s first FIG. R-2
opened by plunger (1) and pin [4) admits alr
pressure to chamber (9) above the maln oper-
ating valve, balancing the air forces scting
thereon and permitting 1t to cpen under the
downward force of plunger (1).

L]

e
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For the operation of the alr atert valves in
the eylinder head refer to 3ection H.

PILOT VALVES

All the pilet valves for oparation of the
starting alr valve, flywheel brake, etc. are

They are mounted on top of the latch box be-
tween eylinders Ho. 5 & 6. The operation of
all valves Iz exactly the sema, thelr func-
tion belng to ceontrol the supply of alr to
the device to which they are connected.

Two valves are provided, pilot valve (3) and
vent valve (4). The housing ia provided
with three pipe tapped connectlions. Hole
2] i3 connected to the source of air aupply,
1) to the device to be operated, and {9?,
the vent, 13 open to the atmoaphere.

The valve as shown Iin Fig. E-3 is 1n the
normal position assumed when the englne is
running. Flunger (7) 1= then held down

5.
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againat the lateh ahaft
on racker (6). The vent valve is open and the
pllot valve ia closed under the setion of the
apring. Connection (1), to which the devige to
be operated !a connected i3 thus vented through
the diapgonal hole connecting the two valves.

When the latch shaft is rotated so that cam (8)
contacts plunger (7) it raises rocker.(6) elosing
the vent valve and opening the pllot! valve, ad-
mitting air to the device to which the velve 1a
connected. The adjusting’ screws in the rocker
should be zet- to gllow approximately 1/16" clearp-
anca between the ends of the screws and the ends
of the valve stems when the valves are seated,

STARTING MECHANISM
ENGTNES WITH 1 11?‘_ OR SMALLER BORE

Referring to Section H the alr starting valves in
the cylinder heads on the smaller bore engines
are actuated by rockers mounted eccentrically on
the rocker shaflt. Consequently turning the rocke
e¢r shaft will raise or lower the ailp start 1ift-
er and lateh. The individusl rosker shafta are
all interconnscted by means of bell cranks and
conaequently turning the rocker shaft on No. 1
cylinder through an are of approximately 1109
will lower all the air start latches to a point
where they contaet the air start cams, throwing

1=
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flange by spring (5) ecting

FIG. R-§

the starting air valves into oper-
ation.

The rocker shaft fa shifted from
ong position to the other by meana
of 8 pneumatiec cylinder mounted
forward of cylinder No. 1 and 11-
lustrated in Fig. R-B, The pllot
valve controlling this cylinder
and the manner in which it ia ap=
erstod from the lateh shaft are
identical with the pilet valve,
described in Faragraph 6. As
shown in Fig. R-%, it 18 in the
ineperative position, with the
Plunger down. Alr pressure admit-
ted above the piston through con-
nection (3), which ia permenently
connected to the source of aip
aupply normally holds it in this
position. The pilot valve 1a
piped to connection (5), and when
in the RUN pesition vents the
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. the 13" bore englnea and deacribed in Paragraph 5.

Section R-1

lowar end of the e¢ylinder. When the latch sheft 1s shifted to the START position
the plilot wvalve opena, admitting alr below the piston. Since the area below the
piston is considerably larger than that above the piston it la foreed wup, shifting
rocker shaft (1) to the 3TART pesition. As soon as the pllot valve closea the
apace below the piston ia vented and the alr pressure above lmmediately returns
the piston to tha RUN poaition.

The travel of the piston 1a limited by contact of thrust weshers (&) with the up-
per and lower heads of the cylinder and the stroke is 9-5/8" for the 114" bore en-
gine and 74" for engines with 10" or 104" bore. Packing gland (2) should be kept
suffieiently tight to prevent air leakage, but should not be tightened more than
NecessaTy.

The position of the rocker shalft relative to the alr ram can be adjusted by meana
pof the threaded ond of the a&ir ram piston, turning it in the clevia connecting to
the rocker shaft lever. The rocker shaft positicn should be adjusted so thet the
bell eranks connecting the various rocker shafts point stralght up when alr ram
platon 18 in the RUN po=sitlon.

The master starting air manifold wvalve used on the
smaller bore enginea ls 1lllustreted in Fig. R-E.
Valve (B) iz essentlially the same as that used on

It £3 mechanically cperated however, by linkage
gonnecting to the valve rocker shaft (1), this
linkage roplacing the pneumatic pliston construc-
tion used on the 13" bore enginea. When the
rocker shaft shifts to the "START" position, ad-
Justing screw (2) contacts pin () and cpens the
valve. Screw |(2) should be asst so that the valve
is opened about 2" when the rogker shaft ia in the
"ETART" position.

FUEL CUT-QUT MECHANISM

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

The upper end of the plunger has engaged the adjust-
ing serew in lever (1), rotating the lever and the
fuel wedge shalft (2] to pull out the fuel wedges
and cut off fuel from the engine. The adjusting
sgrev in lever (1) should be set to allow 176"
clearance with the top of the plunger when the lat-
ter is down off the cam and the fuel wedges are in
gt the full load position.

FLYWHEEL EBRAKE FIG. R-6

The flywheel brake sasembly la shown in Fig.

R-7.  Brake shee (1) whiech is faced with brake

lining, 18 carrlied by the horlzontal arm of

crank Hhﬂ?ﬂd lever (2). This lever iz mounted
3

on shaft ), and caprries the brake cylinder y =t

(4) in trunniens on its vertical arm. Shaft (3 ; I é_,,k N
is supported by bracket (5) which is bolted to Lt oz
the after end of the centerframe. The project- oyl

ing end of the piston rod (B) beara ageinat the \1

comprasacr cylinder and thereflore the platon
and rod remaln statlonary when air is admitted
to the eylinder. When the pllot valve la
cpened and ailr is admitted to the brake, the
¢ylinder moves relative to the plaston. Lever
(2) 13 rotated about its fulcrum, applying the
brake to the flywheel and stopping the engine.
When the air pressure 13 relieved the brale
shoe is withdrawn from the flywheel by apring
ET;, vhich bears apgainst a third arm on lever =
2).

There are no adjustments necessery on the brake
and the only zervice requilrements are the re-
placement of the shoe 1ining and the platon cup
leather when neceasary. :

FIG. R-T
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1¢. GOVERNOR AMD SFEED CONTROL

The flyball type governor, mounted near the bottom of the forward end of the latch
box and driven from the camshaft gear, la shown in Fig. R-8. Cast ircp bearing (20)
13 adjusted and doweled to the latch box to allow 004" to -005" bagklash between
governor gear [(19) which ia pressed and keyed to the governor body, and the cam-
shaflt gear. Running c¢learance between governor body ?21} and the bearing ia

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

Governor welghts (18) mounted or pins in the governor body, earry rollers [14) on
riveted pins. As the flyballa tend to move out due to centrifugal force the rol-
lers exert a force against quill rod (22) acting through plate (16) and ball
bearing (17). The plate, which is loosely riveted to the rod cap to malntein the
assembly when dismantling, rotates with the bells while the rod and cap remain
stationary. The thrust reaction is taken by ball bearing (23) and retaining pol-
lar (24), which 1s secured to the governor body by two taper pins. The flyball
thruat from the quill rod is tranamitted, by means of forked lever (25), vertical
shaft (10), lever (8) and rod (5) to governor apring (3).

Lever {8) fleats on the
vertical sheft and i3 con-
negted thereto by jaw col-
lar (9), which is pinned

to the sharft. Lever (7),
which is connected to the
fuel wedge shaft by rod

(6), floats on the verti-
cal shaft above the jaw
collar, the jews engaging

te form the connection be-
tween the governor and the
wvedge sheft. This con-
struction permits rotation
of the wedge shaft and with-
drawal of the wedges (eith-
ar manually or by the fuel
cutout mechaniam) without e
compressien of the governor “
spring. e

The warisus linkages are so
connected that the governer
velghta are held in by gov-
erner apring (3) against
the centrifugnl force tend-
ing to throw them out.
Through the conneetion to =
the fuel wedge shaft the F“

o
o

wadges follow the motion of
the welghts, decreasing

the fuel aupplied to the b - ;
engine as the welpghta !

move out with inereasse in B
engine speed. L‘" B m iE"";L:l_.i FZI"F_EJ %,
The conatruetion on 10" and

104" bore engines 4iffers

alightly from that de- £

aoribed above and shown in FIG, R-8
Flg. R-8 in that the quill rod (22) rotates with the governor body and flyballa.
Thrust béaring (17) 1s moved to the outer énd of the quill rod, where i1t 1s mounted
in & thrust block, supported by the fork lever. A cover plate excludes dirt and

Aupports a light spring which bears againat the thrust bloeck, holding the weights
in. The adjusting screw (13) 1s not used in this sonatruction.

The engine speed ia controlled by varying the tension of governor apring (3). A=
willl be seen in Fig. R-8 the "fixed" end of the governor spring is supported by
spring cage (4), which follows the motion of econtrol lever (1). Moving the lever
to the right in Fig. R-8 inereases the apring tension and hence the englne spesd
and conversely moving 1t to the left decreases the engine apeed.

Three adjustments are provided in the governor linkege, setscrew [13) on the gquill
rod, threaded rod ends on rod (6) connecting to the wedge shaft, and adjusting nut
(2), with 1ts lecknut, on the end of governor apring red (5). HNut (2) contreis the
cngline speed, and should he set to glve the deaired full load speed with the con-
trol handle in the laat notch to the right. (HOTE: When the engine iz idling

6.
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these nuts project beyond the spring cage and are accesaible for adjustment.) This
iz the only adjustment with which the operator need normally be concerned. The
others vere gset at the factory and sheuld require no attention, unless parts are
replaced. In such casea the rod ends on rod (&) snould be set so that lever (7]
is parallel with the ~enterline of' the engine when the Muel wedge levera are verti-
eel. Adjusting serew (3] should then be set to place the fuel wedges in the full
load position when the englne 13 shut down, and the governor welghta are fully in
{See Section 0). Speed adjuztment at full load zhould then be made as above.

MANEUVERING THE ENGINE

In the following the gsequence of eventa aa they take place when reversling the engine
from AHEAD to ASTERH are deserlibed. Azsuming that the angine ia running the indl-
cator pointer (See Fig. R-1) is in front of AHEAD and locking pin is reglstering
with the hole in the locking dise. The handvheel ia then turned in a direction to
moye the pointer toward "STOF" and when the wheel has been rotated approximately

90° the fuel cutount mechaniam (See Paragraph 8) cperates to pull gut the fuel

wadges and the engine begina to =low down. When the handwheel has been turned ap-
proximately one revolution from the "AHEAD" position the air brake pllot velve opens
applying the brake and stopping the engine. When the indiecator pointer reaches
"STOP" the operator should hold the handwheel in this position until the engine haa
come to a full atop. Further rotation of the hand-wheel closes the alr brake pilot
valve and allows the fuel cutout mechanizm to release the wedge shaft. After ap-
proximately 34 turns of the handwheel the lateh shaft iz in the ASTERN position and
indicetor polnter in front off ASTERN.

The handwheel can still be moved an additional 80 to 907 before the latch shaft
comes up ageinst its stop. This additional movement operatea the pilot valve for
the atarting mechanism (See Paragraphas 5 and 7) and the engine begins to turn over
on air. Almoat immadlately it begins te fflre and the handwheel should then bhe
turned back to bring the lateh ahaft in the ASTERN position which ia reached when
locking plunger (9) (See Fig. R-1) enters the hdle in the locking dise. The engine
will then be under governor control, ita speed belng determined by the asetting of
the speed control lever and fuel pressure regulating valve lever.

Maneuvering from full speed AHEAD to full speed ASTERN may be accomplished in ap-
proximately 10 seconds. Althou not absclutely necesaary it is advisable to slow
the engine down to say 1/2 or 3/8 apeed by means of the speed control lever before
maneuvering. Mapeuvering operationas will slso be amcother If the fuel presasure i1s
lowered somevwhat by means of the fuel pressure regulating walve. About 2500 to
3000 1ba. per aguare inch fuel pressure i3 sultable for maneuvering.
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Section R3

CUNTROL SYSTEM

The Control System includes all of the parts necessary for reversing the engine and op-
erating it in the desired direction of reotation, aterting and atopplng the englne, and
controlling its speed of rotatlon. According to the specific functlons of the compo-
nent parta, 1t mey be subdivided sa followa:

The Control Mecheanism consleting of the Control Lever, mounted on the Control Unit,
which 1a mechanliecelly connected to the Pilot Valves and to the Governor snd Fusl Cut-

gut machanisma. The functioning of all the various parta of the Control System 1a
governed by the Control Lever either by means of mechanical connectiona or by meansa of
prneumatic connections to the Pllot Valves.

The Reveraing Mechapnism consiating of the Lateh Shaft and ILateh Mechanism operatad
by the Alr Ram and Reverasing Beck which are mechanically connected to the Latch Shaft.

- The Reveraing Rack ia locked in the proper poslition by the Interlnnklng Mechaniam .
The position and movement of the Afr Ram 1s controlled by two ALy ¥ 0 alves

located in the Control Unit.

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

The Governor which mainteins the desired speed of rotation and the mechanical con-
nectiona to the Contreol Lever by means of which thla speed 1s changed.

tarting Ma i which consiaste of the individusl sterting air valves in each

eylinder hond (described in detail in Section H), the Hggig:_ﬂjﬁgjlng_aiz_xnlzg_1u the
atarting air menifold, and the Pllot Valve (in the Control Unit) for operating the mas-
ter valve'.

The Flvwheel Alpr Brake whleh assista in stopping the engine between reversals and
1s therefora closely related te the revarsing mechanism. It is also controlled by a
pllot valve in the Control Unlt.

The Cylinder Compression Rellef Walves which serve the purpose of relieving the oy-
linder compression in the event that the engine begomes alr locked. Singe thelr opera-
tion 13 desired st the same perlod in the maneuvering cycle sa that of the flywhesl
breke, they are connected to the Breke Pllot Velve in the Control Unilt.

1. CONTHOL LEVER, CONTROL UHIT & PIT.OT VALVES

The engine 1s atarted, stopped and reversed, and the aspead controlled by means of a
single control lever located on the centerline of eylinder Ho. 2. The only other
control lever provided 1a on the fuel pressure repulating valve which governs the
‘fuel injection preasure. This laver is located close to the engine control lever
Tor convenlence in operation, ao that both levers can be reached from the control
atation.

The control unit, shown in Filg. R-1, contains four pllet walves, two for operating
the alr ram, one for the [lyvheel breke and compresaloen rellef valves, and one for
the starting air velve. These pllot valves are all actuated by the control lever,
vhich i3 also mechanieally connected to the latch shalt interlock, the governor
spring for the governor control, snd the fuel wedge shaft for the fuel eutout.
Thus the engine ls entlirely controlled by the one control lever.

HOTE; 1IT IS OF UTMOST IMPORTAWCE THAT DIRT, SCALE AND CHIFS BE EKEPFT OUT OF THE
GONTROL UNIT PILOT VALVE HOUBINGE. CLEAN OUT ALL 3TARTING AIR FIFING BEFORE INSTAL-
LING.

2 0T VA LEVERS & CAM

Referring to Fig. R-1 control lever (2), which 1s keyed to shaft (13), is held in
position by latch pin (5) engaging holea in latch plate (6). It may be released
for maneuvering by pressurs of the thumb on latch button (1) or 1t may be per-
manently unlocked to permit control from the pilot house by depressing and rotating
the lateh button.  When a pilot house control is provided, a chain from the pllot
house control stand engages a sprocket which 1s mounted on the hub of the control
lever and transmits motlon from the pllot house control stand to the engine control.
Control shaft (13), which rotates in bronze bushings in housing (15), carries hubs
(14) and (16) for the pilot valve cama, cam {18) for the governor spring control,
ecam [17) for the fuel cutout and gear tlg} for the lateh shaft interlock connec-
ticome. All of these unlts are keyed and clamped to the shaft, which is drlilled for

al
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lubrication and provided
with & grease plup on
the outer end.

Referring to Plgs. R-1 and
R-2, the pilot valves ara
actuated from the cams on
8 g the control shaft by means
of levera (7), (B), ana
(9) which are mounted in
@T}) @ . the control unit on ful-
crum shaft (87). Lever
y (7) controlling both pilet
valves for the aipr ram,

T has twe rollerz, one on
& % each slde, which are en-
T W i’ gaged by the two facea of
E

o F T P
8

F a eam on hub [11), "The
m : right hand side of the cam
i engages for AHEAD and the
| 70 . ]
F \ —--=: left hend aide for ASTERN
\ on & right hand englne.

i I When the control lever ia
- : in the vertical, or 3TOF
e G position, lever (7] ia

A e | [ alap vertical, held in
= this position by & spring
and both rollers sre frae

ﬂg}—"“F ke ﬁﬁ} of the eam. When the con-

ne

I
% R ]

trol lever ia moved in the
ahead directlion [clockwiase

on a right hand and coun-

e il A
il ! terclockwlse on a left
W | hand engine) the lemd-cam
1 face contacgts its mating

roller and turns lever (7)
SECTION THRU CONTROL UNIT in the opposite direction,
thereby opening the shend
PIG. R-1 pilot valve for tha sir
ram. Thus the ahesd pllot
valye, that Ls the valve to shift the latch shaft to the AHEAD poaition, 1a on the
after side of the control housing and the astern valve is on the forward side. The
lever rollers are so loecated with reapect to the cam nose that the pilet valives open,
admitting air to the air ram cylinder, when the control laver 1s turned 149 frem the
vertical, either AHEAD or ASTERN, As the handle is further rotated to approximately
"'59° from the vertical, the end of the nose or dwell bPerdod of the cam 1a reached and
the roller drops down off the nose, allewing the valve to close and relleving the
alr pressure in the ram cylinder. The acticn is reversed as the control lever is
moved tovard thé ETOP poaition from either AMEAD or ASTERN running poaltions, the
pllot valve being opened and air admitted to the ram cylinder as the lever reaches a
point 59° from STOF. As it further approaches STOP the vglva 1s olosed and the ram
eylinder again relieved when the lever reaches a point 14° from STOP.

Lever (8) operatea the pllot valve controlling the flywheel brake and compreassion
relief valves. It has only one roller, so located with reapect to the cger that when
the lever 1z in the STOP position 1t is up on the cam nose. The lever i ‘then dls-
Placed and the pllet velve is open, admitting ailr to the brake cylinder and com.-
preasion relief manifold. As the control lever 15 moved 14° in elther directlion the
roller drops down to the cam base cirele, allowing the pllot valve to close, thus
relieving the brake cylinder and compression relief manifold. This sction is pe-
versed as the lever ls moved toward the STOP position from aithes AHEAD or ASTERN
running positions, applying the breke and opening the compression reliefl valves as
thehcunErE} lever reaches & point 1% from STOP. The operating cam toe is cappied
by hub (14},

Lever (9) operates the starting air pllot valve. 8inee it 1s not permiazible to
have this valve open during the atopping portion of the maneuvering ¢ycle, that 1a
when the ccntrol handle is moved to .STOF from elther AMEAD or ASTERN running poal-
tions, lever (9) 1s provided with pawls, one for AMEAD and one fom ASTERN, which
engaEe cnrr&agoﬂding cam toes carried in hub (16)., As the control handle 1s moved
to o point 32 from STOP in elther the AHEAD or ASTERN directiona ocne of the cam
tocs engages and 1ifta 1ts mating pawl, rotating lever (9) in a clockwise direc.
tlon and opening the starting air pilot valve. As the motien of the eontrol lever
continues to & point 50° from STOP the end of the ecam toe 1la reached and the pawl
drops off the cam, allowing lever (9) to retyrn and the pilot valve to close. On
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the return stroke of the contrel lever, that 1s when it ia moved toward STOP posi-
tion from elther AHEAD or ASTERN running peosltiona, the pavwl reotates on its fulerum
pin in lever (9) when it is contacted by the cam toe, allowing the cam to 31ip un-
der 1t without moving lever (9) and opening the pilot wvalve. The pawla ere held in
position againat atop pins in lever (9) by light tenslon springs, anchored to pins
in the aide of control housing (15). The mechaniasm is accessible through the in-
apaction. hole on the left hand side of the control housing.

ATR RAM PILOT VALVES : A

Flg. R-2 showing Section X-X in Fig. R-1, 18 a horizontal aection through the pilot
valves. Valves (26B) and (27BE) are the sir ram control valvea, (27B) AHEAD and
(26B) ASTERN in a right hand engine. The air »am 18 essentially & double acting
platon and rod, the latter being connected through gearing to the lateh shaft. The
platon 13 actuated by compresaed alr at 125 to 200 lba. pressure and, for the oper-
ation of the ram, 1t 1s easential that the pressure and relief on the twe sides of
the plston be under sccurate gontrol. This control is by means of the pllot valves
{eﬁn]i and (27B) actuated by the control lever through the cam and lever (7) as
pravioualy deacribed. The valves are identical o emch alde, and the operation 1a
the same whether AHEAD or ASTERN. EReferring to Fig. R-2 tha outeéer chambara are
connected to the alr supply and the inner chembers (26) and [27) are connected to
the two sldes of the alr ram cylinder. Flg. R-2 shows the mechanlam with the con-
trol lever at STOP and lever (T) verticsl. . In this position the pllot valves [26B)
and'EETE gre both held closed by their spring (264) and {(27A) and went valves (26D)
and (27D} are held out apainst adjusting serews (10) in lever (7) by their springs _
26C) and (27¢). Both sides of ©
the air ram platon ere therefore
THIS SPACE CONMECTED TO THIS SPACE COMMECTED vented into the control houalng
BRAKE AND CYLIMDER COMP TO STARTIMG through the drilled holes in the
RELIEF VALVES pilot and vent valves. As the
contrel handle 1a moved AHEAD
lever (7) ia moved to the left
as seen in Plg. R-2 (for a right
hand engine) and vent valve
[ETD% alidesa into pilet wvalve
2TB) collapsing aspring (27C),

A until ita head -engages the end

supply  ©f the pllot valve and seals

——  vent holez (2TE). Further

; motion of lever (7) 1lifts walve
e)  (27B) off its seat, collapsing

L xﬁfﬁ@ spring {ETAE and admitting alr
e

to chamber [27) and so to the

AHEAD alde of the air ram piston.
TE During this action vent valve
(268) on the opposite ‘alde 1a
pushed out by apring (260) and

e
® 0 ®

Ll bt g follows the motidn of lever (7).
-THIS SPACE COMMECTED THIS SPACE COMNNECTED -
T OME SIDE OF AR TC ORE SIDE OF MR o The vent passage through the
RAM PISTON RARM PISTOM drilled holes in the valves thus

remaing open, venting chamber
{25), and allowing the sir ahead
FIG. R-2 of the pilaton to escape aa the
¥125?n_1n moved,. to the AHEAD positicn by the compressed ailr admitted through valve
2TE).

The action for ASTERN i1s exactly opposite to that deacribed above. The total mo-
tion of lever (7) ench aide of center 1s 3/8". 7/32" of which 13 utilized in clos-
ing the went valves and 5/32" in opening the pilot wvalves. Adjusting screws (10)
in levar l_"i"]l should be set so that the distance between the head of the vent velves
and the end of the pilot valves is T/32" con each side when the control lever 1s at
AT0P and lever {'” 1z vertical, with clearance between cam faces and rollers egual
on each alde.

FLYWHEEL, BRAKE & COMPRESSION RELIEF PILOT VALVES

The flywheel brake 1z actusted by & =ingle actingdir piston and 1s released by &
apring. Only one‘pllet valve is therefore neceasary for its control. Thia valve,
{2BB) in Fig. E-2, 1s ldentical wlth the pllot valves for.the air ram and its ac-
tien in admitting air to and venting the cylinder:is exactly. the same. The valve
iz operated by lever (8) as previcusly described, and the adjusting screw in the
lever should be set the same as the ones for the slr pam pllot velves, that 1z to
allow T7/32" opening of the vent valve when the lever roller Ls on the cam bass
clrels. - g i
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The compression relief valves are slao setuated by aingle scting eir pilatons with
spring return, and are therefore operated by the same type of control valve, 8Since
their operation is desired at the same time in the maneuvering cycle as the fly-
wheel brake, the manifeld feeding these valves is connected te the breke pillot
valve and the one valve controla both flywheel brake and compression relief valven.

STARTING ATR PILOT WALVE ‘

Valve (30) in Fig. R-2 is for the control of the master valve in the sterting air
manifold, described in detsil in Paragraph 11. This is a piston operated valve,
held closed by the alr pressure on the valve hesd and opened by the pressure above
& piston when the cylinder below is vented. The pilot valve oparating the master
valve must thersfore vent the eylinder below the pilaton. It is & aimple poppet
valve, mechanlzally opened and spring closed. Referring to Pig. R-2 chambar (29)
is connected to the cylinder below the plsteon in the master atarting valve. Uhen
the pllot valve 1s opened by lever (9) as previcusly dascribed, this chamber ia
vented into the contrel housing and the master starting air valve cpens, admitting
air to the starting air manifold. When the pillot valve 1a closed pressure immed-
lately builda up below the platon and the master valve closes. 3

The position ef lever (9) when free from the cams is determined by an ad justing
gerew in the lever and bearing against a boss in the control housing. Thiz screw
should be set to bring the cams on hub (16) (See Fig. R-1) inte contact with the
pawls on lever (9] when the control handle 1s 32° from SPOP either AHEAD or ASTERN.
Equallze the adjustment on either side, making the mesn 32°. After locating the
lever as above, set the adfusting screw in the end of the laver to allow .015"
clearance between screw head and the Ppllot valve stem with the control levepr at
STOP . :

The pilot valves should be ground to theipr aenta cccasionally if leaking. Leskage,
unlesa excesslve, will not materlally effect the operation of the contrel unit,

but it will of course ineresse the aip conaumption necessary for maneuvering. The
seal for the vent valves is between the end of the pllot valve stems and the under
side of the vent valve heads. When grinding these seats use care not to get any
grinding compound into the it between the vent valve and pllot valve.

AIR RAM, REVERSING RACK AND CONNEGTION T0 LATCH SHAFT =

The power for rotating the latch shaft through 180° from the AHEAD to ASTERN posi-
tions or vies versa 1s supplied by an air ram, or double acting alr piston, con-
nected by meansa of a reveraing rack and gearing to the latch shaft. It i3 loceted
on the tep of the latch box and iz shown in detail on Fig. R-3.

FLUGE MUST BE FITTED TO FILL L
SLOT O EACH SIDE OF CAPECREW
AFTER QEAR HAS BEEN LOCATED

FIG, R-3

Referring to Fig. R-3, housing (68), which is bolted to the top of the latch box,
carriea reveralng rack (62) and pinton shaft (72) in replaceable bronze bushings .
If reneved bushings muat be reamed to 2.002"7 . 2.003" and 2.249" - 2.2505" diameter
respectively after preasing in, and the oll holes must be dplilled through the bush-
inga in line with the holes in the housing. The unit 1s located on the lateh box A
with the pinion shaft at the center of the engine, midvay betwsen cylinders 3 and
4. .Cylinder (61) is provided with & bronze liner to prevent rusting, and iz holted
together with rront head (64), to the after end of housing (68). A stuffing box
(65) and gland (66), accessible through cover plate (ET), seal the platon rod
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wvhere 1t pasaes through the front head. The after end of the cylinder is closed
by back head (51). Connection (5%) in the back head and a similar connectlon in.
the front head are connected by copper tubing to the pilot valves in the Control
Unit, deseribed in detail in paragraph 3.

The plston assembly 1s made up of platon (88) with ring (5T), cup leathers (56)

and (58), followeras (87) and collars (59). The assembly 1s mounted on the after
and of the platon rod {EEE, and iz clamped by nut {(63). The reversing rack teeth
(69) which engage pinicn (71} are cut in the forward end of the piston rod (62).

The travel of the plaston 1s limited at each end by contact between followera (87)
and the cylinder heads. In order to prevent shock the plston ls cushioned at each
end of ita atrolke by trapping part of the air shead of 1t. Referring again to
Fig. R-3 and assuming that alr is being admitted to the right side of the piston
from the pilot valve in the control housing, the plston will be moving toward the
laft. The alr in front of 1t will be expelled through connection [54) and the
pilot valve in the Control Unit, the vent valve of which will be open. As the
piston approaches the end of its stroke collar (59) enters opening (B6) in the head,
closing it off, and traps the air in front of the plston. This trapped alr must
then pass through needle valve (85), which should be adjusted to produce the de-
atped cushioning effect on the plston. Remove plug (83) to reach the needle valve
for adjuatment.

Check valve (53) 1s provided to admit aly to the full face of the plston when 1t 1a
to be returned to the opposite end of the eylinder. This valve 1s made necessar

by the closing of opening (86) by collar (59), thus preventing air from chamber FEE
reaching the full face of the plston until collar (59) cleara the head. Valves (53
and {HE? are duplicated in front head (64), but are not shown in Fig. R-3. The
sotion of the piston at the front end of the eylinder is exaetly the same as that
deacribed sbove. Valvea (84) and {5?} are not shown in thelr correct positions in
Fig. R-3, valve (53) and connection (54%) from the pilot valve actually belng located
on the horlzontal centerline toward the englne in the back head and valve (B4) 20°
off the vertical. In the front head, both valves are in the top, 5/8" each side of
the ecenterline, and the inlet connection from the pilot valve is on the horizontal
centerline avay from the engine.

Section YY in Fig. R-3 shows a transverse section through pinion shaft (72}, This
shaft, which is driven from reversing rack (62) by means of pinion (71) to yhich it
is keyed, has a Tlange on its inner end to which 1s bolted helical gear (73). This
gear meshes with & similar gear (5) on the latch shaft (4) and thus completes the
sonnection between the air ram piston and the lateh shaft. Housing (68) 1s located
and doweled on the latch box se that these gears mesh properly, and I replaced the
new housing must be carefully located, and new dowel holes drilled soc that these
gears are correctly meahed.

The holes in the hub on sheft (72) for mounting gear (73} are slotted, amd if either
gear (T3} or ita mating gear (5) on the latch shaft are replaced, gonr [T3) must be
adjusted radislly on the shaft to correlate the motlon of the air ram piaton and the
lateh shaft. The correct AHEAD and ASTERN positions of the lateh shalt ave shoun by
marks seribed an one of the lateh shaft woba registering with & pointer mountod on
the adjacent lateh shaft bearing. The lateh shaft should be set in the corrasct A-
HEAD pesition and the gear and hub then adjusted radielly to locate the alr ram pla-
ton at the extreme end of 1ts stroke, that is, againet the back head of the cylinder.
Phree of the four capserews (75) holding gear and hub together arae then tlghtened.
The one remaining capserev will require plugs to be fltted on each alde to [1ll up
the slot in the hub (72). These plugs will retain the gear in i1ts proper position
and eliminate the necesaity of redrilling and reaming for a dowel pin. In fitting
theas plugs make sure that each plug contacts both the end of ths alot and the cap-
serey 2o thet 1t would be impossible for the gear to alip, as any slippage would
change the valve timing. After the plugs are fitted the capserev may ba tightenad
and secured by the lockwire which passes thru the head of all four of the gear re-
talner capscrews. Four oil cups on the top of the reversing mack housing provide
lubrication for the reversing rack and pinion shaft, and should be olled as often &3
necessary to keep the bearings well lubrieated. Two small plpe plugs are provided
in the top of the air cylinder for lubricating the platon.

Barring hub (81) on the wuter end of the pihion shaft provides means for operating
the réversing mechanism manually in an emergency or while working on the engine.
A one inch bar about four feet long may be used.

The required motion of the latch shaft 1s 180° and the tocth ratio of the two gears
1s such that shaft (72) must rotate 270% to glve this lateh shaft motion. Thia re-
quires a total piston travel of 10-1/16" which may be adjusted if necessary by
changing the thickness of the gaskets under the cylinder heads. The position of
shaft (72) and hence of the entire assembly, including the alr ram piston and the
latch shaft, 1m indicated by pin (80) in barring hub (81). This pin reglsters with
the AHEAD and ASTERN on indiecator plate (78). The AHEAD on this plate 1s forward
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and the ASTERN aft. The pin rotates through the lower arc, and the reversing rack
muat therefore be moving aft (to the left in Flg. R-3) when the lateh shaft 1s mov-
ing from ASTERN to AHEAD. The air must be admitted to the forward (or right hand
in Flg. R-3) side of the piston to produce this motion, which puts the englne in
AHEAD position. Thersfore the shead pllot valve in the contrel housing, (which 1ia
on the left or after aide of the housing, as expleined in paragraph %) must be con-
nected to the forward or front head of the ram exlinder. Conversely the astepn
valve is connected to the rear head. The position of the plaston is art when the
engine 1s running AHEAD and forward when 1t is runnin ASTERN. (The sabove discus-
sion holds true for both ripht and laft hend ﬂngines.?

7. LATCHES AND LATCH SHAFT

For a given direction of rotetion all the valves must be actuated in = definite me-
quence and with a definlte timing. For direot reveralble engines 1t is consequent-
1y necessary to provide dusl sets of cama, one set for operation in the AHEAD dipec-
tion of rotation, the other set for operatlon when running ASTERN. At the seme

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

In Atlas engines the AHEAD apd ASTERN cama are mounted side by side on the cam-
shaft. Referring to Fig. R-3 it will be noted that latches equipped with tvo rol-
lors are interposed between the camg and the valve lifter rollers. The two latch
rollers are offast and 1ined up relative to the cams in such & manner that in the
AHEAD position of the latehes one set of rollers contact tha AHEAD cams while at
the same time the other set of rollers ape frae of the ASTERN cams. (Astern ecam
not shown in Fig. R-3) Thus in the position shown in Fig. R-3 the AHEAD cams actu.
ate the latches which in turn actuate the valves by means of the 1ifters, pushrods
and rockers.

By rotating the latech shaft 1809 the loteh fulerum polnts are moved inwerd (toward
the center of the engine) to a point where the ASTERN cems contact the other set of
lateh rollera. This inwsard movement frees the AHEAD latch rollera of the AHEAD
cama and consequently the ASTERN cams now control the actuation of the valves,

The fuel valve timing ia vary nearly the same for both directions of rotation, For
example, in one direction of Totation the fuel valve may open 8° bafore top center
and cloze 18° after top center. Then if the rotatlion was reversed and the lateh
kept in the same poaltion the fuel valve would open 182 before top center and elose

© after top center. In other worda, the timing would be 10° early. It ia posaible
to compensate for this slight difference in timing by properly positioning the
ASTERN roller on the fuel valve latch. Conssquently only one fuel cam is provided
Which serves for both AHEAD and ASTERN running and the fuel lateh rollers are in
line, not offset &8s on the othep latohes.

The ¢ase hardened steel latch rollers turn on steel pins carrled in the beodies of
the latches and riveted in Place. In the inlet, exhaust and atarting air latchea,
spacers between the walls of the latehas and the sides of the rollers eatablish the
positions of the rollers in line with the cams. The fuel valve latch deoss not re.
quire any spacers aince only one cam 18 used and both rollars are in 1ine. The
rﬁéﬁﬁra all have a clearance of .001" to ,002" on the pins and a side clearance of
1 Tkt .

The lateh shaft is built up of six sections, each seetion comprising the crankahart
for the four latches of a single cylinder. The shaft 18 mounted on caat iron bear-
inga which are bolted to the side of the centerframe. Journals are turned on the
shaf't at each end of eapgh erank, and flanges at the ends of each section provida
means of bolting the sections together. Bearing elearance 1a 001" to ~0025" and
end play i1s taken by the two outer bearinga,

%. LATCH SHAFT INTERLOCKING DEVICE

The lateh shaft interlock is shown in Fig. R-4. The two plungers (41) and (§T7) are
located fore and aft soc that they are in line with adjmcent lateh sheft webs, and
they engage slots (48) and (49) cut in the respective webs. These plungers are
interconneeted by rockers (38) and (44) and shaft (43), the whole assembly being
mounted In bracket (42) on top of the latch box, just aft of the contrel unit, The
device ia cperated from the main control shaft in the control unit b meana of
shaft (25), to the far end of which & heliocal gear, ((24) in Fig. R-1) is keyed ang
clamped, which gear in turn meshes with a similap gear ((19) in Fig. R-1) on the
control shaft. Shaft (25) carries crank (35) on 1ts overhung end, and pin (36) in
the erank iz connected through 1ink (37) ana fork (33) to plunger (41). '

For plunger positions shown in Flg. R-4, the control handle 1a at 3TOP, the latch
shaft 1s in AHEAD position, alot %1;9} reglsters with plunger (47), slot (48) 1s
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180% eut of reglster with plunger (41), and both
plungers are up clear of the latch shaft weba ao
— z—-==--—) that the latter 1s unlecked and free to turn,
™ Assume now that the control lever is moved in the
AHEAD direction. The hand of the helical gears
is such that sheft (25) will be rotated clockwiae
as viewed in Fig. R-4, which wlll 1ift plunger
E#l] through the sction of crank (35) and 1link
57). Plunger (47) will be lowered at the same
time, throth the interconnection of the rockers
Eaﬂi and (&%) and shaft (43), and will enter alot
9} in the lateh shaft web, thereby locking the
ghaft in the AHEAD position and preventing its
shifting to any other position.

! fa n second assumption, consider the control
handle to be moved toward ASTERN. The above ac-
tion will be revergsed, and plunger (k1) will move
doewnward. Since it is not in register with the
glot in 1ts mating latch shaft web 1t can move
only until it contacts the web, and wlll then
erreat the motlion of the coentrol lever. Thls
pction takea place when the control lever is
moved 259 from STOP and 1t esnnot be moved fur-
ther until the latch shaft shifts to ASTERN and
alot (48) is brought into reglster with plunger
[41). Thua it 1s lmposaible to admit starting
alr to the engine unless the latch shaft is in
the position corresponding to the direction in
which the control handle iz moved.

It should be underatood thet this interleck atop
13 primarily & safety device to prevent starting
the engine before completion of the Iatch shaft
shift, and it should net be abused by delliberate-
ly jamming the laver over againat 1t, as this will

FIG. R-4 regult in excessive wear throughout the mechanlsm,
if not in damaged and broken parta. Normally the lateh shaft will shift almoat im-
mediately upon opening of the pilot valve (which occurs with 14° motion of the con-
trol handle), and 1t will be poasible to move the cuntrgl handla right along te the
starting air period, with only a slight pause at the 25 atop point. During this
pause, while the latch shaft is shifting, the control handle should not be held up
sgainst the stop, with the plunger bearing apgainst the latch shaft web and conae-
quent wear on both parts.

Before disassembling the interlock drive mechanlsm the helical peara should be
marked so that they may be remeshed in the same relation. Crank (35) and rocker
(44} are Einnad to thelr shafts with taper dowela, while the helical gears and
rocker [3B) are keyed ap that the device can only be assembled in one way, 30 long
a8 the gears are correctly meshed. If at any time the gears, shalts, crank or
rockera are raplaced, the plungers must be retimed, which may be done as follows.
With the cemtrol handle at STOP, adjust erank (35) relative to shaft (25) so that
the vertical dlstance from the top of the lateh box up to the center of the pin in
fork (39) is %-1/4". Be sure that shaft (25) is forced to the left so that gear
{24) (Fig. R-1) is bearing against the control housing bosa, and allow .010" thruat
gclearance between crank (35) and the housing., Clamp crank (35), drill a hols
through the shaft uaing #7 drill (.201" dia.) then taper ream for #4 taper dowel.
Adjust rocker (4%) relative to shaft (43) so that the vertical distance from top of
latch box to center of pin in fork (45) 1a 3-1/16", clamp rocker and drill and ream
pocker and shaft for #% taper dowel.

gt lateh shalt at soms intermediate posaition, and move control lever ln AHEAD dir-
ection until lateh pin (5) (Fig. R-1) dropa into the slot in latch plate (6). Posi-
tion lever =o that pin 1s sbout 1/8" from upper end of slot, and then adjust plung-
er (47) (Fig. R-4) relative to fork so that end of plunger bears agalnst latch

shaft web. Thia will allew some clearance between plunger and web when lateh pin
bears agelnst upper end of slot. Repeat adjustment on plunger (41) for reverse,

and tighten fjam nuts to loek plunger sdjustmenta. Interlock bracket (82) (Fig. R-%)
i3 doweled to the lateh box, and if replaced the new assexmbly muat be located ao
that the plungers will enter the slots in the lateh shaft webs before drilling the
new dowel holes.

FOEL CUT OUT MECHANISM
The fuel cut out mechanism shown in Fig. R-1 serves to stop the engine by taking

7.




Section R

14,

the wedge shaft out of the control of the governor and mechanically rotating it to
ull out the wedges and cut off fuel to the engine. Referring to Fig. R-1, plunger
?ﬂﬁ] bears on cam (17) which 1s rotated by means of the main control lever and
shaft (13) to which both lever and cam are keged. As the cam rotatea the motion
of plunger (85) follows the cam profile, and is transmitted through lever (85) and
rod f?}? to lever (22) which floata freely on wedge shaft (20). A second lever
(21), which 1a clamped and keyed to the shaft bealde lever (22) haa a hook on its
free end which projeets out over lever (22). Thus when lever 22) is raised by the
action of cam (17) and the connecting linkage, 1t contsctzs the hook on lever 21)
and rotates the wedge shaft counterclockwlae =n stop the engine. The profils of
cam (17) 1s such that when the engine ia running elther AHEAD or ASTERN plunger
(85) 1a down, drnpping lever (22) so that it 1s clear of lever (21) and the wedge
shaft 1s free to float under governor control. Aa the control lever ia moved
toward STOP through SLOW poaition cam (17) begins to 11ft plunger (85) when the
lever reaches a position 56 from STOP and at 48° from STOP the maximum plunger
Lift 1s reached and the fuel wedges are pulled out, cutting off all fuel to thes en-
gine. ;

The above aetleon 1s reversed when the englne 1s started, the wedge shaft belng ra-
leased to governor control with 56° orf contrel lever motion. Note that the fuel
cut out does not begin to releamse until 48°, and that the atarting alr valve clomes
at 50° so that there 1s virtuslly no fuel admitted to the engine while the starting
alr 1s on, thus preventing any posalbllity of damage resulting from excessive oy-
linder pressurea. This also means that the engine will not fire while tha atarting
alr valve ls open, so that 23 scon as 1t isa relling the control lever should imme-
diately be moved slong te SLOW in order to admit fuel to the cylindera. If far any
reason 1t does not fire the lever must be brought back through the starting cyele
and the action repeated.

The fuel cut out should be adjusted, by means of the clevices on rod (23), to allow
1/32" clearance between levers (21) and (22) when the engine ia idling at SLOW. If
the wedge shaft i1s ever replaced, rod (23) should be adjusted so that 1t 1as at right
angles to lever (22) with the control lever at STOP. Then with the engine idling

at SLOW lever (21) should be clamped to the wedge shaft with 1/32" clemrance between
it and lever (22) and the wedge shaft drilled and reamed for the dowel. Use #15
(.180") drill and #3 Taper reamer.

QOVERNOR AND GOVERNOR CONTROL

The Tlyball type governor, mounted near the bottom of the forward end of the lateh
box and driven from the eamshaft gear, 1ia shown In Fig. R-5. Cast.iron bearing
(34) 1is adjusted and doweled to the lateh box to allov .004" to .005" backlash be-
twaen governor gear (33) which is preassed and keved to the governor body, and the
camshaft gear. Running clearance between governor body (32) and the bearing is
-0015" to .0025" and lubrication is from the force feed ayatem of the engine.

The angine speed is econtrolled by verying the governor apring tenailon through a
linkage from the control lever, as shown in the upper portion of Flg. R-5. (Thia
is section W-W in Fig. R-1 taken through the governor control cam (18}).

Referring to Flg., -5, 1t is seen that the governor apring reaction 1s transmitted
from lever (23) which carries hardened rolleps that bear againat collar (39),
through vertical shaft (20) to upper lever (17). This lever is connected by rod
(T) to governor cam plunger (5) and by linkage is made to follow motion of Eovern-
or cam (18). As shown in Fig. R-5, the control lever is in the PAST AHEAD poai-
tion and cam plunger (5) is pulled to the left the limit of its travel compressing
Bovernor spring (35) to its shortest length and ellowing fuel vedges to be drawn
into maximum fuel position by tension in wedge shaft torsicn springs which move
governor quill rod (26) to the left till linkage is anlid. Aa the control handle
is moved back toward SLOW, the cam drops allowing the roller (3) and cam plunger
(5) to move to the right, decressing the governor spring tension, and allowing
governor welghts (31) to move out and push the wedges out decreasing the fusl sup-
P1¥ to the engine.

Governor weights (31) mounted on pins in governor body (32) earry rollers on rivet-
ed plna. As the flyballs tend to move out due to the centrifugal force the rollers
exert & force against sleeve (38) acting through spring (35), spring guide (27),
ball bearing ( % and plunger (30).. Plunger (30) rotates with the governor body
while quill rod (26) and spring zuide (27) remain stationary. The thrust reaction
ia taken by ball beering (37) and retaining collar (24) which iz threaded on Bov-
ernor body (32). The clearancesfor collar (2%) 1s adjusted to .010" and the col-
lar 12 then secured to the governor body by & setscrew and lockwire. The governor
welght thrust is transmitted directly to the governop spring (35). The spring re-
actlion 1a taken by sleeve (38) and collar {}9? to vertical aheft fork {23?.
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FIG, R-5
The quill rod motion ia independent of the linkage which compresses the governor
spring and is transmitted to the fusel wedge shaft through an independent vertical
shaft [1%] sctuated at 1ts lower end by fork (22) and at its upper end through
1

lever and ball joint (8). The spring reactlon is such that the governor
welghts are held in by governor spring (35) against the centrifugal foree tonding
to throw them out. Through the linkage to the fuel wedge shaft the wedges [ollow
the motion of the weights, moving out and decreasing the fuel supplied to the en-
gine as the welghts move out with increase in speed. At SLOW (Point "B" on the
ecam) practically all tensien on the povernor spring iz released and the toralon
apring on the wedpe shaft 1a acting aa the governor spring. The actlion ASTERN 1s
exactly as described for AHEAD, cam (18) being symmetrical about line A. The speed
range of the angine from FAST to SLOW 1a adjusted by lever (17). Turning threaded
aleeve (12) will ceuse the lever to lengthen or shorten thereby causing smaller or
graater travel of governor spring lever (23]).

For full apecd setting (econtrol lever at FAST), the tension of the governor apring
is varied through levers (17) and (23) by lengthening or shortening rod (7) which
iz threaded with ripght and left hand threada. This getting must be coordinated
with the speed range setting to insure proper operation of both adjustments.

For adjustments of the wedge shaft linkage, setscrew (21} bearing against the end
of the quill red (26) should be set to equalize the motion of lever (22) on each
alde of 1ts midpoaition.

The teoraion apring on the wedge shaft 1s primarily for the purpose of taking up the
loat motion in the linkege, but singce 1t acts I1n the same direction as the governor
apring and ia considerably lighter it serves well as a governor spring durlng
1dling and is so used. The idling speed may be varlied by adjusting the clamp hold-
ing this apring to the wedge shaft, thua changing the tenslon of the apring. It
should be set at gbout 100 to 120 R.P.M. at SLOW, which should be obtalned by
tightening the spring about one half turn from its free position.

There 1s alsc snother spring -acting con the wedge 'shaft. It ls mounted on a stud on
the centerframe snd bears sgalnst & lever clemped to the shaft, serving as & buffer
apring to prevent over regulation of the governor when the propeller i1s thrown
clear of the water in rough seas. It doea not enter into the normal governing of
the engine. The adjusting nuts on the mounting stud should be set ao that the up-
per apring washer juat contacts the lower nut when the engine is at SLOW.
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MASTER STARTING AIR VALVE

FLYWHEEL HRAKE

The master starting valve, mounted on the aftar end of the atarting air manifold,
is shown in Fig. R-6. Alr from the receivers is admitted to the lower side of the
velve (1) and the pressure against the valve
head, together with spring (2) keeps the velve
closed. Preasure on both sides of platon {3)
15 normally balanced by eir bleeding through a
small hole in the top of ‘the piston. The lowern
slde of the piston 18 connected by means of
tube (&) to the alr starting pilet valve in the
control unit, described in paragraph 5. When
this valve ia cpened and the pressure below the
platen is relieved, the foree on top of the
platon, the area of which ias Breagter than that
of the valve hesd, overbalances the upward
forces and the valve opens, admitting starting
alr to the manifold. When the pilot valve is
closed the pressure below the piston quickly
buflds up again and eloses the valve. 3Slot (5)
in the valve stem venta the manifold; when the
valve 1s closed, and is in turn closed by the
lovering of the stem when the valve opens., Con-
naction (6) is for the air pressure gauge. The
cast Iron valve housing ia fitted with Bronge
bushings for the piston and valve stem, and 4if
replaced they should Be bored and reamed
3.4995" . 3 ,5008" and  .BR1M _ _mEov respactive-
ly alfter pressing in the housing. The reamed
holes must be kept in line with the vaelve agat,
v¥hich should be ground when neceasary to keep
FIG. R-6 the valve tight.

The flywheel brake assembly 1s shown in Fig., R-7. Brake shoe (1) which 1s faced
with brake 1lining, is earried by the horizontal arm of crank shaped lever (2).
! This lever is mounted on shaft (3), and carries
4 the brake eylinder (4) in trunnions on 1ts ver.
- [ tlcal arm. Shaft (3) 1s suppoerted by bracket
{5) which 1s bolted to the after end of the
centerframe. The projecting end of the platon
e rod (6) bears against the comprezsor eylinder
and therefore the piston and rod remain sta.-
ticnary when air i1s admitted to the eylinder.

- - When the pllot valve in the Control unit is
openad, as described in paragraph § and eip ls
admitted to the brake, the eylinder moves
relative to the pisten. Lever (2} is rotated

i i1 about its fuleorum, applying the brake to the
”E_"* flywheel and stopping the engine. When the air

_| 2777 pressure is relieved the brake shoe is with-

{ |7 "~ drawn from the flywheel by spring {FJ whish

I bears against & third arm on lever (2).

There are no adjustments necessary on the brake
and the only serviee requirements are the pe-
placement of the shoe lining and the pilston cup -
FIG. R-T leather when neceasary.

COMPRESSTON RELIEF VALVES

HWOTE: -These valvas &ro ied as standard equipment, but only when specli-
lcally ordered. ﬂnat"ﬂnnHl——ﬂ———-—__ﬂqﬂhﬁ.‘__m____h____:;?
The pneunatlically operated eylinder compression reliefl valvesy 11lustrated in Fig.
-8, serve to relieve the pressure in the eylinders igﬁ;hé evant that the engine
becomes alr bound on top center. Thease velvens recelve alr from a manifeld mounted
Just below the starting air manifold. As previeusly explained, the air is supplied
from the fiywheel brake pllot velve in tng,cﬂﬁtrul unit. BSince 1t 1s enly at in-
frequent intervals that the operation of thesa valves may he raquired, a globe valve
1s placed in the line feeding the 1fold, ang 1t is recommended that it normallsy
be kept closed. If at any time—the engine refuses to start due to the cylinders

being sir bound, the valve-sfiould be opened while the engine control lever is at
STOP, and the cylindep pressures will immediately be relleved.

e e e
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MANEUVERING THE ENGINE - 8

Section R3

Referring to Fig, R-8, valve body (3) 1s s:iéhed
into tee (1), which is in turn screwed into-the
eylinder head.

Valve (2) is held against its seat in the body
by spring (5), which is ascured to the top of
the valve atem by a nut end washer.

Fiaton (%) bears against the end of the valve

stem, and when air from the manifold is admitted
to the hole (7) in cap (6) the force on the pis-
ton overbalences the spring force and the force

'due to the cylinder gases on the head of the

valve and the-valve iz opened, relleving the
cylinder présaure through the drilled holes in
the valwé body.

The relief valves should not need any adjustment,

other—than to grind the seats in occasionally 1f
they leak.

ONTROL EVENTS

Assume that the engine has been running ASTERN and that it is desired to go AHEAD,
The Control Lever has then been located somewhere between FAST and SLOW on the
ASTEREN aide and the first atep 1s to move 1t to the STOF position as shown in FIG.
R-9. On ita way up to STOP the Control lev-

er has than caused the fuel to be cut offl

and the Flywheel Alr Brake to go on. Con-

sequently with the Lever in 3TOP aa shown
the engine wlll rapidly come to a astop. The

lever should be kept in the 3TOF position
until the en @ _hng to A fu

After the engine has atopped, the Control

top.

Lever san be moved toward START on the AHEAD: —

glde. Referring to the numbersd positlons
on Fig. R-9, the followling events take place.

(1) In this .positicn the pllot valve con-
trolling the flywheel brake and the compres-
the wvent 1s
opened, releasing the brake and closing the
compreasion relief valves. At the same
point the ahead pilet valve for the alr ram
13 opened and the ram operates to put the
latch shaft in the AHEAD position.

slon relief valves i3 closed and

(2) Keep the control lever in this position
for a moment until the air ram has -shifted
the latchea to AHEAD. Watech the indicator
pin on the barring hub of the air ram mech-
anism which indicates the latch shaft posi-

tion.

{3) In this position the latch shaft inter-
lock mechanism operates and prevents further
motion of the contrel lever untll the leteh

ghaf't has been shifted to AHEAD posltion.

() In this position the atarting alr pilot FIG. R-9

1l.




Zection R3

valyve is opened admitting starting air to the engine, and 1t beginsz to rotate in
the AREAD direction of rotation.

{5) In thia'pusitiun the fuel eutout mechanism begine to release, gradually return-
ing the wedge ahalt to governor control and admitting fuel to the enplne.

(6) In this position the starting air pilot valve closes and the gontrol lever
should immediately be moved on to SLOW (position g9},

{T) In this position the fuel eutous 1z entirely released end the englne is under
control of the governor. .

(8) In this position the air ram pllot valve closes venting the shead cylinder.

(9) In this position the control lever enters the first hole (SLOW) end the engine
1s 1dling at spproximately 100 to 120 RPM under contral of the governor.

(10) In this position [FAST) the éngine is operating at its rated speed. The engine

apeed at the various holes between positicns (9) and (10) is roughly proportionsl
to the position of the hole,

The verious control events cn the ASTERN side take place at points corresponding
to those on the AHEAD aide,

12,
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Section T-1
LUBRICATING OIL 3YSTEM

The lubricating oil aystem conaiats of the day tenk, two lubricating oll pumpa
(pressure and scavenge), the lubricating oll filter, the lubrieating oll coocler and
the necessury pilping and manifolda to carry the oll through the ayastem and to the
bearings.  In addition to the main lubricating oll aystem aa oputlined above there 1a
alag the Madison-Kipp lubricator, supplylng a messured gquantity of ofl to gach pla-
ton and eylinder liner. The normel oil flow ila from the day tank to the prossure
pump, than through the oll cooler to the manifold in the base supplying the main
bearings. In speciel cases (when englnes are ordered with a full flow Tilter) the
norsal oll flow is from the pressure pump through the filter and then through the
oll coeoler to the manifeld in the base supplying the mein bearinga. Drilled holea
in the erankshalt carry oil to the crankpin besrings and the rilfle drilled connect-
ing roda feed the piaten pins. The oll from the bearings dralns down to A sump In
the after end of the base, from which 1t is sucked up by the ascavenge pump and dia-
charged back to the day tank.

Thne hy-pass filter [3td. equip.) i3 fed from the pressure pump discharge line, ahead
of the oll cooler, and the diacharge from thias filter lubricatea the rotary pump
drive and the camshaft bearings adjecent to the camshaft gear a&nd the high pressure
fuel pump crank. W%When a full {low filter is used this line comes direct from the
pressure pump discharee line to the rotery pump drive and camshaflt bDearinga. The
intermediate camshaft bearlnga are lubricated frow cateh besins in the tops of the
bearings.

A four-way cock interconnecting the plping to and from the lubricating oil cooler
permits by-passing and lsolating the coocler. A presaure rellef walve in the line
protectas the pressure pump in the event that the cock is thrown to an intermediate
position (and thus shut off), or apainat a atopping wp of the oll gooler. The cock
should alweyas be thrown quickly from one position to the other, and should never ba
left in an intermediate position.

The lubricating oil preasure is regulated by means of a rellelf valve connected in
the pressure pump discharge line. This wvalve should be adjusted szo that the pres-
aure gage (loecated on the gage board) shows a reading of 35 to 40 1bs. per square
inch, when the oll 18 hot.

Note thet low lubricating oll pressure may not necesaarily be due to relief valve

ad justment. It may result Tfrom one or more of the following causea. They should be
inveatigated before attemptineg to correct the pressure by adjusting reliefl valve a
the pressure pump. I

Low lubricating oil level in day tank.

Restrietion in sucticn plpe to either of the lubricating oll pumpa.
Broken pressure pipe or fitting.

Crankshaft bearing fallure.

Horn pump geara.

Viacozity of oll too low, exceasive tempepatura of oll, or thinning out
with fuel oil.

G OB

LUBRTCATING OIL DAY TANK

The eylindriegal lubricsting oll day tank, hes a capacity of about 16 gallons on 10"
bore engines and about 20 gallons on enginea with larger bore. It should be mounted
vertically with the bottom st least three fest above the engine reom floor, and
should be plped by the cuatomer to the diacharge from the lubricating oll sump pump
and the suction of the preasure pump. The former connection should be 1" to 1-1/8"
pipe, leading to the 1-1/%" pipe tap hole in the top of the tank, and the lattar
connection should be 1-1/4" to 1-1/2" pipe, and should lead to the 1-1/4" op 1-1/2"
pipe tap hole 6" to B" above the bottom of the tank. A drain valve should be con-
nected to the bottom of the tank.

A gage glass nesr the top indicates the oll level, vhich should be maintained be-
tween the center and top of the glass when the englne 1ls running. Under no circum-
atences should it be permitted to drop below the glasa. The tank should be drained
and flushed cut at intervals to keep the aludge in the bottem from bullding up to
the pusp suction connection. NWew oil should bBe added to the ayatem through the fil-
ler hole in the top of the tank, vhieh is protected by & screan.

LUBRICATING OIL PUMPS

The lubricating oll pump drive is shown in Fig. T-1. The pressurs pump (14) and
B0AVENgE puUmp ?}}, together with the fuel tranafer pump {5? are mounted in a common
housing cn the after end of the control side of the engine. The lubricating oll

1.
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pumpa, which are ldentical except for the length of the shafts and the keyways, are
gear type reveraible pumps, employing an internal gear, an idler and a crescent
shaped baffle to maintain the direction of flow through the pump regardless of di-
rection of rotation. When the engine reveraesa the creacent shifts position, follow-
ing the rotation of the idler, and maintaining the directicn of flow of the oll
through the pump.

If digmantled the pump
must be resssembled with
the parts in the same po-
sitions, as reversing the
aszenbly will reverse the
suctlion and diascharge
Porta. The correct as-
sembly may be determined
by remembering that the
arescent always moves
through the suction zone
when reversing. There i3
8 projection on one alde
of' the cover which actas
a3 8 stop for the cres-
ecent, and the cover

= . ahould be asaembled with
el ep— this projection on the
suction port slde of the
pump. Follow theae in-
struetions in determining
the flov directlon of the
pum=ps rather than the ar-
rows atamped on the cas-
inge, s&a these arrows may
not alweys ba correct.

' The total end play be-
tween the pump rotor and
the end covers and adapt-
ers (2) and (12) should
be vepry ama:llr only ahout
001" to 003",  Hewever,

some end pley must be al-

O @ () lowed so that when the

engine is reversed the
. crescent can move in the
FIG. T-1 nevw diraction of rotation
.unt1l it is up against

the 2top. If a pump has been disassembled, re-assemble 1t to adapters (2) er (12)

and turn the shaft by hand in hoth direections of retation. It g¢an then be falt when

the crescent hits the stopa. This is important because 1f the grascent cannot move
the oil flow will not be reversed when the engine reverses and consequently the lu-
bricating oll pressure will drop.

The lubricating oil pumps are mounted in the houaing in adapters (12) snd (2) whieh
are doweled to the housing after positioning for a gear backlash of .QON" - [poR".
Cylindrical fits locate the pumps in the sdapters ao that the pumps may be repleced
#without disturbing the gear Betting., Il the adapters ara ever replaced for any
reason however, they muat be locatsd on the housing to properly mesh the geara, and
new dowel holea drilled. :

Bronze bushings in the adaptens carry the pump shafts, and if raplaced must be
reamed to .7500" - .7505" after presaing in. Use care to keep reamed holes aquare
with face of adapter. Tha bushings adjacent to the pumps are lubricated by leskage
along the shaft from the pump and the outbeard bushings from catch basina on the a.
dapter caatings whish are f111sd by the lubricating oil apray nozzle which lubricates
the whole assembly. (Note: On latep engines both inboard and outhesrd bearings are
preasure lubricated by oll 1lines inside tha pump howsing.) The oil holes far the
cutboard bushings must ba dpilled when renewing bushings. The Finions driving the
Fumps are keyed to the shafts and locksd vith sstacrews and mesh with g Eear on the
after end of the camshaft. The sataerey heada are drilled for locking wire, ang
ahould be well wiped when reagsaembling. The gedrs are aogessible through cover
Plates on the housing.

LUBRICATING OIL FILTER - (By-pass Type - Standerd Fauip.)

The filter la of the metel e¢lement type a8 shown on Flg. T-2. The elements ars made =
up of Ilat metal ribbeon wournd around a central spool, adiecent levers being alightly
separated from each other by maised ridges running seross the ribbon. The sueeeaalve

2.




T1-Ed 4(4)

Section T-1

layers of the ribbon are
apaced 003" apart and it is
thess spaces that form the
filtering medium, The oil
flows from the outaide to-
ward the center and leaves
the dirt on the outailde of
the aspool. The filter mAY
be eleaned by turning the
cleaning handles on top,
which rotetea 8 knife bear-
ing on the edge of the wind-
inga, seraping ofl' the dirt
and allowing 1t to settle to
the bottom ol the sump tank.
The filter should preferably
be cleanad when the engline
1s not running ao that the
dirt may settle to the bot-
tom, salthough there is no
objectlion to cleaning with
the engine running. Clean-
ing should ba at sufficient-
1y frequent intervals to
prevent atoppage of o0ll flow
and the sump tanka should be
drained before the dirt in
the bottom bullds up to the
lavel of the elémsnts. Ex-
parience will determine the
correct Intervals.

1 THE BTLA

Fiull Flow Type - 3pecial Egquip.)

FIG. T-2
The filter ia & duplex unit of the metal element type and 18 very simllar to the by-
pass type deascribed above, except that the filter is egquipped with a switech over
valve which allova either of the two units to be eut out for eleaning or servicing.
For care and cperation of this fllter follow lnstructions shown above for the by-

Poas type.

FIG. T-3%
LUBRICATING OIL COOLER

The canstructlon of the Rosas type oll cooler ia shown an Flg., T-3. The shell of the
cooler i B completely closed clreuit effected by brazing the tube sheeta on each
end to the asamlesa copper shell, and then mechanically rolling the tubesa sacurely
into the tube sheets at both ends. The bonnets are bolted to the shell flengen,
with molded asbestos gmakets between, and can be removad for inspectlen and cleaning
of the imside of tubes. The flow of the oll i guided by brenze baffles inside the
ehall to produce the moat efficient heat transfar.

Zine electrode plugs are provided in the bonneta to prevent electrolyslia. They
should be examined thirty days after installation and every thirty deys thereaflter.
Any appreciable erosion within this pericd indleates electrolytlic mctlon; and if

3.
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present a eareful irapectior should be made to determine if it is due to short ecip.
cuits or external grounded elsctric currents, Any sugh conditions should be cor.
rected at once, but I no external currents ere found it 1s evident thet the aroaion
is due to logal electrolysis, and the zincs should be replaced 'requently to protect
the equipment.

The cooler should be cleaned periodically. Remove the coocler from the engine, take
off the bonnets and clean the inaide of the tubea. Fi1ll the jmeket with suitable
cleaning aclution, but aveolid any flulds which are correaive to bronze or copper.
Draln and blow out with compreased alr carefully.

The drain plugs at the bottom of both benneta should be removed and 81l water in the
cooler drained out vhenever the engine is alloved to stand in freezing weather,

T. LUBRICATOR D DR

The Madison-Kipp lubricator supplies a measured quantity of lubrieating o1l to the
pistons, introduced at the genter of the liner on each side, iipples screwed inta
the liners and projecting through the eylinders and sealed thereto by packing glanda
carry the oll through the water jackets: Tt alaso feeda oll te the thrust bearing
{multi-collar thrust bearings only).

The lubricator is fully described in the Madison-Kipp bulletin attached at the end
of the book, 011 fesds to the Piatons should he ad justed te 20-25 drops per minute
¥hen the engine 1s new, but this may be reduced to approximately 15 to 20 drops per
minute after the pistenz and rings have been well worn in. KEEP THE LUBRICATOR WELL
FILLED WITH CLEAN OIL. Use the aame oll that is used in the engine. Do not undar
any elrcumstances allow 1t to run dry as serdous damage to the platons and lineps
may result. This should be made & regular part of the emgine reoom routine and
should never be neglected. The lubricator 1a mounted on & bracket on the forvard
end of the engine, and 1s driven from an tecentric on the end of the camshaft,
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Section W-1

WATER COOLING SYSTEM

Atlas Dlesel Engines are furnished with elther raw water or fresh water cooling sys-
Gemng .

In raw water ayatems, the asa water ia pumped directly thru the oil cooler, thru the
engine and 1a then discharged overboard. This aystem uaes 8 aingle pump elther cen-
trifugal or plunger type. ;

Fresh water or.closed cooling aystems, recireulates fresh water from a storage or
surge tank and requires dual water pumps, one for the fresh water and the other for
the raw water which ia pumped thru.s heat exchanger for cooling the fresh water.

With either of the above systems the water circult from the oll cooler thru the en-
glne 1s the same, while the arrangement or flow to the pump and cooler can vary con-
siderably.

The water cireuit from the oll ecoler thru the engine is aa followa:

(&) The water ps=ses thru the oll cooler, cooling the lube ofil and then to the water
inlet manifold which distributes the water to the lower portlon of each cylinder,
The water rises to the top of the cylindera and then thru brass nipples (screwved
into the eylinder) up inte the cylinder head. Each nipple 1s sealed between the
eylinder and head by means of a rubber grommet. The water circulatea thru the
eylinder heads and out thru slbows %o the exhaust manifeld. The exhauat mani-
fold is made up of several sections and the water 1a by-passed from each and
finally diacharged at the tep of the forward end of the manifeld. From here,
the water is passed overboard (in the case of raw uater cooling) or recirculated
back to the pump or surge tank depending on the type of inatallatlon.

{b) In addition to the main flow there are several minor parallel clrculits as
follows:

1. hir Compresacr - The water 1s piped dilrectly from the maln cylinder inlet
manifold to the air compreasor cylinder. From this eylinder 1t flows thru a
pass-over pipe to the eylinder head and then to the aft end of the exhaust
manifold.

2. Fuel Spray Valve Cooling (Engines with 114" or larger bore) - On engines with
114" or larger bore there is provided a fuel spray valve cooling clrcuit. :
Nozzlea, discharging cool water directly againat the spray velve bosses, are
serewed into the cylinder hesnd water jackets, and greatly reduce the tendency
for eoke to bulld up on the apray valve tipa. The nozzles alao prevent muck
and acale from accumulating in the center of the heads around the valve
hosses. The nozzles are fed from a manifold extending fore and aft just be-
low the exhaust manifold. Since these nozzles discharge into  -the cylinder .
head water jackets there 13 no return line for this circult,

3. Valve Cage Cooling (Engines with 113" or larger bore only) - Water is piped
from the main water inlet manifold up to the valve cage cooling manifold (in-
let) and then by copper tubing to each valve cage. The water 1s then re-
turned to an oublet manifold which Ailscharges inte the exhaust manifeld water
outlet connection. On certain raw water cooling installationa, this water 1la
plped overboard.

k. Thrust Bearing - Atlas Multi-collarad Type (Used only with raw water coollng
ayatema) - The thrust bearing cooling water iz plped directly from elther the
‘main weter inlet manifold, or the elreulating water pump discharge. Thea
watar cireulates thru the lower half of the bearing and then by méans of
pasa-over pipes to the upper half of the bearing. After circulating thru the
uppar portion of the bearing the water la piped overboard.

5. On certain engines (raw water ccooled) the bllge pump dlscharge la connected
to the water inlet manifeld by a three-way cock, and the engine may be tempo-
rarily run At slow apeed on this pusp 1f the main circulatling pump 1s out of
sepyice. . Provislon should ba made for eonnecting the suetlon to & sea cheat
if the pump is to be used in this way.

DRAINING THE WATER

If the engine 1s to be allowed to stand idle in freezing weather 1t %11l be neces-
gsary to drain all water. Drain plugs will be found on the water pumps, alr com-

pressor exhaust manifold, water inlet manifold and the thrust bearing if 1t 1s the
Atlas multi-collared type. If the englne 1s equipped with valve cages 1t will also
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be necessary to remove the water. This can be accomplished by removing the cages,
blowing the water out with glr, sr sueking it out.with a hand suction pump.

PISTON TYPE CIRCULATING WATER PUMP (Engines with 13" or larger bore)

For conatruction of the pump refer to the Parts Catalog Plate facing the "Circula-
ting Water Pump" group liat sheet. Referring to thia plate the pump piston is con-
nected by means of a platon rad, ernashead, connacting rod and atrap to an ececantric
on tha crankshaft. Tha pump body ia divided into two chamheps 8n that each side of
the platon acts as = geparate pump, FEach chamber has a separate set of disc type,
apring losded, suetion and discharge valves,

The piston rod packing nut iz easily accesaibls and can be tightened with a Pin op
drift. New packing can he installed after loosening the aplash guerd and aliding it
out of the way. A hand hole 1in the outer end of the pump body permits fnapection
and sarvieing of the platon. However, ir much work is to be done on the Pump, At is
recommended that the connecting rod be unbolted from the ecoentric and the vhole
mump assembly removed From the centerframa.

The plston asaembly is made up of two platon discas, separated by a8 apacer and faced
with cup leathers. Bprass washera, approximately five on each alde, are lat into the
leathers between the platons and spacers, so that the clamping is through metal

only, and the assembly cannot work loose due to compression of the leathars. It is

By removing the whole pump assembly as previously described and alao the centerframe
cover above the pump mounting, the crosshend and eceentrlc strap are made readily
accessible for inapection ar asrvige. The strap which is babbitt lined, iz fitted
Lo the eccentric with a clearance of .Q0E" . -010" on the diameter and has a side
clearance of .003" _ _Q0&Y.

A bronze bushing is pressed into the eroashead end of the connecting rod for the
wrist pin bearing. If replaced the new bushing should be raamed after pressing in
to allow a elearance of .001" to .po2" between the bushing end pina. The erosahead
ls reamed to a slightly smallep diameter, so that the clearance between erosshead
and pin 1= .QOO5" to .0015",

Alr chambers are provided to prevent water hammer, one on the suction and one in the
discharge side of the pump. The chamber on the suction aide 1a fitteq with & ball
check or snifter valve and a pat cock. When the pet cock is opened alp is admitted
to the chambers with each auction stroke of the pump. This valve should be opened
83 often as nescessary to keep the chamber charged with alp. Water hammer in the
system indicates a lack of air in the chamben and the snifter valve should be opened.
If the pet cock is lelt open continuoualy it should be opaned just enough to prevent
water hammer. If left wida open the pump capacity 13 lowared and the englne may not
recelve enough cooling water.

A zlng block is bolted in the bottom of the pump suction chamber to protect the
various metals from elactrolytic action. This block should be replaced when about
75% dissolved. New blocks can be inatalled aftep removing either the air chaphbern
elbow. or the suection line flange from the suction chamber.,

PISTON TYPE CIRCULATING WATER PUMP (Engines with 111" or smallar bora )

For construction of pump refer to Parts Catalog Plate facing the "Cireulsting Water

Pump" group list sheet. The drive is by means of pilaton rod, oerosshead and cannec-

ting rod to a crank which in the case of 10" and 104" bore enginea 1s mounted on the
end of the camshaft. on 114" bore enginas the crank iz on the end of the Jackshart

which is gear driven from the cranksharft.

For the functioning of tha ump, aervicing of the piston rod packing, and the piaton
construction ase paragraph 5.  Crank pins and crosshead pins should slide Trealy in
the eorresponding conngcting rod bushingz. Allow about L0015" to 003" clearance.

CENTRIFUGAL PUMPS (Single or Dual)

The water pumps. driven by a roller chain from a Bpracket on the crankshaft, ape
mounted on a housing at the end orf the engine.. Fop 11luatration of the Tumpa and
drive refer to the Parts Catalog Plate facing the "Cireulating Water Fump" group
sheet. ‘The pumps are driven from opposite enda of a common-drive shaft, roteting on
ball bearings. Eilther punp may ba removed by unbolting the pump mounting bracket
from the drive housing and breaking the shaft coupling. Both pumps are fdentical
and are interchangeable. When replacing a pump, the half coupling on the drive
shaft phould be removed and reéplaced by the one supplied with the new pump, The
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Section W-1

purp packing gland should be kept only sufficiently tight to prevent excesaive leak-
age, and should never be tightened unnecessarily.

WATER PUMF DRIVE

The tenaion on the pump drive chain iz adjusted by means of an fdler sprocket bear-
ing againat the outslide of the chain. The sprocket rotates on ball bearings which
are eccentrically mounted on & fixed shaft. Referring to the Parts Catalog Flate 1t
will be seen that the 1dler sheft is keyed to the idler adjusting dise which 1s
boltad to the drive housing, To tighten the chain remove the retaining bolta and
rotate the ndjusting disc t£o move the sprocket in againat the chain. Db rot tighten
chain axcessively. With all of the slack on the top side, the chain should be loosa
erough to permit & vertleal movement of approximately /41 tp 1", If the eccentric
does not provide sufficlent adjustment to take up the alack in the chain 1% 1s
probable thet the chain is excessively worn and should be replaced. Tha ball bear-
ings for the pump drive shaft and idler sprockset are force feed lubricated from the
gngine pump. They should be exemined at annual inspections, and replaced if showlng
evidence of wear.
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Section X

AIR COMPRESSOR
SINGLE STACE COMPRESSOR

On engines with 13" or amaller bore a single atage compressor 1s used. This air
compreasor 1s of the single acting type and is located st the after end of ths
engine. The cast lron, jacketed cylinder is bolted to the top of the centerrame
directly behind number six eylinder. The cylindar head contains the spring loaded,
diac type, suctlon and dlacharge valves. The compresaor output ls controlled by &
dliaphragm type suction walve unloader. This unloader is connected to the alr tanks
and wvhen the pressure in these tanks reaches 8 pre-determined value, usually 225
lha,. per aquare ingh, 1t acts to hold the sugtlion valve cpen, thus cubttlng out the
compresaed alr delivery. The unloader 1s mounted directly over the suction valve.

The piston, whlch iz driven from the crankshaft by a connecting rod, atrap and
egeentric, 1s fitted te the eylinder with a clearance of 00" to .006". Five
piston rings in all are used. Three 3/8" wide atep cut compression rings are
inatalled in grooves above the wrlst pin and two 3/8" wilde step cut, ventilated
oil rings are placed below the pin. 3ide glearance Is .0025" - 005" for a1
rings. The ring gaps should be .012" on the two top rings and .009" on all the
lower rings.

The wriast pin is glven a clesrance of 000" to 001" in the pin bores and & clear-
ance of .001" to .002" in the bearing assembly of the connecting rod. The pin-i=
secured in the platon by a setacrev threaded into one of the pln bosszesa and locked
by a jam nut. Shims between the foot of connecting rod and the astrap allow for
ad justment of the piaton helght. The top of the platon should be flush with the

" tap of the eylinder when the cylinder ia pulled down, and with the eccentrie at

“~top center. The strap is allowed & diametral clearance of .006" to .010" and a

slde glearance of .003" to .00S".

2. ~TWO-STAGE COMFRESSOR

A twop-stage single acting compresacr is used on 181" and 15" bore enginea. It ia
located at the forvward end of the gngine and ls belted to the centerframe. A stepped
platon 1a used which is driven by & connecting rod, satrap and eccenirie on the crank-
shaft. The piston and cylinder construction la shown on the Parta Catelog plates.

It should be noted that the first stage 1s formed between the top of the piston and
the eylinder head whereas the second stage 1s formed between the lower face of the
platon atep and the upper face of the cylinder step. The first stage or intermediate
pressure 1s approximately 68 pounds per sguere inch and second stage pressure 1a the
final discharge preasure of the compressor.

There are two lubricating oil holes on the sir compressor cylinder which are con-
bined inte ene lead to the mechanical oller. It takes very little odl to lubricats
the compressor and the mechanlcal oller should be set for not more than cone drop of
oll per revolution of the oller shaft. This will be a total of approximately ¥ to

6 dropas of oll per minute to the cempressor if the engine is running at full speed.
Under no eircumstances should thia amount of oil be inoreased.

The intermediate ecoler, which ia eaat integral with the ecylinder bedy, is provided
with & safety valve aet at 100 pounds per ag. ineh. It is mounted on thes slde of
the gylinder. If thia asafety valve popz the firat stage diacharge valves may be

- atieking or leaky, or the 2nd stage suction valve may not perform lts function
properly. Do not allow the intermediate stage safety valve to pop. If thila hap-
penz, chegk the above mentlioned valvesz and corract the trouble.

The lower portion of the intermediate cooler forms a water trap for the condenszate
which forms when the air ls gooled. A drain 1s provided for thls water. The
drain line 13 carried out to the forward end of the engine where a cock la provided
for draining purpeosea. The air compressor intermediate cooler should be dralned
at regular intervals, as otherwise the water which is formed will be earried into
the 2nd stage. The water trap portion of the intermediste cooler holds approxi-
mately 2 quarta, and the drainege perlods should be apaced at such intervala that
less than this amount ia drained out at one tima.

The compreasor output ia controlled by & diaphragm type suction valve unloader
acting on one of the flrat atage suction valwvesz. The unleader should be connected
to the glr tanks and when the preasure in theas tanks reaches & proadeterminad value,
usually 225 lbs. per aguare inch, one suctlion valve 1a held open, thus eutting out
the fimst stage air selivery. Due to the large elearance volume 1ln the second atapge
no alr will be delivered by this stage when the intermediate pressure is atmoapherlc.
Consequently the first atege suction valve unloader gontrola the total output of

the compressor. The unloader is mounted on & smell cover over the firat atage sue-
tion valves.
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The plston 1s prdvided with four compression ringn on its large diameter and foup
compréssion and one oll contrel ring on the smaller diameter lower part. The oil
control ring 1= mounted below the platon pin. The side elearance in the ring grooves
should be .003" to .005" for all rings. The rings gap on all the large diameter
rings and the twe upper small diameter ringa should be .016"." The othep rings

should have a gap clearance of .012". :
The case hardehed and ground piston pin is atepped, with differentisl fita 1in the
piston pin bossea. The fita are .0005" to .0015" press on the small end end metal
to metal te .0015" lease on the large end. Rotation of tha pin in the piston is
prevented by the engagement of a dowel which projecta radially from the large end
of .the pin with & groove in the bottom of the boss. A satacrew threaded into the
amaller pin bosa enters an indentation in the Pln to act ma= & retainer. The set-
acrew is in turn secured by a locknut. A piston pin elearance of 0015" to Q025"
is allowed in the connecting rod bushing.

Shima between the foot of the connecting red and the top of the eceentric strap
allow for adjustment of the platon helght. The top of the platon should be fiush
with the top of the cylinder when the piston ia on top dead center. The eylinder
nuta should be tight when making this ad justment. HNo adjustment is provided, or
necessary, for second stage clearance. All that is required 1s that the top of the

Lston be.flush with the top of the eylinder in accordance with above instructions.
The eccentric atrap 1s sllowed a diametral clearance of 006" to .009" and a side
clearance of 005" ta 008"

The construction of the suction and diacharﬁe Yalvea 1a elearly shown on the parts
catalog plate faecing the "Cylinder and Head group list sheet. MNote that the sue-
tion valves are provided with apring retainers which screw on the ends of the valve
atems. The retainers are locked by means of snugly fitting cotter pins and should
be acrewed down to allow s maximum sustion valve 1ift of EEE”. On the first stage
suctlon valves particularly, It 1s important that the apping talner cotter pin
fits snugly ‘in the valve stem hole, Cobtep pin should not be smaller than JFE" dia.
and should be Tong enough to allow the ends to be bent over ao that pin will be asa-
curely leocked. & small cover over the first stage suction valves in the cylinder
head should be removed approximately once & month o make aure thaet the valve aprin
retalners nre securely locked by Ghelr cobber pina. IT the cobter pins should work
out the spring reteiners might unascrew allowing the suctlon valves to drop down into
the eylinder with consequent damage to plston and head. ;
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Section Z1

MATHTENANCE & INSPFECTINON

GENERAL RULES

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

EEEP YOUR ENGINE CLEAN .

Inspect the engine regularly and keep 1t wiped clean. If ofl is left standing it
quickly hardena and must be washed or seraped off. It L2 much esafer to keep the
engine clean than to get i1t glean, and there iz alwaya less trouble with & clean

angine than with one that 1a covered with oll and dirt.

LEAVE WELL ENOQUGH ALONE

When the engine 1s running satisfactorily and smoothly, do not ecentinually try to
better the operation with minor adjustments.

HEVER ALLOW YOUR EBNGINE TO SMOKE

When the exheust from an engine 1s smoky 1t elearly indicates that combuation 1s

not perfect and that residue, in the shape of asmoke, iz eolinging to the oily sur-
Taces of the cylinders, pistons, piston rings, valves, ete. When this happens

¥ou ave ereating trouble for youraelf -and doing an injustice to the engine. There-
fore, the firat thing in consideration of the operation of a Diesel engine 1s: DO
NOT ALLOW YOUR ENGINE TO SMOEKE

EEEP & COMPFLETE LOG OF ENGINE OFERATION

A complete log should always be kept of the engine operation, and back sheets should
be conaulted frequently and compared with present conditions. In this way gradusl
changes can be detected and inveatipated and insignificant troubles eorrected before
beeoming real onea. Any unusual nofsea or other irregularities should be logged so
that they will ba investigeted at the regular routine inspections.

INSFECTING REPAIRS

At completion of any adjustment or repalr job, always make a thorough inapection to
see that all parts have been correctly replaced, that bolts and nuta are tight,

and that all cotter pins and locking wires are in plape. TIf work involved rotating
parta, bar engine around at leaat two full revolutions (so that camehaft is turned
one revolution) to be sure that all parts are clear. Be sure that no tools or rags
are left inside the engine.

SMOKY EXHAUST

Smoly exhaust indicates delective combustion which isa waually due to one of the
following cousaes:

(a) Excessive carbon on spray valve tips.

(n) Leaking spray valvs.

(e) Leaky exhaust, inlet, or alr starting valves.

(d) Buffer springs may be incorrectly adjuated,

{e) Pusl cam or roller may be worn.

(f) Leaky or stuek plston ringa.

() Uneven cylinder load balance.
TURBO-CHARGER
Maintenance, inapection, gensral instructions and parts 1ist are contained in a
agparate booklet usually placed after the parts catalog section of this beok. IF
this booklet 18 not ineluded, one will be supplied by writing the A.I.D.E. Co.,

land or the Elliot Co. at Jeannette, Pa. When requesting & new booklet aluays he
sure and give the Turbo-charger Serial Number and the Engine Serlsl Number.

Oak-
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If exhoust amoke 1s not even but occurs in the form of puffs 1t is likely that the
combustion ia defective in one or two eylinders only. Where the trouble lies can
usually be determined by cutting out spray valves one at s time. When this is dons
however, the engine should not earry more than about 3/4 load or the remaining cy-
lindera will be overloaded.

3. INSPECTION AND MAINTENANCE ROUTINE

The following routlne for regular inspection and maintenance werk is suggeated as
. & guide for the opperator, but experlence with the engine over a perlod of time
may indieate changes that should be made in the achedule.

L
It will be noted in the following schedules that spray valve eleaning has not been
included. It is believed the spray valves should be cleaned only wWhen NeEcessary,;
rather than at definite intervals. The necesaity for cleaning will be indicated
by increased or uneven axhaust temperatures or smoky exhaust and at elther of these
indications the spray walves should be inspestad and eleaned, 1f necessary.

In the following, work to be done under sach routine should include work 1listed
under preceding routines. For example, work under "Annual Routine" includes every-
thing listed under all other routines.

4-HOUR ROUTINE

(a) Hand o1l the following points:

fhe inlet and exhaust wvalve stema.

The rocker arms at thelr fulorums and at their push rod ends.

Inlet and exheust 1ifters, fuel wedges,.lifter and buffers.

Wedge shaft bearings.

Tachometer drive,

Governor bearing.

« Bllge pump connecting rod - both ends. -
» Mechanical lubricator strap.

O0=] AN =5 B b=

For olling the inlet and exhaust valve stems 1t ia preferable to use pen-
etrating oll. If this 1s not available a mixture of equal parts. of engine
lubricating oll and kerosene may be used. (A mixture of two-thirds engine
Tuel oll and one-third lubricating oil can be used in an emergency.) For
81l other points in above schedule use engine lubricating oil.

{b) Check the oil level in the mechanical lubricator. Fill the lubricator
with clean engine oil of the grade used in the engine when nacessary.

() Turn the hendle of the lubricating oll filter,
{d) Turn the handle of the fuel oil filter. =
Always turn filter handles immediately after stopping the engine.

DAILY OR 24-HOUR ROUTINE

(a) Clean out the sump tanks of the lubricating oll and fuel oll filteprs.
(b) Hand o1l the air brake. , .

(¢} On engines equipped with pneumatic control, hand oll the air ram and
interlock and grease the control unlt shaft with cup grease. .

200 TO 300-HOUR ROUTINE

(a) Check intake and exhaust valve timing.

(b) Check spray valve timing. (After starting engine check eylinder load
balence.) (See Section 0) [

(¢) Clean out lubricating oll day tank 1f lubricating oil is dirty or dark
in color. i\

(d) Remove crankease doors and inspeet connecting vods. Be sure that all
connecting rod bolts are tight and that everything is in order. Inapect
lower part of eylinder liner bore. -
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On engines equipped with waste type Cllters these may or may not need
repacking. The time between packings will vary with the type of lubril-
eating o1l used and with the operating conditiona to which Lhe engine
i3 subjected. When the lubricating oll turns black rapidly followling
an oll chinge, the filter should be repaclked.

SEMI-ANNUAL ROUTINE

(a)

(b)
(o]

(a)

[e]
(£}
(5}
(n)
(1)

()
(%)

(1)

{a)

(B}
{c)

{a)

(r)

{g)

Pull cylinder headz and plstons, remove rings and ¢lean platons and grooves
thoroughly. Check rings for aide and end clearance.

Examine cylinder liner walla. Watch for shoulders dug ta rlng travel.

Grind intake and exhaust walves. Check valve springas for length and
tenslion and for defacts.

Reconditicn spray valves. Inspect stem packing and repack 1f neceasary.
Inapect atem for wear and replace 1f worn. Inapect and clean apray valve
tipa. Orind atem toskip.

Inapect main and connecting rod bearinga. Check clesrances and inspect
bearing surfaces. Adjust clearances 1f necessary.

Inapect’ gear train carefully, obaerving backlash, indicaticna of wear on
tecth, and elearanss oh intermediate gear bearings.

Inapect camshaflt and lateh shaflt assembllies. Wateh for worn or loose cams,
locse or worn rollers or plna on the lifteras. Be suré all keys and lock
bolta are in place and tight.

Inapect water pusp and renevw zine plug i necesaary.

Inapect engine eontrol parts, adjust and grind valves If necessary.
Maassenble lubricating oll cooler and inspect for corroalon.

Clean thoroughly before reassembling. FRenew zine plugs if necessary.
Check propeller shaft coupling bolts and thrust bearing and flywheel clamp
bolta.

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

ANNUAL ROUTINE

Cheek crankahaft and thrust shaft alignment. If shaft nesds realignment
it ias recommeonded that the work be done by an experienced and careful
mechanic.,

Examine cylinder jackets and exhaust manifold water jacketa. I scale ia
over 1/16" thick 1t zhould be removed by scale remover solutlcn.

Remove and lnapect lubriecating oil and fuel oll tranafer pumps. Note
conditiona of bearinga, shafts and aeala. Replace LI necesaary.

Remove top cover and mounting plate on high pressure fuel pump. Note con-
dltlon of pump plungers and barrels. Disassemble gcrossheads and connecting
rods and inapect for wear. Inspect auetlon and discharge valves and grind
seata. Check valve 1ifts.

Disaszsemble governor and inapect carefully all moving parts for wear and
signs of distress. Inapeck entire linkage between governor and wadge shaft
for lost motion and weer. Fuel wedges, links and pina should also he in-
spected for wear and replaced il necessary.

Inapect Mechanleal Lubricator and connections to eylinder linera. Inspact
ratchet mechanlam for wear and proper functlioning. Hand crank lubricator

and obaerve the feed to cach liner. Wateh for water leaks at the nipples

golng through the water jackets.

Clean out erankcase thoroughlky. Be sure that all cleaning solution ia
drained out after cleaning 1s completed.
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FOREWORD

This Parts Catalog has been compiled to serve the dual purpose of
providing a means for ordering parts and to furnish illustrations
to aid in the dismantling and reassembling of the various units

of the engine,

This Parts Catalog is made to conform to the original construction
of the engine, and The National Supply Co. does not assume the
responsibility or obligate itself to maintain this catalog to conform
to any subsequent changes made on the engine after it leaves the
factory. Complete records of all changes and service orders for
each engine are maintained at the factory in an effort to always
supply correct parts, but due to occasional substitution of parts in
the field, of which 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 is reserved to change the consfruction or material of any
part or parts without incurring the cbligation of installing such
changes on engines already delivered.

INSTRUCTIONS FOR ORDERING PARTS

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

located on operating side of engine. Itis VERY NECESSARY THAT THE
ENGINE NUMBER BE GIVEN as it helps to insure the furnishing of correct
parts and is also the means whereby the factory service records of

each engine are maintained,

Always give PART NUMEBER, PART NAME AND QUANTITY. If part has no
Part Number then give a COMPLETE DESCRIPTION AND SIZE OF FPART.

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

Specify how merchandise is to be shipped--whether by FREIGHT, EXPRESS
or PARCEL POST.

Confirm all Telephone and Telepgraph orders in writing.

Claims for shortages or errors must be made within five days from the
receipt of goods or same will not be considered.

Broken or damaged goods should be refused, or a complete description
made of damage by the carrier apgent on the freight bill. If this is
done, full damage can generally be collected from the transportation
COmpany.

Mo responsibility is assumed for delay or damage to merchandise while
in transit. Our responsibility ceases upon delivery of shipment to

the transportation company, from whom a receipt is received showing
that shipment was in good condition when delivered to them; there-
fore, claims if any, should be made with the transportation company
and not with The National Supply Co. - Engine Division-Springfield, Ohio




INSTRUCTIONS ON "HOW TO USE PARTS CATALOG"

Inorder TO LOCATE PART NUMBERS it is IMPERATIVE that the person concerncd thoroughly
understands the makeup of this book. He should CAREFULLTY READ THE INSTRUCTIONS given on
this and the following page, and thoroughly familiarize himsell with the neccadary steps involved,
Particularly is this important when sub-assemblies are invelved,

DO NOT ORDER PARTS BY REFERENCE NUMEBERS as these numbers sometimes change and
wrong parts might be supplied.

This catalog is made up of four basic sections, as follows:-

l. INDEX SHEET -- This sheet lists the various groups into which the engine is divided and must
be used for obtaining the group sheet number. This sheet also lists any special parts
used on engine,

2. GROUP LIST SHEET «- This sheet lists the parts which comprise the group, and are numbered
with the prefix "L’ ar "2L*" NOTE - Catalog may contain eheets which are not
used - tfge only those sheets listed on indesx,

3 ELATE (OFR LINE DRAWING) -- Plates are arranged to face the group sheet to which they
apply, and in most cascs shows only the parts listed in the group. QOccasionally a
plate may include two or more groups making it necessary to always firat obtain the
group number from the index, If this is not done you may by chance turn to a plate showing
the part wanted but will not find it listed on the group sheet facing this plate,

MOTE ====- If no plate is found facing the group sheet, then the part wanted can be identified by the
description, This will apply mainly to piping, and in thiz connection the actual pipe and
fittings on the engine should always be measured and then ordered accordingly, due to
unavoidable variations between cngines.

4, SUB-ASSEMBLIES -- The term “Sub-assembly’ (or the Word ““Assembly’ appearing in the part
name) is used to indicate parts which are made up of two or more parts (or pieces) and
¥et must be considered as a unit part. For example, parts that are welded topether,
parts that have bushings pressed in, or parts that have to be machined topether.
A Sub-aszembly list will be found immediately following the last group sheet, and
itemizes the various parts used in each assembly. These assemblics are arrangcd
in numerical seéquence,

MOTE: ---—- Certain parts of assemblies indicated by an **#°* in place of a reference number are

" not sold individually, and if wanted, the complete assembly must be ardered,
Sub-assembly lists contains assemblies used on several differcnt engines, Use only
assemblies listed on proup list sheets.

REFERENCE NUMBERS ON PLATES OR ASSEMBLY DRAWINGS

SINGLE NUMBERS or the TOR NUMBER (when more than one number appears in the cirele) refers
directly to a corresponding number on the group list sheet,

A cirele with MORE THAN ONE NUMBER indicates part in question is a component part of a sub-
assembly. The top number will refer to a corresponding number on the proup list sheet, and
the lower number will refer toa corrésponding number in the sub-assembly.

TO FIND A PART WITH TWO REFERENCE NUMBERS IN'THE CIRCLE FROCEED AS FOLLOWS: -
(NOTE:- Select a part on any plate and follow step by step as explained.)

st -~ Using the top number in the circle locate corresponding reference number on the group
list sheet, which will be an assembly.

2nd -- Using the Part Number of the assembly locate same in the numerical assembly list at
rear of bhook,

3rd -- Refer back to the plate and obtain the second or lower number in the reference circle,
then locate this number in the refercnce number column of the sub=assembly, and this will
be the part deairad,

If there are MORE THAN TWO NUMBERS in the reference number circle, procecd axactiy as outlined
above, only this time the part in the first assembly located will be another sub-assembly, so
therefore it will be necessary to find the second assembly, and then referring back to the plate
take the third number in the reference circle and match it with the corresponding number in the
Seécond assembly,

The following page will show a typical example and illustrate the above explanation step by step.



The following illustrated example will show the procedure ss explained on oppoalte
Page, for finding parts involved in sub-assemblies.

For thls 1lluatration assume that the part number feor the Oylinder Head Cleanout
Cover 1a wanted:-

We know thaet this cover would be liated with the "Cylinder Head” so we turn to the
Index Sheet and locate the "Cylinder & Head Group" which glves us the sheet number.

PARTS CATALOG -=-=INDEIX ENGINE NO. 11830
G Cyl. 15 x 16 Marine Engine
Ho.  Group
BASE SECTION Heg'd. No.
Bagse -- (Stude - Covern - Hemring Caps Etca)usscseses. R
Emge 0Oil Piping-(Main Menifold - Crank Brg.0il Lines). 1  2Lsg9
Crarkshaft & Flywheel -- (Thrust Bhoft & Bearing)..... 1 2030

CYLINDER & VALVE MECHANISM SECTION ./
linder & Hend R R R R A T RN T L L ]
Velve Hookers A Fush-Rode. o rainarssssrssnninnnnnnns (5] L=5T777

Talve Linara‘&Euidﬂi-o-i'-------;--|.-+p|+|.+ ........ (1] L=681%
FPiston & Conmecting Rode.vecesnsas irrrassnsaransenenaa B 21351

MM%HM
We find the sheet number for this group to be L-9776, and now we turn to this sheet
and opposite we find a Plate or draving. _x

- o
{Aiwavs aioE FART HUHBER —FARMT HAKE=EHEIHE HUMBLR L = 9 ‘T TE
|| FOR ATE, HAREWARE WITHOUT PART MUMBER GIME BEECRIFTION AND EIIE A =
| & INDICATES FART MOT SERVISED INDIVITAALLY o K=18a0
| =g Y FART MO, ot FART HAME f I
11 X128% 1| CYLINDER ASSEMBLY - - = - © - o]
e e 188 1 L |WASHER - [vl. tn CentepCrame Stud R
3 A 4oiWup oo -5-Ni-Hex. - - [Steell
i e e " . e r—
e —
X2810 ] 2 ¥)- Cylindep it ]
51 | G-39R7 ASEED? - Head to Cylinder
£} ¢ 610A-03 8 (GROMMET - Cyl, to Hesd Wat z B
i B o S HGoH -~ = [Bteall
AN | 785 : _J.Jl_ELILl{ﬁE_{Zr.r_l.._Eez:.d. Water Qutlet Hole (Blind)
i N
MAME EYLINDER & HEAD GROUD 1D
DREIGIHALLY 13X 16 MAR, - STAT, :j
FOR TOTAL REQUEREMENTS PER EHGIME mulTiFiy MO A0 @ 019N ABCHE BT HO, ALG'D RGR SBOUP Giwlh SN HOEE AHIET o
THE NATIOMAL SUPPLY COQ.
| _PARTS LIST _ENGINE DIVISION _ SPRINGFIELD, OHID _.L

Lopking at the Flate we locate the part we want and rind the referenge number to he
4-1-H. We now take the top number "4" and mateh this with the reference number "B" on
the group list sheet. We [ind this to be X260 Head Assembly, sc that this assembly
must next be found in the aub-nssembly 1ist at resr of book.

i é&?'- ASSEMBLY LIST

HEAD ASEEM. - CYLINDER -- Includes
'

2 XEBR11 1 VALYE & CAGE ASSEM.
& X2B12 1 VALVE & CAGE ASSEM.
4 C=21BELS 2 RING = Piston

After finding assembly X2810 in sub-assembly llst, we now take the second of the
ference numbera in the oval which 1s "1" and mateh this with the corresponding

number of the sub-assembly. We find this to be X2H18 Head Assembly so ¥We now have to

progead to this assembly.

=ASSEMBLY LIST

SR T TR TN CTAET

N 2B16) HEAD ASSEM. - CYLINDER == Includes

* 1 HEAD CYLINDER
. & FIFE PLUG -- 1 174 35ta,
1 C=552005° 4 BTUD = In. & Exh. Cage
2 B-3080 2 BTUD - Air Valwe Cogo
T C=447 2 MOZZLE - Cooling

z

C=BEZ14 COVER - Cleanout {ann@

-H_‘__._-_.-I-F'_._‘\I—.-—.—\H-_

After thic sssembly X2818 1a found we now take the bobtom reference pumber in
the oval which 1z "8" and match this with the corresponding reference number in XP818.
We pow have the unit part which we want.
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N D B K A e tioares > EHE A ND. 12002
ENg 13 x 16 ~ 89 6 yyeeMarine(Single Lever Cont, }Tclﬁllﬁ INCL.
e e T Grour nanE el e
Ity T R T G e e e e —— al B0 L e e
B&SE SECTION
Base -- (Studs - Covers - Bearing Caps EtOCs)essrverce... L | BL27 |
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Sioux Valve Face Wet Grinding
Machine
National Supply No. BM-6476

Wet grinding built in. Reduces wheel dressing to
a minimunt, Eliminates heat and distortion, pro-
ducing fincst finish and factory precizien.
* For valves with " lo 1%" stem and up to 67
dismeber, 15* to 90° angle.
* Quick Acling Lever Operated Chucle, &% to 34~
capaciby,
l:h.li-:k a"‘..r:tmp.' Leover Operated Chirek % of 114"

ﬂutnmm&: Chuck Stop,

1 horsepower motar.

Micrometer graduated feed.

8 grinding wheel for grinding valve face

T cup wheel for grinding valve end.

* Removable coolant tank for e"“‘f elezaing, 4 gal-
lon capacity. Pump mounted in tank, self-
priming,

®* Machine is 327 long and 19" wide.

No. Hl-B—Flexible Flastic Cover for Mo, 632,

Sioux Valve Seat Grinder

Basie Sets listed at right. Auxiliary
Tool Kits on following page.
o MOTE: Correct Auxiliory Tool Kit must
be added o recommended basic set to
make complete valve seat prinding set.

[ -

Dreszing Grinding Wheel Grinding Scat

Sioux Valve Seat Grinding Sets
For MNational Supply Co. Engines

Large valve seat grinding wheels regquire
a slower driving unit than do the smaller
wheels.

Listed here are three Basic Sets, to which
special kits of pilots and grinding wheels
must be added as recommended for the va-
ripus engines. MNote: See listings of edgﬂmeﬁ
cn back page for proper set recommen

HEAVY DUTY BASIC SET
Recommended for Valve Seats 3% and over

Mo. BM=6309=115 valt AC-DC,
Mo, BM-6300A—220 volt AC-DC.

Sioux No. 1780 Includes:

1—No, 1770—F. D. Driver, 4000 B.P.M.

1—No, 1TT2—Dressing Toal with 1772-B Pilot, Guard
and Driver Support, complete,

2o, 1T08=-BE=-5—Grinding Wheel Holders,

1—Neo, 1682-3—Holder Clamp.

1—No. X-826—Dial Indicater with 3% finger.

O T 1 Lifting S

1—No. 14 ™ Special Lift pring.

1—Mo, 142—5%" Special Lifting Spring.

1—No. 1703-3—Spanner Wrench,

I—Mo, 1778—Metal Box.,

HEAVY DUTY BASIC SET
Recommended for valve seats 2™ to 37

No. BEM-E51—115 volt AC-DC,
No. BM-E51A—220 volt AC-DC.
No. BM=-f431B—32 volt DC,

Sioux No. 1777 Includes:

1—Nog. 1706—Driver, 8000 B.P.M.

J.-—;'Ilin 1772—Dressing Tool with guard, with 1718-B
Lot

2—MNo, 1T03-BB—Grinding Wheel Hﬂtdﬁl’l.

1—No. 1682-3—Halder Clamp,

1—MNo. X-B2G=—=Indicator 'ml;h ag" ﬂng‘nr

]—agu. X=81 ;!—é:‘

1—No, 442—3%" Spl:rl:inl Lif Spring.

1—Mo. 1442—51%" Speclal Lﬁﬂﬂg Spring.

1—MNn. 1TT9-—=NMetal E:m

BASIC SET
Recommended for valve seats under 27

No, BM-f452—115 volt AC-DC.

No, BM-6452A—220 wolt AC-DC,

No. BM-64525—32 volt DC,

Sioux No. 1752 Includes:

1—Ng, 1710—High & Driver, 12000 R.P.M.
2—No. 1702-BB—Ball Bearing Whoeel Holder.
1—Na. 1713—Sioux Drossing Tool.

J—DNo, X-B11—Pin.

1—No. X-825—Indicator,

1—Na. 175T—Metal Bax.

Shipping weight 54 1hs.

Albertson & Company, Inc.

SIOUX CITY 2, JOWA, U.S.A.
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PRICE LIST

SIOUX VALVE SERVICE TOOLS

For National Supply Co. Superior and Atlas Engines

No.
BM-6308 i
BM-G309 __

BM-6308A

BM-6451 .

BM-G451A

BM-6451B .

BM-6452

BM-6452A
BM-6452B .
BM-6453

BM-6454

BM-cd55 st TANE IS S
BM-6455A AR
BM-6455B .
BM-6456 .
BM-6457
BM-6458
BM-6450
EM-6459A

BME645 01 = S

BM-6460
BM-6461
BM-G462

Price

$ 35.10
.. 258.95
_ 258.95
218.30

- 212.80
. 218.30
131.60
131.60
131.60
22 30
25.30
85.60
85.60
85.60
36.30
24,40
37.30
59.00
59.00
59.00
20.90
28.30
39.30

Mo, Price
BM-6463 . .$ 4350
BM-6464 250 L s
BMeGdGAAN - o s . 59.00

| BM-6464B R e O
BM-6465 30.00
BM-6466 . 35.00
BM-G46T S en S e 21.00
BM-6468 ST

|FBNEgaeg. RS 28.30
BM-6470 Sl e N T
BM-64T1 ____ RS o 7 111
BM-6472 ety
BIEeATI AN IR i) 29.00
BMAGATG e R T 21.00
BM-6476 el ~....1185.00

BNy e 27.80
BMEGATR b SR AL .. 39.00
BM-G479: i . 8240

FRICES ARE NET TO USER AND SURJECT TO CHANGE WITHOUT NOTICE

ALBERTSON & COMPANY, Inc.
Sioux City 2, Iowa, U. 8. A.
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m_ MAME FORT MO
A TLEMENT & HMIFE ASSEM |F 6418 F1
g 1 |ELEMERT & HHIFE ASSEWM |[F-B418 P2
Dl 2] GASSET F=Ga4fd P 3
E | 2 | SUMP TANK F-E415 P4
F | &|GASHET F 6418 P8
Gl2riuc F G4B P&
Wl§ [GASKET F=84[8 PT
1] & |cLAanD F=ga1B PB
J ] 2| PalKiNG F=6415 P&
wlelcar F-64{8 P
Llz2lrus F-6a418 Pl
el VEMT F=6418 P13
Tl i | BRACKET F G418 P12

COMPLETE FILTER - PART No.F-6418P
= B R =

57 T T 7, 7% 0|
A2 [HANDLE ON.Y [3A818T2P1
B2 |GLAND F GA18PA
C |7 [PACHNG Frfo BPa
D2 [PLUG F&diBril |
E | | [HEAD IMIBTRPE |
F 2 GASKET L
Gl2|RING |3AlaT2PT ]
(H| 2[3UMF TANS  [F E418P4
J 2 ELEEEE‘.E_ETJI HFE F-64i18Fk

qmarL _ |IARTERT
[ MAOLUMT. BAACHET |1 6418PI2

BRAGKET
MOT SHOWHM
®
®
A TS LT R e
K|Z|GASKET  [F-64I1BP. |
L |2 pLuc —_|Feainpe
[BAlZ HANDLE & STEM [3ABT2ZFI2
W | 2 PACHIN S NUT Fr6418P:0]
P |2 SCREW AAIRTE 14
0| B GASKRET _JAAIBTARIS
R |2 SFRING JAIRTEPIG
5
T

OMPLETE FILTER- PART Mo 3Al8T2—

BOTH FILTERS SHOWN ABOVE MAY NOT NECESSARILY BE USFD.
CHECK IMDEX SHEET OR GROUP LISTS FOR PART Me OF FILTERS.
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e SIOUX AUXILIARY TOOL KITS

. The following auxiliary teol kits include grinding wheels and pilots as needed for each eng-
ine. Below is listed the number of each kit and what they contain. Also Kits for Air Starter
valves. Note: See listings of engines on back page for proper kits recommended.

L =
| Kit No. Pilots | Grinding Wheels Kit Na. Filots Grinding Wheels
K- TSA-TSI—1Z "x5"|H- 57-WS K- 50-WS TS-501-3—11 "x5 "|&- 4073, E-111
BM-6308 TSA-T53—12 “x54"K-117-WS K-119-WS || BM-6472  TS-502-3—11 ~x5 ~[K-106-#3, K- 51
TSA-TS5—12 x5 [@le~-45° 344~-d5° TS-503-3—11 "x5 "[2ia~-45* 2347d5"
T5-EI—1113"x51" (K- 50-WS—315"-45" TEA-T51—12 "x51a"| K- Bl-W5—33,"-45"
BM-£452 TS-633—1115" 505 I -110-WE— ™ BM-6473 TSA-753—12 "x314"[K-121-W5—
TS-_E35 1114 ik TSA-T55—12 “x515"
TSA-BBE—18 "x7 "lf- SO-WS—aie 45" TED-E26—14 =7 "|i- 51—0% —i5"
DBM-6454 TSA-GI0—13 "xT "K-119-WS— ™ BM-6475 TSD-E2R—14 "7 “K-111— ™
TSA-092—13 <7 * TSD-630—14 *x7 * .
l TSA-TSl=12 “xil3"|K- 58-W5 K- 61-W5 L TSA-T51—12 "x5%"[K- 51-WS—a14"—45"
EM-6456 TSA-T53—12 “x5E"|K-119-WS K-121-WS || BM-8477 TSA-T53—12 “x5W-(K-117-WS
: TSA-T55—12 =x5l573l6m45* 334~-45° it TEA-T55—12 *x515"
i TSB-688—1212"x6 "|K- 55—3°-45"  TSE-1001—Mx6l" (K- B5-5-WS—Ah"-1a"
BM-B457 TSB-590—123"x5 "[a:-n&— 4 BM-GiT8  * TSE-1003—144~wfle~[E-125-5-W5— ~
; ISB-FI2—1 215 xf ~ = TSE-1005—1415" %615~
- TS-1001—1095"%5 "|K- S0-WS—a15"-45" TS-503—11 "5 ©|[F-455—a" =50
BM-B458 TE-1003—105 %5 “|K-119-W5— " BM-G4TD TS-564=—11 *x5 “[K-525— "
H TE=1005—1105"x5 *~ TS-5065—11 "5 ~[K- 40—25"=45
TEA-626—11 x5 *“[K- 46-§3—215"-45 TS-506—11 ~x5 *[K-108— *
L BM-G460 TEA-628—11 x5 “[K-106-§3—
TSA-630—11 *x5 *
TSE-Tal—1215"x6 “|K- 50-WS—315"-45" Kits for Air Starter Valves
- EM-B4E1 TSE-753—1216"xf “|K-119-WS— "
TSE-T35—1215"%6 BM-£455—118 Vel
TSC-BT6—1245 %00 Ko~ SU-WS K- 63-5-WS BM-6455-A—220 Volt.
BM-G462 TSC-ST8—1215* %015 K- 119- WS K-121-5-WS BM-B4535-B—32 Volt.
TEC-850—1205"xB0E 3157 45"  4m-45" Includes:
To-NITZ 5 |- e WE— 5 1—HNo. 1710 Driver, 12,000 R.EIL
BM-B453 T‘s_im_lz % H.I{"IZS"E-WE L] E—Hﬂ. 1M2-BE—Whesl Hﬂlderﬁ_
TED-815—15 "% “|K- 63-5-W5—4"_15° ;‘;‘i‘;‘iﬁ;&m“fmme'
EM-G465 TSD-8T7—158 *x7 “[E-12-5-Ws— " = -
- S -5 1—No. SK-5—13"-45* Grinding Wheel
ik 1—No. SKE-T5—13%"-45" Grinding Whool.
TSD-8T5—15 “x7 "|F- G3-5-WS—133"-45° 1—No. m,,m_z_swﬂafmirf
BM-G460 TSD-BTT—15 *7 “K-138-5-Wg— "
TSD-8T9—15 “xT * BM-6458—115 Valt.
T T T Ty T BA-G459-A—220 Vals.
T5-626—1115 %505 |- 51—28;"-45°
BM-6467 TS-6251116"51A K111 " B et
ik This- ) TS-630—11%"x5%" Inclyidee:
TEF-T51— LA 11, [~ 57-WE—314"-45° LI e 12 DO R
BM-6468 TSF-T8—14% x5 [K-117-Ws " 1N eI it Grinding Wheel,
E TeE T et 1—HNo. K-87-3—133"-45° Grinding Wheel
b : o 1 1—N i
_ TS TS| 55 T 0. TSA-S3T-—Specinl Pilot. s
1= BM-G469 TSD-T53 1367l K- 110-WE— " BAM-G464—115 Valt.
TSD-755—1306 53, . BM-G464-A—220 Volt.
L TSD-526—14 =1 "ji- 51 E- 55 BM-6464-B—32 Volt.
BM-6470  TSD-63—14 "x7 "[K-111 K-115 Includes:
: TSD-630—14 ™7 |23 =45 3“-d5° 1—=MNo. 1T10—=Driver, 12,000 R.P.0M.
| e — s 1—No. K-21-3—174"-45* Crinding Wheel,
i TS 514 $%res: B . 1—No. K-91-3—1%"-45" Grinding Wheel.
TR e ,,f‘ 1—Ma. TSF-1000—Special Pilat,

FOR NATIONAL SUPERIOR AND ATLAS ENGINES




Listing of Engines and Basic Sets with Auxiliary Kits needed for each Model Engine,

MNumber.

{Note: Where there are no model numbers, bore and stroke are substituted for identification,)

Model Mo, Basic Set Numbers ~ For Hegular Vﬂrmﬂlﬁ
Superior Engines Sloux National Auxiliary Kit No. Auxiliary Kit No.
6-G-510 1780 BM-6309 . BM-6453 3
FTD, 40 1730 BM-6309 ' BM-6454 BM-G435
PTG 1780 BM-G6300 EM-6456 | BM-6455

44 | 1780 BM-6309 BM-6456 |

PIT, 40-LX | 1780 | EM-6309 BM-6457 | BM-6455

LO, LOC, LP, 1780 | BM-6309 BM-6438 BM-6450
LPC, KN, KNA,

KNB, 60

VDHA, GI, 1777 BM-6451 BM-6460

VDMA, VDMBE, 1780 EM-5300 BM-6461 BM-6455
VDMS, . i L
VDMD [ 1780 BM-6309 BM-6462 | BM-G455 B
VDSS, VDST, 80, | 1780 | BEM-6309 BM-6463 BM-6464
VDSB, VGST,

VDSC,

65 | 1780 EM-6309 BM-6478

Model No. :

Atlos Engines

1558, 58 1780 | BM-6309 BM-6465 I e
2124, 75, 76 and 1780 | BM-6309 BM-6466 |

124ax16 |

327, Ty BM-6451 BM-6467

5% x8

BB

G14xA

Blex8

aga e
763, 48 and | 1780 BLM-6309 EM-6468

Blox12 | i : o
1255 | 1780 | BM-630% BM-6469 | ;

464 | 1780 BM-6305 BM-6470 |

Atlas Jr [0 1752 BM-6452 EM-6471

253 I 1777 | BM-6451 BM-6472

668, 45, 46 | 1780 | BM-6303 |  BM-6413 _ TR
528, 38 | 1777 | BM-g451 _ BM-6475

8x9%, 8l6x0%, 1780 BM-6309 BM-6308 ' ¥

3% Int. Valve

ExDis, Bloxfls 1780 BM-6309 BM-6477

G663 i.ndustri,a]

ST | 1780 | BM-6309 BA-6470

ALBERTSON & CO., INC.

SIOUX CITY 2, IOWA, U.S.A.
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