ENGINE
MAINTENANCE
MANUAL

NO. 252B

for
MODEL 5678 ENGINES

4th Edition
March, 1953

This monual is desighed to cover all
6, B, 12, ond 16 cylinder Model
5478 railroad engines ond attoched
occessories, Minor differences be-
tween engines and the monual, due
to slight refinements in specifications
after the manual wos sent to press
moy be encountered.

Model 567 A engines ore similer to
Model 5678 engines ond this man-
val may be wed a5 o generol
guide on these engines,

Refinements in specificotions of pro-
duction engines generally are pot
reflected in engines already in sery-
ice, Therefore, we teel it inodvis-
able to moke revisions of manuals
alreody distributed, except when
mojor chonges ore recommended
tor engines alreody in service.

PRICE $5.00

SECTION INDEX

General

Crankcase and
Oil Pan

Cylindor Head
Assembly

#

Lonnecting Rods,
Beoarings and
Piston Pins

Cylinder Liners

Crankshoft, Main
Beurings and
Harmaonic Boloncer

Camshafts and
Ovarspesd Trip

Vi

Blower

Vil

Lubricating
Gil System

Vi

Cocling System

X

Fuel System

Govemors, Engine
Spead Control

XI

Pilot Valve,
injector Rucks
and Linkage

XK

ELECTRO-MOTIVE DIVISION

Genaral Motors Corporation

Frinted in US.A

LA GRANGE, LLINOIS, USA


http:Overop.ed

1-0 &y
aydud €L95-97 19POW ARSIA J)IenPH-0d.1], JuOXY




z-0 B
SuiBud gL95-01 T3POW ARl Jprend-damyL Jeay

ThH o g ok
RS ¥
m.‘ldww./..ﬁ.o-..ff...

o




FOREWORD

This manual covers the B67B Diesel engine applied to
railway uss. Each section consists of the description,
operation and maintenance of the component parts of the
engine; lollowed by specifications on wear and clearance
limits of the various paris coptained in the sechon.

Wear limits are olen given os diametric clearance. This
means the total clearance on the diameter. Most diametric
clearances can be measured by plucing a feeler gauge on
otily one side of the object being checked, Other items may
have to be checked by measuring the outside diameter of
the shalt, using ¢ micrometer, und subtracting this figure
from the ipside diameter of the bearing in which the shaft
turns. A boll micrometer for meqsuring wall thickness of
bearings, and o dial indicator for measuring diametric and
longitudinal clearances will be found necessary. For meas-
uring clearances such s piston to cylinder head, or oil
pump gears to housing, the use of lead ribbon will be de-
sirable. The lead ribbon is inseried between the parts,
removed and measured to obtain the clearanecs.

Where radial clearance is specified it is because the nature
of the pari is such thai diometric clearance cannot be
measured. The radial clearance i always one-half of the
giametric clearance.

Longitudinal or thrust clearances are listed throwghout the
manual with all of the clearances removed at one end of
the part being measured. Where i is not convenient to take
out all of the thrust at one end, the thrusi at each end
should be measured and odded, to give the total longi-
tudinal clearance.
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252B-0-353 TOROUE VALIUES

567 SERIES ENGINES

Foot Pounds

Cylinder Head Nuts

Liners #1 and #2 280.300

Liner #3 200
Pork Rod Basket Capserews 190-200
Fork Rod Basket Capscrews

{checking ONLY, see Seection 3) 175-185
Main Bearing Nuts 500-800
Main Bearing Studs 250
Crab Stud Nuts . 1800
Engine Flywheel Mounting Bolis 1200
Injector Crab Nuts 50
Blower Timing Gear Cover Nuts 35-40
Oil Pan to Crankcase Mounting Bolts 460
Front and Rear 1/2" Mounting Capscrews

Hardened {(with mark on head) 85

Not Hardened (without any mark on head) 65
Aux, Gen, Drive Asshy, 3/4" Mounting Bolts 175
Cylinder Head Frame Capscrews. a0
Rocker Arm Shaft Nuts 300
Injector Fuel Lines 40
Camghaft and Injector Shaft Capscreaws 20.25
Fuel Manifold Blocks 25
Exhaust Manliold Stud Nuts 80100
Harmoni¢c Balancer Capscrews (Mounting) 400
Accessory Drive Gear Capscrews (Mounting) 260
Liner Stud Application (Min.) 50
Water Pump Impeller 80
Water Pump Gear 265
"Pge” Tubes 20
Exhaust Manifold Connecting Clamp Belt 70 in, 1bs,
Bolted Crankshaft Counterweights 200
Engine Hold Down Bolts 450

NOTE: All single values given may vary plus
or minus five percent of the value,



TORQUE VALUES 252B-.0-383

TORQUE WRENCHES PART NO,
Crab Nut Powerwrench {ratio 6,7-1) 8133312
Main Bearing Powerwrench (ratio §5-1) B155363
Cylinder Head Powerwrench {ratio 3.1-1) Bi669TH
Torgue Wrench {25 ft, Ibs.} 1/2" Drive B157122
Torgue Wrench (106 ft. ibs.) 1/2" Drive 8157120

Torque Wrench @00 ft. 1bs,) 3/4" Drive g157121
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OPERATING DESCRIPTION

In a four-cycle engine, four strokes of the piston
arg required to complete one cycle of events: the in-
take stroke, tompression stroke, power stroke and
exhaust stroke, The crankshaft will make two revolu-
tions per cylinder for each power stroke. During the
intake and exhaust strokes the piston functions as an
air compressor, which operation consumes power,

In a two-cycle engine, such as the model 5678,
only two strokes of the piston are required to complete
the cycle of events., Intake and exhaust takes place
during part of the power and compresgion strokes,
Each downward (power) stroke of the piston delivers
a power impulse to the crankshaft, Therefore, a two-
cycle engine has twice as, many power impulses a5 3
four-cytle engine, with the same number of cylinders
and operating at the same speed.

Asg the pigton in 2 two-cycle engine is not re-
guired {o function as an air pump, an external means
of supplying air must be provided, A speclally de-
signed blower, handling a large volume of air at low
pressure, is used for this purpose, The blower forces
air into the cylinder through ports in the cylinder liner
wall, thus expelling the exhaust gases and filling the
cylinder with a fresh charge of air for combustion,

The cycle of events of the two-cycle engine and
operation of the blower are graphically described on
¥ig, 0«4 and explained in the following paragraphs,

Fig. 0-4a, At the lower end of its downward
stroke the piston uncovers a row of ports in the cyl-
inder liner admitting the scavenging alr to the cylinder,
This flow of air through the ports and exhaust valves
produces complete scavenging, leaving the cylinder full
of clean air when the piston covers the ports on itg
upward stroke,

R
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252B-0-353 , ] GENERAL

Fig, 0-4b, As the piston continues on the upward
stroke the exhaust valves close and the charge of air
is compressed to about one-sixteenth of its initial
volume, or about 600 pounds per square inch, Alr,
when compressed to this extent, increases in tempera~
ture to approximately 1000° F, This high compression
ratio is maintained at all loads and speeds,

Fig. 0-4c¢. Shortly before the piston reaches the
top dead center of its stroke, the fuel, atomized by
high pressure is injected into the combustion chamber.
The fue! is ignited by the high temperature of the air
and continues to burn untll the charge is consumed,
The burning charge rapidly builds up 3 high pressure
which acts upon the piston, foreing it downward on the
puower stroke,

Fig., 0-4d. Just before the piston reaches the
end of the power stroke, the exhaust valves open, re-
leasing the gases to the atmosphere, The piston then
uncovers the air inlet ports. By this time the exhaust
gases have expanded to the point where the pressure
is lower in the cylinder than in the alr-box, The cycle
is then repeated.



GENERAL

252B-0-353

GENERA.L DESCRIPTION AND DATA

The Model 56TB Diesel engine is a "V iype,
two-cycle engine, incorporating the advantages of low

weight per horsepower, Iully

scavenging alr system,

soiid unit injection, and high compression,

FRONT £nb
{0} @ The accompanylng sketch
x/n; @1 serves o ldentify the cyl-
LEFT \:.‘g‘ Q/; RIgHT inder locations, ends and
53, o o 3 N
L (n snak  side of the engine, as they
ey ’*)m,{ are referredto inthis maneal.
Da) ‘\j{ The governor, water pumps
@‘1 (r) and lubricating oil pumps
e ) are mounted on the "FRONT
i e END.” The blowers, oil sep-
M ’ erator and generator are at
| [ the "REAR END."
1 3
i |
| GENERATOR
REAREND
GENERAL DATA
Bore g-1/2"
Stroke 107
Compression Ratio 16:1
Maximum Governed Speed 800 RPM
Jdling Speed 275 RPM
Starting Speed 75 to 100 RPM
Rotation (Facing Hear End) Counter-Clockwise
Weight {Approx,) 6-567B 15,000 lbs,
8-587B 17,500 lbs,
12-58TE 23,500 1bs,
16-567TB 30,000 lbs.
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Rated Horsepower

{at 800 RPM)
Engine Model HP
6-5678 600
8-587TB SW8.TRS 800-16060
125678 NWw5 1000
12-5878 ] 1125 (2250}
12-587B SWE-TRD 1200-2400
16-5367B F2 1350
16~567B F3, ¥1, FPT, BLI,
BLZ, GPY, 8D7 1500
Displacement per Cylinder 567 cubic inches
Firing Order 6-567B 1-4-3-6-2-5

B.567B 1n5uda7u2-8~4-8
12.587B 1-13-7-4-3-10
8.5.2411-8-6
16-5878B 1-8-8-16-3.6-11-14
4-5-12+13-2.-7-10-15

MNumber of Exhaust Valves

per Cvlinder 4
Crankpin Diameter 6-1/2"
Crankshaft Diameter T-1/2%
Number of Main Bearings 6-567TB 4

8-56TB 5
12-567B 7
16-5678B 10

ENGINE CbﬂVﬁRSION POSSIBILITIES

To further promote a desired service to our cus-
tomers, enabling them to otaingreater spare unit utility
throogh interchangeability, our Farts Department has
developeda means whereby a 16-587B crankcase may be
assembled with special parts {rom the proper one of
four (4) Bills of Material 1o produce a modified "B" en-
gine which is suitable for replacing individaal 16cylinder
- 867 engines in the field, of the same degignated type.

-5 .



GENERAL 252B-0-3253

Information covering complete modified "B" re-
platement engines, engine and. locomotive alteration
parts and numbers for application of a modified 16-567B
in FT locomotives and other replacement engines may
be obtained from our Parts Department,

In addition, there are other engine conversions
available to enable customers to improve existing en-
gines in the field, If desired 12-567A and 16-587A
engines which are conditionally and dimensionally satis~
factory may be converted to 567TB model engines, This
conversion, at present, must be done at the L.a Grange
Branch shop. Also, 567 Cast Top Deck and Fabricated
Top Deck engines may be converted to 567AC or S587AF
engines, providing decided advantages over the original
engine,

Information concerning these conversion proce-
dures can be obitained from the La Grange Office upon
reguest,
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SECTION |
CRANKCASE AND OIL PAN
A. DESCRIPTION

1. Cronkcose

The crankease is the main structural part of the
engine, Fig, 0.3, Section 0. It is fabricated of sieel
stress plates and forgings which are combined to form
a rigid and self-supporting azssembly. The crankcase
supports the power assemblies and engine mounted
auxiliartes, Mantfolds for engine cooling water and
lube oil are built into the crankcase,

Inlet cooling water manifolds are formed for each
bank of cylinders by two parallel plates running the
entire length of each bank at the bottom of the crank-
case, These plates are bored to receive the cylinder
liners, A silicone rubber seal ring is used between
each plate and the liner, connecting the liner water
passage to this manifold and preventing water leaks to
pil pan and air box, A water line connects the manifold
to the water pump at the front of the engine, The engine
cooling water outlet manifold is located in the "V
formed by the angle of the cylinder banks at the upper
end, Enclosed in this discharge water manifold are
the exhaust elbows from the cylinder head retalner
exhaust passage zs shown i Fig, 0-3, Section 0, Two
water drain pipes, one for each bank, connect the
lowest points of the water discharge mantfold with the
water inlet manifold, These pipes drain the water dis.
charge manifold when the engine is drained,

The maln lube oll manifold is formed by the "V
junction of the inner stress plates and a cover plate,
The main lube oil manifold runs the entire length of
the crankease, Ofl plpes, pressed tnto drilled passages
through the main bearing "A" frames at their center
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CRANKCASE 252B-1-353

carry the oil to each main bearing. These pipes ex-
tend above the bottom of the manifold to insure a clean
supply of oil to the main bearings, The lube oil o the
rear gear train oil passages and camshafts iz supplied
from the rear end of this main lube oil manifold,

The air box is the space surrounding the cylinder
liners, This spage is a reservoir for scavengiog air to
the cylinder liner ports, supplied by the volume air
blowers. Accumulations of oil or meisture drain from
the air box through an opening in the crankcase and oil
pan mounting flange into air box drain tanks located in
each side of the engine oil pan, Beginning September
1951, the external air box drain bosses and elbows on
the crankcase have been eliminated since they are not
necessary, Handholes in the air box side sheets opposite
each cylinder liner, permit inspection, servicing and
cleaning the air box. Hand holes are closed by cork
gasketed covers, Fig. 1-1, which are easily applied or
removed,

The end plate machining of the "B"” engine is di-
mensionally different than previous engines, and blind
tapping bosses are used to pre-
vent ¢il or air leakage, These
changes will not allow other than
"B" engine {ittings to be mounted
on end plates,

The "B’ engine top deck cover
frame 1s built to include the lube
oil pressure line mounted in the
outward side of the left bank cover
frame,

Metal back-up sirips are ap-
plied to eylinder head cover frame
flange wmounting for suppori. They
are available for engines not origi-
Hand Hole Cover  nally equipped. Cylinder frame cap-

Fig, 1-1 screws torgue value is 30 £t pounds.
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252B-1-353 CRANKCASE

Redesigred cover frame hreather shields are applied
which are not perforated, to reduce or eliminate oil
splash at the corners of the cylinder head cover frame,
For part mumbers, refer to Catalog 90,

2. Qil Pan

The oil pan, Fig, 1-2, is z fabricated structure of
stee] plates, and serves as the support for the crankease
and as a lube oll regervelr, It is enclosed by side sheets
and end plates, and is braced internally by transverse
plates, The bottom is constructed so the sides slope
downward at an angle toward a channel sloping from
each end toward a central oll regervoir of the oll pan,
Where the sloping channels empty into this reservoir, a
hinged door is provided at the end of each channsl,
These hinged doors help hold the oil in the reservoir
as they only swing inward to oll reservolr,

Incorporated in the oll pan construction are two
air box drain fanks, one on each side of the oll pan

O o

'S
1, Alr box drain 5, Alr box drain tank cover
2, Air box drain fank 6. Afr box tank drain

2, 0il reservoir and drain 7, Oil pan drain channel
4. Scavenging oll suctionline 8, Seal groove

ofl Pan
Fig. 1-2
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shown in Fig, 1-2 on the 12 cylinder pan., These are -
connected by a drain line running from each tank to the
oil pan mounting flange, and line up with 2 drain hole
through the mounting {lange intoc the air hox, A cover
plate on the outside of the oil pan adjacent to the fanks
gives access to the inside of the air box drain tanks,
There is one pipe exiending from the air box drain
tank to the outside of the oil pan for draining, These
tanks should be drained while locomotive is standing,
beiore leaving the maintenance point,

The scavenging pump suction line, Fig, 1-2, is
located in the oil pan, extending from the oil reservoir
aiong the right side of the oil pan. The opening of this
line is close to the bottom of the oil sump, to insure
a submerged suction even with minimum oil level. This
scavenging pump oil line extends to the front end plate
of the oil pan where it mates with the opening in the
accessory drive housing to the scavenging pump suction
screen housing.

An opening is provided in the front ofl pan end
plate to the accessory gear drive housing to allow oil
from the gear train to drain into the oll pan.

A bayonet type oll gauge or "dip-stick” is located
on the left side of the oil pan at its center {one on either
side on later 587B oil pans), to indicate allowable levels
in the lube oil reservoir, An ofl pan drain line extends
to the outside, under the locomeotive carbody, and is lo-
cated just back of the engine fuel tank, This line is
provided with vaive and plug,

Hand holes are also on both sides of the oil pan,
directly under the air box hand holes and are provided
with the same gaskets and covers, The inside lower
parts of the engine are inspected and serviced through
these hand holes,

The crankcage is mounted and held rigidly on the
oil pan by the crankcase to oil pan mounting bolts, the
relative position held by four tapered dowels, The
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252B-1.353 CRANKCASE

Crab Stud Assembly
Fig, 1-3

sealing arrangemeni on all new production engines be-
ginning with engine serial number A-52-118 consists of
a round silicone rubber cord.22b” in diameter placed
in a proper groove running the length of the oil pan
just outside the mounting bolt holes, A slight amount
of #3 Tite Seal gasket compound is applied between the
omside edge of pan and seal cord, This seal arrange-
ment replaces the previously used shim and gasket
arrangement, For installation see Maintenance item#1,
UTEX and RANR engines and crankezge and oil pan
assemblies will be modified to use this new sealing
arrangement when the Branch Shops are equipped todo
this work on agsemblies originally bullf using a gasket
between oil pan and crankcase, For engine ramp alier-
ation to reworked oil pans see Modification Inst, 5083,
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3. Crab Studs

The crab siuds hold the eylinder liner and head
assembly down in place on the head seat shoulder of
the head retainer, Fig, 1-3. The crab studs extend
through the top deck plate of the crankease, and through
2 lower crab and plate, (This plate is not used on end
studs or center studs of 16-587B engine.) The plate
is welded to the lower crab and to the head retainer,
{Some "B" engines were made without this plate.) When
the cylinder head and liner assembly is in position, the
crab studs, upper and lower crabs, spherical washer
and crab muts clamp the head solidly in the retainer,
Upper erab nuts and sperical washers are lubrized to
alleviate galling when tightening,

Main Bearing Studs
Fig. 1-4
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The lower crab stud nut ig held by a 1/4"-20 x
3-1/4" bolt and elastic stop mut on later engines, and
on earlier engines they are ¢oiier keyed to the botiom
of the stud, This assembly is held in place by a
bracket welded to the lower crab, A synthetic rubber
seal ring around the stud prevents air leaking from the
air box between the top deck plate and the stud, The
gseg] ring is compressed against the top deck plate by
the upper crab,

Whenever crab stud nuts and crahs are removed,
place a erab stud protector (part #8034800) over the
end of the stud {0 prevent damage to the threads,

4. Main Bearing Studs

The main bearing studs, ¥Fig, 1-4, are installed in
the bottom of the "A” frame with a stud driver. There
are four studs for each main bearing cap, except the
two center eaps on the 16-587B engine, which have only
two studs, To facilitate stud application, each main
bearing stud hole is vented by a drilled passage ex-
tending through the "A" frame to the bottom of the stud
hole,

Two different types ¢f main bearing studs have
been used in "B" engines. A long stud, 9-3/18" long,
previpusly used, has been replaced by a shortened stud
8-3/8" long, The difference in length of the stud was
the threaded end for the "A" frame. The long stud
having 13/16" longer thread on the "A" frame end,

The holes in the "A" frames were drilled to a
depth conforming to the increased thread on the long
stud, and either stud could be applied. In later engines,
the "A" frame tapped hole is drilled to a depth v con-
form {o the shorter thread of the short stud, voiding
the use of the long stud in these engines,

The main bearing stud dimension to be maintained
is the length from the serrations on the "A" frame to
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the top of the stud, This dimension is §-1/2" I /18",
The main bearing studs are lubrized to prevent galling
when applied to the "A" frame,

The main bearing caps are serrated ito {it the
"A" frame to which they are applied and are not inter-
changeable, but must be installed in the same location
from which they were removed, The "A" frame and
the bearing cap are also stamped with the bearing
number to assure proper location,

5. Engine and Crankcase Serial
Numbering System

The method of designating serial numbers of en~
gines and crankecases was revised January 1950 and on
engines again in February 1851 and again on ¢rankcases
January 1852, Prior t{o January 1950 engine and crank-
case serial numbers run consecutively, regardless of
cylinders or model

Serial numbers of engines as of January 1850, be-
gin with number 18,001 and identifying letters and fig-
ures are combined with this number to designate the
month and year of manufacture, Letters as "A", "B",
"Cr, ete., except "1V, which is not used in the engine
serial number, identtfy the month of manufacture: "A"
for January, "B" for February and so on, Following this
letter is the last two figures of the year of manufacture,
As for example, engine serial number M50-12334, indi-
cates by "MBH0" that the engine was built in December,
1950, and according to number 12334 it was the 2334th
engine bullt since Jamuary 1, 1850, Engines are num-
bered in production sequence regardless of cylinder or
model,

Beginning February 1951, engine serial numbers
will retain the month and year as "51-B", "51.C" ete,,
but the number will correspond to the monthly manu-
facturing sequence bweginning with #1 each month, An
example, 51-B.1 indicates {irst engine built in February
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1861, S$1-B~225 the 225th engine built in February, or
51.F.4, indicates the fourth engine built in the month
of June 1851, and so forth,

The engine serial number is located in two places
on the engine (1) at the left {ront of the crankcase just
below the base of the eylinder head cover frame support
and {2) on the engine name plate attached to the air bhox
side sheet about 6 inches from the cylinder cover hase
between the two center eylinders, The name plate also
gives the model of the engine, as 16-587B or other.

Since Jlanvary 1850C through December 1951 the
crankcase serial numbers have been congecutlve, begin-
ning with number 1, and included the year and month of
manufacture, and number of cylinders, For example,
egrankcase serial 16M50-2295, identifies a 16 cylinder
case, built in (M) December (50} 1850 and was the 2295th
crankcase built since January 1950, The letter "I" 1is not
used in serial numbers. This system continued through
Devember 18561 when a slight revision was made to have
the crankcase serial numbers correspond generally to
that on the engine and other engine parts,

Crankease serial numbers starting January 1852
are as follows: example, 16-52]-32, identifies a 16
cylinder, built () September (52} 1852 and was the
32nd crankcase built that month, The 16 is replaced
by §, 8 or 12 if the crankcase consists of that number
of cylinders. The month letter as "A", "B" etc will
correspond to January, February and so forth; the year
designation the last two numbers of the current year
and the monthly manufacturing sequence used in place
of the prior used vearly seguence,

Crankeopse serial numbers are located in four dif-
ferent areas; on each main bearing cap, on the first
and last main bearing "A" frame on the right hand
side, and under each camshaft at the center of the engine,

Oil pan serial numbers are located on the left
side of the pan near the crankcase support! base at the
front or rear.
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NOTE: When referring to any serial numbered part, it is
important that part name be included as well as
part serial number to aid in identification,

6. Crankcase and Qil Pan Assemblies Sold by
Parts Department

Serisl numbers will also be applied to all crank-
cases and oil pan assemblies sold through the Parts
Department for railroads to build into new engines,
The serial number will be stamped on the name plate
that 1s mounted on the right side of the air box about
six inches below the cylinder head cover frame base
between the two center cylinders, Numbering will start
with 5-9001 and run consecutively regardless of the
number of cylinders, When the crankcase and oil pan is
finally assembled into a complete power unit, the crank-
case ang oil pan serial number then becomes the engine
gerial number, Under no circumatances should a name
plate be removed from one assembly and attached fo
another similar assembly., The serial number of the
erankease and oil pan assemblies will not indicate the
month, year or manufacturing sequence, It will only
indicate a partial engine assembly that will be com-
pleted by the customer,

7. Engine Data Plate for Rebuilt Engines

As an assistance to the railroads in engine repair
and record keeping, all 567 series engines and crank-
cases rebuilt at La Grange will carry a "data plate”,
Fig. 1~5, mounted below the original engine serial name
piate, This new data plate has eight item spaces fc be
filied in and used to identily either engine dimensions
or part sizes,

We recommend that railroads rebuilding 567 en-
gines apply this data plate, which may be purchased
through our Parts Department under 8163008, and stamp
on it the appropriate data,
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B. MAINTENANCE

1. Silicone Seal Application and Tightening
Crankcase To Oil Pan Bolts

Before seal application inspect oil pan rails for
nicks, burrs, oil and foreign material of any kind in
seal grooves or top of rails, and remove to provide
a clean smooth surface, Any indentation in the seal
grooves that would allow oll seepage must be filled with
solder and finished flush with adjacent area. Check
crankcase ralls also, and similarly treat any indentation
in the rails that would position over seals.

Along outside edge of oil pan rail surface, apply
one coat of Tite Seal #3 approximately 1/2" width and
about ,015" thick, or thickness of ordinary playing card.

Install seals in grooves without twisting or stretch-
ing and without lubricant. The individual seals for each
model engine are longer than required, At this time,
do not cut off seal ends,

Place crankcase over oil pan, and using line up
pin guides in the four corner holes, lower crankcase
on oil pan, Apply taper dowel bolts and tighten, Check
crankcase to oil pan alignment.

7 \8s 0
Ecegrso: MoTive, Dvision
PISTON AND LINER DIAMETER
GYLINDER HEAD SEAT RING THIGKNESS STD.
. 5 ] CONN. U

& GRANKSHAFT BEARING DIAMETER-man[17327U5 | SO Ti/ie"us .
CRANKSHAFT THRUST COLLAR
CRANKCASE LENGTH
CRANKSHAFT TO CAM PAD
CRANKSHAFT TO OIL PAN MOUNTING PADS STD.

c o 7o

Rebuilt Engine Data Plate
Fig, 1-5
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Assemble all crankcases to oil pan bolts plus
washers and snug four corner bolts to about 100 i, lbs,
torque, Then torgue all bolts to approximately 100 it,
ibs., in sequence as shown in table 1 starting with #1
bolt to higher numbers. Beginning 16B engine 52-P.111
washer GM 131010 is used under the nuts.

After initial 100 ft, lbs, sequence tightening, bring
each bolt to the recommended torque of 450 ft. lbs,
following the diagram sequence of table 1,

——————————— 16 GYL ENB.= = = == — = e
P 12 GYL.ENG, =~ = = — — = -
[ B CYLENG.— = —=
— = — & YL, ENG—

i
t
H
H
3
i
]

4

1109187161543 %2 | 23 46 6:17 B
GEN.END AGC,

Table 1 « Crankcagse To Ol Pan Bolt
Tightening Diagram
After all bolts have been tightened to 450 ft, 1bs, cut
seal cord ends go provide a protrusion from face of end
plate of /32" - 1/84", This seal protrusion will seal
3 way joint of 0il pan, crankcase and gear train housing,

All crankease to oll pan bolts must be tightened at
regular intervals, in accordance with mileages indicated
on the Scheduled Maintenance Program,

If these bolts are allowed to become loose, the
relative movement of crankcase to oll pan will cause
gaskel or seal wear, resulling in an ofl leak, It will
also cause the dowels to elongate the holes,
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2. Cleoning Crankcase

The crankcase should be cleaned after any work
has been done on the interior of the engine to remove
particles of metal or dirt. This can be done by using
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a2 spray gun #8072002 and solvent. The equipment
near the engine should be protected against the spray.
After spraying the ton deck (cylinder heads, rocker
arms, etc,}, wipe with towels saturated with solvent,
Wipe up all solvent trapped in corners and pockets,
Use only lintless bound edge towels.

Cleaning of the air box with a spray gun while
liners are in place iz not recommended practice, due
to possible foreign particles finding thelr way into cyls
inders, I the air box requires cleaning, only bound
edge towels with petroleum solvent should be used,

3. Engine Painting Instructions

I an engine is to be removed from the locomotive
and gompletely overhauled and the interior repainted,
the parts to be painted rmust be cleaned in a vat of
caustic solution to remove old paint, grease and oil
from the pores of the metal, The caustic solution
must be removed by thoroughly washing in clean hot
water, Then the part should. be zir dried with air hose
{aluminum parts must not be washed in caustic solution),
If caustic cleaning is not done before painting, the
paint will peel off the interior of the engine and re-
strict the lubricating oil lines and strainers, Mask
off parts not to be painted,

Use crankcase paint {interior or exterior) buff
{Du Pont) 8173025 yellow (Rinshed Mason) 8141486 on
the following: interior of crankecase, air box, oil pan,
blower support housing, top deck, cylinder head cover
support frames (except where cover spring contacts),
inside cylinder head covers, hand hole covers, acces~
sory and camshaft drive housings and covers. Do not
paint any machined surfaces, cylinder liners or gasket
and seal surfaces,

Tao refinish the exterior of the engine, remove all
greage and oil with an alkaline cleaner. Mask the water,
oil and fuel connections and apply either of the paints
listed in the preceding paragraph,
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After primer coat has dried and engine iz installed in
locomotive, apply a finish coat of Du Pont Dulux Suede
Gray (5 gal, - #8133054, 1 gal. - #8122047),

4. Crab 5Studs

Beifore removing a crab stod, the 1/4"-20 x 3-1/4"
bolt and elastic stop nut or the cotter key must be re-
moved from the slotted nut on the lower end of the stud,

Damaged crab stud threads can be cleaned witha
1-3/4"+12 thread die (part #8087408), Damaged threads
in crab stud nuts can be cleaned with 1~3/4".12 thread
tap {part #8050688).

Torque values for tightening the cylinder head
crab nuts are 1700-1500 foot-pounds, If torgue wrenches
are not used the crab nuts should be tightened by three
men using 2 five foot extension on the crab nul socket
and wrench, A power wrench (part #8133312) for tight-
ening crab nuts iz avaliable through our Parits Depart-
ment. This iz & mechanical advantage wrench employing
a standard torgue wrench.

Before application or reassembly of the crab nut,
spherical washer and crab, these parts should be ex-
amined for nicks, roughness and galling which would
give a false torgue value indication or improper tight-
ening, The threads of the nut and stud should also be
in good condition,

To aid in proper assembly, the friction surfaces,
threads, c¢rab and spherical washer surfaces should be
lubricated, either using engine lube oil or a stud lub-
ricant having specifications similar to Texaco Stud
Lube 821,

Crab stud nuts should be tightened in two passes,
half total torque at each pass tightening the diagonally
opposite nuts alternmately to form a letter "X,", This
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method applies whether tightening the whole bank or the
crabs on one cylinder, After final cylinder assembly,
if possible, the engine should be pui on load test for
one hour; or if load test is not possible, run the engine
for about one hour in the sixth or seventh throttle
position with the engine water temperature 150° - 180°
F. and retighten crab stud nuts in conjunction with
tightening of the rest of the cylinder assembly uging
proper torque values, U load test cannot be made, the
crab stud puts and head assembly should again be
checked for tightness at 1000 miles (or less i possible),
Thereafter retighten according o the Scheduled Mainte-
nance Program,

For tools applicable to cylinder head crab stad,
for wvarious model engines, refer to tocol catalog 81A.

5. Main Bearing Studs

Damaged main bearing stud threads can be cleaned
with o 1-1/4"-12 thread die {part #8060349), Damaged
main bearing stud threads in the "A" frame can be
cleaned with a 1-1/4"-12 thread tap (part#B060387).
Dversize taps are avallable, For sizes reler to tool

catalog 914,

To remove a broken stad, drill stud with a 13/1§"
drill and remove with a2 stud extractor {part #5044587),
If a main bearing stud is broken during operation, all
the studs in that particular bearing cap must be re-
placed with new studs. Oversize main bearing studs
are available if required,

Broken main bearing studs are usually the result
of insufficient tightening of bearing cap nuts or foreign
particles between serrations, Whenever bearing caps
are removed, serrations of cap and "A" frame should
be throughly cleaned by wire brushing belore reassem-
bly. Alsc, use care in handling caps fo aveid nicldng
serrations. Either of these conditions will prevent caps
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from being pulled up in place, resulting in poor bear-
ing alignment and possible broken studs or other dam-

age.

Main bearing caps are originally installed on the
"A" frame and are all line bored; hence, NOT INTER-
CHANGEABLE or available for replacement, They must
be installed in same location and position as removed,
The main bearing caps and "A" frame are marked to aid
in correct assembly, The "A" frame is gtamped with
the bearing number on the right side and s corresponding
number is stamped on cap belonging to that particular
"A" frame, The caps are also stamped with the crank-
case serial number,

Torque values of the main bearing stud nuts are
500-800 foot pounds, For correct assembly the stud nuts
should be torgued to 500 foot pounds; then tightened
further until line up with first lockwire hole is reached,
to assure tightening within 5300-800 foot pounds, A main
bearing nut Powerench 8156383 and speed ratchet ofi.
set wrench B181581 are available which facilitate nut
application,

Main bearing "A" iframe bore diameter is: Mini-
mum 8,249"; Maximum 8,252" and out-of-round limit
L103", The specified diameter limits are the average
of six (8) measurements, three (3) taken at each end
of bore, 60° apart, with main bearing nuts torqued to
850 foot pounds. Main bearing bore alignment, vertical
and horizontal, can be determined using precision tele-
scope fixtures §180176 {complete information on request),

On a repaired crankcase which has had the main
bearing bore reconditioned, there may be uncleaned areas
about 001" to .002" deep in the unloaded area next to
the serrations, Cleaning this area up 100% would add
to the repair cost and shorten crankcase life, There-
fore, care must be taken when measuring the "A" frame
bore, not to include this portion of greater dimension.
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To facilitate measurement of crankcase “A" frame
or cap distortion, a serration measuring gauge #8177167
is available, This gauge is semi-circular to fit around
the crankcase and has serration prongs that fit "A"
frame serrations, onme actuating a dial micrometer,
Distortion is read directly from the dlal micrometer,
The maximum limit from the nominal "A" frame ser-
ration center line dmension is plus or minus , 008",
A separate master gauge ig provided for checking prong
distance., Any crankcase having dimensions exceeding
the maximum limits should be returned for rebulld,
se¢e Factory Rebulld Service bulletin #1086,

6. Cronicase Inspection

Serious and dangerous crankcase failures can be
avoidsd and longer crankcase life obtained by careful
and periodic crankcase inspection, Careful inspection
may disclose small discrepancies which i they were
allowed by neglect to progress would result in a pos-
sible major failure, loss of service or loas of the crank-
case, {Jee Section 4, Fig, 4.7, for crankcase liner
bore dimensions and condemning limits).

Ingpection and early repairs gre most important
since major repalrs generslly cannot be done in the field,
In most cases extensive welding, stress relieving and
remachining are required for sultable repgir and this
tends to shorten ¢crankegse life, as there iy a limit fo

the number of times this can be done on a crankcase,

When inspecting crankcases, particular attention
shouid be piven iv all weld zones of high stress and
corners or edges where ¢racks usually originate,

It is imporitant that cracks be repaired hefore
they progress too far, Genersglly crankcases having
cracks over six inches long will have v be returned
to the factory for major repairs,
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In addition when an engine failure occurs due to
a hreakdown of parts, a2 careful inspection is essential
at locations other than the immediate damaged area,
{For example, an engine fallure in which a connecting
rod damages the lower deck or liner support plate).
A rod may also strike and nick the stress plates, It
is most important in this event, that the stress plate
be ingpected for nicks in the circumiference of the 10"
holes (in the plate opposite the liner ports) and if any
nicks are found they be blended out, The stress plates
are subject to shock loading and any nicks in the cir-
cumference of the 10" holes may serve as a possible
point for stress concentration and lead to cracking.

NOTE: Maintenance Instruction 2114 outlines procedure
for the operation of the "Lower Deck Boring
Bar" used to rebore the liner support plates
after welding, It should be noted that this re.-
palr in the field should only cover emergency
cases where the liner support plates have been
damaged due to part fallure in the engine, such
as damage from connecting rod or piston fail.
ure, or when the liner support plates have worn
to exceed the condeming limit,

In cases of field welding repair and reboring,
this repair is limited to only two cylinder bores
per engine bank; four eylinder bores per engine,
congisting of an upper and lower liner support
piate per cylinder,

I it iz necessary to weld more than two cyl-
inder bores per engine bank, if is mandatory
that the crankcase be given stress relief afler
repair, In this event crankcase should be re-
turned for rebuild,

7. Lower Liner Support Reinfarcing
Pilot Rings

There may be cases in the field where applica-
tion of pilot rings to the lower cylinder liner support
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plate is comsidered, Application of these pilot rings
in the field iz NOT recommended, as excessive heat
from welding shortens the crankcase and severe stresses
are set up, even when precautions are taken during
weld procedure, Indiscriminate welding on the crank-
case often leads to main bearing "A" frames being
pulled out of line; and even with reboring, faflure is
likely to oceur if the crankcase has not been stress
relieved,

However, all crankcases sent in for repair to be
rebuilt and stressz relieved and which have not pre-
viously been rebuilt will be modified to include the
ring. This affects 587, B567A, 567B, B6TAF and B67AC
model engines,

8. Return of Engine Crankcoses

Crankeases returned to the factory for rebutld have
gertain work performed which involves welding on the
upper and lower liner support plates, This welding tends
to shorten the crankcase a small amount which neces-
gitates machining both ends of the crankease to make
sure they are sguare with the center line of the crank-
ghaft, In such cases considerable difficulty will be ex-
perienced in assembling the end housing to the crank-
case uniess the oil pan and cover frames are also
machined to the same length dimension as the crank-
cage, Therefore, it is recommended that whenever a
crankcase is returned for repair or unit exchange these
parts should also be rsturned at the same time, Unit
exchange <¢rankcases will be furnished ofl pans and
cover frames in all eases,

9. Field Repair Procedures

In addifion to the preceding instructions covering
the crankcases, other specific field repair procedures
concerning the crankease may be found in the follow-
ing Maintenance Instructions:
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General Welding Procedure

Repairing Engine Crankcases in the
Field

Water Inlet Pipe Repair and
Replacement

Water Drain Pipe Repalr and Re-
placement

Reinforcing Bar Application Tunction
Rear End Plate and Stress Plate

Cylinder Head Retainer Crack Re-
pair

Upper Deck Boring Bar - (Retain.
er Bore)

Lower Deck Boring Bar {(Liner
Plate Bores)

12-567A Oil Pan - Scavenging Line
and Gusset Strengthening

Repair of Oil Pan Gusset Cracks

Engine Ramp Alteration and Appli-

cation o Reworked Ol Pans

M.I. 1800
ML 1801
M.I. 1802
M.I 1803
M.1, 1804
M, 1810
M.I. 2101
M.I, 2114

M.l 2118
M.I, 2120

.1, 5083

Repair procedures not yvet in instruction form are
also available covering crankcase gusset modification,
This and other information concerning engine questions
ray be obtained from the Bervice Depariment.

C. EQUIPMENT LIST

Name

_ Spray gun
Bound edge towels
Engine paint {interior or exterior)
Buff {Du Pont)
Yellow (Rinshed Mason)
Suede gray paint & gal,)
Crab stud protector
Crab stud thread die - 1-3/47 » 12
Crab stud tap - 1-3/4" - 12
Powerench (main bearing mit)
Raichet offzset set (main bearing nut}
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8173025
8141486
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8034600
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Main bearing stud thread die - 1-1/4" - 12 8460848

Main bearing tap ~ 1/4" ~ 12 BOBO3BYT
Stud extractor 8044587
Powerench {crab nut) 5133312
"A" frame serration gauge BITT167

Alignment fbitures (Crankcase "A" frame bores) 8§190176
(an expensive item -~ precision telescope check)

D. SPECIFICATIONS
Main bearing studs {(ength from

serrations) . 6-1/2" = 1/18"
Main bearing hores Min, Max,
diameter* 8.249"  g.282"
out=-of-round 008"

*Average of 6 readings, 3 each end bore, 60° apart
with main bearing nuis torgued to 850 H, lbs,

Main bearing bore alighment
Vertical step bottom of one hore io

adjacent bore D015
Vertical step between center hwre
16 oyl. L01"
Vertical bow of main bearing hores ’
16 coyl, 004"
12 ¢yl 003"
g eyl. 002"
8 cyl, oo
Horizontal misalignment between bores ele-
Horizontal bow of main bearing bores
16 eyl. 006"
12 eyl. 0048
g cyl. 003"
g oyl 015"
Cylinder liner bores
Upper head seal {13,687" bore) 13.688"
Upper liner pilot (12.061" bore) 12.079¢
Upper liner segl {11,140" hore) 1i.188"
Lower liner pilot {10.260" bore) 10267
Allowable variation in length
between mated case and pan 010"
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Main bearing bore center line
0 base rail
Main bearing hore center line io
cam pads
567V, 5674 and 567B
5670 adjust by shimming
¢am bearings
*Main bearing bore center line
to head seat
*Head seat o lower liner seat
*Head seat ip upper liner seat
Lower {0 upper liner seat
Thrust width 6, 8, and 12 ¢yl
16 cyl.

*With standard seat ring machining;

compensate 038" for oversize
seat Ting machining, :
Minimum ¢ylinder head retatner
thickness at top of 13.887" bore
Cam bearing keyway spacing
{except 567U}
Vertical misalignment between
adiacent cam pads
Overall camshaft pad sag or bow
16 cyl.
6 8, 12 oyl
Crankease or oil pan gasket rall
18 oyl
6, 8, 12 cyl,
Main bearing bore center line
to piston cooling manlfold pads
Grommet geats to top of eylinder
head retsiner G87TV, 567A and
567B
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SECTION 1}
CYLINDER HEAD ASSEMBLY
A. DESCRIPTION
1. Cylinder Heads

Cylinder heads are made of alloy cast iron and
are clamped in place in the counter~bored, steel head
refainers in the top deck of the crankcase, An indexing
plate on the head fits over a dowel in the top deck to
correctly locate the head, Fig, 2.1,

The head is cast with drilled water passages, with
openings matching those in the cylinder liner, The en-
gine cooling water is circulated through the liner, up
through the head, and is discharged Irom side wall poris
in the head to outlet poris in the crankcase. Synthetic
rubber seal rings, above and below the circumferentizl
outlet passage in the cylinder head, seal the water pas-
sages, See Fig, 0-3, Section O, The exhaust ports in
the head line up with 2 water~jacketed exbaust port in
the crankcase, Fig, 2-2 shows the component parts of
the cylinder head,

Cylinder heads are designated design #2 and design
#1 to differentiate in their application and water inlet
arrangement, Deglgn #2 having drilled water inlet holes
replaces design#l previously mamdactured having cored
water inlet holes, Particular instructions governing
application are glven under installation of cylinder
head, since gall cylinder heads and liners are not in-
terchangeable,

1. Exhoust Volves

Each cylinder head is equipped with four exhaust
valves, valve guides and valve springs, The precision
valve guides are pressed into ‘the head, The valve
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Cylinder Head Assembly
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and spring assembly is held in place by a tapered
spring retainer and two conical locks. The valves are
iong type eliminating the use of valve caps and shims
used with short valves on previous model 567 series
engines, Either long valves or short valves with caps
and shims may be used provided each valve under the
same bridge are the same type.

3. Valve Bridges and Hydroulic Lash Adjuster

The valve bridge operates two exhaust valves from
one rocker arm, A return spring and ball seat are held
on the stem of the bridge by retaining ring. The ball
seat rests in a socket bore in the cylinder head, and the
spring applies a pressure against the rocker arm so
that the valve bridge seat will stay in contact with the
rocker arm,

The hydraulic lash adjuster on the $87B engine 1is
similar to lash adjusters on previous 587 engines, axcept
for its greater length to give longer plunger travel, It
may be identified by a thicker body shoulder than previ.
ous lash adjusters, The short lash adjusier may be used
with the long lash adjuster, provided the lash adjusters
in the same bridge are the same,

The hydraulic lash adjuster maintains constant
zerg clearance between the valve stem and the valve
bridge., The assembly consists of a body, plunger,
spring, ball check and a ball check guide. A snap
ring retains parts within the lash adjuster body, Fig.
2-3, The lash adjusters are pressed into the ends of
the valve bridge.

011 flows throogh a drilied passage in the valve
bridge to the top of the lash adjuster, past the ball
check and into the body, When the rocker arm de-
presses the valve bridge, a slight movement of the
plunger in the lash adjuster seats the ball check, trap-
ping the oil,
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4. Rocker Arms

Three rocker arms are mounted on the cylinder
head, Two rocker arms actuate the four exhaust valves,
the third arm operates the injector, The rocker arms
are operated directly by the camshaft through a cam
follower roller mounied at the fork end of each rocker
arm, The opposite end of each rocker arm has an ade.
justing screw and locknut for setting the injector timing
and adjusting the hydraulic lash adjuster,

An oil jumper line from the camshalt bearing
carries oll to the rocker arm through drilled passages
In the rocker arm shaft, Fig, 2-1. The rocker arm is
drilledto supplyofl to the valve hridge and lash adjuster,
and to the cam followers,

5, Cylinder Test Valves

The cylinder test valve consisis of a valve body,
valve stem, packing nut and seal ring, This assembly
—BalLl CHECK /p

VALVE BRIDGE /

R

” LA

| AmPUNGERN L

Hydraunlic Lash Adjuster
Fig, 2.2
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is inserted in 2 housing which extends from the side
plate of the crankcase through the head retainer andg
seats in the cylinder head, Fig, 2-4,

The purpose of the cylinder test wvalves is to re.-
lieve compresgion in the cylinders and to permit de-
tection of water or oil in the combustion chamber before
the engine is started, To make this test, open cylinder
test valves and turn engine over with starter, with fuel
pump off, holding governor power piston in shut down
position with layshaft manual control lever, I the en-
gine has been dead a considerable length of time the
engine should be barred over by hand with the test
valves open beiore starting, If liquid is discharged
from one or more test valves, do not attempt to start
engine until cause has heen corrected, Water may enter
cylinder through open exhaust valves from exhaust
stack when locomotive is standing dead in heavy rain.
It is advisable to cover exhaust stacks H conditions
warrant it,

When servicing engine, or making inspections, the
engine should be barred over by hand, Starter must not
be used to "inch" the engine over. This will cause
serious damage to the electrical equipment, Test valves
must be opened when barring engine to relieve compres-
sion; fuel pump should be off and engine starting fuse
removed,

CAUTION: When opening test valves, two or three turns
is sufficient, If test valve
is opened foo far, the cyl-
inder pregsure may force
the valve out with enough
force to damage equipment
or injure someone standing
nearby,

~
I

Cylinter Test Valve In an emergency,
Fig. 2-4 soveral test valves can be
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opened to enable starting an engine when the battery
is weak, I this is done, the test valves should be
closed as soon a&s engihe starts, to prevent burning
the test valve seats, Do not open test valves while

engine ls running,

Test valve wrench #8032587 is used to open and
close the valves, Care should be taken not to tighten
the valves too tight, as this may cause damage to the
valve seat or valve stem threads. Fig, 2-5 shows the
wrench in use,

B. MAINTENANCE

The maintenance procedures which follow consist
of removing, cleaning, reconditioning, and installing the
cylinder head and its component parts, For cylinder
head Magnaflux Inspection limits see Maintenance in.
struction 2127,

: The engine cooling sys-

T~ tem must be drainedbefore

WRESGH GOMESET removing a cylinder head. I
h/ the cylinder liner is not
- be removed it shouid be
- held in place with liner an-
chor tool #8058880 before

Ao~ head removal to prevent

~“.oiemall Aisturbing the liner seals, If

Cylinder Test Valve Wrench ﬁusxénmt;:' g.:ﬁ :rilj
Fig. 2-5 loosened, resulting in water

leaks or possible bending of

the piston cooling oil "Pee" pipe. It is good policy to
apply liner anchor tools to cylinder liners adiacent the
evlinder worked on since the crabs contact two cylinder
heads, See Fig. 2-6 for application of liner anchar tool,

1. Removing Cylinder Head

NOTE: For complete cylinder assembly shop removal
see article under that heading.
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The cylinder test valve musgt be removed before
attempting to remove cylinder head, If the cylinder
liner is to be removed, be sure to remove the pision
cooling oil pipe assembly before starting to remove
cylinder head, I this is not done, the piston cooling
oil pipe may be bent when crab nuts are loosened,
allowing liner to move,

When removing cylinder heads from the engine, the
cylinder head retainer should be examined for cracks.
Cracks in the head retainer may occur af the lower part
of the retainer, originating at the cutside diameter of the
retainer wall near the lower crab weld. Cracks in the
retainer do not seriously weaken the retainer or affect
engine operation provided they are not allowed to pro-
gress too far, Maintenance Instruction 1810 outlines
procedure for repair of retainer cracks,

a. Bemove rocker arms, rocker arm shaft, and valve
bridges,

(1) Disconnect oil line from camshaft bearing cap,

{2) Remove two nuts and caps holding rocker arm
shaft in place.

{3) Remove rocker arms angd shaft asgsembly, Use
care when handling, so that shaft will not fall

out of rocker arms.

4} Remove valve bridges,

b, Remove injector,

{1} Disconnect fuel otil
lines between injector
and fuel manifold,

(2) Remove adjustable
injector link.

3} Remove injector crab,

{4) Remove injector uging
prybar #8041183, ¥ig.
2-%, Protect injector

CILIMGE # LoMeR EROMDY TOD.
B e

i :15 from dirt and damage

T by using holding rack

Cylinder Liner Anchor Tool #80454180r 48159228,
Fig. 2-8 or shipping container.
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e,

Complete Cylinder
Assembly Removal

disassembly in the repair
shop, a cylinder assembly
pulling tool may be used
which permits removal of
the head, liner, piston and
connecting rodat one time,
The tool assembly, Flg.
2-8, congists of three
components, pulling tool

{5) Install liner anchor tool if Uner is not to be re-
moved, Anchor the adjacent liner in either case,

Remove cylinder llner stud nuts,

Remove crab nuts and crabs, Fig, 2-8,

(1} Place crab stud protector tubes #8034600 over
studs to protect threads,

Remove cylinder head with use of head removing

tool #8075884, Place head into cylinder head car-

rying basket $8060247 to protect machined gasket

seat surfaces of head from damage,

Remove cylinder head seat ring, Clean ring and seat

and check for wear. See specification at end of this

section,

To iacilitate engine

#8158650, the piston stop Fig., 2-1
#8160628, and two special

piston stop bolts #8160627
which must be used to-
gether,

used in place of the con-
ventional head removal
tool,
with 1ip inward is secured
to the liner by special bolis

The pulling tool is.

and the piston stop

after removal of the pision Removing Crab Nut
cooling "Pee’ pipe, Fig, 2-8
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3, Cylinder Agsembly Removal Procedure

(1)

@}

@)

4)

(5)

Rotate erankshaft to place piston at bottom dead
center, Remove fork rod basket and lower bearing
completely, I fork rod assemblies are not to
be removed support fork rod with holding tool
#8052858, When all assemblies are to be re-
moved, left bank is removed first.

Remove the piston cooling oil "Pee” pipe and
apply the piston stop #8160628 in itz place on
the liner, using special bolts #8160827. Piston
stop holds piston in the lner during assembly
removal.,

Follow items =z, b and d under "Removing Cylin-
der head," Disregard item 5 under b, when all
assemblies are to be removed. Remove com-
plete cylinder test valve assembly,

Apply pudling focl #8158650 to cylinder head,
Back off on outer jack bolts and screw lifting
balts into head up to stop rings, Loosen head
to liner nuts 2 turns,

Serew down evenly on cuter jack bolts against
engine top deck to loosen c¢ylinder head from
liner and loosen enfire assembly,

Cylinder Assembly Pulling Tool
Fig, 2-8
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(6} Apply holst hook to pulling tool and raise as-
sembly carefully to prevent binding or cocking
in crankcage bore. Guide assembly during lifting.

1) Place the cylinder as- X
sembly so that piston
and rod are supported
in piston androdecarry-
ing wagon, Fig, 2-10,
and remove plston stop
fromliner, EMD draw-
ing #8043754 outlines
details ynd construction
of the piston and rod
Carrying wagon,

{8) Lift cvlinder head and
liner aszsembly from
the piston and place on
wooden platform, where
loosened head nuts may
be removed and head
and liner separated,

(8) Follow Item "i" under
"Removing Cylinder
Head”

2. Rocker Arms ond Shafts

Removing Cylinder
Assembly
Fig, 2-10

Inspect the rocker arm
bushings, cam followers, and
rocker arm shaft for wear

or damage,

Subsequerit to the use of the new fuel injector
having a .421" diameter plunger, the rocker arm cam
follower floating bushing and inner race was redesigned
{o provide better lubrication of the parts and increased

wear Iife.

It is important to distinguish between the new cam
follower floating bushing and jirmer race and the old
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assembly, due to the restrictions governing the use of
the old assembly,

Only the new floating bushing and inner race as-
sembly should be used with injector rocker arm assems-
blies, Either old or new floating bushing and inner
race gusemblies can be used in the exhaust valve rocker
armas.

The difference in the assemblies is shown in Fig,
2-11., The old floating bushing #8051001 has a grooved
surface and the old inner race #B050977 has a smooth
surface, The new floating bushing #8135971 is not grooved
but retains the six oil holes around the circumierence
at the center, The new inner race #8135970 is drilled
and grooved around the circumiersnce at the middie,
The new inner race and bushing are not interchangeable

CAM PDLLGWER ROLLER i x,
— NEW
B ”\\} FLOATING BUSHING
A f BNER RAGE

LOCKksY

AL
FLOATING Rugnme
INNER Lo

ROCHER ARM

%

ACGJUSTING SOREW

¢ ., *
" \gu?rm
= ELaNING I
NG LS )ﬁfﬁ%mwtwm
— )
INJEGTOR SEAL BUETTON

P13 RETANER

»
Gty O mjester Rotker Arm

Exploded View Of 0ld And New Rocker Arm Bushings
Fig, 2-11
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with the old inner race and bushing, That is, an old
and a new part should not e used together, The bushing
diameter is such to insure proper assembly, Improper
assembly will be evidenced by excessive clearance,

In addition to the preceeding improvements, a new
rocker arm has been developed to provide additional
gtrength at the fork end. The fork end of the new
rocker arm, Fig. 2-12, has each side of the fork in-
creased in thickness, The inside dimension between
the forks iIs the same in both rocker arms, but the
new rocker arm hgs a greater outside dimenston at
the fork. The increased outer dimension necessitates
the use of a new cam I[ollower roller pin having a
length greater than the pin used with the old rocker
arm, The distance from end of pin to odl flat on new
ping is 9/64" {on a few 1/16"). Only new pinc having
the 3/64" dimension may be used in either old or new
rocker arms, In the event that ¢ld and new rocker

W R
NE W ROCKER ARM & PiN 56?

E' . 36 g Fm ,1'54
93{ ’ ; , 19 3 zsns"
| - g8 P 75:;4

?50

TLD ROCKER ARM & PIN 280" oL 1
- 286 “[LAT %Fﬁ

[£:ele g
1586"
Old And New Type Rocker Arms And Pins
Pig, 2-12
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arms are 1o be agssembled on an engine, the new one
should be uged for the injector rocker arm,

When the new style rocker zrm is installed on
older engines, there may be slight interference with the
camshaft bearing caps. When new rocker arms are ine
stalled the clearance between rocker arm and camshafi
bearing cap should be checked in all positions by barring
crankshaft around, If the clearance is not 1/64", then
the camshaft bearing cap showd be removed and ground
off untll sufficient clearance iz obtained.

Engines in locomotives delivered after Marchl18,
1850, incorporate the new design rocker arms with
bearing caps machined to insure sufficient clearance.

3. Valve Bridges and Lash Adjusters

Clean valve bridges using g solvent, inspect for
wear or damuge, HRework as in followipg paragraphs.

a, Removing and instaliing wvalve bridge springs or
spring seats, Fig, 2-13.

Compressing Valve Removing Hydraulic
Bridge Spring Lash Adjuster
Fig. 2-13 Fig, 2-14
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(1) Mount valve bridge spring compressing tool
#8070883 in vise,

2) Install valve bridge in compressing tool, compress
spring, remove snap ring and remove spring,

(3) Install new spring or valve spring spherical seat
a2s required, and replace snap ring using snap
ring tool #8070803.

b, Removing and installing hydraulic lash adjuster,

NOTE: Inoperative lash adjusters are noisy and can be
located while engine i5 running at idle by their
sharp tapping. (This may be noticed at times
with good adjusters when first starting an engine,
caused by cold oll), To correct this condliion,
remove lash adjuster and clean or replace parts,
45 necessary,

{1) To remove lash adjuster, clamp valve bridge in
vise and remove lagh adjuster, as shown in Fig.
2-14, using lash adjuster removing tool #8070886,
Two puller arms are avallable for this tool,

Installing Lash Adjuster
Fig, 2-15
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@)

#8154408 for long travel lash adjusters, #8106882
for short travel,

To install lash adjuster, use installing tool
#8072627 shown on Fig, 2-15, Use this tool,
with pivg, to compress the lash adjuster plunger
for removing the snap ring as shown on Fig,
2-18 using snap ring removing tool #B0B0832.
Internal parts of the lash adjuster can then be
removed for cleaning or replacement, This can
be done without removing lash adjuster bodyirom
valve bridge,

e, Cleaning lash adjuster
L.ash adjuster may be cleaned without removing
body from wvalve bridge, as outlined above, Dirt in
the lash adjuster will cause the lube oil fo leak
past the ball check, Thls can be tested by depressing
plunger by hand, If the plunger can be rapidly
depressed with the lash adjuster #full of oil, the
ball check is leaking,

To

correct this condition, disnssemble the lash ad.

oughly, A gummy deposit

P juster as outlined above
e ﬁ and clean all parts thor-

on the plunger can be
cleaned by using alcohol
or lacguer thinner, The
lash adjuster should then
be reassembled, the valve
bridge filled with lube oil,
tested as above, and re-
placed if defective,

H 4. Exhoust Valves and

Guides
ﬁ :M%m
a. Removing valve springs.

Removing Lash Adjuster

Snap Ring Compress spring using
Fig, 2.18 the compressor tool
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#8033783 and adapter #8034084 screwed to head, as
shown an Fig. 2-17, or use type of compressor tool
that compiresses all four springs #8072832, Fig, 2-18.
(Remove cap retainer ring before compressing valves
with eaps), Valve springs can be removed and re-
placed without removing cylinder head from the
engine, by using special short adapter with tool
#B033783, If this is done, piston must be at top
center to prevent valves from {falling into cylinder
when the valve locks are removed,

Mating Locks and Valve Btems,

Beiore installing valves in head, check conical lock
tit to valve stem., I lock fits loosely, try new lock,
I new lock is loose, it
will indicate that the
valve stem grooves are
worn, Discard valvesor
locks if either is worn
‘or appreciably scuffed,
Check locks and spring
seats together, Match
to obtain rigid assembly,
50 ho spring seat wobble Flg. 2-17
is {felt, Minimum di-
mension top of lock to
top of long valvelis
a/32",

Reconditioning Valves,

Visually inspect all ex.
haust valves after re-
moval from heads {o
determine whether or
not they are sufficiently
good condition to merit
reworking, Depending on
extent, light pifilng on
valve face iz actepiable
provided it can be cleanad
upwithinthe 11/32" max- Compressing Valve Springs
imum allowable width, g, 2-16
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L '\ Minimum distance valve
L‘ ?’ face edge to top of valve
‘ is 7/84". Lightly scuffed
valve stems may be buffed

after zyglo inspection.

g Valves are not re-usable
# valve faces are hburned,

deeply pitted, cracked or

warped. There should not

be any appreciable wear

or gearring in the keeper

grooves, Long stem valves

I should have ends buffed
smooth free from nicks or

seratches, Valves should

be given a zyglo inspection

to determine other defects

Stud Hole Cleaning Tool  as outlined in Maintenance

a.

Fig, 2-19 Instruction 2124, After
zygle, make close inspec-
tion of the valves using the magniiyving glass.

For refacing valves follow instructions supplied
with valve refacing machine #8117779-110 volt or
#8117780~.220 volt, See tool catalog for complete
velve tools,

Valve guides,

The precision valve guides are a press fit in the
cylinder head and can be pressed in or oul, using
a brass pin with shoulder, to prevent damage to
guide, Although the wvalve guides are precigion
guides and do not reguire reaming after assembly,
it is recommended a ,828" reamer or plug gauge
be inserted after guide installation to assure a
.628" wminimum diameter, For precieion valve
guide limits refer to Specifications wnder Valve
Guides at the end of this section.

5. Cylinder Heads

Cleaning and inspection,
Cylinder heads should be thoroughly cleaned aftar
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BURFACE SQUARE TO V&L\'E GUIDE
BORE WETHIN Q05" TR

NEW VALVE iN NEWHEAD

AN, RIM THICKNESS — $5 MAX. (GRIND DEPTH AL L VALVES)
* 1

GROUND VALVE 1N GROUND HEAD

Exhaust Valve Clearance
Fig, 2-20
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disassembling, as out.
linedinMaintenance
Instruction 1706, When
head is removed from
cleaning tank, studholes
should be cleaned, A
stud hole cleaning tool
#8148439, Fig. 2-19, is
by avallable for this pur-
; pose, Cleancylinder
test valve threads in
r SEE head with 1/2" standard
/' HBLOER plpe tap, When head is
clean, inspect for cracks
and damaged seal sur-
faces, then proceed with
following service oper-
ation, Magnaflux inspect
per M1, 2127.
b, Grinding valve seats,
Use valve seat recon-
Dressing Valve Seat Grinder ‘ditioning set #8085775-
Fig, 2-21 110 volt or #8041445-
220 wolt. Do not use
grinding compound, See Fig, 2-20 for valve and valve
seat dimensions, Proceed as follows:

{1} Dress grinding wheelbefore using on each cylinder
head, Mount as in Flg. 2-21., Wipe pllot with
oil-soaked cloth for lubrication, Do not get oil
on the grinding wheel, Adjust the spiral slesve
on the dressing tool until the wheel touches the
diamond, Make final adjustment with diamond
adjusting screw, Holder and grinding wheel are
then revolved with the high speed drive. Hold
the driver as straight as possible. Move the
diamond steadily across the wheel taking light
cuts, Keep grinding wheel properly dressed to
obtain the best resulis for fast grinding, accuracy
and a smooth finish,

,\E

[y
-y
L]
A

i

i
!
ie

"

GRINDING
WHEEL
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(¢} Clean valve guides with cleaning tool #8035427,
driver #B082140.220 wvolt, #8045450-110volt
shown in Fig. 2-22, Any evidence of galling
ingide of guide must be entirely removed by
reaming or the guide replaced. See specifications
for condemning limits,

(3) Selectataperedpilot which willbring the shoulder
on the pilot above the valve guide. Press pilot
firmly into guide, using pin, Wipe pilot with an
oily cloth,

{4) Ream inside and outside of seat to make it con-
form to dimensions on Fig. 2-20, First use
reamer #B064867 to ream clearance inside of
seat, Then use reamer #8081039% to ream out-
side of seat to narrow seat to proper width of
1/8", Use reamer clamp #3068115 (plus foot-
hold adapter 8168115 on #2 heads) to apply an
gven adjustable pressure to reamers, Fig, 2-23.

5 Place holder with wheel over pilot. Insert abra-
sive cloth between grinding wheel and valve seat,

Cleaning Valve Reaming Valve
Guide Beat
Fig, 2-22 Fig, 2.23
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and clean seat by turning
holder by hand, Remove
abrasive cloth andpro-
ceed to grind with driv-
ing motor, as shown in
Fig. 2-24., No pressure
is required when grind-
ing, Permit the driving
motor to run at top
speed, Hold driving
motor as straight as
possible, Grind antl]
valve seat is true, Raise
grinding wheel off seat
before stopping motor,

{6} Use new indicator and
expanding arbor assem-
bly #8173845 shown in

Grinding Valve Seat Fig, 2-25, to measure

Fig. 2-24 trueness of valve seat,

The expanding arbor of
this assembly can only
be used for gauging valve
seat with the indicator
assembly, ot as agrind.
ing pliot as in the old
seit indicator,

To apply assembly,
loosen expanding sleeve
at bottom of arbor and
inzert arbor in valve
guide until it rests on
upper arbor taper, Then
gerewing arbor top nut

hn PO

which will expand bottom

Checking Valve sleeve, secure arbor in
Seat Roundness valve gulde, Loosen
Fig, 2-23 indicator bage setscrew

- 221 -



252B-2.553 CYLINDER HEADS

@)

and place indicator assembly over arbor umtil
valve seat rider contacts valve seat, Pressspring
loaded indicator spacer pin down against indicator
base, Before releasing spacer pin, tighten set
screw, The spacer pin gauges indicator bution
to its bevel seat and the set screw holds indicator
base on arbor at this position, The indiecaior
base set screw should not enter arbor top holes,
as these are only tp aid in arbor removal with
wrench supplied,

To indicate valve seat after procedure above, set
indicator pointer af zero and rotate seat rider
by turning at provided kmurl, Valve sgeat oui-
of-round will be shown on the dial indicator.
Indicator reading must not show more than .002"
out-of-round. An attempt should be made to ob-
tain a perfect valve seat, i is an important {facior
in valve life,

A pilot checking fixture #8173998, Fig. 2-26, is
available to check tapered pilot run.out or bent
pilots. Any pilot having a run-out exceeding,0005"
should not e used Or valve seat grinding willbe
ecceniric to valve guide centerline.

Check valve seat width. ¥ over 1/8" ream with
outside reamer, then grind lightly to remove any
raised edge caused by reamer.

Pilot Checking Fixture
Fig. 2-26
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Thak To check sealof valve
Ao seat, assemble valves

T and springs to head
and place head inlievel
position with no weight
f on valves and walve
cauce O S w seat up, Pour kero-
; : sene or fuel around

Flmvs ¢. Testing valve seaf.

i % RawI

- : each valve seat and
Checking Height Of blowair, not exceeding
Valve Steiggs 25 pounds, against the
Fig, 2.27 valvesthrough the ex-

haustports, Hair bub-
bles appear, the valve
e face or valve seat is
o defective.
‘ d. Checking the heightof
valve stems,
Aiter reconditioning
valves and valve seats,
the height of the valve
stem above cylinder
head must be checked,
This 18 done withthe
use of the valve stem
iram #8041773 shown
in Fig, 2-27., Clean
off bottom feetoftram,
and portion of cylinder
head on which tram
rests, Hold thetram

' } : \ o down firmly oncylin-
i & b der head and withuse
Reaming Test Valve Seat of the feeler gauge and

Fig., 2-28 screw, as shown in

Mg, 2-21, determine
the difference of valve stem height. The difference
of this height between valve stems (or caps with
short valves) under the same bridge should not vary
more than 1/18", Should this occur, when the dif-
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ference did vary more than 1/16", the high valve
would have to be replaced or the low valve ground
in, provided this did not exceed the limits given on
Fig, 2-20, End of valve should not be ground off
as tip is hardened., On short valves, shims may be
added or removed, providing the minimum of , 030"
is used and maximum shims of, 090" is not exceeded,

8. Cylinder Test Valves

a, I the cylinder testvalve leaks with normal tightening,
valve seat in test valve body should be reamed using
tool #8084804, Fig, 2.28. M valve stem seat surface
is scored or damaged, stem should be replaced,

b, Installing cylinder test valve,

When installing a cylinder test valve apply a small
amount of white lead or pipe thread compound to the
threads, This will prevent rusting or binding of
threads and permit easier removal of the valve body,
Valve stem should be tightened with cylinder test
valve wrench #8032587, Do not over-tighten, Over-
iightening will score valve stem or seat,

7. Installing Cylinder Head

Two cylinder head designs are in use in the field,
Fig. 2-29 and 2.30. Design #1 is no longer manufac~
tured, being replaced in produciion and replacement
parts by design #2. Design #2 may be distingulshed
from design #1 by its 12 drilled water inlet holes as
compared to the cored water inlet holes in design #1.

Cylinder head design #2 can be used with any liner
design #3, #2, or #1, Cylinder head design #1 must be
used only with liner design #1, or #2, Liner #3 has 12
drilled water discharge holes with counterbore for groms
met seal and water tube and is 1 /16" longer than liner #2
or #1 above air inlet ports to head seat. Liner #2 has 12
drilled holes without counterbore; dimensionally the same
as liner #1, long used, having cast water discharge holes.

It is important that the proper cylinder head to
liner gasket be used according to the liner used, Liner

- 224 -



CYLINDER HEADS 252B-2-353

#3 must use copper coated, steel shim gasket #8194000,
Liners #1 and #2 must use copper, asbestos, steel
gasket #8142549, Gasket #8184009 has two notched liner
stud holes which go over the pilot stud and left adjacent
stud, Gasket #8142548 is stamped "This Side Down"
and should be s0 installed. {(See SecHon 4},

Torque values of the liner stud nuts on the #3
liner are less than used on #1 or #2 liners. Liner #3
torque value is 200 ft. lbs. but a torque value of 290-
300 ft. 1bs. is used on liners #1 and #2. To identify
the #3 liner installed, each liner stud has a 1/8" off
center drilled hole on top. Liner #3 studs are straight
shank of weaker material than the necked down Iliner
studs that must be used with liner #1 and #2.

Before installing a cylinder head the exhaust area
of the head retainer in the erankecase should be throughly
cleaned. The retainer seat area and above must be
smooth, free from nicks, scratches or corrosion. A
power driven wire brush or emery cloth may be used
to clean this area, Care should be taken to remove
dirt and grit after cleaning to prevent interference with
gasket seals or head seat ring.

New Cylinder Head Old Cylinder Head
Design 2 (Bottom View) Design 1 (Bottom View)
Fig. 2-29 Fig, 2-30
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Check cylinder head for cleanness, especially the
inside of the liner stud holes. The stud holes should
be cleaned using tool #8141439, Fig. 2-19, or by using
A wire brush to remove scale, rugt or dirt irom these
holes. Otherwise, when head iz applied these foreign
particles may be dislodged falling on the gusket or
seal surfaces. Application of a small amount of green
soap around the bottom edges of the holes before head
application will tend to prevent dirt falling from these
holes.

Liner stud nuts shouid be examined and discarded
when preassure side of nut or threads are galled or fibre
area cracked torn or frayed,

Ingpect cylinder head nut seating surface for good
condition. I damaged to a depth of . 015" or more,
apply washer as given under item 11 "Repair of Cyl-
inder Head Nut Seating Surfaces" in this section, A
washer #8140912 has been used under the liner nuts
since Januzry 1930 and lner studs are 1/8" longer
than previously to accommodate this washer.

Examine counterbores in liner #% for cleanness
and check water tubes for tightness or bending, replace
any damaged or loose tubes, Tube applying and re-
moving tools and counterbore cleaning tool are avail.
able, gee Section4. 1se new grommets in the counter-
bores. Inspect liner gasket surfaces before application
of new guskets,

Check cylinder head seat ring before application
for wear and bending, See speciications for limits,
Apply seat ring with inside bore bevel up, Lubricate
head seal rings using green soap or other water soluble
lubricant. (Vastaline, a water soluble lubricant maybe
obtained from our Parts Department, #8148982 one
gallon,) Apply upper seal to head and put lower seal
in place on seat ring. Lubricate head retainer for upper
head seal,

- 226 -



CYLINDER HEADS 25282353

When this preliminary work is completed, proceed

with cylinder head application as follows:

B

a, Lower head into position slowly
to aveid twisting of seals, (Use
cylinder head removing tool), Line
up indexing plate on head with
dowel in top deck,

b, Apply cylinder liner stud nuts and
tighten smig, Use lube oil or a
lubricent having specifications
similar to Texaco Stud Lube #8621

on threads and bottom nut, At this inital tightening

apply only 75 foot-pounds torque,

Crab stud seals should be replaced i cracked. To

install seals, use tool #8060834,

Apply crabg, washers and crab nuts, Pull erab nuts

down lightly, to locate indexing plate over dowel.

{Remove anchor liner tool ¥ used},

Tighten liner stud nuis progressively as 1llustrated in

the sketch, Torque values pre: liner #3, head #2 and

the shim type gasket 200 £, lbs,; #1 or #2 limer,
head#1 or #2 and sandwich copper asbestos steel gas-

ket 280-300 £, lbs. Powerwrench #8166875, having a

ratio of 3, 1-1 is gvailable for tightening cylinder head

to liner nuts, Special offset wrenches used with this
provide access to head nuts under rocker arms,

Tighten crab nuts using socket #8065580, box socket

#8034085, and 80" extension handle #8084081, Crab

nuts should be tightened alternately forming the

letter "X" and in two passes, Iifty percent of full
torque for each tightening pass., It is necessary to
use three men on the handle to properly tighten the

erab nuts, Torque values for crab nuts are 1700-

1800 foot-pounds. A Powerwrench #8133312 for tight-

ening crab nuts is avallable through our Parts

Department, This is a mechanical wrenchemploying

a standard torgue wrench, .

Install injector {torque values for injector crab nut

are 40 to 50 foot-pounds), Connect fuel oil lines

and adjustable link,
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h. Install valve bridges {(with bosses toward camshaft),
rocker arms and shaft, Connect lube oil line,

i, Install cylinder test valve,

j. Install piston cooling oil pipe assembly and check
alignment, Before applying "Pee" pipe check pipe
with cleaning tool #8087086,

k., Load testing,

Load testing of new #2 head and #3 liner agsembly

is not required. After installing and tightening this

assembly, bring engine water temperature to 170°
and retorque cylinder head nuts to 200 foot-pounds,

Recheck torgue at approximately three month inter.

vals, For conventional sandwich type gasket assems

blies, the ioliowling procedure is recommended:

(1} After assemblies are tightened and the engine
prepared for running, run engine on load test
for one hour, Then remove rocker arms and
retighten the assemblies to proper torque of
280-.300 foot-pounds on the liner stud nuts and
1700-1900 foot-pounds on the crab nuts, A drop
of 40 to 50 foot-pounds will usually be found ai
this time on the liner stud nuts being reiorgused.

2} I load test facilities are not available, run engine
for one hour in sixth or seventh throtile position
with 150-180° water temperature and retighten
the nuts with rocker arms removed {(or use
Powerwrench and offset tool #8186075) to 290.300
foot-pounds torqgue as given under lem "e",

(3} U the load test was not run (as when following
Step 11, it will be necessary to recheck the cyl-
inder head nut tighiness at 1000 miles {or less,
il possible),

{4) I load test was performed, it will be necessary
to retighten at the next maintenance period of
the locomotive,

(5) All head tightening will be done thereafter at
mileages specified in Scheduled Maintenance
Program,

NOTE: When liner and crab nuts are being retightened,
those which move at LESS than the specified
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torque valves should be tightened to the proper
values, Those nuits which DO NOT move below
or up to the proper values, should be checked

by pulling up to a value not exceeding 10% more
than the recommended torque values,

8. Adjusting Hydraulic Lash Adjusters

After complete cylinder head assembly has been

installed the lash adjusters must be reset,

MININUN FINGER

a. Rotate crankshaft so that
piston ig at or near top
¢enier.,

b, Loosen rocker arm ade
justing screw locknut,
¢, Turn adjusting screw
until lazh adjuster just
contacts lowest valve
stem (or cap); then turn
screw one and one half

{ ExTENBION BAudE : (1-1/2) turns more with

d‘

fo
g.

long travel lash adjuster
or with short travel lash
adjuster turn screw one
Fig, 2-31 half (1/2) turn further,
Check walve bridge spherical seat for locseness,
I loose, turn adiusting screw down untll no looseness
is felt, go seat is spring loaded, then turn adjusting
screw 174 turn further down,
Tighten rocker arm adjusting screw locknut,
Time the injector as ouflined in Section X,
After running the engine io circulate warm oil through
lash adjusters and o allow excess oil in the lash
adjuster to leak off, check the extension of the lash
adjuster plunger cut of the lash adjuster body to top
of valve stem {or walve cap) with piston near top
dead center, Use minimum extension gauge #6107788
as shown in Fig. 2-31, This gauge is 1/16" thick,
I this plunger extension is less than 1/16" and
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preceeding steps (a) to (e} have been correctly made,
the cylinder head shouldbe removed for reconditioning
or rejection,

NOTE: Do not confuse this 1/18" gauge with the 150"
valve feeler gauge #8058288 formerly used in
setting hydraulic lash adjuster,

9. Tracing A Defective or Nolsy Cylinder

A cylinder that is not firing properly will have a
cooler exhaust stack, compared to one that ls firing
properly (engine at idle). This may bs caused by:

a. Badly leaking exhaust valves,

b. Defective injector,

¢. Improper injector timing or control rack setting,
d. Dirty injector filter,

g, Alr bound injecior,

f, Excessive ring blow-by,

g. Cracked piston,

To determine H injector is at fault, discomnect
injector adjustment link on the suspected cylinder and,
with engine running at idle, push control rack open
slowly, If injector is operating properly, a pronpunced
laboring of the cylinder will be detected,

An exhaust valve leak can be detected when stand.
ing ouside of locomotive by a pronounced blow at the
exhaust stack, with engine idling, To locate the leaking
cylinder (engine ghutdown) install cylinder test adapter
#8070872 in place of cylinder test valve, connect air
hose to adapter, rotate crankshaft until pistonof eylinder
to be tested iz at top center and turn on air pressure,
If valves are leaking, blow will be heard at exhaust
stack, This method can also be used for checking
excessive piston ring blow-by, In this case, blow will
be heard in air box, I piston is cracked, blow will
be detected at oil pan,

- 230 -



CYLINDER HEADS 262B.2.353

10. Repair of Damaged Sealing Surfaces
567 Cylinder Head

It is permissible to rework cylinder heads which
have damaged sealing surfaces within certain limits
as fvllows: For dimensions on the following procedure,
see Fig, 2-32. {Refacing fixture 8183622 zids this).

a. If the bottom of the gasket face is damaged, out cfé
up to 010" of the {ace, This will allow the 8,378" -
002" dimension to become a minimum of &,363",

b, I bottom gasket face does not clean up when re-
worked as in {ah:

(1} Cut ,010" off the cylinder head retainer seating
surface, This ,010" cut off is the absolute limit,
Do not recut the 30° chamfer to the 12-15/18"
dimension unless this surface is alzsoc damaged,
{2) The operation in (1) has restored the minimum
6.263" measurement to a minilmum of 6,373".
Now the bottom gasket face can be recut upto

5
2 2" oia.
‘ |
] - )
1 i
ks ‘ i I
o Wt 7.7 7 22 S M
T kY v A ]
Y]
g
: ER45 MIN.
¥
i
B
*"‘:
L
l I oY WP ELL s WIS ]

Cylinder Head Dimensions
Fig, 2-32
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010" to clesn up and the 8,363" minimum will
not be exceeded,

c. In order to repair damage to the 30° chamier sur-

face which bears Wst the lower cylinder head seal:

{1} Recut the 6,375 - 002" dimension to a maxi-
mum of 63827, This limit is not to be exceeded,

{2) The 30° chamfer should then be recut to re-
establish the 12-15/16" diameter,

If either the lower cylinder head seal suriace or
bottom gasket face does not clean up by following
a, b, and ¢, or i the dimension from wvalve spring
seat surface to botiom head gasket surface is less
than 6.845" minimuam, Fig, 2-32, the cylinder head
must be socrapped, There is no more tolerance,

11. Repair of Cylinder Head Nut

Seoting Surfoces

All new liners since December 1940 are equipped
with studs of such length to accomodate the use of
hardened washer #8140812 which is used under each

cylinder head to liner nut.

Prior {o the use of this

washer, cylinder head nut seating surfaces were damaged

by the use of rough bottom
eylinder headto liner nuts,
Nut seating surfaces on
these cylinder heads if dam-
aged to a depth of 015" or
more should be repaired
and the hardened washer
used,

To repair the dam-
aged area around the liner
stud holes in the cylinder
head, the rough surfacs is
removed by counterboring
as shown in Fig, 2-33, The
special hardened washer
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#8140612 is then added to compensate for the metal
removed, The counterbores should be 1/8" deep x
1.13 /32" in diameter and concentric with the liner stud
holes, To facilitate this operation a special counterbore
tool #8180311 iz avallabie from our Parts Deparitment.
Supplies of #8140812 may also be obtained, This washer
is also used on the accegsory drive gear mounting bolts,

Damaged nut seating surfaces affect torgue value
adversely with subseguent trouble resulting,

C. SPECIFICATIONS

Exhaust Valves

Diameter of stem LB220" - ,8225" (New)
Diameter of head 2.1 /2"
Valve seat angle 30°
Lt .5ag"
Number per oylinder 4
Valve Springs
Free length {approx.) 4-1/8" (New)
Length - valve open 2-11/16"
Length - valve closed 3-3/8"
Pressure with valve open 213 Ibs, to 225 1bs. (New)
(2-11/18" length) 175 Ibs, Low Umit

Valve bridge spring - same as valve spring.
Bpring must not show any set after being compressed
with coil touching,

Valve Shims
Long valves 8082254, B178121, None
Short valves 8080418, 8054484, Min, 030"
2069524, BOBOGOS, Max, 080"
Short valves *B054464, 8035522, Min, 080"
(*Used prior to August, 1844.) Max, 080"
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Rocker Arm
Clearance - bushing to ghafi New ,0G02" - 0047
Limit 008"
Rocker arm shaft dia, Min, 2,248
Rocker arm lever bushing LD, Max, 2.254"7
Press - bushing to rocker arm 002" . 004"
Inner race (8135870} O.D, Min, 1,048"
Floating bushing {8135971) LD, Max, 1,0558”
0.D, Min, 1,4435"
Inner race {old} 0.D, Min, 1,057
Floating bushing (old) LD, Max, 1,084"
Floating bushing (old) O.D, Min, 1,4425"
Ouier race LD, Max, 1.4508"

{Parts at these limits, if not exceeded, should give
satisfactory service to next overhaul),
Clearance - cam follower to floating

bushing when new

Floating bushing 8135971 (new) 002" - 004"
Floating bushing 8051001 {old) 004" . 008"
Clearance - floating bushing to
Inner race when new
Bushing B13587]1 and inner race
8135870 L03" « DOB"
Bushing 8051001 and inner race
8050977 LDO03" - 005"
Cam follower azsembly overall
clearance {diametral) Limit 018"

Valve Guide

Inside diameter (not installed) New .6270" - ,6250"
{installed in head) New .626" - .8285"

Limit (at bottom) A327

Limit (1/2" from bottom dand top) 830"
Valve stem to gulde clearance .0040" . ,0065"
Limit 010"

Presgs fit in head ,L0005" - 0020"
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Cylinder Head Beat Ring

Thickness (New) Standard 192" I ooer

Minimum thickness .184"

Uniform thickness within Rty

Oversize .230" I 002"

Minimum 222"
D. EQUIPMENT LIST Part No,
Test Valve Wrench 8032587
Liner Anchor Tool 8058880
Injector Holding Rack For 12 Injectors 8045418
Injector Holding Rack For 16 Injectors 8155228
Snap Ring Removing Tool 8080632
Crab Stud Protector Tubes 8034600
Cylinder Head Removing Tool 8075894
Cylinder Head Carrying Basket 8080244
Valve Bridge Spring Compressing Tool 8070883
Valve Bridge Snap Ring Tool BOTOH03
Lash Adjuster Removing Tool 8070866
Lash Adjuster Installing Tool BOT2D27
Exhaust Valve Spring Compressing Tool 8033782
Adapter (or above) 8034054
4-Spring Compressing Tool 8072832
Short Adapter (for valve compressing tool) 8033783
Valve Refacing Machine 110 Volt 8137118
Valve Refacing Machine 220 Volt 8137780
Valve Seat Reconditioning Set 110 Volt 8035775
Valve Seat Reconditioning Set 220 Volt 8041445
Valve Guide Cleaning Tool 8038427
Driver {or above} 110 Volt 8045450
Driver {for above) 220 Voli 8062140
Valve Seat Reamer (inside) 8084867
Valve Seat Reamer f(outside) 8061039
Reamer Clamgp 8088115
Reamer Clamp Adapter

fioot holder for #2 cylinder heads) B168115
Valve Seat Out-oi-Round Indicator Assembly 8173845
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Yalve Btem Tram

Crab Stud Seal Applying Tool

Crab Nut Socket

Box Socket Wrench

80" Extenszion Wrench

Lash Adjuster Minimum Extension Gauge
Cylinder Test Valve Adapter

Vastoline (Water soluble lubricant)
Crab Nut Powserwrench

Cylinder Head Powerwrench

"Pee" Pipe Cleaning Tool

Cylinder Assembly Pulling Tool

Pigton Btop {used with #8158650D)

Piston Stop Bolts (used with #816082¢8
Cylinder Head Stud Hole Cleaning Tool
Cylinder Head Counterbore Tool
injector Prybar

Taper Pilot Arbor Checking Tool
Cylinder Test Valve Reamer

Refacing Fixture (Cylinder head holding)
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8060034
§065580
8034085
8084081
8107768
8070872
8148962
8133312
8166875
8087086
8158650
8180628
8180827
8141439
8180311
8041183
8173986
B0B4B04
8103622
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SECTION 111

CONNECTING RODS, CONNECTING ROD
BEARINGS, PISTONS AND PISTON PINS

A. DESCRIPTION
1. Connecting Rods

The connecting rods are of the interloclking, blade
and fork rod construction. The blade rod oscillates on
the back of the upper bearing shell and iz held in place
by a counter-bore in the fork rod. See Figs. 3-1 and
3-2.

Cne side of the blade rod bearing surface is
longer than the other and is known as the "long toe”
The blade rods are installed in the right bank of the
engine, with the long toe toward the center of the engine,

The fork rods are installed in the left bank of
the engine, Serrations on the sides of the rod at the
bottom match the serrations on the two piece hinged
bearing basket, Rods and bearing baskets are machine
fitted in sets and are numbered to match., I either
basket or rod is defective, both parts must be replaced
as a unit, or reconditioned by remannfacture, see item 5,

2. Connecting Rod Bearings

Connecting rod bearings consist of upper and lower
shells both of which are steelbacked, bronze, lead-tin
overlay on shaft side, with no overlay on blade rod side
of upper bearing., The upper shell 1 held in posgition
by dowels in the fork rod. The lower shell is doweled
to the bearing basket for locating purposes to insure
correct assembly and the right basket serration is
doweled to the outboard engine side of the fork rod
The outside of the upper shell provides the besring
surface for the blade rod. The inside surface ¢f the
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COMPRESSION RINGS
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Piston And Connecting Rod (Cross-Seetion)
Fig. 3-1
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bearing shell is overlaid to permit rapid seating on
a worn crankpin, After bearing shells are once used,
they must be used on same crankpin, and not changed
to other crankpins.

No adjustment of the connecting rod bearings is
provided. When bearing clearances exceed thelimit,
or at intervals specified in the Scheduled Maintenance
Program, replace with new bearings.

The connecting rod bearing is lubricated by oil
from the adjacent main bearing, fed through a drilled
passage in the crankshaft, A hole drilled through the
upper bearing shell conducts oll to the blade rod bearing
surface.

3. Pistons

The alloy cast iron pistons used in the Model 567B
engine are of the two piece or "floating" type., The
body of the piston is supported by a piston pin carrier
which is held in position within the piston by a 3/16"
spap ring. A thrust washer is inserted between the
piston carrier and the piston platform. See Fig, 3-10.

This type of construction permits more efficient
cooling of the piston crown eliminating "hot spots,”
better lubrication of the piston pin and bushing, and
more evenly distributed piston wear and load.

The piston cooling oil is directed through a drilled
passage in the piston pin carrier, and dischargedthrough
another drilled passage diametrically opposite. The
piston pin and bushing are lubricated by the constant
flow of piston cooling oil.

The pistons are treated by a process which etches
the surface giving it a dark gray color. This treatment,
known as the Parco Lubrize process, helps to retain
the lubricating oil on the surface of the piston.
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-~ 308 -



252B-3-353 PISTONS AND RODS

NOTE: Information on relubrizing of pistons in the
field may be obtained by requesting Maintenance
Instruction 2175.

4. Piston Pins and Piston Pin Bushings

The piston pin is made of alloy steel, carburized
and hardened, inside and out, It is polished to a mirror
finish and can be used {except when overheated) accord-
ing to limits given under specifications.

When reusing a piston pin, polish well with crocus
cloth or buff, NEVER reuse a piston pin that shows
discoloration from excessive heat,

The piston pin bushing is lubricated by the piston
cooling oil,

For piston pin Magnaflux inspection see Mainte-
nance Instruction 2130,

5. Remanufacture of Connecting Rods and Pistons

a. Connecting Rods

Blade and fork connecting rods may be returned
to the Factory Branch for remanufacture on a
Rebuild and Return basis, Conditions requiring
connecting rod rework and those which are cause
for scrapping are outlined under Maintenance,
Item 5. However, precise measurement and
inspection before remanufacture will determine
if the connecting rod can be reworked.

b. Piston
Only those pistons which pass Magnaflux and

dimensional inspection will be processed. The
following rework may be given pistons.
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{1} Lubrize piston.
2) Machine wear step from top ring groove.

(3) I top ring groove is worn beyond the .260"
limit, the groove is machined to accommodate
an oversize ring.

Piston carriers may also be returned for re-
bushing if satisfactory dimensionally and also pass the

Magnaflux inspection given in Maintenance Instruction
2125,

Parts found not suitable for remanufacture will be
scrapped at the factory., Complete details concerning
prices and remanufacture procedures may be obtained
from your field representative or by inquiry direct to
your closest Factory Branch.

B. MAINTENANCE

Maintenance of the piston and connecting rod
agsembly with engine dead, consists of the fcllowing:
Inspection {in engine), removal, disassembly, cleaning,
inspection of parts, reworking, reassembly and instal-
lation, For Magnaflux Inspection see following Mainte-
nance Instructions: piston carrier - M.I. 2125, piston
- M.L 2129, piston pin - M.L 2130, and connecting rods
and basket - M.1. 2128.

1. Inspection

Inspection of the piston and connecting rod assem-
bly may be made after removing the hand-hole covers
from the air box and oil pan. Then proceed as follows:

a. Block open starting contactors in low voltage
cabinet,

b. Open cylinder test valves and rotate crankshaft
s0 that piston to be inspected is at bottom center,

- 305 -



252B-3-353 PISTONS AND RODS

NOTE: Crankshaft must be barred over, bringing
piston to correct position for each of the
following items.

{1 Air Box Inspection:

(a) Inspect cylinder wall and top of piston.
Check for scoring of cylinder walls and
water leaks,

(b) Inspect rings for blow-by (through the
liner ports). Rings In good condition will
be bright and free from vertical brown
streaks. Ferrox grooves should still be
visible. Smooth rings without the ferrox
grooves should be replaced. Do not use
a bar or piece of wood to see If rings are
free as there is a possibility of damaging
the ring face or breaking the ring. A
stuck ring will show blow-by.

{c) Inspect piston skirt for scuffing.

(d) Inspect air box for foreign matier and
water leaks.

{2) Oil Pan Inspection

(a} Inspect the back of upper half connect-
ing rod bearing for cutting or discolor-
ation.

{b) With piston at top center, Inspect lower
liner walls for scoring,

(c) Inspect oil pan for foreign matter, and
water leaks from liner seals.

To check for thrust washer wear, measure clear-
ance between piston and snap ring, as given under speci-
fications at the end of this section, Excessive clearance
indicates worn parts.
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2. Pulling Piston and Rod Assembly

NOTE: For complete cylinder assembly removal

a.

i‘

at one time, see Maintenance Section 2
under that subject.

Remove piston cooling pipe.

. Remove cylinder head (see Section II) and clean

carbon from cylinder wall above piston travel,
Remove fork rod hasket and lower bearing shell,

Insert piston pulling eye bolt, 8040413, in tapped
hole in center of piston crown.

Fork rod removal,

(1) Pull piston and rod assembly. Hold rod as
it clears crankshaft so that it will not fall
and strike inside of piston skirt or liner.

Failureto observe this will result in damaged
parts.

(2) After rod is clear of crankshaft, apply rod
boot (80682034 for fork rod) to protect cylinder
liner walls while pulling piston and rod.

Blade rod removal,

When pulling piston and blade rod assembly,
it is necessary that fork rod and piston be held
up in liner so that blade rod will clear the fork
rod. Fork rod holding tool, 8052858, is used
for this purpose. Proceed as follows:

(1) Remove fork rod basket and lower bearing
shell.

(2) Rotate crankshaft so that fork rod piston is
at {or near) top center, Cylinder test valves
must be open,

{3) Apply fork rod holding tool, This tool is
secured to fork rod by using two fork rod
basket cap scréws,
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(4) Rotate crankshaft slowly in opposite direction.
See that connecting rod and upper bearing
shell follow crankpin, and holding tool seats
in corner of oil pan, Continue rotating crank-
shaft until blade rod piston is at top center,

(5) Pull piston and rod. Do not allow upper
bearing shell to fall or rod to strike inside
of piston skirt.

{6) After rod is clear of crankshaft, apply rod
boot (8062033 for blade rod),

3. Disassembly of Piston and Rod

a. Place piston and rod assembly on stand (drawing
8071694 - Fig. 3-12) and remove snap ring
using snap ring pliers 8171633.

b, Lift out rod and piston pin carrier and place
on a clean surface, with carrier down.

567B Engine Piston Cutaway
- 308 -



PISTONS AND RODS 252B-3-353

c. Remove piston pin and lift out rod.

4. Cleaning Pistons

To clean piston and rod assembly and to remove
carbon, follow procedure outlined in Maintenance In-
struction 1706.

5. Checking Connecting Rods

After all parts are put through cleaning process,
check basket cap-screws and tapped holes in fork rod.
It is not necessary to replace basket cap-screws on a
mileage or time basis, They should be inspected for
damage when removed at any time. If they appear bent,
battered or nicked, or the threads appear worn or
cannot be run into the rod with the fingers, they should
be replaced by new cap-screws,

Clean fork rod and basket serrations and inspect
for nicks and burrs, Also, inspect rods and baskets
visually for cracks, (See M.I, 2128 for Connecting
Rod and Basket Magnaflux Inspection). The tapped
holes in fork rod may be cleaned with a 5/8"-18 tap.
The flame hardening process i3 used on blade connecting
rods in place of the previous method which included
copper plating above the blade end. Common to the
flame hardening is a slight discoloration or blue-black
color at the blade end of the rod, This discoloration
should not be interpreted as an overheated rod. No
discoloration is on the machined surfaces.

A new type basket cap-screw is used in later
engines, that has a large washer face (integral on ear-
lier, loose nonremovable on late cap-screws), which
extends outside the head of the cap-screw. This washer
aids in better seating of the cap-screw and eliminates
mutilation of the basket face. These cap-screws have
also been improved by increasing head thickness from
3/8" to 172" to give better socket fit. It is recom-
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mended when old cap-screws, 8028953, are removed
they be replaced with the new washer face type cap-
screw,

Before installation of the new cap-screw, the
basket face must be made smooth and square and
cleaned to remove any roughness caused by the old
cap-screw. This may be done with a spot facing tool
1-1/4" 'in diameter with at least a 1/16" radius at the
cutting tooth end. The maximum cutting depth for clean-
ing operation of the basket face is 1/32" deep.

The greatest roughness caused by the old cap-
screw will be around the cap-screw hole in the basket.
The basket will provide sufficient bearing area even
though the area adjacent cap-screw hole is not entirely
clean, providing the rest of the spot facing area is
smooth and flat. This permissible rough area around
the cap-screw hole must be limited to the area within
a circle whose circumference is 1/16" outside the cap-
screw hole in the basket,

In the event the basket face cannot be cleaned up
within these limits, it will be necessary to scrap the
basket and fork rod and replace with a new fork and
basket assembly, or return rod for new basket appli-
cation.

Check the bore of the fork rod by bolting basket
securely in place (175 foot-pounds torque for this check
on engine application basket cap-screw torque should
be 190-200 foot-pounds) and measuring across the bore
at points 60° apart, as indicated on Fig. 3-3. The
average of these dimensions must not exceed 7.628".
H bore is beyond this dimension, the rod and basket
must be replaced or reworked.

The blade rod is checked on a mandrell, 7,682"
in diameter, If it is found that the ends of the blade
rod bearing suriace are "closed in,"” the rod must not
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be used, see the following,
Blade rod slipper surface
should be bright and shiny.
If pitted, polish with buffing
wheel. I darkened from
heat, scrap.

Any of the following
conditions will necessitate
rework of the connecting
rod,

a. Blade rod

{1) Scarred, pitted or
deeply rust etched
slipper surface.

Checking Fork Rod (2) Ends of slipper
Fig. 3-3 surface closedin.
) Ends of slipper
surface opened out, Open slipper surface may
be accepted for use providing a ,003" feeler
gauge cannot be inserted further than 2" from
each end of slipper when mounted on a 7,692"
arbor. (See item 6 following).

(4) Twist exceeding .0045" for length of eye
sleeve bore,

(5) Bores exceeding maximum out-of-parallel
limit of .003" for length of eye hore.

(6) Piston pin bearing sleeve worn in excess of
3.983" and/or scoring, excessive etching or
damage to staking shoulder,

(7) Length between bore centers below the min-
imum allowable dimension 21.994",

b. Fork Rod

(1) Average of 60° measurements across fork
and basket bore exceeding 7.626".
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{2) Nicks, burrs and fretting on fork and basket
serrations.

(8) Damaged threads in cap-screw holes, looge
dowels.

(4) Damaged or distorted basket.

{5) Twist exceeding maximum limit of .0045"
for length of eye sleeve bore.

(6) Bores exceeding maximum out-of~parallel
limit of . 003" for length of eye sleeve bore.

(T) Piston pin bearing sleeve worn in excess of
3.983" and/or scoring, excessive etching ar
damage to staking shoulder.

(8) Length between bore centers below the min-
imum allowable dimension of 21.994",

{9) Basket faces mutllated at the cap-screw
holes.

(10) Fork counter-bore exceeding .400" maximum
depth.

I any one or more of the following conditions
exist, part should be scrapped.

a, Blade Rod

(1) Rejectable Magnaflux indications as outlined
in Maintenance Instruction 2128,

(2) Heat discoloration on slipper surface.

{3) Below minimum flange thickness or slipper
shoulder of .335".

(4) Damaged oversize bore after previous rework
to oversize.

(5) Twist, out-of-parrallel or damage, beyond
repair.

(6) Length between bore centers below 21.878",
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b. Fork Rod

(1) Fatigue cracks through basket serrations and
rejectable Magnaflux indication as given in
Maintenence Instruction 2128,

{2) Heat discoloration in basket or fork.

(3) Damage to oversize bore after previousre-
work to oversize.

{4) Fork rod bent or damaged heyond repair.
(5) Length between hore centers below 21,979,

6. Checking Rod Length, Twist and Bore Parallel

When cylinder assemblies are removed, the con-
necting rods should bhe inspected for twist, length and
piston pin bore parallel. A fixture shown in Fig. 3-4
for making these checks can be constructed according
to blueprint M248 (Maintenance Section) or possibly pur-
chased complete,

Two conditions of the rod are considered. A rod
with sleeve and without rod eye sleeve, The fixture is
permanently constructed to check standard rods without
sleeves. Therefore, a gauge block as thick as a new
sleeve (.260" thick) is required when checking rods
having sleeves. The separate gauge block is placed on
top of the permanent gauge block. In conjunction with
the use of the separate gauge block a short indicator
button is used, since the indicator travel is not suf-
ficient to allow use of long button with the block.

Position indicator on fixture permanent gauge block
or separate gauge block, and set indicator to zero.
Place rod on fixture and place indicator button at bot-
tom of bore. Adjusting holding screws, place rod to
vertical position.

Check for slipper surface open ends by trying a
003" feeler at each toe end, between slipper surface
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and arbor. Blade rods with opened end slipper surfaces
may be used providing a .003" feeler gauge cannot be
inserted further than 2" from each end of slipper when
mounted on the 7.692" arbor. Close in of the slipper
surface is evidenced by ends having no clearance and
top of slipper surface open. Do not use rods having
"cloged in" slipper surface.

After positioning indicator and placing rod in
vertical pogition, turn indicator 50° and run indicator
along bore length noting deflection. Indicator defleciion
shows rod twist. Twist showld not exceed .0045" for
length of sleeve bore.

Place indicator at bottom of bore, note indicator
reading. Check along length of bore for out-of-parallel.
Bore should not exceed out-of-parailel limit of .003"
for length of sleeve bore.

Replace indicator on tool gauge block .and check
setting, being sure dial is set to zero, Then insert
indicator in eye bore frem the edge, and note reading,
Reading should not exceed .008" for re-use to give a
rod bore centerline dimension not less than 21,904",
If sleeve is in rod, compensation must be made for
radial sleeve wear, A ,021" indicator reading, showing
a 21.979" bore center, scrap the rod.

NOTE: When checking oversize rod eye without sleeve,
compensation must be made according to radial
oversize and added to .006" (reuse) or .021"
{scrap) limits.

7. Checking Piston Pin Bushings

Inspect piston pin and bushing for scoring or in-
dications of overheating. A piston pin showing discol-
oration from overheating must not be used. The sleeve
is press fit into rod eye, and is staked to hold the
floating bushing retainers inposition. The piston carrier
bushing is also press fit in the carrier. See Fig. 3-1.
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Piston pin and bushing clearances are listed under
Specifications at the end of this section. K limits are
exceeded, parts must be replaced. Floating bushings
should be retired on condition as well as wear. Par-
ticular attention should be paid to groove condition,
and any parts showing sharp edges due to wear or
smearing of the silver should not be re-used. Corrosion
does not impair bushing serviceability, unless there has
been considerable loss in surface area,

8. Checking Connecting Rod Bearings

The connecting rod bearings should be checked for
"out-of-round” whenever the piston and rod assembly is
removed from the engine. To make this check, apply
bearings to fork rod and basket in which they are to
be used, tighten basket cap-screws to 175 foot-pounds
torque, and measure across the bearing bore at points
60° apart. This is the same procedure as when checking
fork connecting rod bore, Fig. 3-3. The average of
these three readings must not be less than is necessary
to insure a clearance between crankpin and bearings
of at least , 006", or a maximum of .015", A maximum
out-of-round of . 006" must not be exceeded. It is per-
missible to tap the basket with a soft mallet in order
to maintain the out-of-round limit.

NOTE: After operation, rod bearings may give indication
of being tight across the split line when loose
on the crankpin. However, rod bearings intended
for use should be mounted in the fork and rod
basket and then checked.

Check upper bearing shell step thickness as in-
dicated on Fig. 3-5. This will indicate blade rod bear-
ing surface wear. Step thickness should not be less
than .027"

Bearing shells showing indication of scoring must
be replaced. )

- 316 -



PISTONS AND RODS 252B-3-353

NOTE: After bearings are once used they shouid not
be used on different crankpin or crankshaft,
but should be re-installed on the same crankpin
from which they were removed.

9. Removing and Installing Piston Rings

Use piston ring expander, 8042062, when removing
or installing rings. See Fig. 3-6. This tool prevents
twisting or over-expanding which distorts the ring.

New rings should be used at each installation of
the piston, to insure guick seating, and avoid difficuities
caused by damaged rings. Used rings, once digturbed,
may not seat-in.

10. Inspecting Piston and Carrier

Limits are listed underSpecifications at end of this
section. See Fig. 3-11 for Piston and Ring Clearances.

Checking Upper Connecting Rod Bearing Shell
Fig. 3-5
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a

[¢]

Check the piston and
carrier for cracks
or damage,

Measure the piston
diameter,

Measure thickness
of thrust washer.

Checkthe carrier to
the piston snap ring
clearance,

e. Measure clearance
Tings to lands. Removing Piston Rings
f, Check ring groove Fig. 3-6
wear step.

Check the wear step on the ring grooves lower
face, See Fig. 3-7. The maximum wear step
allowable is: #1 compression ring groove ,006";
#2, and #3 compression and both ofl ring grooves
005", Top ring breakage is usually the result
of excessive step wear,

Wear step gauges 8146947, 8176190, and 8176191,
Fig. 3-8, have been made to facilitate this meas-
ment. Each gauge consists of a number of sep-
arate width indicators precise to 001", Gauge
8146047 originally issued, is circular having six
integral indicators from ,251" through ,258",
Gauge 8176190 having individual indicators from
257" through .260", supplements gauge 8146947
to provide measurement since the wear step limit
at time of issue of 8148047 has been increased,
Gauge 8176181 is similar to 8176190 but has
1/32" oversize indicators for wuse on oversize

ring grooves,

To measure the wear step, 1t is first necessary
to determine the original ring groove width since
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it may vary originally from ,251" to ,254"., By
trial, insert gauge blocks in ring groove to de-
termine which one enters its full depth. This
will show the original width to be the dimension
of that particular block. Then insert largest

NOTE: Reworked ring
grooves should have
1/32" top and bot-
tom radii and 45°
x ,015" chamfer on
land edges,

Piston Ring Groove Wear Step
Fig, 3-T

BI7kiI

Wear Step Measure Gauges
Fig, 3-8
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block that will enter groove up to the wear step.
By subtracting the smaller block dimension from
the larger one to enter, the wear step is deter-
mined. No piston should be placed back in serv-
ice having a top ring groove wear step exceeding
006",

When step wear greater than ,008" is found on
the lower face of the TOP compression ring
groove, the groove may be recut to remove the
wear step, provided the finished groove width does
not exceed .260" when finished for use with stand-
ard ring.

In the event that the ring groove is worn beyond
a width of .260", it is possible to machine the
top ring groove to accommodate a 1/32" over-
size width ring, using the dimensions shown in
Fig. 3-9.

When performing either of the above operations,
care must be taken to keep the ring groove faces
parallel to each other and at right angles to center
line of piston. In addition, the surface finishes
must be smooth to avoid excessive initial wear,

Ring Groove Oversize Dimension
Fig. 3-8
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Piston and ring oversizes may be obtained. For
details see parts catalog.

11. Assembling Piston ond Rod

To assemble piston and rod, reverse procedure
outlined under Subject 3. Oil all bearing surfaces dur-
ing assembly,

When assembling rod and carrier, the tapered
piston cooling oil hole in the carrier must be on the
same side as the dowel hole in the serrations of the
fork rod, and on the opposite side to the "long toe" of
the blade rod. This will insure proper position of the
hole when assembly is installed in the emgine.

After the snap ring has been installed, check clear-
ance between the bottom of the carrier and snap ring
{dimension "A", Fig. 3-10). As a final test, revolve
carrier inside of piston and oscillate rod in carrier to
check for binding or obstruction,

12. Installing Piston and Red

NOTE: Cylinder liner should be serviced as in Section
4, bejore re-installing piston and rod.

a. Set piston ring compressor and guide, 8034087,
in place on cylinder liner and oil cylinder wall,
ring compressor and piston. Rod and basgket
serrations must be thoroughly cleaned before
assembly to Insure proper seating of rod bearing.

b. Apply connecting rod boot then lower piston as-
sembly into liner through ring compressor, using
eye bolt. Be sure piston carrier is located so
that the tapered hole is towatd the outside of the
engine.

¢, Oil inside and outside of bearing shelis and in-
stall upper bearing shell in position on crankpin.
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1, Compression and oil ring groove width New 251" 254"
Wear step on ring groove lower face
not to exceed;
#1 compression ring 008"
42, #3 compression and oil rings .oog"
Compression ring grooyve may be recut
to Maximum #1 ring

Btandard . Max. 280"
1/32" Overwidth ring Max, .282" - ,003" - 000"

*2, Piston to head.clearance Minimum .02e*
Maximum . e

3. Compression ring to land clearance New L004" . . 008"
Limit - #1 ring 014"

42 and 43 ring 010"

4. Compression ring gap {new ring in
8,500" liner) New Min, 025"
Condemn ring when worn to bottem of
Ferrox groove at any point.

5. Piston diameter New 8.488" - 5.400"
Limit (interchangeable) 8.485"

(.005" out-of-round) permissibie)
6. Oil ring gap (new ring in 8.800" liner) Now .018" - 028"
- Limit 070"
7. ©ll ring to land clearance New 002" - 008"
Limit 010"
Piston to liner ¢learance of "A" New .04a5" - .0525"
Piaton to liner clearance of "B" and "C"  New L0085" - 0138"
Limit 020"

Piaton taper "D"

*NOTE; An increase in compression clearance of ,025" Irom the assembly value at
. the time of Installatiop condemns the assembly, Any sudden increase should
be immediately investigated,

Piston And Ring Clearance
Fig. 3-11
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B.

KOTE:

h-

i.

Lower blade rodto rest on upper bearing, then in-
stall fork rod. Be certain that dowels in fork rod
enter dowel holes in shell without binding,

Open hasket wide enough 10 clear crankpin and
pottom of fork rod and insert lower bearing shell
in basket, being certain that dowels in basket
enter dowel hele in shell without binding.

Lift basket in place and see that dowels in bagket
enter dowel holes in fork rod.

Btart cap-serews in doweled side of basket, pull
up snug and back out one turn, Then swing op-
posite side of basket into position and apply
cap-Screws,

Tighten all cap-screws and install lock wire, If
a torque wrench is used, tighten to 190 to 200
foot-pounds, If cap-screws are not properly
tightened, the basket will work on the serrations,
and a broken basket or broken cap-screw will
result, with possible damage to engine,

Retighten all cap~screws at assigned maintenance
paint according to mileage in Scheduled Mainte-
nance Program,

Install cylinder head as in SBection 2,

Install piston cooling oil pipe and checkalignment
as follows;

Use piston cooling oil pipe gauge, 8071720, shown
on Fig, 3-12, Insert small end of gauge in noz-
zle of piston cooling oil plpe. Rotate crankshaft
over slowly to bring piston to its lowest position,
at the same time, rotate the gauge by hand to
make certaln that it does not bind in tapered
hole, Gauge must enter hole above the tapered
apening.  gauge indicates misalignment, replace
pipe assembly. Do not use gauge to align pipe,
Piston cooling "Pee” plpe should be checked be-
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fore application by using "Pee" pipe cleaning
tool 8087086.

13. Piston to Cylinder Head Clearance

The piston to cylinder head clearance governs to
a great extent the efficiency of the engine and should be
maintained within specified limits for best operation.
In addition, if regular inspections are made, piston to
head clearance may be used as an indication of wear in
the parts of the piston and connecting rod assembly.
Recorded or charted clearance readings will aid in the
prevention of serious trouble from excessive wear of
parts, as their condition will be indicated by comparing
the successive piston to head clearances. Thisproce-
dure is doubly beneficial since it also indicates the
required intervals of piston assembly removal and there-
by eliminates mileage or set periodic removal of these
parts which is considered undesirable.

Engine records supplied the railroad on new loco-
motive deliveries include the original readings of piston
to cylinder head clearance of each cylinder of the en-
gine. By recording the original and each successive
reading in its proper place on a chart, a definite con-
dition of the parts will be shown. Readings of the piston
to head clearance may also be started on re-installed
piston androd assemblies by taking the clearance of the
newly installed assembly, Also, with engines in the field
delivered before the piston to head clearance was in-
cluded in the engine record sheet, the average lead
reading may be used. These readings, which are the
average of most engines, are .040" to ,055",

It is recommended that compression lead readings
be taken on all cylinders at intervals specified in the
Scheduled Maintenance Program. More frequentinspec-
tion should be made on assemblies which show excessive
or dangerous rates of increase in the clearance.

The following method is recommended to obtain
the piston to head clearance. Rotate the crankshaft to
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SHAP RING

PISTON COOLING TUSE
lLIGIIgg AlﬂGEu

Tools For Servicing Floating Piston

Fig. 8-12
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place the piston to be checked at bottom dead center.
Place a 1/8" soft lead or solder wire shaped to the
contour of the piston crown, with the ends of the wire
not over 8-1/4" apart on top of the piston, through the
liner ports. Position the lead wire directly above the
piston pin parallel to the engine crankshaft. The engine
is then barred over one revolution and the wire removed
andboth ends measuredwith micrometer. The clearance
reading will be the average of the two measurements
taken. ¥ the difference is excessive between the two
ends of the wire, the clearance should be rechecked as
the wire may have rotated on the piston to be at right
angles to the piston pin.

The time necessary for taking the readings on an
engine may be lessened considerably by forming enough
lead wire needed, to the proper contour of the piston by
using a spare piston. Also, observing the location of the
various pistons as the crankshaft is rotated will enable
all readings to be taken in two revolutions of crankshaft.

The limits of piston to head clearance on a new
engine are .028" minimum and . 088" maximum; with the
readings on the average engine about ,.040" to .055".
The condemning limit of piston to head clearance is
.025" over the original assembly piston to head clear-
ance. This limit also applies to cylinder assemblies
applied in the field and leaded as outlined. When a gain
of .025" is reached the parts of the assembly should be
removed and checked, replacing the worn parts. The
condemning limits of the various individual parts of the
assembly govern their respective replacement. These
limits may be found under Specifications of this Section.

In conjunction with the piston to head clearance, the
snap ring clearance should also be checked. I it is
found that the piston to head clearance is within the
.025" 4mit but the snap ring clearance is at, or suffi-
ciently near, the condemning limit, the piston assembly
should be removed and the piston thrust washer checked.
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C. SPECIFICATIONS

Connecting Rod:
Fork rod and basket bore

Bearing seat diameter
blade rod

Clearance between shoulder
on blade rod and counter-

bore in fork rod

New - 7.624" - 7.625"

Max. ~ See Text

.7.692" - 7.803

New .008» - .012v
Max. - .025"

(This is measured by placing a {eeler gauge between
the blade rod and the outside of the bearing.)

Depth of counterbore from
bearing bore to counter-
bore

Thickness of shoulder on
blade rod

Connecting Rod Bearings:

Bearing inside diameter
{(Average of three 60°
measurements)

Bearing shell thickness

Minimum wall thickness

Bearing shell step height

- 328 -

New .385" -..3865"
Limit .400" provided
the above .025" max.
clearance is held.

New .3445" - ,b346"
Limit , 335" provided
, 025" max. clearance
is held.

New 6,5066" - 6,510"
New ,5587" . ,5595"
Standard - 553"
1/32" U,8. - .5686"
1/16" U.5, - .5843"
3/32" U.8, - .5899"
1/8" U.S, - .8155"
New 030" - ,031"
Limit 027"
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Bearing to crankpin clearance

Piston:

Number of compression rings
Number of oil control rings
Piston and ring wear
Clearance - - top

(piston to carrier)
Clearance - - bottom

(piston to carrier)
Thrust washer thickness

Clearance - snap ring to
piston carrier

To detect uneven wear of carrier
bushings, there should not be
more than ,003" difference in
measurement from the top of
bushing bore to the piston plat-
form surface,

Carrier bushing LD, (ot
to exceed)
Center line of bughing bore
to platiorm face (not less than)

For interchangeable assembly the
following limits should be
observed;

Piston skirt (005" out-of-round
permissible)

Carrier - top pilot

Carrier - bottom pilot

Piston platform shoulder

Piston skirt pilot

- 329 -

Min, 007" - 011"
Limit ,015"

3

2

See Fig. 3-11
New ,003" - ,007"
Limit ,010"

New 002" - 007"
Limit ,012"

New ,060" - ,083"
Limit 055"

Max, varijation

in thickness ,003"

New .002" - .013"
Limit 025"

Max, 3.488"

Min, 3.561"

Min, Dia, 8,485"
Min, Dia, 5,992"
Min, Dia, 7.481"
Max, Dia. 6.004"
Max, Dia, T7.493"
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For interchangeable assembly, the
following limits should he ob-
served when new thrust washers

are used:
Carrier height Min. 5.893"
Piston platform to snap ring

groove Max. 6.258"

NOTE: Parts over the interchangeable limits may be

re-used by selective assembly observing the
limiting clearance,

Piston Pin:

Pin to floating bushing
clearance New .005" - 007
Limit (with new pin) .010"

NOTE: Piston pins may be used, If in good condition
to a minimum diameter of 3.475". With pins
of this diameter (3.475") the maximum clearance
(pin to floating bushing) is increased to .015".

Pin to carrier bushing .
clearance New .003" - 005"
Limit .010"

Qut-of-round and taper of
. piston pin (check pins at
six positions along length
and repeat at 90°) Max. .002"

Piston Pin Floating Bushings:

Sleeve to floating bushing
clearance New 005" - 007"
Limit 010" (with new sleeve)

NOTE: Connecting rod eye sleeves may be re-used until
the vertical dimension (bore dimension) of the
sleeve exceeds the horizontal (bore dimension)
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by .005". The difference between the vertical
and horizontal dimension may be added to the
010" maximum clearance up to a maximum of

015" total clearance.

D. EQUIPMENT LIST

NAME

Piston pulling eye bolt

Fork rod boot

Fork rod holding tool

Blade rod boot

Drawing (piston assembly stand)
Snap ring pliers

Motor driven flexible shaft buffer 110 V.,
Motor driven flexible shaft buffer 220 V.

Piston ring expander
Piston ring guide

Piston cooling "Pee" pipe alipnment gauge

Piston "Pee" pipe cleaning tool
Connecting Rod checking fixture (Print)
Piston wear step gauge (original .251" -
.258")
Piston wear step gauge
(8146947 Supl. .257" - .256")
Piston wear step gauge
(for 1/32" oversize rings)
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PART NO.

8040413
8082034
8052858
8062033
8071694
8171633
80842382

8084283
8042062

8034087
8071720
8087086

M2438

8146947
8176190

8176191
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SECTION IV
CYLINDER LINERS
A. DESCRIPTION

The ecvlinder liner,
Fig. 1, is made of cast
iron with an integral water
jacket formed by g cored
annular space between the
inner and the outer walls,
The liner is secured io
the cylinder head by eight
studs and nuts and the
asgembly is held in place
in the engine by the cyl-
inder head erabs. A "pilot®
gtud locates the cylinder
liner in proper angular
relation to the cylinder
head, and insures align-
ment with the piston cooling
pipe agsgembly.

The scavenging air
inlet ports are located in
the wall of the liner just
above the top of the piston
when it is at botiom cen-
ter. Theliner water jacket
is open at the bottom to
admit cooling water from

the coolingwater inlet mani- Cylinder Liner
fold. Upper and lower seal Design No. 3
rings are used between the Fig. 4-1

liner and water manifold

plates. The water flows through the liner water jacket
and enters the cylinder head water passages. Bee Fig.
4-8 for cross-section view of cylinder liner,
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Three liner designs are currently used in the fleld,
liner #1, #2 and #3, Two cylinder head designsare
used (see section 2) designated cylinder head #1 and
#2. Cylinder head #1 has been replaced by #2. Al
Uners and cylinder heads cannot be used together. Cyl-
inder head #2 can be used with all liners, but cylinder
head #1 can be used only with liners #1 and #2,

Liner #3 Fig. 4-2 15 used on all production engines
and can be identified by its 12 dritled and counterbored
water discharge holes in the head to liner gasket sur-
face. The water tubes and grommet seals, Fig, 4-3,
are used in this lner. A 1/8" hole is drilled in the
top, of all #3 liner studs. Since February 1851 liner
studs and May 1951 pilot studs of #3 liner are straight
shank of less sirong material then necked down studs
used in liner #1 and #2. Straight shank studs must only
be used in the #3 Mner. Also, #3 laer iz 1/16" longer
than liner #1 or #2 since it uses the thin copper coated,
steel shim, head to liner gasket #8184008.

Liner Design No. 3
Fig, 4-2
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NO. 3 L INER

Liner #2, Fig. 4-44A, b WATEH TURE

is identical to liner #1ex~
cepifor the 12 drilled water
discharge holes same as
liner #3 but without counter-
bore. Necked down liner
studs as used on liner #1
are used on liner #2 pro~
vide strength for the ad-
ditional torque used on thege
liners. Liner #2 replaces
liner #1,

. Water Tube
Liner #1, Fig. 4-4B, And Grommet
is similar to liner #2 ex- Fig, 4-3

cept as noted in the water
discharge holes, which are cored in the #1 liner.

Gaskets used with the liner designs are shown in
Fig. 4-5. The copper coated steel shim type must only
be used with liner #3; the conventional sandwich type
copper asbestos steel gasket is used on liners #1 and #2.

Liner seal rings on all production engines are
silicone rubber, upper seal #B173668, lower #8142104.
Bynthetic rubber liner seals used prior to the silicone
are available as replacement, if desired.

B. MAINTENANCE

1. Inspection

Cylinder liners are inspected (with engine dead)
by removing air box and oil pan hand hole covers.
Inspect for damage, cracks or water leaks at seals
Also check for scored liner walls through inlet
poriz or from oil pan.

1. Removing Cylinder Liner
Removal of cylinder head or complete cylinder
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Liner Design No. 2
Fig., 4-4a Fig, 4-4b

TNLY ON LINER NO3

o~ Y
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s, LOCATING A~
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- THIS QASKET USED 5

C f THIS GASKE T USED
DR LINERS NC. 1 8
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“’i‘. e _-:""‘-”
- %l A P,
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Figt 4"5
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assembly removal is covered in Section Il and
piston and rod assebly in Section IfI. After head,
piston and rod have been removed, apply cylinder
liner lifter #B51163568 to liner studs and remove
the liner. Use care when handling the liners to
avoid damaging the studs. A hard side blow on
the studs will damage the threads or crack the
liner,

3. Cleaning Cylinder Linars

Complete cylinder liner cleaning information is
contained in Maintenance Instruction 1708, After
liners are cleaned, proceed with the following
service operations.

4. Meosuring Cylinder Liners for Waar

Before cylinder liners are measured for wear, the
bore should be checkedfor scoring or other defects.
The bore should be free from all lint, grease
or oil. Micrometers ghould be checked for initial
error and micrometer buttons showld be checked
to be sure they are tight. See PFigs. 4-6 and 4-7,
Liner bore gauge ¥§187645 has been designed to
accurately determine liner bore msasurement,
When the three pronged end of the tool is placed
in the liner bore, measurement is instantly read
on a dial indicator at the top of an upright extend-
ing above the liner bore. Maister setting gauge
ring #8187647 - 8.500" iz used with this tool;
and oversize liner gauge rings may be obtalned,

New cylinder liners are {inished to a diameter of
8.4985" - 8.5015" except through the port relief
zone, Fig. 4-6. Accumulated cylinder liner and
piston wear will increase the clearance between
cylinder liner and piston. It must be remembered
at all times when checking cylinder liner wear
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AT POINT OF
GREATEST WEAR

REBORE B 55 ="
GUNDEMNING LIMIT

 BOM5 MAX, 1. T
NEWa soosmin R Gu:N0 SLINER 7o
| WEAR LIMIT-SEE No"rsg m"“;‘.“ LINER
s
|
8503 NEW %mw
#.615
NOTES:
1. Piston to liner clearance New .0095" - L0135
Limit 020"

2. For gervice applications, used pistons and liners
should be matched within maximum clearance of
L020m (from bottom to 8" from top of liner, except
at ports). For example, with a liner worn to 8.510"
diameter a high limit piston of 8. 480" diameter must
be used. With a piston worn to 8. 485" diameter, the
liner diameter must not exceed 8. 508",

*

Wear Limits Of Cylinder Liner
Fig. 4-6
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" STUCHERHT FROM GABKET
BURFACE NO. B LINER, Dui#g
— PLUS OR MINUS 17327 HD.L,2,
LINER TO }L}:gg S-5/5" PLUIS OR MINUS
CRANKGASE
BAXIAUM
DAME TRIGAL | GABKET SURFACE LOUNTER-
CLEARANCE ]f d
Cim T oot : BORE thA, MAX. 11.69C
LINER DIMENSIONS
COND,
UPPER NEW L IMITS
FILOT -1112.080%12.0586" 112 056,
=2 n.ias"‘-ln‘tz%‘"“ LY
L-310.248-10.247"] 10,244

SRANKGASE CRANKCASE

CRANKCASE DIMENSIONS
SOND.
NEW LIMITS
-4 11g D812 08a” o nrpt
21114011 1458" 111 188"
é D ESCTI0ZETIIC 267

31

T LINER TO
GRANKGASE
HMAXIMUM
DIAMESRICA
GLE ARANCE
LiMIT 20"

Condemning diametrical limits as listed pertain
to crankease bore and liner diameters as separate
dimensional limits. The maximum diametrical clear-
ance at upper and lower pilot bores on any crankcase
to liner should not exceed the following limits, Upper
pilot bore, liner to crankcase not to exceed 0207 dia-
metrical clearance. Lower pilot bore liner to crank-
case not to exceed 020" diametrical clearance,

Crankcase ToLiner Dimensions And Condemning Limits
Fig. 4-1
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that the specified wear limits are given only as a
means of determining whether the liner has worn
to a point where it can no lohger be matched with
a new or worn piston to give a piston to liner
clearance not fo éxceed .020" at the time of a
service installation.

Cylinder liners will wear tapered, with maximum
wear normally occuring at the top limit of piston
ring travel. Maximum wear should be checked at
the point of greatest wear, taking two readings
90° apart. The wear limit ig 8,525" at thispoint.
A liner worn to this dimension leaves only 008"
stock to allow for cleaning up the bore when it is
rebored to 1/32" oversize. I this limit is ex~
ceeded it may not be possible to rebore the liner
to 132" oversize and it would then have to be
rebored to 1/16" oversize, thus losing an appre-
ciable amount of its wear life, Therefore, fLis
suggested no liner be re-installed if the maximum
bore diameter exceeds §.520%,

The liner should also be checked at the two points
6" and 16" below the top, taking two readings 890°
apart, to determine liner wear and “out-of-round”
condition. Should the "out-of-round" be 005" ar
more, the liner must be rebored to the next over-
gize, regardiess of other wear measurements which
may still be within limits,

Using the maximum piston to liner cleardnce of
L020%  at the time of a service installation as a
guide, liners which have worn to a dimension of
8.510" at a point 6" from the top of the liner may
again be used, providing they have not worn to
limit of .005" out-of-round and that they are
matched with a NEW piston of top limit diameter
of 8.490", which would assure the maximum .020"
piston to liner clearance would not be exceeded.
I a piston worn to the minimum diameter of
B.485" were to be used, the diameter of the liner
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must not exceed §.505" which would assure the
maximum 020" piston to liner clearance would
not be exceeded.

Cylinderliners for interchangeable service assem-
bly should not exceed B, 506" diameter, when meas~
ured six inches below the top of liner, except at
the liner ports. Pistons as small as 8.480" may
be selectively assembled o new liners by obaerv-
ing the . 020" maximum clearance.

5. Marking Used Liners and Pistons In $tock

It is sugpested that used plstons and liners, which
are nol going back into an engine lmmediately, but
are to be placed inh stock, be thoroughly cleaned,
ingpected and checked for =ize, The dimensions
as checked should be marked on the outside of
the liners and on the crown of the pistons which
will allow liner and piston combinations to be
selected with 2 minimum of delay.

6. Oversize Liners

Liners can be rebored in either 1/32" or 1/18"
oversize. The dimensions of oversize liners are
the szme as shown on Fig. 4-6 except that the
figures showing diameter are increased by 1/32"
or 1/16" as the case may be. Standard or 1/32*
overpize liners worn beyond the limits can be
returned to Electro-Motive for refinishing to the
next oversize.

7. Removing Cylinder Liner Ridge

The ridge will appear at the toﬁ of ring travel on
the liner wall caused by wear of the piston rings.

After the liner has been removed from the engine,
this ridge iz removed by using cylinder liner ridge
reamer #8157279, Fig. 4-8.

- 408 -



CYLINDER LINERS

252B-4-953

There are two models of liner ridge reamers.
'The reamer used prior to December 20, 1849, Fig.4-8,
#B035738 has been improved by a new cutter head having
a vertical automatic feed, The improved cutter head is
shown in Fig. 4-10 and new reamer in place inthe

liner, Fig. 4-11.

In place of the cam handle cutter

blade release on the cld reamer, an eccentric operated

MANUAL GUTTER TOOL BDLD
RESEY NUT
SUTTER GUTTER RO-
RELEASE - TETING NUT

FEEC PAWL

Fig. 4-8

LQaR
& HANDLE

vy RItGE
SR " RE2uEA

Old Reamer
In Liner
Fig. 4-9

by a wing nut is employed
on the improved reamer,
Also, the automatic feed
shown at the bottom of the
cutter on the new reamer
contacts the pawl on the
liner tool support each
revolution of the cutter,
causing the cutter to be
ralgsed slightly each reve
olution. Other features
are common to both of the
liner ridge reamers. Be-
fore uging the liner ridge
reamer oil the liner wall
just under the ridge. Then
proceed as follows:

g&. Turn wing nut or cam
handle, depending on
the reamer used, so
cutter blade is drawn
away from lner. On
new improved reamer,
position cutting blade
at bottom of guide by
turning knurled nut on
top of cutter.

b. Swing out stop on cut-
ter and lower reamer
into liner until stop
rests on top ofliner.
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c.

€.

Tighter center chuck
nut., Rotate the cutting
bead and check clear-
ance between stop and
top of liner. ¥ reamer
is not centered, loosen
chuek nut and rechuck
until reamer isproperly
located.

Swing stop nut out of
the way and turn wing
mat or cam handle t
release position, per-
mitting the cutter blade
to move outward against
ridge on liner wall.

Turn the reamer with
socket and wrench. It
isrecommended that a
golid bar "T* handle
and extension be used
for turning the cutter
to eliminate upward or
downward pressure
while tyrning. Turning
shouid be steady, there-
fore reversal or turn-
ing backward should
be avolded B0 as to
protect the cutting

Improved Reamer Arin
Fig. 4-10

Application Of
Ridge Reamer
Fig. 4-11

blade edge. Continue tarning until cutter is at
uppermost travel and no more metal is removed.
Or reset, if necessary, the 0ld model reamer for

additional cuts.

After reaming is finished, release cutting blade by
turning wing nut or cam handle, loosen fixture and

remove from liner,
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ROTE: Old reamers 8035738 may be converted {0 new
reamer by adding the cutter arm 8157326 and
the trip pawl 8158305, Also, a new ridge grinder
8180134 1s avallable, which is eleciric operated,
having blending wheel and adjustable diameter

fitting.

8. Honing Cylinder Liners

After ridge reaming, the cylinder liners should be
honed. The purpose of honing cylinder liners is
to remove the glaze on the liner wall in order that

er : 25 e
- ’\”}. !-:%'v!n

BRIVING
MOTOR

WERGMETER
DRIVING i M?JEFSTHIEM

BRANK \xi

Honing Cylinder Liner
Fig., 4-12

new plston rings will seat
guickly. When honing lin-
ers, remove glaze only.
Do not attempt to remove
scoring or deep scratches,
¥ the liner is gcored, it
should be returned to
Eleciro-Motive for rebor-
ing oversize.

Egquipment for honing
consists of the following:
hope kit less the motor
¥8038177; 1/2" electric
drill with 300 {0 500 RPM
motor %8104770-110 wvoli,
#8104771-220 volt. Copies
of drawing #8062024 show-
ing fixtures for holding
the liner and drill mwotor
will be sent on reguest,

To hone cylinder liner proceed as follows:

Chuck driving shank in drill motor as shown in
Fig. 4-12. Place stone support on hone body.
Note that one end 15 marked "top". Mount the
gtones and guides in the hone. This 1s done by
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removing the center splined ghaft and inserting
the stone and guides in the holes murked "XY,
The two stonss are applied on opposite sides.
Place the stones and guldes completely into the
holder and insert the splined center shaft, Xeep
this shaft out 1/4" to prevent the adjustment gears
at the top from meshing, and lower the hone imto
the cylinder. Turs the adjustment to expand the
hone to fit the cylinder. Push splined shaft all
the way in and turn the micrometer adjustment
for a snug fit.

Keep stones and liner walls flooded with kerosens.

While honing, raise and lower the hone in the

iiner go that stones pass Col Y from o
“"botom. Do not Jet fione extend outside liner as
"thls may cause binding. Keep the hone moving

and smug in liner to prevent chattering.

Use finishing stones only {o produce an even,dull
gray finish. Do not remove any more metal than
is necessary to obiain the desired finizh. In no
case should lner be brought to & polished or
mirror finish,

The driving shank is made with a weak section so
that if the hone is improperly used, causing it io
bind, the shank will break, preventing damage to
the stone assembly.

9. installing Cylinder Liners

Before installing liner, be sure that all gasket and
seal surfaces {both on the liner and crankcase)
are clean. Check water tubes of design No. 3
iiners for damage or loosensss, replauce if nec-
essary, and be sure counterbore for water tube
geals are clean,

Special topls sre available to improve and facil-
itate maintenance of the #3 liner as shown In
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Fig. 4~13. Alsoe, a crankcase liner seal seat
cleaning fool, Pig. 4-14 is avallable., Theliner
seal seats must be clean, free from nicks, rust,
sharp edges and corrosion.

Apply new liner semls., Two liner seal applying
guides, #8164814 lower, Fig. 4-15, and upper
#8176923 similiaxr to that shown provide for easy
and proper application of the liner seals.

Using liner lifter, lower liner into crankcase,
When installing, line up liner with "Pee" pipe
mounting holes to the right facing the liner, and
the core plugs central with the hole in the stress
plate, so the liner will not have to be moved any

Cleaning © Water Tube Water Tube
Tool Removing Tool Installing Tool
Fig. 4-18
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%
Liner Seat Cleaner 4, Cleaning Brushes
Crankease Dust Guard 5, Adjacent Liner Dust Guard

Air Box Hole Dust Guard 6. Air Hose

Cylinder Liner Seat Cleaning Tool Kit

Fig. 4-14

great amount with its weight
resting on the seals. The
indexing piate on the head
will locate the liner when
cylinder head is ingtalled,
Be sure liner pilot stud is
in proper location above
piston cooling line mounting
holes at bottom of lner.

After limer is in position,
install proper gasket for de-
sign liner installed (shim
type on liner No. 8 and con-
ventional sandwich type on
liner No. 1 and No. 2). In-

Liower Liner Seal Guide
Fig. 4-15

stall piston and rod assembly and proper cylinder
head as outlined in Section T and III.
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10. Engine Break-in

C

The finish and c¢learance of liners, pistons, bear-
ings and other parts of the engine are such that
it is not necessary to subject the engine to a long
"break-in" period.

See Section 2, ftem K of maintenance item 7for

cylinder assembly load test after installation. For
engine pre-lubrication before service see 8ection 8.

SPECIFICATIONS

Cylinder Liners

Cylinder liner wear limits See Fig. 4-6
Crankcase to liner limits Bee Fig. 4~7T
Liner stud application torgue 50 ft. lbs. Min,
Bore 8-1 /2v
Weight of liner with studs (approx.) 128 Ibs,

EQUIPMENT LIST

Name Part No.
Cylinder Liner Lifter 8116358
Cylinder Liner Ridge Reamer (New) 8157279
Cylinder Liner Ridge Reamer (©ld} 8036738
Cylinder Liner Ridge Reamer
Cutting Blade {New) 8157327
Cylinder Liner Ridge Resmer
Cutting Blade (Ol4d) BOBBB4S
Ritge Reamer Cutting Arm (New) 8157326
Trip Rail For Cutting Feed (New) 8159305
Ridge Grinder (Electric) 8190134
Hone Kit (Less Motor) 8039177

172" Drill, 300 to 500 RPM, 110 Volt 8104770
1/2" Drill, 300 to 500 RPM, 220 Volt 8104771
Honing Tools Application Drawing 8062024
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D. EQUIPMENT LIST (Contd)

Vastoline {(Water Soluble Lubricant-1 Gal.) 8149962

#3 Liner Counter-Bore Cleaning Tool 8180195
#3 Liner Water Tube Removing Tool £18560%
#3 Liner Water Tube Applying Tool 8185802
Lower Liner Seal Guide 8184014
Upper Liner Seal Guide B176923
Crankcase Liner Seal Seat Cleaning Tool B185957
Liner Bore Gauge 8187645

Master Ring 8,500" (used with 8187845}  B187647
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SECTION V

CRANKSHAFT. MAIN BEARINGS, HARMONIC
BALANCER, ACCESSORY DRIVE GEAR,
CRANKSHAFT GEAR

A, DESCRIPTION
1. Crankshoft

The crankshaft is drop forged carbon steel with
induction-hardened main and erankpin journals, Drilled
passages in the crankshaft provide means of ecarrying
lubricating oil to the main and connecting rod bearings,
Fig- 5"1.

The 16-587B crankshaft is in two sections, and
has two center main bearings, Either section can be
replaced i damaged, Crankshaft must be returned for
this service, All other 587TB engineg have one plece
crankshafts,

2. Aywheel —Flexible Coupling

The main generator armature, iz in effect the
flywheel for the engine and 1s attached to the crani-
shaft by means of a flexitle coupling, Fig, 5-~2. There
are two types of flexible couplings used on 587 series
engines, The two pilece (of which there are two designs)
and a three piece coupling, All flexible couplings con-
sist of two steel discs one of which is bolted at the
genter io the crankshaft flange, the other or generator
dise is bolted at its center to the generator armature
ghaft flange, In addition, each coupling has a disc
support or rim having degree markings around its
circumierence and holes provided for an engine jack
or turning bar for rotating the crankshaft, The disc
support or Tm is an imtegral part of the engine disc
of the two piece coupling; it is a separate part of the
three piece coupling,
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The coupling discs are joined at their outer cir-
cumnference by twelve bolts passing through the discs
and disc support, Eleven 3/4" - 16 bolts and one 3/4" -
16 x .8740" diameter bolt are used, The .8740" bolt
is common to all couplings, but there is a difference
between the smaller bolts used in the two and three
piece couplings. The two plece coupling provides a
loose bolt fit, whereas the three plece coupling bolts
have a snug fit, A special tool #8068028 iz used to
remove the three piece coupling rim bolts, Line up of
the "0" mark on the crankshaft flange and engine disc
assures proper location of the engine disc, The over~
size hole for the large dlameter bolt assures proper
relative position of disc support on instaliation,

Three plece coupling #8034874 has been used in
the past on all 567 and 567A engines, while the two
piece coupling #8082546 is used with "B" engines, Some
"B" engines are eguipped with the three piece coupling,
particularly on NW-5 switcher locomotives, A two plece
coupling #8144933 is also available for all 567 and 567A
gseries raflroad engines eguipped with 1-3/4" coupling
bolts and is used in conjunction with a new generator
end disc #8144728. This new two plece coupling combi-
nation may be identified by the generator fan mounting
holes compared with the other two plece coupling with-
out holes #8082546 as well as by its part number,

The 567B engines are generally equipped with two
piece coupling #8082546 which necessitates having the
degree timing marker on the right side of the engine,
see Fig, 5-3,

On 567, 5674 or 567B engines equipped with three
plece coupling #8034874 or two piece coupling #8144933,
the timing marker must be on the left side of the en-
gine because these two couplings have the 0° T.D.C.
mark to the left of the vertical center line, The 0°
T.D.C. mark on coupling #8082546 is on the right side of
the vertical center line, when looking at rear of engine.
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it is recommended that when an engine is returned
for reconditioning, either on a Rebuild and Return or
Unit Exchange basis, the engine coupling disc of the
two piece coupling or the entire three plece coupling
be ijncluded with the engine azsembly, This willagsure
proper handling and {nstallation of these paris on the
returned engine.

ENGINE CENTER LINE

a"’ﬂﬂm”m

FLYWHEEL LYWHEE(
CINTER POINTER
™ ‘::3

e
NO
GYLINDER,

] ¥

WITH!

TWo PIEGE FLY- .
WHEEL - 8144933

(wiTH GUNT

N8 HOLESY &
THREE PIEGE FLY-
WHEEL - BO3ART 4

7 WITH:
TWOPIECE FLY-
WHEEL ~BOBEEAE

DISC TO Suas?T
LOCATING MARKS

Flywheel Puointer lL.ocation
Fig, 5-3
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There will be instances when a welight will be ob-
served attached to the engine disc on some locomotives,
This additional weight has been placed at a specific
loeation on the flywheel 1o ald in proper balance,

Any weighted flywheel should be kept for wse with
the engine on which it origisally was a2 part, The
weight should be maintained at the original position as
applied to the coupling disc,

Torque values for engine disc coupling bolis are
1200 -« §% foot-pounds,

3. Main Bearings

The main bearing shells are steel backed, lead-
bronze having a lead tin overlay., They are precision
type requiring no hand seraping or shims for fitting,
having tangs which locate them in the correet axial
position and also prevent them from turning,

Lower main bearings bave two tangs on each side,
upper main bearings one tang which fits a mating groove
on the right side of the "A" frame bearing bore, Upper
main bearings can be rotated out in a direction opposite
to normal crankshafi rotation, when the lower bearing
and cap are removed. Upper and lower bearing ghells
are not interchangeable,

Front and intermediate bearings, of each designa-
tion, upper or lower, are the same on all engines,
Rear bearings on all engines are the same, Center
bearings differ between 12 and 16 cylinder engines and
with other bearings., Center bearings on 8 cylinder
engines are intermediate bearings,

The upper and lower bearings are held in position
in the "A" frame of the crankease by a forged steel
bearing cap. A serrated joint between the bearing cap
and "A" frame holds the cap in the correct position,
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The caps must aot be interchanged or reversed. Marked
gide of the cap must match the marked zide of the
"A" frame, Caps are fitted to the "A" frame serrations
after which they are ling bored and therefore may not
be supplied as interchangeable parts, BSee Section 1 for
main bearing stud nut application and nut torque rec.
ommendation,

4. Crankshott Thrust Collar

The thrust collars are solid bronze, of rectangular
crogs~section, and formed in a half-circle, They are
rolled into a counterbored seat on each side of the
center main bearing "A" frame on the 8, 12, and 18
cylinder engines and on each side of the #3 main bear-
ing "A" frame on the € cylinder engine, They fit
around the back of the upper main bearing shell and are
held in position by the bearing cap,

Thetr purpose is to limit and absorb the thrust,
or endwise movement of the cranksbhaft, by reason of
the designed clearance hetween the face of the thrust
washer and the machined surface of the ghaft,

The thrust surfaces are lubricated from the main
bearing lesk-off oil and are inztalled with their "thumb
print” oil depressions away from the "A" frame In which
they are placed,

5. Harmonic Balancer

The harmonic balancer is used on the 12 and 18
cylinder engines and iz located on the front end of the
crankshaft, It consists of two ocouplings, laminated
springs, pins, and a spring housing, Figs, 5-4 and 5.5,
The function of the harmonic balancer is to dampen
torsional vibration in the crankshaft., The springs re-
ceive lubricating oil from the engine through drilled
passages in the harmonic balancer hub, See Fig, 5-4
and 5.6,
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6. Accessory Drive Gear

The accessory drive gear is mounted on the front
end of the crankshaft in front of and adjacent to the
harmonic balancer, Fig, 5~ and 5~8, This gear drives
the waier pumps, oil pumps and governor drive through
Spur gears,

The accessory drive gear assembly consists of a
gear with safety dowels, hub, two discs and elght spring
patks. See Fig, 5-6 and Fig, 5-7. The spring packs
are fitted between the hub and gear and are held in
position by the two dises. An oil slinger, attached to
the cuter side of the gear, prevents oil leakage between
crankshaft and accessory drive housing cover,

A drilled passzage in the crankshaft supplies oil
to a circumferential groove in the hub, which is drilled
to carry oil fo the spring packs and the space between
the gear and hub,

~ SPRING LOCATING PINS

Exploded View - Harmonlc Balancer
Figi 5"4
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In the event a spring pack failure should ocour,
the safety dowels have been provided to keep the gear
turning, This application is shown in Fig, 5.5 and Fig,
§-6. This dowel is a safety feature only, In the event
of a spring pack failure, repsirs should be made upon
arrival of locomotive ai the maintenance point,

SAFETY
DOWEL

ACCESSORY
OiL DRIVE SPRING
PASEAGE PAGK

Harmonic Balancer And Accessory Drive Spring Packs
Fig, B«§

, ,,Q'
k o suneER
LS(MUB AND
e mns msﬁ‘

f
H DISK
a8

mm««; ~GEAR WITH SOWELS

ke

f
I
]
:

¥

Exploded View -~ Accessory Drive Gear
Fig. 5-7

- 509 «



252B-5-353 CRANKSHAFT

The accessory drive gear assemblies used on
5878 engines differ only in the size of the ofl slinger,
compared to the accessory gear on 587 and 5874 en-
gines, The oll slinger on 587B engines iz smaller,

B, MAINTENANCE
1. Crankshaft Inspection

When main and conneciing rod bearings are re-
moved, a visual inspection should be made of the crank.
shaft journals, Check for scoring or cracks, (Bee MI
2128 for Crankshaft Magnaflux Inspectlon),

The bearing surfaces of the B8T7 crankshaft are
induction hardened, When a bearing fails, the resulting
excessive heat tends to further harden the surface in
some spots, and in most cases, thermal cracks result,

It is our recommendation that any such crankshafts
be minutely examined and magnafiuxed wherever pogsible,
A crankshaft CANNOT be salvaged f there is a orack
over one inch long and more than one-sixteenth of an
inch deep in either the surface of a main bearing or
crankpin journal, or any journal fillet, The depth of a
erack may be defermined by grinding with 2 high speed
machine fitted with a fine conical-shaped stone, I,
after this examination it appears that a shaft might
be salvaged, it should be returned to locomotive man.
ufacturer for machine grinding and balancing, For
return of crankshaft see Factory Rebuild Bulletin #303,

Attempts to grind 587 crankshafts in the field
have proven unsuccessful, The journals of all 567
engine crankshafts are induction bardened to a certain
depth by aprocess requiring use of specialized induction
hardening equipment, During the process of regrinding
the induction hardened depth is checked and where nec-
essary rehardened by the same method, Therefore, it
is recommended they be returned when regrinding is
necessary,
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To ald in identification, used reground or recon-
ditiomed crankshaff are marked on the same cheek us
the serial number to identify bearing journal and thrust
bearing sizes,

2. Main Beoring Removal and Instaliation

All upper main bearings, except the rear bearings
on the 6, 8, and 12-567B engines, and the two center
bearings on the 16-567B engines, are removed by in-
serting the upper main bearing removing tool (part #
8055837 into the ofl hole in the crankshaft, and ro-
tating the crankshaft in a clockwise direction (opposite
to normal rotation), The rear bearings oo all engines,
and center bearings on the 18-567B engine can be re-
moved by using a small plece of brass to push out the
bearing while rotating the crankshaft, Upper bearings
are to be rotated into position by hand, This will in-
sure proper alignment of bearing tang, Do not install
with the removing tool.

3. Scheduled Main Bearing Renewal

Lower main bearings should be repiaced at the
intervals specified in the scheduled maintenance pro-
gram for the particular type locomotive, This renewal
should be made in complete engine gets at that timae,
Steel backed upper main bearings have a life expectancy
of approximately 2 times the loaded lower hali, Upper
half main bearings should mot be removed at scheduled
maintenance intervals for thls reason, unless a3 lower
half being replaced shows signs of distress, in which
case the upper half should be removed for inspection,
However, these upper-half main bearings should be in-
spected at major engine overbaul periods and, if dimen~
sionally satisfactory, should be ¢leaned up and reused,

K any new bronze bearings are in stock they
should only be used in engines tn yard switcher loco-
motives and replaced according to the schednled main.
tenance program for main bearings,
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4. Main Bearing fnspection

Interim inspection of main bearings should only be
necessary when abnormal conditions are observed in the
engine, such as contamination of lube oil due to dfiuHon
wlth fuel or water, or any other foreign material, evi-
dence of the latter betng found in the lube oil filters,
screens or engine oil pan, When such a situation arises,
ALL the lower main bearings should be inspected,

This should be a visuval inspection made by ac~
tually dropping the cap and bearing, The lead-tin
overlay on the bearing is primarily provided for "break-
in" purposes, The fact that part, or all, of this coat~
ing may have worn away should cause no concern, as
long as all bearing shells have the same relative ap-
pearance, DO NOT UNDER ANY CIRCUMSTANCES
REVERSE THE BEARING IN THE CAP,

Replacement of an individual bearing in distress
should only be made if after inspection all other lower
main bearings still have evidence of some lead«tin
overlay remsaining {n the loaded areas, I cne, or more,
of the lower main bearings has zll the lead-tin overlay
worn off the loaded area, then ALL lower main bearings
must be renewed to insure proper ¢rankshaft glignment,

If upon such an inspection any lower main bearing
shows DEFINITE signs of distress, the upper main
bearing should also be examined,

Used bearings should pogitively not be relnstalled
on any crankshaft journal other than the journal from
which it was removed, Used bearings reappiied must
be installed in their original posltion relative to shaft
rotation, to aveid probable serious bearing trouble,

5. Limirs
When engines are torn down for purposes other
than main bearing troubles, it will be necessary to
outline a condemning limit, and in these cases, we rec-
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ommend the following rules be followed for both upper
and lower main bearings.

a. Minimum wall thickness of any main bearing meas-
ured with ball micrometer should be:
gtandard ,368"; undersize 1/32".,3835", 1/18".
20807, 3/32".,415", 1/8".,4305",

b, Maximum wall thickness variation between adjacent
main bearings which have a crankpin between them
should be 002",

¢, Maximum allowable wall thicknegs wvariation be-
tween center main bearings on a 16 cylinder engine,

that iz, with no crankpin between them, should be
L0018",

6. Undersize Main Bearing

Main bearing shells are available in 1/32", 1/16",
3/32", and 1/8" undersizes,

7. Harmonic Balancer

The harmonic balancer should be inspecied at ine
tervals as specified in the Scheduled Maintenance Pro-
gram covering the particular locomotive service, The
balancer should be disasgembled, spring leaves or packs
replaced and push pin dowels rotated to present a new
contact surface to the springs.

On disassembly, support the balancer slightly above
wooden top of work bench by use of hoist and sling in
the large holes in top of coupling., Using a brass or
other soft metal drift slightly less in diameter than
top of push pins, drive push pins from top coupling.
Drive push pins alternately 180°, making sufficient
rounds of light driving on each pin untfi top coupling
iz free,

After top coupling is free, repeat driving procedure,
after supporting spring housing, to drive push pins
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from gpring packs and housing. Repeat procedure on
bottom coupling., Couplings should be identtfied to hold
reamed parts together,

Examine components of the balancer, smooth up
any roughness or burrs, particularly on spring housing,
thrust pin ends and push pins, Replace thrust pins
having flats exceeding 1/8" wide, loose in spring houg~
ing or galled on the ends. Check thrust pin equal
height above each side of spring housing, Oversize
thrust pin and mounting dowels are available, Oversizs
push pins are not available, .

Check 12" thrust pin impressions in the coupling
inner Iace, Replace couplings having impressions eX-
ceeding 020" in depth, All impressions within aliowable
depth must be bhleaded,

Check surfaces of spring cells nearest circume
ference of spring housing for nop-uniform wear, due
to centrifugal force and flexing of the spring. Replace
spring housing if this wear exceeds 050" in depth,
Replace all outer spring leaves, X inner spring leaves
of spring packs are galled, replace with new pachks
throwghout,

Clean oil passages in coupling and drilled ofl pas-
sages In spring housing,

In preparation for reassembly, lightly file coupling
contact surfaces which contain the two oil passages to
remove any burrs or roughness, Place the coupling
on a wooden topped bench and drive push pins in place,
being sure previcusly worn surfaces will not be in a
position to contact springs, Use white lead or other
similar lubricant on push pin ends,

Place spring housing on the coupling, with side
marked "FRONT" up,

Apply spring packs to each side of push pins,
Approximately 82 fo 84 spring leaves are reguired for
each pack and their weight 15 about 4 1bs. 5-1/4 oz,
Stack leaves before applying and remove any over length,
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short length or overwldth leaves as compared with the
majority of other leaves, The leaves do vary in thick-
ness, The difference between spring width and 1/2"
thrust pins is 040", Bpace springs fo obtain same clear-
ance on both sides in relation fo thrust pin ends. Ap-
ply packe with several leaves less than normally re-
quired, as it is much better to add leaves when checking,
than attempt leaf removal once assembled, Leaves can
be added by starting one corner of the leaf and tapping
into pack working along top of leaf, using a light sieel
hamimer, '

After all packs of about right guantity have been
applied, each pack should be gauged using deflection
gaupe #80B0I8T, Fig, 5-8. Apply gauge as shown in
Fig. §5-8 (a) and check for clearance between springs
and gauge block, With gauge in position (z) there should
not be any clearance between gauge block and springs
However, due to applying packs minus several spring
leaves, on first check there likely will be a clearance,
Make this check on each pack, If one pack indicates
more clearance than opposite side, insert leaf in side

= - o,
H < 3 M , 2
:

Spring Gauging  Spring Gauging  Spring Gauging
Black To Spring Bar To Pin L,S. Bar To Pin R.S,
Fig, 5-8a Fig. 5-Eb Fig, b-8¢

- 515 -



252B-5-353 CRANEKSHAFT

having least clearance, If clearance still exists, add
leaves to each pack until there is no clearance bstween
gauge block and springs when pushed in pogition shown
in Fig, $»8 (a), and the gauge bar ends just clear the
thrust ping, When the gauge block is held so center
hiock contacts the springs and one end of bar contacts
a thrust pin as shown in Fig, 6-8 (b or (c), there
should be at least .010" clearance between the opposite
bar end and thrust pin, This clearance should also be
obtained with gauge bar contact reversed., Although
the .010" clearance should be maintained, in most cases
it wili exceed the 010" due to varying leaf thickness,

Follow the preceeding gauging sequence on pairs
of spring packs diametrically opposite starting packs,
Repeat sequence on adjacent packs until all packs have
been gauged and proper guantity of spring leaves added,
Thiz will tend to equalizée the assembly. Recheck all
spring packs,

Upon completion of spring pack assembly, place
remaining coupling over the assembly in such z position
that the oil paszages are matched, Clean up any burrs
or roughness on bottom of coupling hub, Using a raw-
hide mallet or press, foree lubricated top ends of push
pins in their respeciive holes in the coupling. Drive
coupling down evenly to contact the shoulder of the push
pins, Mark location of oil passages on coupling hob
to facllitate the instailation of balancer to the crank.
shaft, s0 oil passage line-up may be assured with match-
ing oil holes in the crankshaft,

Raise the assembled coupling clear of the bench
using a hoist and a sling in the mounting holes, Check
for any clearance between the mounting flanges with a
L0015" feeler, A .0015" feeler should not enter between
the mounting flanges, H it does, foreign particlies or
burrs are indicated on the fiange surface which will
necessitate disassembly of the balancer io clean,

Also, with the balancer suspended as in the pre-
ceeding paragraph, check clearance between top of spring
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pack and coupling, A .010" feeler should pass between
coupling and spring pack, I feeler does not pass, tap
the coupling lightly above the pack using a rawhide
mallet, at same iime checking with the feeler, This
procedure will provide the necessary clearance, By
taking care during assembly to assure equal height of
thrust pins above each side of spring housing, # will
not be necessary to check thrust pln end o coupling
clearance,

Prior to ingtalling the harmonie balancer, clean
with air blast to remove any foreign particles, and oil
spritgs using engine lube ofl, Install on ¢rankshaft with
"FRONT" stamping facing toward you. Apply washers
8174658 under mounting bolis, This washer prevents
mutilation of coupling and aids in proper torgue, It is
used on 18 B engines, serial 52-A-171 and all engines
thereafter.

8. Cronkshoft Gear

Detalls of crankshaft gear are shown on Fig, 5-2.
When assembling the crankshaft gear assembly, be sure
that any burres or nicks are removed from mating parts,
Check for concentricity can be made by using a feeler
gange between the crankshaft gear and the first idier
gear, This check should be made at four positions
(90° apart) of the crankshaft, Backlash between gears
ghould be 007" to 014", Limit 030",

. Accessory Drive Gear

The accessory drive gear should be Inspected at
intervaly specified in the Scheduled Maintenance Program
or at the time of a complete engine overhaul,

Accessory drive gears have in the past been dow-
eled to the crankshaff by two long dowels, Accessory
drive gears are now being made with dowels through
the gear, but not entering the crankshaft, Dowels pre-
viously used are 3-8/18" long, bhut dowels on newassems
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blies are 2-T/16" long. Long dowels In stock may be
reworked {o the 2-7/18" dimension,

The short dowel accessory drive gear is infer-
changeable with the older assemblies for installation
on the crankshaft with the dowel holes, All short
dowel jlg reamed accessory drive gear parts will be
interchangeable for use as replacement parts in the
old 8 pack accessory gears, provided that the dowel
holeg are reamed at assembly for use of the oversize
dowels,

Major parts of all accessory drive gears, except
the 8 spring pack gears have been digcontinued. Con-
sequently, when replacement of any part {excepl spring
pack) of other than 8 pack gears is needed, it will be
necessary to replace the gear with an Improved 8§ spring
pack gear,

REBUILDING ACCESSORY DRIVE GEAR ASSEMBLY
NOsS, 8084764 & 8070656

Accessory Drive Gear No, 8070657

This gear nesd not be replaced for spring slot
condition untll a flat spot on the driven gside exceeds
3/8" in length, The gear may be reversed to carry
the load on the opposite side of the slot. Therefore,
it is unnecessary to replace the gear until wear has
oceurred on both gides of the spring slot,

Accessory Drive Gear Hub No, 8070658

Soft hubs in service should be replaced at first
rebuilding. Hardened hubs which may be identified by
the dark lubrixing color, need not be replaced until
flat spots exceeding 3/8" in length cccur on the driving
side. The hub may be reversed to prolong life, the
same as the gear.
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Disc No, BQT0858

No differentistion need be made between the solt
and hard accessory drive gear discs, the latter being
identified by the letter "H" stamped adiacent to the
safety dowel drive holes unless, as is often the case,
the discs are scored by the edges of the springs or
broken spring packs, The hard disc prevents this conw
dition.

Spring Pack No, 5039738

At each gear relmilding the spring packs should
be replaced., No attempt should be made to assemble
packs from used spring leaves, as spring pack to slot
clearance is critical and is controlled by factory assem=-
bly of the spring pack, Clearance shoulid be ,003".,008",
However, clearance cannot be measured in assembly
because spring pack thickness must be determined in
a clamping fixture with springs not olled,

Gear Assembly

At assembly the accessory drive gear to hub
clearance shouldbe checked and should not exceed 010",
At azsembly, all pleces should be carefully cleaned and
olled to insure best condition during break-in, On old
engines using long dowel #8031883, it is satisfactory
to apply short dowel #8078168 if desired, Also, hardened
washer #8140812 should be used under the head of the
accessory drive gear mounting bolts to prevent mutila-
tion of the cil slinger and assure better torque tighten-
ing, This washer #8140812 is the same as that used
under the cylinder head to lner nuts,

10. Procedure for Removing Bolted Crankshaft
Counterweights

Bolted counterwelghts on the crankshatt can be
checked for tightness by tapping of the counterweight
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with a light hammer, The sound produced will indicate
a tight or loose welght, If tight the sound will be sharp
metallie; f loose a dull sound. The rebound of the
hammer to some exient will also serve to detect a loose
weight, for the rebound will not be as snappy as with
a tight weight, If any looseness is evident, the counterw
weight should be removed,

Several methods have been used 10 secure the
counterweight bolts o prevent thelr loosening., Bome
have a cap fitting the bolt socket and welded to the
weight; others have a strap and cap covering the bolt
as on some 12 cylinder engine crankshafts, In these
cases the cap is accessible for removal, and removal
of the counterweight bolt is no problem, because the
weld can be ground off freeing the cap., Additional
methods used in securing the kolts are shown in Fig.
5-8, "A" and "B", These methods of securing the holts
neceggitate z procedure for their removal as follows:

To remove a counterweight fastened as in "A",
Flg. 5-9, with sunken welded bolts, drill down through
the center of the allen head bolts #8077838 with a 23 /82"
diameter high speed drill to a depth of 3/4". After
both bolts have been drilled in this manner, a sharp

— .
LOCKNG GAP
L (BDB2ESH: !
o . o

frrmmrere:. GOURTERWEIGHT st

/
z/ 3
S
% . 3/4" HEX SOUKET HEAD BOLT

/ NN (6077838)

SHAFT

Bolted Crankshaft Counterweight
Fig. 5-9
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blow on the side of the counterweight with a harmer
will erack the remainming shell of the body of the bolt
and allow the counterweight to be removed, The remain-
ing portion of the bolt head can be removed by using
a 1-1/168" hottoming drfll, This can best be done on
a drill press where a steady pressure can be applied
to break through the weld around the edge of the bolt
hegd, The remaining porton of the bolt in the crank.
shaft can be removed with a stud extrastor or pliers,

A counterweight fastened to the crankshoft as in
"B", Fig. 5-8, having sunken bolt and cap, can be re-
moved as follows: Use a 1-1/18" diameter battoming
drill, to remove the weld around the locking cap, The
cap can then be removed and the bolt taken out with a
9/18" allen wrench,

Exireme care must be taken in all the preceding
cases to remove drill chips and other foreign material,
Before re-installation of the counterweight, the mating
contact surfsces should be cleaned and smoothed off,
I necessary, the dowel fit should be regtored by using
an oversize dowel, Always re-ingtall counterwelghts
using new bolts, Torgue values for tightening the coun-
terwelght bolts are 200 foot pounds.

New bolts, caps and dowels may be cbtained by
placing an order with our Parts Department under the
following part numbers; cap #80826B9; cap and strap
assembly, 12 eylinder engines, #8082802; dowel #80B1200
and holt #80T7838,

C. SPECIFICATIONS

Crankshaft
Diameter, main journal T.488".%,500"
Diameter, crankpin journals §.498"6,500"
Crankpin bearing clearance New 007" - ,011"

Limit 018"
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Journals out-oi-round -- nof over New 001"
Limit ,004"
Main Bearings:

Dijgmeter (Inside) installed
(Average of 3-80° meas-

urements) Standard New 7.5085" - 7,5085"
Diametric clearance -

bearing to crankshaft New 007" « .011"

Limit 015"

Minimum bearing thickness - Standard 368"

Undersizes: 1/32" - ,3835", 1/16" . ,3800",
3/32" . 415", 1/B" - ,4305"

Total end clearance {hrust bearingh

£~587 Series New 010" . 017"
Limit 030"
8-587 Series New 008" -~ 015"
Limit 030"
12.567 Beries New 008" - 018"
. . Limit 030"
18.56"7 Series New 008" . 018"
Limit 030"

Thrust bearing collar thickness:
125678 New 868" - 870"
6, B and 18-567B New 368" . 388"

Number of main bearings:

8-5678 4
8-56TH 5
12-5678B 7
18.5878 10

Harmeonic Balaticer:

Number of leal springs per .
patk {approx.) 84

- 522 -



CRANKSHAYT 252B-5-353

Accessory Drive Gear:

Thickness of each spring gear LT3 - 3757
Clearance - hub to gear New 001" - 003"
Limit 010"

Flywheel and Flexible Coupling:

Diameter ag"
Combined weight of flywheel, rim
and flexible coupling \ 410 lbs,
Coupling bolts to engine .
torque value 1200 - 5% ft. lbs.
Accessory End Gear Train No, of Ratio 1o
Teeth  Crankshaft
Governor Drive Gear 113 1:1
Water Pump Gear m 3.06:1
Lube Ofl Pump Gear 80 1.412:1
Scavenging Ol Pump Gear 80 1.412:1
Accessory Drive Gear 113 1:1
Backlash Accessory Drive
Gear {(all) New 008" - 016"
Limit 030"
D. EQUIPMENT LIST
Name Part Neo,
Flexible coupling bolt removing tool 8088028
Upper main bearing removing tool 8055837
Harmonic balancer hub dowel puller §0708b4
Spring pack deflection gavge (Harmonic Bal,) 8080187
Main bearing powerwrench 8156363
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SECTION VI

CAMSHAFT GEAR TRAIN,
CAMSHAFT ASSEMBLIES,
TIMING AND OVERSPEED TRIP

A, DESCRIPTION
1. Comshaft Drive Gear Train

Power necessaryio drive the camshalfte and engine
blowers on bB87 engines is supplied from the crankshaft
through a series of gears or gear train at the rear of
the engine. Fig. 8~1 shows the gear arrangement used
on the 5678 engines and is simllar to thatused on
5687A except for the auxiliary generator drive provision
and oil supply provision. TFig. 6-2 shows cross-section
of 567TB gear train,

As shown in Fig. 6-1, the gear train cansists of
spur tooth gears, a crankshaft gear mounted on the
crankshaft, and two idler gears to the left bank cam-
shaft drive gear which meshes with and drives the
right bank camshaft drive gear. The second idler gear
on "BY engines it given greater tooth length to accom~
modate the auxiliary drive. Both blower drive gears
are driven by their respective camshaft drive gears.
Hotation of the camshaft drive ¢ears is inboard of the
engine and at the same speed 85 the crankshaft. Blower
drive gear rotation is outboard, speed depending on
gear size, which differs, being smaller on 8 and 16
eylinder engines as compared to € and 12 cylinder
engines., Hence, the blower speed on 8 and 16 cylinder
engines i5 preater than that on 6 and 12 cylinder engines.
Only one blower drive gear is used on € and 8 cylinder
engines.

The idler and blower drive gears are equipped
with floating bushings and thrust bearings. These gears
rotate on stubshafts mounted on the engine rear end
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plate. Idler gear stubshafts on "B" engines are integral
on the stubshaft bracket. All other stubshafts are
separate. The "B® engine stubshaft brackets have cast
oil passages connected with cast oll passage jumpers,
for lubrication and camshaft oll supply from the main
jube o0ll manifold. The gear train is enclosed in a

AUXILIARY GENERATOR CAMSHAFT DRIVE
DRIVE

BLOWER DRIVE-
{RIGHT BANK]

CRANKSHAFT GEAR

Camshalt Gear Train
Fig. 8-1
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gasketed housing, the cover consists of several parts
to facilitate inspection and handling.

2. Camshofis

The camshafts are made up of flanged segments,
stubshafis, and on 12 and 18 cylinder engines a spacer
it applied at their center. Bee Fig. €-3. Camshaft
segments may be short segments or long segments.
Short segments span only one cylinder and are pro-
vided with two bearings, two exhaust cams and one
injector cam, and are flanged at each end io connect
with adjacent cylinder segments or stubshafis at the
camshaft ends. Long segments span several cylinders
and have Integral continuity of bearings and cams for
the several cylinders spanned and are also flanged at
each end, Long segments are interchangeable with
groups of short segments when installed in proper
location and sequence, providing hydraulic valve lash
adjusters are used.

The segments, both long and short, are marked
at each end on the flange to ald in correct assembly.
Also, one of the four holes in each flange is small to
assure relative positioning of the segments. The cam~
shaft is supported at each cylinder by two bearing
blacks and caps, provided with bearing bushings,

Flanged stubshafts are at each end of the cam-
shaft, The camshaft drive gear and counterweight as-
sembly is bolted and doweled to the rear stubshafte.
A counterwelght 18 mounted on front stubshafis. The
right iront stubshaft incorporates the overspeed trip.

Stubshaft bearing brackeis support the camshaft
at each end and are provided with split bushings. Rear
stubshaft brackets are provided with thrust bearings.

Camshaft oil supply from the main lube oil mani-
fold and gear frain ol lines is received at the rear giub-
shaft bearings through drilled oil passages in each
stubshaft. Each camshaft segment bearing is supplied
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oil from the camshaft center bore. One segment bear-
ing cap is flanged to provide for an oll line to rocker
arm shaft and valve mechanism,

3. Overspeed Trip

An overspeed rnechanism is provided as a salety
feature, to stop the injection of fuel intc the cylinders
should the engine speed become excesgive.

If the engine speed should increase to approximately
900 RPM, the overspeed mechanism will shut down the
engine. Fig., 6-4 shows the overspeed mechanism in
both the normal latched position and the tripped position.

A trip shaft extending the length of the engine
banks under each main camsghaft is provided with a cam
at each cylinder, which when rotated contacts a spring
logded catch pawl mounted on each cylinder head, lo-
cated directly under each injecior rocker arm. In ihe
overspeed irip housing on the front of the engine, the
trip shafts are comnected t0 spring operated links and
lever mechanism., A reset lever on a spring lever arm
shaft when rotated counter-clockwise nuts a tension on
an actuating spring; tension being held by a trip lever
engaging a notch in the reset lever arm shiaft. This g
the normal ruaning position, in which the cams on the
trip shaft are held away from the rocker arm caich
pawls.

Incorporated in the right bank front camshait
counter~weight is the overspeedtrip release mechanism,
It congists of a flyweight held by an adjustable tension
spring. When engine speed exceeds the safe limit, the
set tension of the spring is overcome by the centrifugal
force acting on the flyweight, causing the flyweight to
move ouwtward to contact the trip lever. This allows
the actuating spring acting through connecting links o
rotate the {rip shafis, Consequently, the {rip shaft
cams contaet and raise the injector rocker arm pawls;
preventing full effective injecior rocker arm roller
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contact on its cam. This prevents fuel injection and
stops the engine,

Upon resetting, by counter-clockwise movement
of the reset levey, the trip shaft cams release the
injector rocker arm catches. Rotation of the camshafts
on starting the engine 1ift the rocker arms slightly
allowing the catch pawls to resume unlatched position,
releasing the injector rocker arm: for normal operation.

B. MAINTENANCE
1. Camshaft Gear Train

Familiarity with the engine and is particular
sound serves as a fairly good guide to engine operation
This is also true regarding the gear train. Any pro-
nounced unusval noise originating at the gear train
warrants gear inspection at the earliest convenient
opportunity, as well ag at intervals of regular engine
overhaul and inspection perlods. Gears should be in-
spected for failure at the tooth profile, fatigue indi-
cations, cracks, pits, and other evidence of failure or
impending fallure. Wherever possible inspection by
mapnailux methods are recommended. If any defects
are discernible, the gear or gears should be replaced.

Backlash of the gears is another important Inspec~
tion item. Backlash may be determined either by feeler
gauge, lead wire, plastigape, or dial micrometer meas-
urement. When using feeler gauge, be sure gauge ex-
tends the entire length of the teeth. Lead wire may
be inserted and held on the itrailing side of the driving
tooth at its middle and the gear rotated. Measurement
of the wire indjcates the backlash, By rotating the gear
in one direction, then placing a dial indicator button
against a drive gear tooth and reversing rotation, noting
movement or contact with tooth of the driven gear, the
reading may be taken directly from the indicator. Ex-
cessive backlash will result in fmproper valve timing
and injection periods, as well as general poor gear
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operation. Backlash, new and condemning limits for
the gear train are listed under specifications.

Clearances between gear stubshaft and gear bush-
ings and thrust clearances must also be maintained
within limits as listed, for the variocus gears on the
engine, under Specifications.

NOTE: The "inboard" and "outboard" thrust washers on
the blower drive stubshaft differ in material.
Washer #8068130 (bronze) is used "outboard"
while washer #8166495 (cast iron) is used
"inboard." Care should be taken to install
these washers in their correct location.

Althox_x'_gh no wear should occur at the oil slinger,
the .100" - ,010" dimension between the slinger and
housing cover should be checked on assembly. This
measurement is obtained by laying a straight edge
across the camghaft drive housing flange, with crankshaft
positioned toward the generator and measuring the
distance to face of the oil slinger. Then determine
the protrusion of slinger mating surface on lower
housing cover from its flange. The difference between
these measurements equals the clearance, If necessary
add or remove shims or in some cases in rebuilt
crankcases metal may have to be removed from cover
mating surface to obtain the necessary clearance. The
cover labyrinth seal should be installed so as to have
equal space arcund crankshaft gear on all but 567B
engines which should be approximately .010" greater
on top.

The gear train housing of all 12 and 16 cylinder
PA" and "B" engines since May 1950 have been modified
to assure more positive sealing against oil leaks. This
has been accomplished by a change in gasket material
and additional bolts of improved material which allow
increased torque values on bolts used in these locations.

All 12 and 16 cylinder complete engines returned
for rebuilding will have these modifications applied.

- 608 -



CAMSHAFT 252B-6-353

When the crankcase, ofl pan aagd cover frame assem-
blies ONLY are returned on either Unit Exchange or
Rebuild and Return basis, the additional bolt holes will
be applied at the rear gedr train end. It will then be
necessary for the customer to drill and tap the addi-
tional bolt holes in the rear gear train housing and
covers, Complete modification instructions for these
engines are 5019 for 567B, and 5027 covering 567A
engines.

2. Camshafts

There are several types of camshafts used in the
567 series engines, Camshafts are made up of either
short segments or long segments, Short segments span
only one cylinder, whereas long segments span three
cylinders on 6 and 12 cylinder engines and four cyl-
inders on 1§ cylinder engines, BShort segments only
are ysed on 8 cylinder engines, Long segments are
interchangeable, when properly assembled, with groups
of respective cylinder short segments. Long segment
camshafts can be used only on engines equipped with
hydraulic iash adjusters,

There is a difference in valve timing obtained with
early (original) 587 camshaft segments and all subge-
guent segments following and superseding them. Earlier
gegments gave a 4° later exhaust valve opening and 4°
earlier exhaust valve closing than those following and
presently used camshaft segmenis. Original segments
may be identified by flanpes being stamped with cylinder
numbers, where segment is used on right or left bank,
and stamping "front” or "rear® asto how the segment
should be installed on the numbered cylinders.

Begments superseding the original are stamped
"4-4% or "A" and "B" on the flanges. The "4-4" geg-
ments are identified gimilar top the original as to cyl-
inder numbers and front and rear identification on the
flanges, but in addifion had the "4-4" stamping not
found on the original segments. Camshafts of the "4-4"
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and "A"-"B" type are the same as regards valve open-
ing and closing, since hoth type open the exhaust valve
4° pefore and allow the valve to close 4° later than
the original camshaft segments. All 4-4 type segments
should, i any exist, be remarked withthe "A"-"B" iden-
tification on thelr respective flanges,

The flange markings assure proper location of
the segments in sequence to make up a camshaft since
similar segments are used in various cylinder locations
on engines to which they apply. The same segments
used on one model of an engine may be used on any
other model providing the number of cylinders are
equal. Segments used on 8 and 12 cylinder engines
are interchangeable. The proper sequence and location
must be maintained to give proper valve and injector
operation. Figs. 6-5, 6-56 and 6-T7 indicate camshaft
segment arrangement on the various engines. Figure
8-T covering camshaft segments on early model engines
iz included to aid in interchangeability for customers
having all models of 587 engines,

In gaddition, each segment flange has fourdowel
bolt holes, one of which is smaller to assure proper
angular positioning of the segment in sequence on the
camshaft assembly. All segmenis having the flanges
marked "A" on one flange and "B? on the other should
be positioned as follows.

When used on 567B or 567A engines, on right bank
camshafis the "A" markedflange must be towardiront of
engine and on left bank camshaft the "B" mark must be
toward the front of the engine. When used on 567 "U¥and
"y ehannel engines, the opposite is true, on right bank
camshaftthe "B" marked flange mugtbe toward the front
of the engine and on left bank camshaft the "A" must be
toward the front of the engine. See Figs. 6-5, 6-6 and
6-7. Otherwise bolt holes in the flange will not line up
due to offset of the smaller locating holes.

Due to opposite rotations of early 587 cast top
deck "U" and fabricated fop deck "V" channel engines,
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camshaft assemblies minus stubshafts on respective
banks are directly opposite to either 567A or 56YR
camshafts. That is, a left bank 5674 or 5878 cam-~
shaft minus simbshafts has the same segment sequence
as applied to a right bank 587 "U" or "V" channel
engine. Hence a B87TA or 567B engine, right or left
bank camshaft minus stubghaft is applicable to the
opposite bank in a 567 "U" or "V' channel engine
without disturbing segment sequence as taken from the
front of the "A" or "B" englne.

Camshaft stubshafts vused on all camshaft assem~
blies are not completely interchangeable due to locatlon
of ofiset locating hole in the flange.

Diametrical clearance of segment and stubshaft
journal to bearing may be obtained by ieeler gauge
lead wire or plastigage method. Thrust bearings are
used only at the rear stubshaft to absorb and limit
longitudinal camshaft movement. Thrust clearance may
be obtained by inserting a feeler gauge between bearing
and thrust plate on stubshaft. To replace all segment
bearing bushings the entire camshaft must be removed.
Replacement of all camshaft bushings is usually required
to assure proper camshaft alignment.

NOTE: When the new heavier rocker arms (see Section
2} are installed in an old engine, the clearance
between the rocker arm and camshait bearing
cap should be checked in all positions, bybarring
the crankshaftaround. X clearance is not 1/64",
the bearing cap should be removed and ground
off until sufficient clearance is obtained.

Engines in locomotives delivered after March,
1950, have the new rocker arms with bearing
caps machined to insure sufficlent clearance.

Stubshaft bearings on all 587 series engines con-
gist of four hali bushinpgs.

Stubshaft brackets for 587A and 5878 engines are
similar and use the same bushings both on the front
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and rear stubshafts. Rear stubshaft brackets on 5878
engines incorporate cast oil passages for camshaft ol
supply, whereas all other engines have oll supply lines.

Camshaft Removal

The camshaft may be removed without disturbing
the stubshafts by removing the dowel bolis connecting
the segment flange and stubshaft flange, removing oil
lines from segment bearing blocks to rocker arme
and removing rocker arms. Remove segment bearing
block caps to allow camshaft removal. [ the camshaft
is removed for other reasons than bearing replacement
an attempt should be made fo retain relative position
of the bearing bushings on reinstallation of the cam-
shaft. This may ke accomplished by immediately re-
placing caps after camshaft removal, or if the entire
block is removed, re-insert block bolts and wire the
iree ends of the bolts. It is important that shims, if
uged under the bearing blocks, be kept with the original
block and marked asto original location for re-assembly.

Upon installation or replacement of the camshaft,
lubricate freely all moving parts, place the assembly
in proper aligned position after replacing blocks and
bearings as removed. Rotate camshaft to check for
binding, Apply flange dowel bolts and reassemble
rocker arms and associsted parts. Check valve timing
of at least one cylinder to check segment positioning
and then make other adjustments such as exhaust valve
setting and injecior timing.

Camshaft Segment Removal

Short segments and long segments on 16 cylinder
engines can be removed separately after removing oil
lines, bearing block caps, rocker arms, and flange
dowel bolts. Short segments adjacent spacers on 12
cylinder engines have ofiset dowe! bolt heads fitting
into the spacers and are covered by the sbutting seg-
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ment flange. The threaded end of these bolts extend
through the spacers and segment flange. Since the
bolt heads are covered by opposite segment adjacent
the spacers, it is necessary to first remove the geg-
ment preceding or following the segments abutting the
spacers, to glve clearance of the dowel bolts through
the spacer and flange.

In the case of long segments on 12 cylinder en-
gines it is necessary {o remove the entire camshaft
to enable one long segment to be removed since no
clearance is avallable for longitudinal movement to
clear the spacer bolts, The long segment on the 6
cylinder engines comprise the entire camshaft and are
removed as previously outlined,

Camshaft Stubshaft Bearing Bracket Removal

To remove the stubshaft bracket on the front of
the engine, it is necessary first to remove the over-
gpeed trip housing cover, overspeed trip and counter-
weights and remove segment flange to stubshaft mount-
ing bolts.

The rear end stubshaft brackets can be removed
after first removing gear train housing covers, cam-
shaft drive gears and counter-weights, ofl supply lines
and segment dowel bolts to stubshaft flange.

Stubshaft brackets are mounted on the crankcase,
Care should be taken on gsome repaired engines, which
have had the end plate machined resulting in crankcase
undersize length, as shims are used under stubshait
bracket to bring their length to standard to accommodate
without interference a standard camshaft assembly.

3. Firing Order and Top Dead Center

Column A - Firing Order.

Column B - Pogition of flywheel in degrees when
piston is at top dead center.
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€ Cylinder 8 Cylinder 12 Cylinder 16 Cylinder
A B A B A B A B
1 0° 1 0° 1 0° 1 0
4 45 5 45 12 19 g 22-1/2
5 120 3 80 7 45 g 45
6 185 7 135 4 b4 16 €7-1/2
2 240 2 180 3 120 3 90
5 285 6 225 10 139 6 112-1/2
4 270 9 185 11 135
8 315 5 214 14 157-1/2
2 240 4 180
11 259 5 202-1/2
8 285 12 225
6 334 13 247-1/2
2 270
7 292-1/2
10 315
15 337-1/2

4. Locating Top Dead Centar

I it should become necessary to check the position
of the flywheel or the flywheel pointer for top dead
center proceed as follows:

2. Remove injector from No, 1 ¢ylinder,

b. Turn erankshaft in normal direction of rotation
until piston is just before top center.

c. Insert threaded rod #8051833 through injector
hole and screw into threaded piston pulling eye
hole in crown of piston.

d. Attach dial indicator #8039138 to a boli screwed
into threaded lifter hole in cylinder head, Fig.
§-8, Place indicator as shown, and depress a
few thousandths of an inch,
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e, Set indicator at zero and mark flywheel at

pointer,

Turn c¢rankshaft in normal dlrection

until piston moves up to and past top dead
center and indicator returns to zero.

NOTE: The distance the pistop travels affer the indi-

Locating Top Dead Center
¥ig. 8-8

Timing Exhaust Valves
Fig. 6-9

cator is attached should
be within the range of the
indicsator.

f. Continue turning crank-
shaft until piston moves
approximately.010" past
zero, then turn crank-
shaft in opposite dirvec-
tion until indicator re-
turns to zero, This will
compensate for backlash
in pear traln and rod
bearings, ‘

g. Mark flywheel again at
pointer. Divide distance
between the two marks.
This point will be top
dead center for No. 1
piston.

The top dead center
of any piston can be deter-
mined in the same manner.

5. Checking Exhaust
Valve Timing

To check timing, place
a dial indicator on the
rocker arm adjusting screw
asshown in ¥ig, 6-9. Valve
end of rocker arm must be
in its highest position, s0
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that the exhaust valves are closed. Press indicator
down approximately .100" and set dial to zero,

Turn crankshaft in normal direction of rotation
until flywheel iz at 106° A.T.D.C. of cylinder being
checked. T timing is correct, the valve bridge will
have moved down .014". Timing must not be later
than 110° or earlier than 104° A.T.D.C. of cylinder
being checked.

6. Timing Exhaust Valves

When blowers, oll separator, camshaft drive hous-
ing covers are removed for replacement of camshaft
assembly, stubshafts or gears, the exhaust valves are
timed as follows:

a. BRemove or loosen all rocker arms except the
one on which the dial indlcator is resting.
Each camshaft mustbe timed {o the crankshaft,
Checking timing of any one cylinder of each
bank is usually sufficient.

b. Locate top dead center for the cylinder to be
checked (Bee item 4). Remove the dowels and
bolts from the camshaft drive gear and remove
gear. 'The camshaft can be rotated by placing
a socket and wrench on flange bolt nuts,

¢. Rotate the camshaft in its normal direction of
rotation until the exhaust valve being checked
opens .014",

d. Turn the crankshaft in the normal rotation un-
til fiywheel pointer reads 104° after top dead
center of the cylinder being checked, T a new
gear train has been installed, the timing may
be as early as 104° but not later than 108°.
Unless a new gear train has been installed, it
is preferable to sget timing as nearly to the
106° marks as possible. With flywheel at104°
A.T.D.C. of the cylinder being checked, the
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dowel holes in the camshaft drive gear applied
and dowel holes inthe camshaft stubshaft should
be in line or approximately in line with each
other. T by turning the crankshaft from 104°
to 106° A.T.D.C., the dowel holes can be
made to line up, then the bolts should be
tightened. T the dowel holes do not line up
within this tolerance, remove the camshaft
gear from its stubshaft. Turn the gear 180°
and replace on stubshaft or move the gear one
tooth and replace on the stubshaft. Thedowel
holes should then line up.

e. I it is not possible to line up the dowel holes
perfectly, they may be reamed oversize and
oversize dowels installed. This will eliminate
the necessity of redrilling the gear and stub-
shaft. Secure gear to its stubshaft.

f. The crankshaft should now he rotated in its
normal direction and the timing checked s=o
that the exhaust valve being checked is open
.014" when the crankshaft flywhee]l and timing
pointer are between 104° - 106° A.T.D.C.

7. Counterweights

Counter-welight replacement is rarely necessary.
When applying counter-weightsbe sure they are installed
in their proper position as indicated in Fig. ©€-10.

To improve engine operation, 12 and 16 cylinder
engine camshaft counter-weights have been made heavier.
The first heavier counter-weights were leaded, that is,
they were drilled and lead plugs inserted in the weight.
These leaded heavier counter-weights were first used
in engines having the following serial numbers; 12-5874A
#C50-10567, 12-567B #C50-10442 and 16-567B #C50-
10572. Leaded weights were used until later counter-
weight castings were made heavier to alleviate the use
of the leaded plug inserts. Engines having the following
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ENGINE GENTER LINE

COUNTERWEIGHT SCRISE LINES
FARALLEL WITH ENGINE GENTER
LINES

PLACE STRAIGHT FRONT CAMSHAFT
Sreckm = 43 COUNTERWEIGHTS

ARE UP
e SN/
i I !
- i " -
e N
; REAR
5 i CAMSHAFT
COUNTER~
{ WEIGHTS
i ] ARE DOWN

-

TOP BEAD
CERTER NOI
CYLINDER

FLYWHEEL.

POSITION OF NQI
CRANKPIN ON
L 12-557B SEE
GHART BELOW
——s FOR OTHER
ENGINES.

)

REAR END OF ENGINE

%+ DEGREES AFTER T.D.C. OF MOt CYLINDER, TO GET
THE CGRANKSBHAFT IR THIS POSITION, TURN THE FiLY~
WHEEL UNYIL THIS NUMBER 1S AT THE POINTER,

EE@E MODEL X ggijﬁgé
§ ~58673 iTE Y

8 -867p ZaTvy
12 ~S56TH 249%°
16 -S5678 105 °

Counterwetght Timing
Fig. 6-10
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serial numbers were the first to have the heavier cast
counter-weights, 12-567A #G50-11398, 12-567B #H50-
11461 and 16-567B #G50-11400. Engines having serial
numbers after these will have the heavier counterweights.
Leaded and cast heavier counter-weights used in the
same logation on a particular engine have the same
part number, but differ in part number from previously
used light counter-weights,

The heavier counter-weights may be applied to
12 and 16 cylinder *A" and “B" engines originally
egquipped with light counter-weights, but must be re-
placed in complete sets, and not individually,

It is recommended that engines having leaded
counter-weights be inspected when available to deter-
mine if the lead plug inserts are securely in place.
I a lead plug is loose or missing, the counter-weight
should be replaced by a new heavier casting weight
having a part number corresponding to its location on
the camshaft. Preferably all four leaded counter-weights
should be replaced with the heavier casting weights.
In any event do not intermix light counter-welghts with
either leaded or heavier casting counter-welghts.

Since one of the four counter-weights is in the
overspeed trip sssembly, it may be possible to attribute
improper overspeed trip function to a leaded counter-
weight with the lead inseris dislodged.

8. Adjusting Overspeed Trip

To adjust the overspeed trip, shut engine down,
remove the cover from right side of overspeed trip
housing and turn adjusting nut to increase or decrease
spring tension as reguired. To increase engine speed
at which overspeed trip operates, intrease spring
tension.

After the adjusting nut has been moved, the lock-
nut must be tightened and the enginé run to test speed
at which trip operates. The speed rise of the engine
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from idle to trip should be made in 20 to 30 seconds.
Several adjustments may be required before final setting
of 800-510 RPM tripping speed is reached.

See Scheduled Maintenance Program for frequency
of checking overspeed trip.

NOTE: A new overspeed trip spring 8180036 replaces
prior used spring 8058628, The new spring
provides greater stability of overspeed trip
settings. Spring 8180038 is larger in diameter
than gpring 8059628 and requires the use of
washer 116087 between the adjusting nut and
spring. Thig is the same washer used at top
of spring. Adjustment of the new spring glves
about 15 HPM per revolution of the adjusting
nut. Spring length of 4 3/16"-4 T/32% gives
about 800 RPM tiripping speed.

SLEEVE RETAINER

FRONT FAGE
e OF
CRANKCASE
‘O gEAL D
RING ]
. ACCESSORY
\ DR. COVER

New Overspeed Trip Housing Sealing Arrangement
567B Engines
Fig. 6«11
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Overspeed Trip Housing Beal

Figure 6-11 shows & new overspeed {rip housing
to accessory cover sealing arrangement used on later
567B engines. On previougs "B* and other englnes a
gasket iz used between the housing and cover.

Because of insufficient metal it is not advisable
to rework older type cored holes to accommodaie the
new sealing arrangement. Modification Instructions may
be obtained from the Service Department to lmprove
earlier "B" engine accessory drive housingto overspeed
trip housing seal.

In the event of disassembly, new segls should be
used upon reassembly,

C. SPECIFICATIONS

Ciear Ratio To Craokshaft

No. of Ratio to

Gear Tesath Crankshaft

Crankshaft (k] 1:1

Idlers 58 1.362:1

Camshaft Drive T8 11

Blower (6 and 12 cyl.) 41 1.925:1

Blower (B and 18 cyl.) 31 2.55:1

Aux, Gen. Drive (B Eng. Only} 26 3.087:1
Gear Backlash

Crankshaft gear to lst idler New 007" - .014%

Limit . 0300

ist idler to 2nd idler New 007 - .014"

Limit .030"

2nd idler to camshaft drive New .007" - 018"

Limit . 030"

Camshaft drive to camshaft New 007" - .022¢

drive Limit . 030"

Camshaft drive to blower drive New 007" - 018"

Limit . 030"
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Aux, gen, drive to 2nd idler New .007" - 016"
B engine . Limit .030"

Camshaft Drive Gear Clesrances

Idler gears - Diametric clearance New 005" - 008"

bushing to stubshafi Limit 018"

Bushing to gear New 008" -~ ,D10¢
Limit 018"

Thrust clearance #1 idler New .00B" - 0170
Limit 025"

Thrust clearance #2 idler New ., 050" - 068"
Limit 080"

Biower drive gears - diametric New 003" - 005"
clearance hushing to stubshaft Limit 018"
Bushing to gear New .007" -~ .009"
Limit .018"

Thrust clearance New . 008" - 017
Limit .025"

Auxiliary Generator Drive ("B" Engine)

Diameter of journal New 2.490" . 2.500"
Dlametrical clearance - New ,0025" - ,0045"
drive shaft to bushing Limit . 00B5"
End clearance New . 0105 - 0235

Limit , 035"

Camghaft And Stubshaft

Camshaft journal diameter New 2.486" - 2,.488"

Limit 2.485"
Diametric clearance -~ segment New .0027 - 008"
journal to bushing (all) Limit 010"

Stubshaft journal diameter (all} New 2.487" - 2,498
Limit 2,485

Diametric clearance - journal New .0085" - .0D75"
to bushing Limit .010"
Stubshaft - thrust clearance New 010" - 018"

Limit 025"

- 825§ -



252B-6.353

CAMSHAFT

Camshaft Timing

Limit of lag ~ camshaft behind
crankshaft due to worn gears
n4-4" pr "A" - YBY camshafts

Other than "4-4" or "A" - "BY

4° Max. {or 110°
A.T.D.C. at .D14"
11#t).

2° Max. {or 112°
A T.D.C. at .014"
Lift).

Timing - with new gear itraln, not earlier than:

r|4,4st gy AR - NBH eﬁ.mShafts
Other than "4-4" or "A" - “"BY
Ideal timing setting

tr4,4ll or !;A!; - flﬁn cmshatts
Other than "4~4" or "BY
Flywheel pointer setting
Overspeed Trip

Clearance - f{rip latch to

Tiyweight
Trip setting

D. EQUIPMENT LIST

Rod For Locating Top Dead Center

Dial Indiesior
- 8§26 -

2° Max. (or 104°
A, T.D.C. at .014"
1ift).

2° Max. {or 108°
A.T.D.C, at 014"
1it]).

108° A.T.D.C.
valve open 014"

110° A.7.D.C,
valve ppen .014°

0° T.D.C. of ¥
cylinder

L0r0Y Min.
800-910 RPM

Part No.

8051833
8039138
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SECTION VII
BLOWER

A. DESCRIPTION
1. Blower

The blower, Fig. 7-1, consists of a pair of helical
three-lobed rotors which revolve in a closely fitted
housing. This type of construction produces a large
velume of air at low pressure and insures a positive
supply of air to the engine proportional to engine speed,
The 6-567B and #-567B engines have one bilower and the
12-587B and 18-567B engines have two blowers.

Each rotor is pressed on a tubular steel shaft. The
gngine ends of thege shaits formn: journals which carry the
rotors in bearing blocks bolied to the blower end plate,
The ends of the shafts which extend through the end plate
on the rear end of the blower are serrated. Flanged
hubs, with a serrated bore, are pressed onto the serrated
tubular shafts and serve as bearing journals and drive
flanges for a matched pair of helical rotor gears. This
construction provides a fixed reldationship between the
rotors and the rotor gears. Bearing blocks on the outer
end of the blower are bolted to the end plate and carry
the thrust from both directions. All bearing blocks in
the blower have sleeve type bearings.

The blower bearings are pressure lubricatedby oil
from the auxiliary generator drive housing, Lubricating
oil for the bearings i8 supplied through drilled passages
in the blower end plates, The oil is conducted from the
rear to the front end plate throagh a steel tube which is
cast into the blower housing, The rotor gears are lubri.
cated by the gear teeth dipping into a reservoir of oil
the level of which iz maintained by a standpipe at the
inlet end of the blower drain line,
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i

Q1] seals are fifted in the end plates to prevent
il from leaking around the rotor shafts and entering
the rotor housing.

Gaskets are not used between the end plates and
the blower housing. A {ine silk thread around the hous-
ing, inside the stud ilipe, together with a very thin
coatig of non-hardened gasket compound, provide an
air-tight and oil-tight seal.

A cross-section of the blower is shown in Fig. 7-3.
2. Blower Drive

Each blower is driven by a blower drive gear In
the camshaft gear train. A flanged quill shaft extends
through the cuiside tubelar rotor shaft and is bolted to
a2 rotor gear. The opposite end of the quill shaft is
serrated and fits into a hub mounted on the blower
drive gear.

The quill shaft extends through the rotor adjacent
te the narrow flange or outside of the blower on 5678
amd- 5674 engines and through the inboard rotor or wide
fiange side of 587 engine blowers, on either right or

left bank blowers. The wide

side of the mounting base is
wy  inboard of the engines on all
| blowers.
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4 3. Bngine Alr Filters

‘OCH
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The intake air for the
engine is cleaned before it
reaches the blower by the
engine air filters, Fig. 7-2.
Intake air silencers also are
used. The silencers are an
integral part of the blower
Engine Air Filters adapter and [ilter housing,

Fig. 7-2 Fig. 7-2. Previpusly uvsed

0

i
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silencers were separate unlis connected to the blower
adapter,

B. MAINTENANCE
1. Servicing Blower

Blowers needing repair should be returned to
Electro-Motive. See Factory Rebuild Service Bulletin
#301.

2. Blower Inspection

It is recommended that blowers be inspected at in-
tervals specified in the Scheduled Maintenance Program.

H blower bearings become worn enough for rotor
interference, aluminum dust will appear in the blower
support housing and in the air box. A blower in this
condition rmust be replaced at once.

A leak at the blower oil seals will show an exces-
sive amount of oll running down the blower support and
into the air box, and excessive oil on rotors and end
plates,

NOTE: Alr pressure should not be used to test blower
seals.

When ingpecting blower rotors, a clean strip on
the erown radius or high part of the lobes, running the
entire length of the lobes, may be seen on some rotors.
The strip appears to be flat, but actually is hand worked
te conform to the housing bore. The hand working
operation is done to match pairs of rotors for close
clearance, and the width of the strip will vary on dif-
ferent rotors.

The strip on the lobes i the clogest point of
rotor contact and therefore is wusually ¢leaner than
other lobe areas. Scratches may appear on the strip
tdue to dirt particles finding their way into the blower,
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but generally they are of no consequence. Accordingly,
the clean strip or evidence of scrdtches on it should
not be interpreted as an indication of rotor to rotor or
rotor to housing contact.

3. Blower Removal
Generzl removal procedure is as follows:

a. Remove ofl separator lines to blower adapter.
Remove tachometer drive (if used).

b. Remove blower lube oil supply and drain lines
and apply blank flange or otherwise cover open-
ings.

¢. Remove zir filter element, element housing,
blower adapter and flexible duct (if used).

d. Remove stud nuts and capscrews securing
blower to support and camshaft drive housing.

e. Slide blower ztraight back from the engine until
splined shaft clears spline drive on biower drive
gear,

{. With the aid of a chain hoist or equally safe
‘means, carefully raise and remove the blower
Irom its support.

4. Insralling Blower

To install a blower, reverse the procedure outlined
in paragraph 8 above. Grease the blower to blower sup-
port gasket go that the blower can be moved into place
without moving or tearing the gesket. Line up spline
drive znd slide blower siraight into position.

5. Blower Changeover

Blowers ugsed on 5H8TB engines are similar io
blowers on other 587 series englnes. Blowers used on
the same bank may be exchanged irom BE7A to 587B
without alteration. To change over a 587 blower to a
567A or B567TB, of the same bank, the drive guill shaft
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is changed from the inside blower rotor gear to ihe
outside gear, or vice-versa from 567A or B to 587
engine. Each engine retains its blower oil return line.

Installation of the blowers are the same, with the
wide mounting flange inward of the engine,

To change a 567 blower to same bank on 5687A or
567B engine or vice-versa:

4. Remove blower end cover, guill shaft and gear
cover on opposite gear from guill shaft.

b. Drill and ream two dowel holeg in gear opposite
original quill shaffi location and dowel quill
ghaft to gear.

c. Replace gear cover on opposite gear and re-
place blower end cover. Cover nut torque
values are 35-40 foot pounds.

Due to the difference in location of the spline
drive in the 567 engine blower from the 587B or 567A
engine blowers, there are different part numbers identi-~
fying 567 engine biowers from 587B and 567A blowers.

Also, blowers originallyequipped with atachometer
drive provision, used on some earlier locomotives, have
been discontinued. I tachometer drive is desired for
a replacement blower, g separate and additional list
of parts are required, and may be obiained from our
Parts Department.

6. Engine Alr Filters

It is extremely important that the air filters be
kept clean. Spare slements which have beer cleaned,
ofied and drained, should be on hand &t all times to
avoid delay. Remove and replace with clean elements
at intervals listed in Scheduled Maintenance Program.
Refer to Maintenance Instruction 1706 {for details of
equipment and procedure for cleaning, oiling and drain-
ing air filter elements., When filters are removed for
cleaning, cover the blower air inlet.
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To provide improved air flitration engines are
now equipped with 4" thick Farr type filters, instead of
prior used 2". Information concerning application of
latest design engine air filters as replacements may be
obtained from the Service Department.

C. SPECIFICATIONS

Blower 6 k12 Cyl. 8 & 16 Cyl,
Blower speed {at 800 RPM

of engine) 1540 RPM 2040 RPM

Blower capacity (per blower

at 7-1/2" Mercury) 2000 CFM. 2700 C¥M

Blower presgsure at 800 RPM

of engine (approx.) 6" to 8" of Mercury

NEW LIMIT

Min. - Max,
*Clearance - Roior to Rear
End Plate (away from gears} .012v - .023" 025"
*(Clearance - Rotor to Front
End Plate {near bower gears} .0085" - ,0185" . ¢zzv
Clearante - Housing to

Rotor .pogr - 012" ,015v
Clearance - Rotor to Rotor .oog" - .012" .015"
Diametric Clearance

Rotor Shaft Bearing Q02" - .0045" Q08"
Thrust Clearance - Rotor

Bearing ,002» - 0035 008"
Backlash ~ Synchronizing

Gears .0oo" - ,0025" 006"
Runout -~ Timing Gear Face Q020 TULLR. 0020
Runout Quill Shaft {after

assembly) 025" .025"

*Rotor end clearance i0 be measured with rotors pushed
toward the end of which clearance is beilng measured.
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NEW LINTT
Mms - MM;
Blower Drive Gear
Diameiric clearance ~
Bushing to Stubshaft .003" - 005" . 018"
Diameiric clearante -
Bushing to CGear 007 - L 009 o1g®
Thrust Clearance Lo08Y - 01 .02t
D. EQUIPMENT LIST
Name Part No,
Blower Lifting Plate 8072029
Feeler Gauge B0T0865
Blower Nut Ratchet Wrench
(Liong bandle for inaccessible nuts) 81717166
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SECTION Vil
LUBRICATING OIL SYSTEM
A. GENERAL DESCRIPTION

The engine lubricating systera is a combination
- of three separate systems: the engine lubricating oil
system, piston cooling ofl system, and scavenging oil
gystem, The engine lubricating system supplies oll
for lubrication of the various moving paris of theengine,
Piston cocling system supplies ofl for the cooling of
the pistons and lubrication of the piston pin bearing
surfaces. The scavenging oll system serves the purpose
of supplying the other two systems with cooled and
filtered oll, by taking the oll drained into the oil pan
sump and forcing it through the filter and coolers from
where it flows to the suction strainer housing supplying
the lubricating and piston cooling oll pumps, Parts of
the lubricating system mounted on the front of the engine
are shown in Fig, 8.1,

B. UNIT DESCRIPTION
1. Oil Pan

The oil pan, Fig, 1-2, serves as the support for
the crankcase and enclosure for the lower part of the
engine, It is rectangular in shape, having handholes on
each side, It serves as the reservoir for the lubricating
oll, The bottom iz made sloping toward a longltudinat
channel running from each end of the pan imto a rec-
tangular reservoir in the center of the oll pan, When
the engine is stopped the lubricating oil drains to this
sump except that oil trapped in the lines, filters, cooler
and strainer housing, A large diameter suciion line
is welded into the oll pan at the right side, extending
from the reservonir at the center of the oll pan to the
front end of the oil pan where it comnects to an tnlet,
Fig. 8-8, hem 1, of the scavenging pump suction
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EXPLANATION
Strainer Housing,
Cooler Ol Inlet to Housing,
Lube Strainers Hold Down Crab.
Filler Opening Cover,
Lube Qi Suction to Lube and Piston Cooling Pumps.
Lube and Piston Cooling Pumps.
Lube Ol Discharge.
04 Maniiold Rellef Valve Cover,
Piston Cooling Discharge,
Strainer Beal Oil Supply Line,
Scavenging Pump Outlet,
Scavenging Oil Pamp,

Scavenging Oil Pump Suction Line From Strainer
Housing,

Scavenging Suction Strainer Ol Qutiet Channel,
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Lubricating Systetn Components
Fig. 8-1
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gcreen, The suction end of this lne is rectangular
box shaped and extends down into the oll in the gump,
a few inches from the bottom, being under ofl at all
times to provide good scavenging pump operation,

A bayonet type oil level gauge, Fig., 8.3, is
provided at the center of the oil pan. Each gauge, Fig.
8«3, shows engine oil capacity, oil level marks, and has
# part number to identily it for use in a particular
model engine, Gauges with different oil level marks
are used, Gauge shown in Fig, 8.3 (a} is currently
used 1n all "BY engines, but gauge shown in Fig, §-3
{b) iz used In earller "B" engines,

The currently used gauge has only the "Low"
and "Full" ofl level marks and states ofl level to be
checked while engine is at idle speed and hot ofil, The
ievel should be maintained beitween these marks while
the engine is running. Ol system - capacity is stamped
on the gauge,
- L g Upon adding the re«
guired oll capacityto anew
engine or refilling aftey
draining, the ofl level will
be above the full mark,
Running engine will bring
the level to the full mark;
# not add oil up teo this
mark, 0Ol level will be
lower when the engine is
running than when the en-
gine is stopped, because of
oil contained in the lines
and system auxiliaries,

The prior gauge, Fig.

8*3 {b}, m 1§L°,w" and H mﬂ
marks whichare used iden-
tically o ke marks on the
Lube Oil Level Gauge new gauge Fig, 8.3 (a), 011
Fig. 8-2 level must be maintained

- 803 -



252R-8-353 QIL SYSTEM

between the "Low" and "Full" marks while the engine is
running. This gauge has two additional marks, "System
Uncharged" and "System Charged.” System Uncharged
level corresponds to the oil level after filling a new
englne or refilling a drained engine o its proper ca-
pacity before the engine is run, The "System Charged"
mark indicates oil level after running amn engine pre.
viously filled o the "Uncharged” mark, run, and then
shut down, The difference in thelr Jevel marks indicates
oil held in the system while and after running,

Any oil supplied to the engine lube ofl gystem
should be added through the seguare opening in the
strainer housing, with housing drain valve closed,
Do not attempt removal of the circular covers or crab
of the pumnp suctlon strainers while the engine is running,

T I
D"MIFEW WITH ENGINE [DLING &ﬂor;]ruu GRRRGITTY 200 QS DAL } |

(a)

N

H T %
{ (zt.ow;wm.n LE\"EL-——A{ FULL SYSTEM CHARGED ! e e-m.‘svmu UHGHARGED PT M} ‘!
. -

(o)

Oil "Dip-Stick"
Fig., 8-3

2. Oll Strainer Housing

The oil strainer housing is a large rectangular
cast aluminum housing mounted on the front right side
of the engine on the accessory drive cover, Fig, B.1,
Item 1, The scavenging pump strainer, located in the
gtrainer housing, is 3 coarse mesh strainer on the
suction side of the scavenging oll pump, The lube oil
and piston cooling pressure pumps are both contained
in one housing and have a common suchion from the
two fine mesh suction strainers in the sirainer housing,
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The scavenging and lube cil pump strainers are
independent of each other, each having their own inlet
and outlet openings, All oil entering or leaving engine
will pass through these strainers entering the pumps.

The coarse mesh strainer for scavenging pump
suction, Fig. 8-4, Item 1, is located under the square
filler opening cover, held by knurled nuts, Item 2,
and contained in a cylindrical chamber, The screen
is held in this chamber by 3 studs and nuts, and a
gasket is provided to seal the top of the screen, Items
3 and 4. A perforated metal filler basket is mounted
above, the scavenging screen to exclude large objects

while adding otil,

The two lube oil pressure pump strainers fit in
the two cylindrical chambers shown in Fig. 8-56. They
are provided with a ring seal, Item 2, at their top
and held in place by the sirainer crab and handwheel,
Fig, 8.1, Item 3, To assure no air enters the suction
passage at the top of the strainers, lube oil under
pressure from the lube oil pump is admitted to a groove
around the top of each strainer, Fig, 8-5, Item 2, This
oil is admitted through a horizontal drilled passage at
the back of the strainer housing, Fig. 8-8, Item 6, to
the groove of the first strainer and through a commecting
line opposite the groove, Fig, 8-5, Ttem 4, to the
second strainer, Any leak at the outside top of the
strainers will be noted by lube oil coming out of the
housing, preventing the suction of air through the leak
by the lube oil pressure from the lube oll pump, An
opening is provided for the application of the lube oil
high suction line to the pressure pump suction passage
in the housing as shown in Fig. 8-6, Item 7, This
line extends to the high suction protective device con-
tained in the governor on the electro-hydraulic and
pneumatic-hydraulic governor and to the lube ol suction
switch on engines with electro-pneumatic governor,

The lube oil pressure and piston cooling oil pump
strainers receive their oil supply from the chamber in
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Scavenging Ol Stralner
Filler Cover Knurled Rut
Strainer Gasket

Strainer Holding Stud

Scavenging Pump Strainer

Fig. B-4
- 808 -



1. Stratner

2, Ring Seal

3. Filler Cover
4, O\l Passage

Pressure Pump Strainers
Figo 8-5
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4,
B
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-

Scavenging Screen Hole
Scavenging Suction

0il Cooler Discharge Chamber
Cooler Discharge Inlet

Suction SBtrainer Holes

¢ll inlet To Strainer Groove
High Suction il Line Connection

Strainer Housing Passages
Fig, 8-6
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. Scavenging Qil Suction Inlet

. Seavenging Oil Discharge Channel
. Scagenging Ol Quilet To Pump

. Housing Mounting Flange

% Ol Overilow

e GO B3 s

Back Of Birainer Houging
Fig, 8-7
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the strainer housing for the refurn oil from the lube
oil cooler, Fig. 8-6, Item 3, The strainer chamber,
Hem &, 1s separated from this chamber by a dividing
partition which is open at the bofiom edge permitiing
the oil to flow to the strainers,

Excess oil, or oil not regulred by the pressure
pumps is allowed to overflow into the accessory gear
housing through an opening at the back of the strainer
housing, Fig, 8+7, Item 5, The botiom of this opening
forms a dam which maintaing an oil level for the pump
suction strainers,

Draining of the strainer housing i& accomplished
egither by an external or an internal drain. A flange
{no longer used on present housings) at the front of the
housing provides a conhection for an external drain
line and shut off valve, The internal drajin provided
in new hovsings, Fig. 8-8, consists of an oll passage
between the oil storage portion of the housing and the
scavenging suction screen which 18 normally closed hy
a valve. The valve handle extends up through the per-
forated filler basket and is normally held down by a
gpring, closing the valve, When the wvalve handle is
raised and turned to hold it open, oil dralns from the
housing into the oil pan through the scavenging screen
and suction pipe., This valve should be kept closed at
all times except while used to drain the housing.

3. Scavenging Oil Pump

The scavenging oil pump, Fig, 8-1, Item 12, is
mounted on the accessory gear cover in line with and
to the left of the crankshaft and is driven by the actes.
gory drive gear,

The scavenging ofl pump, Figs, 8-9 and 8-10, is
a positive displacement, helical gear type pump, and
self priming, The pump housing, which is split trans-
versely for ease of maintenance, houses a double set
of mated pumping gears. The driving gears are retained
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on the pump drive gear shaft by Woodruff keys, The
idler shaft is held stationary in the housing by a lock
secrew, and driven pump gears rotate on this shaft on
bushings pressed into the gear hore, The drive shaft
turns in bushings pressed into the pump housing. These
bushings are made with thrust collars which protrude
siightly above the pump body and absorb the thrust of
the drive gears.

&. Lube Oil and Piston Cooling Pressure Pump

The lube oil and piston cooling pressure pump is
similar to the scavenging oil pump except for a division
plate between the two sections of the housing which

TO DRAN-LIFT &
TURN. CLOSE BEFO.
REFILLING

Strainer Housing — Internal Drain
Figo 8-8
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separaites the two seis of pumping gears, giving 2 sep-
araie discharge for each set, Figs., &-11 and 8.12,
The vuter set of gears, which delivers the piston gool-
ing oll, are much narrower atross the face than the
inner gears, which suopply the lubricating pressure oil,
The pump housing is mounted in the center of the ac-
cessory gear cover directly over the crankshaft, Fig.
8-1, Item &, andis driven by the accessory drive gear,
The lube oil pumps of all 567, 12 and 16 cylinder "B
engines are approximately 30% greater capacity than
labe oil pumps formerly used on 567 engines., The
greater capacity pumps can be ideptified by a large
“L® on the pump mounting flange, The large capacity
pump can replace a small pwnp, but 4 small capacity
pump canndi be used on engines originally equipped with
the large capacity pump, Small capnelfy pumps returned
for rebulld will be converted ifo large capacity pumps,

5. Lube O Pressure Relief Valve

The lube oil pressure relief valve, TFig., 8-13,
is mounted on the lube oil cross-over manifold wnder
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Lubricating And Pigton Cooling Pump
Fig. 8-11
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the accessory gear train cover on the left side of the
engine, Fig, B-1, liem 8, A cover plate, easily re~
movable, iz provided for nccess to the valve for in.
spection and adiustment,

The purpose of the valve is to limit the maximum
pressure of the lube oil entering the engine lube oil
system, When the pump pressure exceeds the spring
tension on the valve it will lift the valve off its seat
and relieve the excess pressure. This oil drains into
the accessory housing and to the oil pan sump,

6. Lube and Piston Cooling Oil Manifold

The lubricating and plston cooling oil mantfold is
a one plece casting with cored passages, Fig, 8-14,
The manifold is mounied and doweled in the front end
plate under the accessory drive cover, Connecting tubes
passing through the accessory drive cover, protected
against leaksge by aeal rings, connect the manifold
to the discharge of the lube ofl and piston cooling pres-
sSure pumps,

The purpose of the manifold is to transfer the oil
supplied by the lube oil and piston cooling pumps to the
main bearing oll header in the cemter of the englne and
to the piston cooling oil beader plpes on each side of
the crankcase just inside the oil pan mounting flange.

e G

I s
s
4| RIIE

Exploded View Of Lube And Piston Cooling Pump
Fjg. 8""12
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NORMAL 5578 & 4
<t LA VA 1L
567

(5/8™ Min]

YALYE GJIDE

VALVE GUIDE
LOGKNUT

RELIEF VALVE
HOLDER

Engine Ol Pressure Rellef Valve
Figc 8"13
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10,
11,

Piston Cooling Oil Inlet
Lubricating Oil Injet

Lubricating Ol Relief Valve
Governor Drive Gear Stubshaft
Stubshaft Oil Line

Lubricating and Piston Cooling Ol Manifold
Right Bank Water Inlet

Harmonic Balancer

Accessory Drive Gear

Scavenging Oi] Suction Line Outlet
0il Pan Return Oil Opening

Lubricating And Piston Cooling Oll Manifold

Fig. B-14
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7. Lube Oil Filter

Discharge oil ifrom scavenging pump is {itered
before reaching the lubricating and piston cooling oll
pump strainers through lube oil filters as shown in
Fig, 8-15,

Partial view of the elements in the circular type
filter is shown in Fig, B-18. This type filter may be
mounted vertically or horizontally depending on the lo-
comotive, Internally the filter is divided into inlet and
outlet compartments by a plate or false botiom above
the true bottom of the filter housing. The filter ele-
ments seat on the bottom with the center discharge
portion communicating with the outlet compartment be-
tween the false and true bottom, Spring loaded by~pass
valves located at the bottom end of the filter housing
allow passage of oll to supply the engine oll require-
ments by by-passing the elements in the event of cold
oll,or oll in wolume which cannot be handied hy the
elements, or in cases when the oil pressure in the in-
let compartment exceads the setting of the relief valves,

" The filter housing is provided with vent and oil drain
lines to drain oil at filter element changes.

Cartridge or sock type elements filied with proper
material {Wastex) and consistency for efficient flltering
are used, These elements save much labor compared
to an earlier method of hand packing with Wastex ,and
glve greater efficlency. (See Maintenance Hem 9 for
particulars on filter containers and cartridges.)

8. Lube OQil Cooler

Since the oil also serves as a coolant in the engine
a means must be provided o extract the heat absorbed
and condition the oll for re.use, This is accomplished
by the oil cooler,

Lube ofil coolers may be divided into two types:
the water tube type in which cooling water passes
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through the tubes, and the oil tube type having oil pass-
ing through the tubes. The water tube type oil cooler
(used on F1, GPY, F3 and F2 locomotives) is shown
in the ¥7 schematic lube ofl and cooling water gystem,
at end of this Bection., The oil tube type of oil coolers
as used on EB, 5WB and SW$¢ locomotives have the ofl
cooler contained in the bottom of the waier tank, the
oil cooler being immersed in water,

Relied valves or other means are provided to
protect the oil cooler from over pressure when the
ofl iz cold or in the event of oll passage restriction,
The F7 type, shown in the F7 Schematic, has a per.
forated baffle or dam plate immediately in front of the
oil cooler radiator to maintain the oil level at proper
height and prevent oil passage around the radiaior,
Holes in the dam allow ofl flow, and Iif necessary oil
may pass over the top of the baffie or dam permitting
oil flow to the pump suction sirainers.

In other instaliations, as EB locomotives, a relief
valve across the scavenging pump discharge and oil
suction line to the lube pump strainers allows oll o
by-pass the cooler and {filter housing in the event of
cooler inlet oil pressure above the relief valve setting,

2. Lube Oil Seporater

The oil separator is mounted on top of the auxi-
llary generator drive housing, It is a cylindrical metal
housing containing a securely held mesh screen element,
The housing cover has two openings for suction lines
leading to the suetion side of the blowers,

Blower suction draws the hot oil vapor and fumes
from the oil pan up through the rear end gear train and
through passages in the auxiliary generator drive housing
into the openings in the center of the base of the sepa-
rator housing, The olly vapor then passes through the
mesh screen, causing the oll to bhe deposited on the
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screen. The coil collects in a trough at the bottom of
the sereen and drains back to the rear end gear train
through passages in the oil separator base and auxiliary
generator drive housing.

C. OPERATION

1. Scavenging Oil System

The scavenging oil pump draws oil from ofl pan
sump or reservoir, through scavenging oll strainers,
forces the ofl through the filter and coolers to supply
the lube oil and piston cooling oil pump, As previously
stated under respective paragraphs covering filters and
coclers, provisions are made to assure oll supply to
the pumps if ofl from scavenging pump is restricted by
unusual conditions in elther the filters or coolers,

2. Lube Oil and Piston Cooling Oil System

The lube ol and piston cooling ofl pressure pumps
draw the fiitered and cooled ofl through the two fine
mesh strainers in the ofl sirainer housing through a
common suction elbow from the top of the sirainer
housing and discharges it under pressure through sep-
arate piston cooling ofl pump and lube oil pressure
pump discharge elbows to the manifold connectionz on
the accessory gear cover,

The piston cooling oil manifold delivers oil to
the two piston cooling header pipes. The oll is forced
out of the headers through the piston cooling "pee”
pipes which direct a stream of oll into a hele in each
piston pin carrier, This oll cools the piston pin crown,
the compression ring section of the piston gkirt,and
lubricates the piston pin bushings, then drains out of
the pigton through another hole in the carrier diamet-
rically oppostte the inlet hole,

The lube oil manifold delivers the oil from the
lube oll pressure pump to the main V' shaped ofil
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header running throughout the length of the crankease,
An oll line taken off the pressure oil manifold extends
to the governor drive gear stubshaft, Pressure oil in
the "V" ghaped header flows down the maln bearing
"A" frame oll tubes to lubricate the main bearings and
then through drilled passages in the crankshaft to the
connecting rod bearings, Leak-off oil from the adjacent
main bearing will lubricate the thrusi bearings, The
harmonic balancer and accessory drive gear assembly
are lubricated by oll flowing under pressure from #1
main through radial drillings in the crankshaft, which
align with similar drilling in the harmonic balancer
hub and accessory drive gear, allowing pressure oil to
lubricate the spring packs and rim to hub bearing
surface,

The oll flowing from the rear end of the "V
shaped main bearing oil header lubricates the gear
bearings in the camshaft and blower drive and passes
into the camshaft, The camshaft bearings are lubricated
by radial holes in each segment bearing., From one
bearing cap of each ecamshaft segment ofl flows through
a line to the rocker arm shaft bushings and through
drilled passages in the rocker arm to the cam follower
roller bushings and hydraulic lash adjusters, Leak-off
oll from the camshaft and rocker arms flows across the
tops of the cylinder heads into a drain channel extending
the length of the engine., Vertical drain pipes from
this channel allow the oll to drain to the oil pan.

Ofl from the upper idler gear stubshaft lubricates
the auxiliary generator drive bushings and then through
the blower oil lines 1o the bearings and blower rotor
gears,

3. Lubricating Oil Prassure

Lubricating oil pressure must be maintained at

all times the engine is running, When starting an
engine aliow it fo idle for some time and see that the
oll pressure bullds up almost immediately, The pres«
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sure may rise on a cold engine to the relief valve
setting, The pressure under this condition will be
approximately 50 pounds,

The Ilube ofl pressure will depend on numerous
conditions, such as, wear of pumps, englne parts, en-
gine and cooling water temperaturs, ol dilution and
engine speed, Therefore, no sei operating oll pressures
wiil be given, The minimum pressure at 2790 RPM
idle and 800 RPM maximum governed speed of the
engine must be mainiained., The minimum Tube ol
pressure at idle is 6 pounds, The minimum lube ofl
pressure at 800 RPM 15 20 pounds, The lube oil pres-
sure usually runs 30 to 50 poundsz at 800 RPM and 18
to 25 pounds at idle 275 RPM,

The 20 pound minimum pressure is given for 800
RPM governed speed with the water temperature under
180°F, If it is impossible to maintain the water tem-
perature at 180° F, or under, it will be permissible
under this condition to operate the engine at 15 pounds
at 800 RPM, I the lube oil pressure drops below the
mipimum pressures, shut the engine down and check
for frouble, See "Possible Lube Oil Troubles”,

&. Piston Cooling Oil Pressure

No pressure gauge for piston cooling oil is pro-
vided., Piston cooling oil pressure can be checked by
application of connecting line and gauge at the 3/4"
plugged opening of the piston cooling discharge elbow
irom the pump, Pressure of the plston cooling ofl
will be governed by oil viscosity, speed of englne,
temperature of the oll, and wear of pump parts. The
mintmum pressure at idle 275 RPM is 3 pounds, and
at 800 RPM, 15 pounds,

5. Low Qil Pressure and High Lube
Oll Suction Shutdown

Engines eguipped with either electro-hydraullc or
pneumatic-hydraulic speed control governors have the
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low oil pressure and high lube pump suction shutdown
as & part of the governor, Under elther condition of
low ofl pressure or high lube pump suction, the alagrm
switch mechanism will set off the alarm circuit and
allow the governor to shut down the engine after a short
time delay at idle, or lmmediztely at 425 RPM and
aver, The time delay at idle allows the engine to be
started with zero oll pressure, It also allows the engine
to be started and operated long enough, after it has
been shut down by elther device, {0 aid in locating the
cause, Details of these devices sre outlined in Section
XI covering the governors,

Supplementary low oll pressure and high suction
alarm swiiches are employed on engines reguiring the
use of governors other than eiectro-hydraulic and pneu-
matic-hydrautic controlled governors, These switches
when actuated by low oll pressure or high suction re-
duce the engine speed to idle but do not normally shut
down the engine. (Modification can provide shutdown, i
desired.) In the case of the high suctlon switch, cycling
may octur, since reducing engine speed reduces suction,
only to re«pccur on resumption of engine speed, This
action may eause the overspeed trip to operate,

The low oll pressure switch connection is made
at the rear of the engine, where oil pressure will be
lowest due to drop through the engine, The high suction
conpection is made at the suction inlet to the lube oll
pump, In either event of actuation of these switches
no attempt should be made at continued engine operation
untfl cause is corrected,

A modification may be made to locomotives equip-
ped with low oil switches to bring about positive engine
shutdown in the event of low oil pressure. If desired,
information for the modification may be obtained from
the Service Department, Also, i any locomotives exist
without the low oll pressure or high suction provision,
information giving necessary detalls and parts may be
obtained on request.
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6. Possible Lubrication Troubloes

a.

€.

e,

Abgence of (il in Strainer Chamber

Thiz may be caused by inoperative scavenging
system or open drain valve. Fallure of scav-
enging system may be due to a broken or
loose oil line connection causing an air leak,
a faulty scavenging pump or clogged suction
screen, or low oil level,

Low Laubricating Ol Pressure .
This may be due to stuck ofl relief valve or

joreign materinl on valve seat holding valve

oper, brokenoil lines, clogged suction strainers,

excessive bearing wear, low oll viscosity,

faulty pump or diluted oil, or insuffictent oil

in strainer housing,

Fallure of Oil Pump
This may be due to sheared pump gear keys,
broken housing or damgpped gears,

Dilution

It 1z possible for fuel oll to get inio the lubri.
cating oil if & fuel line comnnecting the injecior
to the fuel manifold is loose or broken or an
injector is defective, H such a conditon has
existed the lube oil viscosity should be checked,
The lube 0il may also be contaminated by water,
this can be checked visually on top cylinder
heads or oil pan, alse by taking test sample of ofl,

Excesslve Uil Consumption

This may be caused by oll leaks, broken or
stuck piston rings, worn cylinder liners, dam.
aged blower oil seals, legking crab stud seals,
clogged oil separator screen, improper grade
of oil or clogged ofl drain holes under oil
contrgl rings of piston,

Little or No Lube 01l Coensumption
This may be due to water or Iuel leaking into
the Qﬁb '
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P. MAINTENANCE

1. Prelubrication of Engines

The prelubrication of newly installed overhauled
engines or engines having been in storage aconslderable
length of time, before their Initial running, is a neces-
sary and important practice. This procedure slleviates
engine loading of unlubricated parts during the interval
until normal lube oil pump operation starts, Also, it
offers the protection in seeing that oll distribution
throughout the engine is in proper working order, The
oil supply should be warm and the pressure need not
exceed 35 pounds per square inch,

NOTE: When an engine is replaced due to mechanical
breakdown, it iz important that the entire oil
system such as oil coolers and filters be thor-
oughly cleaned before the replacement or re-
conditioned engine is put into service. A re-
occurrence of trouble may be evidentin the clean
engine, if other oil system components are
neglected,

At the time of supplying external oil to the engine,
inspection should be made of the rocker arms, camshaft
bearings and maln hearings to see that ofl is reaching
these parts. When oil is observed freely flowing at these
places, it will indicate oll is flowing throughout the of}
system without restriction, The crankshatt should then
be rotated at least one revolution during operation of
the external pump fo distribute oil over the various
moving partg, Sufficlent oil should be pumped to assure
oil reaching all paris of the engine,

Belore starting the engine, at least three gallons
of pil should be poured over the eylinder mechanism
on each bank, This applies also to engines in newly
delivered locomotives before their initial starting,

Inasmuch as new locomotive engines have been
filled and run with oil before leaving the factory, pre
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lubrication of these engines is considered unnecessary,
However, their cylinder mechanism should be well
lubricated before starting as stated in the preceeding
paragraph,

2. Oil Change

Engine lube ol should be drained, filters renewed,
suction strainers and screens cleaned at intervals specs
ified in the Scheduled Maintenance Program, Before
the oil is drained the viscosity should be checked for
indications of fuel leaks and contamination to allow
their correction before adding the new oil.

a. General Procedure

{1} After providing = contalner or run off line
for drain ofl, remove plug at end of oll
drain line, ofl strainer housings, or oil
tank, and open drain valve, Allow all oil
to drain outl,

{2) Remove suction stralners, screens, filter
containers and elements, Clean strainers,
screens and filier element containers as
recommended i{n Maintenance Tnstruction
1708,

3) Wash down top deck, oil pan, oil tank,
strainer screen and filter housings using
fuel oil or kerogene, Drain off all cleaning
liquid and wipe areas free of excess cleane
ing liguid with bound edge absorbent towels,

{4} Replace pipe plugs in drain lines and cloge
drain valves, Where necessary, replace
gaskets,

{6} Re-install cleaned sirainers, sereens and
filter containers with new cartridgeq, Be
sure filter element contatners are installed
properly so its closed end ig at the proper
location, {(See Iem 8, Michiana Filters)
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(6) Recharge engine with lube oil within speci-
fications as outlined in Maintenance Instruc-
tion 1607 (latest revision). Add the quantity
of oil indicated on the oil gauge for for
engine, filling through the square filler open-
ing of the strainer housing, Pour three
gallons of oil over cylinder mechanism on
each bank,

(7) Inspect engine prior to starting, then run
engine, Allow engine to run until complete
circulation of oil through the engine is
assured, With the engine at idle, check
oil level, Oil level should be at "Full"
mark, if not add sufficient oil to bring
level to the "Full" mark,

3. Checking Qil Viscosity

0il viscosity should be checked at intervals as
specified in the Scheduled Maintenance Program, By
comparing the oil viscogity at different intervais taken
at the same temperature or compensated to the oil
viscosity when the cil was new, a close check can be
kept on the oil to assure
its replacement ‘before its
condition is rendered un-
usable and dangerous, with-
in the recommended oil
drain period.

Although laboratory

oil analysis is desirable,
- - it may not always be avail-
Checking Oil Viscosity able or convenient for nu-
Fig. 8-17 merous checks, Toprovide

a check on oil viscosity at

frequent intervals a "Visgage”, 8042081, shown in Fig,
8-17, may be obtained from our Parts Department, This
gauge serves as a practical useful tool for this frequent
oil inspection, Instruction on the application of the
"Visgage" is furnished by the maker with each gauge.
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0Ol having viscosity changed to o great extent
will, if not remewed, result in ocil cooler clogging,
stralner clogging, insufficient oil supply, carbon buiid-up
on vulnerable places such as rings, grooves and small
clearances with resulting damage. Therefore, to pro-
vide protection to the engine, the ofl and system compo.
nents gshould be carefully obser ved for proper functioning,

4. Qil Pressure Relief Valve

At intervals specified in the Scheduled Maintenance
Program, disassemble the relief valve and inspect its
component parts. Beginning with engine serial number
51-K-226 wvulnerable relief valve parts have been im-
proved, The material of the valve has been changed
and the lower shoulder of the stem lowered 1/4" to
give a 1" undercut instead of a prior 1.1/4", thus
keeping this shoulder out of the valve guide when the
valve is open, eliminating guide wear step. Valve
guide material has been changed from steel to lubrized
cast iron. If older valve parts indicate trouble,or at
their first inspection, the valve and guide should be
replaced with the improved parts. These improved
parts retain the same part number,

The getting of the oil rélief valve connected to
the lube o1l manifold determines the maximum pressure
al the lube oil pump, It is not set by pressure gauges,
but by specific dimension from the top of the valve
guide to the top of the valve holder.

To set the relief valve, Fig. 8-13 and Fig. B-1,
shut down the engine and remove the relief vaive cover,
Loosen the lockeut. Applying a wrench to the flats on
the valve gulde, posgition the top of the gulde 3/4" above
the top of the wvalve body and retighten the locknut,
This 3 /4" dimension applies to all 567 series engines.

With rellef wvalve set to 3/4" dimension it will
allow 2 maximum lube ofl pressure of approximately
8¢ pounds and provide sufficlent valve lift under cold
oil conditions,
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Under some conditions, such as weakening of the
spring, 1t may be necessary 1o increase the spring
tension of the valve, but under no condition should the
top of the valve guide be less than 5/8" on 567 square
channel or "V" channel engines or 1/2" on 567A or
587B engines from the top of the valve holder,

Laube oil mantfold pressure or oil pressure at the
valve may be determined, if desired, by application of
3 pressure gauge either at the oll pump discharge elbow
or manifeld connection, Whenever the relief valve is
disassembled examine stem and guide for any roughness
or galling and replace if required, I valve stem Is
good visually, check its diameter.,” Minlmum valve
stem diameter is .49256", Check squarenese of valve
face to stem; should not exceed ,002" total indicator
reading. Using a telescoping gauge, check valve guide
inside diameter; maximum inside diameter should not
exceed ,50257, Load test valve spring; to compress
spring to 3-3/8" should require at least 200 pounds,

5. Piston Cooling "Pee” Pipe Alignment

The alignment of the piston cecoling oil "pee” pipe
to the inlet hole of the piston carrier is checked with
alignment gauvge, #8071720, shown in Fig, 8-18,

The small end of the gauge fits into the nozzle of
the "pee” pipe and by bringing the piston to bottom center
it should enter the inlet hole in the
piston carrier above the tapered
portion of the hole and turn freely
in this position, This gauge is not
to be used for bending of the "pee"
pipe in case of misaligmment, I
the gauge will not freely enter the
carrter hole, the "pee” pipe should
be removed and replaced with a2 new
ane of correct alignment,

The piston cooling "pee" pipe
is z very important part of the en-
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gine and should be inspected carefully not only for
misalignment, but also the condition of the nozzle should
be examined for ragged edge that might cause the ofl
to spray out instead of shoot out in a stream,

A cleaning tool for the “pee” pipe may be obtained
under part number B0BT0B6.

6. Oil Pumps

a, Removal and Disassembly

1)

@)

Discopnect ofl llnes from the suction and
discharge elbows and remove slbows, Re«
move pump mounting cap-screws, allowing
the pump to be removed, Clean outer area
of pump before disassembly,

Remove the cap-screws securing the outer-
most small cover {o allow access to the
main drive shaft holding nut, Remove
cotfer pin and remove nut and lock-washer,
{The drive shaft must first be removed to
allow drive gear removal on large capacity
pumps, but on other pumps the pump drive
gear is on the outer side of the drive shaft
flange and may be removed directly,)

Remove cap-screw which holds the pump
idler shaft stationary, Removal of the other
pump housing cap-screws permits entire
housing disassembly for removal of pump
gears and pump drive shaft, Do not press
shaft from pump housing as the Woodruff
key may damage inner drive shaff bearing,

b, Inspection and Repair

Clean all parts and examine for signs of fallure,
such as gear teeth, key ways and inside pump surfaces,
Check clearances as given in the Specifications, Clear-
ances may be determined by measuring separate parts
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or by pump re-assembly using soft lead wire or plasti-
gage to determine clearance., Replace parts as inspec-
tion or clearances indicate. Parts forthe various pumps
are listed by number in their respective engine catalog.

NOTE: Later pump drive gears are no longer doweled
to the pump drive shaft flange. Drive shaft
flange to gear dowel where used should be checked
and if any question as to fit is warranted, the
dowels should not be re-applied. Otherwise, if
desired, the dowels may again be used.

c. Pump Assembly

To assemble pump, reverse general procedure
given for disassembly. On replacement of internal
pump gears, they must be replaced in mated pairs.
(in many cases individual pump parts are interchange-
able with other pumps having different part numbers}.
Pump drive gears are interchangeable on all pumps
employing same tooth design in the drive gear.

7. Lube Oil Coolers

See Maintenance Instruction 17068 for cleaning
information. Oil coolers should be serviced at intervals
as specified in the Scheduled Maintenance Program
according to locomotive type.

8. Lube Oil Cooler By-Pass Valve Settings

To protect the oil cooler and provide a supply of
oil to the engine in the event of clogged oil cooler,
means are provided for the oil to circumvent the cooler
allowing supply to the pumps.

Oil by-passed around the cooler will increase in
temperature and lower in viscosity, eventually resulting
in low 0il pressure. Also, oil not properly cooled will
break down at a fast rate, consequently affecting engine
lubrication with accompanying damage. Therefore, oil
cooler by-pass valve setting and oil cooler maintenance
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is of prime importance due to their effsct on the highly
egsential lubricating oil and its function in the engine,

Table 1, shows expected lube oil and water tem-
peratures for the locomotives listed and recommended
guide in oil cooler c¢leaning on these locomotives,

LUBE OIL. AND WATER TEMPERATURES
CLEAN EYSTEM
TABLE I

Rormyl Lub O Maximus Expected Water Temp.
Hormel Water Temp, 1sto Eng.  Water Tempersture  Rise Acrone

Temp, omt 4 Above Water Temp, Aove Anisent Eogine
Model Engine irto Engine Tempspature Fall Toad idie
FT 164" - 0" 40° By° 11,5° °
¥2 183" .~ 118" 2 % 11,5 2°
3 163" . 125° 45 00’ b1 -l
*F7 163° - 318" 35" Loy 13° z°
BL2 163° w3780 35" [ ug 19° 2°
E? 155° » 165" 40" 100" 10, 6° 2°
b ot ] 160° -~ 182° 28° %0* 10,8° 2°
*GPT 185° - 180° 35¢ w" 1° 2°
=aSWE 180° ~ 170° 2° o & 2°
gW g 180° - 1707 28° o’ 19,8° Fig
=807 180" - 168" 3p° w* 18 2°

*Round tube cors wik ias.
=sRountd tube core with fube aplistor and oo fins.

NOTE: 5071 care s 355 larper tan ES, BWE and SWP cores,
807 eore can be used in E8, FWE and SWE bui cores of these locomotives
should not be used tn 8OV,

The oil vouler showid b cleanad when ofk vemperatures are 18 or more degreas
higher than those ahown ie galume headsd "Rormal Lube OO Temperature into Ergine”
apove waler temperabwre 1nko engine,

Locomotives equipped with radiator type oil cool-
ers as FT with 587A engines and combination oll cooler
and water tank, and F2, F3, F7, BL and GP7, oil may
flow over the top of the radiator in the event of clos-
ing and therefore do not have a cooler by-pass,

All other locomotives are equipped with oil cooler
by-pass valves, the settings of which are as {follows;

K8, 8W8, SW8 and SD7 locomotive oil cooler by-
pass is arranged so the oil not only by-passes the oll
cooler of horizontal radiator type, but also by-passes
the Michiana filter, in case the scavenging oil pressure
exceeds the by-pass valve setting, A sight glass is
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provided to observe oil by-passed, The by-pass valve
is a spring loaded "pop" valve and is set to open under
60 p.s,i, and should be maintained,

E? locomotives have the oll cooler by-pass valve
located on the engine side of the oil filter tank and a
pressure gauge is provided above the wvalve on the tank
and is connected to the valve, This spring loaded re-
lief wvalve has a dimensional setting, The top of the
valve guide should be adjusted to be 5/8" sbove the
top of the valve holder, With this setting the valve will
relieve ai a pressure of approximately 60 p.s.4,

The pressure on the gauge will read approximately
60 p.s.i. at 800 RPM engine speed, bul gauge pressure
at idle should be used 28 a guide in determining oil
cooler condition, Pressure on the gauge at idie will
be 15 to 20 p. 5. 1. or slightly higher even on new engines
and is considered normal operating pressure. If pres~
sure at the gauge exceeds 30 p,s.i. at engine idle speed
(275 RPM), examination of the oil cooler is indicated,

E6, transfer, road switchers and switcher loco-
motives (except SW8, SW9, TRS, TRE) are provided
with a spring loaded "pop” by-pass valve and are set
to relieve pressure at 50 p.s.l, and should be o
maintained. Model FT locomotives having the ofl tank,
water tank and oil cooler mounted one on the other in
this order, have a relief valve located in the oil tank,
This relief valve should be set tc relieve at 40 p.s.1,
Also, inside the oil storage tank is an alr reservoir
equipped with a wvalve for bleeding air. This wvalve
should be open 2-1/2 turns, The oll level in the tank
should be maintained at least 2 inches above the top
of the lube oil pump suction strainers located at the
bhottom of the tank,

9. Michiana Oil Filter

01l filter elements should be ¢changed and containers
cleaned at intervals gpecified in the Scheduled Mainte~
nance Program,
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There are three Michiana filter element containers
in use since the advent of the new element container
#8168621, which replaces previously used container
#8035047, and an additional element container #8054713,

The primary difference zs regards application of
these containers is in the plugging of the center tube
at the top in containers #8168621 and #8035047, whereas
in #8054713 the center tube is entirely open, no plug
being used, Containers #8168621 and #8035047 are
used in the circular filter tanks as used in F7 and E8
and so forth, where the filtered oil is discharged out
the center tube at the bottom, but container #8054713
is used in combination oil filter and strainer tanks
similar to E7 applications in which the filtered oil is
discharged out the top of the center tube,

Element container #81686821 differs from #8035047
in that the cover retaining spring and handle at the top
of the container has been redesigned to provide a cover
which is held by a wing nut bolt assembly which screws
into a threaded plug at the upper end of the center tube.
The #8035047 containers may be modified to the cover
arrangement as used in #8168621 by adherence to ine
structions contained in Modification Instruction 5032
which covers the change.

Care should be exercised in the application of
these containers for proper installation, Elements
#8035047 and #8054713 may be made interchangeable
by the removal or application of the center tube plug
at the upper end.

Filtering material used is Wastex, either loose
for hand packing or in cartridge form, which form is
superior due to consistant filter density for eHfecient
filtering and a reduction in maintenance,

Filter cartridges are of two types, packed type
and blanket type. Standard packed cartridges are packed
with loose Wastex in a sock. Blanket type cartridges
are made by assembly of four layers or blankets of
needled waste covered by a sock, Both of these car-
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tridge type Iilters may be obtained with white waste,
when available, or a colored waste, and either large
or small center tube inside diameters., The small
ingside diameter center tube cartridges are for use
only in filter cans or containers that have had their
center removed, There is a slight difference in weight
between these types of ecartridges,

In addition, in the event that the screen on the
outer shell of the filier container or can is torn, it
1z recommended that this screen be removed, I this
iz done, do not hand pack the container but use only
cartridge type filters in these containers.

For other information on filters and oil tanks,
see the latest revision of Maintenance Instruction 1604,

10. Lube Oil Strainers

Lube ofl strainers should be removed at each oil
change period as specified in the Scheduled Maintenance
Program and cleaned as specified in Maintenance In-
struetion 17086.

On re-application, care should be taken to see
they are seated sguarely and if a spring is employed,
that the elements contact the spring evenly., The gaskets
used with the strainers should be replaced.

As described under "unit description”, "B" engine
lube oil strainers have an oil seal in addition to seal
rings, The sealing oil will leak out the strainer flanges
if the rubber seal ring is not seated properly or is
damaged, When the strainers are replaced, care should
be taken fo see that the sealing surfaces are free from
nicks and scratches and the seal ring is in good conw
dition. Also, that the oll passages to the seal surfaces
are free from restriction,

The oil may be checiked, with the engines at idle
speed, by loosening slightly the large wing nut holding
the strainers in place, Carefully raise the strainer
furthest from the engine, 0l should leak out around
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the top of the strainer flange, X no oil appears, the
engine should be shut down and the oll supply passages
inspected and cleaned,

Any air which may enter the system at this lo-
cation will be discharged with the lubricating oil and
may cause engine damage, even though normal oil pres-
sure is Indicated,

11. Flushing Lube Oil System

See latest revision of Maintenance Instruction 1608
for complete lube il system flushing information,

12. Lube Oil Separator

The oil separators should be cleaned at intervals
listed in the Scheduled Maintenance Program.

01l separator screens are removed by first shute
ting the engine down, then removing sepsrator cover
allowing access for screen removal, The e¢lement
should be cleaned as recommended in Maintenance In-
struction 1706,

E. SPECIFICATIONS
Lube Oil
Lube oil to be used in the engine should be 5,A.E,

#40, according to specifications outlined in Maintenance
Instruction 1607,

New Limit
Lubricating Qil Pump
Clearance - drive shaft to
bushing L 0015" -, 0045" L 007"
Clearance - idler gear shaft
to gear bushing .0015" -, 0051" . 007
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New Limit
Clearance - gears o sepa-
rator plates .002" - 018" should
not
Clearance- gear to housing wear
endwise L018" -, 022"
Clearance -gear fo thrust
bearing 005”7 - 018" L022"
Protrusion - thrust bearing
from housing L0017 - 00T Flush
Backliash -~ pump gears 012"« 018" . 030"
Backlash of drive gear
spur L 008" - 016" . 030"
Scavenging Oil Pump
Clearance - drive shaft to
bushing . 0015" - | 0045" . 007"
Clearance - idler gear shaft
to gear bushing L0015" - L DoB1" 007"
Clearance ~ gear to hous- should
ing endwise L0187 - 022" not
wear
Clearance - gear to thrust
washer 08T - 018" 22"
Protrusion - thrust bearing
from housing 001" - 007" Flush
Backlash - pump gears .012" - 018" . 030"
Backlash - drive gear spur 008" - , 018" L 030"
Pump Capacity (GPM at 1130 RPM)
Piston Lube Qi1
Engine Secavenging Cooling Small Large
6 cyl. 117 3 50 -
8 cyl, 117 31 59 71
12 cyl, 170 43 86 103
16 vl 234 58 117 140
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Qil Capacity (Wet Sump Engines)

6-567A&B 120 gal.
8-567B 130 gal.
12.567A&B 185 gal.
16-567A&B 200 gal,

F. EQUIPMENT LIST

Name Part Number
"Visgage" 8042091
Spray gun 8072902
Alignment gauge, piston cooling pipe Bo71%2C
Piston cooling pipe cleaning tool 8087086
Lube oil suction testing device : M-File 110
Lube oil system (Pre-Test) drawing M-File 294

For additional tools see Tool Catalog 91A.
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SECTION IX
COOLING SYSTEM
A. GENERAL DESCRIPTION

The cooling system of the engine congists of the
water passages in the cylinder liners and heads, and the
inlet and outlet manifolds through which cooling water
ig circulated under pressure and velume proportional
to engine speed, Centrifugal water pumps mounted on
the accesscry drive housing and driven by the governor
drive gear circulate the cooling water,

The heated discharge water from the engine is
cooled by passing through radiator banks made up of
sections of tube and fin type radiators. The water is
cooled by air, either drawn or forced by fang through
the radiators, depending on the locomotive. The fans,
of propeller type, are mechanically or electrically driven
depending on locomotive model. After eooling, the water
discharges into the lube 0il cooler to return to the water
tank. On somelocomotivesihe water discharges directly
into the water tank. Cooling air admission iz controlled
by automatically or manually operated shutters, All
late locomotives have automatic shutter control and
early locomotives not so equipped may be modified to
incorporate automatic shutter operation. Automatic
shutter operation is controlled by the engine water dis-
charge temperature through thermostatic switches.

Eleciric cooling fan motors are alsc thermostat-
jeally controlled to cut in or out according to the water
temperature. Mechanically driven cooling fans are all
belt driven at speeds proportional tc engine speed.

Water temperature gauges, water level gauges,
{ill and drain lines, and connecting piping complete the
cooling system. A representative schematic of the
eooling system on the latest F7 locomotive is shown at
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the end of Section VIII. For particular locomotive
coaling system outlines, see the operating manual cover-
ing the locomotive,

B. DESCRIPTION
1. Pumps

The engine cooling water pumps are of the cen~
trifugal type and rotate counter-clockwise. Two pumps
are used on the 12 and 16 cylinder engines and only
one pump on the 8 and 8 cylinder engines. The pumps
are carried under two part numbers to identify the
right or the left bank pumps, The difference In the
bank designation is only because of the position of the
impeller housing to enable line up to the pump discharge
pipe. The impeller housing position on either pump
may be changed to permit use on either engine bank.

The various parts of the water pump are shown
in Fig. 9-1. The main parts are: impeller, impeller
housing, drive shaft, drive shaft housing, bearing, seal
assemblies and drive gear. A cross section of the
pump is shown in Fig, §-2, .

Water Pump -~ Exploded View
Fig. 9-1
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The pump drive shaft is supported in the main
pump housing by two ball bearings separated by a steel
spacer. The spacer is covered by a felt pad which
receives the bearing lubricating oil from the oil cup
in the housing. The outer bearing abuts a water slinger
against a shoulder on the shaft. The inner bearing is
held in place by a retainer and snap ring to absorb
any thrust in the shaft. The pump drive gear is keyed
to the pump shaft abutting the inner bearing and is held
by a washer and nut on the shaft.

A stationary bushing fits over the pump shaft at
the impeller end and is mounted on the main housing,
This bushing provides a smooth flat surface for the
carbon seal which is between the bushing and the im-
peller. The impeller is keyed to the pump shaft and
is held by washer and nut. It is enclosed by the im-
peller housing, which is mounted by studs and nuts to
the main pump housing. Plugged drain holes are pro-
vided in the impeller housing and a telltale drain is
provided in the main pump housing to dispose of any
water leak past the seal.

2. Engine Water Passages

Inlet cooling water manifolds are formed for each
bank of cylinders by two parallel plates running the en-
tire length of each cylinder bank at the bottom of the
crankcase. These plates are bored to receive and sup-
port the cylinder liners. A seal ring is used between
each plate and the liner, connecting the liner water
passage to the manifold and preventing water leaks to
the o0il pan and air box. An inlet water line connects
the manifold to the water pump at the front of the
engine. The liner water passages line up with passages
in the cylinder head, which discharge the water to the
discharge manifold. The discharge manifold extends the
entire top length of the crankcase, between the inward
sides of the cylinders. Water drain pipes connect the
discharge with the inlet manifold, to drain the discharge
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manifold when the engine water is drained. Water seal
rings are used between the cylinder head and retainer,
water discharge being between the two seals. A gasket
is used between the cylinder head and lner.

3. Radiators

Each radiator bank consists of separate radiator
sections comnected togsther with "L shaped supporting
and strengthening straps. QGaskets are used between
sections, and between sectiong and the inlet and outlet
headers, 'The inlet headers have 2 screen the full
length of the header to protect the radiators.

4. Water Tanks

The water tanks are located at the forward end
of each engine, convenient for supply to the engine
water pumps. They differ in pgeneral construction,
but all are infernally baffled to prevent water surging.
Water glasses or try cocks are provided to indicate
the water level, Water iller lines extend irom the
tank to the outside of the locomotlve ai ground level
and also to the roof level. The roof filler pipe also
gserves as a sysiem vent. The water tanks are provided
drain valves, otherwise they are drained with the engine
drain, through the pumps. For particulars for each
type of locomotive see the operating manual for that
lgcomotive,

5. Engine Water Temperature

Temperature gauges are provided in the cooling
system for visual indication of engine water temperature.
The recommended operating range is a water discharge
temperature between 160°F, and 180°F. The minimum
water temperature at which the engine should be loaded
iz 120°¥. Locomotives equipped with automatic engine
water temperature control are set to maintain the water
discharge temperature within the 180°F-180°F. range,
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To warn of hot engine water temperature, all
road locomotives have a hot engine alarm. Hot engine
water would result due to improper water or cooling
air circulation, or loss of water. In the event of a hot
engine alarm, the engine lcad should e removed and
the engine speed reduced, but not stopped untll the
water temperature returns to a value which allows the
alarm to stop. Before resuming operation, the cause
of the hot engine water should be found and corrected.

For the proper water temperature settings for
the hot engine alarm and the engine temperature shutter
control switches see the latest revision of Maintenance
Instruction #1530. This instruction outlines the proper
setting procedure of these switches for all locomotives.

&é. Engine Cooling Water

The water used in the cooling system should be
the equivalent of distilled water produced by condensing
live steam or by chemical freatment. When raw water
is heated to normal engine operating temperatures,
minerals separate from the water causing scale and
sludge. Scale and sludge resiricts heat transfer and
circulation and cannot be removed from the engine in
a practical manner,

Also, the addition of rust and corrosion inhibitors
to the purified water is necessary to protect metals of
the engine. The treatment compound should be obtained
from a reputable company and treatment used ghould
provide the following protection:

a. Be non-corrosive to the metals of the cooling
system.

b. Will not cause deterioration of engine seal rings
or cooling system hose.

NOTE: When chromate type inhibitors are used, the
resultant coolant should contain a minimum of
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100 grains per gallon of chromate and have a
PH value of 8.5 to 9.7.

It is important that the proper concentration of
treatment be maintatned in the cooling water at all
times. A most satisfactory way of maintaining this
concentration is to have all stations where water is
added to the sgystem equipped with a supply tank in
which good water having the proper amount of treatment
is always available.

Proper water and attention to the cuoling system
cannot be toe hiphly emphasized. FPailure to recognize
their value will most likely result in increased mainte-
nance, replacemsnt and repair of parts, and damage to
the engine and cooling system. Necessity for flushing
ofthe cooling system alsc willbe increased. Information
on cleaning and flushing the cooling system is contained
in Maintenance Instruetion 1706 which is the general
cleaning bulletin,

7. Engine Waoter Heating

To prevent the freezing of the engine water during
cold weather when the iocomotive is temporarily inactive,
some means of heating the water must be provided.
Methods for this protection are live steam admissionto
the cooling system, separate small water heaters (either
oil burning or electric), or by running the engine at idle.

Each engine cooling system is equipped with a
steam admission line with a check valve allowing steam
supply from an external source or Irom a steam gen-
erator on units so eguipped. I steam is applied for
heating, the pressure must not exceed 50 p.s.i. and
the "G" valve of the cooling system should be opened
t¢ permit condensation to drain and maintain the water
level below the radiators. A disadvantage accompanies
this method of engine water heating since some of the
water inhibitor will be lost, resulting in a weak inhib~-
itor sclution.
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Separate oil healers may be applied to heat the
© engine water, Information on these heaters is contained
in Maintenance Instruction 2108,

Information concerning installation of an electric
immersion heater may be obfained from the Service
Department.

Running the engine at idie speed is an acceptable
means of maintaining the engine water temperature
above freezing during reasonable periods of locomotive
inactivity in cold weather. Extensive idling of the engine
will not materially affect the engine and they may be
idledfor indefinite periodsto prevent freezing. Although
this method has the advantage of probably lese cost
than with any of the preceeding water heating methods,
on units equipped with a steam generator in operating
condition it is recommended the steam generator be
used to supply the steam to the cooling system.

The number and type of units involved as well as
other factors will inflyence the selection of equipment
best suited, such as availability of external heat supply,
frequency of need for heat and so forth.

C. MAINTENANCE

1. Pumps

a. Removing Pump
{1} Drain cooling system.

{2} Mark flanges on bellows suction tube so it can
be re-installed in its original position. This
tube is not flexible enough to be bent, twisted
or stretched too far without damage.

{3) Remove suction line and disconnect pump dis~
charge flange connection.

{4) Remove pump mounting capscrews, allowing
pump to be removed irom the engine.
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k. Removing Impeller

{1}

(2)

Remove nuts holding impeller housing and re-
move the housing. The impeller housing can
be ‘more easily removed if the pump is held
suspended slightly above the work bench by
hoist or other means, impeller end down, and
by tapping on the housing with 2 rawhide or
wooden mallet.

Rewmove impeller shaft nut and washer and ap-
ply impeller puller #8087245 to remove the
impeller as showm in Filg. 8-3. The thrust
cup which is part of the puller is placed over
the end ofthe shaft to protect the shaft threads,
Remove holding key.

Removing Impeller
Pig, 8-3
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¢. Replacing Shaft Seal

(1)
(2)

(3)

(4)

Remove impeller as outlined in #tem b.

Remove seal spring and seal assembly. Use
care to prevent damage to the stationary bush-
ing bearing surface. Some seal assemblies
offer little resistance to removal but some are
quite firm on the shaft, Seal assemblies tight
on the shaft may be removed withthe stationary
bushing.

Remove brass lockwire from capscrews of
stationary bushing, Removal of the bushing may
require force. In this event, insert 3/8" x 2v
capscrews in the puller holes provided in the
bushing, Fig. 9-7, and force the bushing out
from the housing. The bushing may sometimes
be loosened by tapping on the bushing flange
with a rawhide mallet, allowing removal with<
out force.

Clean the stationary bushing and pump shaft.

CAUTION: Do not damage bushing or shaft sealing sur-

(8}

(6)

face. The sealing surface of the stationary
bushing must be absolutely smooth and flat,
so as not to cause undue wear of the carbon
washer of the seal, A stationary bushing
having a rough suriace must be refinished
to provide a smooth flat surface or be re-
placed with a new bushing., A new seal will
likely leak H the sealing surface of the bush-
ing is not perfectly smooth.

Replace stationarybushing gasket and re~install
stationary bushing. Pull capscrews down evenly
80 bushing will not bind. Lockwire the cap-
screws using brass lockwire,

Install new seal assembly, Two types of
seal assemblies are used in the water pumps
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and are shown in Fig. 9-4 and Fig. 9-5.
Either seal aszsembly can be used in either
pump but individual parts of the two seals
are not interchangeable, It is recommended
the seal assembly shown in Fig. %-4 be re-
placed as a unit i any parts are damaged,
although the carbon washer alone may be
replaced. To aid in the installation of this
bellows type seal, a special tool #8143318
shown in Fig. 8~6, is avallable. Lubricate
the frietion portion of the bellows on seal
application. Springs of this seal have been
shortened from 4-7/16" to 3-7/18"; on re-
placement of seal, the short spring should
be used.

NOTE: Some pump shafts, temporarily, were made
using magnetic substitute material, in place of
basi¢c non-magnetic materinl, Magnetic shafis
were later silver plated st the sepl area. Pumps
having magoetic shafis without silver plate

CARBON .
WASHER

RETAINER

FE RR UL, E srmemmmmmgone ST

SRIVING
gany R

Water Pump Seal — Bellows Type
Fig. 9-4
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should be assembled using the seal assembly
shown in Fig. 9-4. EMD type seals, Fig. 9-5,
should only be used in pumps having non-mag-
netic shafts or magnetic shafts withthe seal area
silver plated. Also, EMD seal carbons, Fig.
9-5, h_%ve their inside d_lameter increased from
1.579 - .001" to 1.589 - .001", and have been
improved to alleviate interference on stationary
bushing. It is recommended carbons with small
diameter be reamed to }Farger diameter. EMD
carbon seals of 1.579 - .001" I.D. should be
used only with these seals onnon-magnetic pump
shafts; large diameter may be used with either
non-magnetic or magnetic silver plated shafts.

{7) Assemble pump (see item e} and install im-
peller, (see item f).

d. Removing Pump Shaft And Bearings

(1) Remove impeller housing, impeller, shaft seal
and stationary bushing as outlined in items b
and c.

{2) Remove nut and gear retaining washer from
drive pgear end of pump shaft,

{2) Remove gear using gear puller set #8068025.

{4) Remove bearing retainer shap ring and bear-
Ing retainer ring.

{5) The shaft and bearing assembly may be pressed
out of the shaft housing, pressing from the
impeller end of the shaft, with copper or other
soft metal block protecting the threads of the
shaft. Unscrew oil cup several turns to assure
tip end will not protrude and restrict pressing
operation. '

(6) The bearing assembly can be pressed off the
shaft, pressing from gear end of the shaft.
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{7} Clean and ingpect parts for defects and re-
place damaged parts.

6. Pump Assembly

(1) Assemble water slinger, inner bearing, spacer
and outer bearing to the pump shaft, making

Water Pump Seal Assembly — Exploded
Fig. 8-5

PUMP HDUSING
ASTATIONARY BUSHING

IMPELLER BHAFT

SEAL INBTALLING
TOOL

BELLOWSE TYPE
SEAL

Seal Applying Tool
Fig. 9-6
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(2)

;sl"‘ - N, x- S .
e e .
AN I

sure that the rear bearing with the retainer
ring is positioned correctly with the retaining
ring to the outside. These parts are assem-
bled, first with the slinger next to the shoulder
on the shaft, concave side toward the impeller
end, followed by the inner bearing {without
retainer), spacer and outer bearing, abutting
each other saugly. The seal sides of the
bearings go toward the outer ends of the as-
sembly, being distinguished by the seal side
of the bearing protruding slighily bevond the
cuter race.

To apply the shaft and bearing assembly to
the housing, invert the housing impeller end
down on a wooden block with a hole in the
center large enough to allow the shaft to ex-
tend down.

Installing Pump Seal Assembly
Fig. 8-7
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(3} Start the assembly in the houging, tapping
lightly with a wooden mallet. Wrap the ofil
soaked felt pad around the spacer when the
first bearing clears the housing bogs, and con~
tinue down with the assembly until the outer
bearing rests on the housing bass.

NOTE: U the felt pad feels gritty or is dirty, replace
with a new oil soaked pad.

(4) Apply the bearing retainer first and then the
snap ring back of the rear bearing.

{5} Apply the drive gear to shaft, gear puller taps
outside. Check the shaft key and way for fif.
Use the collar on the impeller end of the
shaft to absorb thrust when installing the pear,
the retainer washer and the nut. The gear

Installing Pump Impeller
¥ig. -8
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fit is such that it can be tapped on the shaft
all the way down.

(8) Apply stationary bushing and gasket to shaft
housing and replace seal assembly as given
in item ¢,

f. Installing Impeller

(1} Fig. 9-8 shows the impeller pressing on tool
#805295% in use. The threaded bushing of the
tool is screwed on pump shaft threads, Then
by turning outer portion of the tool, the im-~
peller is pressed into position. Care musgt be
taken to start the impeller siraight on the
ghaft and tc see that the key and way are
aligned,

{2) Apply the impeller retaining washer, nut and
impeller housing using new gasket between
housings.

g. Installing Pump

The impeller housing is positioned differently on
pumps used on the right and left bank of the engine,
Before installation of the pump, determine whether the
pump is to be used on right or left bank, The relative
position of the impeller housing with relation to the oil
cup on the pump housing is shown in Fig. 9-8,

An arrow is cast in the edge of the flange on the
bottom of the pump. The flange of the impeller hous-
ing has letter "RY {right) and "L" (left). For a right
hand pump, assemble the impeller housing so that "R
is opposlte the arrow, or for a left hand pump, the
PLY should be opposite the arrow.

Z. Woater Leaks

If loss of water in the cooling system is noticed,
check for leaks in piping, pumps for leaky seals, con-
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dition of cylinder head and liner seals and the cylinder
head to liner gasket, or for possible cracked cylinder
head or liner,

Unless very obvious, the location of a crack in
the cylinder head or lner is very difficult to find and
requires careful examination, Any indication of & water
lezk on the head or liner surfaces necessitates their
removal. Inspect cylinder interior through liner ports,
Observe lner surface for scuffing or other lack of
lubrication.

The vicinity of the upper head seal and the lower
liner seals should be very carefully examined in the
event of loss of water, since leaks at this location
would be directly into the lubricating oil. Lubricating
il contaminated by water will necessltate changing
oil and flushing the oil system as outlined in Mainte~
nance Instruction 1608,

Lube oil contamination is best determined by lab~-
oratory analysis, but in the absence of such means, a

RIGHT HaND WATER PUMF LEFT HANG WATER PUMP

A : /
A

: % | FRONT END VIEW OF ERQINE

: \%MW/ \ " A .7

it

Posttion Of Impeller Housing
Fig, 8.9
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method for checking for water in the o0il is as follows.
Draw or dip a gallon of lube olil from the bottom of the
engine lube oil sump. Let it stand for about ten (10)
minutes, then spill about three-fourths (3/4) of the oil
from the container. Place remaining one-fourth (1/4)
in a glass bottle and allow sample to stand another
ten minutes. I any water is indicated in the bottom of
the bottle, it is suggested that the lube oil system be
drained and flushed. Replace with new ocil. Lube oil
containing much water has a brownish color and bubbles
may be noticed in the oil.

Examination of the lower head seals and upper
liner seals should also be made in the event of water
loss. Although leaks at these places are not as dan-
erous as other seal locations, nevertheless they should
be remedied. Leaks from these seals will be noticed
in the air box.

Leaky cylinder head to liner gaskets may allow
water to enter the cylinder or air box or both.

Sometimes loss of cooling water may be observed
on running the engine but no visual indication can be
seen. It is possible that the leak may be in the cylin-
der head to liner gasket or lower head seal. In either
event the water may vaporize and escape with the ex-
haust gases.

These leaks may sometimes be located by removing
the cylinder test valve packing; then with the engine
working at 800 r,p.m. water may leak to outside of the
engine and be visible at the test valve of leaky cylinder.

3. Radiators

The radiators should require maintenance at very
infrequent intervals when proper water and inhibitors
are used in the cooling system. The air passages
should be inspected periodically (see Scheduled Main-
tenance Program) and blown out with air, with the en-
gine at full speed, all fans operating, and the air intake
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shutters open. Also, the radiator inlet header screens
should be inspected and cleaned if necessary, at regu-
lar maintenance intervals. Locomotives having orifice
nipples in the radiator vent line at the roof filler vent
pipe should have these orifices checked and cleaned so
they may function properly. Road locomotives prior io
F3 and swiitching locomotives prior to the SWT have
orifices in the vent lines but locomotives subseguent
to these models do not have the vent orifices.

In the event one radiator section must be removed
due to leaky tubes, sufficient room for removal of the
section is made possible by removal of the inlet and
outlet pipes to the radiator headers, loosening the hold-
ing bolts of the section 1o be removed, and moving ad-
jacent sections away from the damaged section. It may
be necessary in some cases to provide access to the
upper strap radistor bolis through the roof hatch, by
removing a cooling fan near the section on locomotives
having fans in the roof, or by access through a roof
hatch. By removing the lower section strap bolis, the
section may be lowered Irom the radiator.

On re-application of the section, the core mating
surfaces roust be clean and smooth, To aid in proper
gasket sealing, it is recommended a gasket compound
such as Garlock compound #8061029 be used, which
may be obtained from our Parts Department,

In case the entire radlator bank is removed, it
would be more practical to remove the roof hateh to
allow the radiators to be removed through the roof,
The radiator banks may be flushed with the cooling
gystem I necessary, as outlined in Maintenance In-
struction 1708,

4. Additional Cooling System Information
Due to the prohibitive length and detafl required

to completely cover all components and modifications
of the cooling system, separate instructions have been
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written. Modifications to and instructions on cooling
system components may be found in the latest revision

of the iollowing bulletins:
Maintenance Instruction

Automatic Shutter Operation - FT
And E7 Locomotives

Cooling Fan Motor KF-326
FT - 80° Fan Drive

AC Cooling Fan 1-442

AC Cooling Fan 1~-666

Hot Engine Alarm and Engine
Temperature Control 8Switches

Thermostat Switches #8178411
Operation and Adjustment | 48007916

Water Inlet Pipe -~ Repair and
Replacement

- Water Drain Pipe Repair and
Replacement

Overnight Engine Cooling Water
Beater

Maodification Instruction

Autoematic Clutch and Shutter
Control Application - FT

Automatic Shutier Control Appli-
cation, SW-NW2 Switcher
Locomotives

Cab Heater improvement For
Switcher Locomotives

Cooling System Improvement For
2000 H.P. Passenger Locomotives
E3, E6 and ET
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Modification Instruction NO.

Cooling System By-Pass Vaive
Application 8W1 and NW2, W8 and sWi
Switching Locomotives 50286

Improved Exhaust Manifolds
and Water Piping - NW2
and SW7 Locomotives 5057

D. SPECIFICATIONS

Water pump speed at 800 RPM
engine speed 2440 RPM

Pump Capacity

Actual pump capacity is 240 g.pan. with 26 p.s.i.
discharge pressure. The resistance of the various
caoling systems affect the capacity and are varied,
Backlash of Pump Drive Gear

Spur New .008" - .016°
Limit .030"

E. EQUIPMENT LIST

Name Part No.
Impeller Puller BOBT245
Impeller Pressing on Tool 80526588
Gear Puller Set (General Use) 8068025
Seal Applying Tool 8143316
Engine Cooling System {Pre-Test) Drawing 284

For additicnal engine tools, see the litest revision
of Tool Catalog 914,
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SECTION X

FUEL SYSTEM
A. GENERAL DESCRIPTION

The most important part of the fuel system is the
unit injector, which is a high pressure fuel metering
pump and spray valve combired in one housing., The in-
jectors (one per cylinder) are supplied with a contin-
vous flow of low pressure fuel delivered by n separate
pump. A fuel supply tank, strainers, filters, fuel man-
ifold, supply and return fuel lines complete the system.

B. DESCRIPTION
1. Injectors

A cross section of the unit injector and names of
the various parts is shown in PFig. 10-1. It is located
and seated in a tapered hole in the center of the cylinder
head, the spray tip protruding slightly below the botiom
of the head. I is positioned in the head by a doweland
held tightly by an injector hold down crab and nut.

The external working parts of the injector are
lubricated by cil from the end of the injector rocker
arm adjusting screw. The internal working partsare
lubricated and cooled by the flow of fuel oil through the
injector.

The main working parts of the injector are: rack,
gear, plunger, follower, springand spherical check valve,

The plunger is givena constant stroke reciprocating
motion by the injector cam acting through the rocker
grm and plunger follower. The timing of the injection
period during the plunger siroke is set by an adjusting
screw at the end of rocker arm, ¥Fig. 10~2 showsflow
of fuel through injector during one downward stroke.
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Rotation of the phunger by means of the rack and
gear controls the guantity of fuel injected into the cyl-
inder during each stroke. Rack position is controlied
by the governor power piston through the infector lay-
shaft and linkage. The gear is keyed with a sliding fit
to the plunger to allow plunger vertical movement. In-
jector rack setting adjustments are given in Section 12
of this manual.

The helices near the bottom of the plunger control
the opening and closing of both fuel ports of the plunger
bushing. Rotation of the plunger regulates the time that
both ports are closed during the downward stroke, thus
controlling the guantity of fuel injected into the cylindsr
as shown in Fig. 10-3, Asthe plunger ig rotated from
idling load posltion to full load position, the pumping
part of the stroke is lengthened, and injection is started
earlier,

Proper atomization of the fuel is maintained by
the high pregsure created by the downward stroke of
the plunger, which forces fuel past the injector spherical
valve and out through the six spray holes in the tip of
the injector. The spherical valve prevents {uel leakage
out the tip and insures minimum fuel injection pressure
for starting. The flat check wvalve under the lower
spacer excludes combustion gases from the injector.

The injector has fuel filters at the inlet and outlet
openings, to protect the working parts.

Injectors having different diameter plungers and
pushings are now in use. The current production in-
jectors have a plunger diameter of .421" whereas the
earlier injectors have a plunger diameter of .378%, The
421" plunger and bushing injector, because of its supe-
rior operating characteristics, supersedes the smaller
plunger injector and may be identified by a *L" stamped
on the fuel connection hold down stud or by the new
part number on the Injector body. Large or small
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plunger injectors can be used together in an engine,
but it is recommended that the .421" plunger injector
be used in engine pets. Timing of the large and small
plunger injector is identical. The same quantity of fuel
for a particular rack setting is injected by each, re-
gardiess of the plunger diameter, This ig due to a dif-
ference in helix design in
iarge diameter pilunger in-
iector.

Injectors in engines
since December 1851 have
a one piece follower, Fig.
10~1, replacingthe follower
guide and small follower
of the prior used injectors.
The stop pin in this fol-
lower iz backed by a spring,
allowing it to be pushed in
for release, whereas the
stop pin of the two piece
follower is secured by an
Allen set screw,

Z. Filters

A b

Fuel filters are usged
in the fuel system in the
guction line to the low
pressure fuel supply pump,
on the discharge to the in-
fector, and at the injector.

a. Suction Filter

The guction filters
may be elther a singleele-

Cross Section ment type as shown in Fig.
Fuel Suction Filter 10-4 or a dual filter as-
Fig. 10-4 gembly comprising of &
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pump suction filter and discharge filter in one housing
as shown in Fig. 10-5.

Dual filter assemblies are of two types, differing
in the methoed of fuel by-pass provision around the
discharge filter. Earlier dval filters 48124180 have a
60% by-pass between the discharge and suction filters
as shown i Fig. 10-6 so that in the event of a dirty
discharge filter, when fuel pressure exceeds 804, the
fuel will return to the suction filter through the by-
pass valve and not reach the engine., These G0# by-
pass filters were used on BL type locomotives.

BNAR RING HAND WHEEL

RELIEF VALVE
LREATION

: i FILTER ELEMERY
SEE FIG.687 3 W £ M sume sutTion
3 B E EHAMBER.

FHYER ELEMENT
mistHaRSE CHAMBER

Longitudinal Cross-Section Of Filter Assembly
¥ig. 10-5
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The by-pass arrangement provided on current
dual filters #8147239 on locomotives other than F7, is
shown in Fig. 10-T. This is g 15% by-pass. ‘Thefusl
does not return to the suction filter, but eircumvents
the discharge filter by passing irom the inlet area of
the filter to the discharge portion of the {ilier. In the
event of a dirty element or restricted fuel reaching a2
pressure difference exceeding 15% between the inlet
and outlet area, this arrangement will provide gontinged
fuel supply to the sintered bronze filter on the engine,

All suctionfilters and dual discharge filter elements
originally employed Wastex in the element container,
but subsequent to June 1950, a Fulflo filter cartridge
has been used, Although the cartridge is used in all
new production filiers, Wastex may be obtained if de-
sired. The Fuiflo cariridge used in these f{iiters is
identical in construction to those used in the rectangular
Fulfle discharge filter assembly shown in Fig, 10-8,
but are of a difierent size and have a different part
number,

b. Discharge Filters

Discharge filters are located in the fuel line be-
tween the fuel pump and injectors. In addition to the
discharge filter mentioned under Item "a® preceeding,

£3589 BY-PARS
WhLVE

{ FHESSURE
SHAMBER

SUETION
CHAMELH

Cross~-Section Of By-Pass Valve
Fig. 10-6
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in conjunction with the dual {filter assemblies comprising
a suction and discharge filter in one housing, thereare
two additional discharge filters in use, shown in Fig.
10-8 and Fig. 10-D. The discharge filter shown in Fig.
10-8 is used on locomotives such as F17 and others not
provided with the dual filter assembly. As shown,these

PUEL BUTLETY
PORTION

7

¥ g
i i
W PRESBURE CXNAMBER

FILTER ELEWENT

Isometric View - By-Pass Valve Assembly
Fig. 10-7
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string wound filter elements are contained in a rec-
tangular housing, the boltom of the element connecting
into a discharge manifold. Fuel enters the housing,
passes through the filter into the inside center tube and
into the discharge manifold,

On ¥7 type locomo-
tives, a 15 pound by-pass
valve is connected across
the inlet and outlet fuel
lines of the filter to allow
fuel fo circumvent the {ilteyr
in the event of 15¢ differ-
ence between outlet and
inlet fuel pressure. Con~
stant supply to the engine
is thereby assured.

Onother locomotives,
a 604 rellef valve in the
fuel pump discharge line
to the filter provides for
return of fuel to the fuel
supply tank when pressure
to the {flter exceeds 80
p.s.i.

The duplex sintered
bronze filter, Fig. 10-8,
iz mounted on the engine
irontend plate, It congists
of a housing with drilled
passages for the flow of
fuel and a built~-in relief
valve, to by-pass the fuel
in the event of dirty filter
elements. Two sintered
bronze elements are used.
Two Viewsof Ful-floFllter To provide Dbetter anti-

Fig, 10-8 eorrosion protection the
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elements have been given a tin plating, since August
1951, Fig. 10-10 shows a cross section of the filter
assembly. Two standpipes are applied on top and are
covered by glagss-pasketed covers held by a yoke and
screw. The fuel returning from the Injectors flows
through the return sight glass nearest the engine. An
orifice restricts the flow of fuel into the glass and
maintains a back pressure of fuel on the injectors of
approximately 5 pounds at 800 RPM. (On 8-567B and
12-5687B engines, an additional orifice is located in the
return sight glass standpipe), The fuel from this glass
returns to the fuel supply tank. The fuel returning
through this sight glass indicates the condition of the
fuel system by the quantity of fuel or presence of air
in the fuel. Normally this glass is full of fuel with
the engine running.

The sight glass away from the engine is termed
the by-pass sight glass because it recelves the oil
by-passed through the relief valve in the event the sin-
tered bronze filter elements are dirty, and fuel pressure
in the housing reaches approximately 45 pounds or about
60 pounds fuel pump discharge pressure, There will be
a slight leakage of fuel into
this glass that will be no-
ticed at a small opening at
the bottom of the standpipe.
This is fuel that purposely
is allowed to leak around
the relief valve and does
not indicate dirty filters.
In the event the filters are
allowed to become so dirty
that the by-pass valve opens,
fuel will be returned to
the supply tank starving
the engine of fuel,

AsshowninFig. 10-10, Sintered Bronze Fuel Filter
the two filter elements seat Fig. 10-9
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on gasketed recesses in filter body to which is bolted
the filter housing. Fig. 10-11 shows a schematic fuel
flow through the filter assembly.

3. Fuel Manifold

The fuel manifolds are made up of the fuel supply
and return line from the fuel {filters i{o the injeciors.
They are mounted on the outside of the cylinder head
frame assembly, extending lengthwise of the engine and
provided with a comnection for s supply and return fuel
ling to each injector.

}. Reiurn sighi glass-5 Ib, 4, Fuel inlet passage 7. Case
2, Btand pipe 5. Relief valve & Elements
3. By~-pass sight glass 8. Gaskets 8. Drain

Cross Bection Bintered Bronze Fuel Filter
Fig. 10-16
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C. OPERATION

Fuel from the fuel supply sump is drawn by the
fuel pump through the suction stralner and discharges
the fuel to the discharge filters, It then passes through
the elements to the fuel manifold supply line from
where it flows through a jumper line at each cylinder
into the injector through the injector inlet fllter. A
small portion of this supply fuel to each injector is
pumped into the cylinder, &t a very high pressure,
through the spherical check valve and spray tip of the
injector. The quantity of fuel depends upon the rotative
position of the plunger as set by the governor. The
excess fuel not used by the injector flows through the
injector, serving to lubricate and to cool the working
parts. The fuel then leaves the injector through the re-
turn fuel filter, This filter is to protect the injector in
the event of a backward flow of fuel into the injector
from the return fuel line. ¥From the return fuel filter
on the injector the excess fuel returns through the fuel
return line in the manifold to the orifice inlet of the
return sight glass, This orifice restricts the return
fuel to the extent of maintalning a3 back pressure of
approximately § pounds, The fuel continues into the
return sight glass {illing S

the glass and down through wgagmrz RETURK FROM

the standpipe under the ) ;
glass through returnline ] e
te the fuel supply tank. !
D. MAINTENANCE . | A

1. Injectors

! :‘-Tﬁjglcs
a. Installing and Timing [RJe,
When installing an Schematic Magram

injector in an engine, back  Flow Through Fuel Filter
off on the injector rocker Fig. 10-11
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arm adjusting screwlocknut and screws before tightening
down the rocker arm shaftnuts.

With the injector installed, time the injector as
follows:

{1) Set the flywheel at 4° before top dead center of
the cylinder being timed. {(See Section 6 for
firing order).

(2) Insert gauge #8024638 into the hole provided for
it in the injector body, Fig. 10-1Z.

{3) Turn the rocker arm adjusting screw until the
shoulder of the gauge just passes over the fol-
lower,

4 INJECTOR TIMING GAUGE

- &

Timing Injector
Fig. 10-12
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{4) Tighten adjusting screw locknut, holding adjusting
screw in position with screwdriver,
{5) Recheck setting.

b. Injector Sticking

Engilnes may encounter injector sticking difficul-
ties due to fuel, lube oll or Iilier mailntenance condi-
tions. Since these conditions very often are momentary,
injector removal may be minimized by utllizing alco-
hol to free up injectors in place. Ordinary commer-
cial methanol (wood alcohol) rcan be applied to the in-
jectors through a hole opposite the timing tool hole,
and "popping" the injector or motoring the engine. This
sticking condition usually oceurs on injectors which are
held with the plungers down when the engine is stopped.
Should injector racks show signs of sticking, they should
be checked for gum or varnish deposits. U they are
present, the rack shouwld be cleaned with alcohol and
re~checked; I after these remedies, sticking persists,
the injectors should be removed and replaced with in-
jectors in proper working order. 1In no case should
injectors be cruiched out or cut oput and the engine
operated. I infectors operating unsatisfactorily can-
not be remedied or replaced, the engine should be shut
down until corractive measures to overcome the trouble
have been carried out,

e, Bervicing Inlectors

When servicingthe injectors, clean conditions must
be maintained, Dust or dirt in any form is the most
eommon cause of injector failure. When an injector is
in an engine it is protected againgt dirt, dust and other
foreign materials by the various filters employed. When
an injector is in storage it is protected against harm-
ful material by the fflters which seal the body openings,
these in turn are protected by shipping blocks.

However, an entirely different set of conditlons are
encountered when It becomes necessary to disassemble
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an injector for repair or overhaul, These conditions
necessitate provision of special shops, equipment and
trained personnel, These items are expensive, and
in most cases the customer would not be warranted
{n the expense, Electro.Motive maintaing this service
for our customers and recommends the injector be
returned to the nesarest Factory Branch for rebuilding,
See Factory Rebuild Service Bulletin #302.

d, Injector Testing Procedure

In order to insure satisfactory englne perfor mance,
injectors should be tested whensver removed from an
engine regardiess of the reason for removal. In addi-
tlon, it would be well to set up a program for testing
all injectors in an engine during each annual inspec-
tion in order to insure qualification of injectors in come
plete engine sets,

It 1s important that the individual doing the test-
ing understands the basie principals of injector oper.
atton and testing procedures in order to prevenmt quali-
fication of defective injectors and condemming of good
ones, Instructions in the use of the injector test stand
and an outline of each separate test procedure slong
with a basic explanation of injector operation follows,
These tnstructions cover the festing of new style 2014
and all 567 injectors using test stand B202844 or re.
vised test stand 8171778, Fig, 10-13, but are not ap-
plicable to other types of testing equipment since in-
jector leak-off rates vary greatly in proportion to the
volume of fuel contained in the high pressure portion
of the test stand, (In testing new style 201A injectors,
It is necessary to use 201A connector assembly 8204188
instead of the 587 standard assembiy,)

Injector Test Stand

Basically the stand consistz of a fuel reservoir,
filter, high pressure pump, pressure gauge and nec-
essary connecting lines and fittings to supply fuel to
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the injectors under test, On placing the stand in op-
eration, it should be get up 25 Instructed by the man-
ufacturer, Inspect carefully for dirt or foreign ma-
terial in tank and lines, Fill the tank with fuel and
operate the pump to purge g1l free alr from the system,

invegtigation has shown that the viscosity of fuel
oil used in the test stand has a marked effect on the
test resulis obtained, Regular fuel oil may be used
providing the vigcosity is not less than 32 S5.5.U, at
100° ¥, Do not reuse fuel oil pumped through injector
into the plastic bowl,

{1} Test the stand for leaks,

Install the test block {n place of an injector on
the stand and pump the pressure to 2000 pounds

e

CLAMPING WRENCH

TEST STAND
PUMP LEVER

L PRESSURE SHUT-OFF VALVE

Injector Testing Stand
Fig. 10-13
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2}

as indicated by the stand gauge, This pressure
should not drop below 1975 pounds in § minutes,
Release the block and recheck at 500 and 1000
p.5.i. These pressures should hold 1 minute
with no apparent gauge drop. These tests are
to be made with the pressure shutoff valve, Fig,
10-13, Hem C, open all the way, ¥ the tests
are satisfactory, all injector tests may be made
without using the shutoff valve, I the above
tests indicate leakage in the stand, repeat the
tests, closing the shutoff valve, before timing the
ieak off rate, U tests are satisfactory with the
shutol valve closed, it will he necessary to
use the shutofi valve when making the injector
holding pressure test,

{When placing & new test stand in operation, or
after removing and replacing the gauge, ifuel
tank, filter or pump for any reason, the test
block should be instalied as described above, and
the pressure raised to 2500 p.s.i. and vented at
least sixtimes, before testing the standfor leaks,)

Operation of the stand,

In using the test stand, the operator must con-
gider it as an Instrument, rather than a tool,
Effort should be made to make the manual op.
erations of repeated tests the same, The fol-
lowing general procedures are listed to help
in obtaining uniform operation,

{a) When operating the pump, use a rate of 80
strokes a minute, This gives enough fuel
rate to operate the check valve smoothly and
circulate fuel within the injector,

{b) When using the popping lever, do not use
such force as {0 damage either the injector
or lever, Do not permit the lever to Iy
up ireely,
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(¢} In making holding tests, do not pump the
gtand above 2500 p.s.i,

{d) Stands regularly in use should be checked
daily for leaks, using the test block,

{6} Fuel oil used for testing should not be re-
used,

Injector Testing
(1) Rack Freeness Test
{a} Explanation

The rack engages with a small pinion on the
injector plunger and serves to rotate the
plunger with respect to two ports in the in-
jector bushing, thus regulating the amount
of fuel injected per siroke of the plunger,
Binding of the rack is generally caused by
damaged gear teeth, scored plunger and bush-
ing, or galling of the rack itsell, In an engine,
a binding rack may cause sluggish or erratic
speed changes and overspeed trip attion,

- {b) Test
To be considered satisfactory, the rack must
fall in and ouf through full travel by its own
weight when injector is held horizontally and
rotated about its axis.

{2) Binding Plunger Test
{a) Explanation
Failure of the injector plunger to move up
and down {freely indicates scoring of the
plunger and the bushing,or weak or broken
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{b)

spring, In an engine, a binding plunger will
cause erratic cylinder firing and, in ex-
treme cases, overspeed trip action,

Test

Place injector in test stand but do not attach
ithe fuel line, Place rack in the full fuel
position and pump all the fuel out of the in-
jector with injector popping lever, Fig.
106-13, Item B, When all the fuel has been
exhausted, depress the injector plunger to
the extent of its full travel and release pop-
ping lever, Plunger should return to the
top of its stroke with a definite snap action.
Bepeat this test with the rack ia the half
fuel and ne fuel positions, Care should he
used in the test to prevent the plunger from
snapping back s0 violently that the plunger
gtop pin becomes broken.

(3} Spray Tip Orifice Test

{a)

CH

Explanation

The six small holes in the injector spray tip
serve to control injection pressure, fuel
penetration and fuel atomization. Plugging
of one or more ¢f the holes may change in-
jection characteristics enough to cause poor
combustion, In an engine, this might cause
a smoky exhaust and in extreme cases, pres-
sure build-up in the injector body might lead
to broken spray tips and injector rocker arms,

Test

Attach the test stand fuel line to the injector,
being careful to bleed all air from the sys-
tem, This is best accomplished by holding
the fuel line on the left hand injector filter

- 1018 -



252B-10-953 FUEL

CAUTION:

¢ap or oil inlet hole and slowly pumping the
test stand pump lever, Fig, 10-13, Tem A4,
until clear fuel flows from the outlet side of
the injector, Slip the clamp bar over the in.
jector stud and tighten with clamping wrench,
Item D, Operate the test stand pump lever
at the rate of sixty full strokes per minute
and observe the spray af injector tip, Fuel
should discharge from each orifice, Dis-
tribution and angle of the spray should be
uniform,

Do not put hands near spray tip as the high
pressure fuel iz capable of penetrating the
skin and entering into the blood stream caus-
ing severe injury,

{4) Valve Opening Pressure Test

(a}

Explanation

The spherical check valve in the injector tip
serves only 10 prevent the flow of fuel inlo
the cylinder during the time when injection
is not taking place, N does not control in-
jection characteristics, In a new injector,
this wvalve will open at a pressure of from
1000 to 1400 pounds per square inch, The
nature of the valve spring, however, is such
that it takes a slight "set” in the Iirst sev.
eral hundred hours of operation causing the
opening pressure to drop 100 to 1560 p,.s.i,
below the reading taken when new, prior to
use in an engine, Any additional drop in
pressure iz the result of normal wear of
the working parts of the valve, When the
valve opening pressure drops to a point below
800 p.s.i, valve actlon is likely to become
erratic due to cocking of the valve stem
through lack of spring pressure and excessive
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wear, The valve is then prone io leak which
can result in smoky exhaust and possibly a
scored liner and piston,

Tast

Test is to be made with the injoctor installed
in the test stand as cutlined in the preceeding
section, Place injector rack {n the full fuel
position, Operate pump lever at least twenty
full gtrokes to insure that any observed leak-
age is not due to dirt or a cocked valve,
Give pump lever one additional full stroke
and immediately note presaure at which test
gauge settles out., This is valve closing
pregsure but since there g very litble dif-
ferential between wvalve opening and valve
closing pressures, the twe can be considered
as identical for the purpose of this test. ¥
this pressure is less than 600 p.s.t., the
injector should be rejected,

{3} Body Pressure Test

(@)

Explanation

No external fuel leskage at the injector hody
seal, the body pivgs or the filter cap gaskets
{s permitied, 3Such leakage would cause fuel
dilution of the engine lube ofl which, if not
caught in time, could result in ser..us en-
gine damage,

Test

With the injector installed in test stand as
outlined 1n (3) and {4) depress the popping
lever and, af the same time, slowly operate
test stand pump lever, When the injector
plunger has heen depressed {0 a point where
the ports int .e bushing are covered, no fuel
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will diseharge from the injector tip and the
presgure within the injector body will rise
above valve opening pressure, Hold popping
lever in this position and operate pump lever
untii the hody pressure bullds up to about
2000 p.s.i. Injector should be rejected if
leakage is observed at the body nut seal,
body plugs or filter cap gaskets, Leakage
at the rack should be disregarded for the
purpose of this test as this is covered in the
following section,

During this test, observe the tops of the
filter caps for any sign of leskage between
the ball seats on the fuel supply line and
filter caps. U such leakage is suspected,
blow the fuel oil accumulation off with com.
pressed air and repeat test, 1 leakape is
evident, loogen the fuel line from the injector,
retighten, and test again, before changing
filter cap or rejecting the injector,

{6} Holding Pressure Test
{1y Explanation

All injectors lopse pressure due to leakage
at one of several points, but this leakage
must be controlled to a satisfactory degree
during injector manufacture in order o pre-
vent excessive engine lube oil dilution and,
at the same time, achieve dependable in-
jector operation, The Holding Pregsure Test
will qualify injectors having specified lesk
off rates providing this leakage ts at the
proper point and is satisfactorily contrelled
as outlined below:

1.No leakage ig permitted at the nut to body
seal, filter gaskets or body plugs as out-
lined in (5) above,
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2-Injectors must be guallfied for leakage at
the tip, This is caused by leakage:

a-Past the spherical valve,

b« Past lapped joints between valve seat,
spring cage, spacer, and/or spring tip,

Care must be e¢xercised in making this
gualification that this test is not influ-

. enced by raising the pressure just above
valve opening pressure, If thiz is done,
the Injector may leak a few drops of
fuel as the valve opens, An Iniector
should be "popped” hard several times
if leakage cccurs fo insure the leakage
iz not due to a cocked valve,

Leakage is limited to no fuel dropping
from the tip during the hold test outlined
in @) following, starting with 1000 p,s.i.
or valve opening pressure, i lower, The
tip should be blown or wiped off ut the
start of this check and the imjsctor nut
dried, to prevent interference from fuel
accumulated on the cutside of the injector
above the tip, Formation of a drop of
fuel on the tip is acceptable, provided it
does not fall,

3-Leakage occuring other thanas indicated in
{1} and (2) above will show as fuel at the
injector rack, This will be due to elther:

a-Leakage past the ground joint between
the {njector body and the injector bushing.

b-Leakage at top of plunger and bushing
‘lapped fit,
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The leakage in (3} preceeding is controlled
by timing the interval reguired for the
pressure in the injector body to leak off
from 1000 p.s.i. or valve opening pressure
H the latter is less than 1000 p.s.i., to
400 p.s.i, A fast leak-off rate usually
. indicates excessive wear between the
plunger and the bushing since the ground
joint between the injector body and the
bushing seldom leaks unless disturbed, The
amount of fuel leakage noted at the rack
during this test is not indicative of the
amount which will leak into the oil when
the injector is operating in an engine at
normal pressure of 20 to 40 p,s.i,

{b) Test

With injector installed in test stand as in
test (3), pop injector smartly with the test
stand putnp lever 15 to 20 strokes and with
a suitable stop wateh, time the interval re-
quired for the pressure to drop from 1000
pS.i. {(or valve opening pressure, whichever
is lower) to 400 p.=.i, U this interval is less
than 35 seconds, repeat the test but close the
pressure shut-off valve (Fig, 10-13, Hem C)
immediately after popping the injector, If
the interval is still less than 38 seconds, the
injectors should be rejected,

Any injector failing to pass any one of the tests
outlined above should he returned to the Eleciro-Maotive

Division or one of the Electro-Motlve Factory Branches
for remanufacturing,

e, Replacing Injector Filters

Tnjector filters should not be distarbed or removed
excent during injector reconditioning (when all parts are
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completely cleaned) or otherwise in the event of fusel
stoppage to the injector,

{. Storage Injectors

Injectors not to be used for a long period of time
should be treated with a rust preventative, Use a stable,
non~-corrosive, straight run petroleum in the kerosene
volatility range, #8203258 (50 gal.). A drawing, file
207, giving detalls of the comstructlon of an injecior
storage box, which will accommodate an injector storage
rack #8159228 (holding 18 injectors) simllar to the rack
shown in Fig. 10-~14 may be obtained on reguest.

Z. Filters

Fiters should be cleaned as specliled in Mainte-
nance Instruction 1706 and changed at intervais gpecified
in Scheduled Maintenance Program, Maintenance In-
structions 831 and 832 cover two filter types.

3. Air Leaks

Alr entering the fuel line at any point on the
suction side of the pump. will cause the engine to miss
fire or stop. Air or gas in the fuel system will appear

Injector Holding Rack
Fig, 10«14
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in the return sight glass in the form of bubbles. The
presence of bubbles with the engine shut down and fvel
pump running indicateg an air Jeak on the suction gide
of the pump. I bubbles appear only with the engine
running it iddicates leaking valves in the injector,
allowing combustion gases t0 get into. the fuel.

4, Fuel Supply Pump

Fuel supply pump and remote fuel level gauges are
covered in Maintenance Instructions B02 and 808, A kit
of parts #8186326 for testing remote fuel and water gauges
is avallable from our Parts Department. It consists
of two "U" gaoges, one graduated for fuel, the other
water, four }/4" bar stock valves, reducing relief valve
and sirainer, Connecting pipes are to be {urnished
by the customer. Print 8188329 shows installation and
instructions are included.

5, Testing Emergency Fuel Cutoff Vaives

I a test is desired of the emergency fuel cutoff
valve the following procedure is suggested.

1, Fill fuel tank,
2, Stop engine to prevent starving,
3. Trip emergency fuel trip.

4, Pump fuel fromfuel supply sump withthe engine
fvel pump and then stop pump.

5. Remove drain plug from fuel supply sump and
drain remaining fuel intoc a container.

6. Aftorthe sump drainsthere should be no further

flow of fuel. I there is, it will be known that
the valve is dirty or defective.
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Ag built, the valves are not reguired to be leak
tight with an air test. The above test Is sug-

gested as a practical test,

A push rod reset of the emergency fuvel cutoff
valve may be applied to F2, 3, 7, GP7T and EV
locomotives if desired, See Modification Ine

struction BOST,

&. Diesel Fuel Recommendations

For information on Fuel Oil Specifications see

Maintenance Instruction 1606,
E. EQUIPMENT LIST

Name

Holding Vise (Pin)

Remote Fuel Gauge Test Kit

Injector Holding Rack (16 injectors)

Injector Pry Bar

Timing Gauge

Test Stand {complete)

Plastic Spreay Cup (exira, used with
8202844)

201 A Injector Adapter {for 82029844)

Injector Storage Box (drawings)

Fuel System (pre-Test)
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Part No,

8049088
8184329
8158228
8041183
8034638
8202044

8171780
8204188

File 207
Drawing 204
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252A88-11-353 GOVERNOR

SECTION XI
GOVERNOR, ENGINE SPEED CONTROL
A. GENERAL DESCRIPTION

The governor iz a device used for controlling the
spoed of the engine at a setting determined by the
engineman’s throttie,

Governors used on the engine are of two types,
PG and SI. In external appearance they are similar as
shown In Fig, 11-1. 'The main difference between the
PG and SI governors is {n the power case portion which
houses the governor pllot valve, compensating mech-
anism and o¢il pump as shown in schematic diagrams
Fig. 11-2 and Fig. 11-3. Governor control used may
be electro - hydraulic, paeumatic - hydraulic, electro-
pneumatic or manual control, depending on the loco-
motive application. Speed adjustment is the same on
either type povernor having the same speed conirol.

The main parts of the governor are: a speed
measuring mechanism {(speeder spring and flyweights),
fuel regulator {power piston), compensating mechanism
(receiving compensating piston integral on pilot valve,
puffer piston and springs on PG or actuating and c¢om-
pensating piston and springs on 81}, and an independent
oil system (oll sump, oll pump, accumulators and oil
passages).

"All BI type governors have been superseded by
the improved PG type governors, however, replacement
Bl parts are still available, Also, i desired, SI type
goveraors, either electro-hydraulic or pneanmatic-hy-
draulic may be converted to PG type at Electro-Motive
Branch shops, In addition, Modification Instructions
may be obtained in the use of either eiectro~hydraulic
or pneumatic-hydraulic governors to replace governors
other than those types ased on respective locomotives.
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81 Governor PG Governor

Oil filler opening,

Pilot valve needle valve, regulate timing Minimum
Field to Maximum Field, (K 4 or 5 port bushing
Bot used),

Vane motor ol line connsction; decrease excitation,
Pilot valve engine oil supply,

Vane motor oil line connection; increase excitation,
Pilot valve oil drain,

Pilot valve needle valve, regulate timing Maximum
Field to Minimum Field, I 4 or § port ushing
not used),

Power piston rod,

Governor ofl drain,

Compensating adjusting screw location,

Ol level sight glass,

Low oil pressure and high sucton shutdown rod,

Electro-Hydraulic Governors
Fig. 1 1" 1
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Special Governor Applications

Electro-hydraulic and Pneumatic-hydraulic gove-
ernors are equipped with § port and 4 port pilot valve
bushings respectfully and have basic speed conrtrol
bushings which give & definite allowable engine speed
acceleration. There are exceptions to these basic
governors which differ etther i allowable speed in-
crease or pilot valve bushing, or both, to suit specific
locomotive requirements, These governors are iden~
tified by separate part numbers as follows:

Governor 81576878, is a basic Bl electro~hydraulic
governor but is equipped with a 4 port pilot valve
bushing instead of the basic § port bushing., This
governor is used specifically with D15 generator on
E8 locomotive. Jis speed conirol bushings also allow
engine acceleration slightly faster than basic SI electro-
hydraulic governors.

Governor 8188358 differsfrom a basic PG electro-
hydrauli¢ governor in as much that it has a 4 port
pilot valve bushing in place of a8 basic § port and is
equipped withh a speed control bushing allowing engine
aceeleration from idie to full speed in 5-7 seconds.
Thizs governor is specifically uzed on multiple unit
transfer locomotives.

Governor 8188853 (PG) used on 8D7 locomotives
differs in several respects from any other governor. It
is equipped with two additional elecirical switches in
addition to the ol systern alarm switch. These are
the OLS and LRS switches. Both switches protect
‘against engine overload and are sactuated by a bar
attached to the upper end of the power pision tailrod,
When the power piston reaches 3/16° gap the OLS is
contacted which energizes the ORS to move the load
regulator foward minimum field. At 5/18" power
piston, LR8 is de-energized dropping out LRC cuiting
out the quick start resistance in parallel with the load
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regulator resistance. Both of these switches are con-
tained in a bracket mounted on the sclencid bage hear
the power piston tailrod and ORS solenold Fig. 11-18.
Setting procedure of the switch will be found on page
1137. In addition this governor has a different pilot
valve assembly than any other governor.

B. DESCRIPTION

1. Electro-Hydraulic and Pneumatic-Hydraulic
Controlled Governors

The electro-hydraulic governor, andthe pneumatic-
hydraulic governor, PG and 81, have as a part of the
governor, control apparatus for the governor speeder
spring, indicators to show throtile position, engine
speed, power piston gap, pllot valve setting and other
devices for engine protection and. operation, such as:
lcad repulator pilot valve and overriding cylinder, low
oil pressure and lube o1l pump high suction shut down
as shown schematically in Figs. 11-2 and 11-3 on the
electro~hydraulic governor.

3. Speed Control With The Electro~Hydraulic Gov-
ernor

Speed control with the electro~hydraulic governor
is accomplished in steps by the energizing of
different combinations of four solenoids {A, B, C
and D) shown in Fig. 11-2 or 11-8. Solenoids
{A, B and ) have plungers bearing on a triangular
fulcrum plate, Hem §, at varying distancea from
a set fulcrum point of the plate, Item 17, bearing
on a lever connected to a speed control pilot valve
Item 5, which operates inside the speed conirol
rotating bushing.

The D solenoid plunger bears on the speed control
rotating bushing through the D solenoid cap and
bearing. Different combinations of energized sole-
noids cause the speed control pilol valve to be
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raised or lowered. Lowering of the speed con-
trol pilot valve allows oll from the governor accu-
mulators to flow to the governor speeder spring
piston inereasing governor spring tension. Raising
the speed contro] pilot valve permits ofl trapped
above the governor speeder spring piston to drain,
lessening governor spring tension, which lowsrs
engine speed.

Energizing cof the °I* solenoid is eguivaient to
raising the speed control pilot valve, since it
lowers the speed control rotating bushing, When
energized in combination with other solenoids
the *D" solencid lowers supply port opening,
lowering the balance point, making the downward
movement of the speed control pilot valve less
effective. Alsoc, legsening the amount of necessary
upward movement of the speed control pilot vaive
to close the control port when the speeder spring
piston is forced dowm.

b. 8pesd Contrel With The Preumatic - Hydraulic
Governor.

Speed control with the
pneumatic - hydrauatic
type governor congisis
of a transmitter and
a receiver which
throughlinkage raises
or lowers the speed
control pilot valve
which is identical in
operation as used in
the electro~hydraulic

DECREASE SPEEDR

DIAP RRAGH
GONIGAl, YALYE

iNLEY pRIFIGE

SiNTERED FILTER

governor. —
The transmitter, Fig.

11-4, islocated in the AT: CONNECTION
control stand in the

locomotive cab., It is Transmitter
actuated through the Fig., 11-4
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throttle lever, shaft and cam. As shown, # con-
sists of a spring loaded diaphragm and tapered
seat valve. Inlet air from the locomaotive control
alr reservoir is supplied the transmitier through
a sintered filter and inlet orifice, to give a con~
stant supply of air,

The =air supplied through the orifice causes the
pressure to raise untll the air pressure against
the diaphragm balances spring tension, at which
time the conical valve is unseated and the air
bleeds off to maintain constant pregsure, There
should be a continuous discharge of air around

B SHUTGow SaLEncio BN - PRSHUTOOWN NUTS

SPEEDER
SPRING
FISTON

- -
A1 NLEY

SEEED CONTREL
PILDT vALVE

| T [)
ROTATING h
BUSHING

Pneumatic-Hydraulic Speed Control
Fig., 11-5
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the fransmitter stem except during an increase
in speed. Varying the diaphragm spring tension,
through the throttle and cam, varies the air pres-
sure in the transmitter.

The transmitter alr pressure ig piped directly io
the receiver, located in the governor, Fig. 11-5,
and exerts ite pressure against the receiver dix-
phragm. As the alr pressure 1 viried in the
transmitter, it is also varied in the receiver.

The diaphragm responds fo the varied pressure
and moves the speed control pilot valve linkage
to raise or lower the speed control pilot valve,
operation of which is identical as in the electro-
hydraulic governor.

2. Electro-Pneumotic Manually Controlled Governor

a. The electro - pneumatic Py, i
cohtrolledgovernor,Fig. SR s
11-6, has its speeder l_, o OPENIG -

spring control mounted
geparately on the engine
which operates the gov~
ernor speeder spring
through linkage and pneu-
matic pistons actuated
through the alr magnet
valves, The electro-
pneumatic control is
shown in Fig. 11-7. An
indicator on the back of
the conlrol registers ac-
cording to the throtile
position.

GOVERNOR
BHARFT

il LEVEL
GAVGE

®

COMPENBATING
. SCREW
' LOGATION

Ol ORAIN PLUR

b. Governors used with man- SOWEN PiSTON ROD CLEVIS

ual spesd control are

similar to the governor Electro-Pneumatic

shown in Fig. 11-6, ex-
cept that & high speed

Controlled Governor
Fig. 11-§
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stop is mounied on the governor cover. Engine
speed is controlled by increasing or decreasing
governor spring tensionthrough mechanical linkage
between throttle and governor shaft.

3. Engine Speed Control

The following portions of the governor are similar
on dall governors used on the engine, whether they are
electro-hydraulic, electro~pneumatic, pneumatic-hydrau-
ii¢ or manually controlied. They have in common an
independent oil supply, speed control coluron, power
piston and compensating mechanism.

e Adjustobie cum;\
Jir Pistens ] .

Air Supply To "D Valve

Alr & Iy T
IIA'II “léel'p&y lic‘l’l
Vulves
Electro-Pneumatic Governor Control

Fig. 11-7
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a. ©Oil Supply

The governors have a self-contalned oll system,
consisting of storage sump, rotary gear pump,
bgll check wvalves and accumulators. The ofl
lubricates the moving parts and provides force
necegsary {o operate various paris of the governor.

b. Speed Control Column

To vary the speed of the engine with throtile
changes, or to maintaln a constant engine speed
with load changes, the amount of fuel injected into
the cylinders must be varied. This is determined
by the position of the power piston. See Fig. 11-8
for 81 or 11-1} for PG type governor. To mowe
the power piston (I3}, the tension on the speeder
spring {4) is varied, Whether the throttle changes
or the engine speed changes (due to a load change),
the flyweights (C) will move. This changes the
position of the pilot valve plunger (B) and controls
the supply of oil to the power plston.

c. Power Piston

The power piston (D) supplies the energy to move
the injector control rack through the injector link-
age. The upward motion of the power piston re-
sultg from oil pressure, controlled by the power
piston pilot valve plunger (B}, raising the piston
against the presgsureofthe power piston spring

d. Compensgating Mechanlsm

The compensating mechanism prevents the engine
from racing or hunting by arresting the movement
of the power piston after #t has traveled a suffi-
gient amount to give the desired speed. The com-
pensating mechanism includes the actuating plunger
{F), receiving piunger (G}, andcompensating spring
{H), compensating needle valve {K) on SI type gov-
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ernors Fig. 11-8; or integral receiving piston,
buffer piston and springs, and compensating needle
valve on PG type governors Fig, 11-11.

¢. Fuegl Control - 81 Type Governor

The figures 11-8 to 11-10 illustrate the operation
of the fuel control portion of the 81 governor.
The figures are schematic and are not intended
to show the relative size -or exact likeness or
posgition of the parts.

{1} Constant Speed

(2)

Fig, 11-8 represents the governor with the
engine running at constant speed with no throte
tle or Joad changes. Under this condition, the
centrifugal force of the flyweight {C) balances
the tension of the speeder spring (A). There-
fore, port (¥) in the pilot valve bushing (J) is
coverad by the pllot valve plunger (B) trapping
the oil on the bottom side of the power piston.
This holds the power piston motionless, The
ofi being pumped by the oil pump {8 stored
under pressure in the sccumulator (O} and the
excess oll is relieved through port (N} in the
side of the accumulator.

Load Decreased or Throtile Decreased -
Fig. 11-8

H the load on the engine iz decreased momen-
tarily, the speed will increase causing the
flywelghts {€) to move out, I the throttle
position is reduced, the fension on the speeder
spring {A) will be less and the flyweighis will
move out, In  either event the pllot valve
plunger (B) will raise uncovering port (Y) in
the pilot valve bushing (J). This will allow
the oil trapped on the underside of the power
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piston (D} toflow through port (W) to the sump.
This permits the power piston spring {E) to
push the power piston down, reducing the
supply of fusl being delivered by the injectors.

As the power piston moves down, & partial
vecunm is formed in the chamber above the
actuating plunger (F) of the compensating mech~
anism, which draws the receiving planger (Q)
upward against the tension of compensating
spring (H), At the same time oil is being
drawn into passage (X} through needie valve
(K) to relieve the vacuum and allow the com-~
pensating spring to recenter the receiving
plunger.

The passage through the needle valve is small,
go that its effect on the vacuum is slight while
the power piston is in moticn, but s consider~
able the instant the power piston stops moving,
The port {Y) in the pilot valve bushing would
be fully uncovered i it were not for this com-
pensating action which raises the pliot valve
bushing closing port {Y).

As soon as port (Y} is covered, the power
piston will stop moving down. If the needie
valve (K) is set correctly, the amount of fuel
supplied to the enpgine will have been reduced
just enough to hold the englne speed constant
if the load was reduced, or to reduce the en-
gine speed i the throttle was reduced.

When the enging balances at the new spead
setting, the fiyweights will return to their
central position and the pilot valve plunger to
s central position. It is necessary to keep
the power piston stationgry mntil the engine
speed balances the new setting. To keep the
power piston stationary, port {¥) must be
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{8)

kept covered. Consequently, the pilot valve
bushing must return to its central position in
unison with the {flyweights and pilot valve
pluniger. This is accomplished by adjusting
the flow of oll through the needle valve (K) to
permit the compensating spring (H) to recenter
the compensating receiving plunger and pliot
valve bushing in exact unison with the return
of the engine speed to the new setting,

Load lncreased or Throttle Increased -
Fig. 11-10

If the load on the engine is increased, the
speed will momentarily decrease, causing the
flywelghts to move in. I the throttle position
is in¢reased, the tension on the speeder spring
will be greater and the flyweights will move
in., In elther event, the pilot valve plunger
will lower, allowing oil under pressure to
flow from the accumulator, through port (¥)
to the power piston. The events occurringfrom
this point on, are the opposite to those shown
on Fig. 11-8, The power piston moves up,
foreing oll through passage (X} to the needle
vaive (K} and forcesthe receiving compensating
plunger (G) down until port {Y) is again covered
by the pilot valve plunger. As the engine gpeed
returns fto the new setting, the flyweights,
plunger and the bushing are recentered. The
port (Y) will then be covered, holding the speed
constant,

{. Fuel Control -- Type PG Governor

Fig. 11-11 illustrates the operation of the fuel
control portion of the PG governor. The power
piston spring acts to shut off fuel to the engine.
Oil pressure s used only to increase the supply
of fuel to the engine.
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The governor drive shaft, pump, rotating bushing
and {lyballs rotate together. Two accumulators
are provided for pressure oil storage capacity;
the maximum pressure of governor oil is reg-
ulated by a by-pass in one of them. A buffer
piston centered by asprings is in the hydraulic
eircuit between the pillot valve plunger and the
power piston. T is by-passed by the needle valve,
and alsc by passages which are uncovered when
it moves more than a certain distance away {rom
its central position. The small difference in oil
pressure on the two sides of the buffer piston is
transmitted to the receiving compensating piston
on the pilot valve plunger.

{1) Load Decreased or Throttle Decreased

Ag shown in the schematic diagram, the engine
is running normally under steady load and at
constant speed, ‘Theflyballs, pilot valve plunger
and buffer piston are in normal positions. The
control land on the pilot valve plunger covers
the reguiating port holes in the rotating bush-
ing. The power piston is stationary.

Assume that the engine load 1z decreased, thus
increasing the speed. Ag the speed increases,
the fiyballs move out, raising the control land
of the pilot valve plunger and uncovering the
regulating ports in the rotating bushing. Un~
covering the regulating ports in this direction
permits ofil to escape from the area right of
the buffer pimton; it moves to the right, and
the power piston moves down. 1t s spparent
that since this compresses the right-hand
buffer spring, the oil pressure on the left of
the buffer piston is a little higher than that on
the right. These pressures are connected to
the areas zbove and below the receiving com-
pensating piston on the pilot valve plunger,
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(2)

and since the higher pressure is above this
piston, it is forced downward, so that the land
of the pilot vilve plunger starts to close the
ports and stop the power piston movement.
The governor is so designed that this action
will stop the movement of the power piston
when it has moved far enough to correct for
the load change that started the action.

Oil leaking through the needle valve then allows
the buffer piston to return to center, which
gradually releases the force on top of the re-
celving compensating piston, This force is no
longer needed to hold the pilot vilve plunger
in its central position, because during this
time the engine speed has been returning to
normal, and the outward force of the flyballs
has been returning to normal.

Tt is apparent that the compensating mechanism
described above produces stable operation by
permitting the governor to move rapidly in
response to a speed change, and then wait for
the speed to return to normal.

Load Increased or Throttle Increased

As before, all parts of the governor are cen-
tered, and there iz no power piston movement.
Assume that the engine load is increased, re-
sulting in a decrease in speed. The governor
will go through a cycle of operations just the
reverse of those described above, as follows:
The decrease in speed will cause the flyballs
to move inward, which lowers the pilot valve
plunger and opens the port. Oil from the
accumulators passes through the pilot valve,
forces the buffer piston to the left, and moves
the power piston upward to give the engine
more fuel. The compression of the left-hand
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BaPILOT VALYE PLUMNGER K~COMPEMBATING REEDLE VALVES
L~FLYNE IOHTS 01l SUMP

B~POMER PISTON HeOIL PUMP

E~PORER FISTON SPRING WATCUMULATOR BY-PA3S
F-ACTUAT NG COMPENSATING PLURGER 0«ACCUMULATOR

G-RECE[VING COMPENSATING PLUMGER P-SPEED ADJUSTHMEMT LEVER
H=COMPENSATIRG SPRIXG GuDRIVE SHAFT

1 REGULATIRG 011
B PRESSURE 011
T COMPENSATING OIL
pe PRESSURE~FREE OIL

Type 51 Governor Operating Diagram Constant Speed
Fig., 11-8
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D=POKER PISTON Hafil PYMP
E«POMER PISTON SPRIND RACOUMULATOR BY~PASS
FeACTUAT (G COMPERSATING PLURGER D-ACCUMULATOR
G=RECEIYING COMPERSATING FLUNGER P-SPEED ADJUSTMERT LEVER
H-COMPENSATING SPRIKG P=BRIVE SHAFT

T REGULATING BiL

B PRESSURE O1IL

BN COMPENSATING DL

L PRESSUME-FREE 011

St Governor Operating Diagram
Load Decreased or Throttle Decrsased
) Fig. 11-9
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81 Governor Operating Disgram
Load Increased or Throttle Incressed
Fig, 11.10
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buffer spring results in a higher pressure on
the right-hand side of the buffer plunger and
on the under side of the receiving compensgating
pigton, This pressure moves the pliot valve
plunger upward and stops the movement of the
power piston when i has moved far enough to
correct for the load change thdt started the
action.

Q1] leaking through the needle valve gradually
releases the foree under the receiving compen«
gating piston, allowing the buffer piston to
return to center. This force is no longer
needed to hold the pilot valve plunger in itz
central position, because during this time the
engine speed has been returning to normal.

In the foregoing description, speed changes as
a result of load changes have been considared,
Similar governor movements occur when a
difference between actual governor speed and
governor speed setting 18 produced by changing
speeder springtension through the speed adjust~
ing control particular to the type of speed
control used onthe governor. With large speed
changes the buffer piston travel is much greater,
to the left or right, depending on increase or
decrease in speed, opening a passage for the
flow of oil to or irom the power piston,

4. Engine Shutdown [Adjustments Given Under
Maintenonce)

a. Electro-Hydraulic Governor

Engine shutdown is manually accomplished by
preasingthe "Stop" button cn the engine instrument
panel on locomotives so equipped, or the engine
may be shut down by moving the throttle to “Stop®
position, Either action will energize the "DV
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solenoid. This action depresses the speed control
rotating bushing so its port is below the land of
the speed control pilot valve. This allows the
trapped oil above the governor speeder spring
piston to drain. The spring under the piston
forces the speeder spring piston upward and the
piston extension contdcts the shutdown nuts on the
shutdown rod, lifting the power piston pilot valve
up, which action drains the oil from under the
governor power piston, allowing the power piston
to bring the injectors to "no fuel® position.

b. Pneumatic-Hydraulic Governor

On engines equipped with pneumatic-hydraullce
governors, shutdown of the engine is accomplighed
by releasing the throttle to "Stop” position, which
action completes a circuit to the shutdown solenoid
ghown in Fig. 11-12. Energizing the shutdown
solenoid moves its plmger downward to opeh a
valve in the oil line from the gpeedsr spring
piston, to the governor sump. The oil released
above the speeder spring piston allows the piston
to move upward, its extension contacting the
shutdown nuts, Fig. 11+5, and bringing about
engine shutdown as with the electro~hydraulic
ZOVETTIOYr,

¢. Electro-Pneunmatie Governor

The "D" magnet valve used with electro-pneumatic
control is energized to shut the engine down,
either with the stop button onthe engine instrument
panel or by placing the throitle in "8top" position.
The "D" magnet valve, when energized, causes
the electro-pneumatic control through connecting
linkage to raise the speeder spring plug in the
governor, Fig. 11-24, which contacts the shutdowm
nuts to bring the injector to the "no fuel" position
as in the other governors.
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d. Manually Controlled Governors

Engine shutdown with manually controlled governors
is brought about through the operation of the shut-
down lever, shown in Fig. 11-21, which through
mechanical linkage ralses the speeder plug in the
governor, Fig. 11-24, contactingthe shutdown nuis,
causing the power piston to bring the injectors to
the no fuel position through the injector linkage.

5. Low Oil Pressure and High Oil Pump Suction
Shutdown

The electro-hydraulic and ppeumatic-hydraulic
governors have as & part of each governor an oll

X PLUNGER
RN
Sy SOREWw
'a /i
LGk
_-LOCKSCREW
o

A TBALL YALYE

SPEZDER SPRING
PISTON QiU

EFETYLE]
Shutdown Solenoid Pneumatic-Hydrauwlic Governor
Fig, 11-12
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fallure alarm system which in the event of low oil pres-
sure or high oil pump suction, shuts the engine down
and operates the low oil pressure alarm switch. De
not start engine wntil trouble is corrected, i engine
dies on start after resetting governor shutdown rod.
See Section 8§, Possible Lube Oil Troubles,

As shown in Fig, 11.2 this feature consists of
oll pump suction diaphragm, Iem 11, with adjusting
screw, lube oll diaphragm and plunger, Ttem 12, actuat-
ing servo-piston, two ball check valves, shutdown alarm
rod and alarm circuit switch,

The area to the right of the suction diaphragm is
connected to the lube oll pump suction. Oll pressure
from the blower oil supply is admitted to the left of
the lube ofl diaphragm. On the right side of the lube
oil diaphragm iz ofl under pressure from the governor
spesder spring piston, Governor oil flowing through a
millad passage in the outer circumierence of the speed
control rotating bushing, Item 6, Fig, 11-2, every
revolution of the bushing operates the servo-piston in
the event of low oil pressure or high pump suction when
the engine is at {dle. This oil admiftance is adiustable
through the speed control rofating bushing ports, by
rotating the port sleeve, Item 20, Fig. 11-2Z, to glve
greater or less admitiance of oll, thus regulating the
time interval until sufficient oil is avallable to operate
the servo-piston. This gives the time delay necessary
for building up oil pressure when starting the engine
and is adjusted to operate after approximately 40 sec-
onds with engine at idle position, At 4256 RPM and
over, a time delay by-pass, Iem 7, Fig, 11-2, is
opened to nullify the delay period and engine will shut
down in about two seconds, should pressure fall or
high pump suction exist. This safety feature differs
in the electro-hydraulic and the pneumatic~hydraulic
governors only in the actuation of the time delay by-
pass and its setting., ‘The operation is identical for
both the governors.
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6. Overriding Solenoid

The overriding solenotd *0O,* Fig, 11-2, is em-
pioved on the electro-hydraulic and pneumatic~-hydraulic
governors (i used) to position the load regulator in
minimum field position. The cylinder does thig by
lifting the load regulator pilot valve plunger, Ttem 1,
to force the load regulator vane motor, Item 18, toward
the minimum field pesition. The cylinder is solencid
operated; the solencid being energized when the batiery
field contactor is open. When the solencid is energized,
it moves a small cylindrical valve downward admitting
governor accumulator ofl pressure wnder the overriding
cylinder piston, Htem 2. This piston moves up carrying
the load regulaior pilot valve plunger with it. [The 1ift
is fixed at 1/8"). When the solenoid is de-energized,
a spring moves the pilot valve back to normal position.
The solenoid travel should be approximately 3/32" and
iz adjusted by screwing down on the adjusting screw,
until the armature bottoms; then backing off on the
serew two and one-half turns and locking.

Improper adjustment of the overriding solenoid
may result in a loss of accumulator oil pressure. This
is caused by the overriding solenold adjusting screw
being backed out too far, allowing its vaive to open the
oil supply port, permitting governor oil pressure to be
by-passed directly back to the governor oil sump.

In cases where the engine dies in the lower
throttle positions, the adjustment of the overriding
solenoid should be checked among other checks. The
pilot valve is covered in Section XU of this manusl.
€. MAINTENANCE

1. Setting Governer for Engine Speeds

NOTE: Before setting speeds, check speed jack orcover
nut sztud screwed into speeder piston cylinder
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for louvseness., ¥ loose, check thread length.
Shorten to 1/4" if longer and re-apply. Too
long 2 thread may cause spacer in speeder
spring piston cylinder to be forced down prevent-
ing engine shutdown or not parmitting idle speed
adjustment. Loose siuds may back out due to
engine vibration and cause dumping of speeder
spring piston oll and engine ahutdown.

a. Electro~-Hydraulic Governor

Due to the differ-
ence in expansion
between the metals
in the governor,
no attempt should
be made to accu-
rately set the en-
gine speeds until
the temperature of
the metal has
equalized.

Then with the use
ofatachometer
applied either to
the governor drive Portable Speed Controlier
extension or front Fig. 11-13
camshaft, set the
engine speed as
foliows:

(1) Putthe isolation
switches in units
other than the
one being worked
on in "Start®
positions, Be
sure necessary SolencidAdjustment Wrench
precautions are Fig. 11-14
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taken so the pgenerator on the engine being
worked on will not supply power. Special
speed setting tools are available for use with
electro-hydraulic governors, Fig., 11-13 and
Fig. 11-~14. Fig. 11-13 shows a portable
controller #8182320 having duplicate throttle
steps to the main control stand and is placed
near the governor on the engine of the unit
being checked. A 5 point adapter plug#818231%
converts this controller for use on elactro-
preumatic governor control,

The solenoid adjustment wrench #8174888,
Fig. 11-14 facilitates speed seiting because
it prevents solencid case movement while
releasing or tightening solenoid locknut, A
screw driver bit with knurled handle as 2
part of this tool facilitates solenoid adiust-
ment screw setting., For solencids enargized
at different engine speeds see the Engine
Speed Chart.

ENGINE SPEED CHART

Electro-Hydraulic Governor

Adjustment Throttle Solenoid Engine
Solenoid  Bequence Position Energized RPM
A B C D

Off i)

Idie 275

wC 5 1 275

2 * 350

3 * 425

g 4 4 * * 500

5 * L 575

Falerom Not 1 8 * * * o» 650

HAY 3 7 * . 125

npn 2 8 L] - - Stop 800
RPM Effect of Solenoids +75 +300 +150 -150

[
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L.
2.
3.
4.,

5.

{2) Set the throftle in #6+ position and bring en-
gine speed io 850 - 2 RPM by adjusting
fulcrum nut, Fig, 11«15, ltem 2, at the end
of the linkage, Raising the fulerum nui in-
¢reases speed,

(2) Set the throttle to é?B position and bring en-
gine speed to BOO T 2 rEM by adjusting the

b YALVE £, DORTROL DOLUMN HOLDINE BOLYS
FULCRUM WUT 7. TIKE DELAY ADJUSTMENT PDINTER
SHUTDOMN NUTS 8. WiGH LUBE OIL SUCTIOK
SPEEDER SPRING PISTON 5T0PR A, A VALVE

SCREW B, B VALYE

POWER PESTOR TO FLOATING Linx C. © VALVE

PIN B. b VALVE

0. OYERRIDING SOLEXOID

Speed Control -~ Electro-Hydraulic Governors
Fig. 11-1%

~-1130 -



GOVERNCR 252A48-11-353

{4)

(5)

(8

"D golencid stop screw, Item 1. Back off
stop screw to increase speed.

With the throttle in #7 position, adjust the
"A" solenoid stop screw for 725 - 2 RPM.
Turn stop screw in to increase speed.

Set throttle in #4 position and bring engine
speed to 500 ¢ 2 RPM by adjusting "B"
solenocid stop serew. Turning in increases
engine speed,

With thrcﬁ},e at idie adjust “C? solenoid to
give 275 ~ I RPM engine speed. Turn screw
in to increase speed.

Check the above settings and, i correct, all
the other speeds will be within limits, with
all solenoids set. Check engine speed at all
8 throttle positions. Speeds at intermediate
throttle positiones must be within 15 RPMof
standard.

Also, the speed pointer should be observed
to register at correct speed on the speed
scale when setting engine speeds at idle and
full speed, (275 and 800 RPM). U not, scale
mugt be relocated or remarked so pointer and
scale correspond at idie and full speed.

b. Pneumatic-Hydraulic Governor

On engines equipped with pneumatic-hydraulic
governors, the engine iz adjusted for idle
speed and full speed as follows:

(1)

{2}

Release the throttle from “Stop" position to
"Idie” position,

Conngct alr pressure gauge in air line from
transmitter in the control stand to receiver of
the governor. (The gauge may be {itted so as
to be connected between the air line and the
governor, at the governor).
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At Control Stand

{3) Withthrottie inidle, adjugt eceentric ontrans~
mitter, Fig., 11-4, to give 14 p.sd. on air
gauge.

(4) With throttle in full speed position check air
pressure on gange, The air pressure should
be 28 p.s.d. or greater.

At The Governor

{B) 8tart the engine, controlling speed with the
layshaftlever. No alr pressure is necessary.
Set engine speed at 275 RPM by adjusting
fulcrum nut, Ttem 6, Fig. 11-16, (Be sure
shutdown solenoidis notbottomed, see adjust-
ing solenoids for shutdown). The end of the

& @ ® @ ??

}. GOVERKOR RECE{VER €. FULLRUM ROUT

2, HIGH SPEED SToP SEREW 7. SHUTDOWE SOLENOID
3. WALKING BEAM 8. SHUTDOWR XUTS

4, 378" SLOT HEAD SCREW 8. OVERRIDING SDLEWDID

B, LOW CIL TIME DELAY 8Y-PASS
AGJUSTING SCREM

Speed Control — Pneumatic-Hydraulic Governor

- 1132 -



GOVERNOR 252A%R-11-353

NOTE:

{6)

(7}

(8)

bid

walking beam should rest against its stop on
the top of the receiver, under the walking
beam, directly behind the control cable plug.
(The walking beam is the 1-3/16" % 2" rec-
tangular plate on the receiver with two 10-32
Allen screws and one 3/8" slot head screw
and locknut). On later governors the walking
beam is slotted as shown in Fig. 11-17, to
provide adjustment for variation in assembly
tolerances, but On earlier governors the
walking beam is not slotted.

Esgtablish 15 p.s.i. on air gauge by opsning
throttie. Loosen 3/8" locknut on top of the
walking beam and adjust 3/8"-24 screw so
as to give a , 001" - . 0027 clearance between
bottom of the walking beam and its stop on
the receiver., Tighten locknut.

Back oif high speed stop screw on walking
beam s¢ not to limit travel of beam. Estab-
lish 28 p.s.i. on air gauge, by opening throt-
tle. With 28 p.s.l. on gauge, engine speed
should be 800 RPM,

It speed is not 800 RPM at 28 p.s.. gauge
pressure, adjust movable block of walking
beam (on governors so equipped). Loosen
set screw and 3/8" locknut and move block
in" if speed is low, or "out" if speed s high.
Tighten locknut and set screw and repeat
stepe § and 7 until engine speed is 800 RPM
at 28 p.s.i. gauge pressure.

B00 RPM cannot be attalned with 28 p.s.d.

airpressure with adjustments provided on earlier
governor without adjustable walking beam, the
governor may be modified to include the ad-
justable walking beam,

{9) With throttle at full open position and pres-

sure greater than 28 p.s.i. reduce engine
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MEAD SCREW

LOCKNUT

STGP

Slotted Walking Beam Detalls

Fig. 11-17
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speed to 800 RPM by adjusting high speed
stop screw on the walking beam.

c. AdjustingShutdown Nuts, Electro-Hydraulic And
Pneumatic~Hydrauvlic Governors,

Fig.

11-15, Ttem 3, shows the shutdown nuts

on the electro-hydraulic governor, Figure11-1§,

Item

8 on the pneumatic - hydraulic governor.

The shutdown nuts on the governors should be
adjusted to give clearance {3/32" on 81, 1/32¢
on PG} between the botiom of the lower nut
and top of speeder epring piston extension or
speeder plug with the engine speed at 275 RPM.

d. Adjusting Bolenoids For Shutdown
(1) Electro-hydraulic governor

The "D" shutdown solenoid is adjusted at the
time of engine speed adfustment.

{2) Pneumatic-hydraulic governor

There are two designs of shutdown solenoids
used on pneumatic~-hydraulic povernors, Fig.
11-12, zithough they are simfilar, the adjust~
ment onh each is different.

(a)

(b}

The solenoid without set screws in the
plunger, Fig, 11-12, is adjusted by bottom-~
ing the plunger with top adjusting screw,
then backing off two turns and locking,
with solenoid de-anergized engine dead.

The shutdown solenoid in later pneumatic-
hydraulic governors is as shown in Fig.
11-12 (New). The solencid plunger is
drilied and partially tapped for application
oftwo 1/8" Allen head screws, Thelower
one serves as an adjustment screw while
the upper serves as a lock to hold the
adjusting screw in place,
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The adjustment is made with engine dead,
solenvid de-energized, as follows:

(1)

@

Remove the solenoid plunger stop screw
and large lock nut, making the solenoid
plunger accessible,

Insert small width rule in solenoid case
s0 as to just rest on top of solenotd
plunger. ©Observe dimension from top
of plunger to top of case, Using rule
push soclenoid plunger down as far as
it will go and observe reading on rule
at top of case. The plunger travel should
be .080" or approximately 1/16%, K
plunger travel is over, .080" back off
on adjusting screw, and Y under .080¢
run adjusting screw down. (The plunger
may be removed by using a 1/4"-28 boit
as alifter). Remove plunger if adjustment
iz to be made and remove lock screw,
Make necessary adjustment of lower screw
until 060" plunger travel is obtained,
then replace upper lock screw inplunger.
Replace plunger and solenoid stop screw
ang run down until plunger bottoms, then
back off 2-1/2 turns and lock with lock-
nut, Observe shutdown wvalve during op-
eration of governor. There should be no
leakage at the valve,

e. Adjusting Speeder Spring Piston Stop, Electro-
Hydraulic And Pneumatic~Hydraulic Governors.

The speeder spring piston stopis the Allen head
set screw shown as Item 4, Fig. 11-15. The
location of the stop is the same on the pneu-
matic-hydraulic governor and is set as follows
With the engine at 2758 RPM, run the set screw
down until it contacts the top of the speeder spring
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pigton, then back off on screw (5 turns on 81
and 1-1/2turns on PG) and lock. This prevents
the piston from hitting top of the cylinder,

f. Adjustmentof OLS and LRS switches on governor
8188853,

(1} With engine dead, place 1/32" feeler or shim
ontop operating arm stop on switch assembly,
Fig. 11-18. Resting end of operating arm
on 1/32" shim, slip spline end on lever shalt,
Fig, 11-18. Holdoperatingarmin thisposition

{2} Tighten lever capscrews go levers are snug,
but {ree to move on their shaft. With operat-
ing arm in position as given in Item 1, using
a screw driver in lever slot, position LRS
lever (without locknut) to just open LRS.
Tighten LRS lever capscrew,

{3) With operating arm as inTtem 1, using screw
driver, position OLS lever {with lockoui)
approximately 5° behind LRS lever. Tighten
lever holding capscrew. Remove 1/32" ghim
from stop.

(4) Using governor jack on power piston tailrod,
raige power piston to a gap of 5/16" - 1/84%,
Adjust knurled end bolt on power piston tafi-
rod bracket to contact operating arm so as to
tust open LRS switch.

{5) Raise power piston to 3/16¢ T /64" gap.
Loosen locknut on Allen screw, Fig. 11-1§
of OLS lever and adjust Allen screw so as
to energize ORS switeh,

LES gwitch should be ocpened at a power
piston gap of 5/18" = 1/64", OLS switch
should be closed at 3/168" - 1/64" power
piston gap.
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OLS And ORS Application (Front View)
Fig. 11-18

‘—ALL EN STREW

LEVER SHAFT
LRE

ia
OLS And ORS Application {Back View)
Fig. 11-~19
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{g) Electro-Pneumatic Governor (Speed Setting)

The linkage between the governor speed control

mechanism and the electro-pneumatic throttle
controls consist of two links, described as

the slide link and the turnbuckle link, as shown
in Fig. 11-20,

To set engine gpeed, adjust linkage length to
approximate dimension as shown in Fig, 11-20

Start engine and
check idle speed
for 2TE RPM. Ad-
just turnbuckle to
correct i neces-

sary. Lengthen m.ec-rggf';pg m

GUVERNDOR

turnbuckle to de-
crease the speed,
shorten to in-
crease speed,

Bring throttle out
torun 8 and check
engine speed, See
the Engine 8peed
Chart, page 1129,
The difference be- :

tween idle (275) ey
and full speed ’

(800) RPM should be 525 RPM. If difference
is high lengthen slide link, H low shorten
slide link to maintain correct differential or
difference betweern 275 and 800 RPM of 525
RPM.

Return engine to idle and check speed, re-~adjust
turnbuckle If necessary to maintain correct idle
and full speed.
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{h} Mechanical Controlled Governor (SpeedSetting).

Engine speeds gt idie and full speed 2756 and
800 RPM are set by varving adjustable links
in the mechanical throttle linkage used with
governors employing direct mechanical throttle
control.

These adjustable links are shown in Fig. 11-21
The upper link connected to the governor ver-
tical arm and arm “"A" of the vertical shaft is
used to set the idle speed, and if necessary
arm "A" may be varied to obtaln correct
engine speed,

The lower adjustable link connected tothe lower
arm on vertical shaft is used to adjust full
speed. Varying the length of this lower link
varies the angle of the lower arm onthe vertical
shaft giving # & greater or lesser degree of
arc. The angle of the arm on the bottom of
the vertical ghaft in the control stand is im-
portant and should be checked with a protractor
before any other adjustments are attempted.

The full engine speed should be attained with
approximately 1 /8" spring bounee inthe throttle
handie withthe throttle inthe wide open position.
This iz done by setting the linkage to give
approximately 830 RPM at full throttle and then
serewling in on the stop screw on the top of
the governor untilthe engine speedis 300 RPM.
This should give approximately 1/8" spring
bounce at wide open position of the throttle
handie.

2. Adjusting Low Oil Pressure and High

Oif Pump Suction Shutdown

a. LowQil Pressure Shutdown - Electro-Hydraulic

And Pneumatic~Hydraulic Governors.
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(1)

(2)

The low ofl pressure time delay shutdown
period with the engine at idle may be checked
by shutting off the oil supply to the lube ofi
diaphragm by pressing in on the #10 Allen
screws, Fig. 11-135 Ttem 8, of the high pump
suction diaphragm. Regulate the time delay
period by adjusting the time delay poinier,
Fig. 11-15, Hem 9.

As explained pr’;_evmusly the delay should be
regulated at 40 - 5 seconds by rotation of the
manua} time delay pointer, Fig. 11-15, Item
7, located under the "A* and "C" solenoids on
electro-hydraulic and under shutdown solenoids
on pneumatic-hydraulic governors. Rotation of
the pointer counter-clockwise increases the
time delay period. A very slight change in
pointer position is very effective.

Time Delay By-pass Adjustment -~ Electro~Hy-
draulic Governor

The time delay by-pass adjustment on the
electro-hydraulic governor is made by regulat-
ing the clearance between the 3/32¢ Allen set
screw located centrally, down between the
AP "CY and "D golenoids and screwed into
the triangularfulcrum plate, and the time delay
by-puss exiension, Fig. 11-2, Hem 7. The
clearance at idle should be ,010" to .015%
B may be set by backing off on the screw
several turns, placing the throttle in #3 posi-
tion with the engine ranning and screw down
carefully until, pressing on the #310 Allen
screw of the high suction diaphragm will give
a shutdown in sbout two seconds. Then turn
the screw 1/4 turn further down and lock.

Time Delay By-pass Adjustment -~ Pneumatic-
Hydraulic Governor
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The time delay by-pass is checked In the
pneumatic-hydraulic governor the same as
with the electro-hydraulic governor, by press-
ing in on the #10 Allen set screw on the high
suction diaphragm. The adjustment is made
as follows: With the throttle at idle, put a
1/32" shim between the idle stop (control
plug end of the receiver) and the walking beam
of the receiver. BSet the by-pass valve screw,
Fig. 11-18, Ttem 5, which is next to the 800
RPM screw and bears on the spring loaded
by-pass extension, to just push the valve off
its seat. Check the setting by pressing in on
the #10 Allen set screw of the high suction
diaphragm with the engine speed at 4256 RPM.
The shutdown tripping time at 425 RPM and
over should be no greater than 2 seconds,

. High Suction Shutdown ~ Electro - Hydraulic
And Preumatic-Hydraulie Governors

The high suetion shutdown should operate at
17 to 18 inches of vacuum o initiate the shut-
down feature,

The adjustment iz made with the #10 Allen zet
serew shown in Fig, 11-15, Item B. Screwing
the set screw in decreases the suction tripping
pressure. The setting adjustment may be made
by disconnecting the suction line cotnection at
the povernor and attaching a device capable of
creating a vacunm in the dlapbragm chamber
of 17* to 19" wvacuum, and adjusting the set
scraw (o operate under this suction,

One suitable instrument for this purpose can
be made from information in Maintenance
Instruetion 1528 which gives detalls of construe~
tion from ordinary availlable parts.

The operation of the suction alarm may be
. thecked manuvally by pressing in on the #10
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set screw. The engine should shut down in
2 seconds when this gerew is held in as far as
it will go, when engine speed is 425 RPM or
higher. In the event a suction diaphragm is
broken a small amount of air will be drawn
into the lube oll system. The diaphragm may
may be checked under external oil pressure
not greater than 10 p.s.l. to check for leaks,

3. Electro-Pneumatic Governor Control

4. Parts Replacement

¥ piston leathers are worn and are to be
replaced with new leather, remove cylinder head
assembly. To insert piston with leathers in
place, lubricate leather with Neatsfoot oil,
Care should be taken when installing leathers
not to cut them on edge of cylinder casting.

The air piston springs can be removed by re-
moving cylinder heads and retainer nuts,
b. Linkage Adiustment

The clevis onthe rodin upper right hand corner
{see Pig. 11-7) should be set so it does not
strike the housing when at its extreme upward
position,

The approzimate length of this rod between hole
centers 1s 10-11/18". Increasing this length
decreases engine speed, and vice versa.

c. Magnet Valves

fee Maintenance Instruction 636 for repairing
maget valves used with electro-pneumatic
control.

d. Lubrication Of Air Eagine
See Maintenance Instruction 1704,
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4. Governor Repair

1 :
Y
) k\ § There are certain re-
. pairs which can be made
. to the governor i proper
: tools and facilities are
available, The tools listed
and illustraied in Tool
Catalog 91A, Under ordi-
nary circumstances, when
any of the repairs covered
inthe following paragraphs
are necessary, there may
' be other parts which re-
Removing Drive Shaft gquire adjusting or replac-
Snap Ring - ing. Therelore, we rec-
Fig.11-22 ommend that the governor
be returned on a unit ex-
change, or rebulld and return basis, to be completely
cleaned and overhauled.

a. Replacing Drive Shaft Ot Seal (81 Qovernors).

H z leak should develop szt the drive shafi oil
geal, oil will be lost from the governor into
the engine. To replace seal, remove goveranor
from engine, drain oil, and proceed as follows:

{1} Removing oil seal.

{a}) Remove lockwire and four capscrews
holding the drive shaft bearing retainer.

(b} Pull or pry (with two screwdrivers) the
drive shaft assembly out of the base.

{) Remove the drive shaft snup ring using
tool #B0558%1 as shown in Fig. 11-22,
Discard snap ring, using a new ring
when reassembling.

(8} Press the drive shaft through bearing
and retainer,
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{e} Remove the bearing retainer and press
out oil seal.

(2) Installing Oil Seal (SI Governors)

{e} Press a new oil sealin retginer and ap-
plyto shaft using ofl seal guide #8042684.

{b} Press bearing on shaft and apply & new
snap ring using tool #80681015 as shown
in Fig. 11-23.

{c} Apply small amount
of Glyptolaround
vertical outside
edge of oil seal re~
tainer being care~
ful to use spar-
ingly, and install
drive shaft assem-
bly in the base of
the governor.

{d} Apply ofl seal re-
tainer cap screws
and lockwire,

CAUTION: The ofl seal
retainer cap
gerews should
be pulled up
evenly and not
too tightly, to
avoid cocking
the retainer or
warping it out
of shape, cans~
ing an oil leak.

b. Replacing Drive Shait

Installing Drive Bearing (81 Governors)
Shaft Snap Ring The drive shaft bear-
Fig. 11-28 ing should be inspected
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whenever shaft is removed., X bearing is to
be replaced at any other time, follow procedure
for replacing oil seal outlined in Item 1. A
new ¢il seal should be installed whenever shaft
is removed.

Adjusting End Clearance Of Rotating Sleeve
(81 Governors)

The rotating sleeve is the central rotating part
of the governor driven directly by the governor
drive shaft. The pliot valve and bushing are in
the center of the sleeve and an oll pump gear
is attached to the bottom. The flywelghts are
driven by this sleeve, Fig. 11-24,

(1) Electro-Bydraulle and Pneumatic-Hydraulic
Governors

To adjust the rotating sleeve end clearance
on the electro- hydraullec and pneumatic-
hydraulic povernor, i is necesgary first
o remove governor cover and control
column to give ancess to the sleeve retainer
and flyweight assembly. Remove the shut-
down nuts, Hem 3, on the end of the pllot
valve talirod, Fig. 11-15, and the link pin,
Htem 5, of the top of the power piston
tailrod. HRemove the control column hoid
down bolta, Item 8 (two of these are shown
in Fig. 11-15, the other two are directly
opposite}. With the above parts removed,
the control ¢olumn may be iited up clear
of the power case wilthout disturbing the
parts of the control e¢clumn. On reassem-
bly, new gaskets must be applled, with
the exception of the neoprene seal ring on
the power piston cylinder.

(2} Electro-Pneumatic and Manpal Controlied
overnors

On these governors the rotating sleeve is
accessible after removing the governor
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SHUTDDWN NUTS
CUADRANT f SHUTOOWN ROD

i
GOVERNOR SHAFT — H Pl g
‘,r Y SPEEDER PLUG

J F -
;: P ; SPEEDER SPRING

‘g 3 %
k 3 3

f; 2

BOTATING SLEEVE

Crogs-Section Of SI Governor
Used With Ele¢tro~Pneumatic Control
Fig. 11-24
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cover, governor tailrod shutdown nuts and
removing the control column hold down
screws and lifting the control column off
the power case.

Adjustment

The end clearance of the rotating sleeve de-
termines the end clearance of the oil pump
drive gear. This can be checked by prying
up and down gently onthe fiyweight support.
Excessive clearance will reduce pump
capacity. U notsufficient, will cause exces~
sive wear, Pump gear end clearance is
determined by the thickness of the shims
under the rotating sleeve retainer. These
are round shims and fit directly under the
retainer screws. Clearance should be
001" to 003",

(a} Remove one lamination from under each
end of retainer.

{b} Replace the retainer and screw down
tight. Turn the rotating sleeve, if it
turns freely, repeat Ttem 1 until the
sleeve turns hard.

{¢) Put back sufficlent shims under each
serew to obtain proper clearance and
tighten screws. I the retainer shims
were all removed, and there is still
too much clearance, the retainer must
be replaced. The retainer is removed
by pressing the rotating sleeve out of
the flyweight support, replacing retainer
and adjusting clearance as above.

I a new retainer is not avallable, the
old one may be used by grinding the
guriace flat to remove any wear groove.
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d. Replacing Power Piston Oil Seal {81 Governors)

{1) Remove power piston ¢levis taper pin. Sup~
port power piston rod on opposite side, so
rod will not be bent.

NOTE: Some governors have a screw on ¢levis,
This may ldentified by flats on power
piston rod,

{2) Remove clevis with tool #8088028 az shown
in Fig. 11-25.

{3} Remove lower cylinder cover screws and
remove cover.

{4) With cover removed, remove oil seal, using
toul #8081014 asg shownin Fig. 11-28. Insert

# i il
Removing Power Piston Removing Power Piston
Clevis Ol] Seal
Fig. 11-26 Fig. 11-26
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the pointed end of the tool in the seal, close
handles, apply pressing plug to upper side
of seal and press out,

(5) Press new seal in cover andapply cover back
to cylinder. Use guide #8042682 on power
piston rod, to protect seal when applying
over rod, or if toul is not available use thin
shim stock us a guide. Apply new gaskets
with thin shellac sparingly, apply gaskets
when shellac 15 nearly dry to avoild forcing
execess shellac into cylinder,

8) Tighten cover screws, being careful to draw
them up evenly,

{7} Apply clevis to piston rod and pin with tapsr
pin. Work piston rod with layshaft lever to
deiermine Ireeness of seal application., A
light tap on the corners of the ¢cylinder cover
with wooden mallet will sometimes help 0
free rod,

e. Replacing Flyweight Bearings (81 Governors),

To remove flyweight bearings, it will be nec-
eagary to remove the rotating sleeve as already
given, Pilot valve and speeder spring are zalso
removed,

As a test for condition of the Oyweight bearings
remove rotating sleeve and invert at an angle
of approximately 5°, push ball arms outward
and release, they should return inwardly freely.
The bearing may also be tested by moving side
ways, at right angles to the rod and measuring
movement, I the arms move 1/16" the bear-
ing should be replaced,

{1} Remove cotier and ball arm pins, using
care not to bend pins,
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(2) Remove ball arm bearing screw and nut,
The nut iz prick punched to prevent loosen-
ing but ecan be removed by using force.
Push out hearing,

8) Turp bearing between {ingers, test for
roughness, I slightly rough or worn ex-
cesgively, replace with new bearing and
replace retaining screws. Do not alter
position of flyweighis,

i. Adjusting Compesnsation,

{1} St Governors

H the rotating sleeve assembly should be
disazsgembled for any reason, extreme care
will be necessary in locating the nut on the
lower end of the pilot valve bushing when
regssembling. This nut holds the compensating
gpring so that there can be no movement of
the bushing without compressing the spring.
In other words, the not should be drawn up
until the lower face of the lower compensat-
ing spring collar, the upper face of the hub
of the drive gear and the upper face of the
nut are all in the same plane, This is very
important and i i iz possible to move the
pliot valve bushing without compressing the
spring after assembling the Dbushing in the
gleeve, the adjustment is wrong and must
be corrected.

Compensating needle valves are provided on
the front and rear of the 81 governor. The
needle valve on the front side should be
screwed all the way in before the governor
is mounted on the engine on the electro-
preumatic or manual controlied governor,
as the clearance between the piiot valve and
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governor will not permit adjustment., All
compensation adfustments should be made
by the needie valve on the rear of ihese
governors. On the electro-hydraulic and
pneumatie~hydrzulic SI governars the front
compensating screwis open and adjustments
are made by this front screw, Back screw
out with screwdriver untll engine hunts at
idle position, theh screw in slowly until
hunting stops.

NOTE: The compensating screws have two glots on
the end, The shallow slot is a serewdriver
glot, the other slot i used as a lock by
spreading the screw to hold it in a given
position, once it is set. Do not use the
deep slot for a screwdriver slot as this
will result in damage to the screw and to
the threads in the housing. Determine
which slot to use by trying screwdriver in
bothh slots before attempting to turn in
sUrew,

2} PG Governors,

When the engine is started for the first time
or started after the governor has been dratned
and cleaped, it is important that the compen.
sating needle valve, located near the power
cyiinder, shown in ¥ig. 11-1, be opened several
turns and the vent plug fon rear of governor
identified by triangular plate], be loosened
ot removed; and the engine allowed to surge
for approximately 30 seconds to work alr out
of the governor, After the engine has surged
sufficiently to remove air from the system,
tighten the vent plug, and close compensating
needle valve gradually untll surging is just
eliminated, The proper setting depends on the
characteristics of the engine, Keep the needle
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E.

valve as far open as possible to prevent sluge
gishness. After it has been adjusied correctly
for the engine it should not be necessary to
change it, except for a large permanent tem
perature change affecting the viscosity of the
governor oil. The needie valve setiing will
vary from 1/8 to 2 turns open.

Governor Needle Valves (SI Governors Only)

Needle valves are used in the governor for
compensation adjustment and also for adjusting
lond regulator timing on SI type electro-hy-
draulic and pneumatic~hydraulic governors not
equipped with the 4 or 5 port pllot valve bushing,
Bushing application may be obtained on reguest.
Frequent readjustments of the needle valves
indicates looseness of the valve. To alleviate
loose needle valves the {ollowing procedure
is recommended:

{1} Insert screwdriver blade in shallow slot of
needle valve and back valve out umiil the
deep slot in the valve head clears the
governor housing,

{2} Insert screwdriver blade in the deep slot
and gently expand valve screw head suffi.
clently to give snug {it in female thread,

() Make necessary adjustment to valve using
screwdriver hlade in shallow slot, The
shallow slot should aiways be used for
adjustments,

{h) Flushing Governor

It is not recommended to flush the governor
as a regular maintenance item, Instead, the
governor shouldbe disassembled and cleaned
if operation is impaired due to dirt or other
foreign particles in the governor,
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Although in cases of necessity where the
governor is suspected of being dirty and it
would not be practical to remove the gov-
ernor from the engine, it may be flushed
on the engine as follows:

The engine should be shut down and the
drain plug removed from the governor case
or petcock opened, Close valve or replace
plug and add two pints of filtered kerosene
to governor and start engine. By using
layshaft manual control lever, wvary the
gpeed of the engine from 400 io 500 RPM,
for about five minutes. Shut the engine
down and drainkerosene from the governor,
Repeat this operation several times uutil
the kerosene drained from the governor
appears ciean, Add two pints of lubricating
oll o governor and repeat the above pro-
cedure, and drain, This will remove any
kerosene ifrapped in the pgovermor. TFill
governor with lubricating oil to proper levei
and start engine, Vary speed of engine for
several mirutes to work the alr out of the
system, The oil level should then be checked
antd oil added, if necessary.

Governor Qi1 Supply,

The oil capacity of the governor is 3 pints,
Oil having specifications similar to Texaco
Regal F & & O) oil should be used, The
oil level should be maintsined between
marks in sight giass or up to the mark in
single marked glasses. The vent at top of
sight glass must always be open to assure
correctreadings. Change governor oil twice
2 year. Be sure container and ofl used are
clean.
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Governor Storage

In the event the governor is to be stored
or out of use for an appreciable length of
time, it should be protected against rust.
Regular governor oil, Texaco Regal F
R & O) i# recommended as it is a good
governor oil and in addition has rust pre~
ventative properties.

I oil is used in the governor having spec-
ification unlike Texaco Regal F R & O)
the governor shouldbe prepared for storage
as follows, Drain the oil from the gov-
ernor and flush governor with kerosene,
Refill usingofl having simflar specifications
to Texaco Regal F B & O). Fil to the
proper mark on the sight glass and run
for several minutes, I not convenient ioc
run, fill with this ofl, When pulting the
governor again in service, it may be op-
erated on this oil.

All engine governors beginning with engine
serial number 51~E~53 have been supplied
with Texaco Regal ¥ (R & O} oil,

D. GOVERNOR TROUBLES - ELECTRO AND
PNEUMATIC HYDRAULIC
1. If Engine Fails to Start

a,
bo

£.

Check overspeed trip lever,
Check fuel supply and return in sight glass,

Check governor speed indicator pointer to see that
it comes to the idle position {while engine is
cranking, or running at idle speed) (by manual
layshaft control],

Check shutdown button, must be "in” (o red
showing).
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e,

Start engine and hold injector layshaft lever at
idie position (1-1/32" power piston gap), until
engine lube ofl pressure gauge reaches minimum
of & pounds per sguare inch, then release, H
engine will not continue to run and above ttems
are O.K,, the power piston probably is not getting
vil due f{o internal governor defect,

2. If Engine Stops Under Load

a,

b.

<.
d,

Check shutdown button (kicks out and siops engine
for low oil pressure or high suction).

If pressure is O.XK. and button pops out, check
suction head on lube oil pumps. This must be
less than 18 inches mercury {approximately 9
pounds suction), I« it is greater than 18 inches,
clenn suction screens. Bhutdown button should not
pop out below 17 inches mercury suction,

Check fuel supply and return,
Check overspeed trip lever,

3. Improper Speed SeHings

a,

4.

a.
b,

c.

Check idle and full speed setting at transmitter
and receiver or speed seiting solenoids,

Engine Not Loading Properly
Check pilot valve linkage adjustment,
See that engine is operative, i.e, has fuel, air,

Check vane motor to see that it moves from mint-
mum field position. H not, check operation of
overriding solenotd o see U its hydraulic valve is
operative (will move pilot valve up and dowm),
Also, check overriding solenoid plunger operation
to see that it moves downward when energized.
(Interlock on BYF contactor closes when BF con-
tactor opens),
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5. Engine Running Consistantly Over Or Unlooaded

&

Check engine speed and speed indicating scale
{inside governor), pilot valve scale, and power
piston gap scale (inside governor), for accuracy
under rumning, loaded conditions, If scales are
off location for full load operation, reset and pin
in place. Then reset pilot valve linkage.

6. Engine "Hunting”

NOTE: This can be caused by three systems, They

a.

L

e,

are {1} Governor, @} Pllot Valve and Injector
Linkage, and {3} Load Regulation,

Check oil level in governor, must be between 2
lines on sight glass when running and under normal
running temperatures.

Check injector linkage for binding.

Check load regulator vane motor travel timing,
I hunting under load, remove load and check at
same speed. K regulator timing is off and causing
hunting, unloading the engine should stop the hunt-
ing. (The hunting can be greatly helped by steady-
ing the engine speed with the layshaft lever),

If all other checks above are O,K, then reset
compensating needle of speed governor as neces-
sary,

¥lush the governor to remove dirt in the system,

7. Governor Overflows with il

&,

Defective pilot valve il seal ot to be confused
with foaming due fo overfilling). Later electro
and pneumatic-hydraulic governors have a tell-tale
hole in the power piston pocket to {ndicate leaking
pliot valve oil seals, If oil flows from tell-tale,
seal 15 defective,

Broken "lube oil pressure" diaphragm,
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c. Leaking oil ~- failure of piston valve bushing gasket,
d. Porous casting,

E. SPECIFICATIONS

Governor
Governor speed at 800 RPM
of engine 872 RPM
Governor oll Specification similar to
Texaco Regal F (R&O0)oll
Governor oil capacity 3 pints
Governor Drive
Min, Max,
Bushing Bore Diameter
{as assembled in housing) 1,8785"
Distance betwgen thrust fages 1. 868"
Diameter of drive shaft 1.872"

Diametric clearance
{drive shaft and driven gear

i0 bushings) . 085"
Governor drive shaft, thrust face

to shoulder 1.87¢"
Governor drive shaft end thrust 002" LO1s"
Driver gear, thrust face to

shoulder 1,878"
Driven gear end thrust . 004" L 015"

NOTE: Limit of thrust clearance is governed by gear
backlash,

Bevel gear backlash . 002" . 012"
Seal area, tachometer drive shaft 365" .375"
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NOTE: I groove from seal wear is not rough or fluted
and diameter remains within limits, use in this
condition, do not attempt to polish surface,

Bel! crank end thrust . 001" . o1g"
Replace bell c¢rankshaft i i{rregularly worn by
needle begring contact or diameter worn to less than
.748", Replace all guestionable ball or needle bearings.

Governor Drive Gear

Drive gear bushing to New , 003" -~ ,00g"
stubshaft Limit , 010"
Thrust clearance New , 007 - ,014"
Limit , 020"

Backlash New , 008" . ,018"
Limit , 030"

Electro-Pneumatic Control
Min. Max,
Air cylinder bore diameter 1.'35_3*’
Piston - outside diameter 1.744"

Inside diameter of Body
Bushing Bores . G275

Adjusting rod diamster .821"

Male and female piston
rod diameter , 822"

Piston rod guide bores in
body covers 630"

Inside diameter of upper and lower
Piston Rod Sleeves . 546"
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Air cylinder piston spring +
Free length 4-8/16" - 118"
Loaded 52 to 62 pounds at 3-1/8" long
Piston Travel

A and C valve pistons 7/18"
B and D valve pistons 172"

F. EQUIPMENT LIST

Name Part No,
Snap ring removing tool BO55831
©1l seal guide 8042684
Snap ring applying tool ' 8081015
Power piston clevis removing tool 80688026
Power piston seal removing tool 8061014
Power piston seal applying guide 8042682
Governor drive locknut removing tool 8116868
Governor drive tachometer seal guide 8062027
Vacuum pump device (Drawing No.) 110
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SECTION Xl

PILOT VALVE, PILOT VALVE LINKAGE,
SETTING INJECTOR RACK AND LINKAGE

A. DESCRIPTION
1. Pilot Valve

The pilot valve is a device for controlling the flow
of oil to the vane motor of the load regulator,

Electro-hydraulic and pneumatic~hydraulic gover-
nors have the pllot valve embodied in the governor
housing as shown schematically in Fig, 11.3, Mem 1,
Section X1, On installations employing electro-pneumatic,
or mechanical control governors, the pilot valve Is a
separate unit, located in front of and adjacent to the
governor as shown in Fig, 12-1, In each case the
operation of the pliot valve depends on the action of
the governor,

-Although the actuating, connecting linkage is dif.
ferent, and the location of the pilot valve in and out
of the governors is different (along with additional de-
vices used with the pilot vilve In electro and pneu~
matic-hydrsulic governors, such =zs overriding piston)
the function of the pllot valves are the same, and thetr
main parts gre: houging, valve plunger, and bushing as
shown in Figs, 11.3 and 12-8,

Piiot valves used with electro-pneumatic gnd me.
chaniecal controlied governors are equipped with needie
valves for manually regulating load repulator tlming,
Electro-hydrawlic and pneumatic - hydraulle governors
have the pilot valve in the governor and were originally
equipped with needle valves in the governor for manual
adjustment of the load regulator timing. Subsequent to
March, 1948, these governors were equipped with either
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a 4 or § port pllot valve bushing having ortfices at the
lower end which automatically govern load regulator
timing, consequently making the nesdle valves unneceg-
sary. For load regulator timing for vartouslocomotives
see Maintenance Instruction 626,

2, Pilot Valve Linkoge

The pllot valve linkage on the electro-hydraulic
and pneumatic-hydraulic governors are the game and
consist of a horizontal floating link:shown on the elegw
tro-hydraulic governor in Fig, 12-2, Hem 10, and
vertical slide link, Item 8, eccentric adjustment, Item
6, clevis and holding cap screw, Item 1, which connects
the pilot valve plunger to the floating link,

The pilot valve and linkage used with the electrow
pneumatic or mechanical controlled governors is shown
in Fig, 12-1, The linkagge consists of a horizontal link

Pilot Valve Linkage
Fig. 12-1
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Overriding sclencid walve
Piiot valve indicating disc
Power piston gap scale
Power piston tallred

Pilot valve scale (See Insert)
Eccentric adjustment
Clevis holding cap-screw
Vertical slide link

. Floating link to tailrod pin
10, Floating Link

11. Engine speed scale

"O" Overriding solencid

*

L

[

mmmmfﬂ#wmm

Top Of Electro-Hydraulic Governor
Fig. 12-2
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to which the pilot valve plunger is connected by a clevis,
and long and short vertical links connecting the hori-
zontal link to the injector linkage bell crank and gov-
ernor shaft lever,

3. Injector Linkage

The injector linkage connects the governor power
piston to the injector racks, through the layshaft and
injector rack micrometer adjustments as shown sche-
matically in Fig. 12-8,

A bell crank connected to the power piston and to
two links, one to each layshaft, makes up the injector
linkage, One link from the bell crank to the layshaft,
is adjustable,

B. OPERATION
1. Pilot Valve

The pilot valve in conjunction with the load regu-
lator requires each cylinder to assume a predetermined
load for each throttle position within the limits of the
load regulator range of action, by controlling the load-
ing of the main generator through the battery field.

Fig. 12-9 shows schematically the pilot valve
operating diagram used on engines with electro-pneu-
matic and mechanical controlled governors. A schematic
diagram of pilot valve used with electro-hydraulic or
pneumatic-hydraulic governors is shown in Fig, 113,
Section XI. The linkage connection to pilot valve in
the electro-hydraulic governor, which is the same as
the pneumatic-hydraulic governor, is shown in Fig, 12-2,

Point "A", Fig. 12-9, on the horizontal link corre-
sponds with a similar point "A" on Fig. 12-2, on the
pilot wvalve floating link on the electro-hydraulic and
pneumatic-hydraulic governor, When engine output is
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correct for a certain throttle position, the lands of the
pilot valve plunger close ports "B" and "C" in the
pilat valve sleeve, Fig, 12-9, In this position of the
plunger no oil can flow through the ports to or from
the load regulator vane motor, This posgition is the
balance position of the pilot valve. As shown in Pig,
12-9, lubricating oil under pressure enters the pilot
valve at a point between the lands of the plunger and
is trapped when the pilot valve iz balanced,

When the horsepower demand on the engine is
greater or less than the engine is set to develop at a
given throttle position, a change will be made in the
position of the governor power piston t¢ meet the
changed horsepower demand, Since the throttle position
has not changed, the pilot valve plunger will either be
raised or lowered, through the action of the power
piston and linkage. This action unbalances the pilot
valve and it operates to cause the load regulator to
adjust the penerator load to the engine’s output,

If the engine is overloaded, the power piston will
move upward to increase fuel, This action raises the
pllot valve plunger, opening port "B" with its upper
land, ©1il under pressure can then flow through port
"B" throogh connecting line to the vane motor of the
load reguiator, causing the vane to rotate, and reduce
the main generator output by the load regulator increas-
ing the electrical resistance of the main generator
battery field, As the vane is rotated, it pushes the
oil ahead of it through a line to port "C" of the pilot
valve. The oll passage is resiricted out of the pilot
valve through the lower needle valve and thereiore
reguiates the speed of the vane in this dlrection, The
restricted oil also capses a pressure on the lower
shoulder "D" of the pilot valve sleeve. The oil pres~
sure on the sleeve shoulder moves the sleeve upward,
until balanced with upper spring pressure, As the load
on the engine is reduced, the power piston and pilot
valve plunger move downward, closing ports "B" and
"C" by the lands of the pilot valve plunger.
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The operation of the pilot valve for an underload
on the engine is opposite for that given for an overload,
again conirolling the engine to assume its proper lopd
for a certain throftle position, within the range of
action of the load regulator,

The pliot valve may be set, either for maximum
or minimum field, for starting the locomotive. In
maximum field, port "C" is open to operating pressure
when starting; in minimum fleld, port "B" is open to
oil pressure when starting,

An additional setting is used, known as modified
maximum field start. With modified maximum field
start, the pilot valve is set for maximum field, but
through the action of the overriding solemold, when
energized, the pilot valve is positioned in minimum
field position., Dmmediately after de-energlzing of the
overriding solencid the pilot valve assumes the position
as originally set, maxtmum field. See "Overriding
Solenoid, " Section XI. Provision is made to allow oil
to circulate through the system with the engine at idle,
This keeps warm oll in the system, improving the
operation of the mechanism,

With pllot valve set for minimum field position,
an unbalanced condition exists for the first several
throttle positions, until the greater proportional move
ment of the power piston io speeder spring plsion on
electro~hydraulic or pneumatic-hydraulic governors, or
governor speed control shaft on electro-pneumatic or
mechanical governor, allows the pilot valve plungerto
assume balance pogltion. With maximum fleld start, the
greater movement of power piston in the first throttle
position, will allow plunger to assume balance position,

C. MAINTENANCE

1. Setting Injector Rack ond Linkage

a. Check racks and injector conirol linkage,
Before attempting to set the injector rack, all
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injector racks, Injector rack control linkage
and the governor power piston should be checked
for binding, sticking or wear, which would affect
the correct setting or the operation of the racks,

To test injector racks for sticking, remove
the c¢levis pin from the right and left bank
injector layshaft and control rod clevis, Move
each layshatt slowly through its entlre travel,
using only Hght pressure. This will move the
injector racks in and oui, thereby enabling
any sticking racks to be located, Hee Section
X for remedy of sticking injectors,}

The conirol linkage from the governor power.
piston to the injector layshafts should also be
checked for binding, The governor power
piston rod should also be checked for scoring
which would cause it to bind or sitick., After
completing checking of linkage, replace the
clevis pin as removed, then proceed with power
piston and injector rack setting,

Setting governor power piston to 7/18"
dimension.,

For proper injector rack setting, all injector
racks should be set one (i} inch out of the
injector body with the dimension between top
of governor power pision clevis o bottom of
power piston cylinder held to 7/16" dimension,
Fig, 12.3, as follows:

{1) Eleciro-nydraulic and pneumatic-hydraulic
controlled governor setting,
Place the power piston gauge, 7/18" di-
mension, between the power plston clevis
and cylinder head, Fig, 12-8. Apply power
piston jack to top of tallrod as shown in
Fig, 12.2, Haigse the power piston up
slowly, wusing layshaft handle, until the
7/16" portion of the gauge is nearly con-
tacted {approx, 1/8" c¢learance). Tighten

- 1208 -



PILOT VALVE -12-3

tailshaft jack to hold gauge mnugly. Do not
force power plston tallrod excessively as
it may be broken in tension. With the7/18"
gauge In place the locating circoumierential
mark on the power piston tailrod shouldline
up with 7/18" setting mark on the indicating
plate shown in Fig. 12-2,

{2) Eleciro~pneumaticor mechanical controlled
EOVernors.
Remove the stop collar from the governor
power piston. (f used). Place the power
piston jack in position on the governor as
ghown in Fig, 12-1, Place the power piston
gauge with the 7/16" dimension on top of
the power piston clevis as shown in Fig.
12-6. Slowly railse the power piston with
jack, Do not use a wrench on the jack,
Raise the power pision until the gauge is

held snugly in place,

¢. Setting injector racks to 1" dimension,
Injectors are properiy set when the end of all

FET 13 THE OIETNCE BLEWERE TC
INJECTON RTOT 4KE THE £ UF T8
Macr.

w FET IHESTON WhCER, ) PoWER
arom $3 W0 AETRERN TOP OF
m;: BN LLEIS AND BDT TOW
ot FowiE rssm GIINDIA, THEN
AT 5

Ty eesnr

Injector Linkage
Fig, 123
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injector racks are set 1" from the injector body
with power piston gap "x" held at 7/16" as
shown in Fig, 12-3, This operation is very
imporiant to assure egual cylinder loading,

Beginning November 1851, injector racks have
a circomferential scribe line 1" from the rack
end. Injectors having scribed racks do not re-
guire the use of the injector rack setting gauge
#8107751 - 1" that must be used on previous
injectors having racks without scribe lines,

Using two 7/8" open end wrenches, hold the
adjusting nut, Fig, 12-4, and loosen the lock-
nut, Turn the sdjusting nut to the left, moving
the injector rack in toward the injector body,

INJECTOR RACK

-y P

. } v T o .,
LOCKRUT - iy,

Setting Injector Rack
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checking for rack sticking, Move the rack in
until about 3/4" extends outward,

(1) Betting without gauge.
Turn the adjusting nut to the right until
the scribe line is visible, before it emerges
completely from the injector body, Holding
the adjusting nut from moving, run in the
locknut and tighten securely so this position
of the rack will be held.

(2) Setiing with gauge.

If the injector rack has no scribe line, the
use of injector rack setting gauge #8107751
is necessary, Place the gauge as shown in
Fig., 12-4, over the rack. Press the gauge
firmly against the injector body, Turn the
adjusting nut to the right. Bring the injector
rack out of the injector body until end of
rack just contacts the rack gauge. 'This
will give the 1" dimension as obtained
when gauging io the scribe line. Do not
turn adjusting nut so as to force the gauge
away from the injector body, Holding the
adjusting nut statiopary, run lockmut in to
hold the setting obtained.

An optional rack setting gauge #8185804 may
be used to get injector racks, This gauge
consists of a housing having a2 movable high
ratio lever pointer, A magnet holds the gauge
against the rack end allowing freedom of both
hands for adjustment. As the rack is moved
in or out, the gauge housing also moves, A
plunger extending from the gauge housing con-
tacts the injector body, sliding in the housing
to cause pointer movement to indicate proper
rack length out of the injector. A master
gauge is provided to permit checking and set-
ting pointer position,

Recheck all settings to be sure rack extension
is 1" out of the injector with power piston
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gap {top of power piston rod clevis to governor
cylinder bottom) at the 7/18" dimension,

After all racks have been set, remove governor
power piston jack, Replace governor power
piston stop ecllar {f used),

2. Setting Pilot Valve Linkage

Before setting the pilot valve, the injector link-
age and the racks should be properly adjusted as above,
and the engine speeds correctly set, as given in Sec-
tion XI,

NOTE: If any change i85 made in speed adjustment or
injector racks and linkage at any time, the pilot
valve should be checked for correct setting.
Once the pilot valve is properly set, it should
not be changed {0 correct the engine output until
all other conditions are investigated, A list of
probable causes of low output follows:

Engine
Inoperative injectors.
Insufficient fuel due to alr leak or dirty fllters
in fuel system,
Incorrect injector timing or control rack setting,
Incorrect governor speed setting,

Electrical
Power contactors not in same position in all
units,
Motor shunting contactors stuck in closed posi-
tion,
Dirty interiocks,
Broken or loose connections,

The following settings are to be considered stand-
ard for specific usage, for pliot valve settings on the
locomotive listed in table "A",
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TABLE "A"

Type of Engine Horsepower Power . Type of
Locomotive Modal Rating Piston Start

sSwi1

6.567A 800 5/16" Max. field

SW8, TRS B.567B 8OO 5/16" Max. field

NW-2,

3 12-56TA 1000 7/16" Max, field

NWS 12-567TB 1000 /16" Max, field

E3, 6,
sW1

7 12-5674 1000 7/16" Min. fieid
12.5674 1200 5/18" Max,. field

SW¢, TRS 12-567B 1200 5/16" Max. field

E8
FT
F2

SDT, F3,7
GP7, BLI, 2

3.

NOTE:

12-567B 1125 11/32" Max. field
16-5674 1360 7/18" Min. field
16-567B 1350 7/18" Min, field

16.5878B 1500 11/32" Max, fieia

Setting plict valve . electro-hydrautic and
pneumatic - hydraulic governors,

The pilot valve linkage on the electro-hydraulic
and pneumatic-hydraulic governors is the same
and consists of g horizontal adjustable floating
link and 4 vertical link with eccentric for ad-
justment, as shown in Fig, 12-5 (schematic)
and Fig, 12.2, for the electro-hydraulic gov.
ernor, Changing the location of the movable
block varies the total travel of the pilot wvalve
plunger, while changing the eccentric raises
or lowers the plunger.

The tools necessary for setling the pilot vaive
are: power piston gauge #8122072 shown in
Fig, 12-6, and speeder spring piston and power
piston jacks, shown in posttlon in Fig, 12-5
and 12-2, )

Before setting the pilot valve, the aciual bal-
ance point of the pilot valve should be checked
against the scale indicator, by locating the posi-
tion of the pilot valve which does not permit
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load regulator movement between minimum and
maximum field positions. I the pilot valve indi-
cator and scale do :

not correspond at
actual balance of
the pilot valve, the
scale will have to
be relocated or re-
marked, or the pilot
valve disc read-
justed, Also, speed
scale must agree
with actual engine
speed at full and
jdle positions or be
reset to agree,

All electro-hydrau-
lic pgovernors that
were shipped sub-
sequent to May B,
1848 plus repiace=
ment governors of
these types will be
gset at maximum
field, Therefore, i
minimum field set-
ting is contemplated,
the pilot valves on
the governors must
be reset., The en=
gine must pot be
running when making
the following adjust-
ments,

(1) Ingert power piston
gavge #8122072 with
1-1/32" dimenston be- Power Piston Gauges
tweenthe power piston Fig, 12-6
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clevis and housing as shown in Fig, 12-8,
With the layshaft, raise the power piston
until the gauge is held in place snugly and
tighten jack. Do not use a wrench or foo
much force to tighten the power piston jack
or the power piston tailrod will be broken
in tension,

(2) Set speed indicator pointer at idle speed

E£ngine

a0
HOB. 1200
Max, Pl
Baavt

Lo
Min, P,
Stapt

1000
1350
Max, Fld.
Biart

i
550
Min. Fid,
Start

1500.1128
Mzax, Fid.
Hari

1500
Min. Fld
Siar

setting, 275 RPM, with the power piston
dimension "X" at 1-1/32", The total length
of the flogting lnk, Fig. 12-§, is approx-
imately 4-1/8" long, Adjust the location of
the movable block with the knurled thumb
screw to obtain dimension "YY given in
Table No, 1, for the particular engines and
field setting. This dimension"Y" is between

TABLE 1
Pligt ¥alve Seiting, Electro«Hydreulse antd Pnevmatic.Hydreulic Gevernors
nEn R ¥UatI-14E" Phlot Vakve  PHot Vabvs
Horsepower SpeegScuie Spesticale HpeedBrsle?¥  Btule Polnigr  Scale Poinier
) RPM a1 2TH REM "Y'« XaseetColomnt ¥ s aet
colomn I
5/16" -1/ KRLC A g er MO Beles
Sadence Balancs
L/18" w1738 137 A " or D407 Abive
Halunce Halanee
/18" 1ut/32" 4T84 "N or SRTT Below
Balanse Bakenes
whe" s-3iaze 15732 “}" or HHO" Anove
Balante Ealence
13/ }+17327 172 g e #M0" Below
Baknce Balance
prrasy 1-1/327 e "a" or 4T Above
Balance Bajunse
1 2 E] 4 4

Colunmn
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@}

{4)

the inward gides of the two blocks of ihe
fleating link,

Next set speed indicator pointer, Fig, 12.5,
at full engine speed, 800 RPM, with speeder
spring piston jack, and power plston at
dimension "X" {with gauge #8122072), as
shown in Table No. 1, for 800 RPM. Pointer
on pilot valve extension, Fig, 12-5, should
read "0", or balance as shown in the table,
If the pointer does not read "0” or balance,
adjust pilot valve plunger, up or down, by
rotating the pliot valve eccentric, Fig. 12.5,
after loosening eccentric clevis locking
screw, The balanced position of the pliot
valve must be maintained,

Return speed indicator pointer to 275 RPM,
and 1-1/32" power piston gap, The pilot
valve extension pointer should read Maxe
imum or Minimum Field Start, .040" below
or above balance on pilot valve setting
scale, depending on how dimension"Y" was
adjusted,

If the pointer of the pilot valve does not
show correct setting, shorten dimension
"Y' {f pointer iz too low; lengthen dimen-
sion "Y" i pointer is too high., Then re-
check and reset, i necessary, steps 3
and 4, until proper conditions are met for
both full speed, 800 RPM, and idie speed,
215 RPM,

Setting pliot valve used with the electro.pneu-
matic or mechantcal controlled governor,

To smet the pllot valve linkage, the balanced
position of the pllot valve nwst be known,
All original pilot valves have a figure stamped

on

the top of the pliot valve body, which s
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the distance in 64ths of an inch from the 1inp
of the pilot valve body to the boitom of the
clevis, If the figure is 56, this means the
distance is 56/64 of an inch., This iz the
dimension "Y" on Fig. 12-7 when the pillot
valve is balanced. To check this dimension
ingert gauge #8062016 between top of pilot
valve and clevis, Bee Fig, 12.8, ¥ replace-
ment pilot vaive is installed, cover should be
stamped when balance point is found, To de~
termine balance point, disconnect linkage "A"
on Fig. 12-& and, with engine running at 428
RPM (throftle in Run 3 position, mo load},
move pilot valve plunger up and down by hand
until 2 point iz found in the range between
maximum and minimum where the vane motor
does not move,

Note the position of the pointer on the gauge,
This is the balance position. The pliot valve
linkage has two adjusiments: the angular posi.
tionoi the governor armon the serrated speader
shaft, and the length of the arm. Changing the
angular position of the governor arm raises
or lowers the pilot valve plunger; changing
the length of arm changes the total travel of
the pilot valve plunger,

To set pilot valve linkage, proceed as follows:
With Engine Shut Down,

{1} With the throtile in idie position and the
power piston held so that the dimension "X"
iz 1.1/32") set the adjustable arm to the
approximate dimension "A" as shown on
Table I. Use governor power piston jack
#8084843 as shown on Fig, 12.1. Use power
piston gauge #8122072 as shown on Fig. 12-6,

() With the throftle in full or Run § position
and control circuit operating, energizing the
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ADFISTABLE ARM

(
f
:

Pilot Valve Linkage Electro-Pneumatic Governor
Fig, 12-1
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TABLE I
DIMENSIONS FOR PILOT VALVE LINKAGE
WITH ELECTRO-PNEUMATIC AND MECHANICAL
CONTROLLED GOVERNORS

Engine 800 HP 1000 HP 1350 BP Frt.

Horgepower (Max, Field Max, Field 1000HP {Min.
Start) Start) Field Start)
Dimension
"A' on Fig. 2" 1-11/18" z-1/4m
12.%7 approx. approx. approx.

II-Y tl -
Throttle in
Full Speed
Posifionand
HX'Y at Full
Load Position Balance Balance Balance
"% at Full

Load 5/16" 7/18" /16"

nYn - l]Yn at ”Y“ at I!YH at bal"'
Throttle in balance balance ance plus
idle Position less less 1/32" o 3/84"
with "X at 1/32" to 1/32" o {*See Note

1-1/32" /4" 3/64" Below)
Angle "B" on

Fig. 12-%

(At Tdle} & approx. 9" approx.  13° approx.

*NOTE: In setting the pilot valve linkage for throttle at
“Idie" position, the dimension "Y" on Fig. 12-7
should be held closer to "balance plus 1/32
inch! rather than "3/64 inch,” but should not
be less than "balance plus 1/32 inch,"
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Checking Ptlot Valve Balance (3,
Electro-Pneumatic Governor

Fig. 12-8

eleciro-pngumatic gov-
ernor control (on me-
chanical control, ree
lease oil shut down link)
and power piston held
to the dimension "X" as
given In Table II, the
pilot valve should be
balanced., The adjust-
able arm may be raised
or lowered to give this
position, This dimen-
sion is important and
must be held,

Move throttle to idle
position and hold power
pisten so that dimension
"X"is 1-1/32"; the pilot

valve: piston should now be in position so
that dimension "Y" is as shown on Table L.

{5} Repeat steps (1) and (2) antil proper condi-~
tions are met for both idle and full speed

conditions.

D. EQUIPMENT LIST

Name

Power Piston Gauge
Governor Jack
Injector Rack Gauge
Pilot Valve Gauge

Part No,

§122072
8064843
8107751
8082816
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