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; FAIRBANKS-MORSE

MODEL 38D8% DIESEL ENGINE

The *Diesel Engine Maintenance Section 308" covers the description, operation, and main-
tenance of the Opposed Piston Diese]l Engine as installed in Fairbanks-Morse locomotives.,

This seciion is divided into chapters, with each chapler covering a single main assembly or
group of items which may comprise a system . . . for example, "Cylinder Liner," "Scavenging
System and Blower. "

The "Table of Contents' list the chapters into which this section is divided,

The "General Index" is the group of colored pages, at the end of the section, and lisits the
most important items in alphabetical order,

The purpose of this bulletin is to provide maintenance information for the particular piece of
equipment named. These instructions do not, however, purport to provide for every possible con-
tingency to be met in connection with the maintenance of this equipment. Neither is the amount of
material supplied by Fairbanks, Morse & Co. increased by anything shown in these instructions or
associated drawings. Should further information be desired or should particular problems arise
which are not covered sufiiciently for the purchaser’s purpose, the matier should be relerred to
Fairbanks, Morse & Co., Diesel Locomotive Division, Chicago, Il
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CHAPTER A. BASIC ENGINE DESCRIPTION

TYPE

Thig internal combustion diesel engine is of
the opposed piston type. Air from a blower is
introduced intothe cylinder and compressed be-
tween the two pistons which work vertically
towards each other in each cylinder. A charge
of fuel under pressure is sprayed into the cyl-
inder by two injection nozzles after the air has
been compressed. Ignition is accomplished by
the heat of compression,

The upper and lower pistonsdrive separate
crankshalits which are inter~connected byaver-
tical drive.

Fresh air is admitted to the cylinder, and
exhaust gases are expelled, by the pistons un-
covering and covering the inlet and exhaustports
near the upper and lower ends of the cylinder
respectively. The vertical drive connection of
the two crankshafis is made with the lower
crankshalt advanced in operating position ahead
of the upper crankshaft. Illus. Al shows the
lower crankshaft past cuter dead center and the
upper crankshiaft on outer dead center. This
difference in crankshaft setting is called the
"Lower Crank Lead."

The combustion space is formed beiween
recessed heads of the two plstons as the crank-
shafts approach inner dead center. When the
upper c¢rank is one-hall the crank lead before
inner dead center and the lower crank one-half
the crank lead past inner dead center, the two
pistons are the closest together in operating
position and the point midway between them is
called the "Combustion Dead Center. "

CYCLE

This engine operates on the two-cycle”
principle. Two strokes of each pision made by
one complete revolution of the crankshafis are
necessary to complete the cycle. Illus. A2
shows the action taking place in the cylinder
with the engine operating at nominal rated load
and full speed. It willbe noted that a part of the
injection period over-laps fromthecompression
stroke into the power stroke. Likewise part of
the exhaust and scavenging periods over-lap
from the power stroke into the compression
stroke, ‘

The cycle begins with the movement of the
pistons from their oculer dead centers. After
the pistons have covered the exhaust and inlet
ports, they compress the air in the cylinder
until the end of this stroke.

As the pistons approach inner dead center,
fuel is injected into the combustion space. The

g CﬂA!;i( ;Em FOR 800 8PM ENGINES.
5" CRANK LEAD FOR BSC RPM ENGINES.
[Tlus. Al. QOperation in Single Cylinder
{Rotation Viewed from Drive End)

injection at nominal rated load starts atapprox-
imately 13° beforethe lower crankshaft reaches
immer dead center. The intense heat, generated
during the high compression of the air, ignites
the fine fuel spray. Combustion and the resuli-
ing expansion forces the pistons outward, there-
by delivering work to the crankshafts and form-
ing the power, or second siroke of the cycle.

The expanding of the gases continues until
nearly the end of the power stroke, when the
lower piston begins to uncover the exhaustports
allowing the burned gases fo escape to the at-
mosphere thru the exhaust system. At about
the time the pressure inthe cylinder has dropped
to almost atmospheric, the upper piston siarts
uncovering the inlet poris. Scavenging air in
the air receiver under pressure, and supplied
by the blower, rushes into the cylinder.

The cylinder is swept clean of the remain-
ing exhaust gases and refilled with freshair for
the next compression stroke. The exhausiports
areé covered ahead of the closing of the inlet
ports. This permits scavenging air to continue
to enter and fill the cylinder with supercharged
air at approximately the scavenging air pres-
sure. Thus during the one revolution of the
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crankshaft and two strokes of the pistons, com-
pression, injection, combustion, expansion,
exhaust and scavenging occur in the cylinder.

DIVISION OF POWER BETWEEN CRANKSHAFTS

Observing [Hlus. Al, it can be seen that
when the upper piston reaches its inner dead
center in the compression stroke, the lower

INNER DEAD CENTER

ON NGI LOWER CRANR ™= O*

HIGH POINT OF CAM .
CONSTANT FOR AL
L0aDS

.

o _ BEGINNING OF INJECTION

piston has completed the total crank lead of its
power stroke. This causes the lower piston to
receive at full engine load, the greater part of
the expansion work. The power delivered tothe
upper ¢rankshaft is partially absorbed in driv-
ing the scavenging blower while the remainder
is transmitted thru the vertical drive to the
lower crankshaft which is connected to the final
drive,
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Illus., A2

Sequence and Timing of Events

{Rotation Viewed from Drive End)
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CHAPTER B, DATA

Engine Data (all data is based on nominal rated load engine speed).

SPECIFICATIONS AND RATINGS

Number of Cylinders

6 6 8 8 10
Nominal Rated Load - BHF . . . . . . ., . . . 1000 1200 1500 14600 2660
Model No. . . . . . . .« . . . 4« vy 38D8-1/8
TyYpe « o 0 e e e e e e e e e Cpposed Piston
Cycle . . . . e e e e e e e e e Two
Bore and Strake - chhes e e e e e 8-1/8x10
Rated Rpm . . . . G e e e e e 860 850 850 850 850
Total Pigton D;splacement - Cu Tm. . . . . . . B222 6222 8296 B296 10370
Piston Speed - Ft. per Min, . . . . 1333 1417 1417 1417 1417
Compression Ratio {Based on totalswept volumf&} 16.1 to |
BLOWER
TYPE - v v o e e e e e e e e e Spiral three lobe rotary
Capacity - Cu. Ft. per Min. . . . . . . . . . 4000 4550 5450 5800 7250
Speed - Rpm . . . 1468 1648 1560 1648 1810
Power to Drive {Approx Depends on Scav Prass} 110 118 163 190 258
Scavenging Pressure - Psil. . . . . . . . o .. 3.51%0 5.5
INJECTION NOZZLE TiP (F.M. & C0O. NOZZLE)
Number of Heles . . . . . . . . . . . . . .. b 6
Dia. of Holes . . . . . . . . . . . .. . . . .0135 L3135
INJECTION NCZZLE {Pintle)
Type .« o . . o oo e e e e e e e e ADEIORL]
PUMP - WATER
Type . . . . Centrifugal
Capacity - Gai per Mm (&t 86 ft total heaf:i} . 175 540 540 540 540
Speed = RPM  « + « + o o o 4w e e e . . . 1940 2060 2060 2060 2060
Impeller Diae . « 4 + « + « + « s .+ . . .8-3/168-3/16 8-3/16 8-3/16 8-3/16

PUMP -~ FUEL OIL (Not used on 10 cyl, Erie Built and later engines)

Type - . . C e e e e e e e e e e e Gear
Capacity - Galb per Min. . . . . . . . . .. 6.6 - 7.1 - 7.1
Speed - Rpm . . . . . . .+« .+« 4 < « . .« . 1333 - 1417 - 1417 -

PUMP - Lubricating Qil

Type . . . e e e T e Herringhone Cear
Capacity - Gal Der Mm e e e e e e e e s Zih 235 300 oo 350
Speed ~ RPIM o « « + + 4 4 v + « « « « - « .+ . 1422 1510 1510 1510 1510

Relief Valve Setting - Psi . . . . . . .« . . . . 70

12
2400

850
12444
1417

S3a0
1711
110

685
2060
9-1/4

445
918
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Diegsel Eungine -
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DIMENSIONS AND CILEARANCES OF PRINCIPAL PARTS
BEARINGS - CAMSHAFT Size Clearance K)
{Satco and Aluminum) -
Bearings Dia. . . . . . . . . . .« . . . .. 2.499 to 2. 5005
Camshaft Dia. . . . . . . . . . . « . . ...  2.4945 to 2.4955 +0035 to . 008
BEARINGS - CONNECTING ROD - CRANK END
{Aluminum}
Crankshaft Dia. . . . . . . . . . . . ., . 6. 745 to b, 747
Thickness - Shell . . . . . . . . . . . . .. L3722 to (3730
{Satca)
Bearing Dia. Crank End . . . . . . . . . . . 6. 7505 to 6. 753
., 0035 . !
Crankshaft Dia, . . C e e 6. 745 to 6.747 3310 . 0085
Thickness - Shell {9(3" f;rorn par%mg lme) e . 374 to 375

BEARINGS - CONNECTING ROD - PISTCN END

Piston Pin Bushing Bore (Floatsng Bushing} . 3,000 to 3, 0005
Fiston Pin Dia. . . . . . . N 2.995 to 2. 9955

BEARINGS - CONNECTING ROD - PISTON END - SIDE

Slet in Imsert . . . . . . . o . . . ... 3.222 to 3,230
Bushing - Length . . . . . . . . . . . . . .. 3.182 to 3. 187
BEARINGS - MAIN
{Aluminum)
Crankshaft Dia, . P e . 7.994 o 7. 996
Thickness - Shell (90 from paz‘%xng 1me) c. .T747 to . 748
{Satco)
Bearing Dia. . . . . . . . . . .. ... . 8.0035 to 8.006
Crankshaft Dda. . . . . . . . . . . « . . .. 7.994 to 7,996
Thickness - Shell . . . . . . . . . . . . . . L7477 to . 748

BEARINGS - MAIN - THRUST

Crankshaft Width . . . . . . . . . . . . . .. 4,000 to 4.003
Bearing Width {Satco}) . , . . . . . . . . . . 3,993 to 3,995
Bearing Width {Aleminum) e e e e 3.986 to 3.988

BLOWER DRIVE - FLEXIBLE

Drive Gear Wearing Ring Dia. e e e e e s 9.001 o 9.0025
Drive Gear Hub Dia. . . . . . . . . . . . . 8.9995 to 9.0005
End Plate Wearing Ring Dia. . . . . . . . . . 10,301 to 1D, 5025
Eud Plate Dia. - . « . . « . « « « . o« . 10. 4995 to 10. 5005

PUMP DRIVE - FLEXIBLE

Gear Bushing Dia. . . . . . . . . . . . . . . 6.250 to 6.251
Drive Hab Dia. . . . . . . . . . .« . . « .« . 6.243 10 6.244

INJECTION NOZZLE (F. M. & CO.)

Needle Dia. {Lapped with Sleeve} . . . . . . . .281
Sleeve Dia. {Lapped with Needle) . . . . . . . .281
Body Dia. . . . C e e e o e e o L5620 10 . 5630

Filter Dia. at Langztadmal Groo&es e e e e e . 5585 to . 559

. 0045 to . 0G55

,03% o . 048

L0875 to L0112

D005 10 . 010
012 to 017

L0005 to . 003

L0005 to L 003

L0003 to , 007

)

L0003 to L0045
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Data March, 1954 Feb., 1956
Size Backlash Clearance

INJECTION PUMP
Barrel Dia. (Lapped with Plunger) . . . . . . 500
Plunger Dia. (Lapped with Barrel) . . . . . . 500

BLOWER
Between Impellers e e e e e e e e e e e e e e e .028 to . 032
Timing Gears . . e . 002 to (004

*Impeller Thrust B&aﬂ'ﬁg Ead-?ia? (When Csid} e e e e e e .001 to . 006
Impeller to Housing . e e e . . 025 to , 029
Impeller to Inner Bearing Piate {Other t‘nan 12 cyi engmes} e e e e e . 028 to . 032
Impeller to Inner Bearing Plate {12 cyl. engines} . . e e e e e 033 to . 037
Impeller to Quter Bearing Plate {Other than 12 cyl. engmes) e e e . 021 to . 025
Impeller to Quiter Bearing Plate {12 cyl. engines} e e 026 to . 030
Between Impellers {with Micarta strip gages) . L 028 to . 032
* Suitability of bearings is determined by visual mspectmn

FLEXIBLE PUMP DRIVE - Attached Pumps - All Gears .002 to . 006

BLOWER DRIVE - Flexible Drive Gear to Pinion . . . . 002 to . 008

FLEXIBLE GEAR DRIVE - Governor Bevel Gears . . ., , 004 to . 006

CRANKSHAFT DRIVE - Vertical - Gear (Early Engines) 012 to . 016

CRANKSHAFT DRIVE - Vertical - Gear (Later Engines) .010 to .018

PUMP - LUBRICATING OIL (With Timing Gears - Early Enginea)
Impellers . . . C e e e e e e . 0005 to . 003
Impellers to Wearmg Plate - Inner 2 .002 to . 004
Impellers to Wearing Plate - Quter . 002 to . 004

Impellers to Housing G e e e e e e e e e e e e

Internal Gear Drive Coupling . . . . . , . . . . . . . 1/64 1o 1/32
PUMP - LUBRICATING OIL {For Later 6, 8, and 10 Cyl, Engines)

Impellers PR e e e e e e e e e . . 005

Dyriven Impeller Sha.ft to anhzng

Impeller to Housing . . . . « o . o v o 0 0 v v e e e e e e e

PUMPS - LUBRICATING OIL (For 12 Cyl. Engines}

Impellers e e e et e e e e s h e a e L0185 to . 020
Impellers .. T e ke e e e s e e e e e s e e e e .
Impellers to Housmg e e e e e

PISTON RINGS

Ne. 1 and 2 Compression Ring - 8ide

No. 1 and Z Compression Ring - End

No. 3 and 4 Compression Ring - Bide

No. 3 and 4 Compression Ring - End

Oil Scraper Ring {] on each piston) - Side e
Qil Scraper Ring {1 on each piston) - End P e e e e s
Qil Drain Ring {2 on each piston) - Side . . . . .

Oil Drain Ring (2 on each piston} - End . . . . .

. 003 1o . 0045

. 005 to . 0065

. 008 {0 .

001 to .
. 008

. 005 to

.08 to
. 045 1o
. 045 to

. 045 to .
ik
L 035
L0015 to . 0045
. Q30

L0015 to
020 1o

015 1o

011

005

. 011
.055
. 008

058
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SUMMARY OF OPERATING FIGURES

A summary of the normal operating figures covering these engines at full speed as determined
by factory tesis is given as follows for reference:

PRESSURES
Firing Pressure - Max. .o e e s 1150
Labricating 01l Pressure at Engme Upper Header (SAE 46 011 at 186 Z.QO F ) o 19-24
MISCELLANEGUS

6 cyl. 6 cyl. 8 ¢yl 8 cyl. 10 ayl. 12 oyl
1000 hp 1200 hp 1500 hp 1600 hp 2000 kp 2400 hp

Cverspeed governor tripsatrpm 880-895% 935.950  935.950 935-950 935.950 335-950
Approx. Weights - Lbs,

Engine and subbase {dry) 28,000 26,000 33,000 34, 000 39,000 45, 000
Gen. and Elec. Equipment 12,000 12, 000 16,000 16, 000 18, 000 17, 000
Complete Unit 40, 000 38, 0600 49,000 20, 000 57,000 62, 600

ENGINE WEAR LIMIT CHART

Part New Dimension Condemnable Dimension
CAMSHAFT
{Satco and Aluminum Bearings)

Shell Inside Diameter . . . e e 2.499 +to 2.5008 2.5025

Thrust Bearing End Gie&rance e e e e 006 to .015 .022
CRANKSHAYT

Crankpin Jourmal . . . . . . . . . . . . 6. 745 to 6. 747 ' 6,743

Main Bearing Journal . . . . . 7.994 to 7.996 *7,992

* Max. variation between adgacent journals Q02"

CONNECTING ROD

Shell Thickness {S8atco} . . . . . . . . . .374 to 375 .370
Shell Thickness (Aluminum) . . . . . . . L3722 to L3730 . 370
Bushing Bore Assembled (Steel} . . . . . 3.4985 to 3. 500 3. 502
MAIN BEARING
Shell Thickness [Sateo} . . . . . . . . . .T47 to . 748 . 745
Shell Thickness (Aluminum) . . .. L7147 to L T748 . 745
Thrust Bearing End Clearance (Satco} . s .005 to 010 .015
Thrust Bearing Eund Clearance {Aluminum}. .012 to 017 L 020
CYLINDER LINER
ILiner Bore - Unplated e e e e e e e 8.125 to 8.127
Liner Bore - Chrome Plated . . , C e 8.124 to 8.127 8.141
Liner Bore - Unplated to Re!&andard Size) . 8. 141
Liner Bore - Unplated {Standard) . . . . . {Max. for 1/32" oversize) 8:141
Liner Pore - Unplated {1/32" Oversize) . . {Max. for 1/16" oversize) 8.173
Liner Bore - Unplated {1/16" Oversize} . . 8. 203
PISTON
Piston Diameter . . . . . . .« . o .. o o o s e e s e See Hote
Piston Pin Diameter . . N 2.995 to 2.995% 2.992
Pigton Pin Busghing {Fioatmg) O D Coe 3.4955 to 3.496 3,492
Piston Pin Bushing (Floating) Bore . . . . 3,000 to 3.0005 3.004
Piston Insert Bushing Bore Assembled . . 2.999 to 3.0015 3,004

NOTE: Use ring groove dimension to determine replacement of piston.
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Diesel Engine - Data Feb., 1952
Part New Dimension Condemnable Dimension
(J‘: PISTON RINGS
Compression - End Clearance . . . . . ., .045 to . 0585 3/16
Q1il Beraper {1 per piston} - End
Clearance . . . e e e .020 to . 035 3/32
Oil Drain {2 per pzstcm) - End
Clearance . . e e e e .015 to . 030 3/32
Compression (No. | a..nd ?.) - Side
Clearance . . e e . .008 to . 011 017
Compression {No., 3 and 4} - Slde
Clearance . . e e e L0035 to . 008 14
Oil Scraper {I per piston} - Side
Clearance . . Ce e e .G015 to , 007 .010
Gil Drain (2 per piswz}) - S1de
Clearance . . . . o e e e, . 0015 to , 0045 . 008

TORSIONAL DAMPER
{Later 6 Cyl. Engines}
Bushing Inside Dia. . . . . . . . . . . . 1.9625 to 1. 9635 1. 9725
PinDia. . . . . . . « .+ . .« . .. 1.747% to 1. 7485 1.7455

(8 Cvl. Engines)

Bushing Inside Dia. e e e e e e 1.9625 to 1.9635 1.9725

3rd Order Pin Dia. . . . . « . . . . . . 1.1025 to 1. 1035 1. 1005

A 4th Order Pin Pia. . + . . « . . . . . . 1.4775 to 1.4785 1.4755
L 5th Order Pin Dia. . . . . . . . . . . . 1.6495 to 1.6505 1. 6475
S 8th Order Pin Dia. . . . 4 4 « « « + . . 1. 8395 to 1. 8405 1. 8375

(10 Cyl. Engines)

Bushing Inside Bla. . . . . . . . . . . . 1.9625 to 1. 9635 1.9725
32d Order Pin Dia. . . . . - . . . . . . 1.1025 10 1, 1035 1, 1005
4th Order Pin Dia. . . . . . . - . . . . 1.4775 10 1.4785% 1.4755
6th Order Pin Dia. . . . . . . . . . . . _1.7475 to 1. 7485 1, 7455
Tth Order Pin Bia. . . . . . . . . . . . 1. 8055 to 1. B06S 1.B035
10th Order Pin DHa. . . .« « « - . <« 4+ . 1.B865 to 1.8875 1.BB45

(12 Cyl. Engines) Upper

Bushing Inside Dia. . . . e e e e 1.9625 to 1. 96358 1.8725
4th Qrder Pin Dia. . . . . . . . . . . . 1.4775 to 1, 4785 1.4755
6th Order Pin Dia. . . . . . . « . « « . 1.7475 to 1. 7485 1.7455
(12 Cyl. Engines) Lower
Bushing Inside Dia, e e e e e e E.9625 to 1.9635 1.9725
3rd Order Pin Dia. .+ . .« . . « « . .« . I, 1025 te |, 1035 1.1005
4th Order Pin Dia. . . . . . . . .+ . « . 1.4775 to 1.4785 1.4755
6th Order Pin Dia. . . . . . . « . . .« . 1.74%5 to 1. 7485 1. 7455

ARRANGEMENT OF CYLINDER AND FIRING ORDER

The cylinders are arranged in sequence with No. 1 cylinder at the
apposite drive end. The lfiring order of the engines is as foliows:

o
KM) 6 Cyl. Engines - 1-6-2-4-3-5

B Cyl. Engines - 1-7-3-5-4-6-2-8

10 Cyl. Engines - 1-8-7-3-5.9-4-2-10-6

12 Cyl. Engines - 1-8-6-16-2-9-4-11-3-7-5-12
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ROTATION

Left Hand Rotation Engine Rotates Left Hand {Counter-
clockwise} When Viewed from the Drive End.)
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illug. Bl. Cylinder Arrangement and Engine Rotation {The arrows designate lower
crankshaft rotation as viewed from the drive end.)

MARKING OF ENGINE PARTS

‘ Parts which occur inmultiple in the engine,
and which should always be replaced in the po-
gitions from which removed, are marked to
permit positive identification of their correct
positions. The marking system ia as follows:

1. A certain letter is assigned to each en-
gine and parts for that engine are marked to
distinguish them from corresponding parts for
other engines.

2. A number is aasigned to each of such
multiple parts as cylinders, main bearings, and
camshaft bearings. These numbers begin with
Neo. 1, at the opposite drive or exhaust end of
the engine. '

3. Paris pertaining tothe upper crankshaft
are marked U for "upper.’' Those pertaining
to the lower crankshaff are marked "L* for
"lower. "

4. Parts for the right hand side (at the
right when facing the engine from the bliower
end) are marked "R.' Paris for the left side
are marked L. "

8. Top halves of parts are marked “T.*
Bottom halves are marked "B. ¥

The complete position identification mark-

ing, then, would consist of as many of the above
five classes of letters and numbers as are
necessary for the part in question. These let-
ters and noumbers would be arranged in the se-
guence of their appearance above. For example:

ABZ] on a cylinder liner means that it ig
from engine "ABZ," cylinder No. 1 position
(nearest to the exhaust end),

ABZ6UT on a connecting rod bearing shell
half means that it is from engine "ABZ," cylin-
der No. & {sixth from exhaust end), that it is
from the upper connecting rod, and that it is the
top bhalf of the bearing.

ABZ4ARB on a camshaft bearing means that
it is from engine "ABZ," No. 4 bearing position
{fourth frora the exhaust end) on right hand side
of engine, and that it is the boitomn hali of the
bearing.

Location of Markings

Marks are located wherever possible so as
to be visible when the paris are in place in the
engine or the assembly. When a choice of lo-
cations is offered, the surface toward the gov-
ernor side or the exhaust end of the engine is
chosen. .

Marks are stamped or etched in such posi-

P
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tions and by such methods as not to damage the The following table gives the locations of
parts. The size of the letters and numbers the position of the identification marks on many

used in marking is naturally determined by the engine parts:
size of the part being marked.

TABLE OF MARKING LOCATIONS

Name of Part Location of Markings
Blower Impeller e e e v e e e . Buter end face
Camshaft . . . . . . . . . . . ., . ... Face of center flange
Camshaft Bearinga . . . . . . . . , . . . . Endadjacent to split
Camshaft Thrust Collar . . . . . . . . . . End adjacent to split
Camashaft Timing Sprockets -« e v s v+ End
Connecting Rod Bearing Shells . . . . ., . . End adjacent to split
Connecting Rod Bedy . . . . . . . . . . . . 8Side at split
Connecting Rod Cap . ., . + « « . . BSide at split
Conmnecting Rod Piston Pin Buahmg w + + +» + End adjacent to pin dowel
Crankshaft . . . . . . . . . . . . . . . . Machined web at exhaust end
Cylinder Block . . . . . . . . . . . . . . Adjacentto main bearings
Cylinder Liner . . . . . . . . . . . . . . JUpper end
Injection Pump . . . « v« « 4+ 1 . Side at lower end
Injection Pump Tappet chamg « « + « + 4 . Bide below drain (or plug)
Main Bearing Caps « v i 4 s+ v+ s« . . Face
Main Bearing Cil Pipea . . . . . . . . . . BSide of flange at bearings
Main Bearing Shells . . . . . . . . . . . . End
Piston . . s+ v s+ v v v v v« v, CQrown, and end of skirt
Piston ﬁraclmt Ca.p - . .+ + Outer face
Piston Cooling Qil Qutlet Pipe (when uaed) .+ Quter face
Piston Cooling Cil Retainer « « +« « + « . . Spring seat
Piston Pin . . s e 4 e v e s s o« 4. Endadjacent to dowel
Piston Pin 5racket e e e e e e v . o . o . SBide adjacent to dowel, and end
Vertical Drive Pinien Shaft . . . . . . . . . Bigend

TORQUE LIMITS

Name of Part

Blower Flexible Drive Stud Nuts . . . . . . . . . .

Blower to Block Nuts . . . . ., .

Blower Bearing Plate Nuts . . . . . . . . . . . . .

Camshaft Coupling Bolt Nuts . . . . . . . . . . . . . . . ., .
Camshaft Sprocket Nuts . . . s e e e e e e
Camshaft Thrust Bearing Clamp ng Capsc TEWS . . . . . o e

Connecting Rod Bolt Nuts . . e e
Crankshaft Coupling Bolt Nuts {3-—1/2::12) C e e
Crankshaft Coupling Bolt Nuts (1-1/8x12} . . . . . .

Crankshaft Flexible Drive Nuts . . . . . . . . . . . . . . . .
Cylinder Liner Holddown Stud Nuts . . . . . . . . . « . . . .
Cylinder Block to Subbase Bolta e e e e e e .
Exhaust Manifold to Elbow or Snubber Nuts . . . . . . . . . . .
Exhaust Manifold to Cylinder Block Capscrews . . . . . . . . .

Exhaust Manifoldto Belt Nuts . . . . . . . . « « « .+ « « + +
Exhaust Deck io Belt Capscrews b e e e e e e e
Exhaust Manifold Cover Nuts . . . . . . .

Torque Limit - F't. Lbs.

. 110-120
. 116.130
80-90

60-80
80-90
35-40
175-200
600-800
500-700
290-300
. 1Z8
. 300-350

60-80
70-50
60-75
70-80
25-30
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TORQUE LIMITS {continued)
Name of Part Torque Limit - F{. Lbs,

Fuel Header Capscrews . . . . . . . 8090
Flexible Pump Drive Stud Nuts 110-120
Injection Pump Tappet Houaing Nuts . . 110-120
Injection Pump Nute . . . - e 110-120
Injection Pump Diascharge V&ive Nuts 6080
Lube Oil Pump Bearing Plate to Housing Nut 60-80
Lube Oil Pump Housing to Cylinder Block 100-120
Lube Oil Header Capsacrews . . , . . 35-40
Lube 0il Header Locknut e e e 45-60
Main Bearing Bolt Nuts T00- 1000
Nozzle Fuel Plug (Pintle Nozzle) 40
Nozzle Holder Collar Stud Nuts . 35-40
Nozzle Spring Housing to Body {FM Nomzle) 166-120
Piston Insert S5tud Nuts 45. 50
Top Cover to Block Capscrews . . . . 90.100
Top Cover to Blower Capacrews . 40-55
Vertical Drive Gear to Crank Bolt Nuts . . 110-12¢0

#* Vertical Drive Clamp Ring Bolt . . . 140-160

% (riss cross tighten gradually, repeat tightening to specified torque limit,
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CHAPTER C, CYLINDER BLOCK

Upper Crankcase
Cmpax tment

Air Receiver
Comparbment —

Injoction Nogle
Compartment

Cylinder Liner Bore |

Vertical Drive
Compartment

FExhavst Comparbment

Cyltnder Liner Bore

Lower Crankcase
Compariment

Control End Compartmant
-

&£74BG-B

Hlus. Cl. Cylinder Block
{Cylinder block illustrated is for 6 cylinder engine)

DESCRIFPTION

The cylinder block is the main structural
part of the engine and is designed to give it the
necessary strength and rigidity. Steel plates of
the proper dimensions are located in jigs and
welded together into a unit that is compact,
strong and light in weight,

Transverse vertical members with hori-
zontal decks form enclosures, bearing housings
and fastenings for the coperating or functional
parts. The horizontal decks are bored to re-
ceive the cylinder liners along the center line of
the block. A mounting flange is provided for
attaching the scavenging blower to the cylinder
block.

The cylinder block consists of the following
compartments:

Control end compartment forms enclosure -
for the timing chain, and control mechanism.

Vertical drive compartment forms enclo-
sure for the bearing housings of the vertical
drive connecting the upper and lower crank-
shafta,

Upper crankshaft compartment forms the
bearing saddles for the upper crankshaft bear-
ings and bearinghubs for the bearings of the two
camshafts,

The air receiver compartment runs length-
wise on each side of the cylinder block and
arocund the cylinders, forming a passage for
scavenging air to the inlet poris of the cyl-
inders.

Injection nozzle compartments form enclo-
sures for the injection nozzlea, injection pumps
and fuel control rods.

The exhaust manifold compartment extends
lengthwise on each side of cylinder block. An
exhaust belt surrounds the lower part of each
cylinder to conduct the exhaust gases fromn the
cylinder to the manifold.

Lower crankcase compartment forms the
bearing saddles for the lower crankshafi and
encloses the drives for the attached pumps and
ROVETNOT.

The block is sand blasted after welding and
it magnafluxed beforeandafter being stress re-
lieved as a check of the welding.
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The air receiver, vertical drive and control
or front end compartments are provided with
covers. The upper crankcase compartment is
closed with a steel top cover having several in-
speciion covers. The subbase closes the lower
crankcase compartment at the bottom and in-
dividual crankcase covers complete the closure
at the sides.

The forged steel bearing caps are fitted to
the cylinder block and match-marked to show
proper location. The main bearing bores are

then line-bored with the caps in place.
MAINTENANCE AND REPAIRS

Damage to the block caused by wreckage
resulting in fracture of welded joints can with
certain care be repaired by re-welding and re-
machining. New bearing caps can be refitted if
necessary. Contactthe Locormotive Service De-
partment.
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CHAPTER D, CYLINDER LINER

WATER MEADER
CYLINDER BLOCK

OUTLET P!PE/‘

ADAPTER WATER JACKET, B
NOZZLE ADAPTER ;

BEAL BING

T OUTLET PIPE \

JNLET ELBOW

LINER STUD SEAL RING

NUTS (4
SEAL BING

UNER S7urs| SECTIONS A-A AND B3

TAFPED HOLE
FOR LIFTING

SEAL RING
(OCK RING

SEAL RING
EXHAUST MANIFOLD
EXHAUST BELT

ETITER Scavenging Alr
P Jxokot Cooling Waler
Exhaust Gas

INus. D1. Cylinder Liner and Associated Parts
Viewed from the Exhaust End

DESCRIPTION

The cylinder liners are secured into the
cylinder block in a row along the centerline of
the engine. Neo. 1 cylinder, as referred to, is
always at the exhaust or opposite drive end of
the engine. See Ilus. Bl, Each cylinder com-
gists of a liner asgembly as shown in Illus. DI
and DZ. The liner forms a unit enclesing water
passages for cooling the combustion space.
{The liner and jacket are always furnished to-
gether as an assembly.}

The rubber rings at the jacket and cylinder
block form a lubricating oil and air seal between
the injection nozzle compartments, the air re~
ceiver and the upper crankcase.

Scavenging air cocls the upper portion of
the liner., Vertical ribs on the cylinder liner
directs the cooling water upward thru the water

jacket space.

Midway of the liner, openings are provided
for two injection nozzles located diametrically
opposite. Liners furnished on early engines
have four openings, two of which are closed by
dummy pluge. Two hole liners are used on
later engines. Tapped holes for lifting eyebolts
are provided in the lugs used for securing the
liner to the top deck of the ¢ylinder block.

REMOVING AND CLEANING

The cylinder liners are removed from the
top of the cylinder block after first removing
the top cover, upper crankshaft and upper and
lower connecting rods and pistons. Drain the
jacket water cooling system,

Remove the injection nozzles {rom the
adapters as directed in Chapter L.,
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AR INLET
T PORTS

_ WATER
OUTLET

INJECTION
I~ - NGZZLE
QPENING

WATER
INLET

_ EXHAUST
" PORTS

LINER ASSEMBLY

Illus,

Bz,

Remove covers over the water inlet elbows
when used. Take off the stud nuts holding the
water inlet elbow flanges to the c¢ylinder liners
and the capscrews holding the elbows to the ex-
haust manifolds., Remove the inlet elbows and
seal rings.

NOTE: Early engines were furnished with
gaskets and shims at the manifold end of
the inlet elbows instead of the seal ring.
The shims are used to correctly align the
eibow with the liner. Always use a gasket
on each side of the shim when rmaking the
connections,

Take off the studnuts holding the water out-
let pipe to the cylinder liner and the capgcrews

B TAPPED HOLE
FOR LIFTING

. GROGVES

SEAL
GROOVE

__GROOVE FOR
LOCK RING

SIROR-D

iRE
LINER JACKET

Cylinder Liner

holding the pipe to the water header. Remove
the outlet pipe and gasket at the water header
end, '
Using a small bar between the studs in the
adapter collars, unscrew the collars from the
two fuel injection nozzle adapters. Then with a
acrewdriver back out the setscrews (if used} in
zll gland nuts far encugh s¢ that they deo not
touch the adapter water jackets. Refer to Illus.
D3 or D4,
With the gland nut removing tool, Illus. DG,
remove all the gland nuts from the adapters
(and durmmy plugs if used}. With the adapter g
tool, Iilug. D6, remoave the adapter {and dummy E\)
plug if used) assemblies from the liner,
Remove the upper crankshaft as outlined,
Page El, and the lower pistons and connecting
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|

LWATER JACKET GASKET—
INJECTION NOZZLE ADAPTER

Illus, D3.

rods as outlined, Page G3. The upper piston
and zonnecting rod should be removed before
the liner is removed. After removing a lower
piston and comnecting rod, place a canvas or
sheet metal pan across thruthe lower crankcase
to prevent dirt dropping into the lubricating oil.

Take off the nuts holding the liner ‘to the
upper deck of the cylinder block. Next install

GLAMD NUT

GLAND RING
NOZZLE MOLDER
COLLAR

CLAND RING
<" 3ASKET

COLLAR
STUD

ADAPTER WATER
JACKET

Illus. D4. Injection Nozzle Adapter - Pintle
Nozzle with Flat Adapter Water Jacket Gasket

ADAPTER SEAL RING
-ADAPTER GLAND RING

{ ADAPTER WATER JACKET

~ ADAPTER GLAND NUT

ADAPTER GASKET 8

554K -G

Injection Nozzle Adapter - FM & Co. Nozzle

two 5/8"-11 N.C. thread jackscrews at the lugs
at the top of the liner, The liner c¢amn now be
jacked free and lifted out,

If the liner is stuck in the cylinder block
bore due to the rubber rings, the liner must be
jacked from below. Place a bart across thru
the crankcase to support the jack. Jack againsat
a block acress the bottom of the liner. An al-
ternate method of jacking the liner is to use z
wood block between the crankpin and bottom of
the liner and bar the engine over. To obtain the

Ilus. D5,

Adapter (land Nut Tool
Pintle Nozzle
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Ilius, D6, Adapter Tool
Pintle Nozzle

greatest leverage, the crankshaft should be
barred from a position near inner dead center,

CAUTION: IF UNDUE PRESSURE IS RE-
QUIRED TO PULL THE LINER AFTER IT
HAS BEEN FREED BY JACKING, CHECK
TO SEE IF ALL THE CYLINDER LINER
STULS HAVE BEEN REMOVED,

INSTALLING

Before replacing a liner after a period of
use, clean the scavenging air ports and the ex-
haust ports, as well as the combustion zone at
the injection nozzle level. Clean any sediment
or scale formations from the waterjacket space
with a mild solution of "Oakite" or the equiva-
lent., Also clean all joint surfaces on the liner
and c¢ylinder block., The liner may be lightly
honed before replacement is made.

NOTE: Cylinder liners over the standard
and 1/32" condemmnabte dimension, Page B4,

ADAPTER GLAND
MUT WRENCH

. ADAPTER WRENCH

4976R -4

Itlus. D7. Tools for Removing Adapter (land
Nuts and Adapters {Fintle Nozzle}

canbe re~sized to 1/32" or 1/16" oversize,
or re-standard size by chrome plating,
Contactthe Locomotive Service Department,

Liners being returned to the engine should
be water teasted at 100 pri, Install the cylinder
liner adapters to close the adapter holes. Block
off the outlet and provide a petcock to bleed off
air at the outlet, Connect the pressure line to
one inlet hole and block off the other inlet hole,
Open the pressure line and bleed off the air.
Clese the petcock and with 100 psi water pres-
gure in the jacket check for leaks.

It is good practice on replacementliners to
tap cut the water jumper stud holes to remove
the rust preventive coating.

Install new seal rings over the liner. Sup-
port the liner from a chain fall and have ready
to install in the cylinder biock. Install one seal
ring in the upper groove and leave the other iree
over the air ports. Apply surgical green soap
to the upper seal ring and to the groove below
the air ports. Insert the liner into the cylinder
block with the water ocutlet opening at the op-
posite control side of the engine. Lower the
liner so that the groove below the air ports is
helow the upper deck of the block, Reach in
thru the air receiver inspection cpenings and
roll the sez! ring in the greove. It may be necw
esgary te reach in from the top of the liner and
thru the air ports te position the seal rings in
the groove. Lower the liner into place and re-
move the eyebolts., To force the liner to its
seat against the top face of the cylinder block,
use standard 3/4" SAE nuts on the twolong cyl-
inder block to liner studs. After applying white
lead to the studs carefully bring the liner to its
seat by tightening the nuts about 1/4 turn each

Illus. D8, Using DBore Gage
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Illug., D9. Location of Measurement

time. Be sure the liner is not binding in the
cylinder block bore. Excessive force should
not be required. Hemove the standard SAE nuts
and replace nuts and tighten to limits given on
page BT,

Check the liner for ocut-cf-roundness using
2 bore gage, Illua. D8, one inch down from the
top of the liner. If a liner is over . 003" out-of-
round at assembly, certain conditions of the
liner pads can be corrected by shimming.

Liner Shimming

The out-of-round condition which can be
corrected by shimming is specific, therefore
certain procedures and precautions must be
taken.

1. With the cylinder liner in place in the
engine and tightened down, measure the out-of-
round condition one inch down Irom the top of
the liner acrogs, and with the engine certerline
as shown in Illus. D9 and D10,

EXPANDED

e, CENTERLINE

Ilus, D10, Direction of Out-of-Roundness

Z, Check all liners for comparison out-of-
round condition. They should all compare. If
one specific liner is found sut-of-round and the
rest are round, within the |, 003" tolerances, it
will not be corracted by shimming as conditions
requiring shimiming will be general throughout
an engine. An individual liner found out=of-
round at assembly should have the pad fits and
block to liner fits inspected for burrs.

3. The out-of-round condition due to the
fit of the liner to the pads on the block is the
only cause to be corrected by shimming, It will
always be found that the liners will be squeezed
in across the ears making the liner larger with
the centerline of the engine, Illus, D10, when the
taper condition of the liner pads exists.

Procedure for Shimming

1. Cut shims 3/15" wide, approximately

99 AFB 207-3

Illus, D11. Liner Shim {Full Size)
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SHIM N PLACE

TF AFE IDT. 4

Illus. D12. Shima Shown in Place

6-1/2" long, . 003" thick, The shims are cut to
follow contour of outside ofliner under the liner
ears as shown in Illus, D11,

2. Jack liner up slightly, using a jackscrew
at each ear, just enough to insert a , 003" shim
under each ear, [llus, D12, Itis important not
to jack liner too high as it is possible to drag
the shim down between the liner and bore fit
when the liner is pulled down into position.
Over-jacking will also result in breaking the
water connection seals where correction is
foundnecessary onliners havingbeen previously
installed and all water connections applied,

3. Raise one of the jackscrews and insert
the shim into place. Lower the jackscrew and
raise the jackscrew from the other ear. Insert
the shim, Remove the jackscrews and tighten
the stud nute to the proper torque limit. Mea-
sure liner one inch down f{rom the top. If the
out-of -roundness is not corrected, itis possible
that a burr on the liner ear to block pad fit or a
burr on the block to liner fits is causing the
distortion,

4, A 003" shim will correcta . 005" out-
of -round condition. One .003" shim inserted
unider each ear will e the only amount of shim-
ming permiited where correction is needed,
Illus, D13, Liners . 003" out-of~round and over
will be corrected.

5. In all cases water test of engine will
follow liner shimming.

Assembling Liner

Next, replace the cylinder liner studs ad-
jacent to the water inlet and cutlet holes. Clean
ends of the water outlet pipe and opening in
liner and put in place with gasket at the water
header end. The fit atthe cylinder end is spher-
ical and fits metal to metal. Secure ocutlet pipe

TN

N

I S

Illus. D13, Correcting Gut-of-Round
Condition with Shim

to water header with capscrews and to the liner
with the stud nuts,

New seal rings should be used at both ends
of the inlet elbows, (Earlier engines were
furnished with gaskets and shims at the manifold
end of the inlet elbows; use new gaskets.) Se-
cure the inlet elbows to the exhaust manifolds
with capscrews and to the liner with stud nuts.

Next, replace the injection nozzle adapter
{and dummy plug assemblies if used) as follows:

Lubricate the adapter and dummy plug
threads with a small amount of graphite. Apply
a light coating of grease {graphite grease pre-
ferred) to the adapter seat and install a new
gasket with the bevel geating into the groove in
the adapter. The grease should hold the gasket
in its seat. Invert the adapter to be sure the
gasket stays in place, With the adapter tool,
Hlus. Db, screw the adapters {and dummy plug
if used} securely into their proper locations in
the liner,

Assembling Adapters
{Flat Water Jacket Gasket)

Clean the surface on the liner and adapter
water jacket. Cement a new gasket to the adapt-
er water jacket using "Primoid.” Let seta
few minutes and install, Do not cement the
gasket to the cylinder liner. Reinstall the gland
ring using a new gland ring gasket,

Ecrew the gland nuts on the adapters and
durmmmy plugse in place asfaras possible by hand
being careful thatthe water jackets are properly
seated against the cylinder liner and the gaskets

®,
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ars in place. With the gland nut inserting tool,
Illus. D5, screw the gland nuts tightly in place
until the rubber is slightly compressed; exces-
sive tightening should be avoided. Retighten the
gland nut after the water jacket gasket has po«
sitioned itself {approx. 15 min, after the first
tightening).

Screw the sleeve collarsin place on the
injection nozzle adapters. Install the injection
nozzles. Refer to Chapter L.

Assembling Adapters
{(Seal Ring Water Jacket Gasket)

Clean the surface on the liner and adapter
water jacket. Install a new seal ring in the
adapter water jacket. OQil the surface of the
cylinder liner, Position the adapter water
jacket overtheadapter and install the glandring
gasket, gland ring, and gland nut, Illus. Dl4.

Screw the gland nuts on the adapters in
place as far as possible by hand. Be sure that
the water jackets are properly positioned to the
cylinder liner., With the gland nut inseriing
toal, Illus, D&, tighten the gland nut until the
adapter water jacket is in contact with the ¢yl
inder liner. Use a .0015" feeler gage to de-~

COLLAR STUO

FUEL INJECTION TUBE

termine that the water jacket is properly po-
sitioned to the cylinder liner.

Screw the adapter sleeve collars in place
on the injection nozzle adapters. Install the
injection nozzles. Refer to Chapter L.

> #* * *

Check all connections with 50 1ba, of water
pressure, Hold the pressure for 30 minutes.
The water test applies tothe engine only and not
to the external piping and radiators. Use pump
or hydrant pressure and block off the inlet and
outlet. Observe all connections for possible
leakage. If none are found make necessary re-
connections,

Install the pistons and connecting rods as
outlined in Chapter G. CAUTION: DO NOT USE
CHROME PLATED COMPRESSION RINGS IN A
CHROME PLATED CYLINDER LINER.

Replace the upper crankshaft as directed
in Chapter E, Refill the cooling system.

CHECRKING CYLINDER LINER BORE
A cylinder gage i8 used for checking the
cylinder liner bore as shown in Ilius, DY, The
liner to piston clearance and wear limits are

given in Chapter B.

ADAPTER WATER JACKET

SEAL RING

NOZZLE HOLDER
GOLLAR

NOZZILE ADAPTER

M

NOZZLE FUEL PLUG

OZZILE HOLDER GASKET
™ NOZZLE TIP GASKET

TAPPED HOLE FOR PULLER-

l | [——NOZZLE

NOZZLE HOLDER ——""

i
N

ADAPTER GASKET

CYLINDER LINER

SLEEVE GOLLAR

GLAND NUT WATER JACKET

Tilus, D14, Injection Nozzle Adapter «
Pintle Nozzle with seal ring water jacket gagket,
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CHAPTER E. CRANKSHAFTS AND MAIN BEARINGS

THRUST BEARING
HERE

BLOWER DRIVE
GEAR HERE

YERTICAL DRIVE
GEAR

COUPLING HERE

Nlus. El.
CRANKSHAFTS
Description

The upper and lower crankshafts, Illus. El,
are designed to transmit the power produced in
the cylinders to the vertical drive gears and
crankshaft coupling. Thrust bearings are pro-
vided next to the vertical drive gears and plain
mainbearings ateach transverse vertical mem-~
ber of the cylinder block. Precision machined
bearing surfaces are provided for the main and
connecting rod bearings.

The crankshaft sprocket for the timing chain
drive is secured to the upper crankshaft at the
exhaust end. At the drive end, the blower drive
gear is keyed and aleo held with a retainer
plate fo the crankshaft.

The flexible pump drive gear for driving
the governor and attached pumps i5 secured to
the lower crankshaft at the exhauat end.

At the drive end, the flexible crankshait
coupling half is fastened with fitted bolts to a
flange on the crankshaft. This flexible coupling
delivers the power developed by the engine to
the generator,

Loower Crank L.ead

The crankshafts of early engines were
timed with the lower crankshaft leading the up-

UPPER CRANKSHAFT

LOWER CRANKSHAFT

DAMPER HERE ON
12 {YLINDER ENGINE

TIMING CHAIN
SPROCKET

FLEXIBLE PUMP
DRIVE GEAR HERE
it TUBE /

TORSIONAL DAMPER

SEMER.AL

Upper and Lower Crankshafts - 8 Cyl, Engine

per by 12°, Later 850 rpm eéngines have 15°
lower cranklead and have an identification plate
located on the governor side near the vertical
drive inspection cover. Engines modified in the
field also have the identification plate.

Crankshaft Lead Timing

A, Checking Timing with Top Cover
Installed

The crankshaft timing can be checked
with the top cover installed by removing the ex-
haust end top cover inspection cover, lllus, E2
shows the crankpin positions for checking the
timing {rom the governor or opposite governor
side depending on the location of the top cover
inspection cover,

16 The éew&r crankshaft leads the up-
per by 127 or 157, The crankshafts rotate in
opposite directions, Refer to Illus, EZ.

&

2. Bet protractor for 90 protractor
reading.

3, Bar the engine to position the ma-
chined surface of the No. 1 upper crankweb
{No.louter crankweb on B and 10 cyl, engines
orNo. 1 inner crankwebon éand 12 cyl, engines)
s that the protractor as set will have the bubble
centered as viewed thru the top cover inspection
opening, Nlus. E3,

4. Do not rotate engine, Cheek posi-
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tion of lower crankshait using a protractor on
machined surface of No. 1 lower crankpin.

5. Determine protractor readinginre-
lation to inner or outer dead center poeition of
the crankpin,

6. Determine rotation of the crank.
shafts. Refer to Illus, E2,

7. Compute the crank lead from the
protractor readings. The computedvalue should
be within - 1/2° of the specified 12° or 15°
crank lead,

8. Bar the engine in reverse rotation
15% to 20°. Then bar in direction of rotation
and recheck crankshaft lead timing, Qif timia%p
is not within the specified limit of 12~ or 157,
the vertical drive coupling hub or quill shaft
(6 cyl. engines) muet be repositioned. Refer to
Chapter ¥a or Fb,

B. Checking Timing with Top Cover
Removed

1. Bar the engine until the No, 1 lower
erankpin is 12°% or 15 past inner dead center.
Use a protracior on the machined surface to
theck the crank position.

2, Check the position of upper crank-
shaft using a protractor.

3, The machined surface, Illus, E3,
on the No. 1 upper crankweb {(No, 1 outer crank-
web on 8 and 10 cyl. engines or No. | inner
crankweb on the 6 and 12 cyl. engines) must be

WEPECTICN i
COVER OB LEFT |
S0E OF ENGINE AT VEWED
FROM DRVE ERD

\
e OFt 159 \“.
AT \
e A -
i

Illus. E2. Crank Lead Timing

in the vertical position so the crankpin ie at in-
ner dead center,

o 46 Bar the engine in reverse rotation
1587 to 207, Then bar in direction of rotation
and recheck crankshaft lead timing, If tirnirég
is not within the specified limit of 12° or 15,
the vertical drive coupling hub or quill shaft
{6 cyl. engines) must be repoaitioned. Refer to
Chapter Fa or Fh,

5. The lead gage can be used instead
of the protractor after the pointer has been
chacked and is correct.

C. Checking Crankshaft Coupling Pointer

1. Check vertical position of cylinder
block with a protractor.

2. Bar engine until machined surface
on Neo, I lower crankweb ig positioned so prow
tractor reading is the same as the block read-
ing.

3. The pointer should read Q' on the
coupling. If not, correct the pointer.

Upper Crankshaft -~ Removal

Before working on the engine, the battery
switch MUST be blocked open toavoid accident.
ally starting the engine, As an additional pre-
caution, the starting contactors MUST be
blocked open with wooden blocks.

CAUTION: NEVER REMOVE OR RE-
FLACE AN UPPER CRANKSHAFT WITH
ITS LOWER THRUST BEARING SHELL
IN PLACE.

Illus, E3, Protractor in Position on Crankshaft
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Remove the exhaust end cover and topcover.
Lifting eyebolts (1/2"-20) are used for handling
the top cover,

Refer to Page Ell for removal procedure
of main bearing caps and thrust bearing shells,

Refer to Chapter G for removal of ¢rank.
pin bearings.

Refer to Chapter H for timing chain removal
procedure,

Hotate the engine so that the No. 1 upper
erankpin is at outer dead center position. Se-
cure a rope sling to the No. 1 crankpin and
around the crankshaft beyond the vertical drive
gear. (12 cylinder crankshafta must be lifted
at the ends and at the center,) In this position
the crankshaft should be nearly balanced,

Slowly lift the crankshaft from the engine.
After raising the crankshaft approximately one
inch, check and remove any bearing shells
which have adhered to the shaft.

NOTE: On early engine without modified
blowers, be sure the nuts on the hlower
drive gear clear the end of the impeller
shaft as the ¢rankshaft is removed,

Carefully remove the lower halves of the
plain main bearing. Keep the engine clean
while work is in progress.

Clean crankshaft, all bearing caps, shells,
connecting rod bolte and nute in {yel oil or non-
inflammable solvent. Wipe all parts carefully
with clean lint free cloths, especially the bear.
ing surfaces of the crankshaft and the bearing
ghells,

If aluminum from the bearings has been
transferred or adhered to the hearing bores or
crankshaft journals, this material must be re-
moved, KRefer to procedure page El4.

Upper Crankshaft - Installing

CAUTION: NEVER REMOVEOR REPLACE
AN UPPER CRANKSHAFT WITHITS LOW~
ER THRUST BEARING SHELL IN PLACE.

Replace the lower halves of the plain main
bearings, being careful that each bearinghas
the matchmarked letters toward the exhaustend
of the engine and on the governor side. Apply
lubricating oil to the bearing shells, The thrust
bearing is rolled in place after the crankshaift
is installed,

Use a protractor to position the lower
cr%nkshaft. Set 9 aaiter outer dead center for
15" cranklead or 6 after outer dead center for
12° crank lead.

Secure a sling to the crankshaft in the same
position as when removed. With the crankshaft

suspended, adjust the crank soc No. 1 crankpin
is at outer dead center {protractor reading).
Lower the crankshaft into position. This will
enable the proper vertical drive gear tooth to
mesh with the proper pinion position for correct
crank lead,

Check the crankshaft lead timing as out-
lined on page El,

Checking Backlasgh

NOTE: I a different crankshaft than the
one removed is being installed, the backlash
of the verticaldrive gears mustbe checked.

Check the gear and pinion tobe sure the end
of the teeth are inline. Raise or lower the pin-
ion by adding or removing shims under the
bearing housing.

Determine the distance from the thrust
face of the crankshaft to the gear face of the
crankshait using a micrometer, Take the same
meagsurements on both obd and new crankahaft,
If the measurements are the same and the posi«
tion of the pinion was not changed, the same
ghims can be installed on the new crankehaft
and the backlash will be the same as before. If
the measurements are notthe same or the shims
were changed under the bearing housing, the
correct backlash must be determined by chang-
ing the bevel gear shims. Remowval or addition
of one shim will change the backlash approxi-
mately one-half the shim thickness,

Use a small pinch bar to force the crank-
shaft towards the exhaust end of the engine against
the thrust bearing. With a dial indicator on the
pinion, rotate the pinion shaft each way to de-
termine the backlash between the gear and pin-
ion, The correctamount of backlash is stamped
on the gear and pinion by the manufacturer and
is also listed in Chapter B, The halves of the
shimes should not overlap.

The backlash of the lower bevel gear and
pinion is checked in & similar manner.

Refer to Page E12 for installation of bear-
ing caps and thrust bearing shell,

Refer to Chapter (G for installation of
crankpin bearings.

Replace the timing chain, reversing the
removal procedure. Be sure the chain meshes
with the properteeth onthe camphaft and crank-
shaft aprockets and has the proper slack. Re-
fer to Section H.

A new crankshaft will always be furnished
with oversize bolts for the vertical drive gear.
It will be necessary to rebore and rersam the
holes in the vertical drive gear and the flange
of the crankshaft, as well as grind the new holts
to {it the re-~reamed holes,
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GOUPLING
i CAPSCREW
TEETH FOR P COUPLING
BARRING e LAMINATED RINGS )
o :
i) h
\ J 1! 7 COUPLING
ol
gi}\\,&:,_ L RVE KA
;}_ = \,&! COUPLING BOLT
i = UPPER HALF
’/ | CRANKSHAET
RING BOLT. o 7O FOUPLING
WASHER L i K COVER
EHERATOR FAN
RING BOLT
SPACER
COUPLING
RING BOLTT LOWER CRANKSHAFT

G ECK ALIGHMENT
Q0P INTERVAL S
? ON CIRCUMFERENCE
HERE

[Pnrie i

CRANRSMAFT COUPLING

MARKED IN LINE WITH ;
#& CRANKPIN 5\)
REANING coupuwa T : s

CRANKSHAFT GOUPLING i
MARKED (8 LINE WITH N
Si2 GRANKPIN AFTER

REAMING HOLES

8 CYLINDER ENGINE

Illus. E5. Crankshafi Coupling Markings
{Viewed from engine side of coupling with No. 1 lower piston on inner dead center.)
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s BARRING TOOL
BRAGKET

BARRING TOQI .
PAWL

BARRING

B1.E COUPLING
G HALF

Illus. E6, Barring Device

CRANKSHAFT AIR SEAL

An air seal is provided to prevent leakage
of oil irom around the crankshaft at the drive
end.

This seal consists of a grooved split hous-
ing closely fitting the crankshaft and bolted to
the cylinder block. Air from the discharge side
of the blower is piped to the seal and prevents
dirt from entering the seal and oil from leaking
from the crankcase,

CRANKSHAFT COUPLING
Description

The crankshaft coupling, Illus. E4, consiste
of three parts: the engine coupling drive half;
the laminated disce andthe coupling drivenhalf,
The coupling driving half is fastened tothe lower
crankshaft with fitted boltg and the coupling
driven half is fastened to the generator shaft
with capscrews. Power irom the engine is
transmitted thru the laminated discs by means
of a second set of fitted bolts held in place by
ring bolt epacers,

Servicing

The reamed holes in the three major parts
mentioned above are undersize on replacement
parts. The bolts are oversize., The driving
halves have a letter "O' stamped on the edges
for proper assembly location. The laminated
discs have a notch on the outside edge for the
same purpose. When assembling the parts the
0O, " notches, and ¥Q' must be in line.

The coupling drive half can be removed
from the lower crankshaft with the shaft in
place, Remove the flywheel end cover halves
and the end main bearing cap, Drive out the

coupling bolts on the lower side. Bar the engine
to remove the remaining bolts.

Fit the new coupling drive half to the crank~
shaft flange. Refer to Illus, E5 for correct
positioning of the coupling. Ream the boltholes
to nearly the pversize bolt size. rind the
bolts for 2 light drive fit, Mark the spacers,
bolte andholes and assemble the parts inproper
arrangement, - Tighten the bolts to the torgque
limit given in Chapter B,

Coupling Alignment and Fit

The main generator must be aligned and
fitted to the coupling whenever a new coupling
is installed or the main generator fitted to the
engine and subbase.

Reference is made to the "Maintenance
Bylleting® Sec. 411.1 series for fitting the
various types of main generators,

DARRING DEVICE

A barring tool, Illus. E6, is provided for
rotating the engine when servicing. This tool
consists of a removable lever and pawl arrange-
ment which can be mounted on the pivot of the
barring device bracket. The crankshaft coup-
ling (drive half) edge is notched for engagement
of the pawl so that movement of the lever ro-
tates the lower crankshaft. Direction of rota-
tion is controllied by changing the position of
the pawl on the lever,

CAUTION: WHEN USING THE BARRING
"TOOL, THE BATTERY SWITCH MUST BE
BLOCKED QPEN TO AVCID ACCIDEN-
TALLY STARTING THE ENGINE. AS AN
ADDITIONAL PRECAUTION THE START-
ING CONTACTORS MUST BE BLOGKED
OPEN WITH WOODEN BLOCKS.

TORSIONAL DAMPERS

Torsional dampers are mounted on the
crankshafts at the exhaust end of the engine to
eliminate torsional vibrations atcritical speeds,

{A damper was provided on the lower
crankshaft of early 8 and 10 cylinder engines.
All later engines have a damper on the lower
crankshaft. The 12 cylinder engine has a dami~
per on both the upper and lower crankshafts.}

The dampere shown in Iilus, E7, E8, and
E9 consist of a sgpider fitted with weights,
These weights are installed in rows in slots in
the spider. Each weight is located and free to
move in or out on two weight pins. Lubrication
is furnished to the moving parts of the damper
from the engine pressure system by means of
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DAMPER WEIGHTS
g U SPIDER

WEIGHT PINS

L ——SPIDER BUSHING
- WEKGHT BUSHING

ORDER NO. OF
WEIGHT PINS
SIAMPED HERE

ORDER NO, OF
- WEIGHT PINS
P STAMPED HERE \

A

- LICK PLATE
HOLES FOR PULLER

Illus. E7. Torsional Damper - 8 and 10 Cyl, Engines

grooves and heles in the apider hub.
Inspection - Lower Damper

Inspection of the lower damper pins and
bushings must be made at regular periods as
outlined in the Maintenance Bulletin Sec. 206 to
assure trouble free operation of the damper,

It is assumed the labe ¢il pump has been
removed from the pump mounting plate (alao the
tachometer -generator and drive housing when
used).

Remove the governcr and bracket from the
pump mounting plate,

Remove the water pump {or pumps} and the
pump mounting plate. Refer to Chapter N,

Remove the lockplates from the outer face
of the damper. Inspect the inner surface. If
wear is shown, reverse or replace the lock-
plates, Use new capscrews,

Bar the engine 8o that the trailing edge of
one section of weights is even with the lower
edge of the cylinder block (governor side),

Use 2 sirong magnet or sclenoid arrange-
ment to pull the two pins to {ree the outer dam-~
per weight which is inline with the governor side
crankcase inspection opening. Remove the re-
maining pins and weights in the damper section
in a manner similar for the outer weight.

Carefully note the position of each pin and
weight as it is removed, If inspection of these

parts discloses that they canbe reused, weights
and ping must be returned to their original lo-
cation in the spider. Also pins and weights
must not be turned end for end. In use, these
parts had become "worn-in'' and the reversal
of parts would require a new '"wear-in' which
could materially shorten the life of the pins and
bushings.

NOTE: The 12 cylinder upper damper and
the & cylinder damper have two rows of
weights, 8 and 10 cylinder dampers have
three rows of weights and the 12 cylinder
lower damper has four rows of weights,

Each section of the damper is considered
separately. A section conaists of two adjacent
axial rows of ping and bushing supporting each
row of weights,

Bar the engine {0 position the next section
of weights and remove in a manner similar as
for the first section of weights.

Vigually inspect pins and bushings for pit-
ting or fretting conditions, Also inspect the
lockplates for wear on the pin side.

Check the weight pina for wear. The pins
are of different sizes. This size is designated
by an order number etched into the end of the
pinn, Check the ping for wear with a microme-
ter. Check the diameter at several points as
the wear may not be uniform. If the diameter

—

Ry
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DAMPER WEIGHTS -

-SPIDER

* 1| SPIDER BUSHING
.

g | LowER
| CRANKSHAFT

LOCKPLATE

SHORT PIN ORDER NO., OF EACH

WEIGHT PIN STAMPED — oo i
ON SPHIER AT SHOWN

6 (LONG), & (SHORT),

4, 6 (SHORT),
3, 6 (LONG)-ORDER

3, & (LONGY- ORDER

6 (LONGY, & (SHORT),
3, & LONGY-ORDER

' ‘ PULLER HOLES

4, 6 BHORTL 3, & {LONG)-ORDER

[llus. EB. Torsional Damper - Lower - 12 Cyl, Engines
{Order number of the weight pins a8 shown are from inner to outer positions)

reaches the minimum shown inthe "Wear Limit
Chart" Chapter B, new pins must be ubed.

Damaged or worn pins may be replaced in-
dividually.

Also check the bushings (both weight and
sgpider} for wear with a star gage. Carefully
check the ocuter bearing surface of the spider
bushings and inner surface of the weight bush-
ings for slight wear indentations. If the bore
reaches the maximum shown in the "Wear Limit
Chart" Chapter B, the bBushings must be re-
placed.

Replacement of a worn or damaged spider
or weight bushing requires replacing or turning
all gpider and weight bushings in the two affected
axial pin rows regardless of condition. {Worn
undamaged bushings may be reused by turning
1807, Caution must be taken when installing
the old bushing to be sure it haa been turned.}

Inspection - Upper Damper - 12 Cyl. Engine
The upper damper, Illua, E9, should be

inapected at the same periods as apply for the
lower dampers, The damper can be inspected

and overbauled while the upper crankshaft ig in
the engine. Remove the control end cover,

Remove the lockplates from both sides of
the damper, Inapect the inner surface. If wear
iz shown, reverse or replace the lockplates,
Use new capscrews, Remowve the pins and
weights, Arrange parts in systematic order so
that parts may be returned to their original
location and position.

Inspect the pine, weight and spider bushings
in accordance with procedure outlined for in-
gpecting lower damper parts, The same rec-
ommendations for replacement of parts apply.

Weight Bushing Replacement - All Dampers

Remove the weight bushings by pressing
out using the mandrel, shown in Illua. El0.
Properly support the damper weight. The
bushings may be driven out if a3 presa is not
available. The mandrel must be held square to
the damper weight.

Inspect weight bores for burrs. Stone
down sharp edges. Be sure the bore is clean,

Heat the weights in an oil bath to approxi-
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o DAMPER WEIGHTS PULLER HOLES 4, 6-ORDER 6, 6-ORDER . )
e N, \\ e

|
E LOCKPLATE

E 4, 6~ ORDER o
|
4

ORDER NO. OF EACH
WEIGHT FiIN STAMPED )
b ON SPIDER A5 SHOWR ’ ’ xJ

Nlus, E9. Torsional Damper - Upper - 12 Cyl, Engines

WEDGE BLOCK
TOOL ASSEMELY

SPOER BUSHING BEARING SAQCLE CEMTERLINE
. HUSHING RENOVING QPENING OF ENGINE ™~
TOOL {MANDREL] P

FLEXIBLE FUMP
DRIVE GEAR

i
i .‘ y
CENTERUNE LDWER CRANKSHAFT E JK[_‘/ ' i l’ i
. i
i

; [ e

Illua. E10. Teorsional Damper Tools

NG s & Faw March, 1454 Crankshafts and Main Bearings
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_DAMPER SPIDER

PULLER PLATE ..,
N

GHUARD PLATE \:\

a

\JﬁnCKSCREW
~-PULLER STUE

STUD ML
PAFBIEFISS

Illus. El1l. Torsional Damper Spider Puller

mately 320° ¥, and cool the bushings and man-
drel in a eolution of dry ice and alcohol, Set
the heated weight on a surface plate and insert
the cooled bushing. The bushing must be flush
with the face of the weight. If provision for
heating the weights to the limit epecified above
is not available the cooled bushing will require
pressing into the weight., Press the bushing
square into the weight bore and flush with the
face of the weight,

Spider Bushing Replacement

Lower Dampers - '

Bar the engine so that the row of bushings
to be removed lines up with the bearing saddle
opening {either side of the engine) as shown in
Illus. E14,

Place the wedge block tool, Illus. E10,
straddling the bughing row to be removed. Tight-
en the wedge blocks sufficiently to be snug but
not 8¢ tight to cause distortion to the apider,

Block with metal wedges between the inner
face of the damper spider and the bearing sad-
die opening.

Insert the mandrel and drive out the guier
bushing. Remove the mandrel and bushing,
Continue the same procedure to remove the re-
maining bushings in the one row.

Remove the blocking wedges and wedge
block tool and bar the engine to line up the next
row of bushings in line with the bearing saddle
apening.

After all bushings are removed, inspect the
spider hores for burrs or other defects, 5Stone
down sharp edges, Be sure the bore is clean.

Heat the spider with steam if availlable,
Place a canvas aroundthe spider and direct live
steam on the spider and heat ashotas possible,

Cool the bushings in the same manner as
the weight bushings.

Rermove the spider heating (if used) and po-
sition a cooled bushing over the bore in the in-
ner slot of the spider. Insert the mandrel and
lightly drive the bushing in flush to the face of
the spider. Insert remaining bushing in a simi-
lar manner,

NOTE: Be sure to check the widih of the
bushings. The bushings for the first and
iast rows in the spider are 3/4" wide,
other bushings are 1 wide,

In addition on the 12 cylinder dampers, the
first and last rows of spider bushings have
a relief. The bushings must be installed
80 that the relief is next to the lockplate,

Reassembly

The dampers can now be reassembled by
replacing the weights, pins, and lockplates,

EXTREME CAUTION MUST BE TAKEN
WHEN REPLACING WEIGHT PINS TOBE SURE
THAT THE CORRECT ORDER OF PINS IS RE.
PLACED IN THE PROPER HOLE IN THE
SPIDER. AS NOTED ON ILLUS, E7, ES, AND
ES., THE ORDER NUMBER OF THE TWO AD-
JACENT WEIGHT PINS 1§ STAMPED ON THE
WEBS OF THESPIDER. THE ORDER NUMBER
IS ALSCO ETCHED INTO THE END OF THE
WEIGHT PIN. THE TWO PINS IN EACH
WEIGHT ARE OF THE SAME ORDERNUMBER.

Replace assemblies removed to make the
inspection.

Spider Removal

If the damper spider must be removed, use
the puller as shown in Illus, Ell, Install the
puller and tighten down on the jackscrew, Use
white lead or cil on the jackscrew. Tighten on
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the jackscrew until the spider loogens., If avail-
able steam may be used to facilitate removal.
Do not use an open flame. Start heating at the
circumference, keeping st rain on the puller.
Tapped holes are provided in the damper spider
for lifting evebolts to facilitate handling the
spider. ‘

To reinstall the apider, heat the assembly
slowly in oil {or an electric furnace) to about
3207 F. temperature of the heating medium.
The hole in the spider should then be slightly
expanded,

NOTE: The damper must be correctly in-
stalled on the crankshaft. Be sure the un-
dercut at the hub is toward the engine, also
the tapped puller holes must be on the side
away from the engine,

Some lifting meaneg should be provided for
placing the spider in position. The following is
suggested:

Use a temporary 2-1/4" diameter guide
shaft about 30" long withan eyebolt locatedabout
3% from one end. Also provide some heavy oOb~
ject that can be used as a counterweight on the
guide shaft, Make a trial lift on the spider with
shaft and weight in position.

Rotate the engine crankshaft uatil keyway
is at the top. Check the keyways in crankshaft
and spider, and fit key in crankshaft. Apply
white lead and oil to the surface of the crank-
shaft where the damper is to be installed,

Observing the hole in the spider and using
the temporary shaft for lifting and guiding, in-
stall the spider to seat on the crankshaft.

DO NOT DAMAGE THE DAMPER BY EX~
CESSIVELY POUNDING TO SEAT,.

Cool slowly withcompressedair starting at
the center.

Reassemble flexible pump drive as outlined
in ChapterN, Reconnectgovernor {tachometsr.
generator if used) and replace covers and con-
nections removed in preliminary procedure.

The upper damper used on the 12 cylinder
engine is installed using a procedure sirmilar to
that outlined for lower dampers,

MAIN BEARINGS

Degcription

The main bearing shells fit into the enclo-
gures formed by the saddles in the cylinder
block and the bearing caps. They are made in
halves and dowelled together and marked for
proper location on the edge toward the exhaust
end of the engine,

Laubricating oil from the engine pressure
system enters the bearing surface thru an inter-
nal oil groove in the bearing., Slots conduct oil
to the thrust surfaces.

Bearing Inspection

Aluminum main and thrust bearings which
have flashed or failed can be easily detected.
Use a . 002" feeler gage to check for clearance
between the bearing shell and the bearing cap
fit near the parting line, If the feeler gage can
be inserted, it is evidence that the bearing has
fiashed and muest be removed. The parting
lines between the two shells of a flashed bearing
will also be open so that the , 002" feeler gage
can be inserted,

Refer to Maintenance Bulletin Sec, 206 for
the manufacturers "Recommended Bearing In-
spection Periods, "

Upper Main and Thrust Bearing Removal

{Bearing bolts and nuts are matchmarked
on earlyengines and shouldnot be interchanged,)
The bearings are accessible after removing the
exhaust end cover and the top cover. Alsp Te-
move the lubricating oil supply pipe leading from
the upper header to the top of the bearing caps.

A heavy offset box wrench, a light 12 point
box wrench, Nlus. E1Z, and a power wrench
are available to fit the bolt nuta, Hold the bolt
from turning by ingerting a tapered bar in the
hole in the bolt. Then, using the wrenches,
loosen and remove the nuts,

With a small pinch bar, {ifst on one side
and then on the other, raise the bearing cap
evenly, If necessary, the bolta can be removed

Mus, £13, Main Bearing Shell Removing Tool
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Illug. El4. Thrust Bearing Removing Tool

by holding the belt with a pin in the upper hole
in the b:olt, and unscrewing the lower nut,

With the bearing cap and upper half of the
shell removed, the lower half of the shell can
be rolled out by using the tools shown in Illus,
E13, The tool for rolling out the plain bearing
ahould be inserted in the diagonal oil hole atthe
particular crankshaft bearing. Use the thrust
bearing tool with the squarehead for rolling cut
the thrust bearing, Illus. El4,

Ag the crankshaft is revolved, the button
head on the tool is brought into contact with the
edge of the shell, rolling the shell around with
the c¢rankshaft inside the bearing saddle., When
the shell is in the position of the top half, it can
be lifted from the engine, If the crankshaft is
to be removed, only the thrust bearing shell
need be rolled out before remowving the crank.
shaft.

Liower Main and Thrust Bearing Removal

When removing lower main bearings, al-
ways leave the center and endmain bearing caps
and shells in place, for crankshaft support, until
new shells have been installed in, and bearing
caps replaced on, all the other bearings.

The main bearing hbolts and nuts on early
engings are matchmarked and should not be
interchanged, The lower bearings are reached
by removing the crankcase side covers from
both sides of the engine adjacent to the bearing
to be removed,

Jsing the wrenches referred to above,
loosen the nuts to the last thread while holding
the bolt from turning with a taperedbar inserted
in the hole in the lower end of the bolt.

The bearing cap should next be pried apart

evenly from the recessedfit in the bearing sad-
dle so that the weight rests on the nuts of the
bolta. Suppoxrt the bearing cap while removing
the nuts and belts. The bearing cap i8 supported
by inserting two tapered hooked bars into the
holes in the bolt heads, The bars ars hald thru
the two adjacent crankcase openings. Remove
the bearing shell.

The top half of the shell can now be rolled
out. Be prepared to prevent the shell from
dropping when it moves out from between the
journal and the bearing saddle.

Check the wear on the bearing shell by
measuring the minimum thickness of the shell
with amicrometer using a ballpoint attachment.
Refer to the "Wear Limit Chart” Chapter B for
the minimwm shell thickness of the main bear.
ing shells.

Thrust Bearing Clearance

To c¢heckthe thrust bearing clearance, force
the crankshaft against the thrust bearing in one
direction with a pinchbar. Check the clearance
between the face of the bearing and the side of
the crankshaft cheek with feelers, Recheck in
the opposite direction. Anothexr method is to
take two readings with a dial indicator against
the face of the crankshaft coupling. Take one
reading with the crankshaft pried one way, and
the other reading with the shaft pried the other
way. The clearance is the difference between
the two readings, New bearings should be in-
stalled if this clearance exceeds the value given
in the "Wear Limit Chart,” Chapter B, The
thrust faces and inner faces of the flanges must
he parallel and square to the bore with . 027
measured on the cutside diameter of the thrust
face; the bearing should provide the original
endwise clearance shown on the "Wear Limit
Chart” Chapter B. In some instances, it may
he necessary to lightly scrape the bearing te
provide these conditions,

BEARING REPLACEMENT
Main Bearings

The bearings are replaced by fellowing the
procedure outlined for disassembly in reverse
order. The weight of the lower bearing caps
may be supported by passing a clean rope thyu
under the journal snubbed te some engine part
on the opposite gide such ag a vertical member
of the cylinder block.

The lower main bearing caps are replaced
with the shell half inplace in the cap. Likewise
the upper and lower thrustbearing caps are re-~
placed with the shell half in place. The upper
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main bearing caps and shell are replaced sepa~
rately, Note the markings. New shells must
be marked in the same manner and location as
the old shella,

Before rapiécing the bearing shells, apply
"Oil Dag! to the journals. )

Set the main bearing caps in place. Witha
goft hammer tap them on one side and then on
the other until seated, Be sure the dowels are
entering the dowel holes correctly,

Tighten the main bearing bolts to 700-1000
it. lbe, or use the following procedure,

1, Assemble bearing hand tight with 8"
light wrench.

2. Pull hand tight {one hand) with 20"
wrench (200-250 ft, 1ba,}.

3, Turn nut an additional flat {SOQ}.

4, Continue tightening {nomore thananad-
ditional one-half flat to line up the cotter pin
hole,

TIGHTEN BOQTH BOLTS OF EACH BEAR.-
ING CAP AT THE SAME TIME TO PRE-
VENT DISTORTING THE BEARING BORE.

Thrust Bearings

Mark the new shells in the same manner
and location as the old shells,

Apply "Oil Dag" to the journal and thrust
suriaces,

Replace the lower thrust bearing shell in
place in the cap. Upper shelle are replaced
separately.

Move the crankshaft in either direction un~
til the block half of the thrust bearing shell
slides into the it in the cylinder block, Roll the
ghell in place with the square tocl shown in 11~
lug, El4,

Set the upper bearing cap in place and tap
with seft hammer to seat, The lower bearing
cap is pulled in place by tightening the bolts
evenly. Be sure the dowels are properly lo-
cated,

1. Pull up bolts using a 20" wrench,

2. Loosen the bolis and retighten with the
8" wrench,

3, Force the crankshaft againsatnarrow
face and back against the thrust face,

4, Continue tightening the bolts to 700-1000
ft. lbs. or use the following procedure.

5, Pull hand tight {one hand} with 20
wrench {200-258 £t. 1bs. ).

6, Turn nut an addition flat (6{30).

7. Continue tightening {(no more than an
additional gne-half flat to line up the cotter pin
hole.}

TIGHTEN BOTH BOLTS OF EACH BEAR-
ING CAP AT THE SAME TIME TC PRE-
VENT DISTORTING THE BEARING BORE,

NOTE: Laterengines have aluminumthrust
bearings. Refer to Chapter B for wear
lirnits.

MAIN BEARING CAPS

Main bearing caps are not an interchange-
able stock repair item, When required for
specific engine replacements, {which would be
in very rare instances}, the Locomotive Service
Department should be contacted,

{1} Special machined capa can be supplied
by the factory. An adjacent bearing cap must
be supplied bythe customer to enable the factory
to machine the replacement caps.

{2} Rough bored caps with finished cylin-
der block fit surfaces can be furnished, Finish
boring of the cap must be dene in the field by
the customer,

(3) Finish bored caps with uwnfinished ¢yl-
inder block fit surfaces can he furnished. Hand
fitting of the cap must be done in the field by
the customer,

BEARING FAILURE AND CORRECTION

After the feeler gage check of main and
thrust bearings has revealed the failure of a
bearing shell, recondition the bearing journal
a8 follows:

Main Bearing Journals

I. Remove the main bearing cap and
shells.

2, Remove the adjacent connecting rod and
piston assembly if failure is on the lower shaft.
If failure is on the upper shaft, disconnect the
connecting rod from crank. By adjacent it is
meant the connecting rod and piston assembly
that is lubricated and cooled by oil that is re-
layed thru the failed main bearing., No. 1 main
feeds No, 1 piston, No, 2 feeds No. 2 piston,
etc, The reason for removing this adjacent as-
sembly i8 to prevent the sodium hydroxide
{NaOH) solution used in cleaning the failed
crankshaft journal from entering the inter-
connected oil tube and damaging the connecting
rod bearing,

3. Clean and condition main bearing jour-
nal according to instructions cutlined under,
#Conditioning of Crankshaft after Aluminum
Bearing Failure, ! page E14.

4. Inspect bearing cap for distortion. This
is accomplished by the use of a mandrel check
gage and an outside micrometer, BSee "Bearing
Cap Inspection and Repair,' page El5,

5, Install new bearing using special bear-
ing journal conditicner C-140IND-B. Follow
the instructions closely.
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a., Mix thoroughly before each appli-
cation,

b. Apply a liberal coating of compound
to bearing shell and install in engine and tighten
as outlined, page ElZ.

¢. Bar the engine one complete turn
prior te, and one-guarter turn during pre-
lubrication.

Thrust Bearing Journals

1, Remove thrust bearing cap and bearing
shells,

2, Clean and condition crank journal and
thrust faces according to instructions outlined
under, "Conditioning of Crankshaft after Alumi-
num Bearing Failure.,” ’

3. Inspect bearing cap for distortion. This
is accomplished by the use of a mandrel check
gage and on outside micrometer. See '"Bearing
Cap Inspection and Repair, ' page El5,

4. Check block saddle for distortion, cor-
rect and clean as outlined under, "Thrust
Bearing Block Saddle Repair,' page E18,

- 5, Install new bearing using special bear-
ing journal conditioner C.140IND-B. Follow
the instructions closely,

a, Mix thoroughly before each appli-
cation,

b, Apply a liberal coating of compound
to bearing shell and install inengine and tighten
a8 outlined, page E13.

¢. Bar the engine one complete turn
prior to, and one quarter turn during pre-
lubrication,

e 2 ]
r’/ AN
.
\\\_‘r.t,n
X
;’I N f]
i N
o ] }; .
\ Eg | :g ¥
\\\ ,fa‘
\{\ 3;?’
E‘} L ; .
S A ORILL B\ /
3327 | TAP IN LINE Vet
=N \ ALLEN HEAD
% GROOVES § OEEP N CAPSCREWS
" I
D g WiE G e R0 HANDLE

W AFBRON. |

Ilus, E15. Main Bearing Lapping Tool

Conditioning Crankshaft after Aluminum
Bearing Failure

When an aluminum bearing has been found
on a crankshaft, the crankshaft journal shall
be reconditioned according to the following
procedure:

l. Clean crankshaft journal with fine
grade emery cloth dipped in fuel oil. This
is to remove the surface aluminum that has
adhered to the shaft at the time of failure., The
emery cloth ghould be cut in long narrow strips
approximately 2" wide, long enough to go
around the c¢rankpin or journal and pulled from
both sides so that a see-saw action is used when
pulling the ends of the gtripa.

2. Remove all surface oil with a solvent,

3. Saturate the journal or crankpin sur-
face with a sodium hydroxide solution (NaOH)
for approximately 30 minutes or until all alumi-
marn has been removed. The period of exposure
to NaOH solution will vary depending upon the
quantity of alurginum adhered to the affected
surface or the strength of the solution, A
stronger solution of NaCH will lessen the
period of immersion or saturation.

a. Experiinental tests were conducted
witha solution of 10% NaOH by weight, however,
this is not necessarily the strength that must
be used,

b. Precautions must be taken to pre-
vent the solution of NaOH {rom contaminating
the crankcase while cleaning procedure is tak-
ing place,

PERSONNEL WORKING WITH NaOH MUST
WEAR RUBBER GLOVES BECAUSE THIS
HIGHLY CAUSTIC SOLUTION IS HARM -
FUL TO BARE SKIN,

CROSS (%ﬁi%mi INSIDE OF TOOL SURFACE .BOTH b&ﬁiﬁf&'ﬁ
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{llus. El6. Main Bearing Lapping Tool
{Crankshaft removed)
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4, With the proper lapping tool, Illus. E15
or K16, lap in the affected main bearing jour-
nal. Ilius. El5 is for lapping the main bearing
journale with the crankshaft in place in the
block, Illus. Elé is for lapping tools for the
main journals. Feor lapping the thrust faces,
use tool shown in Illus, K17,

a. The lapping compound used is No,
111 Green Label Time-saver which is mixed to
a consistance of a soft paste by adding No. 10
lube oil. This mixture should be used gener-
ously. The crank journal should be lapped until
it receives a satin finish, The depth of the lap
finish can be checked by usaing the edge of a
piece of clean wood block or a plece of round
wood stock, After lapping, rub the wood across
the surface lapped; if the satin finish remainas,
the lapping has penetrated., If the wood re-
moves the satin finish, additional lapping will
be required,

5. (Clean journal with lube oil., The No.
111 Green Label compound has a break down
guality, therefore, a thorough job of removing

- AR
- - \ SECTION BB
| i
e

THIS TOOL 15 ANILABLE
FROM FAFBANKS MORSE
B OO ORDER REPAIR NO
_____ 103360

ilus. E17. Crankshaft Thrust Face
Lapping Tool

the compound left on the journal is not neges-
sary. A flushing off of the lapped surface with
lube oil is all that is necessary,

6, After the crankshaft has been recon-
ditioned, the bearing caps inspected and ''con~
ditioner'" used on the journal, reapply the bear-
ing as outlined on page E12 for main bearings
and page E13, for thrust bearings,

Main Bearing Cap Inspection and Repair

I. Remove bearing cap dowels,
2. Using mandrel, lllus. E18, check bear-
ing cap for distortion,

a. Set mandrel incap so that side "A,"
Illus, E19, is centered in the cap proper,

b, Check for dietortion with feeler
gage, This check is to determine if the bearing
cap proper has distorted in any way., In placing
the mandrel in the cap bore, be sure that the
mandrel is set in straight. Tap the mandrel in
place lightly with a plastic hammer to insure
that the mandrel is positioned properly.

¢. If in making check with mandrel in
position A, no clearance is noted between the
mandrel and the cap, there is no distortion, If
it shows where a . 003 or more feeler gage can
be inserted between the mandrel and the denter
of the cap saddle, the ¢ap has ¢losed in and will
regquire repair or renewal, depending on the
severity of the distortion which can be deter-
mined as further inspection and repair of the
¢ap is made,

d., With mandrel set in cap as shown in
Hlus. E19 and no clearance is found between
mandrel and the cap, the cap bore is not dis-
torted.

$.4995° GRIND

TEEL
HARDEN & GRIND O.0.

PR AFR E06-2

lus, E18, Bearing Cap Checking Mandrel
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Illua, E19, Checking Cap with Mandrel

3. Check dimension across the outside of
the ears as shown in [llus, E20. This distance
should be 10, 125 plus . 002, minus , 000,

a, If the ears show close-in only, the
necessary repair will be to the ears only,
Caution: Be sure that all inspections on the cap
are made before repair of cap is attempted. A
correction of the cap proper will very possibly
correct the ear pull-in also. Before the ears
are corrected, the cap proper must be correct,

b. For correction of distorted cap, see
the following outline.

Repair of Distorted Bearing Cap

i, Material Required
a, Press mandrel - See Illus, EZ21.

000G

a
S

.......i/

Illua, E20. Measuring Cap Ear Deflection

b. SBhim stock, 2 pleces . 003", , 005",
L0 and L 010" cup 4 x 11728,

¢. Hydraulic press - {15 to 20 ton
capacityl,

2, With bearing cap to shell dowel re-
moved from the cap saddle, set cap overpress
mandrel as shown in [llus, E22. Level cap on
mandrel using a liquid level Bet on machined
surface,

3., Apply pressure at "A," as shown on
Illus, E22, (approximately 15 tons, not aver
20 tons}.

4. Remove cap from press mandrel and
check with checking mandrel, Illus, E19, 1f
further correction is needed place . 003" shims
between cap and press mandrel as shown in Ii-
lus. EZZ and apply pressure as in 3 above,

5. Continue checking and adding shims in
sequence to their thickness until cap proper is
correct to checking mandrel. Be sure that the
cap contour reets the checking mandrel in
every respect. Check cap bore in different
places across the bore with checking mandrel
to determine if a taper condition exists.

6, When the cap proper follows the check-
ing mandrel contour butthe ears still show some
close-in when measured as in [llus. E20, place
. 003" shims between the capears and the press
mandrel as shown in Illus, E23., Apply pres-
sure, {5 ton} then remove and check with a
micrometer across the gars, If not within the
dimension of 10,125 plus , 002, minus . 000 add
additional shims and reapply pressure until
ears are within the given dimension,

7. After the cap has been repaired to fol-
tow the contour of the checking rmandrel and the

——

I.,i e50000

Ilus, E21, Press Mandrel
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SHIMS HERE TO CORRE
CAP DISTORTION

Illys. E22. Cap Positioned on Press Mandrel

dimension of the ears meets the proper toler-
ance, the cap may be used. If a thrust bearing
cap is being reconditioned and the cap is found
with the thrust face surface out of parallel or
uneven, a new cap is required, If the cap shows
that it has an uneven bore even after the cor-
rection has been made by pressing according to
the above procedure, further repairs will have
to be made, Be sure that the cap is not twisted
in any way because a cap in such a shape is not
repairable, and a new cap will have to be ma-
chined for its place.

8. If the bore contour of the cap is uneven
and the cap does not have any twist, proceed in
the following manner with repair:

a, Machine , 015" off the pad contact
surfaces of the cap. See Illus, E24, Care
must be taken in machining these two surfaces
so that the exact amount is removed from each
surface, and the parallelism of the surfaces is

SHIMS HERE TO GORRECT,
EAR DISTORTION

99 AFB-R05-9

Illus. E23. Correcting Cap Ear Deflection

Feb., 1956
O e

INDICATE IN THREE PLACES AND
UNDER  CUT TC "O"

.0I5

[Foare5055]
Il1lus. E24. Bearing Cap Machining
not lost,

b, Remove from the engine anadjacent
cap to the one being machined., This cap must
pass the mandrel check, Illus. E19. This cap
will be used as a pattern for the cap to be re-
paired. Due to line boring of the crank bores
in the cylinder block, the adjacent cap only can
be used for the pattern,

C. Set patterncap uponparallels onthe
machine to be used in reboring damaged caps
to that common parallel set-up can be used for
positioning the cap to be rebored. Indicate the
pattern cap to zero bore contour in relation to
swing ofindicator on tool stock. See [llus, E24,

d. Bore damaged cap to zeroindication
of pattern cap.

e. Burr cap and replace dowel.
cap with mandrel.

9. When the cap has been distorted beyond
repair and a new cap must be machined, follow
the procedure outlined under 8 above omitting
step a. New caps are rough bored and have the
correct parting line dimensions.

New thrust bearing caps will require
the thrust face surfaces to be machined to meet

Check

. the dimensions of the cap being replaced.

#PAFR.-203-8

GAGE BLOCK

Illus. E25. Thrust Bearing Block Saddle
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Thrust Bearing Block Saddie Repair

The block saddle must be checked for dis-
tortion aswellas the bearing cap after analumi-
num thrust bearing failure. Refer to outline
"Repair of Distorted Bearing Caps, " page E10.
Proceed as follows for block saddle inspection
and repair:

1. With bearings removed, check the cyl-
inder block saddle machined surface that is
contacted by the inner side of the thrust bear-
ing narrow thrust face. See Illus. EZ5.

2. This surface can be checked by using
surface bilue and a surface block, as shown in
E25. The area affected or swell.out is nzar the
parting line of the saddle, The check will also
include the micrometer reading across the sad-
dle, The normal dimension is 2.373, plus 001,
minus . 000, Both sides of the saddle should he

checked for this distortion,

Correction can be made by removing
the over dimension of stock from area shown
in above check by using a pencil grinder and
checking intermittently with the surface block to
be sure the correction is being made properly.
Be gure grinding chips do not get into the en-
gine, When the surface block shows that the
excess material has been removed from the
saddle thrust face, check dimension across the
saddle as before to be sure that the dimension
from face to face i8 not over the machining di-
mension,

The above procedure will correct the
distortion in the bleck., In order to remove
the aluminum that has adhered to the block
gsaddle, clean with tool, repair No. TD3402-C,
available from Fairbanks, Morse & Company,
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CHAPTER Fa.

VERTICAL DRIVE

This Chapter covers the Vertical Drive with a flexible coil spring coupling unit.
{Refer to Chapter Fb for the Vertical Drive with a quill shaft coupling}

s~ ] 1 - ROLLER BEARING

PINION SHAFT™ BEARING HOUSING

BEARING ™"

RETAINER THRUST BEARING

HOUSING STUDS” s - LOGKNUT

TAPPED HOLE
FOR LIFTING =3

COUPLING
DRIVE HUEB

CLAMP RING”

BEARING . LOWER OiL
Qemy v g==~ HEADER

il — ROLLER
SHIM ”,' - i ~BE ARTNG

PINION SHAFT \ B3 01t NOZZLE

LOWER
CRANKSHAFT

\
]

CQUPLING DRIVE
S SPRING

—DRIVING SPRING
DOWEL RETAINING 8oLy
LATE

L GOUPLING DRIVE
™ HUB
SPRING RETAINER

PLAIN
DRIVE HUB DOWEL

SPRING RETAINER
THREADED

GOUPLING HyE - HUE DOWEL

DRIVE HUB
COUPLING BODLT KUT
COUPLING SPIDER
EXTENSION BUSHING
DRIVE HUR

SPIDER EXTENGION
HUB CAPSTREW

AGJUSTING FLANGE SPIDER BUSHING

VERTICAL SECTION
THROUGH COUPLING

Iilus, Fal. Crankshaft Vertical Drive
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Hlus. Fa2. Using Coupling Hub Locknut Tool
DESCRIPTION

As outlined in Chapter A, the two crank-
shafts are interconnected by a flexible drive,
IHus, Fal, thru which the power {rom the upper
cranksghaft is delivered to the lower crankshaft,

A bevel gear is secured with fitted bolts to
a flange on the end of each crankshaft at the
drive end of the engine.

Pinions mounted on pinion shafts mesh with
these gears, The pinion shafts rotate in roller
and thrust bearings located in the upper and
lower drive housings. These are bolted to the
horizontal decks of the cylinder block. Coup-
ling hubs are keyed to the pinion shafts.

A flexible coil apring coupling unit, an ad-
justable flange and a flexible coupling hub con-
nect the two coupling hubs together and come
plete the drive. The drive can be disconnected
to reset the crankshait lead.

The coil spring coupling isolates the tor-
sional betweentheupper and lower crankshafts,

The internal tapered lapped fit of the ad-
justing flange fits over the external tapered
lapped fit of the lower coupling hub., As the
clamp ring is tightened to the adjusting flange,
the tapered lapped fite of the coupling hub and
the adjusting flange are pulled together to se-
eure the drive hetween the crankshafts.

The holes in the coupling drive hubs, upper
coupling hub and adjusting flange are reamed at
asgembly and are match-marked, Fitted bolts
are used. The coupling hubs, spider, adjust-
ing flange and ¢lamp ring are also matche
marked, Illus, Fal.

Qil lines fromthe upper and lower oil head~
ers of the engine pressure system furnish lu-
brication to the bearings, An oil nozzle directs

oil onto the teeth of the pinions and gears,
{Early engines had two 0il nozzles.}

Lubrication i8 provided for the bushings of
the spring drive unit thru the hollow upper pin-
ion shaft,

SERVICING

The following cutline covers complete dis-
assembly of the vertical drive.

Upper Housing

Remove the vertical drive inspection cov-
ers from both sides of the engine.

if both upper and lower bearing housings
are to be removed, remove the upper housing
first. Remove the coupling hub capscrews and
dowelzs. Use a spacer when pulling the dowels,
The spring coupling and lower housing can then
be removed thru the vertical drive inspection
opening.

To remove the upper bearing housing, and
pinion shaft unit, take off the engine top cover
and remove the upper crankshaft as outlined in
Chapter K.

DMisconnect the lubricating oil connections
to the housing and il nozzle. Xemove the
spring coupling unit as outlined.

——— Nt {5418}
and Washer

Upper
Coupling Hub

Illus. Fa3, Pulling Upper Coupling Hub
from Pinion Shaft
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Beariny
Housing

Illus. Fa4.

Using Thrust Bearing
Locknut Tool

Remove the studnuts holding the housing to
the cylinder block deck. The complete unit can
be lifted out of the engine by installing a 5/8%.18
eyebolt into the tapped hole in the end of the
pinion shaft. Note the shims used between the
hpusing and the cylinder block when lifting the
unit. These , 010" thick shimsa are used in set-
ting the proper height of the vertical drive ag«
sembly with respect to the crankshaft bevel
gear,

Remove the locknut from the upper coupling
hub with the tool shown in Illus, Fad., Next,
pull the upper coupling hub from the pinion shaft
as illustrated in Illus. Fa3 using a jackscrew
socket on the end of the pinion shaft under the
jackscrew,

Then take off the bearing retainer and re.
move the thrust bearing locknut with the tool
shown in Illus, Fa4, Pull the thrust and roller
bearings, using the thrust bearing puller, I1-
las. ¥Fah. and the roller bearing puller, Illus,
Fab.

Reassembly ig the reverse of the above
praocedure. Replace parts according to match-
markings and readings made and noted during
disassembly.

NOTE: If the thrust bearing has been re-.
placed, be sure the bearing spacer has
been modified in accordance with the print
received with the new bearing. A apacer
and spacer ring are used on engine No.
967910 and all thereafter. Be sure the
spacer ring is next to the thrust bearing.

Spring Coupling

The flexible spring coupling, illus. Fal,
can be removed as a unit from the vertical drive
inspection opening.

Note the markings and take out the hub
capscrews, retaining plate and dowels holding
the gpring coupling to the upper hub and adjust~
ing flange. Use a spacer when pulling the
dowels. There is 1/8" clearance hetween the
extension bushing and the coupling spider, al-
lowing the unit to be pulled from between the
drive hube. Provide suitable blocking on the
deck of the compartment. Screw the 1/2"-Z0
eyvebolts into the coupling spider. Withdraw the
unit and turn sidewise, In this position it can
be taken from the engine thru the vertical drive
inspection opening on the control side of the
engine,

The bushings and springs should be inspect-
ed and replaced if necessary, The extension
bushing and upper spring coupling can be re-
moved by taking out the spring bolts, the spider
bushing and bushing washer. {Early engines
have a coupling bolt to position the apider bush-
ing.}

Springs, washers and spring bolts can be
replaced without removing the unit from the en-
gine, A spring in the plain retainer or boli

head end can be replaced by removing the bol
and retainer.

Illus. Fab. Thrust Bearing FPuller

Illug, Fab. Roller Bearing Puller
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e FOGKGGREW NUT

DOWEL TO BE i/16" ABOVE m{g A IACKSCREK
UPFER COUPLING MU g lindih
L i

UPRER COUPLING

DRIVE HUB T .

E 2

e

Illus., Fa7. Dowel Inserting Tool

THE RETAINER AT THE THREADED END
CF THE BOLT CANNOT BE REMOVED
UNTIL THE BOLT AND PLAIN RETAINER
NEXT TO IT HAVE BEEN TAKEN OUT,
THIS WiLL GIVE SUFFICIENT CLEAR-
ANCE FOR THE THREADED RETAINER,

The flexible spring coupling unit {s replaced
by reversing the removing procedure. Note the
markings so that the tapered dowels can be in-
atalled. A jackscrew, Illus. Fa¥, is available
for inserting these dowels in the upper coupling
hub and the adjusting flange.

The crankshafttiming mustbe checkedafter
replacement of the spring coupling. Refer to
Chapter E.

Should new spring drive hubs be used with
an old upper coupling hub or adjusting flange, it
will be necessary to ream new holes for the
tapered dowels. These ate 37/64" drill and
reamed for No, 10 taper,

Lower Housing

The lower bearing housing and pinion shaft
unit are also rernovable thruthe inspection cov-
er opening after lifting space has heen provided
by removal of the spring coupling unit or upper
housing. Disconnect the lubricating oil con-
nections to the housing and oil nozzle. Remove
the stud nuts holding the housing to the cylinder
block deck. Take out the clamp bolts connect-
ing the adjusting flange to the ¢lamp ring. Also,
remove the capscrews holding e¢ach of the two
lockplates {when used} to the adjusting flange
and take out the lockplates.

Screw two 5/8''-18 eyebolts into the tapped
holes in the end of the lower coupling hub.

Then with suitable blocking on the deck of
the compartment, gradually lift the unit using
a bar thru the eyebolts., Block and turn until
the unit can be removed thru the inspection
opening.

Remove the locknut from the lower coupling
hub with the toel shown in Illus, FaZ., Next,

pull the lower coupling hub and adjusting flange
from the pinion shaft as shown in Ilus. Fa3
using a jackscrew socket on the end of the pin-
ion shaft under the jackscrew,

NOTE: Tke lockedfit between the adjusting
flange and the coupling hub should not be
broken, If the coupling and flange have
slipped, press the flange from the coupling
and dress the lapped {fits, Replacements
of parts must be made in sets,

Then remove the bearing retainey and the
thrust bearing locknut with the tool shown in
Iilus, Fad. Pull the thrust and roller bear-
ings, using the thrust bearing puller, Illus,
Fa5, and the roller bearing puller, Illus, Fab,

Reassembly is the reverse of the above
procedure. Replace parts according to match-
markings and readings made and noted during
disassembly. DBe sure the spacer ring is next
to the thrust bearing.

When new parts are to be installed, use the
old parts as jigs for reaming the holes in the
new parts. Grind the bolts to give a light drive
fit,

The adjusting flange and lower coupling
hub, and the pinion and gear are lappedtogethef
and must always be replaced together.

Vertical Drive Lockplates

The vertical drive lockplates as used on
early engines may be omitted when reassermn-
bling the vertical drive. The lockplates are
not used on latest engines.

Adjusting Flanges -
Lowst Coupling Hub
Clamp Ring

- Wnge .
-

Illus, Fal,

Loosening Adjusting Flange
from Leower Coupling Hub
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CHECKING BACKLASBH

Remove the vertical drive inspection covers
from each side of the cylinder block., Remove
the dowels and capscrews from the top side of
the spring coupling unit,

Refer to Chapter E for procedure for check-
ing backlash,

CRANKSHAFT LEAD TIMING

The vertical drive can be disconnected to
reset the crank lead, The crank lead can be
corrected by either of two methods,

1, If the upper crankshaft was replaced and
the engine aszsembled with the ¢ranklead incor-
rect 77 or a multiple of 7%,

a4, Bar the engine so the No, 1 upper
crankpin is at inner dead center.

b. Remove the ¢oupling hub to drive
hub capscrews,

¢, Useaspacer when pulling the dowels,
Chalk mark ons set of dowel holes.

d, Bar the engine one revolution and

check the alignment of a dowel and the coupling

for 12° or 15 reading, Nine turnsarerequired

to correct one tooth or 7.

e, When the crank lead is correct, re-
place the dowels and capscrews to sscure the
drive.

2. If the crank lead is incorrect a few de-
grees Indicating the adjusting flange has slipped,

a. Bar the engine so the No. 1 upper
crankpin ig at inner dead center,

b. Remove the coupling hub capscrews.
Use a apacer when removing the dowels.
Loosen the clamp ring.

c. Break the taperedlappedfit between
the -adjusting flange and the coupling hub by
driving the wedge tool between the paris as
shown inlllus, Fa8, Use the wedges on opposite
sides and drive at the game time with a heavy
bar rather than using a sledge.

d. Remove the spring coupling to re-
move the coupling hab,

e, Dresgs the lapped fite using surface
blue for checking.

f. Install the coupling bub, spring
coupling and align with the dowels, Be sure the
lapped {fits are clean and dry,

g. Positionthe lower crankshaft for the
correct crank lead and tighten the clamp ring
to coupling hub capscrews securely,
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CHAPTER Fb. VERTICAL DRIVE

This Chapter covers the Vertical Drive with a quill shaft coupling,
{Refer to Chapter Fa for the Vertical Drive with a flexible coil apring coupling unit}

§. UPPER CRANKSHAFPw~.
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¢ LOWER CRANKSHAFT

Ilus. Fbl.
DESCRIFPTION

As described in Chapter A, the two crank-
‘ghafts are interconnected by a drive, [llus. Fbl,
thru which the power from the upper crankshaft
is delivered to the lower ¢rankshaft.

A bevel gear ig driven by fitted bolts from
the flange on the end of each crankshaft at the
drive end of the engine.

Finions mounted on short shafis mesh with
these gears. The shafts rotate in roller and
thrust bearings located in the upper and lower
drive housings, The housings are bolted to the
horizontal decks of the ¢ylinder block,

The short upper and lower shafts are pro-
vided with an internal spline at the pinion end.

Pt

LOWER O HEADER

SHIM— I

T St

ROLLER BEARING

OlL NOZZLE
BN
SHAFT

END PLATE

SHIM
VE L BEAR

Crankshaft Vertical Drive

A long shaft with a spline on each end connects
the two short shafts to complete the drive.

The upper splines have a different number
of teeth than the lower splines which enables
the correct crankshaft lead or timing to be
easily set by positioning the crankshafts and
inserting the long <drive shaft.

Qil lines fromtheupper and lower oil head-
ers of the engine pressure systern furnish lu-
brication, tothe bearings. An oil nozzle directs
a stream of cil onto the teeth of the gears.

SERVICING

The following outline covers complete dis-
assembly of the vertical drive.


http:noz.z.le

Sec. 308 - Page Fb2
Feb., 1956

Supersedes Sec, 308 - Fh2
March, 1954

Diesel Engine -
Vertical Drive (With Quill Shaft)

Tool

Upper
Bearing
Housing

Illus. Fb2, Using Thrust Bearing
Locknut Tool

If both upper and lower bearing housings
are to be removed, remove the upper crank-
shaft. Refer to Chapter E. Remove the end
plate from the upper pinion and remove the long
drive shaft. Remove the stud nuts holding the

housing to the cylinder block deck. The com-

plete housing can then belifted out of the engine.

Note the shirms used between the housing
and the cylinder block when lifting the unit.
These . 010" thick shims are used in setting the
proper height of the vertical drive assembly
.with respect to the upper crankshaft bevel gear.

Tools are available for disassembling the
unit in the following order. Remowve the thrust
bearing locknut with the tool shown in Illus, Fb2,
Pull the thrust and roller bearing, using the
pullers, Illus. Fb3 and Fb4.

Reassemble in the reverse of the removal
procedure.

NOTE: If the thrust bearing has been re-
placed, be sure the bearing spacer hasbeen

modified in accordance with the print re-
ceived with the new bearing. A spacer and
spacer ring are used on engine No. 967910
and all thereafter. Be sure the spacer ring
is next to the thrust bearing.

The lower bearing housing angd shaft unit is
removable thru the inspection cover opening,

Disconnect the lubricating oil connections
to the housing and oil nozzle. Remove the stud
nuts holding the housing to the cylinder block
deck.

Remove the housing from the vertical drive
compartment and disassemble using the tools
mentioned previously. Reassemble in a manner
gimilar to the outline as specified above for the
upper housing.

CHECKING BACKLASH

Refer to Chapter E for procedure to check
backlash of the vertical drive bevel gear and
pinion. The backlash check should be made be-
fore installing the long drive shaft as a more
accurate reading can be obtained before the
drive is secured.

CRANKSHAFT LEAD TIMING

Position the crankshafts as outlined in
Chapter E for correct lead and install the long
drive shaft. (The splines on the upper end of
the shaft engage the internal spline of the short
shaft before the lower splines engage. Raise
the shaft out of the splines, rotate a few splines
and lower to engage the lower splines. Various
trials may be required before both sets of
splines will engage. Lower the shaft into posi-
tion. Slight tapping may be required. Replace
the end plate. o

o Bar the engine in reverse rotation 15 to
20°. Then bar in direction of rotation and re-

check the crank lead.

Illus, Fb3. Thrust Bearing Puller

Illus., Fb4. Roller Bearing Puller

)
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CHAPTER G, CONNECTING ROD, CONNECTING ROD BEARINGS AND PISTONS
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DESCRIPTION

The pistons, Illue. Gl and G2, have four
compressgion type piston rings near the closed
end or crown, {Early engines have three com-
pression rings.) One oil scraper and two oil
drain rings are located at the open end of both
pistons. Oil drained from the cylinder walls by
the oil drain rings flows thru drilled holes in
the ring grooves tothe inside of the piston skirt,

The piston pin is supported in the piston
ingert, The insert ig secured inte the piston
and forms an enclosure for the piston cooling
oil, Cooling oil is circulated to the piston thru
the drilled passage in the connecting rod. As
noted in Illus. Gl the lubricating oil flows thru
the rod, around the annular groove in the con-
necting rod bushing, into the piston crown from
where it is discharged. The piston retainer
acts as a seal for the cooling oil in the piston
crown,

The connecting rod bushing is pressed into
the connecting rod eye. As noted in Ilus. G,
lubricating il from the hole in the conmecting
rod flows arcund the outer annular groove and
up into the piston crown. Part of the oil flows
thru the holes in the connecting rod bushing and
piston pin bushing lubricating the pisten pin
bushing and piston pin. A cemplete description
of the lubricating vil preesure system is given
in Chapter P.

PISTOM

Ol SCRAPER RiMNG

INSERT BUSHING
BUSHING LOCK PIN

INSERT STUD N!.}TS 3

Illus, G2.

The crankpin bearing shells are of the split
type. One hall of the shell is dowelled into the
connecting rod cap and the other half f{its into
the connecting rod, (On older engines, the rod
half shell was also dowelled, }

CRANKPIN BEARING
Checking Bearing Shells

Refer to Maintenance Bulletin Sec. 206 for
the manufacturers "Recommended Bearing In-
gpection Periods. ¥

Make a visual check and observe the parting
line of the shell halves and parting line between
cap and rod.

The shell half and cap and rod half parting
line shouldbe in alignment. An aluminum bear-
ing shell which has flaked slightly, indicating
failure of the bearing will show up as a turn at
the parting line shell halves. Referto "Bearing
Failure and Correction' page G9 for recondi-
tioning procedure.

UPPER CRANKPIN BEARINGS

The crankpin bearings are accessible after
removing the exhaust end cover and top cover.

As each connecting rod cap comes to outer
dead center position, as the engine is barred
over, remove the bolt and nut from one side and

COMPRESSION RINGS

Oll. DRAIN RINGS
INSERT STUDS
INSERT

OlL HOLE

Ol RETAINER SPRING

Oll. RETAINER

@ Z983R-D

Piston Disassembled
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use a hook and rope fall to support the piston
and connecting rod assembly while removing
the bolt and nut from the other side. Notice the
matchmarking sc that the caps will be returned
to their original position. Separate the cap
from the rod. Then lower the rod and piston
gufficient so that the swing of the crankpin will
clear the connecting rod.

By using this procedure all the connecting
rod caps can be removed by barring the engine
one revolution,

The crankpin bearings are replaced using
the procedure above in reverse order.

Apply lubricating oil {6 the bearing surface
of the crankpins.

Tighten all of the connecting rod bolt nuts
1o 175-200 ft. 1bs, using a torque wrench. Tight-
en, do not back off to line up the cotter pin
hole,

CAUTION: When replacing connecting rod
bearing shells, it is imperative that com-
plete sets of Satco or Aluminum shells be
installed, If Satco and Aluminum connect-
ing rod bearing shells are used in mixed
seie in the engine, vibration due to the un-
balance of the crankpins will damage the
engine,

The Satco or Aluminum main bearing shells
may be used in mixed seta,

LOWER CRANKFPIN BEARINGS

After removing the crankecase handhole

PISTON
/ INSERTY

PISTOM PIN
INSERT BUSHING

CONNECTING ROD BUSHING
PISTOM PIN BUSHING

covers, bar the engine to inner dead center go
that the connecting rod boltnuts canbe removed,
Support the cap while removing the bolts, Re-
move the cap and bearing shell.

Install the winches and cables as shown in
Illus. Gb and insert the washers under the nuts,
The washer must be positioned so the shell can
be removed.

Bar the engine over so that the ¢rankpin of
the bhearing being removed moves away enough
to allow the rodhalf of the shell to be removed.

When new bearing shells are to be used,
stamp them with similar marks and in the same
location as the old shells. After reassembly,
use a torque wrench and tighten the connecting
rod bolt nuts to 175-200ft. 1be. Tighten, do
not back off to line up the cotter pin hole,

CONNECTING ROD AND PISTON
Removing Lower Connecting Rod and Piston

Note the matchmarks on the rod and cap
located on the governor #ide of the engine,

Remove a nozzle holderassembly from one
of the nozzle adapters to relieve the vacuum in
the cylinder as the lower piston is removed,

Remove the bearing cap and shell and sup-
port the connecting rod and piston with the hook
and rope fall as shown in Ilus, GB. Fasten a
round bar to the plates between the injection
nozzle compartment openings on the side from
which the rod and piston are to be removed.
Secure the rope to the hook, over the bar and
pull up tight.

~INSERT BUSHING LOCK PIN
CONMECTING ROD
BOLT AND NUT

CONNECTING ROD CAP

BEARIMG SHELL HALVES

ZOBZR«E

Illus. G3. Connecting Rod and Piston Disassembled
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illus. 34. Removing Bearing Shells

Ingert the slide bars acroas thru the open-
ing in the crankcase close to each side of the
connecting rod, The snds of the bars on the
governor side should rest on the inner flange of
the cylinder block, Illus. G7 shows the side of
the engine from which to remove the connecting
rod and piston on engines with counterwsighted
crankshafts.

Bar the engine over approximately 3/4 of a
revolution (until the web of the crankpin is flush
with the slide bars). Install the crankpin guard
as soon as the crankpin has moved away from
the connecting rod. Slacken off alowly on the
rope and lower the piston and connecting rod
onto the slide bars. BSlide the piston on the bars
to the opening. Lay a cloth on the edge of the
opening. Reach in with a cloth over the rings.
Pull ocut and swing downward to remove the
piston and connecting rod,

Set the assembly on the closed end of the
piston and support the connecting rod in a near
vertical position by inserting a wooden wedge
against the skirt of the piston. Do not allow the
rod to be dropped over hard against the piston.

Clean piston, rings, and connecting rod,
arranging parts in a systematic order,

ENGINES WITH COUNTERWEIGHTED
CRANKSHAFTS REQUIRE THE REMOVAL
OF CERTAIN LOWER CONNECTING RODS
AND PISTONS FROM ONLY ONE SIDE OF
THE ENGINE AS SHOWN IN 1LLUS, G7.

The removal procedure specified above is
applicable for engines with counterweighted
crankshafts except for the side of the engine
from which rermoval is required. Be sure the

rope fall and slide bare are located correctly.
The crankshaft may require slight additional
barring in either direction to remove the con-
necting rod and piston,

Reinstalling Lower Conneciing Rod and Piston

With the leather crankpin guard in place,
bar the crankshaft approximately 3/4 of a rev-
olution from inner dead center {flat on crank
web to be horizontal).

Place the proper rod half of the bearing
shell in place, Inetall the hooks, Illus. Gb,
using the washers under the nuts to hold the
shell in place,.

With the piston ring gaps staggered, apply
lubricating oil over the surfzce of the piston.
Apply the piston ring compressor in such a
manner that the clamp end is at the closed end
of the piston and the gap in the compressor
lines up so that the connecting rod can swing
into position. Check to be sure that the com-
pressor is set sufficiently loose to allow the
piston to slide thru.

Set the two slide bars in position.

Place the assembly thra the crankcase
markings should be towards the exhaust end and
governor side of the engine. Fastenthe winch to
control side of the engine. Fasten the winch to
the crankcase with the clamp plates and wing
nuts provided, Make sure that the offset of the

BAR THRU INJEGCTION
Va MOZZLE COMPABTMENT

OPERING
’/\(mmf/
I/'
3 TYLINDER
LINER
LOWER OIL
// HEADER

R

{
CRANKSHAFT

IHlus. 5. Removing Lower Piston
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Illus, E6., Lower Piston Inserting Tools

winches is over the top flange of the crankcase
opening,

Attach the cables to the hooks and slide the
assembly along the bars until it is directly un-
der the cylinder liner, The piston is then raised
from the compressor and inserted into the cyl-
inder liner hy tightening the winches. BRe zure
that the piston ig not allowed to drop down as
ingertion i5 made. Pull the cables by hand and
take up the slack by turning the worm shafts,
Most of the pulling is done from the side inser-
tion is made. The compressor is forced off the
piston as insertion is made.

Remove the piston ring compressor., Raise
the piston and rod assembly to clear the crank.
pin. Byuse of the winches swing the connecting
rod over the crankpin. Remove the crankpin
guard and apply "Oil Dag' to the crankpin
journal, Lower the assembly to the crankpin.
Remove the hooks, slide bars and winches.

Inatall the bearing shell, cap, bolts and
nuts, Note the location of the matchmarks.
Tighten nuts evenly to 175-200 ft, 1bs. using a
torque wrench.

Inspect subbase for any loose parts and
foreign material, Replace the covers.

Removing Upper Connecting Rod and Piston

NQTE: If more than one«half of the pistons
are to be removed, time can be saved by
removing the upper crankehait and pulling
the pistons and rods {rom above.

The upper piston can be removed thru the
lower crankcase opening after the lowar piston
has been removed as outlined, and after the
following preparatory procedure;

Remove one of the air receiver handhole
covers.

NOTE: Before lowering the upper piston
thru the liner, it is imperative that the
nozzle holder asgembly be removed from
the nozzle adapter, This is necessary as
the nozzle tip assembly protrudes slightly
ingide the c¢ylinder liner. Attempting to
lower the piston thru the liner without first
removing the Pintle nozzle will seriously
damage the pigton, ringe, and Pintle noz-
zle.

Stretch a piece of canvas across thru the
lower crankcase to keep dirt or carbon from
dropping into the crankcase.

Reaching thru from the lower end of the
cylinder liner, clean the combustion space at
the injection nozzle level. Lubricate the liner
with lubricating oil. It is important that the
combustion space be lubricated and clean to
prevent the piston from sticking in the subse-
quent operation. Remove the canvas,

Bar the engine tuntil the upper connecting
rod to be removed is at outer dead center.
l.oosen the piston ingert stud nuts, JL.eave one
inplace and removethe remaining three. Loos-
en the connecting rod bolt nuts, Use a hook and
rope fall to support the connecting rod and pis-
ton assembly and remove the connecting rod
bolts andnuts, Note the matchmarks on the rod,
cap and bearings, Separate the cap from the
rad, Do not drop the bearing shell from the
cap,

L.ower the assembly and swing the connect-
ing rod to one side of the crankpin. Then pull
the assembly up and insert the support bar,
Illus, (G106, thru the air receiver handhole pre-
viously removed. Lower the assembly onto the
support bar and bar the crankshaft over umtil
the crankpin moves to a horizontal position.

Ag a precautionary measure, wire the sup-
port bar to one of the air regeiver gover cap-
screwholes, This will prevent {orgetting tore-
move the support bar.

Remove the nut from the piston insert stud
and lift the connecting rod and ingert from the
piston. Run a wire thru the piston pin hole and
tie the ende to hold the agssembly together.
Place the lifting yoke down in the piston over
the studs and install the nuts, Fastén a rope
thru the eyebolt,

Bar the engine until the lower grankpin of
the particular cylinder moves to a position so
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that the flat on the ¢rankweb is horizontal,
GOVERNOR SIDE Place a slide bar on each side of the crankweb,
& CYL. 1 with the low #nds resting on the inner flange of
: the cylinder block. Remove the upper piston
O © ?QQQO from the same side as the lower piston is re-
F moved,
e e \ ! While holding the piston with the rope, pry
_ the piston up slightly so that the supportbar can
GOVERNOR SIDE be removed, Caution should be exercised so
Hi,‘ i 3 $ that the piston is not forced too far out of the

~ liner. This would free the rings at the open
OO0 end. Lower the piston down thru the liner until
. it rests on the slide bars,

)
o

¥ If the pistonis stuck and cannot be removed,
replace the lower connecting rod and piston.

SQVERNGR SIDE With the lower plston positioned part way teo

i inner dead center, add a few guarts of lubricat-

¥

a ing oil into the cylinder thru a nozzle opening.
OO Replace the nozzles to plug the cylinder. Bar
3 2 1 the engine thru innerdead center. The oil pres-

g \
(O

=

o0
et ()

-

3 k

)
u——a(j
ne

sure will free the upper piston. Remove the
lower rod angd piston and reclean the combustion
area. Proceed to remove the uppsr piston thru
h i the liner, Move the piston to the crankcase

GOVERNOR SIDE

opening and note the compression rings. Lift

Remove rope and lifting yoke from the pis-

O @ 8 9 %? 9 Q (g ? ’ ? (]7 from the crankcase compartment.
] ‘ .

=" ton. Clean and check piston rings.
EEEGEELTY
Installing Upper Connecting Rod and Piston
Illus. 7. Piston Removing Diagram The upper piston is reinstalled thru the

{28ORA
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WASHER ¥ _
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BEARING -
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Illus, (¢8. Lower Piston and Connecting Rod on Slide Bars

G
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Tlus. G9.

Crankpin Guard in Place

lower crankcase handhole with the tools shown
in Illus. G10.

With the gap of the compregsion rings
staggered, apply lubricating cil over the sur-
face of the piston, Do not install the oil rings
at this time, Apply the piston ring compressor,
INlus, Gll, in such a manner that the clamp is
at the open end of the piston. Using the stud
nuts, fasten the lifting yoke in place over the
studs.

Bar the engine until the lower crankpin of
the particular cylinder moves to a position so
that the flat of the crankwebs is horizontal,
Install the slide bars as previously outlined.

Place the piston on the slide bars. Lower
the rope and fasten to the eyebolt and slide the
piston directly under the cylinder linar,

Raise the piston intothe liner until the sup-
port bar, Illus, G10, can be inserted thru an
air inlet port. Raise the pision above the top of
the liner until the oil ring grooves are exposed.

Install the oil rings. Bs sure the scraper
and drain rings are in the proper groove, Han-
dle the rings carsfully and do ngt over-expand,

Install the ring compressor over the oil
rings and push the piston into the liner. Re-
movs the inserting tools.

Assermnble piston insert and connecting rod
assembly into the piston. Remove the support
bar.

Use a torque wrench to tighten the insert
stud nuts to 45+50 it. lbas. and the connecting
rod belt nuts to 175-200 ft. lbs,

Note the matchmarks.

Replace all lockwires, cotters, covers and
gaskets,

BEARING FAILURE AND CORRECTION

After the visual check of crankpin hearings
has revealsd the fallure of a bearing shell, re-
condition the bearing journal as follows:

1. If inspection reveals that a failed bear-
ing exists, remove the affected rod and piston
insert assembly and bearings from the engine.

Z, Rernove the related main bearing be-
fore cleaning and conditioning shaft. The related
riain bearing is the one thru which the oil passes
before it reached the connecting rod. No. 1
main feeda No. 1 piston, No, 2 main feeds No,
Z piston, ete, The reason for removing the ad-
jacent assembly is to prevent the NaQOH used in
cleaning the jouwrnal from entering the inter-
connected oiltube and damaging the crank jour-
nal.

3. Clean and condition crankpin surface as
outlined under "Conditioning of Crankshaftafter

CHLMDER
BLOCK

-ﬁ%\;
E

.

i
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i

COMPRESSOR

A i

LWER
CRANKSHAFT
Iilus, G1G. Upper Piston Inserting

and Removing Tools
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Iius, Gil. Piston Ring Compressor

an Aluminurm Bearing Failure. "

4, Check connecting rod bore with cap in
place for distortion.

%, Check connecting rod and piston insert
assembly after disassemnbly for scoring and
overheating of bushing, etc.

6. Install new bearing using special bear~
ing journal conditioner C-1401ND-B. Follow
the instructions closely.

a. Mix thoroughly before each appli-
cation.

b. Apply a liberal coating of compound
to bearing shell and install in engine and tighten
as outlined.

¢. Bar the engine one complete turn
prior to, and cne-fourth turn during pre-iubri-
cation.

Conditioning Crankshaft after Aluminum
Bearing Failure

When an aluminum bearing failure hasbeen
found on a crankshaft, the crankpin journal shall
be reconditioned according to the following pro-
cedure!

1. Clean crankpin journal with fine grade
emery cloth dipped in fuel oil. This is to re-

move the surface aluminum that has adhered to
the journal at the time of failure. The emery
cloth should be cut in long narrow strips ap-
proximately 2" wide, long enough to go around
the crankpin and pulled from both sides ao that
a see~Baw action is used when pulling the ends
of the strips,

2. Remove all surface oil with a solvent.

3. Saturate the crankpin surface with a
sodiurn hydroxide solution {NaOH) for approxi-
mately 30 minutes or until all aluminum has
been removed. The period of exposure to NaQOH
seiution willvary depending upon the guantity of
alwminum adhered to the affected surface or the
strength of the solution. A stronger solution of
NaOH will lessen the period of immersion or
saturation.

a, Experimental tests were conducted
with a solution of 10% NaCOH by weight, however,
this is not necessarily the strength that must be
uged,

b, Precautions must be taken to pre-
vent the solution of NaOH from contaminating
the crankcase while cleaning procedureistaking
place.

¢, Fersonnel working with NaOH must
wear rubber gloves as this highly caustic solu-
tion is harmiful to the skin.

4, With the proper lapping tool, Illus, G12,

lap in the affected crankpin journal,
a. The lapping compound used is No.
I11 Green Label Timesaver which iz mixed to a
consistaney of a soft paste by adding No. 10
lube wil. This mixture should be used gener-
ously. The crank should be lapped until it re-
ceives a satin finish, The depth of the lap fin-
ish can be checked by using the edge of a piece
of clean wood block or a piece of round wood
stock. After lapping rub the wood across the
surface lapped, if the satin finish remaing, the
lapping has penetrated. I the wood removes

CROSS GROGVE INSIDE OF YOOL SURFACE-BOTH HALY
SROUVE Yy DEEP RUNNING 10 ’

g
- OUTSIDE OF TOODL. SLOT oy -wi
Al ¥ P By
T ® ;’\’w 5
g 2-16MCFLG HEX HEAD
Fob BRASS 63 o ‘ WELD CAPSCREW
a%%f 2ol g BRAZE
B | .
B NN F o s
o 5 8 . 12 " BALL
Y] . e T
| - G L
i 0
!ill i T |
ziz'e ‘3 A7
?‘ig"‘ 28 w

Ilus. <312, Crankpin Lapping Tool
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the satin finish, additional lapping will be re-
quired, .

5. Clegan journal with lube oil. The No.
111 Green I.abel compound hag a breakdown
quality, therefore, a thorough job of removing
the compound left on the journal is not neces-
sary. A flushing off of the surface lapped with
lube oil is all that is necessary.

6. After the crankpin has been recondi-
tioned, and "conditioner’ used on the journal,
reapply the bearing as outlined.

PISTON AND PISTON PIN
Removing Piston Pin and Bearing

The piston pin bearings furnished on this
engine are of the floating bushing type.

To disassemble the piston, remove thepis-
ton insert stud nuts. Lift out the connecting
rod and piston insert as a unit, 1llus. G13,
{The upper piston would he disassembled to
this extent if it was removed without taking out
the upper crankshaft, )

The connecting rod and piston insert as-
sembly is disassembled after sliding out the
piston pin. The piston insert is free of the con-
necting rod eye a8 soon as the pin is removed.

Check the disassembled parts for wear,
Wear limit dimensions are given in Chapter B,

A \ /T

Illus. G13. Removing Insert from Piston

If the connecting rod bushing must be re-
placed, place the end of the connecting rod on
an arbor press to remove.the bushing.

If the piston insert bushings must be re-
placed, firet drill out the old piston insert lock
pins using a #17 (. 173%) drill. Then press the
old bushings out. When replacing the new
bushings, be sure the bevel matches the bevel
of the ingert. The bushinge must be pressad in
flush with the inner face of the piston insert,
Using a #17 (. 173"} drill thru the new bushings
uging the lock pinholes in the piston insert as a
3g. Check the end ofthe hole for burrs, Install
the insert lock pin leaving 1/16" clearance be-
tween the pin and the bushing bore.

The cooling oil retainer and spring should
be removed from the piston insert and cleaned.
The o©il hole running lengthwise in the connect-
ing rod should also be cleaned.

To prevent loss of oil for piston crown
cooling, it is important that the fit between the
oil retainer and the connecting rod is compat-
ible, Illus, G1l4, If it is found that the contours
do not ceincide, it will be necessary to lap the
retainer to the rod fit using 111 Green Label
Timesaver before the piston is assembled. If
a considerable amount of lapping is necessary,
the retainer can be scraped to reduce the lap-
ping time. Do not over scrape so that the con-
tour of the retainer is changed. Lap the retain-
er after scraping. Be sure that the G, D, fit
of the retainer is a free fit in the insert relief,
Friction drag of the retainer in the Insert fit
can prevent the lap fit of the retainer and con-
necting rod from locating.

With the piston insert cpen end up, replace
the spring and retainer. Apply lubricating o}l

CLEARENCE [T77 RETAMER
FIT OF h : SPRMNG
RETANER |} 7 f5%4 o o
TO INSERT ! /g} ‘ RETAINER
R PISTON
INSERT
COMNMECT-
NG BOO

INlue. Gi4, Fiston Qil Retainer
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Ilius, Gl%. Using Piston Ring Expander

to the spherical end of the connecting rod. In-
stall the piston pin bushing in the connecting
rod,

Lower the connecting rod into the insert in
proper position. Then push the piston pin in
place.

Check the line up for the insert studs,
Keeping the proper position of parts, lower the
cormecting rod and insert over the studs. Re-
place the stud nuts, and tighten to 45-50 fi. Ibs.
torque. Install lockwires,

Assembling the upper piston and connecting
rod is completed in the cylinder if the upper
crankshaft has not been removed. If the upper
crankshaft has been removed, zssembling may
be completed before installing.

PISTON RING REPLACEMENT

Pistong are removed from the liner other
than at complete overhaul periods, to check the
condition of the liner, pisten, or rings.

Install new piston rings if the cylinder
liner or piston is tobe replaced with & newliner
or piston. Uge the ring expander, lllus, Gl5,
on compression rings only. Do not over expand
the rings,

CAUTION: DO NOT USE CHROME
PLATED COMPRESSION RINGS IN A
CHROME PLATED CYLINDER LINER.

s, Gl6. Checking Piston Ring
End Clearance

CHeck piston rings for side and end clear-
ance ag follows:

End Clearance

The end clearance is checked by placing
the ring in a ring gage or in the cylinder, Illus.
Gl6.

The maximur end clearaznce permitted is
listed in Chapter B. If the end clearance indi-
cates that the condemnable lirmit will be exceed-
ed before the next regular overhaul, the piston
ring should be replaced with a new one,

Side Clearance

Side clearance is checked witha feeler gage
as shown on Illus, G17. The maximum side
clearance permitted is listed in Chapter B. If
the side clearance indicates that the condemna-
ble limit will be exceeded before the next regu-
lar overhaul, the piston ring shouldbe replaced

Iilus., G17. Checking Piston Ring
Side Clearance

C
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[llus. G18. Piston Ring Groove Machining

with a new one,

When examining piston ring side clearance,
the pressure side of the ring groove should also
be examined, The pressure side of the ring
groove will frequently wear movre than the ring.
Be sure the ring groove is not tapered. The
top ring groove can be machined for oversize
width rings on pistons which have the land width
increased. Rafer to Nlus, (18,

FIRING PRESSURE TEST TO DETERMINE
CRACKED PISTONS

General

The procedure below i3 recommendsd to
test individual cylinders for cracked pistons,
The method will indicate presence of cracks in
the crown or ring area. This test 18 more
readily applied and has proven to be more posi-
tive than the air pressure test. It will show up
cracks which are too small to be found by the
air pressure method, In addition, the test can
be made in much less time and with no dis-

mantling of the fuel injectors or their connec-
tions.

Procedure

The test should be made on a hot engine
immediately after shutdown,

1. Removethecrankcase inspection covers
on the apper and lower crankcases, taking off
the governor side coversa only on the lower
crankcase,

2. Remove the side covers over the injec~
tion pump ares.

3. Trip the overspeed trip by pushing the
emergency engine stopbutton. Check to ses that
all pumps are at zero rack.

4. Start the fuel pump and obtain full fuel
header pressure.

8. Have one man 3stationed to observe the
upper pistons thru the top cover, a second rnan
to check the lower pistons and & third man
placed to manipulate the “start” buttonorlever,

6. Starting at either end of the engine, the
man assigned to check the lower pistons moves
the control rack of the governor side injection
pump to about rack 8 by pressing on the control
rack adjusting screw. With the rack held in
this position, he signals the man at the engi-
neer's control station to roll the engine over,
Usually, one or two revolutions of the sngine
will be sufficient.

7. Use a good light to check the skirt end
of the piston being fired for combustion smoke
or strong exhaust odor which will indicate a
cracked piston. Continue toobserve for several
seconds after the engine has stoppsd. Alsc
check the upper pistons for bubbles forming at
the top of the insert. This indication, rather
than smoke, will appear in the case of a veary
small crack {such as a slight ring groove crack)
in an upper piston if it is filled with oil. A pis-
ton which has a hole inthe crown will notalways
fire and canbe detected by a load hissing noise.

8. The procedure is repeated for the sther
cylinders, checking sach in turmn,
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CHAPTER H. CAMSHAFT, CAMSHAFT BEARINGS AND TIMING CHAIN

CAMSHAFT
SPROCKET

OVERSPEED
GOVERNOR ™~

TIMING CHAIN
TIGHTENER o
ECOENTRIC

TIGHTENER .~
SPROCKET

Ilus. HI,

. CRANKSHAFT
SPROCKET

TIMING
SPROCKET

CAMEHAFT
SPROCKET

TIMING
CHAIN

TIMING
LEVER

ELE a0

Timing Chain in Place on Sprockets

{Balanced fuel control arm and adjustable timing arrangement shown)

DESCRIFPTION

Two camshafts, Illus. Hl and HZ, are lo-
cated in the upper crankshaft compartment of
the engine with the driving sprockets in the ex-~
haust {control) end compartment, They are
driven in unison from a sprocket on the upper
crankshaft by means of a timing chain,

The function of the two camshafts is to ac-
tuate the two fusl injection pumps of each cylin-
der at the same time and in the proper sequence
with relation to the crankshafts.

The camshaft sprockets are bolted to the
ends of the camehafts at the exhaust end of the
engine, Illus. Hl. For a detailed discussion of
fuel injection timing, see Chapter L.

To facilitate removal, the camshafts are
made in piloted sections and joined with fitted
bolte. These flanges are matchmarked, Illus.
HZ.

The overspeed governor is driven from the
camshaft at the opposite governor side,

The camshafts rotate inintermediate hear.
ings at each vertical member of the cylinder
block with the thrust bearings at the blower end,
The camshaft bearings are made in halves as
shown in Illus, H3.

Camshaft bearing lubrication is provided
from the upper lubricating oil header, thru oil
tubes leading to the exhaust end bearing of each
camshaft, Passing thru holes in this bearing,
lubrication is supplied and oil is conducted to
the hollow camshaft, then out thru holes at each

bearing. Oil heoles in the sprocket plate and
oversgpeed governor shaft of the exhaust end sec-
tion of the camshaft provide oil for the timing
chain thru holes in the camshaft sprockets.

The camshafts and bearings are match-
marked so that they may be returned to their
originallocation. For example, with a camshaft
bearing marked "ARIT, ' letter "A" would be
the engine sequence, “I'" the bearing number,
YR the right side, and “T" the top half. For a
complete description, refer to the Repair Parts
Section.

Removing and Replacing Bearings

The thrustbearing at the blower end i8 held
in place in the vertical member of the cylinder
block by means of a clamp ring, thrust ring,
andcapscrews. Endwise movement of the cam-
shaft is conirolled by the thrust cgollars and
callar locknut, The other bearings are held in
place by dowel acrews,

T o permit removing a camshaft bearing,
leosen the control end cover and take off the en-
gine top cover. Then loosen the dowel screw
and slide the bearing along the camshaft until it
is free of the bearingbore in the cylinder block.
After removal of the snap ring (when used), the
bearing halves ¢an be lifted out, Note the
matchmarkings, Refer to Chapter B for wear
limits for Satco and aluminum bearings.

After removal of the thrust collar locknut,
the thrust bearing can be removed.
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BEARIN COUPLING CAMSHAFT A Y :
BOLT NO. 1 CYLINDER Cam  SPROCKET SPROCKET  OVERSPEED
LOCKNUT PLATE GOVERNOR
Ilus. H2, Camshaft and Camshaft Bearings

Removing and Replacing Camshaft

Installation conditions govern whether the
camshaft may be taken out as a unit or must be
separated and removed in sections. The rew
moval is made at the exhaust end of engine after
taking off the exhaust end cover and removing
the chain from the sprocket, Remove the in-
jection pumps and lower the tappet assembly to
relieve the spring pressure on the cams.

If sectional removal of the camshaft is
necessary, note the matchmarks on the coup-
lings. Unbelt and take the seciions out, start-
ing at the exhaust end,

When replacing a camshaft section, be sure
matchmarks onthe coupling hub coincide., When
replacement of a rnarked part is made, similar
marking should be stamped on the new part in
the same location,

TIMING CHAIN

The timing chain used on engines previous
to No. 968232 is a No. 780 Duplex 5/8" pitch
3" wide center guide chain of 154 pitches. It is
assembled to operate as shown on Illus. H5
with the guide links for guiding the chain on the
sprockets operating in slots in the sprockets,
The inner teeth of the chain mesh with the
crankshaft, camshaft, and tightener sprockets
and the outer testh mesh with the timing sprock-

ets. A roller timing chain is used on engine
No. 968232 and engines thereafter, and is as«
sembled on the sprockets with the same mark«
ing as shown in Illus. H5. A connecting link is
provided for disconnecting the chain.

Disconnecting and Removing Timing Chain

Locsen the clamp screw on the tightener
sprocket bracket. Place a bar between the
dowel and the tighiener eccentric shaft nut, Ii-
lus. H5, and bar until the tightener sprocket
moves to & high position releasing tension of
the timing chain. The chain is provided with a
removable joint pin {or connecting link} tofacili-
tate removal of the chain, (Early engines used
on endless chain requiring the following pro-
cedure for removal.) Slacken the chain by
turning the tightener eccentric. Remove the
clamp bolts from one side of the timing lever,
Pull the timing sprocket shaft using a 1/2"-20
capscrew in the end of the shait as a puller,
After removing the timing sprocket and discon-
necting the overspeesd governor lever, the chain
can be removed from the engine.

Reinstalling Timing Chain

Reinstalling a chain is the reverse of the
procedure outlined for removing. See that the
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, \\MA‘?‘CH MARKED

BOLTING FLANGE
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/CAMSHAFF
SECTION

CAMSHAFT SPROCKET
OIL HOLE

END BEARING,
MATCH MARKED

Illus. H3. Camshaft - Exhaust End Section

THRUST RING

BEARING, END
BEARING, CENTER

OIL HOLE

BEARING, THRUST
CLAMPING RING

Ilius. H4, Camshaft Bearings
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llus., H5. Timing Chain Installation

aprockets are in proper relation to each other
by following the marking as shown in Illus. H5.
The three punched marked or grinder marked
pins on the timing chain must be centered over
the two marked teeth onthe crankshaft aprocket.
The middle marked pin will be between the two
marked teeth. The aprocket teeth for the link
chain has two teeth beveled. The roller chain

sprocket has a slot on the outer edge of two
testh. Starting with the middle pin as "O'" count
40 pina in eachdirection. The punch or grinder
marked 40th pin must be aligned with the OV
marks on the camshaft sprockets. Adjust the
alack so that the chain can be depressed 3/16
te 174" each way of the centerline for a total of
3/8 to 1/2" slack.
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{llus, ¥Hé&. Sprocket Bearing Tool
Chain Inspecation

When a chain is worn s8¢ that it is "out of
pitch' or elongated, injection pump timing will
be incorrect resulting in poor engine periorm-
ance, The chain may 'climb' the sprocket
teeth and if allowed to run in thie condition will
jumpout of mesh and serious damage tosprock-
ets may result,

If the slack can no longer be takenup by the
tightener eccentric a new chain must be in-
stalled.

Serious wear o7 breakage is invited by
operating chains with incorrect tension.

TIMING SPROCKET BEARING
REMOVING TOOL

The timing sprockets operate on two ball
bearing, Illus. Hé, The tool for pulling these

flius. H7, Grankshaft Sprocket Removing Tool

bearings consists of a body with collapsible
arms and a yoke. The arms lock back of the
bearing when removing.

Removing Crankshaft Sprocket

fllus. H? shows the application of the tool
available for removing the timning chain sprocket
from the upper crankshaft. {On the 12 cylinder
engine, it is necessary to first pull the torsion-
al damper.}

Installing

T o reinstall the crankshaft sprocket heat
sloagiy in oil {or an slectric furnace) to about
320" F. Apply white lead and oil to the crank-
shaft surface. line up the keyway and install
onthe crankshait. Cool slowly with compressed
air starting at the crankshaft and work out,
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CHAPTER J. CONTROL SYSTEM

QVERSPEED

=
GOVERNOR \

RESET ARM ~_
RESET SHAFT

FUEL CONTROL
LEVER

Iilus. J1,

DESCRIPTION AND OPERATION

The controls whichmustbe shifted in start-
ing, running, and stopping the enpgine are all
remotely manipulated from the control panel in
the cab of the locomotive. These manipulations
are, for the most part, performed electrically
or pneumatically,

In addition to the controls used in norymal
operation, the engine has the following protecs
tive controls: an overspeed governor and &
manual emergency stop. The mechanical con-
trol parts on the engine are shown in Illus, J1.

NORMAL ENGINE SHUTDOWN

The early é cylinder engines werenormally
stopped from the cab by use of the rotair valve,
This actuates the air shutdown device on the
governor power piston, Refer to Chapter Ma.

Later & cylinder engines and all 8, 10, and
12 cylinder engines are normally stopped from
the cab by using the proper electrical controls.
This causes the governor to move the control
arm to the "no fuel® position, Refer to Chapter
Mb, Mc, or Md,

OVERSPEED GOVERNOR

The overspeed governor is mounted ou the

FUEL
CONTROL
ARM

SRR .D

Fuel Control Mechanism

exhaust end of the opposite governor side cam-
shaft as shown in Illus. J2. Its function is to
stop the engine should the governor fail to hold
the engine below its maximum permissable
speed. Refer to Chapter B for overspeed
governor settings,

The overspeed governor consists of a sin-
gle weight and a spring. The spring is adjusted
with shims to prevent the weight from moving
outward until the maximum safe speed is
reached, Then, centrifugal force overcomes
the spring pressure. The governor welight
moves outward, forcing the overgspeed governor
lever and its rod, Illus, J2, downward.

Moving the overapeed governor lever rod
downward trips the stop latch permitting the
plunger spring to force the plunger rod against
the fuel cutout lever. This lever then moves
the fuel contrelarm to ''mo-fuel” position, stop-
ping the engine. Illus. J3 shows the relation-
ship of the governor lever rtod, stop latch,
plunger and the fuel cutout lever,

EMERGENCY §TOP AND RESET LEVER

The hand operated push button, Illus. J4,
of the emergency stop extends thru'the exhaust
end cover above the,governor,

The button acts thru linkage and the stop
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GOVERNGR SPRING -~

SOVERNOR LEVER-

LEVER ROD—
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B

LATCH ROLLER

PLUNGER ROD/
Pt

RESET aRM —

RESET SHAFT

CUT OUT LEVER

FUEL CONTROL ARM

SRESMD

IMlus, J2. Overspeed Governor and Emergency Stop Mechanism

shaft cam to depress the stop latch. This re-
leases the spring loaded plunger. The plunger
forces the fuel cutout lever against the fuel
control arm thus moving the injection pump
control racks to "mo fuel' position,

When the engine has been stopped by the
emergency stop button or by the overspeed gov-
ernor, it cannot be started again until the over-
spesd stop plunger has been returned to its
normal spring loaded position, Illus, J3.

This is done with the reset lever, Moving
this lever in the direction indicated on the ad-
jacent nameplate swings the reset arm, Illus,
J2, pulling the plunger against the spring to the
position where the stop latch will drop into po-
sition,

IT IS ADVISABLE TO RESET THE STOP
PLUNGER IMMEDIATELY AFTER AN
OVERSPEED OR EMERGENCY STOP TO
AVOID THE POSSIBILITY OF ATTEMPT-
ING TO START THE ENGINE WITHOUT
RESETTING THE STOP MECHANISM.

LOW LUBRICATING OIL PRESSURE
SHUTDOWN
(Early 6 cyl. Engines with Pneumatic Shutdown}

The engineis provided witha lowlubricating
oil pressure shutdown device connected to the

Stop Lateh-

Latch Roller r“i?hmg er Spring

Ph.mger

[EESTREEELL iy HIRLL

m;wﬁw“jir

Plunger Bod

Cutout
Lever Spring ——w

Fulorum Pin

Fuel Cutout Lever

Illas. J3, Stop Latch and Plunger
in "Ruh" Position
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(contacts Jatch roller
Stop Plunger Bpring Relainer

on stop maechaniss)

Nius., J4. Emergency Stop Push Button and Linkage

discharge side of the lubricating oil pump. This
device is mounted so that the piston can rmove
the fuel control arm and return the injection
pumps to "no fuel' position when the lubricating
systern 0il pregsure drops to 4.5 1lbs, When
the pressure ig normal the piston is held to the
inner end of its stroke by pressure from the
pump allowing the fuel control arm full travel.

This condition mustalsobe duplicated when
starting the engine by pulling the shutdown re-
set cable handle {in the cab) to overcome the
spring pressure. As soon as the engine starts,
the oil pressure builde up and the handle can he
released,

CAUTION: DO NOT BLOCK OUT LOW LU-
BRICATING OIL PRESSURE RELEASE IN
ANY WAY.

When the otl pressure drops,. the shutdown
piston spring forces the pigton against the fuel
control arm adjusting screw to shut off fuel and
stop the engine.

LOW LUBRICATING OIL PRESSURE
SHUTDOWN

{Eariy 6 Cyl. Engines with Electrical Shut-
down and Early § and 10 Cyl, Engines Ex-
cept 10 Cyl. Erie Built)

These engines are provided with pressure
actuated eswitches connected to the lubricating
il header. In case of low lubricating oil pres-
sure these switches act thru the governor sole-
noid to shut the engine down,

LOW LUBRICATING ClL PRESSURE
SHUTDOWN

{l.ater Engines with Woodward Governors)

These engines are provided with a low lu-
bricating il pressure mechanism which is in-
corporated into the engine governor. The
rnechanism provides complete protectionagainst

lowoil pressure in the engine. Refer to Chapter
Mbk, Mc, or Md,

ENGINE PROTECTOR

An engine protector relayis mounted on the
governor side vertical drive cover., It is piped
into the engine crankcase which is normally at
a pressure of less than atmospherie. If 3 pres«
gure slightly above atmospheric develops, the
switch will shut down the engine thru the gover-
nor shutdown solencid. A reset button is pro-
vided for resetiing the switch. The red light
indicates when the switch is tripped.

A build-up of pressure in the crankcase
sufficient to operate the switeh indicates a de-
fective part within the engine such as a cracked
pigton, Instant detection of the defective part
prevents excessive engine damage.

A two-way valve is provided so that opera-~
tion of the switeh may be checked by admitting
air from the engine air receiver with the engine
running, A defective switch should be returned
to the Paxton -Mitchell Company, Omabha, Neb,

T AR
RECEIVER ™t

TWE WaAY -
VALVE —T

VERTIGAL
DRIVE INSPECT-,
IGR COVER 5

Hius, J5. Engine Protector
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CHAPTER K, SCAVENGING SYSTEM AND BLOWER

HOUSING
OIL RETAIMNER
SHIMS

QUTER BEARING PLATE
DRIP PAN

{-*-DRNE GEAR END PFLATE

} END PLATE
WEARING RING

DRIVE GEAR
KEYWAY -y,

TAPPED
HOLES

SPIDER
SPRING

SPRING
SPACER

- CRANKSHAFT

DRIVE GEAR
SPIDER

TIMING GEAR

INNER
BEARINGS

DRIVING
GEAR FLANGE

Ol MNOZZLE
DRIVE PIMNION

1055R.C
L TIMING
GEAR

T CYLINDER BLOCK

I30R -

Mllue. Kl. SBcavenging Air Blower {Longitudinal Section)

DESCRIPTION

Scavenging air is supplied to the cylinders
undera pregsure of 3.5 to 5,5 lbs, (full nominal
load - full speed) by means of a positive dis-
placement impeller type blower, The blower
congists of a housing containing inlet and dis-
charge passages enclosing 2 three«lobe spiral
impellers, The blower is driven by a flexible
drive from the upper crankshaft, Illus, KI.

OPERATION

Alxr is drawn from the atmosphere thru the
alr filter and enters the inlet passage of the
blower. The air is compressed by the lobes
and forced.thru the outlet passages.

Ducte conduct the scavenging air to the air
recsiver compartment of the cylinder block.
{The ducts are not used on engine No. 366820
and thereafter.) The air receivers run the full
length of the cylinder block and completely sur-
round the cylinders at the alr port area.

The scavenging air entera the cylinder un-
der pressure, sweeping the exhaust gases out
thru the exhaust ports producing complets scav-
enging.

The scavenging air trapped in the cylinder
by the lower piston closing the exhaust ports
provides fresh air for the next compression
stroke,

The blower bearings and timing gears are
lubricated by oil lines from the upper header.

The blower specifications are listed in
Chapter B,

OIL SEPARATOR

The upper and lower c¢rankcase compart-
ments are placed under a4 vacuumn by means of a
pipe, Illue, K2, connected to the suction side of
the blower. In the vertical drive compartment,
this pipe is connected to an oil separateor, where
a separator element prevents oil from being
carried into the blower with air from the crank~
cage,
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The separator should be removed and
cleaned in a solvent at the regular maintenance
periods. Blow any excess solvent {rom the
element before replacing the separator back
into gervice.

INSPECTION

Uil leakage of the seals, condition of the
thrust bearings and impeller clearances can be
checked with the blower on the engine.

The seals when not functioning properly
will allow lube oil to enter the inside of the
blower between the bearing plates and rotor
shafts.

Seal trouble is sometimes evident where
the blower in general is extremely vily on the
inside but it mustbe recognized that oil can en-
ter the blower from other sources, The crank-
cage breather may allow atomized oil to enter
the blower thru the breather line due to high
crankcase vacuum conditions brought on by:
{a} Dirty air intake filters, {b) Improper
breather line orifice. ©Oil can also be driven
back from the air receiver if the internal tappet
drain lines are leaking. Unseated oil rings
may saturate the air receiver with oil. Each of
the above possibilities must be eliminated be-
fore determining that seals are the cause of the
oily condition in the blpower,

GiE LINE 10
TDUTER BEARINGS

CONNECTIIN TO

SEPARATOR T CYLINDER
BLOCK GASKEY

INMER DEARINGS

U CONNECTION EROM
. DIL HEADER

ToP

k- - SEPARATOR
£LEMENT

BECTION THRU
OIL SEPARATOR

Qil Separator {Early 6 Cyl. Engines had top inlet)

The thrust bearings can be inspected for
condition ofthe rollers after removing the outer
end cover, Also a feeler gage check can be
made for excessive clearances between the
rollers and the race, End clearances of the
thrust bearing c¢an be checked by indicating the
lateral movement of the impeller shaits,

Check and record all blower clearances.
Refer to Page B3 for values and Iilua. K3 for
location of check points,

Remove inspection plugs on the outer bear-
ing plate, Illus, K4, and check condition of ends
of the impellers for pussible galling.

Blower Removal

To remove the blower from the engine,
first remove the air filter connections, It is
advisable to cover the openings in the blower
to prevent dirt or foreign material irom getting
into the blower housing,

Then, remove the following parts in the
order named:

Blower drip pan (after disconnecting the
drain tube connsction).

Alr recelver ducts {when used}. The ducts
may be left off when removed. Cover plates and
gaskets can be made up to cover the openings,

Qil lines to blower, {Later sngines have
the connections on the ocutside -of the cylinder
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CHECK IMPELLER TO OUTER ~= L& CHECK IE\éPﬁLLﬁJ%? TO MNER
BEARING PLATE HERE HEARING PLATE HERE

TG MPELLER

! |CHECK IMPELLER
J CLEARANCE HERE

faefe i |

{
CHECK PELLER TOHOUSING CLEAHANCE HERE,

Illus, K3, Location of Olearance Check Points

block, see Illus. K2Z. On early engines, these
comnnections were inside the upper crankcase
and required removing a tep inspection cover
adjacent to the blower, or the entire top cover,
if the one piece top cover was used,}

Crankcase cil separator pips.

Digconnect the crankshaft air geal tube,

Next referring to Illus, K5, remaove the
following.

The dowels which locate the blower to the
cylinder block.

The capscrews which hold the top cover to

the blower housing,

The stud nuts that hold the blower to the
cylinder block, These nuts are located on the
ingide of the air receiver,

The outer end cover on 12 cyl, Train Mas«
ter locomotives to obtain proper clearance to
remove the blower from the carbody.

Insert 5/8"-18 eyebolts in the tapped holes
provided in the housing top flange, and attach to
a suitable hoist or crane., Then remove all nuts
that hald the blower to the cylinder block.

The blower can now be moved endwiae to

IMEFECTION PLUG BOLES
USE FEELERS HERE

IMPELLERS
OUTER BEARING PLATE

Q5IURA

Illus. K4, Inspection Plug Holes in Outer Bearing Plate
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Siad, to Housirg

Impelior Shaft
End Platwe

Drive Pinion

{i Drain

Tlus, K5, Blower - Drive End

clear the drive gear, and lifted away from the
engine,

Precautions

When a blower has been removed from an
engine for overhaul, there are several important
points that must be followed to enable the over-
haul work to be done systematically and the re-
sults of the reassembly more certain.

1. Routine overhaul of a blower involves
only two points which require inspection - the
blower seals and the bearings., Other inspec-

' 9118M-B

Illus, Kb, Blower Drive FPinion Paller

tions would include the ingpection of the lobes
for galling and proper clearance values,

2. The blower prior to dismantling should
have all clearances checked and recorded. If
the clearances are found within tolerances, the
blower can be reassembled with the same shim
combinations,

3. During the disassembly of the blower,
tag location of parts removed, i.e. keep bear-
ings separate for their exact position and mea-
gure all shims and record their location, etc.

4. Be sure to follow the procedure ac-
curately when removing the outer (thrust bear«
ing} end plate. If the thrust bearings are not
removed evenly, trouble can be encountered,

5, In the replacement of the seal rings, be
sure that they are not twisted or bent on appli-
cation, The seal rings do not normally turn
with the shaft but may if bent or distorted at
application so that the ring binds in the retainer
groove. Seal leakage as well as wear of the
bore fit can result, It is important that the
bores in the bearing plates be checked to be
sure that there are no ridges or out of round
conditions existing from previous wear, Be
gure the refainer is not worn,

6. Be gure to apply the seals correctly,
The seals are used to seal the air in and the oil
out.

7. Do not use Permatex or any other seal-
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ing compound on the blower assembly., Clear-
ances in the blower are vital and a sealing
compound will confuse the correct adjustment,

8. In the application of the paper shim
gaskets, a light oil application will make them
lie flat. Be gure there are no pleats or folds
in the paper shims when applying the bearing
end plates.

9. Be sure tc use proper length capscrews
in all agsemblies,

10, In tightening down the impeller shaft
end plate, be sure they are pulled in all the way.
It mustbe realized that the shaft is being pulled
thru the bore of the inner thrust bearing race
with the impeller ghaft end plate. There is an
interference fit between the inner race of the
thrust bearing and the shaft so a drag pull is
involved, If all the movement is not taken up,
erradic clearance readings can be expected. It
iz alaso possible that further positioning of the
bearing on the shaft during operation can be
expected if the tightening of the shaft end plate
was not complete, It iz recommended that
special end plates (1-1/2" wide) be made to pull
or position the thrust bearing. When pulied in
place, the special puller plates are {0 be re-
moved and the standard plates installed,

11, Be sure to reassemble bearings to ex-
act position from which removed if the bearings
are to be reused.

12, If the timing must be reset, be sure the
impeller clearances are equally divided,

13, It is imperative that the blower inlet be
covered as soon ag the filter housings are re-
moved go that foreign material is not allowed
to get into the blower.

14, On early hlowers the il drain pockets

TiIMING GEAR FLANGE

e@:»;x oo N . Ny
TIMING GEAR  TIMING GEAR
FLANGE PULLER

PULLER FITTED
BUTTON BOLY DRIVER

flius, K7, Timing Gear Flange Puller

in the blower end cover extend below the bear-
ing plate. Never set blower down on oil pock-
ets., Block blower off the floor using two pieces
of wood under the blower so they come in con-
tact with the flat surface of the housing on the
outside of each o0il drain line. Never block
across the underside of the blower housing.

15. Never use flame heat on parts,

16, It is important the gear to shaft keys
be properly fitted,

Blower Disassembly
Tools Required

1. Offset bracket for turning blower over.

2. One set of thrust bearing pullers,

3. Two impeller shaft end puller plates

and capscrews,

One blower pinion puller.

One timing gear puller,

Two blower stands 14" high,

Two 2¥x2'"x5' wood blocks.

. Micarda strips varying in thickness
from , 028 to , 032", The strips should
be 3/4" wide - 30" long,

9. One Qi%}emersicm tank that can be heated
to 400" F. or an oven where the gear
teeth can be suspended. Never use
flame heat on any part.

10. Normal hand tools - Socket wrenches,
etc,

11, Feeler gage with string attached. The
string will prevent the loss of the feeler
gage in the blower if accldentally
dropped.

12. Seal ring retainer puller.

13. BSeal Ring Expander

14. Impeller shaft spacer tool.

15. Blower drive gear spring removing tool.

H

.

oo

Removing Drive Pinion

The first step of this procedure is to re-
move the pinion from the lower shaft. Thisg is
accomplished by first removing the impeller
shaft end plate and then installing the blower
drive pinion puller, Illus, K6, Do not use flame
heat t0 as6ist in the removal of the pinion.
Wedge the timing pears with a piece of copper
tubing ae shown to keep the gears from turning.

Remove Timing Gears

After the pinion is removed, remove the
timing gears,

1. Remove the fitted bolts from the timing
flange,

2., Install timing gear flange puller and
button, Illusg, K7, and pull the lower timing gear
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PULLER OUTER IMPELLER IMPELLER SHAFT
BUTTON BEARING

Illus, K8, Driven Gear Puller

hub flange and gear together. (Note: The fitted
bolts must be removed to allow free movement
of the gear to hub when pulling. Severe damage
can result if an attempt to pull the lower timing
gear and flange hub is made without first re-
moving the fitted bolts. }

After the lower gear has been removed,
pull the upper timing gear from the upper shaft
as shown in Illus. K8.

At this point all the gears have been re-
moved from the blower. The impellers are re-
moved by pulling the shafts thru the inner.bear-
ing races. In order to remove the impellers,
remove the outer bearing plate as follows.

Removal of Quter Bearing Plate and Thrust
Bearings (6 - 8 - 10 Cyl. Engines)

1. Remove blower end cover,

2. Remove top cover from airintake open-
ing and bolt on offset lifting bracket, Illus. K9.
The purpose of this lifting bracket is to facili-
tate turning the blower over.

3. With blower set on a stand, remove the
dowels from bearing plate to housing.

4, Remove the capscrews from the im-
peller shaft end plates and bearing retainers.
This will allow removal of impeller shaft end
plates and thrust bearing retaining rings.

5. Remove the oil drain-tubes from the
bearing plates. At this point all parts neces-
sary to allow removal of the outer bearing plate
have been removed,

6. Install the thrust bearing pullers to both
bearings. The puller housing is bolted to the

bearing plate thru retainer ring capscrew holes
and the puller screw pressure is on the end of
the impeller shafts, This action lifts the outer
bearing plate and thrustbearing from the shafts,
Be sure the puller buttons are on the end of the
shafts, as shown in Illus. K10, s0 that the
shafts are protected.

7. Turn the jackscrew of eachpuller equal
small amounts until the outer bearing plate
complete with bearings is drawn from the im-
peller shafts and the blower housing., Caution:
Hand wrenches only shall be used in turning
puller jackscrews to prevent cocking of the
plate due to puller action of unequal amounts.

The bearings can be driven from the plate
with a wood block or a lead bar.

The impellers can now be removed. Use
7/8-14 eyebolts in the end of the impeller
shafts, Lift out separately.

If it is necessary to remove the inner bear-
ing plate for repair, stand blower erect and
remove dowels and capscrews.

Removal of Outer Bearing Plate and
Thrust Bearings (12 Cyl, Engine)

1. Remove blower end cover,
2. Remove top cover from air intake open-
ing and bolt on an offset lifting bracket as

99AFB226-|

Illus, K9. Lifting Bracket

C.
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Iilue, K10. Blower Outer {Thrust} Bearing Pullers
{For other than 12 Cyl. Blowers)

shown, lllus. K9. The purpose of thie lifting
bracket is to facilitate turning the blower over.

3. By removing the capscrews from the
thrust bearing retainer rings and the thrust
bearing adapter flange, the bearings may be
removed independently of the bearing plate,
Iliys, K11, Apply the thrust bearing puiler to
the end of the impeller ghaft, This action lifta
the thrust bearing vetainer and bearing, Be
sure the puller button ie on the end of the shaft
so the shaft end is protected,

4, Turn the jackscrew of the puller until
the bearing and retainer are drawn from the
impeller shaft and the bearing plate. Caution:
Hand wrenches only shall be used in turning the
puller jackscrews to prevent cocking the re-
tainer.

5. After removing both thrust bearings,
the bearing plate can be removed after the oil
drain comnnections and capscrews are removed
from the bearing plate,

The impellers can now be removed. Use
7/8-14 eyebolts in the end of the impeller
shafta. Lift out geparately,

1f it is necessary to remove the innerbear-
ing plate for repair, stand blower erect and
remove dowels and capscrewas,

Blower Inspection and Repair After Disassembly
1. Inspect the seals on the impeller ghafts,

Thus, KI2Z,
a. Check for ring groove binding. I

binding is evident, inspect O.D, of rings,
Scuffing will probably be evident. Thig inspec-
tion can reveal the cause for seal leakage.

b, Check the bearing plate bore. Be
sure that it is not ridged from a ring that was

LUTER BE%RNG RETANER %"""
OUTER BEARING PLATE \
D
BUTTON 3
‘}/
£ é\ ﬂ‘.‘h
Vs
N
o
"N
7
\

Tilus. K11, Outer (Thrust) Bearing Puller
{For 12 Cyl. Blowers)
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Illus, K12,

Retainer and Seal Ring

bound on the shaft., During operation of the
blower, this seal should remain stationary in
the bore. Ridging is caused by a ring bound in
the groove. If ridging is found, rebushing of
the bore is necessary.

¢. Check the retainer for groove wear.
Use a new seal ring and a feecler gage. The
groove ring clearance should be a maximum of

.0095", If found worn, it should be replaced.
The retainer puller is used tp remove the seal
ring retainers (single piece) or outer half of the
two piece retainers,

2, Check the thrust bearings for pitting
and wear. Renew if necessary, '

3. Remove the roller bearing outer races
and bearings from the inner bearing plate. Be
sure to identify their positions to avoid a mix
up of bearing and locations. Check the bearings
for wear byplacing them on the inner race which
is still in place on the impeller shafts. The
bearing clearance shouldnot be over 005" which
can be determined by inserting feelers between
the rollers and the race, The proper clearance
can be determined where the maximum thickness
feeler gage slides freely between the rollers and
the race, If the bearing clearance is found to
be excessive a new bearing must be applied.

Repair of Bearing Plate Seal Seat

Where ridging is found in the bearing plate
bore, it is permissible to correct the seal ring
bore in the bearing plate by bushing. There are
certain precautions that must be taken to obtain
the desired repair.

The exactness of the retainer bore must be
concentric to the bearing bore and true to the

12 CYL, OTHER THAN
12 CYL.
12 CYL. ~a-|-;---—
N ), OTHER THAN 12 CYL. —-—llz-—
W\ 30°
é; &
(e ]
63 - o <g
8 o
4+ )

55

AN

A
'\\\\\\w/j

OUTER BEARING PLATES

n
o

+00I '
60027 DI

125 DENOTES MICRO
INCH FINISH

99 AFB 227

Illus., K13. Blower Bearing Plate Bushing Repair
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bearing plate. 1f not concentric and square with
the adjacent bores, the seal will not function
properly.

The bushing bore must meet the finish
specification as shown in Illus. K13, Make
bushings from 6«1/20.D, x 5-1/41.D. ssam-
less steel tubing. Work bushing to mieet the
following dimensions before application,

Q. D. 6,002 4,001 - ,000

Width 1-1/78"

1.D. 5~1/4 to be finished after
application

Machine bore in bearing plate to 6.000
+ .00l - ,000, Be sure the machining is done
concentric to the bearing bore and true to the
bearing plate, This gives a shrink fit of bushing
to bore of , 002 to , 003", Freeze bushing indry
ice and apply.

After application of bushing in bearing plate,
but before finish machining the bore, weld the
bushing to the plate in the following manner:
Drill three holes 1/4" dia. 3/16" deep equally
spaced in bushing parting line to bore on the im-
peller side of the plate. Fill holes with weld,

Finish machine bore to 5.500 + 005 . .00]1,
Bore to have RMS Microe inch finish of 63 max,

Removal of Inner Bearing Inner Race and
Seal Ring Retainer

When it is necesgsary to remove either the
inner race of the bearing or the seal ring re-
tainer, it will be necessary to remove them as
aunit. Use the puller tool (Symbol C-3427TD-A1,
The seal ring retainer serves asg a puller sup-
port for the removal of the inner bearing imner
race, Illus. Kl4. If the retainer is within
limits, it may be reinstalled.

(Y.

9Y-AFORG-5

Itlus, K14, Seal Retainer Puller

Installation of Seal Ring Retainer

The current retainers are a two-piece as~
sembly having a collar and retainer, Previous-
ly a one-piece retainer was used, Either re-
tainer maybe used as they are interchangeable,
Identical seal rings will be used in either type
retainer.

The symbol of the retainers are:

12 Cyl. 2 piece {retainer CA12FB45098)
{collar CAI12FRE4510A)
12 Cyl, 1 piece - CAI2FB4509A
6.8-10 Cyl. 2 piece [retainer CAFB4509C)
{collar CATFTB4510B)
6-8-10 Cyl. 1 piece ~ CAFB4509A

Single Piece Retainer

There is a lightinterference fit between the
geal ring retainer and the impeller shaft. Heat-
ing by oil immersion at 200 F. is necessary.
Whereothe immersion oil heater is set to 400 F,
to 420" F,, the retainer would only have to be
immersed five to ten minutes before applica-
tion, Be sure all fits are checked for burrs
before application of the retainer,

Visually check the impellers and the hous-
ing bore for nicks or scratches. Clean up all
marks found,

Two-Fiece Retainers

Check retainere for burrs, also check for
warped condition on a face plate. Be sure the
shaft surface is clean before applying the re-
fainer.

Install the inner portion of the retainer, the
seal ring, and then the outer part of the retain-
er, Blight heating by oil immersion will allow
the retainer assembly to be properly installed
on the shaft.

Application of Seal Rings

The retainer seal rings have a definite po-
sition in which to be installed, Be sure that the
stamped "in" side of the ring is toward the im-
peller, This ring is sensgitive to application
inagmuch as if sprung or warped out of shape
it will not seal properly. Be pure that the ring
is not warped by setting it against a face plate,

When applying the ring in the single piece
retainer, slide it into position in the groove of
of the retainer with the ring expander, Illus.
K15, Check the ring in the groove after appli-
cation, Be sure the ring is free,

Asgsembly of the Blower

After all inspections have been made and
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Illus, K15, Seal Ring Expander

corrections made where necessary, the blower
can be assembled,

Prior toandupon disassembly of theblower
all gaskets, shims and locations of bearings,
etc. were checked for location and recorded,
Ifthe clearances were found correct, the blower
clearances should repeat if the overhaul of the
blower did not consist of part replacement that
could dimensionally changs the blower assem-
blies involved, Where the clearances were
found incorrect at disassembly, the correction
can be made at assembly, compensating for the
amount of error and subtracting or adding shims
from the original amount removed,

Application of Inner Bearing Plate

l. I inner plate was removed, install in-
ner bearing plate using two new shim pgasksts
between bearing plate and housing. Note: Be
sure dowels are inplace before tightening bear-
ing plate to housing. {This bearing plate is not
normally removed from housing at overhaul.)

The blower housing will be resting on
the outer side for the application of the imner
bearing plate. Install outer race of inner bear-
ings in their proper location inthe inner bearing
plate bores.

2, Set blower on stands with inner bearing
plate down, {Use offset lifting bracket tofacili-
tate handling,}) Use care in handling the blower
to prevent damage or distorting the housing,

If for any reason the initial clearances of a
disassembled blower are not known orthe over-
haul has involved the blower dimensionally, the
following procedure cvan be followed: Calcula-
tion of blower clearances to predetermine the
shimming that will be necessary. This will
eliminate the trial and srror method,

Predetermining Impellsr Total End Clear-
ances {$-8-10~12 Cyl. Engine Blowers)

With impellers set inposition and the outer

beaving plate removed, determine amount of
shim paskets needed for total end clearances.
The total end clearance wouldbe the total of the
running clearances. (Clearance values are for
other than 12 cyl, blowers. Refer to page B3
for 12 ¢yl, clearances.) The running clearances
are .02l minimum to , 025 maximum on the
cuter end and . 028 minimum to . 032 maximum
on the inner end. The total minimum clearance
would he 021 plus . 028 or .049". The total
maxirmum clearance would be . 925 plus . 032 or
-057", Tofind the actual clearance onthe blow.
er being repaired, measure with a depth mi-
crometer the distance from the top end of the
impeller lobes to the outer end of the housing.
Measure in several plages and take an
average. The answer obtained would be the
total end clearance of the blower if the ocuter
bearing plate was installed with ne paper shim
gaskets used, If this measurement doe s not
fall between . 049 and , 087", the proper amount
of shim gaskets will have to be applied to obtain
the proper total clearance. Af least one shim
gasket must be used. This is a gasket as well
as a shim. It is practical to attermpt to obtain
a total clearance that is as near ae possible to
. 052 which is approximately the difference he.
tween . 049 minimum and , 057 maximum. Thies
clearance will allow working tolerances,

Predetermining Thrust Bearing Shims
{6, 8 and 10 Cyl, Engines)

To distribute the total end clearances
properly so the rumning clearances are within
the proper tolerance, the thrust bearing maust
be checked and shimmed for proper positioning
of the impellers, On the 12 cylinder blowers,
the shimming is done under the flange of the
thrust bearing adapter. The effect of the shim-
ming remains the same on all blowers inasmuch
as adding shims increases the outer end clear-
ances and decreaseg the inner end clearances,
The end clearancesg hetween the impellers and
the bearing plate axe , 021 to . 025 outer end and
. 028 to . 032 inner end on other than 12 cylinder
blowers.

To determine the shimming of the thrust
bearing that is required to distribute the total
end clearances properly, the following pro-
cedure may be followed. On thrust bearing end
of the impeller, determine the distance "A,"
Illue. K16, from the outside of the seal retainer
to the impeller using 2 micrometer. Check
arocund the seal in at least three places to he
sure the reading is correct. {Note: Be sure
there is no clearance between the seal retainer
and the impeller.} Dstermine width of bearing
plate bore "B from inner side of end plate to
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bearing seating shoulder. Measure width of
puter race and divide in twe for "C." Measure
width of inner half of the inner race as dimen-
sion “D," The actual impeller te ond plate
clearance "F" is calculated by adding the width
of the bearing plate '"B" to 1/2 the width of the
cuter race "GOV and subtracting the sum of the
retainer to impeller dimension "A' plus the
width of the inner half of the inner race "D,%
(F=B4+C -A+ D). Thrust bearing shims "E"
are determined from the actual end clearance
"F." The difference between the actual end
clearance "F" and the recommended outer end
clearance of , 021 to, 025 is the amount of thrust
bearing shims required.

Example:
Assume the actual end clearance "F" as
calculated was , 011", The outer end clearance

is found by subtracting the calculated value of
L 011" from the mean value of , Q21" to , 025 or
L0238, 023" minus (011" equals . 012" ateel
shim required for proper outer end clearance
of . 023" mean,

From the total end clearance as previously
determined which should be between . 049" to
.057" or a mean of , 053" aubtract the mean
outer end clearance of 023" {.053 - 023 = ,030),

~— A - A-RETAINER
WIDTH

.

T END
PPLATE
CLEARANCE
- 021 7O 028

- 4

8-WIDTH OF
BEARING
PLATE

C-Z2WIRTH
oF &i{;’
2 RACE 5"

ZNNNNAN

£ OF INNER
{llus. K16, Thrust Bearing Shimming
For other than 12 Cyl. blowers,

£~ REQUIRED
AMOUNT oF
THRUST
BEARNG SHiMS

Illus, ¥ 17. Blower Impellers

The result will be the inner end clearance which
should be between , 028" and , 032" or a mean
of , 030",

Determining Thrust Bearing Shims
{12 Cyl. Engines)

The 12 cylinder engine blower outer bear-
ing plate iz designed so that the ateel thrust
bearing locating shims can be removed or
changed without the removal of the thrust bear-
inge or the bearing plate as on the 6, 8 and 10
cyl. blowers, Predetermining shim thickness
is not required on 12 cylinder blowers,

installation of Impellers

The impellers ars ready to be get in the
blower housing when the blower housing has
been checked for burrs and cleaned and the seal
retainers and rings have been installed on the
impellera,

Install rings so that stamped mark "In' ig
toward the impeller. Set ring gap so that when
impellers are set in plate in the housing, the
gap is away fromthe mesh of the two impellers.
Set impellers in housing so that matchmarke of
the impellers coincide, Illus. K17,

Application of the Outer Bearing Plate

Place the proper amount of shim gaskets in
place on the housing. Light oil will help tokeep
the gaeskets flat,

Set outer bearing plate in place on housing,
Be sure that the gap of the seal rings are away
{rom the mesh of the lobes before setting plate
on housing. Also be zure that the oil drzin line
fitting in bearing plate lines up with the tube
fitting while bearing plate is being installed.
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Install plate and line up dowels, Then secure
end plate to housing,

At this point the total end clearances canbe
checked thru the suction opening with a feeler
gage to assure that all parts are in proper po-
sition.

Application of the Thrust Bearings
{6, B and 10 Cyl. Engines)

Place properamount of steel shime as pre-
viously used or calculated againat retainers on
impeller shafts.

Since there is a contact fit between the im-
peller shaft and the inner thrust bearing race,
the inner roller assemblies of the bearing should
be heated by immersion to approximately 200
F. to facilitate application. Note: Never heat
the thrust bearing outer race. The fit of the
inner race to shaft is light contact 8o moderate
heating is sufficient. If the 0%1 in the immeraion
heater is approximately 400  ¥., the bearing
need only be left submersed about five to ten
minuates,

Sectionally install the thrust bearing in
place, When applying the outer race, if will be
neceggary to use a soft mallet or a piece of
wood across the race to protect it while tapping
it in place; Be sure no foreign particles gets
in the bearing during this procedure.

After bearinge have been installed, apply
bearing retaining ring and secure. Install im-
peller sha{t puller plates and tighten, The
puller plates are used instead of the impeller
shaft end plates for this process as the strain
of tightening required to pull the blower shaft
thru the contact fit of the bearing wouldbe great
enough to warp the shaft end plate, Be sure
that the impeller shaft is pulled all the way in,
When the position of the shaft is obtained, check
inner and outer clearances of the impellers. If
correct, remove puller plates and install shaft
end plates and secure, Recheck clearances to
be sure the shajft has not moved, Secure all
nute and bolts, Bafety wire all capscrews, nuts
and dowels using copper wire,

Application of Thrust Bearings
(12 Cyl. Engines)

Place bearing retainers in place in the end
plate with , 045" to . 050" shims under the bolt-
ing flange. Secure bearing retainer to end
plate.

Since there is a contact fit between the im-
peller shaft and the inner thrust bearing race,
the inner roller agssemblies of the bearing
shouldbe heated by immersion to approximately
ZGGQ F. to facilitate application. Note: Never

heat the thrust bearing outer race, The fit of
the inner race toshaft ia light contact 8o moder-
ate heating is sufficient, If the oil in the im-
mersion heater is approximately 400° F,, the
bearing need only he left submersed about five
to ten minutes,

Sectionally install the thrust bearing in
place. When applying the outer race, it will be
necessary to use a soft mallet or a piece of
wood across the race to protect it while tapping
it in place in the rstainer. Be sure no foreign
particles gets in the bearing during this pro-
cedure,

After bearings have been installed, apply
bearing retzining ring and secure. Install im-
peller shaft end plates and tighten. Be sure that
the impeller shaft ie pulled allthe way in. When
the position of the shaft is obtained, check inner
and outer clearances of the impellers. Add or
subtract shims as necessary to give proper di-
vision of end clearances., Caution: Thesge shims
are half round. Be sure the same amount is
under each side of each adapter bolting flange.
It will be necessary to shim each impeller in-
dependently of the other.

Secure all nuts and bolts. Safety wire all
capscrews, nuts and dowels using copper wire,

Alr Test of Blower

It is recommended that the blower be air
tested to determine proper application of the
gseals before the timing gears are secured.

Inetall covere with gaekets over openings
in the blower housing, One cover should be
provided with an accurate gage and an air inlet
connection and valve,

With covers secured and no cover leakage
noted, test blower as follows:

1. Allow air to enter blower until a prea-
sure of 14-15 1bs, is reached on the gage. Do
not use a higher pressure.

2. SBhut off air and rotate impellers by
hand. This should allow the rings to seat. No
shocking of the shafit with a brass bar, etc.
should be necessary to aid in locating and seat-
ing the rings. If the bore is rough, the ring
seating can be hindered by not allowing the ring
to slide into position, Shocking the ring into
position for the air test will only give temporary
correction. 'The seal rings may not remain in
the shocked position when the blower is applied
to the engine and result in leaky geals,

3, When pressure reaches 10 lbs., start
timing bleed off of air thru the bearings, It
ghould not take less than the seconds tabulated
to bleed off air from 10 to 4 1bs, It is for thia
reason that an accurate gage must be used.
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Blower Time - Seconds
& cyl, 175

8 evl, 235

10 cyl. 260

12 cyl. 330

NOTE: The test should be run two times
to be sure that all errors are eliminated.

4, I bleed off time is less than the sec-
onds specified, it will be necessary to recheck
the seal application,

The above test will determine if a sealring
is misapplied, warped or the bores are rough
or out of round., The bleed off of air should be
equal from all seals, An individual seal show-
ing excessive leak off (noted by feel or sound)
can be pointed out as the troublegome seal and
correction made accordingly on the particular
seal,

Precaution for Reassembly of Blower Gears

. Heat gears totemperature of 400°-420°,
Uee oil immersion or oven heat. Never use
open induction or flame.

2. Never use impact force on gears, etc,
in installation, If the specified heat is used,
they should go on easily.

3. Be sure all keys fit properly.

4, PBe sure oil supply lines on the blower
to the bearings are clean and tight.

5, Be sure all parts have been secured
properly.

Installation of Timing Gears

Set blower in upright pesition for the re-
mainder of the assembly. The top or driven
gear is applied first after the following prepa-
ration.

1. Check key fit.

2, Check gear teeth for nicks,

3. Heat gear byooil immersion or in oven
to approximately 400 for at least twenty min-
utes.

Install gear on shaft, Installed impeller
shaft end plate in place, tighten and secure,

Allow gear to cool or cool by directing air
hose on gear until hand can be held on the gear
before applying driving gear and hub assembly.

Driving Gear and Flange Assembly

Frepare gear the same as for the driven
gear, Check gear to flange for free fit,

Liocate driven gear so the "O' matchmark
will mesh with the marked driven gear tooth
when the keyway engage the key, Caution: Be
sure that the flange and gear are heated and ap-
plied as an assembly.

The assembly should slip on the shaft
casily. Be sure the proper teeth are in mesh
when the assembly is being installed. The
flange and gear assembly should be heated by
immersion or oven to approximately 400° for at
least twenty minutes.

As soon a8 the aasembly is in proper po-
pition on the ghaft, slip sapacer tool over the end
of the shaft and tighten shaft end plate to hold
gear hub in position while cooling.

Remove the shaft spacer after the assem-
bly has cooled,

To determine if timing of impellers ig cor-
rect, inatall and secure two fitted bolts in tim-
ing f{lange and secure, Check clearance between
impeliers as outlined below, If fiming was in-
correct or new gears were installed, the fol-
lowing procedure is applicable,

Timing the Impellers

If the timing must be reset, be sure the
impeller clearances are equally divided, With
the flange loose but in contact with the timing
gear {no fitted bolts in place} insert a micarda
strip between the impeliers. The normal
clearance between the impellers should he from
028 to . 032 on all 6, 8, 10 and 12 cyl. blowers,
It will be necessary to use various thickness
micarda siripe (. 028, . 030 and . 032) to deter-
mine the maximum thickness strip which canbe
rolled between the impellers,

The thickness measurement of the maxi-
mum strip to be rolled thru freely is the clear-
ance between lohes, When the maximum clear-
ance point is found, lock the timing flange to
the timing gear.” This can be accomplished by
using two bolts thru the fitted bolt holea in the
flanges, Recheck the lobe clearance to deter-
mine the maximum clearance obtained with the
timing flanges secured. The timing gear and
flange mustbe reamed for oversiwe fitted bolts.
Replacement bolts as furnished are . 040 over-
size. The original holes were reamed to .625
+.020 -, 008, |Recheck clearances after new
fitted bolts have been installed.

Blower Drive Gear Pinion Application

Be sure the pinion gear being (nstalled ig
the mate to the blower drive gear which is ap-
plied on the upper crankshaft of the engine to
which the blower is to be installed.
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Spider Drive

Tapped Holes {3) for Jacksorews
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~a—————S8uscnr Nuts and Cotters

Hiua. K18, Blower Flexible Drive Gear

1. Check gear for burrs.

2. Check key fit. o

3. Heat gear to approximately 400" for
twenty minutes,

4., Apply gear,

5, Apply impeller shaft end plate and se-
cure.

Blower Flexible Drive - Description

The blower flexible drive gear iz mounted
on the end of the upper crankshaft, and is shown
in Ellus., K18, It consists of a spider drive hub
which ig keyed to the crankshaft, a gear within
which six spring spacers are bolted, with
springs beiween the spacers and spider, The
spring drive isolates the torsionals transmitted
by the c¢rankshaft. Both the end plate and the
gear are equipped with brags wearing rings at
their points of contact with the spider hub,

Servicing

The drive gear springs may be inspected
without removing the gear from the crankshaft,

To disaesemble the flexible drive gear,
remove the nuts from the six apring spacers to
free the end plate, Force the end plate from
its fit in the gear by turning 1/2"-20 jackscrews
into the three tapped holes, Illus. K18.

To remove the springs, install the tool,
Ilus, K19, over the spacer and into the hole in
the spider, Tighten the tool to compress the

springs on one side. This will free the springe
on the other side so they canbe removed, Back
off the tension with the tool and remove the
other szets of springs,

Early engines do not have the holes in the
spider and require the following procedure to
remove the springs., Force the hub around in
one direction to release compression on half
the springs, so that they can be lifted out. The
hub c¢an be forced by fitting a bolt and high nut
between a spacer and the adjacent hub projec.
tion, and then turning the nut in the direction to
push the hub from the spacer. Two bolts and
nuts, at opposite positions, will be required,
The bolts and nuts willact asjackscrews, When
half the springs have heen removed in this way,
reverse the direction in whichthe hub is forced,

BRACKET SCREW

PULLER EYE

PULLER WRENCH

TNius. K19, Drive Spring Teol

O

»
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and lift out the remaining springe.

The hub, and the spring spacers if neces.
sary, can then be removed from the gear, The
wearing rings can be removed and replaced if
nece §8aTY,

Before reassembling parts, be sure that
the oil holes in the hub are open. The parts
should be clean and dry,

The flexible drive gear is assembled as
follows: Replace the spring spacers and sew
cure in place with the nuts on the back side.
Drop the drive hub in place. Replace every
other spring (each epring will be on same side
of its adjacent spacer). On later engines, use
the tool to force the hub around in one direction
to compress the six springs already replaced to
provide clearance for the remaining springs.
On early engines, the hub can be forced by fit-
ting a bolt and high nut between & spacer and
hub projection, and using the bolt and nut as a
jack against the spring compression. Use two
bolts and nuts at opposite sides. In order to
replace the remaining springs they must be
compressed to their solid length by ueing a
heavy """ clamp, Then replace the end plate,
nuts and cotters, Tighten the nuts to the torgue
value given in Chapter B.

To remove the drive gear, first remove
the crankshaft end plate, which is held on by
studs. Then, with the puller, remove the com-
plete gear assembly as shown in Illus. K20,

To replace the blower flexible drive gear
on the crankshaft, heat the assembly slcwig in
gil or in an electric furnace to about 320" F,
temperature of the heating medium. Install the
assembly to seat on the crankehaft, replace end
plate and cool the assembly slowly with com~
pressed air efarting Irom the drive hub.

The blower flexible drive gear and the
drive pinion are lapped together and furnished
in sets,

Application of Blower to the Engine

The following peints should be checked be-
fore atternpting to install the blower:

1, Be sure the upper crankshaft has been
applied and all main bearings and thruet bear-
ing bave been installed.

2. Be sure the contact surface on both
blower and engine block have been cleaned.

3. Be sure the gear teeth are clean and
free of burrs.

4, BRe sure the proper block to blower
gasket has been supplied. This is & . 010 gas-
ket. If a thicker gasket were used, the com-
pression of the gasket during operation would
reduce the blower drive fo pinion clearance and

gear trouble can be expected.

5. Be sure the blower drive and pinion
gear are a matched set,

6. Be sure that the blower clearances are
correct, When applying the blower to the block
hold gasket in place on the blower with grease,
Do naot use Permatex or any other sealing com-
pound.

Lift the blower by means of lifting eyebolts
screwed into top of blower inlet opening bolting
ring, One eyebolt on eac¢h side of ring. Be
sure that the blower is level from side to side
when lifted for application.

Lift blower in place on block, Be careful
that the blower drive gear and pinion are not
damaged when the blower is being guided to its

place onthe block. If the blower was previously

used on an engine, the dowel holee will be
reamed but maynotnecessarily be correct for
the proper pinion and drive gear clearances,
The blower may be positioned {while etil]l hang-
ing by the crane} so that one of the dowel holes
line up and the dowel driven in place, The
blower can then be lowered or raised until the
proper backlagh is reached and then the other
hole rereamed and doweled if necessary,

NQOTE: Be sure the blower is tightened to
the block in three places {top, center and
bottom) on bothsides before checking back=-
lash., The backlash will change after tight-
ening if the blower is not tightened properly
when checked.

If & new blower is being applied, center the
blower over the holes to be doweled as cloge«
1y as possible and secure in place. Ream one
dowel hole and install the dowel, Shift the
blower for proper backlash. Ream the other

11 x

ackmxes {41

Illus. ¥20, Blower Drive Gear Puller
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dowel and secure the blower to the cylinder
block.

Replace the other parts in the reverse of
the order of their removal., Be sure the oil
supply piping is properly connected,

CHECKING BACKLASH

The blower pinion and drive gear backlash
can be checked thru the top cover inepection
cover if necespary. It is not necessary to re-
move the top cover to make the check but the
check can be made readily when the cover is
rermoved.

When installing a new flexible drive gear,
the proper backlash must be maintained, Refer
to Chapter B. This is determined by reassem-
bling the blower with the original cylinder block
dowels in place, then making the following
check:

NOTE: Clamp the flexible drive gear solid
8o that a true reading will be obtained.

Aa shown in Illus., K21, when the top cover
has been removed the indicator, attached to a
spurface gage block, may be clamped to the top
flange of one side of the cylinder block. {When
the backlashk check is made thru the top cover
inspection cover, it will be necessary to hold
the gage block and indicator in poaition by hand
instead of clamping.} Set the indicater attach-
ment so that the ball point is in contact with a
tooth of the blower drive pinion, or lower tim-
ing gear, and also so that the dial can be easily
read. {Be sure the arrangement is at right
angles so that an accurate reading will be ob-
tained. }

From the other side of the engine, pull
lightly on the driven timing gear until the teeth

of the drive pinion are tight against the drive
gear teeth. Set the indicator dial to zero.

Then push lightly on the driven timing gear
until the pinion teeth are stopped by the drive
gear teeth. The existing backlash will then be
registered on the indicator,

If the required amount of backlash is not
indicated, the blower must be reset with re-
gpect to the cylinder block to meet the require-
ments., This can usually be done by removing
either dowel; then, raise or lower the blower
(bBlower will be turning on dowel left in place)
to meet backlash requirement. Then use an
oversize dowel to relocate the blower to the
block,

GRIGNG TIMING GEAR CYLINDER
/ slage

AT TACHME hT\‘

AMOUNT OF BAGKLASK
DETEAMINED HEAL
SRR Y EEL

Iltus., K21. Blower Drive Gear and
Pinion - Backlash Check
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CHAPTER I.. FUEL SYSTEM

FUEL SUPPLY SYSTEM
Fuel Specification

Refer to Maintenance Bulletin "Diesel Fuel
il Specification”, Sec. 216A for the manufac-
turers recornmendations.

Description

The fuel system conaists of the supply, in-
jection and drain systems, The supply sysiem
includes the oil tank, fuel pump, built-in supply
pump {on early switcher engines), filters, emer-
gency shutdown valve, gages and the necessary
piping and fittings. The fuel supply pump (if
used} is mounted on the exhaust end of the engine
and ie gear driven from the lower crankshaft,
The metor driven pump is used for obtaining
pressure in the supply system, Il.ater engines
use a motor driven fuel pump in place of the
built-in fuel pump. Refer to Maintenance Bylle-
tin "Fuel System, " Sec. Z16.

Operation

The pump draws fuel from the tank, thrua
strainer and filters to the engine inlet. A pres-
sure of 15 psi is built up and maintained in the
fuel header. The relief valve maintains the
pressure, allowing the fuel not used by the in-

SHAFT

jection pumps to return to the tank.

A by-.pass relief valve ig provided in the
piping between the pump and the filter to protect
the system in case of excessive clogging of the
filter. Oil passing thru this reliefvalve is piped
back to the fuel tank.

The fuel supply systermn should be checked
for leakage after any parts have been replaced
by running the fuel pump under normal pressure.

FUEL SUPPLY PUMP
{Engine Attached - Early Hood Type
Locomotives)

The fuel oil supply pump, Illue. L1, is a
positive displacement gear type pumyp, It will
require no other attention than an occasional
inspection. The packing gland should be tight-
ened or packing replaced as found necesgsary.

It is veryimportant when installing packing
that the rings are cut to the exact lengths. The
joints should be alternated so that they do not
come in line with each other, l.eakage should
be permitted thru the gland after the packing is
first installed., The gland should be tightened
in small increments while the engine is running.
with several minutes between tightenings, in
order to permit the packing to adjust itself to
the shaft gradually. Use asbestos braided pack-
ing 5/167 thick, 3/4" inside diameter, 1-3/8"
outside diameter,

DISCHARGE

SUGTION

98%iN-B

Illus. L1. Fuel Oil Pump {Used on Early Hood Type Locomotive Engines)
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When the capacity of the pump drops off
after an extended period of operation, the cause
is most likely due to weat in the bearings, liner
plates or pump gears. These can be replaced
by using the following routine:

Disconnect pump from the engine and sys-
tem. Remove the end plate, pasket, drive shaft
nut, thrust washer, bearing plate and liner
plate.

From the mounting bracket end, loosen the
setacrew, and remove the gear and the gear key.
Also remove the flinger, the packing gland, and
the packing. The cylinder with shafts and gears
can then be removed.

Mark the shafts to show gear positions.
Take off the old gears and press on new ones to
the marked positions,

Remove the sleeve bearings from the inner
and outer bearing plates, and inatall new ones,
In assembling, install with the oil groove in the
bearing toward the pressure side of the pump,

Reassemble the pump in reverse ofthedis~
assembly procedure.

Data on the fuel supply pump will be found
in Chapter B.

FUEL INJECTICN SYSTEM

The fuel injection system consists of the
injection pumps, nozsles and the connecting
tubes, ‘The pumps and nozzles are enclosed in
the injectionnozzle compartmentandare located
symmetrically with one pump andnozzle oneach
gide of every cylinder,

Each injection pump receives fuel oil from
the supply systern at a fuel port. A measured
quantity of fuel is delivered thru the injection
tube to the nozzle. The injection pump control

rod actuatez the control racks of the pumps to
regulate the amount of fuel tobe delivered which
is according to the governor reguirements,

The fuel control rods on each side of the
engine are connected by linkage to the governor
at the exhaust end of the engine., The travel of
the control rod inthe full fuel directionislimited
so that the engine cannot be overloaded. A stop
screw with locknut is installed by the engine
manufacturer on the cylinder block to stop the
fuel contrel arm which connects the fuel control
roda. The fuel control racks of the injection
pumps regulate the amount of fuel delivered by
the pumps to the nozzles, The excess fuel is
returned to the supply header.

The injection pumps are operated thru tap-
pet assemblies by individual cams on the cam-
shafts. The two camshafts, located inthe upper
crankshaft compartment on each side of the
gylinder block, are driven by a chain from the
upper crankshaft atthe exhaust end of the engine,

FUEL DRAIN SYSTEM

The fuel drain system, Illus. L2Z, has two
functions;

To return any clean unused fuel ¢il back to
the fuel tank.

To collect any dirty fueloil from the injec-
tion nozzle and exhaust manifold compartments
on each side of the engine and conduct it to the
waste fuel drains at the exhaust end.

A fuel drain header is located in the injec-
tion nozzle compartment, Illus. L3, on each
slde of the engine. Fuel oil from the injection

FUEL, SUPPLY FUEL GONTROL
HEADER RACK
IZ33RA
INJECTION
PP .

UPPER FUEL
DRAIN HEAGER

4
ELBOwW OIL
DRAIN GOVER

\
INJECTION NOZZLE
COMPARTMENT

LOWER Fi}Eh/
ORAIN HEADER

IMus. L4, Injection Nozzle Compartment
(F.M. & Co. Nozzle)
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Cam

Tappet Housing ——— . iy

Crin Roller— S

Push Bod--— -

Push Rod Spring.ww,,_m,mm) .

Anring Spacer -

Lub. Gil
Drain Tube-
Snap Ring ——
o/
Push Rod Button ——erm - N
Pump Plunger-- -— |
: \“‘“ﬂi .

Plunger Spnng- - ———— o - 1

r

Spring Retainer

Pump Body Bhims

/
Control Rack \
Adjusting Collar Y

Control Rod Plunger §

Control Bed

Chpscrews, o Fuel Header g

Injection Tuke

Attached Here

264108

Ittus. L.5. Tappet Assembly (Drain Tube in Alr Receiver}
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CAM

TAPPET HOUSING

CAM ROLLER-

PUSH ROD

IYYEY

PUSH ROD
SPRING

staene

. "

SPRING SPACER

DRIPF CAR

CYLINDER
SNAP RING~— BLOGK
PUSH ROD-.. /
BUTTON /

PLUNGER SPRING

PUMP BO0Y SHIMS
CONTROL ROD

(

- SPRING
RE TAINER

LYUBE il
DRAN

ROD
PLUNGER

CONTROL. RAGK
ADJUSTING COLLAR

INJEGTION TUBE

ATTACHED HERE EEEE

Mus. Lb6. Tappet Assembly
{External Drain Type)

pump drains into the upper drainheader. Early
engines with F. M. & Co. nozzles have an upper
and lower fuel drain header. Fuel oil from the
injection pump drains into the upper header.
Leakage oil from the injection nozzles is piped
to the lower drain header, Tllus. 4.

The headers are interconnected and piped
to the fuel tank,.

INJECTION PUMP
Description

The injection pump plunger moves verticaily

in the pumpbarrel, delivering fuel thru the dis-
charge valve and injection tube to the injection
nozzle and into the combustion space. The in-
jection pumps receive fuel from the engine
header and deliver the fuel under a high pres-
sure to the nozzles.

Each pump conaists of a tappet assembly
and a pump assembly, as shovwn in lllus. L35
or L& and L7, g .

The tappet assembly transforms the rotary
motion of the camshaft into reciprocating mo-
tion, and transmits this reciprocating meotion to
the pump proper. In the tappet assembly, the
push rod spring holds the plunger cam roller
against the cam, sc that the plunger will follow
the rise and fall of the cam.

In the pump asgembly, the plunger spring
acts thru its retainer to cause the pumnpplunger
to follow the rise and fall of the push rod in the
tappet assembly, Hlus. L& and L7,

Operation

The plunger stroke is constant, therefore,
the space in the barrel under the plunger always
admits an equal amount of fuel from the supply
systern. The amount of fuel delivered to the
nozzle depends on the position of the helix onthe
plunger relative to the port in the pump barrel.

When the plunger is in {ts highest position,
Illus. 1.8, the fuel port is uncovered and the
pumpbarrel fills withfuel. The port is covered

o mSNAP RING
M

POINTER
\ T SPRING
ADJUSTING ‘ RETAINER
couar  SEFSCREW

ADIUSTING

SCREW

[ sowstine
/ ij SPRING

ABJUSTING
MUT

| L LOCKNUT

iy

CONTROL GEAR

~ RACK BTOF
PLUMGER —

rere BARREL

. SETSCREW
FUEL INLET -~
DISCHARGE - YALVE CAGE
- SASKET
VALVE SEAT GASKE
e - VALYE CAGE
DISCHARGE
VALVE VALVE SPRING

H 0T

VALVE CAGE YOKE—"

Iilus. L7, Injection Pump Assembly
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on the down stroke by the helix, and fuel is de-
livered to the nozzle until the recessed circular
groove on the plunger uncovers the port,

Note from Illus, L&, that about a 1/4 turn
changes the plunger position so that the effective
stroke varies frorm "'full load" to 'no fuel’ po-
sition. The effective stroke is that part of the
plunger stroke during which the port is covered
by the helix and fuel 18 injected.

When the plunger is in Vstop! or 'no fuel®

't
Ei e PLUNGER - $1oT
B S amcutsn - HELICAL
§ ~ GROOVE oy 4 neE
& k % ‘_‘:“‘
£, PLUNGER
OF STAORE Bovete ier
{ARE LA (FHLL 18AD}

E. BEGINNING

E. PLUNGER
OF STROKE COVERS INLEY
[IDLING} {IDLING)

position, the slot keeps the port uncovered dur-
ing the entire stroke, thusg by-passing all the
fuel, In this position the effective stroke (mea-
sured fuel) iz "O" and the by-passg stroke is
maximum.

With the plunger turned 8o that the long end
vi the helical edge exactly coincides with the
fuel inlet, the amount of fuel delivered is maxi-
murn, At “{ull load' the effective stroke, Illus,
L8, is only a portion of the maximum stroke.

TR
" 3 4_ - P
1 = ;
Mg . ; Py 5,5, R
B EECT
G, GIRCULAR CRODVE D, END OF
URCOVERS IRLET STROKE
L AN {FHki. 16AD}

—~l Jo— EFFECTIVE STROKE

G, CIRCULAR GROOVE
UHCOVERS IRLEY
{{DLING)

Views A, B, C, and D show the plunger in various stages of its stroke for "Full Load" posi-
tion. Views E, F, and G show the plunger in "Idling" position. View H shows the plunger in "No

Fuel' position.

Injection begins when the plunger has fully covered the fuel inlet, as in views B and F. In-
jection ends when the circular groove begins to uncover the fuel inlet, as in views C and G. The
arrows in views B and C indicate points at which the fuel port.is covered and uncovered,

When the plunger is in the "No Fuel' position {(View H) the slot keeps the port uncovered dur-

ing the entire stroke, by-passing all the fuel.

Hlus. L& Approximate Fuel Injection Pump Plunger Positions

o
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Ilus. L9,

Engaging Control Red Pin

An accurate check of the load balance can
be obtained by inspecting the position of the in-
jection pump control racks. On later engines
with Woodward Type P governorsg all the pumps
on the engine should check at rack 8 when a 3/8
dimension is shown betwsen the governcr body
and power piston. Refer to Table 1, Page L23,
for settings of early engines. The pumps are
calibrated so that each pump at the same rack
setting delivers the same amount of fuel,

Priming and Cutout

Any injection pump may be cut out or made
inoperative by pulling the control rod pin, Illus.
L9, out of the control rack adjusting collar,
and moving the adjusting collar to the right
("O" rack) sothat the plunger and collar will no
longer be engaged.

CAUTION: THE GOVERNORSHOULDNEV -

CONTRDL GEAR

INJECTION .
PUMP BODY

ADJUSTING

COLLAR -

GONTROL
ROD PIN

ADJUSTING
SOREW

Hius, 116,

1

f i
I puMP PLUNGER! RACK SETSCREW

PLUNGER

SPLIED PROJECTIONS
CONTROL RACK

CONTRQL GEAR
TOOTH
HELICAL EDGE
suor

F2hAb -

Mluas, L1l1. Control Rack and Gear

ER BE DISCONNECTED FROM THE FUEL
CONTROL LINKAGE WHILE THE ENGINE
IS RUNNING NOR SHOULD THE ENGINE
BE STARTED WITH THE LINKAGE DIS.
CONNECTED, BEFORE STARTING THE
ENGINE AFTERANOVERHAULOR WORK -
ING ON THE INJECTION SYSTEM, CHECK
THE ENGAGEMENT OF THE CONTROL
ROD PINS AND LINKAGE TO THE GOV.
ERNOR, Nlus, L0,

The injection pumps and nozzles are self-
priming when replaced on the engine and con-
nected to the fuel system. The motor driven
fuel supply pump on later engines can he oper-
ated to fill the system.,

Adjustment of Parts

The injection pump plunger, as previously
explained, follows the rise and fall of the push

Injection Pump Control
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~ INJECTION PUMP RPLUNGER

INJECTION PUMP
DISCHARGE VALVE

THUMB NUT STROKE GAUGE 80DY

ELLL RS

Illus. L12. Injection Pump Stroke Gage

rod in the separate tappet assembly. Correct
timing of the beginning of injection dependa upon
when the helix on the plunger closes the fuel
port. The amount of fuel injected depends upon
the length of the plunger effective stroke .

that part of the stroke between the closing and
reopening of the fuel port by the helix., The ef-
fective stroke cannot be adjusted,

The correct vertical positioning the pump
barrel in respect to the pump plunger is neces-
gary toobtain the proper timing and assures the
plunger being in the proper relation to the port.
Shims are used between the pump body and the
tappet assembly.

Part Replacement

The injection pump is a precision built as-
sembly designed to give long trouble-free ger-
vice. The manufacturer recommends that the
injection pump be returned to the factory for
proper servicing, setting and calibrating by
persons speclally trained in handling the pre-
cision parts. Contact the Locomotive Service
Department.

Pump calibration is done ¢o that all pumps
on the engine deliver identical amounts of fuel
at the same rack setting.

CAUTION: THE CONTROL RACK POINT-
ER SHOULD NOT BE REMOVED DUE TGO
DANGER OF LOSING THE ADJUSTING
SHIMS, LOSS OF ANY OF THESE SHIMS
WILL CHANGE THE CALIBRATION OF
THE PUMP AND CAUSE OVER OR UNDER
LOADING OF THE CYLINDER. IF THIS
POINTER 18 ACCIDENTALLY REMOVED

ANDTHE ORIGINAL THICKNESS OF SHIMS
WAS NOT RECORDED 80 THAT THE
SAME THICKNESS CAN BE DUPLICATED,
THE PUMP SHOULD BE RETURNED TQ
THE FACTORY AND RECALIBRATED.

Injection Pump Difficulties

Fuel injection difficulties may develop from
various causes, some of which may be traced
to the injection pumps, ‘

The operator cantell if 2 pumpis discharg-
ing fuel by feeling the injection tube. If the
pump is not delivering fuel, the cause is proba-
bly due to a2 misplaced gasket over the fuel port
or to a stuck plunger. Water and foreign matter
in the fuel will cause the plungers to stick.

Removal of Injection Pump from Engine

To remove the pump body, first disconnect
the injectiontube and the tube leading to the up-
per drain header. Then take out the capscrews
holding the body to the fuel supply header. Pull
the contrel rod pin out of engagement with the
injection pump rack adjusting collar. Move the
control rack toward the pump as far as possible
to place it is “no fuel" position. Rotate the
camshaft until the tappet cam roller, Ilus. L35,
is on low cam 8o as to relieve the spring pres-
gsure. Take off the nute which hold the injection
pump body to the tappet housing, The pump
body will then be free to be removed downward
from the engine, Be careful not to lose the
pump body shims.

As previously stated, the fuel injection
pumps sheuld be reiturned to the manufacturer
for part replacement.
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Push Rod

Push Rod Spring

Iilus.

L3,

TAPPET ASSEMBLY

Remaoval

To remove the tappet assembly, Illus. L5
or Lé, first bar the engine 8o that the cam ad-
jacent to the tappet being removed is on low
cam. Remove the injection pump.

il Groove Up

0=

Cam

Tappet Housing

Drain Tebe Connecior

Luk. {4 Drain Tube

Tappet Housing Gaskst

Pump £nd Tappet
Housing Boli

Pump Bedy Shims
2622R B

Injection Pump Tappet - Disassembled {Internal Drain Type}

Disconnect the external lubricating oil drain
tube from the tappet housaing, Illus. L3, or re-
move the internal drain tube and connector tube
connector by reaching thru the air receiver in-
spection openings, Illus. L14.

Remuove one of the boltnuts holding the tap~
pet to the block. Loosen the other nut siowly.
This will remove the remaining spring tension
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Illwa, L14, Disconnecting Tappet Gil Drain Tube

in the tappet. Be sure the gpring tension is en-
tirely removed before removing the nut.

~ Next, lower and withdraw the tappet hous-
ing from the engine while holding one hand
againet the fuel header sothat the tappet housing
base flange clears the fuel header. Should the
tappet housing stick in the cylinder block bore
reach thru the air receiver opening with a bar
and tap the housing out. If the base flange will
not clear the header by using this method, it
will be necessary to remove the adjacent fuel
header section. This can be done by taking out
two capscrews in the firat fuel header junction
to the left of the tappet housing being remaoved

méw

TARPE
HOUSING

CYLINDER
t BLOGK

Iilus. L.15. Positioning Camshait

and also the capscrews at the junction to the
right of the housing; also remove the necessary
header to pump capscrews. The section of fuel
header can thenbe removed from the engine be-
ing careful not to lose the gaskets. In some
ingtances enough additional clearance can be
obtained by disconnecting the fuel header at one
Junction and holding it aside while lowering the
tappet housing,

The roller assembly, push rod, spring and
spacer are then removed ag an assembly out of
the tappet housing.

Disassemble and washparts in non-inflam -
mable solventand dry., Inspect springfor cracks
and roller and bushing for wear. Use new parts
if necessary.

Dip all parts exceptthe housing in lubricat-
ing cil. Replace spring spacer, spring and push
rod in the housing, Put the roller bushing and
cam roller in position. Insert roller pin and
roller pin gulde with the oil groove up as shown
on Illus. L.13.

Replacing

To replace the tappet assembly in the cyl-
inder block, insert the assembly, roller end up,
thru the hole in the block, The camshaft should
be positioned so that the cam is near but not
completely to high cam ae shown, Illus, L15.

Onengines previous to No. 968046, the lube
oil drain tube opening at the side of the housing
must be to the side leading to the nearest drain
header connection.

Raise the tappet assembly up so that the
niuts can be started. Use a pry lever to com-
plete the lift of the tappet assembly into place in
the cylinder block, Be sure no binding exists
in the housing to block fit when prying the as-
sembly into place. Move the pry lever up and
down with short strokes so that free movement
of the tappet assembly can be felt. This also
permits the springloaded tappet roller tolocate
itself in relation to the camshaft.

NOTE: The pry lever canbe made up from
bar stock or wood and should be installed
as shown in Illus. L16,

The roller guide pin must be free in the
tappet housing slot and lined up sc that a clear-
ance exists between the sides of the head of the
guide pin andthe slot in the housing. The clear-
ance need not be equal on both sides but must
be parallel. The guide pin will be free to move
when the roller is correctly aligned to the cam-~
shaft.

Bar the engine so that the camshaft makes
a full revolution. The roller must Iollow the
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cam with full contact and the guide pin must be
free and not contactthe sides of the housing slot
during the rise and fall of the roller,

If these conditions are not met, loosen the
nuts and shift the tappet assembly, Retighten
the nuts and repeat the procedure until the con-
ditions are as outlined above, Refer to Chapter
B for torque limit,

REPLACING THE INJECTION PUMPS

Be sure the tappet camroller is on lowcam
80 as to remove the spring pressure.

Replace the shims that were taken fromthe
injection pump body and assemble the pump to
the tappet housing. Tighten the nuts evenly to
the torque limits given in Chapter B,

Checking the pump vertical pogition is done
with the aid of the injection pump stroke gage.

To use this gage, remove the injection tube
and the purnp diacharge valve cage yvoke, cage,
valve and spring. Leave the valve seat and the
cage gasket in place, [llus, L7,

Insert the plunger, Illus, L12, thru the hole
in the discharge valve seat, with the beveledend
of gage in such a position as to be easily seen,
Tighten the thumb nut.

CAUTION: EXTREME CARE MUST BE
TAKEN DURING THE FIRST REVOLUTION
OF THE ENGINE AFTER THE INSTALLA-
TION GF A DIFFERENT PUMFP, THIS IS
NECESSARY TO PREVENT DAMACGING
THE PUMP BY THE CAM FORCING THE
FPUMP PLUNGER AGAINST THE DIS-
CHARGE VALVE SEAT IF INSUFFICIENT
SHIMS WERE USED BETWEEN THE PUMP
AND TAPPET HOUSING., STOP BARRING
THE ENGINE IF THE END OF THE 8TROKE
GAGE PLUNGER EXTENDS MORE THAN
LG30" BEYOND THESTROKE GAGE BODY,

Bar the engine over slowly ohserving the
travel of the stroke gage plunger until the plung -~
er reaches theend of the downward stroke. The
end of the stroke gage ?imgir should be flush
with the end of the gage body ~ , 005",

If the plunger extends more than . 005" be-
yond the end of the body, the pump body is too
close to the tappet housing. Correct this by
adding shims as necessary between these two
sub-assemblies, Shims are provided in three
thicknesses (. 007, .0149", and , 0598").

If the gage plunger does not come within
. 005" of the end of the gage boedy, the pump
body is too far from the tappet assembly and is
corrected by removing shims.

The pump body pasition can be set on the
first attempt without guesswork, by using a dial

LTI e

HOUSING

PRY BAR AND
FULCRUM

INJECTION NOZZLE
COMPARTMENT

I\  E—
[} —s S A s,

Illus. L16. Installing Tappet Assembly

indicator set up to read the exact shim thickness
required. Clamp the indicator in place in a
vertical position g o that the indicator contact
point bears on the end of the stroke gage body
and will also bear on the stroke gage plunger as
the engine is barred over.

Bar the engine pasthigh cam; the maximum
indicator reading is the correct shim thickness
to be used.

Attach the fuel header to the back of the
pump with the two capscrews; be sure the gasket
between the pump and the header is properly in
place. Tighten to torque value given in Chapter
B. .

Connect the tube from the upper drain head-
er and the injection tube to the discharge valve
cage. Engage the control rod pin with the in-’
jection pump rack adjusting collar.

FUEL INJECTION TIMING

Fuel is injected into the combustion space
near the end ofthe compression stroke, Proper
timing fo® the beginning of injection is accom-
pligshed by Setting the camshaits in correct re-
lation to the lower crankshaft. The injection
pump plungers will start their delivery stroke
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ey T . PLUNGER MARK ABOVE BODY MARK,
o 7 N\| ®  sukrs o move oown, .
a 2 PLUNGER MARK IN LINE WITH BODY MARK- L _)
EST READING. s
— B5.PLUNGER MARK MOVES BELOW BODY MARK,
‘ § { STARTS TO MOVE UR
4. PLUNGER MARK IN LINE WITH BODY MARK-
R{ ZND READING.
cmsm;;
15T READING 2ND READING DETERMINED
COUPLING POINTER ’/ HIGH POINT
OF CAM
a6 46 2
358
FLYWHEEL COUPLING ROTATION AND : o
MARKINGS VIEWED FROM ENGINE SIDE L\)
OF FLYWHEEL COUPLING.
2ND DETERMINED HIGH IST
READING POINT OF CAM READING
E|iEEI[HIIHHIIF%]”IIHI||§§|§¥§li§§§§|§|§.§§§F|1|IIH|
50 40 0 20 0 ‘ o 355
1.0.C. OF NO 1.

EXAMPLE OF FLYWHEEL COUPLING READINGS

o LOWER CHRANK
{1ST READING BEFODRE I1.0.C OR "071}

T
DIRECTION OF

ROTATION
1 DETERMINED MIGH
ZND READING POINT OF CaMm ST READING
[|§lli||§§i|§f§§||l§§|§l§§|§§I§|I§I§|III§!IFII|§§H[IIH{
50 40 30 20 19 0 358
EXAMPLE OF FLYWHEEL COUPLING READINGS ‘o9 A% 0 1051]
(IST READING AFTER 1.0.C. OR "0 "} [vesre oma]

Illus. L.17. Graphic Procedure to Determine High Point of Cam

a certain number of degrees before the pistons
reach the compression dead center, Refer to
Tllu=s, A2,

During the operations performed in setting
injection timing, always bar the engine in the
direction of rotation. If the setting is overrun,

It is imperative that injection timing be sst
as accurate as possible, as errors in timing the
engine greatly effect the performance of the en-
gine and locomotive, After determining a tim-
ing setting, it is recommended the setting be
rechecked before proceeding to the next step.

bar in reverse beyond the desired point and
again come up to the desired setting. This is
important as it takes up the slack of the timing
chain always in the same direction.

The fuel injection timing is checked by us-
ing the following procedure:
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Check the tension and condition of the tim-
ing chain. Refer toc Chapter H. The proper
relationship of the camshafts to the crankshafts
will be maintained when the timing chain is
correctly installed and the tension is as recom-
mended.

Check the crankshaft timing, The lower
crankshaft leads the upper. Refer to Chapter E
for crankleadvalues, Install the plunger stroke
gage on the No. 1 cylinder (opposite governor
injection pump side}.

As a starting poir&t)t, bar the engine until
pointer is at 15 to 20 before I.D.C. (340 to
345" coupling reading). In this position, the
plunger line should he abowve the line on the
barrel. Continue to bar the engine in the di-
rection of rotation until the hairline on the
stroke gage plunger lines up with the hairline
on the gage barrel. Record the reading indi-
cated by the coupling pointer.

Continue to bar the engine in the direction
of rotation until the plunger of the stroke gage
moves down to the bottom of the stroke and re-
turne to the position where the hairlines again
line up. Record the flywheel coupling pointer
reading.

The two flywheel coupling readings locate

7
LRANXSHAFT MDCKQI\ ; ! f$

FRECKEY MARKED:

LN CHAN. TOE TEETH BEVEEES \\,

ROLLEF CIUUR. YW TEETH
{(UTER EDOE:

HTERNAL TRENG
HREANGEMENT

AN LR WNE

TURNBUINLE
<

SWIMMETING ROD [Paraess TIMING GHAM
TIGHTENER ECSENTRE
Illus., L18.

"

7
/
TIGHTENER ECCENTRIG SHAFT W‘l’w/

points on the camshaft lobe equal distancge on
either side of the high point of the cam, Illus,
.17, Itie necessary to find the center between
these points with reference to inner dead center
of the lower crankshaft or "O" on the flywheel
coupling. The flywheel coupling markings are
shown extended as a scale and are examples of
typical coupling readings,

NOTE: The high point of cam should be
22-1/2 © 1/2° after 1.D.C. No. 1 lower
piston for &ngines with 12° crank lgad and
19-1/2 -~ 1/2" for engines with 15~ crank
lead.

If the flywheel coupling reading denoting
high point of cam as determined is not within
the specified limit, the timing of the camshaft
{opposite governor side} mustbe changed in re-
spect to the lower crankshaft

The difference between the high point of
cam as determined and the specified value will
determine if the camshafts timing is early or
late. If the determined value is less than the
specified value, the timing is early; if greater,
the timing is late. The difference hetween the
values is the number of degrees to advance or

MARLS OM THREE JOINTRNS

NUMBLRS §HOW PROCEDURE FoR
SOTIED : COURTING JOITEING
MING SPROZKET
;

i ‘ BHAFT
//, BRACHET 1Y
,/:M,, HARKED S0TH PINS

--------- SPROCKET MARI 0"
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T

Treeied LEVER

EXTERNAL TIMING
DEMVICE

Timing Lever Assembly
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retard the camshafts,

NOTE: Early timing requires the rotation
of the camshalt opposite the direction of
rotation. Late timing requires the rotation
of the camshaft inthe direction of rotation.

To change the timing the required number
of degrees, rotate the timing lever turnbuckle
one turn for sach degres in the dirsction as
indicated below. Refer to Illus. Li18.

Advance Timing {to make it earlier}., Ro-
tate turnbuckle clockwise, timing lever moves
toward centerline,

Retard Timing {(t¢ make it later). Rotate
turnbuckle counterclockwise, timing lever
moves away from centerline,

NOTE: On later engines an adjustable tim-
ing arrangement has been provided to en-
able timing adjustment to be made from
outside the engine.

To change the timing, remove the
cover plate and loosen the lockaut, Rotate
the timing adjusting nut in the direction as
indicated, {One turn changes timing ap-
proximately 1-1/ ZG,)

Advance Timing (to make it earlier).
Rotate nut counterclockwise,

Retard Timing {to make it later),
Rotate nut clockwise.
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Tius. L19. Injection Nozzle {¥. M, & Co.}

Remove the stroke gage and install on the
No. 1 cylinder (governor side} injection pump,

Proceed to check high point of cam for this
pump using method as ovutlined above.

If the flywheel coupling reading denoting
high point of cam as determined is not within
the specified limit, the camshafi sprocket must
be shifted in relation to the camshaft,

Slotted holes are provided in the camshaft
sprocket for adjustment. Loosen the stud nuts
and remove the dowsls {when used)], Be sure
the sprocket is loose on the camshaft, If the
timing is late, rotate the crankshaft opposits
the direction of rotation the required number
of degrees. Note the distance reguired to re-
move the slack in the drive,

INJECTION NOZZLE {F. M. & Co.}
Description

The differential pressure typefuelinjection
nozzle used on early engines consists of a
needle, needle sleeve, nozzle tip, filter, push
rod and spring, The injection nozzle needle
sleeve i8 cooled by water flowing around the
adapter from the cylinder liner. The water in
admitted tothe adapter water jacket thru a water
passage or groove in the cylinder liner, Illus,
119,

Operation

On the down stroke of the injection pump
plunger, fuel at high pressure enters the injec-
tion nozzle thru the injection tube and is forced
thru the nozzle filter. This filter removes any
foreign matter which has passed thru the main
fuel filters and which might clog the small holes
in the nozzie tip. See Illus, 122,

The filter built intothisnozzle is extremely
simple. The filter is a close fit in the nozzle
body with a space of ,0015" to , 0035" allowed
for the passage of fuel from one longitudinal
groove to the other,

The longitudinal grooves are connected al-
ternately with the annular groove, Thus the
fuel entering this annular groove is forced thra
the minute ¢clearance between the filter and the
nozzle body into the longitudinal grooves con-
nected to the end of the filter.

The filtered fuel is forced on thru the flutes
and holss in the needle sleeve and enters the
chamber at the end of the needle. The fuel un-
der pressure, acting against the face of the
needle at the valve seat and at the shoulder 1iit
the needle from its seat.

This action is counteracted by the spring
thry the push rod, The fuel pressure will exceed

p
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the spring pressure and fuel will pass thru the
holes in the nozzle tip and be injected into the
combustion space of the cylinder in a fine spray.

The high pressure of the spring and fuel
acting on the needle makes its action extremely
fast. The needle is opened when the fuel pres-
sure from the injection purnp exceeds the spring
load. It is closed when the fuel pressure drops
helow that required to hold it open. The differ-
ential pressures insure quick opening and clos -
ing of the needle and eliminate dribbling oxr
leaking.

Removing Nozzle from Adapter

Disconnect the injection tube from the fuel
injection purmp and the draintube to lower drain

ABRANGEMENT fOR
YESTING INJECTION
BRILE

PRESSURE
GAUBE

’ e,
oty

header. Take cif the two nuts securing the in-
jection nozzle body to the adapter collar. The
nozzle should nowbe sasily removable from the
adapter. However, if it is inclined to stick,
pry out the body gently until it is released from
its seat in the adapter., Insert a bar or screw-
driver between the nozzle body and the adapter
collar.

The nozzle canthenbe removed for testing,
Check the adapter in thé cylinder liner from
which the nozzle was taken, If the adapter is
dirty, wipe away the carbon deposits., If the
nozzle or adapter is dirty the probable cause is
that the gasket betwesen the nozzle body and
adapter is leaking. Cleanthe nozzle and adapter
and install a new gasket. Use graphite grease
to paate the gasket to the seat, Be careful not

EEM G Ry

SLEEVE WRENH(H

BETAN. OF PUMD SO0V

ek Catl

e e ﬂﬂ//’

Nlus, L20, Injection Nozzle Test Pump
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Mlus. L21. Testing F. M. & Co, Nozzle

to injure the nozzle seat. If it is necessary to
remove the adapter, see Chapter D,

Testing the Nozzle

When working under unfaverable conditions
{dirty fuel}, the injection nozzle may become
dirty. If a nozzle is suspected of not function-
ing properly, it should be removed and tested
on the test pump,

Set the nogzle into the pump, as shown in
Illus, L20. Connect the cil supply tube from
the purnp pressure gage to the nozzle injection
tube fitting, as shown. Operate the pump uantil
the fuel is ejected from the nozzle in a fine
gpray.

Then pump with a slow, even stroke so that
a continuous uniform popping occurs. While
pumping slowly, the highest pressure indicated

Nowslo
Tip Holes

Flat
Surface

Illus. LZZ. Injection Nozzle Tip

on the test pump gage is the pressure at which
the needle valve opens.

The correctopening pressure is 30460 (+200,
-000) lbs. Pressure readjustment ia made by
adding or removing spring retainer shims,
Shimse of . 004", ,0149", and .0299" are fur-
nished. These will change the pressure approxi-
mately 100, 400 and 1000 1bs. respectively,
Refer to Illus. Li9,

If the pressure indicated on the gage is low
it is possaible that:

The spring setting is not correctly adjusted,
The needle valve is stuck partially open.
The spring is weak or broken,

Worn moving parts.

If the pressure indicated onthe gage is high
it is probable that:

The spring setting is high,
The holes in the tip are clogged.

CAUTION: KEEP HANDS AWAY FROM
THE NOZZLE SPRAY AS THE OQIL 18
EJECTED WITH SUFFICIENT FORCE TG
PUNCTURE THE SKIN AND MAY CAUSE
BLOOD POISONING.

Testing for Leaky Needle Valve

Pump the pressure up to 2800 lbg, and hold
this pressure momentarily, If drops of fuel
collect at the nozzletip, the needle valve leaks.

Part Replacement

The injection nozzle is a precision assem-
bly. The manufacturer recommends that the
injection nozzle be returned to the factory for
proper servicing by persons gpecially trained
in handling the precision parts. The nozzle
should not be disassembled in the field before
returning it to the factory. Contact the Loce-
motive Bervice Department.

Care of Injection Nozzle Tesat Fump

The injection nozzle test pump will rarely
require attention other thap periodic testing of
the pressure gage.

The aleeve wrench, Illus. LZ0, provided
with the pump, i used for removing and replac-
ing the pump sleeve.

For teating injectionnozzles, the tesat pump
should be filled with fuel oil to the level indi-
cated., Care should be taken to use only clean,
filtered oil of the same specifications as for
the engine,

),
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NOZZLE FUEL PLUG

SEAL RING

ADAPTER WATER JACKET

GLAND RING GASKET

GLAND RING WATER JACKET GASKET

NOZZLE ADAPTER

- ——NOZZLE HOLDER GASKET
NOZZLE TIP GASKET

[—NOZZLE

TAPPED HOLE FOR PULLER{+]
s
NOZZLE HOLDER -——-‘—"“;/

V)
(1

SLEEVE COLLAR GLAND NUT

Illus., L23.
Cleaning the Nozzle Tip

The spray holes in the nozzle tip, Illus,
L22, can be cleaned by soaking the nozzle in a
solvent such as alcohol for several hours. Re-
place the nozzle in the test pump and flush out
the holes., If the tip holes cannot be cleaned,
replace the tip.

Replacing Nozzle in Adapter

Use a new injection nozzle body gasket.
Line up the nozzle so that the flat is in a hori-
zontal position with the fuel inlet down., Push
the nozzle into the adapter. Replace the nuts
on the two studs to hold the nozzle to its seat in
the adapter. The nuts must be tightened evenly
to 35-40 ft. lbs. torque to avoid distortion of
the nozzle body; excessive tightening will dam-
age the inner end of the adapter. Reconnect the
tubing.

INJECTION NOZZLE {Pintle}
Description

The pintle fuel injection nozzle is an out-
ward opening, differential type nozzle which is
hydraulically operated by fuel from the injec-
tion pump.

The nozzle assembly is held in place by the
nozzle fuel plug as shown in Illus. L23.

The nozzle assembly contains all of the

ADAPTER GASKET
CYLINDER LINER

$9 AFB 3B C

WATER JAGCKET

Nozzle Assembly in Place in Cylinder

working parts of the nozzle. It is a replaceable
unit and contains a pintle, spring hanger, adapt-
er plate and spring all assembled in the nozzle
body.

Operation

From the fuel injection pump, metered fuel
under high pressure is delivered to the nozzle
assembly. Here, the fuel passes thru holes in
the adapter plate, and thru flow holes in the
spring hanger to the valve seat. The pintle is

ADAPTER PLATE SPRING

SPRING HANGER

PINTLE BODY

Illus. L24. Cross-Section of Nozzle Assembly
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IHlus, L2Z5. Testing the Nozzle

held tightly on its seat in the body by the force
of a spring acting on the spring hanger in which
the other end of the pintle is fastened. Refer to
Illus. LZ4.

When the pressure of the fuel exerted onthe
pintle at the seat is sufficient to overcome the
force of the spring, the pintle moves outward
and the fuel flows past the seat,

After passing the seat, the high pressure
fuel is applied on the increased pintie area
which rapidly accelerates the outward movement
of the pintle unti] it is stopped either by contact
ofthe spring hanger with & shoulder inthe spring
cavity of the body, or its motion ia arrested by
a reduction in fuel pressure. The portion of
the pintle adjacent to the outermostend is coni-
cal in shape, providing an increasing flow area
between the diameter of the body bore and the
pintle, a3 the pintle moves ocutward. The maxi~

Illus, L26, Pushing Nozzle from Holder

mum outward movement of the pintle i8 con-
trolied by a shouider in the spring compartment
of the body. The pintle will remain in the open
position until the guantity of fuel metered by the
pump is injected, then the fuel pressure will
drop and the spring will return the pintle to its
seat,

Servicing

The high velocity of the fuel flowing past
the seat and orifice of the nozzle tends to cause
eromion of the surfaces and edges, which will
be rapidly accelerated if dirt particles are not
properly filtered from the fuel. Consequently,
ample filtration and freguent and careful clean-
ing of filter elements in the fuel system is eg-
sential for long and efficient life of the equip~
ment.

Unsatisfactory engine operation caugzed by
defective nozzles is sometimes indicated by
excessive exhawust smoke, by excessive fuel
consumption, and/or by crankcase dilution. It
should be borne in mind that other conditions
may cause unsatisfactory operation with the
same indications. Therefore, always check the
nozzles in the hand te st stand hefore deciding
that they are the cause of the trouble.

Nlus, L27. Using Knock-out Tool

»
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Ilus. LZ8. Nozzle with Worn Pintle

Removal

Before disturbing the injection tube con-
nections clean the connections with fuel oil and
wipe dry with a clean cloth. The assembly may
be removed with the puller assembly after re-
moving the slegve collar stud nuts and discon-
necting the injection tube.

During the process of removal, do not
strike the end of the nozzle assembly against
any hard surface which may nick or otherwise
damage the nozzle or bhody, Cover the open end
of the injection tube to prevent entry of dirt
Cover the nozzle hole in the cylinder liner,

Testing

To test the nozzle assembly, first attach it
to the test pump by connecting the tegt pump to
the fuel inlet fitting of the nozzle assembly.

Prime the test pump by using very quick
strokes of the handle until fuel is ejected from
the nozzle. Refer to Iilus. LZ5.

WARNING: Keep hands away from the
nozile spray as the oil i ejected with suf-
ficient force to puncture the skin and may
cause blood poisoning.

The purpose of a nozzle test stand ig to
measure the opening pressure and to observe
the aeat leakage and spray pattern.

T o measure the valve opening pressure,
push the operating handle downward and observe
the pressure at which the valve opens.

The valve opening pressure of a new nozzle
shouldbe 1450 to 1650 pei. Always check a new
nozzle for opening pressure before placing it in
service. There is no method of adjusting the
opening pressure on these nozzles. New nozzle
should be returned to the manufacturer if the

opening pressure is below 1450 pei. Nozzles
which are checked after a period of use may
have a minimum opening pressure of 1350 psai,
{this pertains to nozzles stamped ADEIORI11},

Te¢ measure seat leakage, bring the fuel
preasure to 1300 psi for used nozzles or 1400
psi for new nozzles and ocbaserve the fuel leakage
at the nozzle tip. A nozzle is considered patis-
factory if the leakage is less than 8 drops per
minute or if the seepage is slight. If the fuel
appears to Yrun* out thru the body hole, or
forms heavy drops of fuel that drip off the end
of the pintle, the leakage would be considered
excessive. No leakage should be noted between
the nozzle and the holder parts during operation
on the test stand,

To observe the spray pattern, operate the
pump fairly rapidly (2 strokes per second} and
observe the spray pattern. . The spray should
be uniform, cone shaped, finely atomized and
free from “stringers” {side sprays}. The cuf~
off {valve closing) should be sharp,

If fuel oil impurities have ercded or cor-
roded the pintle or seat, the pattern will be
made up of a coarse, non-uniform, irregular
apray,

Removal of Nozzle from Holder

The following steps should be taken to re-
move the nozzle from the holder.

Remove fuel plug from holder.

Place nozzle holder in vise (with copper
jaws or wood blocks) and press nozzle in flush
with end of holder, as shown in Illua. L.26.

Use knockout tool, Illus. 1L.27, to remove
nezzle the reat of the way from the helder.

Care should be exercised so that the lapped
faces between the nozzle and plug are not dam-
aged, The copper gasket between the shoulder
and nozzle holder should be removed if it ap-
pears to be damaged,

Ilus. L29%9. Removing Adapter Plate
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INlus. L30. Bequence of Tool Positions to Release Pintle

Disasgembly, Inspection and Repair

The following steps should be taken to dis-
assemble a nozzle,

Clean external parts of nozzle with clean
cloth and solvent., Never use hard or sharp
toole of any kind to clean end oinozzle, Serious
damage may result to the surface of the pintle
end.

NOTE: If inspection of the nozzle prior to
disassembly shows the end of the pintls da-
pressed into the body in excess of , 0037,
no attempt should be made to repair the
nozzle as such a condition is indicative of
excessive wear. The nature of the wear is
such that it will nullify any reconditioning
measures, Refer to Illua, LZ28.

Remove nozzle adapter plate with special
clamping tool shown in Illus. L29.

Place nozzle assembly in tool fixture and
tap gently back and forth with a brass rod ap=
proximately 1/2% in diameter and &" longuntil
body i8 removed from adapter plate. DO NOT
USE KNOCK-OUT TOOL FOR THIS OPERA-
TION.

Remove pintle with nozzle assembly tool,
No. TSE-7777 and the assembly plate No, TSE-
7778, 'The tools are shown in position on Illus,
130 and L34, On nozzles ADEIORIIEB, it will
be necessary to grind the pilot end of the tool
to reduce the diareter approximately , 020V,

After the pintle has been removed {rom the
body, wash parts in solvent and blow dry,

To correct the seat leakage, the pintle may
e carefully lapped to the body zeat. Apply fine
lapping compound {(American Bosch #BM 10007
or equivalent) to the pointed end of a wooden
stick and apply on the body seat from the adapt~-
er plate end of the body, shown in Illus. L31.

It is important that neo lapping take place

Ilus. L.31. Applying Lapping Compound

O
i
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PINTLE LAPPING TOOL
BUSHING

------

LAPPING TOOL
PINTLE HOLDER

NOZZLE
80DY

7122R
Mlus. L.32. Nozzle Lapping Tool

between the end of the pintle and the body ori-
fice, The original factory clearance between
these two parts must be rmaintained,

CAUTION: The pintle nozzle is a precigion
piece of equipment. It is poesible when repair-
ing a malfunctioning nozzle tooveriap and widen
the pintle seat contact, The procesgs is to clean
rather than lap, If the seat becomes too wide,
it will slow the opening and cut off action of the
nozzle and may allow cycling of the nozzle dur-
ing operation of the engine. It is natural to as-

sume that the opening pressure of a nozzle will
increase when a nozzle is repaired but the in-.
crease phould never bring the nozzle opening
pressure above the limite of a new nozzle, Do
not overlap a nozzle,

Install the lapping tool bushing into the
nozzle body., Hold the pintle flush with the face
of the nozzle body as the lapping tool holder is
pushed onto the pintle, Illus. L3Z. Rotate the
holdar with a slight pull for approximately one
minute to lap the pintle and body seata. HMHold
the bushing tight in the body while lapping,
Thoroughly clean the pintle and body.

Reassembly of Nozzle

If all parts of the assembly appear to be in
satisfactory condition, replace the pintle in the
body. It should be free and should seat with the
pintle end flush, or within .003" minus of the
body face,

Reassemble the spring and spring hanger
in the body making sure the hanger pintle stem
seat iz on the top. Use assembling tool to re-~
place pintle in pesition as shown, Illus. L33 and
L34,

Press adapter plate into body. For this
operation, the body and adapter plate may be
pressed in a vise between two blocks of wood,
Never harnmer the adapter into place, and at

.3 !
£
. -

139000

Illus. L33. Sequence of Tool Positions to Replace Pintle
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Illus. L34, Nozzle Assembly Tool in Position

all times protect the lapped surface from hard
sharp objects.

In case the lapped surface ontop of the noz-
zle adapter plate or the end of the fuel plug is
damaged, they can be relapped separatelyona
iapping plate with medium or fine lapping com-
pound. Never lap the adapter plate without first
removing it from the nowzzle body. This elimi-
nates the danger of excessgive lapping compound
entering the inside of the nozzle,

Retesting the Nozzle

Refer to previous section "Testing" for
procedure,

If the opening pressure is low, it may be
caused by seat leakage. Seat leakage may be
corrected by relapping. If the second lapping
operation does not correct the leakage discard
the nozzle.

Installation

When replacing the nozszle, the nozzle hold-
er collar must be installed over the fuel plug
before the plug is inserted intothenozzle holder
adapter. Fit the collar on the studs as the noz-
zle holder isingerted into the adapter. Be sure
that the ecribed line i8 in a vertical position
when the nozzle aasembly is on the engine, I1-
s, L3, Also, the assembly muat be installed
8o that the nozzle will spray to the right of the
cylinder asviewed from each side of the engine.

Tighten the noszzle fuel plug to 40 ft. lbs.
torque and the collar stud nats to 35.40 ft, 1lbs,
Hold the nozsle fuel plug with a wrench when
tightening the fusl connection.

Storage

If a nozzle assembly is to be stored, pro-
ceed as followa:

1. Remove all carbon depoaits.

2. Connect the nozgle assembly to the test
pump which has been filled with a rust preven-
tive compound puch as "Tectyl No. 502."

3. QOperate the test pump for a sufficient
number of strokes to insure complete removal
of all fuel oil from the nowzzle and the substitu-
tion of the rust preventive,

4. Coat the exterior of the nozzle assem-
bly with the rust preventive,

5. Wrap the nozzle in oil paper.

When a nozzle assembly hasbeen in storage
for a long time, it is possible some gumming
of the rust preventive has occurred. DBefore
installation of thenozzle in the engine, it should
be connected to the test pump which has been
filled with fuel nil, and the nozzle should then
be thoroughly flushed with the fuel wil.

Test Stand Maintenance

Fuel oil supply should be changed at least
every 30 days and fuel reservoir thoroughly
cleaned out.

Fuel redervoir should always have a filter
screen with a chamoeis skin directly beneath it
for proper fuel filtering.
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Check pressure gage every 30 days.
CYLINDER DUMMY PLUG {If uged)

Each four hole liner is provided with two
water cocled dummy plugs and adapters. These
are used to fill openings jn the cylinder liner,
The same servicing and gasket replacement in~
structions apply to these plugs and adapters as
to the injection nozzle adapters,

INJECTION PUMP FUEL CONTROL

Adjustments to the fuel control mechanism
are made 8o that the lead is balanced between
the engine cylinders and that the engine will be
supplied sufficient fuel as indicated by the gov-
erncr. The adjusiments are related to the cor-

rect setting of the governor and linkage,

Setting of Pumps

Refer to the following: -
A,

D.

Engines UYsing Type SI - Woodward
Governor -~ Chapter Ma - Governing

Syatem

Engines Using Pneumatic - Hydraulic
Woodward Governors - Chapter Mb
and Md Governing System

Engines Using Electro-Hydraulic
Woodward Governors - Chapter Mc -

Governing System

10 Cyl, Erie Built - Gen. Elec.

Governors - Se¢, 208.4 - Maintainer's
*Manual, Bulletin No, 2402,

SETTING FUEL CONTROL ARM STOP
{TORQUE LIMIT) SCREW

a. Adjustment of the fuel control arm stop
{torque limit} screw "E," Illus. L34, is made 8o
as to provide 8 maximum rack setting for the
injection pwmps, These settings are specified
in the "Load Limit" columns of Table 1,

b. Loosen the fuel control arm stop screw
UEY to remove interference with the fuel con-
trol arm.

¢. Disconnect the governorlinklever from
the governor and move up so that the rackposi-
tion as read is higher than values shown in Ta-
bie 1, ’

d. Lower the governor link lever slowly
until the rack positions specified in the "Load
Limit" column of Table 1 are reached.

e, When the setting is correct, turn the
fuel control arm stop {torque limit} screw up
against the Iuel control arm and lock in place
with the jamn nut and seal.

SETTING LOW QIL PRESSURE SHUTDOWN
{Early &6 Cyl, Engines Only)

With the engine in "no fuel” trip the over-
speed stop. Adjust the control srm adjusting
gcrew "D' on the fusl control arm to give a

TABLE 1 - For reference in checking Operating Conditions, the approximate settings of the in-
jection pump racks are given in the following table.

Oifset Fuel Control Arm

. % BHP ¥ull Load Load Limit
Engine *i}il?rfzgii %ﬁii Engine Control Qpposite Total Rack
Qutput Side Control Side Position
b cyl. 10606 1075 7 7 15
& cyl. 1200 1275 8 B 17
8 cyl. 1500 1620 7.7 7.3 14
8 cyl. 1600 1720 8 8 17
10 cyl. 2000 2120 8 8 17
10 eyl. §Erie Built Locomotives
12 cyl. 2400 2580 8 8 17
Center Pivot Fuel Control Arm
& cyl, 1200 12758 8 8 17
& cyl, 1600 1720 8 8 17
10 cyl. 2000 2120 8 B 17
12 cyl. 2400 2580 8 8 17

% In addition sngine will be pulling auxiliary horsepower.
§ Refer to Sec. 208.4 - Maintainer's Manual - Bulletin No. 2402.
%% Refer to Maintenance Bulletin Sec. 206C for procedure to determing engine horsepower,



Sec. 308 - Page L24
Feb,, 1956

Supergedes Sec, 308 - Page L24
March, 1954

Dissel Engine - Fuel System

clearance of 1/32" between the piston rod and
the adjusting screw. After adjustment is made,
lock the jam nut.

SETTING FUEL CONTROL ARM TO CUT-
OUT LEVER ADJUSTING SCREW

4. BSet the governor to "full-fuel” position,

b. Trip the emergency stop push button,
The fuel racks will then be in 'mo fuel"
position.

¢, Adjustment should be such that there
will be 1/16' orless clearance between
the fuel control arm adjusting screw
“D'" and the fuel cutout lever button.

PLUNGER ROD-._
ADJUSTIRG NUTSZ

FUEL CUTOUT LEVER

gy

GOYERNOR STOP RCD
STOR ROD SPRING -

JAM MUY
LOCKWASHER

o

GOVERNOR CONTROL SHAFT

Set jam nut after making adjustment,.
SETTING ENGINE S8PEED

Idling (350 rpm for 6 cylinder engines with
epring coupling vertical drive: 300 rpm: for 6
cylinder engines with quill shaft vertical drive
and all 8, 10, & 12 cylinder engines), '

Full Speed {800 rpm for early 6 cylinder
engines; 850 rpm for later 6 cylinder and all 8,
10 and 12 cylinder engines). Refer to Chapter
Ma, Mb, Mc, or Md.

Refer to Bulletin 4401 "Electrical Equipw
ment Manual® Sec. 414. 1 for settings on the 10
Cyl. Erie Built Locomotives.

uuuuu OVERSPEED GOVERMOR WEIGHT
— OVERSPEED GOVERROR LEVER

e NOL | CYLBNDER IJECTION PUMBS e
FUEL CONTROL ROD !

/

FUEL CONTRCE ARM

i TReE

CONIROL ROD PLUNHGER

Illus. L35. Fuel Control Linkage Adjustment
Center Pivot Fuel Control Arm Shown
Offset Fuel Control Arm Used Previous to Engine No. 963984

»,
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CHAPTER Mc.

GOVERNING SYSTEM

This Chapier is applicable to the following Electro-Hydraulic Woodward governors.

360310 governors have an adjustable load
control cam and 30.5 ohm resistor pack,

360244 governor is 2 basic puneumatic~
hydraulic 360373 governor with electric speed
control pack.

360594 governor is the 360244 governor
with straight link load contrel.

3608595 governor is the 360310 governor

with:
a. Biraight link lead comntrol
b. Owverriding solencid controlled
fast dump
360685 governor is the 360310 governor
with:
a, 44 ohm resistor pack
b. Straight link load control
c. Qverriding sclencid controlled
fast dump
360964 governor is the 360310 governor
with:
a. 44 ohm resistor pack
b. Straight link load control
¢, Overriding solencid conirolled
fast dump
d. Fuel servo stop
e. 12 Pt. Pyle National connector
360965 governor is the 360310 governor
with:
a. 44 chm resistor pack
b. Straight link load control
c. Overriding solenoid controlled
fast dump
d. Fuel servo stop
e¢. 12 Pt. Pyle National connector
i. Fixed vane regulator timing orifice
360967 governor is the 360310 governor
with:
a. Siraight link load control
b. Overriding sclencid controlled
fast dump
¢. Fuel servo stop
d. 12 Pt. Pyle National connector

360975 governor is the 360310 governor

with: .
a. Straight link load control
b. Overriding solenoid controlled
fast dump
¢. Fuel servo stop
d. 1Z Pt. Pyle National connecior
. Fixed vane regulator timing orifice
361108 governor is the 360310 governor
with: .
2, 44 ohm resisior pack
b. Stiraight link load control
¢. Fuel servo stop
d. 12 Pt. Pyle National connector
e. Fixed vane regulator liming orifice
361210 governor is the 360244 governor

with modification to:

a.
b.
361210

Straight link load control
Fixed vane regulator timing orifice
governor is the 360594 governor

with modification to:

a.
361211

Fixed vane regulator timing orifice
governor is the 360310 governor

with moditication to:

a. Straight link load control
b. Fixed vane regulator timing orifice
¢. Overriding solenoid controlled
fast dump
360211 governor is the 360595 governor

with modification to:

a.
361212

Fixed vane regulator timing orifice
governor is the 360685 governor

with modification to:

a. Fixed vane regulator timing orifice

361513 governor is the 360310 governor
with:

a2, 10.7 vhm resistor pack

b. Straight link load conirol

c. Fixed vane regulator timing orifice

d. Load control pilot valve cutoff with

55 psi opening pressure
e. Maximum field start
f. BSpring ballhead drive

Refer to the following Chapters and Bulletina for settings of cther types of Governors.
Chapter Ma. Type 51 Woodward Governor
Chapter Mb. Pneumatic-Hydraulic Woodward Governoer {(Early Types - p:ev:eus to 3606848)
Chapter Md. Pneumatic-Hydraulic Woodward Governors (360686 and later types)

Bulletin 2402 and 4401 for the General Electrie Governor

GENERAL

The Electro-Hydraulie governors are nor-
mally isochronous (that ia, if the engine is not

overloaded, it maintains the same speed re-
gardless of load, except at the instant the load
changes} with auxiliaries added for load con-
trol, low oil pressure shutdown, and hydraulic
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Nlus. Mcl. Governor Insinlled on Engine

speed conirel, conirolled thru an arrangement
of elecirical] solencida. The governors are
temperature compensgated to limit the speed
droop to & rpm for 1007 F. temperature rise of
goveraocr oil.

For purpose of designation, the front of the
governor is the end having the indicating plate
and power piston assembly. All descriptive in-
structions referredto inthisinstruction agsume
that the observer views the governor with the
indicating plate and power piston assembly to
the viewer's left, and the shutdowndevice to the
back, away from the viewer. This is the actual
manner in which the unit is installed on the en-
gine.

INSTALLATION

When the governor is installed on the en-
gine, particular care shouldbe exercised to see
that the drive connection tothe engine is aligned
properly. Bolt the governor to the governor
drive base, making sure the gasket is in place.
The linkage from the governor to the fuel sya-
temn must be aligned properly. Friction or lost

motion must be eliminated. Before mounting,
make certain that the Unibal bearing in the
governor end of the "J" bar moves freely. The
pin must slide freely into the "J'" bar and gov-
erncr clevis without any prying or additional
alignment; if it doesmnot, check the engine over-
speed reset lever {0 see that it is engaged. Af-
ter counecting the governor, check the power
piston gap and fuel control mechanisms as out-
lined under "Engine Adjustments." Conmnect the
oil pressure¢ line to the oil pressure shutdown
device.

Flug in elecirical receptacle for the gov-
ernor control apparatus.

Fill the governor with & good grade of SAE
30 oil for ordinary temperature conditions.

NOTE: Governors with fixed load regulator
timing orifice are calibraied using SAE 30
oil. A swiitch to lighier or heavier oil
should only be made when the rate of vane
servo movement, under normal operating
temperatures (nngine warmed up), varies
' appreciably from the normal rate. {The
normal rate is 7 seconds increase, mini-
mum to maximum field, and 14 seconds
decrease, maximurn to minimum field.)
he increase rate shouldnot vary more than
- 2 geconds from normal and the decrease
rate not more than - 4 seconds from nor
mal.

Governors with external load regulators
(360244, 360594, etc.) modified by adding the
fixed orifice should use SAE 40 oil except under
extreme cold conditions. The normal rate is 9
seconds increase, minimum to maximum field,
and 18 seconds decrease, maximum tominimum
field, with 140°SAE 40 oil., The increase rate
should not vary more than - 2 seconds and the
decrease rate not movre than - 4 seconds from
normal.

The oil must not contain additives which
are used to free up rings, remove carbon, etc.,
unless a non-foaming additive is also present.
The il should not foam or sludge excessively
when agitated, or form a gummy deposit when
heated. Use clean new o0il or filtered oil. Al
containers must be clean and be rinsed witha
light grade fuel oil or kerosene before using.

Keep the governor oil level between lines
in the oil gage when the engine is running. @il
may be added to the governor thru the oil filler
cup. Add the oil slowly o avoid over-filling.
0il level above or below the lines on the gage,
when running, will cause aeration of the oil re-
gulting in a hunting condition.
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Illus. Mc2. Front and Left Hand Side View

of Governor
ENGINE ADJUSTMENT

{Applicable to engines previous to
engine No. 963984 with OFFSET
fuel control arm, Illus. Mcd.) .

Injection Pump Overtravel Check

It is important that injection pumps with
rack stops have proper overtravel for satis-
factory governor operation. Overtravel can be
checked with the pump on or off the engine.
Press the rack stop, Illus. Mc3, against the
pump body and note the maximumn rack reading.
The maximum rack reading must be 8-3/4 rack
or hunting is likely at full load (8 rack} opera-
tion. The 3/4 rack overtravel must be main-
tained.

If the maximum rack reading is not 8-3/4
rack, remove the collar and shim as required
to 8-3/4 rack. The collar must be square to
the pump body and not bind the rack.

Fuel Control

The adjustment procedure is started with
the governor connected to the fuel control me-
chanism and the governor power piston im the
UNo Fuel' position.

It is important that fuel rack adjustments
be made very carefully as a slight error can

cause hunting at full load.

Raise the governor power piston by means
of the governor power piston jack (Illus. Mcé,
No, 32} until 2 3/8" dimension is reached be-
tween the governor body and governor piston
rod coupling. Use a gage. This is important.

Check the fuel control linkage for binding
and check each injection pumprack for sticking.
Also be sure the torque limit serew '"E, * Ilus.
Mc4, is not limiting the rack travel toless than
17 total rack reading. (All units other than
1000 and 1500 HP units. )

Set the No. 1 injection pump on the oppoasite
governor side of the engine a0 2 2-11/16" mea-
surement is obiained between the inner face of
the conirol] rack adjusting collar and the body
of the pump adjacent tc the pointer. This di-
mension is shown in Hlus. Mc3, Bend out the
ears of the square lockwasher located on the
governor stoprod adjustment inside the exhaust
end cover on the opposite governor side. Loos-
en the jam nut and turn the hexagonal head
screw “A' in or out on the threaded adjusting
rod end. When a 2-11/16" measurement ia ob-
tained, tighten the jam nut, and bend down the
ears of the square lockwasher. Adjust the No.
1 pump on the opposite governor side to rack 8
by turning the adjusting screw "B' in Illus. Mc3.

Set the No. 1 injection pump on the governor
side so a 2-11/16" measurement is obtained
between the inner face of the confrol rack ad-
justing collar and the body of the pump, turning
the fuel rod link adjusting screw "C" in Hlus.
Mc4 to obtain the 2-11716" distance. The fuel
red link adjusting screw is part of the fuel rod

POINTER ——rrecy 8

|

I

RAGK STOP

i MACHIKED FACE

- ADJUSTING COLLAR R

Z38BR-D1

Illus. Mc3. Fuel Injection Pump Adjustments
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LATCH
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PLUNGER ROD
ADIUSTING HUTS

FUEL CUT-QUT LEY

o

GOVERNOR STOP ROD
STOP ROD SPRING .

"

Hius., Mc5.

spring link which connects the fuel control arm
to the e¢ontrol rod on the governor side of the
engine. When this seiting has been made, ad-
just the purmnp to rack 8 by turning the rack ad-
justing screw "B' in I[llus. Mc3.

Adjust all the pumps to rack 8. Be sure
the rack collar is not turned when the rack is
adjusted.

Reduce the rack position on the pumps by
meansa of the power piston jack. As the No. 1
governor side pump reaches the zero position,
the No. 1 opposite governor side pumps should
be at approximately 3-1/4 rack.

With the governor in the "At Rest” posi-
tion, check the rack position on both sides of
the engine. Racks on the governer side will
read zero, racks on the opposite governor side
should be from 3/4 to 1 rack.

Injection Pump Overiravel Recheck

Jack the governor power piston t¢ the end
of travel. (On governors with internal fusl

GOVERNDOR CONTRCL SHAFT

- QVERSPEED GOVERNOR WEIGHT
-~ QVERSPEED GOVERNCR LEVER

= WG T CYUINDER INJECTICN PUMPS mmssnny
rmm?‘lé& CONTROL ROD

FEL CONTROL ARM

LI

CONTROL ROD PLUMGER:

Fuel Control Linkage Adjustrments
(CENTER PIVOT Fuel Control Arm)

stops, 5/16' power piston gap corresponds to
8-3/4 fuel rack.}

Check the pump racks. Each pump should
be at B-1/2 rack. If pumps are not at 8-1/2
rack, adjust the torque limit gcrew "E, ! Illus,
Mc4, to give 8-1/Z rack on each side or a total
of 17 rack (all unita other than 1000 and 1500 hp
units}. Refer to Chapter L for complete set-
tings.

Disengage the control rod plunger from the
adjusting collar and check settings of rack
stop. With the rack stop against the pump
body, the rack should read 8-3/4, To ad-
just the rack atop, remove the collar and shim
as required to read 8-3/4 rack. BRe sure the
collar is square to the body and does mot bind
the racks.

If settings have beenmade on a cold engine,
the adjustments should be rechecked after the
engine hasbeen brought up to temperature. Al-
80, check for correct full engine apeed before
readjusting full load governor piston gap and
fuel rack setting.
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ENGINE ADJUSTMENT

{Applicable to Engine No. 963984 and
all thereafter with CENTER PIVOT
fuel control arm, I[llus. Mc5,)

Injection Pump Overtravel Check

It is important that injection pumps with
rack stops have proper overtravel for satis-
factory governor operation. Overtravel can be
checked with the pump on or off the engine.
Press the rack stop, Illua. Mc3, against the
pump body and note the maximum rack reading.
The maximum rack reading must be 8-3/4 rack
or hunting is likely at full load (8 rack) opera-
tion., The 3/4 rack overtravel must be main-
tained..

If the maximum rack reading is not 8-3/4
rack, remove the collar and shim as required
to 8-3/4 rack. The collar must be square to
the pump body and not bind the rack,

Fuel Control

The adjusiment procedure is siarted with
the governor connected to the fuel control me-
chanism and the governor power piston in the
"No Fuel" position.

It is important that fuel rack adjustments
be made very carefully as a slight error can
cause hunting at full load.

Raise the governor power piston by means
of the governor power piston jack (Illus. Mc6,
No. 32) until a 3/8" dimension is reached be-
tween the governor body and governor piston
rod couplings. Use 2 gage. This is important.

Check the fuel control linkage for binding
and check each injection pump rack for sticking.
Also be sure the torque limit screw VE, * [llus.
Mc5, is noi limiting the racktravel to less than
17 total rack reading. (All units otherz 1000
and 1500 hp units. )

5et the No. 1l injection pump on both sides
of the engine so a 2-11/16" measurement is ob.
tained between the inner face of the controlrack
adjusting collar and the hody of the pump adja-
cent t¢ the pointer. This dimension is shown
in [Llus. Me3. Bend out the ears of the sguare
lockwasher located on the governor stoprod ad-
justment inside the enhausiendcover on the op-
posite governor side. Loosen the jam nut and
turn the hexagonal head screw "A® in or out on
the threaded adjusting rod end. When a 2-11/16"
measurement is obtained, tighten the jam nut,
and bend down the ears of the square lockwasher.

When this setting has been made, adjust
the No. 1 pump on both sides of the engine to
rack 8 by turning the rack adjusting screw "B,"
I1lus. Mc3.

Adjust all the pumpe to rack 8, Be sure
the rack collar is not turned when the rack is
adjusted.

With the governor in the ""At Kest" posi-
tion, check the rack positions on both sides of
the engine. All racke should read approximate~
ly zero.

Raise the governor power piston by means
of the power piston jack so racks are at 3 or
above. Trip the overspeed. All racks should
read zero. If racks do not read zero, adjust
screw "D, Y Illug. Mc5, until racks read zero.

Inj;ecti:m Fump Overtravel Recheck

Jack the governor power piston to the end
of travel. [On governors with internal fuel
stops, 5/16" power piston gap corresponds to
8-3/4 fuel rack. )

Check the purmnp racks. Each pump shouldbe
at B-1/2 rack. If pumps are not at 8-1/2 rack,
adjust the torque limit screw "E, ' Illus, McS5,
to give 8-1/2 rack on each side or a total of 17
rack (all units other than 1000 and 1500 hpunits).
Refer to Chapter L for complete setiings.

Disengage the control rod plunger from the
adjustingcollar and check settings of rack stop.
With the rack stop against the pump body, the
rack should read 8-3/4. To adjust the rack
stop, remove the collar and shim as reguired
to read 8-3/4 rack. Be sure the collar is
square to the body and does not bind the racks.

If settings have beenmade on a cold engine,
the adjustments should be rechecked after the
engine has been brought up to temperature. Al-
so, check for correct full engine speed before
readjusting full load governor piston gap and
fuel rack setting.

ATTENTICN: The governor has been set
at the factory, but should cccasions arise when

setting is necessary, the following procedures
should be observed.

GOVERNOR SETTING (Preliminary}

Remove the governor cover with care to
prevent possible damage to the cover gasket.
Place a bolt along the edge nearest the viewer
to prevent oil from running down the side of the
governor. The head of the bolt will be in the
opeén portion above the power piston assembly
and the body of the bolt willbe along the edge of
the governor. If desired, a scale may be used
instead of the bolt. Start the engine and bleed
the air from the governor. With a new governor
or a governor that has been drained or cleaned,
all the air must be bled from the governor.
Loosen the 1/8" pipe plug near the plate on the
viewers side of the governor several turns and
allow oil to flow freely. Also loosen the com-
pensating needle valve {Illus. Mc7, Ref. 27)
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several turns and allow the engine to surge
freely for 30 seconds to work out any air in the
governor passages. This is important. The
compensating needle is in the power piston
mounting pad and is located on the side away
from the viewer.

After all the air is out of the system, tight-
en the 1/8" pipe plug and reset the governor
compensating needle until all hunt has been
eliminated. The hunt is usually eliminated when
the compensating needle is between 1/4 and 1/2
turn open; however, the opening should be as
great as possible, without producing hunting.

The adjustment of the compensating needle
should be made with the governor oil tempera~-
ture as close as possible to the normal operat-

ing temperature of approximately 140-160° F.
If setiings are made ynder conditions warmer
than normal, excessive idle speed undershooting
may occur with cold oil, The governor may
bunt with hotgovernor oil if compensation is ad-
justed with the governor colder than normal.

ENGINE SPEED SETTING

In setting the engine speed for the various
throttle or controller positions, it is necessary
to have an accurate tachometer in order to be
able to check the engine speed exactly. The
governor oil should be hot before starting the
adjustment. Make sure that all necessary safe-
ty precautions are taken prior to setting engine
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speeds. The engine overspeed trip must be in
proper operaiion.

In setting the engine speeds, throttle ma-
nipulation is necessary; sequence of manipula-
tions in setting engine apeed follows:

1. With the engine running and on the line,
energize all the solenoids (ABCD) by placing
the throtile in position NMo. 6. Check to see that
all the solencids are energized with the throttle
in this position.

2. Adjust the engine speed to 692 plus or
minué 4 rpm by adjusting the base speed ad-
justing nut {Illus. Mc6, Ref. 8). Screwing the
base speed adjusting nut up increases engine
speed; screwing the nut down decreases engine
speed. The nut is located between solencids
"B and "C" to the right of center of the gover-
nor speed or spring servo.

Since all solencids are energized inthrottle
position No, 6, the triangular plate upon which
the solenoids impart action rests on an even
plane. The fulcrum controlling the speeder
servo pilot valve rests on the under side of the
triangular plate. The base speed adjusting nut
adjusts the relationship between the speeder
servo and the balance point of the speeder servo
pilot valve.

By de-energizing one sclenoid at a tirme,

the angle of the triangular plate changes so that
its relation to the fulcrum point changes. Vari-
cus positioning of the solenoid plungers caused
by energizing the solenoids in varicus sequences
impart action upon the triangular plate which
contrels the positioning of the speed control
pilet valve plunger and bushing {Illus. Mcé,
Ref. 8). The plunger and bushing position the
top end of the speeder apring and control the
force exerted by the speeder spring; the force
exerted by the speeder spring determines the
engine speed required to center the governor
main pilot valve. Consequentlyan error in
speed will uncenter the governor main pilot
valve plunger and cause the power piston to
move in a direction to correct the speed error.

3. Placing the throttle in throttie position.
NMNe. 8 will energize solenoids A, B and C. With
the throttie in this position, bring the speed up
to 850 plus or minus 4 rpm by turning the ad-
justing screw on "D" sgolenoid. Turn the ad-
justing screw on "D solenpid up to increase
speed.

4. Move the throttle to position No. 7 and
adjust the engine speed to 766 plus or minus 4
rpm with the adjusting screw on A" golenoid.
Turn the adjusting screw on "A™ solenoid down
to increase speed. In position No. 7, coils "RBU

ERNOR
(S;{?XENQZ{IZ}S 1.14 RATIO TOLERANGE
POSITION | RPM A B c n | STEPS RPM ENG. , GOV.
— - brm— ™ f e eses————
Off 0 X Shutdown Nuts 0
Idle 300 5 C Solenoid 343 g
1 300 5 ¢ Solenoid 343 ta
+
2 376 X 433 T 15
_§_
3 454 X 522 T1s
.+
4 536 X x 4 B Solenoid 612 T4
+
5 613 X X X 702 T 15
& 6952 X X X X 1 Fulerum Nut 792 s
7 766 x | % 3 A Solenoid 8al ty
+
8 850 X X X ) D Solenoid 971 T4

; . +
Speed Increase per Throttle Step Approximately 80 _ 4

Speed Setting Chart

»,

O
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and "'C'" are energined.
5. Proceeding, move the throitle to posi- T
tion No. 4 and adjust the speed to 536 plus or GOVERNOR
minus 4 rpmn with the adjusting screw on "BY
solenoid. Turn adjusiing screw on "B solenoid —
MNE ENGINE

down to increase speed. With the throftle in
position No. 4, sclencids A" and "C" are en-
ergized.

6. Move throttle into throttle position
marked 'ldle’ and adjust the speed to 300 plus
or minus 4 rpm with the adjusting screw onC"
solenoid. Turn adjusting screw on "C" sclenoid
down to increase speed.

7. Check the engine speeds with the throt«
tle in positions 2, 3, and 5. The engine speeds
at these points should come within plus or minus
15 rpm of 376, 454, and 613 rpm respectively.
In some cases these speeds can be brought
within the limits by shifting the basic throiile
speeds within the tolerance. I any of the
speeds in throttle positions 2, 3, or 5 are out~
gide the 15 rpm tolerance, a new speeder spring
(Illus. Mc6é, Ref. 3) should be installed.

B. Tolerances for the final engine speed
settings are: Idle and throttle positions 4, 6,
7., and B - plus or minus 4 rpm, positions 2, 3,
and 5 - plus or minus 15 rpm.

9, Start with the throtile in idle position,
move up to throtile position No, B and then back
down to idle in single steps. Engine speeds go-
ing up should check with speeds going down
within 2 rpm; if not, find source of iriction and
correct.

10. With the throttle in idle position, set the
shutdown nuts (Illus. Mcé, Rel. 28) to have
1/32" clearance on the end of the piston, with
all slack out.

TRAVEL LINK SCREW SHUTDOWN B SOLENOID

ADSSTING NUT NUTS  spepp
OR. SOLENOID INDICATOR L SOLENGD
ECOENTRIC, s
L OCKING ) SOLENOID

SCREW A SOLENOD

FILOT VALYE
INDICATOR

e ) -

- .

: L/ - * -
REGULATOR  SPEED BETTH BASE SPEED

SPEED ADJ.  PISTON A, BUT LOW DIl PRESS.

STOP “ILE" SHUTDOWN
SCREWS SCREW TMING  POINTER

HAATH]

B AND G SOLENGIDS)
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(Early governor with adjustable load control
cam shown)
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. B
T L

: f
"é"\nump VALVE

Hlus. Mci0. Test for Low Qil
Pressure Shutdown
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11, Move the throttle to shutdown. The
governor should close off entirely. -Return the
throttle to the idle position and turn the stop
screw (Illus. Mcé, Ref. 15) in the top of the
speeder spring power cylinder down until it con-
tacts the piston, back it off one and one-half
turns, (3/64") and lock tightly.

12. With the throitle in the idle position,
guickly move the throttle to throtile position
No. 8. Record the time required for the engine
speed ic reach 850 rpm. This should be Irom
5 10 8 seconds.

13, Set scale {Illus. Mc7, Ref. 38) on
apeeder apring power cylinder sc that 300 rpm
engine speed corresponds to idle engine speed.
Scribe a line at 650 rpm and full speed,

i4. After completion of other tests, put the
governor cover in place and recheck apesds.
Make corrections until speeds are correct with
the cover in place.

LOW OIL PRESSURE SHUTDOWHN

The low oilpressure shutdown device iz in-
corporated in the governor to provide complete
protectionagainst lowocil pressure inthe engine.

This device is equipped with a timing port
which will permit starting of the engine with no
oil pressure, and allow sufficient time for oil
to flow through the engine before acting to shut
down the engine due to no oil pressure or low
il pressure.

The timing adjustment is incorporated in
the bushing {Illus. Mc6, Ref. 5} controlled by
the pointer-lever (Illus. Mcé, Ref. 14). Timing
for idle shutdown is irom 45 to 60 seconds.
That is, if an oil pressure failure occurs, the
engine shuts down after a 45 to 60 second pericd
at engine Yidle.'' This setting has been marked
by a center punch mark to coincide with the
pointer 2t original setting.

Moving the pointer in a counterclockwise
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direction increases the time delay of shutdown
at engine idle.

Above 400 rpm engine speed, the speed
setting beam moves to a position to nullify the
timing. This setting is made by adjusting the
setscrew. (Illus. Mc6, Ref. 12.} At 400 rpm
or over the engine gshutdown is instantaneous,

To test the operation of the device, discon-
nect the engine oil pressure line irom the gov-
ernor. Make up a test outiit fo bridge this gap
a8 shown in Illus. Mcl0. The {est unit will conw
tain a valve and two tees, with suitable {fubing
connections. This equipment should be s0 as-
gembled that the oil coming from the engine
flows first through the valve, then through the
two tees and finally into the governor engine
oil pressure conmnection. For convenience, the
piping, the tees, and the valve should be ar-
ranged in a circular coil. The unit can then be
connected to the governor and to the engine oil
line with a minimum of distortion of the engine
oil line.

Fit the tee closest to the governor with a
gage. This gage will register engine oil pres-
sure. The other tee ig fitted with a dump valve.
With the dumpvalve closed and the in«line valve
open, the gage will show engine oil pressure aa
impreassed on the oil shutdown device. Closing
the iu-line valve traps the oil pregsure to the
governor. Opening the dump valve in the first
tee dumps the oil pressure. With the test valve
combination, all setiings can be mmade fairly
accurately.

Close the dump valve and open the in-line
valve. Start the engine and run it at idle or 300
rpm. The engine should not shut down. Open
the dump valve slighily to establish 2 small
leak, and then slowly close the in-line valve.
The engine should shut down in 45 to 60 seconds
when the gage registers from 3 to 6 psi.

Again close the dump valve and open the
in-line valve. Run theengine at a speed greater
than 400 rpm. Open the dump valve slightly,
and slowly close the in-line valve. When the
engine oil pressure hasbeenreduced to 14 to 18
psi by manipulating the valves, the engine
should shut down immediately.

I engine shutdown does not occur at 3 to 6
psi oil pressure when running at idle, and 14 to
18 psi when trunning over 400 rpm, the error
will probably be found due to manufacturing
tolerances in the springs. The speed setling
piston spring has the greatest share in deter-
mining the above oil pressure.

LOAD CONTROL PILOT VALVE
LAP CHECK

The piiot valve assembly is the device that

hangs from the link block, (Illus. Mcé, Ref.
19.)

Before lapping the valve, check to see that
the ecceniric setting is not more than 20 from
a horizontal plane and that the link block (Illus.
Mecb, Ref. 19) is set centrally over the valve.
These two conditions will facilitate making ad-
justments for minimum field start {(maximum
field start on 361513 governors) and full load
conditions. Also set the overriding solenoid for
1/16" travel (2 turns from the full down posi~
tion),

With the generator field or "LOCO-RUNY
cut out and the engine rumning with the throtile
in the 5th or 6th notch, the wvane regulator will
be in maximum field position. Lift the pilot
valve by hand to make the vane regulator move
counterclockwige or to "minimum field.” Re-
lease the pilot valve slowly and allow the vane
regulator to move clockwise toward "maximum
field. " Stop the vane regulator approximately
in mid«travel by manually controlling the pilot
valve. The position of the pilot valve at which
no motion is imparted to the vane regulator is
called "lap! or "O" position. With the pilot
valve held in the lap position, check the indi-
cator pointer to see that it is exactly centered.

If the indicaior does not accuratelyindicate
the balanced or "lap" position of the load control

INCREASE SPEED

MANUSL SPEED
POWER PISTON JACK ManualL SpEr

1llus. Mcll, Application of Governor Tools
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pilot valve, adjuat the indicator scale ({Iilus.
Mc7, Ref. 35) by loosening the acrew (Illus.
Me7, Ref. 37) and sliding the indicator scaleto
the proper position to indicate YO position.
Tighten the screw and recheck the pilot valve
lap pesition,

VANE REGULATOR TIMING SETTING

{Applies to 360244 and 360594 and other
governors with external load regulators
not rebuilt with fixed orifice for load
regulator timing. )

With the engine cperating under the same
couditions as for the Pilot Valve Lap Check and
with the governor oil at approximately 1607 F.,
check the vane regulator timing. The regulator
should move from minimum to maximum field
(clockwise) in 5 seconda with hot oil or 7 aec-
onds with cold oil, and from maximuom to mini-
mum field {counterclockwise} in 10 seconds
with hot ¢il or 15 seconds with cold oil.

View the vane regulator from the commu-~
tator side when checking the arm movement
rotation.

Adjust the rate of movement by the screws
(llus. Mcé, Rei. 16). The adjusiing assembly
is located in the lower left hand corner when
viewing the governor from the top as shown in
Illua. Mc9, The adjusting screws provide a
means of adjusiing the timing of the regulator,
To increase the rate of oil flow in decrease ex-
citation direction, turn the screw located on the
left of the adjusting assembly in a clockwise
direction. Turn the cther screw located om the
right of the adjusting assembly clockwise to in-
crease flow in the increase excitation direction.
The adjuating assembly is located on the for-
ward part of the governor, on the power piston
block assembly. The screw nearest the engine
control the "maximum' time. The screw fur-
thest from the engine the "minimum to maxi-
mum' time. }

VANE REGULATOR TIMING SETTING

{Applicable to 360310, 360595, 360685,
360964, 360967, and other governors
with integral load regulator, but not
equipped with fixed orifice for load
regulator timing.)

With the engine operating under the same
conditions as for the Pilot Valve Lap Check and
with the governor oil at approximately 160 F.,
check the vane regulator timing. The regulator
should move from minimum to maximum field
(clockwise) in 5 seconds with hot oil or 7 sec-

onds with cold ¢il, and from maximum to mini-
mum field {counterclockwise} in 10 seconda
with hot oil or 15 seconds with cold oil.

View the vane regulator from the commuta-
tor side when checking the arm movement ro-
tation.

Adjust the rate of movement by the screws
(Nlus. Mcé, Ref. 16). The adjusting assembly
is located at the lower left hand corner when
viewing the governor from the top as shown in
Illug. McY9, The adjusting screws provide a
means of adjusting the timing of the regulator.
To increase the rate of oil flow in decrease ex-
citation direction, turn the screw located on the
left of the adjusting essembly in a clockwise
direction. Turn the other screw located on the
right of the adjusting assembly clockwise to in-
crease flow inthe increase excitation direction.

Provision is made to return the vane regu-
lator irom the maximum to minimum field in 2
to 3 seconds when the overriding solenoid is
energized on governors with controlled fast
dump. The rate of movement is not adjustable
(not affected by the adjuating acrews) and is ac-
complished by a wide bottom land on the load
control pilot valve plunger uncovering a large
poert in the bushing. See Note 2 of Tllus., Mcb.

In adjusting normal maximum to minimum
tirning, it is very important that the pilot valve
plunger be raised only enough to bring the
peinter to minimum field mark on the scale. If
the plunger is raised further, and the governor
is squipped with the overriding solenoid con-
trolled fast dump, the large port in the hushing
is uncovered causing a 3 secend return tomini-
mum field.

ADJUSTMENT OF OVERRIDING
SOLENOIL

T o adjust the solenoid screw the plunger
atop plug all the way in after firsat lovsening the
locknut at the top of the solencid., With the coil
de-energized, back out the plunger stop plug un-
til the overriding valve plunger {Illus, Mc7,
Ref. 33) operates freely. The adjustment of the
solencid is approximately 2 turns (1/16" travel)
from the full down position.

FULL LOAD SETTING

After the pilot valve has been lapped, the
full load adjustment ¢an be checked and cor-
rected if required. With the engine shut down,
apply the governor toola. Jack up the power
piston with the use of the power piston jack {Ii-
lys. Mcé, Ref. 32) until & 3/8" power piston
gap ia reached. The power piston jack is the
yoke-like device withathumb screw attachment;
the jack mounts on top of the power piston.
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Turn the manual speed adjusting tool (Illus,
Mcé, Ref. 31} until full engine speed is record-
ed on the speed indicator (Illus. Mc7, Ref. 38).
The manval speed adjusting tool screws on fo
the manual speed adjusting stud and is used to
depress the speeder servo piston.

When the above two conditions are met, the
load control piloi valve pointer (Illus. Mec7,
Ref. 36} must be balanced at "O" position. If
it is not, loosen the Allen head capacrew (Illus.
Mcé, Ref. 23) in the pilot valve assembly and
adjust the eccentric (Illus. Mcb, Ref. 10) by
means of a screwdriver until the pointer showas
HO" pasition,

MINIMUM FIELD S§TART SETTING

{See "Maximum Field Start” applic-
able to 361513 governors)

With the engine running at idle speed (with
cooling fan off and compressor unloaded) mea-
sure the power piston gap. The measured gap
should be within range of 58/64 to 66/64 inches.

Stop the engine and jackup the power piston
to the gap determined above. If this gap is not
known, use 60/64 inch. Also use the manual
speed setting tool to set the speed indicator
pointer to "idle." Then check the load control
pilot valve pointer. The pointer should be at
minimum field. If the pointer is notl at mini-
mum field, turn the travel link screw {Illus.
Mcéh, Ref. 20} until the load conirol pilot valve
pointer indicates minimum field,

NOTE: Early governors could not be set
all the way to minimum field due to the
fact that the link (Illus. Mcb, Ref. 21) may
strike the upper link spreader block when
the overriding solenoid functions, 3/32
toward minimum field was specified for the
early governors. {The 3/32 reading is not
an actual scalemeasurement. The distance
between the graduations is considered as
1/8 inch and is derived from the movement
of the pilot valve plunger. ln reality the
©3/32" ig 3/4 the distance toward minimum
field.)

Inasmuch as the minimum field start setting
is not independent of other settings, the fullload
setting should be rechecked after the minimum
field start seiting has been made. [t may be
necessary to adjust both the load control pilot
valve eccentric as well as the block to secure
the specified conditions.

The governor is set at the factory for idle
speed minimum field start with a power piston
gap of 60/64 inch. An increase of 3/64 inch or
more to the piston gap when set at 60/64 inch

and minimurmn field will tend to cause the vane
servo to move to maximum field,

MAXIMUM FIELD START SETTING
(Applicable to 361513 governors)

With the engine running at idle speed (with
cooling fan off and compressor unloaded) mea-
sure the power piston gap. The measured gap
should be within range of 58/64 to 64/64 inches.
If the gap is not known, use 60/64 inch.

Stop the engine and jack up the power pis-
ton to the gap determined above, Also use the
manual speed setting tool to set the speed indi-
cator pointer to "idle.! Then check the load
control pilot valve pointer, The pointer should
be at maximum field. If the pointer is not at
maximum field, turn the trave! link screw (Il-
lus. Mcé, Ref. 20} until the load control pilot
valve pointer indicates maxirmuoum field.

Inasmuch as the maximum field start set-
ting is not independent of other settings, the full
load setting should be rechecked after the maxi-
mum field start setting has been made. It may
be necessary to adjust both the load control
pilot valve eccentric as well as the block to se-
cure the specified conditions,

The governor is set at the factory for idle
speed maximum field start with a power piston
gap of 60/64 inch.

RELOCATING THE PILOT VALVE

In remotecases exireme adjustments mipht
have to be made to the travel link screw in sei-
ting the Minimnm {or Maximum} Field Start Ad-
justment and to the eccentric in setiing the Full
Load Adjustment. The extreme adjustments
can be avoided by relocating the pilotvalve set-
ting which will give a minimum amount of ad-
justment to the eccentric and travel link screw,.

Start relocating the pilot valve by raising
the pilotvalve until the nut on the threaded por-
tion of the pilot valve shows at the opening of
the pilot valve cage. Do not lift the pilot valve
too high as the control land of the upper seat
will contact the lip of the upper ocilseal and may
cut the rubber rings. Unlock the locknut {Illus.
Mc6, Ref. 24) under the indicator washer ([llus.
Me7, Ref. 34), and with an open end wrench
turn the lower nut that protrudes from the open-
ing either to the right or left, as reguired to
satisfy the determined extreme conditions.
(This nut is not shown in Illus. Mch; however,
it is located directly below the locknut.)

After relocating the pilot valve, lock the

locknut. i

If the pilot valve has been relocated, the
pilot valve will then have to be lapped again as
explained under Pilot Valve Lap Check,
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Reset the ifravel link screw for minimum
(or maximum) field start and the eccentric for
full load as explained previously. Since the
pilotvalve was relocated due io the extreme ad-
justmenis needed in geiting the travel link
serew and the eccentric, the travel link screw
and the eccentric should now need only a small
adjusiment.

LOAD CONTROL CAM SETTING

(Applies to 360310 and 360244 and other
governors with the load control cam
instead of the straight link.)

The load control cam (Illus. Mcé, Ref. 9)
should be set, seo that the engine will develop
full torque from 650 rpm to 850 rpm. {The full
torque speed of 650 rpm is approximate and
from the "Speed Setting Chart’ would indicate
this range az 5613 to 692 rpm.)

With the engine shutdown, jack up the pow-
er piston to a 3/8' gap. While turning the
manual speed adjusting tool to get full engine
speed, pause when the speed indicator pointer
reaches 650 rpm. Check the position of the
arm of the load cam. The arm should be hori-
zontal, If it is not, loosen the nuis above and
below the mounting plate (Illus. Mcé, Ref. 7}
and adjust them so that the cam arm comes to
a horizontal position. After this adjustment is
made, move the speed servo to full engine
speed,

With the power piston in full load position,
the load cam must be adjusted to give the fol-
lowing relationship. When the speed perveo is
moved from the ‘*full engine speed' position to
the 650 rpm position, the load control pilot
valve indicating pointer must not move more
than 1/32° from the "O'" position. The pointer,
however, muat start to move away from the
*Q' position as the speed servo is moved below
650 rpm.

The cam can be adjusted by loosening the
mut (Illus. Mcbd, Ref. 11) on the shaft located
on the cam mounting assembly. Loosen the nut
very slightly to prevent slipping of setting and
lightly tap the cam into position until the above
described relationship is obtained. When that
relationship has been establighed, the cam is
set correctly and the nut can be tightened.

Ag the cam setting may affect the full load

setting and minimum field start setting, they
should be rechecked. After the full load and
minimum field start settings ar e rechecked,
recheck the cam setting.

When the cam, full lead, and minimum field
start settings are all set, wire the travel link
screw {Illus. Mc6, Ref. 20) to prevent loss of
setiing.

FINAL PRECAUTIONS

Remove the governor power piston jack and
manual speed adjusiing too! and store them
above the power piston assembly.

The position of the fuel indicating actudting
pins must be checked. The pin is located just
below the point where the floating lever assem-
bly is hinged at the top of the tail red. The
nermal position of the pin when properly con-
nected is to the back of the governor or toward
the engine. The governor mechanically limits
the engine to 2nd or 3rd notch when the pin is
improperly positioned.

Apply the cover to the governor making
sure that the gasket is square and unbroken, and
that pointers on the front of the cover are en-
gaged with the inner linkage. Bolt the cover
down and check the oil level.

TOOLS

Allen Wrench - 3/32"

Allen Wrench - 1/8%

Allen Wrench - 5/32¢

Allen Wrench - 5/16"

Open End - 15~ Box Wrench - 5/16"
Open End - 15  Box Wrench - ]11/32"
Open End -~ 15° Box Wrench - 7/16V
Open End - 15 Box Wrench - 3/8"
Open End - 15 Box Wrench - 5/8"
Open End - 15 Box Wrench - 1-1/16"
Long Noge Pliers - 6"

Screwdriver ~ 8"

Spintite Wrench ~ 11/32"

Waldea Truarc Snap Ring Pliers - #1
Waldes Truarc Snap Ring Pliers - #3
#T" Handle Wrench

T- 14675 Fixture

Load Control Pilot Valve Adjusting Wrench
Power Piaston Seal Installing Sleeve
Steel Rule with 1/64' (raduations - 6"

QG e OO0
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CHAPTER Md - GOVERNING SYSTEM

This Chapter is applicable to the following Pneumatic-Hydraulic Woodward governors.
3160686 governors have integral load regulator, straight link load control, amphencl plug,

35-45 ohm resistor pack and fast dump.

360963 governor is the 360686 governor with the Pyle National counector and fuel serve stop.
360966 governor is the 360963 governor with fixed vane regulator timing orifice.
361213 governor is the 360686 governor with modification to fixed vane regulator timing ori-

fice.

361690 governor is the 360966 with 55 psi load control cutoff valve and spring ballhead drive.

Refer to the following Chapters and Bulletins for settings of other types of Governors.

Chapter Ma. Type 51 Woodward (iovernors

Chapter Mb., Pneumatic-Hydraulic, Woodward Governors {(Early Types - previcus to 360686)

Chapter Mc.

Eleciro-Hydraulic, Weodward Governors

Bulletin 2402 and 4401 for the General Electric Governors

g FULER
FUsl BOSITION

SPEED SETTING
INDICATOR

WG ATOR

ENGINE LUBE
GIL CONN

P SHuTDOWN
PLUNGER
LOCATED
DIRECTLY
ON OTHER

. SIDE OF GOV

VAMNE
REGULATOR
DIAL

P
w0 SIGHT
£ % "LEVEL GAUGE

NCECEY

IMius. Mdl. Governor Installed on Engine

GENERAL

The Pneumatic-Hydraulic governors are
hydraulic governors, normally isochronous,
with auxiliaries added for load control, low oil
pressure shutdown, and pneuwmatic control of
speed. The governors are temperature com-
pensated to liznit the speed droop to 5 rpm per
100" F. temperature rise of governor oil.

For purpose of designation the front of the
governor is the end having the indicating plate
and power piston assembly. All descriptive in-

structions assurne that the observer views the
governor with the indicating plate and power
piston assembly to the viewer's left, znd the
shutdown device to the back, away from the
viewer. This is the actual manner in which the
unit ig installed on the engine, Illus. Mdl.

INSTALLATION

When the governor is insialled on the en-
gine, particular care shouldbe exercised to see
that the drive connection tothe engine is aligned
properly. Bolt the governor to the governor
drive base, making sure the gasket is in place.
The linkage from the governor to the fuel sys-
tern must be aligned properly, friction or lost
motion must be eliminated. Before mounting,
make certain that the Unibal bearing in the
governor end of the 'J' bar moves freely. The
pin must slide freely into the "J" bar and gov-
ernor clevis without any prying or additional
alignment; if it does not, check the engine over-
speed reset lever to ses that it is engaged. Af-
ter connecting the governor, check the power
piston gap and fuel control mechaniems as out-
lined under "Engine Adjustments.'' Connect the
oil pressure line to the oil pressure shutdown
device.

Plug in electrical recepiacle for the gov-
ergor control apparatus.

Fill the governor with a good grade of SAE
30 oil for ordinary temperature conditions.

NOTE: Governors withfixed load regulator
timing orifice are calibrated using SAE-30
eil. A switch to lighter or heavier oil
should only be miade when the rate of vane
aerve movement, under normal cperating
temperatures (engine warmmed up), varies
appreciably from the normal rate. (The
aormal rate is 7 seconds increase, mini-
mum o maximum field, and 14 seconds
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Iilus. Md3,

decrease, maximum to minimum field.)
The increase rate should not vary more
than ~ 2 seconds [rom normal and the de-
crease ratenotmore than - 4 seconds from
normal.

The oil mustnot contain additives whichare
used to free up rings, remove carbon, etc., un~
less a non-foaming additive is also present.
The 0il should not foam or sludge excessively
when agitated, or form a gummy deposit when
heated. Use clean new oil or filtered oil. All
containers must be clean and should be rinsed
with a light grade fuel oil or kerosene before
using.

Keep the governor oil level between lines
in the oil gage when the engine is running, Qil
may be added to the governor thru the oil filler
cup. Add the oil slowly to aveid over-filling.
il level above or below the lines on the gage,
when running, will cause aeration of the oil re-
sulting in a hunting condition.

i GOVERNGOR CONIROL SHAFT

- OVERSPEED GUVERNOR WEIGHT
——COVERSPEED GOVERNOR LEVER

e WEL | CHLINDER INJECTION PUMPS —————y
e FUEL COMTROL SOD I!
|

I
]

FLEL CONTROU ARM

Fuel Control iLinkage Adjustments
{CENTER PIVOT Fuel Control Arm)

ENGINE ADJUSTMENT

{Applicable to engines previous to
Engine No. 963984 with OFFS8ET
fuel control arm, Ilus. Md2.)

Injection Pump Overiravel Check

It is important that injection pumps with
rack stops have proper overtravel for satis-
factory governor operation, Overtravel can be
checked with the pump on or off the engine.
Press the rack stop, Illus. Md4, against the
pump body and note the maximum rack reading.
The maximum rack reading must be 8-3/4 rack
or hunting is likely at full load {8 rack) opera-
tion. The 3/4 rack overtravel must be main-
tained. ‘

If the maximum rack reading is not 8-3/4
rack, remove the collar and shim as required
to 8-3/4 rack. The collar must be square to
the pump body and not bind the rack.
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Fuel Control

The adjustment procedure is sgtarted with
the governor connected io the fuel control me-
chanism and the governor power piston in the
"Moo Fuel® position.

it is important that fuel rack adjustments
be made very carefully as a slight error can
¢aude hunting at full lead.

Raise the governor power piston by means
of the governor power piston jack (Illus. Md5,
No. 15} .until a 3/8" dimension is reached be-
tween the governor body and governor piston
rod coupling. Use a gage. This is important.

Check the fuel control linkage for binding
and check each injection pump rack for sticking.
Also be sure the torque limit screw "E, " lllus,
Md2, is not limiting the racktiravel 1o less than
17 total rack reading.

Szt the No. 1 injection pump on the opposite
governor side of the engine so a 2-11/16" mea-
surement i5 obtained between the inner face of
the control rack adjusting collar and the body
of the pump adjacent to the pointer. This di-
mengion is shown in lllus. Md4. Bend out the
ears of the square lockwasher located on the
governor stoprod adjustment inside the exhaust
end cover on the opposite governor side. ILoos-
en the jam nut and turu the hexagonal head
screw TA' in or out on the threaded adjusting
rod end. When a 2-11/16" measurement is ob-
tained, tighten the jam nut, and bend down the
ears of the square lockwasher. Adjust the No.
1 pump on the opposite governor side to rack 8
by turning the adjusting screw "B in lllus. Md4.

Set the No. 1 injection pump on the governor

Illus. Md4. Fuel Injection Pump Adjustments

side 80 a 2-11/16" measurement is obfained
between the inner face of the control rack ad-
justing collar and the body of the pump, turning
the fuel rod link adjusting screw "C" in Illus,
Md2Z to obtain the 2.11/16" distance. The fuel
rod link adjusting screw is part of the fuel rod
spring link which connects the fuel control arm
to the control rod on the governor side of the
engine. When this setling has been made, ad-
just the pump fto rack 8 by turning the rack ad-
justing screw "BY in Illus. Md4.

Adjust all the pumps to rack 8., Be sure
the rack collar ig not turned when the rack is
adjusted.

Reduce the rack position ou the pumps by
means of the power pision jack, As the No. |
governor side pump reaches the zero position,
the Mo. 1 opposite governor side pumps should
be at approximately 3-1/4 rack.

With the governor in the “Ai Rest' posi-
tion, check the rack position on both sides of
the engine. Racks on the governor side will
read zero, racks on the opposite governor side
should be from 3/4 to | rack.

Injection Pump Overtravel Recheck

Jack the governor power piston to the end
of travel. (On governocrs with internal fuel
stops, 5/16'" power piston gap corresponda to
8-3/4 fuel rack.}

Check the pump racks. Each pump should
be at 8-1/2 rack. If pumps are not at 8-1/2
rack, adjust the torque limit screw "E, ! lllus.
Md2, to give 8-1/2 rack on each side or a total
of 17 rack. Refer ito Chapter L for complete
settings,

Disengage the contrel rod plunger from the
adjusting collar and check settings of rackstop.
With the rack stop against the pump body, the
rack should read 8-3/4. To adjust the rack
stop, remove the collar and shim asg required
10 read 8-3/4 rack. Be sure the collar is
square to the body and does not bind the racks.

If settings have beenmmade on a cold engine,
the adjustments should be rechecked afier the
engine hasbeen brought up to temperature., Al-
so, check for correct full engine speed before
resdjusting full load governor piston gap and
fuel rack setiing.

ENGINE ADJUSTMENT

{Applicable to Eugine No. 963984 and
all thereafter with CENTER PIVOT
fuel control arm, Illus. Md3.)

Injection Pump Overtravel Check

It is important that injection pumps with
rack stops have proper overtravel for satis-
factory governor operation. Overtravel can be

9,
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checked with the pump on or off the engine.
Press the rack stop, 1llus. Md4, against the
pump body and note the maximum rack reading.
The maximum rack reading must be 8-3/4 rack
or hunting is likely at full load (& rack) opera-
tion. The 3/4 rack overtravel must be main-
tained.

If the maxirnum rack reading is not 8-3/4
rack, remove the collar and shim as required
to 8-3/4 rack. The collar must be square to
the pump bedy and not bind the rack.

Fuel Control

The adjusiment procedure is started with
the governor connected to the fuel contrel me-
chanism and the governor power piston in the
*No Fuel™ position.

It is important that fuel rack adjusimenis
be made very carefully as a slight error can
cauge hunting at full load.

Raise the goverunor power piston by means
of the governor power piston jack {Illus, Md5,
No. 15) until a 3/8" dimension is reached be-
tween the governor body and governor pision
rod coupling. Use a gage. This is important.

Check the fuel control linkage for binding
and check each injection pump rack for sticking.
Also be sure the torgue limit screw "E, " lllus.
Md3, is not limiting the rack travel toless than
17 total rack reading.

Set the No. 1l injection pump on both sides
of the engine so a 2-11/16" measurement is ob-
tained between the innerface of the controlrack
adjusting ¢ollar and the body of the pump adja-
cent to the pointer. This dimension is shown
in Illus. Md4. Bend out the ears of the square
lockwasher located on the governor stoprod ad-
justment inside the exhaustend cover on the op-
posite governor side. Loosen the jam nui and
turn the hexagonal head screw A" in or out on
the threaded adjusting rodend, When a 2-11/16%
measurement iz obtained, tighten the jam nut,
and bend down the ears of the square lockwasher.

When this setting has been made, adjust
the No. 1 pump on both sides of the engine to
rack 8 by turning the rack adjusting screw '"B,"
Illus. Md4.

Adjust all the pumps to rack 8. Be sure
the rack collar is not turned when the rack is
adjusted.

With the governor in the "At Rest" posi-
tion, check the rack positions on both sides of
the engine. All racks should read approximaie-
ly zero.

Raise the governor power piston by means
of the power piston jack so racks are at 3 or
above. Trip the overspeed. All racks should
read zero. I racks do not read zero, adjust
screw D, ¥ Illus, Md3, until racks read zero.

Injection Pump Overtravel Recheck

Jack the governor power piston to the end
of travel. (On governors with internal fuel
stops, 5/16" power piston gap corresponds to
8-3/4 fuel rack.}

Check the pump racks. Each pump should
be at 8-1/2 rack. I pumps are not at 8-1/2
rack, adjust the torque limit screw "E, " Illus.
M43, to give 8-1/2 rack on each side or a total
of 17 rack. Refer to Chapter L for complete
settings.

Disengage the coutrol rod plunger from the
adjusting collar and check settings of rack stop.
With the rack stop against the pump body, the
rack should read 8-3/4. To adjust the rack
stop, remove the collar and shim ag required
to read 8-3/4 rack. Be sure the collar is
square to the body and does not bind the racks.

If settings havebeen made on a cold engine,
the adjustments should be rechecked after the
engine hagbeen brought up to temperature, Al-
89, check for correct full engine speed before
readjusting full load governor piston gap and
fuel rack setiing,

ATTENTION: The governor has been set
at the factory, but should occasions arise when
setting is necessary, the following procedures
should be obaerved.

GOVERNOR SETTING {Preliminary)

Remove the governor cover with care to
prevent possible damage to the cover gasket.
Place a bolt mlong the edge nearest the viewer
to prevent oil from running down the gide of the
governor., The head of the bolt will be in the
open portion above the power piston assembly
and the hody of the bolt willbe along the edge of
the governcr. If desired, a scale may be used
instead of the bolt. Start the engine and bleed
the air from the governor. With a8 new governor
or & governor that hag been drained or cleaned,
all the air must be bled from the governor.
Loosen the 1/8' pipe plug near the plate ou the
viewers side of the governor several turns and
allow oil to flow freely, Also loosen the com-
pensating needle valve {Illus. MdS5, Ref. 31)
several turns and allow the engine to surge
freely for 30 seconds to work out any air in the
governor passages. This is importiant.

After all the air is out of the system, tight-~
en the 1/B" pipe plug and reset the governor
compensating needle until all hunt has been
eliminated. The huntisusually eliminated when
the compensating needle is between 1/4 and 1/2
turn open; however, the copening should be a s
great as possible, without producing hunting.

‘The adjustment of the compensating needle
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should be made with the governeor cil tempera-
ture a® close as poasible to the normal operat-
ing temperature of approximately 140.160" ¥,
i seitings are made under conditions warmer
than normal, excegsive idle speed undershooting
may occur with cold oil. The governor may
hunt with hot governor oil if compensation is ad-
justed with the governor colder than normal.

ENGINE SFEED SETTING

With anaccurate tachometer, check the en-
gine idle speed. If the engine speed is unot at
idle rpm, adjust the idle speed by mmeans of
governor base epeed adjusting locknut (Illus.
Md5, Ref. 9) until the desired engine rpm is
reached. Screwing the nut '"up" increases en-
gine speed - screwing thenut "down" decreases
engine speed. This locknut is located o the
right of the center of the governor, in front of
the speed setting beam (Illus, Md5, Ref. 6}.
The speed setiing beam is the teeter-totier de-
vice behind the electrical connection. Make
sure that the speed setting beam is free and
rests on its stop in the idle position. Check
that the push rod (Illus. Md5, Ref. 12} does not
touch screw (Illus. Md5, Ref. 10} in the speed
setting beam. Such contact would tend to keep
the speed settingbeam off of its "idle" position.
With the beam tightly against the right stop, the
idle speed can be accurately set.

CAUTION: When adjusting only the engine
idle speed, the full speed must alsc be re-
checked as any change in the base gpeed
setting nut affects the entire speed range.

Full engine speed 18 obtained bydepressing
the speed settingbeam manually against the left
speed setting beam stop. An Allen setscrew
(Illus. Md5, Ref. 5) and locknut (Illus. MdS5,
Ref. 4), located in the speed setting beam on a
centerline to the left of the fulcTum, are used
for full speed adjustment. Check the engine
speed while the speed settingbeam is held tight~
ly against the left hand stop. If the engine speed
is low, screw the Allen setscrew out. H the
engine speed is high screw the Allen setscrew
in, making sure to hold the beam depressed
against the left stop with the setscrew against
the stop. After the full engine speed is set, lock
the Allen setscrew locknut and recheck the full
engine speed. After the speeds have been ac-
curately set, run the engine atidle speed; lacsen
the locking screw (lllus. Mdé, Ref. 47) and ad-
just the speeder servo position scale (Illus.
Mdb, Ref. 46) until the “idle' marking line
come exactly under the pointer. Run the engine
up to full speed and note whether the pointer
comes opposite the "full speed” marking. I it

does not, scribe a line onthe scale atthe pointer
level and use this as the "full speed"” line. Esg-
tablish a similar line for 650 rpm engine speed.

LOW OIL PRESSURE SHUTDOWN

The low oil pressure shutdown device is in-
corporated in the governor to provide comnplete
protection against low oll pressure inthe engine.

This device is.equipped with a timing port
which will permit starting of the engine with no
ail pressure, and allow sufficient time for oil to
flow thru the engine beiore acting to shut down
the engine due to no oil pressure or low oil
pressure.

The timing adjustment is incorporated in
the bushing {Illus. Md5, Ref. 14) controlled by
the pointer-lever (Illus. Md5, Ref. 2}. Timing
for idle shutdown is from 45 to 60 seconds,
That is, if an oil pressure failure occurs, the
engine shuts down after a 45 to 60 gecond period
at engine 'idle. " This setting has been marked
by 2 center punch mark fo coincide with the
pointer at original setting.

Moving the pointer in a counterclochkwise
direction increases the time delay of shutdown
at engine idle.

Above 400 rpm engine speed, the speed
setting beam moves to a position to nullify the
tirming. This setting is made by adjusting the
setserew, {Illus. Mds, Ref. 5}, At 400 rpm
or over the engine shutdown is instanianeous.

To test the operation of the device, discon~
nect the engine oilpressure line fromthe gover-
nor. Make up a test outfit {o bridge this gap as
shown in Illus. Md7. The test unit will contain
a valve and twe tees, with suitable tubing con-
nections. This equipment should be so assem-
bled that the oil coming from the engine flows
first thru the valve, then thru the two tees and
finally into the governor engine oil pressure
connection. For convenience, the piping, the
tees, and the valve shouldbe arranged in a cir-
¢ular c¢oil, The unit can then be connected to
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the governor and to the engine oil line with a
minimum of distortion of the engine oil line.
it the tee closest to the governor with a
gage. This gage will register engine oil pres-
sure. The other tee is {itted with a dumpvalve.
With the dump valve closed and the in-linevalve
open, the gage will show engine ol] pressure as
impressed on the oil shutdown device. Closing

the in-line valve traps the oll pressure to the
governor., CUpening the dump valve in the first
tee dumps the cil pressure. With the test valve
combination, all settings canbe made fairly ac-
curately. :

Close the dump valve and open the in-line
valve. Start the engine and run it at idle or 300
rpm. The engine should not shut down. Open
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the dump valve slightly to establish a small leak,
and then slowly c¢lose the in-line valve., The
engine should shutdown in 45 to 60 seconds when
the gage registers from 3 to 5 psi.

Again close the dump valve and open the in-
line valve. Run the engine at a speed greater
than 400 rpm. Open the dump valve slightly,
and slowly close the in-line valve., When the
engine oil pressure has been reduced to 14 to 18
psi by manipulatingthe valves, the engine should
shut down immediately.

If engine shutdown does not occur at 3 to 5
psi o0il pressure when running at idle, and i4
to 18 psi when running over 400 rpm, the error
will probably be found due to manufacturing
tolerances in the springs. The speeder apring
has the greatest ghare in determining the above
oil pressures.

ADJUSTMENT OF CVERRIDING AND SHUT-
DOWN SOLENQIDS

The solenoids are of the fixed armaiure
type and the adjustable armature type.

The solid armature type does not have an
internal adjustment. To adjust the solencid,
screw the plunger stop plug (Illus. Mdé, Ref.
33) in all the way, after [irst loosening the lock-
aut {Illus, Mdé, Ref. 32}). With the coil de-en-
ergized, back out on the plunger stop plug until
the device actuated by the solenoid operates
freely. The adjustment on the solenoid is ap-
proximately 2 turns {(1/16" travel) from the full
down position. This type of solenoid is used on
the overriding solenocid.

The adjustable armature type has an ad-
justment to set 2z desired overtravel. To set
the overiravel, remove the plunger stop plug
(I1lus. Md6, Ref, 33) and the locknut {Illus.
Md6, Ref. 32) from the solenoid case. Loosgen
the adjusting screw about 3 turns. Hold the

solenoid plunger firmly against the lower seats
and adjust the adjusting screw, turning it in,
until it contacts the solenoid plunger rod {Ilius,
Md6, Ref. 35) and is snog against the pin. This
pin conlacts the steel ball {Tllus. Mdé, Ref. 34}
to hold it on its seat {(Illus. Mdé, ERef. 38),
thereby controlling the electrical shutdown
feature when the solenoid is energized. While
the setscrew is snug against the pin, loosen the
hold on the solenoid plunger and turnthe adjust-
ing serew in 1/4 turn more. Reapply the plung-
er stopplug and locknut to the solencidcase and
turn the plunger stop plug down snugly. Back
the plunger stop plug out 1-1/2 turns and lock
the locknut. Care shouldbe exercised when re-
moving the plunger to prevent the loss of any of
the washers. This solencid is only used for the
shutdown assembly.

LOAD CONTROL PILOT VALVE LAF CHECK

The pilot valve assembly is the device that
hangs from the link block. {Illus. Md5, Ref.
18} :

Before checking the lap position of the valve,
check to see izhai; the ecceniric setting is not
more than 20° from a horizontal plane and that
the link block is set centrally over the valve.
These two conditions will facilitate making ad-
justment for minimuom field start and full load
conditions. Also set the overriding solenoid
for 1/16 travel {2 turns from the full down
position).

With the generator field cutout, interlocks
EF, EFR, Pl and P2 blocked open, to keep the
governor overriding solenoid de-energized, and
the engine running with the throttle in the 5th or
éth notch, the vane regulator willbe inmaximum
field position. Lift the pilot valve by hand to
make the vane regulator move counterclockwise
or to "minimum field. " Releaze the pilot valve
slowly and allow the vane regulator toc move
clockwige toward "Maximum field. " Stop the
vane regulator in approximately mid-travel by
manually controlling the pilot valve. The posi-
tion of the pilot valve at which no motion is im-
parted to the vane regulator is c¢alled "lap” or
0" position. With the pilot valve held in the
lap position, check the indicator pomter to see
that it is exactly centered.

If the indicator does not accurately indicate
the balanced or "lap" position ofthe load control
pilot valve, adjust the indicator scale {Illgs.
Md6, Ref, 41) by loosening the screw (Illus.
Md6, Ref. 43) and sliding the indicator scale to
the proper position to indicate "OY pasition.
Tighten the screw and recheck the pilot valve
lap position.

VANE REGULATOR TIMING SETTING

NOTE: The following settings do not apply
for governors with [ixed regulator timing
orifice.

With the enpgine operating under the same
conditions as for the Pilot Valve Lap Check with
the overriding solenoid properly adjusted and
with the governor oil at approximately 160% F,,
check the vane regulator timing. The regulator
should move from minimum to maximum field
{clockwise}in 5 seconds withhotoil or 7 seconds
with cold o0il, and from maximum to minimum
field {counter-clockwise) in 10 seconds with hot
@il or 15 secohds with cold oil,

View the vane regulator from the commuta-
tor side when checking the arm movement,

Adjust the rate of movement by the screws
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{Ilius. Md6, Ref. 44). The adjusting assembly
is located at the lower left hand corner when
viewing the governor from the top. The adjust-
ing screws provide a means of adjusting the
timing of the regulator. To increase the rateof
oil flow in decrease exciiation direction, turn
the screw located on the leit oftheadjusting as-
sembly in a clockwise direction. Turnthe other
screw located on the right of the adjusting as-
sembly clockwise toincreaseflowintheincrease
excitation direction.

Provision is made ¢ return the vane regu-
lator from the maximum to minimum field in 1
to 3 seconds when the overriding solensid is
energized.

The rate of movement is not adjustable {not
affected by the adjusting screws} and is accom-
plished by a wide bottom land on the load control
pilot valve plunger uncovering a large port in
the bushing.

In adjusting normal maximum to minimum
timing, it is very important that the pilot valve
plunger be raised only encugh tobring the pointer
to minimum feld mark on the scale. If the
plunger is raised further the large port in the
bushing is uvncovered causing a 3 second return
to minimum field, '

FULL LOAD SETTING

After the pilot valve has been lapped, the
full load adjustment canbe checkedsand corrected
if required. With the engine shut down, apply
the governor tools. Jack up the power piston
with the use of the power piston jack (Illus. Md5,
Ref. 15) until a 3/8" power piston gap is
reached. The power piston jack is the yoke-like
device with a thumb screw attachment; the jack
mounts on top of the power piston.

Turn the manual speed adjusting tool (Illus.
Md5, Ref. 27} until full engine speed is recorded
on the speed indicator (Illus. Mdé, Ref, 46).
The manual speed adjusiing tool screws on to the
manual speed adjusting stud and is used to de-
press the speeder servo-piston.

When the above two conditions are met, the
load control pilot valve pointer {Illus. Mdb,
Ref. 42) must be balanced at "0 position. If it
is not, loosen the Allen head capscrew {lllus.
Md5, Ref. 22) in the pilot valve assembly and
adjust the eccentric (Illus. Mds, Ref. 16) by
means of a screwdriver until the pointer shows
QT position.

MINIMUM FIELD 5TART SETTING

With the engine running at idle speed {with
ceoling fan off and compressor unloaded) mea-
sure the power piston gap. The measured gap
should be within range of 58/64 to 63/64 inches.

Stop the engine and jack up the power piston
to the gap determined above. I this gap is not
known, use 60/64 inch. Alsc use the manual
speed setting tool tc set the apeed indicator
pilot valve pointer. The pointer should be at
minimum field. If the pointer is not at mini-
mum field, turn the travel link screw {Illus.
Md5, Ref. 19} until the load control pilot valve
pointer indicates minimum field.

Inasmuch asthe minimum {ield start setting
is not independent of other settings, the full load
setting should be rechecked after the minirmum
field start setting has been made. Ii may be
necessary to adjust both the load control pilot
valve eccentric as well as the block to secure
the specified conditions.

The governor is set at the factory f{or idle
speed minimum field start with a power piston
gap of 60/64 inch. An increase at idle of 3/64
inch or more to the piston gap {which is deter-
mined at idle by individual engine character-
istics) will tend tocause the vane servo to move
to maximum field at idle with the overriding
solenoid de-energized.

THROTTLE-GOVERNOR COORDINATIGN
ADJUSTMENT

Previous adjustments, under ENGINE
SPEED SETTING, have set the engine speed for
idle and full speed. The next step is to adjust
the throttle to the governor so that these speeds

INCREASE SPEED

POWER PiSTON JACK

MANUAL SPEED
SETTING TOOL

Nlus. MdlQ. Application of Governor Tools
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Table 1 - THROTTLE PRESSURES

Westinghouse Air Brake Throttle
3-AZ2E-U Type

idle Less than 12 psi (not critical)
First Notch 14-15 psi
Full 55-65 psi

will be obtained at the proper throttle positions.
Refer to Illus. Md8, and Md9, for views of the
transmitter and receiver portions of the throttle
and governor,

NOTE: Cutler-Hammer throttles must be

pre-set before installation as the adjust-

ments are not accessable when installed.

Westinghouse Air Brake throttles canbe ad-

justed after installing.

If available, apply a gage to the throttle air
line, This can conveniently be connected to the
tee inthe line at the throttle-reverser assembly.
The gage should preferably be one having one
pound graduations on its scale.

Check the control air pressure: see thatit
is 80 pounds.

Check the ranpge of throttle pressures as
listed in the table below. The full open throttle
pressure may vary to some extent, depending
on the tolerance, cam accuracy and springvari-
ations, However, it should be within the limits
of the table.

Adjustments adaptthe governor tothethrot-
tle and are to be used only when the throttle
pressures are correct and the governor is outof
adjustments. Readjustment shouldnotbeneces-
sary onnewgovernors which are factorypreset.

After the correctthrottle adjustment is ob-
tained, move the throttle from idle to the first
notch, watching the engine speed closely.
Should an increase in speed be noted when the
throttle is moved from idle to first notch with
correct throttle pressure, loosen adjusting nut
{Illus. Md5, Ref. 11} and back out the screw
(Illus. Md5 , Ref. 10) until the enginespeed
drops to idle and then turmn it in until the speed
is just on the verpge of rising.

Checkthe accuracy of the adjustment by ad-
vancing the throttle very slightly from "first
notch. ' By the time the throttle has been moved
approximately 1/2'" out of the first notch, the
speed should begin torise slightly. If thethrot-
tle can be advanced further than 1/2" without
causing this tendency to rise, the screw (Illus.
Md5, Ref. 10) may not have been screwed in
quite far enough.

Move the throttle to the full open position.
Press down the left end of the speed setting
beam manually. There should be no increase
in engine speed when this is done.

Cutler-Hammer Throttle with
Woodward Governor Transmitter

Less than 10 psi (not critical)
14-15 psi
55-60 psi

If the engine speed does increase, return
the engine to idle speed. Loosen the locknut
(lllus. MdS5, Ref. 8) and the locking screw
{(Illus. Md5, Ref. 7) on the inner side of the
speed setting beam. Also loosen slightly the
adjusting nut {Illus. Md5, Ref. 11}). The block
containing the screw (Illus. Md5, Ref. 10) is
now free to move horizontally in the slot in the
speed setting beamm. Move the block slightly
toward the fulcrum, and lock it in place. Then
readjust the screw (Illus. Md5, Ref. 10) so the
speed is again just on theverge of rising. Lock
the adjusting nut (Illus. Md5, Ref. 11). Open
the throttle tothe full throttle position and check
the adjustment. If engine speed increaseis still
obtained when the left end of the speed setting
beam is depressed, repeat the adjusiment,

If the engine speed does not increase when
the leftend of the speed setting beam is pressed
down, either on the first trial or after the ad-
justment has been made, the reduced throttle
action should be checked.

With the engine at full speed and the handle
in the 'fullthrottle' position, reduce the throttle
slowly until the engine speed drops slighily. At
this point, check the gage in the throttle line
and the distance the throttle has been moved
from the full open position. If the gage pres-
sure has dropped more than 3 lbs. from the full
throttle reading or the throttle movement has
exceeded 1/4" to 3/8", return the engine to idle
and loosen the adjusting nut (Illus. Md5, Ref,
11), Move the blockcontaining the screw (Illus.
Md5, Ref. 10) away from the fulcrum. Readjust
screw so that the engine speed is on the verge
of rising with the throttle in the 'first notch.™
Recheck and readjust if necessary. After all
settings for engine speeds have been satisfied,
lock the speed setting beam adjustment by
tightening the setscrew (Illus. Md5, Ref. 7) and
the locknut (Illus. Md5, Ref, 8).

As a final step, check the engine speed at
full throttle. It should be the same as initially
set. If the engine does not corne up to speed, it
is probable that an ''over-correction' has been
made and that the block has been moved too far
from the fulcrum in making the adjustment.

When screw {Illus. Md5, Ref. 10) is moved
closer to the fulcrum ofthe speed setting beam,
the range is decreased. That is, it will require
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less pounds of air pressure, or less throtile
movement. When the screw is moved further
away [romthe fulckrum ofthe speed setting beam,
the range is increased.

It canbe seen that the adjustments made by
moving the block toward or away from the ful-
crum of the speed setting beam are necessarily
a '"cut-and-try’ proposition and that Yover-cor-
rections' in either direction are possible.

RELOCATING THE PILOT VALVE

Inremote cases extremeadjusiments might
have tobe made tothe travellink screw insetting
the Minimum Field Start Adjustment and to the
eccentric in setting the Full Load Adjustment.
The extreme adjusiments can be avoided by re-
locating the pilot valve setting which will give a
minimum amount of adjustment 1o the eccentric
and travel link screw.

Start relocating the pilot valve by raising
the pilot valve until the nut on the threaded por-
tion of the pilot valve shows at the opening of
the pilot valve cage. Do not lilt the pilot valve
too high as the control land of the upper seat
will contact the lip of the upper oil seal and may
cut the rubber rings. Unlock the locknut (Illus.
Md5, Ref. 23) under the pointer plate (Illus.
Mdb, Rei. 40), and with an openend wrench torn
the lower nut that protrudes from the opening
either to the right or lefi, as required tosatisiy
the determined extreme conditions. {This nut s
not shown in Ilfus. Md5, however, it is located
directly below the locknut. )

After relocating the pilot valve, lock the
locknut.

If the pilet valve has been relocaled, the
pilot valve will then have to be lapped again as
explained under Pilot Valve Lap Check.

Reset the travel link screw for minimum
field start and the eccentric for full load as ex-

plained previously. Since the pilol valve was
relocated due tothe extreme adjustments needed
in setting the travellink screw and the eccentric,
the iravel link screw and the ecceniric should
now need only & small adjustment.

FINAL PRECAUTIONS

Remove the governor power piston jack and
manual speed adjusting tool and store them
above the power piston assembly,

The poesgition of the fuel indicating actuating
pins must be checked. The pin is located just
Below the point where the floating lever assem-
bly is hinged at the top of the {fail rod, The
normal position of {he pin when properly con-
nected is to the back of the governor or toward
the engine. The governor rnechanically limits
the engine to 2nd or 3rd notch when the pin is
improperly positioned.

Apply the cover to the governor making
sure thatthe gasket is square and unbroken, and
that pointers on the front of the cover are en-
gaged with the inner linkage. Bolt the cover
down and check the oil level,

TOOLS

Allen Wrench - 3/32", 1/8", 57327, /167

Open End - 15° Box Wrench - 5/16'"; 11/32",
7/16", 3/8v, 5/8", 1-1/16"

Long Nose Pliers - "

Screwdriver - 8"

Spintite Wrench - 11/327

Waldes Truarc Snap Ring Pliers - #1, #3

nrit Handle Wrench - 3/8"

T-14675 Fixture

Shutdown Nut Wrench and Gage

Power Fiston Seal Installating Sleeve

Steel Rule with 1/64 Graduations - 6"

Load Control Filot Valve Adjusting Wrench
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CHAPTER N. FLEXIBLE DRIVE - GOVERNOR AND ATTACHED PUMPS
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400 Nl
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DRIVE SHAFT
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DRIVE
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DRIVE
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53IaR

i _FUEL PUMP
DRIVE GEAR SHAFT

e DRIVE SPRING SPACER
DRIVE GEAR

e

Illua. N1l. Flexible Drive for Governor and Attached Pumps
{Fuel pump drive used only on early "Hood" Type Locomotives)
{Gear drive used instead of coupling drive on 12 cyl. lub 0il pump)

DESCRIPTION gines.} The upper lubricating oil pump impeller

on the 6, 8 and 10 cylinder engines is driven by

The water circulating pump, lubricating oil means of an internal gear coupling., The lower

pump and the governor are driven from the low- impeller onthe 12 cylinder pump is gear driven,

er crankshaft thru a flexible gear drive. Early A helical gear, mounted on the lubricating

engines except the 10 cyl. Erie Built Locumotive oil pump drive shaft, meshing with a mating

have an engine driven fuel pump. In this drive gear on the governor drive gear shaft drives the

{Illus. N1 and N2) power is transmitted thru  governor coupling shaft. The governorcoupling

springs which isolate the torsionals transmitied  shaft inturn drives the governor or tachometer-
by the lower crankshaft. The circulating water  generator thru a bevel gear drive,

pump is driven directly from the flexible gear.

N (Early engines were equipped with two water SERVICING
\_/ pumps.) The fuel pump drive gear and idler
gear in turn rotate the fuel pump driven gear. To disassemble the flexible drive, discon-~

(Not used on 10 cyl. Erie Built and all later en- nect the piping to and from the lubricating oil
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LUB, OIL
PUMP DRIVE
DRIVE GEAR

TAPPED HOLE
FOR PULLER

DRIVE BOLT
DRIVE SPRING

FLEL PUMP
DRIVE GEAR

o

+ DOWEL
MOUNTING PLATE

GOVERMNOR
DRIVE BRACKET

HANDHOLE

FUEL Bsap
DRIVEN GEAR

WATER PUMP
DRIVE GEAR

TORSIONAL DAMPER

Tllus. N2. General View of Flexible Drive
(Fuel oil pump drive used ouly on early "Hood* Type Locomotives)
(Gear drive used instead of coupling drive on 12 cyl. lub oil pump)

and water pumps. Disconnect the tubing and
linkage leading to the governor and governor
bracket. Rernove the handholecover on the con-
trol side of the pump mounting plate and the stud
nuts holding the governor bracket, The gover-
ner bracket assembly and governor are then
removed, The handhole is provided for reaching
thru and holding the governor coupling shaft in
place while removing the governor bracket,
Remove the pumps from the pump mounting
plate. After taking off the stud nuts and dowel
nuts, the pump mounting plate can be removed.

Remove the fuel pump drive gear shaft
from the end of the lower crankshaft {if used).
Install the drive gear puller (Illus. N3) on the
flexible drive hub using the tapped hole provid-
ed. This puller can be purchased from the en-
gine manufacterer. Tightening the puller jack-
screws will withdraw the complete flexible drive
from the crankshait.

Remove the nuts from the drive bolts and
drive out the bolts. By using three 1/2.20
capscrews in the three holes in the spring re-
tainer force the spring retainer from its {it in
the drive gear. The drive hub, drive Springs
and spring spacers can then be separated from
the drive gear.

The wearing bushings whicharepressed in-

to the spring retainer and drive gear should be
cleaned, inspected and renewed if necessary.
The drive springs should alsc be inspected and
replaced if broken. Before reassembling the
parts clean all oil from the surfaces and allow
the parts to dry. This will make it easier io
reassemble the parts. Check the oil holes i
the drive hub and gear to be sure they are open.
Place the gear open side up on a bench. Then
place three of the spring spacers in the gear
{Illus. N4} to temporarily support the drive hub
in place, The spacers should he between adja-

Jackscrews {4
%-11x5

Illus. M3. Drive Gear Puller
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flius. NB, Drive Hub in Place

cent bolt holes as shown in the illustration.
Place the drive hub in place on the spacers,
filue. N5. The lugs must be between adjacent
bolt holes. Then place two drive springs in
place on one of the remalining spacers. Place
the spacer and springs between two drive hub
lugs and force in place with a bar inserted thru
the spacer and gear holes as shown in [llus. Nb.
Tap down further with a soft hammer. Replace
the next spacer and springs by the same method
at a position directly opposite to the firsf one

replaced. Then replace the remainder, sliding
out the spacers used as blocka. Force the as«
sembly down as shown in Illus. N7; replace
spring retainer, bolts and nuts, Illus, N8, be-
ing sure the bolt heles and matchmarks are
aligned. Use a soft hammer to drive the bolts
in place, Tighten to torque value given in
Chapter B, ) o

ASSEMBLY

Rotate the engine crankshaft until the keyway
in the crankshaft is at the top. Check the keyway
in the flexible pump drive hub and fit key in the
crankshaft. Apply white lead and light oil to the

Mlus. N6. Forcing Springs and Spacer

in Flace

Ilue. N7. Forcing Assembly Down
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Illus. N8. Tapping Bolit in Place
flexible pump drive hub, ¢il groove and keyway.

Heat the flexible pump drive slowly in oil
{or in an electric furnace) to about 320° F. tem-
perature of the heating medium. The hole in the
flexible drive hub should then be about . 007"
oversize,

Install flexible drive to seat properly onthe
crankshaft. Heplace the fuel pump drive gear
shaft {or end plate} on the end of the crankshali
while the flexible gear assembly is still hot.
Coolslowly with compressed air, starting atthe

i
— LL

i
{ GOV DRIVE SMHAFT
ey
YL SOV DRIVE 3K AFTX

RN i 1

hub. Lift the pump mounting plate back in place
on the dowels. A cover is provided onthe upper
oppesite control side of the plate for reaching
thru while pguiding the lubricating ©il pumyp in-
ternal gear drive coupling in place. Secure the
mounting plate, replace pumps and test pump
drives for free movement. Replace governer,
governor bracket, linkage and tubing.

If 2 new pump mounting plate is to be used,
it must be dowelled to the cylinder block 50 that
the proper backlash between mating gears will
be provided. Likewise if =2 new lubricating oil
pump drive bracket is to be used it must be
fitted to the cylinder block with new fitted bolts,
For inforrnation regarding correct gear back-
lash, refer to Chapter B.

GOVERNQOR DRIVE
Engines with Woodward Governors

The governor drive, shown in llus. N9,
transmits power from the flexible pump drive,
to rotate the governor.

The governor coupling shaft is designed so
as to provide for any vibration or misalignment
which may occur. The ball bearings and gears
of the governor drive are lubricated from the
engine pressure system. These bearings and
the gears should be inspected periedically for
wear, and be replaced if necessary.

GOV FIRAL, DRIVE SHAFY
BALL BEARING-UPPER

LB DL FROM
LOWER (il HEADER

GOV BRACKET GASKET

END COVER SASKEY

BRAGKET ENU COVER

GOV FINAL IRIVE
SHAFY

30V FINAL BEVEL
GEAR

A1.0CKNUT = ;
// /213":." v i
//f-’/ / w // . =
e U2, , |
PLATE 7 4

BEVEL GEAR LOGGKWASHER

1 P
/ L g £ LOCKNUT
]

4 $ON DRIVE BRAGKET

@ﬂf - GOV, DRIVE MOUNTING
il BRACKET GASKET

iilus.

GOV. DRIVE SHAR T KEY
GOV.FINAL DRIVE SHAFT
BAL . BEARING-LOWER
GOV BRACKET BEARING
HETAMNERGASKET

GO Bﬁ&‘GKET BEARNG
RETAN

GO, BBM? SEARING CAP
GASKEY

BALL BEARING LOCKWASHER
= AND LOGKNUT i

i i e i

N9. Governor Drive {Woodward Governor}

»
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TACHOME TER mm._mm’l
GENERATOR

BEARING RETAINING PLATE

COUPLING

GiL NOZZLE
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Kumve SHAFT // e P

% DRIVE PNION

COUPLING SHAFT
CUPLING SPRING

COUPLING

COUPLING ‘[
SETSCREW

COUPLING PIN

DRIVE BRAUKET ——*

Illus. NidG.

7

Tachometer-Generator Drive - 10 Cyl. Erie Built Locomotives

b a-END COVER

5
| _p—DRIVE GEAR

DRIVE GEAR SHIMS

(Used on engines up to but not including No. 882199.}

Engines with Electric Governor

The tachometer-generator drive, shown in
Illus. N10, transmits power from the flexible
drive to rotate the tachometer-generator. The
tachometer-generator drive is bevel gear driven.
The tachometer-generator furnishes current to
actuate the electric governor pilot valve.

The tachometer-genevator drive, shown in
Nlus. N}, transmits power from the flexible
drive to rotate the tachomeier-generator. The
tachometer-generator is direct driven. The
tachometer -generator furnishes current toactu-
ate the electric governor pilot valve.

The coupling and shaft are designed so as
to provide for any vibration ¢r misalignment
which may occur. The bearings and gears are
lubricated from the engine pressure system,
The bearings and gears should be inspected
periodically for wear and should be replaced,
if necessary.

SERVICING
Engines with Woodward Governors - [llus. N9

To inspect or replace bearings, the gover-
nor must first be removed. To removethe gov-
ernor disconnect the necessary linkage, and oil
lines. Then remove the nuts holding the gover-
nor drive bracket to the pump mounting plate.
Take off the handhole cover on the pump mount-
ing plate and hold the governor coupling shaft
in place while removing the drive bracket as-
sernbly. The bearings on the final drive shalilt
can be taken off after removing the bearing cap
and bearing locknut. The hearings on the gov-
ernor drive ghaft can be removed after taking
off the two locknuts, retamér plate and bevel
drive gear.

When reassembling, insert bearings and
shafts in their proper places. KReassembly is
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COUPLING SPRING
SPRING RETAIMNER

e

COUPUING PiN COUPLING BHAFT

COUPLING

GASKEY Off. RETAINER
\ COVER

o WASHER

ELASHC STOP
MUY

o g e ¥

TACHOMETER-GEMERATOR
HOUSING

! OlL RETAINER TACHOMETER-GENERATOR

BEARING
LOUPLING SETSCREW

DRIVE BRACKET

Illus. Nll. Tachometer~-Generator Drive
Used on 10 Cyl. Erie Built Locomotives starting with No. 882199 but not including No. 927599.
Used on General Electric equipped "Train Master’and "General Purpose' units.

the reverse of the disassembly procedure,

Early 10 Cyl. Erie Built Locormotives with
Electric Governor « Illus. NI10O,

To inspect or replace bearings, remove the
tachometer-generator after removing theneces-
sary tubing and leads. Then remove the nuts
holding the drive bracket {o the pump mounting
plate. Take ofi the handhole cover on the pump
and hold the coupling shaft in place while remov-
ing the drive bracket assembly and the coupling
shait. Remove the coupling setscrew. Thecoup-
ling and coupling shaft can then be removed from
the assembly. The coupling canbe disassembled
piter first removing the coupling capscrews.

The bearings on the drive shaft can be re-
moved after taking off the locknut and retaining
plate at one end and the end cover, 'Elastic
Stop' nut, washer, bevel drive gear and shims
at the other end.

Before reassembling the parts, check the
coupling springs for cracks and replace, if
necessary. Reassembly is the reverse of the

disassembly procedure,

Later 10 Cyl. Erie Built Locomotives and Units

with Electric Governor - Illus. NI11i.

To inspect or replacebearings, remove the
fellowing parts in the sequence named. First,
remove the tachometer-generator housing. This
will permit the remowval of the ""Elastic Stop*
nut, washer, tachometer-generator and bearing
cap. Then remove the nuts holding the drive
bracket to the pump mounting plate. Take off
the handhole cover on the pump mounting plate
and hold the coupling shaft in place while re-
moving the drive bracket assembly and the
coupling shaft. Remove the coupling setscrew,
The coupling and coupling shaft can then be re-
moved from the assembly. The c¢oupling can
be disassembled after first removing the coup-
ling capscrews. The bearings on the drive
shaft can now be removed.

Before reassembling the parts, checkthe
coupling springs forcracks and replace, if nec-
essary. HReassembly is the reverse of the dis-
assembly procedure.

.i‘
5,
.
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CHAPTER F. LUBRICATING SYSTEM - PISTON CCOLING

DESCRIPTION OF THE EXTERNAL SYSTEM

The engine lubricating oil pump draws oil
{romthe sump in the engine subbase and forces
it thru the cooler and filter. Leaving the coocler
and filter, the oil is piped to the engine, where
it enters the lower lubricating oil header thru
an inlet fitting. (Later locomotives also have
strainers. }

For a more complete description of the ex-
ternal parts of the lubricating oil system refer
to the "Engineman'’s Manual."

DESCRIPTION OF ENGINE PRESSURE
SYSTEM

The engine is equipped with a pressure lu-
brication and piston cooling system which sup-
plies a continuous flow of oil to all surfaces
requiring lubrication, and to the pistons for
cooling. After engine lubrication and piston
cooling, the oil drains to the enpine subbase.

The engine pressure system consists of a
positive pressure gear pump, an upper and lower
oil header built into the cylinder block and con-
nections te bearings and other puints requiring
lubrication. {The 12 cylinder engine has an up-
per and two lower oil headers.}

Illus., P2 shows how lubricating oil is cir-
culated thru the engine.

Entering the lower lubricating oil header
from the inlet near the front end, the oil flows
thru the lower header toward the blower end.
There, a vertical pipe carries the oil to the up-
per header.

Thru supply pipes frombeth lower and upper
headers, oil is forced tc each main bearing,
thru the crankshaft passages to each crankpin
bearing. From each crankpin bearing, oil
passes thru the drilled passage inthe connecting
rod to the piston pin bearings and to the piston
for cooling. The surfaces between the thrusi
bearing shells, and the crankshafi flanges are
lubricated by means of grooves in the thrust
bearing shells.

The cooling oil from each lower piston is
discharged into the subbase. Qil from each up-
per piston is discharged into the upper crank-
case. This 0il then draing to eachend and down
to the subbase.

The twocamshafts receive lubrication from
the upper oil header. The oilflows into andfills
the hollow camshafts from a connection ai the
front end. (Refer to Illus. HZ2.} Small openings
at each bearing allow oil to reach the bearing
surface. Lubrication for the timing chain is

supplied from an opening in the end of each
camshaft and from the excess 0il from the No, |
main bearing, The lubricating oil from the
openings in the ends of the camshalts flows out
thru drilled holes in the camshaft sprocket plate
and the overspeed governor shaft.

The oil that sprays from-the timing chain
and splashes from the upper pistons provides
lubricationfor the bearings of the idler sprockets
and the conirol mechanism.

Flexible pump drive parts receive lubrica-
tion thru & hele inthe crankshaft and thru longi-
tudinal grooves in the torsional damper spider
hub.

The torsional damper weights receive lu-
brication thru drilled hcles in the spider hub
which are aligned with the longitudinal grooves.

Qil from: the upper crankcase enters the
tappet housing and lubricates the tappet assem-
bly. The excess oil is drained thru tubes to a
return header which conducts the 0il o the front
end compartment. )

The blower drive gears are lubricated by a
spray of oil from a nozzle which branches {rom
the pipe conmnecling the upper and lower oil
headers. Openings in the drive gear spider fur-
nish lubrication for the two wearing rings. Oil
is brought to these openings from the drive end
main bearing by means of a drilled hole in the
upper crankshaft.

Two oil tubes are connected atthe drive end
of the upper ¢il header. One tube supplies lu-
bricating oil to the inner blower bearings, and
timing gears. The other line supplies oil to the
outer blower bearings.

The upper and lower verticaldrive gear and
pinion are lubricated by oil from a nozzle. An
additional tube, leading from the connecting
piping between the upper and lower oil headers,
supplies oil to the lower bearing housing there-
by lubricating the lower roller and thrust bearing.

OlL. USE AND CHANGE

Refer to Maintenance Bulletin "Locomotive
Lubrication' Sec. 203 for generalspecifications
and recommended 0il change periods.

An oil level gage dip stick is provided for
measuring the oil level (Illus, P1}). Each side
of the oil level gage is calibrated. One side is
marked "ENGINE STOPPED" and the other side
N"ENGINE RUNNING. '

The dip stick may be read either with the
engine rumning or stopped. Care must be exer-
cised so that the correct side is read.

When the system: is being Iilled for the first
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NEW FILL MARK FULL ENGINE
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FULL ENGINE
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T~

DANGER, LOW O

ENGINE BTDPPED

! L] |

USED ON LATER & CYL"HOOD"

AND 8,10, AND 12 CYL ENGINES _

Illus. Pl, 0il Level Gage

time, oil shouldbe added until the level reaches
the "FULL ENGINE" mark on the "ENGINE
STOFPPED" side of the dip stick, After the en-
gine has been run and the oil distributed thru
the asystem the level will be at the "FULL
MARK. "

Lubricating oil need not be added until the
0il level has reached the "ADD QIL" mark., il
should then be added until the level is at the
HFULL ENGINE' mark depending on whether the
engine is running or stopped.

When changing lubricating oil drain the en-
tire aystem completely. After properly clean-
ing the system, add oil to the proper gage mark
level,

OIL CONSUMPTION PROBLEMS

There are many readons which may cause
an engine to use an exceasive amount of lube
oil., Some of the factors that enter into the
problem of high lube 6il consumption are:

1. Qil ring abuse through handling
a. KEdges being nicked because of im-
proper protection in storage
b. Allowing rings to be damaged whiie
handling in shop
c. Overstretching and distorting rings
when applying
2, Dirty liners damaging or nicking the
rings.
3. Ring compreesor being nicked or dis-
torted

4, Ring expanders missing from oil con-
trol ring

5, Dmproper liner application

6. Improper liner surface contrel at time
of deglazing

7. Engine temperature low

8, Engine oil leaks A

9. Plugged air intake filters

10, Owverfilling the crankcase

Most of these conditions are obvious and
can be corrected by stringent control and in«
sistance that mainténance personnel observe
proper standards of care, Uthers are less
evident, but can be determined by proper
trouble -shooting,

Overfilling the crankcase is a common oc-
currance in the field, yet is infrequently recog-
nized as an important contributor to high lube
oil consumption. Engine smokle problems, as
well as heavy port carbon, can result from too
much oil in the crankcase. The splashing of the
lube oil due to the connecting rods dipping into
the 0il, deposits an excesgive guantity of oil on
the cylinder walls and increases the oil control
problerm. This action alsc overburdens the oil
separater, '

FPRELUBRICATION OF THE ENGINE

Prelubrication of an engine or charging the
il syetern is beneficial in that it prevents fail-
ures that could occur due to the lag of oil pres-
sure at the engine when the oil system was

O
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previously drained, When the aystem is
charged, the oil flow through the engine is al-
most immediate upon starting., Prelubrication
supplies oil through the engine so that assur-
ance is cbtained that all parts are being lubri-
cated and that no excessive leakage through
gaskets or improperly applied parts exists.
This is especially important where major over-
haul work has been done on the engine. When
an engine has been shut down for a long period
of time, prelubrication prevents starting the
engine on dry bearings, This also applies whean
putting a new locomotive into service or when
the locomotive has been out of service for an
extended period. The benefits of prelubrication
can be nullified, however, if cleanliness is not
heeded, Clean oil, clean supply lines, and a
clean pwnp must be assured before prelubri-
cation is attempted, When connections are
made to prelubricate an engine, be sure the
hook-up is made so that the oil passes through
the strainer before it reaches the engine,
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LUBRICATING OIL PUMP
DESCRIPTION

The lubricating oil pump is shown on Illus,
3, P4, and P5. The impellers are of the her-
ringbone gear type. The pump is mounted on
the pump mounting plate at the exhaust end of
the engine, and is driven, thru gears and a
flexible drive, by the lower crankshaft,

NOTE: ‘The lubricating oil pump on early
enginea have ball bearings and timing gears
driving the driven impeller. Later 6, 8,
and 10 ¢yl. engines have ball bearings on
the driven impeller. The 12 cylinder en-
gines have bushings at the ends of both
impellers.

The bearings and timing gears are lubri-
cated by oll flowing from the pump thru openings
in the wearing plates {early engines), The
driver impeller bearings and the driven im-
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peller bushing are lubricated by oil passing
thtu an opening in the bearing plate and by holes
thru the drivenimpeller to the bearing (on later
6, 8, and 10 cyl. engines). The bushings on the
impellers of the 12 cyl. pump are lubricated by
a line from the lower oil header.

APPLICATION

In order to determine the proper pump to
be used on an engine, the following information
is tabulated,

No, G.P.M. at Pump Measure«
of Full Engine Body © ment

Oyl, Speed Symbol {Across
pump body)
6 238 C-AFBl084H 5.1/16
8 300 C«-AFB10847 6-1/2
10 350 C-A¥FB1084K 1-1/2
12 425 C-AlZFB10848B  9.5/1%
SERVICING

The impellers may be examined by remov-
ing the discharge pipe and barring the engine.
The outer bearings and timing gears (if used}
may be examined by removing the cover,

The lubricating oil pump should be removed
periodically and disassembled for inspection of
parts,

Disconnect the piping and remove the pump
from the engine.

The following procedure shouldbe used de-
pending on the pump in service.

Applicable to Early Engines

Remove the pump cover and the timing gear
locknuts and lockwashers, Pull the timing
gears, The same puller yoke is used as shown
in Illus. Q&é. Remove the timing gear keys,

Pull the taper dowels (5/16"-24 puller
thread} from the outer bearing plate and irmmer
bearing plate.

Remove the nuts holding the inner bearing
plate in place. Then force the impellers from
the outer bearings by jacking evenly against the
tirning gear ends of the impeller shafts. The
outer bearings will stay in place in the bearing
plate.

Remove the locknuts and lockwashers from
the drive coupling end of the impeller shafts,
Then pull the drive coupling using the puller
yoke mentioned previously. Remove the drive
coupling key, The impeller may now be forced
from the inner bearings by jacking evenly
against the drive coupling end of the impeller

shafts., The inner bearings will stay in place in
the bearing plate,

Carefully check the parts for damage and
wear, especially the bearings and impellers.

Disassernble the valve and check the valve
seat for pitting, If the seat is pitted, it can be
corrected by machining on a 57 greater angle
than the valve body seat. Lightly lap valve to
seat, Extreme care must be usad when lapping
valve to seat. Excessive lapping will increase
the width of the contact surface which will hin-
der the action of the valve, The valve and seat
should have thin line contact.

Assemble valve with double springe and
spring retainer. Check all parts for burrs. Be
sure valve works freely. Pumps with double
spring relief valve arrangement are stamped
with double x {(xx} letters on the front edge of
the right hand flange of the pump (when facing
the exhaust end of the engine}.

Test valve as shown in [llus, P4, and set
opéning pressure at 80 to 85psi and lock, Make
up a flange with 1/4" P, T, opening and secure
to pump side of relief valve with gasket between
relief valve and flange, Install gage next to
flange with a valve to shut off the test medium
{air, water or oil},

Assemble valve to pump. Be sure that
valve to pump contact surfaces are clean, This
is a metal to metal contact and a good fit is
required to prevent leakage,

Reasgsemble the pump in reverse of the
disassembly procedure,

In reassembling the paris, see Illus. P3
for the clearance and backlash between parts,
Clearances given are maximum and minimum,
When assembling the pump, minimum clear.
ances shown are desired and must be held as
close as practically possible by fitting in such
a manner that parts still come within specifi-
cations,

Make sure that the cover gasket is assem-
bled in the correct position so as not to obstruct
the oil return hole at the bottom of the pump,
The slot in the gasket must be aligned with the
drillea oil rerurn hole in the bearing plate and
purnp body,

The dowelling for lecating the lubricating
oil pump body to the pump mounting plate on
early engines is not jig located; if a different
pump than the original is installed, the original
dowelling cannot be used,

However, on later engines, the dowelling is
Hig located at the factory, Hedowelling will not
be necessary when pump replacement is made,
The old, individually located, dowels were 1/2"
diameter; the new, jig located, dowels are 5/8"
diameter, .

All replacement pumpsg furnished by the

»
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factory will have jig located dowel holes.
Therefore, if the pump mounting plate on the
engine iz not furnished with jig located dowel -
ling, it will be necessary to re-dowel the pump
mounting plate with the required jig. {(Contact
the Locomotive Service Department. )

In replacing the pump on the pump mount-
ing plate, it willbe necessary to guide the coup-
ling drive in place by putting a hand thru the
inspection cover opening at the corner of the
pump mounting plate. The dowels should re-
locate the pump so that there will not he any
binding of drive. Before pulling nuts up tight,
check alignment of coupling, Tighten nuts to
torgue value given in Chapter B,

Replace piping connections.

Applicable to Later 6, 8, and 10Cyl, Engines

Remove the pump cover, locknut and lock-

SUCTIGN

Iilus. P5.

washer {rom the driver impeller, and the snap
ring from each end of the drivenimpeller shaft.

Pull the dowels from the inner and outer
bearing plates. .Remove the nuts holding the
inner bearing plate in place. With the puller
yoke, Illua. Q6, jack against the driven im-
peller shaft until the shaft is iree., Using the
puller yoke, jack the driver impeller shaft
from the outer bearing plate,

Remove the locknut and lockwasher from
the drive coupling and pull the coupling using
the puller mentioned.

Remove the key. Use the puller and jack
againet the driver irmpeller shaft and push the
shaft out of the Inner bearing plate, The bear-
ings will stay in place in the bearing plates.

Remove the impellers and bushing from the
driven impeller.

Check the parts for damnage and wear es-
pacially the bearings and impellers,
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Disassernble the valve and check the valve
seat for pitting. If the seat is pitted, it can be
corrected by machining on a 5 greater angle
than the valve body seat, Lightly lap valve to
seat, Extreme care rmust be used when lapping
valve to seat. Excessive lapping will increase
the width of the contact surface which will hin.
der the action of the valve, The valve and seat
should have thin line contact,

Asgsemble valve with double springs and
spring retainer, Check all parts for burrs. Be
sure valve works freely., Pumps with double
spring relief valve arrangement are stamped
with double % {xx) letters on the front edge of
the right hand flange of the pump (when facing
the exhaust end of the engine).

Test valve as. shown in Illus, P6, and set
opening pressure at 80 to 85 psi and lock, Make
up a flange with 1/4" P, T. opening and secure
to purmnp side of reliefvalve with gasket between
relief valve and flange, Install gage next to
flange with a valve to shut off the test mediam
{air, water or oil).

Assemble valve to pump, Be sure that
valve to pump contact surfaces are clean, This
is a metal to metal contact and a good fit is
required to prevent leakage,

Reassemble the pump in reverse of the
disassembly procedure,

In reassembling the parts, see Jllus. P4
for the clearances between parts. Clearances
given are maximum and minimum. When as-
sembling the pump, minimum clearances shown
are desired and must be held as close as prac-
tically possible by fitting in such a manner that
parts Btill come within specifications.

Make sure that the cover gasket is assem-
bled in the correctposition so as not te obstruct
the oil return hole at the bottom of the pump.
The slot in the gasket must be aligned with the
drilled oil retern hole in the bearing plate and

pump body.

In replacing the pwnp onthe pump mounting
plate, it will be necessary to guide the coupling
drive in place by putting a hand thru the inspec-
tion cover opening at the corner of the pump
mounting plate. The dowels should relocate the
pump sc that there will not be any binding of
drive. Before pulling nuts up tight, check
alignment of drive. Tighten nuts to torgue
value given in Chapter B.

Replace piping connection,

Applicable to 12 Cyl. Engines

Pull the dowels and remove the nuts from
the inner bearing plate and from the outer
cover,

Remove the capscrews and retaining plate
and the drive end of the impeller shaft. Pull
the drive gear using the puller, [llus. Q6.

Remove the inner bearing plate and outer
cover,

Check the parts for wear and damage es-
pecially the bearinge and impellerg. The bear-
ings can be replaced if excessively worn. Pull
the bearing and press in new bearings.

Disassemble the valve and check the valve
seat for pitting, If the seat is pitted, it can be
corrected by machining on 2 5 greater angle
than the valve body seat. Lightly lap valve to
seat., Extreme care must be used when lapping
valve to gseat. Excessive lapping will increase
the width of the contact surface which will hin-
der the action of the valve. The valve and seat
should have thin line contact.

Assemble valve with double springs and
spring retainer. Check all parts for burre. Be
sure valve works freely. Pumps with double
spring relief valve arrangement are stamped
with double x (xx} letters on the {ront edge of
the right hand flange of the pump {when facing

GAGE. VALVE .

| 2D AFS 2&4;

Iles, Pé. Testing Pump Relief Valve
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the exhaust end of the engine).

Test valve as shown in Illus. Pé, and set
opening pressure at 80 to 85 psi and lock. Make
up 2 flange with 1/4" P.7T. opening and secure
to pump side of reliefvalve with gasket between
relief valve and flange. Install gage next to
flange with a valve to shut off the test medium
fair, water or oil).

Assemble valve to pump. Be sure that
valve to pump contact surfaces are clean, This
is a metal to metal contact and a good {it is
required te prevent leakage.

Reasgsemble the pump in reverse of the
disassembly procedure.

In reassembling the parts, see lllus. P§
for the clearances bhetween parts. Clearances
given are maxirmum and minimum, When re-
asgembling the pump, minimum clearances
shown are desired and rmust be held as close as
practically possible by fitting in such a manner
that parts still come within specifications,

In replacing the pump on the mounting plate
the dowels should relocate the pump so that
drive gear has the correct backiash. Before
pulling nute up tight, check alignment and free
movement of the drive. Tighten the nuts to
torque value given in Chapter B.

Replace piping connections.
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CHAPTER Q. COOLING 5YSTEM
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Illus. Q1. Water Passages thru the Engine
{As viewed from the exhaust end}

DESCRIPTION - EXTERNAL SYSTEM

The engine is cooled by c¢irgulating water
thru its passages, This water circulates in a
closed system consisting of the engine cooling
systemn, piping, supply tank and radiators,

Only clean water which ie properly treated
for scale and corrosion should be used in the
system, A thin layer of dirt or ecale on the
cylinder walls will act a8 an insulator, tending
to cause gverheating and possible damage to the
engine.

Refer to Maintenance Bulletin s "Cooling
Syetems' Sec, 218 Series, for complete de-
scription of external system and water treat-
ment procedure,

WATER PASSAGES THRU THE ENGINE

On locomotives with exhaust elbows, the
jacket cooling water enters the engine thru an
inlet in each exhaust elbow. The water then
flows thru passages which form a cooling jacket
surrounding the elbows. The water then enters
the exhaust manifold water jackets extending
the full length of the manifold, On locomotives
with individual exhaust snubbers, the cooling
water enters directly into the exhaust manifeld
water jacket,

Exhaust passages thruthe exhaust belts and
the lower part of the liner are cooled by the
jacket water travel thru the exhaust belts, The
water enters fromthe exhaust manifold at open-
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ings at the lower side of the belts and returns
to the manifolds at openings near the top,

As shown in Illus, Q1, the water flows from
the exhaust manifolds to inlet elbows on each
side of the cylinders. These elbows conduct the
water 1o the space between the cylinder liner
and its jacket. Ribe on the cylinderliner direct
the water upward, to cool the liner, Water pae-~

sages algo lead to the water jackets around the

injection nozzles,

Upon reaching the top of the liner jacket,
the water flows out of the cylinder water space
thru an outlet pipe which leads to the water
header. This header extends along the opposite
governor side of the cylinder block, just below
the air receiver. Its outlet flange is at the ex-
haust end of the engine.

LUBRICATINGOIL COOLINGWATERSYSTEM
{Two Pump System - Early Engines)

The lubricating ©il is cooled by an oil
cooler which is cooled in turn by the cooling
water eystem. The oil ¢cooling water is cooled
by radiators and the air cooling systems,

The lubricating oil cooling water pump disg~
charges water thru the oil coolers where the
water cools the lubricating oil, After leaving
the oil cooler, the water flows thruthe radiators
where it i8 cooled, From the radiators, the
water flows back to the water tank and to the
pump to repeat its cycle,

SHAFT SEAL DETAR

BEARING SP&CER\

FRAME
GLUHDE BEARING

o e 7 ‘ .
\THRUST BEARING \sngﬁ : b
BEARING RETAINER SEAL RING

Illus. Q2Z,

O DRAIN
GASKET

SUGGESTIONS TO THE OPERATOR

No restrictions should be allowed in the
cooling systemas.

The engine system should be subjected to
5 Ibs, hydrostatic pressure after any parts
have been replaced and reconnections made,
The water test applies to the engine only, Use
pump or hydrant pressure and block off the inlet
and outlet; also the cab heaters. Obsgerve all
connections for poesible leakage.

WATER PUMPS - JACKET WATER
{and Lubricating Cil Cooling Water Pump
on Early Engines)

DESCRIPTION

The huilt-in circulating water pump is of
the centrifugal type, Refer to lllus, Q2.

This pump is gear driven from ths lower
crankshaft thru a flexible drive gear, The
pump is attached to the pump mounting plate at
the exhaust end of the engine,

The shaft and impeller agaembly rotates on
ballbearings and has a carbon seal at the volute
end,

Lubricating 0il reaches the pump bearings
from the exhaust end compartment thru open-~
ings in the pumpframe and is distributed by the
bearings spacer. Leakage of oil to the outside
is prevented by the oil seal ring.
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SERVICING

The following inspections may be made
without completely disassembling the pumps:

The seal may be inapscted after removing
the front head and impeller,

The wearing rings, Illus. Q2, are pressed
into the volute and the front head and are re-
placeable. Original clearance is , 030", Re-
place rings when wear increases to about twice
the original clearance,

The oil seal ring, Illus, Q2, should be re-~
placed when leakage is noticed.

SHAFT SEALS

The shaft sacals prevent water in the volute
from leaking out along the pump shaft.

The shaft seal is a precision product and
must be handled with care. Take particular
care not to scratch the lappedfaces on the seal-
ing seats.

It is recommended that the complete as-
sembly be replaced rather than replacing in-
dividual parts, '

A new shaft seal assembly can be installed
after the front head and impelier have been re-
moved. Two types of mechanical seals are
uysed, Pumps with the "Garlock" seals are
marked with an "X",

Crane Seal {Exposed Spring) - Illus. Q3

First, remove the spring. The pressure
upon the bellows will then be removed, allow-
ing the bellows to expand and free itself from
the shaft. Then remove the bellows assembly.
A suggestive method for the removing of the
bellows agsembly would be to fashion two hooks
made of strong steel wire as shown in Illus, Q4,
These hooks can then be used to hook the re-
tainer and pull the assembly out.

CARE SHOULD BE TAKEN WHEN PULL-
ING THE BELLOWS ASSEMBLY OUT S0
AS NOT TO DAMAGE THE CARBONSEAL.

BELLOWS ASSEMBLY

SEAT RING-—"]
FLOAT| MG BEAT

SEALING WASHER
RETAINER——

DRIVING BAND

SHAFT SEAL DETAR

Illue. Q3. ' "Grane' Shaft Seal

A BLOW EVEN FORCE SHOULD BE EX-
ERTED WHEN PULLING THE ASSEMBLY
OUT WITH THE TWO HOOKS, ALSO, BE
SURE TO BEND THE END OF THE WIRE
OVER ONLY 3/32" WHEN FORMING THE
HOOK 50 IT WILL NOT OVERLAP AND
DAMAGE THE FACE OF THE SEALING
WASHER.,

Remove the seat ring and floating seat by
usé}ng two bars (1/4"x3/8")} with the ends bent
45" and inserted thru the openinge inthe frame.
Pry and tapevenly from both sides with the bent
ends bearing on the floating seat as shown in
Illas, Q5. The new assembly is installed as
follows: Flace the new rubber seat tight against
the shoulder of the floating seat. The rounded
outer edge should be positioned so that it will
be against the volute shoulder to facilitate in-
sertion, Wipe the lapped sealing face of the
floating seat perfectly clean and oil the face
with clean, light oil, ©il the outer surface of
the peat ring with light oil and push the agsem-
bly inte the cavity using a smooth slesve with
an LD, of about 1-17/32% and wall thickness
of 1/4" as shown in Illus. Qb6, which will make
contact on the outer edge of the floating seat.
not on the lapped sealing face. This will also
insure locating the floating seat sguarely to the
shaft.

Wipe the lapped sealing face of the sealing
washer perfecily clean and oil the face with
clean, light oil. If the sealing washer iz loose
in the retainer shell, paste it in with a small
gquantity of grease, Place the sealing washer,
bellows assembly and spring on the shaft and
glide the complete assembly in as far as it will
go. Be sure the sealing washer is in the proper
position. The notches on the edge of the sealing
washer ghould mate with the lugs on the retain-
er, Alseo check the spring to make sure itis
seated praperly on the spacer before sliding the

e &" »
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Illus, Q4. Bellows Assembly Puller
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Illus, 25. Removing Seat and Seal Ring

assembly in. Install the impeller with new seal
washer, making sure¢ that the spring seats
properly on the impeller hub, Replace the im-
peller nut,

Garlock Seal {Enclosed Spring) - Illua. Q7.

After removal of the front head and im-
peller, remove the spacer. The stationary
seat, vibration ring and mechanical seal are
removed using two bars {1/4"x3/8"} with the
ende bent 45° and ineerted thru the openings in
the pump frame., Pry and tap evenly from both
sides with the bent ends bearing on the station-
ary seat. The bars would be used in the same
manner as shown in Illua. Q5.

The new seal is assembled as follows:

The shaft and counterbore in the pump
housing must be smooth and free of score
marks,

Bemove protective coating from face of
stationary seat. Lubricate vibration ring O.D.
With vibration ring on etationary seat, slide
unit into counterbore. Wipe seal face with soft
clean cloth to remove dirt that may have col-
lected. Remove protective coating from face
of seal unit and lubricate shaft and slide seal
unit into place,

Slide spacer ring into place. Install im-
peller shaft gasket impeller and lock in place
with nut,

DISASSEMBLING THE WATER PUMP

Matchmark the volute and front head sc
that the front head can be replaced in its origi-
nal position. Then remove the front head. To
ioosen it, tap it lightly with a soft hammer,

Rermove the nut and washer from the im-
peller end of the shaft. Then remove the im-
peller as shown in Il1lus. Q8. Be careful not to
damage the impeller edges. Be sure the puller
button i# in place. Remove the impeller aseal
washer.

The shaft seal is now removed, For the
removal of the shaft seal, refer to the instruc-
tions under '"Shaft Seals, "

Matchmark the volute and frame sothat the
volute can be replaced in its original position,
Then remove the volute.

Pry up the lockwasher at the gear end and
remove the locknut with a spanner wrench.

Remove the drive gear with the puller as
shown in Illua, Q8.

Remove the bearing retainer plate from the
drive gear end of the pump frame.

Next, remove the pump shaft with bearings
in place thru the drive gear end of the pumnp
frame. Tapping the impeller end of the shaft
will free the bearings of the frame. Protect the
end of the shaft. The bearings and oil retainer

Illus. Q6. Replacing Seat and Seal

Nlus, 7. '"Garlock' Shaft Seal

»
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are remnoved after the shaft assembly has been
removed from the frame.

REASSEMBLING THE WATER PUMP

Put the oil retainer with seal ring in place

Jackscrow
%-18x86

Yoke
Capscrews
Y- 13 x 4%
Pump Shalt

[irive Gest

Volute & L

frapeller

Ilus. Q8,; Gear and Impeller Puller

in the pump frame. The seal ring can be com-
pressed into the frame bore by looping a wire
arcund the ring and pulling the ends to compress
the ring into the bore.

Set the frame on its volute end, Wash both
bearinga in clean fuel 0il, Insert the shaft guide
bearing, tapping it evenly and gently until it
rests againsat the oil retainer,

Insert the bearing spacer so that it rests on
the inner race of the guide bearing.

With the bearing number facing out, insert
the thrust bearing into the top of the frame.
Force the bearing evenly into place against the
bearing spacer. Then replace the bearing re.
tainer plate,

Set the pumnp on its drive gear end, and in-
gert the shaft. Force the shaft into place until
the shoulder is against the oil retainer. Pro-
tect the impeller end of the shaft,

Replace the volute on the pump frame, lin-
ing up the matchmarks,

The shaft seal assembly is now inserted.
Instructions are given under ""Shaft Seals.'

With the shaft seal assernbly in place, re-
place the impeller. Be sure the seal washer ip
in place. Start the impeller onto the shaft by
tapping the inner hub face with & lead hammer,
Then prese into place until the impeller reste
snugly against the shaft sleeve. Replace the
impeller nut and washer.

Replace the fronthead, lining up the match-
marks previously made,

Paint the drive gear bore with white lead,
and replace the gear on the shaft, Replace the
lockwasher and locknut on the drive gear, Be
sure the locknut is sufficiently tightened so that
the drive gear, bearing inner races, bearing
gpacer, oil retainer and shaft shoulder are all
tightly in place without end clearance between
adjacent parts, Check this condition by reach-
ing thruthe frame opening and turning the bear-
ing spacer. If the spacerturns independently of
the shaft, it is an indication that end clearance
exists which mustbe corrected by tightening the
drive gear locknut,

INSTALLING THE WATER PUMP

Inatall the pump to mounting plate, check
the backlash of the drive gears,

*he pump. mounting plate is aligned at the
factory using two water pumps to determine
location of mounting plate, The mounting plate
does not require realignment when replacing
a water pump,
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CHAPTER 5. EXHAUST SYSTEM

INJECTION NOZIZLE
ADAPTER

CYLINDER LINER

WATER INLET ELBOW —3

EXHAUST MANIFOLD
EXHAUST BELT

9304M C

Illus. S1. Cylinder Liner and Exhaust Manifold in Position

DESCRIPTION

The exhaust system conducts the gases from
the exhaust ports to the atmosphere. The hot
gases flow out of the cylinder liner when the
lower piston uncovers the exhaust ports. The
gases enter individual exhaust belts connected
to the exhaust manifolds, which are mounted in
the cylinder block on each side of the engine,
The gases pass on into the elbows or silencer
at the front end of the engine and on to the at-
mosphere. :

Cooling water enters the engine thruthein-
let at the exhaustelbows (or at the silencer) and
flows into the water jacket of the exhaust mani-
folds. The water then flows thru the water
jacket of the manifolds and exhaustbelts, there-
by cocling the exhaust passages.

Drain tubes are provided in the exhaust el-
bows or silencer to drain any condensation that
may collect in the manifolds, elbows or silen-
cers. These drains must be kept clean to pre-
vent the accumulation of foul weather moisture
and condensation. If these drains are not clean
the collected moisture will be carried out the
stack at higher throttle notches and be deposited
on the top of the locomotive and tracking cars,

The cocling water passages of the engine
canbe drained by drainingthe jacket water cool-
ing system. Refer to Maintenance Bulletins
"Cooling Systems, ' Sec. 218 Series.

Illus. S2 shows the relationship of'the ex-
haust manifolds, belts and cylinder block.

Openings in the exhaust manifolds at each
cylinder are provided for the inspection of the

piston rings and liners and also for cleaning
purposes. Covers are used on these openings.

REMOVING EXHAUST MANIFOLD

To remove an exhaust manifold for inspec-
tion or repair, first drain the jacket water
system.

Remove outside connections (exhaust el-
bows, or silencer, fueldrain piping and cylinder
liner inlet elbows).

The exhaust manifold cover plate (stress
plate) is attached tothe cylinder block with fitted
bolts and dowels. Remove the nuts from the
dowels and pull the dowels. Remove the nuts
from the fitted bolts and drive the bolts back
flush with the plate.

Then remove the cover plate being careful
not to damage the threads on the bolts.

Next remove the inspection cover plates.

The nuts from the exhaust belt to manifold
studs are then removed. The washers may be
left on the studs but caution should be exercised
so that the washers are not lost. Also remove
the capscrews holding the manifold outlet flange
to the cylinder block.

Then take out the brass plugs which protect
the jackscrew holes in each manifold. There
aretwo plugs ineachofcertaincylinders. These
plugs are located as follows:

6 cyl. engine-cylinders No. 1, 3 and 6

8 cyl. engine-cylinders No. 1, 3, 6 and 8

10 cyl. engine-cylinders No. 1,3,6,8 and 10

12 cyl. engine-cylinders No. 1,3,6,8,10and 12
Into these holes insert lubricated round
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CYLINDER LINER

STUD NUTS EXHAUST BELY

STRESS PLATE

INSPECTION GOVER

JAGKSCREW PLUG .

EXHAUST PORTS

WATER INLEY

WATER TG CYLINDER LINER

P Cocling Water
I Fxhanst Gas

Illus, 52, Exhaust System

point hardened setscrews {1/2/-13x1-1/2" long
or longer), turning them in until they contact
the exhaust belt surface. Then, beginning at
_one end and working toward the other, tighten
the setscrews in turn, Return t¢ the starting
point and repeat. Continue until, due to the ac.
tion of the sefscrewa, the manifold breaks away
from the gasketed joint between the belt and
manifold, Remove the manifold from the ex-
haust manifold compartment of the cylinder
bleck, Clean all gasketed surfaces, Care
should be exercised 5o that the manifold ig not
damaged.

. After making any repairs to the manifold,
test the manifold water jacket to 50 lbs. hydro-

static pressure,
INSTALLING EXHAUST MANIFOLD

When installing the exhaust manifold and
slbow or silencer, always use new gaskets on
cleaned surfaces. Mike the exhaust belf gas-
kets and selsct for uniform thickness.

Place the exhaustbsltgasket on the exhaust
belt studs and grease the manifold side. Do
not use any gasket sealing compound on either
side. The gaskets must be installed with the
large holes at the bottom. If the gaskets are
inverted, the sealing avea is cut down at the
top and leaks can be expected.

@,
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Illus. 83. Exhaust Manifold for 10 Cyl. Engine

Place the manifold into the manifold com-
partment and align so that the outlet flange is
properly positioned with the mating surface on
the end of the ¢ylinder block. Replace {(not se-
curely) two nuis at each end and center of the
manifold.

Install the capscrews and tighten to pull the
outlet flange to the cylinder block., Do not
tighten securely.

Install the exhaust belt stud nuts on the No.
1 cylinder. Alternately tighten the capscrews
and stud nuts to the torque limits given, Chapter
B.

Replace and tighten the exhaust belt stud
nuts on the rermaining cylinder in order, start~
ing at No. Z cylinder.

Replace the manifold cover plate by placing
it on the extended ends of the fitted bolts, Next,
replace the dowels, drive the fitted bolis in
place and tighten the nuts securely.

Then replace remaining parta,

Another hydrostatic test should be made of
the engine jacketwater system tocheck for leaks
at the exhaust belt and water connections to the
cylinder liner. The 50 1b. test applies to the
engine only and not to the external piping. Use
pump or hydrant pressure and block off inlet
and outlet. Check connections and make neces~
sary reconnections.

Refill the jacket water cooling system.

Refer to Maintenance Bulletin Sec. 206B
for inapection and retightening program for an
overhauled unit.

EXHAUST BELTS

The exhaust beli can be removed from the
cylinder block after an exhaust manifold and the
included cylinder liner have been removed.
However, if rore than one-half of the exhaust
belts are to be removed, it is advisable to re-
move both manifolds.

Capscrews pass up thru the lower cylinder
block deck into the bottom of each individual ex-
haustbelt (Illus. D1}. Remove these capscrews,
and then lift the belt from the recess in the cyl-
inder block and withdraw it from the engine.

Replacement is asfollows: Clean and check
the recessed fit in the ¢ylinder block for burrs
also check the surface of the exhaust belt,
Place the exhaust belt in the proper posiiion in
the cylinder block. Snug up the botiom cap-
screwd.

Refer to "Installing Exhaust Manifold" for
remaining reassembly cutline.

After the manifolds are installed and se-
cure, tighten the exhaustdeck to beltcapscrews
to the torque value given, Chapter B.

Hlus. 54. Exhaust Beli
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CHAPTER U. MISCELLANEOUS TOQOLS

Special Tools

Servicing of this engine as outlined in the preceding Chapters of these instructions is rec-
ormmended with the tools listed in the following table. These tools are specially designed for the
particular function and considerable time will he saved by their use, They are available from the
engine manufacturer. Any tools or group of tools for a certain sub-assembly may be ordered,
Tools marked with a § symbol are combination tools.

§ Blower - Drive Pinion Puller
Tirning Gear and Flange Puller
Thrust Bearing Puller
£ Bearing Plate and Top Cover Evebolt {1/2"-20}
§ Gear and Flexible Pump Drive Gear Puller {S8arme plate used with either pulier)
Lifting Plate {6-8-10 Cyl.}
Lifting Plate {12 Cyl.}
Impeller Shaft Spacer (6-8-10 Cyl.)
Impeller Shaift Spacer (12 Cyl.}
Impeller Glearance Checking Strips {, 028, . 030, . 032)
Seal Retainer Puller
Sezl Ring Expander
Connecting Rod Bolt Nut Ratchet Wrench and Socket
Crankpin Lapping Tool
Crankshaft - Lead Gage
Sprocket Puller
Thrust Face Tool
§ Flexible - Pump Drive Gear and Blower Gear Puller {Same plate used with either puller)
Blower Drive Gear Spring Compressor

{(F.M. & Co. Nozsle)
Injection Nozzle - Test Stand
Filter Puller
Needle Grinding Tool
Tip Cleaning Tool
Adapter Wrench
Adapter Gland Nut Wrench

{Pintie Nozzle)
Injection Nozzle - Test Stand
Holder Remowving Tool
Cap Removing Tool
Tip Plate
Pintle Removing Tool
Pintle Knockout Tool
Lapping Tool
Adapter Wrench
Adapter Gland Nut Wrench
Injection Pump Discharge Valve Seat Puller
Plunger Stroke Gage
Lubricating Qil - Pump Gear Fuller
Pump Gear Puller {12 Cyl. engine)
Pump Relief Yalve Grinder
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Main Bearing -« Wrench
Wrench - Light
Wrench - Power
Shell Removing Tool (Plain)
Shell Removing Tool {Thrust)
Lapping Tool {Crankehaft in place)
Lapping Tool {Crankshaft removed)
Cap Checking Gage
Cap Press Mandrel
{Thrust} Saddle Tool
Piston Inserting and Removing Tools
Platform Hanger _
Tiring Chain Sprocket Bearing Puller
§ Top Cover and Blower Bearing Plate Eyebolt
Torsional Damper - Spider Puller
Bushing Removing Tool
Wedge Block Tool
Spider Bushing Removing Tool
Vertical Drive - Thrust Bearing Puller
Roller Bearing Puller
Coupling Hub Puller
Adjusting Flange Removing Tool
Pinion Shaft Eyebolt
Thrust Bearing Locknut Wrench
Coupling Hub Locknut Wrench
Taper Dowel Inserting Tool
Water Pump Gear and Impeller Puller

STANDARD TOOLS
The following tools are furnished as standard equipment with each engine:
Barring Toeel

Governor Jackscrew
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CHAPTER X. INSTALLATION

When installing the engine the equipment should be correctly aligned to insure proper opera-
tion. Refer to Chapter E for information on aligmment of crankshait coupling and for fitting the
various types of main generators.

INustrations showthe relative location of the engine external parts and ithe distances required
for removal of certain parts when necessary. It is suggested that these dimensions be checked
when the engine ig installed.

Clean out all piping before making final hook up to the engine.

Inspect and tighten all piping connections on the engine.

Be suré all parts of the engine move freely by turning the engine over several times with the
barring device. Do not start the engine until it is certain no parts are binding.

Replacement "Pool"” engines sre furnished complete with subbase less governor, silencer and
nozzles.

The engine and subbase should be removed or replaced as a unit to facilitate alignment.

Refer to Mainienance Bulletin Sec. 206A for Inspecting and Testing Gverhauled Units.

Refer to Maintenance Bulletin Sec. 206B for Inspecting and Retightening program for over-
hauled unit.
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DLSD Bulletin A-43A
Naov. 15, }‘?E‘;T

DIESEL L.OCCOMOQOTIVE SERVICE DEPARTMENT BULLETIN
Supersedes Bulletin A-43A of 7/26/57

Subject: Application and Servicing of Monofilar Torsional Damper

Monofilar type torsional dampers are used on latest production engines
and service replacement. The damper is easier toc maintain as it has
fewer parts which do not require heat fit of individual parts. Special tools
for maintenance are not required. The damper has a longer wear life,

The dampers are completely interchangeable with the pendulum type dam-

per. A special retainer plate is provided with the 12 cylinder upper dam-
per.

This bulletin is alse intended ag a supplement to the Engine Service Man-
ual Sec. 308 and should be filed under Chapter E.

TORSIONAL DAMPERS

Description

Lower Damper

A monofilar type torsional damper is mounted on the lower crankshaft at the
control end of the engine to elirminate torsional vibrations at critical speeds.

The damper, Illus. 1, as used on 12 cylinder engines, consists of a spider
fitted with weights. Each weight is located and free to move in or out on a weight
pin. Lubrication is furnished to the damper pins and weights by the lockplates col-
lecting oil from along the sides of the spider., The damper for the 8 and 10 cylinder
is similar to the 12 ¢cylinder damper. The six cylinder damper has only three pin
positions,
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Upper Damper

. ‘ . {

A monofilar type torsional damper is mounted on the upper crankshaft at the )
control end of the engine to eliminate torsional vibrations at critical speeds. This

damper is used only on the }2 cylinder engine,

The damper, Illus, 2, is of the same design aa the lower damper, except the
weights are narrower.

Maintenance

Lower Damper

1. Inspection of the lower damper pine and bushings must be made at regular
periods as outlined in Maintenance Bulletin Sec. 206 to assure trouble free opera-
tion of the damper.

Z. Remove crankcase inspection cover located next to the governor. There
are eight nuts securing the cover,

3. Remove the inspection cover on the pump mounting plate.

4, Reach in along outer side of the damper and remove the lockwire and lock-
plate from the weight position aligned with the crankcase inspection opening. _
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Illus. !. Monofilar Torsional Damper - Lower 12 Cyl. Engines
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5. Use a magnet to remove the pin,
6. Remove the weight and bushings,

7. Carefully note the position of the pin, weight and bushing as it is removed.
If inspection of these parts discloses that they can be reused, the weight, bushings
and pin must be returned to their original location in the spider. Also the parts
must not be turned end for end., In use, these parts had become "worn-in' and the
reversal of parts would require a new "wear-in" which could materially shorten the
life of the weight, pin and bushings.

B. Visually inspect the pin and bushings for pitting and fretting conditions. In-
spect the lockplate for wear on the pin side.

9. Check the pin for wear with a micrometer. Check the diameter at several
peints as the wear may not be uniform. If the diameter reaches the limit shown in
the '""Wear Limit Chart,' & new pin must be used.

10. Check the I.D. and O.D. of the bushings for wear. Refer to the Wear
Limit Chart.

11. Carefully check the I.D. of the weights for slight wear indentations. If the
bore reaches the limit shown in the "Wear Limit Chart,™ the weights must be re~
placed.
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POSITION #] CRANK THROW PIN.2.259 0.0. C-AIZFBTESIA i‘\)
WT-882500 (-AFBT2E0X
BUSHING - 3.248 0.0, C-AFAT3O0AY
SPIDER C-ASFRTIPARC
PIN-2.253 OD. -MZFET2EIA
WT. -5.625 0.0, (-AFBT7260X
BUSHING - 3. 246 0D, C-AFBTIQOAS
[llus. 3. Pin, Weight and Bushing Location - 6 Cyl. Damper U

FPIN-1LE625 0.0. C-ABFR728IC

WT. -8000 0.0. C.AFBTZEOY
BUSHING-2.746 0.0,

C-AFBY300AH

PiN-2.367 0.0. C-ABFBTZ6ID
WY-FiZ% 0.D. C-AFBTZE0Z
HUSHING - 3.246 0.0 C-AFBT300AJ

PIN - 1498 0.0 C-ASFATZBIA

\WT -4.500 00 G-ABESTES0A

BUSHING- 3248 O.0,
C-AFBTI00A)

PiN.1.978 0.0 C-ASFET26B

WT..6.625 0.0, - C-AFRT260X

BUSHING - 3.248 0.
G-AFBTI00AS

(&
POSITION W] . r‘ (¥ SPDER - G-ABFATAD9B
CRANK THROW L \_’/‘ :
O 07
PIN-137B {. D,

PIN-1.494 D.D C-ABFE726IA C-ABFETZ6IB

WT.4500 00. C-ABFATZB0A WT..6,62% 0.0, C-AFBTZ60X

PUSHIRG - 3.246 0.0, BUSHING -5.248 0.0
C-AFRTI00AJ C- AFBT300Ad

PIN-2.367 OD.  C-ASFB7Z6ID" *F‘;'INQ :‘Sso? g.a ga:g;tz:g
WI..-7.12% 0D C-AFRTZBE0Z » o G-
BUSHING - 3.246 0.D. G-AFB7300AJ / BUSMING - 2746 O.D, C-AFBTIO0AH

Iilus. 4. Pin, Weight and Bushing Location « 8 Cyl, Damper
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PGSITION #1 CRANK THROW

PIN-1.313 Q0. C.AFBTR26IAC

WY -4679 0.0. C-AFBTZSOW

BUSHING -3.248 Q0.
CoAFBTB00M

PIN-2.414 0.0, C-AIOFRT281A
WT.TI25Q0. $-AFBY280Z
BUSHING - 3.24& 0.0, - C-AFBTI00AS

PIN-IBOS 0.0, C-AFB T261AB
wT.5000 0.0, C.AFBT260Y
BUSHING - 2.748 OD. C-AFBYTM0AM

PIN-ABOR O.D C-AFD 7PBIAR

WE.B828 00 C.AFBTZO0V

BUSHING-3.498 O.D.
C-AFE7300AK

[ SPIDER C-AIDFETASIA

Pil- 1803 OD. C-AFBT2EIAN

WT.-5000 0.0. C-AFST280Y

BUSHING-2.748 Q.0,
C-AFBIS00AH

PIN-1.805 0.0, C-AFBT261A8
WY.-5.825 G.0. C-AFRT260V

BUSHING - 3496 O.D. C-AFBTI00AK

N 2414 0.D. C-AIOFBIREIA
WY 7129 0.0. C-AFRT2602
BUBHIMG - 3.248 O.0. C-AFBTI00AJ

PIN-LSIS 00 C-AFRTRGIAC
WT-467% 0.0 C-AFRTZSOW
BUSHING -3. 246 0.0. C-AFRY300AN

99 AFBEEE.S

Illus. 5. Pin, Weight and Bushing Location - 18 Cyl. Damper

POSITION &1 CRAMK THROW

PIN-2.289 O.D. C-AIRRFBT26IA

WT-6.6280D. C-AFB7260X

BUSHING-3.246 0.0
C-AFBT3C0AY

PIN-1313 0.0, C-AFBT2QIAC
WY . 4.675 0.0, C-AFB7260W
BUSHING-3.246 0.0. C.AFRTI00AJ

PiN-2.2%9 0.0, C-AI2FBT261A
WT-6.625 O0. L-AFRT260X

BUSHING-3.246 0.0,
C-AFBTI00AY

PIM-1605 0.0, C-AFBT261A8

WT.- 5.625 0.0, C-AFRTREOV

BUSHING -3.456 0.0,
C-AFT300AK

——GSPIDER C-AIZFRTI09C
{LOWER)

PiN-1.805 0.D C-AFBTLEIAR
WT.-5625 0.0 G-AFBTZEOV

PIN.2.2590.0, C-AIZFBT281A

WT..6.625 0.D. C-AFBTROON

BUSHING -3.246 0.0,
C-AFBT300AJ

BUSHING - 3,496 0.0,
C-AFT3I00AK

PiN- L9156 Q.0 C-AFBTZSIAG
WT- 4687500, O-AFBT260W
BUSHING - 5244 OD, C-AFBRTI0Q0AY

PIN-R.2%5 0D C-AIRFBT261A

WT.-6.623 00 C-AFBT260X

BUSHING- 3,246 0D
C-AFBYI00AJ

JIAFREEE. 4

Illus. 6. Pin, Weight and Bushing Location - 12 Cyl. Lower Damper
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1Z. Replacement of a worn or damaged bushing requires replacing the other
bushing in the affected pin position regardless of condition. .

13. After inspection determines the parts as usable, install the bushings,
weight and pin to the exact position from which removed,

Extreme caution must be taken when replacing parts to be sure that the parts.
are replaced in the proper hole in the spider, The O.D, of the pin and weight
is stamped on the spider. The O.D. of the weight and pin must be determined
by measurement and installed according to the stamped dimensgions on the
spider. Refer to [llus, 3 thru 7. Bushings are to be selected and installed
according to the dimensions shown in the illustration.

14. Replace lockplate and lockwire.

15. Bar the engine to position the next weight, inspect and reassemble until
each position has been inspected.

Upper Damper

1. The upper damper should be inspected at the same periods as apply for the

lower damper, (It is assumed the damper will be inspected while the upper crank-
shaft is out of the engine,)

POSITION #| CRANK THROW
PIN - 2,137 0D C-AIZFB728IC I
WT. - 6.188 0.0. C-AI2FB72608 -Fl
BUSHING - 2,988 0.0, C-ALZFBTI004

PiN- 1.846 0.0 C-AIZFBTZ2618

wT-8750 0D C-AIZFBT7260A
BUSHING -2.996 CD,
G-AIRFBTI0O0A

PIN-2.13T7 O.D. C-AIZFBYZEIC
WT-6.188 O.D. C-AIZFBT260R
BUSHING-£.996 0.D.

C-AIZFBTI00A

PIN-Z2.37 0. C-KIZFBTE6IC
WT.-6.188 0.0, C-AIRZFBT2608
BUSHING-2.980 0.D.
C-AIZFBTIO0A

SPIDER C-AIZFR7IODE
{UPPER)

PIN- 2137 00, C-AIRFB7261C"

WT.-6.188 0.0. C-AI2FR72608

BUSHING -2,996 0.0,
C-AIRFBTIC0A

PIN-2.137 O.D. C-AIZFBTZ8IC

WT- 6188 0.0, C-AIZFRTRE0H

BUSHING - 2,990 O.D.
G-AIZFBT3I00A

PIN-1.B46 00, C-AIZFBT261B
WT..5750 0.0 G-A12FBTR260A
BUSHING - 2,998 0.D. C-AEZFBTI00A

PIN- 2137 0.0 C-AIZFB7281C
WT-6.188 0.0, C-AIZFBTEGEOR
BUSHING-2 880 0.0. C-AIZFB7300A

B2 AFEREE-N

Olus. 7. Pin, Weight and Bushing Location - 12 Cyl. Upper Damper
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2. Remove the lockplates from both sides of the damper. Inspect the inner
surface. If wear is shown, install new lockplates when reassembling the damper.

3. Remove the pins, weights and bushings.

4. Arrange parts in systematic order so that parts being replaced may be re-
turned to their original location and position.

5. Inspect the pins, weight and bushings in accordance with procedure outlined
for inspecting lower damper parts. The same recommendations for replacement of
parts apply.

Reassembly
1. Reassemble by replacing the bushings, weights, pins and lockplates.

2. Replace parts removed to make the inspection.

Removing Spider - Lower Damper

1. Remove the lube oil pumps from the pump mounting plate.

2. Remove the governor and bracket from the pump mounting plate.

3. Remove the water pump and the pump mounting plate.

4. Remove the pump and governor drive bracket from the cylinder block.

5. Use the puller and remove the pump drive gear.

6. Install the puller to the damper spider and tighten down the jackscrew.

7. Use white lead or oil on the jackscrew.

8. If available, steam may be used to facilitate removal. Do not use an open
flame, Start heating at the circumference, keeping strain on the puller. Two
5/8-18 N.F. tapped holes are provided in the damper spider for lifting eyebolts to

facilitate handling the spider.

Installing Spider

1. To reinstall the spider, heat the assembly slowly in cil {or an electric
furnace) to about 320 F. temperature of the heating medium.

NOTE: The damper must be correctly installed on the crankshaft. Be
sure the undercut at the hub is toward the engine, also the tapped puller
holes must be on the side away from the engine.

2. Lifting means should be provided for placing the spider in position.

3. Rotate the engine crankshaft until keyway is at the top.
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4. Check the keyways in crankshait and svider, and {it key in crankshaft,

5. Apply white lead and oil to the surtace of the crankshaft where the damper
is to be installed,

6. Install the spider to seat on the crankshaft. Do not damage the damper by
excessively pounding to seat.

7. Cool slowly with compressed air starting at the center.

8. Reassemble flexible pump drive.

9. Reconnect governor and replace covers and connections removed in pre-
liminary procedure,

Upper Damper

10, The upper damper is installed using a procedure similar to that outlined
for lower dampers,

11, Use the old retainer plate or make up a plate to pull the damper into
place. Remove the plate,

12, Apply the proper retainer plate. Tighten the stud nuts to 165-175 ft. 1bs,
torque,

a. Check with a feeler gage between the spider and plate.
b, A ,003" to ,005" feeler gage should fit evenly around the plate.

WEAR LIMITS

Max, Wear Limit

Torsional Damper - Monofilar Type No Less No More
Than Than
{6 Cyl., Engines)
Busking  3.260D (U0 gy D
Pin OD e e e e e e e e e e e e e e e e 2.255
Weight (6.625 OD}ID . . . - « v « + & « « « . 2,511
Spider Bushing Bore - 8 Holes . . . . . . . . . 3,260
{8 Cyl. Engines)
: (e . .. ... ... 2.511
Bushing 3.2460D (o . .. . ... ...  3.243
. 6 R 2,011
Buehing 2.7460D (o L, 2.7335
PinOD . . . . o v v s s e e e e e e e e e e 1.490
PinOD . . . v v e v o v e e e e e e e e 1.621
PinOD . . . o & 4 v e o e e e e s e e e s 1.974
PnoOoD ., . . . . e e e e e e e e e e e s 2.363

Weight (4.5000D)}ID . . . . . + « « « « « + 2,511

@



{8 Cyl. Engines - con't)

Weight (5. 000 OD) ID
Weight (6,625 OD) 1D
Weight (7. 125 OD} ID

Spider Bushing Bore - 2 Holes
Spider Bushing Bore - 6 Holes

+

*

.

Torsional Damper (10 Cyl. Engines)

: ID .
B . {
ushing 3,246 OD (OD .
. (ID
Bughing 2.746 OD (OD
1 (ID
Bush .
ushing 3.496 OD (OD
PinOD . . . . .
PnOD ., . . . .
Pin OD ., ,

Weight (4. 875 OD) .
Weight (5. 000 OD) .
Weight (5. 625 OD} .
Weight (7. 125 OD) .

Spider Bushing Bore - 2. Holea
Spider Bushing Bore - 4 Holes
Spider Bushing Bore - 2 Holes

.

{12 Cyl. Engines) Upper

Bushing 2.996 O
PnQOD . . . . .
PnOD . .. . .

Weight (5. 750 OD) D
Weight (6. 188 QDj} 1D

Spider Bushing Bore - 8 Holes
{12 Cyl. Engines} Lower

p D

(OD

»

* ®

+ -

. (ID

Bushing 3.246 OD (OD
X

Bushing 3.496 OD E{}I}

Pin OD , e e e . .

PnOD ., . .. . . .. .-

PnOD . . . . .

Weight (5. 625 OD} iI}
Weight {4. 875 OD} 1D
Weight (6. 625 OD) ID

Spider Bushing Bore - 6 Holes
Spider Bushing Bore ~ Z Hnles

+*

L

*

-

L3 ®

£

*

Max,
No Less
Than

3, 2435
2.7335

3.4938
1.801
1.911
2,410

2.9935
1,842
2.133

3.2435

3.4935
1.801
1.911
2.255
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Wear Limit
No More
Than
2.011
2.511
2.511
2.760
3,260

2,511
2.011

2. 761

2,511
2.011
2. 761
2,511
2.760
3,260
3,510

2. 386

Z.386
2. 386
3.010 .

2.511

2.761

2.761
z2.511
2.511
3.260
3.510







