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2 3 4 5

120 240 60 300

This chart gives the relative positions of fuel injection cam noses

on a six cylinder auxiliary diesel engine with a right hand rotation.

At the moment indicated, #1 cylinder is at top dead center and
combustion is taking place.

180
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This information is for a two-stroke cycle marine engine
and the flywheel is marked with reference to number one
cylinder.

20-Cylinder
Firing Order Top Dead Center
1 0 DEGREES
14 27 2
9 36 .
16 63 iz
4 72 .
13 99 2
6 108 *
20 135 g
3 144 *
12 171 g
10 180 *
17 207 g
2 216 *
15 243 .
S 252 "
18 279 .
5 288 "
11 315 .
8 324 "
19 351 .
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Port 10

~ & Port 9

Port 12

Port 11

FIG. A: APPLIED POSITION

Port 10

Port 9

Port 12
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CA — Control Air
SA — Start Air
EA — Exhaust Air

OP — Opening Pilot Air = i f
CP — Closing Pilot Air /] 5 SA
BC — Base Circle | o
CC — Cam Circle .
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From HFO From DO
Transfer Transfer
(-] Pump Pump
Moisture
Trap A\
| ! | '
HFO HFO HFO Do DO
Heating Service Setting Setting Service Setting
e Mixing Coil _§Tank _ETank '}Tank Tank Tank
il [~ S e,
BE 3-Way
Valve
W) o
Fuel 4
Meter
g T T LT
To SSDGs, EDG » ~\ L\
A and Aux. Boiler l—/ <
T T F ]|
Suction
Strainer |—|: _@_
=@
Bypass
— Final X4
e Filters
Final ¥
Heaters
Viscosimeter | \Jf
HFO HFO DO
Purifier Purifier Purifier
Purifier Z
Pre-Heater
FO Return Injection | FO Supply
Pumps
Main Engine
<
To Oily r
Waste Pumps

Sludge Tank
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Turbo
Suction
12" Water

Inlet

Flex
Elbow
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Exhaust Stack Pre-Turbine Air Pressure
Temperature Exhaust 24" HG.
800°- 850° F Temperature
1000°- 1050 F
RIGHT BANK
Air Manifold Y
1R 2R 3R 4R \5R 6R
Exhaust
Pipes
Turbo
Cylinder
Exhaust
Temperature
850°-900° F
1L 2L E3L 4L 5L 6L
Exhaust
Air Manifold A
LEFT BANK
Intercooler Air
Temperature

200°F
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From HFO ) From DO
Fill & Transfer Fill & Transfer
™ System System
Fh i il Y £
Moisture
Trap
P = pump
DO = distillate fuel |
HFO = heavy fuel J‘ I
. HFO DO
o ine | Day Day
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Notes

A= Airintake

B = Air outiet

C = Exhaust outiet

D = Diffuserring

E = Exhaust gas inlet

F = Fixed blades

G = Turbine blades

H= Compressor "Volute"
K = Exhaust "Volute"

M= Qil supply to shaft
M= Turbine deflator cone
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TN1889 & BN9662 Drive Groups Used With UGB-L Woodward Governors
1W2135 Drive Group Used With Caterpillar 3161 Governors
1. Diameter of bore in adapter (2)........ooccooiiioiee e 34.072 + 0.025 mm (1.3414 + 0010 in.)
Diameter of shaft on governor drive pinion (3) ... 34.000 + 0.013 mm (1.3386 + .0005 in.)
2. Adaptor
3. Governor drive pinion
4. Bevel gear
5. Diameter of shafton bevel gear (4) .........cooooeriiiiiiiiciiiienes 34.000 + 0.013 mm (1.3386 + .0005 in.)

Diameter of bore in bearing after assembly in drive housing ...34.072 £ 0.039 mm (1.3414 £ 0015 in.)

6. Shims. Use as required to get a gear clearance (backlash)
between pinion (3) and gear (4) of ..o 0.100 + 0.050 or -0.025 mm (.0038 = 0.020 or -.0010 in.)

7. Diameter of bore in drive housing.........con 40.432 + 0.025 mm (1.5918 + .0010 in.)
Diameter of Bearing ... s rissssis e 40.545 £+ 0.013 mm (1.5963 £ 0005 in.)
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Drum On Water
Tube Boiler
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Pressure (p)

Pressure (p)
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B

2
Pressure (p)

Vv

1,5

Volume (V)

__:D
Pressure (p)

14

Volume (V)

Volume (V)

Volume (V)
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Rear View
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Critical Speed Jump
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Speed Control Speed Control
Input Signal Pressure Output Signal Pressure
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Control Air Pressure-Reducing Unit
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From Start
Air Reservoir
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Fuel Injection
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Fuel Blocking
Valves Group
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Emergency Control Air
Valves Group

From Speed
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To Shutdown
Servomotor
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For Emergency
Control Air
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Normal /| Emergency

Control Air
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Fuel Control

Linkage Arrangement
Fuel Control Linkage To

And From Governor Terminal
Dutge_! Shaft

Various Safety Fuel Control
Control Switches 2 Linkage To
/ Fuel Injection
)7/ Pumps
QU
Maximum Fuel Fuel Control
Limiting Screw Lever
| Fuel Control
ugn Linkage From
& Shutdown
; Servomotor
A -
I I
L g Fuel Control
1 — Lever For Emergency
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Valve Fwng Locking Handle)
Control Air

From Control
Air Supply
(7 Bar)
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Thrust Bearing

f 4
Thrust | —
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MNominal MNormal Max. play
dimansion play {wom)
f=200 f,=1.0 2.0
g =540 TSJGB g,=min. 0,10
_ +0,38 - +0.46
B=sll .o "= 030 0.8
=8
k=20
Principal Clearances All dimensions
e Crankshaft and Thrust Bearing ezl 7354366-E

Difference
I -1, =max.
0, 2mm with
bearing bolts

taken up
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EPC Alamm Indications

Program Unit
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EMD Engine Fresh Water
Cooling System with Heat Exchanger
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EMD Engine Fresh Water
Cooling System with Keel Cooler
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Pneumatic Airflex Clutch Operation
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Reversing Reduction
Gear Operation
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Detroit Diesel 60 Series Engine
Unit Injector Arrangements
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Detroit Diesel 71 Series Engine Unit Injector

Plunger at Top Plunger Moving Plunger Continuing Plunger at Bottom
A of Stroke Downward to Move of Stroke
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Plunger

Injector Operation as a Function of Vertical Plunger Travel
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Plunger Type Fuel Injection Pump
with Port and Helix Metering
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Cummins PT Injection System Injector
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Woodward Type PGA Governor
Schematic Diagram
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Woodward Type SG Governor
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Basic Woodward Type PG Governor
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Pneumatic Propulsion Control System with
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Pneumatic Propulsion Control System
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Woodward PG Governor with
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EMD 645 Overspeed and Manual Trips

1 2
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Simplified Lube Oil
Filtration System
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Simplified Lube Oil
Filtration System
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M/E Lubricating Oil System
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EMD 645 Series Engine Lubricating Oil System
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Fairbanks Morse Diesel Engine
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Thermal Fluid Heating Oil System
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EMD Air Start System
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EMD Air Start System Piping at Engine

Pinion
Retracted

Pinion
Engaged

Upper
Motor
Air Line
Lubricator —
Lower Strain ég: Ai
1 I 1 I ] -g— AIT
Motor ]j - g/ Supply
Relay
Check
Valve Valve
Pinion Eﬁmaging Line
Solenoid Air
Valve With

Dump Vent



MO-0201
Starting Motors
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MO-0203
Simplified Air Starting System
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MO-0206
EMD 645 Engine Operating Cycle
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MO-0208

Hardness Unit Conversion Table

mmol/L | ppm, mg/L | dGH, °dH |gpg | e, °Clark | °*fH
Mmol/L 1 0.009991 1.1783 0.171 | 0.1424 0.09991
ppm, mg/L | 100.1 1 17.85 17.12 | 14.25 10
dGH, °dH |5.608 0.05603 1 0.9591 | 0.7086 0.5603
gpg 5.847 0.05842 1.043 1 0.8327 0.5842
%e, °Clark |7.022 0.07016 1.252 1.201 |1 0.7016
H 10.01 0.1 1.785 1.712 | 1.425 1

For example: 1 mmol/L = 100.1 ppm and 1 ppm = 0.056 dGH
Meaning of Abbreviations:

mmeol/L = millimoles per liter
ppm = parts per million

mg/L = milligrams per liter

dGH = degrees of general hardness
°dH = German degrees

gpg = grains per gallon

°e, °Clark = English degrees

°fH = French degrees
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Fresh Water Cooling Systems
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Service Steam
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