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I I 

FEATURES 

Shown with 
Optional Equipment 

Generator 3406C 
Set Prime Power 

275-365 kVA 50 Hz 

CATERPILLAR ENGINE SPECIFICATIONS 

1-6, 4-Stroke-Cycle, Watercooled Diesel 
Bore-mm (in) 137 (5.4) 
Stroke-mm (in) 165 (6.5) 
Displacement-L (cu in) 14.6 (893) 
Compression ratio 14.5:1 

CAT® DIESEL GENERATOR SETS 
Factory designed, certified prototype tested 
with torsional analysis. Production tested and 
delivered to you in a package that is ready to be 
connected to your fuel and power lines. EPG 
Designer computer sizing available. Supported 
100% by your Caterpillar dealer with warranty on 
parts and labor. Extended warranty available in 
some areas. The generator set was designed 
and manufactured in an ISO 9001 compliant 
facility. Generator set and components meet or 
exceed the following specifications-: 
ABGSM TM3, AS1359, AS2789, BS4999, 
BS5000,BS5514, DIN6271, DIN6280, EGSA101P, 
IEC 34/1, IS03046/1, IS08528, JEM1359, 
NEMA MG1-22, VDE0530. 

CATERPILLAR® SR4B GENERATOR 

Type Static regulated, brushless excited 
Excitation Permanent magnet 
Construction Single bearing, close coupled 
Three phase Wye connected 
Insulation Class H with tropicalization 

and antiabrasion 
Enclosure Drip proof IP 22 
Alignment Pilot shaft 
Overspeed capability 150% 
Wave form Less than 5% deviation 
Paralleling capability With optional 

droop transformer 
Voltage regulator 3-phase sensing with 

Volts-per-Hertz 
Voltage regulation ... Less than ± 1/2% (steady state) 

Less than ± 1% (no load to full load) 
Voltage gain.... Adjustable to compensate for engine 

speed droop and line loss 

e RELIABLE, FUEL EFFICIENT DIESEL 
The compact, four-stroke-cycle diesel engine 
combines durability with minimum weight while 
providing dependability and economy. The fuel 
system operates on a variety of fuels. 

CATERPILLAR® SR4B GENERATOR 
Single bearing, wye connected, static regulated, 
brushless permanent magnet excited generator 
designed to match the performance and output 
characteristics of the Caterpillar diesel engine 
that drives it. 

EXCLUSIVE CATERPILLAR 
VOLTAGE REGULATOR 
Three-phase sensing and Volts per Hertz 
regulation give precise control, excellent block 
loading, and constant voltage in the normal 
operating range. 

TIF Less than 50 
THD Less than 5% 

CATERPILLAR CONTROL PANEL 
24 Volt DC Control 
Vibration isolated 
NEMA 1, IP 22 enclosure 
Electrically dead front 
Lockable hinged door 
Generator instruments meet ANSI C-39-1 
Terminal box mounted 

Voltages Available 
50 Hz 

115/200, 230/400 

(Adjustable a minimum of ±10%) 
Other voltages availableconsult your Caterpillar dealer. 
Some voltages require derating. 
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CATERPILLAR® 

STANDARD EQUIPMENT 

Engine 
Aftercooler 
Air cleaner 
Base, wide, skiddable 
Blower fan and drive 
Breather, crankcase 
Cooler, lubricating oil 

Exhaust fitting and flange 
Filters, right hand 

fuel, full flow 
lubricating oil, full flow 

Flywheel housing 
SAE No.1 

Governor 
hydra-mechanical 
or PSG 

Lifting eyes 
Manifold, exhaust, dry 
Pumps, gear driven 

fuel transfer 
lubricating oil 

jacket water 
Radiator 
Shutoff, manual 
Starting, electric, 24 Volt 

Generator 
SR4B brushless PM 

excited with VR3 
voltage regulator 

ELECTRONIC MODULAR 
CONTROL PANEL (EMCP) 

Standard Generator 
Controls and Monitoring: 
Ammeter/voltmeter phase 

selector switch 
Digital ammeter, 

voltmeter, and 
frequency meter 

Voltage adjust rheostat 

Standard Engine 
Controls and Monitoring: 
Automatic/manual 

start-stop control 
Cooldown timer 
Cycle cranking 
Emergency stop 

pushbutton 
Engine control switch for: 

off/reset, auto start, 
manual start, stop 

Shutdown protection and 
LED indicators for: 

high coolant 
temperature 

low oil pressure 
overcrank 
overspeed 

3406C GENERATOR SET 

PRIME POWER ATTACHMENTS 

Engine 
Air cleaner, heavy duty 
Air precleaner 
Base, narrow 
Charging alternator 
Cooling systems 
Exhaust fittings 
Governor, Woodward 

2301, or 2301A load 
share; Woodward 
1724 or 1724 load 
share 

Protection devices 
Tachometer drive 

Generator 
Extension terminal box 
Manual voltage control 
MIL Std. 461B, Part 9 

RFI N Level (VDE 875), 
BS800 

Space heater 

Switchgear 
Automatic start-stop 
Battery charger 
Circuit breaker 

manual 
electric operated 

Enclosure - floor 
standing NEMA 1 

Main load buss 
Paralleling 

manual 
permissive 

Protective relays 

Control Panel 
Auxiliary relay 
Enclosure, 

NEMA 12/IP 44 
Governor speed switch 
Illuminating lights 
Installed speed sensing 

governor (Woodward) 
Low coolant level 
Provision for: 

alarm module 
alarm module 

NFPA 99 
alarm module 

NFPA 110 
Reverse power relay 
Starting aid switch 
Synchronizing lights 

Caterpillar® EMCP II 
Electronic Modular Control Panel 
The Electronic Modular Control Panel (EMCP II) is a 
generator-mounted control panel, available on all 
Caterpillar packaged generator sets. it utilizes an 
environmentally sealed, solid-state, microprocessor- 
based module for engine control and AC metering. This 
new application of mature, high-tech electronics to gen 
set control and monitoring provides more features, 
accuracy and reliability than present electro-mechanical 
and many competitive panel systems. 

"1.13.44 

Lei 

Cy 

The EMCP II provides these standard control and 
monitoring features, many of which are options on 
other panels: 

Automatic/manual start-stop engine control with 
programmable safety shutdowns and associated 
flashing LED indicators for low oil pressure, high 
coolant temperature, overspeed, overcrank and 
emergency stop 
Cycle crankingadjustable 1-60 second crank/rest 
periods 
Cooldown timeradjustable 0-30 minutes 
Energized to run or shutdown fuel control systems 
LCD digital readout for: Engine oil pressure; 
coolant temperature; engine rpm; system DC volts; 
engine running hours; system diagnostic codes; 
generator AC volts; generator AC amps; and 
generator frequency 
Engine control switch 
Ammeter-voltmeter phase selector switch 
Emergency stop pushbutton 
Indicator/display test switch 
Voltage adjust potentiometer 
Rugged NEMA 1/IP 22 cabinet. 
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3406C GENERATOR SET 

TECHNICAL DATA 

CATERPILLAR® 
3oss eD 

3406C Prime Power Generator Sets 
w 

50 Hz-1500 RPM 

Rating Power Rating @ 0.8 PF with Fan kW 220 256 292 
Information 

Power Rating @ 0.8 PF with Fan kVA 275 320 365 

Engine hp w/o Fan 330 378 428 

Aspiration T TA TA 

Physical Length mm 3485 3485 3485 
Factors in 137.2 137.2 137.2 

Width mm 1415 1415 1415 

in 55.7 55.7 55.7 

Height mm 1850 2002 2002 - - in 72.8 78.8 78.8 

Shipping Weight kg 3094 3178 3260 
lb 6815 7000 7180 

Generator Frame Size 448 449 450 

Lubrication Engine Lubricating Oil Capacity L 37.5 37.5 37.5 
& Cooling qt 40 40 40 

Systems Engine Coolant Capacity with Radiator L 66.4 73.8 90.9 
gal 17.5 19.5 24 

Engine Coolant Capacity without Radiator L 32.3 34.1 34.1 

gal 8.5 9.0 9.0 

Standard Radiator Arrangement Data: 
Air Flow (Max @ Rated Speed) m' /min 430 354 500 

cfm 15,200 12,500 17,667 

Air Flow Restriction (after radiator) kPa 0.06 0.06 0.06 
in water 0.25 0.25 0.25 

Ambient Air Temperature Dec. C 50 51 46 
Deg. F 121 123 114 

Exhaust System Backpressure (Max Allowable) kPa 6.7 6.7 6.7 

System in water 27 27 27 

Exhaust Flange Size (Internal Diameter) mm 152 152 152 

in 6.0 6.0 6.0 

Engine Fuel Consumption (100% load) with Fan L/Hr 64.9 73.3 76.7 
Performance gph 17.1 19.4 20.3 

Data @ Rated Fuel Consumption (75% load) with Fan LJHr 53.0 57.4 57.9 
Conditions gph 13.8 15.2 15.3 

Combustion Air Inlet Flow Rate m' /min 17.1 19.2 25.1 

cfm 603 677 885 

Exhaust Gas Flow Rate m' /min 50 56 66 
cfm 1750 1979 2329 

Heat Rejection to Coolant (total) kW 138 168 175 
BTU/min 7848 9554 9952 

Heat Rejection to Exhaust (total) kW 247 257 245 
BTU/min 14,047 14,615 13,933 

Heat Rejection to Atmosphere from Engine kW 59 71 76 
BTU/min 3367 4026 4299 

Heat Rejection to Atmosphere from Generator kW 17.6 19.2 19.9 
BTU/min 1001 1092 1132 

Exhaust Gas Stack Temperature Deg. C 581 588 508 
Deg. F 1078 1091 947 
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CATERPILLAR® 
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3406C GENERATOR SET 

PRIME POWER GEN SET PACKAGE - TOP VIEW 
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A ziafaxwzalliir 
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For overall length see technical data section (page 3). 

CONDITIONS AND DEFINITIONS 

Conduit Entrance 

Customer Mounting 
Holes 

Note: General configuration not to be used for installation. 
See general dimension drawings for detail. 
All dimensions are in mm. 

Prime - Output available with varying load for an 

unlimited time. Prime power in accordance with 
IS08528, Overload power in accordance with 
IS03046/1, AS2789, DIN6271, and BS5514. 
Standby - Output available with varying load for the 
duration of the interruption of the normal source power. 
Fuel stop power in accordance with IS03046/1, 
AS2789, DIN6271, and BS5514. 
Continuous - Output available without varying load 
for an unlimited time. Continuous power in accordance 
with IS08528, IS03046/1, AS2789, DIN6271, and 
BS5514. 

Materials and specifications are subject to change without notice. 

LEHX4392 (12-94) 
Supersedes LEFIX3224 

Ratings are based on SAE J1349 standard 
conditions. These ratings also apply at IS03046/1, 
DIN6271 and BS5514 standard conditions. 
Fuel rates are based on fuel oil of 35° API (16° C or 
60° F) gravity having an LHV of 42 780 kJ/kg 
(18,390 Btu/lb) when used at 29° C (85° F) and 
weighing 838.9 g/L (7.001 lbs/U.S. gal.). 

The International System of Units (SI) is used in this publication. 

© 1994 Caterpillar Printed in U.S.A. 
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F L003 

SECTION TWO 

CONTENTS: 

* Caterpillar 3406C engine specifications. 

* Exhaust back pressure. 

* Caterpillar fuel system data. 

* Caterpillar oil system data. 

* Fuel rates and general engine performance data. 

* Heat rejection data. 

* Radiator data. 

* Fan performance data. 

* Engine cooling system data. 

* Performance parameters qualifications. 

* Exhaust emission data. 
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-GKOO1B- TMI GENERAL DATA DATE: 01/22/9E 
13 - SYSTEMS DATA INQUIRY TIME: 18:55:01 

ARRG NUMBER 9Y-8250 VERSION SYMBOL - CHANGE LEVEL 00 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 03 ENGINE SPEC SYSTEM 
LINE# 
050 CYLINDER ARRANGEMENT INLINE 
060 CYLINDER QUANTITY 6 

070 CYLINDER BORE DIAMETER - IN 5.40 
080 CYLINDER BORE DIAMETER = MM 137.2 
090 PISTON STROKE - IN 6.50 
100 PISTON STROKE - MM . 165.1 
110 TOTAL CYLINDER DISPLACEMENT - CU IN 893.2 
120 TOTAL CYLINDER DISPLACEMENT - L 14.64 
130 COMPRESSION RATIO 14.5 TO 1 

140 ENGINE CRANKSHAFT ROTATION STD 
150 NORMAL ENGINE OPERATING RANGE - RPM 1800-1200 
160 CYLINDER FIRING ORDER 1-5-3-6-2 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: SYSCD ( 03 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKOO1B- TMI GENERAL DATA DATE: 01/22/9E 
13 - SYSTEMS DATA INQUIRY TIME: 18:55:1: 

ARRG NUMBER 9Y-8250 VERSION SYMBOL - CHANGE LEVEL 00. 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 03 - ENGINE SPEC SYSTEM 
LINE# 
170 CYLINDER FIRING ORDER - CONTINUED 4 

200 NUMBER 1 CYLINDER LOCATION FRONT 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: SYSCD ( 04 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKOO1B- TMI GENERAL DATA 
13 - SYSTEMS DATA INQUIRY 

DATE: 01/22/9( 
TIME: 18:55:1 

ARRG NUMBER 9Y-8250 VERSION SYMBOL CHANGE LEVEL 00 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 04 - EXHAUST SYSTEM 
LINE# 
010 MAX ALLOW EXH PRES-TURBO ELB OR NA MANF 6.7 KPA 
012 MANIFOLD TYPE DRY 
020 MAX STATIC VERT WT ON CL CUST EXH CONN NAV 
030 MAX STATIC OFFSET FORCE AT CUST EXH CONN NAV 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: SYSCD ( 05 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKOO1B- TMI GENERAL DATA DATE: 01/22/9E 
13 - SYSTEMS DATA INQUIRY TIME: 18:55:23 

ARRG NUMBER 9Y-8250 VERSION SYMBOL - CHANGE LEVEL 00. 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 05 - FUEL SYSTEM 
LINE# 
010 MAXIMUM FLOW TO TRANSFER PUMP 179.8 L/HR 
020 MAX ALLOW INLET RESTR AT CUST CONN 30 KPA 
025 MAX ALLOW FUEL INLET TEMP AT CUST CONN 30 DEG C 
027 MAXIMUM FLOW TO RETURN LINE 30 L/HR 
030 MAX ALLOW RETURN LINE RESTR AT CUST CONN 27 KPA 
040 NORMAL FUEL PRESSURE -CLEAN SYSTEM 207 KPA 
050 FUEL SYSTEM TYPE NS 
061 MAX PRMG LIFT CUST CONN W/O PRMG PUMP NAV 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: SYSCD ( 06 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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_ . . 

-GKOO1B- TMI GENERAL DATA 
13 - SYSTEMS DATA INQUIRY 

DATE: 01/22/9E 
TIME: 18:55:2E 

ARRG NUMBER 9Y-8250 VERSION. SYMBOL - CHANGE LEVEL 00 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 06 - LUBE SYSTEM 
LINE# 
010 OIL MANF PRES-MAX @ RAT W/RECOMD OIL TYP 552 KPA 
020 OIL MANF PRES-MIN @ RAT W/RECOMD OIL TYP 276 KPA 
025 RECOMMENDED OIL TYPE - API CD 
030 LOW OP SETTING AT LOW IDLE FOR WARN CONT 138 KPA 
040 LOW OP SETTING AT LOW IDLE FOR SHUT CONT 138 KPA 
050 MIN EMERGENCY LUBE OIL FLOW RATE 102 L/MIN 
065 LUBE REFILL VOL WITH FILTER CHANGE NAV 
075 LUBE VOL-ADD MARK TO FULL MARK NAV 
086 CRANKCASE AIR VOLUME W/OIL @ FULL MARK NAV 
090 OIL FILTER TYPE . FULL FLOW 
100 LUBE SYSTEM OIL COOLER TYPE BUNDLE 
150 SUMP TYPE DRY 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: SYSCD ( 06 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKPGN1 TMI - ENGINE AND COMP PERF 
09 - PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 PGS STANDBY 50 HERTZ 
GEN 320.0 W/F EKW 328.0 W/O F EKW W/F BKW 350.0 W/O F BKW @ 1500 RI 

DATE: 01/22/9E 
TIME: 19:27:34 

HYDRA GOV 

INFO CODE 01 - GENERAL PERFORMANCE DATA * * * * * * * * * * * * * * * * * * * 

GEN PER ENG ENG S FUEL FUEL INTAKE INTAKE INTAKE EXH EXH EXH 
W/F CENT PWR BMEP CONSUM RATE MANF T MANF P AIR FL MANF T STK T GAS 
EKW LOAD BKW KPA G/BKW-HR LPH DEG C KPA M3/MIN DEG C DEG C M3/MI 

320.0 100 349.9 1911 203.0 84.7 
288.0 90 314.6 1719 202.0 75.7 
256.0 80 279.7 1528 202.0 67.3 
240.0 75 262.3 1433 202.0 63.3 
224.0 70 245.0 1338 203.0 59.3 
192.0 60 210.6 1150 205.0 51.5 
160.0 50 176.4 964 209.0 43.9 
128.0 40 143.4 783 215.0 36.7 

-PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: INFO CODE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 

83.9 175.5 26.3 636 513 72. 
80.2 145.9 23.8 614 508 64. 
75.6 120.4 21.4 591 501 57. 
73.9 108.4 20.3 579 497 54. 
72.5 96.9 19.2 567 493 51. 
69.9 75.4 17.1 541 480 44. 
67.5 56.1 15.2 511 461 38.. 

65.4 39.6 13.6 472 430 33. 

( 01 ) UNIT TYPE ( M ) 

IDX-F9 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 31 of 340



-GKPGN1 TMI - ENGINE AND COMP PERF 
09 - PACKAGE SET PERFORMANCE 
3406C .DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 PGS STANDBY 50 HERTZ 
GEN 320.0 W/F EKW 328.0 W/O F EKW W/F BKW 350.0 W/0 F BKW @ 1500 RI 

DATE: 01/22/9( 
TIME: 19:10:1E 

HYDRA GOV 

INFO CODE 01 - GENERAL PERFORMANCE DATA * * * * * * * * * * * * * * * * * * 

GEN PER ENG ENG S FUEL FUEL INTAKE INTAKE INTAKE EXH EXH EXH 
W/F CENT PWR BMEP CONSUM RATE MANF T MANF P AIR FL MANF T STK T GAS 
EKW LOAD BKW KPA G/BKW-HR LPH DEG C KPA M3/MIN DEG C DEG C M3/MI 

96.0 30 109.8 600 
80.0 25 92.9 507 
64.0 20 75.8 414 
32.0 10 41.3 225 

226.0 29.6 
236.0 26.1 
250.0 22.6 
319.0 15.7 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: INFO CODE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 

63.2 25.2 12.1 422 386 27. 
62.1 18.9 11.5 393 360 25. 
59.3 13.6 11.0 357 328 22. 
51.8 5.2 10.4 272 251 18. 

( 02 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKPHR1 TMI - ENGINE AND COMP PERF DATE: 01/22/90 
09 - PACKAGE SET PERFORMANCE TIME: 19:10:2E 
3406C DI TA JW DRY MANF TURBO QTY 1 HYDRA GOV 
TM8101-04 PGS STANDBY 50 HERTZ 
GEN 320.0 W/F EKW 328.0 W/0 F EKW W/F BKW 350.0 W/O F BKW @ 1500 RP 

INFO 
GEN 
W/F 
EKW 

CODE 02 - HEAT REJECTION DATA * * * * * * * * * * * 

PER REJ TO REJ TO REJ TO EXH RCOV FROM FROM 
CENT JW ATMOS EXH TO 177C OIL CLR AFT CLR 
LOAD KW KW KW KW KW KW 

* * * * * * * * * ,1/4 

WORK LHV HHV 
ENERGY ENERGY ENERC 

KW KW KW 

320.0 100 192 70 287 161 45 42 350 844 8S 
288.0 90 173 59 257 143 40 31 315 755 80 
256.0 80 155 51 229 127 36 22 280 671 71 

240.0 75 147 48 216 120 34 18 262 631 67 
224.0 70 138 44 203 112 32 15 245 591 63 
192.0 60 121 38 178 97 27 9 211 513 54 
160.0 50 104 32 154 82 23 4 176 438 46 
128.0 40 88 27 132 68 20 1 143 366 39 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: INFO CODE ( 02 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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-GKPHR1 TMI - ENGINE AND COMP PERF DATE: 01/22/9( 
09 - PACKAGE SET PERFORMANCE TIME: 19:10:3S 
3406C DI TA JW DRY MANF TURBO QTY 1 HYDRA GOV 
TM8101-04 PGS STANDBY 50 HERTZ 
GEN 320.0 W/F EKW 328.0 W/O F EKW W/F BKW 350.0 W/O F BKW @ 1500 RI 

INFO CODE 02 - HEAT REJECTION DATA * * * * * * * * * * * * * * * * * * * * - 

GEN PER REJ TO REJ TO. REJ TO EXH RCOV FROM FROM WORK LHV HHV 
W/F CENT JW ATMOS EXH TO 177C OIL CLR AFT CLR ENERGY ENERGY ENERC 
EKW LOAD KW KW KW KW KW KW KW KW KW 

320.0 100 192 70 287 161 45 42 350 844 8S 
288.0 90 173 59 257 143 40 31 315 755 8C 
256.0 80 155 51 229 127 36 22 280 671 71 

240.0 75 147 48 216 120 34 18 262 631 6-/ 

224.0 70 138 44 203 112 32 15 245 591 62 
192.0 60 121 38 178 97 27 9 211 513 54 
160.0 50 104 32 154 82 23 4 176 438 4E 
128.0 40 88 27 132 68 20 1 143 366 39 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: INFO CODE ( 02 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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-GKOO4A- TMI GENERAL ENGINE DATA 
12 - PHYSICAL DATA INQUIRY 

DATE: 01/22/9E 
TIME: 19:46:51 

GROUP 
CHANGE 
FORMAT 

NUMBER 7N-9946 VERSION NUMBER - 

LEVEL 11 

RADIATOR AND FAN GROUP DATA 

150 SYSTEM COOLANT PRESSURE-RELIEF 48 KPA 
160 RADIATOR CORE FRONTAL AREA 1.39 M2 
170 RADIATOR COOLANT CAPACITY-RADIATOR ONLY 52.5 L 
180 RADIATOR AND TOTAL COOLANT LINECAPACITY 56.8 L 
.190 RADIATOR WT- DRY W/MTG& LINES IN RAD GP NAV KG 
192 RADIATOR WEIGHT-W/COOLANT,MTG,& LINES NAV KG 
200 RAD C/G "X" DIM W/MTG & LINES-REF TM7077 NAV MM 
210 RAD C/G "Y" DIMW/MTG & LINES-REF TM7077 NAV MM 
220 RAD C/G "Z" DIM W/MTG & LINES-REF TM7077 NAV MM 
230 RADIATOR TYPE CONVENTINL 
240 RADIATOR MOUNTING ENGINE 

NO ADDITIONAL DATA EXISTS 
CHGLVL ( 11 ) 

HLP-F1 ACF-F3 PGM-F4 INQ-F5 
LINE # ( 011 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKCFP1 
.04 - ENGINE 
TM6829-00 
BLD STOCK WI 
FAN GRP 
FAN ASSEM 
FAN TYPE 
SALES MODEL 
INFO CODE 08 
FAN SPD 1200 
STATIC PRESS 

KPA 
.00 
.13 
.25 
.37 
.45 
.61 
.70 

TMI - ENGINE AND COM PERF 
COMPONENT PERFORMANCE INQUIRY 
DIA 1016 MM BLADE QTY 
DTH MM BLD PROJ WIDTH MM 
7C-7484 4N-3093 7C-7487 4N-3094 
4N-3091 4N-3092 
BLOWER SUCKER 
3408B 3406B 3406 3412 3408 
- FAN PERFORMANCE DATA * 

RPM TIP SPD 3830 M/MIN POWER 
AIR FLOW ° 

* * * * * 

M3/MIN 
723 
655 
545 
436 
327 
218 
157 

USER CALCULATED DATA DISPLAYED, PRESS 
NEXT TRAN: UNIT TYPE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 

DATE: 01/22/9E 
TIME: 19:35:2 

PARAMETERS REF TM6014 

* * * * * * * * * * * * * * 

9.7 KW USER DATA ENTRY ARE; 
O TO COMPUTE SPECIFIC 
O TIP SPD, PWR, STATIC 
O PRESSURE & AIR FLOW 
0 

0 
* * * OPTION A * * 

o ENG SPEED ( 1509 ) 

o FAN RATIO ( .800 ) 

0 

0 
* * * OPTION B * * 

o FAN SPEED ( ) 

<ENTER> TO CONTINUE 
( M ) 

IDX-F9 
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A 

-GKOO1B- TMI GENERAL DATA DATE: 01/22/9( 
13 - SYSTEMS DATA INQUIRY TIME: 18:54:51 

ARRG NUMBER 9Y-8250 . VERSION SYMBOL - CHANGE LEVEL 00 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 02 - COOLING SYSTEM 
LINE# 
010 ENGINE COOLANT CAPACITY 34.1 L 
020 MAX ALLOW ENGINE COOLANT OUTLET TEMP 99 DEG C 
030 REGULATOR START OPENING TEMPERATURE 88 DEG C 
040 REGULATOR FULL OPENING TEMPERATURE 98 DEG C. 

050 REGULATOR TYPE OUTLET 
060 MIN RECOMMENDED COOLANT OUTLET TEMP NAV 
070 MIN ALLOW SYS AMB CAP AT RATED NAV 
080 MIN ALLOW SYS AMB CAP AT PK TOR +100 RPM NAV 
090 MIN RECOMMENDED SYS PRESS CAP PRESSURE NAV 
100 MIN ALLOW UNINTERRUPTED FILL RATE NAV 
110 MIN ALLOW COOLANT LOSS- PERCT OF TOTAL NAV 
120 MAX PUMP RISE LOSS- PERCENT OF TOTAL NAV 

--PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: SYSCD ( 02 ) LINE# ( 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKOO1B- TMI GENERAL DATA 
13 - SYSTEMS DATA INQUIRY 

DATE: 01/2'2/9E 
TIME: 18:54:14 

ARRG NUMBER 9Y-8250 VERSION SYMBOL CHANGE LEVEL 00 
SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 01 - AIR INTAKE SYSTEM 
LINE# 
010 MAX ALLOW RESTR-TURBO OR MANF IN-CLN FIL 3.7 KPA 
020 MAX ALLOW RESTR-TURBO OR MANF IN-DIR FIL 7.5 KPA 
030 MAX INTAKE AIR TEMP FROM AIR TO AIR A/C NAV 
040 MAX AIR TO AIR AFTERCOOLER PRESS DROP 7.5 KPA 
050 MAX AIR TO AIR TURBO INLET TEMPERATURE NAV 

-PRESS <ENTER> TO CONTINUE 
NEXT TRAN: SYSCD ( 02 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 
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-GKPNO2- TMI - ENGINE AND COMP PERF 
09 - PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 
INFO CODE 08 - PERFORMANCE PARAMETERS REFERENCE * * * * * * * * * * * * 

TM5739 - 04 GEN SET - PACKAGED - DIESEL 
STANDBY - MAXIMUM OUTPUT AVAILABLE FOR NON PROGRAMMED POWER 
OUTAGES. THE EXPECTED USAGE SHOULD BE APPROXIMATELY 30 HOURS PER 
YEAR AND THE AVERAGE DEMAND, DURING THE OUTAGE, SHOULD NOT EXCEED 
THE CORRESPONDING INDUSTRIAL ENGINE CONTINUOUS RATING. STANDBY 
RATINGS MAY BE USED IN PEAK SHAVING AND DURING INTERRUPTIBLE 
UTILITY SERVICE IF THE FOLLOWING CRITERIA ARE MET. 

DATE: 01/22/9E 
TIME: 19:16:0E 

HYDRA GOV 

500 HOURS/YEAR OR LESS 
60% MAXIMUM AVERAGE LOAD FACTOR 
80% LOAD PEAK DEMAND 

100% LOAD USED ONLY FOR EMERGENCIES 

PRESS <ENTER> FOR ADDITIONAL NOTES 

NEXT TRAN: INFO CODE ( 08 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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-GKPN02- 
09 - PACKAGE SET 
3406C DI TA JW 
TM8101-04 
INFO CODE 08 - 

TM5739 - 04 
29 DEG C (84.2 
LB/GAL). 

TMI - ENGINE AND COMP PERF 
PERFORMANCE 

DRY MANF TURBO QTY 1 

PERFORMANCE PARAMETERS REFERENCE 
GEN SET - PACKAGED - DIESEL 
DEG F) WHERE THE DENSITY IS 838.9 G/L (7.002 

DATE: 01/22/9E 
TIME: 19:15:2E 

HYDRA GOV 

* * * * * * * * * * * * * * 

THE CORRECTED PERFORMANCE VALUES SHOWN FOR CATERPILLAR ENGINES WILL 
APPROXIMATE THE VALUES OBTAINED WHEN THE OBSERVED PERFORMANCE 
DATA IS CORRECTED TO SAE J1995, ISO 3046-2 & 8665 & 2288 & 9249 & 

1585, EEC 80/1269 AND DIN70020 STANDARD REFERENCE CONDITIONS. 

ENGINES ARE EQUIPPED WITH STANDARD ACCESSORIES; LUBE OIL, FUEL 
PUMP AND JACKET WATER PUMP. THE POWER REQUIRED TO DRIVE 
AUXILIARIES MUST BE DEDUCTED FROM THE GROSS OUTPUT TO ARRIVE AT THE 
NET POWER AVAILABLE FOR THE EXTERNAL (FLYWHEEL) LOAD. TYPICAL 

PRESS <ENTER> FOR ADDITIONAL NOTES 

NEXT TRAN: INFO CODE ( 08 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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-GKPNO2- TMI - ENGINE AND COMP PERF 
09 PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 
INFO CODE 08 - PERFORMANCE PARAMETERS REFERENCE * * * * * * * * * * * * * * 

TM5739 - 04 GEN SET - PACKAGED - DIESEL 
AUXILIARIES INCLUDE COOLING FANS, AIR COMPRESSORS, AND CHARGING 
ALTERNATORS. 

DATE: 01/22/9E 
TIME: 19:15:34 

HYDRA GOV 

RATINGS MUST BE REDUCED TO COMPENSATE FOR ALTITUDE AND/OR AMBIENT 
TEMPERATURE CONDITIONS ACCORDING TO THE APPLICABLE DATA SHOWN ON 
THE PERFORMANCE DATA SET. 

ALTITUDE: 
ALTITUDE CAPABILITY - THE RECOMMENDED REDUCED POWER VALUES FOR 
SUSTAINED. ENGINE OPERATION AT SPECIFIC ALTITUDE LEVELS AND AMBIENT 
TEMPERATURES. 

PRESS <ENTER> FOR ADDITIONAL NOTES 

NEXT TRAN: INFO CODE ( 08 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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-GKPN02- TMI - ENGINE AND COMP PERF 
09- PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 
INFO CODE 08 - PERFORMANCE PARAMETERS REFERENCE * * * * * * 

TM5739 - 04 GEN SET - PACKAGED - DIESEL 
TOLERANCES: 
AMBIENT AIR CONDITIONS AND FUEL USED WILL AFFECT THESE VALUES. 
EACH OF THE VALUES MAY VARY IN ACCORDANCE WITH THE FOLLOWING 
TOLERANCES. 

DATE: 01/22/9E 
TIME: 19:14:55 

HYDRA GOV 

* * * * * * * * 

ENGINE POWER +/- 3% 
EXHAUST STACK TEMPERATURE +/- 8% 
GENERATOR POWER +/- 5% 
INLET AIR FLOW +/- 5% 
INTAKE MANIFOLD PRESSURE - GAGE +/- 10% 
EXHAUST FLOW +/- 6% 
SPECIFIC FUEL CONSUMPTION +/- 3% 

PRESS <ENTER> FOR ADDITIONAL NOTES 

NEXT TRAN: INFO CODE ( 08 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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--GKPN02- TMI - ENGINE AND COMP PERF 
09 - PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 
INFO CODE 08 - PERFORMANCE PARAMETERS REFERENCE * * * * * * * * * * * * * * 

TM5739 - 04 GEN SET - PACKAGED - DIESEL 
FUEL RATE +/- 5% 
HEAT REJECTION +/- 5% 
HEAT REJECTION EXHAUST ONLY +/- 10% 

DATE: 01/22/9E 
TIME: 19:15:17 

HYDRA GOV 

CONDITIONS: 
ENGINE PERFORMANCE IS CORRECTED TO INLET AIR STANDARD CONDITIONS 
OF 99 KPA (29.31 IN HG) AND 25 DEG C (77 DEG F). 

THESE VALUES CORRESPOND TO THE STANDARD ATMOSPHERIC PRESSURE AND 
TEMPERATURE IN ACCORDANCE WITH SAE J1995. ALSO INCLUDED IS A 
CORRECTION TO STANDARD FUEL GRAVITY OF 35 DEGREES API HAVING A 
LOWER HEATING VALUE OF 42,780 KJ/KG (18,390 BTU/LB) WHEN USED AT 

PRESS <ENTER> FOR ADDITIONAL NOTES 

NEXT TRAN: INFO CODE ( 08 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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-GKGPE3- TMI - ENGINE AND COMP PERF DATE: 01/22/9( 
09 - PACKAGE SET PERFORMANCE TIME: 19:12:2! 
3406C DI TA JW DRY MANF TURBO QTY 1 HYDRA GOV 
TM8101-04 PGS STANDBY 50 HERTZ EXH STK DIA 127 MM 
GEN 320.0 W/F EKW 328.0 W/0 F EKW W/F BKW 350.0 W/0 F BKW @ 1500 RPD 

INFO CODE 05 - EMISSIONS DATA * * REFERENCE NOTES - NOT TO EXCEED * * * * * * 

EMISSIONS DATA MEASUREMENT IS CONSISTENT WITH THOSE DESCRIBED IN EPA CFR 40 
PART 86 SUBPART D AND ISO 8178-1 FOR MEASURING HC, CO, CO2 AND NOX. THESE 
PROCEDURES ARE VERY SIMILAR TO THE METHODS DESCRIBED IN EPA CFR 40 PART 60 
APPENDIX A METHOD 25A FOR HYDROCARBONS, METHOD 10 FOR CO, METHOD 7E FOR NOX. 
SOX IS BASED ON A FUEL SULFUR CONTENT OF .2 PERCENT BY WEIGHT. 

DATA SHOWN IS BASED ON STEADY STATE ENGINE OPERATING CONDITIONS OF 0 DEG C, 
KPA AND NUMBER 2 DIESEL FUEL WITH 35 DEG API AND LHV OF 42,780 KJ/KG. 

TO PROPERLY APPLY THIS DATA YOU MUST REFER TO PERFORMANCE PARAMETER DM1176 FOF 
ADDITIONAL INFORMATION, (APPLICATION GKN402, PROGRAM 03). 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: INFO CODE ( 05 ) UNIT TYPE ( M ) NOM 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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% 

-GKGPE1- TMI - ENGINE AND COMP PERF DATE: 01/22/9( 
09 - PACKAGE SET PERFORMANCE TIME: 19:14:3' 
3406C DI TA JW DRY MANF TURBO QTY 1 HYDRA GOV 
TM8101-04 PGS STANDBY 50 HERTZ EXH STK DIA 127 MM 
GEN 320.0 W/F EKW 328.0 W/O F EKW W/F BKW 350.0 W/O F BKW @ 1500 RPD 

INFO CODE 05 - EMISSIONS DATA 
"NOT TO EXCEED DATA" 
GEN ENG NOX 
PWR PWR (AS NO2) 
EKW LOAD BKW G/HR 

CO 
G/HR 

* * * * * RATED SPEED * 

TOTAL 
HC 
G/HR 

SOX 
CO2 (AS SO2) 
KG/HR G/HR 

* * * STANDARD TIMING 
MD 02 (DRY) 
PART IN EXH SMOKE BOS( 

MATTER (VOL) OPAC SMOI 
G/HR NO. 

320.0 100 350.0 3747 4832 32 188.68 285 1020 7.78 8.3 2.z 
240.0 75 262.0 3666 974 36 141.88 213 125 8.74 2.9 1.z 
160.0 50 176.0 2658 325 21 97.34 148 62 9.65 1.7 1.: 
80.0 25 93.0 1462 273 23 60.54 88 62 13.47 2.1 
32.0 10 41.0 741 348 64 34.48 53 43 20.80 1.7 2.0 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: INFO CODE ( 05 ) UNIT TYPE ( M ) NOM 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
EURO DISPL 
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A 

-GKGPE2- TMI - ENGINE AND COMP PERF DATE: 01/22/9E 
09 - PACKAGE SET PERFORMANCE TIME: 
3406C DI TA JW DRY MANF TURBO QTY 1 HYDRA GOV 
TM8101-04 PGS STANDBY 50 HERTZ EXH STK DIA 127 MM 
GEN 320.0 W/F EKW 328.0 W/O F EKW W/F BKW 350.0 W/O F BKW @ 1500 RPI,, 

INFO CODE 05 - EMISSIONS DATA * * * * * RATED CONDITIONS * * STANDARD TIMING 
"NOT TO EXCEED DATA" 
AT RATED: - 

WET EXHAUST MASS 1921 KG/HR 
WET EXHAUST FLOW ( 513 DEG C STACK TEMP ) 72.19 CU M/M. 
WET EXHAUST FLOW RATE ( 0 DEG C AND 101.2 KPA) 25.08 NORM CU M/MI 
DRY EXHAUST FLOW RATE ( 0 DEG C AND 101.2 KPA) 22.98 NORM CU M/MI 
FUEL FLOW RATE 84 L/HR 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: INFO CODE ( 06 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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17.7 .7.7.77.77: 

CATERPILLAR Summary 

Conclusion 
The following analysis indicates this system is free of serious torsional vibration for the normal 
operating conditions described. 

System Data 

Engine model 3406 rated at 560 Hp, 1500 / 1800 rpm operating. 

Engine Damper group - Caterpillar part no. 4P9183 

Flywheel assembly - Caterpillar part no. 7N3060 

Generator Manufacturer - Caterpillar 450S Frame 

Recommended Limits 
The limits for torsional vibration for this engine are as follows: 

Amplitude at front of crank: 

Stress in engine crankshaft: 
Stress in generator shaft: 

±0.50 degrees - 0.5 and 1.0 orders. 
±0.25 degrees - 1.5 order. 
±0.15 degrees - orders above 1.5. 

±21.0 MPa. 
±21.0 MPa. 

Report Contents 
Mass - Elastic System page 2 

Resonant Speed Diagram (normal modes) page 3 

Mode Shapes (normal modes) page 4 

Analysis Highlights page 5 

Frequency Response Plots page 6 

Torque Tables (normal modes) page 7 

Notes page 8 
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CATERPILLAR Mass-Elastic System 

Mass-Elastic Diagram 

ss 
VD 

s 

EK1 

FRT 

Viscous Damper 
O 

EK2 

LI 

UNCTION 
3.001, 

ZZ ZZ ZZ O.. ZZ O.. ZZ Z- 
EK3 EK4 

0 0 
EK5 EK6 EK7 

EJ1 EJ2 EJ3 EJ4 EJ5 EJ6 R R 
E C 2 T EC3 EC4 TEC6 rLEC6 

0--ee-i\A-649--649-Wee- 
GK1 GK2 

FW ROTOR EXC 

+ Rotational &/1r0 Torsional Spring 

Rubber Damper 

Mass-Elastic Data (Normal Modes) 

Mass Inertia 
ID N-m-s2 

VD 0.449 
FRT 0.092 
EJ1 0.224 
EJ2 0.113 
EJ3 0.216 
EJ4 0.216 
EJ5 0.113 
EJ6 0.224 
REAR 0.024 
FW 2.170 
ROTOR 3.807 
EXC 0.114 

Torsional Damper to Ground - Rigid Connection 

Spring Stiffness Dia. 
ID MN-m/rad mm 

0.000 0.0 
EK1 5.540 90.0 
EK2 3.680 90.0 
EK3 3.680 90.0 
EK4 3.600 90.0 
EK5 3.680 90.0 
EK6 3.680 90.0 
EK7 5.750 90.0 

0.000 0.0 
GK1 3.516 101.6 
GK2 0.895 63.2 

0.000 0.0 

Report no. 9126 page 2 October 7, 1994 
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%Tr 

CATERPILLAR Mode Shapes 

EK I EK2 EK4 EK5 

MODE = 1 

NATURAL FREQUENCY = 7800.8 CPM 

Report no. 9126 page 4 

HK I 

EKG EK7 

GK2 
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CATERPILLAR Resonant Speed Diagram 

+ 3RD ORDER 

X 3-1/2 ORDER 

Report no. 9126 

Z FIRST MODE 

60 HZ OPERATING 

04-1/2 ORDER 

50 HZ OPERATING 
+5-1/2 ORDER 

X 6TH ORDER 

2000 4000 6000 8000 

FREQUENCY (CPM) 

page 3 October 7, 1994 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 51 of 340



CATERPILLAR Analysis Highlights 

(See Frequency Response Charts on Following Pages) 

First Damped Natural Frequency Occurs at 5730 CPM 
Significant orders of vibration near this frequency are: 
3.0 order - 1910 rpm 
Amplitude at mass FRT - 0.076 deg. 
Stress in engine crankshaft EK7 - 15.70 MPa. 
Stress in generator shaft GK1 - 7.58 MPa. 
Stress in generator shaft GK2 - 0.94 MPa. 

4.5 order -1848 rpm 
Amplitude at mass FRT - 0.111 deg. 
Stress in engine crankshaft EK7 -11.53 MPa. 
Stress in generator shaft GK1 - 7.83 MPa. 
Stress in generator shaft GK2 - 1.06 MPa. 

6.0 order - 1420 rpm 
Amplitude at mass FRT - 0.128 deg. 
Stress in engine crankshaft EK7 - 12.10 MPa. 
Stress in generator shaft GK1 - 7.84 MPa. 
Stress in generator shaft GK2 - 1.05 MPa. 

Report no. 9126 

3.5 order - 1790 rpm 
Amplitude at mass FRT - 0.058 deg. 
Stress in engine crankshaft EK6 - 7.17 MPa. 
Stress in generator shaft GK1- 2.47 MPa. 
Stress in generator shaft GK2 - 0.32 MPa. 

5.5 order - 1512 rpm 
Amplitude at mass FRT - 0.027 deg. 
Stress in engine crankshaft EIC5 - 3.16 MPa. 
Stress in generator shaft GK1 - 1.93 MPa. 
Stress in generator shaft GK2 - 0.26 MPa. 

page 5 October 7, 1994 
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CATERPILLAR 

8 

w 
CL a 
W 

W$ 0 ;;- 
D 

a_ 

-J 0 0- 
J) 

Limit = 0.15 deg 

Frequency Response Plots 

Absolute Amplitudeb 
FRT,B ORD # 3.0 ORD # 3.0 

o FRT,B ORD # 3.5 ORD # 3.5 
FRT,B ORD # 4.5 ORD # 4.5 

X FRT,B ORD # 5.5 ORD # 5.5 
0 FRT,B ORD # 6.0 ORD # 6.0 

A 

8 0 

°1400 1500 1600 
SPEED17(7APM) 

0 0 
0 

Limit = 21.0 MPa 

Crankshaft Stress 

1600 1900 2b00 

O EK7 3.000 ORDER 
EK7 4.500 ORDER 

O EK7 6.000 ORDER 
EK6 3.500 ORDER 

* EK5 5.500 ORDER 

o° 

0 
°1400 
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CATERPILLAR Torque Tables 

MODE = 
MASS 
ID 

1 NATURAL FREQUENCY = 7800.789 
MASS MASS DISP. SPRING 
NAME (N-M-SEC SQ) (RAD) ID 

CPM 
STIFFNESS 
(MN-M/RAD) 

CUMULATIVE SHAFT 

TORQUE DIA. 

(N-M) (MI) 

SHAFT 
STRESS 
(MPA/DEG) 

VD 0.4490 1.000 0.300E+06 
FRT 0.9220E-1 1.000 EK1 5.540 0.361E+06 90.0 44.0 
EJ1 0.2240 0.9348 EK2 3.680 0.501E+06 90.0 61.1 
EJ2 0.1130 0.7987 EK3 3.680 0.561E+06 90.0 68.4 

EJ3 0.2160 0.6462 EK4 3.600 0.654E+06 90.0 79.8 

EJ4 0.2160 0.4645 EK5 3.680 0.721E+06 90.0 87.9 

EJ5 0.1130 0.2685 EK6 3.680 0.741E+06 90.0 90.4 

EJ6 0.2240 0.6702E-1 EK7 5.750 0.751E+06 90.0 91.6 

REAR 0.2410E-1 -0.6368E-1 0.750E+06 

FW 2.170 -0.6368E-1 GK1 3.516 0.658E+06 101.6 55.8 

ROTOR 3.807 -0.2509 GK2 0.8950 0.209E+05 63.2 7.3 

EXC 0.1140 -0.2742 0.216E-01 

Report no. 9126 page 7 October 7, 1994 
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CATERPILLAR Notes 

1. The analysis is based upon information provided by the customer and other manufacturers. 
Caterpillar is in no way responsible for the accuracy of that information. Caterpillar warrants 
this analysis to be free from errors in calculations. Any damages arising out of an alleged error by 

Caterpillar in this report shall be limited to a refund of monies paid by the customer to Caterpillar 
for the report. This warranty is expressly in lieu of any other warranties, expressed or implied, 
including any warranty of merchantability or fitness for a particular purpose. Remedies under 
this warranty are limited to a refund as specified above. Caterpillar is not responsible for 
incidental or consequential damages. 

2. Satisfactory system operation also depends on factors other than torsional vibration. This report 
should not be used as a guarantee of a successful system installation. 

3. This install ation has been analyzed under full load from 95% to 110% of the rated speed and under 
no-load from the low idle speed to 110% of the rated speed. 

4. Though all relevant orders of vibration have been analyzed, only significant orders of vibration 
are included in this report. Vibratory amplitudes, stresses and torques are single amplitude, 
which means they are +I- from zero. 

5. This report contains information from two different analysis methods which produce 
complementary results. The frequency response results shown in the report include system 
damping and excitation. The normal modes torque tables and the resonant speed diagram 
contain no damping or excitation. The natural frequencies obtained from these methods may be 

significantly different. The "natural frequency" reported in the frequency response results is the 

frequency at which the most significant front crankshaft amplitude for an individual order 
occurs. Stresses and results for other orders generally peak at slightly different speeds than the 

one which corresponds to this "natural frequency". 

Report no. 9126 page 8 October 7, 1994 
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SECTION THREE 

CONTENTS: 

F L004 

* Diesel generator noise emission. 

* Diesel generator noise emission external of enclosure. 
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-GKPSO1 TMI - ENGINE AND COMP PERF 
09 - PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 PGS STANDBY 50 HERTZ 
GEN 320.0 W/F EKW 328.0 W/O F EKW 

INFO CODE 04 - SOUND 
GEN PER OVERALL 
W/F CENT SOUND 
EKW LOAD DB(A) 

320.0 100 100 
288.0 90 100 
256.0 80 100 
240.0 75 100 
224.0 70 100 
192.0 60 100 
160.0 50 100 
128.0 40 100 

HYDRA GOV 

DATE: 01/22/9E 
TIME: 19:11:2' 

W/F BKW 350.0 W/O F BKW @ 1500 RI 

(NOISE) DATA 
OBCF OBCF 
63HZ 125HZ 
DB DB 

- MECHANICAL @ 

OBCF OBCF 
250HZ 500HZ 

DB DB 

1.0 
OBCF 
1000HZ 
DB 

METRE * * 

OBCF 
2000HZ 
DB 

99 109 99 93 93 91 

99 109 99 93 93 91 

99 109 99 93 93 91 

99 109 99 93 93 91 

99 109 99 93 93 91 

99 109 99 93 93 91 

99 109 99 93 93 91 

99 109 99 93 93 91 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: INFO CODE ( 04 ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 
UNIT TYPE 

IDX-F9 
( m ) 

* * * * * * 

OBCF OBCI 
4000HZ 80001 

DB DB 

87 c 

87 c 

87 c 

87 S 

87 5 

87 S 

87 S 

87 5 
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-GKPSO1 TMI - ENGINE AND COMP PERF 
09. - PACKAGE SET PERFORMANCE 
3406C DI TA JW DRY MANF TURBO QTY 1 

TM8101-04 PGS STANDBY 50 HERTZ 
GEN 320.0 W/F EKW 328.0 W/O F EKW W/F BKW 350.0 W/O F BKW @ 1500 RI 

DATE: 01/22/9( 
TIME: 19:10:4; 

HYDRA GOV 

INFO 
GEN 
W/F 
EKW 

CODE 03 
PER 
CENT 
LOAD 

- SOUND 
OVERALL 
SOUND 
DB(A) 

(NOISE) DATA 
OBCF OBCF 
63HZ 125HZ 
DB DB 

320.0 100 108 104 107 
288.0 90 107 103 106 
256.0 80 106 102 105 
240.0 75 106 102 105 
224.0 70 105 101 104 
192.0 60 104 101 104 
160.0 50 103 100 103 
128.0 40 102 98 101 

- EXHAUST @ 1.5 METRE * * * * * * * * 

OBCF OBCF OBCF OBCF OBCF OBCI 
250HZ 500HZ 1000HZ 2000HZ 4000HZ 8000E 

DB DB DB DB DB DB 

104 105 101 102 97 E 

103 105 101 101 97 E 

102 104 100 100 96 E 

102 103 99 100 95 E 

101 103 99 99 95 E 

101 102 98 98 94 E 

100 101 97 97 93 E 

98 100 96 96 92 E 

PRESS <ENTER> FOR ADDITIONAL DATA 
NEXT TRAN: INFO CODE ( 03 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 
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FOREST LAKE PUMPING STATION 

DIESEL GENERATOR POWER PLANT NOISE EMISSION - JOB 3479 

dB(A) 63 125 250 500 1K 2K 4K 8K Hz 

CAT 3406B Noise Data 100 99 105 99 93 93 91 87 92 dB 

Reverberant Field Inside Enclosure +11 +9 +6 +5 +3 +2 +1 +1 

110 114 105 98 96 93 88 93 

Acoustic Enclosure T.L. -0 -18 -25 -35 -45 -53 -55 -50 

100 96 80 63 51 40 33 43 

A-weight factor -26 -16 -9 0 +1 0 0 

External of Enclosure 81 74 80 71 60 51 41 33 43 

dB(A) 63 125 250 500 1K 2K 4K 8K Hz 

Internal Noise Level Enclosure 110 114 ' ,105 98 96 93 88 93 dB 

Discharge Attenuator Insertion 
Loss Including Louvre Outlet 

-12 

Y- 

-22 -34 -54 -67 -57 -54 -36 

98 ' 92 71 44 29 36 34 57 

-26 -16 -9 -3 0 +1 0 0 

External of Building @ 1 metre 77 78 76 62 41 29 37 34 57 

dB(A) 63 125 250 500 1K 2K 4K 8K Hz 

CAT 3406B Exhaust Data 107 103 106 103 105 101 101 97 86 dB 

RRE Muffler/Silencer -25 -27 -30 -31 -30 -28 -24 -20 

78 79 73 74 71 73 73 66 

RAE Absorptive Silencer -7 -11 -18 -20 -24 -26 -24 -18 

71 68 55 54 47 47 49 48 

Tail Pipe Resonance 6 metres +4 +6 +5 +3 0 +1 0 0 

75 74 60 57 47 48 49 48 

A-weight factor -26 -16 -3 0 +1 0 0 

External of Tail Pipe 60 49 58 51 54 47 49 49 48 

Distance Attenuation = 20 LogR (R = distance to boundary) 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 61 of 340



8 

e 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 62 of 340



 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 63 of 340



SECTION FOUR 

CONTENTS: 

F L005 

* Generator efficiency. 

* Generator Reactance. 

* Generator Time constants. 

* Generator Excitation and voltage regulator accuracy. 

* Generator Mechanical information. 

* Generator cooling requirements. 

* Generator general information. 

* Computer generated calculation for % voltage under site conditions. 
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-GK931C- TMI GENERAL DATA .DATE: 01/22/96 
01 - GENERATOR SPECIFICATIONS AND EFFICIENCY TIME: 18:57:25 
3406 50 HZ S 320 KW 400 V 109-3783 450 FRAME STAR CONNECTION 

TYPE FRAME POLES SYNC SPEED NO OF BEARINGS SAE FLYWHEEL HOUSING 
SR4 450 4 1500 RPM 1 NO. 514 NO. 1 

NUMBER OF LEADS WIRES PER LEAD GENERATOR PITCH 
10 2 0.7500 

GENERATOR EFFICIENCY AT .80 POWER FACTOR 
LOAD 

PER UNIT KILOWATTS EFFICIENCY-PERCENT 
.00 
.25 
.50 
.75 

1.00 
1.25 

.00 0 

80.00 92.6 
160.00 94.2 
240.00 94.0 
320.00 93.3 
400.00 92.4 

PRESS <ENTER> TO CONTINUE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 02 ) 
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-GK931D- TMI GENERAL DATA DATE: 01/22/96 
02 - GENERATOR RESISTANCES - REACTANCES - TIME CONSTANTS TIME: 18:58:03 
3406 50 HZ S 320 KW 400 V 109-3783 450 FRAME STAR CONNECTION 
RESISTANCES AT 25 DEG C 
STATOR = 0.0066 OHMS FIELD = 1.2944 OHMS 

REACTANCES * * * * 

PER UNIT OHMS 
SUBTRANSIENT - DIRECT AXIS X"D 0.16049 0.06419 
SUBTRANSIENT - QUADRATURE AXIS X"Q 0.19176 0.07670 
TRANSIENT - SATURATED X'D 0.27636 0.11054 
SYNCHRONOUS - DIRECT AXIS XD 3.05477 1.22190 
SYNCHRONOUS - QUADRATURE AXIS XQ 1.79064 0.71625 
NEGATIVE SEQUENCE X2 0.17612 0.07045 
ZERO SEQUENCE X0 0.05812 0.02324 

SHORT CIRCUIT RATIO 0.3897 

PRESS <ENTER> TO CONTINUE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 02 ) 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 66 of 340



-GK931E- TMI GENERAL DATA DATE: 01/22/9E 
02 - GENERATOR RESISTANCES - REACTANCES - TIME CONSTANTS TIME: 19:01:5S 
3406 50 HZ S 320 KW 400 V 109-3783 450 FRAME STAR CONNECTION 

GENERATOR TIME CONSTANTS * * * * 

SECONDS 
OPEN CIRCUIT TRANSIENT - DIRECT AXIS T'DO 1.90009 
SHORT CIRCUIT TRANSIENT - DIRECT AXIS T'D 0.17189 
OPEN CIRCUIT SUBTRANSIENT - DIRECT AXIS T"DO 0.00793 
SHORT CIRCUIT SUBTRANSIENT - DIRECT AXIS T"D 0.00187 
OPEN CIRCUIT SUBTRANSIENT - QUADRATURE AXIS T"Q0 0.00861 
SHORT CIRCUIT SUBTRANSIENT - QUADRATURE AXIS T"Q 0.00017 
ARMATURE SHORT CIRCUIT TA 0.02501 

PRESS <ENTER> TO CONTINUE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 03 ) 
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-GK931F- TMI GENERAL DATA DATE: 01/22/9E 
03 - .GEN EXCITATION - RATINGS - VOLTAGE REG TIME: 19:02:05 
3406 50 HZ S 320 KW 400 V 109-3783 450 FRAME STAR CONNECTION 

EXCITATION * * * * 

EXCITATION VOLTAGE : NO LOAD = 10.9 V * AT .80 PF = 50.2 V 
EXCITATION CURRENT : NO LOAD = 2.0 A * AT .80 PF = 9.3 A 

RATINGS * * * * 

LINE - LINE VOLTAGES : LOW-HIGH = 400 
LINE - NEUT VOLTAGES : LOW-HIGH = 230 
KVA RATING = 400.00 RATED RMS CURRENT LOW-HIGH 3 PHASE = -577.35 A 

VOLTAGE REG AND ACCURACY * * * * 

VOLTAGE LEVEL ADJUSTMENT = +/- 5 PERCENT OF RATED 
CONSTANT SPEED = +/- 1 PERCENT 
WITH 3 PERCENT SPEED CHANGE = +/- 3 PERCENT 
WAVEFORM DEVIATION LINE-LINE NO LOAD = LESS THAN 5 PERCENT 
TELEPHONE INFLUENCE FACTOR = LESS THAN 50 

PRESS <ENTER> TO CONTINUE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 04 ) 
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-GK931G- TMI GENERAL DATA DATE: 01/22/9E 
04 - GENERATOR MECHANICAL INFORMATION TIME: 1.9:02:12 
3406 50 HZ S 320 KW 400 V 109-3783 450 FRAME STAR CONNECTION 

CENTER OF 
DIMENSION 
DIMENSION 
DIMENSION 

GRAVITY 
/ /XI, 
f fy// 
f /Zff = 

* * * * 

-576.1 MM 
-1.3 MM 
0.0 MM 

-22.6 IN 
0.0 IN 
0.0 IN 

GENERATOR WT = 1018.7 KG * ROTOR WT = 318.7 KG * STATOR WT = 700.0 KG 
2241.1 LB 701.1 LB 1540.0 LB 

ROTOR BALANCE = 0.0508 MM DEFLECTION PTP 

FOR INERTIA DATA REFER TO TORSIONAL VIBRATION DATA PROGRAM 

OVERSPEED CAPACITY = 125 PERCENT OF SYNCHRONOUS SPEED 

PRESS <ENTER> TO CONTINUE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 05 ) 
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A 

-GK931H- ENGINE TECHNICAL DATA SYSTEM DATE: 01/22/9E 
05 - GEN COOLING REQUIREMENTS - TEMP DATA - INSULATION DATA TIME: 19:02:1E 
3406 .50 HZ S 320 KW 400 V 109-3783 450 FRAME STAR CONNECTIOI' 

COOLING REQUIREMENTS * * * * 

HEAT DISSIPATED = 22.65 KW 
AIR FLOW REQUIRED = 96.2 CU M/MIN 

TEMPERATURE DATA * * * * 

STATOR RISE = 130 DEG C 
ROTOR RISE = 130 DEG C 

INSULATION DATA * * * * 

INSULATION CLASS = 155 DEG C 
INSULATION RES. AS SHIPPED = 100.0 MEGOHMS MIN AT 40 DEG C 

PRESS <ENTER> TO CONTINUE 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 06 ) 
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-GK931K- TMI GENERAL DATA 
08 - GENERAL INFORMATION (ALL) 

GENERATOR MOTOR STARTING CAPABILITY CURVES 

DATE: 01/22/90 
TIME: 19:02:5C 

I. THE MOTOR STARTING CURVES ARE REPRESENTATIVE OF THE DATA 
OBTAINED BY THE FOLLOWING PROCEDURE: 

A. THE CATERPILLAR GENERATOR IS DRIVEN BY A SYNCHRONOUS DRIVER. 

B. VARIOUS SIZE THREE PHASE INDUCTION MOTORS (NEMA CODE F) ARE 
STARTED ACROSS THE LINE LEADS OF THE UNLOADED GENERATOR. 

C. THE RESULTING VOLTAGE DIPS ARE RECORDED WITH AN 
OSCILLOSCOPE. 

D. MOTOR HORSEPOWER HAS BEEN CONVERTED TO STARTING KILOVOLT 
AMPERES (SKVA). 

E. RECORDED VOLTAGE DIPS HAVE BEEN EXPRESSED AS A PERCENTAGE 

PRESS <ENTER> TO CONTINUE 
HLP-F1 ACF-F3 PGM-F4 SEL-F5 IDX-F9 INFO CODE ( 08 ) 
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-GK931K- TMI GENERAL DATA DATE: 01/22/9E 
08 - GENERAL INFORMATION (ALL) TIME: 19:04:4C 

GENERAL NOTES 

GENERATOR KEYS 

DESIGN: CAT GENERATOR ARRANGEMENT NUMBER 
FRAME: GENERATOR FRAME SIZE 
FREQ: FREQUENCY, HERTZ 
PPSB: PRIME POWER OR STANDBY 
VOLTS: RATED TERMINAL VOLTAGE, LINE TO LINE 
KWATT: BASE RATING, ELECTRICAL KILOWATTS 
MODEL: ENGINE SALES MODEL 

GENERATOR TEMPERATURE RISE 

THE INDICATED TEMPERATURE SIZES INDICATE THE NEMA LIMITS 
FOR STANDBY OR PRIME POWER APPLICATIONS. THESE RISES ARE USED 
FOR CALCULATING THE LOSSES AND EFFICIENCIES AND ARE NOT 

PRESS <ENTER> TO CONTINUE 
HLP-F1 ACF-F3 PGM-F4 INQ-F5 IDX-F9 INFO CODE ( 08 ) 
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-GK931K- TMI GENERAL DATA 
08 - GENERAL INFORMATION (ALL) 

NECESSARILY INDICATIVE OF THE ACTUAL TEMPERATURE RISE 
OF A GIVEN MACHINE. 

CENTER OF GRAVITY 

THE SPECIFIED CENTER OF GRAVITY IS FOR THE GENERATOR 
ONLY. IT IS MEASURED FROM THE GENERATOR/ENGINE FLYWHEEL 
HOUSING INTERFACE AND FROM THE CENTERLINE OF THE ROTOR 
SHAFT. 

DATE: 01/22/9E 
TIME: 19:04:4; 

NO MORE DATA AVAILABLE 
HLP-Fl ACF-F3 PGM-F4 INQ-F5 IDX-F9 INFO CODE ( 08 ) 
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ELECTRIC POWER GENERATION 
- DESIGNER - 

SPECIFICATION SHEET 
Job Number 250592 

Project 
FOREST LAKE PUMP STATION 

by 

ENERGY POWER SYSTEMS AUST. 
L.R. MCDONALD AND COMPANY 

January 23, 1996 Data Release 
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PROJECT - FOREST LAKE PUMP STATION 
No. of Generator Sets - 1 

Generator Set 1 

CATERPILLAR 
3406 DIESEL GENERATOR SET 
Standby Power - 1500 rpm 

GENERAL SPECIFICATIONS 

ENGINE 

Type - WaterCooled Diesel 
Aspiration - Jacket Water, Aftercooled 
Cycle - Four Stroke 
No. of Cylinders - In-Line 6 

GENERATOR 

Model - Caterpillar SR4 
Type - Brushless 
Construction - Single Bearing 

Close Coupled 
Three Phase - Wye 
Insulation - Class H 
Terminal Box - drip proof, IP 22 
Overspeed Capability - 150% 
Wave Form - Less than 5% Deviation 

DIMENSIONS (millimeters) 

DBD 
1058.6 

3 
3 

DAD 

Bore - 137 mm 
Stroke - 165 mm 
Displacement - 15 L 
Compression Ratio - 14.5:1 

VOLTAGE REGULATOR 

Model - VR 4 

Type - Volts per Hz 
Sensing - 2 Phase 
Regulation - less than +/- 1% 
Level - Adjustable 
Gain - Adjustable 
Droop - Adjustable, option 
TIF - less than 50 
THE - less than 3% 

383.4 
3<-1152.9->3<--- 1660.1 ---->3<--->3 
3 3 3 3 
3 ZDDDDDDDDDDDDDDDDD? ZDD? DBD 
ZDDDDDDDDDD4 3 3 3 3 

3 Gen. 3 Engine 3 3 3 1719.8 
3 3 3 3 3 3 

ZDDDADDDDDDDDDDADDDDDDDDDDDDDDDDDADDADDADDD? 3 

@DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDY DAD 
3 3 
3< 

Overall, Width 
Height 
Length 

Weight, Dry - 

Wet - 

- 1,143 mm 
- 1,720 mm 
- 3,552 mm 

2,411 kg 
2,473 kg 

3551.5 >3 

01/23/96 
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STANDARD ARRANGEMENT 

ENGINE 

Air Cleaner 
Base/Rail Mounting 
Breather, Crankcase 
Cooler, Lubricating Oil 
Cooling, Jacket Water - Radiator w/ Blower Fan 
Exhaust Fitting and Flange 
Filters, Right Hand 

Fuel, Full Flow 
Lubricating Oil, Full Flow 

Flywheel Housing, SAE 1 

Governor, CAT/Hydra-Mechanical 
Lifting Eyes 
Manifold, Exhaust - Dry 
Pumps 

Fuel Transfer, Gear Driven 
Lubricating Oil, Gear Driven 
Jacket Water, Gear Driven 
Auxiliary Water, Gear Driven 

Shutoff, Manual 
Starting, Electric, 24 Volt DC 

GENERATOR 

Structure 

Brushless 
Drip Proof 
Salient Pole 
Revolving Field 
Synchronous Type 
Amortisseur Windings 

AUTOMATIC VOLTAGE REGULATOR 

VR 4 

Volts per Hz 
2 Phase Sensing 
Solid State 
Electronic Voltage Buildup 
Overcurrent Protection 

Windings 

Class H system 
Class 200 Magnet Wire 
Polyester Resin Undercoat 
Polyamideimide Resin Overcoat 
3000 volt High Pot Test 
Rotor - Wet Layer Wound 
Stator - 2 Dips/Bakes minimum. 

01/23/96 

- 2 - 
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OPTIONAL EQUIPMENT 

ENGINE 

Air Cleaner, Heavy Duty 
Charging Systems 
Cooling Systems 
Instrumentation 
Mounting Systems 
Mufflers 
Governors 
Power Takeoffs 
Protection Systems 
Starting Systems 

SWITCHGEAR 

Automatic Start-Stop 
Circuit Breakers 
Battery Charger 
EMCP Components 
Enclosure, Floor or Wall Mounted 
Paralleling, Manual/Automatic 
Protective Relaying 
Industrial and Utility Grade 

CONTROL PANEL, ELECTRONIC (EMCP) 

GENERATOR 

Automatic Voltage Regulator 
3 Phase Sensing 
2x Volts/Hertz 

Circuit Breaker 
Extension Terminal Box 
Manual Voltage Control 
MIL Std 461B 
Space Heater 
Voltage Options 

POWER MODULE 

Engine 
Generator 
Switchgear 
ISO Container, 6.2/12.3 m 

Fuel Tanks 
Sound Attenuation 

Undercarriage 

Generator Controls and Monitoring 
Digital Ammeter, Voltmeter, Frequency Meter 
Ammeter/Voltmeter Phase Selector Switch 
Voltage Adjust Rheostat 

Engine Controls and Monitoring 
Automatic/Manual Start-Stop Control 
Engine Control Switch for: 

Off/Reset, Auto Start, Manual Start, Stop 
Cycle Cranking 
Cool Down Timer 
Emergency Stop Pushbutton 
Shutoffs with LED indicators for: 

Low Oil Pressure, High Coolant Temperature, Overspeed, 
Overcrank 

Digital Display for: 
Coolant Temperature, Oil Pressure, Service Hours, Engine 
RPM, System DC Volts 

System Diagnostic Codes 
Digital Readout 

Lamp Display 
NFPA 90, 110 Attachments 

01/23/96 

- 3 - 
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TECHNICAL DATA 

SITE CONDITIONS 
Application 
Altitude 
Fuel 
Engine Room Temperature, Max. 
Outside Temperature, Min. 
Installation 

SYSTEM DATA 
@ SITE CONDITIONS 

Total Power Capability 
Total Load 
Frequency 
Voltage 
Voltage Dip Starting Largest Motor Sequence 
Power Factor 
Sound Level, Mechanical 

PERFORMANCE DATA - Generator Set 1 

@ SITE CONDITIONS 
Power Capability 
Engine Speed 
Generator, Frame 
Generator Heat Rise 
Heat Rejection to Coolant 
Radiator, 33-13/5R4N, Drive Ratio 1.120, Glycol 50% 

Air Flow 
External Air Restriction 
Ambient Capability 

@ Connected\Shared Site Load of 
Generator Heat Rise 
Heat Rejection to Coolant (Total) 
Radiator Ambient Capability 

@ RATED CONDITIONS 
Rating w/ Fan 
Fuel Consumption w/ Fan Standard 

( 42,780 kj/kg) 100% 84.7 
75% 63.3 

Combustion Air Inlet Flow Rate 
Exhaust Gas, Flow Rate 

Stack Temperature 
Heat Rejection to Coolant 

Exhaust 
Atmosphere from Engine 
Atmosphere from Generator 

Sound Level, Exhaust 

01/23/96 

Standby 
100 m 

Diesel 
40xC 
1 0xC 

Enclosure 

316 kW 
299 kW 
50 Hz 

415 volts 
23.5% 
0.77 

86 dBA @ 7 m 

316 kW 
1500 RPM 
0450N 

136xC 
192 kW 

436 cu.m/min 
6.35 mm water 

45xC 

299 kW 
122xC 

182 kW 
48xC 

320 kW 
Site 
84.7 L/Hr 
63.3 L/Hr 
27.4 cu.m/min 

72 cu.m/min 
51 3xC 

192 kW 
269 kW 
89 kW 
22 kW 

95 dBA @ 7 m 
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LUBRICATION AND COOLING 

Engine Capacity, Lubricating Oil 
Coolant w/o Radiator 
Coolant with Radiator 

Pump, Jacket Water, External Restriction, Max. Allowed 
Flow @ Max. Allowed Restriction 

Aux Water, External Restriction, Max Allowed 
Flow @ Max. Allowed Restriction 

EXHAUST SYSTEM 

System Backpressure, Max. Allowed 
Exhaust Flange Size (Internal Diameter) 

CONDITIONS AND DEFINITIONS 

34 L 
34 L 

66.1 L 
4.5 m water 
272.0 L/min 

10.1 m water 
230.0 L/min 

6.75 kPa 
152.4 mm 

Ratings are based on ISO 3046/1 standard conditions of 100 kPa, 
27xC (29.61 in Hg, 77xF). Conditions described in SAE J1349, 
BS 5514, API 7B-11C, and DIN 6271 also apply. 

Fuel rates are based on 35x API (16xC, 60xF) gravity having a 
low heat value (LHV) of 42780 kJ/kg (18390 Btu/lb) when used 
at 29xC (85xF) and weighing 838.9 g/L (7.001 lbs/US gal). 

Factory designed, assembled, tested and delivered in a package ready 
for customer connections. Totally supported by the Caterpillar 
Dealer with Service and Warranty, Parts and Labor, and Operational 
Contracts. 

Generator Set and Components meet or exceed: AS1359, AS2789, ABGSM, 
TM3, BS4999, DIN6271, DIN6280, EGSA101P, JEM1359, IEC 34/1, 
ISO 3046/1, ISO DIS 8528, NEMA MG1-22. 

01/23/96 
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CATERPILLAR MAKES NO EXPRESS WARRANTIES AND DISCLAIMS ALL IMPLIED 
WARRANTIES, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. CATERPILLAR SHALL HAVE NO LIABILITY IN LAW OR EQUITY, FOR 
DAMAGES, CONSEQUENTIAL OR OTHERWISE, THAT ARISE FROM USE OF PROGRAM 

AND RELATED MATERIAL OR ANY PART THEREOF. 

Copyright 1993 CATERPILLAR Inc. - All Rights Reserved 

01/23/96 
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SECTION FIVE 
CONTENTS: 

F L006 

*Caterpillar Application and Installation Guide ( LEBX5048 ). 
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Introduction 
Proper selection and installation of generator 
sets is vital for dependable performance and 
long, trouble-free life. The purpose of this 
guide is to help the reader: 

Make knowledgeable choices of power 
equipment. 
Design and build installations that perform 
reliably at an optimum price/value 
relationship to the customer. 

To ensure proper installations are 
accomplished, Caterpillar has support 
capability unmatched in the industry. From 
conception of power needs, through varied 
disciplines required for installation, to service 
and maintenance demanded years after 
completion, Caterpillar continues its 
commitment to its customer's successful 
installations. 

Fifty years of developing power generation 
equipment has culminated in a broad line of 

. , 
selection and installation ease. A single source 
for engine, generator, and controls assures 
testing and quality control for matched 
packages. 

Development of installation knowledge 
parallels equipment advances. While this 
application and installation guide summarizes 
many aspects of installation, Caterpillar 
Dealers stand ready to assist you. 

An expert software program, EPG Designer, is 
available from your dealer, and offers detailed 
assistance in sizing, specifying and installing 
engine, generators, cooling systems and 
associated equipment. 

It is the installer's responsibility to consider 
and avoid possibly hazardous conditions 
which could develop from the systems 
involved in the specific engine installation. 
The suggestions provided in this guide 
regarding avoidance of hazardous conditions 
apply to all applications and are necessarily of 
a general nature since only the installer is 
familiar with the details of a particular 
installation. Consider the suggestions 
provided in this guide as general examples 
only and are in no way intended to cover 
every possible hazard in all installations. 

Use this guide's table of contents as a 
checklist of subjects affecting on-site power 
plants. Referring to this index during 
preliminary planning avoids the effort and 

0 lh 
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Summary 
This summary contains important points to 
remember for a successful installation. These 
points are amplified and expanded in the 
following section: 

1. The generator set must be sized properly for 
the installation. Determine the duty cycle 
Continuous, Prime, Standby or Peak 
Shaving or Sharing (paralleled or not 
paralleled with the utility). 

Continuous 
Output available without varying load for 
an unlimited time. 

Prime 
Output available with varying load for an 
unlimited time. 

Standby 
Output available with varying load for the 
duration of the interruption of the normal 
source ofpower. Usually sized initially for 
60% of actual load since loads tend to 
increase during the 30 year life of the 
unit. Normal hours of operation are less 
than 100 hours per year. 

Peak Shaving/Sharing 
Prime if paralleled with the Utility. 
Standby if not paralleled with the Utility 
and if the loading meets the definition of 
Prime or Standby. Normally Peak 
Shaving/Sharing is less than 200 hours 

_per year of operation. 

Loads that are too light cause engine slobber. 
Overloading causes excessive piston loading 
and high exhaust temperatures. 

Standby engines that must be exercised 
regularly but cannot be loaded should be only 
run long enough to achieve normal oil 
pressure and then shut off - less than five 
minutes of running time. 

2. The generator set must be properly 
installed in an atmosphere which allows it 
to achieve the required life. 

Air Flow 
Provide adequate clean, cool air for 
cooling and combustion. High engine 
room temperatures may require ducting 
cooler outside air to the engine intake to 
avoid power deration. Restriction of 
radiator air reduces its cooling capability. 

Exhaust 
Isolate exhaust piping from the engine 
with flexible connections. Wrap the piping 
with a thermal blanket to keep exhaust 
heat out of the engine room. The exhaust 
stack and muffler need to be sized so the 
exhaust back pressure at the 
turbocharger outlet does not exceed 
6.7 kPa (27 in.) of water. Excessive 
backpressure raises exhaust 
temperatures and reduces engine life. 

Fuel 
Use clean fuel. Fuel day tanks should be 
below the level of the injectors. 

Mounting 
The generator sets must have a flat and 
secure mounting surface. The generator 
set mounting must allow adequate space 
around the generator set for maintenance 
and repairs. 

Starting 
Batteries should be close to the starter 
and protected from very cold 
temperatures. Do not disconnect batteries 
from a running engine or a plugged-in 
battery charger. 

3. SCR loads can affect generator output 
waveform. Make sure the SCR device 
supplier and the consulting engineer are 
aware of the possible problems. 
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Installation 

Foundations 
Major functions of a foundation are to: 

Support total weight of generator set. 
Maintain alignment between engine, 
generator, and accessory equipment. 
Isolate generator set vibration from 
surrounding structures. 

Ground Loading 
Initial considerations include generator set 
weight and material supporting this weight. 

The wet weight of the total package must be 
calculated. This includes accessory equipment 
and weight of all liquids (coolant, oil, and 
fuel,) supported by the foundation. 

Liquid 
Weights of Liquids 

lb/U.S. gal Specific Gravity 

Water/Glycol 8.55 1.030 
Water 8.30 1.000 
Lube Oil 7.60 0.916 
Diesel Fuel 7.10 0.855 
Kerosene 6.70 0.800 

Figure 2 

Material supporting foundation must carry 
the total weight. Figure 3 shows bearing load 
capabilities of common materials. 

Material 

Bearing Load Capability 

Safe Bearing Load 
psi kPa 

Rock, Hardpan 70 482 
Hard Clay, Gravel 

Coarse Sand 56 386 
Loose Medium Sand 

and Medium Clay 28 193 
Loose Fine Sand 14 96.4 
Soft Clay 0-14 0-96.4 

Figure 3 

Wall Mount the 
Battery Charger 

Figure 1 
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Finn, level soil, gravel, or rock provides 
satisfactory support for single-bearing 
generator sets used in stationary or portable 
service. Use this support where the weight- 
bearing capacity of the supporting material 
exceeds pressure exerted by the equipment 
package, and where alignment with external 
machinery is unimportant. 

Soil, such as fine clay, loose sand, or sand near 
the ground water level, is particularly 
unstable under dynamic loads and require 
substantially larger foundations. Information 
concerning bearing capacity of soils at the site 
may be available from local sources and must 
comply with local building codes. 

Area of load-bearing support is adjusted to 
accommodate surface material. To determine 
pressure (P) exerted by the generator set, 
divide total weight (W) by total surface area 
(A) of the rails, pads, or vibration mounts. 

Figure 4 

P W 
A 

Where: P = Pressure in kg/m2 (psi) 
W = Weight in kg (lb) 
A = Area in m2 (in2) 

Pressure imposed by the generator set weight 
must be less than the load-carrying capacity 
of supporting material. 

Where support rails or mounting feet have 
insufficient bearing area, flotation pads can 
distribute the weight. The underside area and 
stiffness of the pad must be sufficient to 
support the equipment. 

Seasonal and weather changes adversely 
affect mounting surfaces. Soil changes 
considerably while freezing and thawing. To 
avoid movement from seasonal changes, 
extend foundations below the frost line. 

Concrete Base 
Several basic foundations are applicable for 
generator sets. The foundation chosen will 
depend on factors previously outlined as well 
as limitations imposed by the specific location 
and application. 

Massive concrete foundations are unnecessary 
for modern multicylinder medium speed 
generator sets. Avoid excessively thick, 
heavy bases to minimize subfloor or soil 
loading. Bases need be only thick enough to 
prevent deflection and torque reaction, while 
retaining sufficient surface area for support. 
(Non-parallel units require no foundation 
anchoring.) 

If a concrete foundation is required, minimum 
design guidelines include: 

Strength must support wet weight of units 
plus dynamic loads. 
Outside dimensions exceed that of the 
generator set a minimum of 300 mm (1 ft) 
on all sides. 
Depth sufficient to attain a minimum 
weight equal to generator set wet weight 
(only if large mass, i.e., inertia block, is 
specified for vibration control). 

11 
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16 Inm 

Foundation 
Depth 

Figure 5 

Calculate foundation depth to equal generator 
set weight by: 

FD = W 
DxBxL 

FD = foundation depth, m (ft) 
W = total wet weight of generator set, kg (lb) 
D = density of concrete, kg/m3 (1b/ft3) 

Note: use 2403 for metric units and 150 
for English units. 

B = foundation width, m (ft) 
L = foundation length, m (ft) 

Suggested concrete mixture by volume is 1:2:3 

of cement, sand, aggregate, with maximum 
100 mm (4 in.) slump and 28-day compressive 
strength of 20 MPa (3000 psi). 

Reinforce with No. 8 gauge steel wire mesh or 
equivalent, horizontally placed on 150 mm 
(6 in.) centers. An alternative method places 
No. 6 reinforcing bars on 300 mm (12 in.) 
centers horizontally. Bars should clear 
foundation surfaces 75 mm (3 in.) minimum. 

When effective vibration isolation equipment 
is used, depth of floor concrete is that needed 
for structural support of the static load. Major 
rotating and reciprocating components of 
Caterpillar generator sets are individually 
balanced and, theoretically, have no 
unbalance. Practically, manufacturing 
tolerances and combustion forces impose some 
dynamic loading on the foundation. If 
isolators are not used, dynamic loads transmit 
to the facility floor and requires the floor to 
support 125% of the generator set weight. 

If generator sets are paralleled, possible out- 
of-phase paralleling and resulting torque 
reactions demand stronger foundations. The 
foundation must withstand twice the wet 
weight of the generator set. 

Light Duty Base 

Figure 6 
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Fabricated Steel Base 
Frequent relocation, initial installation ease, 
vibration isolation or isolating from flexing 
mounting surfaces, such as trailers, are major 
uses for fabricated bases. Do not rigidly 
connect any base to flexing surfaces. 

Bases maintain alignment between engine, 
generator, and other driven equipment such 
as radiator fans. Engines with close-coupled 
single-bearing generators maintain 
alignment by mounting rails or modest bases. 
Two-bearing generators, generators driven 
from either end of the engine, tandem 
generators, or tandem engines, require 
substantial boxed bases, see Figure 6. Bases 
must incorporate sufficient strength to: 

Resist outside bending forces imposed on the 
engine block, couplings, and generator 
frame during transportation. 
Limit torsional and bending movement 
caused by torque reactions. 
Prevent resonant vibration in the operating 
speed range. 

Due to thermal expansion, 
[cast iron 5.5 x 10-6 min/mm/1.8°C 
(5.5 x 10-6 in./in/1.0°F)] engines may lengthen 
2.3 mm (0.09 in.) from cold to operating 
temperature. This growth must not be 
restrained. On single-bearing and most 
two-bearing generators, no close clearance 
dowels or ground body bolts are used to limit 
thermal growth. Single-bearing generators 
requiring extremely close alignment, use a 
ground body bolt at the flywheel end on one 
side of the engine. No other restraint is 
permitted. 

Mounting feet of two-bearing generators can 
be doweled without harm. Slight expansion 
within the generator is absorbed in the 
generator coupling. 
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Vibration 
Mechanical systems with mass and elasticity 
are capable of relative motion. If this motion 
is repetitive, it is vibration. Engines produce 
vibrations due to combustion forces, torque 
reactions, structural mass and stiffness 
combinations, and manufacturing tolerances 
on rotating components. These forces create a 
range of undesirable conditions, ranging from 
unwanted noise to high stress levels and 
ultimate failure of engine or generator 
components. 

100 

80 

60 

40 

30 

20 

10 

8 

6 

4 

3 

2 

1 

0.8 

0.6 

0.4 

0.3 

0.2 

0.1 

Figure 7 

14 

Vibrating stresses reach destructive levels at 
engine speeds where resonance occurs. 
Resonance occurs when system natural 
frequencies coincide with engine excitations. 
The total engine-generator system must be 
analyzed for critical linear and torsional 
vibration. 
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Linear Vibration 
Linear vibration is exhibited by noisy or 
shaking machines, but its exact nature is 
difficult to define without instrumentation. 
Human senses are inadequate to detect 
relationships between the magnitude of 
vibration and period of occurrence. A first 
order (1 x rpm) vibration of 0.254 mm 
(0.010 in.) displacement may feel about the 
same as third order measurement of 
0.051 mm (0.002 in.). However, as depicted in 
Figure 7, severity of vibration correlates 
reasonably well with levels of perception and 
annoyance. 

Vibration occurs as a mass is deflected and 
returned along the same plane and can be 
illustrated as a single mass spring system, see 
Figure 8. With no external force imposed on 
the system, the weight remains at rest and 
there is no vibration. But when the weight is 
moved or displaced and then released, 

vibration occurs. The weight travels up and 
down through its original position until 
frictional forces cause it to rest. When 
external forces, such as engine combustion, 
continue to affect the system while it vibrates, 
it is termed forced vibration. 

Time required for the weight to complete one 
movement is called a period, see Figure 9. 

Maximum displacement from the mean 
position is amplitude; interval in which the 
motion is repeated is called the cycle. 

If the weight needs one second to complete a 
cycle, the vibration frequency is one cycle per 
second. 

If one minute, hour, day, etc., were required, 
its frequency would be one cycle per minute, 
hour, day, etc. A system completing its full 
motion 20 times in one minute would have a 
frequency of 20 cycles per minute, or 20 cpm. 

Mass-Spring System 

Position Of Weight (X) Amplitude 

Spring At Rest 
(Mean Position) 

Spring Extended 

Peak-To-Peak 
Displacement 

Lower Limit L 
Time 

Figure 8 

Figure 9 
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Establishing vibration frequency is necessary 
when analyzing a problem. It allows 
identification of engine component or 
condition causing the vibration. 

Total distance traveled by the weight, from 
one peak to the opposite peak, is peak-to-peak 
displacement. This measurement is usually 
expressed in mils, one mil equaling one- 
thousandth of an inch [.025 mm (.001 in.)]. It 
is a guide to vibration severity. 

Average and root-mean-square (rms) are used 
to measure vibration (rms = 0.707 times the 
peak of vibration.) These terms are referred to 
in theoretical discussions. 

Another method to analyze vibration is 
measuring mass velocity. Note that the 
example is not only moving but changing 
direction. The speed of the weight is also 
constantly changing. At its limit, the speed is 
"0". Its speed or velocity is greatest while 
passing through the neutral position. 

Velocity is extremely important; but because 
of its changing nature, a single point has been 
chosen for measurement. This is peak velocity 
normally expressed in inches per second. 

Velocity is a direct measure of vibration and 
provides best overall indicator of machinery 
condition. It does not, however, reflect the 
effect of vibration on brittle material. 

Relationship between peak velocity and 
peak-to-peak displacement is compared by: 
V Peak = 52.3 D F x 10-6 

Where: 
V Peak = Vibration velocity in inches per 

second peak. 
D = Peak-to-peak displacement, in mils 

(1 mil - 0.001 in.). 
F = Frequency in cycles-per-minute 

(cpm). 

Figure 10 
16 

Acceleration is another characteristic of 
vibration. It is the rate of velocity change. In 
the example, note that peak acceleration is at 
the extreme limit of travel where velocity is 
"0". As velocity increases, acceleration 
decreases until it reaches "0" at the neutral 
point. 

Acceleration is dimensioned in units of "g" 
(peak), where "g" equals the force of gravity 
(980 x 6650 min/s2 = 386 in./s2 = 32.2 fts2). 

Acceleration measurements, or "g's", are used 
where relatively large forces are encountered. 
At very high frequencies (60,000 cpm), it is 
perhaps the best indicator of vibration. 

Vibration acceleration is calculable form peak 
displacement 
g Peak = 1.42 D F2 x 10-8 

Machinery vibration is complex and consists 
of many frequencies. Displacement, velocity, 
and acceleration are all used to diagnose 
particular problems. Displacement 
measurements are better indicators of 
dynamic stresses and are, therefore, 
commonly used. Note that overall or total 
peak-to-peak displacement, described in 
Figure 10, is approximately the sum of 
individual vibrations. 

Isolation 
Generator sets need no isolation for protection 
from self-induced vibration's. They easily 
withstand any vibrations which they create. 

Unbalance 
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However, isolation is required if engine 
vibration must be separated from building 
structures, or if vibrations from nearby 
equipment are transmitted to inoperative 
generator sets. Caterpillar Generator Sets 
with isolation mounts between the generator 
set and base already satisfy these 
requirements. Running units are rarely 
affected by exterior vibrations. Methods of 
isolation is the same for external or self- 
generated vibrations. 

If no isolation is required, the generator set 
may rest directly on the mounting surface. 
Factory assembled units are dynamically 
balanced and theoretically there is no 
dynamic load. Practically, the surface must 
support 25% more than the static weight of 
the unit to withstand torque and vibratory 
loads. Unless the engine is driving equipment 
which impose side loads, no anchor' bolting is 
required. This normally applies to all 
nonparallel generator set mountings. Thin 
rubber or composition pads minimize the 
unit's tendency to creep or fret foundation 
surfaces. 

Vibration is reduced by commercially 
available fabricated isolators or bulk isolators. 
Both techniques utilize static deflection, with 
increased deflection resulting in greater 
isolation. Although internal damping of 
various materials cause performance 
differences, the vibration chart in Figure 11 

describes the general effect deflection has on 
isolation. By using engine rpm as the nominal 
vibration frequency, magnitude of compression 
on isolating materials can be estimated. 

The unit can be separated from supporting 
surfaces by these soft commercial devices, i.e.; 
those which deflect under the static weight. 
Mounting rails or fabricated bases withstand 
torque reactions without uniform support 
from the isolators. 

Piping connected to generator sets requires 
isolation, particularly when gen sets mount on 
spring isolators. Fuel and water lines, exhaust 
pipes, and conduit could otherwise transmit 
vibrations long distances. Isolator pipe 
hangers, if used, should have springs to 
attenuate low frequencies, and rubber or cork 
to minimize high frequency transmissions. To 
prevent buildup of resonant pipe vibrations, 
support long piping runs at unequal 
distances, see Figure 12. 
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Isolation for Mobile Equipment 
Isolation from a movable platform is desirable 
to: 

1. Reduce vibration. 
2. Reduce noise. 
3. Prevent torque loading on generator sets 

caused by platforms or trailer beds. 

Vibration carried throughout an enclosure 
causes early failure of auxiliary equipment. 
Relays, switches, gauges, and piping are 
adversely affected. 

Noise, while normally only annoying, can 
attain levels objectionable to owners and 
operators. If operating near property lines, 
noise could exceed local ordinances. 

Perhaps the most important reason to isolate 
mobile equipment is to avoid bending of the 
generator set by movement of the subbase. 
Unless the platform or trailer bed is extremely 
rigid, the generator set must not be bolted to 
it. Deflection of the bed would be transmitted 
to the engine, causing block bending and 
possible crankshaft and bearing failures. 

Lateral movement of the generator set must 
be minimized as the trailer is transported. 
This can be achieved simply by blocking the 
unit off the isolators during the move. If not 
practical, snubbers can confine vertical and 
horizontal movement. 

Vibration Isolator 

BASE MOUNTING HOLES 

LOCKNUT 

SNUBBER BOLT 

ISOLATOR MOUNTING HOLES 

Figure 13 

18 

LEVELING BOLT 

A detail of a spring-type isolator shows the 
addition of thrust blocks to restrict lateral 
movement without interfering with the spring 
function, Figure 13. 

Commercial Isolators 
Several commercial isolators provide various 
degrees of isolation. Generally, the lower the 
natural frequency of the isolator, the greater 
the deflection (soft) and more effective the 
isolation. Weight of generator sets can be 
unequally balanced within the limits of the 
isolators. However, overloading will eliminate 
isolator benefits. Isolators are most effective 
when located under generator mounting and 
engine front support, Figure 14. If additional 
support is desired, place an isolator midway 
between front and rear mounts and under 
radiator. 

WG WT WE W 

Rear Face of Flywheel Housing 

Figure 14 

To apply isolators, wet weight and center of 
gravity of the assembled unit must be 
established. Assuming engine and generator 
are assembled to a base, wet weight (WT) and 
assembled center of gravity can be calculated. 
A common reference is needed, see Figure 14. 
In this case, use the rear face of the flywheel 
housing. Because measurements are to both 
sides of the reference, one direction can be 
considered negative. 

WT (D) = WE (D2) - WG (Di) + WR (D3) 

D= 
WE (D2) WG (Di) + WR (D3) 

WT 
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If additional equipment is added, the process 
is repeated to determine a new center of 
gravity. 

Having established center of gravity for the 
total unit, as in Figure 15, loading on each 
pair of isolators is determined by: 

Si = WT B 
C 

S2 = WT A 
C 

411-- A B 

171 
Si 

Figure 15 

Isolators are sized to have natural frequencies 
far removed from engine exciting frequencies. 
If these frequencies were similar, the entire 
unit would resonate. The transmissibility 
chart in Figure 16 depicts this condition. It 
also shows the significant improvement 
caused by decreasing the mounting natural 
frequency to allow a ratio increase above .V2, 

or 1.414. 

a) 

0 
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The most effective isolators are of steel spring 
design, see Figure 17. They isolate over 96% 
of all vibrations, provide overall economy, and 
permit mounting the generator set on a 
surface capable of supporting only the static 
load. No allowance for torque or vibratory 
loads is required. As with direct mountings, 
no anchor bolting is usually required. 
However, when operating in parallel, vertical 
restraints are recommended and the isolator 
firmly fastened to the foundation. Spring 
isolators are available with snubber for use 
when engines are side loaded or located on 
moving surfaces. 

Adding rubber plates beneath spring isolators 
block high frequency vibrations transmitted 
through the spring. These vibrations are not 
harmful but cause annoying noise. 

Rubber isolators are adequate for applications 
where vibration control is not severe. By 
careful selection, isolation of 90% is possible. 
They isolate noise created by transmission of 
vibratory forces. Avoid using rubber isolators 
with natural frequencies near engine 
excitation frequencies. 

Fiberglass, felt, composition, and flat rubber 
do little to isolate major vibration forces. The 
fabric materials tend to compress with age 
and become ineffective. Because deflection of 
these types of isolators is small, their natural 
frequency is relatively high compared to the 
engines. Attempting to stack these isolators or 
apply them indiscriminately could force the 
system into resonance. 

/ r-Theoretical Curve 
100 

% Transmissibility = Foy 1 

FN 

( 

Transmitting Effect 
Without Isolation 

1.00 1.42 

Ratio: 
FD Disturbing Frequency 
FN Mounting Natural Frequency 

5.00 

Figure 16 
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Figure 17 

Bulk 
Bulk isolating materials are used between the 
foundation and supporting surface but are not 
as foolproof as spring or rubber types. 

Isolation of block foundations may be 
accomplished by 200 to 250 mm (8 to 10 in.) 
of wet gravel or sand in the bed of the 
foundation pit. Sand and gravel can reduce 
engine vibration one-third to one-half. The 
isolating value of gravel is somewhat greater 
than sand. To minimize settling of the 
foundation, gravel or sand must be thoroughly 
tamped before pouring the concrete block. 
Make the foundation pit slightly longer and 
wider than the foundation block base. A 
wooden form the size and shape of the 
foundation is placed on the gravel or sand bed 
for pouring the concrete. After the form is 
removed, the isolating material is placed 
around foundation sides, completely isolating 
the foundation from surrounding earth. 

Rubber, asphalt-impregnated felt, and 
fiber-glass have also been used for isolating 
the foundation block from subsoil, but they do 
not provide significant low frequency 
isolation. The floor slab surrounding the 
foundation block is separated from the 
foundation by expansive joint material. This 
prohibits vibration from traveling from the 
block to the floor and also eliminates losing 
tools in the pit during servicing. 

20 

Separator 

Foundation 

Isolating 
Material 

Subbase 

Figure 18 

Cork is not effective with disturbing 
frequencies below 1800 cps and, if not kept 
dry, will rot. It is seldom used with modern 
generator sets, but is used to separate engine 
foundations and surrounding floor because of 
resistance to oil, acid, or temperature changes 
between -20° and 95°C (0° and 200°F). 

Seismic 
Seismic shocks are insufficient to harm 
generator sets resting on the floor. However, 
isolation devices, particularly spring isolators, 
amplify small movement generated by 
earthquakes to levels which would damage 
equipment. Special isolators incorporating 
seismic restraining or damping devices are 
available, but exact requirements must be 
reviewed by the isolator supplier. Isolators 
anticipating seismic shock are bolted to the 
equipment base and the floor. Positive stops 
are added to limit motion in all directions. 
Attached piping and auxiliary equipment 
supports must also tolerate relative 
movement. 

Figure 19 describes seismic activity occurring 
throughout the world since 1897. The United 
States is further divided into regions of 
earthquake damage probability. 
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Figure 20 
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Torsional 

Torsional vibrations occur as objects, such as 
an engine crankshaft, twist and recover. 
Standard generator set components withstand 
normal stresses caused by combustion forces 
and torque reactions. A generator set must 
prevent the natural frequency of the drive 
train from approaching the unit's operating 
speed. Failure of crankshaft, couplings, gears 
or bearings may result without this attention. 

Torsional vibrations originate with the piston 
power stroke. The simplified drive train in 
Figure 21 illustrates relationship of shaft 
diameter, length, and inertia on the natural 
system frequency. 

Torsional Vibration 

Figure 21 

Generator sets prepackaged by Caterpillar 
avoid critical speeds where resonant 
conditions occur. Applications field matching 
engine and single-bearing generator, or 
including equipment driven from the front of 
the engine, necessitate a torsional analysis. 
This assures compatibility of engine and 
generator. The analysis is available from the 
engine supplier, but is the responsibility of the 
generator set assembler. 

If two-bearing generators are specified, 
include torsionally resilient (soft) couplings 
between engine and generator. A torsional 
study is again recommended. 

The study predicts operating characteristics of 
the mass elastic system. This combination of 
masses (or inertias) and springs constitutes 

22 

the vibrating system. When considering 
torsional vibrations, the mass elastic system 
includes pistons, rods, crankshaft, flywheel, 
coupling, driven equipment, and associated 
shafting. Good results from an analysis 
require accurate input concerning: 

A. Engine Speed 
1. High idle. 
2. Low idle. 
3. Full load. 

B. Driven Equipment 
1. General arrangement drawing or sketch 

of complete system with significant 
dimensions, including crankshaft pulleys 
and front-driven equipment. 

2. WR2 and torsional rigidity in pound- 
inches per radian of deflection on 
couplings between engine and driven 
equipment. 

3. WR2 and principal dimensions of each 
rotating mass. Weight and principal 
dimensions of each reciprocating mass. 

4. WR2 and principal dimensions of 
connecting shafts. 

Cyclic Irregularity 
Cyclic irregularity is a nondimensional ratio 
describing degree of crankshaft twist 
occurring between two successive firings of 
cylinders during steady-state operation. 
Formulas to represent this movement were 
derived before modern instrumentation 
allowed measurement. The ratio is expressed 
as: 

Cyclic Irregularity = 
rpm (maximum) - rpm (minimum) 

rpm (average) 

System speed varies with connected rotating 
mass. Cyclic irregularity differs, therefore, for 
a basic engine, one driving a generator, or 
additional equipment. 

This ratio compares merits of large slow speed 
engines which were custom made, but has 
little value applied to modern medium speed 
engines. 
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Noise 

Sound Waves - Behavior 
and Measurement 
As sound waves radiate, their strength 
diminishes. As distance traveled doubles, the 
wave amplitude is reduced by one-half. This 
rule applies if the first measuring point is at 
least two or three times the largest dimension 
of the noise source, usually about three feet. 

Distance 
Sound' 

Strength 

X 

2X 
4X 

100% 
50% 
25% 

Sound waves impinging on a microphone 
produce voltages proportional to sound 
pressures. The signals measure amplitude or 
strength of the sound pressure waves. 
Amplitude and frequency are the only sound 
properties measurable using ordinary 
techniques. 

The extensive audible range of sound 
complicates noise ratings. The human ear 
hears, without damage, pressure levels 
100,000 times stronger than the lowest 
detectable level. Noise measuring instruments 
have extraordinary range and are scaled in 
decibels (dB). 

Loudness 
The human ear does not use sound pressure 
decibels to judge loudness. Rating noise 
loudness is a complex operation because 
human hearing is also frequency sensitive. 

Sounds with frequencies in the 5,000- 
10,000 Hz range are the easiest to hear; 
sounds with very low frequencies are the 
hardest. Hearing loss from exposure to noise 
is similarly frequency sensitive. 

A-Weighted, dB(A) Measurements 
Loudness can be measured by filtering the 
microphone signal to reduce the strength of 
the low frequency signals and give more 
weight to frequencies in the 5,000-10,000 Hz 
range. (These are the frequencies to which the 
ear is most sensitive). This is done with a 
standardized (international) "A" filter 
network to make adjustments throughout the 
frequency range according to Figure 22. The 
result is a total decibel rating with a 
correction approximating the ear's sensitivity. 
The measurements are A-scale, A-weighted or 
dB(A) levels. 

Signals Entering "A" Weighted Signals Leaving 
Filtering Filter Filter 

dB Total 
Relative 
Response 
-Decibels 
+5 

0 

-5 
-10 
-15 
-20 
-25 
-30 
-35 
-40 
-45 
-50 

High 
Frequencies 

Low 
Frequencies 

dB(A) Total 

- 

Response Characteristics 
of Standard A Filter 

20 50 100 200 500 1000 2000 5000 10,000 

Frequency-Hertz (cycles per sec.) 

Figure 22 
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Octave Band Levels 
More detail is required of the frequency 
distribution of a noise than provided by a 
A-weighted measurement. Measurements are 
made with filters subdividing sounds over the 
entire audible range into standardized 
frequency bands, permitting the pressure 
levels of only the sound within each 
subdivision to be measured. Each filter spans 
an octave; that is, the upper frequency limit is 
twice the lower limit as shown in Figure 23. 
Sound levels in each octave are measured in 
decibels and are referred to as octave band 
levels. 

Standard Octave Bands 
ANSI Standard S1.11 IEC 225 

Band 
Designation 
(Center Band 
Frequency) Limits 

8000 Hz 
11300 Hz 

5650 
4000 

2830 
2000 

1415 
1000 

707 
500 

353 
250 

176 
125 

88 
63 Hz 

44 Hz 

Figure 23 

Noise Addition 
When standing by an engine, the noise heard 
from other engines operating in the same area 
will depend on the spacing of the engines and 
where the person is in relation to the spacing. 

A chart showing the combined effect of up 
to ten equal sound sources is shown in 
Figure 24. 

24 

10 

8 

6 

4 

2 

0 

Addition Of Equal Sounds 

Increase In Sound Pressure 
dB or dB(A) 

2 3 4 5 6 7 8 9 10 

Number of sources 

Figure 24 

Figure 25 shows the versatility of the decibel 
system. Although calculations are made on 
the basis of sound power, the system uses 
measured or calculated sound pressures. Use 
the difference in the pressure levels of two 
sounds to find how their combined level 
exceeds the higher of the two. First adjust the 
levels for the distances from the source to the 
spot where the noises are being added. To add 
a third level, use the same process to combine 
it with the total of the first two. 

1.5 

Addition Of Unequal Sounds 

0 2 4 6 8 10 12 14 

Difference between two noises in dB 

Figure 25 
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Noise Exposure 
Exposure to excessive noise causes permanent 
hearing damage and adversely affects 
working efficiency and comfort. Recognizing 
this, the U.S. Government created the 
Occupational Safety and Health Act (OSHA) 
which established limits for industrial 
environments. 

When an individual's daily noise exposure, 
designated D(8), is composed of two or more 
periods of noise at different levels, the 
combined effect is calculated by: D(8) = 
(C1/T1) + (C2/T2) + + (Cn/Tn). Where Cn is 
duration of exposure at a specified sound level 
and Tn is total time of exposure permitted at 
a specified sound level, Figure 26. The noise 
exposure is acceptable when equal to or less 
than 1. 

Duration Allowable 
level 

dB(A) 
of Daily Exposure 

-Hours 

8 90 
6 92 
4 95 
3 97 
2 100 
11/2 102 
1 105 

1/2 110 
1/4 or less 115 

Noise Control 
Noise can be either airborne or structureborne 
transmitted. Structureborne noise is vibration 
transmitted through a structure; typically 
that supporting the engine. Noise control 
methods are different for the two sources. 

Noise criteria for typical areas are shown in 
Figure 27. 

Mechanical Noise 
Many techniques for isolating generator set 
vibrations are applicable to mechanical noise 
isolation. Modest noise reductions result from 
attention to noise sources, i.e., reducing fan 
speeds, coating casting areas, and ducting air 
flows. But for attenuation over 10 dB(A), units 
must be totally isolated. One effective method 
utilizes concrete blocks filled with sand to 
house the generator set. In addition, the unit 
must incorporate vibration isolation 
techniques described in the Vibration Section. 
A rough guide comparing various isolation 
methods is illustrated in Figure 28. 

Completely enclosed engines are impractical 
due to openings required for pipes, ducts, and 
ventilation. Enclosures with numerous 
openings rarely attain over 20 dB(A) 
attenuation. 

Figure 26 

,Octave Bands in Cycles Per-Second ,31.5 -1257---- -250 10007--72000-'4000" -8000-- 

Highly Critical Hospital or 
Residential lone 71 63 44 37 35 34 33 33 33 

Night, Residential 73 69 52 44 39 38 38 38 38 
Day, Residential 76 71 59 50 44 43 43 43 43 
Commercial 81 75 65 58 54 50 47 44 43 
Industrial-Commercial 81 77 71 64 60 58 56 55 54 
Industrial 87 85 81 75 71 70 68 66 66 
Ear Damage Risk 112 108 100 95 94 94 94 94 94 

Figure 27 
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Figure 28 
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Intake Noise 
Intake noise attenuation is achieved through 
either air cleaner elements or intake silencers. 
Noise attenuation due to various air cleaners 
and silencers can be supplied by the 
component manufacturer. 

Exhaust Noise 
Exhaust noise is typically airborne. Exhaust 
noise attenuation is commonly achieved with 
a silencer typically capable of reducing 
exhaust noise 15 dB(A) when measured 3.3 m 
(10 ft) perpendicular to the exhaust outlet. 
Locating it near the engine minimizes 
transmission of sound to the exhaust piping. 
Since the number of cylinders and engine 
speeds result in varied exhaust frequencies, 
specific effects of mufflers must be predicted 
by the muffler manufacturer. 
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Sound Level Conversion 
Sound level information is presented both in 
terms of sound power level dB(A) and sound 
pressure level dB(A) at a given distance from 
the noise source. 

Sound power level is the total sound power 
being radiated from a source and its 
magnitude is independent of the distance 
from the source. Relative loudness 
comparisons between engines is simply a 
comparison of their sound power levels at 
equivalent operating conditions. When the 
sound power level is known, the sound 
pressure level at any distance from a point 
source (such as exhaust noise) can be easily 
calculated. A disadvantage of this system is 
that sound pressure level conversion is valid 
for a point source only. It cannot be used for 
mechanical noise since the source (overall 
engine) is quite large. 

The equation for determining the sound 
pressure level of exhaust noise is: 

Sound Pressure Level, dB(A) = 
Sound Power Level, dB(A) - 10 x Log10 (C7cD2) 

Where C = 2 For exhaust source adjacent to a flat surface, 
such as a horizontal exhaust pipe adjacent to a 
flat roof. 

or C = 4 For exhaust source some distance from 
surrounding surfaces, such as a vertical 
exhaust stack some distance above roof. 

D = Distance from exhaust noise source (m). 

If the sound pressure level of a point source at 
some distance is known, the sound pressure 
level at a second distance can be calculated 
using this formula: 

SPL2 = SPLI - 20 x Logi° (D2 ÷ D1) 
Where SPLI = known sound pressure level, dB(A) 

SPL2 = desired sound pressure level, dB(A) 
Di = known distance, m (ft) 
D2 = desired distance, m (ft) 

27 
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Air Intake System 
Diesel engines require approximately 
0.09 m3/min (3.2 cfm) of air per brake 
horsepower for combustion, or 17 lb of air for 
each pound of fuel. Volumetric (V) and mass 
(M) intake air flow have the following general 
relationships; 

V (m3/min) = .01486 x M (kg/hr), or V (cfm) = 
.2382 x M (lb/hr) 

Heavy fuel engines require about 40% greater 
inlet air flow than those burning distillate 
fuels. 

Air Cleaners 
Combustion air must be clean and cool. 
Engine-mounted, dry-type air cleaners are 
considerably more efficient than oil-bath types 
and remove 99.5% of AC fine dust. Clean 
filters offer little restriction so total air 
restriction, including ducting, should not 
exceed 1.2 kPa (5 in. H2O) of water column. 
Air cleaner service indicators will signal a 
filter change when a restriction of 6.2 kPa 
(25 in. H2O) develops. Ducting must have 
sufficient strength to withstand minimum 
restrictions of 12.5 kPa (50 in. H20), which is 
also the structural capability of the 
Caterpillar prime power air cleaner. 

AC Dust (% total weight) 

Micron Size Fine Course 

0 - 5 39 ± 2% 12 ± 2% 
6 -10 18 ± 3% 12 ± 3% 

11 - 20 16 ± 3% 14 ± 3% 
21 - 40 18 ± 3% 23 ± 3% 
41 - 80 9 ± 3% 30 ± 3% 

81 - 200 0 92 ± 3% 

Precleaners 
Precleaners adapt to standard air cleaners to 
extend filter service periods. They impose 0.25 
to 0.75 kPa (1 to 3 in. H20) added restrictions 
but increase standard filter life about three 
times. Conventional precleaners approach 
70% efficiency, while exhaust augmented 
precleaners exhibit 92% efficiency. They 
further extend filter element life and are 
maintenance free. Heavy-duty air cleaners 
provide the same protection as standard 
28 

filters but allow further extension of filter 
change periods. Service periods increase six to 
seven times that of standard air cleaners. 

Caution: Under no circumstances should the 
engines be operated without air cleaners. 

Ducting 
When ducting is necessary to obtain cooler or 
cleaner air, filters should remain on the 
engine to prevent harmful dirt from leaking 
into the engine through ducting joints. When 
air cleaners must be remote-mounted it is 
extremely important that all joints be air 
tight to prevent ingestion of dirt. 

Give careful attention to routing and support 
of air inlet ducting, where overhead cranes 
are used to service the engines. Provide 
adequate support for duct work so that its 
weight is not borne by the air cleaner on 
engine-mounted air cleaners, or by the 
turbocharger on remote-mounted air cleaners. 

Avoid abrupt transitions in the intake 
ducting to provide the smoothest possible 
air flow path. Keep total duct head loss 
(restriction) below 0.5 kPa (2 in. H2O) for 
maximum filter life. Any additional restriction 
will reduce filter life. See the Air Intake 
Restriction section. 

Design inlet ducting to withstand a minimum 
vacuum of 12.5 kPa (50 in. H20) for structural 
integrity. 

If required, all piping must be designed and 
supported to meet seismic requirements. 

Air Intake Restriction 
Because excessive vacuum on the inlet side of 
the turbocharger (or the air inlet on NA 
engines) can result in reduced engine 
performance, the air intake system restriction 
(including dirty filters, duct work, vents, etc.) 
is limited to a maximum of 6.2 kPa 
(25 in. H20). Since the maximum air inlet 
restriction is limited, it is important to 
minimize the air inlet systems restriction to 
1.2 kPa (5 in. H20) with clean filters, 
maximizing filter life. External restriction 
caused by the air inlet system subtracts from 
air filter life. 
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Calculate Duct Head Losses By: 
p(cpa) .LxSx Q2 x 3.6 x 106 

D5 

P (in. H20)=LxSxQ2 
187 x D5 

P = Restriction, kPa (in. H2O) 

psi = 0.0361 x in. water column 
kPa = 6.3246 x mm water column 
L = Total equivalent length of pipe, m (ft) 

Q = Inlet air flow, m3/min (cfm)-(found in 
TMI or performance book) 

D = Inside diameter of pipe, mm (in.) 

If duct is rectangular: 

Then: 

D = 
(2 xaxb) 

a + b 

a 

S = Density of air, kg/m3 (lb /ft3) 

S (kg/m3) = 352.5 
Air Temperature 

+273°C 

S (1b/ft3) - 39.6 
Air Temperature 

+460°F 

To obtain equivalent length of straight pipe 
for various elbows: 

L _ 33D Standard Elbow 

X (Radius of elbow equals pipe diameter) 

L = 2X 01) Long Elbow (Radius > 1.5 Diameter) 

L - 15D 45° Elbow 
X 

L _ 66D Square Elbow 
X 

Where x = 1000 mm or 12 in. 

As can be seen, if 90° bends are required, a 
radius of two times the pipe diameter helps to 
lower resistance. 

Flex Connections 
Flexible connections are required to isolate 
engine vibration and noise from the ducting 
system. The flex should be as close to the 
engine as practical. The flex engagement with 
the air intake duct should be a minimum of 
50 mm (2 in.) and a maximum of 200 mm 
(8 in.). Care must be used to prevent exhaust 
piping heat from deteriorating rubber flex 
connections. 

Turbocharger Loading 
When remote-mounted air cleaners are used, 
turbocharger loading from the weight of the 
air inlet components becomes a concern. Make 
the flexible connection directly to the 
turbocharger air inlet, as in Figure 30. All 
duct work to that point must be supported. 

Q= 50 mm (2 in.) minimum 

Q 

Turbo Flexible 
Charger Connection 

Air 
A/Inlet 

Pipe 

Support 

Figure 30 

Cleanliness 
When applying remote-mounted air cleaners, 
ducting must be devoid of all debris which 
could harm the turbocharger. Duct 
construction should not include any 
components, such as rivets, which could 
loosen and enter the engine. 

Install an identifiable blanking plate ahead of 
the turbocharger to prevent debris from 
entering during initial installation of the unit. 
Remove the plate prior to starting the engine 
and inspect the ducting for cleanliness just 
prior to initial start-up. 
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Inlet Air Duct Insulation 
Insulation may be needed on the intake 
ducting for remote-mounted air cleaners. 
Insulation reduces turbocharger noise emitted 
into the engine room and minimizes heat 
transfer from the room to the combustion air. 

Air Cleaner Icing 
Saturated air with the dew point near freezing 
can cause icing and clogging of the air cleaner, 
with resulting power loss and increased fuel 
consumption. Procedures to avoid this 
condition include prewarming intake air or 
blow-in doors (with alarms) spring loaded to 
open at 12.5 kpa (50 in. H20) maximum. 
Because contaminants could seriously harm 
the engine, bypassing the cleaners is only an 
emergency procedure. 

30 

Extreme Cold 
Heated engine room air may be required (for 
starting purposes only) in applications at very 
cold ambients, -25°C (-13°F). This assumes 
combustion air is being drawn from outside 
the engine building, and the engine is 
preconditioned with pre-heaters for metal, 
water and oil temperatures of 0°C (32°F). 
Admitting engine room air must be done 
without the possibility of allowing dirt or 
debris into the air inlet system of the engine. 
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Exhaust Systems 
Exhaust systems collect exhaust gases from 
engine cylinders and discharges them as 
quickly and silently as possible. A primary 
design consideration of the exhaust system is 
to minimize backpressure since exhaust gas 
restrictions cause performance losses and 
exhaust temperature increases. 

Manifolds 
Engine exhaust manifolds collect exhaust 
gases from each cylinder and channels them 
into an exhaust outlet. The manifold 
encourages minimum backpressure and 
turbulence. Several types are available for 
varying installation requirements. 

Dry manifolds are usually standard equipment 
but may be replaced by watercooled, 
watershielded or ACWS (air cooled water 
shielded manifolds). The optional manifold 
protects the operator from contact with hot 
metal but is not particularly effective in 
reducing radiated heat. The Mining Safety & 
Health Agency, MSHA, requires watercooled 
manifolds to maintain engine surface 
temperatures below 200°C (400°F). The 
watercooled type has passages allowing 
engine jacket coolant to flow through the 
manifold, thus removing heat otherwise 
carried by the exhaust gas. Heat rejection to 
jacket water will increase 20-40%, while loss 
of exhaust heat energy may cause engine 
deration and/or decreased altitude capability. 

Water 

Exhaust 

Water 
Cooled 

Figure 31 

Water /Air Cooled 
Shielded/ Water Shielded 

Dry 

Watershielded and ACWS manifolds 
incorporate an auxiliary jacket or shield. 
Engine water circulates through the shield 
but does not come into direct contact with the 
inner manifold. Watershielding allows air to 
circulate between the inner and outer casings, 
adding little to jacket water cooling load and 
not affecting engine performance. ACWS 
manifolds trap the air so, as with watercooled, 
jacket water and engine performance are 
affected. 

Piping 
Physical characteristics of the equipment 
room determine exhaust system layouts. 
Arrangements with minimum backpressures 
are favored. Securely support pipes and 
rubber dampers or springs installed in the 
bracing to isolate vibrations. 

Piping must be designed with engine 
service in mind. In many cases, an overhead 
crane will be used to service the heavier 
engine components. 

Install piping with 229 mm (9 in.) minimum 
clearance from combustible materials. 
Lagging exhaust pipes with suitable, high 
temperature insulation or installing 
prefabricated insulation sections over the pipe 
prevents heat radiation. Exhaust piping 
passing through wooden walls or roofs require 
metal thimble guards 305 mm (12 in.) larger 
than the pipe diameter, see Figure 32. 

Extend exhaust stacks to avoid heat, fumes 
and odors. Also, the exhaust pipes should not 
be in close proximity to the air intake system 
for the engine or the crankcase ventilation 
system. Engine air cleaners, turbochargers, 
and aftercoolers clogged with exhaust 
products can cause premature failures. Pipe 
outlets cut at 30° to 45° angles will reduce gas 
turbulence and noise. Rain caps forced open 
by exhaust pressure will keep water from 
entering. 

Long runs of exhaust piping require traps to 
drain moisture. Traps installed at the lowest 
point of the line near the exhaust outlet 
prevent rain water from reaching the engine. 
Slope exhaust lines from engine to the trap so 
condensation will drain, see Figure 32. 
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Figure 32 

Piping Pitched Slightly 
To Encourage Condensation 
Away From Engine 
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Muffler placement greatly affects silencing 
ability. Locating it near the engine minimizes 
transmission of sound to the exhaust piping. 
Higher exhaust temperatures near the engine 
also reduces carbon buildup in the muffler; a 
drain removes condensation. 

Although economically tempting, a common 
exhaust system for multiple installations is not 
acceptable. Combined exhaust systems with 
boilers or other engines allow operating 
engines to force exhaust gases into engines 
not operating. Water vapor created during 
combustion will condense in cold engines and 
quickly causes engine damage. Duct valves 
separating engine exhausts is also 
discouraged. High temperatures warp valve 
seats causing leakage. 

Exhaust draft fans have been applied 
successfully in combined exhaust ducts, but 
most operate only whenever exhaust is 
present. To prevent turbocharger windmilling 
(without lubrication), the fans should not be 
operable when the engine is shut down. The 
exhaust system of non-running engines must 
be closed and vented. 
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Exhaust Backpressure 
Excessive exhaust restrictions can cause 
performance losses, particularly in fuel 
consumption and exhaust temperature. 
Pressure drop across the exhaust system 
should not exceed 6.7 kPa (27 in. H2O) of 
water for most Caterpillar engines. 3600 
Diesel Naturally Aspirated (NA) Gas Engines 
performances will be adversely affected above 
2.5 kPa (10 in. H2O). Exceeding this limit on 
3600 Engines will increase fuel consumption 
approximately 0.8% per each 2.5 kPa 
(10 in. H2O) of backpressure above the limit. 
Engines burning heavy fuel have an absolute 
backpressure limitation of 2.5 kPa 
(10 in. H2O) to avoid excessive exhaust valve 
temperatures. 

Pressure drop includes losses due to piping, 
muffler, and rain cap, and is measured in a 
straight length of pipe 3 to 5 diameters from 
the last transition change after the 
turbocharger outlet. 

Calculating Exhaust Backpressure 
These formulae allow the exhaust system 
designer to calculate a pipe diameter which, 
when fabricated into an exhaust system, will 
give exhaust backpressure less than the 
appropriate limit. 
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Calculate the pipe diameter according to the 
formula, then choose the next larger 
commercially available pipe size. 

Backpressure limits of the exhaust system 
includes losses due to piping, muffler, and 
rain cap. 

Calculate backpressure by: 

P (kPa) =LxSx Q2 x 3.6 x 106 
+ Ps 

D5 

P (in. H20) -LxSx Q2 
+ Ps 

187 x D5 

P = Backpressure (kPa), (in. H2O) 
Ps = pressure drop of silencer and rain cap 
psi = 0.0361 x in. water column 
kPa = 6.3246 x mm water column 
L = Total Equivalent Length of pipe (m) (ft) 
Q = Exhaust gas flow (m3/min), (cfm) 
D = Inside diameter of pipe (mm), (in.) 
S = Density of gas (kg/m3), (lb /ft3) 

S (kg/m3) 

S(1b/ft3)= 

352.5 
Stack Gas Temperature 

+ 273°C 

39.6 
Stack Gas Temperature 

+ 460°F 

To obtain equivalent length of straight pipe 
for various elbows: 

L 33D Standard Elbow (Radius of elbow equals pipe diameter) 
X 

L 20D Long Elbow (Radius > 1.5 Diameter) 
X 

L 15D 45° Elbow 
X 

T 66D Square Plbow 
X 

Where X = 1000 mm or 12 in. 

As can be seen, if 90° bends are required, a 
radius of two times the pipe diameter helps to 
lower resistance. 

Restrictions imposed by mufflers relate to 
exhaust flow velocities. Figure 34 is applicable 
for mufflers. 

V = 9_ 
A 

V = Velocity of Exhaust Gas (ft/min) 
Q = Exhaust Gas Flow (CFM) 
A = Area of Muffler (Figure 33) 

Area (ft2) Size (in.) 

0.00546 
0.0123 
0.0218 
0.0341 
0.0491 
0.0668 
0.0872 
0.136 
0.196 
0.349 
0.545 
0.785 
1.07 
1.39 
1.77. 
2.18 
2.64 
3.14 
3.68 
4.28 
4.91 
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Installation Limitations of Flexible Metal Hose-Type Exhaust Fittings 
A B C 

Hose Maximum Offset Maximum Compression Maximum Extension 
Diameter Between Flariges from Free Length from Free Length 

mm in. mm in. mm 

4 & 5 in. 25.4 1.0 6.25 .25 6.25 2.5 
6 in. 38.1 1.5 6.25 .25 6.25 2.5 

Installation Limitations of Bellows-Type Flexible Exhaust Fittings 
A C 

Bellows Maximum Offset Maximum Compression Maximum Ektension 
Diameter Between Flanges from Five Length from Free Length 

mm in. mm in. mm in. 

8 & 12 in. 19.05 0.75 38.1 1.50 25.40 1.00 

14 in. 19.05 0.75 76.2 3.00 25.40 1.00 

18 in. 22.86 0.90 76.2 3.00 44.45 1.75 

Flexible Connections 
The exhaust pipes are isolated from the 
engine with flexible connections. Install the 
flexible connections close to the engine 
exhaust outlet. A flexible exhaust connection 
has three primary functions: 

To isolate the weight of the exhaust piping 
from the engine. 
To relieve exhaust components of excessive 
vibrational fatigue stresses. 
Allow relative shifting of exhaust 
components. This may result from 
expansion and contraction due to 
temperature changes, by creep processes 
that take place throughout the life 
of any structure, or torque reactions when 
the generator set mounts on spring type 
isolators. 

Pre-stretch the exhaust bellows during 
installation to allow for thermal growth. Four 
small straps can be tack-welded between the 
two end flanges to hold the engine exhaust 
bellows in a rigid position during exhaust 
piping installation. This will prevent the 
bellows from being installed in a flexed 
condition. Attach a warning tag to the bellows 
noting that the weld straps must be removed 
prior to starting the engine. 

The installation limitations of the Caterpillar 
supplied flexible exhaust bellows are shown 
on Figure 35. 

34 

Flanges Must Be 
Parallel 

Free Length 

L 

It 
I 

is 

B OR C 

Diameter 

Spring Rate for 
Bellows-Type Flexible Fittings 

Spring Rate 
Diameter kN/m lb/in. 

8 in. 29.7 170 
12 in. 33.9 194 
14 in. 68.5 391 
18 in. 19.3 110 

Figure 35 

For maximum durability, allow the bellows to 
operate as close as possible to its free state. 

Careful consideration must be given to the 
loading external piping may induce on the 
turbocharger 
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Thermal growth of exhaust piping, must be 
planned to avoid excessive load on supporting 
structures. Steel exhaust pipe expands 
1.13 mm/m/100°C (0.0076 in./ft /100°F) rise in 
exhaust temperature. A temperature rise 
&mil 35°C to 510°C (100°F to 950°F) will 
cause 16.mm (0.65 in.) growth in 
3.05 m (10 ft.) length of pipe. 

Section long pipe runs with expansion joints. 
Each section is fixed at one end and allowed to 
expand at the other. Supports are located to 
allow expansion away from engine, avoid 
strains or distortions to connected equipment, 
and to allow equipment removal without 
additional support. A restraint member is 
often used to keep the ends of a long pipe run 
fixed in place, forcing all thermal growth 
towards the expansion joints, see Figure 36. 

Flexible pipe connections, when insulated, 
must expand and contract freely within the 
insulation. This generally requires a soft 
material or insulated sleeve to encase the 
connection. 

Roller Pipe Support 

Piping connected to generator sets requires 
isolation, particularly when the sets are 
mounted on spring isolators. These pipes 
could otherwise transmit vibrations long 
distances. Isolator pipe hangers, if used, 
should have springs to attenuate low 
frequencies, and rubber or cork to minimize 
high frequency transmissions. To prevent 
build up of resonant pipe vibrations, support 
long piping runs at unequal distances, see 
Figure 37. 
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Cleanliness 
Install an identifiable blanking plate to 
prevent debris from falling into the 
turbocharger during installation. The 
Caterpillar shipping cover can be used for this 
purpose. Install it directly.on top of the 
turbine housing. Attach a warning tag to the 
plate indicating it must be removed prior to 
starting the engine. 

Exhaust heat must be discharged without 
causing discomfort to personnel or hazards to 
buildings or equipment. Locate exhaust 
discharge away from ventilating air intakes 
to prevent reentry of offensive fumes and 
odors. Directing exhaust emissions in front 
of a radiator blower fan is acceptable; but 
avoid premature clogging of the radiator 
core by preventing exhaust passing through 
the radiator. 

Emissions 
Special engine configurations allow operation 
with lower exhaust emissions. Gaseous 
exhaust emissions of diesel engines are the 
lowest of modern internal combustion 
engines. Engine emissions are measured 
using a Horiba or Beckman gas analyzer, with 
equipment and data measurement techniques 
conforming to U.S. Code of Federal 
Regulations, Title 40, Part 53 or 86. 
Caterpillar Engines at rated load will not 
exceed: 

Emission Diesel Natural Gas 
(g/bhp-h) (g/bhp-h) 

NA TA Catalytic Low 
Converter Emission 

Nitrogen Oxide 
(NOx) 12.0 15.0 19.0 1.2 2.0 

Carbon Monoxide 
(CO) 3.5 2.0 1.5 1.0 1.7 

Hydrocarbons 
(NMHC) 0.4 1.5 1.5 0.5 0.35 

36 

DeNOx Catalyst System 
NOx reduction is a primary goal to discourage 
exhaust emissions combining with 
atmospheric elements to form smog. The 
Caterpillar DeNOx catalyst system is a 
computer-controlled device using ethanol 
injection in combination with a proprietary 
catalyst to reduce oxides of nitrogen (NOx) 
emissions from diesel engines. No ammonia 
additives are required. Engine configuration 
and aftercooler water temperature affect 
engine exhaust emissions, but the DeNOx 
system reduces these final NOx emissions by 
80% of the input levels. The system is 
designed for use with low sulfur fuels with a 
maximum sulfur content of 0.05%. Higher 
levels diminish the catalyst's performance, 
and may cause permanent harm. 

The converter is comprised of a NOx catalyst 
and an oxidation catalyst. A liquid 
hydrocarbon, ethanol is injected into an 
oxygen rich exhaust environment. The NOx 
beds reduce the NOx 80%, to benign N2 and 
H2O elements, while the oxidation catalyst 
reacts with HC and CO. The reducing agent is 
a fuel grade ethanol meeting ASTM-D 4806 
specifications, commonly containing 95% 
ethanol, 5% denaturants (typically unleaded 
gasoline) and corrosion inhibitors. 

The storage tank is sized according to typical 
operating conditions and amount of NOx 
reduction required. The maximum 
ethanol/NOx (grams) ratio is 2, and ethanol 
weighs 0.789 kg/L (6.6 lb/U.S. gal). An 
approximate guide is to size the tank for 5% of 
diesel fuel consumed. 
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Ventilation 
Six to ten percent of fuel consumed by a diesel 
engine is lost as heat radiated to the 
surrounding air. In addition, heat from 
generator inefficiencies and exhaust piping 
can easily equal engine radiated heat. The 
resulting elevated temperatures in the engine 
room adversely affect maintenance personnel, 
switchgear, and generator set performance. 

Installations utilizing remote or engine 
mounted radiators may provide sufficient air 
flow for ventilation, but ventilation air flow 
requirements must be compared to radiator 
fan capabilities. 

Figure 38 

Ideally, clean, cool, dry air circulates around 
the switchgear, flows through the rear of the 
generator, across the engine and discharges 
through the radiator, see Figure 38. Cool air 
should always be available for the engine air 
cleaner. 

Locate room air intakes to provide maximum 
cooling air to the generator set, yet avoid 
hot, stagnant air in other areas. Multiple 
generator sets necessitate additional openings 
and fans. 

Units not using radiators require a forced air 
draft. Openings for intake air should be low, 
near the rear of the engine. Outlets are 
positioned high on the opposite wall. 

Figure 39 

Engine room ventilation can be estimated by: 

H V 

Where: 

V= 
H= 
D= 

C p = 

D xC x AT 

Ventilating Air (m3/min) (cfm) 

Heat Radiation (kW) (Btu/min) 

Density of Air at 38°C (100°F) 
(1.099 kg/m3) (0.070 lb/ft') 

Specific Heat of Air 
(0.017 kW min/kg K) (0.24 Btu/°F) 

Air curtains, totally enveloping the generator 
set, provide ventilation without exposing the 
equipment room to high air velocities, see 
Figure 39. Radiated heat is removed with 
approximately half the air flow described in 
Figure 38. 

A 7° to 10°C (15° to 20°F) temperature rise (T) 
is a reasonable target for engine rooms. 
However, in cold climates this may cause 
discomfort from the flow of cold air. Restrict 
flow only if engine combustion air is available 
and engine jacket water is adequately cooled. 

Firing pressure forces slight amounts of 
combustion gases past piston rings into the 
crankcase. Resulting crankcase pressure is 
relieved to maintain oil control and seal life. 
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Engines have crankcase breathers 
exhausting fumes at the rate of 0.028- 
0.042 m3 (1-1.5 ft3)/hp-hr. Pipe the breather 
outlet to an outdoor vent and employ a dripleg 
to collect condensation. Fumes are thus 
prevented from collecting in the equipment 
room, clogging engine intake air filters and 
radiator cores. Low operating hours of 
standby applications demand little of air 
filters, so fumes can discharge immediately in 
front of the filter. Although shortening service 
periods, the filter removes crankcase fumes 
from the engine room without additional 
piping and vents. 

Each engine's fumes disposal should have 
separate discharge pipes. Avoid low places 
allowing condensation to collect and block the 
fumes passage. Allowable crankcase pressure 
at full load is plus 0.25 kPa (1 in. H20). 

In unusually long runs of pipe, as in 
below-ground installations, or if forced to 
combine multiple engine breathers, increase 
pipe size to reduce backpressure. Excessive 
restrictions may necessitate installing a 
suction device in the line to aid ventilation. 
Flexible oil and chemical resistant tubing is 
connected (in a nonairtight manner) to the 
disposal tube so crankcase vacuum is less 
than 0.06 kPa (0.25 in. H20). 

Intake and exhaust ventilators may have 
movable or fixed louvers for weather 
protection. If movable, actuate by pneumatic 
electric, or hydraulic motors. Never depend on 
air pressure developed by the radiator fan to 
move the vanes. 

In cold climates, movable louvers can be 
arranged to provide circulation inside the 
room until jacket water temperatures reach 
88°C (190°F). 

38 

Moveable 
Louvers 

Figure 40 

At that time, the radiator must be furnished 
with sufficient cooling air. Use a number of 
small ventilating fans rather than a single 
large unit. Selective fan operation 
compensates for varying ambient 
temperatures while maintaining engine room 
temperatures. 

Increase air flow 10% for every 765 m 
(2500 ft) above sea level. Final ventilation 
calculations must use precise heat radiation of 
selected engine, generator, and power output. 

While engine room temperatures must be 
controlled, air velocities affect worker comfort. 
Typical air motion conditions include: 

m/min 
Air Velocity 

(fpm) Conditions 

15.2 50 Offices, seated worker 
30.5 100 Factory, standing worker 
45.7 150 Capture velocity, light dust 

396.0 1300 Capture velocity, rain 
61.0 200 Maximum continuous 

exposure 
306.0 - 1-2000 Maximum intermittent 
610.0 exposure 
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Cooling 
As with all internal combustion engines, 
Caterpillar Engines produce heat as a by- 
product of combustion. As a general rule, 20% 
to 40% of the energy input into an engine 
must be removed by the cooling system. The 
four basic systems used to reject this heat are 
the aftercooler, oil cooler, fuel cooler, and 
jacket water circuits. Each of these systems 
has specific requirements that must be met to 
provide a well designed cooling system. 

Engine Considerations 
Heat Rejection 
Before a cooling system is designed, the 
designer must understand how much heat is 
being rejected through each of the cooling 
circuits. The following guide will help 
interpret and apply the heat rejection data. 

Heat balance: The heat input into the engine 
equals the sum of the heat and work outputs. 

Formula: Total Heat Input = Work Output + 
Total Exhaust Heat + Radiation + Jacket 
Water + Oil Cooler + Aftercooler. 

Total heat input can be calculated by 
multiplying the BSFC (Btu/hp/hr) and the 
horsepower output to obtain Btu/hr. To 
obtain Btu/min, divide by 60 min/hr. 
Work output is the total horsepower 
developed. It is expressed in Btu/min where 
one horsepower = 42.4 Btu/min. 
Total exhaust heat is the total heat available 
in the exhaust when it is cooled from the 
stack temperature down to standard 
conditions of 25°C (77°F). Values shown are 
low heat value and do not include the heat 
of vaporization. 
Radiation is the amount of heat loss from 
the engine surface into the engine room or 
surrounding ambient. 
Jacket water heat is the total amount of 
heat picked up by the engine cooling system. 
The aftercooler and oil cooler heat rejection 
is usually included in this figure unless 
otherwise specified. 

Aftercooler heat rejection is given for 
standard conditions of 25°C (77°F) and 
150 m (500 ft) altitude. This heat rejection is 
increased for higher ambients and higher 
altitudes. A constant aftercooler outlet 
temperature is required. As the air 
temperature to the aftercooler goes up, so 
does the heat that must be removed. As the 
air pressure decreases, the turbocharger 
imparts more energy to the incoming air to 
get it up to the required boost pressure. 
Failure to properly account for these factors 
could cause engine shutdown or failure. 
Recoverable heat in the exhaust is not a 
separate component of the heat balance 
equation, but is the customary number used 
in heat recovery calculations. It represents 
the heat available when cooling the exhaust 
from the stack temperature to 177°C 
(350°F ). 

Exhaust gas flow is the flow at standard 
pressure and exhaust stack temperature. 

In every calculation using engine data, there 
is a tolerance band or a deviation from norm. 
When using the heat balance, use the 
following tolerance. 

Work Output + 3% 

Heat Output ± 5% 

Exhaust Total ± 0% 

Exhaust Recoverable ±10% 

Jacket Water ±10% 

Aftercooler ± 5% 

Fuel (Diesel) ±10% 

Radiation ±25% 

Temperature Limits 
Caterpillar Engines are designed to operate 
with a jacket water temperature differential 
of less than 8.3°C (15°F) measured across the 
engine under full load. If not using a factory 
supplied package, match the external 
resistance of the cooling system with the 
engine jacket water pump to provide the 
correct flow necessary to obtain the desired 
temperature differential (AT). 
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Flow (L/min) = Heat Rejection (kW) 

AT (°C) x Density (kg/L x 

Spec. Heat (kW-min/kg °C) 

Flow (gpm) = Heat Rejection (Btu/min) 
AT (°F) x Density (lb/gal) x 

Spec. Heat (Btu/lb°F) 

Pure 
Water 

50/50 
Water-Glycol 

Density (kg/L) 0.98 1.03 

Density (lb/gal) 8.1 8.6 

Specific Heat (kW-min/kg-°C) 0.071 0.06 

Specific Heat (Btu/lb-°F) 1.0 0.85 

Pressure Limits 
The following combined static and dynamic 
pressure limits to engine components must be 
observed or damage to the engine or its 
components may occur. 

Aftercooler core 276 kPa (40 psig) 

Engine block 

Pump inlets 

276 kPa (40 psig) 

173 kPa (24.7 psig) maximum 
static head 

Engine Outlet 196 kPa (28.5 psig) maximum 
total head (i.e. static and 
dynamic head combined) 

Separate Circuit Aftercooling 
Separate circuit aftercooling removes the 
aftercooler from the jacket water circuit and 
provides aftercooler cooling from an 
independent source. While jacket water 
temperature to aftercooler approach 88°C 
(190°F), a separate source provides much 
cooler water, allowing the air charge 
temperature to be further reduced, and 
improve engine performance. SCAC is 
necessary on all turbocharged gas engines and 
high temperature jacket water systems used 
in heat recovery applications. A closed cooling 
circuit, i.e., heat exchanger or radiator, is 
preferred to control water quality. If supplied 
from an open system, such as a cooling tower, 
pond, etc., the aftercooler core and associated 
plumbing must be noncorrosive and cleanable. 
Treat cooling tower water with corrosion 
inhibitors and protect against freezing. 
40 

Separate circuit aftercooling generally 
improves operating performance of all 
turbocharged engines, but gas engines must 
have a separate cooling source. Cooling water 
temperatures less than 54°C (130°F) is 
required to avoid detonation of the air/fuel 
charge. 

Split or dual core radiators will usually 
provide 54°C (130°F) coolant. Lower water 
temperatures or air-to-air aftercooling will 
allow even greater performance benefits. 

Dual circuit aftercooling is used to take 
advantage of excess cooling capabilities of 
single-core radiators. Using both jacket water 
and auxiliary pumps, reserve radiator cooling 
can be directed to the aftercooler when not 
needed by the engine. With oversized 
radiators or during part load conditions, 
aftercooler water temperature can be reduced 
and engine performance improved. 

Cooling System 
System Design 
Engine cooling systems must: 

Reject heat from the jacket water and 
auxiliary circuit if equipped, at greatest 
engine load, highest ambient temperature, 
and altitude. 
Allow filling without air entrapment 
(false fill). 
Provide sufficient pressure head to prevent 
pump cavitation. 
Vent air introduced into the system by 
filling, leaks, and engine combustion. 
Maintain a required minimum operating 
temperature. 

Temperature Control 
The function of the thermostat is to control 
minimum operating temperature of the 
engine. If minimum operating temperature is 
not maintained, severe maintenance problems 
may result. All cooling systems must have a 
method of maintaining minimum operating 
temperature. Many applications may require 
higher temperature thermostats to maintain 
the desired minimum operating temperature. 
Optional thermostats are available through 
parts service for those applications. There are 
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two basic methods of thermostatic control of 
minimum temperature in cooling systems: 
inlet regulated and outlet regulated. 

Inlet regulated cooling systems are designed 
to provide a consistent temperature to the 
inlet jacket water, aftercooler, and/or oil cooler, 
as in Figure 55a. This is done by placing the 
sensing bulb of the thermostat in the inlet 
flow to the engine. The thermostat then 
balances the bypass flow (hot water directly 
from the engine) with the cool water from 
some heat exchanging device, i.e., radiator, 
heat exchanger, etc. 

One potential problem with inlet controlled 
cooling systems and a radiator is that full 
pump pressure is felt by the radiator core. 
Full pump pressure usually exceeds the 
structural pressure of a solder tube radiator. 
Therefore, inlet controlled systems are not 
usually used with a radiator. 

Outlet regulated cooling systems are designed 
to provide a constant outlet temperature from 
the engine, see Figure 44. This is accomplished 
by regulating the flow between the bypass 
circuit and the cooling circuit. If the outlet 
temperature becomes too high, more water is 
allowed to flow to the cooling system. If the 
water is too cool, the water is directed through 
the bypass and is recirculated to the engine 
without being cooled. 

Types of Cooling 
Radiator 
Radiator cooling is the most common and 
reliable method used to cool engines. As with 
all cooling systems, radiators are usually 
sized 15% greater than the engine's maximum 
full load heat rejection. This allows for 
overload conditions and system deterioration. 

Radiators normally have top tanks for filling, 
expansion, and deaerating of engine coolant. 
Extended systems using added coolant may 
require enlarged expansion tanks. Altitude 
affects radiator sizing. Increased air flow is 
required at higher altitudes to maintain 
cooling capabilities equivalent to sea level. 
Reduce radiator performance 1.4°C per m 
(2.5°F per 1000 ft) of elevation to compensate 
for lower air densities. 

Radiator ducting must be larger than the 
radiator core, with inlet air ducts 1.5 times 
greater than outlet ducts. 

When louvers are used, increase the duct size 
25% due to louver assembly restrictions. If 
common window screening is used, the size of 
the opening may increase 40%. 

If movable louvers are used, specify those 
which use mechanical force. Pneumatic and 
electric-actuated louvers are satisfactory. Use 
of louvers which open from the discharge 
pressure of the radiator fan are discouraged. 
Rain, ice, and snow can render them 
inoperative within a short time and cause an 
unwanted engine shutdown due to 
overheating. 

Radiator Fans 
Air density, flow restrictions, and speed affect 
fan performance, possible limiting radiator 
ambient temperature capabilities. 
Performance changes are estimated by the 
following relationships. 
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Air Density 
Revised Static Pressure 
Original Static Pressure 

Revised Fan Horsepower 

Revised Air Density 
Original Air Density 

Original Fan Horsepower x 
Revised Air Density 

Speed 
Revised Air Flow 

Original Air Flow 

Revised Static Pressure 
Original Static Pressure 

Revised Fan Horsepower 

Original Fan Horsepower 

Temperature 
Revised Coolant Temp 

Original Coolant Temp 

Revised Coolant Temp. 

Original Coolant Temp. 

x 

Original Air Density 

Revised Fan Speed 

Original Fan Speed 

2 
(Revised Fan Speed ) 
Original Fan Speed 

( Revised Fan Speed ) 3 

Original Fan Speed 

( Original Air Flow 

Revised Air Flow / 
0.7 

0.7 (Original Fan Speed \ 
Revised Fan Speed 

Radiator Ambient Capability - 

Radiator Ambient Capability = 

Where: 

99 ° C - Revised 

Coolant Temp. 

210°F - 
Coolant Temp. 

Coolant Temperature = Coolant top tank 
temp. 99°C (210°F) minus air temp. to 
radiator. 

When selecting radiator location, consider fan 
noise. Noise transmits through the air inlet as 
well as outlet. Soft flexible joints between 
radiator and duct will prevent vibration and 
noise transmission. Position the radiator so 
prevailing winds do not act against the fan. 
One form of wind protection for radiators is a 
baffle set several feet from the exhaust. 
Another method is to install an air duct 
outside the wall directing the air outlet 

42 

(or inlet) vertically. Large radius bends and 
turning vanes prevent turbulence and air flow 
restriction. For basement installations, pits 
can be constructed for both air intakes and 
outlets with outlets to the outside air. 

When an engine-mounted radiator is used 
and the generator set is installed in a room, a 
blower fan can be used and a radiator duct 
provided to the outside. Ducts directing 
radiator air to the outside prevent 
recirculation and high equipment room 
temperatures, see Figure 41. Some generator 
set packages have, as standard, radiator duct 
flanges for installation ease. The duct length 
is short and direct to minimize back-pressure, 
with total inlet and outlet restriction on the 
radiator fan less than 635 mm (0.25 in.) of 
water. 

BLOWER 
FAN 

AIR DUCT 
(TO OUTSIDE) 

FLEXIBLE JOINT 

Figure 41 

Ensure the hot radiator discharge does not 
recirculate to its inlet or the inlet of another 
radiator, as in Figures 42a and 42b. Radiators 
must be arranged so engine exhaust gases 
and/or crankcase ventilation gase are not 
drawn into the air inlet of the radiator, see 
Figure 42c. 

Enclosures trap radiated heat and direct it 
through the radiator decreasing cooling 
capacities 8° to 10°C (15° to 18°F). Even with 
doors open, radiators can derate 6°C (10°F). 
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INCORRECT 

CORRECT 

Figure 42 
A 

Radiator Recirculation 

0 

Estimated Air to Core Rise 
Blower Suction 

Fan Fan 

Engine-only, outside or 
in a large engine room 3°C (5.4°F) None 

Engine/gen, outside or 
in a large engine room 4°C (7.2°F) Not 

recommended 
with generator 

Engine/gen, in enclosure 
with external muffler 7°C (12.6°F) 

Engine, gen, in enclosure 
with internal muffler 9°C (16.2°F) 

Heat Exchanger 
A heat exchanger is sometimes preferred to 
cool the engine when ventilation air is limited, 
or when excessive static head on the engine 
must be avoided. 

The most common type of heat exchanger is 
the shell and tube type. Inside the exchanger, 
the engine coolant is cooled by the transfer of 
heat to some other liquid at a lower 
temperature. Heat exchangers are single- or 
multiple-pass type. This refers to the flow in 
the raw water circuit of the exchanger. In the 
two-pass exchanger, water flows twice 
through the exchanger; single-pass types use 
raw water once. Raw water in single-pass 
exchangers flows through the exchanger 
opposite coolant flow to provide maximum 
differential temperature and heat transfer. In 
two-pass exchangers, relative direction flow is 
unimportant. 

Size the heat exchanger to accommodate a 
heat rejection rate approximately 10% greater 
than the engine's heat rejection. The 
additional 10% will compensate for possible 
variations from published or calculated heat 

B 

INCORRECT 

11\ 

0 

C 

rejection rates and engine overload. Different 
cooling mediums have varying heat transfer 
capabilities, and tend to foul or reduce heat 
transfer. A fouling factor is assumed during 
equipment sizing, which affects the heat 
transfer of a heat exchanger by the following 
formula: 

FF 

Where: 

U coolant U clean core 

FF = Fouling factor, Btu/h ft2 °F 

U coolant = Heat Transfer Coefficient of 
core with coolant, Btu/h. ft2 °F 

U clean core = Heat Transfer Coefficient of 
clean core, Btu/h ft2 °F 

Factors for common types of water can be 
found in the following table. 

Fouling Factor Chart for'Water 
Temperature of Engine Coolant up to 116°C (240°F) 

Temperature of-Water-52°C (I25°F) ortess -- 
Water Velocity 

Types of Water 
3 ft/sec 
or Less 

Over 
3 ft/sec 

Sea Water 0.0005 0.0005 
Brackish Water 0.002 0.001 
Cooling Tower and 
Artificial Spray Pond: 
Treated Mackup 0.001 0.001 
Untreated 0.003 0.003 

City or Well Water 
(such as Great Lakes) 0.001 0.001 
River Water 0.003 0.002 
Hard (over 15 grains/gal) 0.003 0.003 
Engine Jacket 0.001 0.001 
Treated Boiler Feedwater 0.001 0.0005 
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Expansion Tank Radiator 

Height of Coolant Above 
Engine Jacket Water Pump 

Must Be Less Than 17.4 m (57 ft) 

Figure 43 

Since heat exchanger tubes can be cleaned 
more easily than the surrounding jacket, the 
raw water should be passed through the tubes 
and the engine cooling water through the 
jacket or shell. 

If solenoid valves are installed to control 
cooling water, position them upstream of the 
heat exchanger. The drain for the exchanger 
is always open; and the heat exchanger is 
relieved of pressure when inoperative. If 
solenoid valves were installed on both sides, 
raw water could be trapped in the tubes if the 
solenoids fail to open. Water trapped during 
engine operation expands and could rupture 
the exchanger. All solenoid valves should 
include manual bypasses. 

Do not add temperature regulators in raw 
water supplies. Engine jacket water is 
controlled by a thermostat. Additional 
controls add expense, cause restriction, and 
decrease reliability. 

44 

Expansion Tanks 
An expansion tank must meet the following 
functions: 

The tank must be the highest point in the 
system and must be connected to maintain a 
positive head on the water pump. 
The size of the expansion tank should be at 
least 15% of the total system water volume. 
This provides for expansion plus reserve. 
Depending on location, the tank must be 
vented to the atmosphere or incorporate a 
pressure cap to assure system pressure and 
prevent boiling of the coolant. 
The tank must provide deaeration and is 
usually the means of filling a system. 

Factory designed tanks are normally specified 
to assure proper performance of the total 
system. 

Attachment engine-mounted radiators and 
most aftermarket-supplied mounted radiators 
have the expansion tank functions listed 
above as an integral part of the top tank 
design. 
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Radiator Cooling-Controlled Outlet Thermostats 

Engine 
Thermostat 

Outlet 

Return 

A-B: Cold Flow 

A-C: Full External Flow 

Engine Driven 
J.W. Pump 

Engine-mounted expansion tanks are 
available as an attachment and have the 
following recommendations and guidelines. 

The maximum pressure capability is 96 kPa 
(14 psi). The maximum pressure limitation 
will prohibit the attachment expansion tank 
from many high temperature applications. 
The expansion tank must be the highest 
point in the system. If the attachment 
expansion tank is not the highest point of 
the system, an auxiliary expansion tank will 
be required. The additional added static 
head provided by the auxiliary expansion 
tank may raise the system pressure above 
the limit for the attachment expansion tank. 
The auxiliary expansion tank is added cost 
and may make the attachment expansion 
tank redundant. Those installations may be 
more successfully designed with a remote 
expansion tank instead of the attachment 
expansion tank. 
Attachment expansion tanks have sufficient 
volume for a specific total system volume. 
Application on larger total systems will 
result in coolant loss during operation from 
the overflow and a low coolant shutdown on 
a subsequent restart. 

Piping 

O Part of Engine 

Figure 44 

Heat Recovery 
Reciprocating engines convert about 30-37% 
of their input fuel energy into mechanical 
power. Another 20-40% is rejected to the 
jacket water, 30-40% to exhaust, and 5% to 
the environment. 

The heat rejected by the jacket water can be 
totally recovered and 50-70% of the exhaust 
energy is economically recoverable. Total heat 
recovery results in approximately 80% 
efficiency. 

Heat recovery design best suited for any 
installation depends on many considerations, 
both technical and economic. The chief 
function of any design is to cool the engine. 
The engine must be cooled even when heat 
demand is low, but power is still required. 

Heat recovery methods are grouped into 
standard temperature - up to 99°C (210°F) 
outlet temperature and high temperature - 
up to 126.7°C (260°F) outlet temperature 
applications. High temperature systems are 
further divided into solid water, water and 
steam, and ebullient steam systems. 
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Exhaust 
Heat Recovery 
Device 

123 

111 

Standard Temperature Water System 

To Load 

From Load 

7- Thermostat 

Engine Mounted 
Expansion Tank 

Generator 
A/C Engine 

Separate Circuit 
Cooling 

Figure 45 

Load Balancing 
Heat Exchanger 

Standard Temperature Heat Recovery 
Heat recovery of a standard engine may 
amount to nothing more than utilizing heat 
transferred from the engine radiator. This air 
is usually 38-65°C (100-150°F). The recovered 
heat is quite suitable for preheating boiler 
combustion air, space heating, or drying grain, 
and lumber. The system cost is minimal and 
overall efficiency will increase to 
approximately 60%. 

A more versatile method of recovering heat 
from a standard temperature system uses a 
shell and tube heat exchanger to transfer 
rejected engine heat to a secondary circuit, 
usually process water. The recommended 
system is illustrated in Figure 45. There are 
many advantages inherent with this design; 
the standard engine jacket water pump, 
thermostatic configuration, and water bypass 
line are retained. The engine system is 
independent from the load process loop, which 
allows operation with antifreeze and coolant 
conditioner. This alleviates concern for 
problems associated with using process water 
to cool the engine. 

When normal process load is insufficient to 
absorb enough heat, load balancing 
thermostatic valve limits jacket water inlet 
temperature by directing coolant through a 
secondary cooling source (load balancing heat 
exchanger). 

46 

To Remote 
Cooling Device 

Load Balancing 
Thermostatic Valve 

Engine Coolant 
Heat Exchanger 

To Load 

From Load 

Note: The load balancing heat exchanger 
must be incorporated in the engine loop, not 
the load loop. The load balancing condenser 
may be either a heat exchanger or radiator. 
Heat Transfer through the load balancer is 
usually cyclical. If a radiator is used, it must 
be designed to withstand thermal shocks 
developed from cyclic loading. 

An exhaust heat recovery device may be 
included in the system in series, parallel, or as 
a separate water or steam circuit. Consult the 
manufacturer for design details for the unit in 
question. Figure 46 shows a muffler included 
in series with the engine system. Note the 
engine loop is still separate from the load 
loop. The engine expansion tank may be 
utilized. Generally, boiler water is used as a 
medium in the load loop. Boiler water is 
pumped through the jacket water heat 
exchanger and exhaust heat recovery device 
in series where it is heated to the desired 
temperature. As shown, water flow through 
the expansion tank provides deaeration. 
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Exhaust 
Heat Recovery 
Device 

11113 

Generator 

Exhaust 
Heat Recovery 
Device 

123 

111 

Standard Temperature Water System 
With Series Exhaust Heat Recovery 

Pressure Cap & 
Vacuum Breaker Relief Valve 

Air Vent &Deaeration Line 

Low Water Leve 
Shut Down Expansion Tank 

Excess Flow 
Bypass Valve 

Engine Mounted 
Expansion Tank 

JW Heat 
Exchanger 

Load Heat 
Exchanger 

To Load 

From Load 

rr 

/11 To Remote 
Cooling Device 

Engine -<- 
Low Water Flow 

Shut-Down 
Load Balancing 
Heat Exchanger 

Figure 46 

A/C 

Separate Circuit 
Cooling 

Jacket Water 
Pump (3-7( 

ILoad Balancing Thermostatic Circulating - Control Valve 
Pump 

Standard Temperature Water System 

Air Vent &Deaeration Line 

To Load 

From Load 

Generator 

Engine 

H1 

0 
FLowwWater 

Shut-down 

e 
Circulating 

Pump 

Pressure Cap & 

Vacuum Breaker Relief Valve 

p? 

(Expansion Tank 

Low Water 
Level 
Shut Down 

Warm-up 
Thermostatic 
Valve 

Load Balancing 
Heat Exchanger 

To Remote 
Cooling Device 

Engine Coolant 
Heat Exchanger 

To Load 

A third variation on the standard 
temperature system is to incorporate the 
exhaust heat recovery device into the engine 
cooling loop, Figure 47. To ensure coolant flow 
through the muffler, the engine thermostats 
and the bypass line must be removed and an 
external warm-up thermostat is added. The 
added external head of the heat recovery 
device may exceed the allowable head 
available from the engine-mounted pump. An 
auxiliary circulation pump may be required. 
The advantages of this system are that the 
obtainable process water temperature is 

Load Balancing 
Thermostatic Valve 

From Load 

Figure 47 

usually higher and there are fewer 
components. The disadvantages to this system 
are the engine cooling system is modified, and 
the design of the system becomes more critical 
to successful engine operation. 

Caution: Any heat recovery system where the 
process water circulates in the engine is not 
recommended. Experience has shown that, in 
most cases, the user cannot economically treat 
the quantity of process water to the level 
required to avoid maintenance problems with 
the engine. 
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Figure 48 
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Cooling Device 
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From Load 

Circulating 
Separate Circuit Pump 

Cooling 

Critical Design Criteria - 
Standard Temperature Heat Recovery 
The purpose of the following discussion is to 
call attention to certain basic criteria 
necessary for proper operation of a heat 
recovery system. In no way should this be 
construed as an all inclusive list. Contact a 
consulting engineer for specific requirements. 

The system must provide adequate coolant 
flow through the engine so the engine 
coolant temperature differential (outlet 
minus inlet) does not exceed 8.5°C (15°F). 
The expansion tank must be the highest 
point in both the engine and load loop 
cooling systems. 
Use only treated water in the engine cooling 
circuit. 
Incorporate air vents to eliminate air traps 
and locks. 
A load balancing thermostatic valve must be 
used to direct coolant through a secondary 
cooling source to limit jacket water inlet 
temperature. 
Coolant must continually flow through the 
exhaust heat recovery device when the 
engine is operating to avoid thermal shock 
on hot muffler surfaces. 
If the engine thermostats are removed, an 
external warm-up thermostat is required. 

48 

Load Balancing 
Thermostatic Valve 

To keep external head within allowable 
limits for the engine mounted pump, locate 
heat recovery mufflers and heat exchangers 
as near the engine as possible. While static 
head on the jacket water pump is limited to 
172 kPa (25 psi) static head greater than 
35 kPa (5 psi) requires the expansion tank 
to be vented to air, i.e., no pressure cap. 

High Temperature Heat Recovery Circuits 
To ensure proper cooling in all types of high 
temperature systems, the engine oil cooler 
and aftercooler require a cooling water circuit 
separate from the engine jacket water. A 
thermostat in the oil system bypasses the oil 
cooler to control lubricating oil minimum 
temperature and prevent overcooling. If the 
coolant in the oil cooler circuit can be below 
10°C (50°F), an external control valve is 
recommended to allow the oil to reach 
operating temperature, prevent oil gelling, 
and ensure oil flow through the oil cooler. 

High Temperature Solid Water System 
This system functions similar to a standard 
temperature water system except elevated 
jacket water temperatures 99°-126.7°C 
(210°-260°F) are used. The standard 
thermostat and bypass are removed and 
replaced by an external control. A pressure 
cap or static head must be provided in the 
engine coolant circuit to assure a pressure of 
27.6-34.5 kPa (4-5 psig) above the pressure at 
which steam forms. The source of this 
pressure may be a static head imposed by an 
elevated expansion tank or controlled air 
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pressure in the expansion tank. For 126.7°C 
(260°F) water, the pressure at the engine 
should be approximately 172 kPa (25 psig). 
Maximum system pressure allowed on the 
engine water jacket is 276 kPa (40 psig). This 
is measured by taking the total of circulating 
differential pressure, system pressure, and 
static head on the system. The standard 
jacket water pump is removed and must be 
replaced by one with high temperature and 
pressure capabilities, Figure 48. 

Critical Design Criteria - 
High Temperature Solid Water 
Includes many of the same requirements for a 
standard temperature system: 

The system must provide adequate coolant 
flow through the engine so the engine 
coolant temperature differential (outlet 
minus inlet) does not exceed 8.5°C (15°F). 
The expansion tank must be the highest 
point in the cooling system. 
Proper water treatment is essential for 
successful system operation. 
Incorporate deaeration circuit and air vents 
to eliminate air traps and locks. 
A load balancing thermostatic valve must be 
used to direct coolant through a secondary 
cooling source to limit jacket water outlet 
temperature. 
Coolant must continually flow through the 
exhaust heat recovery device when the 
engine is operating to avoid thermal shock 
on hot muffler surfaces. This may be 
accomplished using a low water flow 
shutdown device. 
A high temperature system requires a 
pressure control for the engine coolant 
circuit. 
Water pumps must be suitable for use with 
elevated temperatures and pressures. 
The engine oil cooler requires a cooling 
circuit separate from the engine jacket 
water. 
An external warm-up thermostat is 
required. 

The load balancing heat exchanger must be 
incorporated in the engine loop, not the load 
loop. The load balancing condenser may be 
either a heat exchanger or radiator. Heat 
transfer through the load balancer is usually 
cyclic. Thus, if a radiator is used, it must be 
designed to withstand thermal shocks 
developed from cyclic loading. 
For multiple units that share a single steam 
separator, all circulating pumps must run 
when any one engine operates. This practice 
prevents a severe thermal shock if a unit is 
started later. 
High jacket water temperatures will result 
in after-boil if there is a hot shutdown. Add 
an additional 10% of system volume to the 
normal expansion tank sizing guidelines. 

High Temperature Water-Steam System 
The high temperature water-steam system 
provides solid water to cool the engine, but 
then flashes it to steam to be used for loads 
requiring low pressure steam, 96.5 kPa 
(14 psig). A circulation pump forces water 
through the cylinder block to the steam 
separator. In the steam separator, some of the 
water flashes to steam and the water returns 
to the engine. 

The pressures shown in Figure 49 are 
representative values. The relief valve 
pressure 103 kPa (15 psig) is set by boiler 
codes qualifying low pressure steam. Pressure 
in the separator is controlled by the pressure 
control valve. Once pressure builds to 
96.5 kPa (14 psig), the control valve will allow 
steam to flow. The actual steam pressure in 
the load line is a function of load 
requirements. If the load is not consuming 
steam, the pressure in the steam line will 
increase. Once pressure reaches 89.6 kPa 
(13 psig), the excess steam valve will open to 
transfer engine heat to the waste cooling 
device (load balancing condenser). The excess 
steam valve must be located downstream 
from the pressure, control valve to function 
properly. 
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Critical Design Criteria - 
High Temperature Water-Steam 

There are no elevation or static head 
requirements for the steam separator other 
than what suction head is required for the 
circulation pump. Thus, this system may be 
used in locations with limited overhead 
clearance. 
Pressure at the engine water jacket 
pressure must be maintained between a 
minimum 55 kPa (8.0 psig) to a maximum of 
197 kPa (28.5 psig). Maximum temperature 
at engine outlet must not exceed 126.7°C 
(260°F). 
A low water flow shutdown device is 
required on high temperature cooling 
engines. This is accomplished by using a 
differential pressure gauge across the 
engine water jacket. When the water flow 
rate slows or stops the lack of a pressure 
drop across the engine block will shutdown 
the engine. Since an electric motor driven 
pump is used, it is important to insure the 
pump is operating while the engine is 
running. The pump should continue running 
approximately five minutes after the engine 
is stopped to cool the engine. 
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Pump 

Condensate 
From Load 

Use only treated water in the cooling circuit. 
Continuous water chemistry monitoring 
with automatic boiler blow-down devices are 
recommended. 
A low water level shutdown on the steam 
separator device is required. A low water 
level pre-alarm is also recommended. Low 
water level could cause engine overheating 
and serious damage. 
The excess steam valve cannot be in the 
steam separator and must be downstream of 
the pressure control valve. 
No warm-up thermostat is required since 
the pressure control valve does not allow 
any heat (steam) to exit the system until the 
engine has warmed up and the separator 
has reached system pressure. 
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Ebullient Cooling 
The ebullient system utilizes heat of 
vaporization to remove heat from the engine. 
Steam is not collected within the engine, but 
moves through the water passages along with 
high temperature water by a change in 
coolant density as it gains heat. Therefore, no 
jacket water pump is used. The water/steam 
mixture flows to a steam separator located 
above the engine. A temperature differential 
between engine-water-in and engine-water- 
out is usually 1.1°-1.7°C (2°-3°F). Correct flow 
requires careful design of pipes and lines. 
Because of critical design requirements, 
ebullient systems are losing favor to positive 
flow systems which incorporate a high 
temperature pump that forces steam flow 
through the engine. 

Auxiliary Heat Sources 
Exhaust 
Heat recover mufflers economically recover 
about half the engine exhaust heat. Exhaust 
exit temperature above 149°C (300°F) 
discourage condensation in ducting. 
Recoverable heat is obtained from the engine 
manufacturers but can be estimated by: 

Q = CpM (T1 -T2) 

Where: 

Recoverable Heat (kJ/h) 

Cp = Specific Heat 
Diesel Engines - 1.081 kJ/kg per °C 

Gas Engines - 1.170 kJ/kg per °C 

Exhaust Gas Stack Temperature °C 

T2 = Exhaust Gas Exit Temperature °C 

Exhaust Mass Flow (lb/h) 

M 

or 

M3/min x 60 x 353.0 
T1( °C) + 273°F 

Q = CpM (Ti - T2) 

Where: 

Q 

cp 

T1 

T2 

M 

M 

Recoverable Heat (Btu/h) 

Specific Heat 
Diesel Engines - 0.258 Btu/lb per °F 
Gas Engines - 0.279 Btu/lb per °F 

Exhaust Gas Stack Temperature (°F) 

Exhaust Gas Exit Temperature (°F) 

Exhaust Mass Flow (lb/h) 

Exhaust Flow (cfm) x 60 x 39.6 
T1 (°F) + 460°F 

Lubricating Oil 
When recovering heat from engines using 
high temperature cooling systems, it may be 
worthwhile to utilize heat rejected to 
lubricating oil. This heat can be applied to 
prehead boiler feed water, domestic hot water, 
or other low temperature requirements. Heat 
removed by lubricating oil from engines 
operating above 104°C (220°F) is always 
rejected to a cooling medium other than the 
jacket water. Heat rejection to the oil for 
Caterpillar Engines is approximately 
7.9 Btu/kWomin (5.5 Btu/hp-min) for gas 
engines, 12.2 Btu/kWmin (8.5 Btu/hp-min) 
for diesel engines. 

Recovered heat equates to boiler horsepower 
by: 

Boiler hp Total Heat Recovered (Btu/h) 
33,475 

External Considerations 
Remote Radiator 
Remote systems impose added restriction on 
cooling water flow by additional piping and 
fittings. An auxiliary pump in series with the 
engine-mounted pump should not be used to 
overcome this restriction. Give consideration 
to radiator design and larger piping. When 
distances separate the engine from the 
radiator, oversized piping may be required to 
minimize piping restriction. 
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Expansion Tank Radiator 

Height of Coolant Above 
Engine Jacket Water Pump 

Must Be Less Than 17.4 m (57 ft) 

Figure 50 

Never locate remote-mounted radiators more 
than 17.5 m (57 ft) above the pump. At 
greater heights, the static head developed 
may cause leakage at the engine water pump 
seal. 

The radiator inlet tank loses its air venting 
capability if it is located below the level of the 
engine regulator housing. When a radiator 
must be mounted lower than the engine, an 
expansion tank must be used, see Figure 50. 
Do not use radiator pressure caps. It should 
be removed and the opening sealed. 

If an engine-mounted expansion tank is used, 
the radiator must be selected with the inlet 
controlled guidelines; and the core must 
withstand full pump pressure. If the core is 
vertical reverse water flow through the 
radiator. This ensures air is not trapped in the 
radiator inlet tank. 

Radiator design operation pressure must be 
increased by 6.9 kPa (1 psi) for every 600 mm 
(2 ft) the engine is above the radiator. 

52 

Submerged Pipe Cooling 
This method is perhaps the simplest to use if 
the engine is stationary and is used to pump 
water, or is near a supply of relatively cool 
water, preferably 29°C (85°F) or less. In this 
system, the engine coolant water is pumped 
through coils or lengths of pipe submerged in 
the cooler water. These coils can be placed in a 
concrete catch basin or tank placed in a 
drainage ditch. Care must be taken to protect 
the coils from damage and to insure they do 
not become buried in mud or silt. Figure 51 
shows a typical submerged pipe cooling 
system. 

Engine heat rejection and the temperature of 
the cooling medium must be carefully 
considered in determining the correct amount 
of pipe to use. As a rule-of-thumb, .003 m2 
(0.0353 ft2) of submerged pipe surface area is 
required for every Btu/min of jacket water 
heat rejection that must be removed. This 
rule-of-thumb is for raw water temperatures 
up to 29°C (85°F). 
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Flexible Connectors 

Figure 51 

Submerged Pipe Cooling 

111 

Engine Mounted 
Expansion Tank 

11, Mink 
Galvanized Pipe 

Pipe In Water 
To Allow Circulation Of 
Support 

F-' Drain Plug -' / / / / / Water Around Pipe // / / / / 
A trial-and-error method can be used if jacket 
water temperature is too high or too low. By 
adding or removing pipe as necessary, the 
engine cooling water temperature can be 
optimized. 

Pipe must be kept out of mud and off the 
bottom of the tank to insure maximum cooling 
efficiency. 

Connect the system so that jacket water flows 
from the engine, to the cooling coils, and to 
the expansion tank, before returning to the 
water pump inlet. 

Cooling Towers 
Cooling towers are more economical than 
radiators when the approach between coolant 
and air temperatures is under 5.5°C (10°F). 
Towers cool water by evaporation to 
temperature within 2.7°C (5°F) of ambient air 
wet bulb temperature. Approximately 1% of 
water circulated is lost to evaporation. 

When evaporation occurs, about 
252 kcal/0.453 kgm (1000 Btu) of heat 
transfers per pound of water lost. Heat 
contained in the water vapor is the latent 
heat of vaporization. 

Selection of cooling towers or radiators 
depends on several factors: 

Availability and quality of water. 
Water and ambient air temperatures. 
Temperature and pressure of coolant 
temperature. 
First costs and operating costs. 
Space. 

Locate towers so prevailing winds are the 
same direction as tower discharge air. 
Sufficient side clearance encourages air 
circulation. Minimize noise by positioning 
away from windows or building vents. Include 
water filters in tower return lines to prevent 
clogging of the cooling system by tree and bird 
refuse. 

Remote Expansion Tanks 
The following discussion on expansion tanks 
is to guide users in specifying and installing 
expansion tanks for custom cooling systems 
and/or remote radiators. 

Expansion Tank Location 
The functions of the expansion tank require 
that it be located at the highest point of the 
system. 
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Expansion Tank Volume 
The expansion tank allows for thermal 
expansion of the coolant. In addition to the 
thermal expansion, there should also be 
volume for after-boil and sufficient reserve to 
allow operation with small leaks until they 
can be repaired. For standard temperature 
systems, a volume of 15% is sufficient. 
Full-flow expansion tanks require greater 
volume to perform the deaeration function. 

Venting and Filling 
The filler cap is usually located on the 
expansion tank. Size the line connecting the 
expansion tank with the pump suction to 
accept the maximum fill rate of the system. 
The minimum guidelines for filling rate are 
19 L/min (5 gal/min). Air trapped in high 
points of the cooling system during initial fill 
is difficult to purge and requires venting. A 
cooling system that will not purge itself on 
initial fill must have vent lines from the 
highest points of the system to the expansion 
tank. Lines must enter the tank below normal 
water level, have a continuous upward slope, 
and contain no air traps. An adequate vent 
line would be 6.3 mm (0.25 in.) tubing. 

54 

Caution: The constant full level in the 
expansion tank must be above all piping. Vent 
high points of the engine to the expansion tank 
to allow the fill rate and prevent a false fill. 

The preferred system is to have all high 
points vented to the expansion tank. There 
are some examples where that is not possible, 
especially when modifying existing 
installations. Mechanical vent valves can be 
added to high points to vent air and gases 
that accumulate at high points. Vent valves 
require servicing. Occasionally they leak 
coolant or allow air to enter the system during 
shutdown. In some areas, coolant may be 
considered a hazardous liquid and coolant 
leaks should be minimized. In those locations 
an active venting system back to the 
expansion tank is preferred over mechanical 
vent valves. 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 138 of 340



S 
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Figure 52 

EXPANSION 
TANK 

Deaerator Chamber (Modified) 

VENT LINE 

RADIATOR 

DE-AERATION CHAMBER 
AND VENT LINE 

MAKE-UP 
LINE 

REGULATOR 
(INLET-CONTROL) 

Deaeration 
Air can be trapped in the cooling system at 
initial fill or enter through combustion 
leakage during operation. This air and gas 
must be vented from the system, or system 
deterioration and water pump cavitation will 
result. 

Entrained combustion gas requires that 
deaeration capabilities be built into the 
system. Deaeration may be with a centrifugal 
deaeration gas separator with the gases 
vented back to the expansion tank, see Figure 
52. If a centrifugal deaeration gas separator is 
not used, separation of gas from a liquid 
medium requires a low coolant velocity of 
0.6 m/s (2 fps) with a diverted flow to the 
expansion tank, where the relatively static 
velocity in the tank allows the gases to be 
separated. The deaeration flow is regulated by 
a 10 mm (3/8 in.) diameter orifice placed in 
the line. Therefore, in the areas where 
deaeration must take place hold the water 
velocity below this limit by increasing the 
diameter of the water pipe, see Figure 53. The 
deaeration line is usually connected to the 
radiator inlet tank; most radiator inlet tanks 

ENGINE 
WATER PUMP 

have sufficient cross-sectional area to meet 
this velocity requirement, see Figure 54. Full- 
flow expansion tanks must be designed with 
sufficient cross-sectional area to slow the 
velocity of the water, and have internal baffles 
designed to separate the gases from the 
coolant. 

To System 
Expansion Tank 

To System 
Expansion Tank 

To System 
Expansion Tank 

Water Velocity 
Less Than 
2 FPS (0.6 m/s) Figure 53 
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Deaeration 
and Vent Line 

3/8 in. minimum 

Figure 54a 

Outlet Controlled With Vertical Radiator Core 

14 psi Cap 

Expansion Tank 

- - je--- 1/4 in. Diameter Vent Line, if Required 
Fill Line 

- 
Engine 
Thermostat\ , 

Return 
Engine Driven 
J.W. Pump 

Cap 
14 psi 

Outlet Controlled With Vertical Cross Flow Radiator 

Deaeration and Vent Line 
3/8 in. Diameter Minimum 

- - - - 1/4 in. Diameter Vent Line, if Required 
Fill Line -0- 

Figure 54b 
Alternate Connection 
in Return Line 

Return 

Outline 

Engine- - 
Thermostat 

Bypass 
Line 

All Engine Models 

Engine Driven 
J.W. Pump 

Outlet Controlled With Horizontal Radiator 

14 psi Cap 
Expansion Tank 

f- Deaeration and Vent Line 

- - - _ if- 1/4 in. Diameter Vent Line, if Required 
- - - _ 

Engine - - _ 
I Thermostat 

Alternate Connection Location 
in Return Line 

Figure 54c 
56 

Engine Driven 
J.W. Pump 

S 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 140 of 340



Inlet Controlled System with Full or Engine Mounted Expansion Tank 

Full Flow 
Expansion 
Tank 

Heat Exchanger Engine Driven 
J.W. Pump Figure 55a 

Inlet Controlled System with Non-Full Flow Expansion Tank with Deaeration Circuit 

Remote 
Expansion 
Tank Deaeration and Vent Line 

3/8 in. Diameter 

Vent, if Required 

Outlet 

Shunt 
Line 

Engine 
Thermostat 

Heat Exchanger 

Return 

Engine Driven 
J.W. Pump 

Maintaining Pump Suction Head 
with the Expansion Tank 
An important function of the expansion tank 
is to maintain head on the suction of the 
circulating pump to prevent cavitation. This 
function is the least understood; the method 
varies depending whether the system is inlet 
regulated or outlet regulated. 

Inlet Regulated Systems 
Inlet regulated systems have the thermostat 
positioned between the cooling device and the 
suction of the circulating pump. The 
thermostat provides a restriction on the pump 
suction and can result in pump cavitation. To 
prevent the negative pressure and pump 
cavitation, a shunt line is connected between 
the bottom of the expansion tank and the 
pump suction, see Figure 55B. The height 
elevation of the expansion tank provides static 
head on the pump to raise the suction 
pressure and prevent cavitation. The shunt 
line should be a minimum of 25.4 mm (1.0 in.) 
diameter. The area must be at least four times 

Figure 55b 

the combined area of the total vent lines 
connected to the tank. This will minimize any 
reduction of the static head because of vent 
and deaeration flow. For a full flow or engine- 
mounted expansion tank, the tank is located 
in the suction line to the pump and no shunt 
line is needed, see Figure 55a. 

Outlet Regulated Systems 
Outlet regulated systems differ from inlet 
regulated systems in the routing of the 
expansion tank connection. On an outlet 
regulated system, the expansion tank 
connection is called the fill line. Since there is 
no thermostat located between the radiator 
outlet tank and the suction of the pump, the 
fill line does not need to be plumbed back to 
the inlet of the pump. The relative sizes of the 
return line of the radiator provides minimum 
pressure loss. This means the expansion tank 
may be connected to either the outlet tank or 
anywhere in the return line to the pump, see 
Figures 54a,b,c. Do not connect the fill line to 
the inlet tank. There will not be sufficient 
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Figure 56 

Radiator Cooling-Controlled Outlet Thermostats 

Engine 
Thermostat 

A-B: Cold Flow 

A-C: Full External Flow 

head for the deaeration circuit to function 
properly. Also, there will not be sufficient 
head on the pump suction and the pump head 
may force coolant to overflow the pressure 
cap. 

Piping Considerations 
External Restrictions 
Piping and heat transfer equipment resist 
cooling water flow, causing an external 
pressure head which opposes the engine- 
driven pump. Cooling water flow is reduced as 
external head increases. Total system 
resistance to flow must be limited to ensure 
adequate flow. Resistance to flow is 
determined by size and length of pipe, number 
and type of fittings and valves used, coolant 
flow rate, and losses contributed by heat 
transfer devices. Excessive external heads 
demand pumps with additional pressure 
capacity. 

The first step in establishing the external 
head allowable is to determine the flow 
necessary to provide adequate cooling. See the 
section on Temperature Limits. After 
determining the required coolant flow rate, 
pump performance establishes maximum 
allowable external head. By finding the 
intersection of the desired pump flow with the 
appropriate flow curve, the maximum 
external resistance can be found. For 
example, assume a 3516 Engine running at 
1200 rpm requires a 350 gpm flow to provide 
cooling. The maximum external head 
allowable would be 35 ft of water, Figure 57. 
Maximum external resistance must not be 

58 

Engine Driven 
J.W. Pump 

Piping p Part of Engine 

exceeded in the cooling circuit added by the 
customer in order to maintain the minimum 
water flow for proper cooling. 

When designing an engine cooling system, 
pressure drop (resistance) in the external 
cooling system can be calculated by totaling 
the pressure drop in each of the system's 
components. Figures 58 and 59 can be used to 
determine pressure drop through pipe, 
fittings, and valves. Figure 60 estimates flow 
velocities in tubes and pipes for a given 
volume flow. The velocities should remain 
within the limits set forth by the section on 
Line Velocities. Suppliers of other components, 
such as strainers and heat transfer 
equipment, can provide the required data on 
their products. 

It is always necessary to evaluate the design 
and installation of cooling circuits. An 
installation audit tests the operation and 
effectiveness of the completed system to 
ensure proper performance and life. 

Maximum Velocity 
Water velocity guidelines are as follows: 

Maximuni Velocity 
(m/sec) (ft/sec) 

Pressurized Lines 4.5 15 
Pressurized Thin-Wall Tubes 2.5 8 
Suction Lines (Pump Inlet) 1.5 5 
Low Velocity Deaeration Line 0.6 2 

Observing these guidelines will help insure 
proper operation of the cooling system and 
extend its life. 
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Curve Data 
Curve Label 

1000 

A 

1200 1400 1600 1800 

Exernal Water Flow Limin 

B C D E F 

2000 

Effective Serial No. 3RC00001 

Engine Speed rpm 1300 1200 1100 1000 900 800 Engine equipped with water cooled exhaust 
Pump Speed rpm 2600 2400 2200 2000 1800 160 Manifolds or dry exhaust manifolds 
External Flow External Resistance JW Aftercooler 
I /min meter of water 

800 5.8 2W9729 JW Pump 
900 7.4 4.4 
1000 9.1 5.8 3.1 

1100 11.0 7.3 4.4 1.8 

1200 13.1 9.2 5.7 2.8 0.4 Drive ratio 2.0 to 1 

1400 13.2 9.0 5.4 2.4 For low speed (1300 rpm and below) ratings 
1600 8.8 5.0 1.7 

1800 4.4 1.0 
1900 2.3 Curves indicate maximum allowable external resistance. 
gal/min feet of water Do not project curves. 
211.4 19.0 
237.8 24.3 14.6 
269.2 29.9 19.1 10.2 
290.6 36.1 24.1 14.3 5.7 

317.0 43.0 30.0 18.8 9.2 1.3 

364.9 43.2 29.5 17.8 7.8 
422.7 28.7 16.4 5.6 
475.6 14.5 3.3 Figure 57 
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Typical Friction Losses of Water in Pipe 
(Old Pipe) 

(Nominal Pipe Diameter) 

Head Loss In ft/100 L/sec (m per 100 m) L/sec 

L's gpm 19.05mm (3141n.) 25.4mm (1In.) 31.75mm (1 114in.) 38.1mm (1 112In.) 50.8mm (21n.) 63.5mm (2 1121n.) Us gpm 

.34 5 10.5 3.25 0.84 0.40 0.16 0.05 76.2mm (3in.) .34 5 

.63 10 38.0 11.7 3.05 1.43 0.50 0.17 0.07 .63 10 

.95 15 80.0 25.0 6.50 3.05 1.07 0.37 0.15 .95 15 
1.26 20 136.0 42.0 11.1 5.20 1.82 0.61 0.25 1.26 20 
1.58 25 -1 cm .smm (4in.)- 64.0 16.6 7,85 2.73 0.92 0.38 1.58 25 
1.9 30 0.13 89.0 23.0 11.0 3.84 1.29 0.54 1.9 30 
2.21 35 0.17 119.0 31.2 14.7 5.10 1,72 0.71 2.21 35 
2.52 40 0.22 152.0 40.0 18.8 6.60 2.20 0.91 2.52 40 
2.84 45 0.28 -127mm (5In.)- 50.0 23.2 " 8.20 2.76 1.16 2.84 45 
3.15 50 0.34 0.11 60.0 28.4 9.90 3.32 1.38 3.15 50 
3.79 60 0.47 0.16 85.0 39.6 13.9 4,65 1.92 3.79 60 
4.42 70 0.63 0.21 113.0 53.0 18.4 6.20 2.57 4.42 70 
4.73 75 0.72 0.24 129.0 60.0 20.9 7.05 2.93 4.73 75 
5.05 80 0.81 0.27 145.0 68.0 23.7 7.90 3.28 5.05 80 
5.68 90 1.00 0.34 -152.4mm (61n.)- 84.0 29.4 9.80 4.08 5.68 90 
6.31 100 1.22 0.41 0.17 102.0 35.8 12.0 4.96 6.31 100 
7.89 125 1.85 0.63 0.26 -177.8mm (71n.)- 54.0 17.6 7.55 7.89 125 
9.46 150 2.60 0.87 0.36 0.17 76.0 25.7 10.5 9.46 150 

11.05 175 3.44 1.16 0.48 0.22 -203.2mm (8in.)- 34.0 14.1 11.05 175 
12.62 200 4.40 1.48 0.61 0.28 0.15 43.1 17.8 12.62 200 
14.20 225 5.45 1.85 0.77 0.35 0.19 54.3 22.3 14.20 225 
15.77 250 6.70 2.25 0.94 0.43 0.24 65.5 27.1 15.77 250 
17.35 275 7.95 2.70 1.10 0.51 0.27 -228.6rnm (91n.)- 32.3 17.35 275 
18.93 300 9.30 3.14 1.30 0.60 0.32 0.18 38.0 18.93 300 
20.5 325 10.8 3.65 1.51 0.68 0.37 0.21 44.1 20.5 325 
22.08 350 12.4 4.19 1.70 0.77 0.43 0.24 50.5 22.08 350 
23.66 375 14.2 4.80 1.95 0.89 0.48 0.28 -254rnm (0 oin.)- 23.66 375 
25.24 400 16.0 5.40 2.20 1.01 0.55 0.31 0.19 25.24 400 
26.81 425 17.9 6.10 2.47 1.14 0.61 0.35 0.21 26.81 425 
28.39 450 19.8 6.70 2.74 1.26 0.68 0.38 0.23 28.39 450 
29.97 475 7.40 2.82 1.46 0.75 0.42 0.26 29.97 475 
31.55 500 8.10 2.90 1.54 0.82 0.46 0.28 31.55 500 
47.32 750 7.09 3.23 1.76 0.98 0.59 47.32 750 
63.09 1000 12.0 5.59 2.97 1.67 1.23 63.09 1000 
78.86 1250 8.39 4.48 2.55 1.51 78.86 1250 
94.64 1500 11.7 6.24 3.52 2.13 94.64 1500 

110.41 1750 7.45 4.70 2.80 110.41 1750 
126.18 2000 10.71 6.02 3.59 126.18 2000 

Figure 58 
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Resistance of Valves and Fittings To Flow of Fluids 

Globe Valve, Open 

Angle Valve, Open 

Close Return Bend 

Standard Tee 
Through Side Outlet 

Standard Elbow or run of 
Tee reduced 1/2 

qt4 
Medium Sweep Elbow or 
run of Tee reduced 1/4 

Long Swe- ep Elbow or 
run of Standard Tee 

0-- 

Gate Valve 
3/4 Closed 
1/2 Closed 
1/4 Closed 
Fully Open 

Example: The dotted line shows that the 
resistance of a 6-inch Standard Elbow is 

equivalent to approximately 16 feet of 
(6-inch Standard Pipe. 
Note: For sudden enlargements of 
sudden contractions, use the smaller 
diameter, d, on the pipe size scale. 

Standard Tee 

Square Elbow 

Borda Entrance 

Sudden Enlargement 
d/D=1/4 
d/D=1/2 
d/D=3/4 

+. 
Ordinary Entrance & 

1 

Swing Check Valves 

Sudden Contraction 
d/D=1/4 
d/D=1/2 
d/D =314 

45° Elbow 

Copyright by Crane Co. 
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Velocity vs Flow 
Standard Pipe Sizes (1.5 in. - 5 in.) 38.1 - 127 mm 
in. 1.50 2.00 2.50 3.00 3.50 

89 

m/s 

3.5 - 
3- 

2.5 - 
2 - 

0 50 100 150 200 250 300 350 

102 4.00 

114 4.50 

127 5.00 

400 450 gpm 

1 

28 1/s 

fps 

12 

10 

I I I 

2 4 6 

I I I I I 1 

8 10 12 14 16 18 

Flow 

1 1 

20 22 

1 1 

24 26 

Velocity vs Flow 
Tube Sizes 25.4 - 127 mm (1.5 in. - 5 in.) O.D. 

(Common Usage Wall Thickness) 
31.8 41.5 53.3 60.05 

Wrr; 1.25 1.75 2.12 2.38 
1.00 1.50 2.00 2.25 2.50 

50.5 57 i 63.5 

70 76.2 

2.75 3.00 
83 89 

3.25 3.50 
95.3 

3.75 
4.00 102 

V= 
.5 - 

Figure 60 
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4.50 114 

4.75 121 

5.00 127 

V = Velocity (fps) 
Q = Flow (gpm) 
A = in2 (ID) 
ID = Inside Diameter 

.321 0 .408 Q For Other Wall 
A 102 Thickness 

NOM. Tube Size .065 Wall 

0 50 100 150 200 250 300 350 400 450 gpm 

I I I I I I I I I I I 1 I I 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 

Flow 

Open System;. 
(not recommended) . 

Closed System 

Cooling Tower 
(without heat exchanger) 

Spray Pond 
Body of Water 

Radiator 
Heat Exchanger 
Cooling Tower 

(with heat exchanger) 

Evaporative Cooler 
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Coolant Considerations 
Properties 
Prime consideration in closed cooling systems 
is to ensure no corrosion or scale forms at any 
point. Select the best quality water available, 
but never use salt water. 

Usually water hardness is described in grains 
per gallon - one grain being equal to 17.1 
parts per million (ppm), or per mg/L, both 
expressed as calcium carbonate. Water 
containing up to 3.5 grains per gallon 
(60 ppm) is considered soft and causes few 
deposits. 

Usable water must have the following 
characteristics as defined by industry 
standard specification ASTM D4985: 

pH 

Chloride 

Sulfate 

Total Dissolved Solids 

Total Hardness 

5.5-9.0 

40 ppm 

100 ppm 

340 ppm 

170 ppm 

2.4 grains/gal 

5.9 grains/gal 

20.0 grains/gal 

10.0 grains/gal 

Water softened by removal of calcium and 
magnesium is acceptable. 

Treatment 
Never use water alone as a coolant. 
Supplemental coolant additives are required 
because water is corrosive at engine operating 
temperatures. Corrosion inhibitors added to 
water or antifreeze solution maintain 
cleanliness, reduce scale and foaming, and 
provide pH control. A 3%-6% concentration of 
inhibitor is recommended to maintain a pH 
level of 8.5 to 10. Soluble oil damages hoses, 
gaskets, seals, does not lubricate pump 
bearings, or protect from damage caused by 
cavitation erosion. Avoid sudden changes in 
coolant composition to minimize failure of 
nonmetallic components. 

Caterpillar cooling inhibitor is compatible 
with ethylene glycol and propylene glycol base 
antifreezes but not with Dowtherm 209. With 
a 30% mixture, no additional inhibitors are 

required. To maintain constant protection, 
additives should be replenished every 250 
operating hours. Because modern antifreezes 
contain considerable dissolved chemical solids 
to accommodate aluminum components, over- 
concentrations can reduce heat transfer and 
cause water pump seal leakage or failure. 

Note: If cooling water contacts domestic water 
supplies, water treatment may be regulated by 
local codes. 

Engine cooling water for a low pressure steam 
or high temperature water systems is 
circulated within the engine water jacket at 
temperatures above 100°C (212°F). On low 
pressure steam configurations, the engine is 
cooled by the formation of steam within the 
engine water jacket. High temperature solid 
water applications have similar temperature, 
and there is potential for steam to form. 
Minerals in the water can precipitate during 
the heating process and form deposits within 
the cooling systems, restricting heat transfer 
and water circulation. The engine coolant 
must be treated the same as boiler feed water. 

The engine coolant (boiler water) is a mixture 
of feed water and resident water. It should not 
exceed the following maximum concentrations. 

Silica concentration 

Total alkalinity 

Total suspended solids 

Specific conductance 

pH 

150 ppm as Si02 

700 ppm as calcium CaCO3 

10 ppm 

3500 micromho per cm 
(2680 ppm) 

10.0-11.5 

In addition, the jacket water treatment should 
include: 

An oxygen scavenger with sufficient reserve 
to remove all oxygen from the water. 
Maintenance to limit CaCO3 equivalent of 
hydroxide alkalinity to 200-400 ppm. 
A blend of dispersants to condition and 
suspend the precipitated solids. 
Treatment of condensate return. 
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Makeup water should not exceed the following 
maximum concentrations: 

Iron 

Copper 

Total hardness 

0.1 ppm 

0.05 ppm 

0.3 ppm as CaCO3 

These stringent guidelines are based in part 
on established limits of the American Boiler 
Manufacturer's Association (ABMA) and 
recommendations of the ASME Research 
Committee on Water in Thermal Power 
Systems. 

Antifreeze 
Exposing engine coolant to freezing 
temperatures requires addition of antifreeze. 
Ethylene glycol or Dowtherm 209 are 
recommended to protect against freezing and 
inhibit corrosion. Borate-nitrite solutions such 
as Caterpillar inhibitor or NALCO 2000 are 
compatible only with ethylene glycol and can 
replenish the original corrosion inhibitors in 
the antifreeze. 

Figure 61 defines the concentration of 
ethylene glycol required for system protection. 
It also describes the effect on coolant boiling 
temperature which reduces coolant afterboil. 
The concentration should exceed 30% to 
assure protection against corrosion, but above 
60% will needlessly penalize heat transfer 
capabilities. Generally, a radiator derates 2% 
for each 10% of antifreeze concentration. Use 
of antifreeze year around decreases radiator 
capabilities at least 3.3°C (6°F). 

Cleanliness 
All pipe and water passages, external to the 
engine must be cleaned before initial engine 
operation. There must be flow; any foreign 
material must be removed. 

Strainers are recommended for installation in 
all pipes leading to externally added 
equipment. They are to be installed on the 
site prior to startup and removed after 
commissioning the unit. 

Similar precautions must be taken when 
significant modifications are made to the 
external cooling circuit. 
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320 

300 

280 

260 

240 

160 

149 

138 
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116 .01 
BOILING 
TEMP. 

220 105 

200 93 
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140 60 
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TEMP 

-40 -40 

-60 -51 

-80 -62 
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COOLANT FREEZING AND BOILING TEMPERATURES 
VS. ETHYLENE GLYCOL CONCENTRATION 

Figure 61 

Serviceability 
Access to the heat exchanger is required for 
tube rodding (cleaning) or removal of the tube- 
bundle assembly. Engine water pumps must 
be easy to remove. Remote water temperature 
regulators should be accessible, and have 
appropriate isolation valves to allow servicing 
the engine without draining the entire 
system. Apply similar guidelines to radiators, 
heat recovery units, deaeration units, and 
other components requiring service or 
replacement. 
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Fuel System 

Bulk Storage 
Fuel supply systems assure continuous and 
clean supply of fuel. Bulk fuel is usually 
stored in large tanks and transferred to 
smaller tanks (day tank) near engines by 
electric motor-driven pumps. Flexible 
nonmetallic lines routing fuel inside buildings 
should meet fire resistant qualifications 
similar to U.S. Coast Guard Specification 
56.60-25(c). 

Quantity of fuel stored may also be regulated. 
The. U.S. National Electric Code, Article 700, 
calls for on-site fuel supplies capable of 
operating the prime mover at full demand 
load for at least two hours. National Fire 
Protection Association (NFPA) 37 further 
identifies fuel storage methods and quantities: 

Large capacity storage tanks allow bulk 
purchases and minimize dirt contamination. 
Maintaining full tanks reduces condensation, 
particularly if fuel is seldom used. Diesel fuel 
is prone to oxidize and form gums and resins 
during long term storage. Water in fuel offers 
a medium for bacterial growth which may 
cause fuel filter plugging. Fuel has a finite 
storage life of approximately one year, 
although this may vary widely depending 
upon initial quality, contaminant levels and 

Engine 

storage conditions. Periodic exchange of fuel 
and filtering/treating to remove water, scale 
and bacteria growth will extend fuel life. 
Tanks may be above or below ground level, 
but high fuel level generally should not exceed 
engine injector's height. This prevents 
possible fuel leakage into cylinders. 

Locate storage tank fill tubes for convenience 
and safety of filling operations. Vents relieve 
air pressure created by filling and prevent 
vacuum as fuel is consumed. 

Water and sediment are drawn periodically 
from the tank, and contaminants can be 
localized by rounding the tank bottom and 
tilting about 2 degrees toward the drain. 
Consider ground settling when installing 
tanks so drain cocks remain low. Avoid 
seasonal settling by burying tanks below frost 
lines. In underground tanks, remove water by 
pumping through a tube placed down the fill 
pipe. Copper-bearing steel tanks are 
preferred, but black iron tanks and fittings 
are satisfactory. Avoid galvanized fittings or 
tanks because reactions with fuel impurities 
will clog fuel filters. 

If day tanks are not used, bulk tanks must 
provide a ready fuel supply to the engine- 
mounted transfer pump. Caterpillar fuel 
pumps prime 3 m (9 ft.), but pipe size, bends, 
and cold ambients modify this capability. 

Return Line 

Note: Best practice to locate 
auxiliary tank so that fuel level in 
tank is below injection pumps. 
Auxiliary tank vent must'be above high 
fuel level in main tank and overflow line. 

Shut- 
Off 

Sediment 
Bowl 

Vent 

Aux iary 
Tank 

Fill Line 

Overflow 
J Line 

Draw 

Auxiliary Pump 

Sediment 
and 

Water 
Drain 

Figure 62 
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Using shutoff valves in the delivery line may 
pull air into the system during shutdown and 
cause hard starting. The engine control 
system provides adequate shutdown options 
but, if a shutdown solenoid is specified in the 
supply line, it should be timed to close after 
the engine stops rotating. 

The delivery line carrying fuel to the fuel 
transfer pump and the return line carrying 
excess fuel to the tank are no smaller than 
engine fittings. If the fuel tank feeds multiple 
engine over 9 m ft. (30 ft.) from the engine, or 
temperatures are low, larger fuel supply and 
return lines ensure adequate flow. 

Piping and fittings are sealed to prevent air or 
dirt contamination. Air in the system causes 
hard starting and erratic engine operation. 

Fuel lines are black iron pipe, steel, or copper 
tubing; galvanized pipe or zinc-bearing alloys 
must not be used. The overflow line from the 
day tank (or, if no day tank is used, the engine 
fuel return line) is one size larger than the fill 
line. 

High Fuel 
Level 

The return line enters the top of the tank 
without shutoff valves. This allows air to pass 
freely and prevents a vacuum in the fuel 
system. Fuel suction lines remove fuel about 
50 mm (2 in.) above the tank bottom and tank 
end opposite the return line. Joint cement 
affected by fuel is not used, and connections 
are made without gaskets. Flexible fuel lines 
between fuel source (bulk storage or day tank) 
and engine fuel inlet and return isolate 
vibration. 

Auxiliary Tank 
Auxiliary or day tanks are desirable if main 
fuel tanks are 15 m (50 ft.) from the engine, 
1.8 m (6 ft.) below the engine. Total suction 
head should not exceed 3 m (9 ft.). Although 
day tanks do not aid fast starting, they do 
offer convenient and ready storage. Day tanks 
also provide a settling reservoir for water and 
sediment. 

Auxiliary tanks are located to avoid fuel levels 
higher than engine fuel injection valves. If 

Auxiliary Fuel Tank 

Vent Cap - Locate Away 
From Flame or Sparks 

Engine to Tank 
(Return Line) 

Baffle 

Sight 
Glass 

Auxiliary Fuel 
Pump 

(\t 

Figure 63 
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Auxiliary Tank to 
Main Tank Line 
(Overflow Line) 

Pump Control 
Float Switch 

Cleaning Access 

Sediment and 
Water Trap 

Shut-Off 
Valve 

Tank to Engine 
(Delivery Line) 

Main Tank to 
Auxiliary Tank 
(Fill Line) 

Drain Valve 

2 in. 
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overhead mounting is unavoidable, as in 
NFPA Section 20 concerning fire pumps, 
include 20 kPa (3 psi) differential check valve 
in supply line and 3.5 kPa (0.5 psi) differential 
check valve in return line. 

Coolers 
Engines incorporating unit fuel injectors 
transfer about 42.2 kJ (40 Btu) per minute 
per injector into the return fuel. If the fuel 
tank is insufficient to dissipate this heat, a 
cooling source must maintain fuel 
temperatures below 68°C (155°F). Heat also 
causes a volumetric change, resulting in a 1% 
power loss for each 6°C (10°F) above 
38°C (100°F). 

Filters 
Clean fuel is necessary for dependable engine 
performance. Engine filters protect the fuel 
injection pumps and nozzles and are never 
removed or bypassed. 

Primary filters with 0.30 mm (0.012 in.) 
screens extend engine filter and transfer 
pump life. Water and sediment traps can be 
included upstream of the transfer pump, but 
pump flow must not be restricted. 

In warm climates with large bulk storage, 
diesel fuel requires full filtering every six 
months to a year. Every two years fuel is 
completely changed to remove water, scale, 
bacteria growth, oxidized gums/resins, and 
minimize filter clogging due to fuel separation 
into components suctia-a§Phaltenes. 

If necessary to store fuel longer, kerosene may 
be substituted for diesel fuel. A simple engine 
power adjustment is needed for this fuel's 
lower Btu content. 

Fuel Selection 

Engine Requirements 
Fuel normally recommended for diesel 
generator sets is No. 2 furnace oil or No. 2D 
diesel fuel. When this fuel is used for heating, 
common storage tanks for boilers and 
generator sets are practical. In addition to 
reducing installation costs, this arrangement 
reduces fuel costs by quantity purchases and 
minimizes fuel deterioration. 

Caterpillar Engines burn a variety of fuels. 
Generally, use the lowest priced distillate fuel 
which meets the following requirements (fuel 
condition as delivered to engine fuel filters). 

Fuel specifications meeting the above 
requirements include: 

ASTM D396 - No. 1 and No. 2 Fuels 
(Burner Fuels) 
ASTM D975 - No. 1-D and No. 2-D Diesel 
Fuel Oil 
BS2869 - Class Al, A2, B1, and B2 Engine 
Fuels 
DIN51601 - Diesel Fuel 
DIN51603 - EL Heating Oil 

Cetane Number 

Precombustion Chamber 
Direct Injection 
Viscosity 
Pour Point 
Cloud Point 
Sulfur 
Water and Sediment 

35 minimum 
40 minimum 
100 SUS at 38°C (100°F) Maximum 
6°C (10°F) below ambient temperature 
Not higher than ambient temperature 
Adjust oil change period for high sulfur fuel (greater than 0.5%) 
0.1% maximum 
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The following additional information 
describes fuel characteristics and their 
relation to engine performance. 

A. Cetane Number - Index of ignition quality 
determined by comparing with fuels used 
as standards for high and low cetane 
numbers. 

B. Sulfur - Limit to 0.4% without reducing 
oil change periods. Higher sulfur content 
requires usage of high total base number 
(TBN) oils or shortening oil change periods. 

C. Gravity - An index of weight of a 
measured volume of fuel Lower API 
ratings indicate heavier fuel containing 
greater heat content. 

D. Viscosity -A time measure to resistance 
of flow. High viscosities cause poor fuel 
atomization thereby decreasing combustion 
efficiency. Low viscosity may not provide 
adequate lubrication to fuel system 
components. 

E. Distillation - This involves heating crude 
to relatively high temperatures. Vapor 
drawn at various temperatures produce 
fuels of different types. Lighter fuels, such 
as gasoline, are drawn off first and heavier 
fuel last. 

F. Flash Point - Lowest temperature fuel 
will give off sufficient vapor to ignite when 
flame is applied. 

68 

G. Pour Point - Lowest temperature fuel will 
flow or pour. 

H. Water and Sediment - Percentage by 
volume of water and foreign material 
removed by centrifuging. 

I. Carbon Residue - Percentage by weight of 
dry carbon remaining when fuel is burned 
until no liquid remains. 

J. Ash - Percentage by weight of dirt, dust, 
sand, and other foreign matter remaining 
after combustion. 

K. Corrosion -A polished copper strip is 
immersed iri fuel for three hours at 50°C 
(122°F). Fuel imparting more than slight 
discoloration is rejected. 

The customer should order as heavy a 
distillate fuel as engine and temperature 
conditions permit. Fuel costs can represent 
approximately 80% of total operating costs for 
engines operating high hours per year. It is 
good economics to look closely at the largest 
cost first. 

Note: Caterpillar Diesel Engine fuel rack 
settings are based on 35° API (specific gravity) 
fuel. Fuel oil with a higher API (lower specific 
gravity) number reduces power output unless 
rack settings are corrected. When using 
heavier fuels, a corrected rack setting prevents 
power output above approved ratings. The 
Caterpillar Dealer will correct rack settings 
for nonstandard fuels. 
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Crude Oil Fuels 
Crude oil, in some cases, is a practical and 
economic fuel for diesel engines. Crude oils 
are evaluated individually and special 
equipment may be needed to condition the 
fuel. Minimum guidelines have been 
established to determine the suitability of 
crudes. 

Guidelines of Crude Oil 
API Gravity 
Viscosity at 37.78°C (100°F) 
Gasoline and Naptha 

Fraction 
Kerosene and Distillate 

Fraction 
Water and Sediment 
Cetane Number 

45 maximum 
20 cSt maximum 

35% maximum 

30% minimum 
0.5% maximum 
35 minimum 
(PC engines) 
40 minimum 
(DI engines) 

Figure 64 

Kerosene or JP5 Fuels 
Kerosene type fuels may be used as a diesel 
engine fuel provided it meets acceptable 
limits. Adequate viscosity, particularly with 
aviation kerosene type fuels is a major 
concern. For Caterpillar engine fuel systems, 
a minimum viscosity of 1.4 cSt at 38°C 
(100°F) is required at the engine transfer 
pump to properly lubricate fuel system 
components. Kerosene fuels have lower 
energy content than diesel fuels and therefore 
will produce less peak power output and/or 
will require more fuel volume to do an 
equivalent amount of work. 

Gaseous Fuels 
Caterpillar Gas Engines can be configurated 
to accommodate a wide variety of fuels and 
embient conditions, and can be adjusted to 
achieve optimum performance. They are 
equipped with both carbureted or air-fuel 
ratio controls to utilize high and low pressure 
gases. 

Carbureted systems are completely 
mechanical and do not involve complexities 
involved air-fuel ratio controls. 

Standard Natural Gas System 
(Turbocharged-Aftercooler or Naturally Aspirated) 

Point "A" 

Air To Carburetor 
Balance Line (12.7 mm ) 1/2 in. Tubing Minimum 

Load Adjustment Valve 

Differential Here To 
Point "A" Is Differential 
Gas Pressure 

Gas Pressure 
Regulator 

NOTE: Manual Shut-Off Or Shut-Off 
Solenoid Is Required 

An Electrically Operated Gas 
Shut-Off Valve Is Required For 
Use With Engine Safety Devices 

Figure 65 
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Fuel -71- 

Pressure 
Regulator 

Figure 66 

Simplified Example of an Air/Fuel Ratio Control 

Fuel 
Valve & 
Actuator 

Fuel Mass 
Flow Sensor 

Turbocharger 

After- 
cooler 

Balance 
Line 

arburetor 
Mixer 

Desired Speed 
Actual Speed 

Air Flow 
Fuel Flow 

Oxygen Sensor 

Actuator 

Et) 

Exhaust 
Stack 

Engine 

Air-fuel ratio controls seek to maintain a 
desired air-fuel ratio as operating conditions 
change. This is accomplished by measuring 
and/or calculating actual air-fuel ratio and 
adjusting air or fuel flow. 

Air-fuel ratio controls have considerable 
flexibility and can be programmed to optimize 
on-site performance, such as block load 
acceptance or emission levels. 
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Throttle 
Body 

Speed 
Sensor 

Oxygen 
Sensor 

Fuel Valve Actuator 
Throttle Body Actuator 

The gas supply pressure requirements for 
standard configurations are: 

Minimum 
Psig (kPa) 

Maximum 
Psig (kPa) 

G3300 
Low Pressure Gas 1.5 (10) 10 (69) 
High Pressure Gas 12 (83) 25 (172) 
G3400 
Low Pressure Gas 1.5 (10) 5 (35) 
High Pressure Gas 20 (138) 25 (172) 
G3500 
Low Pressure Gas (Deltec) 1.5 (10) 7 (48) 
Low Pressure Gas (Impco) 1.5 (10) 5 (35) 
High Pressure Gas 
Low Emission 9:1 & 8:1 C/R 35 (241) 40 (276) 

High Pressure Gas 
Low Emission 11:1 C/R 31 (214) 40 (276) 

High Pressure Gas 
Standard TA 25 (172) 25 (172) 
Naturally Aspirated 2 (14) 10 (69) 

G3600 
All G3600 Engines 48 (330) 150 (1030) 

Figure 67 
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I I 
II 

II r 
'Solenoid l*". Valve 

I I 
I I 
I 

I 

Vaporized Propane Gas 
(High Btu Gas) 

(14.08 kg /cm') 200 psi 

(11.25 kg /cm') 160 psi 

c2 (8.44 kg /cm') 120 psi 
z 
rn 

a- (5.62 kg/cm') 80 psi 

"A" Regulator 

`An Electrically Operated Gas 
Shut-Off Valve Is Required 
For Use With Engine Safety 
Devices 

(2.81 kg /cm') 40 psi 

Point "A" 

Carburetor 

Figure 68 

Dual Fuel Turbocharged or Naturally Aspirated Engines 

Balance Line 
Must Be Kept 

Separate 
Low Btu Adjustment Valve 

Balance Line (12.7 mm) 1/2 in. 

High Btu Adjustment Valve 

(25.4mm)1 in. H2O Neg. Differential Here To Point "A" 

(139.7 mm) 5.5 in. ± 

(127.0 mm) .5 in. H2O 
Differential Here 
To Point "A" For 
Low Btu Gas 

Differential 
Regulator 

Pressure 
Switch 

I 
I 
I 

f 

'Manual Shut- .. 
Off Valve (Or) 

Natural Gas 
(Low Btu Gas) 

Solenoid 
Valve & 

Pressure 
Switch 

Propane/Butane Mixtures 
This gas can be stored for long periods 
without deterioration so is an ideal backup for 
other gaseous fuels. It is supplied as a liquid 
and stored in pressure tanks. Tank volume is 
calculated by: 

3.78 L (1 gal) of Propane = 1.03 m3 (36.39 ft3) 
Butane = 0.88 m3 (31.26 ft3) 

10-12% of tank capacity is allowed for 
expansion during vaporization. 

Since propane/butane mixture is stored in 
liquid form, it is converted prior to entering 
the engine carburetor. Auxiliary heating may 
be needed for vaporization, particularly when 
stored in an outside tank in cold weather. 

Propane/butane mixtures are heavier than air 
and settles in low areas. Ventilation is 
necessary to prevent formation of explosive 
mixtures. 

Vapor Pressure 
(Approximate Values) 

Propane 

50-50 
Mixture 

utane 

-40°F 0°F +20°F +60°F +100°F 
(-40°C) (-18°C) (-7°C) (15°C) (-38°C) 

Temperature 
Vapor-Pressure Curve 

Figure 69 
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Starting Systems 
There are two types of starting systems 
available for Caterpillar Engines - air 
and electric. 

The choice of systems depends on availability 
of the energy source. Space for energy storage 
and ease of recharging the energy banks are 
considerations for determining the type of 
starting system to be used. 

Startability of a diesel engine is affected 
primarily by ambient temperature and 
lubricating oil viscosity. The diesel relies on 
heat of compression to ignite fuel, with the 
heat resulting from cranking speed and 
cranking time. When cold, longer cranking 
periods are required to develop ignition 
temperatures. 

Heavy lube oil imposes the greatest load on 
the cranking motor. Oil type and temperature 
drastically alter viscosity. SAE 30 oil 
approaches the consistency of grease below 
0°C (32°F). 

Electric 
Electric starting is the most convenient to use. 
It is least expensive and is most adaptable for 
remote control and automation. 

Batteries 
Batteries provide sufficient power to crank 
engines long and fast enough to start. 
Lead-acid types are common, have high 
output capabilities, and lowest first cost. 
Nickel-cadmium batteries are costly, but have 
long shelf life and require minimum 
maintenance. Nickel-cadmium types are 
designed for long life and may incorporate 
thick plates which decrease high discharge 
capability. Consult the battery supplier for 
specific recommendations. 

Two considerations in selecting proper battery 
capacity are: 

The lowest temperature at which the engine 
might be cranked. 
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The parasitic load imposed on the engine. A 
good rule of thumb is to select a battery 
package which will provide at least four 30 
second cranking periods (total of 2 minutes 
cranking). An engine should not be cranked 
continuously for more than 30 seconds or 
starter motors may overheat. 

Ambient temperatures drastically affect 
battery performance and charging efficiencies. 
Maintain 32°C (90°F) maximum temperature 
to assure rated output. Impact of colder 
temperatures is described in the following 
chart. 

rob 
- 

input ef 

Starting Motor 

Wall mount 
battery charger 

Figure 70 

Temperature vs Output , 

27°C (80 °F) 
oc °F Ampere Hours Output Rating 

28 80 100 
0 32 65 

-18 0 40 

Locate cranking batteries for easy visual 
inspection and maintenance. They must be 
away from flame or spark sources and isolated 
from vibration. Mount level on nonconducting 
material and protect from splash and dirt. 
Use short slack cable lengths and minimize 
voltage drops by positioning batteries near the 
starting motor. 

Disconnect the battery charger when 
removing or connecting battery leads. Solid- 
state equipment, i.e., electronic governor, 
speed switches, can be harmed if subjected to 
charger's full output. 
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Battery Charger 
Various chargers are available to replenish a 
battery. Trickle chargers are designed for 
continuous service on unloaded batteries. 
They automatically shut down to milliampere 
current when batteries are fully charged. 

Float-equalize chargers are more expensive 
than trickle chargers and are used in 
applications demanding maximum battery 
life. These chargers include line and load 
regulation, and current limiting devices, 
which permit continuous loads at rated 
output. 

Both trickle chargers and float equalize 
chargers require a source of A/C power while 
the engine is not running. Chargers must be 
capable of limiting peak currents during 
cranking cycles or have a relay to disconnect 
during cranking cycles. Where engine-driven 
alternators and battery chargers are both 
used, the disconnect relay usually disconnects 
the battery charger during engine cranking 
and running. 

Engine-driven generators or alternators can 
be used, but have the disadvantage of 
charging batteries only while the engine runs. 
Where generator sets are subject to many 
starts, insufficient battery capacity could 
threaten dependability. 

Cable Size 
The start circuit between battery and starting 
motor, and control_circuit between battery, 
switch, and motor solenoid, must be within 
maximum resistance limits shown. 

MaximumAllowable Resistance ,- 

Magnetic Switch and Solenoid Starting 
Series-Parallel Circuit Switch Circuit Motor Circuit 

12 Volt System, 0.048 Ohm 0.0067 Ohm 
24 Volt System, 0.10 Ohm 0.030 Ohm 

32 Volt System, 0.124 Ohm 0.070 Ohm 

0.0012 Ohm 

0.002 Ohm 

0.002 Ohm 

Not all this resistance is allowed for cables. 
Connections and contactors, except the motor 
solenoid contactor, are included in the total 
allowable resistance. 

Contactors (relays, solenoid, switches) 
0.0002 Ohm 
Connections (each series connectors) 
0.0001 Ohm 

The fixed resistance of connections and 
contactors is determined by the cable routing. 
Fixed resistance (Rf) subtracted from total 
resistance (Rt) equal allowable cable 
resistance (Rc): Rt - Rf = Rc. 

Example: 

56 in. 
6 in. 

%i? I*11 ...°11.1 

%1W4r°1r 

6 in. 

76 in. 

This circuit uses four 
12-volt batteries in a 

24-volt system 

System 24-volt 
Starting Motor Type Heavy Duty 
Maximum Allowable Resistance .00200 
Minus Fixed Resistance - 

6 Connections @ .00001 .00006 Ohm 
Resistance Remaining For Cable .00194 
Battery Cable Length 144 in. 

Figure 71 
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With cable length and fixed resistance 
determined, select cable size using the 
following chart, Figure 72. Use only full- 
stranded copper wire. 

Cable size must be No. 1 to meet cable length 
and resistance requirements. To determine 
fixed resistance in a parallel circuit, only 
series connections in one leg of the parallel 
circuit are counted. 

.00300 

.00280 

.00260 

.00240 

.00220 

.00200 

.00180 

.00160 

.00140 

.00120 

.00100 

.00080 

.00060 

.00040 

.00020 

.00000 
0 100 200 300 400 500 600 

Inches 

0 2.54 5.08 7.62 10.16 12.70 15.24 

Meters 

Figure 72 

Air Start 
Air starting, either manual or automatic, is 
highly reliable. Torque available from air 
motors accelerates the engine to twice the 
cranking speed in about half the time 
required by electric starters. 

Compressed air from a 758 to 1723 kPa 
(110 to 250 psi) source is regulated to 758 kPa 
(110 psi) and piped to the air motor. These 
pressures are required at the regulator. 
Allowances must be made for pressure drops 
in the air lines from the air source to the 
regulator. Pressure air may originate from air 
receivers and plant air. 

74 

Figure 73 

A check valve between plant air and receiver 
assures that failure of plant air will not 
deplete the backup supply. The air 
compressors are driven by gasoline engines 
and electric motors wired to the emergency 
power source. 

Tandem or compound engines use two motors 
and solenoid valves. Valves are equal distance 
from their respective motors for coordinated 
motor engagement. When a single solenoid 
controls air to both motors, piping between 
valve and each motor must be equal length. 

Air motor supply pipes are short, direct, and 
at least equal in size to the motor intake 
opening. Black iron pipe is preferable and 
should be supported to avoid stresses on the 
compressor. Flexible connections between 
motor and piping are required. 

Deposits of an oil-water mixture accumulating 
in receiver and piping are removed by traps 
installed at intervals in the lines. Lines slope 
toward these traps. 

Air cranking systems may freeze at low 
ambients. Water vapor in compressed air 
freezes during expansion in temperatures 
below 0°C (32°F). A dryer at the compressor 
outlet or a small quantity of alcohol in the 
starter air tank prevents freezing. Below 
-18°C (0°F) consult the generator set supplier. 
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Air or 
Gas - 
Supply 

Air Starting Schematic 

Plant 
Air 

Supply 

Check X 
Valve 

Generator 

Engine 

4-1 
Starting 
Motor 

n 

Oiler Solenoid Regulator 
Valve 

Starting 
Air 

Engine 

Compressor 

Air Start Prelube 

Solenoid Valve 

SV 

Ll 
Starter SV 

Motor 

Slave Valve 

Air receivers should meet ASME 
specifications and be equipped with a safety 
valve and gauge. Check safety valves 
frequently to guard against sticking. 

Receivers are sized for a specified number of 
starts. Receiver size is estimated by: 

Ns (Ar x Ap) 

Rp - 7824 or 90 
Rc - 

Where: 

Figure 74 

Engine 4- Oil 
Pressure 

Prelube Pump 

Figure 75 

Rc = Receiver Capacity (m3) (ft3) 

Ns = Number of Starts 
Rp = Receiver Pressure (kPa) (psia) 
Ar = Free Air Requirement per Start 

(m3) (ft3) 
A = Atmospheric Pressure (kPa) (psia) 

90 = (724 kPa) psia minimum 
Minimum Pressure = 724 kPa = (90 psia) 
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Quantity of free air required per start (AE) 
depends on: 

Time required per start 
Time per start depends on engine model, 
condition, ambient air temperature, oil 
viscosity, fuel type, condition of fuel system, 
and cranking speed. Five to seven seconds 
is typical for diesel engines at 25°C (80°F), 
but restarts of hot engines normally take 
less than two seconds. Due to the time 
necessary to develop a combustible mixture 
in the intake manifold, natural gas engines 
usually exhibit starting times up to double 
that of a diesel. 

Free air consumption 
Free air consumption depends to some 
extent on these same variables and also on 
the pressure regulator setting. The correct 
setting is 620 to 690 kPa (90 to 100 psi), 
with the higher pressure used to improve 
starting under adverse conditions. 0.14 to 
0.42 m3 (5 to 15 cu ft) per second is typical 
for engines from 37 kW to 1194 kW 
(50 hp to 1600 hp). 

Prompt manual or automatic air shutoff 
after engine starting 

Immediate air shut-off after engine starting 
is necessary to minimize air tank size. 

Automatic Start-Stop 
Automatic start-stop systems are primarily 
for unattended engines which must start 
automatically, pick up the load, operate the 
load, and stop automatically when demand 
ceases. 

Caterpillar offers both electric and 
air-powered systems. 

Ten Second Starting 
Ten second starting is often required either by 
application or local regulation. Ten second 
starting is routinely obtained by dealers 
with careful attention to the various systems. 

76 

Requirements for 10-second automatic 
starting: 

Combustion air must be a minimum of 
21°C (70°F). 
Jacket water heaters maintain a minimum 
of 32°C (90°F) water temperature. 
Fully charged batteries to provide 
60 seconds of continuous cranking, or full 
air supply. 
Readily available fuel. 

Starting Aids 
Starting aids for temperatures below 20°C 
(70°F) reduce cranking time and assure 
dependable starts. 

Jacket Water Heaters 
Jacket Water heaters are used on both 
manual and automatic starting systems, but 
are essential for automatic starting below 
20°C (70°F). Heaters precondition engines for 
quick starting by maintaining jacket water 
temperature during shutdown periods. Dual 
heaters are used on large Vee-type engines to 
ensure circulation. 

Heaters thermostatically control jacket water 
temperature near 30°C (90°F) to promote fast 
starts. Higher temperatures accelerate aging 
of gaskets and rubber materials. 

Flame Start 
Glow plugs project into the air inlet manifold 
and ignite a small amount of diesel fuel 
during manual starting. The flame is 
maintained until smooth idling conditions are 
achieved. 

Ether 
Ether starting aids are restricted to manual 
starting systems and are rarely used for 
generator sets. Ether is highly volatile with a 
low ignition point. Introduced into the intake 
air, it ignites mixture at low cylinder 
temperatures. High pressure capsules are the 
safest and most positive injection method. Do 
not use ether injection on 3600 Engines. 
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Oil Heaters 
Heating elements in direct contact with 
noncirculating lubricating oil are usually not 
recommended due to the danger of oil coking. 
If specified, heater skin temperatures should 
not exceed 150°C (300°F) and have maximum 
heat densities of 0.02 W/mm2 (13 W/in2). 

Altitude/Temperature/Humidity 
Considerations 
Extremes in climate impact significantly on 
generator sets. Altitude, barometric pressure, 
and temperature have a direct relationship to 
air density. Refer to the pertinent sections in 
this guidebook for detailed information on 
specific equipment. 

Engine combustion air density is decreased 
by high temperatures and altitudes. 
Turbocharged engines better tolerate these 
conditions, but capabilities of each engine 
must be reviewed. High altitudes generally 
exhibit low temperatures, so power derations 
may be avoided by routing cool outside air 
directly to the engine air cleaners. However, 
when starting automatically, combinations of 
high altitude and cold air cause overfueling 
and difficulty accelerating to operating speed. 
Factory consultation should be sought for 
units started automatically above 2440 m 
(8000 ft). 

Generator life is shortened by inadequate 
cooling. Although hostile environment, such 
as high heat and altitude, usually derate 
engine performance more than the generator, 
generator capabilities must be determined. 
Generators may be slightly oversized due to 
auxiliary engine-driven equipment, i.e., 
radiator fans, compressors, temperature rise 
noted on nameplate may be conservative. 

These considerations must be investigated 
before applying deration factors suggested by 
NEMA MG1-22.40 (refer to section on 
generators). 

Winding insulation of Caterpillar Generators 
is moisture resistant but constant exposure to 
high humidity will eventually break down the 
insulation and shorten life. Dirt and salt 
further threaten the windings by holding and 
absorbing airborne moisture. Space heaters 

offer the single best method for discouraging 
condensation and should be specified for any 
high humidity application. Special insulation 
systems also aid in resisting harsh 
environments. 

Radiators are affected on both water and air 
sides. Cold temperatures require antifreeze, 
which decreases radiator performance during 
warm weather operation. High altitudes also 
diminish fan air flow and derate radiator 
capability. 

Jacket water heaters are necessary for 
automatic starting. Thermostatically 
controlled radiator shutters encourage warm 
engine room operation. 

Severe cold of -29 to -54°C (-20 to -65°F) 
demands special arctic lubricating oils and 
greases. Engine oil may conform to MIL-L 
10295 while MIL-G 23827 grease may be 
specified. 

V belts, hoses, wiring, and other rubber 
products must withstand extreme cold. 
Military specification MIL-W 5086 is a guide 
for cold weather operation. 

Battery performance is dramatically reduced 
in cold weather. Total battery capacity must 
be increased three times to approach normal 
temperature performance. Warm air or 
electric resistor strips maintain appropriate 
temperatures as well as coil heaters utilizing 
engine coolant. Heating with engine exhaust 
is not recommended due to contaminants. 

Hydraulic or gasoline engine starting may be 
practical in specific installations. Hydraulic 
starting provides high torque at relatively 
high speeds, are completely sealed, and not 
susceptible to moisture from condensation. 
Gasoline starting engines readily start in cold 
weather but cannot be used in automatic 
starting applications. 
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Equipment Maintenance 
Scheduled maintenance depends on 
equipment configuration and duration of use. 
Maintenance procedures for equipment in 
continuous use is well documented and can be 
obtained from equipment suppliers. 
Requirements for emergency or standby 
generator sets are not well defined, 
particularly for the diesel engine. The 
Caterpillar dealer can develop operation and 
maintenance schedules to satisfy each 
installation. 

To assure reliability of emergency systems, 
periodically test the entire system. Conduct 
simulated power failures monthly with actual 
transfer switch operation to connect full 
emergency power demand to the generator 
set. The emergency system should function 
for one hour in the presence of an authorized 
mechanic. 

After test completion, reset equipment for 
automatic operation and recheck fuel level 
and battery condition. 

The above schedule may be impractical for 
certain installations. However, minimum 
testing procedures are required by national or 
local codes and legislation. NFPA No. 110 
(1993), states: 

Level 1 EPSS, including all appurtenant 
components, must be inspected weekly and 
exercised under load at intervals of not more 
than 30 days. 

Exception: If the generator set is used for 
standby power or for peak load shaving, enter 
these uses in the written record. It may be 
substituted for scheduled operations and 
testing of the generator set if the appropriate 
data is recorded. 
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Exercise sets in Level 1 service under 
operating temperature conditions and at a 
capacity not less than 50% of the total 
connected EPSS load (not less than 30% of 
EPS nameplate rating and preferably at least 
50% of EPS nameplate rating) at least once 
monthly for a minimum of thirty minutes. 
Give consideration to more stringent 
conditions as recommended by the individual 
energy converter manufacturer. 

If specifications call for weekly startups and 
no load is available, running time of 5 to 30 
minutes is suggested. Further operation will 
be of no value. Complement this test annually 
by at least a 1-hour run with 30% of rated 
load. Authorized operators should be present 
for weekly startups; the annual test is 
conducted by authorized mechanics. 

Space between a generator set and wall or 
other units should not be less than the width 
of the engine. Antiskid materials on floors 
surrounding the unit will reduce the 
possibility of slips and falls. Provide overhead 
space to permit convenient removal of 
generator or cylinder heads, manifolds, 
exhaust piping, etc. Larger engines require 
chain hoists or overhead cranes to remove 
heavier components. 

Provide space between either end of the 
generator set and nearest obstruction to 
permit removal of certain components or 
parts, such as camshafts, which may need to 
be pulled from one end of the engine. Access 
doors to add and remove an entire generator 
set are desirable. 

Switchgear not generator mounted is best 
located in a separate room. Good ventilation 
or air conditioning eliminates equipment 
deration and minimizes maintenance. Isolate 
the room from engine room noise and 
vibration, but provide windows for viewing 
from outside the room. 
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Generator Set Storage 
Generator sets require special preparation for 
up to one year of storage. Detailed instruction 
is available through your Caterpillar dealer 
from Special Instruction, SEHS9031 and 
SEBU5898. 

The use of volatile corrosion inhibitors 
(VCI oil) is recommended to prevent internal 
engine damage due to moisture. Their use 
offers protection to surfaces that cannot be 
reached for direct application, and is easily 
cleaned from the engine when removing from 
storage. 

If freezing temperatures are possible, clean 
the cooling system and fill with a 50/50 
mixture of Caterpillar antifreeze and 
approved water. 

1. Apply lubricant to all points identified in 
the Operation and Maintenance Manual, as 
well as applying a protective sealer to 
wiring, connectors and electrical 
components. 

2. Drain and replace crankcase oil and filters. 

3. Drain fuel from the fuel tank and primary 
and secondary filters. Fill the filters with 
calibration oil or kerosene and spray the 
tank with a 50/50 VCI / engine oil mixture. 
Add a commercial biocide to the mixture. 

4. Loosen all belts; Radiator fan, 
alternator, etc. 

5. Ensure that covers over the engine 
openings - air intake, exhaust, crankcase 
breather, flywheel housing, etc., are airtight 
and waterproofed. Use a waterproof, 
weather resistant type tape (not duct tape). 
Secure a waterproof cover over the engine 
sufficiently loose to allow air circulation. 

6. Store the generator in a dry area and seal 
all openings. Perform a resistance check of 
the windings, record the findings, and 
compare them to a resistance check when 
removing from storage. 

7. Remove batteries and, if practical, use in 
other applications. If stored, disconnect 
battery terminals, cover with plastic and 
charge periodically. 
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Governors 

Description 
The engine governor controls engine speed, 
and in some generator applications, generator 
load. To select correct governors for particular 
applications, governor capabilities must be 
understood. The following terms are 
commonly encountered when describing 
governors: 

Droop, Speed Droop, or Regulation are terms 
used interchangeably to describe the 
relationship of engine speed change from no 
load (high idle) to full load (rated) in steady 
state operation. 

% Droo p = 
Speed at no load - Speed at full load 

x 100 
Speed at full load 

Figure 76 describes various degrees of droop 
for both generator and industrial applications. 
The percent droop remains constant and 
independent of operator speed change. 

Many applications can easily accept some 
speed droop. Doing so allows the use of a less 
costly and complex governor and still allows, 
in gen sets, the capability of paralleling with 
other units. 

Isochronous - 0% droop, i.e., constant 
engine speed from no load to full load. This 
capability is often required on gen sets with 
certain loads demanding precise frequency 
control or for automatic paralleling. 

Compensation - Feedback allowing stable 
engine operation with minimum droop. This 
feature adds complexity and cost to the 
governor. 

Speed Sensing - Using engine speed or 
generator frequency as control input. All 
engine governors are speed sensing in some 
form. 

Transient Speed - Temporary excursions 
from steady-state speed caused by sudden 
load changes. 

80 
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Figure 76 

Speed Band - Tolerance on speed at any 
steady load, Figure 77. Caterpillar governors 
have a speed tolerance of ± 0.33% while 
Woodward governors offer ± 0.25%. 

Speed Band 

0 1/2 Full 

Load 

Figure 77 
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Overshoot 

Transient Load Response 

Load 
Removed 

Load 
Applied 

Speed Dip 

Figure 78 

Recovery 
41- Time 

Transient Response - The time interval 
required for the engine speed to recover from 
a sudden load change. Overshoot is the 
maximum momentary increase in frequency 
on sudden load removal. Figure 78 is an 
example of how an engine reacts to sudden 
load changes. 

Governors are only one factor affecting 
transient speed and response. Size of load, 
engine configuration, type of generator 
voltage regulator, and rotating inertia of 
engine and generator are greater influencers 
of the engine's recovery capabilities. 

ISO Class 1 and 2 are international standards 
for generator set response criteria. The two 
different ISO Classes refer to the performance 
level or specifications. Class 2 has more 
demanding performance specifications than 
Class 1. 

Caterpillar gen sets are designed to perform 
within class 1 and class 2 response criteria of 
ISO 8528. 

Types of Governors 
Application requirements for governors 
can range from the simple to the complex. 
And just as there are a wide variety of 
applications, Caterpillar offers a wide variety 
of governors to meet customer needs. Use the 
simplest governor which will adequately 
satisfy the application. 

--t Speed Band 

Time - 
Caterpillar 
Three percent droop, nonadjustable, with 
manual speed control or synchronizing motor 
for remote speed control. Engine lubricating 
oil used for lubrication and hydraulic power. 
Used in most installations under 500 kW. 
Shares load with paralleled units within ±10%. 

ADEM II 
Advanced Diesel Engine Management 
(ADEM II) control governs engines utilizing 
electronic unit injection systems, with engine 
performance adjusted for altitude, 
temperature, aftercooler temperature, and 
engine condition. ADEM maintains steady 
state speed regulation of ± 0.25%, with 0 
(isochonous) to 10% speed droop, and shares 
load within 0.5% when used with the 
Woodward digital load share module. It 
displays real time and historical data which 
can be monitored remotely. 

Figure 79 
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Figure 80 

Woodward 

PSG 
Zero percent (isochronous) to 7% droop, 
externally adjustable, with 24V DC 
synchronizing motor for remote speed control. 
Engine lubricating oil used but contains 
internal pump. Shares load with paralleled 
units within 5%. 

i 

Figure 81 

3161 
Zero percent (isochronous) to 10% droop, 
externally adjustable, with 24V DC 
synchronizing motor for remote speed control. 
Adjustable load limit. Uses engine oil supply 
and internal pump which develops output 
force necessary to control large engines. 
Optional manual, electric, pneumatic and 
hydraulic shutdowns. Shares load within 5%. 
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8290/1724 
Electronic governor, 0% (isochronous) to 10% 
droop. 1724 actuator is totally electric, 
requiring 24V DC power. With addition of load 
share module will share load within 5%. 

Figure 82 
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2301A 
Electronic governor, 0% (isochronous) to 10% 
droop. System includes magnetic speed 
pickup, control for parallel/non parallel 
operation and hydraulic EG3P actuator using 
engine lubricating oil and internal pump. 
Applied where extreme frequency control is 
demanded or in automatic paralleling 
installations. Speed control (with 3% 
minimum speed droop, or load sharing control 
(isochronous) share load within 5%. 

Figure 84 

Woodward 2301A Load Sharing Governor 
The 2301A load sharing governor is a 2301A 
Speed Control with the load share module 
built into the same control. It also uses the 
EG3P actuator. When an application requires 
load sharing between paralleled AC 
generators, or the utility, the 2301A load 
sharing governor is less cost than the 2301A 
in combination with a load control module. 
This governor is isochronous (with droop 
adjustment) and is specifically designed to 
provide automatic and proportional load 
division between paralleled AC generators 
and still maintain isochronous speed. This 
governor is satisfactory for single and 
multiple-unit power applications, or when 
used individually in the standby mode. 

Heinzmann 
KG30/STG30 
Offers similar functional and performance 
characteristics as the Woodward 2301, but 
utilizes 24V DC electric rather than hydraulic 
actuator. 
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Electric Power Generation 

System Design 
The need for emergency and continuous 
electrical power is increasing rapidly. 
Commercial or public structures are totally 
dependent on electrical energy sources. 
Personnel safety, environment, and 
production schedules are adversely affected 
by lack of power integrity. 

Emergency or standby electrical sources 
usually conform to the normal utility supply, 
but these restrictions are not imposed with 
on-site power plants. On-site systems are 
tailored to exact installation requirements. 
Frequency, voltage, power levels, and 
distribution are selected to maximize system 
operating safety, reliability, and efficiency. 

Equipment satisfying exact installation 
demands is defined in preliminary planning of 
building design. The power network extends 
throughout an installation. Early 
consideration of its requirements and 
capabilities avoids costly and time consuming 
design changes. 

Utility vs On-Site Power 
While the quality of utility power is 
considered acceptable for any application, 
certain operating tolerances are defined by 
organizations such as American National 
Standards Institute (ANSI) and International 
Electro-technical Commission (IEC). These 
are useful when comparing capabilities of on- 
site generator sets. 
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Utility Power - ANSI Standard 

Service Voltage 
(Supply) 

Utilization Voltage 
(User) 

95 - 105% 
91.7 - 105% 

91.7 - 105% 
88.3 - 105.8% 

Range A 
Range B 

Range A 
Range B 

IEC Standard 38 recommends that under 
normal system conditions, voltage at supply 
terminals should not differ from nominal 
voltage by more than ±10%. 

Service voltage is measured at the point 
where supplier and user systems are 
connected. Utilization voltage is measured at 
the line terminals of the user's equipment. 

Generator Set Sizing 
Capabilities of both engine and generator 
are considered individually and collectively 
when selecting generator sets. Engines 
produce horsepower (or kilowatts) while 
controlling speed or frequency. Generators 
influence engine behavior, but are primarily 
responsible for changing engine power into 
kilovolt-amperes (kVA). They also must 
satisfy high magnetizing current draws 
(kVAR) of electrical equipment. 

Complete analysis of loads and the sizing, 
applying, and specifying of generator sets is 
available from EPG Designer software. 

Initial power system design considers 
generator set power required in kilowatts 
(kW). This summarizes all generator- 
connected loads. Rarely will all connected 
devices operate simultaneously, so total 
connected load may not necessarily be 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. 

Average monthly kW load curve showing seasonal variation 

Nov. Dec. 
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required. For hospitals, however, National 
Electric Code (NEC) requires sizing to total 
connected emergency loads. In most other 
applications, if total connected load is used to 
size the generator set, system costs may be 
unnecessarily high. 

Where generator sets supply standby power, 
separate circuits are provided for critical or 
emergency loads. These loads must be totally 
satisfied when normal power fails. Standby 
sets are sized to the emergency circuit's total 
connected load. 

Ration of actual load to connected load is 
demand factor. This ratio changes with time. 
Size of the connected load is determined by 
adding nameplate ratings of all connected 

IPequipment. 

-o 

0 

Typical Load Profile 

Total Connected Load 

Demand 

IMI 
Emergency - Connected Load 

Average Load 

AM I PM 
Time 

Figure 85 

Load, 
Kilowatts 

0 

Chronological 

12 3 6 9 12 3 

AM Time 

A 

Figure 86 

Duration of load must be established to select 
and operate the system at maximum 
efficiency. Chronological and duration load 
profiles best serve this purpose. Chronological 
daily load curve shows load demand 
throughout the day. The curve in figure 86 
establishes peak daily demand and aids 
selection of engine size. It is also useful in 
programming units for operating 
economically. 

Duration curves rearrange chronological 
curves and summarize daily load. Such curves 
are developed for a week, month, season, or 
year. 

Power and Power Factor 
Power is determined in AC circuits much the 
same way as DC circuits as long as the 
current and voltage are in phase. For purely 
resistive loads, the power in watts is found by 
multiplying the RMS voltage by the RMS 
current in amperes. When inductive or 
capacitive elements are present in the load, 
the product of voltage and current no longer 
gives a true indication of the actual power 
being consumed. In such cases a correction 
factor must be applied, known as the power 
factor of the load. The apparent power is the 
product of voltage and current, expressed in 
volt-amperes. The actual power is expressed 
in watts. The power factor is defined as the 
ratio of the actual power to the apparent 
power: 

Load, 
Kilowatts 

Duration 

6 9 12 0 3 6 9 12 15 18 21 24 

PM Time (Hours) 

B 
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Power Factor = 
Actual Power (watts) 
Apparent Power (VA) 

In magnetic circuits, current lags voltage. 
Figure 87a represents current lagging 
corresponding voltage by 60° (1/6 cycle). 
Where both are positive, or both negative, 
resulting power is positive. This is 
represented by shaded areas above the zero 
line, Figure 87c. 

In mathematical terms, the power factor is 
equal to the cosine of the angle by which the 
current leads or lags the voltage. If the 
current lags the voltage in an inductive circuit 
by 60° the power factor will be 0.5 - the 
value of the cosine function at 60°. If the 
phase of the current in a load leads the phase 
of the voltage, the load is said to have a 
leading power factor; if it lags, it has lagging 
power factor. If the voltage and current are in 
phase, the circuit has a unity power factor. 

It is apparent from the preceding formulae 
that if the power factor of a load is low, more 
current will flow at a given voltage to deliver 
a specified power to the load than if the power 
factor is unity. This fact is relatively 
unimportant in an ideal circuit where 
generators and conductors have no resistance. 

In practical applications, however, resistances 
do exist. The wire with which the generator 
coils are wound and the wires which carry the 
current from the generator to the load both 
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have finite resistance. The power dissipated in 
a resistance is a function of the square of the 
current. A small increase in current will cause 
a much larger increase in the power 
dissipated and, in this case, wasted. Electrical 
equipment, and insulation in particular, can 
withstand only a certain amount of heat. It is 
desirable to reduce the current flow as much 
as possible when delivering power to the load. 
With a power factor of 1.0, the current for a 
given power load is minimized. The full 
capacity of the equipment may be utilized to 
provide useful power to the load. 

In situations where the load consists 
primarily of large electric motors, it may not 
be practical to achieve a unity power factor. 
The generator then must be designed to 
withstand loads having low power factors. 
The excess current that flows in a circuit with 
less than unity power factor is known as the 
reactive component of the total current. The 
portion of the apparent power which is due to 
this reactive component is termed the reactive 
volt-amperes. It represents the vector 
difference between the apparent power and 
the actual power. In power circuits, where 
voltages are often measured in kilo-volts 
(thousands of volts), this reactive component 
of the apparent power is denoted by the 
abbreviation kVAR or rkVA - reactive kilo- 
volt amperes. (Figure 87c and 87d gives the 
relationship between kW, kVA and kVAR.) 
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Inductive load is a load which causes the current to lag the voltage. 

Figure 87a 

Capacitive load is a load which causes the current to lead the voltage. 

Voltage Current 

\ \ 
\ \ \ \ 

s... 
...... -______. 

Figure 87b 

Reactive load is the net result of inductive and capacitive loads on the same circuit which causes 
the current to shift out of phase with the voltage. 
This, in turn, creates reactive load (kVAR) in combination with real power (kW). 

kW Power 
Voltage. Current 

1. 
/ -. \ / 
, , 

\ / \ / \ / \ / \ / \ 

N 
kVAR 

The kW and kVAR do not occur at the same phase angle and to determine the kVA must be added 
vectorily as-represented below. The kVA can be calculated by taking the square root of the sum of 
the squares of kW and kVAR or by dividing the kW by the cosine of the phase angle. 

Figure 87c 

= 36.87° 

90° 300 
kVAR 

kW/COS e = kVA 
Sine 0 kVA = kVAR 
COSE 9 kVA = kW 

I 

400 kW 

Where 0 equals the phase relationship between current and 
voltage. Arc sine 36.87° = 400/500 - .8 which is the power factor. 

Figure 87d 
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Power Factor of Typical AC Loads 
Unity (or near unity) 

Power Factor Lagging Power Factor 
Leading Power 

. Factor 

Approximate' Approximate 
Load Power Factor Load Power Factor Load 

Incandescent Lamps 1.0 Induction Motors Synchronous Motors 
(Power factor of lamp circuits (Rated load and speed) (Are designed in stan- 
operating off step-down trans- 
formers will be somewhat 
below unity) 

Split Phase Below 1 hp 
Split Phase, 1' hp to 10 hp 

0.55 to 0.75 
0.75 to 0.85 

dard ratings at unity, 
0.9 and 0.8 leading 
power factor) 

Polyphase, Squirrel Cage 
Fluorescent Lamps 0.95 to 0.97 High Speed, 1 hp to 10 hp 0.75 to 0.90 Synchronous Condensers 
(with built-in capacitor) High Speed, 10 hp and Larger 0.85 to 0.92 (Nearly zero leading 

Low Speed 0.70 to 0.85 power factor. Output 
practically all leading 
reactive kVA) 

Resistor Heating Apparatus 1.0 Wound Rotor 0.80 to 0.90 

Synchronous Motors 1.0 Groups of Induction Motors 0.50 to 0.90 Capacitors 
(Operate at leading power 
factor at part loads; also built 
for leading power factor operation) 

(Zero leading power 
factor. Output practically 
all leading reactive kVA) 

Welders 
Motor Generator-Type 0.50 to 0.60 
Transformer-Type 0.50 to 0.70 

Rotary Converters 1.0 
Arc Furnaces 0.80 to 0.90 

Induction Furnaces 0.60 to 0.70 

NEMA suggests 0.8 pf for standard generator 
rating. Commercial applications combine 
motor loads with heating and lighting loads, 
so 0.8-0.9 pf may be assumed. Power factor of 
common loads is shown above. 

kW and kVA. Requirements of Load 
In selecting the correct size generator set for a 
given load, the load kVA requirements are 
the most important factor. The generator set 
should have sufficient capacity to supply 
maximum load conditions after the load factor 
has been taken into account. It should also 
have reserve capacity to allow for motor 
starting and for some future expansion in load 
where indicated. Standard practice is that the 
generator set have 20 to 25 percent more 
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capacity than required for actual maximum 
load conditions. It is assumed that single- 
phase loads will be evenly balanced on the 
phases of a three-phase generator set. If this 
cannot be accomplished, a larger capacity 
generator may be required to handle the extra 
kVA load on the phases carrying single-phase 
circuits, in addition to the normal three-phase 
load. The problem is considered in more detail 
later in this section. In situations where the 
power factor of the load is significantly below 
the value the generator set kW output is 
rated, a larger capacity generator may be 
required to supply the additional kVA. The 
line current requirements of the actual load 
must never exceed the generator nameplate 
rating. 
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Generator vs Engine Size 
Normally a generator set is furnished with a 
generator which matches the engine output 
capability. Where power factors are low, 
however, it may be advantageous to select an 
oversized generator rather that specify the 
next larger size generator set. Since the 
engine horsepower output is related to kW 
and not necessarily to kVA, for a given 
engine output, an oversized generator will 
supply essentially the same kW output as a 
normal generator, but will be able to tolerate a 
higher value of reactive kVA because of its 
greater current-carrying capacity. Engine and 
generator performance are related by: 

ekW = pf x kVA 

bkW ekW 
eff 

1-AT_ A 
IS V 'Pt = kVA output of generator 
pf = power factor of connected load 
ekW = electrical power 
bkW = engine power 
eff = generator efficiency 

ENGINE 

kW 

Figure 88 

LOAD 
pf 

kW = pf x kVA 

GENERATOR 
kVA 

Engine Sizing and Selection 
Engines are sized according to the actual 
power in kW required to meet the needs of the 
facility. The generator, on the other hand, 
must be capable of handling the maximum 
apparent power which is measured in kVA. 
There are several ways in which the actual 
power can be identified. It can be calculated 
by adding the nameplate ratings of the 
equipment to be powered by the generator. If 
this is done, the efficiencies of the equipment 
must also be added. The actual power can be 
determined by performing a load analysis on 
the facility. This involves making a survey of 
the power requirements over a period of time. 

Engine-Generator Set Load Factor 
Load factor of a generator set is the sum of 
products of: 

% of time x % of load 

With: % of time = time at specific load/total 
operating time 

% of load = specific load/rated load 

Extended idling time and the time when the 
generator set is not operating does not enter 
into the calculation for load factor. Rating 
definitions for Caterpillar Generator Sets are 
on the following page. 
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Caterpillar Rating Definitions 

Standby Rating: 
Output available with varying load for the duration of the interruption for the normal power source.* 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 60% or less 
= 100 hours 
= 80% of standby rated ekW with 100% of rating available for the duration of an emergency outage. 
= Building Services standby and enclosed/sheltered environment. 

Prime Rating + 10%: 

Output available with varying load for the duration of the interruption for the normal power source.* 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 60% or less 
= less than 500 hours 
= 80% of rated ekW with 100% of rating available for duration of an emergency outage. 
= uncovered standby, rental, power modules, unreliable utility. 

Prime Rating: 
Output available with varying load for an unlimited time.** 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 60% to 70% 
= no limit 
= 100% of prime rating used occasionally. 
= industrial, pumping, construction, peak shaving or cogeneration. 

Continuous Rating: 
Output available without varying load for an unlimited time.*** 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 70% to 100% 
= no limit 
= 100% of continuous rating used 100% of the time. 
= base load, utility, cogeneration, parallel operation. 

Load Management when not Paralleled with the Utility: 
Output available with varying load for less than 6 hours per day*. 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 60% or less 
= less than 500 hours 
= 80% of rated ekW with 100% of rating available for duration of an emergency outage. 
= interruptible utility rates, peak sharing. 

Load Management when Paralleled with the Utility Under 200 Hours per Year: 
Output available without varying load for under 200 hours per year and less than 6 hours per day.** 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 60% to 70% 
= under 200 hours 
= 100% of prime plus 10% rating used occasionally. 
= peak sharing or co-generation. 

Load Management when Paralleled with the Utility Under 500 Hours per Year: 
Output available without varying load for under 500 hours per year. 

Typical Load Factor = 60% to 70% 
Typical Hours per Year = under 500 hours 
Typical Peak Demand = 100% of prime rating used occasionally. 
Typical Application = peak sharing or co-generation. 

Load Management when Paralleled with the Utility Over 500 Hours per Year: 

Output available without varying load for unlimited time.*** 

Typical Load Factor 
Typical Hours per Year 
Typical Peak Demand 
Typical Application 

= 70% to 100% 
= no limit 
= 100% of continuous rating used 100% of the time. 
= base load, utility, peak sharing, cogeneration, parallel operation. 

Operating above these rating definitions will result in shorter life and higher generating costs per year. For conditions outside the 
above limits, please contact your local Caterpillar Dealer. 

* Fuel Stop Power in accordance with ISO 3046/1, AS2789, DIN6271, and BS5514. 
** Prime Power in accordance with ISO 8528. Overload power in accordance with ISO 3046/1, AS2789, DIN6271, and BS5514. 

***Continuous Power in accordance with ISO 8528, ISO 3046/1, AS2789, DIN 6271, and BS5514. 

90 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 174 of 340



Generator Sizing and Selection 
Like engines, generators must meet load 
demands. While engines provide power (kW) 
and frequency control, generators influence 
kVA and voltage control. 

This section is intended to help the customer 
through the generator selection and sizing 
process. A software program, EPG Designer, 
is available to consider sizing, applying and 
specifying options. The topics to be covered 
include: equipment considerations (motors, 
lighting, computers, etc.), application 
considerations (multiple gen sets, paralleling, 
standby gen sets, etc.), design considerations 
(generator set design, NEMA, harmonics, 
etc.), and transient response and stability. 

Device 

NEMA Induction Motors 

NEMA AC Control Relays 

Solenoids-Valves, 
Brakes, Clutches 

Starter Coils, 
Motor Contactors 
AC Pickup 
AC Dropout 
AC Burnout 
DC Pickup 
DC Dropout 

Fluorescent Lights 

Incandescent Lights 

Mercury Vapor Lights 

Communications 
Radio, TV, Telephone 

Computers 

Electronic Tubes 

Inverters 

Thyristor (SCR) 

Rectifiers, Solid- 
State Diode 

Variation 

± 10% 

Equipment Considerations 
Allowable voltage and frequency variations 
depends on the type of equipment on line. 
Motor starting contactors may open if voltage 
drops below 65% of rated. Voltage dips less 
than 30% are sometimes commercially 
acceptable. The chart below summarizes 
typical equipment tolerances. 

Motors 
AC electric motors represent inductive loads 
with lagging power factors between 0.5 and 
0.95, depending on size, type, and loading. 
Exceptions are synchronous motors which 
have unity or even leading power factors, 
depending on excitation. 

Typical Equipment Power Tolerances 
Voltage 

Duration of Frequency 
Interruption Variation 

± 10% Continuously 
Pickup On - 15% 
Hold in - 25% 
(Approximate) 

± 30% to 40% 

-15% 
-40% to -60% 
-15% to 10% 
-20% 
-30% to -40% 

-10% 

-25% to +15% 

-50% 

+5% 

+10% 
-8% 

+5% 

+5% at Full Load 

+ 10% at No Load, 
-10% Transient 

+10% 

Varies With Load 
30 Cycle Reclosure 
Usually Acceptable 

+ 5% 

Harmonics 
and Noise Remarks 

Increases Heat 

Drops Out In One ±5% Insensitive 
Cycle or Less 

1/2 Cycle 

Continuous 
Continuous 
Continuous 
Continuous 
Continuous 

2 Cycles 

1 Cycle + 1/2 Hz 

+2 Hz 

Variable Sensitive 
to Spike 

5% 

Variable 

2% Sensitive 
to Spikes 

Sensitive 

Sensitive 

Note: Final determination of power requirements must result from equipment supplier's specific recommendations 

Sum of Voltage 
and Frequency 
Not to Exceed ± 10% 

Erratic Start 

Short Life 

Extinguished 

May Require 
Isolating Trans- 
former, Filters 
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Motors draw starting currents two to eight 
times normal running current. Pre loads on 
motors do not vary maximum starting 
currents, but do determine time required for 
motors to achieve rated speed and current and 
to drop back to normal running value. If 
motors are excessively loaded, they may not 
start or may run at at reduced speed. Both 
starting and running current are considered 
when analyzing total kVA requirement. 

Each motor is selected for particular 
characteristics, and each represents different 
types of starting and running loads. 

Squirrel Cage 
Most three-phase motors are squirrel-cage 
type. U.S. National Electric Manufacturers 
Association (NEMA) uses two methods of 
classification -- design and code. Motor 
nameplates normally carry both these 
designations, but there is no direct 
relationship. Most common NEMA designs 
are shown in chart below. 

Wound Rotor (Slip Ring) 
Wound rotor motors use slip rings, or collector 
rings, to connect rotor windings to an external 
switch-controlled resistor for starting current 
regulation. Usually these motors are started 
near unity power factor. Starting current is 
limited to 130% of rated operating current. 
They are applied on equipment starting under 
heavy load, or for variable speed operation. 
Because they have no code letter, exact 
operating performance must be obtained from 
the motor nameplate or manufacturer. 

Synchronous 
Synchronous motors maintain constant speed, 
synchronized with power line frequency. They 
are seldom found in sizes under 40 hp. 
Synchronous motor power factor is a function 
of load and excitation. Some produce leading 
power factors at full load to improve overall 
system power factor. Synchronous motors 
start as induction motors, so sufficient system 
capacity must be available to satisfy starting 
current demands. 

Characteristics of specific synchronous motors 
are obtained from the motor manufacturer. 

Design Performance Typical Uses 

A 

B 

C 

D 

Starting current 6-7 x rated 
Starting torque 150% rated 

Starting current 5.5-6 x rated 
Starting torque 150% rated 

Double squirrel cage 
Starting current 5.5-6 x rated 
Starting torque 225% rated (high) 

High resistance 
Starting current 5.5-6 x rated 
Starting torque 275% rated (high) 
high slip, not for continuous duty 

F Starting current 3.5-3.75 x rated 
Starting torque 125% rated 

General Purposes 

General Purposes 
Fans, blowers,compressors 
(starting unloaded), 
centrifugal pumps, 
generators 

Reciprocating compressors 
(starting loaded), conveyors, 
elevators (high breakaway), 
crushers (starting loaded), 
positive displacement pumps 

Chippers, punch presses, 
hoists and cranes 

Limited to motors larger 
than 30 hp 
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DC Motors 
Motors operating from direct current are used 
where speed control or heavy load starting 
capability is required, or where other system 
elements require a DC power source. Full load 
efficiencies vary from 86% to 92%. 

DC motors have no power factor but, when 
driven through an SCR rectifier by an AC 
generator, the AC does have a power factor. To 
determine DC loads on an AC generator: 

DC = 
DC kW x 1000 

DC volts 

AC amps = DC amps x 0.816 

AC kVA = 
AC volts x AC amps x 1.732 

1000 

Power Factor = 
DC kW 
AC kVA 

Apply DC motors at as high an rpm as 
practical to maximize the system power factor. 

Silicon Controlled Rectifier 
(SCR) Systems 
SCR control devices lend themselves to 
infinite speed control of motors, rectifiers, 
and uninterrupted power supplies (UPS). 
Used with limited power sources, such as 
engine-driven generator sets, SCR switching 
causes severe voltage and current waveform 
distortion. This adversely affects performance 
of the entire system. 

Generator regulators can be confused by 
waveform distortion, causing voltage surges. 
Brushless generators with three-phase 
voltage sensing minimize distortion feedback. 
Additional regulator filters provide little 
improvement. 

The SCR control may also be confused. 
Filtering of the control input improves 
controller performance. 

Waveform notching may trouble other loads 
connected to the line. solid-state timing 
devices miscount; zero-crossing switches may 
malfunction. 

Current waveform distortion can develop 
harmonic resonances in system equipment. 
This causes heating in motor and generator 
coils. 

Rectifiers and UPS systems can limit 
distortion by employing multiple stages of 
SCRs. Unfortunately, increased costs 
discourage high pulse designs. 

When planning systems incorporating SCR 
devices, the control manufacturer must be 
informed that a limited power source 
(generator set) will be used. The system can 
then be designed to minimize distortion 
problems. 

Limiting SCR loads to 66% of a Caterpillar 
Generator's prime power rating assures 
regulator control and avoids harmonics 
caused overheating of the generator windings. 
Applications requiring higher load factors 
must be analyzed on an individual basis. 

Motor Starting Load 
Motors, either loaded or unloaded, draw 
several times rated full load current when 
starting. This is locked rotor current or 
starting kVA (skVA). Refer to Figure 94 for 
locked rotor current of three-phase induction 
motors. skVA can be calculated from locked 
rotor current. 

skVA = 
V x A x 1.732 

1000 

Motors generally exhibit low power factors 
(0.3 to 0.4) when starting. Load imposed on 
the engine during starting is calculated by: 

kW = Starting kVA x pf 

The typical motor starting curve in 
Figure 89 is affected by motor and generator 
design and load on the motor. Initial voltage 
dip depends mostly on motor and generator 
windings. Addition of series boost to the 
regulator, or use of a permanent magnet 
exciter, will not significantly decrease this dip. 

Although unloaded motors impose high 
inrush current (skVA) in generators while 
starting, kW load on the engine is usually 
small. 
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6x Running 

Current 
Amperes 

Motor Starting 

Unloaded 

Running 

1 2 3 

Time (Seconds) 

Figure 89 

However, motors can draw more than rated 
kW during starting and acceleration to rated 
speed. Motors connected directly to high 
inertia centrifugal devices or loaded 
reciprocating compressors cause severe 
frequency excursions and lengthy motor run 
up. Comparing starting currents between 
loaded and unloaded motors shows the 
extended time loaded motors demand high 
current. 

Effect of loaded motors on both engine and 
generator must be determined, particularly if 
large motors have high inertia loads and 
increase load during acceleration (for example, 
large centrifugal fans and pumps). 

Motor Torque 
Motor loads are established to determine if 
generator and engine have, respectively, 
adequate kVA and kW. Motor load is torque 
required by load. This torque, in lb-ft (Nm), 
is usually related to speed. Motor load in 
horsepower equals: 

hp lb-ft x rpm or (N m x rpm) 
5250 7350 

94 

4 

Loaded 

5 6 7 

The following torque requirements must be 
established (usually expressed as percent of 
running torque). 

Starting (Breakaway) Torque 

Maximum required to start rotation (torque 
available is a function of motor terminal 
voltage). 

Accelerating Torque 
Net difference at any speed between load 
required torque and motor available torque. 

Minimum motor torque must exceed 
maximum torque demanded by connected 
load. Time necessary to achieve full rated 
speed is of utmost importance. 

Small accelerating torque is usually caused by 
reduced voltage at the motor. Prolonged 
accelerating time with high current draw will 
reduce useful motor life. Figure 90 reflects 
typical motor capabilities. 
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Figure 90 

111/ 

S 

Time Withstand Capability Versus Multiples of Rated Amperes 
for Continuous Duty 3 Phase Squirrel Cage Induction Motors, 

Motors with: 
Frames 140T-440T 

100 - 

a) 510. 

Operation In This Range Generally Results 
From Reduced Voltage. Application 

Assistance Required From Motor Supplier. 

Running Abnormal Accelerating 
Overload Or Momentary Loading 
--110-41( 

Locked Rotor 

D 
0 0 
a) 

60 

30 

12 

6 
2 5 8 

Multiples Of Rated Ampreres 

Cold Start Time-Current Withstand Capability Of Squirrel Cage Motors 

t* - J (n2 - ni) 
9.55 Ta 

Where: t = Accelerating Time, Seconds 
n2 = Final Speed, rpm 
n1 = Initial Speed, rpm 
Ta = Available Motor Accelerating 

Torque ( at Resultant Voltage Dip) 
lb-in I\Tin (lb-in) 

J = Total Inertia Load, I\Tms2 
(lb-in-s2) (including Motor Gear 
Drive, Etc.) 

* Consult motor manufacturer if "t" exceeds 15 seconds. 

Synchronous Torque 
The steady-state torque developed by a 
synchronous motor at rated speed. 

Peak Torque 
Maximum a load requires from its driving 
motor. 

Regenerative Power 
Some motor applications, such as hoisting, 
depend on motors for braking. Motors then act 
as generators and feed power back to the 
generator set. If no other loads are connected 
to absorb this regenerative energy, only 
engine frictional horsepower can be relied on 
for braking. Exceeding frictional horsepower 
causes generator set overspeed. 

Regenerative potential for a common 
application, elevators, is estimated by: 

Hoist Motor Horsepower x 1.8 x 0.746 
Regeneration kW - 

0.9 

Where: 0.9 = Motor Efficiency 
1.8 = Full Load Deceleration Factor 

0.746 = Horsepower to kW Conversion 

When combinations of connected load and 
engine frictional horsepower are not sufficient 
to restrain regenerative energy, load banks 
may be added. They activate by directional 
power relays. 
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Rated Output 
kW 

Over 1-0 up to 2-5 
Over 2-5 up to 6-3 
Over 6-3 up to 16 

Over 16-0 up to 40 
Over 40 up to 100 
Over 100 up to 250 

Over 250 up to 650 
Over 630 up to 1600 
Over 1600 up to 4000 
Over 4000 up to 10000 

Column 1 

Starting kVA 
Ratio* Rated Output kW 

Column 2 Column 3 

10-5 
9-8 
9-2 

In Excess 8-7 
of Ratios 8-2 6-2 
Given in 7-8 6-0 

Column 2 

7-6 5-8 
7-4 5-6 
7-2 5-4 
7-0 5-2 

To obtain the ratio of starting current (locked rotor) to rated load current, multiply this ration by per unit efficiency and power factor at rated load. 

Design 

British Standard 2613 
Starting kVA 

(Locked Rotor) 
Not to Exceed 

A 
B 

C 
D 
E 

F 

G 

Column 1 

Column 2 

Column 2 

Column 3 

Column 3 

Column 1 

Subject to Agreement 

Motor Starting Voltage 
In-rush current to the motor causes a rapid 
drop of generator output voltage. In most 
cases, 30% voltage dip is acceptable, 
depending on equipment already on line. 
Degree of dip must be identified by an 
oscilloscope. Meters or mechanical recorders 
are too slow for this measurement. 

Most Motors are identified by National 
Electric Manufacturers Association (NEMA) 
or British Standards to describe their motor 
starting characteristics. 
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Identifying Code Letters on AC Motors 
NEMA 

Code Letter Starting kVA/hp 

A 0.00 - 3.14 
B 3.15 - 3.54 
C 3.55 - 3.99 
D 4.00 - 4.49 
E 4.50 - 4.99 
F 5.00 - 5.59 
G 5.60 - 6.29 
H 6.30 - 7.09 
J 7.10 - 7.99 
K 8.00 - 8.99 
L 9.00 - 9.99 
M 10.00 - 11.19 
N 11.20 - 12.49 
P 12.50 - 13.99 
R 14.00 - 15.99 
S 16.00 - 17.99 
T 18.00 - 19.99 

20.00 - 22.39 
V 22.40 - 

Note: Code letters apply to motors up to 200 hp. 
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Single-speed, three-phase, constant-speed 
induction motors, when measured with rated 
source voltage and frequency impressed and 
with rotor locked, must not exceed the 
following: 

100 - 
rn 
as 0. 

.-5Q 75 
0, 

0 

50 

0 

2 Cycle 

-2 3 Seconds 
Normal Recovery 

15 Seconds Maximum 

Time 

Figure 91 

Starting Techniques 
If motor starting is a problem, consider the 
following: 

Change starting sequence. Start largest 
motors first. More starting kVA is available, 
although it does not provide better voltage 
recovery time. 
Use reduced voltage starters. This reduces 
the klA required to start a given motor. If 
starting under load, remember this starting 
method also reduces starting torque. 
Specify oversized generators. 
Use wound rotor motors. They require lower 
starting current, but are expensive. 
Provide clutches so motors start before loads 
are applied. While starting kVA demand is 
not reduced, time interval of high WA. 
demand is shortened. 
Improve system power factor. This reduces 
the generator set requirement to produce 
reactive kVA, making more kVA available 
for starting. 

Locked Rotor Current - NEMA MG 1 

Horsepower 

60 Hz - 230 Volts 
' Locked Rotor 

Current, Amperes* 
Design 
Letters HorsepOwer 

50 Hz - 380 Volts 
Locked Rotor 

Current, Amperes** 
Design 
Letters 

1/2 20 B,D 1 or less 20 B,D 
3/4 25 B,D 1-1/2 27 B,D 

1 30 B,D 2 34 B,D 
1-1/2 40 B,D 3 43 B,C,D 
2 50 B,D 5 61 B,C,D 
3 64 B,C,D 7-1/2 84 B,C,D 
5 92 B,C,D 10 107 B,C,D 
7-1/2 127 B,C,D 15 154 B,C,D 

10 162 B,C,D 20 194 B,C,D 
15 232 B,C,D 25 243 B,C,D 
20 290 B,C,D 30 289 B,C,D 
25 365 B,C,D 40 387 B,C,D 
30 435 B,C,D 50 482 B,C,D 
40 580 B,C,D 60 578 B,C,D 
50 725 B,C,D 75 722 B,C,D 
60 870 B,C,D 100 965 B,C,D 
75 1085 B,C,D 125 1207 B,C,D 

100 1450 B,C,D 150 1441 B,C,D 
125 1815 B,C,D 200 1927 B,C 
150 2170 B,C,D 
200 2900 B,C 
250 3650 B 

300 4400 B 

Locked rotor current of motors designed for voltages other than 230 
volts shall be inversely proportional to the voltages. 

Figure 92 

**The locked rotor current of motors designed for voltages other than 
380 volts shall be inversely proportional to the voltages. 
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Line 

Start: Close 1-2-3 
Run: No Change 

Figure 93 

Use a motor generator set. A motor drives 
the generator which, in turn, supplies power 
to the motor to be started. This system is 
applied in elevator service. The motor 
generator set runs continuously, and current 
surge caused by starting of the equipment 
motor is isolated from the remainder of the 
load. 

Full Voltage Starting 
Full voltage, across-line starting is simple, low 
cost, and preferred when system capacity and 
performance permits. Full line voltage is 
supplied to the motor instantly when the 
motor switch is actuated, see Figure 94. 
Maximum starting torque is available. The 
generator set must have sufficient motor 
starting kVA capacity to limit voltage drop. 
If actual values of motor starting currents 

600 

500 

400 

300 

200 

100 

- - - - - 
...,Motor kVA 

\ 

Motor Torque -----A - Power Factor 
- - -1- - - - 1 ---- 1---- 1-- - - - ----- _ - - - --- 

0 20 40 60 80 100 

Percent Synchronous Speed 

cannot be determined, approximately 600% of 
full load rated current is sometimes 
estimated. 

Reduced Voltage Starting 
Reduced voltage starting decreases motor 
starting torque, see Figure 94. This detracts 
from the motor's ability to start and achieve 
rated speed when burdened by a load. Time to 
reach full operating speed also increases. 

Reduction in motor torque is close to the 
square of voltage reduction. An 80% reduced 
voltage starter allows the motor, at start-up, 
to produce only 64% (80% voltage2 - current 
drawn varies as the square of voltage) 
available full speed torque. 

Type of Starter 

Reduced Voltage 

Motor Voltage 
% Line Voltage 

Starters 
Line Current 

% Full Voltage 
Starting Current 

Starting Torque 
"Ye of Full Voltage 
Starting Torque 

Full Voltage Starter 100 100 100 

Autotransformer 
80% Tap 80 68 64 
65% Tap 65 46 42 
50% Tap 50 29 25 

Resistor Starter 
Single Step (Adjusted for 
motor voltage to be 80% of 
line voltage) 

80 80 64 

Reactor 
50% Tap 50 50 25 
45% Tap 45 45 20 
37.5% Tap 37.5 37.5 14 

Part Winding 
(Low speed motors only) 

75% Winding 100 75 75 
50% Winding 100 50 50 

Star Delta 57 33 33 

Solid State Adjustable 

Figure 94 
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Start: Close 2-3-5-6-7 
Run: Open 2-3-5-6-7 Close: 1-4-8 

o < 
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100 

0 
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Figure 95 

1 

Start: Close 6-7-2-3-4 
Transfer: Open 6-7 
Run: Close 1-5 

600 
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I I 
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Motor - - r \ - J \ 

Motor Torque 
0 20 40 60 80 100 

Percent Synchronous Speed 

Figure 96 

Start: Close 1-2-3 
Run: Close 4-5-6 
Reactor 

600 

500 

400 

300 

200 

100 

- Motor kVA - - - 
------------ - - - - Motor Torque 

0 20 40 60 80 100 

Percent Synchronous Speed 

Figure 97 

Start: Close 1-2-3 
Second Step: Close 4-5-6 
Third Step: Close 7-8-9 
Resistor 

600 

500 

400 

300 

200 

100 

I 

- _ Motor kVA 
,-- ...... 

-.., I \ 

Motor Torque 

0 20 40 60 80 100 

Percent Synchronous Speed 

Figure 98 
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Autotransformer - Open 
Autotransformer starters, also called 
autocompensators, provide higher starting 
torque per ampere than other types of reduced 
voltage starters. They are available for very 
large high and low voltage motors. The 
autotransformer primary connects to the 
supply line and the motor-to-low-voltage taps 
until reaching predetermined speed, see 
Figure 95. The autotransformer is then 
disconnected and the motor is connected 
directly to the line. 

The simplest arrangement is open circuit 
transfer from reduced to full voltage, but it 
causes severe electrical and mechanical 
disturbances. kVA, when connected directly 
to line, could exceed starting kVA. This 
method is not recommended. 

Autotransformer - Closed 
An alternative, and increasingly popular 
method, is closed transition (Knorndorfer), see 
Figure 96. This technique minimizes shock 
and provides continuous positive torque 
during transfer to full voltage. 

Autotransformer starters are magnetically 
controlled. Three taps on the transformer 
secondary are set for 50%, 65%, and 80% of 
full line voltage. Current drawn from the line 
will vary as the square of voltage at motor 
terminals. Thus, when the motor is connected 
to the third (80%) tap, line current will be 
80%2, or 64% of line current that would be 
drawn at full voltage. The starter requires 
approximately 25 kVA per 100 motor 
horsepower as magnetizing current. This is 
added to the starting kVA of the motor being 
started. 

Reactor - Resistor 
Reactor and resistor starters reduce 
voltage across the stator windings by 
inserting resistance or reactance in each leg 
of the circuit and short out when the motor 
reaches operating speed, see Figures 97 
and 98. The added resistance imposes 
considerable load on the engine. This method 
provides smooth acceleration as the starting 
circuit is removed without momentarily 
disconnecting motor from line. However, line 

100 

current equals motor coil current, resulting in 
poorer torque-to-kVA ratios than 
autotransformer compensators. Reactor and 
resistor starters do provide closed transition 
starting and are normally lower priced than 
autotransformer starters. 

Part Winding 
A special motor has the stator wound with 
two or more parallel circuits, see Figure 99. 
These are successively connected to the line as 
motor speed increases. Closed transition 
starting and good torque-to-kVA ratio is 
possible, but the technique is not suitable for 
small, high speed motors. 

Wye (Star) Delta 
The motor starts as a wye-connected motor 
and runs delta connected, see Figure 100. It 
has a simple motor connection with open 
transition transfer. Torque is limited to 33% 
of full voltage torque. 

Solid State 
The control varies the SCR conduction angle 
from 20% to 100%, controlling the voltage to 
the motor, generally from 40% to 80%. Some 
have a bypass option allowing across-line 
starting. Common control types include: 

Voltage/time ramp - increases voltage until 
full voltage is applied across the motor 
terminals. 

Current limit ramp - preset limit to current to 
150-450% of motor full load amperage holds 
current constant during high torque start-up. 
Constant kVA is maintained, and sudden 
torque changes are eliminated. Initial voltage 
step, acceleration ramp, and current limit are 
usually adjustable, Figure 101. 

Linear speed/time ramp - complex control 
with motor speed feedback which follows a 
prescribed speed ramp to full speed and load. 
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Start: Close 1-2-3 
Run: Close 4-5-6 

Figure 99 
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Stift: Close 1-2-3-4-5-6 
Run: Open 4-5-6 

Close 7-8-9 
Figure 100 
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Figure 101 

Lighting 
Incandescent lamps are rated by voltage and 
wattage requirements. They operate on either 
alternating or direct current since power 
factor is unity. Current drawn by a lamp is 
found by dividing wattage rating by specified 
input voltage. 

A= 
V 

Incandescents draw high in-rush currents and 
are suitable in applications which require 
flashing or dimming, with operation over wide 
voltage ranges. Any voltage fluctuation affects 
lamp brightness. Extreme voltages shorten 
filament life. 

Fluorescent lamps are also rated by voltage 
and wattage. Due to their ballast transformer, 
these lamps have slightly lower power factors 
(0.95 to 0.97). When either type light operates 
from stepdown transformers, power factor 
contribution of the transformer must be 
considered. 

The human eye is sensitive to slight lighting 
fluctuations. A decrease of 1/2 volt on a 
110-volt incandescent bulb is noticeable. A 
one-volt dip, if repeated, becomes 
objectionable. Figure 102 shows the range of 
observable and objectionable voltage dips, 
assuming direct illumination and medium- 
sized bulbs. 
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Cyclic 

10/sec 2/sec 

Voltage Level Fluctuation 
Cyclic Low Frequency 

Limits 
Frequent 

12/min 1/min 

Infrequent 

2/sec 12/min 1/min 3/hr 

Reciprocating Flashing Signs Single Elevators House Pumps 
Pumps Arc-Welders Hoists Sump Pumps 

Compressors Manual Spot Cranes Air Conditioning 
Automatic Welders Wye-Delta Changes Equipment 

Spot Welder Drop Hammers on Elevator Motor Theatrical Lighting 
Planers Generator Sets Domestic 
Saws X-Ray Equipment Refrigerators 

Shears Oil Burners 
Group Elevators 

10 

Figure 102 
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I I I 
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I 
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Cycle Flicker 
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- 
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1111111 
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10 5 2 1 0.5 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001 

Frequency, Cycles/sec 

If indirect lighting is used with no 
incandescent bulbs below 100 watts, these 
values may be broadened. This is also true if 
all lighting is fluorescent rather than 
incandescent. 

Reciprocating compressors seriously affect 
lighting quality. Torque pulsations vary 
motor current, causing sufficient voltage 
fluctuation to flicker lights. Unfortunately, 
this is a frequency to which eyes are 
extremely sensitive. 

102 

A commonly accepted figure for current 
variation limits for motor-driven reciprocating 
compressors is 66% of full rated motor 
current. This limits horsepower rating of 
compressor motors to about 6% of generator 
kVA rating, objectionable light flicker. For 
example, a 30 hp motor may be used on 
systems having not less than 500 kVA of 
generator capacity in operation. 
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Typical installation requirements are listed. 

Typical Voltage Dip Limitations 
Facility Application *Permissible 

Voltage Dip 

Hospital, hotel 
motel, apartments, 
libraries, schools, 
and stores. 

Movie Theaters 
(sound tone requires 
constant frequency. 
Neon flashers 
erratic.) 

Bars and resorts. 

Shops, factories, 
mills, laundries. 

Mines, oil field, 
quarries, asphalt, 
plants. 

Lighting load, large 
Power load, large 
Flickering highly 
objectionable. 

Lighting load, large 
Flickering 
objectionable. 

2% 
Infrequent 

3% 

Infrequent 

Power load, large 5% - 10% 
Some flicker Infrequent 
acceptable. 

Power load, large 
Some flicker 
acceptable. 

Power load, large 
Flicker acceptable. 

3./0 - 50/0 

Frequent 

25% - 30% 
Frequent 

*Greater voltage fluctuations permitted with emergency 
power systems. 

Transformers 

Transformers have inductive characteristics 
similar to motors when charging, with inrush 
(magnetizing) current as much as 20 times 
full load current when connected to an infinite 
power source. However, when energized from 
a limited source such as a generator set, the 
transformer flux will build in a few cycles 
even if the full inrush current is not available. 
The affect on the generator set can be ignored 
but, if voltage fluctuation to highly sensitive 
equipment must be closely controlled, kVA 
capability of the power source must include 
starting of this low power factor load. 

Computers 
When computers are a portion of the load, 
required power quality should be specified by 
the computer manufacturer prior to power 
system design. As a general rule, avoid heavy 
SCR loads, block loads, and large motor skVA 
on computer power lines. 

Communications Equipment 
Communication equipment includes broad 
ranges of electronic devices for transmission of 
information. Most common are radio and 
television broadcasting equipment, including 
studio units and transmitters, telephone 
equipment, and microwave relay 
transmitters. Generally, all devices pass their 
power supply through transformers. 
Therefore, the power factor is slightly less 
than unity. Most equipment tolerates 
frequency variations of ± 5%, except where 
synchronous timing devices are used. Voltage 
variations of ±10% are usually acceptable 
since electronic circuits sensitive to voltage 
variations contain internal voltage regulation 
devices. 

Power for complex telephone systems is 
frequently supplied from building power 
mains. Since telephone operation can be 
essential to public safety, some units are 
supported from emergency power sources. 
Voltage and frequency stability requirements 
for telephone equipment are not severe, but 
solid-state battery chargers disturb system 
monitoring services. 

Uninterruptible Power Supply (UPS) 
Electrical loads sensitive to power 
disturbances during substation switching, 
voltage fluctuations, or total outages require 
absolute continuity of power. Continuity can 
be assured by isolating critical loads and 
incorporating one of the following: 

Assign a generator set solely to the critical 
load. Sudden load changes are sufficiently 
small to avoid speed changes. 
Isolate critical load through motor-generator 
set to avoid five-cycle power interruptions of 
utility, see Figure 103. 

Utility 

Standby 
Generator 

Motor Generator 

-110- 

Load 

Figure 103 
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Utility 

Standby 
Generator 

Figure 104 

Speed 
Motor Increaser 

Longer power interruptions require added 
inertia to maintain frequency until stand-by 
unit can assume load. Extreme control 
incorporates eddy-current coupling 
between over-frequency motor and 
synchronous generator, see Figure 104. 

Static systems isolate critical load 
through solid-state devices which use 
batteries to bridge power interruption. 
Refer to discussion of SCR systems, See 
Figure 105. 

Utility 
4160V-AC 
(Example) 

480VAC 

Transformer 

120VAC 

Rectifier 

120VAC 

Battery 

120VAC 

Inverter 

120VAC 

Load 

Figure 105 

104 

Power Flow 

Normal During 
Outage 

Inertia 
Eddy 
Current 
Coupling Generator 

-0. Load 

X-Ray Equipment 
Although this equipment typically exhibits 
very high voltage requirements, current draw 
is small. Total kVA at near-unity power factor 
results in low kW load demand. 

These loads generally represent only a small 
part of generator set load, so x-ray pictures 
are not affected. As x-ray equipment is 
activated, in-rush kVA should cause less than 
10% voltage dip to maintain picture quality. 

Application Considerations 
Multiple Generator Sets 
In some situations, the use of more than one 
generator set is mandatory. In others, it may 
prove more economical. Critical installations 
in which the prime power source is a 
generator set, requires backup power. A 
second generator set capable of carrying 
critical loads should be-made available in case 
of primary set failure and for use during 
prime set maintenance periods. 

Cases where multiple generator set 
installations may prove more economical are 
those where there is a large variation in load 
during the course of a day, week, month, or 
year. Such variation is typical in plants in 
which operations are carried on primarily 
during the day, while only small loads exist at 
night. The more closely a generator set comes 
to being fully loaded, the greater the fuel 
economy per kilowatt produced. Therefore, 
the use of a small unit to power light off -hour 
loads will often result in long-term fuel 
economy. 
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In installations where the load does not vary 
to the extremes encountered between day and 
night conditions, it is sometimes profitable to 
share the load between several small units 
operating in parallel. One or more of the units 
may then be shut down when the load is 
lighter, thereby loading the other units closer 
to capacity. For example, this type of system is 
advantageous where load demand is seasonal. 

Paralleling 
Usually identical generator sets operate in 
parallel without problems but, when 
paralleling unlike units, consider the 
effects of: 

Engine Configuration - Response to load 
changes will be affected by engine size, 
turbocharger, governor type, and 
adjustment. Temporary unbalance of kW 
loads during load change is likely, but 
quickly stabilizes. 
Generator Design - Circulating currents 
and harmonic currents add to basic load 
current, increasing coil temperatures, and 
causing circuit breaker tripping. Circulating 
current is minimized by correct regulator 
adjustment. Harmonic interaction between 
generators must be calculated to determine 
compatibility. 
Regulator Design - Automatic voltage 
regulation (AVR) of dissimilar design may be 
used when paralleling generators. When 
constant voltage regulators are paralleled 
with volts-per-Hertz types, imbalance during 
transient load changes can be anticipated. 
As load is suddenly applied, constant 
voltage units attempt to supply the total 
requirement. As the constant voltage 
generator drops frequency, the volts-per- 
Hertz unit begins to share load. The 
temporary load imbalance passes, and kW 
load is shared between generators. 

Regulator Compensation 
When two or more units are operating in 
parallel, the regulators must control the 
excitation of the alternators so they share the 
reactive load. Two ways are: Reactive Droop 
Compensation and Reactive Differential (cross 
current) Compensation. 

Reactive droop compensation does not 
require wiring interconnection between 
regulators. During parallel droop 
compensation operation, the bus voltage 
droops (decreases) as the reactive lagging 
power factor load is increased. 

Reactive differential (cross current) 
compensation requires the addition of 
interconnecting leads between the current 
transformer secondaries and allows operation 
in parallel without voltage droop with reactive 
load. 

Cross current compensation can only be used 
when all the paralleling current transformers 
on all the generators delivering power to the 
bus are in the CT secondary interconnection 
loop. Because of this requirement, cross 
current compensation operation cannot be 
used when a generating system is operating in 
parallel with the utility power grid. Utility 
voltage can vary enough to cause high 
circulating current in a paralleled generator 
kVAR controllers must be used to adjust 
generator voltage to match utility and 
minimize circulating current. 

Balancing Loads on Available Phases 
If the electrical distribution system served by 
a three-phase generator set consists entirely 
of three-phase loads, the system is balanced. 
The coils making up the generator's three 
phases each supply the same amount of 
current to the load. If single-phase loads are 
added to the three-phase load, a condition of 
unbalance will exist unless the single-phase 
loads are equally distributed among each of 
the three phases of the generator set. 

In many applications, balancing the 
single-phase loads may not be practical. If 
these loads are relatively small (10% or less of 
the generator set three-phase kVA capacity), 
unbalanced single-phase loading is not cause 
for concern provided each of the three line 
currents does not exceed the generator set 
rating. The following problems illustrate the 
method of determining maximum single- 
phase load which may be safely drawn from a 
generator set simultaneously supplying 
single-phase and three-phase power. 
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Problem 1: 
Find the amount of single-phase power which 
can be safely drawn from a three-phase, 
125/216 volt, four-wire generator set, rated to 
deliver 100 kW at 0.8 pf. The coil current 
rating of the generator set is 334 amperes. 
Assume the single-phase load is connected 
from one line to neutral and has an operating 
power factor of 0.9 lagging, and that the 
generator set is also supplying a three-phase 
load of 50 kW at a 0.8 pf. 

Solution: 
1. Find the current drawn from each of the 

lines by the three-phase load. 

P. 43V x I x pf 
1000 

P x 1000 50 x 1000 I - - 167 amperes 
43V x pf 1.73 x 216 x 0.8 

2. Find the coil current capacity remaining for 
the single-phase load. 

334 - 167 = 167 amperes 

3. Find the single-phase power available. 
VxIxpf 125 x 167 x 0.9 P - 18.8 kW 

1000 1000 

106 

Problem 2: 
The generator set is rated to deliver 100 kW 
at a 0.8 pf. It is a three-phase machine with a 
coil current rating of 334 amperes. The 
three-phase load to be supplied is 50 kW at 
0.8 pf. The single-phase load consists of both 
125 and 216 volts circuits. The 125 volts load 
has a 0.9 pf and is connected from neutral 
to one leg. This leg is common with one of 
the two supplying 10 kW at a 0.8 pf to the 
216 volts load, see Figure 106. 

Solution: 
1. The current drawn from each line by the 

three-phase load is found by the procedure 
used in step 1 of problem 1 to be 167 
amperes. 

2. The coil capacity available for single-phase 
loads is again 167 amperes. 

3. Find the 216 volt single-phase load current. 
P x 1000 10 x 1000 

I - 58 amperes 
V x pf 216 x 0.8 

4. Find the coil current capacity remaining for 
the single-phase 125 volt load. 
167 - 58 = 109 amperes 

5. Find the 125 volt single-phase power 
available. 

VxIxpf 125 x 109 x 0.9 
P - - 12.3 kW 

1000 1000 

Circuit Diagram, Problem 2 

125 volt 
Single-Phase 

.9 pf Load 
216 volt Three-Phase 

Single-Phase 50 kW 216 volt 
10 kW CO .8 pf Load .8 pf Load 

Figure 106 
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Standby Generator Sets 
When applying and installing standby 
generator sets, make certain considerations to 
ensure reliable operation and long, trouble- 
free life. These include: 

Original installation 
Operating personnel training 
Periodic running and testing the unit 
Proper maintenance 

Proper application and installation of the 
standby generator set will ensure its starting 
and picking up the load for the duration of 
any normal power outage. 

A standby generator set is used to supply 
needed electrical loads when there is an 
interruption of the normal source of electrical 
power. An outage can vary from a few minutes 
to several days. The generator set is usually 
oversized for the actual running load to allow 
for optimal load acceptance and load 
expansion over the life of the unit. Generally, 
a separate electrical circuit is provided for 
critical emergency loads which must be 
satisfied when normal power fails. Standby 
sets are sized to the emergency circuit's total 
connected load. For hospitals, the National 
Electrical Code (NEC) requires a generator 
set size equal to the total connected 
emergency load, even though all may not 
operate at the same time. 

Place the generator set in a convenient 
location where it is protected, ensuring that 
the elements will not deter the operator from 
carrying out periodic maintenance. The 
greatest single cause of inoperable standby 
generator sets is lack of maintenance - 
usually discharged or dry batteries. 

When standby generator sets cannot be 
installed in a warm, indoor room, they must 
be equipped and maintained to function in the 
outside ambient temperatures. If the unit is 
located in a very cold environment, the correct 
weight lubricating oil and amount of glycol in 
the coolant must be used. Damage can occur if 

an engine is brought quickly to operating 
speed and put under load when very cold. 
Jacket water heaters are available to 
maintain a minimum jacket water 
temperature of 90°F (32°C). When the unit is 
outdoors, or where it is subject to moisture 
droplets in the air, it must be equipped with 
an enclosure. The lockable enclosure can be 
used as a security protection device. It seals 
the unit, it is tamper proof, and it also 
enhances the appearance. 

Regulator 
The generator regulator must be compatible 
with the engine/generator package . Most 
modern generators utilize solid-state types. 
Constant voltage regulators allow field forcing 
to the saturation point to maintain line 
voltage but allows the engine to be overloaded 
to the extent it may not recover on application 
of large block loads. 

Volts-per-Hertz regulators direct voltage to 
follow frequency proportionally, allowing 
engine recovery from large block loads. Small 
voltage changes which occur with normal 
frequency change (speed droop) are overcome 
by gain control (over compounding) 
adjustment. Precise voltage levels are, 
therefore, maintained during operation under 
steady load. 

Volts 

Hertz 

Constant 
Volts 

Regulators 

Volts per 
Hertz 

Time 

Figure 107 
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Modern generator sets below 2000 kW have 
low inertia, and frequency is severely affected 
by large block loads. Generator sets accepting 
sudden zero to full load changes may stall or 
activate under-frequency trips. This is avoided 
by: 

1. Slowing regulator response. 

2 Changing voltage proportional to frequency 
(volts-per-hertz). As engine reduces speed 
due to sudden application of load, voltage is 
reduced to relieve engine of load. Voltage is 
returned as engine recovers speed. 

To avoid sluggish regulator response while 
retaining zero to full load capabilities, 
Caterpillar regulators are volts-per-Hertz 
compensated. 

Mechanical voltage regulators, common in 
older installations, are seldom used due to 
relatively slow response and high 
maintenance. They are basically variable 
resistors (wire or carbon) in the exciter control 
circuits. 

Phase Arrangement 
The armature of a generator may be single 
coil, Figure 108, or there may be three coils 
spaced at 120° intervals around the frame, 
Figure 109. In the latter case, the output of 
the three coils will exhibit a phase difference, 
since the magnetic poles of the field coil pass 
the three armature coils at different times. 
Generators constructed in this manner are 
called three-phase generators, while those 

1111.1.1.1 

140 Volts 

240 Volts 

240 Volts 

Phase Three-Wire (WYE) 
A 

125 Volts 
216 Volts 

125 Volts 
216 Volts 

125 Volts 
216 Volts 

Phase Four-Wire (WYE) 
C 

108 

Line 

Neutral 

Line 1 

Neutral 

Line 2 

115V 

Figure 108 

having, only one armature coil are called 
single-phase generators. Three-phase 
machines are common where a large amount 
of electrical power is to be generated. 

A three-phase system is an AC circuit to which 
three voltages of the same frequency is 
applied. It is displaced electrically by one 
third of a cycle, or 120°. The three generator 
windings used may be connected in either a 
delta or a wye (star) configuration. 

The wye (star) connection, Figure 109a, c, has 
a neutral point, often connected to earth. The 
delta (mesh) connection, Figure 109b, d, does 
not have a neutral point. Coils generally have 
a midpoint. A midpoint of one coil may be 
connected to earth. Generators rated above 
500 kW are generally wye configuration. 
Generators rated below 500 kW may be either 
wye or delta. If all the coil ends terminate in 
accessible connections, field reconnection from 
wye-to-delta or delta-to-wye is possible. 
Terminal voltages would change. 

Phase Three-Wire (DELTA) 
B 

Phase Four-Wire (DELTA) Figure 109 
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Single-phase AC circuits have one voltage at a 
given frequency. These circuits are used for 
lighting and fractional horsepower motor 
loads. They are served by either two or three 
wires. 

Two wires = one neutral (earth or ground), 
one line. 

Three wires = one neutral, the other two with 
equal voltage, referred to lines. 

These two types of single-phase circuits are 
shown in Figure 109. Coils supplying power 
may be either the secondaries of step-down 
transformers or the stator windings of a 
generator set. 

It is also common to find combination services 
entering an existing building. An example is 
the use of a single-phase, three-wire service 
for lighting loads and a three-phase, 
three-wire service for motor loads. Determine. 
the load distribution on each of the three 
phases in a given installation. The amount of 
single-phase power required and the manner 
in which it is to be distributed on the three 
available phases of the generator set must 
also be determined. If any of the three phases 
is required to supply excessive single-phase 
power in addition to the portion of the three- 
phase load which it carries, the generator may 
be overloaded. The connection of single-phase 
loads will then have to be redistributed more 
evenly among the available phase. If existing 
wiring makes this impractical, a larger size 9 generator must to be specified to carry the 
extra single-phase load. 

Rated Amperes 
The smaller ampere figure listed on the 
information plate for all SR4 Generators 
describes the line ampere rating (when the 
generator is connected) for the listed high 
voltage. Line ampere ratings generally limit 
the kVA rating of a generator. The product of 
the listed line amperes, the related line-to-line 
voltage, and 1732, equals the kVA. Exceeding 
the line ampere rating can reduce generator 
life because of excessive winding temperature. 
Heat input of the generator armature 
increases with the square of the current. 
Doubling the current will result in about four 
times the heat input. 

As a rule, the listed line ampere rating should 
not be exceeded to gain the listed kVA rating 
when the voltage level is reduced to its 
minimum adjustment. It is not necessary to 
reduce the line ampere load to keep within 
the kVA limit when the voltage level is at 
maximum adjustment. 

Generator set kilowatt rating will be exceeded 
before the line ampere rating is reached when 
supplying a resistive load Power factor 
greater than 0.8. 

Number of Poles/Synchronous Speed 
Caterpillar generators are four-, six-, or eight- 
pole, which relates to the number of magnetic 
poles developed in the rotating field. Magnetic 
poles in a four-pole generator are arranged 
north-south-north-south around the 
circumference of the rotor, Figure 110. 
Magnetic poles in a six-pole generator are 
arranged north-south-north-south-north- 
south. The number of poles (north-south- 
north-south) and the desired frequency (cycles 
per second or Hertz) determine the 
synchronous speed in revolution per minute 
(rpm): 

rpm = 
120 x f 

number of poles 

If 50 Hz is desired from a four-pole generator, 
the generator must be driven at 1500 rpm. If 
a six-pole generator is driven at 1000 rpm: 

1000 rpm= 120 x f 
f = 50 

6 

N 

Figure 110 
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Generator Characteristics 
Fault Current 
Maximum fault current developed by systems 
can be calculated at any point in that system. 
Interrupting capacity of overcurrent devices 
must be greater than fault current delivered 
where the device is applied. 

Maximum short circuit current which 
generators produce is slightly affected by 
regulator design, so only electrical properties 
of the generator are considered. Three-phase 
first cycle, symmetrical, RMS short circuit 
current developed by a generator is: 

Ig 
x''d 

Isc = 

Isc = Short circuit current 
Ig = Generator rated amperage 
x"d = Direct axis subtransient reactance per 

unit value. 

Line-to-neutral short circuit valves may 
exceed those of three phase shorts. 

Caterpillar Generators typically produce eight 
times rated current on a three-phase fault. If 
generators are in parallel, or paralleled to 
utility bus, overcurrent devices must 
withstand the total short circuit current 
developed by all generating devices. 
Synchronous and induction motors feed 
additional short circuit current to the fault at 
a value approximately equal to their locked 
rotor rating. If a circuit breaker is used, 
additional protective devices upstream of the 
breaker may be required when connected to 
utility. 

110 

Without outside influence, short circuit 
current developed by the generator decays 
within three to five cycles below the activating 
range of the overcurrent device. While 
clearing time of circuit breaker contacts may 
range from 1-1/2 to 3 cycles, actual unlatching 
time is less than 1 cycle. This rapid reaction 
allows the breaker to separate the fault from 
the bus. 

Coordination, or selectivity, of all overcurrent 
devices in the distribution system is required 
to protect against total system failure on short 
circuit faults. When this capability is 
required, both overcurrent devices and 
generator characteristics must be expanded. 
Circuit breakers or fuses must include short 
time delays. Delays between unlatching and 
actual clearing of the overcurrent are the 
major obstacle in coordinating breakers. 
These delays also allow current to flow 
through a breaker until contacts clear and 
extinguish the arc. In a poorly coordinated 
system with several breakers may start to 
unlatch prior to the fault being cleared by 
smaller breaker. This could disable the entire 
system. 

The generator must continue to supply high 
current levels during the fault to allow time 
for coordinating all protective devices. Actual 
time required is usually less than three 
seconds, but certain specifications require ten 
seconds minimum for maintaining current 
levels 300% above rated. The generator 
requires a series boost option on the regulator 
circuit or a permanent magnet exciter to 
satisfy these requirements. The graphic 
describes the effect of series boost or PM on a 
typical decrement curve. 
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Generator Grounding 

Warning: Generator must be properly 
grounded prior to operation. NEC 
recommends 25 Ohm maximum resistance to 
ground. Reference ANSI I IEEE C37-101-1985, 
"Guide for Generator Ground Protection". 

Single Bearing Generator Sets 
Single bearing- generator rotors are rear 
supported by a bearing in the generator 
frame, and front supported by the rear 
crankshaft main bearing. A flexible metal 
coupling is used to drive the generator. The 
weight supported by the crankshaft bearing is 
limited. Rotor weight must be compared to the 
capability of the specific engine. 

0.15 0.20 
Seconds 

9 12 
Cycles 

0.25 

15 

0.30 

18 

0.35 

21 

0.40 

24 

The following chart shows allowable load at 
the flywheel. Figure 112 shows how to 
calculate the rotor load at the flywheel. 

Maximum Weight at Flywheel 
lb kg 

3600 (Vee) 7500 3410 
3600 (In-Line) 7100 3220 
3500 (All) 2000 910 
3412 1420 642 
3408B 1230 556 
3406B 1750 795 
3300B (All) 932 424 
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R 
Weight to be 

Rotor Weight 

Supported by the 
Engine Flywheel 

Generator 
Bearing 

Weight to be 
Supported by the 
Generator Bearing 

Weight Supported by Flywheel = 

(Rotor Weight) x (Length Y) 

(Length X) + (Length Y) 

Figure 112 

NEMA-IEC Design Considerations 
Most generators manufactured in the United 
States follow design criteria described by 
National Electric Manufacturers Association 
(NEMA), including temperature limitations of 
various wire insulations. 

Manufacturers in other countries commonly 
refer to International Electro-technical 
Commission (IEC) standards. 

NEMA Considerations 
Temperature Rise MG 1-22.40 

Temperature Rise, °C* 
Generator Class of Insulation 
Windings A B F 

Continuous 60 80 105 125 
Standby Duty 85 105 130 150 

'Measured by resistance. Air entering generator, 40°C, (104°F), maximum. 
(Cat. Insulation - Class F.) 

When low altitude testing generators that will 
ultimately be applied above 1007 m (3300 ft), 
the above temperature rise figures must be 
reduced 1% per 101 m (330 ft) to a maximum 
altitude of 3963 m (13,000 ft). 

112 

Temperature rises in the foregoing table are 
based on a reference ambient temperature of 
40°C, (104°F). For successful generator 
operation in ambient temperatures higher 
than 40°C, (104°F), the temperature rise of 
the generators given in the foregoing table 
should be reduced as indicated below. 

Ambient Temperature 
Reduction in ' 

Temperature Rise °C 

Above 40° Up to and 
Including 50°C 

Above 50° Up to and 
Including 60°C 

10 

20 

Usable life of wire insulation is directly 
related to temperature, but cannot be used to 
predict total generator life. The many 
subassemblies which make up the generator 
will have far greater effect on generator life. 

Maximum Momentary 
Overloads MG 1-22.41 
Synchronous generators shall be capable of 
carrying a one-minute overload of 50% of 
normal rated current, with the field set for 
normal rated load excitation. 

Maximum Deviation Factor MG 1-22.42 
The deviation factor of the open circuit, 
line-to-line terminal voltage of synchronous 
generators shall not exceed 0.1. 

Telephone Influence 
Factor (TIF) MG 1-22.43 
This is a criteria originally developed by 
AT&T to measure the potential effect of 
waveform distortion and AC supply in 
producing noise on a telephone system -a 
measure of the quality of electrical power. 
The TIF is the sum of all the electrical noise 
(harmonics) produced by a source of 
electricity, weighted most heavily by those 
frequencies most audible to the human ear. 
The human ear can detect a wide range of 
frequencies, but is most sensitive to the range 
of 1000 to 3000 Hz, corresponding to the 17th 
through 49th (odd numbered) harmonics. 
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MG 1-22.43 Telephone Influence Factor (TIF) 
kVA Rating of TIF 

Generator Balanced 

62.5 to 299 
300 to 699 
700 to 4999 

5000 to 19999 

350 
250 
150 
100 

The communications industry has established 
limits for TIF based on the power output of 
the generator, ranging from 250 on smaller 
sets to 50 on larger units. They are 
attempting to prevent the weighted 
harmonics from affecting the quality of the 
message transmitted on the telephone lines 
(static or humming). Most commercially 
available generators have a satisfactory TIE 
A lower TIF than competition may be an asset 
when generator noise emissions are critical - 
in communications installations which are 
highly sensitive to such frequencies. A TIF of 
50 is generally acknowledged as an industry 
standard. Caterpillar Generators are well 
below this level. 

10 000 
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Short Circuit Requirements MG 1-22.45 
A synchronous generator is capable of 
withstanding, without injury, a 30-second, 
three-phase short circuit at its terminals 
when operating at rated kVA and power 
factor, at 5% over-voltage, with fixed 
excitation. 

Overspeed MG 1-22.47 
Salient-pole synchronous generators shall be 
constructed so they will withstand an 
overspeed of 25% without mechanical injury. 

Harmonic Content 
Harmonics are the multiples of the 
fundamental waveform frequency produced 
by the generator. Because generators are 
magnetically symmetrical, only odd 
harmonics are normally of any significance. 
For example, a 60 Hz generated waveform 
will contain the 60 Hz fundamental, a 180 Hz 
third-harmonic, a 300 Hz fifth-harmonic, a 
420 Hz seventh-harmonic, ... In general, the 
higher the harmonic order, the lower the 
magnitude of the harmonic. Except for 
telephone or radio frequency interference 
(RFI) noise considerations, higher'harmonics 
are of little significance. 
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Harmonics produce undesirable effects in the 
generator, but motors also suffer from 
excessive harmonics. Those with significant 
magnitudes, are the third, fifth and seventh 
because three phase motors have no neutral 
connection, only fifth, seventh, and ninth are 
of concern. 

Each of these harmonic voltages generated 
are in the windings, but a third-harmonic 
current will not flow in a three-phase, wye- 
connected winding unless the neutral is 
connected. The third-harmonic current will 
flow in a delta-connected generator winding 
as shown in Figure 114. Both fifth and 
seventh will flow in either winding since they 
are line harmonics. 

Figure 114 

114 

The major difficulty caused by harmonics 
current is heat generated in the winding, core, 
and rotor. Since generator ratings are limited 
by allowable temperature rise, harmonics are, 
in effect, derating factors. In derating, the 
magnitude of the current is of obvious 
importance, because losses are proportional to 
the square of current. Increased frequency 
causes increased core losses and increased 
copper loss from skin effect. Fifth- and 
seventh-harmonics are the offenders because 
they are in the 600 Hz range. 

Generator 1 Generator 2 

Third Harmonic Circulates Through Neutral With Wye-Connected Machines 

Generator 1 

Third Harmonic Does Not Circulate In Wye-Connected Machines Without Neutral 

Third Harmonic Circulates In Delta-Connected Machine 

S 
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C.) 

Fundamental Wave' Form 
Example: 60 cycles/sec (cps) 

Composite Wave Form 

Third Harmonic 
180 cps 

Third Harmonic 
300 cps 

Time 

Figure 115 

Pitch Kpl Kp3 Kp5 Kp7 

Two- thirds (67%) 0.866 0.000 0.866 0.866 
Four- fifths (80%) 0.951 0.588 0.000 0.588 
Six-sevenths (86%) 0.975 0.782 0.434 0.000 
Five-sixths - (83%) 0.966 0.707 0.259 0.259 

Note: Pitch factors for the fundamental (KW), third-harmonic (Kp3), fifth-harmonic (Kp5), and seventh-harmonic (KV). These pitch factors are 
multiplied by the respective harmonic fluxes to predict harmonic voltages. 

Figure 116 

Another difficulty caused by harmonics is 
waveform. The more harmonic content in a 
generated wave, the more distortion from a 
sine wave occurs. If severe enough, it can 
cause voltage regulator sensing problems and 
inaccurate instrument readings. 

The choice of coil pitch has a lot to do with 
harmonic generation. A two-third pitch 
winding eliminates most third-harmonic, four- 
fifths pitch eliminates fifth, and six-sevenths 
eliminates seventh. Unfortunately, coil pitch 
cannot eliminate all harmonics 
simultaneously. As one is eliminated, others 
increase. For example, refer to Figure 116. 

Pitch = 
Number of slots in Coil Throw 

Number of Slots 
Number of Poles 

Number of Slots = Coil Throw -1; 
i.e., 1 in 15 = 14 Slots 

As indicated in Figure 114, the coil pitch 
is only one element in determining the 
voltage harmonic content. Reduction of 
third-harmonics in the flux wave will reduce 
voltage third-harmonics. Harmonic reduction 
in the flux wave is accomplished by shaping 
the pole head. The pole head is shaped to 
cause a longer air gap at the pole tips than in 
the center of the pole. The width of the pole 
head in proportion to pole center is a factor in 
harmonic control. 

Caterpillar generator have low third- 
harmonic voltages because pole embrace and 
the pole piece head shape has been 
proportioned to produce low third-harmonic 
flux pattern. If the third does not exist or has 
been minimized, it does not need to be 
suppressed by winding two-thirds pitch. A 
more rational pitch can be employed - like 
five-sixths to reduce fifth- and seventh- 
harmonics. 

115 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 199 of 340



As stated earlier, third harmonic currents 
have no path except in delta-connected 
generators or in four-wire, wye-connected 
neutrals. The third-harmonics are eliminated 
by a three-wire, wye connection. By judicious 
choice of coil pitch, say five-sixths, as shown 
in Figure114, the fifth- and seventh- 
harmonics are quite low. Therefore, a three- 
wire, wye-connected, five-sixths pitch 
generator is about as harmonic-free as 
standard winding can make it. The third- 
harmonic is eliminated, while the 
fifth- and seventh-harmonics are at low 
values. 

As noted earlier, third-harmonic current will 
flow in a wye-connected neutral. This is 
usually of little significance from a heating or 
derating standpoint because this current 
splits three ways in the wye-connected 
machine. A neutral current of 30% rated 
current will have 30/3 = 10% third-harmonic 
phase coil current. Additional armature losses 
are another 1%. 

Third-harmonic neutral current can be an 
annoyance to switchgear designers. 
Line-to-neutral voltage may not read properly 
except on true RMS reading instruments. And 
protective relays may not react properly. 

The amount of third-harmonic neutral current 
between paralleled generators depends on the 
difference in third-harmonic voltages 
generated and the reactance between them. 
Two machines with identical third-harmonic 
voltages (either high or low) will have no 
third-harmonic current in the neutral. This is 
shown by the equation: 

I3T 

3 (Xoi Xo2 + X2) 

V3' V3" 

I3T = Total third-harmonic current 

v3' Third-harmonic content of first 
generator, in volts 

V = Third-harmonic content of second 
generator 
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3 = Multiplier for third-harmonic 
X01 = Zero sequence reactance of first 

generator, in Ohms at rated frequency 
X02 = Zero sequence reactance of second 

generator at rated frequency 
XL = Inductive reactance of connecting line 

at rated frequency 

If the third-harmonic voltages are not equal, 
third-harmonic current will circulate. The 
lower the zero sequence reactance, the higher 
the circulating current. It is inherent for a 
two-thirds pitch winding to have far lower 
zero sequence reactance than higher pitch 
machines. 

It is the difference in voltage that causes 
neutral circulation currents. Both generators 
are contributors. There is no advantage to a 
two-thirds pitch winding when paralleling 
generators. When paralleling with the utility 
lines, the two-thirds pitch winding may be a 
disadvantage due to low zero sequence 
reactance. 

Compare a four-fifths pitch generator and a 
two-thirds generator paralleled to the utility 
line. Consider a 480 volt, 100 kW generator 
paralleled to a utility bus with the neutrals 
tied together. Typical values for the zero 
sequence reactance are: 

Two-thirds Pitch Generator 
0.015 Ohms at 180 Hz 

Four-fifths Pitch Generator 
0.400 Ohms at 180 Hz 

Utility Transformer 
0.001 Ohms at 180 Hz 

Typical third-harmonic voltages: 
Two-thirds Pitch Generator 

0.1% or 0.28 Volts 
Four-fifths Pitch Generator 

2.5% or 6.9 Volts 
Utility 

0.2% or 0.56 Volts 
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Third-harmonic currents will be 
(neutrals tied solidly): 

Two-thirds 0.28) - 0. Pitch Generator (0.56 17.5 amps 
0.015 + 0.001 

Four-fifths 
6.9 - 0.56 Pitch Generator = 15.8 amps 

0.4 + 0.001 

The current-per-phase is one-third of the 
neutral current, or 5.8 amps for the two-thirds 
pitch machine and 5.3 amps for the four-fifths 
pitch machine. This current would increase 
the losses in these generators less than 1%. If 
we look at the two-thirds pitch generator 
because it has the highest third-harmonic 

11/ 
current, then: 
150 amps = 100% Rated amps 

(1502 + 5.32) 
= 1.000627 or 0.0627% 

150 Additional losses 
Two-thirds pitch generators are occasionally 
specified for systems where the machine is to 
be paralleled with the utility or other 
generators in the belief that this will 
eliminate third-harmonic currents in the 
neutral. As the foregoing example 
demonstrates, due to the inherent low zero 
sequence reactance of the two-thirds pitch 
winding, any source of third-harmonic voltage 
in the system can result in high third- 
harmonic currents. 

I The two-thirds pitch winding is not a cure all 
for third-harmonic current problems. 
Generators having any pitch can successfully 
parallel with each other and with a utility 
source. If the neutrals are to be tied together, 
the effects of third-harmonic currents in the 
neutral must be considered. If necessary, 
reactors, resistors, or switches must be 
installed to limit these currents. 

Phase-to-neutral faults account for 
approximately 65% of all faults in an 
electrical power system. Since the zero 
sequence reactance is lower in two-thirds 
pitch windings than higher pitch windings, 
and it is used in calculating phase to neutral 
fault current, this fault current will be 
considerably greater in magnitude. This 
means there is a greater potential for damage 
if a fault occurs. Possibly higher interrupting- 
capacity circuit breakers will be required. 
Additional bus bar bracing may be in order. 

Switchgear 
Switchgear design for any installation 
depends on both technical and economic 
considerations. The content of the switchgear 
can vary from only high voltage components 
to controls and annunciation. Discuss content 
considerations between all parties involved to 
assure proper operational capability. Various 
arrangements of systems are possible. Only 
the basic points will be covered in this topic. 
Specific details have been intentionally 
omitted. 

Start-Stop 
Complexity of start-stop controls vary 
according to application and caliber of 
operating personnel. There are two general 
categories of controls - manual and 
automatic. 

Operators must determine the appropriate 
time to disengage the starter in manual 
systems. Cranking logic is used to sense 
engine starting unless the operator is 
physically near the engine during starting. In 
automatic systems, a cranking panel 
incorporates this ability. 

Manual control systems require relatively 
simple controls. With competent operators, 
the least complex switchgear results in the 
most reliable system particularly when 
supported by automatic engine shutdown 
devices. 

117 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 201 of 340



EMCP I 

Figure 117 

Cranking Panel 
Cranking panels are the logic circuitry, or 
intelligence, of starting systems. Cranking 
panels can be unit mounted, wall mounted or 
installed in other switchgear. When given a 
signal, the cranking panel engages the engine 
cranking motor, disengages when the engine 
starts, and monitors conditions critical to 
engine operation. It should include an 
annunciator system for visual and audible 
signals. 

The cranking panel allows the engine to crank 
a given time. It can also include timers to 
allow shorter cranking cycles with rest 
periods between each cycle. Single cranking 
periods should not be longer than 30 seconds. 
Cycle cranking timers are generally 
adjustable to give 10 seconds of cranking with 
10-second rests between cycles and a 
maximum of five cranking periods. Merits of 
cycle cranking on diesel engines are 
questionable. Generally, diesel engines start 
during the first cranking period or not at all. 
Further cranking attempts needlessly 
discharge cranking batteries. Reasons for 
hard starting should be investigated before 
further starting attempts. 
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A 

EMCP II 

Shutdown Devices 
Minimum protection for any generator set 
includes low lubricating oil pressure, high 
water temperature, and overspeed 
shutdowns. If remotely started, overcrank 
protection is needed. Indications of engine 
water level and flow are desirable, either for 
warnings or shutdowns. Any equipment 
operating function can be monitored, 
depending upon individual installation 
requirements. 

Cranking panels can include alarms which, in 
conjunction with engine-mounted sensors, 
monitor deteriorating operating conditions. 
Prealarms are effectively used in critical 
installations to indicate deteriorating 
conditions before shutdown. This allows 
operating personnel to remedy the problem 
and prevent unnecessary stoppage. 

Cool-down timing circuits allow no-load 
operations for at least two minutes before 
normal shutdown. 

A protective relay coordination study is 
necessary to ensure the compatibility of the 
system and the protection of the generator. 
Caterpillar does not provide this service but 
recommends contacting qualified personnel, 
such as the switchgear manufacturer for this 
type of information. 
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to 

Figure 118 

Control Panel Types 
Control panels normally include 
engine/generator instrumentation and 
controls for manual or automatic operation. 
According to size and complexity, they may be 
mounted on the generator set or remote- 
mounted on walls or floors. The generator- 
mounted panel as shown in Figure 118 
displays equipment typical for automatic and 
manual parallel applications. 

LAMP TEST 

0 
ALM 

ALARM SILENCE 
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1 O O 2 

3 O O 

5 O O 6 

7 O O 8 

9 O O 10 

11 O O L 12 

13 O O 14 

15 O O 16 

Figure 119 

Floor-standing or wall-mounted panels allow 
room for complex controls and components 
carrying higher currents. A minimum 
working area of 1 m (3 ft) will allow access to 
the rear of the switchgear, while provisions 
must be made for entrance and exit of power 
and control leads. A typical floor-standing 
control is shown in Figure 118. 

Remote switchgear offers advantages if 
located in a separate room. Although 
switchgear operates in engine rooms, service 
life is greatly improved by mounting a clean, 
dry, well-ventilated room with 30°C (85°F) 
maximum temperature. It is also beneficial to 
filter incoming air and maintain the room 
under slight air pressure to encourage 
cleanliness. 

Annunciators for alarms and prealarms can 
be incorporated into the main control panel, 
Figure 117 or remote mounted, Figure 119. 

Shunt trips allow tripping of circuit breakers 
from remote locations by operators or alarm 
signals. Closing breakers from remote 
locations is accomplished by adding motor 
operators, or replacing conventional breakers 
with ones incorporating stored energy devices. 

Scope of Supply 
Components that makeup the switchgear are 
provided by numerous suppliers. For example, 
the electronic governor, voltage regulator, 
generator metering CTs, and cross-current 
compensation CTs, may be supplied from 
different sources. This requires 
communication between all parties for 
compatible components to be supplied. 

It is important to clearly define who is 
supplying annunciation equipment and what 
functions are to be signaled. For example, will 
engine functions be annunciated at the 
switchgear? If so, is one or multiple 
annunciator lights required? Will generator 
winding and temperatures be annunciated as 
an alarm, shutdown, or both? The generator 
supplier can provide the temperature 
detectors, but it will normally be left to others 
to supply the annunciation equipment. 
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Electrical Codes 
Clearly define the required electrical codes for 
all equipment. 

DC Protection and Control 
This includes engine protection, start stop 
logic, annunciation, paralleling, etc. The 
supplier of this equipment should ensure the 
governor control is installed in an accessible 
location. 

120 

AC Protection - Distribution 
and Metering 
Ensure proper CT-PT ratios are provided for 
electronic governors and protective relays. 
Adjustment ranges of the protection devices 
must be compatible with the electrical 
performance characteristics of the generator 
set. 
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Automatic Transfer Switch 
An automatic transfer switch transfers 
electrical loads from a normal source, usually 
utility, to an emergency source, often a 
generator set, when normal source voltage 
fails. When normal power is restored, the 
switch automatically retransfers to the 
normal source. 

The switch senses power interruption and 
signals the engine cranking panel to start. It 
monitors generator voltage and frequency. It 
transfers the load when they are acceptable. 
The switch continues to sense normal power 
and, when restored, retransfers to normal and 
shuts down the generator set. 

Time to switch from one power source to 
another can be extremely short. A transfer 
switch can typically activate in less than 30 
cycles. Use caution when transferring loads, 
particularly synchronous motors driving high 
inertia equipment. When disconnected from 
the power source, magnetic flux developed by 
these motors temporarily maintains voltage. 
This can cause serious mechanical or 
magnetic problems as a power source is 
reconnected. It can be compared to out-of- 
phase paralleling and produce transient 
torque ten times that of rated. 

To avoid this problem, delay transfer 
whenever possible until residual voltage is 
less than 25% of rated. Synchronous motors 
should remain off -line until rotation ceases. 

In standby applications, the emergency 
generator set requires five to ten seconds to 
start and develop rated frequency and voltage. 
Usually, this is sufficient time for regenerative 
voltage to decay. 

On retransfer to normal power, this 
out-of-phase condition must again be avoided. 
When rapid transfer is required and transfer 
takes place, the emergency power source must 
match voltage, frequency, and phase angle. 

Ambient Conditions 
Excessive heat, dirt, moisture, and 
contaminated atmospheres reduce electronic 
component reliability. Certain equipment, 
such as circuit breakers and fuses, begin 
derating above 40°C (104°F) or 1830 m 
(6000 ft) altitude. 

Switchgear ideally is located in clean, dry, 
well ventilated areas. Where generator sets 
operate continuously, complete isolation in an 
air conditioned control room may be 
appropriate. Adequate working area provides 
access to both front and rear of panels. 

Circuit Protective Devices 
Maximum fault current developed by systems 
can be calculated at any point in that system. 
Interrupting capacity of overcurrent devices 
must be greater than fault current delivered 
where the device is applied. 

Maximum short circuit current which 
generators produce is slightly affected by 
regulator design, so only electrical properties 
of the generator are considered. Three-phase 
first cycle, symmetrical, RMS short circuit 
current developed by a generator is: 

Isc = Ir 
x"d 

Isc = Short circuit current. 
Ir = Generator rated amperage. 
x"d = Direct axis subtransient reactance per 

unit value. 

Line-to-neutral short circuit valves may 
exceed those of three-phase shorts. 

Caterpillar Generators typically produce eight 
times rated current on a three-phase fault. If 
generators are in parallel, or if paralleled to 
utility bus, overcurrent devices must 
withstand the total short circuit current 
developed by all generating devices. 
Synchronous and induction motors feed 
additional short circuit current to the fault at 
a value approximately equal to their locked 
rotor rating. If a circuit breaker is used, 
additional protective devices upstream of the 
breaker may be required when connected to 
the utility. 

121 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 205 of 340



Without outside influence, short circuit 
current developed by the generator decays 
within three to five cycles below the activating 
range of the overcurrent device. Refer to 
Figure 111, page 107. While clearing time of 
circuit breaker contacts may range for 1-1/2 to 
3 cycles, actual unlatching time is less than 1 

cycle. This rapid reaction allows the breaker 
to separate the fault from the bus. 

Coordination, or selectivity, of all overcurrent 
devices in the distribution system is required 
to protect against total system failure on short 
circuit faults. When this capability is 
required, both overcurrent devices and 
generator characteristics must be expanded. 
Circuit breakers or fuses must include short 
time delays. Delays between unlatching and 
actual clearing of the overcurrent are the 
major obstacle in coordinating breakers. 
These delays also allow current to flow 
through a breaker until contacts clear and 
extinguish the arc. In a poorly coordinated 
system with several breakers in series, the 
larger upstream breaker may start to unlatch 
prior to the fault being cleared by smaller 
breaker. This could disable the entire system. 

The generator must continue to supply high 
current levels during the fault to allow time 
for coordinating all protective devices. Actual 
time required is usually less than three 
seconds. Certain specification require ten 
seconds for maintaining current levels 300% 
above rated. The generator requires a series 
boost option on the regulator circuit or a 
permanent magnet exciter to satisfy these 
requirements. Figure 112 describes the effect 
of series boost on a typical decrement curve. 

Partial grounds may cause current flow 
sufficiently large to cause damage even if it is 
below the current rating of protective devices. 
To guard against this fault, ground fault 
protective devices are used. They sense 
abnormal current flow and clear the circuit by 
the circuit breaker shunt trip. 
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Ground fault relays respond to current flows 
of 50 to 400 amperes, depending on load 
characteristics of the distribution circuit. 
Nuisance tripping from normal changes in 
load current must be avoided. Unwanted 
tripping may also be caused by SCR loads 
incompatible with ground fault protective 
devices. 

The system described pertains only to 
equipment protection and affords no 
protection to personnel. Current as small as 
7-11 2 milliamps is sufficient to arrest heart 
muscles. 

Fuses vs Circuit Breakers 
Specific requirements for each electrical 
system must be analyzed to determine the 
overcurrent protection best suited for the 
application. Not only must the system be safe 
under all service conditions, but ensure 
continuity of service as well. Intelligent 
selection and combination of fuses and circuit 
breakers result in systems of maximum safety 
with minimum outages. 

Each protective device offers many designs 
and exhibits overlaying capabilities. The 
following comparison has been made only of 
basic devices. Fuses are considered to be dual 
element with high interrupting capacities. 
Circuit breakers are three-pole 
thermomagnetic molded case. 

Advantages 

FuSes 
(Including Switch) 

Disadvantages - 

Simple 
Fireproof 
Precise Characteristics 
Initial Economy 
Very High Interrupt Capability 
High Current Limiting 
No Maintenance 
Fast Opening 

Switch Required 
Nonresetable 
Non reusable 
Nonadjustable 
Nonindicating 
Single Pole Only* 

*Normally a disadvantage because single-phasing of three-phase 
motor may occur. May be advantage in emergency conditions 
where limited power is desired even when one phase is inoperative. 
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Circuit Breakers 
Multipole 
Small, Convenient 
Resetable 
Mode Indicator 

Testable 
Adjustable 
Auxiliary Contacts 
Multi-Options - 

Remote Control 

Complex Construction 
Periodic Maintenance 
High Initial Cost 
MediuM Interrupt 

Capability 

Fuses 
Fuse application for overcurrent protection in 
electrical systems is popular, particularly 
outside the United States. Various types are 
available. Select by considering the following: 

11) 
Voltage Rating 
A voltage rating must be equal or greater 
than voltage of the circuit in which the fuse 
is applied. This rating is not a measure of its 
ability to withstand a specified voltage while 
carrying current. Rather, it defines the 
fuse's ability to prevent the open circuit 
voltage of the system from restriking and 
establishing an arc once the fuse link has 
parted. 
Continuous Current Rating 
Continuous current rating should equal or 
be slightly greater than the current carrying 
capacity of the circuit which it protects. 
Only in special cases where connected 
equipment has unusual characteristics, or 
where ambient temperature is quite high, 
should the fuse rating be greater than the 
current-carrying capacity of the circuit. 
Interrupting Rating 
For power application under 600 volt, high 
quality fuses which have a 200,000 rms 
symmetrical ampere interrupting rating are 
adequate for large power systems. 
Electronic applications require small 
dimension fuses which have sufficient 
interrupting rating. 

Degree of Current Limitation 
Fuses for circuits containing motors, 
transformers, or any inductive device are 
usually dual element, Figure 121. This 
provides a time delay section to carry 
in-rush current which opens after a 
specified delay for overload protection. A 
second section limits the high energy of a 
short circuit. 

Figure 121 

Circuit breakers are often protected by 
fast-acting fuses because of their high current 
limitation. Fuses limit short circuit current to 
values which can be safely absorbed by the 
breaker or other system component. This is 
particularly important when the circuit is 
paralleled to large power sources, such as 
utilities. Fuses are also used for switchgear 
meter and instrument protection. 

The graph in Figure 122 illustrates current 
limiting properties of fast-acting fuses. In the 
example, the rms value of a potential short 
circuit current, calculated from circuit 
constants, is 100,000 amperes symmetrical. 
From the intersection of this value with line 
A-B, instantaneous peak value is 230,000 
amperes. If typical 100-ampere fuses were 
used, peak let through current approximates 
7500 amperes - about 4% of current that 
would flow if the fuse were not protecting the 
circuit. 

123 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 207 of 340



Figure 122 
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Electronic circuits which carry transient 
currents use time delay-type fuses. They open 
quickly on a short, but still retain circuit 
integrity for normal current fluctuations. 

Circuit Breaker 

Circuit breakers open and close a circuit by 
nonautomatic means. They open 
automatically on a specific overcurrent 
without damage. Most common is the molded 
case type, which is an integral unit in a 
supporting and enclosing housing of 
insulating materials. It protects low voltage 
distribution systems against overloads and 
short circuits. 
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Magnetic Element 

Contacts 
Closed 

Bimetal 

Figure 124 

Lime 

Generator field breakers cause loss of 
excitation and are useful as generator 
disconnect devices. They are not adequate 
main line disconnect devices. 

Conventional breakers are referred to as 
thermomagnetic type. A bimetal strip deflects 
during sustained overload and an 
electromagnetic coil activates from high short 
circuit current. Either device opens all poles of 
the breaker, preventing single-phase 
operation of three-phase motors. 

Breakers are available with fixed or 
interchangeable electromechanical trip units. 
Interchangeable units are most common and 
have adjustable magnetic elements. Thermal 
settings are fixed. A typical trip curve for a 
Westinghouse 100 amp thermomagnetic 
breaker depicts dual element trip 
characteristics, see Figure 125. 
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Molded case circuit breakers are current rated 
at a specific ambient temperature. This rating 
is the continuous current the breaker will 
carry in the calibrated ambient temperature. 
Most manufacturers calibrate for 40°C 
(104°F) ambient. 

A breaker's interrupting rate is maximum 
fault current interruptible without damaging 
the breaker. 

A shunt trip can remotely trip the circuit 
breaker. It uses an AC or DC electrical signal 
initiated manually, or by a contact closure 
signaling engine/generator malfunction. To 
reclose after shunt tripping, manually reset 
the breaker handle. 

A motor operator remotely opens and closes 
the breaker by engaging the operator drive to 
the breaker handle. The handle is positioned 
by motor action. The motor operator is 
intended for infrequent use in line with UL 
endurance standards for molded case 
breakers. Molded case breakers will 
withstand a minimum 6000 cycles at rated 
load and an additional 4000 cycles at no load. 
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CONVERSION FACTORS 

Length 
Unit mm in ft yd m km mi 
mm 1 .03937 .003281 .001094 .001 .0000 01 - 
in 25.4 1 0.083 33 0.027 78 0.0254 0.000 03 
ft 304.8 12 1 0.333 33 0.3048 0.000 30 
yd 914.4 36 3 1 0.9144 0.000 91 - 
m 1000 39.3701 3.280 84 1.093 61 1 0.001 0.000 62 
km 100 0000 39 370.1 3208.84 1093.61 1000 1 0.621 37 
mi 160 9340 63 360 5280 1760 1609.34 1.609 34 1 

Area 
Unit mm2 in2 m2 ft2 
mm2 

1 0.00155 

in2 645.16 1 0.000 645 16 0.006 944 
m2 10 00000 1550 1 10.764 

ft2 92903 144 0.0929 1 

1 sq mile = 640 acres 
1 acre = 4840 yd2 
1 cir mil = 7.854 x 10-7 in2 
1 cir mil = .7854 mils2 
1 cir mil = 5.067 x 10-6 cm2 

Volume and Capacity 
Unit in3 ft3 yd3 mm3 m3 U.S. gal Imp gal liter 
in3 1 .000 58 0.000 02 16387.1 0.000 02 0.004 32 0.003 61 0.016 39 

ft3 1728 1 0.037 04 28,320,000 0.028 32 7.480 52 5.228 83 28.3169 

yd3 46656 27 1 764,554,858 0.76455 201.974 168.178 764.555 

mm3 6.1x10-5 4.0x10-8 1 2.6x10-7 2.2x10-7 1.0x10-6 

m3 61 023.7 35.3147 1.307 95 1 000 000 000 1 264.192 219.969 1000 

U.S. gal 231 0.133 68 0.004 95 3785420 0.003 78 1 0.832 67 3.785 41 

Imp gal 277.419 0.160 54 0.005 95 4540090 0.004 55 1.200 95 1 4.546 09 

liter 61.023 7 0.035 31 0.001 31 1000 000 0.001 0.264 17 0.219 97 1 

acre-ft 43 560 1613.33 - 1233.48 325 851 271 335 

1 board-foot = 144 in3 
1 bushel = 1.244 ft3 
1 bushel = 4 pecks 

Weight 

Unit Kilograms 

Ounces 

Avoirdupois 
Pounds 

Avoirdupois 
Tons 

Short Long Metric 

1 Kilogram 1 35.27 2.205 

1 Ounce 0.02835 1 0.0625 

1 Pound 0.4536 16 1 

1 Short Ton 907.2 32,000 2,000 1 0.8929 0.9072 

1 Long Ton 1,016 35,840 2,240 1.12 1 1.016 

1 Metric Ton 1,000 35,300 2,205 1.102 0.9842 1 

1 grain = 0.064799 gram 
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' Flow 

Unit 

1 U.S. gpm 

1 million gal/day 

1 ft3/s 

1 m3/h 

1 Us 

mm/Hg 
Unit (0°C) 

mm/hg 1 

in /hg 25.4 

e in H2O 1.868 27 

H2O 22.4192 ft 

lb/in2 51.7149 

kg/cm2 735.559 

bar 750.062 

kPa 7.500 62 

U.S. gal/min 
million 

U.S. gal/day ft3/s m3/h Us 

1 0.001 440 0.002 23 0.2270 0.0631 

694.5 1 1.547 157.73 43.8 

448.8 0.646 1 101.9 28.32 

4.403 0.006 34 0.009 81 1 0.2778 

15.85 0.0228 0.0353 3.60 1 

1 degree= 60 minutes 
1 minute = 2.9 x 10 radian 

MCFD = 1000 ft3/day 
MMCFD = 1,000,000 ft3/day 
lb/bhp-hr x 607.73 = g/kW-hr 

Pressure and Head 
in./Hg 
(0°C) 

in. H2O 
(60°F) 

ft H2O 
(60°F) lb/in2 kg/cm2 

Atmospheres 
bar 101.4kPa(14.7psi) kPa 

0.039 37 0.5357 0.04464 0.019 34 0.001 36 0.001 33 0.001 315 - 
1 13.61 1.134 0.491 15 0.034 53 0.033 86 0.033 42 - 

0.07 355 1 0.083 33 0.036 13 0.002 54 0.002 49 0.002 46 0.249 

0.882 65 12 1 0.433 52 0.030 479 0.029 89 0.029 50 2.989 

2.036 02 27.70 2.309 1 0.070 31 0.068 95 0.068 05 6.895 

28.959 394.7 32.84 14.2257 1 0.980 67 0.967 84 98.067 

29.530 401.8 33.49 14.504 1.019 72 1 0.98692 101.325 

0.295 30 4.01835 0.33486 0.145 038 0.010 1972 0.010 000 0.009 869 20 1 

Energy 

Angle 

127 

0 1 

Power 
Metric 

Btu/min ft-lb/min hp J/min hp kW W 

Btu/min 1 778.2 0.02358 1055.0 0.02391 0.017584 17.5843 

ft-lb/min 0.00128 1 0.00003 1.3504 0.00003 0.00002 0.0226 

Horsepower 42.456 33000 . 1 44791 1.014 0.74570 745.7 

Joules/min 0.00095 0.7405 0.0000223 1 0.0000226 0.0000166 0.016668 

Metric hp 41.827 32550 0.98632 44127 1 0.73549 735.498 

Kilowatt 56.8690 44250 1.34102 59997 1.35962 1 1000 

Watt 0.05687 44.25 0.00134 59.9968 0.00136 0.001 1 

Angle 
1 quadrant = 90 degrees 
1 quadrant = 1.57 radians 
1 radian = 57.3 

1 degree= 60 minutes 
1 minute = 2.9 x 10 radian 

127 

1 degree= 60 minutes 
1 minute = 2.9 x 10 radian 

0.00128 1 0.00003 1.3504 0.00003 0.00002 0.0226 

Horsepower 42.456 33000 . 1 44791 1.014 0.74570 745.7 

Joules/min 0.00095 0.7405 0.0000223 1 0.0000226 0.0000166 0.016668 

Metric hp 41.827 32550 0.98632 44127 1 0.73549 735.498 

Kilowatt 56.8690 44250 1.34102 59997 1.35962 1 1000 

Watt 0.05687 44.25 0.00134 59.9968 0.00136 0.001 1 
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TEMPERATURE CONVERSION 
°F = (1.8 x °C) + 32 

°C = 0.5555 (°F - 32) 

°F 

260 - 130 

250 - 120 
240 
230 110 
220 =-=.= 
212 = 100 
200 
190 
180 
170 
160 
150 
140 
130 
120 
110 
100 

90 
80 
70 
60 
50 
40 
32 
20 
10 

0 
-10 
-20 

90 

80 

70 

60 

50 

40 

30 - 20 

10 

0 

10 

20 

30 

On-Site Power Requirements 
Based on 100,000 sq. ft. of office bldg., etc., and 40° N. 

latitudes 
Electric Requirements: 

600 kW continuous load 
(Air conditioning is absorption) 
Use three - 300 kW units 
(2 prime and 1 standby) 

Air Conditioning Compressor: 
400 tons prime load 

Use two - 200 hp engines 
(No standby) 

Refrigeration: 
One ton refrigeration = 200 Btu/min = 12,000 Btu/h 
One boiler hp = 33,475 Btu/h 
One ton compressor rating = One engine hp 

Auxiliary air conditioning equipment requires 1/4 hp/ton 
of compressor rating 

Ice plant: 
Complete power requires 4-5 hp per daily ton capacity 

Air Compressors: 
hp = 1/4 x cu ft m/min at 100 psi 

Increase bhp 10% for 125 psi 

Decrease bhp 10% for 80 psi 

128 

Conveyors: 15 to 20° incline. 
Vertical lift in ft x tons/hr bhp = 

500 

Pumps: 
ft of lift/1000 gpm 

Deep Well bhp = 
3 

Pipe Line bhp = Barrels per hour x psi x 0.00053 

Any Liquid bhp 
gpm x lb/gal (liquid) x ft of head 

= 
33,000 x pump efficiency* 

* Efficiency: Centrifugal 
Single impeller, double suction 
Single impeller, side suction 
Deep well turbine 
Reciprocating 

Centrifugal Fans and Pumps: 

Q2 

P2 

hp2 

= Q, Q = flow 

NN)2 

(N, /3 

PI 

FANS AND BLOWERS 
Oilfield Drilling: 

Hoisting 

N = speed 

65-80% 
55-75% 
65-80% 
75% 

P = Static pressure of head 

hp = Horsepower 

bhp - wt x fpm (assume 100 is unknown) 

33,000 x 0.85 (eff.) 

Mud Pumps 

bhp = 
gpm x lb/gal x (ft of head) 

33,000 x pump efficiency (see pumps) 

Dry Table 
Depth in ft 

0 - 4000 
4000 - 8000 

8000 - 12000 
12000 - 16000 

bhp Required 
75 

100 

150 

200 
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Sawmill: Miscellaneous Relationships 
1-1/2 bhp per inch of saw diameter at 500 rpm Acceleration Due to Gravity 

Increase or decrease in proportion to rpm g = 32.2 ft/s2 
Swing Cut-Off Saw or 

24-inch 3 bhp g = 9.81 m/s2 

36-inch 7-1/2 bhp 
42-inch 10 bhp Force (F) 

Table Trimmer 7-1/2 to 10 bhp 1 N = 1 kgm2/s2 

Blower Fan, 12-foot sawdust 3 to 5 bhp - or - 

Planer Mill 2 to 4 bhp per 100 board feet per hour 1 N = 0.225 lb 

24 to 30-inch planers 15 to 25 bhp 
Edger Mass (M) 

2 saws 12 to 15 bhp 1 kg = 0.0685 lb-s2/ft 

3 saws 15 to 25 bhp 1 lb -s2/ft = 14.6 kg 

Slab Saw 10 bhp 
Jack Ladder 10 bhp Moment of Inertial (WR2) 

Approximate fuel consumption 
Softwood 1 gal. per 1000 board feet lb/in-s2 = Rotor Weight x Diameter (ft)2 x 12 
Hardwood 1 gal. per 750 board feet 64.4 ft/s2 4 

Brake Mean Effective Pressure: 1 lb/in-s2 = 0.113 kgm2 

bmep psi (4-cycle) = 
792,000 x hp 

rpm x Displacement Torque (T) 

1 Nm = 1 kgh2 

- - bmep psi (2-cycle) = 
396,000 x hp or 

rpm x Displacement 1 Nrn = 8.85 lb/in. 

bmep psi = 

Torque: 

150.8 x Torque 

Displacement 

T (lb ft) = 
Displacement x bmep 

150.8 

T (lb = 
33000 x hp = 5252 x hp 

2n x rpm rpm 
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kVA/kW AMPERAGE CHART 
80% Power Factor 

kVA kW 208V 220V 240V 380V 400V 440V 460V 480V 600V 2400V 3300V 4160V 
6.3 5 17.5 16.5 15.2 - 9.6 9.1 8.3 8.1 7.6 6.1 
9.4 7.5 26.1 24.7 22.6 14.3 13.6 12.3 12 11.3 9.1 

12.5 10 34.7 33 30.1 19.2 18.2 16.6 16.2 15.1 12 
18.7 15 52 49.5 45 28.8 27.3 24.9 24.4 22.5 18 
25 20 69.5 66 60.2 38.4 36.4 33.2 32.4 30.1 24 6 4.4 3.5 
31.3 25 87 82.5 75.5 48 45.5 41.5 40.5 37.8 30 7.5 5.5 4.4 
37.5 30 104 99 90.3 57.6 54.6 49.8 48.7 45.2 36 9.1 6.6 5.2 
50 40 139 132 120 77 73 66.5 65 60 48 12.1 8.8 7 

62.5 50 173 165 152 96 91 83 81 76 61 15.1 10.9 8.7 
75 60 208 198 181 115 109 99.6 97.5 91 72 18.1 13.1 10.5 
93.8 75 261 247 226 143 136 123 120 113 90 22.6 16.4 13 

100 80 278 264 240 154 146 133 130 120 96 24.1 17.6 13.9 
125 100 347 330 301 192 182 166 162 150 120 30 21.8 17.5 
156 125 433 413 375 240 228 208 204 188 150 38 27.3 22 
187 150 520 495 450 288 273 249 244 225 180 45 33 26 
219 175 608 577 527 335 318 289 283 264 211 53 38 31 

250 200 694 660 601 384 364 332 324 301 241 60 44 35 
312 250 866 825 751 480 455 415 405 376 300 75 55 43 

375 300 1040 990 903 576 546 498 487 451 361 90 - 66 52 

438 350 1220 1155 1053 672 637 581 568 527 422 105 77 61 

500 400 1390 1320 1203 770 730 665 650 602 481 120 88 69 

625 500 1735 1650 1504 960 910 830 810 752 602 150 109 87 

750 600 2080 1980 1803 1150 1090 996 975 902 721 180 131 104 

875 700 2430 2310 2104 1344 1274 1162 1136 1052 842 210 153 121 

1000 800 2780 2640 2405 1540 1460 1330 1300 1203 962 241 176 139 
1125 900 3120 2970 2709 1730 1640 1495 1460 1354 1082 271 197 156 
1250 1000 3470 3300 3009 1920 1820 1660 1620 1504 1202 301 218 174 

1563 1250 4350 4130 3765 2400 2280 2080 2040 1885 1503 376 273 218 
1875 1500 5205 4950 4520 2880 2730 2490 2440 2260 1805 452 327 261 

2188 1750 5280 2250 3180 2890 2830 2640 2106 528 380 304 
2500 2000 6020 3840 3640 3320 3240 3015 2405 602 436 348 
2812 2250 6780 4320 4095 3735 3645 3400 2710 678 491 392 
3125 2500 7520 4800 4560 4160 4080 3765 3005 752 546 435 
3750 3000 9040 5760 5460 4980 4880 4525 3610 904 654 522 
375 3500 10550 6700 6360 5780 5660 5285 4220 1055 760 610 

5000 4000 12040 7680 7280 6640 6480 6035 4810 1204 872 695 

a 

130 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 214 of 340



 

ELECTRICAL FORMULAE 

To Obtain Single-Phase 

Alternating Current 
Three-Phase Direct Current 

KiloWatts 

kVA 

Horsepower Required 
To Drive Known kW 
Generator 

kW Input To a Motor 
of known hp 

Full Load Amperes 
When Motor Horsepower 
is known 

Amperes When kW 
is known 

Amperes When kVA 
is known 

Frequency (cps) 

Reactive kVA (kVAR) 

% Voltage Regulation 

Where: 

Vxlxpf 
1,000 

V x I 

1,000 

kW 
.746 x Eff. (Gen.) 

hp x .746 
Eff. (Motor) 

hp x 746 
V x pf x Eff. 

kW x 1,000 
V x pf 

kVA x 1,000 
V 

Poles x rpm 
120 

1.732 xVxIxpf 
1,000 

1.732 x V_ x I 

1,000 

kW 
.746 x Eff. (Gen.) 

hp x .746 
Eff. (Motor) 

hp x 746 
1.732 x V x Eff. x pf 

kW x 1,000 
1.732 x V x pf 

kVA x 1,000 
1.732 x V 

*Poles x rpm 
120 

Vxlx 41 - (pf)2 1.732 xVxlx 41 -(pf)2 
1,000 

100 (VNL - VFL) 

VFL 

V = Volts 
I = Line Current Amperes 

pf = Power Factor 

*Poles = Pair of Poles 

1,000 

100 (VNL - VFL) 

VFL 

V x I 

1,000 

kW 
.746 x Eff. (Gen.) 

hp x .746 
Eff. (Motor) 

hp x 746 
V x Eff. 

kW x 1,000 
V 

100 (VNL - VFL) 

VFL 

(Eq. 1) 

(Eq. 2) 

(Eq. 3) 

(Eq. 4) 

(Eq. 5) 

(Eq. 6) 

(Eq. 7) 

(Eq. 8) 

(Eq. 9) 

(Eq. 10) 
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Materials and specifications are 
subject to change without notice. 

CATERPILLAR 

LE BX5048 ©1995 Caterpillar Inc. Printed in U.S.A. 
Supersedes LEBX3377 
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SECTION SIX 

CONTENTS: 

F L007 

* Battery charger instruction manual and specifications. 

* Lead acid starting batteries specifications. 

* Starting system. 
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INSTRUCTION MANUAL 
MAS R 

Serial No. 

BATTERY 
CHARGER 

69 0 0 3 

Model No. 
MBC6T/6TC-24V- f0A-L3C/NC20 

IMPORTANT SAFETY INSTRUCTIONS 

SAVE THESE INSTRUCTIONS 

MASTER CONTROL SYSTEMS, INC. 
P.O. BOX 276 910 NORTH SHORE DRIVE, LAKE BLUFF, ILLINOIS 60044, U.S.A. 
TELEPHONE: 708-295-1010 FAX: 708-295-0704 

A3-087-2 
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SAFETY INSTRUCTIONS 

1. This manual contains important safety and operating instructions for the specific Model 
Number battery charger described on the front cover. 

2. Before using battery charger, read all instructions and cautionary markings on (1) battery 
charger, (2) battery, and (3) product using battery. 

3. CAUTION - To reduce risk of injury, charge only the type rechargeable battery which is 
indicated by the last suffix in the charger model number located on the front cover. 

SUFFIX TYPE OF RECHARGEABLE BATTERY 

LA Automotive lead acid (sp. gr. 1.265-1.285) 

FL Float service lead acid (sp. gr. 1.200-1.220) 

NC Nickel Cadmium 

LAC, LAS, L3A Represent different types of "maintenance free" 
LAR or low maintenance lead acid. 

NOTE: 1) Additional numbers following suffix indicate the'number of cells in the battery. 
2) Other type of batteries may burst causing personal injury and damage. 

4. Do not expose charger to rain or snow. 

5. Use of an attachment not recommended or sold by the battery charger manufacturer may 
result in a risk of a fire, electric shock, or injury to persons. 

6. Do not operate charger if it has received a sharp blow, been dropped, or otherwise damaged 
in any way; take it to a qualified serviceman. 

7. Do not disassemble charger; take it to a qualified serviceman when service or repair is 

required. Incorrect reassembly may result in a risk of electric shock or fire. 

8. To reduce risk of electric shock, disconnect charger from A .C. supply before attempting 
any maintenance or cleaning. Turning off controls will not reduce this risk. 

9. WARNING - RISK OF EXPLOSIVE GASES 
(a) WORKING IN VICINITY OF A LEAD -ACID BATTERY IS DANGEROUS. BATTERIES 

GENERATE EXPLOSIVE GASES DURING NORMAL BATTERY OPERATION. 
(b) To reduce risk of battery explosion, follow these instructions and those published by 

battery manufacturer and manufacturer of any equipment you intend to use in vicinity 
of battery. Review cautionary marking on these products and on engine. 

MBC6/7 
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SAFETY INSTRUCTIONS (Continued) 

10. PERSONAL PRECAUTIONS 

(h) 

Someone should be within range of your voice or close enough to come to your aid 
when you work near a lead acid battery. 
Have plenty of fresh water and soap nearby in case battery acid contacts skin, 
clothing or eyes. 
Wear complete eye protection and clothing protection. Avoid touching eyes while 
working near battery. 
If battery acid contacts skin or clothing, wash immediately with soap and water. If 
acid enters eye, immediately flood eye with running cold water for at least 10 minutes 
and get medical attention immediately. 
NEVER smoke or allow a spark or flame in vicinity of battery or engine. 
Be extra cautious to reduce risk of dropping a metal tool onto battery. It might spark 
or short circuit battery or other electrical part that may cause explosion. 
Remove personal metal items such as rings, bracelets, necklaces, and watches when 
working with a lead acid battery. A lead acid battery can produce a short-circuit 
high enough to weld a ring or the like to metal, causing a severe burn. 
NEVER charge a frozen battery. 

11. PREPARING TO CHARGE 
(a) If necessary to remove battery, always remove grounded terminal from battery first. 

Make sure all accessories are off, so as not to cause an arc. 
(b) Be sure area around battery is well ventilated while battery is being charged. 
(c) Clean battery terminals. Be careful to keep corrosion from coming in contact with eyes. 
(d) Add distilled water in each cell until battery acid reaches level specified by battery 

manufacturer. This helps purge excessive gas from cells. Do not overfill. For a 

battery without cell caps, carefully follow manufacturer's recharging instructions. 
(e) Study all battery manufacturer's specific precautions such as removing or not removing 

cell caps while charging and recommended rates of charge. 

12. CHARGER LOCATION 
(a) Never place charger directly above battery being charged; gases from battery will 

corrode and damage charger. 
(b) Never allow battery acid to drip on charger when reading gravity or filling battery. 
(c) Do not operate charger in a closed-in area or restrict ventilation unless charger is an 

integral part of a fire pump controller. 

13. MARINE CHARGERS - EXTERNAL CONNECTIONS TO CHARGER SHALL COMPLY WITH 
UNITED STATES COAST GUARD ELECTRICAL REGULATIONS (33CFR183, Sub Part 1). 

14. GROUNDING INSTRUCTIONS - This battery charger should be connected to a grounded, 
metal, permanent wiring system; or an equipment grounding conductor should be run with 
circuit conductors and connected to equipment - grounding terminal or lead on battery 
charger. Connections to battery charger should comply with all local codes and ordinances. 

MBC6/7 
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INSTALLATION INSTRUCTIONS FOR MODEL MBC6T/MBC6TC BATTERY CHARGERS 

The Charger cabinet must be mounted in a vertical position preferably on a wall in close 
proximity to the battery. The areas above and below the Charger must be clear for at 
least 12 inches to allow free air flow for cooling. The Charger cabinet must not be 
located in areas subject to falling or spra;Ang water. 

The cabinet should not be subject to shock or vibration. If it is necessary to mount the unit 
on an engine skid, select a point subject to the least amount of shock and vibration and 
install suitable vibration dampers. These chargers are NOT to be mounted in engine 
compartments of vessels where ignition protection is required. 

There is no need to disconnect the battery charger during engine cranking since the 
charger's output is current limited; however, if disconnection of the charger is still desired, 
it can be accomplished by disconnecting the A .0 . power to the charger anytime the 
engine's starting motor is engaged. Typically, this is done by installing a normally closed 
set of relay connects, rated for 10 Amps @ 230 VAC, in series with the AC-H input 
power wiring. The relay coil is then wired in parallel with the starter motor. 

The four mounting ears have 5/16 inch holes (or slots) to accept a inch bolts. The horizontal 
spacing is 10 inches (centers) and the vertical (center) spacing is 13i inches.' The unit 
weight is less than 50 pounds. 

For wiring, use wire having insulation which is unaffected by the environment of the 
installation. For engine starting battery installations, use flexible stranded copper wire 
having insulation which is unaffected by oil or engine heat. 

The bushings supplied with the Charger are in 7/8 inch diameter holes for inch nominal 
conduit fittings. Discard bushing(s) when conduit(s) is used. 

TABLE 1 - LOWER CHASSIS TERMINAL STRIP WIRING 

TERMINAL MINIMUM WIRE SIZE (COPPER) DESIGNATION 

Note: This Charger is equipped for field convertible input voltage (115 VAC or 230 VAC) 
with an additional 4 pole terminal strip (5-40 screws) having terminals 61, 62, 63 & 
64. The Charger voltage straps are factory wired for 230 VAC operation. Terminal 
62 is strapped to 63. For 115 VAC operation strap terminal 61 to 62; and strap 
terminal 63 to 64. There are NO field connections to these terminals. 

GND --As Required-- Chassis Ground--Connect to ground wire 
of a three prong line cord when used. 
Connect to ground wire in a conduit wired 
installation when a wired ground is 
required. (The chassis is not insulated 
from the cabinet). 

MBC6T/MBC6TC Page' 1 of 3 
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INSTALLATION INSTRUCTIONS FOR MODEL MBC6T/MBC6TC BATTERY CHARGERS 
(Continued) 

TERMINAL MINIMUM WIRE SIZE (COPPER) DESIGNATION 

AC-H --#14 AWG-- A.0 . Power Input Terminal (high side, fused 
side)--Connect to high side of A.C. supply 
which is fused (or breakered) consistent with 
the nameplate A.C. current requirements. A 
Slo-blo or time-lag fuse or breaker is preferred. 

AC-N --#14 AWG-- A.C. Power Return Terminal -- Connect to 
low or neutral side of A .0 . supply. 

+BAT --Table 2-- Positive Charge Current Output--Connect 
to battery positive terminal. 

-BAT --Table 2-- Charge Current Return Terminal -- Connect to 
battery negative terminal. 

Note: Neither battery output terminal is grounded in the Charger. Therefore, the unit 
may be used in positive ground, negative ground, or ungrounded installations. 

+S --#24 AWG-- Positive Remote Sense Terminal - -to use remote 
sensing, remove sensing, remove strap 
between the '+BAT' and '+S' terminals. 
Connect '+S' terminal to battery positive post 
or the positive battery terminal in an engine 
junction box, if used. 

-S --#24 AWG-- Negative Remote Sense Terminal - -to use 

remote sense remove strap between the '-BAT' 
and '-S' terminals. Connect '-S' terminals. 
Connect ' -S' terminal to battery negative post 
or the negative terminal in an engine junction 
box, if used. 

TABLE 2 - BATTERY MINIMUM WIRE SIZES (COPPER WIRE) 

CHARGER WITHOUT REMOTE SENSE WITH REMOTE SENSE 

Rated D.C. 
Current 

Max Wire 
Run Length 

Min Wire 
Size 

Total Loop 
Drop 

Min Wire 
Size 

Total Loop 
Drop 

10 AMP 
10 FT 
25 FT 

50 FT 

12 AWG 
12 AWG 

8 AWG 

0.3V 
0.8V 
0.6V 

12 AWG 
12 AWG 
10 AWG 

0.3V 
0.8V 
1.0V 

MBC6T/MBC6TC Page 2 of 3 
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INSTALLATION INSTRUCTIONS FOR MODEL MBC6T/MBC6TC BATTERY CHARGERS 
- (Continued) 

Note that while the wire size shown for the AC wiring is based on wire current carrying 
capacity (' ampacity1), the wire sizes shown for the battery wiring are based on wiring 
resistance. In addition, splices or junctions in the wiring path must be low in resistance. 

Runs may be two of the next smaller even wire size, e.g. two #12 AWG wires may be used 
in place of a 410 AWG wire and etc. Aluminum wire NOT recommended. 

M B C6 T /MBC 6 TC Page 3 of 3 
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THEORY OF OPERATION MODEL MBC6T/MBC6TC BATTERY CHARGER 

GENERAL - Refer to Drawings 10207, 10208, or 10210 for schematic representation. Note 
that while the transformer winding configuration changes with Charger voltage and current 
ratings, the typical winding configuration is representative of the Charger operation. 

A.C. PATH - When strapped for 115 VAC operation the two primary windings of the power 
transformer are connected in parallel. Each is supplied thru a fuse; Fl and F2 respectively. 
When straps are arranged for 230 VAC operation the two primaries are connected in series 
and each is still supplied thru its own fuse (Fl or F2 respectively). 

When wired for 230 VAC operation an overload current greater than the fuse rating will 
cause Fl or F2 (or both) to blow which will interrupt A.C. power to the transformer. When 
strapped for 115 VAC operation an overload greater than the fuse rating will blow 
Fl or F2 (the two primary currents will be about equal). This causes the remaining primacy 
to draw the full input current and blow its fuse rapidly. The 'GND' terminal is tied directly 
to the chassis which is in electrical contact with the cabinet. The primary and secondary 
circuits are electrically isolated from each other and from chassis or cabinet ground. The 

(51 transformer, then isolates the A.C. power and transforms the voltage to the level required 
by the battery. 

The regulator board has its own regulated power supplies (+10V, & -10y) which are supplied 
via the 'AC' terminals and the 'COM' terminal. The power or control (if provided) 
transformer will supply approximately 30 VAC center tapped to the regulator. The +10V & -10V 
regulated supplies power the sensing amplifiers, drive circuits, provide reference values, 
and power the voltage reference element; providing the double regulated voltage reference 
for low line regulation error. 

D.C. PATH - The main power rectifiers are part of the SCR assembly Q10. Rectification 
is either full wave center tapped or full wave bridge. A resistor and capacitor is provided 
across the SCR(s) to form a "snubber" network. This network is designed to prevent false 
firing of the SCR(s) due to line surges or transients. When the SCR is turned on via ±PT or 
±PT2, the charge current flows from Q10, through F3, the Ammeter, and terminal 6 (+BAT) 
to the positive battery post. The return charge current flows from the negative battery 
post, through terminal 5(-BAT) and R10, back to the transformer center tap or Q10 to 
complete the D.C. path. 

VOLTAGE SENSING - Now, the regulator senses the battery terminal voltage via sense lines 
'+RS' and '-RS' via terminals 7(+S), 34(+V), 33 & 32 and terminal 4(-S) & 35(-V) respectively. 
The regulator will turn on the SCR(s) sooner in each half line cycle when the sensed battery 
voltage is below the internal regulated reference voltage. Turning on the SCR(s) sooner in 
each half cycle will allow more charge current to flow. When the battery voltage. increases 
(with charge level) above the fixed reference voltage, the regulator will turn on the SCR(s) 

later in each half cycle causing reduced charges currents. 

The battery voltage sensing ; etwork is high in impedance (at least 15K ohm) and will not 
cause battery discharge or power outage. 
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THEORY OF OPERATION MODEL MBC6T/MBC6TC BATTERY CHARGER 
(Continued) 

CURRENT SENSING - The return charge current flowing from the battery negative terminal 
into the ' -BAT' terminal is sensed by resistor R10 and the '+CS' and '-CS' inputs of the regulator 
board. The regulator compares the actual current flow against a reference level to cause 
current limiting. When the current flow exceeds the reference level the regulator will 
override the voltage section and delay the SCR turn on point (in each half cycle) to reduce 
the current to the rated value. 

MODE SWITCHING - The mode switching decision point of the Charger is called the 
"Cross-Over'Current". The current sensing portion of the regulator compares the actual current 
flow against a (Cross-Over) reference level to determine whether the charge current is more 
than the "Cross-Over" current. The cross-over current is normally 65% to 75% of rated D.C. 
output current. 

Now, if the regulator senses currents above the cross-over value it will switch to the "Equalize 
Mode" by altering the output voltage level to the higher value (Equalize). Conversely, 
when the charge current is sensed to be less than cross-over value the regulator will switch the 
output voltage to the lower voltage "Float" mode. (The "Hysteresis in this mode switching 
action occurs by virtue of the battery characteristics"). 

SHUTDOWN - The shutdown sense line is connected to the internal SCR trigger drive signal 
on the regulator board through a diode. The "SD" line does not input current and will not 
discharge the battery on power outage. Thus, with a shorted output, the load will "Steal" 
the SCR trigger drive signal (via terminal +BAT), preventing SCR turn on, to shutdown the 
Charger. 

REMOTE SENSING - The remote sensing terminals ('+S' & '-S') are the terminals thru which the 
regulator senses the battery voltage. By removing the factory installed straps ('+BAT' to '+S', & 
'-BAT' to LS') the sensing can be extended closer to the battery terminals. Thus, the effect 
of lead resistance on '+BAT' & '-BAT' between the Charger and the remote sense terminals is 
ignored by the Charger. This improves load regulation and reduces charge time somewhat. 
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TROUBLESHOOTING HINTS 

FOR MODEL MBC6T BATTERY CHARGERS 

GENERAL: Record the battery voltage and charger output current before proceeding 
with any tests. (Whenever possible, battery voltage readings should be 
taken at the battery posts, battery terminals, and charger output 
terminals with an accurate voltmeter). It is important to check voltages 
initially at all three points since a poor connection will vary readings 
and effect charger performance. 

Verify that correct AC input and battery type have been determined and 
jumpers installed as shown. 

AC Input 

95 V - 130 VAC 190 V - 260 VAC 

Battery Type 

LEAD ACID REMOVE FOR 
SHOWN NICAD BATTERIES 

NOTE: Do not adjust the sealed trimpot on the printed circuit board since 
accurate field adjustments are extremely difficult to obtain. Improper 
settings will lead to either undercharging or overcharging of the 
battery. 

SYMPTOM I. No Output (Output will.not'be apparent on a fully charged battery 
unless a load is applied). 

If battery voltage is low (see Table A) and no output current is 

indicated; 

CHECK: A. If voltmeter on charger does not indicate battery voltage: 
I. Connections between charger and batteries may not be correct or 

adequate. 
2. Or, the sense straps between battery "B" terminals and sense 

"S" terminals may have been removed. The jumpers must be 

installed unless separate charge and sense leads are used. 

MBC6T 

B. If voltmeter reads low battery voltage: 

I. Check both A.C. and D.C. fuses. 

2. Verify voltage is present at A.C. input terminal. 
3. Transformer secondary voltage can be checked with a voltmeter' 

by reading between the orange and yellow leads from the SCR 
assembly to the vertical terminal bar. Approximately 60 volts 
should be present. 

4. The SCR assembly can be checked by momentarily connecting a 
jumper between the gate of the SCR and the turret of the SCR 

assembly (See Fig. 1). If the ammeter deflects, the SCR is 
operational. (Since this will cause the SCR to be wide open, 
the jumper can only be connected momentarily or a fuse may be 
blown). 

5. If all of the preceding checks have been made and no problems 
found, it will be necessary to replace the Regulator PC Board 
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FIGURE 1 

TABLE A 

BATTERY TYPE FLOAT VOLTAGE 

Lead Acid 
NiCad 

2.25 VPC (27.0V) 

1.4 VPC (28.0V) 

EQUALIZE VOLTAGE 

2.40 VPC (28.80V) 
1.5 VPC (30.0V) 

NOTE: Number of cells stamped on nameplate must correspond with number of cells in 
battery bank. Proper voltages can be determined by multiplying numbers of 

' cells by VPC listed above. 

SYMPTOM II. Battery is incapable of cranking engine or carrying substantial loads. 

CHECK: Standing battery voltage: 
A. If the measured battery post voltage is equal to voltages shown 

in Table A, but drops below 75% of nominal when the engine is 

cranking, then the batteries do not have sufficient capacity 
and should be replaced. (This battery charger monitors battery 
voltage and will supply sufficient output to bring battery 
voltage up to the proper level; however, batteries with 
diminished capacities are still capable of reaching normal 
voltages). 

B. If the measured battery post voltage is lower than the values 
shown in Table A and charger output current is indicated on the 
ammeter, the condition may be normal due to recent deep 
discharge of the battery. If the voltage does not increase and 
the charger output does not decrease within 24 hours, the 
condition may be caused by a shorted battery cell or an 
improperly coordinated charger and battery system.. (See III., 
Overcharging/Excessive Gassing) 
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C. If the measured battery post voltage is lower than the values 
shown in Table A and no charger output current is indicated on 
the ammeter, a bad connection may exist. To verify proper 
connections, measure the voltage at the charger output 
terminals and compare them to the battery post voltage reading. 
If they differ by more than 1%, then a bad connection between 
the battery posts and the charger output terminals exists.. 
Clean and tighten all connections. 

D. After conducting above test, if the measured battery post 
voltage is lower than the values shown in Table A and charger 
output is only indicated on the ammeter during engine cranking, 
replace the PC board. 

SYMPTOM III. Overcharging/Excessive Gassing (Ammeter indicating charge rate in 

excess of any continuous load) 

CHECK: A. If battery voltage is within voltages in Table A, disconnect 
any load, interrupt A.C. supply, and wait approximately 15 

minutes. If voltage drops below voltages in Table A, the 
battery is not capable of maintaining a full charge, and higher 
than normal output is needed to maintain proper voltage at the 
battery. Battery should be replaced. 

B. If battery voltage is above voltages in Table A, remove A.c. 
and D.C. fuses. Pull the regulator PC board out of its 

connector. Reinstall fuses. If ammeter shows any output with 
regulator removed, replace the SCR assembly. If the above 
conditions exist but'ammeter stays at "0" with regulator 
removed and fuses installed, replace regulator PC board. 

SYMPTOM IV. Fuse Blowing 

CHECK: A. Fuses blow immediately when installed. 
1. Verify fuses being used match ratings on fuse nameplated. 
2. Disconnect charge leads at charger, install new fuse. 

a. If problem clears, an external short exists. 

b. If fuse still blows, replace SCR assembly. 

B. Fuse blow during engine cranking. 
1. Incorrect fuses are installed, or 

2. If charger does not current limit, replace regulator PC 

board. 
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OPERATING PROCEDURES FOR MODEL MBC6T/MBC6TC BATTERY CHARGER 

GENERAL - The MBC6T/MBC6TC Battery Chargers are constant voltage, automatic mode switch, 
two rate (float-equalize), current limited, regulated (line compensated) battery chargers. 
This model was specifically designed for charging batteries used for high intermittent loads 

such as engine starting or switch gear operating batteries. The Chargers provide automatic 
fast recharge with minimum long term water consumption. 

OUTPUT CAPACITY - These chargers are capable of supplying 100% of their D.C. rated output 
current without allowing the battery to be depleted. Continuous loads should not exceed 50% 
of the rated output current. Large continuous loads will cause the unit to remain in the equalize. 
(high rate) mode resulting in high battery water consumption. Loads across the battery which are 
less than the Chargers rated current will be supplied by the Charger with the remaining Charger 
output being available to charge the battery. For loads greater than the rated output the charger 
will provide its rated current with the battery supplying the remainder. These units current limit 
at their rated output. 

BATTERY SIZE (CAPACITY) - The recommended range of battery rated (nominal) capacity in 
ampere hours is 5 to 202 times the Charger output current - E.G. 25 to 105 AH with a 5 
charger, 50 to 210 AH with a 10 amp charger - 100 to 420 AH with a 20 amp charger-per the 
recommendations of battery manufacturers (C/5 to C/20). Batteries larger than those recommended 
can cause the charger to remain in the equalize mode continuously resulting in battery damage 
since batteries require a current of at least C/20 (5% if its AH capacity for equalizing to occur). 

WATER CONSUMPTION - The MBC6T/MBC6TC Chargers provide the fastest charge time for 
a given rating consistent with the lowest water consumption. Under normal conditions the 
Charger will normally be in the 'float' mode with necessarily low water consumption. The 
battery water level should be checked once a month until a water consumption pattern is 
established. The water level should be checked at least every 3 months due to climatic 
changes. Longest battery life will be obtained when distilled water is used to fill batteries. 

LINE REGULATION - The Charger is regulated (line compensated) and requires no tap setting. 
The line voltage regulation (output change) is 0.2% max. for a 10% line voltage change. 
The Charger will operate with line changes up to 15% of nominal with reduced current rating 
on low line voltages. 

FLOAT MODE - The 'float' mode is a constant voltage mode in which the charger attempts 
to maintain a particular voltage level on the battery terminals. This voltage level is called 
the 'float' voltage and is somewhat higher than the battery full charge open circuit terminal 
voltage. The charger will produce more or less charge curt to achieve this battery voltage 
as seen by the charger. Now the 'float' voltage is sufficien to maintain the charge of a fully 
charged battery; and, the charger will maintain this voltage witl- battery loads up to the full 
rated current of the charger. The 'float' voltage is also su"icient TO cause the charger to 
output charge current to a battery which is not fully charged. However, the float voltage 
is low enough to be below the "gassing" voltage of the battery; and thus, in the float mode the 
charger will cause only small gassing currents to flow into the battery yield's reduced water 
consumption in this mode. 

MBC6T/MBC6TC 1 of 3 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 237 of 340



OPERATING PROCEDURES FOR MODEL MBC6T/MBC6TC BATTERY CHARGER 
(Continued) 

EQUALIZE MODE - The "Equalize" mode is also a constant voltage mode in which the charger 
attempts to maintain a specific voltage on the battery by varying its output charge current. This 

specific voltage level is called the "Equalize" voltage and is somewhat higher than the "float" 
voltage. The "Equalize" voltage is also somewhat higher than the "Gassing" voltage of the 

battery; thus, this voltage is sufficiently high to fully charge a battery. The charger will cause 
maximum charge current to flow to the battery until the "Equalize" voltage level is attained. 
When the battery voltage as seen by the charger sensing terminals reaches this level the charger 
will reduce its output current. At this voltage, however, "Gassing" currents will begin to flow 
into the battery until the charger switches to the "Float" mode. 

CURRENT LIMIT - In attempting to maintain the required voltage in either the "Float" or "Equalize" 
mode the charger will try to produce whatever charge currents are required to do so. To limit 
the charger output current to a safe design level the charger will reduce its output current to the 
"Rated" output current upon sensing larger current flows. Thus this limiting effect occurs even 
though the battery voltage as seen by the charger is below the level that the charger is trying 
to maintain. 

MODE SWITCHING - The Charger will switch modes (float or equalize) depending on the state 
of charge in the battery and upon external loads. The mode switching decision is based on the 
Charger output current at the '+B' & ' -B' terminals. When the battery and/or other loads require 
much over 50% of rated current the Charger automatically switches to the equalize mode and 
remains there until the battery is charged (and/or loads are reduced) and the output current drops 
down toward 50% of rated current. At that pOint the Charger will switch to the float mode, with 
a corresponding reduction in output current, and remain in 'float' until the next demand occurs. 

Thus any large battery demand, such as engine cranking or switchgear operation, will cause the 
battery to be equalized. In the float mode the Charger will supply only to the battery a current 
equal to battery leakage plus any external loads. 

Power interruption will cause the Charger to switch to the "Equalize" mode upon power restoration. 
The Charger will return whatever charge was lost during the power interruption and then return to 
the float mode. The Charger will not discharge the battery during periods of power failure. 

BATTERY CONDITION - A fully charged battery will be indicated by a low Charger output 
current and, for lead acid batteries, a full charge specific gravity reading hydrometer reading 
in all cells. A battery which has approached end of life will have a reduced ampere hours 
capacity (something less than the battery's rated capacity). An adequate check of a battery for 
capacity in engine starting applications is to monitor the battery voltage while it is cranking 
the engine during an expected worst case cranking attempt. The cranking voltage of a fully 
charged battery of adequate capacity should be at least 75% of nominal (9 volts minimum on a 
12 volt lead acid battery). Batteries with sufficient capacity which are not fully charged may 
not pass the test. Similarly, worst case voltage drop can be established for other high current 
applications to determine the battery condition assuming that the battery is fully charged. 
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OPERATING PROCEDURES FOR MODEL MBC6T/MBC6TC BATTERY CHARGER 
(Continued) 

LOW VOLTAGE SHUTDOWN - These Chargers are normally supplied with low voltage shutdown 
which, causes the Charger to reduce its output current any time the battery output terminal voltage 
drops below +5.0 volts. The Charger will shut off completely if the output terminal voltage 
drops below +2.5 volts. This provides reverse polarity and short circuit protection. In addition, 
in the absence of capacitive loads, the Charger will shutdown on "missing battery" or open leads, 
if the charger output terminals have 3.0K ohms or less of load resistance connected. 

TO PUT CHARGER INTO OPERATION - Connect per installation instructions and apply A.C. 
power having nominal voltage and frequency shown on Charger nameplate. CAUTION: Always 
disconnect, turn off, or remove A .0 . power from Charger before connecting or disconnecting 
Charger or battery leads. Similary, do not connect or disconnect battery leads with any loads 
connected in order to prevent arcs or sparks on or near the battery. A correctly connected battery 
will cause the Charger voltmeter to indicate the nameplate nominal D.C. voltage. 

NORMAL OPERATION - When power is first applied the Charger will normally supply its full 
rated current in the equalize mode, as indicated by the Charger ammeter. The current will 
remain at the current limit value until the battery approaches full charge. It will then taper 
down toward 50% of rated current and then drop to zero indicating the battery is charged and 
the Charger has switched to float mode. The Charger will then begin to supply whatever current 
is required by battery leakage and external:loads. 
NOTE: The Charger should remain in the equalize (high rate) mode for no more than 24 hours 
when used with a fully discharged good battery of proper size and type (and with no external 
loads). Adding electrolyte to a "Dry Charge" battery results in the battery being approximately 
2/3 charged. 

When a drain is put on the battery or A .0 . power is interrupted the Charger will switch to 
"Equalize" and produce high charge current until the battery is again charged. 

When connected to a fully discharged battery the Charger will supply its rated current for the 
time required to charge the battery. This time in hours will be: the capacity of the battery in 
ampere hours divided by the current rating of the charger. As above, a deep discharged battery 
can cause charger shutdown (if its terminal voltage is less than +5.0 volts) for up to several hours 

before high charge currents begin to occur. 

CHARGER MAINTENANCE - There are no field adjustments to be made on these chargers. The 

only adjustable device is the float voltage adjustment on the regulator P.C. board which is 

factory set using precision equipment. All servicing should be performed by qualified 
service personnel. 
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REPLACEMENT PARTS LIST FOR 

MODEL MBC6T/ MBC6TC 

BATTERY CHARGER 

ITEM DESCRIPTION SYMBOL 

CATERPILLAR P/N 
7W0407 

FOR 

CATERPILLAR P/N 

FOR 

CATERPILLAR PIN CATERPILLAR P/N 

7W0408 ,7C3874 
FOR .. FOR 

CATERPILLAR P/N 

7W0409 
FOR 

CATERPILLAR P/N 

7C3875 

FOR 

CATERPILLAR P/N CATERPILLAR P/N 

7W0410 7C3876 

FOR FOR 

M8C6T-I2 V -I0A - L 3C 1.113C6TC -12 V - 10 A-L3C MBC6T- 24 v-10A-L3c/NC20 MBC6TC-24v-10A-L3C/NC20 MBC6T-30v-104 -L3C IABC6TC -30v-i0A-L3C MBC6T - 32 v -10A-NC27 MBC6TC-32 V -10 A-NC27 

MCS P/N 8 610055 MCS P/N 8 612 405 MCS P/N 8610068 MCS P/N 8 612 418 MCS P/N 8 610 076 MCS P/N 8 612 4213 MCS P/N 8 610 086 MCS P/N 8 612 426 

I REGULAR BOARD PC 8 509 007 B 509 007 8 509 008 B 509 000 8 509 009 B 509 009 B 509 010 8.509 010 
2 12-24 V SCR ASSEMBLY 010 B 600 032 B 600 032 6 600 032 B 600 032 - - - 
3 30-32 v SCR ASSEMBLY 010 - - - - B 601 092 B 601 092 13 601 092 B 601 092 

4 0 -20 VDC VOLTMETER v . A.303 190 A 303 190 - - - - - - 
5 0 -90 VDC VOLTMETER V . - - A 303 191 A 303 191 - - - - 
6 0 -60 VDC VOLTMETER V - - - - A 300 853 A 300 853 A 300 853 A 300 853 
7 0 -15 ADC AMMETER A A 303 202 A 303 202 A. 303 202 A 303 202 A 300 862 A 300 B62 A 300 862 A 300 862 
8 3 AG FUSEHOLDER F1, F2,F3 A 400 013 A 400 013 A 400 013 A 400 013 A 400 013 A 400 013 A 400 013 A 400 013 
9. 2 A, 3 AG ,SLO-BLO A.C.FLISE F 1 , F2 B 201 523 B 201 523 - - - - - - 

10 4 A, 3 AG,SLO-BLO A.C.FuSE FI,F2 - - 8 201 528 B 201 528 - - - - 
11 5 A, 3 AG , SLO-BLO A.C.FuSE F I , F2 - - - - B 201 529 8 201 529 B 201 529 8 201 529 
12 308,3A5,SLO-BL0 D.C.FUSE F3 13 201 537 0 201 537 8 201 537 B 201 537 B 201 537 B 201 537 El 201 537 8 201 537 

13 A.C.POWER SWITCH SW1 A 400 258 A 400 258 A 400 258 A 400 258 A 400 258 A 400 256 A 400 258 A 400 258 

14 CHARGER FAILURE ALARM MODULE CFA - B 508 000 - B 508 001 - 8 508 002 - 8 508 003 

NOTE When ordering replacement pores, be sure lo specify MODEL NUMBER 

And SERIAL NUMBER of the charger in which Ihey ore lo be used. 

MASTER CONTROL SYSTEMS, INC . 

910 North Shore Drive 

Lake Bluff , Illinois 60049,USA 

Phone ;(708) 295-1010 For (7081295- 0704 
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MCS MODEL NUMBER MCS RN CAT. P/N DESCRIPTION 

MBC6T - 12 - 10 -L 3C B 6 10 055 7 WO 4 07 10 Amp., automatic mode swliching , 12 V. lead acid 

MBC6TC -12- 10 -L 3C 13 612 905 10 Amp., outomalic mode switching, 12 V. lead acid with charger failure alarm module 

MBC6T- 24-10 - L3 C/ B 610 068 7 W0408 10 Amp., automatic mode switching , 24 V lead acid switchable to 20 cat nickel cadmium 

NC20 

MBC6TC -24-10 - L3C/ 
NC20 

B 612 418 7C38 7 4 10 Amp., automatic mode switching, 24 V. lead acid swilchable lo 20 tells nickel cadmium 

with charger lollure alarm module 

M13C6T - 30 -10 -L 3C 13 610 078 1 W 0409 10 Amp., automatic mode switching , 30V. lead acid 

MFIC6TC -30 -10 - L 3C 8 612 428 7C 3875 10 Amp., automatic mode twitching, 30 V. toad acid with charger failure alarm module 

MBC6T -32- 10 -NC27 8 610 086 7W041 0 10 Amp., automatic mode switching, 27 cells nickel cadmium. 

MBC6TC -32 -10-NC27 li 612 436 70 3 876 10 Amp., automatic mode swi l chino , 27 cells nickel cadmium with charger 

'claws alarm module . 

171101. 
Plia Is He ..coif 

I. For input power connections ,relor to 

in *II uclion manual. 

2. Shipping weight 

MCS P/N L B S 

B 610 055 40 

ii 612 405 41 

0 610 068 41 

B 612 416 42 
El 610 078 43 
B 612 428 44 
8 610 086 4 3 

8 612 436 44 

CATERPILLAR . 

MBC6T 5 MBC6TC 
MOUNTING DIMENSIONS 

MCI MASTER CONTROL SYSTEMS1INC. 
El teel NW. CONON utu. 
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MODEL MBC6T/MBC6TC 

OPTIONS AND ACCESSORIES 

(A) ALARM CONTACTS: SPDT(1C) 10 Amp maximum @ 115 VAC or 28 VDC. All are 
factory set for battery type and charger used. 

(A2) CFA - Charger Failure Alarm contacts. Detects A.C. failure, low D.C. voltage, and 
loss of current. (For standby applications, high rate current signal overrides low 
voltage monitor). 

(A4) HVA - High Voltage Alarm contacts. Detects high D.C. voltage. Trips when the 
battery voltage exceeds the equalize voltage. 

(A7) PFA - Power Fail Alarm contacts. Detects only A .0 . failure. 

(B) CHASSIS MOUNTED CHARGER (Less enclosure). All required cabinet wiring and 
field wiring terminates on binding screw barrier block type terminal strips. Normal 
door mounted components (fuses, meters, efc.) shipped loose. 

(G) D.C. GROUND DETECTORS 

(G1) Ground detecting switches to indicate on voltmeter. Two momentary toggle switches 
supplied. (Approximately 100 ohm/volt circuit). 

(G2) Ground detecting relays with momentary reset switch. (Approximately 100 ohm/volt 
circuit). 

(G3) Ground detecting lights - Ground fault causes unequal brilliance on two lights. 

(G4) Ground detecting lights and switch. 

(G5) Ground detecting lights, relays, momentary reset switch, and test switch. 
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MODEL MBC6T/MBC6TC OPTIONS AND ACCESSORIES 
(Continued) 

(H) ENVIRONMENTAL 

(H1) FUNGUS RESISTANT TREATMENT - Coats all fungus nutrient materials with fungicidal 
varnish. Printed circuit board conformal coated. 

(H2) DRIP HOOD - Adds 6 inches (21 cm) to height of 12 x 12 x 8 enclosure. 

(H3) NEMA 3R ENCLOSURE - 16" x 20" x 9" vented NEMA 3R enclosure. 

(H4) INSECT SCREENS - Provided on (H3) enclosure. 

(K) LINE CORDS 

(K1) LINE CORD AND PLUG - Six foot, 18 AWG, line cord with ground wire. 

(M) METERS 

(M2) 2% VOLTMETER OR AMMETER 

(N) PILOT LIGHTS 

(N1) A.C. PILOT LIGHT 

(N2) ALARM LIGHT - For CFA or HVA 

(N3) AUXILIARY LIGHT - Wired lamp and socket per order. 

(T) TIMERS (Not normally recommended) 

(T1) 12 HOUR MAXIMUM EQUALIZE TIMER - A.C. motor driven, manually set. 

(12) 24 HOUR MAXIMUM EQUALIZE TIMER - A.C. motor driven, manually set. 

(T4) WEEKLY EQUALIZE (Program) TIME CLOCK - Mounted externally to charger. 
(Shipped loose). 
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Note 1 

BATTERY 
CHARGER 

CHASSIS 

CFA 
CHARGER FAILURE ALARM 

P.C. BOARD ASSEMBLY 

Brown 20 

32 

3. 

5/8" 

V 

Orono. 20 
43 

FACTORY WIRING HARNESS \\,fr 

j-iINSTALL CFA IN THIS 

LOCATION WITH SCREWS 

PROVIDED. TERMINALS 

31 , 32 8 33 SHOULD FACE 

FRONT OF CHARGER. 

SYSTEM 
VOLTAGE 

M . C . S . 

PART NUMBER 

I2 V B 508 025 

2 4 V B 508 026 

3 0 V B 508 027 

32 V B 508 028 

9 

KIC KID 

8 @ 

. 

ittsuil REVISIONS 

FAILURE CONTACTS 

NO. 6-32 SCREW 
TERMINALS 

CLOSE ON ALARM 

OPEN ON ALARM ./ 
FIELD WIRING TO 

CHARGER FAILURE 

REMOTE ALARM 

CONTACT RATINGS 

10 Amps maximum at 120 VAC / 28 VDC 

INSTALLATION INSTRUCTIONS FOR CFA 

Using the above drawing, wire CFA to charger terminals 71,72,73 13 74. 
The only additional installation required for chargers equipped with this option is to 

connect the CFA alarm contacts ( terminals 31,32,33 I, to the remote alarm circuit. 

OPERATING PROCEDURES 
The CFA assembly will detect the following charger malfunctions :1- immediate detection 
of charger A.C. power loss., 2 - detection of loss of charger output current ( detection 
time can vary from instantaneous to over an hour , depending on system loads and 

battery self discharge or leakage); 3 - detection of low bolter y voltage at the battery 
charger output termina s , 4 - by virtue of the above , the CFA will detect open A.C. 

or D.C. fusses or breakers , open input or output wires , low line voltage , or removed 
charger components . Since double throw contacts are provided either normally open 

alarm sensing ( terminals 32 and 33 ) or normally closed "Fail - Safe sensing 

( terminal 31 and 32) may be used. 

The CFA assembly is adjusted at the factory ,using precision equipment, to operate 
with the specific voltage and battery type for which the charger was built and 

adjusted . There are no field adjustments to be mode. The unit resets automatically. 

NOTE 1. 24 V units only - Remove R40 jumper 

between charger terminals 71 8 74 prior to 

installing CFA alarm module. 

INSTRUCTIONS FOR 

FIELD INSTALLATION 
CFA ALARM MODULE 

MCI MASTER CONTROL SYSTEMS INC, 
1911 MLA 1111141011 USA. 

IMO ON et 
1MN C'F.13 11:4{. / LI, 

Oral 6 June 86 

10231 1.10.1 
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CFA-CHARGER FAILURE ALARM OPTION 

INSTALLATION INSTRUCTIONS FOR CFA 

The only additional installation required for Chargers equipped with this option is to connect the 
CFA Alarm contacts (Terminals 31, 32, and 33), to the remote alarm circuit. The contacts 
provided are SPDT rated at 10 amperes max. @ 115 VAC max. Consult wiring diagram 1 0231 
for wiring information. Note that the contacts are in the ALARM state with the relay de-energized. 
(24 volt units only: R40 jumper must be removed prior to installing CFA alarm module). 

Use wire having insulation which is unaffected by the environment of the installation. Wiring 
methods should conform to local codes if alarm circuit has A.C. line voltage present. Local codes 
may permit low voltage wiring techniques if alarm circuit uses energy limited, isolated, low 
voltage (less than 24 volts), for operation. 

-OPERATING PROCEDURES 

The CFA assembly will detect the following Charger malfunctions: 1) immediate detection of 
Charger A.C. power loss, 2) detection of loss of Charger output current (detection time can 
vary from instantaneous to over an hour depending on system loads and battery self discharge or 
leakage), 3) detection of the failure of the Charger to produce high rate current if the battery is 

not fully charged or if a significant load has been put on the battery, 4) by virtue of the above, 
the CFA will detect open A.C. or D.C. fuses or breakers, open input or output wires, low line 
voltage, or removed Charger components. Since double throw contacts are provided either 
normally open alarm sensing (Terminals 32 and 33).or normally closed 'Fail-Safe' sensing 
(Terminal 31 and 32) may be used. 

The CFA assembly is adjusted at the factory, using precision equipment, to operate with the specific 
voltage and battery type for which the Charger was built and adjusted. There are no field 
adjustments to be made. The unit resets automatically. 

Operation of the unit is as follows: 
The unit has an internal voltage reference and compares the battery terminal voltage (as sensed 
by the Charger 71 and 74 terminals) to this reference voltage. If the battery voltage is above 
the reference, the unit will energize the CFA failure relay (which is the normal or 'non-alarm' 
state). On units equipped with an L.E.D. light emitting diode, the diode will light when this 
path is enabled. The CFA failure relay is also energized from another source. This source is the 
'EAL' signal from the Charger regulator P.C. board (Pins 15 and 16). This Signal will energize the 
CFA fail relay only when the Charger is actually producing charge current of at least 3/4 of rated 
output current (7.5 amps for a 10 amp Charger). 

Since the voltage reference is set for a value between the battery 'Full Charge Open Circuit' 
voltage and the 'Float' voltage, the CFA will cause an alarm unless the battery is fully charged 
or the Charger is putting out high rate current. 

1 of 2 

CFA(1 0231) 
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CFA-CHARGER FAILURE ALARM OPTION 
(Continued) 

The CFA will normally reset itself after a power failure or after a Charger failure when the fault 
has been corrected. The reset occurs when the Charger produces high rate output current (via 
the EAL circuit) or by virtue of sufficiently high battery voltage to satisfy the CFA voltage monitor. 

The unit draws less than 1.0 mA of current from the battery under any condition; thus, it will not 
cause battery discharge upon Charger failure. 

THEORY OF OPERATION 

The unit is supplied with unregulated D.C. power (approximately 18 VDC) from the Charger via 
CFA terminals 42 & 44. Loss of this power will de-energize the unit and so the alarm relay 
to cause an alarm. 

The unit senses battery voltage via CFA terminals 41 and 44. The sense network supplies a 

voltage sample to a differential amplifier which compares the sample to a zener reference voltage. 
The amplifier output is delayed (to allow for momentary high battery loads) and is fed to the coil 
of the fail relay K1 (see Fig. 1) and light emitting diode (L.E.D.), if present. When the battery 
voltage is above the set, point value, the amplifier will energize relay K1 (and the L.E.D.). This 
is the NORMAL state. 

To 
Battery 
Voltage 

Reference 
Voltage 

To ` -EAL` 

.412_1 Sense 
Network 

Differential 
Amplifier 

FIGURE 1 

+ CAL 

K1 

(Failure Relay ) 

SK-0430-2 

The 1-EAU signal from the Charger regulator energizes the relay (alarm normal) whenever the 
Charger output current is near its rated current value regardless of the state of the amplifier. 
This is the NORMAL state. 

If the battery voltage is below set point, the amplifier will de-energize relay K1 (and the 
L.E.D.). If the ' -EAL' signal from the Charger is also de-energized, the relay K1 will drop- 
out. This is the ALARM state. 

2 of 2 

CFA(10231) 
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.tGKOO4A- TMI GENERAL ENGINE DATA DATE: 01/22/9E 
12 - PHYSICAL DATA INQUIRY 

GROUP NUMBER 7L-7871 
CHANGE LEVEL 08 
FORMAT BATTERY GROUP DATA 

VERSION NUMBER - 

TIME: 19:50:35 

010 AMP HRS-20 HR RATING 140 
020 CCA-30 SEC RAT AT 17.8 C OR 0 F 1000 
030 VOLTAGE RATING 24 
040 BATTERY QUANTITY PER GP 2 

050 BATTERY PART NUMBER 9X9720 
060 BCI. GROUP SIZE 4D 
070 VOLTAGE RATING FOR INDIVIDUAL BATTERY 12 
080 AMP HR-20 HR RATE FOR INDIV BATTERY 140 
090 CCA-30 SEC RAT-17.8 C OR 0 F FOR IND BAT 1000 
100 OVERALL LENGTH OF INDIVIDUAL BATTERY 528.0 MM 
110 OVERALL WIDTH OF INDIVIDUAL BATTERY 218.0 MM 
120 OVERALL HEIGHT OF INDIVIDUAL BATTERY 250.0 MM 

ADDTL DATA EXISTS -.PRESS <ENTER> TO CONTINUE 
CHGLVL ( 08 ) LINE # ( 130 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 INQ-F5 IDX-F9 
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-GKOO4A- TMI 
12 - PHYSICAL DATA INQUIRY 

GENERAL ENGINE DATA DATE: 01/22/9( 
TIME: 19:50:4E 

GROUP NUMBER 7L-7871 
CHANGE LEVEL 08 
FORMAT BATTERY GROUP DATA 

130 BATTERY.. WEIGHT 

VERSION NUMBER - 

27 KG 

NO ADDITIONAL DATA EXISTS 
CHGLVL ( 08 ) LINE # ( 130 ) UNIT TYPE ( M ) 

HLP-F1 ACF-F3 PGM-F4 INQ-F5 IDX-F9 
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-GKOO1B- TMI GENERAL DATA DATE: 01/22/9E 
13 - SYSTEMS DATA INQUIRY TIME: 18:55:4: 

ARRG NUMBER 9Y-8250 VERSION SYMBOL CHANGE LEVEL 00 . 

SALES MODEL 3406B DI TA JWAC EFF SERIAL NO PFX 2WB ENGR MODEL E322 
SYSTEM CODE 08 - STARTING SYSTEM 
LINE# 
010 MINIMUM REQUIRED CRANKING SPEED - RPM 100 
020 MIN AMB SRT TEMP W/O AIDS & PARASITIC LD 20 DEG C 

PRESS <ENTER> TO CONTINUE 
NEXT TRAN: SYSCD ( 08 ) LINE# 

HLP-F1 ACF-F3 PGM-F4 SEL-F5 PRT-F6 
) CHGLVL ( 00 ) UNIT TYPE ( M ) 

IDX-F9 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 258 of 340



 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 259 of 340



 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 260 of 340



SECTION SEVEN 

CONTENTS: 

F L008 

* Caterpillar of Australia Generator Set warranty SELF5120 (8/90). 

*Caterpillar of Australia Battery warranty SELF5057 (7/86). 
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lYv For Sales To The User On Or After August 1, 1990 

Caterpillar of Australia Ltd. Warranty 
ENGINES USED IN LOCOMOTIVES, MOBILE AGRICULTURAL 

AND STANDBY ELECTRIC POWER GENERATION APPLICATIONS 

Caterpillar of Australia Ltd. (Caterpillar) warrants the follow- 
ing products sold by it and used in Australia, Fiji, Nauru, 
New Caledonia, New Zealand, Papua New Guinea, the 
Solomon Islands and Tahiti to be free from defects in 
material and workmanship: 

New and remanufactured engines and electric power 
generation products sold for use with such engines in a 
standby application. 

New and remanufactured engines used in locomotive 
and mobile agricultural (other than Caterpillar) 
applications. 

This warranty does not apply to: 

Caterpillar brand batteries 

New and remanufactured industrial engines and electric 
power generation products sold for prime power use with 
such engines. 

New marine engines, marine transmissions and electric 
power generation products sold for use with such 
engines. 

New and remanufactured engines sold for use in on- 
highway vehicles. 

Warranty Period: 
For locomotive engines, the warranty period is 24 
months, starting from the date a Caterpillar-approved 
installation audit has been completed, defects corrected 
and the engine delivered to the first user. 

For all other applications, 24 months after date of deli- 
very to the first user. 

Caterpillar Responsibilities: 
If a defect in material or workmanship is found during the 
warranty period, Caterpillar will, during normal working 
hours and at a place of business of a Caterpillar dealer or 
other authorised source: 

Provide (at Caterpillar's choice) new, remanufactured, or 
Caterpillar-approved repaired parts or assembled com- 
ponents needed to correct the defect. 

Note: Items replaced under this warranty become the 
property of Caterpillar. 

Replace lubricating oil, filters, antifreeze, and other ser- 
vice items made unusable by the defect. 

Provide reasonable and customary labour needed to 
correct the defect, including labour to disconnect and 
reconnect the product to its attached equipment, mount- 
ing, and support systems, if required. 

Provide reasonable travel expenses for authorised me- 
chanics, including meals, mileage and accommodation 
when Caterpillar chooses to make the repair on site. 

User Responsibilities: 
The User is responsible for: 

Providing proof of delivery date. 

Giving timely notice of a warrantable failure and promptly 
making the product available for repair. 

NEITHER THE FOREGOING EXPRESS WARRANTY NOR ANY OTHER WARRANTY 
BY CATERPILLAR, EXPRESS OR IMPLIED, IS APPLICABLE TO ANY ITEM 
CATERPILLAR SELLS WHICH IS WARRANTED DIRECTLY TO THE USER BY ITS 
MANUFACTURER. 

THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES, CONDI- 
TIONS, LIABILITIES OR REPRESENTATIONS IN RELATION TO THE QUALITY, MER- 
CHANTABILITY OR FITNESS OF GOODS OR SERVICES (OTHER THAN THOSE 
WARRANTIES, CONDITIONS, LIABILITIES OR REPRESENTATIONS WHICH ARE, OR 
WHICH GIVE RISE TO, ANY NON-EXCLUDABLE RIGHTS UNDER ANY APPLICABLE 
LAWS OF AUSTRALIA, OR OTHER COUNTRIES, OR THE STATES, TERRITORIES OR 
OTHER POLITICAL SUBDIVISIONS THEREOF). 

TO THE EXTENT SUCH IS ALLOWED BY APPLICABLE LAW, CATERPILLAR'S LIABI- 
LITY PURSUANT TO ANY SUCH NON-EXCLUDABLE RIGHTS SHALL BE LIMIT- 

All costs for transporting the product or equipment in 
which the product is installed. 

All costs of access to the product in excess of those 
stated under "Caterpillar Responsibilities". 

Labour costs, except as stated under "Caterpillar 
Responsibilities". 

Local taxes, if applicable. 

Parts shipping charges in excess of those which are 
usual and customary. 

Costs to investigate complaints, unless the problem is 
caused by a defect in Caterpillar material and 
workmanship. 

Limitations: 
Caterpillar is not responsible for failures resulting from: 

Any use or installation which Caterpillar judges improper. 

Attachments, accessory items and parts not sold by 
Caterpillar. 

User's unreasonable delay in making the product avail- 
able after being notified of a potential product problem. 

Abuse, neglect and/or improper repair. 

ED (I) IN THE CASE OF SERVICES, TO RESUPPLYING THE SERVICES OR 
PAYING THE COSTS OF HAVING THE SERVICES RESUPPLIED AND (II) IN THE CASE 
OF GOODS, TO THE REPAIR OR REPLACEMENT OF THE GOODS OR THE SUPPLY 
OF EQUIVALENT GOODS OR THE PAYMENT OF THE RESPECTIVE COST THEREOF. 
ANY ELECTION OF REMEDIES SHALL BE AT THE SOLE OPTION OF CATERPILLAR. 

SUBJECT TO THE FOREGOING, CATERPILLAR SHALL NOT, IN ANY EVENT, BE 
LIABLE (WHETHER BEFORE OR AFTER DISCHARGE OF ANY CONTRACT FOR THE 
SUPPLY OF ANY GOODS OR SERVICES) FOR ANY LOSS OR DAMAGE ARISING 
FROM, CAUSED BY OR DUE TO ANY NEGLIGENCE OF CATERPILLAR'S REPRESEN- 
TATIVES, SERVANTS OR AGENTS, NOR SHALL CATERPILLAR BE LIABLE FOR ANY 
SPECIAL, INCIDENTAL, INDIRECT OR CONSEQUENTIAL LOSS OR DAMAGE WHICH 
MAY RESULT FROM OR RELATE TO A BREACH BY CATERPILLAR OF SUCH NON- 
EXCLUDABLE RIGHTS. 

SELF5120 (8/90) AU 
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Effective with sales to the user on or after July 15, 1986. 

Caterpillar of Australia Ltd. 
Battery Warranty 

Caterpillar of Australia Ltd. (Caterpillar) warrants new batteries sold 
by it bearing the name "Caterpillar" or "Cat" as follows: 

1. To be free from defects in material and workmanship beginning 
with the date of delivery to the first user for one of the following 
periods: 

Warranty 
Period Application 

72 Months On-highway vehicles through 680 Kilograms capacity 
with engine-driven charging systems in a personal 
use application. 

36 Months On-highway vehicles through 680 Kilograms capacity 
with engine-driven charging systems in other than a 

personal use application. 

36 Months All on-highway vehicles over 680 Kilograms capacity, 
earthmoving, construction, materials handling (in- 
cluding lift trucks), paving and off-highway equip- 
ment, agricultural, industrial engine, electric power 
generation and marine products with engine-driven 
charging systems. 

3 Months Applications which have deep cycle requirements or 
applications without engine-driven charging systems 
(i.e. auxiliary batteries for marine pleasure craft or 
recreational vehicles; electric trolling motor or golf 
cart applications which use batteries as motive pow- 
er; lawn and garden applications, etc.). 

2. Within the periods stated in Section 1, Caterpillar will replace a 

battery which it finds to be defective in material or workmanship 
with a new battery at the following cost to the user: 

Period Of Service Cost 
Six months or less from No charge. 
date of delivery. 

Longer than six months Current Consumer's X Months of 
from date of delivery. Battery Price Service 

Months in warranty period 
= User Cost 

3. This warranty will be honored upon return of battery to a 

Caterpillar dealer or other establishment authorized by 
Caterpillar during normal working hours. 

4. Taxes, installation or transportation costs which may result from 
replacement are not included in this warranty. 

5. It is hereby acknowledged by Caterpillar that, under applicable 
State, Territory and Commonwealth law, certain conditions and 
warranties may be implied in the contract for supply of batteries 
and rights and remedies conferred upon you as the user in 

relation to batteries which cannot be excluded, restricted or 
modified by agreement ("Non-excludable Rights"). Any rights 
conferred upon you by this warranty are in addition to those Non- 
excludable Rights. 

Caterpillar disclaims all express or implied conditions and war- 
ranties in relation to batteries other than the express terms of this 
warranty and any Non-excludable Rights. 

Continued on reverse side . 

SELF5057 (7/86) 
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With respect to Non-excludable Rights, Caterpillar's liability to 
you is, where permitted, limited as follows - 

for goods - to their replacement (or cost thereof), the supply of 
equivalent goods (or cost thereof) or the repair of the goods (or 
cost thereof) as Caterpillar may in its absolute discretion deter- 
mine, and 

for services - to supplying the services again (or cost thereof) 
as Caterpillar may in its absolute discretion determine. 

SELF5057 (7/86) 

Subject to the above, in no event shall Caterpillar be liable 
(whether before or after discharge of the contract for supply of 
batteries or otherwise) for any loss or damage to you as the user 
arising from or caused or contributed to by negligence of 
Caterpillar, its servants or agents, nor shall Caterpillar be liable 
for special, incidental, indirect or consequential loss or damage 
suffered by you as user as a result of breach by Caterpillar of 
this warranty or otherwise including but not limited to economic 
or moral loss, loss of profits or revenue or costs arising from the 
loss of use of batteries or cost of substitute products. 
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SECTION EIGHT 

CONTENTS: 

F L009 

* Caterpillar recommended preventative maintenance for standby 
generators SEBU6042-03 (5/94). 

* Operation and maintenance manual for Caterpillar SR4B 
generators and control panels SEBU6918 (7/95). 

* Operation and maintenance manual for Caterpillar 3406 diesel 
engine SEBU6336 (10/90). 

* Lubricating specifications SEBU6251-04 (6/94). 
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CATERPILLAR® 

PIA 
Caterpillar Diesel 
Commercial Engines 
and Marine Transmissions 
Lubrication Specifications 

SEBU6251-04 
June 1994 

Includes Petroleum, Electrical Power Generation, Locomotive, 
Marine, Industrial & Vehicular Applications 
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Caterpillar Lubricating Oils 

Introduction 

The information provided in this booklet is the latest 
lubrication recommendations for Caterpillar Diesel 
Industrial, EPG Gen Set & Marine Diesel Engine and 
Marine Transmission. This information supersedes all 
other lubrication recommendations which have been 
published for Caterpillar diesel industrial, EPG and 
marine engine and marine transmissions. 

Other lubricant recommendation booklets are available 
for Caterpillar Machines, SEBU6250, Caterpillar On- 
Highway Diesel Truck Engines, SEBU6385 and 
Caterpillar Gaseous Fuel Spark Ignited Engines, 
SEBU6400. 

The oil performance categories have been established 
by the American Petroleum Institute (API) for the diesel 
engine oil and by Caterpillar for transmission/drive train 
oil. The new categories are: 

API CF-4 (engine oil) 
Cat TO-4 (transmission/drive train oil) 

API CF-4 has become the replacement category for API 
CE type oils. The performance tests for this oil are the 
Caterpillar 1K single cylinder oil test engine and other 
OEM engine tests which were part of the CE oil 
evaluation. Cat TO-4 is the replacement for the Cat TO- 
2 test. TO-4 test includes the friction material 
evaluation, gear wear test and chemical evaluation. 

Caterpillar Lubricating Oil 

Caterpillar Oils have been developed, tested and 
approved by Caterpillar to provide the performance 
and life which has been designed and built into our 
engines and transmissions. 

Caterpillar Oils are used for engine lab development 
and are offered by Caterpillar dealers for continued 
use. 

Caterpillar Oils are offered in a full line of appropriate 
single and multi-viscosity grades to meet the 
performance and ambient temperature requirements for 
each compartment. For additional lubricant information, 
refer to the Caterpillar Reference Materials section of 
this publication. 

NOTE: All lubricant recommendations in this 
publication will be incorporated into the operation and 
maintenance manuals as they are revised. 

1 

General Section 
Caterpillar Lubricating Oils 

The following Caterpillar Oils have been developed, 
tested and approved for the various engine/machine 
compartments: 

CAT Diesel Engine Oil-DEO (CF-4) 
CAT Diesel Engine Oil-DEO (CD) 

Caterpillar Transmission Drive/Train Oil (TDTO) 

Caterpillar Reference Materials 

PEDP7122 Question and Answer Booklet 

PEHP1020 Product Data Sheet for Caterpillar 
Diesel Engine Oil (CF-4) (N. America & Selected Int'l) 

PEHP1026 Product Data Sheet for Caterpillar 
Diesel Engine Oil (CF-4)(International Only) 

PEHP1027 Product Data Sheet for Caterpillar 
Diesel Engine Oil (CD) 

PEHP7506 Product Data Sheet for Caterpillar 
Transmission/Drive Train Oil (TDTO) 

PEHP0002 Product Data Sheet for Caterpillar 
Molybdenum Grease (MPGM) 

PEHP0003 Product Data Sheet for Caterpillar 
Lithium Grease (MPGL) 

PEHP0017 Product Data Sheet for Caterpillar 
Special Purpose Grease (SPG) 

PEWP9733 CAT Fluids Selector 

PEWP3014 CAT Fluids Selector (Metric) 

Your Caterpillar dealer can provide literature on all 
products required to maintain your Caterpillar 
Commercial Engines and Marine Transmissions. 

Additional Reference Material 

Engine Manufacturers Association (EMA) information 
for lube oil selection can be obtained from your local 
library, college or technological society, or contact: 

Engine Manufacturers Association 
Lubricating Oils Data Book 
401 N. Michigan Ave. Ste. 2400 
Chicago, IL 60611 
(312) 644-6610 ext. 3626 
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2 
Lubricant Section 
Lubricant Specifications 

Lubricant Specifications 

Lubricant Information 

Certain abbreviations follow Society of Automotive 
Engineers (SAE) J754 nomenclature and some 
classifications follow SAE J183 abbreviations. The 
CCMC refers to an organization of major European 
manufacturers responsible for defining engine oil 
performance specifications. Definitions other than 
Caterpillar's will be of assistance in purchasing 
lubricants. Recommended oil viscosities can be found 
in the Lubricant Viscosities chart in this publication. 

Grease is classified by the National Lubricating Grease 
Institute (NLGI) based on ASTM 0217-68 Worked 
Penetration characteristics which are given a defined 
consistency number. 

Engine 

Caterpillar Diesel Engine Oil 

Caterpillar has two oil formulations to provide maximum 
performance and life in Caterpillar engines. 

CAT Diesel Engine Oil-DEO (CF-4) 
CAT Diesel Engine Oil-DEO (CD) 

Caterpillar Diesel Engine Oil DEO (CF-4) is an oil 
formulated with strong dispersant effectiveness, 
sufficient alkalinity and low sulfated ash level for 
performance requirements of engine operation in 

today's and future designs. Oils meeting the American 
Petroleum Institute (API) CF-4 performance category 
possess the properties to operate effectively at the 
higher piston temperatures of some current and future 
engines. 

The DEO (CF-4) oil is blended in viscosity grades of 
SAE 10W30 and 15W40. Multi-grade oils are required 
because of significantly lower oil consumption of multi- 
viscosity oils as compared to single grades. Oil 
consumption and piston crown land deposits are very 
important in the engine tests used to evaluate oil 
performance. This oil is also qualified as API SG which 
allows its use in gasoline engine applications requiring 
this performance rating. 

Caterpillar Diesel Engine Oil DEO (CD) is blended with 
a diesel engine type additive with strong detergent 
effectiveness. This oil has a higher alkalinity (13.5 TBN) 
than many oils for the neutralization of wear causing 
combustion products and provides additional 
protection for higher fuel sulfur. This oil is blended in 
single viscosity grades (SAE 10W, 30 and 40). 

The following chart provides the Cat oil 

recommendations. 

Oil Recommendation 

Engine Models CAT Oil 

3600 Series DEO (CD) 

3500 Series 
3400 Series' 
3300 Series' 

3204' & 3208' 
3114, 3116 & 

3176 
3054 & 3056 

D- Series' 

DEO (CF-4) 

- 

These older pre-1990 Caterpillar engines, which have been 
operating successfully on the Cat DEO (CD) single grade oils, 
can continue to operate on these oils. However, the use of 
these oil products will not allow the much wider usage in all 
Caterpillar (except 3600) and other manufacturer's engines as 
the API CF-4 product. 

Commercial Oil 

If oils other than Caterpillar oils are to be used, the 
following oil specifications provide guidelines for the 
selection of commercial products. 

Oil Recommendation 

Engine Models Alternate Oils 

3600' API CF, CE or CD along with 
Caterpillar Micro-oxidation Test 

3500 Series 
3400 Series 
3300 Series 

3114, 3116 & 
3176 

3054 & 3056 
D-Series 

API CF-4, CF-4/SG 
If API CF-4 oils are NOT 
available, then use API CE, 
CE/SG or CCMC D4 

3204 & 3208 API CF-4/SG, CE/SG 

Consult with your Caterpillar dealer for oil recommendations. 
Commercial oils which have been used with success in the 
past on "older" (pre-1990) Caterpillar engines may continue to 
be used provided the formulations have not changed (consult 
with your oil supplier). However, the use of these oil products 
will not allow the wider use in all Caterpillar engines and other 
manufacturer's engines as the API CF-4 oils. 

NOTICE 
Failure to follow the commercial oil recommendations 
for API CF-4 performance oils can cause shortened 
engine life due to piston carbon deposits, liner bore 
polish and/or abnormally higher increasing oil 
consumption. 
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NOTICE 
Contact your Caterpillar dealer for more information 
before using any monograde oils even though they 
may state the API CF-4 specification. 

New Oil Category 

API CG-4 will become the replacement category for the 
API CF-4 Performance Oil classification now in effect. 
The API CG-4 category will become effective in 

January 1995. This information is provided as a 
reference as commercial oils will start to advertise API 
CG-4 performance. 

Low Sulfur Fuel (0.05% Max) 

Because of the U.S. Federal Government regulations 
imposed on on-highway truck diesel engines for 
emissions reduction, the sulfur levels in some specified 
fuels have been reduced to 0.05% maximum. For 
various other reasons (fuel supplier logistics, 
government taxation and local governmental 
requirements), industrial applications of Caterpillar 
diesel engines may also use low sulfur fuel. Also, 
worldwide emission reduction changes will recognize 
the introduction of low sulfur level fuels in the U.S.A. 

The oil recommendation for Caterpillar engines using 
low sulfur fuel (0.05%) is the API CF-4 performance 
classification. This oil recommendation has been made 
previously by Caterpillar for our engines (except 3600). 
However, if pre-1990 manufactured engines are still 
using API CD, CE or CF oils which were recommended 
at that time, the oil recommended for low sulfur fuel 
(0.05%) should be upgraded to API CF-4 for greater 
engine life. 

Fuel Sulfur 

The percentage of sulfur in the fuel will affect the 
engine oil recommendations. For fuel sulfur effects, the 
Infrared Analysis or the ASTM D2896 procedure can be 
used to evaluate the residual neutralization properties 
of an engine oil. Sulfur products formation depends on 
the fuel sulfur content, oil formulation, crankcase 
blowby, engine operating conditions and ambient 
temperature. 

3 
Lubricant Section 

Lubricant Specifications 

Caterpillar's 20 times rule for TBN (Reference: Oil and 
Your Engine, SEBD0640) versus fuel sulfur is a general 
requirement which was developed in the early 1980's 
for Caterpillar prechamber combustion system (PC) 
engines with oil formulations of that era. Continue the 
20 times rule for these PC engines with whatever 
formulations that are used. As the fuel sulfur. increases, 
select an oil with a TBN to maintain this 20 times rule 
or reduce oil change interval to maintain the proper oil 
TBN level. The PC engines can use the API CF/CD oils 
with higher TBN for the higher sulfur fuels. 

The fuel sulfur neutralization of today's direct injection 
engine (DI) systems along with the newer oil 
formulations are more effective. Field results and other 
data indicate DI engines and the oils now 
recommended for these engines will operate at oil TBN 
values equal to 10 times the fuel sulfur. Therefore, the 
Caterpillar requirements will reflect this new value of 10 
times instead of 20 times for the oil TBN when related 
to fuel sulfur for Caterpillar DI engines and the API CF-4 
oils. As the fuel sulfur exceeds the TBN range for the 
API CF-4 oil and the DI engines, reduce the change 
interval to maintain the proper oil TBN during the 
operating period. 

Scheduled Oil Sampling (S0S) should be a part of 
the overall maintenance program to assure that a 
particular engine installation with all its parameters (oil, 
engine, operation, maintenance and fuel) are under 
control. 

Additional Notes 

Consult the Caterpillar Operation and Maintenance 
Manual for the specific oil specification for your specific 
engine. Also consult with your Caterpillar dealer for the 
latest lubrication recommendations. 

For information on oil properties and fuel sulfur content, 
refer to Oil and Your Engine, SEBD0640. Also consult 
with your Caterpillar dealer for the latest lubricant 
recommendations. 
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Marine Transmission 

Cat Transmission/Drive Train Oil (TDTO) 

Cat Transmission/Drive Train Oil is balanced to give 
maximum frictional material life in power shift 
transmissions. This oil has passed the requirements for 
the new Caterpillar TO-4 oil specification which not only 
includes the frictional requirements, but also has gear 
wear requirements. This oil is offered in several 
viscosity grades, including SAE 50 grade, for maximum 
component life at high ambient temperatures and 
heavy duty cycles. 

Maximum transmission life and performance can be 
achieved, by using: 

Cat Transmission/Drive Train Oil (TDTO) 

NOTICE 
This oil is formulated for transmissions and drive trains 
only, and should not be used in engines. Shortened 
engine life will result. 

Note: Multi-grade oils are currently not blended by 
Caterpillar for use in transmissions. Multi-grade oils 
which use high molecular weight polymers as viscosity 
index improvers lose their viscosity effectiveness by 
permanent and temporary shear of the viscosity index 
improver and, therefore, are not recommended for 
transmission and drive train compartments. 

The Cat TO-4 specification includes a test for multi- 
grade oil shear stability. Oils with adequate shear 
stability may be available in the future. 

Commercial Oil 

If the Cat Transmission/Drive Train Oil is not used, then 
commercial oils meeting the Caterpillar TO-4 
specification should be used: 

TO-4 Specification Oil 

NOTICE 
Failure to follow this recommendation can cause shor- 
tened transmission life due to material incompatibility, 
inadequate frictional requirements for disk materials 
and/or excessive gear wear. 

Synthetic Base Stock Oils (SPC) 

Synthetic base stock oils are acceptable for use in 
Caterpillar engines and machines if these oils meet the 
performance requirements specified for a particular 
compartment. The performance requirements for 
engines and hydraulic systems using synthetic oils is 

API CF-4 with API CE as an alternative. 

The use of a synthetic base stock oil does NOT allow 
extension of the oil drain period simply because of the 
use of synthetic oil. Any drain period extension must be 
validated by SOS (oil analysis and test evaluation) to 
ensure no excessive component wear occurs in a 
particular application. 

Synthetic oils have naturally low pour points which 
make them very good oils for low temperature 
applications. Caterpillar's recommendation for these 
arctic applications is synthetic base stock oils where 
startability at cold conditions are a requirement. 

Oils are changed because they become contaminated 
with dirt, soot, wear particles, etc. in their normal use. 
The additives in the oil formulation are depleted as the 
oil functions in a compartment. Oil contamination and 
additive depletion occurs independ of oil base stock 
type. 

Synthetic lubricants may be superior to petroleum oils 
in specific areas. Many exhibit higher viscosity index 
(VI), better thermal and oxidation stability and 
sometimes lower volatility. Because synthetic lubricants 
are higher in cost than petroleum oils, they are used 
selectively where performance may exceed capabilities 
of conventional oils. 
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Re-refined Base Stock Oils 

Caterpillar requires any oil formulation meet the 
performance requirements as defined by the API 
classification and have the proper viscosity as defined 
by the SAE J300 Specification. The base stock oil used 
in the formulation can be either virgin or re-refined (or a 

combination) as long as the final oil formulation meets 
the requirements of both performance and viscosity. 

The combination of the base stock oil and the additive 
must perform to the defined specifications. If the oil 
meets these requirements, then its' performance in an 
engine (or other compartment) should be acceptable. 
The military specifications and other engine 
manufacturers have also accepted the use of re-refined 
oil base stock with the same criteria. 

Therefore, the use of oils with re-refined base stocks 
will depend on the company who has supplied the oil. 
Have they subjected the oil formulation to the qualifying 
tests, and passed the tests, as required to label the oils 
for the API performance and viscosity grade? 

Various methods may be available for processing of 
the used oil. Caterpillar would normally recognize a re- 
refining process as one which subjects the used oil to 
the same refinery process (such as vacuum distillation 
and hydrotreating) as the virgin base stock was 
obtained from the original crude oil. The base stock 
obtained by this method should provide an acceptable 
base stock from which to formulate a proper oil. But 
the oil formulated must still pass the required 

- performance and viscosity tests for the compartment or and intended use. 

5 
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Lubricant Specifications 

Caterpillar Lubricating Grease 

Caterpillar has a grease for all applications. 

CAT Multipurpose Molybdenum Grease (MPGM) 

Use MPGM grease for heavily loaded bearings and 
joints where an extreme pressure grease will maximize 
the life of Caterpillar equipment. This NLGI No. 2 grade 
is suitable for most temperatures. 

If MPGM grease is not available, use a multipurpose 
type grease which contains three to five percent 
molybdenum. 

CAT Multipurpose Lithium Grease (MPGL) 

MPGL grease, NLGI No. 2 grade is recommended for 
light duty automotive type applications where a high 
temperature, up to 175°C (350°F) is required. This 
grease offers excellent mechanical stability, high 
resistance to oxidation, good rust protection and 
excellent breakaway torque. 

If this grease is not available, use a similar 
multipurpose grease. 

CAT Special Purpose Grease (SPG) 

SPG grease is recommended for high temperature anti- 
friction bearings in such applications as electric 
motors, alternators, starters and generators. The 
grease is a NLGI No. 2 grade. 

If this grease is not available, use a similar 
multipurpose grease suitable for anti-friction bearings. 
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Lubricant Viscosities 

The following oil compartment recommendations refer 
only to the SAE viscosity grade for the expected 
ambient temperature range. 

The required performance criteria for the oils are 
defined in the previous lubrication specification 
section. 

The minimum temperature for the viscosity grade 
provides guidelines for the lowest starting temperature 
with a "cold soaked" engine. Base stocks for blending 
the oil formulations do differ and variations can exist 
within a viscosity grade on low temperature 
characteristics. Therefore, a particular oil may allow 
lower starting temperatures than given in the chart. 
Your oil supplier can provide additional information on 
oil properties. 

Use the highest viscosity oil possible. Even though the 
ambient temperature may be low, operating engines 
and marine transmissions can still be subjected to 
normal oil temperatures because of regulated 
temperature components. The higher viscosity fluids 
will provide better protection to all components which it 

contacts during the full day work cycle. 

Caterpillar Engine Lubricant Viscosities 
(Except 3600 Series) 

LUBRICANT VISCOSITIES 
FOR AMBIENT TEMPERATURES 

Compartment 
or System 

OiI1 
Viscosities 

°C °F 

Min Max Min Max 

Engine 
Crankcase 

SAE OW302 (SPC) -40 +30 -40 +86 

SAE OW202 (SPC) -40 +10 -40 +50 

SAE 5W202 (SPC) -30 +10 -22 +50 

SAE 5W402 (SPC) -30 +40 -22 +104 

SAE 10W3 -20 +10 -4 +50 

SAE 10W30 -20 +40 -4 +104 

SAE 15W40 -15 +50 +5 +122 

SAE 303 0 +40 +32 +104 

SAE 403 +5 +50 +41 +122 

' Select oil viscosity based on the maximum expected operating 
temperature. Engine start-up at lower than specified ambient 
temperature requires caution. Start-up at very low ambient 
temperatures may require auxiliary oil heaters or other methods 
to increase the engine crankcase and surrounding 
temperatures. 

2 Special oils with synthetic base stocks that DO NOT contain 
polymer viscosity (VI) improvers. The high viscosity index (VI) of 
"synthetic" oils provide natural multi-viscosity properties. 

3 Viscosity grades for API CF., CE or CD oils which may still be 
used in some of the Caterpillar pre-1990 manufactured 
engines. 

Caterpillar 3600 Series Engine Lubricant 
Viscosities 

The primary viscosity recommendation for the 3600 
engines is SAE 40 grade oil. SAE 30 and multi-grade 
oils can be used according to the following chart. 

LUBRICANT VISCOSITIES 
FOR AMBIENT TEMPERATURES 

Compartment 
or System 

Oi 11 

Viscosities 

°C °F 

Min Max Min Max 

Engine 
Crankcase 

SAE 15W40 -15 +40 +5 +104 

SAE 20W40 -10 +40 +14 +104 

SAE 30 0 +40 +32 +104 

SAE 40 +5 +50 +41 +122 

1 Select oil viscosity based on the maximum expected operating 
temperature. Engine start-up at lower than specified ambient 
temperature requires caution. Start-up at very low ambient 
temperatures may require auxiliary oil heaters or other methods 
to increase the engine crankcase and surrounding 
temperatures. 

Marine Transmission 

LUBRICANT VISCOSITIES 
FOR OPERATING TEMPERATURES 

Compartment 
or System 

Oi II 
Viscosities 

°C °F 

Min Max Min Max 

Marine 
Transmission 

Raw/Cold 
Water Cooled 

SAE 30 -15 +80 +176 

SAE 50 -5 +95 +23 +203 

Marine 
Transmission 
Engine Jacket 
Water Cooled 

(JWAC) 

SAE 50 -5 +95 +23 +203 

Select oil viscosity based on the maximum expected operating 
temperature. Engine start-up at lower than specified ambient 
temperature requires caution. Start-up at very low ambient 
temperatures may require auxiliary oil heaters or other methods 
to increase the engine crankcase and surrounding 
temperatures. 
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SECTION NINE 
CONTENTS: 

* Connection diagrams for SR4 generators and VR3 
voltage regulators. 

* Engine and generator wiring diagrams. 
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FORM NO. SENR4794-01 

FOR USE IN SERVICE MANUAL: 
ELECTRIC SET GENERATORS, SENR7958 

Connection Diagrams: 
SR4 Generators 
VR3 & VR4 Voltage Regulators 
Options 
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Important Safety Information 

Most accidents involving product operation, maintenance and repair are caused by failure to observe 
basic safety rules or precautions. An accident can often be avoided by recognizing potentially 
hazardous situations before an accident occurs. A person must be alert to potential hazards. This 
person should also have the necessary training, skills and tools to perform these functions properly. 

Improper operation, lubrication, maintenance or repair of this product can be dangerous and 
could result in injury or death. 

Do not operate or perform any lubrication, maintenance or repair on this product, until you 
have read and understood the operation, lubrication, maintenance and repair information. 

Safety precautions and warnings are provided in this manual and on the product. If these hazard 
warnings are not heeded, bodily injury or death could occur to you or other persons. 

The hazards are identified by the "Safety Alert Symbol" and followed by a "Signal Word" such as 
"WARNING" as shown below. 

A WARNING 

The meaning of this safety alert symbol is as follows: 

Attention! Become Alert! Your Safety is Involved. 

The message that appears under the warning, explaining the hazard, can be either written or pictorially 
presented. 

Operations that may cause product damage are identified by NOTICE labels on the product and in this 
publication. 

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard. The 
warnings in this publication and on the product are therefore not all inclusive. If a tool, procedure, work 
method or operating technique not specifically recommended by Caterpillar is used, you must satisfy 
yourself that it is safe for you and others. You should also ensure that.the product will not be damaged 
or made unsafe by the operation, lubrication, maintenance or repair procedures you choose. 

The information, specifications, and illustrations in this publication are on the basis of information 
available at the time it was written. The specifications, torques, pressures, measurements, adjustments, 
illustrations, and other items can change at any time. These changes can affect the service given to 
the product. Obtain the complete and most current information before starting any job. Caterpillar 
dealers have the most current information available. For a list of the most current publication form 
numbers available, see the Service Manual Contents Microfiche, REG1139F. 
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Generator Set Information 

Main Stator (Armature) Connections And Voltage Sensing Leads 
C 12 Lead, Wye And Delta Connections 5 

10 Lead, Wye Connection 5 
6 Lead, Wye Connection 6 
6 Lead, Delta Connection 6 
4 Lead, Wye Connection 7 

12 Lead, Single Phase Connection 8 

Main Revolving Field Connections 
Diode Block 9 

Diode Block And Surge Suppressor 9 
Three Diode Blocks And Surge Suppressor 10 
Six Diodes_And-two..Surge_Suppressors 10 

VR3 Voltage Regulator Sensing Lead-Connections To Generator And Droop Transformer 
Selection Chart For Voltage Regulator 11 

C Self Excited With Direct Connection To Generator 12 

C Self Excited With Power Transformer For Four Lead Generator 13 

C Self Excited With Power And Sensing Isolation Transformers 14 

C Permanent Magnet Excitation With Direct Connection To Generator 15 
C Permanent Magnet Excitation With Connections To Metering Potential Transformers 16 
C Permanent Magnet Excitation With Connections To An Isolation Transform& - 17 

- VR4 Voltage Regulator Sensing Lead Connections To Generator 
Self Excited With Direct Connection To Generator 18 

Options 
Manual Voltage Control With Self Excitation 19 
Manual Voltage Control With Power Transformer 20 

C Manual Voltage Control With Permanent Magnet Exciter 21 

Radio Frequency Interference (RFI) Filter 22 
Series Boost With VR3 Voltage Regulator 23 
Series Boost With VR4 Voltage Regulator 24 
Manual Control And Series Boost With Self Excitation 25 

Oil Field SR4 Generators 
Exciter Field Connections (Series or Parallel) And Voltage Sensing Leads 26 

NOTE: A "C" in the left margin is an indication of a 
change from the former issue. 

Connection Diagrams 3 Contents 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 282 of 340



Generator Set Information Sheet 

Customer Designation 

Engine Model Number 

Engine Arrangement Number 

Engine Serial Number 

Generator Arrangement Number 

Generator Serial Number 

Generator Frame Size 

Voltage Rating KW Rating 

Excitation System: S.E. P M 

When servicing this generator, refer to the following diagrams. 

Main Stator: Number of Leads Diagram Number 

Main Revolving Field: Diagram Number 

Voltage Regulator: Diagram Number 

Options: Diagram Number 

Connection Diagrams 4 Information Sheet 
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12 LEAD, WYE AND DELTA CONNECTION 

17 

Tio T II 18 T5 12 T9 T4 M) CM:D 
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CEIIM) C=111.0 
T II i8 15 T2 

WYE CONNECTION REGULATOR 
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VOLTAGE Li 
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1.2 
V 

La 
V 

N 
TIE TOGETHER 

20 22 24 

LOW (T), T7) (72.18) (T3.19) r 14,15.161 
TIO.TII.T12 T9 Ti TO 

HIGH TI T2 T3 (TIO.TILTI2) (T4.T 7) (T5,18) (T6.1.9) 19 T7 TB 

DEL TA CONNECTION REGULATOR 
SENSING 

IA 
U ii2 

1.3 

V 
TIE TOOEIKR 21 22 24 

(T1,712) (12, HI) (13,111) (T4,17) (15,18) (11,19) n T2 T3 

C37058P1 

10 LEAD WYE CONNECTION 

TI 

13 

WYE CONNECTION 

T9 

REGULATOR 
SENSING 
LEADS 

VOLTAGE 
LI 
U 

L2 
V 

L3 
W 

N TIE TOGETHER 

LOW (TI.T 7> (T2.1-8) (T3,79) (r4.1-5.1-6.1-0) 

HIGH TI T2 13 TO (T4,T 7) (T5.78) (T6.-19) 

C32114P1 

Connection Diagrams 5 SR4 Generator 
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NOTE 

REGULATOR 
LEADS NOT 
ON MEDIUM 
GENERATORS 

C32115P1 

C32116P1 

6 LEAD WYE CONNECTION 

SENSING 
INSTALLED 
VOLTAGE 

WYE CONNEC TION 

L I 

U 

L2 
V 

L3 
W 

N 

TI T2 T3 (T4.1.5.16) 

6 LEAD DELTA CONNECTION 

DELTA CONNECTION REGULATOR 

SENSING 

LI 

U 

L2 

V 

L3 

W 20 22 24 

(TI,Ti,) (T2,T4) (T3,T5) T3 Ti T2 

REGULATOR 
SENSING 
LEADS 

REGULATOR 

SENSING 

LEADS 

NOTE: 

REGULATOR SENSING 
LEADS NOT INSTALLED 
ON MEDIUM VOLTAGE 
GENERATORS 

Connection Diagrams 6 SR4 Generator 
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4 LEAD WYE CONNECTION 

TI 

T3 

NOTE 

REGULATOR SENSING 

WYE CONNECTION 

LEADS NOT INSTALLED LI L2 L3 N 

ON MEDIUM VOLTAGE U V 
GENERATORS 

TI re T3 TO 

C32117P1 

REGULATOR 
SENSING 
LEADS 

Connection Diagrams 7 SR4 Generator 
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C32118P1 

12 LEAD SINGLE PHASE CONNECTION 

T5 T9 

TII T3 

TI 

T2 T12 a11111111110 
T8 T6 

TIO T7 

GENERATOR CONNECTION REG 

SENSE 

LI L2 N CONNECT LEADS 

U V W TOGETHER 20 24 

(T2, T8) ( TI, T7) ( T4, T6, TIO, T12) (T3, T5, T9, TI1 ) T2 T1 

NOTE: FOR PARALLEL OPERATION,T8 LEAD GOES THROUGH 
WINDOW OF DROOP TRANSFORMER 

WITH VR-3 VOLTAGE REGULATOR, CONNECT JUMPER WIRE 

BETWEEN VOLTAGE REGULATOR TERMINALS 20 AND 28. 

WITH VR-4 VOLTAGE REGUALTOR, JUMPER WIRE IS NOT 

REQUIRED. 

Connection Diagrams 8 SR4 Generator 
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DIODE BLOCK 

j 

L3 REVOLVING FIELD 
L2 EXCITER ARMATURE 

C32119P1 

CRI-6 RECTIFIERS 
CR7 SURGE SUPPRESSOR 

DIODE BLOCK AND SURGE SUPPRESSOR 

L3 REVOLVING FIELD 
L2 EXCITER ARMATURE 

C32120P1 

CRI-6 RECTIFIERS 
CR7.8 SURGE SUPPRESSOR 

Connection Diagrams 9 SR4 Generator 
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THREE DIODE BLOCKS AND SURGE SUPPRESSOR 

L3 REVOLVING FIELD 
L2 EXCITER ARMATURE 

C32121P1 

CRI-6 RECTIFIERS 
CR7 SURGE SUPPRESSOR 
RI STATIC DISCHARGE RESISTOR 

SIX DIODES AND TWO SURGE SUPPRESSORS 

HS 

RI 0 0- 
CR7.8 

L3 
CRI-6 0 

L3 REVOLVING FIELD 
L2 EXCITER ARMATURE 

C32122P1 

HS 

1 

CRI-6 RECTIFIERS 
CR7.8 SURGE SUPPRESSOR 
HS HEATSINK 
RI STATIC DISCHARGE RESISTOR 

Connection Diagrams 10 SR4 Generator 
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J - a 

RECONNECTABLE OR 
4 LEAD TAPPED 

SELF EXCITED 

GENERATOR 

TYPE 

EXCITATION 
PERMANENT MAGNET 

NUMBER 

F 
LEADS 

SINGLE VOLTAGE SINGLE VOLTAGE 

10/12 4/6 

NUMBER 

F 
LEADS 

RECONNECTABLE OR 
4 LEAD TAPPED 

4/6 10 

480 DESIRED 
VOLTAGE 

DESIRED 
VOLTAGE 

4160 

600 

REGULATOR 
DIRECT 

CONNECTED 

REGULATOR 
+ 

POWER 
TRANSFORMER 

REGULATOR 
+ 

SENSING AND 
POWER ISOLATION 
TRANSFORMERS 

REGULATOR 
DIRECT 
CONNECTED 

REGULATOR 

SENSING 
ISOLATION 

TRANSFORMERS 

REGULATOR 
+ 

METERING 
POTENTIAL 

TRANSFORMERS 

SELECTION GUIDE FOR VOLTAGE REGULATOR 

REGULATOR 
DIRECT 
CONNECTED 
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SELF EXCITED WITH DIRECT CONNECTION TO GENERATOR 

T8 OR 

0 
12 

CTI 
15 GEN I 

U 
6 GEN 

FROM 

GENERA TOR 

REGULATOR 
SENSING 
LEADS 

RI 8 OHM 

20 GEN 

r - 
r r- 

REMOTE LEVEL 
I I IF INSTALLED --f_ (REMOVE LINK 4 -7) 

10K OHM. 

0 0 0 0 'Ojto 0 0 
2 3 4 5 6 7 8 9 

24 GEN 

22 GEN 

0 
LEVEL GAIN 

VR3 REGULATOR 

20,-4 KTK -R-12 
FUSES 

24,4 KTK-R-121:3- 

66 
a 30 Fl F2 0000 

LI 
NOTE 

DROOP TRANSFORMER CTI AND DROOP RHEOSTAT RI MAY OR MAY NOT 
BE SUPPLIED. 

LI EXCITER FIELD 
RI DROOP RHEOSTAT 
R2 REMOTE LEVEL RHEOSTAT 

C37006P1 

CTI DROOP TRANSFORMER 

2 TERMINAL NUMBERS 
U WIRE NUMBERS 

POLARITY 

Connection Diagrams 12 VR3 Voltage Regulator 
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SELF EXCITED WITH POWER TRANSFORMER, FOUR LEAD GEN 

18 OR T2 

0 

CTI 

FROM 

GENERA TOR 

120 GEN 

124 GEN 

22 GEN 

5 GEN 

6 GEN 

RI 8 OHM 

REGULATOR 
SENSING 
LEADS 

r - 
R2 10K OHM 

r L 
I I REMOTE LEVEL 

, IF INSTALLED " (REMOVE LINK 4-7) 

0 0 Crd 0 0 
2 3 4 5 6 7 8 9 

re- 

L 

20 24 

LI 

P 72 
TK-R-12 

30 

KTK R 121- 
J 

FUSES 

0 0 
LEVEL GAIN 

VR3 REGULATOR 

20,4 KTK-R-12 
FUSES 

24,4 KTK R-I2 _10 

iy P0 
0 

6 28 "0 F I F2 

NOTE 

DROOP TRANSFORMER CTI AND DROOP RHEOSTAT RI MAY OR MAY NOT 
BE SUPPLIED 

LI EXCITER FIELD 
RI DROOP RHEOSTAT 
R2 REMOTE LEVEL RHEOSTAT 
CTI DROOP TRANSFORMER 

C37053P1 

P T2 POWER TRANSFORMER 

O TERMINAL NUMBERS 
O WIRE NUMBERS 

POLARITY 

Connection Diagrams 13 VR3 Voltage Regulator 
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S.E. WITH PWR AND SENSING ISOLATION TRANS 

18 OR T2 

CTI 

FROM 

GENERATOR 

15 GEN I 

-1 6 GEN] 

RI 

REGULATOR 
SENSING 
LEADS 

24 GEN 

04 
ISOL 

I PT2 = 

L 

1 

PT3 = PT4 = I 

crY1 'YT) I 

24 2 

r -_ 
8 OHM I R2 10K OHM 

r r 
REMOTE LEVEL 

' I IF INSTALLED --÷, (REMOVE LINK 4-7) 

0000-10)Z5 00 
2 3 4 5 6 7 8 9 

es se 
LEVEL GAIN 

VR3 REGULATOR 

20-4 KTK-R-I2 

24,4 
K TK R-12 

FUSES 

20 22 24 26 28 30 F 1 F2 ??0000? 

L I 

NOTE 

DROOP TRANSFORMER CTI AND DROOP RHEOSTAT RI MAY OR MAY NOT 
BE SUPPLIED 

Li EXCITER FIELD 
RI DROOP RHEOSTAT 
R2 REMOTE LEVEL RHEOSTAT 
ISOL ISOLATION TRANSFORMER 

C37056P1 

CTI DROOP TRANSFORMER 
PT2 POWER TRANSFORMER 
PT3.PT4 SENSING TRANSFORMER 

O TERMINAL NUMBERS 
O WIRE NUMBERS 

POLARITY 

Connection Diagrams 14 VR3 Voltage Regulator 
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P.M. EXC WITH DIRECT CONN TO GENERATOR 

T8 OR T2 

0 

CTI 

FROM 
GENERATOR 

I 5 GEN I 

6 GEN 

REGULATOR 
SENSING 
LEADS 

RI 8 OHM 

20 GEN 

r - 
L 

R? _}:j 10K OHM 

REMOTE LEVEL 
IF INSTALLED 

L I (REMOVE LINK 4-7) 

0 0 0 CrdI5 0 0 
2 3 4 5 6 7 8 9 

20 

LEVEL GAIN 

VR3 REGULATOR 

KTK-R-I2 
FUSES 

24 GEN 
H.2.40 

KTK -R -12 0 

22 GEN 

20 22 24 26 28 30 FI F2 

Q 0 

LI 

NOTE 

DROOP TRANSFORMER CT1 AND DROOP RHEOSTAT RI HAY OR MAY NOT 
BE SUPPLIED. 

F I 

F2 

LI EXCITER FIELD 

L5 P.M. EXCITER STATOR 
RI DROOP RHEOSTAT 
R2 REMOTE LEVEL RHEOSTAT 

CT1 DROOP TRANSFORMER 
() TERMINAL NUMBERS 
0 WIRE NUMBERS 

POLARITY 

C37057P1 

Connection Diagrams 15 VR3 Voltage Regulator 
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P.M. EXC W/CONN TO METERING POT TRANS 

12 

0 

CTI 

FROM 

GENERATOR 

5 GEN] 

6 GEN 

REGULATOR SENSING 

CONNECT TO 120 VOLT 
SECONDARY METERING 
POTENTIAL TRANSFORMER 

CONNECT 22 TO PT ON GEN 
CONNECT 24 TO PT ON GEN 
CONNECT 20 TO PT ON GEN 

PHASE RELATION WITH 
DROOP TRANSFORMER TI 
IS IMPORTANT 

RI 8 OHM 

TI 
T2 
T3 

10K OHM. -Ri n 
I I 

REMTE 
IF INSTAL ED 

LEVEL 

I (REMOVE LINK 4-7) 

0000-dboo 
2 3 4 5 6 7 8 9 

LEVEL GAIN 

VR3 REGULATOR 

20q ,4 
K TK -R -12 ID 

244 
KTK -R -12 

FUSES 

20 22 24 26 28 30 F I F2 

L 1 

ABC -10 

FUSES 

NOTE 
DROOP TRANSFORMER CTI AND DROOP 
BE SUPPLIED 

LI EXCITER FIELD 
L5 PM EXCITER STATOR 
RI DROOP RHEOSTAT 
R2 REMOTE LEVEL RHEOSTAT 

C30366P1 

RHEOSTAT RI MAY OR MAY NOT 

PT (CUSTOMER) METERING POTENIAL 
TRANSFORMER 

CTI DROOP TRANSFORMER 

0 TERMINAL NUMBERS 
0 WIRE NUMBERS 
II POLARITY 

Connection Diagrams 16 VR3 Voltage Regulator 
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P.M. EXC W/CONN TO ISOLATION TRANS 

T8 OR T2 

0 

CTI 

FROM 

GENERATOR 

I 5 GEN I 

ITCEN 
RI 8 OHM 

REGULATOR 
SENSING 
LEADS 

r - 
L 

I I REMOTE LEVEL 
IF INSTA 

idI I (REMOVE 
LLED 

LINK 4-7) 

10K OHM. 

1 ItI5 

0000 0 0 
2 3 4 5 6 7 8 9 

res 
LEVEL GAIN 

VR3 REGULATOR 

20,4 
KTK-R-12 

FUSES 
240 KTK-R-12 

20 22 24 26 28 30 Fl F2 

DROOP TRANSFORMER CTI AND DROOP RHEOSTAT RI MAY OR MAY NOT 
BE SUPPLIED. 

LI EXCITER FIELD 
L5 P.M. EXCITER STATOR 
RI DROOP RHEOSTAT 
R2 REMOTE LEVEL RHEOSTAT 

C37065P1 

CTI DROOP TRANSFORMER 
PT2.3 SENSING TRANSFORMER 
ISOL ISOLATION TRANSFORMER 

0 TERMINAL NUMBERS 
0 WIRE NUMBERS 
IN POLARITY 

Connection Diagrams 17 VR3 Voltage Regulator 
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C34663P 1 

SELF EXCITED WITH DIRECT 

CONNECTION TO GENERATOR 

REGULATOR 
SENSING 
LEADS 

LI 

20 GEN 

24 GEN 

FUSE 

co 

(.) 
ap 
< 

20 22 24 
0 0 

® GAIN 

VR4 REGULATOR 

® LEVEL 

5 6 7 F I F2 
0 0 

i 
0 0 

I 

I 

R2 REMOTE LEVEL RHEOSTAT 
LI EXCITER FIELD 

40 TERMINAL 
WIRE NUMBER 

R2 

10K OHM. 

1 

1 

1 

I REMOTE LEVEL 
J IF INSTALLED 

(REMOVE LINK 4 -7) 

Connection Diagrams 18 VR4 Voltage Regulator 
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MANUAL CONTROL WITH SELF EXCITATION 

REGULATOR 
SENSING 
LEADS 

LI 

20 GEN 

24 GEN 

22 GEN I 

Fl GEN 

VR3 REGULATOR 

201 KTK-R-I2 to. 
4(pm _, FUSES 

KTK-R-I2 

20 22 24 26 28 30 Fl F2 
0 0 0 0 o99 

TO SERIES 4 ()- 
BOOST MODULE 
IF INSTALLED 50- 

F2 GEN 

LI EXCITER FIELD 

C34664P1 

loob00000 
F2 Fl 25 24 46 45 44 43 42 41 21 20 

MANUAL CONTROL 

0 TERMINAL NUMBERS 
0 WIRE NUMBERS 

Connection Diagrams 19 Options 
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[20 GEN 

[24 GEN 

122 GEN 

LI 

MANUAL CONTROL WITH POWER TRANSFORMER 

REGULATOR 
SENSING 
LEADS 

20 24 31 30 

PTI 

VR3 REGULATOR 

200 
KTK -R -12 

Fl GEN 

4 
CI KTK-R-I2 

20 22 24 26 28 30 Fl F2 

0 4 0 0 0 0 99 

F2 ,,GENf 

TO SERIES 4 Oi 
BOOST MODULE 
IF INSTALLED 50- 

o6b00000 
F2 Fl 25 24 46 45 44 43 42 41 21 20 

MANUAL CONTROL 

LI EXCITER FIELD 0 TERMINAL NUMBERS 
PTI POWER TRANSFORMER 0 WIRE NUMBERS 

C34665P1 

Connection Diagrams 20 Options 

\\. 
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MANUAL CONTROL WITH P.M. EXCITER 

20 GEN I 

REGULATOR 
SENSING 24 GEN I 
LEADS 

VR3 REGULATOR 

L5 

22 GEN 

ABC 10 

LI 
Fl GEN 

ABC 10 

FUSES 

200 K TK -R -12 ID 
rSUSES 24 

K -R-I2 

20 22 24 26 28 30 Fl F2 

? 0 0 0 0 

F2 GEN 

LI EXCITER FIELD 
L5 PM STATOR 

C37007P1 

6006 b 000 
8 7 b 5 4 3 2 1 

MANUAL CONTROL 

o TERMINAL NUMBERS 
O WIRE NUMBERS 

Connection Diagrams 21 Options 
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SENSING 
LEADS 
FROM 
GENERATOR 

C34667P1 

RADIO INTERFERNCE FILTER 

RFI RADIO INTERFERENCE SUPPRESSOR 

TO 
REGULATOR 

Connection Diagrams 22 Options 
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SERIES BOOST WITH VR3 VOLTAGE REGULATOR 

REGULATOR 
SENSING 24 GENI 
LEADS 

20 GENI 

SBT I I 

22 GENI 

LI 

VR3 REGULATOR 

20,4 
K TK -R-12 

24,4 qKTK-R-12 
FUSES 

20 22 24 26 28 30 F I F2 
Q 0 S 0 0 0 0 0 

0 () 
2 3 4 

0 
5 

0 
6 

0 
7 

0 
8 

0 
9 

SERIES BOOST MODULE 

NOTE 

REMOVE LINK 6-7 FOR 50 HZ OPERATION 

LI EXCITER FIELD 0 TERMINAL NUMBERS 
SBT SERIES BOOST TRANSFORMER 

C34668P 1 

0 WIRE NUMBERS 

Connection Diagrams 23 Options 
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SERIES BOOST WITH VR4 VOLTAGE REGULATOR 

REGULATOR 
SENSING 
LEADS 

SBT II 

20 GEN 

24 GEN 

22 GEN 

LI 

I 

FUSE 

ao 

U 
-tt 

&GAIN 

VR4 REGULATOR 

(31 LEVEL 

bl 

0 0 () 0 0 0 0 0 
2 3 4 5 6 7 8 9 

SERIES BOOST MODULE 

NOTE 

REMOVE LINK 6-7 FOR 50 HZ OPERATION 

LI EXCITER FIELD 
SBT SERIES BOOST TRANSFORMER 

C34669P 1 

O TERMINAL NUMBERS 
O WIRE NUMBERS 

Connection Diagrams 24 Options 
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SBT I I 

LI 

MANUAL CONT AND SERIES BOOST W/SELF EXC 

REGULATOR 
SENSING 
LEADS 

20 GEN I 

24 GEN 

20 

4 

22 GEN 

VR3 REGULATOR 

KTK -R -12 
ID 

FUSES 
KTK -R -12 

ID 

20 22 24 26 28 30 Fl F2 

0 9 o o 0 0 o 9 

0 0 El ,ro 
2 3 4 5 6 7 8 9 

SERIES BOOST MODULE 

000000 0 0 0 0 0 
F2 Fl 25 24 46 45 44 43 42 41 21 20 

MANUAL CONTROL 

C34670P1 

NOTE 

REMOVE LINK 6-7 FOR 50 HZ OPERATION 

LI EXCITER FIELD 
SBT SERIES BOOST TRANSFORMER 

0 TERMINAL NUMBERS 
o WIRE NUMBERS 

Connection Diagrams 25 Options 
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EXC FLD CONN (SERIES AND PARALLEL) 

L1 

REGULATOR 
SENSING 
LEADS 

LI 

C346711,1 

VOLTAGE 

REGULATOR 
I (NON CAT) I 

20 GEN 

SERIES 

CONNECTION 
(14 OHM FIELD) 

24 GEN 

22 GEN I 

VR3 REGULATOR 

201 -0 0- K TK -R -12 ID 

-0 0- FUSES 24 
KTK -R-12 ID 

0 0 
20 22 24 26 28 30 Fl F2 

0 0 0 0 0 0 0 0 

0 0 
Os 

0 0- 
0 0- 

PARALLEL 

CONNECTION 
(3.5 OHM FIELD) 

Connection Diagrams 26 SR4 Oil Field Generators 
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SECTION TEN 

CONTENTS: 

FLO11 

* Generator control panel parts manual SEBP2265 (10/93). 

* Caterpillar 3406 engine and generator parts manual 
SEBP1436-07 (8/94). This book is supplied as an 
attachment to this manual. 
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PARTS BOOK 

I. SCOPE 

THIS CHART IS REQUIRED TO ENABLE THE PROPER SELECTION AND ORDERING OF A 

GENERATOR MOUNTED ELECTRONIC MODULAR CONTROL PANEL, FOR USE WITH A CATERPILLAR 
AUTOMATIC STANDBY OR MANUAL PRIME POWER PACKAGE GENERATOR SET. THE CHART DEFINES 
THE CONTROL PANEL DESIGN AND BILL OF MATERIAL BY ESTABLISHING A MULTI-CHARACTER 
MODEL NUMBER. 

II. MODEL NUMBER SELECTION 

THE MODEL NUMBER OF THE CONTROL PANEL IS ESTABLISHED BASED ON PANEL OPTIONS AND 
GENERATOR RATINGS (EXAMPLE: EB3CAS3A1BDSPICE5). THE MODEL IS DEVELOPED ONE CHARACTER 
AT A TIME BY FOLLOWING THE INSTRUCTIONS ON SHEETS 1-5. A GENERAL DEFINITION OF 
MODEL NUMBER CHARACTERS APPEARS BELOW: 

1ST CHARACTER OF THE MODEL NUMBER IS EITHER AN "E" OR "H". INDICATING 
THAT THE CONTROL PANEL IS AN ELECTRONIC MODULAR TYPE FOR MOUNTING ON 
OR WITHIN THE TERMINAL BOX OF AN SR-4 GENERATOR. 

2ND CHARACTER OF THE MODEL NUMBER INDICATES THE CONTROL PANEL 
MOUNTING, SIZE AND DUSTPROOF OPTION. 

3RD CHARACTER OF THE MODEL NUMBER SPECIFIES THE VOLTMETER SCALING. 

4TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE AMMETER SCALING AND 
CURRENT TRANSFORMERS. 

5TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE PACKAGE GENERATOR SET 
MODEL & SOME ENGINE CONTROL MODULE SETTINGS. 

6TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE TYPE OF ENGINE FUEL 
CONTROL SOLENOID. ENERGIZED TO RUN, SHUTOFF, OR LATCHING. 

7TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE NUMBER OF FLYWHEEL TEETH. 

8TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE GENSET RATED SPEED. 

9TH CHARACTER OF THE MODEL NUMBER SPECIFIES CONTROL PANEL MOUNTED 
GOVERNOR OPTIONS,IF REQUIRED. 

10TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE ALARM MODULE, 
SYNCHRONIZING LIGHTS, OR REVERSE POWER PROTECTION. IF REQUIRED. 

11TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE OVERVOLTAGE RELAY 
OR OVERCURRENT RELAY OPTION, IF REQUIRED. 

12TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE STARTING AID SWITCH 
OPTION, IF REQUIRED. 

13TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE OPTIONAL PANEL 
ILLUMINATION LIGHTS AND AUXILIARY RELAY, IF REQUIRED. 

14TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE NUMBER OF 24VDC 
STARTING MOTORS PROVIDED ON THE PACKAGE GENSET. 

15TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE COOLANT 
LOSS SENSOR OPTION, IF REQUIRED. 

16TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE OIL PRESSURE & COOLANT 
TEMPERATURE GAGE DISPLAY UNITS (ENGLISH OR METRIC). 

GIELEMEIMI 
BEMBEIBBMICI E10111311E1 

17TH CHARACTER OF THE MODEL NUMBER SPECIFIES THE CHANGE LEVEL OF THIS 
CHART TO WHICH THE PANEL WAS BUILT. 

EXAMPLE OF A TYPICAL 
MODEL NUMBER 

616793 CP 

1606 1031582 CHART-CONTROL PANEL-PART 1 OF 9 

2 SEBP2265 
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PARTS BOOK 

III. DESCRIPTION OF EQUIPMENT SPECIFIED BY MODEL NUMBER 

1 - AN "E" AS THE FIRST CHARACTER OF THE MODEL NUMBER SPECIFIES THAT THE 
CONTROL PANEL IS AN ELECTRONIC MODULAR TYPE. AN "H" INDICATES THAT 
IT IS BUILT & TESTED TO MEET CANADIAN STANDARD ASSOC. (CSA) APPROVAL. 

E 

H 

PANEL TYPE VOLTAGE ADJUST 
RHEOSTAT 

STANDARD PANEL 129-0308 

CSA APPROVED PANEL 
7C-4471 TESTED PER 3L-0369 

INCLUDES 103-6332 FILM 

2 - THE SECOND CHARACTER OF THE MODEL NUMBER SPECIFIES THE CONTROL PANEL 
MOUNTING. SIZE AND DUSTPROOF OPTION. THE CONTROL PANEL SIZE IS 

DETERMINED BY THE GENERATOR FRAME SIZE. SEE TABLE 1 AND FIGURE 1. 

DUSTPROOF OPTION SATISFIES NEMA 12 AND IP44. 

EB3CAS3A1BDSP10E5 TABLE 1 

PANEL MTG 
AND TYPE 

GENERATOR 
FRAME SIZE 

PANEL DIMENSIONS VANDAL 
DOOR AS. 

DUSTPROOF 
KIT A B C 

A 
STANDARD 
TOP MTD 360 603.2 323.8 323.8 REQUIRED 

B 
STANDARD 
TOP MTD 

440/580 
680/800 698.5 323.8 323.8 REQUIRED 

C TOP MTD 
DUSTPROOF 360 603.2 323.8 323.8 REQUIRED 103-8975 

D 
TOP MTD 
DUSTPROOF 

440/580 
680/800 

698.5 323.8 323.8 REQUIRED 103-8975 

FIGURE 1 

A Dwi B -E31.1 

0 

0 

3 -THE THIRD CHARACTER OF THE MODEL 
NUMBER SPECIFIES THE GENERATOR AC 
OPERATING VOLTAGE & THE RESULTING 
AC METERING MODULE VOLTMETER SCALING 
SELECTION. 

MODEL EB3CAS3A1BDSP10E5 

GENERATOR VOLTAGE(S) 
(LINE TO LINE) 

VOLTMETER SCALING SELECTION 

PROGRAMMING JUMPER 

0 -150 VAC L-L 150 NO 

151-600 VAC L-L 600 YES 

REF: REPUBLIC ELECTRIC AND DEVELOPMENT CO 

6.16794 CP 

1606 1031582 CHART-CONTROL PANEL-PART 2 OF 9 

SEBP2265 3 
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PARTS BOOK 

4 FOURTH CHARACTER 
SELECTION AND 
THAN OR EOUAL 

MODEL EB3CAS3A1BDSP10E5 

OF THE MODEL NUMBER SPECIFIES THE AMMETER SCALING 

CURRENT TRANSFORMER. (GENERATOR POWER RATING MUST BE LESS 
TO VALUES GIVEN IN TABLE BELOW.) 

TABLE CALCULATED FROM RATED OUTPUT VOLTAGE AT 0.80 POWER 
MARGIN. (GENERATOR POWER RATING MUST BE LESS THAN OR EOUAL TO 
TABLE BELOW.) 

-THE 

GENERATOR EKW OUTPUT 
FACTOR WITH 157. 

VALUES GIVEN IN 

GENERATOR EKW RATING AT-VOLTAGES (L-L, RMS): 

200 VAC 208 VAC 220 VAC 240 VAC 300 VAC 380 VAC 400 VAC 416 VAC 440 VAC 480 VAC 600 VAC 
C 20EKW 25EKW 25EKW 25EKW 35EKW 45EKW 45EKW 50EKW 50EKW 55EKW 70EKW 
D 35 35 35 40 50 65 70 75 75 85 105 
E 45 50 50 55 70 90 95 100 105 115 140 

F 70 75 75 85 105 135 140 150 155 170 215 
G 95 100 105 115 140 180 190 200 210 230 285 
H 140 150 155 170 215 270 285 300 315 345 430 

J 190 200 210 230 285 365 385 400 420 460 575 
K 240 250 265 285 360 455 480 500 530 575 720 
L 285 300 315 345 430 545 575 600 635 690 865 

M 360 375 395 430 540 685 720 750 795 865 1080 
N 480 500 530 575 720 915 960 1000 1060 1155 1445 
P 600 625 660 720 900 1145 1205 1250 1325 1445 1805 

R 720 750 795 865 1080 1370 1445 1500 1590 1735 2165 
S 960 1000 1060 1155 1445 1830 1925 2005 2120 2310 2890 

AMMETER CURRENT TRANSFORMERS 
(TRANSFORMER RATED) ROUND SOUARE 

OTY SCALE 
PROGRAM 
SETTING OTY RATIO PART NO RATIO PART NO 

C 1 0- 100 AMPS 100 3 100:5 5N-5429 ___ - 
D 1 0- 150 AMPS 150 3 150:5 4W-8102 --- - 
E 1 0- 200 AMPS 200 3 200:5 5N-5430 --- --- 

F 1 0- 300 AMPS 300 3 300:5 5N-5431 --- - 
G 1 0- 400 AMPS 400 3 400:5 5N-5432 --- - 
H 1 0- 600 AMPS 600 3 600:5 5N-5433 600:5 61-1952 

J 1 0- 800 AMPS 800 3 800:5 5N-5434 800:5 7E-1112 
K 1 0-1000 AMPS 1000 3 1000:5 7W-8839 1000:5 7E-1113 
L 1 0-1200 AMPS 1200 3 1200:5 7W-8838 1200:5 7E-1114 

M 1 0-1500 AMPS 1500 3 1500:5 7W-8837 1500:5 7E-1115 
N 1 0-2000 AMPS 2000 3 2000:5 7W-8836 2000:5 7E-1116 
P 1 0-2500 AMPS 2500 3 2500:5 7W-8835 2500:5 7E-1117 

R 1 0-3000 AMPS 3000 3 3000:5 7W-6598 3000:5 7E-1118 
S 1 0-4000 AMPS 4000 3 4000:5 7w-7805 4000:5 7E-1119 

NOTE:SOUARE CURRENT TRANSFORMERS TO BE SUPPLIED IF 5TH CHARACTER OF CONTROL PANEL 
MODEL NUMBER IS M THROUGH W (3408, 3412 AND 3500 PACKAGE GENERATOR SETS). ROUND 
CURRENT TRANSFORMERS TO BE SUPPLIED WITH ALL OTHER ENGINE SALES MODELS. 
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5 - THE FIFTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE PACKAGE 
GENERATOR SET ON WHICH THE PANEL WILL BE INSTALLED & SOME ENGINE 
CONTROL MODULE SETTINGS. 

MODEL EB3CAS3A1BDSP10E5 

PACKAGE 
GENERATOR 
SET 

CHARACTER 

ENGINE CONTROL MODULE SETTINGS 
FAULT SHUTDOWN SETTINGS OIL 

STEP 
SPEED 

CRANK 
TERMINATION 
SPEED 

OIL PRESSURE COOLANT 
TEMP 

°C(° F) 

OVER- 
SPEED 

HI RPM 
KPA(PSI) 

LOW RPM 
KPA(PSI) 

3114 PRIME A 206(30) 68(10) 107(225) SAME AS SAME AS 
3116 PRIME B 3208 3208 
3208 STANDBY C 206(30) 68(10) 113(235) 
3208 PRIME D 107(225) 
3304 STANDBY E 113(235) 
3304 PRIME F 82(12) 68(10) 107(225) 
3306 STANDBY G 113(235) 
3306 PRIME H 107(225) 
3406 STANDBY J 

3406 PRIME K 

3408 STANDBY M 
REF REF 

400 RPM 
3408 PRIME N 206(30) 68(10) 107(225) 3L-0332 3L-0332 

3412 STANDBY 0 
3412 PRIME P 

3508 STANDBY R 

3508 PRIME S 

3512 STANDBY T 206(30) 68(10) 107(225) 
3512 PRIME U 

3516 STANDBY V 

3516 PRIME W 

6 -THE SIXTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE TYPE 
OF THE ENGINE FUEL CONTROL SOLENOID. 

MODEL EB3CAS3A1BDSP10E5 

FUEL CONTROL 
SOLENOID TYPE 

PROGRAM ENGINE CONTROL 
MODULE FOR: 

SHUT-OFF 
GP 

ENERGIZED TO RUN ENERGIZED TO RUN 111-7 76 0 

ENERGIZED TO SHUTOFF ENERGIZED TO SHUTOFF 111- 7 7 61 

NOTE: IF CONTROL PANEL MODEL NUMBER 5TH CHARACTER IS "M" 

THROUGH "P", 7E-8396 AUXILIARY FUEL CONTROL RELAY GROUP 
IS INCLUDED. 
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7 --- THE SEVENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE NUMBER OF 

TEETH ON THE FLYWHEEL OF THE GENSET THAT THE CONTROL PANEL WILL BE INSTALLED 
ON. IT IS IMPORTANT THAT THE CORRECT NUMBER OF TEETH BE PROGRAMED 
INTO THE ENGINE CONTROL MODULE TO ASSURE PROPER OPERATION. 

MODEL EB3CAS3A1BDSP10E5 

/ 

NUMBER OF FLYWHEEL 
TEETH 

PACKAGE 
GANERATOR 

SET 

GENERATOR 
FRAME 
SIZE 

1 183 3516,3512,3508 ALL 
2 136 3412,3408 ALL 
3 136 3406( # 0 FLYWHEEL HOUSING; 582 
4 113 3406(# 1 FLYWHEEL HOUSING) ALL 
5 156 3306.3304 ALL 
6 134 3208 ,3114,3116 ALL 

REFER TO CHART 3L-0332 TO ASSIST IN DETERMINING NUMBER OF FLYWHEEL TEETH. 

8 -THE EIGHTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE RATED SPEED 
AT WHICH THE GENERATOR SET WILL OPERATE. 

MODEL EB3CAS3A1BDSP10E5 
1 

RATED SPEED (RPM) 

A 1000 
B 1200 
C 1500 
D 1800 

9 - THE NINTH CHARACTER OF THE MODEL NUMBER SPECIFIES CONTROL 
PANEL MOUNTED GOVERNOR OPTIONS, IF REQUIRED. 

MODEL EB3CAS3A1BDSP10E5 

1 GOVERNOR 
OPTION 

GOVERNOR 
TYPE GOV SW 

GOVERNOR GP- 
ELECTRONIC 

GOVERNOR FUSE 
PART # OTY 

X 

NONE, OR SHIPPED 
LOOSE CUSTOMER 
INSTALLED 2301A 
GOVERNOR 

CAT HYDRA-MECH, 
2301A LOAD 
SHARING 

- - NOT 

REQUIRED 
- 

1 GOVERNOR 
SWITCH GP 

CAT HYDRA-MECH 
PSG,3161 

7N-8008 ____ NOT 
REQUIRED 

4 1724/8290 GOVERNOR 
(F/U/W 3114 AND 
3116 ENGINES) 

ELECTRONIC SPEED 
SENSING - 7E-1233 3K-8782 1 

5 1724/8290 GOVERNOR ELECTRONIC SPEED 
SENSING 

7E-1232 3K-8782 1 

6 2301A GOVERNOR 2301A SPEED 
SENSING 

_ 4P-2788 7T-0037 1 

NOTE : ABOVE CHARACTERS 2, 3, & 6 ARE NOT COMPATIBLE WITH THE CONTROL PANEL 
MODEL NUMBER 10TH CHARACTER D, E, F OR G (SYNC. LIGHT). ABOVE 
CHARACTERS 4 AND 5 ARE NOT COMPATIBLE WITH THE CONTROL PANEL MODEL 
NUMBER 10TH CHARACTER D, E, F, OR G (SYNC. LIGHT) UNLESS PROVIDED 
WITH OPTIONAL 7E-2583 LOAD SHARE MODULE (NOT INSTALLED). 
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1 0- THE TENTH CHARACTER OF THE MODEL NUMBER SPECIFIES EITHER THE ALARM MODULES, 
SYNCHRONIZING LIGHT MODULE,SYNCHRONIZING LIGHT MODULE WITH GENERATOR REVERSE 
POWER PROTECTION OPTION, IF REQUIRED. 

MODEL EB3CAS3A1BDSP10E5 

MODULE TYPE 
PART NO. 

MODULE OR CONTROL GP REVERSE POWER RELAY FILMS COVER PLATE 
X NOT REQUIRED NOT REQUIRED NOT REQUIRED NOT REQ'D 7C-1009 
A ALARM (NFPA99) 9Y-2907 NOT REQUIRED NOT REO'D NOT REQUIRED 
B ALARM (NFPA 110) 9Y-2906 NOT REQUIRED NOT REQ'D NOT REQUIRED 
C ALARM (SINGLE UNIT PRIME POWER) 7E-1234 NOT REQUIRED NOT REO'D NOT REQUIRED 
D SYNC. LIGHTS (0-480V L-L) 106 -5171 NOT REQUIRED NOT REO'D NOT REQUIRED 
E- SYNC. LIGHTS (600V L-L) 106-5169 NOT REQUIRED NOT REQ'D NOT REQUIRED 

SYNC. LIGHTS (0-480V L-L) 
F 

WITH REVERSE POWER 
106 -5171 5N-5510 7C-4062 NOT REQUIRED 

SYNC. LIGHTS (600V L-L) 
G 

WITH REVERSE POWER 
106-5169 7C-4378 7C-4062 NOT REQUIRED 

NOTE :ABOVE CHARACTERS D, E. F, & G ARE INCOMPATIBLE WITH THE CONTROL PANEL 
MODEL NUMBER 9TH CHARACTERS 2, 3, AND 6 (2301 GOVERNORS). REVERSE POWER RELAY 
SHALL BE SET AT APPROX. 15% OF GENERATOR RATING. 
ABOVE CHARACTERS 0, E, F, AND G ARE INCOMPATIBLE WITH THE CONTROL PANEL MODEL 
NUMBER 9TH CHARACTERS 4 AND 5 UNLESS PROVIDED WITH OPTIONAL 7E-2583 LOAD SHARE 
MODULE (NOT INSTALLED). 

1 1-THE ELEVENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE PANEL MOUNTED 
GENERATOR OVERVOLTAGE OR OVERCURRENT RELAY, IF REQUIRED. 

MODEL EB3CAS3AIBXSP10E5 

RELAY TYPE RELAY P/N 
X 

1 

NOT REQUIRED 
208 V OVERVOLTAGE THREE PHASE 123-4944 

2 240 V OVERVOLTAGE THREE PHASE 123-4945 
3 416 V OVERVOLTAGE THREE PHASE 123-4946 
4 480 V OVERVOLTAGE THREE PHASE 123-4947 
5 600 V OVERVOLTAGE THREE PHASE 126-0558 
6 3 PHASE OVERCURRENT RELAY 112-7959 

NOTE: ABOVE CHARACTERS #1, #2, #3, #4, #5 AND #6 ARE NOT 

COMPATIBLE WITH F AND G OF THE TENTH CHARACTER. 

OVERVOLTAGE AND OVERCURRENT RELAY PICK-UP 
SETTINGS SHALL BE SET AT ITS MAXIMUM VALUE. 
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1 2-THE TWELFTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE 

STARTING AID SWITCH OPTION, IF REQUIRED. 

MODEL EB3CAS3A1BDSP10E5 

OTY STARTING AID SWITCH METER PANEL FILM 

x 0 NOT REQUIRED 103-1837 
S 1 9D -3721 MANUAL 103-1837 
A 1 8C-9812 AUTOMATIC 103-1838 

NOTE: ABOVE CHARACTER "A" PERMITS INJECTION OF ETHER INTO ENGINE AFTER 
CRANK TERMINATION IF JACKET WATER TEMPERATURE IS LESS 
THAN 70°F (52°C) 

1 3 -THE THIRTEENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE PANEL ILLUMINATION 

LIGHT GROUP AND AUXILIARY RELAY OPTIONS, IF REQUIRED. 

MODEL EB3CAS3A1BDSP10E5 

1 OTY LAMP HOUSING AS. LAMP SWITCH PLUG BUTTON RELAY SOCKET 

x 
0 NOT REQUIRED NOT REQUIRED NOT REQUIRED NOT REQUIRED 
2 NOT REQUIRED NOT REQUIRED NOT REQUIRED 5P-4935 

P 2 7G-9730 7N-5876 NOT REOUIRED 
1 --- BD-2676 NOT REQUIRED 3N-5714 4W-8787 

1 4-THE FOURTEENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE NUMBER OF 

24VDC STARTING MOTORS PROVIDED ON THE PACKAGE GENERATOR SET, 

TO BE CONTROLLED BY THE PANEL. 

MODEL EB3CAS3AIBDSP10E5 

1 5 -THE 

OTY STARTER MOTOR 
MAGNETIC SWITCH(S) 

CIRCUIT BREAKER PART # 

3114 & 3116 PRIME GENSETS 
(REF:MODEL # CHARACTER 5) 

ALL OTHER GENSETS 

SINGLE 
STARTING 
MOTOR 

9X-8124 9H-1958 1N-9770 

DUAL 
STARTING 
MOTORS 

2 9X-8124 

1 9H-1958 

FIFTEENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE COOLANT LOSS 
SENSOR OPTION, IF REQUIRED. 

MODEL EB3CAS3A1BDSP10E5 

HARNESS CONNECTOR 
NOT REQUIRED 
3E-3367 
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1 6 -THE SIXTEENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE UNITS USED IN 

DISPLAYING OIL PRESSURE & COOLANT TEMPERATURE ON THE ENGINE CONTROL MODULE. 

MODEL E133CAS3A1BDSP10E5 

ENGLISH UNITS (PSI, ° F) 
M METRIC UNITS (KPo, ° C) 

1 7- THE SEVENTEENTH CHARACTER OF THE MODEL NUMBER SPECIFIES THE 

CHANGE LEVEL OF THIS CHART TO WHICH THE PANEL WAS BUILT. 

MODEL EB3CAS3AIBDSP10E5 

LFOR EXAMPLE THIS MEANS CHANGE LEVEL 
REFER TO DRAWING TITLE BLOCK AND/OR 
CONTROL PANEL IDENTIFICATION TAG FOR 
ACTUAL CHANGE LEVEL. 

I V . IN ADDITION TO THE COMPONENTS SPECIFIED BY THE MODEL NUMBER, THE 
FOLLOWING COMPONENTS ARE REQUIRED TO COMPLETE THE CONTROL PANEL. 

5. 

PART NO. 
120 -6881 
101-0225 

CONTROL GP. 
CONTROL GP 

GEN SET STATUS CONTROL 
AC TRANSFORMER BOX 

3N-5979 SWITCH ENGINE CONTROL SWITCH & KNOB 
3 TERMINALS FOR WIRE T1,T 2,7,3 ETC MOLEX INC, PART NO. B -201-38HDX 
1 7C-0974 FILM WARNING ELECTICAL SHOCK HAZARD 
2 3N-5611 SHOCK MOUNT AS. REAR, MUL TIPL ANE MOUNTS 
2 7C-6121 SHOCK MOUNT FRONT. SANDWICH MOUNTS 

1 LOT INTERNAL WIRING APPROVED BY CAT 
1 LOT LABELS-COMPONENT APPROVED BY CAT 

WIRING HARNESS PANEL INTERCONNECT TO GENERATOR WITH 
SPRING SPADE TERMINALS 

3 7W-0482 FUSE 2 AMP, 600 VOLT AC 
16 3K -8782 FUSE 10 AMP, 32 VAC (8 INSTALLED & 8 SPARES) 

1 LOT SHEET METAL COMPONENTS CONTROL PANEL ENCLOSURE COMPONENTS 

8T -2882 HANDLE INSTRUMENT PANEL DOOR HANDLE 
1 LOT TETHER(S) & ASSOC. HARDWARE INSTRUMENT DOOR TETHER(S) 

6V-6640 SEALANT ACCESS COVER SEALANT (USE AS REQUIRED) 
9Y-9771 FILM PANEL IDENTIFICATION NAMEPLATE 
9Y-9782 FILM 10A DC FUSE REPLACEMENT INFORMATION LABEL 
9Y-9783 FILM 2A AC FUSE REPLACEMENT INFORMATION LABEL 
2W-4899 DIODE 5A 600PIV FLYBACK DIODE WITH BLADE CONNECTORS 
5N-4988 DIODE 5A 600PIV FLYBACK DIODE WITH SPADE LUGS 

3 4P-2160 WASHER 
3 4P-2161 SCREW METER PLATE HARDWARE 

3 4P-2162 CLIP 
20dm 5N-8359 CONDUIT 1" PLASTIC CONDUIT AND HARDWARE 

2 5N-9072 CLIP 
2 5N-9067 COLLAR 
2 062-5388 LOCKNUT 
2 5N-9117 ADAPTER 

7C-9179 STRIP- TERMINAL AUXILIARY TERMINAL STRIP 
103-1838 FILM AUXILIARY TERMINAL STRIP FILM 
3E-3388 RECEPTACLE AS. 8 PIN RECEPTACLE TO MATCH ATB 

3E-6286 PLUG AS. 40 PIN PLUG TO MATCH GSC 

3E-3379 PLUG AS. 6 PIN PLUG FOR SENSOR HARNESS 
4 2N-3479 SCREW SHOCK MOUNT HARDWARE 

4 4B-4274 WASHER 
4 8C-7507 LOCKWASHER 
4 4B-2049 NUT 
2 OL -2070 BOLT MOUNTING HARDWARE 
2 4D-1326 LOCKWASHER 
2 6V-8801 NUT 

4W-5972 KNOB KNOB FOR VOLTAGE LEVEL ADJUST POT. 
106-9926 FILM COMPONENT I.D.FILM 
103-6197 BLOCK-TERMINAL 4 POINT GROUNDING BLOCK -SUBPAN 
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GENERAL REQUIREMENTS 

1. ALL CONTROL PANELS SHALL CONTAIN THE APPROPRIATE SPACE,WIRING,HOLES,ETC. 
TO SUPPORT THE FIELD INSTALLATION OF ANY OPTION LISTED ON THIS CHART. 

REFER TO DIMENSIONAL DRAWINGS 102-8774 OR 102-6300 FOR GENERAL 
ENCLOSURE DIMENSIONS. 

2. THE COMPLETED CONTROL PANEL SHALL BE FINISHED PAINTED CATERPILLAR 
YELLOW,1E2139,WITH THE INSTRUMENT DOOR PAINTED FLAT BLACK. 

3. A SUPPLIER NAMEPLATE WILL BE ATTACHED INSIDE THE PANEL. 103-1582 AND 

THE CONTROL PANEL MODEL NUMBER SHALL BE STAMPED ON THIS NAMEPLATE, ALONG 
WITH THE DATE CODE. 

4. A COMPLETE SET OF CAT DRAWINGS INCLUDING OUTLINE DRAWING, WIRING DIAGRAMS, 
SCHEMATIC MAGRAMS,INTERCONNECT DIAGRAM SHALL BE PACKED WITH EACH CONTROL 
PANEL. 

5. STANDARD HARDWARE FASTENERS USED FOR SHEETMETAL TO SHEETMETAL SECUREMENT 
SHALL BE TORQUED TO THE VALUES GIVEN BELOW. IN ADDITION TYPE B LOCTITE 
SEALANT, AS SPECIFIED BY 1E2200, SHALL BE USED EXCEPT ON INSTRUMENT 
PANEL DOOR FASTENERS. 

SCREW 
SIZE 
(INCH) 

STANDARD HARDWARE 
NEWTON-METERS FOOT-LBS 
MIN MAX MIN MAX 

4-40 0.37 0.53 0.3 0.4 
6-32 0.69 0.98 0.5 0.7 
8-32 1.41 2.01 1.0 1.5 
10-32 2.35 3.36 1.7 2.5 
1/4-20 5.70 8.14 4.2 6.0 
5/16-18 10.44 14.91 7.7 11.0 
3/8-16 18.03 25.76 13.3 19.0 
7/16-14 28.48 40.68 21.3 30.0 
1/2-13 42.71 61.02 31.5 45.0 
9/16-12 62.65 89.50 46.2 66.0 
5/8-11 88.28 12 6 .11 65.1 93.0 
3/4-10 14 2.38 203.40 105.0 150.0 
7/8-9 191.74 273.91 141.4 202.0 

\/ I . --- CATERPILLAR REFERENCE DRAWINGS 

103-1584 CHANGE 05 INSTRUCTIONS 
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VIEW A-A VIEW B-B 

NOTE 
REF 

NO 

PART 
NUMBER °TY PART NAME NOTE 

REF 

NO 

PART 
NUMBER PART NAME 

1 

2 
3 

4 

1010222 
3N5977 

1088127 
1015003 

159593 
5P5677 
5P5623 
3E3386 
4B2049 
5P5998 
8F1434 
8T8730 
7N9017 
5P1475 

1028811 
5P1476 
4B2049 
464274 

1082557 

1 

1 

8 
1 

14 
28 

3 
1 

1 

1 

5 
1 

4 
1 

3 
7 

11 
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HOUSING AS 
BLOCK-FUSE 

SCREW-PAN HEAD 
CHANNEL AS 

STRAP-CABLE 
WIRE (16 GA) 
WIRE (16 GA) 
WEDGE-PLUG LOCK 
NUT 
TUBE 
LOCKWASHER 
SOCKET- CONNECTOR 
TERMINAL 
TERMINAL 
KIT-PLUG 
TERMINAL 
NUT 
WASHER 

LABEL-MARKING 

- - -- 

F-572037 EP 
--- - 

ONTROL GP- ELECTRONIC 
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NOTE RNEcj NUMBER CITY PART NAME 
EB 
YR 

1 

2 

3 
4 

6V6544 
9W3574 
9Y9776 
5P3059 

1 

1 

2 

WIRE-ELECTRICAL (22 GA) 
CONTROL GP-ELECTRONIC 
FILM 
TERMINAL 

0 0 

- 

VirPrPMS 
will he wil bid It tr, 

N\ - -% I I I I I I II. -. -.7:" I, A PA 0 - - I r Aw.._..._-_""i-i9 !E-- 
41111111P1-------"Il 

laliaMila 
0 0 

REAR VIEW 

2 

0 0 0 0 0 0 0 

B-USE AS REQUIRED 
E-ORDER BY 
R-REMFG PART 

THE 
MAY 

CENTIMETE 
BE AVAILR ABLE 

Y-SEPARATE ILLUSTRATION B-509406 EP 
FRONT VIEW 

1901 7E1234 CONTROL GP-ELECTRONIC 
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NOTE Z NG IR OTY PART NAME 
YR 1 9W3574 1 CONTROL GP-ELECTRONIC 

2 9Y0947 1 FILM-ANNUNCIATOR 

() 

() 

2 () 

() 

C) 

I 

.\. 
() 

CD 
R-REMFG PART MAY BE AVAILABLE 
Y-SEPARATE ILLUSTRATION 

B-457824 EP 

7490 9Y2907 CONTROL GP-ALARM 

REAR VIEW 

2 3 

8 0 0 0 0 0 0 0 0 

FRONT VIEW 

NOTE 
REF 
NO NUMBER OTY PART NAME 

1 8C4646 STRAP-JUMPER 
YR 2 9W3574 CONTROL GP-ELECTRONIC 

3 7C9130 FILM-ANNUNCIATOR 

R-REMFG PART MAY BE AVAILABLE 
Y-SEPARATE ILLUSTRATION 

B-457823 EP 

7490 9Y2906 CONTROL GP-ALARM 
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SECTION A-A 

NOTE 
REF 

NO 

PART 
NUMBER °TY PART NAME NOTE 

REF 

N° 
PART 

NUMBER °TT PART NAME 
1 

2 

3 

4 
5 

6 
7 

8 
9 
10 
11 

12 
13 
14 

1036179 
1036180 
1013973 
1052553 
4B4863 
9S8002 
3J7354 
1S4974 
8C4652 
1029864 
1063930 
9W1464 
1006811 
1006212 

1 

1 

1 

28 
10 

1 

1 

1 

1 

1 

1 

6 
1 

1 

HOUSING AS-FRONT 
HOUSING AS-REAR 
HOUSING AS-RELAY 
SCREW-PAN HEAD 
WASHER 
PLUG-O-RING 
SEAL-O-RING 
SEAL-O-RING 
SEAL-SECURITY 
DESICCANT 
TAPE 
SCREW 
CLIP-CONNECTOR 
CLIP-CONNECTOR 
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2 1 

/ 

NOTE No NUMBER ow PART NAME 
Y 1 

2 
1206880 
4P6407 

1 

1 

CONTROL GP-ELECTRONIC 
FILM-EMCP II 

@ .. 

0 Am ra. 
Om:" 
0 nr 01 

0 AL .0 
0 ZIN .0 
0 .1,. 0 
0=i0 
omit- 0000 000 

la IR 1131 i'Ll=117-ri 
o 

F-616735 

Y-SEPARATE ILLUSTRATION 

CP 

1206881 CONTROL GP-ELECTRONIC 
1206880-Page 18 

2 

, 
© 

o an re. 
o-rr 
09:01 
0 AL 4,6 

0 11' .0 o e 
A l a a oaLlo 

0 AZ I k' -0En 000 

, 

NOTE 
REF 
NO NUMBER OTY PART NAME 

1 

2 

1206880 
4P6407 

CONTROL GP-ELECTRONIC 
FILM-EMCP II 

Y-SEPARATE ILLUSTRATION 

F-616735 CP 

1206881 CONTROL GP-ELECTRONIC 
1206880-Page 18 
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1 4W8790 BLOCK-FUSE 

1 7E0597 CONTROL AS-GOVERNOR 

1 3K8782 FUSE 

1 4W5972 KNOB 

1 7E1246 POTENTIOMETER 

562410 P 

1264 7E1232 GOVERNOR AS 

1 4W8790 BLOCK-FUSE 

1 9Y9847 CONTROL AS-GOVERNOR 

1 3K8782 FUSE 

1 4W5972 KNOB 

1 7E1246 POTENTIOMETER 

503699 P 

7E1233 GOVERNOR AS 

16 SEBP2265 
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PARTS BOOK 
NOTE RNE0F NUMBER QTY PART NAME 

Q 
I 

0 0 1 C) 

1-2 

I 

2 

3 
4 
5 

4W5971 
4W5972 
4W8790 
1018922 
7T0037 

1 

1 

1 

1 

1 

POTENTIOMETER 
KNOB 
BLOCK-FUSE 
CONTROL AS-GOVERNOR 
FUSE (7.5 AMP) * * * 

* * 0 

® A mom A A .il A ... 45 25 21 25 21 21 21 25 19799999971971999999 O 

1 0 g [ @ 1 (D of 

5 \3 
4 

EP F-562463 

1265 

SEBP2265 

4P2788 GOVERNOR AS 

17 
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PARTS BOOK 

1 4W8790 BLOCK-FUSE 

1 9Y9781 FILM-20A DC FUSE 

1 8M0456 FUSE 

1 9Y2921 RELAY 

509450 P 

1268 7E8396 SOLENOID GP-CONTROL 
Fuel Control-Auxiliary 

18 SEBP2265 

1 
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PARTS BOOK 

1 1111325 BLOCK-CONTACT 
1 1111324 BLOCK-CONTACT 
1 4W8790 BLOCK-FUSE 

1 1068848 DIODE AS-SUPPRESSOR 

1 9Y9781 FILM-20A DC FUSE 

1 8M0456 FUSE-20 AMP 

1 9Y2921 RELAY 

1 1096507 SWITCH-OPERATOR 

2 451988 TERMINAL 
1 6V1613 TUBE-SHRINKABLE 
1 6V1614 TUBE-SHRINKABLE 

574478 P 

7418 1117760 SHUTOFF GP-ELECTRICAL 

1 1111324 BLOCK-CONTACT 

2 1111323 BLOCK-CONTACT 

1 4W8790 BLOCK-FUSE 

1 1028619 CONTROL GP-ELECTRONIC 

1 9Y9782 FILM-10A DC FUSE 

1 3K8782 FUSE-10 AMP 

1 9Y2921 RELAY 

1 1096507 SWITCH-OPERATOR 

573995 P 

7418 1117761 SHUTOFF GP-ELECTRICAL 

SEBP2265 19 
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PARTS BOOK 

2-3-4 

li 

I 

4111.111 

0.111111 

I 
WIN= 

mom 
PPM= 

64--11 
I 

10 

iiii 
11 

NOTE 

REF 

NO 

PART 
NUMBER °TY PART NAME NOTE 

REF 

NO 

PART 
NUMBER PART NAME 

1 

2 

3 
4 
5 
6 
7 

8 

9 

10 
11 

6L9872 
4W8754 
5N3615 
4W8755 
7C0549 
4W8757 
5N5507 
7C4370 

1065164 

7C0972 
5L5180 

2 

2 

2 

2 
1 

1 

2 

1 

1 

1 

1 

WASHER-SEAL 
LENS-LAMP 
LAMP 
HOUSING AS-LAMP 
PLATE AS-MODULE 
SWITCH-TOGGLE 
RESISTOR 
BRACKET-SYNCHRONIZE 
MODULE 
COVER-SYNCHRONIZING 
MODULE 
FILM-SYCHRONIZING PANEL 
WASHER 

F-562485 EP 

7490 1065171 MODULE GP-SYNCHRONIZING LIGHTS 

20 SEBP2265 
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PARTS BOOK 

5 

Ed 
L/ 

2-3-4 

7 

C.- 

(!m 

- 
.-------- 

10 

k) 

11 

9 

Al . 
NOTE 

REF 

NO 

PART 
NUMBER WY PART NAME 

' 

NOTE 
REF 

NO 

PART 
NUMBER .crrY PART NAME 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 
11 

6L9872 
4W8754 
5N3615 
4W8755 
7C0549 
4W8757 
7C2945 
7C4370 

1065164 

7C0972 
5L5180 

2 

2 

2 

2 

1 

1 

2 

1 

1 

1 

1 

WASHER-SEAL 
LENS-LAMP 
LAMP 
HOUSING AS-LAMP 
PLATE AS-MODULE 
SWITCH-TOGGLE 
RESISTOR 
BRACKET-SYNCHRONIZE 
MODULE 
COVER-SYNCHRONIZING 
MODULE 
FILM-SYCHRONIZING PANEL 
WASHER 

F-562482 EP 

7490 1065169 MODULE GP-SYNCHRONIZING LIGHTS 

SEBP2265 21 
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Printed in U.S.A. 
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SECTION ELEVEN 
CONTENTS: 

*Site Commissioning Schedules. 
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Commissioning data not available at time of completion of manuals. 

Forest Lake Estate SPS Caterpillar 3406TA Package Generator Sets OM Manual

Q-Pulse Id TMS856 Active 10/12/2014 Page 338 of 340



SECTION TWELVE 
CONTENTS: 

*Sevice contact names and numbers. 
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Caterpillar Engine and Generator Service. 

Contact: 

Service: 

Parts: 

After hours: 

Hastings Deering Australia 
Kerry Rd 
Archerfield 4108 QId. 

Mr Ross Nuttall 
Ph. (07) 3365-9310 

Ph. (07) 3365-9600 

Parts and Service. 
(07) 3365-9229 
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