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BMO PROJ. NO. 6C159

K1090B3007

NAVFAC CONTRACT: N62470-86-B-5554

II.

COMMENTS ON CONTRACTORS SUBMITTAL DATA FOR
REPLACE AUXILIARY ENGINES
CAMP LEJEUNE, NORTH CAROLINA

125 KW PRIME, For BB190:

1.

Control panel and meter indications are not as specified - digi-
tal/solid state vs. analog/electromechanical. However, the EMCP
(electronic modular control panel) will be acceptable due to
increased accuracy and greater number of monitored points. (Andy
Young - 11-6-87)

Transfer switch time delay on retransfer to normal should have
maximum time delay through 25 minutes. Data sheet marked for 10
minutes (Sect. 16216-12, para. 2.6.2)

Time delay to shutdown engine-generator, after retransfer of the
load to normal, needs to be included. (Sect. 16216-13, para.
2.6.2)

It would appear that the day tank is larger than necessary for
eight hours fuel supply at the listed rate; however, there is no
specified maximum so long as there is no increased cost of equip-
ment.

The enclosure (58" w X 105" 1) does not appear to be large enough
to enclose the engine-generator (34.44 w X 94.59" 1) and the day
tank (24" w X 48" 1) and still have access to all the engine com-
ponents. (Section 16216-16, para. 2.12)

15 KW, for SBA 160:

1.

Generator rated for 120/208 volt should be rated for 120/240 volt
and configured for installation in a 120/240v, 3 phase, 4 wire,
C.T. Delta distribution system.

Day tank is inadequate for 8 hour operation with running 1load,
much less rated load. (Sect. 16216, para 2.9.1)

The bill of materials does not 1ist the above ground fuel storage
tank for this unit, but the tank for the 125 KW unit is listed.

The engine generator enclosure does not appear to be sized to
contain the day tank. (Sect. 16216-16, para. 2.12)
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HaRRIS Electric Cimoany of Wilmington Replace Auxiliary Engines SBA-160
T0 SBA-190
Allen & Hoshall, Inc. MCB, Camp Lejeune, NC
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REVIEWER USE ONLY

i ‘List only one specification division per form.

List only one of the following categories on each transmittal form,
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GREGORY POOLE
EQUIPMENT COMPANY

Raleigh « Burlington « Edenton « Fayetteville « Washington « Wilmington

November 25, 19

Tjtﬁsweweo [J REVISE & RESUBMIT

O REJECTED [J FURNISH AS CORRECTED

(ior.rectio'n;; or comments made on the shop dvawings
i dabhé Hivhin during this'review do not relieve contractor from com-

1 irements of the drawings and
Harris Electric ly for rnvifz\?v ofngesr?s:;l
5979 Markat Btrest 1 concept of the project
Wilmington, NC 28405

ha information given
contractor is respon-
ting all quantities and

sible for confirming and ¢

dimensio s; selecting fabricati ocesse C -
Re: Replace Auxiliary Engines ;‘;iqx:es' Dl? ccs:vstructi:n;Ocosri;;’?z:i)énéphis;?;va:ri '3\331
. hat of all other trades; i
E!f(o)gggggggt No. 6C159 safe and :alisr!;é’t(:rsy' ;n:nizr:'mnﬂw g sl
NAVFAC Contract: N62470-86-B-5554| - ALLEN & HOSHAL
ap B e B
ATE:

Dear Mr. Harris: =

The intent of this letter is to respond to the comments attached
to the returned submittal data on the above project.

T 125 KW Prime, for BB190

1. Control panel and meter indications are not as specified
- digital/solid state vs. analog/electromechanical.
However, the EMCP (electronic modular control panel)
will be acceptable due to increased accuracy and greater
number of monitored points. (Andy Young - 11-6-87)

Response: The EMCP (electronic modular control panel)
will be used on this unit.

2. Transfer switch time delay on retransfer to normal
should have maximum time delay through 25 minutes. Data
sheet marked for 10 minutes. (Sect. 16216-12, para.
2:0.2)

Response: Transfer switch time delay on retransfer to
normal will be option #3C, adjustable from 0.2-30
minutes. |

3. Time delay to shutdown engine-generator, after_
retransfer of the load to normal, needs to be included.

(Sect. 16216-13, para. 2.6.2)

Response: A time delay engine cooldown will be
included, option #4C, adjustable 0.2-30 minutes.

CATERPILLAR®
Post Office Box 489 - Raleigh, North Carolina 27602 - Telephone (919) 828-0641






Mr.

II.

Gene Harris Page 2

4.

15
1.

It would appear that the day tank is larger than
necessary for eight hours fuel supply at the listed
rate; however, there is no specified maximum so as long
as there is no increased cost of equipment.

Response: It is quite obvious a mistake occurred when
the day tank was sized. An 8 hour supply of fuel at
full load for the 125 KW, is 78.4 gallons, therefore a
100 gallon tank is ample size to fulfill the
requirements of the specifications. The Pryco Day Tank
brochure included in the submittal data represented the
quality of construction and the options included with
the unit. A drawing is included with this letter to
represent a typical installation for a 100 gallon base
day tank. The base day tank is mounted under the genset
between the support rails.

The enclosure (58" w X 105" 1) does not appear to be
large enough to enclose the engine-generator (34.44 w X
94.59" 1) and the day tank (24" w X 48" 1) and still
have access to all the engine components. (Section
16216-16, para. 2.12)

Response: Answered above in comment No. 4.
KW, for SBA 160

Generator rated for 120/208 volt should be rated for
120/240 volt and configured for installation in a
120/240v, 3 phase, 4 wire, C.T. Delta distribution
system.

Response: This is just a highlighting error; the Bill
of Materials indicated the correct voltage.

Day tank is inadequate for 8 hour operation with running
load, much less rated load. (Sect. 16216, para 2.9.1)

Response: With the fuel consumption at 15 KW just over
1 gallon per hour, the 5 gallon day tank will be
replaced for a 10 gallon capacity unit.

The bill of materials does not list the above ground
fuel storage tank for this unit, but the tank for the
125 KW unit is listed.

Response: A 285 gallon above ground, double walled,
epoxy coated steel tank with lockable fill cap, vent
cap, gauge, check valve, duplex fuel supply and return
fitting, mounting cradles (just like the 550 submittal
with the 125 KW unit) dimensions are 36" diameter X 5'
long.






Mr. Gene Harris Page 3

4. The engine generator enclosure does not appear to be

sized to contain the day tank. (Sect. 16216-16, para.
4.131

Response: A special made day tank will fit beside the
generator on the right hand side as you view the unit
from the rear. The battery charger is relocated and
mounted on the rear of the control panel.

The equipment has been corrected, per these comments, and
released to be manufactured. Please let us know if you have any
more questions.

Cl oo
David H.

Bazemore
Engine Sales
Engine Division

DHB/rlm
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9041 Executive Park Dr.
ALLEN & HOSHALL ML
ENGINEERS ARCHITECTS CONSULTANTS (615) 693-7881

November 11, 1987

Public Works Division

Building 1005, Marine Corps Base
Camp LeJeune, North Carolina 28542
Attn: Mr. Andy Young

Re: Contract No. N62470-86-B-5554
Replace Auxiliary Engines, SBA160 and BB190

Gentlemen:

Please find enclosed one copy of Comments on Contractors Submittal Data and
one copy of the submittal itself.

Sincerely yours,

ALLEN & HOSHALL, INC.
il KLNMW,) ;
Emmett 0. Kirkham, Jr.

EOK:crs

Enclosures

K1090B3007

Offices in Memphis, Chattanooga, Knoxville, Nashville, Tennessee, and Jackson, Mississippi






SUBMITTAL DATA FOR

REPLACE AUXILIARY ENGINES

CAMP LEJEUNE, NORTH CAROLINA

_ /
[ REVIEWED B REVISE & RESUBMIT

J REJECTED 3 FURNISH AS CORRECTED

Corrections or comments made on the shop drewings
during this review do not relieve contractor from com-
pliance with requirements of the drawings end spacl-
{icatlons. This check Is only for review of generpl
conformance with the design concept of the proiccl
and ganetal compliance with the information given
in the contract documents. The contractor Is respon-
sible for confirming and correlating all quantities and
dimansions; selecting fabrication processes and tech-
niques of construction; coordinating his work with
that of all other trades; and perf: his woik in a
safe and satisfactory manner.

ALLEN & HOSHALL
BY: M DATE: /("[Q'l







Bill of Materials

Réplace Auxiliary Engines
Camp LeJeune, NC

DESCRIPTION

Caterpillar 3208T Diesel Electric Generator Package Set,
rated at 125 KW Prime Power, 3 Phase, 60 Hertz at 1800 RPM.
Includes the following standard and optional equipment to
comply to the job specifications:
Engine:
Air Cleaner
Base, Narrow
Breather, Crankcase
Cooler, Lubricating Oil
Fan (blower) and Fan Drive
Filters, Fuel and Oil
Governor, Hydra-Mechanical (3% speed regulation)
Pumps
Fuel Priming
Fuel Transfer
Jacket Water
Radiator
Service Meter
Starting, Electric, 24-Volt
Generator:
SR4 Brushless with Voltage Regulator
Control Panel:
Ammeter, Voltmeter, and Switch
Frequency Meter
Voltage Adjust Rheostat
0il Pressure and Water Temperature Gauges
Auto Start-Stop
shutoffs and Single Indicator for 0il Pressure Water
Temperature, Overspeed, Overcrank

Prealarm Module

CAT SR4 Generator

Frame Size 444, 445

Type-Brushless, Revolving field, Solid-State Exciter
construction-Single Bearing-Close Coupled

Phase-3

Wire, Connection-12 Wire

Meets or exceeds NEMA MG1-22 std. requirements
Insulation-Class F with tropicalization & anti abrasion
Three Phase Sensing

Enclosure-Drip Proof

Alignment-Pilot Shaft

Overspeed Capability-150%

Wwave Form-Less than 5% deviation

Parallel Capability-Standard

Voltage Regulator-Generator Mounted, Volts per Hertz
Voltage Regulation-Less than + 1/2%






i

DESCRIPTION

Voltage Gain-Adjustable to compensate for engine speed
droop and line loss :

Vvibration Isolators-spring type

Silencers-residential type mounte
rain cap and mounting brackets

Flexible Exhaust Fitting-stainless steel type with gaskets,
nuts and bolts

Batteries-heavy duty lead acid type, 172 amp hour/24 VDC
output, with mounting rack and cables

Battery Charger-automatic float/equalizer type, 10 amp/24
VvDC output, 120 VAC input, unit mounted in a Nema 1
enclosure inside a weatherproof enclosure

Jacket Water Preheater-thermostatically controlled coolant
heater, 2500 watt output/120 VAC input

Day Tank-200 gallon capacity (enough for 8 hours of
operation) unit, with low fuel contact, vent cap, check
valve, fuel level gauge, test switch and pump running
indicator light

weatherproof Enclosure = 58" wide and 105" long steel
enclosure with five key-lockable doors

Control Panel Pre-Alarm Module per NFPA-99 regulations

Circuit Breaker-mainline molded case type, 3 pole with
isolated neutral, Nema 1 enclosure, 600 amp frame/450
amp trip, 120/208 volts

Automatic Transfer Switch- 600 amp capacity, 3 pole with
solid neutral and the following accessories:
Time Delay Engine Start
Frequency/Voltage Relay for emergency source
Time Delay Emergency to Normal

Time Delay Neutral
Pilot Light to indicate normal source

Pilot Light to indicate emergency source
Overcurrent Thermal Magnetic Breaker on the normal
source; 400 amp trip

Nema 1 enclosure

Key Lockable Door

Full Protection on normal source
Auxiliary contacts on the normal and emergency source

Load Center mounted inside weatherproof enclosure (ref. EG
panel in specifications)

Remote Annunciator per NFPA-99 regulations

Fuel Tank - 550 gallon above ground, double walled, epoxy
coated steel tank with lockable fill cap, vent cap,
gauge, check valve, duplex fuel supply and return
fitting, mounting cradles

0il and Antifreeze
Parts, Operational and Maintenance Manuals

Oowner Startup and Operational Instructions

Shop and Jobsite Testing
Generac Model SD025 diesel Electric Generator Set rated at

15KW Prime Power, 120/240 volts, 3 phase, 60 hertz at 1800

d on the enclosure with
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DESCRIPTION

RPM. Includes the standard features per the attached

brochure and the following items to comply to the job

specifications: :

weatherproof Enclosure with five key-

Silencer - critical type mounted on t
cap and mounting brackets

Premium Control Panel with NFPA-99 prealarm panel

Circuit Breaker - mainlines molded case type, 3 pole with
isolated neutral, Nema 1 enclosure, 100 amp frame/90 amp
trip

Battery - heavy duty lead acid, maintenance free type, 24
VDC output with mounting rack and cables

Flexible Exhaust Fitting - stainless steel type with
gaskets, nut and bolt kits

Battery Charger - automatic float/equalizer type, 10 amp/24
VvDC output, 120 VAC input, mounted on the genset in a
Nema 1 enclosure

Day Tank - 5 gallon capacity unit with 2 gallon/minute
pump, fuel level gauge, float switch, check valve, test
to run switch, 120 VAC input

Load Center mounted inside the enclosure, reference EG
panel in the specifications

0il and Antifreeze

Parts, Operational and Maintenance Manuals

owner Startup and Operational Instructions

Shop and Jobsite Testing as required

lockable doors
he enclosure with rain
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DESCRIPTION:
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Confidential Records Management, Inc.
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FEATURES

CAT DIESEL GENERATOR SETS

Factory Designed . . . assembled . . . tested and delivered to
you in a package that is ready to be connected to your fuel
and power lines . . . supported 100% by your Caterpillar Dealer.

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.
THE CAT GENERATOR

Single-bearing wye connected brushless generator designed
to match performance and output characteristics of the
Caterpillar Diesel Engine that drives it.

EXCLUSIVE CAT REGULATOR

Three phase sensing . . . Optimum control precision . . . Volts
per Hertz regulation . . . Excellent block loading and constant
voltage in the normal operating range.

STANDARD PACKAGE ARRANGEMENT

Engine: Control Panel:
Air Cleaner Ammeter, Voltmeter, and
Base, Narrow Switch
Breather, Crankcase Frequency Meter
Cooler, Lubricating Oil Voltage Adjust Rheostat
Fan (blower) and Fan Drive Qil Pressure and Water
Filters, Fuel and Oil Temperature Gauges
Governor, Hydra-Mechanical Manual Start-Stop

(3% speed regulation) Shutoffs and Single

Pumps Indicator for Oil
Fuel Priming Pressure Water
Fuel Transfer Temperature,
Jacket Water Overspeed,

Radiator Overcrank

Service Meter
Starting, Electric, 24 Volt

Generator:
SR4 Brushless
with Voltage Regulator

OPTIONAL EQUIPMENT

Engine: Generator:

Air Cleaner, Heavy-Duty Generator extension
Air Precleaner terminal box
Base Fuel Tank Control Panel:

gas?_ S"g"“:”" Steel Annunciator Panel and
Eor? lngt Fyts{_ems Prealarm Module (meets
xnagst Fitlings NFPA 76-A requirement)
Governor, Woodward PSG i :
Liftink Arch Provision for:
STUIG AIC Auto Start Stop Module,

Muffler 5
Charging Ammeter,
Prealarm Contactors Heat Start Switch,

Protection Devices Cycle Cranking,

Starting Aids it
3 : Auxiliary Relay,
Starting, Electric Prealarz Mod{lle,
Ta_cl:_horr‘netert ang : Synchronizing Lights
by il o Contacts for Remote Alarms
lllumination Lights and
Switches

125 kW
PRIME

150 kW
STANDBY

Arrangement may be shown with optional equipment.

GENERAL SPECIFICATIONS — 60 Hz

CAT 3208 ENGINE

1800 RPM
Type—Watercooled Diesel
Aspiration—Turbocharged
Cycle—Four-Stroke

No. of Cylinders—V-8

Bore—4.5 in (114 mm)

Stroke—5.0 in (127 mm)

Piston Displacement—
636 cu in (10.4 liter)

CAT SR4 GENERATOR

Frame Size 444, 445

Type—Brushless, Revolving field, Solid-State Exciter

Construction—Single Bearing—Close Coupled

Phase—3

Wire, Connection—12 Wire

Meets or exceeds NEMA MG 1-22 std. requirements

Insulation—Class F with tropicalization & anti abrasion

Three Phase Sensing

Enclosure—Drip Proof

Alignment—Pilot Shaft

Overspeed Capability—150%

Wave Form—Less than 5% deviation

Parallel Capability—Standard

Voltage Regulator—Generator Mounted, Volts per Hertz

Voltage Regulation—Less than +12%

Voltage Gain—Adjustable to compensate for engine
speed droop and line loss

CAT CONTROL PANEL

24 V DC Control

Generator Mounted

Vibration Isolated

NEMA 1 Enclosure

Dead Front

Lockable Hinged Door

Generator Instruments meet ANSI C-39-1

VOLTAGES AVAILABLE

120/208, 240/416, 139/240, 277/480,
173/300, 346/600, 120/240.
(Adjustable a minimum of + 10% - 10%)



60 Hz PRIME

125 kW — 156 kVeA w/fan

125-150 kW

130 kW @ 0.8 PF without fan

197 Engine HP without fan*

[B carerpiLLAR

STANDBY

150 kW — 187 kVeA w/fan
154 kW @ 0.8 PF without fan
230 Engine HP without fan**

ALT'TUDE/TEMPERATU RE CAPABILITY ?;sop“éztngaimg?;nat“tietzlrjr?:e?;tlvjlrgi.ch full rated kW is available at the

AMBIENT g 68 86 104 122
TEMPERATURE °C 20 30 40 50
feet 7215 | 6300 5415 4590
ALTITUD
a5 meter 2200 1920 1650 1400
FUEL RATE DATA
PERCENT LOAD 25 50 75 100
kW with Fan 31 62 94 125
gal/hr 3.2 5.1 7.3 9.8
liter/hr 12.3 194 275 37.0
TECHNICAL DATA
Rating Rating Type
Information Power Rating @ 0.8 PF w/Fan kW
Power Rating @ 0.8 PF w/o Fan kW
Generator Frame Size
Cooling Engine Lubricating Oil Capacity L
System Engine Coolant Capacity w/o Radiator L
Engine Coolant Capacity with Std. Rad. L
Standard Radiator Arrangement Data:
Air Flow (Max. @ Rated Speed) m3/min
Air Flow Restriction (Max. Allowable) kPa
Ambient Air Temperature (Max. Allowable) °C
Coolant Pump External Resistance (Max. Allowable) m H20
Coolant Pump Flow @ Max. Allowable Resistance L/min
Exhaust System Backpressure (Max. Allowable) kPa
System
Mounting Length Overall mm
System Height Overall mm
(Eng., Gen. Width Overall mm
& Rad.) Unit Dry Weight kg
Performance = Combustion Air Inlet Flow Rate m3/min
Data @ Rated Exhaust Gas Flow Rate m3/min
Conditions Exhaust Gas Stack Temperature °C
Heat Rejection to Coolant (Total) kW
Heat Rejection to Exhaust (Total) kW
Heat Rejection to Atmosphere From Engine kW
Heat Rejection to Atmosphere From Generator kW

CONDITIONS & DEFINITIONS

Standby — For continuous electrical service during
interruption of normal power.**

Prime — For continuous electrical service with

10% overload capability.*

Ratings are based on SAE J1349 standard conditions of

100 kPa (29.61 in Hg) and 25°C (77 °F). These ratings also apply
at ISO 3046/1, DIN 6271 and BS 5514 standard conditions of
100 kPa (29.61 in Hg), 27°C (81°F) and 60% relative humidity.

Fuel rates are based on fuel oil of 35° API [16°C (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/liter (7.001 Ibs/U.S. gal).

These capability charts apply to the engine only and include
considerations for humidity. If air cleaner inlet conditions
exceed the appropriate standard conditions, consult your
Caterpillar Dealer for necessary deration.

*ISO power with 10% overload for one hour in 12 in accordance

with ISO 3046/1, DIN 6271 or BS 5514.
**Fuel stop power in accordance with 1ISO 3046 /1,
DIN 6271 or BS 5514.

LEHX5427 (12-85)
Supersedes LEHX4480

Caterpillar, Cat and [B are Trademarks of Caterpillar Tractor Co.

68 86 104 122

20 30 40 50

7940 | 7135 | 6230 | 5410

2420 | 2175 | 1900 | 1650

25 50 75 100

37 75 112 | 150

3.8 5.9 8.1 11.2

14.3 22.2 30.8 42.2

S| METRIC ENGLISH
PRIME STBY PRIME STBY
125 150 kW 125 150
130 154 kW 130 154
444 445 444 445
189 189 ats 20 20
246 246 gal 6.5 6.5
378 378 gal 10 10
125 125 cfm 4414 4414
012 0.2 in H:0 05 05
50 46 °F 122 115
1.4 1.4 ft H.0 4.7 4.7
180 180 gpm 476 476
6.7 6.7 in H:0 27 27
24026 2453.4 in 9459 9659
1537.4 15416 in 60.42  60.69
874.7 8747 in 3444 3444
1665 1740 Ib 3670 3830
124 123 cfm 440 435
315 335 cfm 1110 1180
475 550 °F 900 1030
105 106 Btu/min 5971 6028
130 173 Btu/min 7393 9838
21 22 Btu/min 1194 1251
15 18 Btu/min 853 1023

Materials and specifications are subject to change without notice.
The International System of Units (Sl) is used in this publication.

Printed in U.S.A.
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CATERPILLAR

PROVEN, RELIABLE ELECTRCAL POWER



CAT

Since their introduction in 1972, Caterpillar SR 4
Brushless Generators have been continually upgraded
and improved to keep pace with demands for superior
performance in a variety of worldwide applications.

Cat SR 4 Generators have been proven in tens of
thousands of installations . . . in buildings as prime
and standby power sources . . . in ship’s service as
primary or emergency power . .. and in the oil field
for drilling, hoisting and pumping.

Many of the following standard SR 4 features are not
available or are offered only as options on competitive
generators:

1= 'BRUSHLESS GENERATORS...
high performance Iow maintenance, long life power sources

e Performance and design matched
to Cat Engines

e Superior Class F insulation

¢ Windings coated with varnish
which is fungus resistant

* All metal components plated or
painted

e Regulator voltage sensing loss
protection

e Better motor starting capability
through volts-per-hertz response

e Constant voltage regulation in
operating range

e Three-phase voltage sensing
regulator

e Short circuit fault resistance

e Built-in parallel capability

e Telephone influence factor less
than 50

e Radio frequency noise suppression
exceeds industry standards

e Rotors individually tested to 125%
overspeed; prototypes to 150%.

As part of Cat Generator Sets, the
SR 4 is:

¢ Designed and built to rigid specifi-
cations and tested as a complete
unit by Caterpillar

e Supported by Caterpillar Dealers
worldwide

e Torsionally compatible

e Marine society works approved

e Within ISO/IEC specifications

e Available with optional MIL-
STD-461B/VDE-875N RFI
suppression.

The Cat SR 4 Generator serves all
heavy-duty applications and is perfor-
mance matched to Cat Diesel and
Spark-Ignited Engines. Long life

and low maintenance are assured

by rigid frame and rotor construction,
ample cooling, fully protected windings,
and a self-aligning bearing. Two-
bearing generators are also available
from Caterpillar.




Compare the Cat SR 4
to other generators

Features
GENERATOR DESIGN

Performance and structurally
matched to engine

REGULATOR DESIGN
Solid State Construction

Volts/Hz Operation

3 Phase Sensing

Environmental Protection

PROTOTYPE TESTING

Prototype rotors are tested
at 150% overspeed for
2 hours at 170°C ambient

Temperature rise tested by both
resistance and embedded
thermocouple

Complete engine-generator
system testing including
mounting evaluation, wiring and
control compatibility, linear
vibration analysis and transient
performance

MANUFACTURING

1/2 mil peak-to-peak

rotor balance (four times closer
tolerance than NEMA
Requirement)

All production rotors tested to
125% overspeed

Stator windings ‘‘high pot”’
tested at 3000 volts

VR 3 regulator is thermal-
cycled from —20°C to +70°C

All production generators are
performance tested

After assembly with Caterpillar
Engine, control panel, base,
and cooling system, all units
production tested

Benefit

Optimized design for both
engine and generator

State-of-the-Art — no mechanical
switches. Longer life. Greater reliability

Faster engine recovery with large
block load changes.

Superior voltage regulation with
unbalanced loads. Improves response to
distorted waveforms of SCR type loads.

Regulator suitable for all environments.
Provides longer life and greater reliability

Ensures mechanical design integrity
for increased reliability and longer life

Ensures against localized insulation
“hot spots”’

Assures combination of equipment will
perform adequately and reliably

Less system vibration, greater
reliability, longer life

Ensures the rotor’'s mechanical integrity
for greater reliability and longer life

Ensures insulation integrity for

longer life

Ensures component and manufacturing
quality

Ensures generator performance

Complete quality control and
service of entire generator set
by one manufacturer

Specifications and materials are subject to change without notice.

Competition

Designed to the generator output
only, because of its use on engines by
various manufacturers

Not solid state, most use mechanical
voltage build-up relay and mechanical
circuit breakers, if any

Not standard on all regulators,
offered as an add-on at higher prices

Not standard on any regulator,
offered as an add-on at higher price

Minimal protection and not suited
to harsh environments

Designed for 100 to 125% overspeed.
Few are tested at 125% overspeed.
Virtually none are tested at 170°C ambient

Thermal limits set by resistance methods

— most measure rise and mathematically
calculate average temperature rise across
rotor and stator

Generally not offered as a factory
assembled tested package

Most competitors balance to only
2 mils peak-to-peak

Most competitors do not production
test for overspeed

Standard ‘‘high pot'’ test at 1960 volts

Competition performs no thermal cycle
test on production regulators

Competitors only perform an open

circuit and short circuit test on

production generators

Quality control, performance characteristics

and service divided among several
manufacturers




Rugged Solid-State Regulator

The new VR3 regulator precisely
monitors SR 4 generator output
voltage in all three phases and cor-
rects for changes in line current and
power factor. The VR3 is 100%
environmentally protected. All com-
ponents are sealed in a gasketed
enclosure. Three-phase sensing
improves voltage regulation when the
phase load is unbalanced.*

Voltage gain control provides con-
stant voltage under speed droop con-
ditions. Voltage gain also provides
compensation.

*Volt-per-hertz response provides superior large
load acceptance.

Voltage regulators are 100% solid
state, no mechanical buildup relays
are used. The VR3 regulator receives
the most strenuous production test in
the industry to ensure performance
and reliability. All VR3 regulators are
functionally tested after assembly.
Next, it is cold shocked to —20°C for
two-hours and then tested again.
Next, it is heat shocked to +70°C for
two hours while being tested.

A solid state “circuit breaker” pro-
vides over excitation protection. All
VR3 regulators meet commercial
standards of radio frequency inter-
ference. Optional filters available to
meet MIL-spec-461B and VDE-875N.
All generators meet IEC specifications
for use in most countries worldwide.

Other SR 4 regulation and control
features include:

* The entire regulator assembly has
shock absorbing mounts and is
located in the generator box.

It can be remotely mounted
if desired.

* Fuse protection is provided.

* Voltage can be maintained to
within + 2% in steady state with
an isochronous governor.

* Optional control can be set for
paralleling with like or dissimilar
generators.

* Circuit current sustaining option for

300% rated current for 10 seconds:
Series boost on small frame sizes,
Permanent magnet exciter on
large frame sizes.

¢ Voltage adjustment range:
-25% to +10%.

All Caterpillar Generators are subject
to a comprehensive prototype evalu-
ation before production models are
released for sale. Stator, rotor exciter
and regulator are tested separately,
followed by unit tests for:

e Structural Integrity

Temperature Rise

Waveform Analysis

Transient Response
Efficiency/Loss Test

Short Circuit Tests

Overload Capability

Voltage Spike and Diode Stress
Motor Starting

No Load Rated Load and Short
Circuit Saturation Curves

* EMI (Electro Magnetic Interference)
¢ TIF (Telephone Influence Factor).

Tests are conducted in accordance
with MIL STD 705B and/or test pro-
cedures approved by Caterpillar.
Applicable standards include MG
1-22 NEMA, IEC Pub. 34-1, BS4999
and B5000.



Continually improved to

enhance quality

Beginning with the rotor, a precision
“wet”’ layer-wound process provides
excellent physical integrity and cool-
ing. Epoxy is applied to each layer
of magnet wire before the next layer
is precision wound. Following a final
coat of epoxy, the complete wound
rotor core is oven cured. Numerically
controlled machines produce close
tolerances on the rotor shaft during
turning and grinding for improved
quality and repeatability. On outboard
bearing models, four Grade 8
through-bolts retain the exciter rotor
to the shaft. A complete coating of
red sealer material seals the rotor
against moisture to prevent corrosion.

All rotor designs have been type
tested to 150% overspeed at 170°C
for two hours without any movement
of material. Every production rotor

is dynamically balanced and run at
125% overspeed before assembly into
the stator.

The aluminum amortisseur bar end
plates are cut by a numerically con-
trolled plasma torch for dimensional
integrity. Stacking machines with
automatic welding ensure proper
lamination alignment, correct skew
and stack pressure before the amor-
tisseur circuit and coil support bars
are welded in place. The full amor-
tisseur circuit' minimizes hunting and
oscillations during transient loading,
providing superior voltage stability.

On smaller generators, rotor and
stator laminations are punched in a
progressive die for greater accuracy.
Winding coil pitch, cail distribution
and stator skew are designed to
produce optimum waveform.

Stator slots are insulated by slot liners
and coil separators. Slot liners, coil
separators and topsticks provide a
minimum of 9.53 mm (3/8 in.) creepage
distance from the ground. Thickness of
liners, separators, and phase sheets
provides adequate protection between
phase and ground. Specially trained
assemblers follow strict guidelines for
superior quality control. Stator windings
are tested for phase-to-phase and
phase-to-ground faults by a 3000-volt
“high pot” test prior to dipping and
baking. NEMA standard only requires
1000 volts + 2 x rated voltage (for
480 volts, this is 1960 volts). In other
words, the SR 4 is tested to 150% of
the NEMA requirement!

Stators get two dips and bakes in
epoxy varnish. Four dips and bakes
for harsh environment are optional.
Oil field and 4160 volt generators are
Vacuum Pressure Impregnated (VPI).
Surge rings hold end turns in place.
Epoxy varnish drips over 6.35 mm
(1/4 in.) long are trimmed before the
rotor is inserted.

A Teflon-coated shield protects the
stator end turns from potential nicks,
cuts or scrapes during rotor insertion.
After assembly, the stator is tested
again for ground faults by a 2000-volt
“high pot" test.

The exciter stator and rotor are
machine wound. An improved proc-
€ss ensures epoxy insulation integrity
and coverage. All connections are
crimped to ensure 100% contact.




Precision tooling, extensive testing

add up to exceptional

The Caterpillar commitment to quality is
assured throughout the manufacturing
process by the use of precision, state-of-
the-art tooling and quality control inspec-
tion. Performance and adherence to
strict specifications are verified during
buildup and after final assembly through
extensive testing.

All Cat SR 4 Generators receive exten-
sive factory testing to ensure proper
operation and exceptional quality. Each
generator is driven by a synchronous
motor and tested for:

e Waveform

® Line-to-line voltage

* No load circulating current

e Full load capabilities (at rated
power factor)

Following final assembly to the engine,
each generator set is tested for:

e Full load capability
¢ Transient load capability

Almost all other manufacturers publish
generator only and engine only data.
Caterpillar publishes complete generator
set data. Since Caterpillar controls the
design, assembly and testing of the
complete unit, customers are assured
Cat generator sets meet published
performance standards.

Talk to an electrical power generation
specialist at your local Cat Dealer.
Then specify Cat SR 4 Generators for
proven reliability and performance.

[E CATERPILLAR

LEDX6274 (1-87)

quality

When these tests are completed, one generator in fifty is selected at random
for complete teardown and inspection. Additional random teardown inspections
are also conducted. Deficiencies noted in build and assembly procedures are
corrected immediately.

A numerically controlled machining center assures all surfaces on the generator
frame and bracket are concentric and spacially correct. Surfaces are cleaned and
inspected after each machining step to verify precision.

Supersedes LEDX4286 CATERPILLAR, CAT and (B are trademarks of Caterpillar Inc.

Printed in U.S.A
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Electronic Modular Control Panel

The electronic modular control panel (EMCP), Part 7C1000, Is a generator-
mounted control panel on package generator sets. Below Is a brief summary of
the EMCP and its advantages. A more complete and detalled analysis of the EMCP

starts with Section B, Operation.

The EMCP consists of environmentally sealed, solid-state, microprocessor-based
modules for engine control and AC metering as well as optional panel alarm and
remote annunciation. These modules allow the EMCP to offer many advantages over
the electro-mechanical and competitive panels:

A. Advanfages

1. Reliability

a. Environmentally sealed, dusttight, watertight, solid-state,
mlcroprocessor-based modules provide more than twice the
reliabl ity of electro-mechanical panels.

b. Protected against short circuit.
¢c. Protected against reverse polarity connection.
d. Protected against overvoltage and transient surges.

e. Solid-state meters eliminate possibllity for fallure/inaccuracy
of mechanlical meters.

f. Rugged metering face architecture.

g. LCDs are visible to =40°C (-40°F).

2. Accuracy

a. Maintains metering accuracy over much greater ambient
temperature range of -40°C (-40°F) to +70-C (+158°F). Needed in

.

many outdoor applications. ;

b. Provides much greater metering accuracy (0.5% AC volts and amps
and 0.3 Hz versus 2% accuracy for most competition). Needed for
many computer and other critical applications.

CATERPILLAR, CAT and (B are trademarks ol Calerpilar Inc. LEKX7075

Printed In US A (File In Cat Technical Manual)
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3. Flexibility

Engl Ish or Metric

Engine operating Information (l.e., ol | pressure and coolant
temperature) can be displayed In metric or English units.

Enerqglzed to Run or Shutdown

a.

Programmable for energlzed-to-run or energlzed-to-shutdown-Type
fuel control systems.

Programmable

AC module Is field programmable to work with 75:5 to 4000:5

current transformer ratios and |1ne-to-l1ne voltages from 0-700 V :

AC; thus, one AC metering module replaces 18 mechanlcal meter
part numbers.

One Scale -- Better Accuracy

AC metering accuracy and programmabl | Ity eliminates dual scale
meters required by competition fo serve In many applications such

as rental.

Programmab | e Shutdown Points

Englne control module has dealer-programmable safety shutdown
points for low oil pressure (step protection at low and high
rpm), high coolant temperature, overspeed, and overcrank.

Alarm Modules

Provides three optional alarm modules (NFPA 99, NFPA 110, and
prime power).

NFPA 110 and 99

Provides two optional remote annunicators (NFPA 110 which
requires one of the three optlional alarm modules to function and,
specifically, the NFPA 110 alarm module to meet NFPA 110 and
NFPA 99 which can operate with or without an optional alarm

module).

Woodward Governor Avallable

Compatible with Woodward 2301 (shipped Installed option) and
2301A (shipped loose option) governors.

4. SlmEIlclfx

System self-diagnostic capability standard to aid
troubleshooting.







-3~

Eliminates 18 standard or optional switches, sending units,
meters, efc., per unit and their possibility of Inaccuracy and
malfunction. i

Electronic transducers eliminate additional, customer, or dealer
expense to supply oll pressure and Jacket water temperature
swltches needed to activate alarm systems and LCD gauges.

Cycle crank and cooldown timers, tachometer, DC voltmeter, and
ol | step protection is standard on EMCP.

Jacket water temperature and oil pressure, data sending unit,
and serial data link require significantly less wiring, thus
reducing number of wires, el iminating the junction boxes and
giving a simpler cleaner installation.

ELECTRO MECHANICAL
[mremmad . — — — — 7
ROt TP s e i e g e e " | eox

Oll Pressute Swikch 2

Low Oll Pressure <' ! Time
Alarm Swilch
e o il OB (g

Helay

Py 5 g PG -1
¢ Qurisasuis o o ) I @

Low Waler Tempeiatluie
Alarm Swilch

ELECTRONIC MODULAR CONTROL PANEL

EMCP

Waler
Temperaiuie
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Oil Pressure

Transduces - Includes
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Optional Alarm Modules
and Remote Annunciators

e Alarm LED'S or lights
e Alarm horn

¢ Alarm horn silence/
acknowledge pushbutton

e

HOW IT WORKS

Generator Metering Module

* Digital LCD readouts
e Volts
* Frequency
o Amps

SYSTEM CONFIGURATION

Engine control Module

e Digital LCD readout
o Oil pressure
¢ Coolant temperature
e System DC volts
e Engine rpm
e Service hour meter
¢ Diagnostic codes
¢ Programming data
e Cycle crank and cooldown

timer ,
s LED display safety shutdown @
o SLTnhnE
p? 00 B00
. — o A ° s
2@ AC METERING MODULE Myl
OPTIONAL o— 00—
ALARM
MODULE ENGINE CONTROL
MODULE
4
<1,000’
g I Jacket Water Transducer
s e ¢ Feeds jacket water
g o i temperature to data
S sending unit 2
= = &
R JACKET WATER
@ . TRANSDUCER
. ENGINE
OPTIONAL =
REMOTE ‘
fe By OIL PRESSURE e S
TRANEOUCERS MAGNETIC |  Magnetic Pick-up
DATA SENDING bt
UNIT GENERATOR » Feeds engine speed to
Oil Pressure Transducer engine control module
eHoused in data sending unit

o Feeds oil pressure to data
sending unit

Data Sending Unit

e Transmits jacket water temperature

and oil pressure via a single wire
serial data link to engine control
module
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The engline control module will display operating Information, system
diagnostics, and fault shutdown using one back-lighted LCD (llquid crystal
display) and six LEDs. The engine control module uses a 13 mm (0.5 in.)
LCD to sequentially display operating hours, engine rpm, battery DC volts,
oil pressure, and jacket water temperature In metric or English units. Any
single function can be continuously displayed by pressing a switch (located
just under the LCD). Pressing the switch a second time will resume normal
display sequencing. The engine control module LCD Is also used to
annunclate system programming data, I.e., cycle crank, cooldown timers,
etc., and diagnostic codes for troubleshooting. Most competitiors cannot
or do not provide diagnostic capabilities. The engine confrol module LEDs
are used to display fault shutdown.

The engine control module monitors ol |l pressure, jacket water temperature,
and engine speed using two englne-mounted transducers and a magnetic
pickup. The Jacket water transducer requires two wires that transmit
information to a "data sending unit" (DSU). The oll pressure transducer,
which Is housed in the DSU, requires a hydraullc hose fto connect the
transducer to the engine block. The DSU encodes ol! pressure and jacket
water temperature and transmits this data to the EMCP engine control module
via a single wire serial data link. Only three wires (two power, one data)
are needed to send this Information from the DSU to the engine control
module. Thus, the engine control system requires only seven wires (two
jacket water, three DSU, and two magnetic pickup) and one hydraul ic hose
(oi| pressure) to provide shutdown, gauging, and optional alarm features.
The EMCP offers many advantages over the current electro-mechanical panel
such as:

- Requires significantly less engine wiring.
- Eliminates the need for two engine-mounted wiring junction boxes.

- Cycle crank and cooldown timers, tachometer, DC voltmeter, and oil
step protection are standard.

- Electronic transducers eliminate additional ol | pressure and jacket
water temperature switches needed to activate alarm systems and gauges.

- System diagnostics to aid troubleshooting.

One AC metering module will serve all Caterplllar Generator Sets. The AC
module will display AC volts, frequency, and AC amps using .three back-lighted
13 mm (0.5 in.) LCDs. Metering accuracy (0.5% AC volts/amps and 0.3 Hz
frequency will be maintained throughout an operating ambient temperature range
of -40C to +70C, even with distorted voltage and current waveforms (fo a crest
factor of 5)prevalent in SCR load applications. The AC module Is also field
programmable to work with 75:5 to 4000:5 current transformer ratios. This
programmabl |1ty combined with the AC module metering accuracy eliminates the
need for dual-scale meters required by our competition to serve in many
appllcations such as rental.
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The EMCP will consist of the following standard features:

C. Consist

1. Engine Controls

a. Solid-state, microprocessor=-based engine control module
providing the following functions:

Digital LCD Back-Lighted Display Indicating:

Engine rpm (0-4000 rpm).

Battery DC volts (15-50 volts DC).

Coolant temperature (0-120°C/32-248°F).

Lube ol | pressure (0-689 kPa/0-100 psi).

Generator set operating hours (0-99,999 service hours).
System diagnostic codes (for troubleshooting) ‘Indication:

- Loss of magnetic speed plickup signal.

- Loss of DSU signal.

- Loss of programmed settings, |.e., cycle crank,
cooldown timers, etc.

- Invalid engine control switch signal.

- Shutdown not control originated, 1.e., fuel
depravation.

- Module internal faulft.

Automatic/Manual Start-Stop With the Following Safety Shutdowns:

Overspeed protection and LED indicator.
- Adjustable 400-5000 rpm (factory set for each engine).

Low . lube oil pressure protection and LED indicator two-
stage protection for low idle/high idle.

- Adjustable 20-336 kPa (3-49 psi) for low idle, 34-
420 kPa (5-61 psi) for high idle (factory set for each
engine).

High coolant temperature protection and LED Indicator.

- Adjustable 95-121°C (203-250°F) (factory set for
each engine). ;

Overcrank protection and LED indicator.
- Adjustable 5-120 seconds (factory set for each engine).
Safety shutdown for all system diagnostic codes above.

Emergency stop via a red push button and LED indicator.
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Cycle Cranking

- AdJustable 1-60 seconds crank/rest perlods (factory set
for each engline).

Cooldown Timer
- AdJustable 0-30 minutes (factory set for each engine).

Programmable for Energlzed-to-Run or Energlzed-to-Shutdown-Type
Fuel Confrol Systems

b. Englne Control Switch (Four-Position, Stop -0ff/Reset =-Manual =
Auto)

¢. LED Indicator/LCD Display Test Switch
d. Voltage AdJust Potentiometer (+10%-25% Range)

AC Metering

a. Solid-State, Microprocessor-Based Digital AC Metering Module
Displayling:

AC Volts

- 13 mm (0.5 In.) LCD, 0-700 vac True RMS, 0.5% Accuracy,
1.0 VolT Resolution

AC Amps

- 13 mm (0.5 In.) LCD, 0-4000 amp True RMS, 0.5% Accuracy,
1.0 Volt Resolution

Frequency

- 13 mm (0.5 In.) LCD, 45-99.9 Hz, 0.3 Hz Accuracy, 0.1 Hz
Resolution

b. Ammeter/Voltmeter Phase Selector Swltch
- Four Positlon (Phase 1, 2, 3, and Off)
Ci Three Current Transformers

- Sized to Match the Generator Output Cuffen?

Optional features avallable on the EMCP will Include, among other
things, three alarm modules and two remote annunclators.

The optional alarm modules use the same type solld-state,
mlcroprocessor-based module used In the engine control and AC metering
modules mentioned above. All three optional alarm modules are similar
In that they wlll annunciate visual and audible alarms by flashing an
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appropriately labeled LED while sounding an alarm horn. A horn

si lence/acknow!ledge push button Is provided which, when pushed, .will
silence the horn and hold the LED on solld untll the condition Is
corrected. |f another condlitlion occurs after the flrst, the horn will
sound agaln and another LED will flash. In addition, alarm module
dlagnostics, which Indicate loss of serial data |Ink and Internal
module faults, will assist with troubleshooting. Specific features of
each of the optional EMCP alarm modules are |isted below:

- NFPA 99 alarm module.

(1) Solld-state, microprocessor-based alarm module providing
alarm horn and LED annunclation for:

- High coolant temperature alarm.

- Low coolant temperature alarm.

- Low oil pressure alarm.

- Low fuel level (requires customer=-suppllied switch).
- Low battery voltage.

- System not In auto start/stop mode,

- Two spare LEDs for customer use.

(2) Alarm horn sllence/acknowledge push button.

- NFPA 110 alarm module.

(1) Solid-state, microprocessor-based alarm module providing
alarm horn and LED annunciation for:

- High coolant temperature alarm.

- Low coolant temperature alarm.

- Low oil pressure alarm.

- Low fuel level (requires customer=-supplled switch).

- Low battery voltage.

- System not In auto start/stop mode.

- Battery charger malfunction (requires customer=-supplied

switch).
- Combustion Inlet alr damper closed (requires customer=

supplied switch).
(2) Alarm horn sllence/acknowledge push button.
- Prime power alarm module.

(1) Solid-state, microprocessor-based alarm module providing
alarm horn and LED annuncliation for:

- High coolant temperature alarm.

- Low coolant level (requires customer=-supplied switch).
- Low oll pressure alarm. ,

- Low oil level (requires customer=-supplled switch).

- Low battery voltage.

- One spare LED for customer use.

(2) Alarm horn silence/acknowledge push button.






<

€

EMCP Options Which Are Also Avallable

Starting ald toggle switch.
Panel illumination lights (2) and on/off switch.

Governor ralse-lower control foggle switch for hydra-mechanical
governors.

Woodward 2301 speed-sensing governor (with door=-mounted governor
speed adjusting potentiometer).

Synchronlzing llights and on/off switch.
Reverse power relay and LED fault Indicator.
Auxiliary relay.

- Activates upon engine crank termination.
- 10 amp, 24 V DC, SPOT contacts wired for customer use.

Dustproof panel enclosure (designed to meet NEMA 12/1P44
requilrements).

NFPA 110 remote annunciator (requires EMCP-mounted alarm module
to function =-- requires NFPA 110 alarm module to meet NFPA 110
standards) .

(1) System frouble indicating lamp (push=-to-test type).

(2) System frouble Indlicating horn.

(3) 2PDT relay contacts for customer wiring to other horns,
bells, |lghts, etc., as required by NFPA 110 (10 amp 24 V
oC) .

(4) Alarm horn sllence/acknowledge push button.

(5) Sheet metal enclosure (designed to meet NEMA 1/1P22
requirements).

- Indoor, wall surface mountable.

NFPA 99 remote annuncliator.

(1) Serlal data linked, solid-state, microprocessor-based alarm
module providing alarm horn and LED annunclation for:

- Generator on load (requires Interconnection to
auxlllary switch on transfer switch).

- Low coolant temperature alarm. 3

- Battery charger malfunction alarm (requlres customer=-
suppl ied switch).

- Low fuel level alarm (requires customer=-supplied
switch). :

- High coolant temperature fault shutdown.

- Low oll pressure fault shutdown.

- Overcrank fault shutdown.

- Overspeed fault shutdown.







(2)
(3)

(4)

(5)

Alarm horn silence/acknowledge push button.
Alarm horn/LED test push button.
Remote annunclator diagnostics

- Loss of remote annunciator communication serial data

link.
- Internal module fault.

Sheet metal enclosure (designed to meet NEMA 1/1P22
requirements).

- Indoor, wall surface mountable. .
- Holes to accommodate conduit connections.
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